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YIA-1
Extracting Knowledge from Geometric Shape of Echocardiography 
Data: Isolating Phenotypic Traits within the Systolic-Diastolic 
Dysfunction Continuum
Marton Tokodi1, Alaa Omar2, Megan Cummins2, Sirish Shrestha1, Christopher 
Bianco1, Ali H. Amin1, Muhammad Ashraf1, Grace C. Verzosa1, Partho P. 
Sengupta1. 1WVU Heart & Vascular Institute, Morgantown, WV; 2Icahn School of 
Medicine at Mount Sinai, New York, NY
Background: Heart failure (HF) patients go through cycles of compensation and 
decompensation related to changes in left  ventricular function and fi lling pressure. 
We hypothesized that multivariable echocardiographic data will allow us to create 
a multidimensional network as patients sampled at diff erent stages will trace the path 
traveled by HF patients through cycles of compensation and decompensation. Methods: 
We took a convenience population of 866 patients attending our outpatient clinic. Aft er 
assessment of cardiovascular risk factors and demographic data, all patients underwent 
comprehensive echocardiographic evaluation including 2D and Doppler imaging. 
Topological Data Analysis (TDA), a novel unsupervised data-analytic technique was 
performed to reveal the concealed patterns in the collected data. Nine echocardiographic 
parameters were used to create the topological network. Model stability was further 
validated aft er adding 245 patients to the original cohort. Results: Topological data 
analysis revealed a loop, which when divided to four nearly equal quadrants (Figure 1) 
revealed unique HF phenotypes. Patients in the fi rst quadrant had lower early diastolic 
transmitral fl ow to mitral annular relaxation velocity ratio (E/e’; p<0.001), tricuspid 
regurgitation velocities (p<0.001) and left  ventricular mass index (p<0.001) compared 
to the rest of the population. Th e second quadrant had lower left  atrial volume index 
(p<0.001) and early to late transmitral fl ow velocity ratio (E/A, p<0.001), while the third 
quadrant showed decreased e’ (p<0.001) and increased E/e’ (p<0.001) compared to the 
rest of the population. Quadrant four had the lowest ejection fraction (p<0.001). Th e 
Kaplan-Meier analysis revealed signifi cant diff erences in major adverse cardiac events 
(p<0.001) and cardiac rehospitalization (p<0.024). Th e loop preserved its phenotypic 
structure even aft er addition of new cases. Conclusion: Cross-sectional echocardiography 
data can be utilized to create a multidimensional map that identifi es diff erent phenotypic 
presentations in heart failure as patients progress through cycles of compensation and 
decompensation within a looped disease space.

YIA-2
Mid-Wall Fractional Shortening in Aortic Stenosis Patients With or 
Without Reduced Ejection Fraction
Saki Ito, Cristina Pislaru, William R. Miranda, Vuyisile T. Nkomo, Sorin V. 
Pislaru, Kevin L. Greason, Heidi M. Connolly, Patricia A. Pellikka, Bradley R. 
Lewis, Oh K. Jae. Mayo Clinic, Rochester, MN
Background: In aortic stenosis (AS), the left  ventricle (LV) adapts to high intracavitary 
pressure through a concentric hypertrophic process to keep wall stress normal and LV 
ejection performance preserved. When wall stress exceeds the compensatory mechanism, 
LV contractility declines. Since LV ejection fraction (EF) is aft erload dependent, we 
assessed temporal changes in LV contractility in patients with AS using midwall fractional 
shortening (MFS) at operating levels of wall stress (end-systolic circumferential wall 
stress (cESS)). Methods: From 2009 to 2012, patients with the fi rst diagnose (time 0) of 
severe AS (aortic valve area (AVA) ≤1 cm2), who had previous echocardiograms at -3±1 
year were included. MFS and stress (aft erload)-corrected MFS were compared between 2 
patient groups based on EF at time 0 (<60% vs ≥60%). Results: A total of 307 patients, 205 
patients (67%) had EF ≥ 60% (66.7±7.3%) and 102 (33%) had <60% (43.1±13.1%). MFS is 
plotted against cESS with the mean ± 95% prediction interval for normal controls (Fig 1). 
Most patients in EF ≥60% were in normal range. Patients with EF ≥60% had higher stress-
corrected MFS compared to EF <60% (P<.001). In the EF ≥60% group, stress-corrected 
MFS signifi cantly decreased (P<.001) over time, whereas the EF remaining preserved 
(P=.06). In EF <60% group, all measurements were impaired and further deteriorated as 
AS progressed. cESS was lower in EF ≥60% group (P<.001) and did not change during 
the study period (P=.36). In contrast, cESS dramatically increased in EF <60% group (P 
<.001). During a median follow-up of 3.5 years, stress-corrected MFS (Fig 2 (A), P<.001) 
as well as EF (Fig 2 (B), P<.001) were associated with higher mortality. Conclusion: 
Despite further increases in aft erload as AS severity progresses, LV wall stress remains 
controlled and unchanged in patients with EF ≥ 60%, but it continues to increase in 
patients with LVEF <60%. Although both stress-corrected MFS and LVEF is related to 
worse prognosis, stress-corrected MFS appears to be a more sensitive tool than LVEF.
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YIA-1
Extracting Knowledge from Geometric Shape of Echocardiography 
Data: Isolating Phenotypic Traits within the Systolic-Diastolic 
Dysfunction Continuum
Marton Tokodi1, Alaa Omar2, Megan Cummins2, Sirish Shrestha1, Christopher 
Bianco1, Ali H. Amin1, Muhammad Ashraf1, Grace C. Verzosa1, Partho P. 
Sengupta1. 1WVU Heart & Vascular Institute, Morgantown, WV; 2Icahn School of 
Medicine at Mount Sinai, New York, NY
Background: Heart failure (HF) patients go through cycles of compensation and 
decompensation related to changes in left  ventricular function and fi lling pressure. 
We hypothesized that multivariable echocardiographic data will allow us to create 
a multidimensional network as patients sampled at diff erent stages will trace the path 
traveled by HF patients through cycles of compensation and decompensation. Methods: 
We took a convenience population of 866 patients attending our outpatient clinic. Aft er 
assessment of cardiovascular risk factors and demographic data, all patients underwent 
comprehensive echocardiographic evaluation including 2D and Doppler imaging. 
Topological Data Analysis (TDA), a novel unsupervised data-analytic technique was 
performed to reveal the concealed patterns in the collected data. Nine echocardiographic 
parameters were used to create the topological network. Model stability was further 
validated aft er adding 245 patients to the original cohort. Results: Topological data 
analysis revealed a loop, which when divided to four nearly equal quadrants (Figure 1) 
revealed unique HF phenotypes. Patients in the fi rst quadrant had lower early diastolic 
transmitral fl ow to mitral annular relaxation velocity ratio (E/e’; p<0.001), tricuspid 
regurgitation velocities (p<0.001) and left  ventricular mass index (p<0.001) compared 
to the rest of the population. Th e second quadrant had lower left  atrial volume index 
(p<0.001) and early to late transmitral fl ow velocity ratio (E/A, p<0.001), while the third 
quadrant showed decreased e’ (p<0.001) and increased E/e’ (p<0.001) compared to the 
rest of the population. Quadrant four had the lowest ejection fraction (p<0.001). Th e 
Kaplan-Meier analysis revealed signifi cant diff erences in major adverse cardiac events 
(p<0.001) and cardiac rehospitalization (p<0.024). Th e loop preserved its phenotypic 
structure even aft er addition of new cases. Conclusion: Cross-sectional echocardiography 
data can be utilized to create a multidimensional map that identifi es diff erent phenotypic 
presentations in heart failure as patients progress through cycles of compensation and 
decompensation within a looped disease space.

YIA-2
Mid-Wall Fractional Shortening in Aortic Stenosis Patients With or 
Without Reduced Ejection Fraction
Saki Ito, Cristina Pislaru, William R. Miranda, Vuyisile T. Nkomo, Sorin V. 
Pislaru, Kevin L. Greason, Heidi M. Connolly, Patricia A. Pellikka, Bradley R. 
Lewis, Oh K. Jae. Mayo Clinic, Rochester, MN
Background: In aortic stenosis (AS), the left  ventricle (LV) adapts to high intracavitary 
pressure through a concentric hypertrophic process to keep wall stress normal and LV 
ejection performance preserved. When wall stress exceeds the compensatory mechanism, 
LV contractility declines. Since LV ejection fraction (EF) is aft erload dependent, we 
assessed temporal changes in LV contractility in patients with AS using midwall fractional 
shortening (MFS) at operating levels of wall stress (end-systolic circumferential wall 
stress (cESS)). Methods: From 2009 to 2012, patients with the fi rst diagnose (time 0) of 
severe AS (aortic valve area (AVA) ≤1 cm2), who had previous echocardiograms at -3±1 
year were included. MFS and stress (aft erload)-corrected MFS were compared between 2 
patient groups based on EF at time 0 (<60% vs ≥60%). Results: A total of 307 patients, 205 
patients (67%) had EF ≥ 60% (66.7±7.3%) and 102 (33%) had <60% (43.1±13.1%). MFS is 
plotted against cESS with the mean ± 95% prediction interval for normal controls (Fig 1). 
Most patients in EF ≥60% were in normal range. Patients with EF ≥60% had higher stress-
corrected MFS compared to EF <60% (P<.001). In the EF ≥60% group, stress-corrected 
MFS signifi cantly decreased (P<.001) over time, whereas the EF remaining preserved 
(P=.06). In EF <60% group, all measurements were impaired and further deteriorated as 
AS progressed. cESS was lower in EF ≥60% group (P<.001) and did not change during 
the study period (P=.36). In contrast, cESS dramatically increased in EF <60% group (P 
<.001). During a median follow-up of 3.5 years, stress-corrected MFS (Fig 2 (A), P<.001) 
as well as EF (Fig 2 (B), P<.001) were associated with higher mortality. Conclusion: 
Despite further increases in aft erload as AS severity progresses, LV wall stress remains 
controlled and unchanged in patients with EF ≥ 60%, but it continues to increase in 
patients with LVEF <60%. Although both stress-corrected MFS and LVEF is related to 
worse prognosis, stress-corrected MFS appears to be a more sensitive tool than LVEF.
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YIA-3
An Experimental Series Investigating the Effects of 
Hyperinsulinemic Euglycemia on Myocardial Blood Flow Reserve 
in Healthy Individuals and on Perfusion Defect Size in Patients 
Presenting with Acute Myocardial Infarction
Michael Chi Yuan Nam1, Annelise Meneses2, Chris Anstey1, Tuppence Richman1, 
Christopher Askew2, Roxy Senior3, Tony Stanton1, Anthony Russell4, Kim 
Greaves1. 1Sunshine Coast University Hospital, Birtinya, Australia; 2University of 
the Sunshine Coast, Sippy Downs, Australia; 3National Heart and Lung Institute, 
Imperial College London, Royal Brompton Hospital, London, United Kingdom; 
4Princess Alexandra Hospital, Brisbane, Australia
Background: Hyperinsulinemic euglycemia (HE) increases myocardial blood fl ow 
reserve (MBFR) and may reduce myocardial ischemia. However, previous trials of 
insulin administration during myocardial infarction adopted variable insulin-dosing 
protocols which may have limited its benefi t. Using insulin-dextrose (ID) infusions to 
induce HE, we conducted a two-phase study to determine: 1) how insulin duration, dose, 
and diabetes, aff ect MBFR response; 2) the eff ect of insulin on perfusion defect size in 
the immediate period following revascularisation of ST-elevation myocardial infarction 
(STEMI). Methods: MBFR was determined using adenosine/dipyridamole vasodilator 
myocardial contrast echocardiography (MCE). 1. Twelve participants received ID or 
saline infusion. MBFR was measured at four time intervals. Twenty-two received one of 
three insulin doses (0.5, 1.5, 3.0mU/kg/minute), and eleven insulin-resistance syndrome 
participants (fi ve metabolic syndrome, six with type-2 diabetes) received 1.5mU/kg/
minute, for 60 minutes. Baseline and 60-minute MBFR‘s were determined. 2. Immediately 
following revascularisation for STEMI, twenty participants received 1.5mU/kg/minute 
ID infusion or standard care for 120 minutes. MCE was performed at four time intervals 
to quantify contrast defect length expressed as a percentage of total LV endocardial 
border (%CDL). Results: 1. Insulin duration: MBFR increased with time in the ID group. 
Insulin dose: compared to baseline, MBFR increased in the 1.5mU/kg/minute (2.42±0.39 
to 3.25±0.77, p=0.002), did not change in 0.5mU/kg/minute, and decreased in 3.0mU/kg/
minute (2.64±0.25 to 2.16±0.33, p=0.02) groups. Diabetes: Compared to baseline, MBFR 
increased in healthy and metabolic syndrome participants (1.98±0.33 to 2.59±0.45, 
p=0.04). In type-2 diabetes, both baseline and ID MBFR were signifi cantly lower than 
healthy participants, and MBFR increase was borderline signifi cant (1.67±0.35 to 
2.14±0.21, p=0.05). 2. STEMI: baseline %CDL was similar in both groups but with insulin 
decreased with time and signifi cantly lower at 60 minutes (Fig 1). Conclusion: Insulin 
infusion duration, dose, and presence of diabetes, are important factors that aff ect MBFR. 
When given following revascularisation for STEMI, HE reduces %CDL.
Fig 1: Insulin-dextrose on %CDL

YIA-4
Endothelial Cell Repair Biophysics During Ultrasound and 
Microbubble Sonoporation
Brandon Helfi eld1, Xucai Chen2, Simon Watkins2, Flordeliza Villanueva2. 
1Sunnybrook Research Institute, Toronto, ON, Canada; 2University of Pittsburgh, 
Pittsburgh, PA
Ultrasound (US)-stimulated microbubbles (MBs) are emerging as non-viral gene 
delivery vehicles for the treatment of cardiovascular disease. Th e MB-cell interactions 
that facilitate nucleic acid delivery across cell membranes and into cells outside the 
vasculature, and hence strategies to optimize this platform, remain poorly understood. 
Th e objective of this work is to gain mechanistic insight into the biophysical context 
of reversible sonoporation. Live-cell 3D confocal microscopy was employed to 
image cultured human umbilical vein endothelial cells (HUVECs) during real-time 
sonoporation with lipid MBs exposed to a single US pulse (1 MHz, 8 μs; 0.1-0.9 MPa, 
n=54). Cell membrane impermeant propidium iodide (PI) was diluted into the media as 
a marker for sonoporation. We investigate the dynamics of plasma membrane perforation 
and interpret the fi ndings with theoretical biophysical modeling. We then probe 
cytoskeletal re-organization during sonoporation using LifeAct. Finally, to assess remote 
biochemical signaling, a subset of experiments examines Ca2+ signaling, with and without 
the inhibition of gap junctions. We show for the fi rst time that sonoporation generates 
transendothelial perforations (TEPs) that confer intracellular permeability only during 
their opening phase, a process consistent with biophysical modeling. TEP opening (and 
thus membrane permeability) is an order of magnitude faster than its resealing phase 
(p<0.001), suggesting a distinct biophysical origin between enhanced cellular versus 
vascular permeability. Th e extent of actin breaching at the TEP site increases with TEP 
area and PI uptake (p<0.001). Th e resealing phase is led by actin recruitment along the 
TEP rim and results in a membrane protrusion, suggesting exocytosis as a sonoporation 
healing mechanism (Fig. 1). Sonoporation initiates Ca2+ signaling to neighboring cells 
through gap junctions (p<0.001). While the opening of TEPs is largely passive, actin 
recruitment plays a signifi cant role in their resealing and occurs over much longer 
timescales (1 min vs 10-20 min). Further, we have shown that gap junctions play a crucial 
role in biochemical signaling induced by sonoporation. Th is work contributes towards 
understanding the biophysical context of reversible sonoporation, necessary for its 
clinical translation.
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Pediatric Heart Disease
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3D Echocardiography
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SIA-1
Pulmonary Artery Acceleration Time is a Poor Estimation of 
Severity of Pulmonary Hypertension in Pediatric Patients
Courtney Cassidy1, Dale Burkett1, Michal Schäfer1, Mark Friedberg2, D Dunbar 
Ivy1, Pei-Ni Jone1. 1Childrens Hospital Colorado, Aurora, CO; 2Th e Hospital for 
Sick Kids, Toronto, ON, Canada
Background: Pulmonary artery acceleration time (PAAT) is a noninvasive method to 
evaluate pulmonary hemodynamics. Some data suggests this method is a reliable estimate 
of pulmonary hemodynamics measured by invasive right heart catheterization. Th e aim 
of this study is to evaluate PAAT between normal controls and pulmonary hypertension 
(PH) patients and to correlate PAAT with simultaneous invasive cardiopulmonary 
hemodynamics. Methods: At two institutions, PH patients underwent simultaneous 2-D 
echocardiography and right heart catheterization at baseline and acute vasoreactivity 
testing conditions. Pulmonary artery ejection time (PAET), PAAT and the PAAT/PAET 
ratio were evaluated. Th e pulmonary artery Doppler images were acquired on a GE 
E9 during cardiac catheterization with a decreased sweep speed to allow for multiple 
Doppler beat acquisition. Th e Doppler timing analyses were performed off -line using GE 
EchoPac soft ware. At each condition, at least 3 Doppler cycles were averaged for each 
patient to account for beat-to-beat variability; where quality allowed, 5-10 Doppler cycles 
were measured. Data was compared to age-, gender-, and institution-matched normal 
controls who underwent 2-D echocardiography. Hemodynamic data sets were compared 
using student’s t-test. Linear regression analysis was performed between PAAT/PAET and 
respective invasive hemodynamics at each vasodilatory testing condition. Results: Fift y-
fi ve controls were compared to 80 PH patients. PAAT and PAAT/PAET were signifi cantly 
decreased in PH patients compared to controls (Table 1). Th ere were no signifi cant 
diff erences in PAET between the two groups. Th ere were no correlations of PAAT/PAET 
to invasive hemodynamics in PH patients at baseline and during vasodilatory testing 
(Table 2). Conclusions: Although PAAT is shorter in PH compared to controls, it is not a 
reliable estimate of PH severity.
Table 1: Comparison of Pulmonary Artery Acceleration Time Between Controls and Pulmonary 
Hypertension Patients

Control (n=55) PH (n = 80) P-value
Age 9 (4 – 14) 9 (3 -14) 0.769
BSA 1.19 ± 0.52 1.11 ± 0.50 0.322
Sex (Female) 33 (60%) 52 (65%) 0.554
PAET 307 ± 40 312 ± 52 0.532
PAAT 106 ± 27 93 ± 27 0.006
PAAT/PAET 0.34 ± 0.06 0.30 ± 0.08 0.001
sPAP 53 ± 20
mPAP 34 ± 19
mPAP/MAP 0.58 ± 0.25
PVRi 5.8 (3.9 – 10.3)
PVR/SVR 0.38 (0.25 – 0.60)
BSA= body surface area, PAET= pulmonary artery ejection time, PAAT= pulmonary artery 
acceleration time, sPAP= systolic pulmonary artery pressure, mPAP= mean pulmonary artery 
pressure, MAP= mean arterial pressure, PVRi= pulmonary vascular resistance index, PVR= 
pulmonary vascular resistance, SVR= systemic vascular resistance

Table 2: Pulmonary Artery Acceleration Time to Pulmonary Artery Ejection Time Ratio Correlated 
to Invasive Hemodynamics in Pulmonary Hypertension Patients
Condition 1 Beta ± SE R2 R P-value
sPAP -0.9 ± 0.7 0.0245 -0.02 0.1856
mPAP -0.7 ± 0.5 0.0247 -0.02 0.1585
mPAP/MAP -0.04 ± 0.04 0.0158 -0.01 0.3085
PVRi 0.03 ± 0.16 0.0076 0.01 0.8143
PVR / SVR -0.016 ± 0.035 0.0031 0 0.6498
Condition 2
sPAP -0.03 ± 0.6 0.00001 0 0.9557
mPAP 0.7 ± 0.9 0.0032 0.06 0.4132
mPAP/MAP -0.06 ± 0.03 0.0764 -0.27 0.0495
PVRi -0.07 ± 0.1 0.0066 -0.08 0.5703
PVR / SVR -0.03 ± 0.03 0.0262 -0.03 0.2609
Condition 3
sPAP 0.6 ± 0.6 0.0484 0.22 0.3801
mPAP 0.7 ± 0.9 0.0385 0.19 0.4349
mPAP/MAP 0.03 ± 0.05 0.0029 0.05 0.6111
PVRi 0.23 ± 0.20 0.0775 0.28 0.2631
PVR / SVR 0.41 ± 0.43 0.0556 0.24 0.3621
sPAP= systolic pulmonary artery pressure, mPAP= mean pulmonary artery pressure, MAP= mean 
arterial pressure, PVRi= pulmonary vascular resistance index, PVR= pulmonary vascular resistance, 
SVR= systemic vascular resistance

SIA-2
Evaluation of 3D Echocardiography for Assessment of Right 
Ventricular Volume & Comparison with Cardiac Magnetic 
Resonance Imaging in Pediatric Patients
Kelly Th orson, Brandy Clark, Lindsay Provenzano, James Prochzka, Miguel S. 
Restrepo. Valley Children‘s Hospital, Madera, CA
Background Evaluation of the right ventricular volume is a clinically relevant assessment 
that carries prognostic signifi cance and defi nes management in pathologies that 
compromise the right ventricle. Measurement of volumes by echocardiography has been 
challenging. Cardiac magnetic resonance imaging (CMR) is the reference standard, but 
has signifi cant drawbacks including equipment cost, availability, professional expertise, 
and need for sedation. Th ree-dimensional echocardiography (3DE) has become a 
useful tool and contemporary semi-automated soft ware versions show the potential for 
accurate evaluation of right ventricular volumes. Methods Our archive and databases 
were retrospectively queried for patients from 2013-2017 where both a CMR and 3DE 
right ventricular volumes were performed. Right ventricular volumes were prospectively 
re-measured by 3 experienced investigators using commercially available Right 
Ventricular Analysis 2 (TomTec), semi-automated tracking soft ware. Indices including 
right ventricular end-diastolic volume (EDV) and right ventricular end-systolic volume 
(ESV) were measured. Interuser variability and intrauser variability were assessed by 
intraclass correlation coeffi  cients (ICC). Comparison with CMR was assessed by limits 
of agreement of Bland-Altman and by Pearson’s r correlation. Variance was evaluated 
by the average of the coeffi  cient of variance (CV) for the indices measured. Statistical 
Analysis was performed using SPSS 24 (Microsoft ). Results 91 subjects were identifi ed 
and 12 subjects were excluded for signifi cant weight diff erences between studies and or 
ventricular volumes that were not able to be quantifi ed (n = 79). Correlation of EDV and 
ESV between 3DE and CMR was good. Inter-observer and intraobserver agreement was 
excellent with EDV and ESV. Conclusions Assessment of right ventricular volume by 
3DE represents a feasible, non-invasive way to evaluate and track the right ventricular 
volume that is reproducible and shows a good correlation with CMR.
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YIA-3
An Experimental Series Investigating the Effects of 
Hyperinsulinemic Euglycemia on Myocardial Blood Flow Reserve 
in Healthy Individuals and on Perfusion Defect Size in Patients 
Presenting with Acute Myocardial Infarction
Michael Chi Yuan Nam1, Annelise Meneses2, Chris Anstey1, Tuppence Richman1, 
Christopher Askew2, Roxy Senior3, Tony Stanton1, Anthony Russell4, Kim 
Greaves1. 1Sunshine Coast University Hospital, Birtinya, Australia; 2University of 
the Sunshine Coast, Sippy Downs, Australia; 3National Heart and Lung Institute, 
Imperial College London, Royal Brompton Hospital, London, United Kingdom; 
4Princess Alexandra Hospital, Brisbane, Australia
Background: Hyperinsulinemic euglycemia (HE) increases myocardial blood fl ow 
reserve (MBFR) and may reduce myocardial ischemia. However, previous trials of 
insulin administration during myocardial infarction adopted variable insulin-dosing 
protocols which may have limited its benefi t. Using insulin-dextrose (ID) infusions to 
induce HE, we conducted a two-phase study to determine: 1) how insulin duration, dose, 
and diabetes, aff ect MBFR response; 2) the eff ect of insulin on perfusion defect size in 
the immediate period following revascularisation of ST-elevation myocardial infarction 
(STEMI). Methods: MBFR was determined using adenosine/dipyridamole vasodilator 
myocardial contrast echocardiography (MCE). 1. Twelve participants received ID or 
saline infusion. MBFR was measured at four time intervals. Twenty-two received one of 
three insulin doses (0.5, 1.5, 3.0mU/kg/minute), and eleven insulin-resistance syndrome 
participants (fi ve metabolic syndrome, six with type-2 diabetes) received 1.5mU/kg/
minute, for 60 minutes. Baseline and 60-minute MBFR‘s were determined. 2. Immediately 
following revascularisation for STEMI, twenty participants received 1.5mU/kg/minute 
ID infusion or standard care for 120 minutes. MCE was performed at four time intervals 
to quantify contrast defect length expressed as a percentage of total LV endocardial 
border (%CDL). Results: 1. Insulin duration: MBFR increased with time in the ID group. 
Insulin dose: compared to baseline, MBFR increased in the 1.5mU/kg/minute (2.42±0.39 
to 3.25±0.77, p=0.002), did not change in 0.5mU/kg/minute, and decreased in 3.0mU/kg/
minute (2.64±0.25 to 2.16±0.33, p=0.02) groups. Diabetes: Compared to baseline, MBFR 
increased in healthy and metabolic syndrome participants (1.98±0.33 to 2.59±0.45, 
p=0.04). In type-2 diabetes, both baseline and ID MBFR were signifi cantly lower than 
healthy participants, and MBFR increase was borderline signifi cant (1.67±0.35 to 
2.14±0.21, p=0.05). 2. STEMI: baseline %CDL was similar in both groups but with insulin 
decreased with time and signifi cantly lower at 60 minutes (Fig 1). Conclusion: Insulin 
infusion duration, dose, and presence of diabetes, are important factors that aff ect MBFR. 
When given following revascularisation for STEMI, HE reduces %CDL.
Fig 1: Insulin-dextrose on %CDL

YIA-4
Endothelial Cell Repair Biophysics During Ultrasound and 
Microbubble Sonoporation
Brandon Helfi eld1, Xucai Chen2, Simon Watkins2, Flordeliza Villanueva2. 
1Sunnybrook Research Institute, Toronto, ON, Canada; 2University of Pittsburgh, 
Pittsburgh, PA
Ultrasound (US)-stimulated microbubbles (MBs) are emerging as non-viral gene 
delivery vehicles for the treatment of cardiovascular disease. Th e MB-cell interactions 
that facilitate nucleic acid delivery across cell membranes and into cells outside the 
vasculature, and hence strategies to optimize this platform, remain poorly understood. 
Th e objective of this work is to gain mechanistic insight into the biophysical context 
of reversible sonoporation. Live-cell 3D confocal microscopy was employed to 
image cultured human umbilical vein endothelial cells (HUVECs) during real-time 
sonoporation with lipid MBs exposed to a single US pulse (1 MHz, 8 μs; 0.1-0.9 MPa, 
n=54). Cell membrane impermeant propidium iodide (PI) was diluted into the media as 
a marker for sonoporation. We investigate the dynamics of plasma membrane perforation 
and interpret the fi ndings with theoretical biophysical modeling. We then probe 
cytoskeletal re-organization during sonoporation using LifeAct. Finally, to assess remote 
biochemical signaling, a subset of experiments examines Ca2+ signaling, with and without 
the inhibition of gap junctions. We show for the fi rst time that sonoporation generates 
transendothelial perforations (TEPs) that confer intracellular permeability only during 
their opening phase, a process consistent with biophysical modeling. TEP opening (and 
thus membrane permeability) is an order of magnitude faster than its resealing phase 
(p<0.001), suggesting a distinct biophysical origin between enhanced cellular versus 
vascular permeability. Th e extent of actin breaching at the TEP site increases with TEP 
area and PI uptake (p<0.001). Th e resealing phase is led by actin recruitment along the 
TEP rim and results in a membrane protrusion, suggesting exocytosis as a sonoporation 
healing mechanism (Fig. 1). Sonoporation initiates Ca2+ signaling to neighboring cells 
through gap junctions (p<0.001). While the opening of TEPs is largely passive, actin 
recruitment plays a signifi cant role in their resealing and occurs over much longer 
timescales (1 min vs 10-20 min). Further, we have shown that gap junctions play a crucial 
role in biochemical signaling induced by sonoporation. Th is work contributes towards 
understanding the biophysical context of reversible sonoporation, necessary for its 
clinical translation.
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SIA-1
Pulmonary Artery Acceleration Time is a Poor Estimation of 
Severity of Pulmonary Hypertension in Pediatric Patients
Courtney Cassidy1, Dale Burkett1, Michal Schäfer1, Mark Friedberg2, D Dunbar 
Ivy1, Pei-Ni Jone1. 1Childrens Hospital Colorado, Aurora, CO; 2Th e Hospital for 
Sick Kids, Toronto, ON, Canada
Background: Pulmonary artery acceleration time (PAAT) is a noninvasive method to 
evaluate pulmonary hemodynamics. Some data suggests this method is a reliable estimate 
of pulmonary hemodynamics measured by invasive right heart catheterization. Th e aim 
of this study is to evaluate PAAT between normal controls and pulmonary hypertension 
(PH) patients and to correlate PAAT with simultaneous invasive cardiopulmonary 
hemodynamics. Methods: At two institutions, PH patients underwent simultaneous 2-D 
echocardiography and right heart catheterization at baseline and acute vasoreactivity 
testing conditions. Pulmonary artery ejection time (PAET), PAAT and the PAAT/PAET 
ratio were evaluated. Th e pulmonary artery Doppler images were acquired on a GE 
E9 during cardiac catheterization with a decreased sweep speed to allow for multiple 
Doppler beat acquisition. Th e Doppler timing analyses were performed off -line using GE 
EchoPac soft ware. At each condition, at least 3 Doppler cycles were averaged for each 
patient to account for beat-to-beat variability; where quality allowed, 5-10 Doppler cycles 
were measured. Data was compared to age-, gender-, and institution-matched normal 
controls who underwent 2-D echocardiography. Hemodynamic data sets were compared 
using student’s t-test. Linear regression analysis was performed between PAAT/PAET and 
respective invasive hemodynamics at each vasodilatory testing condition. Results: Fift y-
fi ve controls were compared to 80 PH patients. PAAT and PAAT/PAET were signifi cantly 
decreased in PH patients compared to controls (Table 1). Th ere were no signifi cant 
diff erences in PAET between the two groups. Th ere were no correlations of PAAT/PAET 
to invasive hemodynamics in PH patients at baseline and during vasodilatory testing 
(Table 2). Conclusions: Although PAAT is shorter in PH compared to controls, it is not a 
reliable estimate of PH severity.
Table 1: Comparison of Pulmonary Artery Acceleration Time Between Controls and Pulmonary 
Hypertension Patients

Control (n=55) PH (n = 80) P-value
Age 9 (4 – 14) 9 (3 -14) 0.769
BSA 1.19 ± 0.52 1.11 ± 0.50 0.322
Sex (Female) 33 (60%) 52 (65%) 0.554
PAET 307 ± 40 312 ± 52 0.532
PAAT 106 ± 27 93 ± 27 0.006
PAAT/PAET 0.34 ± 0.06 0.30 ± 0.08 0.001
sPAP 53 ± 20
mPAP 34 ± 19
mPAP/MAP 0.58 ± 0.25
PVRi 5.8 (3.9 – 10.3)
PVR/SVR 0.38 (0.25 – 0.60)
BSA= body surface area, PAET= pulmonary artery ejection time, PAAT= pulmonary artery 
acceleration time, sPAP= systolic pulmonary artery pressure, mPAP= mean pulmonary artery 
pressure, MAP= mean arterial pressure, PVRi= pulmonary vascular resistance index, PVR= 
pulmonary vascular resistance, SVR= systemic vascular resistance

Table 2: Pulmonary Artery Acceleration Time to Pulmonary Artery Ejection Time Ratio Correlated 
to Invasive Hemodynamics in Pulmonary Hypertension Patients
Condition 1 Beta ± SE R2 R P-value
sPAP -0.9 ± 0.7 0.0245 -0.02 0.1856
mPAP -0.7 ± 0.5 0.0247 -0.02 0.1585
mPAP/MAP -0.04 ± 0.04 0.0158 -0.01 0.3085
PVRi 0.03 ± 0.16 0.0076 0.01 0.8143
PVR / SVR -0.016 ± 0.035 0.0031 0 0.6498
Condition 2
sPAP -0.03 ± 0.6 0.00001 0 0.9557
mPAP 0.7 ± 0.9 0.0032 0.06 0.4132
mPAP/MAP -0.06 ± 0.03 0.0764 -0.27 0.0495
PVRi -0.07 ± 0.1 0.0066 -0.08 0.5703
PVR / SVR -0.03 ± 0.03 0.0262 -0.03 0.2609
Condition 3
sPAP 0.6 ± 0.6 0.0484 0.22 0.3801
mPAP 0.7 ± 0.9 0.0385 0.19 0.4349
mPAP/MAP 0.03 ± 0.05 0.0029 0.05 0.6111
PVRi 0.23 ± 0.20 0.0775 0.28 0.2631
PVR / SVR 0.41 ± 0.43 0.0556 0.24 0.3621
sPAP= systolic pulmonary artery pressure, mPAP= mean pulmonary artery pressure, MAP= mean 
arterial pressure, PVRi= pulmonary vascular resistance index, PVR= pulmonary vascular resistance, 
SVR= systemic vascular resistance

SIA-2
Evaluation of 3D Echocardiography for Assessment of Right 
Ventricular Volume & Comparison with Cardiac Magnetic 
Resonance Imaging in Pediatric Patients
Kelly Th orson, Brandy Clark, Lindsay Provenzano, James Prochzka, Miguel S. 
Restrepo. Valley Children‘s Hospital, Madera, CA
Background Evaluation of the right ventricular volume is a clinically relevant assessment 
that carries prognostic signifi cance and defi nes management in pathologies that 
compromise the right ventricle. Measurement of volumes by echocardiography has been 
challenging. Cardiac magnetic resonance imaging (CMR) is the reference standard, but 
has signifi cant drawbacks including equipment cost, availability, professional expertise, 
and need for sedation. Th ree-dimensional echocardiography (3DE) has become a 
useful tool and contemporary semi-automated soft ware versions show the potential for 
accurate evaluation of right ventricular volumes. Methods Our archive and databases 
were retrospectively queried for patients from 2013-2017 where both a CMR and 3DE 
right ventricular volumes were performed. Right ventricular volumes were prospectively 
re-measured by 3 experienced investigators using commercially available Right 
Ventricular Analysis 2 (TomTec), semi-automated tracking soft ware. Indices including 
right ventricular end-diastolic volume (EDV) and right ventricular end-systolic volume 
(ESV) were measured. Interuser variability and intrauser variability were assessed by 
intraclass correlation coeffi  cients (ICC). Comparison with CMR was assessed by limits 
of agreement of Bland-Altman and by Pearson’s r correlation. Variance was evaluated 
by the average of the coeffi  cient of variance (CV) for the indices measured. Statistical 
Analysis was performed using SPSS 24 (Microsoft ). Results 91 subjects were identifi ed 
and 12 subjects were excluded for signifi cant weight diff erences between studies and or 
ventricular volumes that were not able to be quantifi ed (n = 79). Correlation of EDV and 
ESV between 3DE and CMR was good. Inter-observer and intraobserver agreement was 
excellent with EDV and ESV. Conclusions Assessment of right ventricular volume by 
3DE represents a feasible, non-invasive way to evaluate and track the right ventricular 
volume that is reproducible and shows a good correlation with CMR.
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Demographics, Intermethod comparison, and Interobserver and Intraobserver Variability

Demographics Total Variable ICC(p) CV avg 
(%)

Pearson 
r(p)

Subjects 91-12= n 79
Intermethod 
Comparison(3DE 
and CMR)

Male 46 (58%) EDV 0.91 
(0.000) 11.6 0.83 

(0.000)

Female 33 (42%) ESV 0.88 
(0.000) 15.1 0.79 

(0.000)

Age Range (y) 0-32 79 Interobserver 
variability ICC(p) CV avg 

(%)

Age by Group 0-5 11 (25%) EDV 0.94 
(0.000) 12.5

5-10 41 (52%) ESV 0.94 
(0.000) 14.2

10-18 20(25%) Intraobserver 
Variability ICC(p) CV avg 

(%)
Pearson 
r(p)

>18 7(9%) EDV 0.95-0.96 9.1 0.93 
(0.000)

BSA
Range 0.43-
1.97 mean 
1.07

ESV 0.93-0.95 11.2 0.90 
(0.000)

SIA-3
Feasibility of Contrast Echocardiography to Assess Right 
Ventricular Size and Function
Jason B. Pereira, Mohammed Essa, Elise Meoli, Lissa Sugeng. Yale-New Haven 
Hospital, New Haven, CT
Background: Right ventricular (RV) size and function can have an important impact on 
clinical outcomes. Accurate assessment of the RV requires multiple imaging windows 
and may not be feasible due to rib shadowing, obesity, and lung disease. Th ere is limited 
data on the use of contrast echocardiography (CE) to better delineate the RV. Our study 
goal was to determine the feasibility of using an imaging enhancing agent to evaluate RV 
size and function, and whether it improves ability to identify wall motion abnormalities 
compared to unenhanced echo images (UE). Methods: Fift y patients referred for a 
clinically indicated echocardiogram who required CE for left  ventricular opacifi cation 
(LVO) were included in this study. Patients with atrial or ventricular arrhythmias 
were excluded. Our transthoracic echocardiogram includes multiple two-dimensional 
echocardiographic views of the RV. Parasternal long-axis, papillary level short-axis, apical 
4-chamber and apical RV focused views were obtained with and without CE. Optimal 
contrast enhanced visualization of the RV was achieved aft er full LVO to avoid the 
attenuation of the medial and basal RV segments. Th e dedicated RV view was acquired 
by maintaining a non-foreshortened left  ventricular 4-chamber view and narrowing 
the sector size to focus on the RV. Basal (RVBASE), mid (RVMID), and longitudinal 
(RVLONG) RV end-diastolic dimensions, RV end-diastolic area (RVEDA), RV end-
systolic area (RVESA), and fractional area change (FAC) were measured on the non-
contrast and the contrast enhanced images. In the RV focused view, RV contractility was 
assessed with a wall motion score index (WMSI). Results: RVBASE, RVMID, RVLONG, 
and RVEDA were signifi cantly larger for CE versus UE measurements. (Table 1), whereas 
there was no signifi cant diff erence with PLAX RVOT, SAX RV, RVESA, and FAC. In 
the apical RV focused view, there was a signifi cant diff erence in WMSI (1.1±0.5 vs 1.2± 

0.4; P <0.05). Intra- and inter-observer variability were excellent for RVBASE, RVMID, 
PLAXRVOT, SAXRV, RVEDA, and RVESA for both the UE and CE images (Table 2). 
Conclusion: Expanding the role of CE to include evaluation of RV size, function and 
wall motion is feasible and could prove very advantageous in improving the assessment 
of the RV.

 

SIA-4
The Addition of Subdiaphragmatic Doppler to Assess Vascular 
Steal Phenomenon in Hemodynamically Signi cant PDAs
Joy D. Guthrie. Community Regional Medical Center, Fresno, CA
Background: Although there are various echocardiographic methods to measure patent 
ductus arteriosus (PDA) , there is no quantifi able measure to determine if there is a 
vascular steal from the abdominal organs. If the PDA is as large as the branch pulmonary 
arteries, then eff ectively 1/3 of the blood that should go to the abdomen is going back 
toward the lung. Th is suggests a vascular steal from the abdomen causing potential 
ischemia to the bowel and kidneys. Th e Superior Mesenteric Artery (SMA) and renal 
artery spectral Doppler waveforms have been added to evaluate abdominal perfusion. 
Absence of diastolic fl ow or staccato fl ow where there is a loss of end-systolic fl ow is 
prognostic of a vascular steal phenomenon. Methods: Two hundred and fi ve consecutive 
premature infants underwent pediatric echocardiograms with the diagnosis of PDA. 
Image quality was considered good in l98/205 cases and adequate in the other 7 cases. 
All echocardiograms were performed by experienced RDCS credentialed sonographers 
using the Philips IE 33 echocardiographic unit (Philips, Andover, MA). Th e institutionally 
accepted echocardiographic protocol was performed on all cases. Th e additional two 
abdominal vascular Doppler waveforms included a pulsed wave spectral Doppler 
waveform of the SMA and Renal artery at the vessel ostia off  of the abdominal aorta. 
Th ese vessel Doppler waveforms were scored as either 0= normal (preserved diastolic 
fl ow), 1= reduced diastolic fl ow, 2= absent diastolic fl ow, and 3= staccato or absent end-
systolic and absent diastolic fl ow. Results: In 173/205 infants the PDA measurements 
did not meet the echocardiographic criteria of hemodynamically signifi cant. In these 173 
patients there was preserved diastolic fl ow in the SMA and renal artery in diastole. 13 
cases showed hemodynamically signifi cant PDAs by echocardiographic criteria but still 
had preserved diastolic fl ow in the SMA and renal artery. Th ese cases were medically 
treated. Th e remaining 19 cases showed signifi cant PDAs by echocardiographic criteria 
and either absence of diastolic fl ow in the SMA and renal artery or staccato fl ow. All 
19 of these cases were ligated and followed at 48 hours post op to reassess ventricular 
function and the fl ow to the bowel and kidney. In 100% of these cases there was preserved 
diastolic fl ow. Conclusions: Th e addition of subdiaphragmatic vessel interrogation 
(SMA and renal artery) in all infants with hemodynamically signifi cant PDAs provides 
a quantitative way to determine if a vascular steal is occurring secondary to the PDA. 
Th is should assist physicians with clinical management of premature infants with PDAs.
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OA-01
Performance of Diastolic Function Classi cation Systems to 
Predict Incident Death or Hospitalization for Heart Failure in a VA 
Population
Yuchi Han, Srinath Adusumalli, Dinesh Jagasia, Bonnie Ky, Tiff any Chen, 
Marietta Ambrose, Rupal O‘quinn, Scott Akers, Frank Silvestry, Victor 
Ferrari, Marielle Scherrer-Crosbie, Julio Chirinos. University of Pennsylvania, 
Philadelphia, PA
Background: Various classifi cation systems for left  ventricular (LV) diastolic function 
have been proposed and utilized over the last decade, including the American Society of 
Echocardiography (ASE) 2009 and 2016 guidelines. Th ere have been studies validating 
the guidelines based on LV fi lling pressures, but how these guidelines predict patient 
outcomes is unknown. Methods: We studied adults with and without heart failure in 
a prospectively enrolled VA cohort. We measured diastolic function using standard 
Doppler methods and biplane left  atrial volume. We excluded patients with tachycardia, 
E to A fusion, atrial fi brillation, atrial fl utter, mitral valve dysfunction (>2+ regurgitation 
and mitral stenosis), and pericardial disease. We classifi ed subjects into categories of 
diastolic function according to 3 methods: ASE guidelines 2009, ASE guidelines 2016, and 
previously utilized classifi cation by Redfi eld et al. Incident heart failure hospitalizations 
and death were adjudicated over a median follow-up of 38.8 months. Results: We 
included 482 patients (mean age 62.4±0.7 years, 94% male) in the analysis. During 
follow-up, 48 subjects experienced a heart failure admission, 55 died, and 93 experienced 
a composite event. In general, there was poor agreement between classifi cation schemes. 
Th e kappa statistics for concordance were as follows: Redfi eldvs. ASE 2016: 0.081±0.017; 
ASE 2016 vs. ASE 2009: 0.047±0.013; ASE 2009 vs. Redfi eld: 0.25± 0.027. Kaplan Meier 
survival curves for diastolic function categories for the 3 systems are shown in Figure 1. 
Subjects who could not be classifi ed (indeterminate category) demonstrated a risk similar 
to those with stage II or stage III diastolic dysfunction (DD) when using the ASE 2009 
guidelines or the Redfi eld classifi cation. In contrast, subjects in the indeterminate DD 
category according to the ASE 2016 guidelines demonstrated a lower risk, comparable to 
subjects with stage 1 DD. Th e new ASE guidelines demonstrated the smallest proportion 
of indeterminate or non-classifi ed cases. Conclusions: Th ere is limited agreement 
between existing classifi cation systems for diastolic function. All classifi cation systems 
provide important prognostic information, and the new ASE guidelines minimize the 
number of indeterminate/unclassifi ed individuals.

OA-02
Dexrazoxane Preferentially Mitigates Adverse Changes in 
Cardiac Structure and Function in Female Children with Sarcoma 
Receiving High-Dose Anthracycline Therapy
Hari K. Narayan1, Mary Putt2, Nikitha Kosaraju2, Alejandro Paz2, Shivani 
Bhatt3, Th eodore Plappert2, Laura Mercer-Rosa3, Saro H. Armenian4, Ami 
Desai5, Richard B. Womer3, Bonnie Ky2. 1Th e University of California San Diego, 
San Diego, CA; 2Th e University of Pennsylvania, Philadelphia, PA; 3Children‘s 
Hospital of Philadelphia, Philadelphia, PA; 4City of Hope, Duarte, CA; 5Th e 
University of Chicago, Chicago, IL
Background: We sought to determine how sex and dexrazoxane therapy infl uence the 
early cardiotoxic eff ects of high-dose anthracyclines in pediatric sarcoma. Methods: 
In a retrospective cohort of 85 children (44% female, 73% dexrazoxane exposed) with 
sarcoma receiving doxorubicin (median dose 375 mg/m2 [interquartile range 375, 
450]), echocardiography measures prior to, early aft er (within 6 months of therapy 
completion), and 1-2 years aft er therapy were quantifi ed by a blinded observer. At each 
follow-up, multivariable, propensity-adjusted linear regression modeled the changes in 
left  ventricular (LV) shortening fraction (SF) and LV structure, strain, and wall stress 
for subgroups divided by sex and dexrazoxane exposure. Likelihood ratio tests assessed 
the interaction of sex and dexrazoxane exposure in determining these changes. Results: 
Clinical characteristics (age, sex, race, doxorubicin dose, and chest radiation) were 
similar among those who did and did not receive dexrazoxane. Early aft er therapy, 
among subjects not treated with dexrazoxane, males (n=15) developed increased cavity 
size and worsened circumferential strain, while females (n=8) developed worsened SF, 
circumferential and radial strain, and increased cavity size and wall stress (Figure 1, Table 
1). In males treated with dexrazoxane (n=33), deterioration of circumferential strain was 
mitigated by 3.4%. In females treated with dexrazoxane (n=29), declines in SF (5.7% 
diff erence) and increases in cavity size and wall stress were mitigated (all p<0.05). In 
interaction analyses, females had greater protection from SF declines and cavity dilation 
with dexrazoxane (p<0.05). Th ese early fi ndings persisted 1-2 years aft er doxorubicin 
therapy. Conclusions: Early and sustained alterations in LV structure and function were 
seen in children with sarcoma aft er high-dose doxorubicin, with adverse changes and 
dexrazoxane’s protective eff ects more pronounced in females. Sex-specifi c considerations 
may be important in the use of dexrazoxane.

Changes in Echocardiography Measures Early Aft er Anthracycline Th erapy

Echocardiography 
Measure

Male, - 
Dexrazoxane 
(n=15)

Male, + 
Dexrazoxane 
(n=33)

Female, - 
Dexrazoxane 
(n=8)

Female, + 
Dexrazoxane 
(n=29)

P 
(Interaction)

SF, % -1.0 (-3.4, 1.4) -0.5 (-2.1, 1.1) -8.5 (-11.7, 
-5.2)

-2.8 (-4.4, 
-1.1) 0.019

LVIDD, cm/BSA0.45 0.1 (0.0, 0.3) 0.2 (0.1, 0.3) 0.4 (0.2, 0.6) -0.1 (-0.2, 0.1) <0.001
LVIDS, cm/BSA0.45 0.2 (0.0, 0.3) 0.1 (0.1, 0.2) 0.7 (0.5, 0.8) 0.1 (0.0, 0.2) <0.001
Posterior Wall 
Th ickness, cm/
BSA0.4

0.0 (-0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (-0.1, 0.0) 0.0 (0.0, 0.0) 0.85

LV Mass, gr/BSA1.25 2.2 (-4.6, 9.0) 6.1 (1.5, 10.8) 6.3 (-3.1, 15.7) -2.4 (-7.3, 2.6) 0.043
Relative Wall 
Th ickness

-0.02 (-0.04, 
0.01)

-0.02 (-0.03, 
0.00)

-0.05 (-0.08, 
-0.01)

0.00 (-0.02, 
0.02) 0.046

Circumferential 
Strain, % 3.3 (0.4, 6.2) -0.1 (-1.8, 1.6) 4.6 (0.6, 8.6) 4.0 (2.2, 5.8) 0.27

Radial Strain, % -0.8 (-11.8, 
10.2)

3.8 (-2.7, 
10.4)

-20.6 (-36.1, 
-5.1)

-10.6 (-17.9, 
-3.4) 0.58

Meridional ESS, 103 
dynes/cm2

2.5 (-10.5, 
15.4)

-5.4 (-14.5, 
3.6)

27.6 (7.7, 
47.6)

-1.5 (-11.0, 
7.9) 0.089

Circumferential ESS, 
103 dynes/cm2

-2.8 (-16.1, 
10.5)

-9.9 (-19.2, 
-0.6)

13.9 (-6.7, 
34.6)

-4.9 (-14.7, 
4.8) 0.36

Linear regression modeled the change in each echocardiography measure between baseline and early 
aft er anthracycline therapy (within 6 months of therapy completion) in the overall cohort, adjusting 
for the propensity to receive dexrazoxane, age, race, sex, dexrazoxane exposure, and the interaction 
between sex and dexrazoxane exposure. Predicted marginal means and 95% confi dence intervals are 
depicted for each subgroup divided by sex and dexrazoxane exposure.
Interaction P-values are derived from likelihood ratio tests comparing models including the 
interaction between sex and dexrazoxane exposure and models with the two variables entered in 
additive fashion.
BSA=body surface area; ESS=end-systolic stress; LV=left  ventricular; LVIDD=left  ventricular inner 
dimension in diastole; LVIDS=left  ventricular inner dimension in systole; SF=shortening fraction
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Demographics, Intermethod comparison, and Interobserver and Intraobserver Variability

Demographics Total Variable ICC(p) CV avg 
(%)

Pearson 
r(p)

Subjects 91-12= n 79
Intermethod 
Comparison(3DE 
and CMR)

Male 46 (58%) EDV 0.91 
(0.000) 11.6 0.83 

(0.000)

Female 33 (42%) ESV 0.88 
(0.000) 15.1 0.79 

(0.000)

Age Range (y) 0-32 79 Interobserver 
variability ICC(p) CV avg 

(%)

Age by Group 0-5 11 (25%) EDV 0.94 
(0.000) 12.5

5-10 41 (52%) ESV 0.94 
(0.000) 14.2

10-18 20(25%) Intraobserver 
Variability ICC(p) CV avg 

(%)
Pearson 
r(p)

>18 7(9%) EDV 0.95-0.96 9.1 0.93 
(0.000)

BSA
Range 0.43-
1.97 mean 
1.07

ESV 0.93-0.95 11.2 0.90 
(0.000)

SIA-3
Feasibility of Contrast Echocardiography to Assess Right 
Ventricular Size and Function
Jason B. Pereira, Mohammed Essa, Elise Meoli, Lissa Sugeng. Yale-New Haven 
Hospital, New Haven, CT
Background: Right ventricular (RV) size and function can have an important impact on 
clinical outcomes. Accurate assessment of the RV requires multiple imaging windows 
and may not be feasible due to rib shadowing, obesity, and lung disease. Th ere is limited 
data on the use of contrast echocardiography (CE) to better delineate the RV. Our study 
goal was to determine the feasibility of using an imaging enhancing agent to evaluate RV 
size and function, and whether it improves ability to identify wall motion abnormalities 
compared to unenhanced echo images (UE). Methods: Fift y patients referred for a 
clinically indicated echocardiogram who required CE for left  ventricular opacifi cation 
(LVO) were included in this study. Patients with atrial or ventricular arrhythmias 
were excluded. Our transthoracic echocardiogram includes multiple two-dimensional 
echocardiographic views of the RV. Parasternal long-axis, papillary level short-axis, apical 
4-chamber and apical RV focused views were obtained with and without CE. Optimal 
contrast enhanced visualization of the RV was achieved aft er full LVO to avoid the 
attenuation of the medial and basal RV segments. Th e dedicated RV view was acquired 
by maintaining a non-foreshortened left  ventricular 4-chamber view and narrowing 
the sector size to focus on the RV. Basal (RVBASE), mid (RVMID), and longitudinal 
(RVLONG) RV end-diastolic dimensions, RV end-diastolic area (RVEDA), RV end-
systolic area (RVESA), and fractional area change (FAC) were measured on the non-
contrast and the contrast enhanced images. In the RV focused view, RV contractility was 
assessed with a wall motion score index (WMSI). Results: RVBASE, RVMID, RVLONG, 
and RVEDA were signifi cantly larger for CE versus UE measurements. (Table 1), whereas 
there was no signifi cant diff erence with PLAX RVOT, SAX RV, RVESA, and FAC. In 
the apical RV focused view, there was a signifi cant diff erence in WMSI (1.1±0.5 vs 1.2± 

0.4; P <0.05). Intra- and inter-observer variability were excellent for RVBASE, RVMID, 
PLAXRVOT, SAXRV, RVEDA, and RVESA for both the UE and CE images (Table 2). 
Conclusion: Expanding the role of CE to include evaluation of RV size, function and 
wall motion is feasible and could prove very advantageous in improving the assessment 
of the RV.

 

SIA-4
The Addition of Subdiaphragmatic Doppler to Assess Vascular 
Steal Phenomenon in Hemodynamically Signi cant PDAs
Joy D. Guthrie. Community Regional Medical Center, Fresno, CA
Background: Although there are various echocardiographic methods to measure patent 
ductus arteriosus (PDA) , there is no quantifi able measure to determine if there is a 
vascular steal from the abdominal organs. If the PDA is as large as the branch pulmonary 
arteries, then eff ectively 1/3 of the blood that should go to the abdomen is going back 
toward the lung. Th is suggests a vascular steal from the abdomen causing potential 
ischemia to the bowel and kidneys. Th e Superior Mesenteric Artery (SMA) and renal 
artery spectral Doppler waveforms have been added to evaluate abdominal perfusion. 
Absence of diastolic fl ow or staccato fl ow where there is a loss of end-systolic fl ow is 
prognostic of a vascular steal phenomenon. Methods: Two hundred and fi ve consecutive 
premature infants underwent pediatric echocardiograms with the diagnosis of PDA. 
Image quality was considered good in l98/205 cases and adequate in the other 7 cases. 
All echocardiograms were performed by experienced RDCS credentialed sonographers 
using the Philips IE 33 echocardiographic unit (Philips, Andover, MA). Th e institutionally 
accepted echocardiographic protocol was performed on all cases. Th e additional two 
abdominal vascular Doppler waveforms included a pulsed wave spectral Doppler 
waveform of the SMA and Renal artery at the vessel ostia off  of the abdominal aorta. 
Th ese vessel Doppler waveforms were scored as either 0= normal (preserved diastolic 
fl ow), 1= reduced diastolic fl ow, 2= absent diastolic fl ow, and 3= staccato or absent end-
systolic and absent diastolic fl ow. Results: In 173/205 infants the PDA measurements 
did not meet the echocardiographic criteria of hemodynamically signifi cant. In these 173 
patients there was preserved diastolic fl ow in the SMA and renal artery in diastole. 13 
cases showed hemodynamically signifi cant PDAs by echocardiographic criteria but still 
had preserved diastolic fl ow in the SMA and renal artery. Th ese cases were medically 
treated. Th e remaining 19 cases showed signifi cant PDAs by echocardiographic criteria 
and either absence of diastolic fl ow in the SMA and renal artery or staccato fl ow. All 
19 of these cases were ligated and followed at 48 hours post op to reassess ventricular 
function and the fl ow to the bowel and kidney. In 100% of these cases there was preserved 
diastolic fl ow. Conclusions: Th e addition of subdiaphragmatic vessel interrogation 
(SMA and renal artery) in all infants with hemodynamically signifi cant PDAs provides 
a quantitative way to determine if a vascular steal is occurring secondary to the PDA. 
Th is should assist physicians with clinical management of premature infants with PDAs.
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OA-01
Performance of Diastolic Function Classi cation Systems to 
Predict Incident Death or Hospitalization for Heart Failure in a VA 
Population
Yuchi Han, Srinath Adusumalli, Dinesh Jagasia, Bonnie Ky, Tiff any Chen, 
Marietta Ambrose, Rupal O‘quinn, Scott Akers, Frank Silvestry, Victor 
Ferrari, Marielle Scherrer-Crosbie, Julio Chirinos. University of Pennsylvania, 
Philadelphia, PA
Background: Various classifi cation systems for left  ventricular (LV) diastolic function 
have been proposed and utilized over the last decade, including the American Society of 
Echocardiography (ASE) 2009 and 2016 guidelines. Th ere have been studies validating 
the guidelines based on LV fi lling pressures, but how these guidelines predict patient 
outcomes is unknown. Methods: We studied adults with and without heart failure in 
a prospectively enrolled VA cohort. We measured diastolic function using standard 
Doppler methods and biplane left  atrial volume. We excluded patients with tachycardia, 
E to A fusion, atrial fi brillation, atrial fl utter, mitral valve dysfunction (>2+ regurgitation 
and mitral stenosis), and pericardial disease. We classifi ed subjects into categories of 
diastolic function according to 3 methods: ASE guidelines 2009, ASE guidelines 2016, and 
previously utilized classifi cation by Redfi eld et al. Incident heart failure hospitalizations 
and death were adjudicated over a median follow-up of 38.8 months. Results: We 
included 482 patients (mean age 62.4±0.7 years, 94% male) in the analysis. During 
follow-up, 48 subjects experienced a heart failure admission, 55 died, and 93 experienced 
a composite event. In general, there was poor agreement between classifi cation schemes. 
Th e kappa statistics for concordance were as follows: Redfi eldvs. ASE 2016: 0.081±0.017; 
ASE 2016 vs. ASE 2009: 0.047±0.013; ASE 2009 vs. Redfi eld: 0.25± 0.027. Kaplan Meier 
survival curves for diastolic function categories for the 3 systems are shown in Figure 1. 
Subjects who could not be classifi ed (indeterminate category) demonstrated a risk similar 
to those with stage II or stage III diastolic dysfunction (DD) when using the ASE 2009 
guidelines or the Redfi eld classifi cation. In contrast, subjects in the indeterminate DD 
category according to the ASE 2016 guidelines demonstrated a lower risk, comparable to 
subjects with stage 1 DD. Th e new ASE guidelines demonstrated the smallest proportion 
of indeterminate or non-classifi ed cases. Conclusions: Th ere is limited agreement 
between existing classifi cation systems for diastolic function. All classifi cation systems 
provide important prognostic information, and the new ASE guidelines minimize the 
number of indeterminate/unclassifi ed individuals.

OA-02
Dexrazoxane Preferentially Mitigates Adverse Changes in 
Cardiac Structure and Function in Female Children with Sarcoma 
Receiving High-Dose Anthracycline Therapy
Hari K. Narayan1, Mary Putt2, Nikitha Kosaraju2, Alejandro Paz2, Shivani 
Bhatt3, Th eodore Plappert2, Laura Mercer-Rosa3, Saro H. Armenian4, Ami 
Desai5, Richard B. Womer3, Bonnie Ky2. 1Th e University of California San Diego, 
San Diego, CA; 2Th e University of Pennsylvania, Philadelphia, PA; 3Children‘s 
Hospital of Philadelphia, Philadelphia, PA; 4City of Hope, Duarte, CA; 5Th e 
University of Chicago, Chicago, IL
Background: We sought to determine how sex and dexrazoxane therapy infl uence the 
early cardiotoxic eff ects of high-dose anthracyclines in pediatric sarcoma. Methods: 
In a retrospective cohort of 85 children (44% female, 73% dexrazoxane exposed) with 
sarcoma receiving doxorubicin (median dose 375 mg/m2 [interquartile range 375, 
450]), echocardiography measures prior to, early aft er (within 6 months of therapy 
completion), and 1-2 years aft er therapy were quantifi ed by a blinded observer. At each 
follow-up, multivariable, propensity-adjusted linear regression modeled the changes in 
left  ventricular (LV) shortening fraction (SF) and LV structure, strain, and wall stress 
for subgroups divided by sex and dexrazoxane exposure. Likelihood ratio tests assessed 
the interaction of sex and dexrazoxane exposure in determining these changes. Results: 
Clinical characteristics (age, sex, race, doxorubicin dose, and chest radiation) were 
similar among those who did and did not receive dexrazoxane. Early aft er therapy, 
among subjects not treated with dexrazoxane, males (n=15) developed increased cavity 
size and worsened circumferential strain, while females (n=8) developed worsened SF, 
circumferential and radial strain, and increased cavity size and wall stress (Figure 1, Table 
1). In males treated with dexrazoxane (n=33), deterioration of circumferential strain was 
mitigated by 3.4%. In females treated with dexrazoxane (n=29), declines in SF (5.7% 
diff erence) and increases in cavity size and wall stress were mitigated (all p<0.05). In 
interaction analyses, females had greater protection from SF declines and cavity dilation 
with dexrazoxane (p<0.05). Th ese early fi ndings persisted 1-2 years aft er doxorubicin 
therapy. Conclusions: Early and sustained alterations in LV structure and function were 
seen in children with sarcoma aft er high-dose doxorubicin, with adverse changes and 
dexrazoxane’s protective eff ects more pronounced in females. Sex-specifi c considerations 
may be important in the use of dexrazoxane.

Changes in Echocardiography Measures Early Aft er Anthracycline Th erapy

Echocardiography 
Measure

Male, - 
Dexrazoxane 
(n=15)

Male, + 
Dexrazoxane 
(n=33)

Female, - 
Dexrazoxane 
(n=8)

Female, + 
Dexrazoxane 
(n=29)

P 
(Interaction)

SF, % -1.0 (-3.4, 1.4) -0.5 (-2.1, 1.1) -8.5 (-11.7, 
-5.2)

-2.8 (-4.4, 
-1.1) 0.019

LVIDD, cm/BSA0.45 0.1 (0.0, 0.3) 0.2 (0.1, 0.3) 0.4 (0.2, 0.6) -0.1 (-0.2, 0.1) <0.001
LVIDS, cm/BSA0.45 0.2 (0.0, 0.3) 0.1 (0.1, 0.2) 0.7 (0.5, 0.8) 0.1 (0.0, 0.2) <0.001
Posterior Wall 
Th ickness, cm/
BSA0.4

0.0 (-0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (-0.1, 0.0) 0.0 (0.0, 0.0) 0.85

LV Mass, gr/BSA1.25 2.2 (-4.6, 9.0) 6.1 (1.5, 10.8) 6.3 (-3.1, 15.7) -2.4 (-7.3, 2.6) 0.043
Relative Wall 
Th ickness

-0.02 (-0.04, 
0.01)

-0.02 (-0.03, 
0.00)

-0.05 (-0.08, 
-0.01)

0.00 (-0.02, 
0.02) 0.046

Circumferential 
Strain, % 3.3 (0.4, 6.2) -0.1 (-1.8, 1.6) 4.6 (0.6, 8.6) 4.0 (2.2, 5.8) 0.27

Radial Strain, % -0.8 (-11.8, 
10.2)

3.8 (-2.7, 
10.4)

-20.6 (-36.1, 
-5.1)

-10.6 (-17.9, 
-3.4) 0.58

Meridional ESS, 103 
dynes/cm2

2.5 (-10.5, 
15.4)

-5.4 (-14.5, 
3.6)

27.6 (7.7, 
47.6)

-1.5 (-11.0, 
7.9) 0.089

Circumferential ESS, 
103 dynes/cm2

-2.8 (-16.1, 
10.5)

-9.9 (-19.2, 
-0.6)

13.9 (-6.7, 
34.6)

-4.9 (-14.7, 
4.8) 0.36

Linear regression modeled the change in each echocardiography measure between baseline and early 
aft er anthracycline therapy (within 6 months of therapy completion) in the overall cohort, adjusting 
for the propensity to receive dexrazoxane, age, race, sex, dexrazoxane exposure, and the interaction 
between sex and dexrazoxane exposure. Predicted marginal means and 95% confi dence intervals are 
depicted for each subgroup divided by sex and dexrazoxane exposure.
Interaction P-values are derived from likelihood ratio tests comparing models including the 
interaction between sex and dexrazoxane exposure and models with the two variables entered in 
additive fashion.
BSA=body surface area; ESS=end-systolic stress; LV=left  ventricular; LVIDD=left  ventricular inner 
dimension in diastole; LVIDS=left  ventricular inner dimension in systole; SF=shortening fraction
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OA-03
Delayed Enhancement Imaging with Intravenous De nity Droplets 
to Selectively Enhance the Myocardial Infarct Zone: Correlation 
with Delayed Enhancement Magnetic Resonance Imaging in a 
Large Animal Model
Songita A. Choudhury, Feng Xie, Th omas R. Porter. University of Nebraska 
Medical Center, Omaha, NE
Background: Nanometer-sized droplets can be formulated from commercially available 
microbubbles at the bedside. Since they are sub-micron in size, we have shown that 
they cross defective endothelial barriers and accumulate within non-viable tissue. 
Because these droplets would be moving slower and more randomly than in the 
normal myocardial zones or left  ventricular (LV) cavity, we hypothesized that unique 
transthoracic harmonic activation sequences could be utilized to selectively enhance the 
infarct zone (IZ). Methods: Pigs (n=5) underwent prolonged left  coronary artery balloon 
occlusion (90 minutes) followed by reperfusion. At 48-72 hours post reperfusion, delayed 
enhancement magnetic resonance imaging (DE-MRI) with intravenous gadolinium 
to delineate the infarct extent was performed. Subsequent to this, transthoracic two 
dimensional harmonic or ultrasharmonic imaging (1.3-1.7 Mhz fundamental) at a 
high mechanical index (>1.0) and reduced frame rate (10 Hz) was performed at four 
to six minutes following a 1.0 ml injection of Defi nity droplets. Correlations between 
hyperenhanced area by DE- MRI and acoustic activation imaging (AAI) were obtained. 
Additional correlations were determined with with post mortem triphenyl tetrazolium 
chloride (TTC) staining. Results: Focal transmural infarcts of varying area extent were 
observed with DE-MRI and TTC. Selective acoustic activation within the infarct zone 
was observed in four of fi ve pigs, resulting in background subtracted contrast of just the 
infarct zone (Figure). Th e correlation between the contrast enhanced zone and infarct 
size by TTC was excellent (r=0.96, p<0.05). Conclusion: Using a slow frame rate and 
high mechanical index single pulse harmonic activation, selective activation of Defi nity 
droplets within the infarct zone is achievable. Th is technique can be utilized for non-
invasive detection and quantifi cation of myocardial scar.

OA-04
Insights into Mechanisms of Decreasing Cardiac Function in 
Single Right Ventricle from Novel Three-Dimensional Principal 
Strain Analysis
Tomoyuki Sato1, Renzo JC Calderon-Anyosa1, Gianni Pedrizzetti2, Anirban 
Banerjee1. 1Children‘s Hospital of Philadelphia, Philadelphia, PA; 2University of 
Trieste, Trieste, Italy
Background: Th ree-dimensional (3D) speckle tracking echocardiography (STE) 
computes complete 3D strain, of which principal strain (PS) is the most intense 
component. It acts along principal direction of contraction. In myocardium, layers of 
counterwound fi bers crossing in diff erent directions produce PS in an intermediate, 
dominant direction. PS is an integration of deformations that occur in multiple directions 
i.e. circumferential (C) strain, longitudinal (L) strain, and C-L shear (known as twist) (Fig 
1). As an integrated entity PS may simplify tissue deformation, obviating need to measure 
various strains in various directions. Rearrangements of myofi bers under pressure and 
volume overload have been reported in right ventricle (RV). Th e aim of this study was 
to evaluate the intensity and direction of PS in single RV (SRV) supporting systemic 

circulation. Methods: We prospectively analyzed 52 patients (Age: 10.4 ± 4.8 yrs.) with 
SRV resulting from hypoplastic left  heart syndrome aft er Fontan completion. 3DSTE 
was performed using TomTec LV oriented soft ware applied to SRV. Endocardial surfaces 
from 3DSTE were defi ned by the coordinates of material points, and were processed by 
MatLab. 3D ejection fraction (EF), end-diastolic volume index (EDVi), global PS (GPS), 
and PS lines were computed. PS lines oriented in left -handed direction were expressed 
as negative values (blue lines), while those in right-handed direction as positive values 
(red lines) (Fig 2). Subjects were divided into three groups (Table 1) based on EF. PS was 
compared among 3 walls, anterior free-wall (Ant-FW), posterior free-wall (Post-FW), and 
septum. Results: See Table 1. PS of Post-FW and septum were signifi cantly higher than 
that of Ant-FW in Group 1 (EF>55%) (p < 0.01). PS of Post-FW and septum decreased 
signifi cantly between group 1 & 2 (EF 48-55%). PS of all walls decreased signifi cantly 
between group 2 & 3 (EF<48%). Figure 2 depicts angles of PS lines in three groups. PS 
angles of Post-FW became steeper (changed from yellow to red), with decreasing EF. 
Conclusion: PS of Post-FW and septum may play an important role in SRV function. PS 
lines provide a physiologic map of contraction, analyzing not only force of contraction 
but also its directional pattern. Th is is an important fi rst step for in-depth analysis and 
quantifi cation of SRV function.

OA-05
Longitudinal Change in Echocardiographic Parameters of Cardiac 
Function in Childhood Cancer Survivors: A Multicenter Study
William L. Border1, Ritu Sachdeva1, Kayla L. Stratton2, Saro H. Armenian3, 
Aarti Bhat4, David E. Cox1, Kasey J. Leger4, Wendy M. Leisenring2, Lillian R. 
Meacham1, Karim T. Sadak5, Shanthi Sivanandam5, Paul C. Nathan6, Eric 
J. Chow2. 1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Fred Hutchinson 
Cancer Research Center, Seattle, WA; 3City of Hope, Duarte, CA; 4University 
of Washington, Seattle, WA; 5University of Minnesota, Minneapolis, MN; 
6University of Toronto, Toronto, ON, Canada
Background: Childhood cancer survivors have an increased risk of cardiomyopathy 
(CDM), and receive serial echocardiograms to screen for CDM. However, it is challenging 
to predict who will develop CDM before it manifests as overt cardiac dysfunction. We 
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sought to determine whether the trajectory of change in serial echocardiogram parameters 
is associated with CDM. Methods: We performed a multicenter case-control study. CDM 
cases (≥1y survival from end of cancer therapy; fractional shortening (FS) ≤28% or 
ejection fraction (EF) ≤50% on ≥2 occasions) were matched to controls (FS ≥30%, EF 
≥55%, not on cardiac medications) by cumulative anthracycline dose, chest radiation, 
follow-up duration, and age at cancer diagnosis. Echocardiograms were submitted to a 
core lab and analyzed using a vendor-neutral soft ware analysis package. We examined 
the trajectory of 2D, M-mode, and Doppler tissue imaging derived parameters using 
linear mixed models, adjusted for time prior to CDM (or matched time for controls) and 
case/control status with an interaction to compare changes over time between groups. 
Results: We identifi ed 48 case-control pairs from 5 centers (35 vs 42% female; mean age 
at cancer diagnosis 8.1 vs 7.2 y; median anthracycline dose 240 vs 245 mg/m2; 44 vs 44% 
radiation to the heart; mean follow-up duration 10.3 vs 9.9 y). Analysis of 327 studies 
found that changes in FS (2D and M-mode), biplane EF, and spectral-Doppler derived 
left  ventricular myocardial performance indices (LV-MPI) were signifi cantly diff erent 
between cases vs controls. Th is relationship held true even when studies within 2 years 
of CDM diagnosis were excluded from the analysis (Table). If studies within 3 years were 
removed, only FS (2D) and LV-MPI were signifi cantly diff erent. Diff erences in 2D wall 
thickness-dimension ratio only became apparent late. However, the ratio’s trajectory was 
signifi cantly diff erent among cases vs controls (interaction p=0.018). LV diastolic function 
(mitral and septal E/E’) did not vary among cases vs controls. Conclusions: In this study 
of childhood cancer survivors, we observed a decline in standard echocardiographic 
parameters up to 3 yrs prior to CDM diagnosis, suggesting that high-risk survivors can 
be identifi ed prior to the onset of clinical symptoms or an abnormal echocardiogram.

OA-06
Disordered Intraventricular Vortex Formation and Increased 
Energy Loss in Transplanted Hearts is Noted in the Absence of 
Active Rejection
Jonathan D. Nyce, Santosh C. Uppu, H. Helen Ko, Jen-Li Yau, Shubhika 
Srivastava. Kravis Children‘s Hospital at Mount Sinai, New York City, NY
Background: Vector fl ow mapping (VFM) is a novel technique that allows for insight into 
blood-myocardial interactions. Vortex formation during diastole reduces energy loss (EL) 
and results in eff ectively organized systolic ejection. We hypothesized that transplanted 
hearts (OHT) would have higher EL in spite of normal ejection fraction (EF) even in the 
absence of rejection. Methods: 26 subjects, 13 OHT and 13 age-matched normals, with 
normal EF who were imaged using Hitachi ProSound F75 Premier CV were included. 
None of the OHT subjects included had rejection. EL in diastole and systole were 
obtained offl  ine by VFM analysis of apical long-axis images (Figure 1). Tissue Doppler 
(TDI) measures of systolic (s‘) and diastolic (e‘, a‘, E/e’) function were recorded along with 
the derived left  ventricular volumes and EF. analyses was performed between groups.

Results: OHT subjects were 14.7 ± 4.8 yrs compared to 14.17 ± 4.4 yrs for normals; age 
from transplant was 7.43 ± 7.0 yrs. OHT had lower, but normal EF compared to matched 
controls (58.3 ± 3.2% vs. 63 ± 4.5%; p=0.01). Resting heart rate was higher in OHT (90 
± 8.2/min vs. 74 ± 12/min; p<0.05). All TDI indices were lower in OHT (Figure 2). 
BSA-indexed systolic and diastolic EL were signifi cantly higher in OHT (p<0.001) and 
remained consistently higher across all ages (Figure 3).

Conclusion: Left  ventricular fi lling and ejection had increased EL in OHT as compared 
to age-matched normals despite normal EF. Subclinical dysfunction and a higher resting 
heart rate may increase shearing forces thus resulting in increased EL in OHT patients. 
VFM provides a novel insight into ventricular and fl uid mechanics of OHT.
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OA-03
Delayed Enhancement Imaging with Intravenous De nity Droplets 
to Selectively Enhance the Myocardial Infarct Zone: Correlation 
with Delayed Enhancement Magnetic Resonance Imaging in a 
Large Animal Model
Songita A. Choudhury, Feng Xie, Th omas R. Porter. University of Nebraska 
Medical Center, Omaha, NE
Background: Nanometer-sized droplets can be formulated from commercially available 
microbubbles at the bedside. Since they are sub-micron in size, we have shown that 
they cross defective endothelial barriers and accumulate within non-viable tissue. 
Because these droplets would be moving slower and more randomly than in the 
normal myocardial zones or left  ventricular (LV) cavity, we hypothesized that unique 
transthoracic harmonic activation sequences could be utilized to selectively enhance the 
infarct zone (IZ). Methods: Pigs (n=5) underwent prolonged left  coronary artery balloon 
occlusion (90 minutes) followed by reperfusion. At 48-72 hours post reperfusion, delayed 
enhancement magnetic resonance imaging (DE-MRI) with intravenous gadolinium 
to delineate the infarct extent was performed. Subsequent to this, transthoracic two 
dimensional harmonic or ultrasharmonic imaging (1.3-1.7 Mhz fundamental) at a 
high mechanical index (>1.0) and reduced frame rate (10 Hz) was performed at four 
to six minutes following a 1.0 ml injection of Defi nity droplets. Correlations between 
hyperenhanced area by DE- MRI and acoustic activation imaging (AAI) were obtained. 
Additional correlations were determined with with post mortem triphenyl tetrazolium 
chloride (TTC) staining. Results: Focal transmural infarcts of varying area extent were 
observed with DE-MRI and TTC. Selective acoustic activation within the infarct zone 
was observed in four of fi ve pigs, resulting in background subtracted contrast of just the 
infarct zone (Figure). Th e correlation between the contrast enhanced zone and infarct 
size by TTC was excellent (r=0.96, p<0.05). Conclusion: Using a slow frame rate and 
high mechanical index single pulse harmonic activation, selective activation of Defi nity 
droplets within the infarct zone is achievable. Th is technique can be utilized for non-
invasive detection and quantifi cation of myocardial scar.

OA-04
Insights into Mechanisms of Decreasing Cardiac Function in 
Single Right Ventricle from Novel Three-Dimensional Principal 
Strain Analysis
Tomoyuki Sato1, Renzo JC Calderon-Anyosa1, Gianni Pedrizzetti2, Anirban 
Banerjee1. 1Children‘s Hospital of Philadelphia, Philadelphia, PA; 2University of 
Trieste, Trieste, Italy
Background: Th ree-dimensional (3D) speckle tracking echocardiography (STE) 
computes complete 3D strain, of which principal strain (PS) is the most intense 
component. It acts along principal direction of contraction. In myocardium, layers of 
counterwound fi bers crossing in diff erent directions produce PS in an intermediate, 
dominant direction. PS is an integration of deformations that occur in multiple directions 
i.e. circumferential (C) strain, longitudinal (L) strain, and C-L shear (known as twist) (Fig 
1). As an integrated entity PS may simplify tissue deformation, obviating need to measure 
various strains in various directions. Rearrangements of myofi bers under pressure and 
volume overload have been reported in right ventricle (RV). Th e aim of this study was 
to evaluate the intensity and direction of PS in single RV (SRV) supporting systemic 

circulation. Methods: We prospectively analyzed 52 patients (Age: 10.4 ± 4.8 yrs.) with 
SRV resulting from hypoplastic left  heart syndrome aft er Fontan completion. 3DSTE 
was performed using TomTec LV oriented soft ware applied to SRV. Endocardial surfaces 
from 3DSTE were defi ned by the coordinates of material points, and were processed by 
MatLab. 3D ejection fraction (EF), end-diastolic volume index (EDVi), global PS (GPS), 
and PS lines were computed. PS lines oriented in left -handed direction were expressed 
as negative values (blue lines), while those in right-handed direction as positive values 
(red lines) (Fig 2). Subjects were divided into three groups (Table 1) based on EF. PS was 
compared among 3 walls, anterior free-wall (Ant-FW), posterior free-wall (Post-FW), and 
septum. Results: See Table 1. PS of Post-FW and septum were signifi cantly higher than 
that of Ant-FW in Group 1 (EF>55%) (p < 0.01). PS of Post-FW and septum decreased 
signifi cantly between group 1 & 2 (EF 48-55%). PS of all walls decreased signifi cantly 
between group 2 & 3 (EF<48%). Figure 2 depicts angles of PS lines in three groups. PS 
angles of Post-FW became steeper (changed from yellow to red), with decreasing EF. 
Conclusion: PS of Post-FW and septum may play an important role in SRV function. PS 
lines provide a physiologic map of contraction, analyzing not only force of contraction 
but also its directional pattern. Th is is an important fi rst step for in-depth analysis and 
quantifi cation of SRV function.

OA-05
Longitudinal Change in Echocardiographic Parameters of Cardiac 
Function in Childhood Cancer Survivors: A Multicenter Study
William L. Border1, Ritu Sachdeva1, Kayla L. Stratton2, Saro H. Armenian3, 
Aarti Bhat4, David E. Cox1, Kasey J. Leger4, Wendy M. Leisenring2, Lillian R. 
Meacham1, Karim T. Sadak5, Shanthi Sivanandam5, Paul C. Nathan6, Eric 
J. Chow2. 1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Fred Hutchinson 
Cancer Research Center, Seattle, WA; 3City of Hope, Duarte, CA; 4University 
of Washington, Seattle, WA; 5University of Minnesota, Minneapolis, MN; 
6University of Toronto, Toronto, ON, Canada
Background: Childhood cancer survivors have an increased risk of cardiomyopathy 
(CDM), and receive serial echocardiograms to screen for CDM. However, it is challenging 
to predict who will develop CDM before it manifests as overt cardiac dysfunction. We 
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sought to determine whether the trajectory of change in serial echocardiogram parameters 
is associated with CDM. Methods: We performed a multicenter case-control study. CDM 
cases (≥1y survival from end of cancer therapy; fractional shortening (FS) ≤28% or 
ejection fraction (EF) ≤50% on ≥2 occasions) were matched to controls (FS ≥30%, EF 
≥55%, not on cardiac medications) by cumulative anthracycline dose, chest radiation, 
follow-up duration, and age at cancer diagnosis. Echocardiograms were submitted to a 
core lab and analyzed using a vendor-neutral soft ware analysis package. We examined 
the trajectory of 2D, M-mode, and Doppler tissue imaging derived parameters using 
linear mixed models, adjusted for time prior to CDM (or matched time for controls) and 
case/control status with an interaction to compare changes over time between groups. 
Results: We identifi ed 48 case-control pairs from 5 centers (35 vs 42% female; mean age 
at cancer diagnosis 8.1 vs 7.2 y; median anthracycline dose 240 vs 245 mg/m2; 44 vs 44% 
radiation to the heart; mean follow-up duration 10.3 vs 9.9 y). Analysis of 327 studies 
found that changes in FS (2D and M-mode), biplane EF, and spectral-Doppler derived 
left  ventricular myocardial performance indices (LV-MPI) were signifi cantly diff erent 
between cases vs controls. Th is relationship held true even when studies within 2 years 
of CDM diagnosis were excluded from the analysis (Table). If studies within 3 years were 
removed, only FS (2D) and LV-MPI were signifi cantly diff erent. Diff erences in 2D wall 
thickness-dimension ratio only became apparent late. However, the ratio’s trajectory was 
signifi cantly diff erent among cases vs controls (interaction p=0.018). LV diastolic function 
(mitral and septal E/E’) did not vary among cases vs controls. Conclusions: In this study 
of childhood cancer survivors, we observed a decline in standard echocardiographic 
parameters up to 3 yrs prior to CDM diagnosis, suggesting that high-risk survivors can 
be identifi ed prior to the onset of clinical symptoms or an abnormal echocardiogram.

OA-06
Disordered Intraventricular Vortex Formation and Increased 
Energy Loss in Transplanted Hearts is Noted in the Absence of 
Active Rejection
Jonathan D. Nyce, Santosh C. Uppu, H. Helen Ko, Jen-Li Yau, Shubhika 
Srivastava. Kravis Children‘s Hospital at Mount Sinai, New York City, NY
Background: Vector fl ow mapping (VFM) is a novel technique that allows for insight into 
blood-myocardial interactions. Vortex formation during diastole reduces energy loss (EL) 
and results in eff ectively organized systolic ejection. We hypothesized that transplanted 
hearts (OHT) would have higher EL in spite of normal ejection fraction (EF) even in the 
absence of rejection. Methods: 26 subjects, 13 OHT and 13 age-matched normals, with 
normal EF who were imaged using Hitachi ProSound F75 Premier CV were included. 
None of the OHT subjects included had rejection. EL in diastole and systole were 
obtained offl  ine by VFM analysis of apical long-axis images (Figure 1). Tissue Doppler 
(TDI) measures of systolic (s‘) and diastolic (e‘, a‘, E/e’) function were recorded along with 
the derived left  ventricular volumes and EF. analyses was performed between groups.

Results: OHT subjects were 14.7 ± 4.8 yrs compared to 14.17 ± 4.4 yrs for normals; age 
from transplant was 7.43 ± 7.0 yrs. OHT had lower, but normal EF compared to matched 
controls (58.3 ± 3.2% vs. 63 ± 4.5%; p=0.01). Resting heart rate was higher in OHT (90 
± 8.2/min vs. 74 ± 12/min; p<0.05). All TDI indices were lower in OHT (Figure 2). 
BSA-indexed systolic and diastolic EL were signifi cantly higher in OHT (p<0.001) and 
remained consistently higher across all ages (Figure 3).

Conclusion: Left  ventricular fi lling and ejection had increased EL in OHT as compared 
to age-matched normals despite normal EF. Subclinical dysfunction and a higher resting 
heart rate may increase shearing forces thus resulting in increased EL in OHT patients. 
VFM provides a novel insight into ventricular and fl uid mechanics of OHT.
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OA-07
Challenges with LV Functional Parameters: The Pediatric Heart 
Network Normal Echocardiogram Database
Peter C. Frommelt1, L. LuAnn Minich2, Felicia L. Trachtenberg3, Karen Altmann4, 
Joseph Camarda5, Steven Colan6, Meryl Cohen7, Andreea Dragulescu8, Michele 
Frommelt1, Tiff anie R. Johnson9, John P. Kovalchin10, Joseph Mahgereft eh11, Arni 
Nutting12, David A. Parra13, Gail Pearson14, Ricardo Pignatelli15, Ritu Sachdeva16, 
Brian Soriano17, Christopher Spurney18, Shubhika Srivastava19, Christopher 
J. Statile20, Jessica Stelter1, Mario Stylianou14, Poonam P. Th ankavel21, E. Seda 
Tierney22, Mary E. van der Velde23, Leo Lopez24. 1Medical College of Wisconsin, 
Milwaukee, WI; 2University of Utah, Salt Lake City, UT; 3New England Research 
Institute, Boston, MA; 4Columbia University Medical Center, New York, NY; 
5Northwestern University, Chicago, IL; 6Boston Children‘s Hospital, Boston, 
MA; 7Children‘s Hospital of Pennsylvania, Philadelphia, PA; 8Hospital for 
Sick Children, Toronto, ON, Canada; 9Indiana University, Indianapolis, IN; 
10Nationwide Children‘s Hospital, Columbus, OH; 11Th e Children‘s Hospital at 
Montefi ore, New York, NY; 12Medical University of South Carolina, Charlestown, 
SC; 13Vanderbilt Medical Center, Nashville, TN; 14National Heart, Lung and 
Blood Institute, Bethesda, MD; 15Baylor College of Medicine, Houston, TX; 
16Emory University School of Medicine, Atlanta, GA; 17Seattle Children‘s Hospital, 
Seattle, WA; 18Children‘s National Heart Institute, Washington DC, DC; 19Icahn 
School of Medicine, Mount Sinai Medical Center, New York, NY; 20Cincinnati 
Children‘s Hospital Medical Center, Cincinnati, OH; 21UT Southwestern Medical 
Center, Dallas, TX; 22Stanford University, Palo Alto, CA; 23University of Michigan, 
Ann Arbor, MI; 24Miami Children‘s Hospital, Miami, FL
Background: Th e reliability of left  ventricular (LV) systolic functional indices calculated 
from blinded echo measures of LV size has not been tested in a large cohort of normal 
children. Methods: Th e Pediatric Heart Network Normal Echocardiogram Database 
collected normal clinical echo studies from healthy children ≤18 years old distributed 
equally by age, gender, and race categories. A core lab used 2-dimensional (2D) echo 
to measure LV dimensions and area from which a separate Data Coordinating Center 
calculated LV volumes and systolic functional indices. To evaluate interobserver 
variability, 2 independent pediatric echo experts measured LV dimensions and area 
without immediate calculation of LV systolic functional indices (blinded measures) for 
a subset of the studies. Results: Of 3215 subjects with measurable images, 552 (17%) had 
a calculated LV shortening fraction (SF) <25% and/or LV ejection fraction (EF) <50% 
using core lab 2D measures; the 552 subjects were signifi cantly younger and smaller 
than the 2663 with normal values. Reliability varied when comparing the core lab and 
independent reader measures for 80 subjects with and 80 subjects without abnormal 
SF/EF values. For individual LV size parameters, the intraclass correlation coeffi  cient 
(ICC) was high (0.81-0.99), indicating low variability between the core lab and the 
readers. Th e ICCs were lower for SF (0.24) (Figure) and EF (0.56). Of those with an 
abnormal SF calculated from core lab measures, 71% were also classifi ed as abnormal 
by at least one reader; of those with normal SF from core lab measures, 33% were also 
independently classifi ed as abnormal. Conclusions: Although measures of LV size show 
good reproducibility, calculated LV functional indices from blinded measures reveal 
signifi cant variability such that abnormal SF/EF values can be associated with normal 
echo studies despite qualitatively normal systolic function. Th is suggests that, in clinical 
practice, abnormal SF/EF values usually result in repeat measures of LV size to match 
the subjective assessment of function. Abnormal values are more prevalent in younger, 
smaller children, likely due to agitation-limited imaging and measure error. Th is study 
highlights the potential value of automated endocardial tracking to decrease variability 
for measures of LV size and function.

OA-08
Persistence of Right Ventricular Dysfunction and Morphometry in 
Preterm Infants through One Year of Age: Cardiac Phenotype of 
Prematurity
Collin Erickson1, Megna Patel2, Swati Choudhry3, Karl Stessy Bisselou1, Tim J. 
Sekarski4, Mary Craft 1, Ling Li1, David A. Danford1, Aaron Hamvas5, Shelby 
Kutty1, Gautam K. Singh4, Philip T. Levy4. 1University of Nebraska College of 
Medicine and Children’s Hospital and Medical Center, Omaha, NE; 2Stanford 
University School of Medicine, Stanford, CA; 3Texas Children’s Hospital, Baylor 
College of Medicine, Houston, TX; 4Washington University Medical School, St. 
Louis, MO; 5Northwestern University Feinberg School of Medicine, Chicago, IL
Background: Prematurity impacts myocardial development that may determine long-
term outcomes. Th e objective of this study was to test the hypothesis that preterm 
neonates develop right ventricle (RV) dysfunction and adaptive remodeling by one 
month of age that persists through one year corrected age. Methods: In a prospective 
cohort study of 80 preterm- (< 29 weeks gestation) and 50 age- and weight- matched 
term- born infants, echocardiogram measures of RV function [free wall longitudinal 
strain (LS), systolic strain rate (LSRs), segmental LS (SLS) of the regional RV free wall 
(RVFW), tricuspid annular plane systolic excursion (TAPSE), and fractional area 
of change, FAC)] and RV morphology (systolic and diastolic areas and dimensions 
from the apical 4 chamber view) were assessed and compared at one month and one 
year of age. Sub-analyses were performed in preterm-born infants with chronic lung 
disease (CLD, n=48, 59%), defi ned by the need for any respiratory support at 36 weeks 
postmenstrual age. Data analysis included adjustment for gestational age at birth, gender, 
and heart rate. Results: In both term- and preterm-born infants, the measures of RV 
function and morphology increased from 1 month to 1 year of age (p < 0.01 for all) , 
but the magnitudes of RV function measures were lower in preterm-born infants at each 
time period (p < 0.01 for all), irrespective of the degree of lung disease. (Figure A) Th e 
magnitude of LSRs declined over time in preterm-born infants with CLD [-1.8 (-1.6, -2.1) 
vs. -1.6 (-1.5, -1.9), p=0.02, Figure B). RV areas and dimensions were larger in preterm 
infants by one year of age period (p < 0.01 for all, except long length, Table) A signifi cant 
base-to-apex (highest-to-lowest) SLS gradient (p < 0.01) existed in all infants at 1 month 
and persisted to 1 year of age, but the magnitudes were lower in preterm-born infants at 
each time period (Figure C). Unique to preterm-born infants with CLD, measures of RV 
function were decreased and RV morphometric (basal and mid-ventricular dimension) 
increased at 1 month of age and persisted to 1 year of age, (p < 0.01 for all measures, Table) 
Conclusions: Preterm infant exhibits abnormal RV function and morphometric at one 
month of age that persists to one year of age when compared to term-born infants. CLD 
appears to leave a further negative impact on RV performance.
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OA-09
Evaluation of Left Ventricular Out ow Gradients During Staged 
Exercise Stress Echocardiography Helps Differentiate Patients 
with Hypertrophic Cardiomyopathy from Athletes and Normal 
Subjects
Mansi Gaitonde1,2, Shannon Jones1,2, Courtney McCracken1, Eric Ferguson2,3, Erik 
Michelfelder2,3, Ritu Sachdeva2,3, William Border2,3. 1Emory University, Atlanta, 
GA; 2Sibley Heart Center, Atlanta, GA; 3Children‘s Healthcare of Atlanta, Atlanta, 
GA
Background: Elevated left  ventricular outfl ow tract (LVOT) Doppler gradients during 
peak exercise can occur in patients with hypertrophic cardiomyopathy (HCM) as well 
as in athletes and normal subjects. Our staged upright exercise protocol calls for detailed 
two-dimensional and Doppler imaging at rest and during each stage of exercise until peak 
exercise, allowing us to evaluate the mechanism of LVOT obstruction at each stage. We 
sought to determine whether this staged approach helps diff erentiate HCM patients from 
athletes and normal subjects who develop elevated gradients with exercise. Methods: We 
reviewed records of patients < 22 years who underwent a stress echocardiogram from Jan 
2009 - Oct 2017 at our center. We identifi ed all patients with gene-positive HCM, those 
diagnosed with athlete’s heart, and normal subjects. We then selected subjects with no 
signifi cant LVOT gradient at rest while supine who subsequently developed a LVOT peak 
gradient of at least 25 mmHg at peak exercise. We measured LVOT peak gradient, velocity 
time integral (VTI), acceleration time (AT), and deceleration time (DT) at rest while 
supine, at submaximal stages, and at peak exercise. T-test, ANOVA, and Tukey-Kranmer 
method were used for statistical analysis with p-value set at < 0.05. Results: Compared to 
athletes (n = 10) and normal subjects (n = 10), respectively, HCM patients (n = 10) had 
a diff erence in LVOT peak gradients at rest (p = 0.019; p = 0.007), stage 1 of exercise (p = 
0.002; p <0.001), and peak exercise (p = 0.051; 0.003) [Figure], as well as a diff erence in 
the change in LVOT peak gradient from rest to stage 1 (p = 0.016; p = 0.015) and from 
rest to peak (p = 0.038; p <0.001). Th e VTI of the LVOT doppler in HCM patients was 
diff erent at rest, stage 1 of exercise, and peak exercise compared to athletes and normal 
patients. Th ere was a statistically signifi cant diff erence in the AT/DT in HCM patients 
compared to normal patients at rest, stage 1, and peak exercise but only at rest when 
comparing HCM patients to athletes. Conclusion: HCM patients who develop elevated 
LVOT gradients at peak exercise typically manifest early obstruction in the submaximal 
stages of exercise, which helps to diff erentiate them from athletes and normal subjects. 
Th is supports the use of staged exercise stress echocardiography in these patients.

OA-10
Serial Deformation Assessment Identi es Hypoplastic Left Heart 
Syndrome Infants at Risk for Cardiac Mortality and Morbidity: A 
Pilot Study
John L. Colquitt, Robert W. Loar, Shaine A. Morris, Douglas K. Feagin, Sarah 
Sami, Ricardo H. Pignatelli. Baylor College of Medicine/Texas Children‘s Hospital, 
Houston, TX
Background: Poor right ventricular systolic function is associated with morbidity and 
mortality in children with hypoplastic left  heart syndrome. Myocardial deformation 
parameters derived from speckle-tracking echocardiography are highly reproducible and 
correlate with MRI-derived ejection fraction. Th e use of serial deformation assessments 
to risk-stratify these infants has not been well described. Methods: Prospective 
echocardiography was performed in infants with hypoplastic left  heart syndrome prior 
to surgical palliation and <2 weeks of age (time point (TP) 1), aft er Norwood and <1 
month of life (TP2), >1 month and prior to Glenn (TP3), and aft er Glenn and <6 month 
(TP4). Offl  ine analysis was done using GE EchoPAC. Measurements of right ventricular 
function from standard apical and basal views included global longitudinal strain (GLS) 
and strain rate (Sr), basal circumferential strain (CS) and Sr, fractional area change, and 
TAPSE. Echocardiograms from patients who experienced a poor outcome (defi ned as 
death, transplant, listing for transplant, or ≥ moderate right ventricular dysfunction by 6 

months of age) were compared to echocardiograms in survivors at each time point using 
Wilcoxon rank sum test. Receiver operating curve analyses were created. Th ose who were 
not Norwood candidates or who died from a non-cardiac cause were excluded. Results: 
31 patients were included (7 with poor outcome). No diff erences in echo measurements 
were noted on the initial echo (TP1). Beyond 2 weeks of life and prior to Glenn, there 
were signifi cant diff erences in all echocardiographic measures except TAPSE (see table). 
By receiver operator curve analysis, a pre-Glenn GLS of > -13% (during TP3) was highly 
sensitive and specifi c for poor outcome (area under curve [AUC] 0.97, p<0.01). Other 
signifi cant thresholds included: GLSr > -1 %/sec at TP3 (AUC 1.0, p<0.01), basal CS at 
TP2 and TP3 (> -12.5%, AUC 0.88, p=0.02 and > -10.8% AUC 0.87, p=0.02), basal CSr 
at TP3 (> -0.85%/sec, AUC 0.88, p=0.02), and fractional area change at TP3 <35% (AUC 
0.94, p<0.01). Conclusion: In this pilot study, interstage longitudinal and circumferential 
strain indices were worse in hypoplastic left  heart syndrome infants who experienced a 
poor outcome. Further analysis with larger cohorts is needed to confi rm their predictive 
utility.

 

OA-11
Late Gestation Predictors of a Postnatal Biventricular Circulation 
after Fetal Aortic Valvuloplasty
Meaghan J. Beattie, Kevin G. Friedman, Monika Drogosz, Ryan Callahan, 
Audrey C. Marshall, Aaron Prosnitz, Carol B. Benson, Louise E. Wilkins-Haug, 
Wayne Tworetzky. Boston Children‘s Hospital, Boston, MA
Background: Fetal aortic valvuloplasty (FAV) in mid-gestation has shown promise in 
averting progression to hypoplastic left  heart syndrome in fetuses with severe aortic 
stenosis. Aft er a technically successful FAV, predicting which fetuses will achieve a 
biventricular circulation aft er birth has been challenging. Identifying predictors of a 
postnatal biventricular circulation on late gestation fetal echocardiography will improve 
parental counseling and inform delivery planning. Methods: Patients who underwent 
a FAV, had a late gestation fetal echo available, and survived to neonatal discharge were 
included (2000-2017, n=107). Paired testing methods were utilized to identify third 
trimester fetal echo anatomic and physiologic parameters associated with postnatal 
biventricular circulation. Th e changes in several of these measures through gestation 
(from pre-FAV to third trimester) were also analyzed as potential predictors. Results: In 
univariate analysis (table), several anatomic parameters were associated with a postnatal 
biventricular circulation including a higher diameter z-score for the aortic valve, ascending 
aorta, mitral valve, and left  ventricular (LV) long axis. Predictive physiologic parameters 
included LV ejection fraction, mitral valve infl ow time, anterograde fl ow around the 
aortic arch, and normalization of fl ow across the foramen ovale (from abnormal left -
to-right fl ow to bidirectional or right-to-left  fl ow). In multivariable analysis (table), 
independent predictors of a biventricular circulation included LV long axis z-score, 
anterograde aortic arch fl ow, and normalization of PFO fl ow direction. Improved left  
heart growth through gestation was associated with biventricular circulation, specifi cally 
a larger increase in z-scores of the aortic valve (-0.8 {-1.8, -0.2} vs 0.3 {-1.0, 0.7}, p=0.003), 
LV long axis (-3.4 {-4.2, -1.5} vs -1.6 {-2.3, -0.7}, p<0.001), LV end diastolic dimension 
(-4.4 {-6.2, -2.3} vs -2.6 {-4.7, -0.4}, p=0.002), and LV end diastolic volume (-4.2 {-5.7, 
-2.4} vs -3.2 {-4.8, -1.4}, p=0.01). Conclusion: Late gestation predictors of a postnatal 
biventricular circulation aft er FAV include LV long axis z-score, anterograde fl ow around 
the aortic arch, and normalization of fl ow across the foramen ovale.
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OA-07
Challenges with LV Functional Parameters: The Pediatric Heart 
Network Normal Echocardiogram Database
Peter C. Frommelt1, L. LuAnn Minich2, Felicia L. Trachtenberg3, Karen Altmann4, 
Joseph Camarda5, Steven Colan6, Meryl Cohen7, Andreea Dragulescu8, Michele 
Frommelt1, Tiff anie R. Johnson9, John P. Kovalchin10, Joseph Mahgereft eh11, Arni 
Nutting12, David A. Parra13, Gail Pearson14, Ricardo Pignatelli15, Ritu Sachdeva16, 
Brian Soriano17, Christopher Spurney18, Shubhika Srivastava19, Christopher 
J. Statile20, Jessica Stelter1, Mario Stylianou14, Poonam P. Th ankavel21, E. Seda 
Tierney22, Mary E. van der Velde23, Leo Lopez24. 1Medical College of Wisconsin, 
Milwaukee, WI; 2University of Utah, Salt Lake City, UT; 3New England Research 
Institute, Boston, MA; 4Columbia University Medical Center, New York, NY; 
5Northwestern University, Chicago, IL; 6Boston Children‘s Hospital, Boston, 
MA; 7Children‘s Hospital of Pennsylvania, Philadelphia, PA; 8Hospital for 
Sick Children, Toronto, ON, Canada; 9Indiana University, Indianapolis, IN; 
10Nationwide Children‘s Hospital, Columbus, OH; 11Th e Children‘s Hospital at 
Montefi ore, New York, NY; 12Medical University of South Carolina, Charlestown, 
SC; 13Vanderbilt Medical Center, Nashville, TN; 14National Heart, Lung and 
Blood Institute, Bethesda, MD; 15Baylor College of Medicine, Houston, TX; 
16Emory University School of Medicine, Atlanta, GA; 17Seattle Children‘s Hospital, 
Seattle, WA; 18Children‘s National Heart Institute, Washington DC, DC; 19Icahn 
School of Medicine, Mount Sinai Medical Center, New York, NY; 20Cincinnati 
Children‘s Hospital Medical Center, Cincinnati, OH; 21UT Southwestern Medical 
Center, Dallas, TX; 22Stanford University, Palo Alto, CA; 23University of Michigan, 
Ann Arbor, MI; 24Miami Children‘s Hospital, Miami, FL
Background: Th e reliability of left  ventricular (LV) systolic functional indices calculated 
from blinded echo measures of LV size has not been tested in a large cohort of normal 
children. Methods: Th e Pediatric Heart Network Normal Echocardiogram Database 
collected normal clinical echo studies from healthy children ≤18 years old distributed 
equally by age, gender, and race categories. A core lab used 2-dimensional (2D) echo 
to measure LV dimensions and area from which a separate Data Coordinating Center 
calculated LV volumes and systolic functional indices. To evaluate interobserver 
variability, 2 independent pediatric echo experts measured LV dimensions and area 
without immediate calculation of LV systolic functional indices (blinded measures) for 
a subset of the studies. Results: Of 3215 subjects with measurable images, 552 (17%) had 
a calculated LV shortening fraction (SF) <25% and/or LV ejection fraction (EF) <50% 
using core lab 2D measures; the 552 subjects were signifi cantly younger and smaller 
than the 2663 with normal values. Reliability varied when comparing the core lab and 
independent reader measures for 80 subjects with and 80 subjects without abnormal 
SF/EF values. For individual LV size parameters, the intraclass correlation coeffi  cient 
(ICC) was high (0.81-0.99), indicating low variability between the core lab and the 
readers. Th e ICCs were lower for SF (0.24) (Figure) and EF (0.56). Of those with an 
abnormal SF calculated from core lab measures, 71% were also classifi ed as abnormal 
by at least one reader; of those with normal SF from core lab measures, 33% were also 
independently classifi ed as abnormal. Conclusions: Although measures of LV size show 
good reproducibility, calculated LV functional indices from blinded measures reveal 
signifi cant variability such that abnormal SF/EF values can be associated with normal 
echo studies despite qualitatively normal systolic function. Th is suggests that, in clinical 
practice, abnormal SF/EF values usually result in repeat measures of LV size to match 
the subjective assessment of function. Abnormal values are more prevalent in younger, 
smaller children, likely due to agitation-limited imaging and measure error. Th is study 
highlights the potential value of automated endocardial tracking to decrease variability 
for measures of LV size and function.

OA-08
Persistence of Right Ventricular Dysfunction and Morphometry in 
Preterm Infants through One Year of Age: Cardiac Phenotype of 
Prematurity
Collin Erickson1, Megna Patel2, Swati Choudhry3, Karl Stessy Bisselou1, Tim J. 
Sekarski4, Mary Craft 1, Ling Li1, David A. Danford1, Aaron Hamvas5, Shelby 
Kutty1, Gautam K. Singh4, Philip T. Levy4. 1University of Nebraska College of 
Medicine and Children’s Hospital and Medical Center, Omaha, NE; 2Stanford 
University School of Medicine, Stanford, CA; 3Texas Children’s Hospital, Baylor 
College of Medicine, Houston, TX; 4Washington University Medical School, St. 
Louis, MO; 5Northwestern University Feinberg School of Medicine, Chicago, IL
Background: Prematurity impacts myocardial development that may determine long-
term outcomes. Th e objective of this study was to test the hypothesis that preterm 
neonates develop right ventricle (RV) dysfunction and adaptive remodeling by one 
month of age that persists through one year corrected age. Methods: In a prospective 
cohort study of 80 preterm- (< 29 weeks gestation) and 50 age- and weight- matched 
term- born infants, echocardiogram measures of RV function [free wall longitudinal 
strain (LS), systolic strain rate (LSRs), segmental LS (SLS) of the regional RV free wall 
(RVFW), tricuspid annular plane systolic excursion (TAPSE), and fractional area 
of change, FAC)] and RV morphology (systolic and diastolic areas and dimensions 
from the apical 4 chamber view) were assessed and compared at one month and one 
year of age. Sub-analyses were performed in preterm-born infants with chronic lung 
disease (CLD, n=48, 59%), defi ned by the need for any respiratory support at 36 weeks 
postmenstrual age. Data analysis included adjustment for gestational age at birth, gender, 
and heart rate. Results: In both term- and preterm-born infants, the measures of RV 
function and morphology increased from 1 month to 1 year of age (p < 0.01 for all) , 
but the magnitudes of RV function measures were lower in preterm-born infants at each 
time period (p < 0.01 for all), irrespective of the degree of lung disease. (Figure A) Th e 
magnitude of LSRs declined over time in preterm-born infants with CLD [-1.8 (-1.6, -2.1) 
vs. -1.6 (-1.5, -1.9), p=0.02, Figure B). RV areas and dimensions were larger in preterm 
infants by one year of age period (p < 0.01 for all, except long length, Table) A signifi cant 
base-to-apex (highest-to-lowest) SLS gradient (p < 0.01) existed in all infants at 1 month 
and persisted to 1 year of age, but the magnitudes were lower in preterm-born infants at 
each time period (Figure C). Unique to preterm-born infants with CLD, measures of RV 
function were decreased and RV morphometric (basal and mid-ventricular dimension) 
increased at 1 month of age and persisted to 1 year of age, (p < 0.01 for all measures, Table) 
Conclusions: Preterm infant exhibits abnormal RV function and morphometric at one 
month of age that persists to one year of age when compared to term-born infants. CLD 
appears to leave a further negative impact on RV performance.
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OA-09
Evaluation of Left Ventricular Out ow Gradients During Staged 
Exercise Stress Echocardiography Helps Differentiate Patients 
with Hypertrophic Cardiomyopathy from Athletes and Normal 
Subjects
Mansi Gaitonde1,2, Shannon Jones1,2, Courtney McCracken1, Eric Ferguson2,3, Erik 
Michelfelder2,3, Ritu Sachdeva2,3, William Border2,3. 1Emory University, Atlanta, 
GA; 2Sibley Heart Center, Atlanta, GA; 3Children‘s Healthcare of Atlanta, Atlanta, 
GA
Background: Elevated left  ventricular outfl ow tract (LVOT) Doppler gradients during 
peak exercise can occur in patients with hypertrophic cardiomyopathy (HCM) as well 
as in athletes and normal subjects. Our staged upright exercise protocol calls for detailed 
two-dimensional and Doppler imaging at rest and during each stage of exercise until peak 
exercise, allowing us to evaluate the mechanism of LVOT obstruction at each stage. We 
sought to determine whether this staged approach helps diff erentiate HCM patients from 
athletes and normal subjects who develop elevated gradients with exercise. Methods: We 
reviewed records of patients < 22 years who underwent a stress echocardiogram from Jan 
2009 - Oct 2017 at our center. We identifi ed all patients with gene-positive HCM, those 
diagnosed with athlete’s heart, and normal subjects. We then selected subjects with no 
signifi cant LVOT gradient at rest while supine who subsequently developed a LVOT peak 
gradient of at least 25 mmHg at peak exercise. We measured LVOT peak gradient, velocity 
time integral (VTI), acceleration time (AT), and deceleration time (DT) at rest while 
supine, at submaximal stages, and at peak exercise. T-test, ANOVA, and Tukey-Kranmer 
method were used for statistical analysis with p-value set at < 0.05. Results: Compared to 
athletes (n = 10) and normal subjects (n = 10), respectively, HCM patients (n = 10) had 
a diff erence in LVOT peak gradients at rest (p = 0.019; p = 0.007), stage 1 of exercise (p = 
0.002; p <0.001), and peak exercise (p = 0.051; 0.003) [Figure], as well as a diff erence in 
the change in LVOT peak gradient from rest to stage 1 (p = 0.016; p = 0.015) and from 
rest to peak (p = 0.038; p <0.001). Th e VTI of the LVOT doppler in HCM patients was 
diff erent at rest, stage 1 of exercise, and peak exercise compared to athletes and normal 
patients. Th ere was a statistically signifi cant diff erence in the AT/DT in HCM patients 
compared to normal patients at rest, stage 1, and peak exercise but only at rest when 
comparing HCM patients to athletes. Conclusion: HCM patients who develop elevated 
LVOT gradients at peak exercise typically manifest early obstruction in the submaximal 
stages of exercise, which helps to diff erentiate them from athletes and normal subjects. 
Th is supports the use of staged exercise stress echocardiography in these patients.

OA-10
Serial Deformation Assessment Identi es Hypoplastic Left Heart 
Syndrome Infants at Risk for Cardiac Mortality and Morbidity: A 
Pilot Study
John L. Colquitt, Robert W. Loar, Shaine A. Morris, Douglas K. Feagin, Sarah 
Sami, Ricardo H. Pignatelli. Baylor College of Medicine/Texas Children‘s Hospital, 
Houston, TX
Background: Poor right ventricular systolic function is associated with morbidity and 
mortality in children with hypoplastic left  heart syndrome. Myocardial deformation 
parameters derived from speckle-tracking echocardiography are highly reproducible and 
correlate with MRI-derived ejection fraction. Th e use of serial deformation assessments 
to risk-stratify these infants has not been well described. Methods: Prospective 
echocardiography was performed in infants with hypoplastic left  heart syndrome prior 
to surgical palliation and <2 weeks of age (time point (TP) 1), aft er Norwood and <1 
month of life (TP2), >1 month and prior to Glenn (TP3), and aft er Glenn and <6 month 
(TP4). Offl  ine analysis was done using GE EchoPAC. Measurements of right ventricular 
function from standard apical and basal views included global longitudinal strain (GLS) 
and strain rate (Sr), basal circumferential strain (CS) and Sr, fractional area change, and 
TAPSE. Echocardiograms from patients who experienced a poor outcome (defi ned as 
death, transplant, listing for transplant, or ≥ moderate right ventricular dysfunction by 6 

months of age) were compared to echocardiograms in survivors at each time point using 
Wilcoxon rank sum test. Receiver operating curve analyses were created. Th ose who were 
not Norwood candidates or who died from a non-cardiac cause were excluded. Results: 
31 patients were included (7 with poor outcome). No diff erences in echo measurements 
were noted on the initial echo (TP1). Beyond 2 weeks of life and prior to Glenn, there 
were signifi cant diff erences in all echocardiographic measures except TAPSE (see table). 
By receiver operator curve analysis, a pre-Glenn GLS of > -13% (during TP3) was highly 
sensitive and specifi c for poor outcome (area under curve [AUC] 0.97, p<0.01). Other 
signifi cant thresholds included: GLSr > -1 %/sec at TP3 (AUC 1.0, p<0.01), basal CS at 
TP2 and TP3 (> -12.5%, AUC 0.88, p=0.02 and > -10.8% AUC 0.87, p=0.02), basal CSr 
at TP3 (> -0.85%/sec, AUC 0.88, p=0.02), and fractional area change at TP3 <35% (AUC 
0.94, p<0.01). Conclusion: In this pilot study, interstage longitudinal and circumferential 
strain indices were worse in hypoplastic left  heart syndrome infants who experienced a 
poor outcome. Further analysis with larger cohorts is needed to confi rm their predictive 
utility.

 

OA-11
Late Gestation Predictors of a Postnatal Biventricular Circulation 
after Fetal Aortic Valvuloplasty
Meaghan J. Beattie, Kevin G. Friedman, Monika Drogosz, Ryan Callahan, 
Audrey C. Marshall, Aaron Prosnitz, Carol B. Benson, Louise E. Wilkins-Haug, 
Wayne Tworetzky. Boston Children‘s Hospital, Boston, MA
Background: Fetal aortic valvuloplasty (FAV) in mid-gestation has shown promise in 
averting progression to hypoplastic left  heart syndrome in fetuses with severe aortic 
stenosis. Aft er a technically successful FAV, predicting which fetuses will achieve a 
biventricular circulation aft er birth has been challenging. Identifying predictors of a 
postnatal biventricular circulation on late gestation fetal echocardiography will improve 
parental counseling and inform delivery planning. Methods: Patients who underwent 
a FAV, had a late gestation fetal echo available, and survived to neonatal discharge were 
included (2000-2017, n=107). Paired testing methods were utilized to identify third 
trimester fetal echo anatomic and physiologic parameters associated with postnatal 
biventricular circulation. Th e changes in several of these measures through gestation 
(from pre-FAV to third trimester) were also analyzed as potential predictors. Results: In 
univariate analysis (table), several anatomic parameters were associated with a postnatal 
biventricular circulation including a higher diameter z-score for the aortic valve, ascending 
aorta, mitral valve, and left  ventricular (LV) long axis. Predictive physiologic parameters 
included LV ejection fraction, mitral valve infl ow time, anterograde fl ow around the 
aortic arch, and normalization of fl ow across the foramen ovale (from abnormal left -
to-right fl ow to bidirectional or right-to-left  fl ow). In multivariable analysis (table), 
independent predictors of a biventricular circulation included LV long axis z-score, 
anterograde aortic arch fl ow, and normalization of PFO fl ow direction. Improved left  
heart growth through gestation was associated with biventricular circulation, specifi cally 
a larger increase in z-scores of the aortic valve (-0.8 {-1.8, -0.2} vs 0.3 {-1.0, 0.7}, p=0.003), 
LV long axis (-3.4 {-4.2, -1.5} vs -1.6 {-2.3, -0.7}, p<0.001), LV end diastolic dimension 
(-4.4 {-6.2, -2.3} vs -2.6 {-4.7, -0.4}, p=0.002), and LV end diastolic volume (-4.2 {-5.7, 
-2.4} vs -3.2 {-4.8, -1.4}, p=0.01). Conclusion: Late gestation predictors of a postnatal 
biventricular circulation aft er FAV include LV long axis z-score, anterograde fl ow around 
the aortic arch, and normalization of fl ow across the foramen ovale.
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Analysis of Th ird Trimester Echocardiographic Parameters Associated with Biventricular Circulation
Single Ventricle 
(n=46)

Biventricular 
(n=50)

Odds ratio 
(95% CI) p-value

Univariate Analysis
Gestational age at FAV 23.50 (22.0, 25.21) 25.64 (23.0, 27.64) 0.002

Male gender 37 (80.4%) 39 (78.0%) 0.93 (0.59, 
1.47) 0.806

AoV diameter z-score -3.42 (-4.20, -2.7) -2.82 (-3.11, -1.94) <0.001
AscAo diameter z-score -1.02 (-1.65, 0.02) 0.70 (-0.63, 1.96) <0.001
LV long axis z-score -2.42 (-3.23, -1.15) -0.8 (-1.48, 0.46) <0.001
LVEDD z-score -1.22 (-2.35, 0.20) -0.05 (-1.94, 1.40) 0.06
LVEDV z-score -2.92 (-3.60, -1.06) -0.70 (-2.08, 0.86) 0.001
LV sphericity 0.67 (0.58, 0.76) 0.60 (0.47, 0.74) 0.079
LV ejection fraction 36.8 (25.92, 44.98) 48.65 (36.05, 57.88) 0.001
MV diameter z-score -2.97 (-3.77, -2.02) -1.84 (-2.95, -0.80) 0.001
MV infl ow time (msec) 152 (113, 174) 184 (158, 201) 0.006
Aortic jet width 3.4 (2.60, 4.0) 3.8 (3.50, 4.50) 0.033
LV pressure estimate 68.86 (51.64, 77.72) 72.71 (56.0, 87.14) 0.262

LV dysfunction (> moderate) 39 (86.7%) 24 (48%) 7.04 (2.53, 
19.61) <0.001

Antegrade aortic arch fl ow 7 (15.6%) 26 (52%) 5.88 (2.21, 
15.65) <0.001

PFO fl ow (left -to-right) 33 (82.5%) 19 (43.2%) 6.21 (2.26, 
16.95) <0.001

Multivariate Analysis

AscAo diameter z-score 0.98 (0.59, 
1.62) 0.93

LV long axis z-score 4.84 (2.01, 
11.62) <0.001

LV ejection fraction 1.04 (0.98, 
1.10) 0.16

MV diameter z-score 1.00 (0.64, 
1.57) 0.992

Antegrade aortic arch fl ow 10.94 (1.46, 
82.14) 0.02

PFO fl ow (left -to-right) 8.27 (1.59, 
43.03) 0.01

OA-12
Echocardiographic Surveillance in Children after Tetralogy of 
Fallot Repair: Adherence to guidelines?
Vidhya Annavajjhala1, Anne M. Valente2, Leo Lopez3, Ritu Sachdeva4, Julie S. 
Glickstein5, Shobha S. Natarajan6, Sujatha Buddhe7, Karen Altmann5, Brian 
D. Soriano7, John L. Colquitt8, Carolyn A. Altman8, Nao Asaki3, Charlotte 
Sakarovitch1, Th eresa A. Tacy1, Tal Geva2, Elif Seda Selamet Tierney1. 1Lucile 
Packard Children’s Hospital, Stanford University Medical Center, Palo Alto, CA; 
2Boston Children‘s Hospital, Harvard Medical School, Boston, MA; 3Nicklaus 
Children‘s Hospital, Miami, FL; 4Emory University School of Medicine and 
Children‘s Healthcare of Atlanta Sibley Heart Center Cardiology, Atlanta, GA; 
5Morgan Stanley Children’s Hospital of New York, Columbia University Medical 
Center, New York, NY; 6Th e Children‘s Hospital of Philadelphia, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA; 7Seattle Children‘s 
Hospital, University of Washington School of Medicine, Seattle, WA; 8Texas 
Children‘s Hospital, Baylor College of Medicine, Houston, TX
Background: Longitudinal clinical surveillance by transthoracic echocardiography 
(TTE) is an established practice in children with repaired tetralogy of Fallot (TOF). 
Th e Multimodality Non-Invasive Imaging Guidelines by the American Society of 
Echocardiography recommends a list of major reporting elements with several 
subcomponents that should be addressed during routine TTE in this population. In this 
multicenter study, we sought to determine the adherence to these recommendations. 
Methods: Th is was a multi-center retrospective review of echocardiographic (echo) 
reports of children ≤ 10 years of age who have had complete TOF repair. We included 10 
patients from each of the 8 participating centers (n = 80) and scored 2 outpatient follow-
up echo reports performed between March 2014-March 2016 for each patient. Th e total 
score was based on the completeness of the echo reporting elements and subcomponents 
derived from the guidelines (Table 1). Results: We reviewed and scored 160 echo reports 
on 80 patients. Th e mean age at the time of complete surgical repair was 6.8 ± 10.2 months 
and the mean age at the time of the fi rst echo report was 4.1 ± 2.9 years. Th e median total 
score was 60.6% [IQR 16.9%]. Of the 160 reports, 9 (7%) were ≥ 80% adherent, 40 (25%) 
were ≥ 70% adherent, and 134 (83.7%) were ≥ 50% adherent (Figure 1). Quantitative 
measurements of right ventricular size and function and the branch pulmonary arteries 
were the least likely to be reported. Th ere was a positive correlation between the total 
score and age as well as body surface area (p=0.0072 and 0.0071). Conclusion: Th e overall 
adherence to the most recent published imaging guidelines for surveillance of children 
with repaired TOF patients is low. Further studies are needed to explore the barriers to 
adherence to guidelines and whether adherence is associated with clinical outcomes.

OA-13
Discordance in Left Ventricular Cavity Dilation by Vasodilation-
Positron Emission Tomography and Stress-Echocardiography in 
Hypertrophic Cardiomyopathy Patients
Dai-Yin Lu1, Th eodore Abraham2, Maria R. Abraham2. 1Taipei Veterans General 
Hospital, Taipei, Taiwan; 2University of California, San Francisco, San Francisco, 
CA
Background Transient left  ventricular cavity dilatation (LVCD) following vasodilator/
exercise, refl ects global ischemia in patients with severe epicardial coronary artery 
disease (CAD). Vasodilator-induced LVCD is also seen in patients with hypertrophic 
cardiomyopathy (HCM) who have severe microvascular dysfunction (in the absence 
of CAD). But it is unknown whether HCM patients who develop PET-LVCD following 
vasodilator also develop LVCD by ECHO, following exercise-stress. Methods We 
retrospectively studied 108 HCM patients who underwent both 13NH3-PET and 
exercise-ECHO. Myocardial blood fl ow, myocardial fl ow reserve, left  ventricular (LV) 
volumes and ejection fraction (LVEF) were quantifi ed using PET, at rest and following 
vasodilator stress. LV volumes, LVEF and global longitudinal strain, were measured by 
ECHO, at rest and following exercise-stress. Cardiac magnetic resonance (CMR) imaging 
was also performed to measure LV mass and late gadolinium enhancement (LGE). 
Results Transient PET-LVCD following vasodilator-stress was evident in 51% (n=55) of 
HCM patients. Patients with PET-LVCD had higher LV mass index and higher prevalence 
of LGE by CMR, Notably, patients with PET-LVCD had no evidence of LVCD by ECHO. 
Stress echocardiography revealed similar end-diastolic volume remained at rest (76 ± 18 
vs. 75 ± 15 ml, p=0.7, for patients without and with PET-LVCD), and at peak exercise 
(p=0.7). Th ere was signifi cant reduction in end-systolic volume at peak exercise, resulting 
in increase in LVEF. Nevertheless, the PET-LVCD group had greater impairment of global 
longitudinal strain at rest/exercise-stress than the non-PET-LVCD group (rest: -17 ± 3 
vs -15 ± 4%, p = 0.002, and stress: -19 ± 4 vs. -16 ± 4%, p<0.001) (Figure). Patients with 
PET-LVCD had lower global myocardial fl ow reserve, lower PET-LVEF, higher summed 
diff erence scores, and higher incidence of ischemic ST-T changes with vasodilator-stress. 
Conclusions PET-LVCD refl ects a more severe cardiac HCM phenotype, greater degree 
of myopathy and microvascular dysfunction. Transmural steal from the subendocardium 
to subepicardium due to lower subendocardial MFR following vasodilator stress, and 
exercise-induced cardiac beta-receptor stimulation (by sympathetic activation) could 
underlie lack of ECHO-LVCD in HCM patients with PET-LVCD.

Oral Abstracts (OA) Saturday, June 23, 2018 — Tuesday, June 26, 2018

OA-14
The Relationship Between Left Ventricular Geometry and Invasive 
Hemodynamics in Pediatric Pulmonary Hypertension
Dale Burkett1, Sonali Patel1, Luc Mertens2, Mark Friedberg2, D. Dunbar Ivy1. 
1Children‘s Hospital Colorado, Aurora, CO; 2Hospital for Sick Children, Toronto, 
ON, Canada
Background: Septal fl attening is used as an assumption of elevated pulmonary pressures 
in pediatric pulmonary hypertension (PH), especially when methods to quantify pressures 
are absent. However, quantifi cation of septal fl attening, and the relationship between 
right (RV) and left  ventricular (LV) shape, have not been fully evaluated with concurrent 
hemodynamics by simultaneous cardiac catheterization and echocardiography in pediatric 
PH. We hypothesized increased eccentricity index (EI), including a novel maximum EI, 
and RV:LV diameter ratio with worsening cardiopulmonary hemodynamics in pediatric 
PH. Methods: At 2 institutions, a prospective study was conducted in 80 children and 
young adults undergoing simultaneous echocardiography and cardiac catheterization for 
PH evaluation. We excluded patients with left -sided obstruction, systemic hypertension, 
pacemaker, heart transplant or single-ventricle physiology. By 2-D echocardiography 
from mid-papillary parasternal short-axis views, end-systolic, end-diastolic & maximum 
EI (peak fl attening, including post-systolic septal fl attening) were assessed, as were 
end-systolic and end-diastolic RV:LV diameter ratio. Results were compared to 58 age-, 
gender-, and institution-matched healthy controls. Results: Compared to controls, PH 
patients had increased diastolic, systolic and maximum EI, and systolic and diastolic 
RV:LV diameter ratio (Table 1). Maximum EI correlated better with hemodynamics than 
systolic or diastolic EI, or RV:LV diameter ratio (Table 1). Receiver operator characteristic 
curves demonstrated the greatest area under the curve for maximum EI, which was able 
to best identify half-systemic, ¾-systemic, and systemic PH (Figure 1). Conclusion: 
Th ough EI and RV:LV diameter ratios are abnormal in PH and demonstrate moderate 
correlation with invasive hemodynamics, maximum EI (which detects the early post-
systolic septal fl attening oft en seen in PH) demonstrates the best correlations and ability 
to detect clinically important PH.
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Analysis of Th ird Trimester Echocardiographic Parameters Associated with Biventricular Circulation
Single Ventricle 
(n=46)

Biventricular 
(n=50)

Odds ratio 
(95% CI) p-value

Univariate Analysis
Gestational age at FAV 23.50 (22.0, 25.21) 25.64 (23.0, 27.64) 0.002

Male gender 37 (80.4%) 39 (78.0%) 0.93 (0.59, 
1.47) 0.806

AoV diameter z-score -3.42 (-4.20, -2.7) -2.82 (-3.11, -1.94) <0.001
AscAo diameter z-score -1.02 (-1.65, 0.02) 0.70 (-0.63, 1.96) <0.001
LV long axis z-score -2.42 (-3.23, -1.15) -0.8 (-1.48, 0.46) <0.001
LVEDD z-score -1.22 (-2.35, 0.20) -0.05 (-1.94, 1.40) 0.06
LVEDV z-score -2.92 (-3.60, -1.06) -0.70 (-2.08, 0.86) 0.001
LV sphericity 0.67 (0.58, 0.76) 0.60 (0.47, 0.74) 0.079
LV ejection fraction 36.8 (25.92, 44.98) 48.65 (36.05, 57.88) 0.001
MV diameter z-score -2.97 (-3.77, -2.02) -1.84 (-2.95, -0.80) 0.001
MV infl ow time (msec) 152 (113, 174) 184 (158, 201) 0.006
Aortic jet width 3.4 (2.60, 4.0) 3.8 (3.50, 4.50) 0.033
LV pressure estimate 68.86 (51.64, 77.72) 72.71 (56.0, 87.14) 0.262

LV dysfunction (> moderate) 39 (86.7%) 24 (48%) 7.04 (2.53, 
19.61) <0.001

Antegrade aortic arch fl ow 7 (15.6%) 26 (52%) 5.88 (2.21, 
15.65) <0.001

PFO fl ow (left -to-right) 33 (82.5%) 19 (43.2%) 6.21 (2.26, 
16.95) <0.001

Multivariate Analysis

AscAo diameter z-score 0.98 (0.59, 
1.62) 0.93

LV long axis z-score 4.84 (2.01, 
11.62) <0.001

LV ejection fraction 1.04 (0.98, 
1.10) 0.16

MV diameter z-score 1.00 (0.64, 
1.57) 0.992

Antegrade aortic arch fl ow 10.94 (1.46, 
82.14) 0.02

PFO fl ow (left -to-right) 8.27 (1.59, 
43.03) 0.01

OA-12
Echocardiographic Surveillance in Children after Tetralogy of 
Fallot Repair: Adherence to guidelines?
Vidhya Annavajjhala1, Anne M. Valente2, Leo Lopez3, Ritu Sachdeva4, Julie S. 
Glickstein5, Shobha S. Natarajan6, Sujatha Buddhe7, Karen Altmann5, Brian 
D. Soriano7, John L. Colquitt8, Carolyn A. Altman8, Nao Asaki3, Charlotte 
Sakarovitch1, Th eresa A. Tacy1, Tal Geva2, Elif Seda Selamet Tierney1. 1Lucile 
Packard Children’s Hospital, Stanford University Medical Center, Palo Alto, CA; 
2Boston Children‘s Hospital, Harvard Medical School, Boston, MA; 3Nicklaus 
Children‘s Hospital, Miami, FL; 4Emory University School of Medicine and 
Children‘s Healthcare of Atlanta Sibley Heart Center Cardiology, Atlanta, GA; 
5Morgan Stanley Children’s Hospital of New York, Columbia University Medical 
Center, New York, NY; 6Th e Children‘s Hospital of Philadelphia, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA; 7Seattle Children‘s 
Hospital, University of Washington School of Medicine, Seattle, WA; 8Texas 
Children‘s Hospital, Baylor College of Medicine, Houston, TX
Background: Longitudinal clinical surveillance by transthoracic echocardiography 
(TTE) is an established practice in children with repaired tetralogy of Fallot (TOF). 
Th e Multimodality Non-Invasive Imaging Guidelines by the American Society of 
Echocardiography recommends a list of major reporting elements with several 
subcomponents that should be addressed during routine TTE in this population. In this 
multicenter study, we sought to determine the adherence to these recommendations. 
Methods: Th is was a multi-center retrospective review of echocardiographic (echo) 
reports of children ≤ 10 years of age who have had complete TOF repair. We included 10 
patients from each of the 8 participating centers (n = 80) and scored 2 outpatient follow-
up echo reports performed between March 2014-March 2016 for each patient. Th e total 
score was based on the completeness of the echo reporting elements and subcomponents 
derived from the guidelines (Table 1). Results: We reviewed and scored 160 echo reports 
on 80 patients. Th e mean age at the time of complete surgical repair was 6.8 ± 10.2 months 
and the mean age at the time of the fi rst echo report was 4.1 ± 2.9 years. Th e median total 
score was 60.6% [IQR 16.9%]. Of the 160 reports, 9 (7%) were ≥ 80% adherent, 40 (25%) 
were ≥ 70% adherent, and 134 (83.7%) were ≥ 50% adherent (Figure 1). Quantitative 
measurements of right ventricular size and function and the branch pulmonary arteries 
were the least likely to be reported. Th ere was a positive correlation between the total 
score and age as well as body surface area (p=0.0072 and 0.0071). Conclusion: Th e overall 
adherence to the most recent published imaging guidelines for surveillance of children 
with repaired TOF patients is low. Further studies are needed to explore the barriers to 
adherence to guidelines and whether adherence is associated with clinical outcomes.

OA-13
Discordance in Left Ventricular Cavity Dilation by Vasodilation-
Positron Emission Tomography and Stress-Echocardiography in 
Hypertrophic Cardiomyopathy Patients
Dai-Yin Lu1, Th eodore Abraham2, Maria R. Abraham2. 1Taipei Veterans General 
Hospital, Taipei, Taiwan; 2University of California, San Francisco, San Francisco, 
CA
Background Transient left  ventricular cavity dilatation (LVCD) following vasodilator/
exercise, refl ects global ischemia in patients with severe epicardial coronary artery 
disease (CAD). Vasodilator-induced LVCD is also seen in patients with hypertrophic 
cardiomyopathy (HCM) who have severe microvascular dysfunction (in the absence 
of CAD). But it is unknown whether HCM patients who develop PET-LVCD following 
vasodilator also develop LVCD by ECHO, following exercise-stress. Methods We 
retrospectively studied 108 HCM patients who underwent both 13NH3-PET and 
exercise-ECHO. Myocardial blood fl ow, myocardial fl ow reserve, left  ventricular (LV) 
volumes and ejection fraction (LVEF) were quantifi ed using PET, at rest and following 
vasodilator stress. LV volumes, LVEF and global longitudinal strain, were measured by 
ECHO, at rest and following exercise-stress. Cardiac magnetic resonance (CMR) imaging 
was also performed to measure LV mass and late gadolinium enhancement (LGE). 
Results Transient PET-LVCD following vasodilator-stress was evident in 51% (n=55) of 
HCM patients. Patients with PET-LVCD had higher LV mass index and higher prevalence 
of LGE by CMR, Notably, patients with PET-LVCD had no evidence of LVCD by ECHO. 
Stress echocardiography revealed similar end-diastolic volume remained at rest (76 ± 18 
vs. 75 ± 15 ml, p=0.7, for patients without and with PET-LVCD), and at peak exercise 
(p=0.7). Th ere was signifi cant reduction in end-systolic volume at peak exercise, resulting 
in increase in LVEF. Nevertheless, the PET-LVCD group had greater impairment of global 
longitudinal strain at rest/exercise-stress than the non-PET-LVCD group (rest: -17 ± 3 
vs -15 ± 4%, p = 0.002, and stress: -19 ± 4 vs. -16 ± 4%, p<0.001) (Figure). Patients with 
PET-LVCD had lower global myocardial fl ow reserve, lower PET-LVEF, higher summed 
diff erence scores, and higher incidence of ischemic ST-T changes with vasodilator-stress. 
Conclusions PET-LVCD refl ects a more severe cardiac HCM phenotype, greater degree 
of myopathy and microvascular dysfunction. Transmural steal from the subendocardium 
to subepicardium due to lower subendocardial MFR following vasodilator stress, and 
exercise-induced cardiac beta-receptor stimulation (by sympathetic activation) could 
underlie lack of ECHO-LVCD in HCM patients with PET-LVCD.
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OA-14
The Relationship Between Left Ventricular Geometry and Invasive 
Hemodynamics in Pediatric Pulmonary Hypertension
Dale Burkett1, Sonali Patel1, Luc Mertens2, Mark Friedberg2, D. Dunbar Ivy1. 
1Children‘s Hospital Colorado, Aurora, CO; 2Hospital for Sick Children, Toronto, 
ON, Canada
Background: Septal fl attening is used as an assumption of elevated pulmonary pressures 
in pediatric pulmonary hypertension (PH), especially when methods to quantify pressures 
are absent. However, quantifi cation of septal fl attening, and the relationship between 
right (RV) and left  ventricular (LV) shape, have not been fully evaluated with concurrent 
hemodynamics by simultaneous cardiac catheterization and echocardiography in pediatric 
PH. We hypothesized increased eccentricity index (EI), including a novel maximum EI, 
and RV:LV diameter ratio with worsening cardiopulmonary hemodynamics in pediatric 
PH. Methods: At 2 institutions, a prospective study was conducted in 80 children and 
young adults undergoing simultaneous echocardiography and cardiac catheterization for 
PH evaluation. We excluded patients with left -sided obstruction, systemic hypertension, 
pacemaker, heart transplant or single-ventricle physiology. By 2-D echocardiography 
from mid-papillary parasternal short-axis views, end-systolic, end-diastolic & maximum 
EI (peak fl attening, including post-systolic septal fl attening) were assessed, as were 
end-systolic and end-diastolic RV:LV diameter ratio. Results were compared to 58 age-, 
gender-, and institution-matched healthy controls. Results: Compared to controls, PH 
patients had increased diastolic, systolic and maximum EI, and systolic and diastolic 
RV:LV diameter ratio (Table 1). Maximum EI correlated better with hemodynamics than 
systolic or diastolic EI, or RV:LV diameter ratio (Table 1). Receiver operator characteristic 
curves demonstrated the greatest area under the curve for maximum EI, which was able 
to best identify half-systemic, ¾-systemic, and systemic PH (Figure 1). Conclusion: 
Th ough EI and RV:LV diameter ratios are abnormal in PH and demonstrate moderate 
correlation with invasive hemodynamics, maximum EI (which detects the early post-
systolic septal fl attening oft en seen in PH) demonstrates the best correlations and ability 
to detect clinically important PH.
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P1-01
Cardiac Response to Chimeric Fibril-Reactive Monoclonal 
Antibody 11-1F4 in Patients with AL Amyloidosis with Global 
Longitudinal Strain: Results from the Phase 1b trial
Sofi a Shames, Jeff  Goldsmith, Mathew S. Maurer, Suzanne Lentzsch. Columbia 
University, New York, NY
Background: Cardiac involvement with AL amyloid portends poor prognosis. Th e 
amyloid fi bril-reactive monoclonal antibody (mAb) 11-1F4 was developed to target 
amyloid deposits by binding to a conformational neoepitope on human light-chain 
amyloid fi brils leading to amyloidolysis. An open-label phase 1b clinical trial of the mAb 
has been completed with promising results. We aim to assess the response of myocardial 
function to mAb administration using global longitudinal strain (GLS). Methods: 
Nineteen patients with relapse or refractory AL Amyloidosis were enrolled into the trial 
(age ± SD, 63 ± 12; 68% male). Fift y three percent had light chain kappa amyloid and 52% 
had cardiac involvement as defi ned by NTpro-BNP level of > 650 pg/ml. Th e mAb was 
administered weekly for 4 weeks with sequential doses of 0.5, 5, 10, 50, 100, 250 and 500 
mg/m2 in a dose-escalation design. Clinical echocardiographic examinations at baseline 
and 12 weeks post therapy were compared. Several echocardiographic variables including 
left  ventricular ejection fraction (LVEF) (calculated using Simpson’s biplane method) 
were obtained. GLS was measured using speckle-tracking (TomTec-Arena 1.2, Germany) 
and calculated as an average of 4-, 2-,and 3- chamber based measurements. Paired 
student’s t-test was used to compare echocardiographic variables at baseline and 12 weeks 
aft er therapy with mAb. Results: While there was neither signifi cant change between 
LVEF (56.2 ± 8.6% vs. 56.2 ± 9.5%, p = 0.985) nor GLS (-19.04 ± -5.11% vs. -19.73 ± 
-4.1%, p = 0.119) from baseline to 12 week examinations for the overall cohort, patients 
with cardiac involvement demonstrated an improvement in GLS (-15.58 ± -4.14% pre and 
-17.37 ± -3.53% post, p = 0.004 (Figure 1). Subgroup analysis showed an improvement 
in GLS in patients with lambda amyloid cardiac involvement (- 14.3 ± - 4.38% pre and - 
16.17 ± -3.74% post, p = 0.02) and a trend in improvement with kappa amyloid cardiac 
involvement (-16.60 ± - 4.10% pre and -18.16 ± -3.48% post, p = 0.07). Conclusion: Th is 
is the fi rst trial to show a signifi cant improvement in GLS aft er exposure to an anti-fi bril 
specifi c mAb in subjects with AL amyloid cardiac involvement. Th is preliminary data will 
aid in designing a larger clinical trial. Additionally, larger trials leveraging GLS to evaluate 
myocardial function are warranted.

P1-02
Long-Term Cardioprotective Effects of Dexrazoxane Infusion 
During Anthracycline Chemotherapy: A Children’s Oncology 
Group Speckle Echocardiography Study
Sanjeev Aggarwal1, Eric J. Chow2, Nao Sasaki3, David R. Doody2, Saro H. 
Armenian4, Barbara L. Asselin5, Smita Bhatia6, Louis S. Constine5, Wendy M. 
Leisenring2, Cindy L. Schwartz7, Lynda M. Vrooman8, Steven E. Lipshultz1. 
1Children’s Hospital of Michigan, Wayne State University, Detroit, MI; 2Fred 
Hutchinson Cancer Research Center, Seattle, WA; 3Nicklaus Children’s Hospital, 
Miami, FL; 4City of Hope, Duarte, CA; 5Golisano Children’s Hospital, James P. 
Wilmot Cancer Center, University of Rochester Medical Center, Rochester, NY; 
6University of Alabama at Birmingham, Birmingham, AL; 7Children’s Hospital 
of Wisconsin, Medical College of Wisconsin, Milwaukee, WI; 8Boston Children’s 
Hospital, Dana Farber Cancer Institute, Boston, MA
Background: Dexrazoxane (DRZ) has been shown to be cardioprotective in patients 
receiving anthracycline chemotherapy, although its eff ects on myocardial mechanics are 
unclear. We hypothesized that left  ventricular function, as assessed by global longitudinal 
strain (GLS) on speckle tracking echocardiography, will be preserved in patients who 
received DRZ with anthracyclines, versus those who did not. Methods: Pediatric leukemia 
and lymphoma patients who were randomly assigned to doxorubicin (cumulative doses 
100-360 mg/m2) ± DRZ therapy (10:1 mg dose ratio DRZ:doxorubicin) on frontline 
national pediatric clinical trials from 1996-2001, underwent long-term follow-up with 
echocardiograms (2014-2017). For the current study, echocardiograms saved in the 
DICOM format were analyzed offl  ine using vendor-independent soft ware (TomTec) 
by a single reader blinded to clinical data. Global end-systolic (defi ned as the time of 
aortic valve closure) endocardial, myocardial, and peak longitudinal strain (average of 
6 segments) were obtained from the apical 4-chamber view. Peak systolic global radial 
and circumferential strain were obtained from the parasternal short-axis view at the 
papillary muscle level. To compare outcomes by DRZ status, we used t-test, chi-square, 
and multivariable linear regression adjusted for age, sex, and treatment protocol. Results: 
We evaluated 105 patients (mean follow-up age 27.7 y; 16.5 y since cancer diagnosis; 
54% received DRZ). Th ere were no signifi cant diff erences in demographic or treatment 
characteristics by DRZ status (Table). Compared with the DRZ+ group, the DRZ- group 
had signifi cantly lower endocardial, myocardial, and peak GLS (Table). In subanalyses, 
these diff erences were seen among patients treated with doxorubicin ≥250 mg/m2 but not 
<250 mg/m2. In multivariable regression, DRZ status remained signifi cantly associated 
with GLS endocardial (coeffi  cient -1.55; SE 0.69; p=0.028). No diff erences in radial or 
circumferential strain were observed. Conclusions: In long-term follow-up of childhood 
cancer survivors, use of DRZ with anthracycline chemotherapy was associated with 
preserved myocardial mechanics, specifi cally GLS, at an average of 16.5 years aft er cancer 
treatment. Further studies are warranted to assess change in strain parameters over time.
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*Aft er adjustment for sex, age, and cancer treatment protocol; †Available for 59 (DRZ+, n=33)
Characteristics DRZ+ N=57 DRZ- N=48 P-value
Female sex, % 38.6 52.1 0.17
Mean age at echocardiogram ± SD, years 27.3 ± 5.0 28.1 ± 5.3 0.44
Mean age at diagnosis ± SD, years 10.8 ± 5.1 11.5 ± 5.3 0.45
White non-Hispanic race/ethnicity, % 87.2 86.1 0.87
Original cancer diagnosis, % 0.53
Acute lymphoblastic leukemia (ALL)/
lymphoma 56.1 50.0

Hodgkin lymphoma 43.9 50.0
Cancer treatment protocol, % 0.25
Pediatric Oncology Group 9404 45.6 45.8
Pediatric Oncology Group 9425 14.0 27.1
Pediatric Oncology Group 9426 29.8 22.9
Dana Farber Cancer Institute ALL 
Consortium 95-01 10.5 4.2

Mean doxorubicin dose ± SD, mg/m2 282 ± 90 275 ± 98 0.71
Exposed to heart radiation, % 31.6 47.9 0.087
Mean heart XRT dose, cGy 2375 ± 226 2300 ± 218 0.29
Global longitudinal strain ± SD, %
Endocardial -20.4 ± 2.9 -19.0 ± 3.8 0.027 / 0.028*
Myocardial -16.0 ± 2.4 -14.5 ± 3.2 0.010 / 0.010*
Average endocardial peak -20.1 ± 3.0 -18.6 ± 3.8 0.030 / 0.031*
Average myocardial peak -15.7 ± 2.6 -14.2 ± 3.3 0.012 / 0.012*
Global circumferential strain (endocardial) 
± SD, % -21.7 ± 4.5 -21.4 ± 4.5 0.75 / 0.57*

Global radial strain (short axis) ± SD, % 30.6 ± 15.6 27.5 ± 17.2 0.33 / 0.24*
Fractional shortening ± SD, % 34.5 ± 4.2 33.3 ± 4.8 0.17 / 0.26*
Biplane ejection fraction ± SD, %† 62.4 ± 6.2 58.2 ± 6.7 0.015 / 0.032*
Posterior wall thickness:LV dimension ratio 
± SD 0.176 ± 0.041 0.185 ± 0.047 0.35 / 0.39*

P1-03
Early Declines in Global Longitudinal Strain and Subsequent 
Decline in Ejection Fraction Following Anthracycline 
Chemotherapy for Pediatric Cancer
Kasey J. Leger1, James Dai2, Eric J. Chow2, Aarti Bhat1. 1Seattle Children‘s 
Hospital, Seattle, WA; 2Fred Hutchinson Cancer Research Center, Seattle, WA
Background: Early detection of anthracycline (AC) cardiotoxicity may enable timely 
intervention to mitigate late cardiomyopathy. Speckle tracking based global longitudinal 
strain (GLS) may be useful to detect early cardiotoxicity. Methods: Trans-thoracic 
echocardiography was performed in 93 pediatric cancer patients at baseline and end of 
AC therapy; 58 of these also had an echo 1 year aft er therapy. Digitally archived echo data 
was analyzed for systolic function [fractional shortening (FS), ejection fraction (EF)], left  
ventricular (LV) posterior wall diameter, LV internal diastolic dimension, and LV mass 
index. GLS was analyzed in 78 patients using Tomtec® soft ware using apical 4, 3 and 2 
chambers. Generalized estimating equations were used to evaluate the change in each 
echo parameter at end AC and 1 year later and the relationship between AC dose and 
GLS decline. Finally, the relationship between decline in GLS at the end of therapy and 
decline in EF 1 year later was evaluated using linear regression. Results: Patients with a 
median age of 9.9 years (range 1 month to 21 years) received a median AC dose of 200mg/
m2 (range 75-492mg/m2 doxorubicin equivalents); 20% received dexrazoxane. Seventeen 
patients (18%) had abnormal GLS (> -15%) at baseline, most of whom (12 of 17) had fever, 
anemia, hyperleukocytosis and/or a mediastinal mass at diagnosis. Measures of systolic 
function, LV wall thickness and LV mass decreased throughout the study period (Table 
1). Th ere was a trend toward greater decline in GLS with increasing AC dose (1.04% 
GLS decline for every 100 mg/m2 dose increment, p=0.08). Decline in GLS at the end of 
therapy was associated with a decline in EF at 1 year (slope -0.37, p=0.04). Eleven patients 
(12%) developed LV systolic dysfunction (FS<28% or EF<50%) during the study period, 
7 of whom had abnormal GLS at a preceding time point. Conclusions: GLS is load-
sensitive and may be abnormal at baseline in pediatric cancer patients, possibly related to 
illness at the time of presentation. GLS further declines at the end of AC therapy and is 
associated with a decline in EF 1 year later. Th us, monitoring GLS during AC therapy may 
aid in early prediction of cardiomyopathy.

Time Point Median 
(IQR)

Change from 
Baseline$

Standard 
Error$ P-value$

GLS Baseline
-17.8%
(-21%,-
14.6%)

End of Th erapy
-16%
(-18%,-
12.4%)

2.1% 0.006 <0.001

1 Year Aft er 
Th erapy

-17.4%
(-19%,-15%) 0.4% 0.006 0.55

EF Baseline 65%
(61%,68%)

End of Th erapy 62%
(59%,65%) -2.6% 0.007 <0.001

1 Year Aft er 
Th erapy

63%
(60%,65%) -2.1% 0.007 0.005

SF Baseline 38%
(34%,41%)

End of Th erapy 36%
(33%,38%) -2.1% 0.006 <0.001

1 Year Aft er 
Th erapy

36%
(35%,39%) -1.9% 0.006 0.004

LVPWd 
(Z-score) Baseline -0.88

(-1.54,-0.31)

End of Th erapy -1.29
(-1.79,-0.66) -0.37 0.14 <0.01

1 Year Aft er 
Th erapy

-1.23
(-1.83,-0.42) -0.21 0.18 0.23

LVIDd 
(Z-score) Baseline 0.11

(-0.72,1.02)

End of Th erapy 0.00
(-0.68,0.78) -0.05 0.12 0.66

1 Year Aft er 
Th erapy

-0.095
(-0.865,0.648) -0.16 0.11 0.15

LV Mass Index 
(g/m2) Baseline 34.9

(28.7,45.8)

End of Th erapy 30.7
(26.2,41.7) -3.481 1.360 0.01

1 Year Aft er 
Th erapy

32.7
(26.0,38.1) -3.944 1.417 0.005

Table 1. Trends in LV Structure and Function Aft er Anthracyclines. $Change from baseline & associated statistics 
adjusted for age, sex and dexrazoxane use

P1-04
Left Atrial Dysfunction in Children Following Anthracycline 
Treatment: A Real Time Three-Dimensional Echocardiography 
Study
Dipika Menon, Yamuna Sanil, Ahmad Charaf Eddine, Gilda Kadiu, Sanjeev 
Aggarwal. Wayne State University School of Medicine, Children’s Hospital of 
Michigan, Detroit, MI
Background: Anthracycline (AC) therapy is associated with left  ventricular (LV) 
dysfunction. Left  atrial (LA) size and function are used to assess LV diastolic function 
in heart failure. Data on LA size and function following AC therapy is limited. We 
hypothesized that LA size and function will be abnormal in children following AC 
chemotherapy. Methods: Th is retrospective review included patients who received AC for 
pediatric cancers over 1 year prior to enrollment. Patients with LV dysfunction (shortening 
fraction <28%) or following bone marrow transplant were excluded. Controls had normal 
echocardiograms performed for evaluation of chest pain, murmur or syncope. Real time 
three dimensional echocardiography (RT3DE) was performed (Philips I33) and data was 
analyzed using QLAB 10.3 offl  ine by a single reader blinded to clinical data. Maximum 
LA (LA max) volume at end systole, minimal LA volume (LA min) at end diastole and 
volume before atrial contraction (LA pre a) were obtained. LA reservoir function was 
assessed by fi lling volume (LA max - LA min), expansion index ([LA max - LA min]/LA 
min) x100) and diastolic emptying index ([LA max - LA min]/LA max x 100). Conduit 
function was evaluated by calculating passive emptying % of total emptying ([LA max - 
LA pre a]/[LA max - LA min] x 100) and passive emptying index ([LA max - LA pre a]/ 
LA max) x 100). Booster pump function was assessed by calculating active emptying % of 
total emptying (([ LA pre a - LA min]/ [LA max - LA min]) x 100) and active emptying 
index (([LA pre a - LA min]/ LA pre a) x 100). Groups were compared by student t-test 
and chi square test. Results: We evaluated 113 patients, 28(24.8%) of who received AC. 
Th e two groups were comparable in age, body surface area and gender distribution. 
LAmax was signifi cantly smaller and active emptying index and LA ejection fraction 
were signifi cantly lower in AC group compared to controls. Th e AC group also had lower 
fi lling volumes and diastolic emptying index in comparison to controls. Conclusions: It 
is intriguing that AC treated children have smaller LA reservoir and abnormal booster 
LA function, compared to controls. We speculate that these fi ndings may refl ect changes 
in LA compliance associated with AC exposure. Assessment of LA volumes and function 
on RT3DE as prognostic markers of AC induced cardiotoxicity in children is warranted.
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P1-01
Cardiac Response to Chimeric Fibril-Reactive Monoclonal 
Antibody 11-1F4 in Patients with AL Amyloidosis with Global 
Longitudinal Strain: Results from the Phase 1b trial
Sofi a Shames, Jeff  Goldsmith, Mathew S. Maurer, Suzanne Lentzsch. Columbia 
University, New York, NY
Background: Cardiac involvement with AL amyloid portends poor prognosis. Th e 
amyloid fi bril-reactive monoclonal antibody (mAb) 11-1F4 was developed to target 
amyloid deposits by binding to a conformational neoepitope on human light-chain 
amyloid fi brils leading to amyloidolysis. An open-label phase 1b clinical trial of the mAb 
has been completed with promising results. We aim to assess the response of myocardial 
function to mAb administration using global longitudinal strain (GLS). Methods: 
Nineteen patients with relapse or refractory AL Amyloidosis were enrolled into the trial 
(age ± SD, 63 ± 12; 68% male). Fift y three percent had light chain kappa amyloid and 52% 
had cardiac involvement as defi ned by NTpro-BNP level of > 650 pg/ml. Th e mAb was 
administered weekly for 4 weeks with sequential doses of 0.5, 5, 10, 50, 100, 250 and 500 
mg/m2 in a dose-escalation design. Clinical echocardiographic examinations at baseline 
and 12 weeks post therapy were compared. Several echocardiographic variables including 
left  ventricular ejection fraction (LVEF) (calculated using Simpson’s biplane method) 
were obtained. GLS was measured using speckle-tracking (TomTec-Arena 1.2, Germany) 
and calculated as an average of 4-, 2-,and 3- chamber based measurements. Paired 
student’s t-test was used to compare echocardiographic variables at baseline and 12 weeks 
aft er therapy with mAb. Results: While there was neither signifi cant change between 
LVEF (56.2 ± 8.6% vs. 56.2 ± 9.5%, p = 0.985) nor GLS (-19.04 ± -5.11% vs. -19.73 ± 
-4.1%, p = 0.119) from baseline to 12 week examinations for the overall cohort, patients 
with cardiac involvement demonstrated an improvement in GLS (-15.58 ± -4.14% pre and 
-17.37 ± -3.53% post, p = 0.004 (Figure 1). Subgroup analysis showed an improvement 
in GLS in patients with lambda amyloid cardiac involvement (- 14.3 ± - 4.38% pre and - 
16.17 ± -3.74% post, p = 0.02) and a trend in improvement with kappa amyloid cardiac 
involvement (-16.60 ± - 4.10% pre and -18.16 ± -3.48% post, p = 0.07). Conclusion: Th is 
is the fi rst trial to show a signifi cant improvement in GLS aft er exposure to an anti-fi bril 
specifi c mAb in subjects with AL amyloid cardiac involvement. Th is preliminary data will 
aid in designing a larger clinical trial. Additionally, larger trials leveraging GLS to evaluate 
myocardial function are warranted.

P1-02
Long-Term Cardioprotective Effects of Dexrazoxane Infusion 
During Anthracycline Chemotherapy: A Children’s Oncology 
Group Speckle Echocardiography Study
Sanjeev Aggarwal1, Eric J. Chow2, Nao Sasaki3, David R. Doody2, Saro H. 
Armenian4, Barbara L. Asselin5, Smita Bhatia6, Louis S. Constine5, Wendy M. 
Leisenring2, Cindy L. Schwartz7, Lynda M. Vrooman8, Steven E. Lipshultz1. 
1Children’s Hospital of Michigan, Wayne State University, Detroit, MI; 2Fred 
Hutchinson Cancer Research Center, Seattle, WA; 3Nicklaus Children’s Hospital, 
Miami, FL; 4City of Hope, Duarte, CA; 5Golisano Children’s Hospital, James P. 
Wilmot Cancer Center, University of Rochester Medical Center, Rochester, NY; 
6University of Alabama at Birmingham, Birmingham, AL; 7Children’s Hospital 
of Wisconsin, Medical College of Wisconsin, Milwaukee, WI; 8Boston Children’s 
Hospital, Dana Farber Cancer Institute, Boston, MA
Background: Dexrazoxane (DRZ) has been shown to be cardioprotective in patients 
receiving anthracycline chemotherapy, although its eff ects on myocardial mechanics are 
unclear. We hypothesized that left  ventricular function, as assessed by global longitudinal 
strain (GLS) on speckle tracking echocardiography, will be preserved in patients who 
received DRZ with anthracyclines, versus those who did not. Methods: Pediatric leukemia 
and lymphoma patients who were randomly assigned to doxorubicin (cumulative doses 
100-360 mg/m2) ± DRZ therapy (10:1 mg dose ratio DRZ:doxorubicin) on frontline 
national pediatric clinical trials from 1996-2001, underwent long-term follow-up with 
echocardiograms (2014-2017). For the current study, echocardiograms saved in the 
DICOM format were analyzed offl  ine using vendor-independent soft ware (TomTec) 
by a single reader blinded to clinical data. Global end-systolic (defi ned as the time of 
aortic valve closure) endocardial, myocardial, and peak longitudinal strain (average of 
6 segments) were obtained from the apical 4-chamber view. Peak systolic global radial 
and circumferential strain were obtained from the parasternal short-axis view at the 
papillary muscle level. To compare outcomes by DRZ status, we used t-test, chi-square, 
and multivariable linear regression adjusted for age, sex, and treatment protocol. Results: 
We evaluated 105 patients (mean follow-up age 27.7 y; 16.5 y since cancer diagnosis; 
54% received DRZ). Th ere were no signifi cant diff erences in demographic or treatment 
characteristics by DRZ status (Table). Compared with the DRZ+ group, the DRZ- group 
had signifi cantly lower endocardial, myocardial, and peak GLS (Table). In subanalyses, 
these diff erences were seen among patients treated with doxorubicin ≥250 mg/m2 but not 
<250 mg/m2. In multivariable regression, DRZ status remained signifi cantly associated 
with GLS endocardial (coeffi  cient -1.55; SE 0.69; p=0.028). No diff erences in radial or 
circumferential strain were observed. Conclusions: In long-term follow-up of childhood 
cancer survivors, use of DRZ with anthracycline chemotherapy was associated with 
preserved myocardial mechanics, specifi cally GLS, at an average of 16.5 years aft er cancer 
treatment. Further studies are warranted to assess change in strain parameters over time.
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*Aft er adjustment for sex, age, and cancer treatment protocol; †Available for 59 (DRZ+, n=33)
Characteristics DRZ+ N=57 DRZ- N=48 P-value
Female sex, % 38.6 52.1 0.17
Mean age at echocardiogram ± SD, years 27.3 ± 5.0 28.1 ± 5.3 0.44
Mean age at diagnosis ± SD, years 10.8 ± 5.1 11.5 ± 5.3 0.45
White non-Hispanic race/ethnicity, % 87.2 86.1 0.87
Original cancer diagnosis, % 0.53
Acute lymphoblastic leukemia (ALL)/
lymphoma 56.1 50.0

Hodgkin lymphoma 43.9 50.0
Cancer treatment protocol, % 0.25
Pediatric Oncology Group 9404 45.6 45.8
Pediatric Oncology Group 9425 14.0 27.1
Pediatric Oncology Group 9426 29.8 22.9
Dana Farber Cancer Institute ALL 
Consortium 95-01 10.5 4.2

Mean doxorubicin dose ± SD, mg/m2 282 ± 90 275 ± 98 0.71
Exposed to heart radiation, % 31.6 47.9 0.087
Mean heart XRT dose, cGy 2375 ± 226 2300 ± 218 0.29
Global longitudinal strain ± SD, %
Endocardial -20.4 ± 2.9 -19.0 ± 3.8 0.027 / 0.028*
Myocardial -16.0 ± 2.4 -14.5 ± 3.2 0.010 / 0.010*
Average endocardial peak -20.1 ± 3.0 -18.6 ± 3.8 0.030 / 0.031*
Average myocardial peak -15.7 ± 2.6 -14.2 ± 3.3 0.012 / 0.012*
Global circumferential strain (endocardial) 
± SD, % -21.7 ± 4.5 -21.4 ± 4.5 0.75 / 0.57*

Global radial strain (short axis) ± SD, % 30.6 ± 15.6 27.5 ± 17.2 0.33 / 0.24*
Fractional shortening ± SD, % 34.5 ± 4.2 33.3 ± 4.8 0.17 / 0.26*
Biplane ejection fraction ± SD, %† 62.4 ± 6.2 58.2 ± 6.7 0.015 / 0.032*
Posterior wall thickness:LV dimension ratio 
± SD 0.176 ± 0.041 0.185 ± 0.047 0.35 / 0.39*

P1-03
Early Declines in Global Longitudinal Strain and Subsequent 
Decline in Ejection Fraction Following Anthracycline 
Chemotherapy for Pediatric Cancer
Kasey J. Leger1, James Dai2, Eric J. Chow2, Aarti Bhat1. 1Seattle Children‘s 
Hospital, Seattle, WA; 2Fred Hutchinson Cancer Research Center, Seattle, WA
Background: Early detection of anthracycline (AC) cardiotoxicity may enable timely 
intervention to mitigate late cardiomyopathy. Speckle tracking based global longitudinal 
strain (GLS) may be useful to detect early cardiotoxicity. Methods: Trans-thoracic 
echocardiography was performed in 93 pediatric cancer patients at baseline and end of 
AC therapy; 58 of these also had an echo 1 year aft er therapy. Digitally archived echo data 
was analyzed for systolic function [fractional shortening (FS), ejection fraction (EF)], left  
ventricular (LV) posterior wall diameter, LV internal diastolic dimension, and LV mass 
index. GLS was analyzed in 78 patients using Tomtec® soft ware using apical 4, 3 and 2 
chambers. Generalized estimating equations were used to evaluate the change in each 
echo parameter at end AC and 1 year later and the relationship between AC dose and 
GLS decline. Finally, the relationship between decline in GLS at the end of therapy and 
decline in EF 1 year later was evaluated using linear regression. Results: Patients with a 
median age of 9.9 years (range 1 month to 21 years) received a median AC dose of 200mg/
m2 (range 75-492mg/m2 doxorubicin equivalents); 20% received dexrazoxane. Seventeen 
patients (18%) had abnormal GLS (> -15%) at baseline, most of whom (12 of 17) had fever, 
anemia, hyperleukocytosis and/or a mediastinal mass at diagnosis. Measures of systolic 
function, LV wall thickness and LV mass decreased throughout the study period (Table 
1). Th ere was a trend toward greater decline in GLS with increasing AC dose (1.04% 
GLS decline for every 100 mg/m2 dose increment, p=0.08). Decline in GLS at the end of 
therapy was associated with a decline in EF at 1 year (slope -0.37, p=0.04). Eleven patients 
(12%) developed LV systolic dysfunction (FS<28% or EF<50%) during the study period, 
7 of whom had abnormal GLS at a preceding time point. Conclusions: GLS is load-
sensitive and may be abnormal at baseline in pediatric cancer patients, possibly related to 
illness at the time of presentation. GLS further declines at the end of AC therapy and is 
associated with a decline in EF 1 year later. Th us, monitoring GLS during AC therapy may 
aid in early prediction of cardiomyopathy.

Time Point Median 
(IQR)

Change from 
Baseline$

Standard 
Error$ P-value$

GLS Baseline
-17.8%
(-21%,-
14.6%)

End of Th erapy
-16%
(-18%,-
12.4%)

2.1% 0.006 <0.001

1 Year Aft er 
Th erapy

-17.4%
(-19%,-15%) 0.4% 0.006 0.55

EF Baseline 65%
(61%,68%)

End of Th erapy 62%
(59%,65%) -2.6% 0.007 <0.001

1 Year Aft er 
Th erapy

63%
(60%,65%) -2.1% 0.007 0.005

SF Baseline 38%
(34%,41%)

End of Th erapy 36%
(33%,38%) -2.1% 0.006 <0.001

1 Year Aft er 
Th erapy

36%
(35%,39%) -1.9% 0.006 0.004

LVPWd 
(Z-score) Baseline -0.88

(-1.54,-0.31)

End of Th erapy -1.29
(-1.79,-0.66) -0.37 0.14 <0.01

1 Year Aft er 
Th erapy

-1.23
(-1.83,-0.42) -0.21 0.18 0.23

LVIDd 
(Z-score) Baseline 0.11

(-0.72,1.02)

End of Th erapy 0.00
(-0.68,0.78) -0.05 0.12 0.66

1 Year Aft er 
Th erapy

-0.095
(-0.865,0.648) -0.16 0.11 0.15

LV Mass Index 
(g/m2) Baseline 34.9

(28.7,45.8)

End of Th erapy 30.7
(26.2,41.7) -3.481 1.360 0.01

1 Year Aft er 
Th erapy

32.7
(26.0,38.1) -3.944 1.417 0.005

Table 1. Trends in LV Structure and Function Aft er Anthracyclines. $Change from baseline & associated statistics 
adjusted for age, sex and dexrazoxane use

P1-04
Left Atrial Dysfunction in Children Following Anthracycline 
Treatment: A Real Time Three-Dimensional Echocardiography 
Study
Dipika Menon, Yamuna Sanil, Ahmad Charaf Eddine, Gilda Kadiu, Sanjeev 
Aggarwal. Wayne State University School of Medicine, Children’s Hospital of 
Michigan, Detroit, MI
Background: Anthracycline (AC) therapy is associated with left  ventricular (LV) 
dysfunction. Left  atrial (LA) size and function are used to assess LV diastolic function 
in heart failure. Data on LA size and function following AC therapy is limited. We 
hypothesized that LA size and function will be abnormal in children following AC 
chemotherapy. Methods: Th is retrospective review included patients who received AC for 
pediatric cancers over 1 year prior to enrollment. Patients with LV dysfunction (shortening 
fraction <28%) or following bone marrow transplant were excluded. Controls had normal 
echocardiograms performed for evaluation of chest pain, murmur or syncope. Real time 
three dimensional echocardiography (RT3DE) was performed (Philips I33) and data was 
analyzed using QLAB 10.3 offl  ine by a single reader blinded to clinical data. Maximum 
LA (LA max) volume at end systole, minimal LA volume (LA min) at end diastole and 
volume before atrial contraction (LA pre a) were obtained. LA reservoir function was 
assessed by fi lling volume (LA max - LA min), expansion index ([LA max - LA min]/LA 
min) x100) and diastolic emptying index ([LA max - LA min]/LA max x 100). Conduit 
function was evaluated by calculating passive emptying % of total emptying ([LA max - 
LA pre a]/[LA max - LA min] x 100) and passive emptying index ([LA max - LA pre a]/ 
LA max) x 100). Booster pump function was assessed by calculating active emptying % of 
total emptying (([ LA pre a - LA min]/ [LA max - LA min]) x 100) and active emptying 
index (([LA pre a - LA min]/ LA pre a) x 100). Groups were compared by student t-test 
and chi square test. Results: We evaluated 113 patients, 28(24.8%) of who received AC. 
Th e two groups were comparable in age, body surface area and gender distribution. 
LAmax was signifi cantly smaller and active emptying index and LA ejection fraction 
were signifi cantly lower in AC group compared to controls. Th e AC group also had lower 
fi lling volumes and diastolic emptying index in comparison to controls. Conclusions: It 
is intriguing that AC treated children have smaller LA reservoir and abnormal booster 
LA function, compared to controls. We speculate that these fi ndings may refl ect changes 
in LA compliance associated with AC exposure. Assessment of LA volumes and function 
on RT3DE as prognostic markers of AC induced cardiotoxicity in children is warranted.
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Table: Comparison of demographic and various LA size and function parameters

Parameters - Mean ± SD or n (%) AC group (n=28) Control group 
(n=85) P

Age (years) 13.2±3.4 12.1± 4 0.21
Gender (male) 18 (64.3) 51(60) 0.3
Weight (kg) 54.2 ± 23 48.5 ± 20.5 0.22
Body surface area (m2) 1.5 ± 0.4 1.4 ± 0.4 0.175
LA max (ml/m2) 14.8 ± 4.5 17.2 ± 5.7 0.044
LA min (ml/m2) 5.1 ± 2 5.3 ± 2.2 0.676
LA pre A (ml/m2) 10.8 ± 3.7 12.1 ± 4.5 0.168
Filling volume (ml/m2) 9.6 ± 3.3 11.9 ± 3.8 0.007
Expansion index (%) 202.9 ± 73.8 237 ± 59.9 0.016
Diastolic emptying index (%) 65.1 ± 8.3 69.5 ± 5.1 0.001
Passive emptying percent of total emptying (%) 41.4 ± 11.1 42.3 ± 10.2 0.710
Passive emptying index (%) 27.1 ± 8.4 29.5 ± 7.7 0.169
Active emptying percent of total emptying (%) 58.6 ± 11.1 57.7 ± 10.2 0.710
Active emptying index (%) 52.2 ± 9.6 56.5 ± 6.7 0.010
LA Ejection fraction (%) 65.2 ±8.3 69 ± 6 0.011

P1-05
Relationship Between Tacrolimus-Induced Cardiomyopathy 
and Blood Concentration of Tacrolimus after Bone Marrow 
Transplantation
Kohko Kanazawa1, Masumi Iwai-Takano2, Goro Ishida1, Yoshiyuki Kamiyama1, 
Nobuo Komatsu1, Hiroto Takeda1, Satoru Kimura3, Hiroyuki Kanbayashi3, 
Tetsuya Ohira4. 1Ohta-Nishinouchi General Hospital, Division of Cardiology, 
Koriyama, Japan; 2Fukushima Medical University, Intensive Care Unit, 
Fukushima, Japan; 3Ohta-Nishinouchi General Hospital, Division of Hematology, 
Koriyama, Japan; 4Fukushima Medical University, Department of Epidemiology, 
Fukushima, Japan
Backgrounds: Tacrolimus (TAC) has been used for prophylaxis and treatment of graft  
rejection aft er solid organ transplantation, and acute graft -versus-host-disease aft er 
bone marrow transplantation (BMT). Th ere are a few reports that patients aft er BMT 
developed left  ventricular (LV) hypertrophy during TAC treatment, i.e., tacrolimus-
induced cardiomyopathy (TICM). However, it remains unclear whether high blood 
concentration of TAC relates TICM. In this study, we investigated whether blood 
concentration of TAC have a relationship with cardiac dysfunction in patients aft er BMT. 
Methods: We enrolled 16 consecutive patients (10 men, 44.6±13.0 years), who received 
BMT and were treated by TAC. Echocardiography was performed before and about one 
month aft er BMT in the stable state. Th e parameters of TAC blood level were evaluated as 
AUCTotal (sum of TAC concentration), Cmean (mean concentration), and AUC>15 (the area 
sum of TAC concentration greater than 15 ng/ml) during the follow-up period (Fig-a). 
We investigated whether the change of wall thickness, systolic and diastolic function 
related to the parameters of TAC. Results: During the follow-up period (47.6±13.7 days), 
2 of 16 patients (12.5%) developed heart failure. Aft er BMT, the LV septum thickness 
(IVST) (pre to post: 8.7±1.2 to 9.9±1.7 mm, P=0.001) and the posterior wall thickness 
(PWT) (9.0±1.1 to 10.4±1.3 mm, P<0.001) signifi cantly increased, and the LV diastolic 
dimension was signifi cantly reduced (46.4±4.0 to 41.5±7.5 mm, P=0.006). Although 
there was no diff erence in the LV ejection fraction, E´ signifi cantly decreased (8.8±2.2 to 
6.8±1.6 cm/sec, p=0.006). AUC>15 had signifi cant relationships with post-IVST (R=0.627, 
P=0.009), post-PWT (R=0.669, P=0.005), and post-E´ (R=-0.767, P=0.001) (Fig-b). By 
multivariate analysis, AUC>15 and age were independent predictors for increasing of PWT 
aft er treatment by TAC in patients with BMT. Conclusions: Blood concentration of TAC 
(AUC>15) had a relationship with diastolic dysfunction in patients aft er BMT. Since the 
occurrence of diastolic heart failure by TICM relates with prognosis in patients aft er 
BMT, it is very important to monitor the parameter of AUC>15 and echocardiography for 
preventing TICM.

P1-06
Global Longitudinal Strain is a Strong, Independent Marker of 
Prognosis Among Patients with Advanced AL Amyloidosis
Katherine Lee Chuy, Ji Can Yang, Heather Landau, Mansour Khaddar, Hani 
Hassoun, Anthony Yu, Richard Steingart, Jennifer Liu. Department of Medicine, 
Memorial Sloan Kettering Cancer Center, New York, NY
Background: Prognostically validated revised Mayo staging system based on cardiac 
biomarkers and diff erence in free light chains (FLC-d) is commonly used for risk 
stratifi cation and prediction of overall survival (OS) in newly diagnosed patients with 
AL amyloidosis. An advanced revised Mayo stage (III or IV) is associated with poor OS. 
Th e additive role of left  ventricular structure and function indices to predict OS in this 
patient population is uncertain. Methods: A retrospective analysis of 81 patients with 
newly diagnosed biopsy-proven AL amyloidosis with revised Mayo stage III or IV was 
performed. Clinical, serologic, and 2D echo data were collected prior to treatment. Global 
longitudinal strain (GLS) was measured offl  ine using AutoStrain soft ware (Tom Tec 
Imaging Systems). Th e primary endpoint was all-cause mortality. Results: Sixty (74%) 
deaths were observed at a mean follow-up of 2.3 ± 2.7 years. All patients underwent 
chemotherapy, with 9 (11%) patients receiving stem cell transplant as initial treatment. 
In univariate analysis, brain natriuretic peptide (BNP), ejection fraction (EF), E/e’ 
ratio, deceleration time, cardiac index, and GLS were associated with survival. FLC- d, 
troponin, and hematologic status at 1 year were not. In a multivariate model that included 
BNP, E/e’ ratio, EF, and FLC-d, GLS remained as the only signifi cant predictor, with a cut-
off  of 15% best discriminating survivors versus non-survivors.
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Conclusions: In patients with advanced AL amyloidosis, pre-treatment GLS is a strong, 
independent predictor of survival. GLS should be considered as part of risk stratifi cation 
and clinical decision-making in this especially high-risk cohort. Larger studies are 
required to validate the optimal GLS cutoff .

P1-07
Subcostal Strain in Breast Cancer Patients: Exploring an 
Alternative to Traditional Apical Longitudinal Strain
Sarah Chuzi, Vibhav Rangarajan, Inga Vaitenas, Nausheen Akhter. Northwestern 
University, Feinberg School of Medicine, Chicago, IL
Background: Strain imaging is oft en technically limited in patients with breast cancer 
(CA) due to tissue expanders, implants and/or surgery. Our 2017 pilot study showed 
that subcostal strain was a novel and feasible technique in 19 patients. In the current 
study, we examined a larger cohort of female patients with breast cancer and performed 
a segmental analysis. Methods: Longitudinal strain (LS) was measured in the apical and 
subcostal 3-chamber (3C) and 4-chamber (4C) views among breast CA patients. Two-
dimensional speckle tracking was performed using GE EchoPAC soft ware. Correlation 
between measurements was calculated using intraclass correlation coeffi  cients. Bland-
Altman analysis was used to evaluate the agreement between apical and subcostal 
LS measurements. Results: 102 studies from 65 patients were analyzed. 8 studies 
were excluded due to inadequate subcostal (n=6) or apical (n=2) views. Mean apical 

and subcostal LS was -21.2% and -20.7%, respectively for 3C and -21.6% and -22.2%, 
respectively for 4C. Apical and subcostal LS measurements were correlated for both 3C 
(r2 = 0.27, p < 0.001) and 4C (r2= 0.14, p < 0.001) views. Correlations remained signifi cant, 
but were not appreciably diff erent, when apical segments were excluded. Th ere was good 
agreement between measurements in apical and subcostal 3C and 4C views. Segment 
by segment analysis also showed signifi cant correlation between apical and subcostal LS 
measurements for all but 2 segments (Table 1). Conclusion: In a large cohort of patients, 
we demonstrated that subcostal 3C and 4C LS can be reliably measured, with good 
agreement with traditional apical LS. Importantly, the subcostal view may provide a novel 
alternative for trending LS in patients with breast cancer who have technically limited 
apical windows. Further prospective research is needed.

P1-08
Assessment of Early Radiation Induced Changes in Left 
Ventricular Contractile Function by Myocardial Strain Imaging 
after Breast Radiation Therapy
Katherine Lee Chuy1, Alice Ho2, Lior Braunstein3, Maria Th or4, Chau Dang1, 
Richard Steingart1, Jennifer Liu1, Anthony Yu1. 1Department of Medicine, 
Memorial Sloan Kettering Cancer Center, New York, NY; 2Department of 
Radiation Oncology, Cedars-Sinai Medical Center, Los Angeles, CA; 3Department 
of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, NY; 
4Department of Medical Physics, Memorial Sloan Kettering Cancer Center, New 
York, NY
Background: Radiotherapy (RT) induced cardiotoxicity is a worrisome adverse eff ect 
of breast cancer (BCA) treatment, and has led to the development of newer techniques 
that reduce radiation dose to the heart. We evaluated whether RT results in subclinical 
changes of left  ventricular (LV) function among HER2-positive BCA patients at increased 
risk for cardiotoxicity from anthracycline and trastuzumab treatment, and whether these 
changes are associated with mean heart dose (MHD). Methods: We prospectively studied 
48 women with HER2-positive BCA treated with doxorubicin, trastuzumab, and RT to 
the breast/chest wall +/- regional lymph nodes from 2014-2016. 2D echocardiography 
with speckle tracking imaging was performed at baseline (pre-chemotherapy), before and 
aft er RT, and upon completion of trastuzumab (end of treatment). Associations between 
MHD and changes in LV ejection fraction (LVEF), diastolic indices, and myocardial 
deformation indices aft er RT were examined. Results: Th e mean age was 52 years. Th e 
MHD was higher (2.3 + 2.3 Gy vs 1.1 + 1.7 Gy, p=0.002) for patients receiving left - (N=27) 
versus right-sided (N=21) RT. Pre-RT, post-RT, and end of treatment echocardiograms 
were performed a median of 48 days before and 56 and 196 days aft er RT, respectively. 
Compared to pre-RT, a modest decrease in LVEF (61 + 7% vs. 59% + 8%, p = 0.002) 
but not in longitudinal, circumferential, or radial strain or diastolic indices was observed 
post-RT. In a group of 12 patients that received a MHD > 2 Gy, there was no signifi cant 
diff erence in LVEF or myocardial strain pre- versus post-RT. At end of treatment, there 
was no signifi cant change in systolic or diastolic indices of LV function compared to pre-
RT. In a multiple regression model, MHD was not associated with changes in LVEF or 
global longitudinal strain aft er RT, adjusting for age, hypertension, and baseline LVEF.
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Table: Comparison of demographic and various LA size and function parameters

Parameters - Mean ± SD or n (%) AC group (n=28) Control group 
(n=85) P

Age (years) 13.2±3.4 12.1± 4 0.21
Gender (male) 18 (64.3) 51(60) 0.3
Weight (kg) 54.2 ± 23 48.5 ± 20.5 0.22
Body surface area (m2) 1.5 ± 0.4 1.4 ± 0.4 0.175
LA max (ml/m2) 14.8 ± 4.5 17.2 ± 5.7 0.044
LA min (ml/m2) 5.1 ± 2 5.3 ± 2.2 0.676
LA pre A (ml/m2) 10.8 ± 3.7 12.1 ± 4.5 0.168
Filling volume (ml/m2) 9.6 ± 3.3 11.9 ± 3.8 0.007
Expansion index (%) 202.9 ± 73.8 237 ± 59.9 0.016
Diastolic emptying index (%) 65.1 ± 8.3 69.5 ± 5.1 0.001
Passive emptying percent of total emptying (%) 41.4 ± 11.1 42.3 ± 10.2 0.710
Passive emptying index (%) 27.1 ± 8.4 29.5 ± 7.7 0.169
Active emptying percent of total emptying (%) 58.6 ± 11.1 57.7 ± 10.2 0.710
Active emptying index (%) 52.2 ± 9.6 56.5 ± 6.7 0.010
LA Ejection fraction (%) 65.2 ±8.3 69 ± 6 0.011

P1-05
Relationship Between Tacrolimus-Induced Cardiomyopathy 
and Blood Concentration of Tacrolimus after Bone Marrow 
Transplantation
Kohko Kanazawa1, Masumi Iwai-Takano2, Goro Ishida1, Yoshiyuki Kamiyama1, 
Nobuo Komatsu1, Hiroto Takeda1, Satoru Kimura3, Hiroyuki Kanbayashi3, 
Tetsuya Ohira4. 1Ohta-Nishinouchi General Hospital, Division of Cardiology, 
Koriyama, Japan; 2Fukushima Medical University, Intensive Care Unit, 
Fukushima, Japan; 3Ohta-Nishinouchi General Hospital, Division of Hematology, 
Koriyama, Japan; 4Fukushima Medical University, Department of Epidemiology, 
Fukushima, Japan
Backgrounds: Tacrolimus (TAC) has been used for prophylaxis and treatment of graft  
rejection aft er solid organ transplantation, and acute graft -versus-host-disease aft er 
bone marrow transplantation (BMT). Th ere are a few reports that patients aft er BMT 
developed left  ventricular (LV) hypertrophy during TAC treatment, i.e., tacrolimus-
induced cardiomyopathy (TICM). However, it remains unclear whether high blood 
concentration of TAC relates TICM. In this study, we investigated whether blood 
concentration of TAC have a relationship with cardiac dysfunction in patients aft er BMT. 
Methods: We enrolled 16 consecutive patients (10 men, 44.6±13.0 years), who received 
BMT and were treated by TAC. Echocardiography was performed before and about one 
month aft er BMT in the stable state. Th e parameters of TAC blood level were evaluated as 
AUCTotal (sum of TAC concentration), Cmean (mean concentration), and AUC>15 (the area 
sum of TAC concentration greater than 15 ng/ml) during the follow-up period (Fig-a). 
We investigated whether the change of wall thickness, systolic and diastolic function 
related to the parameters of TAC. Results: During the follow-up period (47.6±13.7 days), 
2 of 16 patients (12.5%) developed heart failure. Aft er BMT, the LV septum thickness 
(IVST) (pre to post: 8.7±1.2 to 9.9±1.7 mm, P=0.001) and the posterior wall thickness 
(PWT) (9.0±1.1 to 10.4±1.3 mm, P<0.001) signifi cantly increased, and the LV diastolic 
dimension was signifi cantly reduced (46.4±4.0 to 41.5±7.5 mm, P=0.006). Although 
there was no diff erence in the LV ejection fraction, E´ signifi cantly decreased (8.8±2.2 to 
6.8±1.6 cm/sec, p=0.006). AUC>15 had signifi cant relationships with post-IVST (R=0.627, 
P=0.009), post-PWT (R=0.669, P=0.005), and post-E´ (R=-0.767, P=0.001) (Fig-b). By 
multivariate analysis, AUC>15 and age were independent predictors for increasing of PWT 
aft er treatment by TAC in patients with BMT. Conclusions: Blood concentration of TAC 
(AUC>15) had a relationship with diastolic dysfunction in patients aft er BMT. Since the 
occurrence of diastolic heart failure by TICM relates with prognosis in patients aft er 
BMT, it is very important to monitor the parameter of AUC>15 and echocardiography for 
preventing TICM.

P1-06
Global Longitudinal Strain is a Strong, Independent Marker of 
Prognosis Among Patients with Advanced AL Amyloidosis
Katherine Lee Chuy, Ji Can Yang, Heather Landau, Mansour Khaddar, Hani 
Hassoun, Anthony Yu, Richard Steingart, Jennifer Liu. Department of Medicine, 
Memorial Sloan Kettering Cancer Center, New York, NY
Background: Prognostically validated revised Mayo staging system based on cardiac 
biomarkers and diff erence in free light chains (FLC-d) is commonly used for risk 
stratifi cation and prediction of overall survival (OS) in newly diagnosed patients with 
AL amyloidosis. An advanced revised Mayo stage (III or IV) is associated with poor OS. 
Th e additive role of left  ventricular structure and function indices to predict OS in this 
patient population is uncertain. Methods: A retrospective analysis of 81 patients with 
newly diagnosed biopsy-proven AL amyloidosis with revised Mayo stage III or IV was 
performed. Clinical, serologic, and 2D echo data were collected prior to treatment. Global 
longitudinal strain (GLS) was measured offl  ine using AutoStrain soft ware (Tom Tec 
Imaging Systems). Th e primary endpoint was all-cause mortality. Results: Sixty (74%) 
deaths were observed at a mean follow-up of 2.3 ± 2.7 years. All patients underwent 
chemotherapy, with 9 (11%) patients receiving stem cell transplant as initial treatment. 
In univariate analysis, brain natriuretic peptide (BNP), ejection fraction (EF), E/e’ 
ratio, deceleration time, cardiac index, and GLS were associated with survival. FLC- d, 
troponin, and hematologic status at 1 year were not. In a multivariate model that included 
BNP, E/e’ ratio, EF, and FLC-d, GLS remained as the only signifi cant predictor, with a cut-
off  of 15% best discriminating survivors versus non-survivors.
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Conclusions: In patients with advanced AL amyloidosis, pre-treatment GLS is a strong, 
independent predictor of survival. GLS should be considered as part of risk stratifi cation 
and clinical decision-making in this especially high-risk cohort. Larger studies are 
required to validate the optimal GLS cutoff .

P1-07
Subcostal Strain in Breast Cancer Patients: Exploring an 
Alternative to Traditional Apical Longitudinal Strain
Sarah Chuzi, Vibhav Rangarajan, Inga Vaitenas, Nausheen Akhter. Northwestern 
University, Feinberg School of Medicine, Chicago, IL
Background: Strain imaging is oft en technically limited in patients with breast cancer 
(CA) due to tissue expanders, implants and/or surgery. Our 2017 pilot study showed 
that subcostal strain was a novel and feasible technique in 19 patients. In the current 
study, we examined a larger cohort of female patients with breast cancer and performed 
a segmental analysis. Methods: Longitudinal strain (LS) was measured in the apical and 
subcostal 3-chamber (3C) and 4-chamber (4C) views among breast CA patients. Two-
dimensional speckle tracking was performed using GE EchoPAC soft ware. Correlation 
between measurements was calculated using intraclass correlation coeffi  cients. Bland-
Altman analysis was used to evaluate the agreement between apical and subcostal 
LS measurements. Results: 102 studies from 65 patients were analyzed. 8 studies 
were excluded due to inadequate subcostal (n=6) or apical (n=2) views. Mean apical 

and subcostal LS was -21.2% and -20.7%, respectively for 3C and -21.6% and -22.2%, 
respectively for 4C. Apical and subcostal LS measurements were correlated for both 3C 
(r2 = 0.27, p < 0.001) and 4C (r2= 0.14, p < 0.001) views. Correlations remained signifi cant, 
but were not appreciably diff erent, when apical segments were excluded. Th ere was good 
agreement between measurements in apical and subcostal 3C and 4C views. Segment 
by segment analysis also showed signifi cant correlation between apical and subcostal LS 
measurements for all but 2 segments (Table 1). Conclusion: In a large cohort of patients, 
we demonstrated that subcostal 3C and 4C LS can be reliably measured, with good 
agreement with traditional apical LS. Importantly, the subcostal view may provide a novel 
alternative for trending LS in patients with breast cancer who have technically limited 
apical windows. Further prospective research is needed.

P1-08
Assessment of Early Radiation Induced Changes in Left 
Ventricular Contractile Function by Myocardial Strain Imaging 
after Breast Radiation Therapy
Katherine Lee Chuy1, Alice Ho2, Lior Braunstein3, Maria Th or4, Chau Dang1, 
Richard Steingart1, Jennifer Liu1, Anthony Yu1. 1Department of Medicine, 
Memorial Sloan Kettering Cancer Center, New York, NY; 2Department of 
Radiation Oncology, Cedars-Sinai Medical Center, Los Angeles, CA; 3Department 
of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, NY; 
4Department of Medical Physics, Memorial Sloan Kettering Cancer Center, New 
York, NY
Background: Radiotherapy (RT) induced cardiotoxicity is a worrisome adverse eff ect 
of breast cancer (BCA) treatment, and has led to the development of newer techniques 
that reduce radiation dose to the heart. We evaluated whether RT results in subclinical 
changes of left  ventricular (LV) function among HER2-positive BCA patients at increased 
risk for cardiotoxicity from anthracycline and trastuzumab treatment, and whether these 
changes are associated with mean heart dose (MHD). Methods: We prospectively studied 
48 women with HER2-positive BCA treated with doxorubicin, trastuzumab, and RT to 
the breast/chest wall +/- regional lymph nodes from 2014-2016. 2D echocardiography 
with speckle tracking imaging was performed at baseline (pre-chemotherapy), before and 
aft er RT, and upon completion of trastuzumab (end of treatment). Associations between 
MHD and changes in LV ejection fraction (LVEF), diastolic indices, and myocardial 
deformation indices aft er RT were examined. Results: Th e mean age was 52 years. Th e 
MHD was higher (2.3 + 2.3 Gy vs 1.1 + 1.7 Gy, p=0.002) for patients receiving left - (N=27) 
versus right-sided (N=21) RT. Pre-RT, post-RT, and end of treatment echocardiograms 
were performed a median of 48 days before and 56 and 196 days aft er RT, respectively. 
Compared to pre-RT, a modest decrease in LVEF (61 + 7% vs. 59% + 8%, p = 0.002) 
but not in longitudinal, circumferential, or radial strain or diastolic indices was observed 
post-RT. In a group of 12 patients that received a MHD > 2 Gy, there was no signifi cant 
diff erence in LVEF or myocardial strain pre- versus post-RT. At end of treatment, there 
was no signifi cant change in systolic or diastolic indices of LV function compared to pre-
RT. In a multiple regression model, MHD was not associated with changes in LVEF or 
global longitudinal strain aft er RT, adjusting for age, hypertension, and baseline LVEF.
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Conclusion: In this single center study, no change in myocardial deformation indices 
was observed aft er RT. Th ese results suggest that RT can safely be delivered using current 
conventional techniques without signifi cant evidence of early subclinical LV dysfunction 
in patients treated with anthracyclines and trastuzumab. Myocardial strain imaging may 
not be a useful tool in the evaluation of early RT induced cardiotoxicity, particularly when 
a low MHD is delivered.

P1-09
Outcomes of Cancer Patients Undergoing Echo-guided 
Pericardiocentesis: Experience Over 10 Years
Annop Lekhakul, Chalailak Asswakawintip, Eric R. Fenstad, Sorin V. Pislaru, 
Larry J. Sinak, Garvan C. Kane. Mayo Clinic, Rochester, MN
Background: Pericardial eff usions are common in cancer patients. Th e fi ndings, 
immediate safety and longer-term outcomes of pericardiocentesis are less well defi ned. 
Methods: We reviewed the cases of all patients with malignancy that underwent echo-
guided pericardiocentesis at our institution between 2007 and 2016. Results: Over a 10-
year period, 172 patients with cancer underwent echo-guided pericardiocentesis. 53% 
were male with a mean age of 60 +/- 15 years of age. Th e average volume removed was 
485 (350-719) ml. Th e site of drainage was left  anterior/para-apical in most (71%), 13% 
from left  parasternal, 5% from right parasternal and 11% from subcostal access. Twenty 
percent had hemorrhagic, 48% had serosanguinous and 31% serous pericardial eff usions. 
Th e type of eff usion was not associated with outcome. Th e procedure was technically 
successful in 171/172 (99.4%) of patients without signifi cant complication or procedure-
related death. Cytology (measured in 164) was positive in 58% and only weekly related 
to outcome (median survival 9 versus 18 weeks, p=0.04). A pericardial catheter was left  
in place until there was less than 50 ml of net drainage in 24 hours (average 2.9 +/- 1.7 
days). Th e time of pericardial catheter use was not associated with outcome. 135 patients 
had metastatic carcinoma, 23 had lymphoma or chronic leukemia and 4 metastatic 
sarcoma. Patients with either lymphoma or chronic leukemia had better survival than 
those with carcinoma or sarcoma (median survival 102 versus 12 weeks, p<0.0001) with a 
46% versus 3% 5-year survival, p<0.0001). Conclusions: Echo-guided pericardiocentesis 
is safe and eff ective in patients with malignant pericardial eff usions. However overall 
outcomes are poor in cancer patients with pericardial eff usions, particularly those with 
carcinoma or sarcoma.

P1-10
Rates of Cardiac Dysfunction in Patients Undergoing Surveillance 
Echocardiography for Cardiotoxic Chemotherapy and Associated 
Clinical Outcomes
Muzna Hussain, Zarina Sharalaya, G. Th omas Budd, Chirag Shah, Neil 
Greenberg, Richard Grimm, Milind Desai, Zoran Popovic, Brian Griffi  n, Patrick 
Collier. Cleveland Clinic Foundation, Cleveland, OH
Background: We investigated echocardiographic fi ndings and clinical outcomes in 
patients referred for echocardiography during/following chemotherapy. Methods: We 
reviewed our echocardiography database to identify all studies specifi cally performed in 
cancer patients receiving cardio-toxic agents referred for baseline and serial evaluation 
between January 2011 and June 2017. Cardiac dysfunction was defi ned as reduction in left  
ventricular ejection fraction (LVEF) > 10% from baseline to less than the lower limit of 
normal. Clinical outcomes were obtained by assessment of the electronic patient medical 
record. Results: A total of 13198 echocardiograms from 7940 patients were identifi ed, of 

which 13094 studies had an LVEF reported. 2167 patients had serial (>1) tests performed 
(7321 echocardiograms, median 4 studies per patient). Cardiac dysfunction was reported 
in 161 echocardiograms from 71 patients (3% of patients with >1 study). Cardiotoxic 
exposures in this sub-cohort included anthracyclines (49 patients, 69%), radiation (29 
patients, 41%), and Her-2 blockers (18 patients, 25%). Of these 71 patients with cardiac 
dysfunction, 36 patients were actively undergoing chemotherapy, 21 (58%) of which had 
their regimen either held or changed. Subsequent echocardiograms were performed in 
43 of these 71 patients, 29 (66%) of which had ongoing cardiac dysfunction while 14 
(33%) had a normalized LVEF. Of these 71 patients with cardiac dysfunction, 19 (27%) 
developed symptomatic heart failure (HF) as diagnosed by the treating cardiologist. 
By the end of 2017, 42 (59%) of these 71 patients had died, of which 2 patients had 
documented death due to a cardiac cause. Th e mean time to death aft er initial LVEF 
reduction in these patients was 10 months (range of 1 week to 43 months). Th e mean time 
from cancer diagnosis to cardiac dysfunction was 15±17 months in those that died vs. 
26±30 months in those that survived (p = 0.011). Conclusion: Cardiac dysfunction was 
identifi ed in 3% of patients undergoing serial echo, was associated with high mortality 
(mainly non-cardiac death) and occurred signifi cantly sooner aft er cancer diagnosis in 
those that died.

 

P1-11
The Role of Baseline Transthoracic Echocardiography in 
Predicting Early Adverse Cardiac Events Following Allogeneic 
Hematopoietic Cell Transplantation
Majd A. El-Harasis, Mehrdad Hefazi, William Hogan, Mark R. Litzow, Mrinal 
Patnaik, Joerg Herrmann. Mayo Clinic, Rochester, MN
Background: Allogeneic hematopoietic cell transplantation (HCT) is an increasingly 
utilized treatment option for patients with a variety of hematologic conditions. Th ese 
patients are at increased risk of adverse cardiovascular events, but the incidence and 
risk factors of these events are not well described. Th e majority of patients have a 
transthoracic echocardiogram (TTE) performed as part of the pre-transplant work-
up but the predictive value of this test remains unclear. Methods: Aft er IRB approval, 
medical records of 256 consecutive acute myeloid leukemia (AML) patients that 
underwent HCT at our institution between 2005 and 2015 were reviewed. Data on 
demographics, transplant characteristics, cardiac risk factors, baseline TTE information 
and post-HCT adverse events were collected. Cardiovascular adverse events of grade ≥ 
2 per the CTCAEv.4 criteria were defi ned as early adverse cardiac events (EACE) if they 
occurred within 100 days aft er HCT. Th e primary outcome measure was a composite of 
new diagnosis of heart failure, myocardial infarction, new diagnosis of valvular disease, 
arrhythmias or pericarditis. Results: EACEs were identifi ed in 41 (16%) of the 256 
patients in this study, with no diff erence in the incidence between the myeloablative vs. 
non-myeloablative conditioning regimens. Heart failure was the most common EACE, 
occurring in 7% of the patients. Th is was more commonly new onset heart failure as 
opposed to worsening of existing heart failure (5% vs. 1%, p = 0.01). Fift een patients 
(5%) developed cardiac arrhythmias, while acute coronary syndrome was uncommon 
(1 patient, 0.5%). Pre-transplant ejection fraction (EF) was 60.8±0.39 (mean ± SEM), 
compared to 57.5±1.09 in the 100 days post-transplant (p=0.03). Th e incidence of EACE 
was higher in patients with a baseline EF<50% compared to those with an EF>50% 
(37.5% vs. 14.8%, p=0.03), with a risk ratio of 0.39 (95% CI 0.19-0.80). Th ere was no 
association between baseline RVSP>40 mmHg (p=0.43), baseline diastolic dysfunction 
(p=0.987), mitral regurgitation of any severity (p=0.31), or aortic regurgitation of any 
severity (p=0.19) with the primary composite outcome. A logistic regression model of 
baseline E/A ratio and baseline RSVP as continuous variables did not show a signifi cant 
association with the composite outcome (p = 0.05 and p = 0.2, respectively). Conclusion: 
A baseline EF>50% was associated with a lower risk of adverse cardiovascular events in 
patients with AML following HCT, with other echocardiographic variables studied not 
showing a statistically signifi cant association.

Poster Session 1 (P1) Sunday, June 24, 2018

P1-12
Epidemiology and Outcomes of Transesophageal Echocardiogram 
Con rmed Non-Bacterial Thrombotic Endocarditis in Patients with 
Malignancy with Embolic Cerebrovascular Accidents
Ji Can Yang, Katherine Lee Chuy, Anthony Yu, Simon Mantha, Richard Steingart, 
Dipti Gupta. Memorial Sloan Kettering Cancer Center, New York, NY
Background: Non-Bacterial Th rombotic Endocarditis (NBTE) is associated with 
cerebrovascular accidents (CVA) in patients with malignancy. We sought to study the 
epidemiology and outcomes of patients with cancer who have an CVA in the presence 
of NBTE as diagnosed by transesophageal echocardiogram (TEE). Methods: We 
retrospectively reviewed 63 consecutive TEE cases performed at Memorial Sloan 
Kettering Cancer Center for the indication of embolic stroke in patients with cancer. 
Baseline demographics, clinical and imaging characteristics of the entire cohort were 
recorded. NBTE was defi ned as valvular vegetations in the absence of infectious or 
rheumatologic causes. Th e NBTE and non-NBTE groups were compared for diff erences 
in treatments, recurrent stroke, and mortality. Categorical variables were analyzed with 
Chi-square and Fisher’s exact test while continuous variables were analyzed by Student’s 
t-test. Results: Fourteen of the 63 cancer patients with suspected embolic stroke were 
found to have NBTE (22%). Baseline demographics were similar between patients with 
and without NBTE except history of venous thromboembolism (Table 1) was more 
common in the NBTE-group. Stage IV non-small cell lung cancer was the most common 
malignancy in both groups. Ninety-three percent of patients (13/14) in the NBTE-group 
were treated with systemic anticoagulation; most commonly with low-molecular weight 
heparin compared with only 27% of patients (13/49) in the non-NBTE group. Despite 
anticoagulation, the rate of recurrent stroke in the NBTE group was 29%, compared 
with 12% in the non-NBTE group (p=0.20). Th e 3-month early mortality was higher in 
the NBTE group than in the non-NBTE-group (64% vs 39%, p = 0.09). When present, 
valvular vegetations were found most oft en on the aortic valve (9) followed by the mitral 
valve (5). In the non-NBTE-group the most common TEE fi ndings were PFO/ASD 
(28%), simple/complex aortic plaque (10%), atrial septal aneurysm (2%) and Lambl’s 
excrescence (2%). Conclusion: In this cohort of patients with systemic malignancy, TEE-
confi rmed NBTE was responsible for 1 in 5 cases of embolic strokes. Despite systemic 
anticoagulation, NBTE-group had a high rate of recurrent embolism and a trend toward 
higher short-term mortality compared to the non-NBTE-group.

P1-13
Right Ventricular Regional Remodeling Under Chronic Volume 
Overload in Adults with Atrial Septal Defect Evaluated by Three-
Dimensional Echocardiography 
Dehong Kong, Haohua Yao, Lili Dong, Xianhong Shu. Zhongshan Hospital, 
Fudan University, Shanghai, China
Background: To evaluate right ventricular (RV) regional remodeling under chronic 
volume overload in adults with atrial septal defect (ASD) using real-time three-
dimensional echocardiography (RT3DE). Methods: Th irty consecutive adult patients 
with ASD and catheterization-measured mean pulmonary arterial pressure <25mmHg 
were enrolled. Th irty matched normal adults were included as controls. RT3DE was 
performed to evaluate RV regional end-diastolic volume (EDV) and end-systolic volume 
(ESV) in the infl ow, body and outfl ow compartments. Regional volume percentage was 

calculated as regional volume divided by RV global volume measured by RT3DE. RV 
basal and longitudinal diameter, cardiac output (CO) of the right heart and pulmonary-
to-systemic fl ow (Qp/Qs) ratio were measured by conventional echocardiographic 
method. Results: RT3DE analysis was successfully performed in 97% of the acquired 
images. Th e average ASD diameter was 16 ± 6 mm with left -to-right shunt. RV global and 
regional EDV and ESV in the patients were signifi cantly higher than those in the controls 
(P < 0.001). Regional volume percentage of EDV and ESV in the body compartment 
in the patients was signifi cantly increased (P < 0.05) when compared with the controls. 
Regional volume percentage of EDV in the infl ow compartment and regional volume 
percentage of ESV in the outfl ow compartment were decreased in the patients (P < 0.05). 
Regional EDV in the body compartment was correlated with ASD diameter, CO and Qp/
Qs ratio (r = 0.361 ~ 0.601, P < 0.05). Regional volume percentage of EDV in the body 
compartment was correlated with RV global EDV and RV basal diameter (r = 0.553 and 
0.429, P < 0.05). Conclusion: Chronic volume overload leads to regional remodeling of 
the RV chamber, featuring a remarkable bulge of the body compartment. RT3DE may 
have added value in the evaluation of RV load conditions in adults with ASD.

P1-14
Misclassi cation of Bicuspid Aortic Valves is Common and Varies 
by Imaging Modality and Patient Characteristics
Peyton M. Cramer, Siddharth K. Prakash. University of Texas Health Science 
Center at Houston, Houston, TX
Background: Bicuspid aortic valve (BAV) is the most prevalent adult congenital heart 
defect. BAV causes lifelong progressive disease that is responsible for more than half of 
aortic valve replacement surgeries in adults. Early diagnosis and long-term surveillance 
of BAV patients are essential to prevent complications, but may be compromised by 
misclassifi cation of valve morphology. Methods: Th e UTHealth Bicuspid Aortic Valve 
Registry includes questionnaires, medical records and serial images from 250 participants 
with a mean follow-up of 2.8 years. In all cases, the diagnosis of BAV was confi rmed 
by an expert clinician aft er visual inspection. Descriptions of aortic valve morphology 
were abstracted from transthoracic echocardiography (TTE), transesophageal 
echocardiography (TEE, excluding perioperative studies), computed tomography 
angiography (CT) and magnetic resonance angiography (MR) reports (2.4 +/- 1.4 reports 
per patient). Chi-square and t-tests were used to determine associations between reported 
valve morphologies (defi nitely bicuspid, possibly bicuspid, tricuspid, or uncertain) and 
clinical or patient characteristics. Results: We found that more than 40% (84/204) of 
participants were misclassifi ed in at least one imaging report. Th e mean interval between 
misclassifi cation and correct diagnosis was 22 months (1.6 images, Figure 1). TEE (78%), 
MR (75%) and CT (67%) were more sensitive than TTE (59%) and successfully reclassifi ed 
20% (6/29) of participants, but only 14% (29/204) of the entire cohort were imaged using 
these alternative modalities. Misclassifi cation was linearly associated with age, body mass 
index, the extent of valve calcifi cation and the severity of aortic valvular stenosis, but was 
not signifi cantly associated with aortic regurgitation, gender, prior surgical interventions 
or cusp confi guration (left -right versus all others). Conclusion: Misclassifi cation of BAV 
is prevalent, frequently leads to confl icting and/or delayed diagnosis, and is more likely 
to occur in the most severely aff ected cases. TEE, CT and MR may increase diagnostic 
accuracy in up to half of BAV cases but are underutilized. Additional studies are needed 
to determine if misclassifi cation of BAV patients leads to increased long-term morbidity 
and mortality.

P1-15
The Role of Routine Screening Echocardiography in Bioprosthetic 
Aortic Valves in Adult Congenital Heart Disease
Amir Kazerouninia, Luis Dlouhy, Katherine B. Salciccioli, Wilson W. Lam, 
Wayne J. Franklin, Peter M. Ermis. Baylor College of Medicine, Houston, TX
Background: Valve replacement is common in the estimated two million adults in the 
United States living with congenital heart disease. Many patients choose bioprosthetic 
valves to avoid anticoagulation. Aortic bioprosthetic valve function has been shown to 
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Conclusion: In this single center study, no change in myocardial deformation indices 
was observed aft er RT. Th ese results suggest that RT can safely be delivered using current 
conventional techniques without signifi cant evidence of early subclinical LV dysfunction 
in patients treated with anthracyclines and trastuzumab. Myocardial strain imaging may 
not be a useful tool in the evaluation of early RT induced cardiotoxicity, particularly when 
a low MHD is delivered.

P1-09
Outcomes of Cancer Patients Undergoing Echo-guided 
Pericardiocentesis: Experience Over 10 Years
Annop Lekhakul, Chalailak Asswakawintip, Eric R. Fenstad, Sorin V. Pislaru, 
Larry J. Sinak, Garvan C. Kane. Mayo Clinic, Rochester, MN
Background: Pericardial eff usions are common in cancer patients. Th e fi ndings, 
immediate safety and longer-term outcomes of pericardiocentesis are less well defi ned. 
Methods: We reviewed the cases of all patients with malignancy that underwent echo-
guided pericardiocentesis at our institution between 2007 and 2016. Results: Over a 10-
year period, 172 patients with cancer underwent echo-guided pericardiocentesis. 53% 
were male with a mean age of 60 +/- 15 years of age. Th e average volume removed was 
485 (350-719) ml. Th e site of drainage was left  anterior/para-apical in most (71%), 13% 
from left  parasternal, 5% from right parasternal and 11% from subcostal access. Twenty 
percent had hemorrhagic, 48% had serosanguinous and 31% serous pericardial eff usions. 
Th e type of eff usion was not associated with outcome. Th e procedure was technically 
successful in 171/172 (99.4%) of patients without signifi cant complication or procedure-
related death. Cytology (measured in 164) was positive in 58% and only weekly related 
to outcome (median survival 9 versus 18 weeks, p=0.04). A pericardial catheter was left  
in place until there was less than 50 ml of net drainage in 24 hours (average 2.9 +/- 1.7 
days). Th e time of pericardial catheter use was not associated with outcome. 135 patients 
had metastatic carcinoma, 23 had lymphoma or chronic leukemia and 4 metastatic 
sarcoma. Patients with either lymphoma or chronic leukemia had better survival than 
those with carcinoma or sarcoma (median survival 102 versus 12 weeks, p<0.0001) with a 
46% versus 3% 5-year survival, p<0.0001). Conclusions: Echo-guided pericardiocentesis 
is safe and eff ective in patients with malignant pericardial eff usions. However overall 
outcomes are poor in cancer patients with pericardial eff usions, particularly those with 
carcinoma or sarcoma.

P1-10
Rates of Cardiac Dysfunction in Patients Undergoing Surveillance 
Echocardiography for Cardiotoxic Chemotherapy and Associated 
Clinical Outcomes
Muzna Hussain, Zarina Sharalaya, G. Th omas Budd, Chirag Shah, Neil 
Greenberg, Richard Grimm, Milind Desai, Zoran Popovic, Brian Griffi  n, Patrick 
Collier. Cleveland Clinic Foundation, Cleveland, OH
Background: We investigated echocardiographic fi ndings and clinical outcomes in 
patients referred for echocardiography during/following chemotherapy. Methods: We 
reviewed our echocardiography database to identify all studies specifi cally performed in 
cancer patients receiving cardio-toxic agents referred for baseline and serial evaluation 
between January 2011 and June 2017. Cardiac dysfunction was defi ned as reduction in left  
ventricular ejection fraction (LVEF) > 10% from baseline to less than the lower limit of 
normal. Clinical outcomes were obtained by assessment of the electronic patient medical 
record. Results: A total of 13198 echocardiograms from 7940 patients were identifi ed, of 

which 13094 studies had an LVEF reported. 2167 patients had serial (>1) tests performed 
(7321 echocardiograms, median 4 studies per patient). Cardiac dysfunction was reported 
in 161 echocardiograms from 71 patients (3% of patients with >1 study). Cardiotoxic 
exposures in this sub-cohort included anthracyclines (49 patients, 69%), radiation (29 
patients, 41%), and Her-2 blockers (18 patients, 25%). Of these 71 patients with cardiac 
dysfunction, 36 patients were actively undergoing chemotherapy, 21 (58%) of which had 
their regimen either held or changed. Subsequent echocardiograms were performed in 
43 of these 71 patients, 29 (66%) of which had ongoing cardiac dysfunction while 14 
(33%) had a normalized LVEF. Of these 71 patients with cardiac dysfunction, 19 (27%) 
developed symptomatic heart failure (HF) as diagnosed by the treating cardiologist. 
By the end of 2017, 42 (59%) of these 71 patients had died, of which 2 patients had 
documented death due to a cardiac cause. Th e mean time to death aft er initial LVEF 
reduction in these patients was 10 months (range of 1 week to 43 months). Th e mean time 
from cancer diagnosis to cardiac dysfunction was 15±17 months in those that died vs. 
26±30 months in those that survived (p = 0.011). Conclusion: Cardiac dysfunction was 
identifi ed in 3% of patients undergoing serial echo, was associated with high mortality 
(mainly non-cardiac death) and occurred signifi cantly sooner aft er cancer diagnosis in 
those that died.

 

P1-11
The Role of Baseline Transthoracic Echocardiography in 
Predicting Early Adverse Cardiac Events Following Allogeneic 
Hematopoietic Cell Transplantation
Majd A. El-Harasis, Mehrdad Hefazi, William Hogan, Mark R. Litzow, Mrinal 
Patnaik, Joerg Herrmann. Mayo Clinic, Rochester, MN
Background: Allogeneic hematopoietic cell transplantation (HCT) is an increasingly 
utilized treatment option for patients with a variety of hematologic conditions. Th ese 
patients are at increased risk of adverse cardiovascular events, but the incidence and 
risk factors of these events are not well described. Th e majority of patients have a 
transthoracic echocardiogram (TTE) performed as part of the pre-transplant work-
up but the predictive value of this test remains unclear. Methods: Aft er IRB approval, 
medical records of 256 consecutive acute myeloid leukemia (AML) patients that 
underwent HCT at our institution between 2005 and 2015 were reviewed. Data on 
demographics, transplant characteristics, cardiac risk factors, baseline TTE information 
and post-HCT adverse events were collected. Cardiovascular adverse events of grade ≥ 
2 per the CTCAEv.4 criteria were defi ned as early adverse cardiac events (EACE) if they 
occurred within 100 days aft er HCT. Th e primary outcome measure was a composite of 
new diagnosis of heart failure, myocardial infarction, new diagnosis of valvular disease, 
arrhythmias or pericarditis. Results: EACEs were identifi ed in 41 (16%) of the 256 
patients in this study, with no diff erence in the incidence between the myeloablative vs. 
non-myeloablative conditioning regimens. Heart failure was the most common EACE, 
occurring in 7% of the patients. Th is was more commonly new onset heart failure as 
opposed to worsening of existing heart failure (5% vs. 1%, p = 0.01). Fift een patients 
(5%) developed cardiac arrhythmias, while acute coronary syndrome was uncommon 
(1 patient, 0.5%). Pre-transplant ejection fraction (EF) was 60.8±0.39 (mean ± SEM), 
compared to 57.5±1.09 in the 100 days post-transplant (p=0.03). Th e incidence of EACE 
was higher in patients with a baseline EF<50% compared to those with an EF>50% 
(37.5% vs. 14.8%, p=0.03), with a risk ratio of 0.39 (95% CI 0.19-0.80). Th ere was no 
association between baseline RVSP>40 mmHg (p=0.43), baseline diastolic dysfunction 
(p=0.987), mitral regurgitation of any severity (p=0.31), or aortic regurgitation of any 
severity (p=0.19) with the primary composite outcome. A logistic regression model of 
baseline E/A ratio and baseline RSVP as continuous variables did not show a signifi cant 
association with the composite outcome (p = 0.05 and p = 0.2, respectively). Conclusion: 
A baseline EF>50% was associated with a lower risk of adverse cardiovascular events in 
patients with AML following HCT, with other echocardiographic variables studied not 
showing a statistically signifi cant association.
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P1-12
Epidemiology and Outcomes of Transesophageal Echocardiogram 
Con rmed Non-Bacterial Thrombotic Endocarditis in Patients with 
Malignancy with Embolic Cerebrovascular Accidents
Ji Can Yang, Katherine Lee Chuy, Anthony Yu, Simon Mantha, Richard Steingart, 
Dipti Gupta. Memorial Sloan Kettering Cancer Center, New York, NY
Background: Non-Bacterial Th rombotic Endocarditis (NBTE) is associated with 
cerebrovascular accidents (CVA) in patients with malignancy. We sought to study the 
epidemiology and outcomes of patients with cancer who have an CVA in the presence 
of NBTE as diagnosed by transesophageal echocardiogram (TEE). Methods: We 
retrospectively reviewed 63 consecutive TEE cases performed at Memorial Sloan 
Kettering Cancer Center for the indication of embolic stroke in patients with cancer. 
Baseline demographics, clinical and imaging characteristics of the entire cohort were 
recorded. NBTE was defi ned as valvular vegetations in the absence of infectious or 
rheumatologic causes. Th e NBTE and non-NBTE groups were compared for diff erences 
in treatments, recurrent stroke, and mortality. Categorical variables were analyzed with 
Chi-square and Fisher’s exact test while continuous variables were analyzed by Student’s 
t-test. Results: Fourteen of the 63 cancer patients with suspected embolic stroke were 
found to have NBTE (22%). Baseline demographics were similar between patients with 
and without NBTE except history of venous thromboembolism (Table 1) was more 
common in the NBTE-group. Stage IV non-small cell lung cancer was the most common 
malignancy in both groups. Ninety-three percent of patients (13/14) in the NBTE-group 
were treated with systemic anticoagulation; most commonly with low-molecular weight 
heparin compared with only 27% of patients (13/49) in the non-NBTE group. Despite 
anticoagulation, the rate of recurrent stroke in the NBTE group was 29%, compared 
with 12% in the non-NBTE group (p=0.20). Th e 3-month early mortality was higher in 
the NBTE group than in the non-NBTE-group (64% vs 39%, p = 0.09). When present, 
valvular vegetations were found most oft en on the aortic valve (9) followed by the mitral 
valve (5). In the non-NBTE-group the most common TEE fi ndings were PFO/ASD 
(28%), simple/complex aortic plaque (10%), atrial septal aneurysm (2%) and Lambl’s 
excrescence (2%). Conclusion: In this cohort of patients with systemic malignancy, TEE-
confi rmed NBTE was responsible for 1 in 5 cases of embolic strokes. Despite systemic 
anticoagulation, NBTE-group had a high rate of recurrent embolism and a trend toward 
higher short-term mortality compared to the non-NBTE-group.

P1-13
Right Ventricular Regional Remodeling Under Chronic Volume 
Overload in Adults with Atrial Septal Defect Evaluated by Three-
Dimensional Echocardiography 
Dehong Kong, Haohua Yao, Lili Dong, Xianhong Shu. Zhongshan Hospital, 
Fudan University, Shanghai, China
Background: To evaluate right ventricular (RV) regional remodeling under chronic 
volume overload in adults with atrial septal defect (ASD) using real-time three-
dimensional echocardiography (RT3DE). Methods: Th irty consecutive adult patients 
with ASD and catheterization-measured mean pulmonary arterial pressure <25mmHg 
were enrolled. Th irty matched normal adults were included as controls. RT3DE was 
performed to evaluate RV regional end-diastolic volume (EDV) and end-systolic volume 
(ESV) in the infl ow, body and outfl ow compartments. Regional volume percentage was 

calculated as regional volume divided by RV global volume measured by RT3DE. RV 
basal and longitudinal diameter, cardiac output (CO) of the right heart and pulmonary-
to-systemic fl ow (Qp/Qs) ratio were measured by conventional echocardiographic 
method. Results: RT3DE analysis was successfully performed in 97% of the acquired 
images. Th e average ASD diameter was 16 ± 6 mm with left -to-right shunt. RV global and 
regional EDV and ESV in the patients were signifi cantly higher than those in the controls 
(P < 0.001). Regional volume percentage of EDV and ESV in the body compartment 
in the patients was signifi cantly increased (P < 0.05) when compared with the controls. 
Regional volume percentage of EDV in the infl ow compartment and regional volume 
percentage of ESV in the outfl ow compartment were decreased in the patients (P < 0.05). 
Regional EDV in the body compartment was correlated with ASD diameter, CO and Qp/
Qs ratio (r = 0.361 ~ 0.601, P < 0.05). Regional volume percentage of EDV in the body 
compartment was correlated with RV global EDV and RV basal diameter (r = 0.553 and 
0.429, P < 0.05). Conclusion: Chronic volume overload leads to regional remodeling of 
the RV chamber, featuring a remarkable bulge of the body compartment. RT3DE may 
have added value in the evaluation of RV load conditions in adults with ASD.

P1-14
Misclassi cation of Bicuspid Aortic Valves is Common and Varies 
by Imaging Modality and Patient Characteristics
Peyton M. Cramer, Siddharth K. Prakash. University of Texas Health Science 
Center at Houston, Houston, TX
Background: Bicuspid aortic valve (BAV) is the most prevalent adult congenital heart 
defect. BAV causes lifelong progressive disease that is responsible for more than half of 
aortic valve replacement surgeries in adults. Early diagnosis and long-term surveillance 
of BAV patients are essential to prevent complications, but may be compromised by 
misclassifi cation of valve morphology. Methods: Th e UTHealth Bicuspid Aortic Valve 
Registry includes questionnaires, medical records and serial images from 250 participants 
with a mean follow-up of 2.8 years. In all cases, the diagnosis of BAV was confi rmed 
by an expert clinician aft er visual inspection. Descriptions of aortic valve morphology 
were abstracted from transthoracic echocardiography (TTE), transesophageal 
echocardiography (TEE, excluding perioperative studies), computed tomography 
angiography (CT) and magnetic resonance angiography (MR) reports (2.4 +/- 1.4 reports 
per patient). Chi-square and t-tests were used to determine associations between reported 
valve morphologies (defi nitely bicuspid, possibly bicuspid, tricuspid, or uncertain) and 
clinical or patient characteristics. Results: We found that more than 40% (84/204) of 
participants were misclassifi ed in at least one imaging report. Th e mean interval between 
misclassifi cation and correct diagnosis was 22 months (1.6 images, Figure 1). TEE (78%), 
MR (75%) and CT (67%) were more sensitive than TTE (59%) and successfully reclassifi ed 
20% (6/29) of participants, but only 14% (29/204) of the entire cohort were imaged using 
these alternative modalities. Misclassifi cation was linearly associated with age, body mass 
index, the extent of valve calcifi cation and the severity of aortic valvular stenosis, but was 
not signifi cantly associated with aortic regurgitation, gender, prior surgical interventions 
or cusp confi guration (left -right versus all others). Conclusion: Misclassifi cation of BAV 
is prevalent, frequently leads to confl icting and/or delayed diagnosis, and is more likely 
to occur in the most severely aff ected cases. TEE, CT and MR may increase diagnostic 
accuracy in up to half of BAV cases but are underutilized. Additional studies are needed 
to determine if misclassifi cation of BAV patients leads to increased long-term morbidity 
and mortality.

P1-15
The Role of Routine Screening Echocardiography in Bioprosthetic 
Aortic Valves in Adult Congenital Heart Disease
Amir Kazerouninia, Luis Dlouhy, Katherine B. Salciccioli, Wilson W. Lam, 
Wayne J. Franklin, Peter M. Ermis. Baylor College of Medicine, Houston, TX
Background: Valve replacement is common in the estimated two million adults in the 
United States living with congenital heart disease. Many patients choose bioprosthetic 
valves to avoid anticoagulation. Aortic bioprosthetic valve function has been shown to 
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gradually deteriorate over time in older adults, but it is unknown if valve deterioration 
occurs in a similar, predictable manner in adult congenital heart disease (ACHD) 
patients. Discrepancy exists even in existing guidelines for acquired heart disease, with 
AHA/ACC guidelines recommending annual screens starting 10 years postoperatively 
and European guidelines recommending immediate annual screens. No guidelines 
currently exist for routine echocardiograms of these valves in ACHD patients. Methods: 
All patients > 18 years of age with bioprosthetic aortic valves who were seen in the Texas 
Adult Congenital Heart (TACH) clinic aft er 1995 were considered. Patients were excluded 
if they did not have at least one echocardiogram associated with a routine follow-up clinic 
visit. Chart review was performed to determine if patients had cardiovascular symptoms 
and if any actions were taken (further imaging, cardiac catheterization, surgery) based 
on either symptoms or echo results. Results: N=21 patients met inclusion criteria with 
diagnoses of bicuspid aortic valve (n=8), congenital aortic stenosis (n=6), ventricular 
septal defect with aortic insuffi  ciency (n=3), aortic insuffi  ciency with root dilation (n=2), 
endocarditis (n=1), and truncus arteriosus (n=1). Average age at time of initial valve 
replacement was 22.7 years (SD 12.4, range 2-40). Over an average follow up time of 
14.7 years, n=5 patients (23%) developed symptoms requiring intervention an average 
of 10.1 years following valve replacement (SD 6.5, range 5.9-21.4) and n=10 patients 
(45%) had routine echocardiogram fi ndings requiring intervention an average of 7.2 
years following valve replacement (SD 5.7, range 0.6-18.2). 57% (n=12) patients were 
taking aspirin, but this did not correlate with needing intervention. Conclusion: Th e 
appropriate routine screening echocardiogram schedule is unknown for ACHD patients 
with bioprosthetic aortic valves. Th is small, single center study suggests that it may be 
appropriate to follow these patients with routine screening echocardiograms as changes 
in echo can appear sooner than symptoms necessitating intervention. However, given 
this population’s distinct diff erences from adults with acquired heart disease, more data 
from a multi-center study is needed to reliably tailor recommendations about timing of 
routine screening.

P1-16
Outcome of Compression of Left Coronary Artery in Patients 
with Severe Pulmonary Arterial Hypertension Associated with 
Congenital Heart Diseases
Jo Won Jung, Hyuk-Jae Chang, Se Yong Jung, Jae Young Choi, Ah Young Kim, 
Jung Yoon Kim, Yu Lim Shin, Han Ki Park, Young Hwan Park. Yonsei University 
College of Medicine, Seoul, Republic of Korea
Background: Pulmonary artery (PA) dilatation is one of the characteristics of long-lasting 
pulmonary arterial hypertension (PAH). Th e enlarged PA may compress externally the 
left  coronary artery (LCA), which can leads to potentially left  ventricle ischemia and 
sudden cardiac death. However, such complications of PA enlargement in PAH is not 
well documented. We explored the prevalence of compression of LCA related to the 
risk of sudden cardiac death in patients with PAH, and the value of cardiac computed 
tomography (CT) for the detection. As its treatment option for complete resolution, we 
suggest open heart surgery including PA angioplasty in PAH-CHD patients with LCA 
compression. Methods: From Jan. 2010 to Feb. 2017, medical records had retrospectively 
reviewed in PAH adult patients with PA dilatation in short axis view of transthoracic 
echocardiography, those assessed with heart CT angiography and/ orcine-angiography 
with cardiac catheterization. Results: Total 51 patients (mean age 49±13, 33.3% male) 
were enrolled. However, complications associated with PA dilatation were found in 18 
patients (35.1%): LCA compression were in 18 of 51 (35.1%), almost in patients with 
CHD (16 of total 18 patients with LCA compression); PA dissection, 1 of 51; and 
thrombus in PA, 4 of 51. Of total 16 patients with CHD shown LCA compression in 
CT, only 4 patients revealed critical compression of LCA in coronary angiography. One 
patient with severe LCA compression underwent invasive coronary angiography and 
received angioplasty with stent placement at the os of main LCA. In the others, open 
heart surgery for angioplasty of PA reduction and had done successfully. Conclusion: 
Th e complications of PA enlargement related to longstanding PAH was high mostly in 
PAH-CHD. As its treatment for risk eradication, we suggest corrective surgery with main 
PA angioplasty in PAH-CHD patients with LCA compression. Evaluation of LCA using 
CT scanning should be considered in PAH patients with dilated PA in regular followup.

P1-17
Coronary Anomalies in Patients with Bicuspid Aortic Valves: 
Comparison with Tricuspid Aortic Valve
Margaret Fuchs1, Tanya Tajouri2, Rajiv Gulati1, Kyle Klarich1, Hector Michelena1. 
1Mayo Clinic, Rochester, MN; 2North Ohio Heart, Elyria, OH
Background: Patients with bicuspid aortic valve (BAV) may have increased prevalence 
of coronary anomalies. Th e relationship between BAV anatomy and coronary anatomy 
is not well understood. We studied a large cohort of patients with BAV and tricuspid 
aortic valve (TAV) to investigate coronary anatomy. Methods: Retrospective review of 
patients with surgically excised BAV or TAV was performed from 1994-2015. Clinical 
notes, echocardiograms, coronary angiograms, and pathology reports were studied. 
Coronary anomalies were defi ned as separate ostia of the left  anterior descending (LAD) 
and left  circumfl ex (LCx) arteries, right coronary artery (RCA) from the left  cusp, LCx 
from the right cusp, and LAD from the right cusp. Results: 2108 consecutive patients 

with surgically excised BAV and 1976 consecutive patients with surgically excised TAV 
were identifi ed. Of these cohorts, 1028 bicuspid patients and 1362 tricuspid patients had 
preoperative coronary angiogram and were studied further. A left  dominant coronary 
circulation was appreciated in 194 (19%) patients with BAV, and 136 (10%) patients 
with TAV (p<0.001). Coronary anomalies were identifi ed in 21 (2%) bicuspid and 11 
(0.8%) tricuspid patients (p=0.012). Amongst patients with BAV and coronary anomaly, 
the most common cusp fusion pattern was right-left  fusion (n=18, 86%), and most of 
these valves had present raphe (n=16, 76%). Coronary anomalies in bicuspid patients 
were separate ostia (n=3, 14%), RCA from the left  cusp (n=5, 24%), LCx from the right 
cusp (n=7, 33%), and LAD from the right cusp (n=6, 29%). Anomalies in the tricuspid 
group were RCA from the left  cusp and LCx from the right cusp, with four patients (36%) 
each, and LAD from the right cusp (n=3, 27%). No patients with coronary anomaly had 
an adverse surgical event related to the anomalous coronary artery. Conclusions: Patients 
with BAV have a higher prevalence of left  dominant circulation and coronary artery 
anomalies as compared to TAV patients. Th e most prevalent BAV anatomy was right-
left  cusp fusion and present raphe. All patterns of coronary anomaly were represented 
in BAV patients. Although no patient in our cohort with an anomalous coronary had a 
related perioperative event, the increased prevalence of coronary anomalies in this group 
emphasizes the importance of defi ning coronary anatomy in all BAV patients prior to 
surgical intervention.

P1-18
Speckle Tracking Echocardiography Detects Early Myocardial 
Dysfunction in Young Patients with Duchenne Muscular Dystrophy 
Katherine DeWeert, Nazia Husain, Katheryn Gambetta, Amanda Hauck. Lurie 
Children‘s Hospital of Chicago, Chicago, IL
Background: Progressive cardiac dysfunction in Duchenne muscular dystrophy (DMD) 
is a major cause of mortality. Most DMD patients develop cardiomyopathic features by 
the third decade. Early diagnosis and subsequent medical management may slow disease 
progression. Subclinical abnormalities in ventricular mechanics have been demonstrated 
by echocardiography and MRI strain imaging in pre-teen/teenage children with DMD; 
however, there is no data focused specifi cally in young children. We hypothesized that 
LV mechanics assessed by echocardiography are abnormal in young patients with DMD. 
We evaluated the feasibility of measuring longitudinal and circumferential strain in 
this group. Methods: Patients aged ≤ 9 years with genetically proven DMD and normal 
ventricular function on initial echocardiogram from 2008-2017 were retrospectively 
reviewed and compared to age and size matched healthy controls. Longitudinal strain 
in the apical-2 (A2C), apical 3 (A3C), and apical 4 chamber (A4C) views, global 
longitudinal strain (GLS), and circumferential strain at the level of the papillary muscles 
were measured using Tomtec 2D CPA v 4.6. Variables were compared between groups 
using t-test or Mann-Whitney U test. Results: Forty-four DMD patients (age 6.5 +/- 2.2 
years) and 46 controls (5.8 +/-2.4 years) were evaluated. Ejection fraction was normal 
in all patients with DMD but lower than controls (63.3 +/-4% vs 67 +/-4%, p < 0.01). In 
DMD vs controls, longitudinal strain was measurable in 93% vs 100% of A4C views, 67% 
vs 83% of A3C views and 71% vs 85% of A2C views respectively. Circumferential strain 
was calculable in 86% of DMD and 93% of controls. Longitudinal strain in all planes 
was signifi cantly reduced in DMD when compared to controls (p <0.01 for all): A4C 
-19.6% [-20.3, -18.9] vs -25.8% [-26.9, -24.6], A3C -19.1% [-20.4, -17.7] vs -25.75% [-26.4, 
-24] and A2C -19.8% [-20.5, -18.6] vs -25.0% [-26, -23.9]. GLS was reduced in DMD 
when compared to controls -19.65% [-20.12, -18.25] vs -25.2% [-25.2,-24.4] p <0.01. 
Circumferential strain was also signifi cantly reduced in DMD vs controls, -25.75% [-32.6, 
-28.8] vs -30.6% [-26.6, -24.6], p <0.01). Conclusions: Despite normal standard measures 
of left  ventricular function, young patients with DMD already have signifi cantly reduced 
strain when compared to healthy controls. Earlier detection of cardiac involvement in 
DMD may aff ect management and disease progression. Larger studies with longitudinal 
follow-up are necessary to determine the clinical signifi cance of these fi ndings.

P1-19
Prognostic Signi cance of Tissue Doppler Imaging Derived 
Myocardial Performance Index in Pediatric Patients with Dilated 
Cardiomyopathy
Lydia Wright1,2, Falon McGaughy2, Curtis Travers1, William L. Border1,2, Ritu 
Sachdeva1,2. 1Emory University, Atlanta, GA; 2Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA
Background: Tissue Doppler (TDI) derived myocardial performance index (MPI) is a 
marker of global cardiac function. Studies in adults with heart failure have shown that 
global TDI-derived MPI is a powerful predictor of cardiovascular mortality. However, 
there is a paucity of data for its use in children. We sought to determine the prognostic 
signifi cance of TDI-MPI at the time of diagnosis of dilated cardiomyopathy (DCM) in 
children. Methods: Patients aged <18 years diagnosed with DCM at our center were 
included along with age and sex-matched healthy controls. Th e fi rst echo at diagnosis 
was analyzed off -line to obtain standard measures of left  ventricular (LV) function, Pulse-
wave Doppler-derived MPI (PW-MPI), and septal TDI-MPI. Control patients’ data were 
used to produce MPI z-scores. Outcomes included end-points of death, ventricular assist 
device or transplant. Time to outcome was analyzed using Kaplan-Meier curves stratifi ed 
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at z- scores ≥ 2. Inter-rater reliability for TDI-MPI was tested in 17 subjects (12 DCM, 
5 controls). Results: Th e study included 80 patients with DCM (median age 2 years, 
38 males) and 80 controls. During a median follow-up of 194 days (IQR 41 - 846), 37 
had event-free survival, 16 underwent a ventricular assist device, 21 cardiac transplant, 
and 6 died. Th e mean LV shortening fraction was 13.5% ± 6.5% and LV end diastolic 
dimension z-score was 5.74 ± 3.60 at diagnosis. Th ere was good inter-observer reliability 
for TDI-MPI [ICC 0.89 (0.79, 0.94)]. Th e mean septal TDI-MPI for cases was 0.70 ± 
0.23 vs 0.45 ± 0.9 for controls, p <0.001. Event-free survivors had higher LV shortening 
fraction (p=0.004) and septal S’ (p=0.041) compared to those with events. TDI-MPI 
≥ 0.63 (z-score > 2) was present in 46% of event-free survivors vs 67.4% with events 
(p=0.053) and PW-MPI ≥ 0.62 (z-score > 2) was present in 44% of event free-survivors vs 
62% with events (p=0.128). Survival analysis showed that those with TDI-MPI z-scores ≥ 
2 develop their events signifi cantly earlier than those with z-score < 2 (p=0.020, fi gure). 
Conclusion: TDI-MPI can be reliably performed in pediatric patients with DCM. A TDI-
MPI z-score > 2 at the time of diagnosis may be associated with poorer outcome. Further 
studies evaluating the use of TDI-MPI in longitudinal follow-up of patients with DCM 
may be helpful in defi ning its clinical use.

P1-20
Impact of Early Versus Late Onset Fetal Atrial Level Restriction 
on Postnatal Transplant-Free Survival in Hypoplastic Left Heart 
Syndrome: A Single-Center Study of Fetal Echocardiograms
Sarah R. Fuchs, Ann Kavanaugh-McHugh, Stacy A. S. Killen. Vanderbilt 
University Medical Center, Nashville, TN
Background - In hypoplastic left  heart syndrome (HLHS), restrictive atrial septum (RAS) 
identifi ed on fetal echocardiogram (ECHO) is associated with poor postnatal survival in 
part from in utero pulmonary venous hypertension. Diagnosis of atrial level restriction 
on fetal ECHO has signifi cant implications for prenatal counseling, delivery planning, 
and postnatal management. We aimed to determine if the gestational age at which 
atrial level restriction develops, as determined by fetal ECHO, correlates with postnatal 
outcomes. Methods - We performed a retrospective review of serial fetal ECHOs with 
prenatal diagnosis of HLHS from 1/2004 to 7/2017 combined with respective postnatal 
records until 1/20/2018. In utero concern for RAS was defi ned as intact atrial septum, 
anterograde:retrograde pulmonary vein Doppler <3, and/or presence of a decompressing 
vein. Based on previously published fetal lung maturation data, a gestational age of 30 
weeks was a priori chosen to defi ne early-onset (EOS, <30 weeks) RAS versus late-onset 
(LOS, ≥30 weeks) RAS. Gestational age at the fi rst fetal ECHO with RAS determined EOS 
RAS or LOS RAS status. Survival analysis was used to evaluate the relationship between 
timing of ECHO fi ndings of fetal RAS and post-natal transplant-free survival. Results 
- A total of 129 HLHS prenatal courses were reviewed, of which 18 fetuses had ECHO 
fi ndings of RAS. All 18 patients were delivered successfully and 10 (55.6%) required 
emergent postnatal interventions, consisting of percutaneous balloon atrial septostomy 
or emergent stage 1 palliation surgery. Th e median gestational age of initial fetal ECHO 
was 23.9 weeks (interquartile range 22.2-26.6 weeks) and the median gestational age of the 
fi rst fetal ECHO with RAS was 28.1 weeks (interquartile range 24.4-30.4 weeks). A total of 
13 patients were considered EOS RAS and 5 patients were LOS RAS. Th e transplant-free 
survival curve for patients with fetal ECHO fi ndings of EOS RAS was signifi cantly worse 
than for those with LOS RAS, p-value<0.05 (fi gure 1). Conclusion - HLHS with RAS 
diagnosed prenatally has known poor postnatal outcomes. To our knowledge, this is the 
fi rst study to show that ECHO fi ndings consistent with RAS earlier in fetal development 
are associated with worse transplant-free survival.

P1-21
Early Fetal Echocardiography Can Identify Most Severe Cardiac 
Pathology
Kim Haberer, Angela McBrien, Aisling Young, Luke Eckersley, Timothy M. 
Colen, Winnie Savard, Lisa K. Hornberger. University of Alberta, Edmonton, AB, 
Canada
Background: Fetal echocardiography in early gestation (9-15 weeks) enables detailed 
assessment of the heart, facilitating diagnosis of congenital heart disease (CHD). Our 
aim was to defi ne the spectrum of pathology of CHD diagnosed in early pregnancy, 
examine outcomes, and better defi ne which lesions are missed. Methods: We searched 
our institutional Fetal Cardiology database retrospectively. Patients with pathology who 
underwent early fetal echo (eFE) at 15 weeks or less were included. Fetal echocardiograms 
and patient charts were reviewed for diagnosis and pregnancy outcome. Results: Of ~600 
consecutive pregnancies assessed by eFE, 47 cases with CHD were identifi ed. Th e median 
gestational age at fi rst echocardiogram was 13 weeks (range 9-15). Referral indications 
included increased nuchal translucency (n=20), assisted fertilization (n=9), previous 
child with CHD (n=2), suspected cardiac pathology (n=7), positive genetic testing 
(n=2) and other (n=7). In 37 cases, CHD was identifi ed on eFE, including: coarctation 
(n= 10), hypoplastic left  heart (n= 5), tetralogy of Fallot (TOF) (n=5), atrioventricular 
septal defect (AVSD) (n=2), ectopia cordis (n= 4), double inlet left  ventricle (n=2), left  
atrial Isomerism (n=1), pulmonary stenosis (n= 2), truncus arteriosus with interrupted 
arch (n= 1), severe bilateral semilunar valve insuffi  ciency (n=1), conjoined twins (at 
thorax) (n= 1), ventricular septal defect (VSD) (n= 1), corrected transposition (n=1), 
and supraventricular tachycardia (n=1). Th ose identifi ed at later gestation included: VSD 
(n=7), noncritical TOF (n=1), AVSD (n=1), and 2° AV block (n=1). Genetic information 
was available for 32 patients and chromosomal abnormalities were found in 16 (50%). 
Seven pregnancies were multiple gestation. Pregnancy termination occurred in 21 (45%) 
and 6 had intrauterine fetal demise, all 27 of which were identifi ed by eFE. Of these, 10 
had either a later fetal echo or autopsy confi rmation of the detailed diagnosis. Th ere were 
20 live births for which information was available in 19. In 16 patients, including 9 with 
a diagnosis at eFE, the diagnosis was confi rmed postnatally. One patient with suspected 
coarctation in the 1st and 2nd trimester had a normal aortic arch. Two patients had VSDs 
that were not detected on fetal echo at any age. Conclusions: eFE is eff ective at identifying 
most cases of severe CHD. Lesions diagnosed in the fi rst trimester are more likely to be 
associated with chromosomal anomalies and have a high rate of pregnancy termination 
and intrauterine fetal demise. CHD not identifi ed by eFE represented non-critical or 
acquired pathology

P1-22
Left Atrial Strain is Impaired in Childhood Cancer Survivors 
Exposed to Anthracyclines
Robert W. Loar, John L. Colquitt, Douglas K. Feagin, Cory V. Noel, James C. 
Wilkinson, Hari P. Tunuguntla, Ricardo H. Pignatelli. Texas Children‘s Hospital/
Baylor College of Medicine, Houston, TX
Background: Cancer survivors require regular screening for systolic dysfunction due to 
cardiotoxicity. We hypothesized that diastolic function as measured by left  atrial strain 
(ℇ), is 1) impaired in survivors compared to normals, and 2) further impaired in survivors 
with at least subclinical systolic dysfunction. Methods: Th is was a prospective study of 
survivors of childhood cancer exposed to anthracycline and a group of healthy controls 
of similar age and gender proportion. Left  atrial ℇ and strain rate (SR) was averaged from 
4- and 2-chamber views with the P-wave as reference. Peak ℇ and SR was recorded at left  
atrial contraction (Contract), atrial fi lling (Fill), and passive emptying (Passive) phases. 
Mitral E/A and E/e’ ratios, left  ventricular ejection fraction and global longitudinal strain 
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gradually deteriorate over time in older adults, but it is unknown if valve deterioration 
occurs in a similar, predictable manner in adult congenital heart disease (ACHD) 
patients. Discrepancy exists even in existing guidelines for acquired heart disease, with 
AHA/ACC guidelines recommending annual screens starting 10 years postoperatively 
and European guidelines recommending immediate annual screens. No guidelines 
currently exist for routine echocardiograms of these valves in ACHD patients. Methods: 
All patients > 18 years of age with bioprosthetic aortic valves who were seen in the Texas 
Adult Congenital Heart (TACH) clinic aft er 1995 were considered. Patients were excluded 
if they did not have at least one echocardiogram associated with a routine follow-up clinic 
visit. Chart review was performed to determine if patients had cardiovascular symptoms 
and if any actions were taken (further imaging, cardiac catheterization, surgery) based 
on either symptoms or echo results. Results: N=21 patients met inclusion criteria with 
diagnoses of bicuspid aortic valve (n=8), congenital aortic stenosis (n=6), ventricular 
septal defect with aortic insuffi  ciency (n=3), aortic insuffi  ciency with root dilation (n=2), 
endocarditis (n=1), and truncus arteriosus (n=1). Average age at time of initial valve 
replacement was 22.7 years (SD 12.4, range 2-40). Over an average follow up time of 
14.7 years, n=5 patients (23%) developed symptoms requiring intervention an average 
of 10.1 years following valve replacement (SD 6.5, range 5.9-21.4) and n=10 patients 
(45%) had routine echocardiogram fi ndings requiring intervention an average of 7.2 
years following valve replacement (SD 5.7, range 0.6-18.2). 57% (n=12) patients were 
taking aspirin, but this did not correlate with needing intervention. Conclusion: Th e 
appropriate routine screening echocardiogram schedule is unknown for ACHD patients 
with bioprosthetic aortic valves. Th is small, single center study suggests that it may be 
appropriate to follow these patients with routine screening echocardiograms as changes 
in echo can appear sooner than symptoms necessitating intervention. However, given 
this population’s distinct diff erences from adults with acquired heart disease, more data 
from a multi-center study is needed to reliably tailor recommendations about timing of 
routine screening.

P1-16
Outcome of Compression of Left Coronary Artery in Patients 
with Severe Pulmonary Arterial Hypertension Associated with 
Congenital Heart Diseases
Jo Won Jung, Hyuk-Jae Chang, Se Yong Jung, Jae Young Choi, Ah Young Kim, 
Jung Yoon Kim, Yu Lim Shin, Han Ki Park, Young Hwan Park. Yonsei University 
College of Medicine, Seoul, Republic of Korea
Background: Pulmonary artery (PA) dilatation is one of the characteristics of long-lasting 
pulmonary arterial hypertension (PAH). Th e enlarged PA may compress externally the 
left  coronary artery (LCA), which can leads to potentially left  ventricle ischemia and 
sudden cardiac death. However, such complications of PA enlargement in PAH is not 
well documented. We explored the prevalence of compression of LCA related to the 
risk of sudden cardiac death in patients with PAH, and the value of cardiac computed 
tomography (CT) for the detection. As its treatment option for complete resolution, we 
suggest open heart surgery including PA angioplasty in PAH-CHD patients with LCA 
compression. Methods: From Jan. 2010 to Feb. 2017, medical records had retrospectively 
reviewed in PAH adult patients with PA dilatation in short axis view of transthoracic 
echocardiography, those assessed with heart CT angiography and/ orcine-angiography 
with cardiac catheterization. Results: Total 51 patients (mean age 49±13, 33.3% male) 
were enrolled. However, complications associated with PA dilatation were found in 18 
patients (35.1%): LCA compression were in 18 of 51 (35.1%), almost in patients with 
CHD (16 of total 18 patients with LCA compression); PA dissection, 1 of 51; and 
thrombus in PA, 4 of 51. Of total 16 patients with CHD shown LCA compression in 
CT, only 4 patients revealed critical compression of LCA in coronary angiography. One 
patient with severe LCA compression underwent invasive coronary angiography and 
received angioplasty with stent placement at the os of main LCA. In the others, open 
heart surgery for angioplasty of PA reduction and had done successfully. Conclusion: 
Th e complications of PA enlargement related to longstanding PAH was high mostly in 
PAH-CHD. As its treatment for risk eradication, we suggest corrective surgery with main 
PA angioplasty in PAH-CHD patients with LCA compression. Evaluation of LCA using 
CT scanning should be considered in PAH patients with dilated PA in regular followup.

P1-17
Coronary Anomalies in Patients with Bicuspid Aortic Valves: 
Comparison with Tricuspid Aortic Valve
Margaret Fuchs1, Tanya Tajouri2, Rajiv Gulati1, Kyle Klarich1, Hector Michelena1. 
1Mayo Clinic, Rochester, MN; 2North Ohio Heart, Elyria, OH
Background: Patients with bicuspid aortic valve (BAV) may have increased prevalence 
of coronary anomalies. Th e relationship between BAV anatomy and coronary anatomy 
is not well understood. We studied a large cohort of patients with BAV and tricuspid 
aortic valve (TAV) to investigate coronary anatomy. Methods: Retrospective review of 
patients with surgically excised BAV or TAV was performed from 1994-2015. Clinical 
notes, echocardiograms, coronary angiograms, and pathology reports were studied. 
Coronary anomalies were defi ned as separate ostia of the left  anterior descending (LAD) 
and left  circumfl ex (LCx) arteries, right coronary artery (RCA) from the left  cusp, LCx 
from the right cusp, and LAD from the right cusp. Results: 2108 consecutive patients 

with surgically excised BAV and 1976 consecutive patients with surgically excised TAV 
were identifi ed. Of these cohorts, 1028 bicuspid patients and 1362 tricuspid patients had 
preoperative coronary angiogram and were studied further. A left  dominant coronary 
circulation was appreciated in 194 (19%) patients with BAV, and 136 (10%) patients 
with TAV (p<0.001). Coronary anomalies were identifi ed in 21 (2%) bicuspid and 11 
(0.8%) tricuspid patients (p=0.012). Amongst patients with BAV and coronary anomaly, 
the most common cusp fusion pattern was right-left  fusion (n=18, 86%), and most of 
these valves had present raphe (n=16, 76%). Coronary anomalies in bicuspid patients 
were separate ostia (n=3, 14%), RCA from the left  cusp (n=5, 24%), LCx from the right 
cusp (n=7, 33%), and LAD from the right cusp (n=6, 29%). Anomalies in the tricuspid 
group were RCA from the left  cusp and LCx from the right cusp, with four patients (36%) 
each, and LAD from the right cusp (n=3, 27%). No patients with coronary anomaly had 
an adverse surgical event related to the anomalous coronary artery. Conclusions: Patients 
with BAV have a higher prevalence of left  dominant circulation and coronary artery 
anomalies as compared to TAV patients. Th e most prevalent BAV anatomy was right-
left  cusp fusion and present raphe. All patterns of coronary anomaly were represented 
in BAV patients. Although no patient in our cohort with an anomalous coronary had a 
related perioperative event, the increased prevalence of coronary anomalies in this group 
emphasizes the importance of defi ning coronary anatomy in all BAV patients prior to 
surgical intervention.

P1-18
Speckle Tracking Echocardiography Detects Early Myocardial 
Dysfunction in Young Patients with Duchenne Muscular Dystrophy 
Katherine DeWeert, Nazia Husain, Katheryn Gambetta, Amanda Hauck. Lurie 
Children‘s Hospital of Chicago, Chicago, IL
Background: Progressive cardiac dysfunction in Duchenne muscular dystrophy (DMD) 
is a major cause of mortality. Most DMD patients develop cardiomyopathic features by 
the third decade. Early diagnosis and subsequent medical management may slow disease 
progression. Subclinical abnormalities in ventricular mechanics have been demonstrated 
by echocardiography and MRI strain imaging in pre-teen/teenage children with DMD; 
however, there is no data focused specifi cally in young children. We hypothesized that 
LV mechanics assessed by echocardiography are abnormal in young patients with DMD. 
We evaluated the feasibility of measuring longitudinal and circumferential strain in 
this group. Methods: Patients aged ≤ 9 years with genetically proven DMD and normal 
ventricular function on initial echocardiogram from 2008-2017 were retrospectively 
reviewed and compared to age and size matched healthy controls. Longitudinal strain 
in the apical-2 (A2C), apical 3 (A3C), and apical 4 chamber (A4C) views, global 
longitudinal strain (GLS), and circumferential strain at the level of the papillary muscles 
were measured using Tomtec 2D CPA v 4.6. Variables were compared between groups 
using t-test or Mann-Whitney U test. Results: Forty-four DMD patients (age 6.5 +/- 2.2 
years) and 46 controls (5.8 +/-2.4 years) were evaluated. Ejection fraction was normal 
in all patients with DMD but lower than controls (63.3 +/-4% vs 67 +/-4%, p < 0.01). In 
DMD vs controls, longitudinal strain was measurable in 93% vs 100% of A4C views, 67% 
vs 83% of A3C views and 71% vs 85% of A2C views respectively. Circumferential strain 
was calculable in 86% of DMD and 93% of controls. Longitudinal strain in all planes 
was signifi cantly reduced in DMD when compared to controls (p <0.01 for all): A4C 
-19.6% [-20.3, -18.9] vs -25.8% [-26.9, -24.6], A3C -19.1% [-20.4, -17.7] vs -25.75% [-26.4, 
-24] and A2C -19.8% [-20.5, -18.6] vs -25.0% [-26, -23.9]. GLS was reduced in DMD 
when compared to controls -19.65% [-20.12, -18.25] vs -25.2% [-25.2,-24.4] p <0.01. 
Circumferential strain was also signifi cantly reduced in DMD vs controls, -25.75% [-32.6, 
-28.8] vs -30.6% [-26.6, -24.6], p <0.01). Conclusions: Despite normal standard measures 
of left  ventricular function, young patients with DMD already have signifi cantly reduced 
strain when compared to healthy controls. Earlier detection of cardiac involvement in 
DMD may aff ect management and disease progression. Larger studies with longitudinal 
follow-up are necessary to determine the clinical signifi cance of these fi ndings.

P1-19
Prognostic Signi cance of Tissue Doppler Imaging Derived 
Myocardial Performance Index in Pediatric Patients with Dilated 
Cardiomyopathy
Lydia Wright1,2, Falon McGaughy2, Curtis Travers1, William L. Border1,2, Ritu 
Sachdeva1,2. 1Emory University, Atlanta, GA; 2Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA
Background: Tissue Doppler (TDI) derived myocardial performance index (MPI) is a 
marker of global cardiac function. Studies in adults with heart failure have shown that 
global TDI-derived MPI is a powerful predictor of cardiovascular mortality. However, 
there is a paucity of data for its use in children. We sought to determine the prognostic 
signifi cance of TDI-MPI at the time of diagnosis of dilated cardiomyopathy (DCM) in 
children. Methods: Patients aged <18 years diagnosed with DCM at our center were 
included along with age and sex-matched healthy controls. Th e fi rst echo at diagnosis 
was analyzed off -line to obtain standard measures of left  ventricular (LV) function, Pulse-
wave Doppler-derived MPI (PW-MPI), and septal TDI-MPI. Control patients’ data were 
used to produce MPI z-scores. Outcomes included end-points of death, ventricular assist 
device or transplant. Time to outcome was analyzed using Kaplan-Meier curves stratifi ed 
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at z- scores ≥ 2. Inter-rater reliability for TDI-MPI was tested in 17 subjects (12 DCM, 
5 controls). Results: Th e study included 80 patients with DCM (median age 2 years, 
38 males) and 80 controls. During a median follow-up of 194 days (IQR 41 - 846), 37 
had event-free survival, 16 underwent a ventricular assist device, 21 cardiac transplant, 
and 6 died. Th e mean LV shortening fraction was 13.5% ± 6.5% and LV end diastolic 
dimension z-score was 5.74 ± 3.60 at diagnosis. Th ere was good inter-observer reliability 
for TDI-MPI [ICC 0.89 (0.79, 0.94)]. Th e mean septal TDI-MPI for cases was 0.70 ± 
0.23 vs 0.45 ± 0.9 for controls, p <0.001. Event-free survivors had higher LV shortening 
fraction (p=0.004) and septal S’ (p=0.041) compared to those with events. TDI-MPI 
≥ 0.63 (z-score > 2) was present in 46% of event-free survivors vs 67.4% with events 
(p=0.053) and PW-MPI ≥ 0.62 (z-score > 2) was present in 44% of event free-survivors vs 
62% with events (p=0.128). Survival analysis showed that those with TDI-MPI z-scores ≥ 
2 develop their events signifi cantly earlier than those with z-score < 2 (p=0.020, fi gure). 
Conclusion: TDI-MPI can be reliably performed in pediatric patients with DCM. A TDI-
MPI z-score > 2 at the time of diagnosis may be associated with poorer outcome. Further 
studies evaluating the use of TDI-MPI in longitudinal follow-up of patients with DCM 
may be helpful in defi ning its clinical use.

P1-20
Impact of Early Versus Late Onset Fetal Atrial Level Restriction 
on Postnatal Transplant-Free Survival in Hypoplastic Left Heart 
Syndrome: A Single-Center Study of Fetal Echocardiograms
Sarah R. Fuchs, Ann Kavanaugh-McHugh, Stacy A. S. Killen. Vanderbilt 
University Medical Center, Nashville, TN
Background - In hypoplastic left  heart syndrome (HLHS), restrictive atrial septum (RAS) 
identifi ed on fetal echocardiogram (ECHO) is associated with poor postnatal survival in 
part from in utero pulmonary venous hypertension. Diagnosis of atrial level restriction 
on fetal ECHO has signifi cant implications for prenatal counseling, delivery planning, 
and postnatal management. We aimed to determine if the gestational age at which 
atrial level restriction develops, as determined by fetal ECHO, correlates with postnatal 
outcomes. Methods - We performed a retrospective review of serial fetal ECHOs with 
prenatal diagnosis of HLHS from 1/2004 to 7/2017 combined with respective postnatal 
records until 1/20/2018. In utero concern for RAS was defi ned as intact atrial septum, 
anterograde:retrograde pulmonary vein Doppler <3, and/or presence of a decompressing 
vein. Based on previously published fetal lung maturation data, a gestational age of 30 
weeks was a priori chosen to defi ne early-onset (EOS, <30 weeks) RAS versus late-onset 
(LOS, ≥30 weeks) RAS. Gestational age at the fi rst fetal ECHO with RAS determined EOS 
RAS or LOS RAS status. Survival analysis was used to evaluate the relationship between 
timing of ECHO fi ndings of fetal RAS and post-natal transplant-free survival. Results 
- A total of 129 HLHS prenatal courses were reviewed, of which 18 fetuses had ECHO 
fi ndings of RAS. All 18 patients were delivered successfully and 10 (55.6%) required 
emergent postnatal interventions, consisting of percutaneous balloon atrial septostomy 
or emergent stage 1 palliation surgery. Th e median gestational age of initial fetal ECHO 
was 23.9 weeks (interquartile range 22.2-26.6 weeks) and the median gestational age of the 
fi rst fetal ECHO with RAS was 28.1 weeks (interquartile range 24.4-30.4 weeks). A total of 
13 patients were considered EOS RAS and 5 patients were LOS RAS. Th e transplant-free 
survival curve for patients with fetal ECHO fi ndings of EOS RAS was signifi cantly worse 
than for those with LOS RAS, p-value<0.05 (fi gure 1). Conclusion - HLHS with RAS 
diagnosed prenatally has known poor postnatal outcomes. To our knowledge, this is the 
fi rst study to show that ECHO fi ndings consistent with RAS earlier in fetal development 
are associated with worse transplant-free survival.

P1-21
Early Fetal Echocardiography Can Identify Most Severe Cardiac 
Pathology
Kim Haberer, Angela McBrien, Aisling Young, Luke Eckersley, Timothy M. 
Colen, Winnie Savard, Lisa K. Hornberger. University of Alberta, Edmonton, AB, 
Canada
Background: Fetal echocardiography in early gestation (9-15 weeks) enables detailed 
assessment of the heart, facilitating diagnosis of congenital heart disease (CHD). Our 
aim was to defi ne the spectrum of pathology of CHD diagnosed in early pregnancy, 
examine outcomes, and better defi ne which lesions are missed. Methods: We searched 
our institutional Fetal Cardiology database retrospectively. Patients with pathology who 
underwent early fetal echo (eFE) at 15 weeks or less were included. Fetal echocardiograms 
and patient charts were reviewed for diagnosis and pregnancy outcome. Results: Of ~600 
consecutive pregnancies assessed by eFE, 47 cases with CHD were identifi ed. Th e median 
gestational age at fi rst echocardiogram was 13 weeks (range 9-15). Referral indications 
included increased nuchal translucency (n=20), assisted fertilization (n=9), previous 
child with CHD (n=2), suspected cardiac pathology (n=7), positive genetic testing 
(n=2) and other (n=7). In 37 cases, CHD was identifi ed on eFE, including: coarctation 
(n= 10), hypoplastic left  heart (n= 5), tetralogy of Fallot (TOF) (n=5), atrioventricular 
septal defect (AVSD) (n=2), ectopia cordis (n= 4), double inlet left  ventricle (n=2), left  
atrial Isomerism (n=1), pulmonary stenosis (n= 2), truncus arteriosus with interrupted 
arch (n= 1), severe bilateral semilunar valve insuffi  ciency (n=1), conjoined twins (at 
thorax) (n= 1), ventricular septal defect (VSD) (n= 1), corrected transposition (n=1), 
and supraventricular tachycardia (n=1). Th ose identifi ed at later gestation included: VSD 
(n=7), noncritical TOF (n=1), AVSD (n=1), and 2° AV block (n=1). Genetic information 
was available for 32 patients and chromosomal abnormalities were found in 16 (50%). 
Seven pregnancies were multiple gestation. Pregnancy termination occurred in 21 (45%) 
and 6 had intrauterine fetal demise, all 27 of which were identifi ed by eFE. Of these, 10 
had either a later fetal echo or autopsy confi rmation of the detailed diagnosis. Th ere were 
20 live births for which information was available in 19. In 16 patients, including 9 with 
a diagnosis at eFE, the diagnosis was confi rmed postnatally. One patient with suspected 
coarctation in the 1st and 2nd trimester had a normal aortic arch. Two patients had VSDs 
that were not detected on fetal echo at any age. Conclusions: eFE is eff ective at identifying 
most cases of severe CHD. Lesions diagnosed in the fi rst trimester are more likely to be 
associated with chromosomal anomalies and have a high rate of pregnancy termination 
and intrauterine fetal demise. CHD not identifi ed by eFE represented non-critical or 
acquired pathology

P1-22
Left Atrial Strain is Impaired in Childhood Cancer Survivors 
Exposed to Anthracyclines
Robert W. Loar, John L. Colquitt, Douglas K. Feagin, Cory V. Noel, James C. 
Wilkinson, Hari P. Tunuguntla, Ricardo H. Pignatelli. Texas Children‘s Hospital/
Baylor College of Medicine, Houston, TX
Background: Cancer survivors require regular screening for systolic dysfunction due to 
cardiotoxicity. We hypothesized that diastolic function as measured by left  atrial strain 
(ℇ), is 1) impaired in survivors compared to normals, and 2) further impaired in survivors 
with at least subclinical systolic dysfunction. Methods: Th is was a prospective study of 
survivors of childhood cancer exposed to anthracycline and a group of healthy controls 
of similar age and gender proportion. Left  atrial ℇ and strain rate (SR) was averaged from 
4- and 2-chamber views with the P-wave as reference. Peak ℇ and SR was recorded at left  
atrial contraction (Contract), atrial fi lling (Fill), and passive emptying (Passive) phases. 
Mitral E/A and E/e’ ratios, left  ventricular ejection fraction and global longitudinal strain 
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(GLS) were collected. Cancer survivors with at least subclinical dysfunction, defi ned 
as having abnormal GLS for age group, were compared to survivors with normal GLS. 
Variables are reported as mean ± standard deviation and compared by Wilcoxon rank 
sum test. Results: Th ere were 56 survivors (age 13.4 ± 5.2 years, 52% male, 6.0 ± 4.9 years 
from end of treatment) compared to 23 controls (age 12.2 ± 3.9 years, 56% male) (Table 
1). Th ere was no diff erence in mitral Doppler ratios. Survivors had lower ejection fraction 
and the diff erence in GLS approached signifi cance. All 3 values for left  atrial ℇ, SR-Fill, SR-
Passive, and cumulative SR were signifi cantly worse in survivors. Th ere were 17 survivors 
(30%) with abnormal GLS for age. Th ese patients had worse ℇ-Fill and ℇ-Passive, SR-Fill 
and SR-Passive, and cumulative SR than survivors with normal GLS (Table 2). Mitral 
E/A was lower, though still considered within normal range while E/e’ was no diff erent. 
Conclusions: Left  atrial ℇ and SR is impaired in cancer survivors compared to normal 
and is further deranged in the presence of subclinical systolic dysfunction. Left  atrial 
strain appears superior to mitral Doppler indices and may enhance detection of diastolic 
dysfunction in this population.

P1-23
Intervendor Reproducibility of Global Left Ventricular 2D Speckle 
Tracking Strain in the Structurally Normal Heart in Infants and 
Children
Sandhya R. Ramlogan1, Doaa M. Aly2, Rita France2, Stephanie Schmidt3, Ashley 
Sherman2, Suma Goudar2, Girish S. Shirali2, Daniel Forsha2. 1Children‘s Hospital 
Pittsburgh, Pittsburgh, PA; 2Children‘s Mercy, Kansas City, MO; 3University of 
Minnesota Masonic Children’s Hospital, Minnesota, MN
Background: Clinical adoption of 2D speckle strain echocardiography (echo) in pediatrics 
is limited due to the lack of evidence proving its reproducibility. Since the EACVI/ASE 

industry task force established a new standardization of strain soft ware algorithms, no 
studies have evaluated intervendor strain reproducibility in children and infants. We 
evaluated the reproducibility of left  ventricular global longitudinal (LVGLS) and global 
circumferential strain (LVGCS) for mid-myocardial and endocardial layers in pediatric 
subjects on the two commonly utilized soft ware platforms. Methods: Children with 
structurally normal hearts (n= 53) were prospectively imaged on the GE Vivid E9. Th e 3 
apical LV and 1 parasternal short axis views were optimized for strain. Speckle tracking 
peak systolic strain was measured in endocardial and mid-myocardial layers on the latest 
EchoPAC (BT13) and TomTec (Image-Arena 4.6 SP3 CPA 1.2) soft ware. TomTec analysis 
included acquired (TT) and compressed (TT30) data. Intraclass correlation coeffi  cients 
(ICC) were compared between GE, TT, and TT30. Intra and interobserver reproducibility 
was also compared on 22 randomly chosen subjects (intravendor). Results: Subjects had 
normal LVEF > 55% (33/53) or LVEF < 55% (dilated/hypertrophic cardiomyopathy; 
20/53) with mean age 8.4 years (range 0.1- 16 yr). Acquisition frame rate mean 82 fps. 
Feasibility was 96% for LVGLS and 83% for LVGCS. GE mean endo LVGLS and LVGCS 
were -18.6 SD 4.32 and -17.5 SD 6.3. Mean TT mean endo LVGLS and LVGCS were -15.4 
SD 4.32 and -14.7 SD 5.2. In all groups, endo strain was higher than mid. Intervendor 
reproducibility was good-excellent for both LVGLS and LVGCS (Table) in all layered 
comparisons. Th e default intervendor ICCs were at least 0.1 higher in subgroups age < 3 
yr, frame rate : HR ratio > 0.7, or EF ≤ 55%. Intra and interobserver reproducibility was 
good-excellent for all comparisons and slightly higher than the intervendor comparisons. 
Conclusions: Comparison of LV strain analysis between two commonly used soft ware 
platforms post-EACVI/ASE industry task force recommendations demonstrated good-
excellent reproducibility in pediatrics and is slightly higher in LVGLS than LVGCS. 
Intravendor ICC is higher than intervendor suggesting some variability is present 
between vendor platforms.
Table

P1-24
Hypoplastic Left Heart Syndrome Speck Tracking 
Echocardiography Atrial Conduit Strain and Strain Rate is Related 
to Ventricular Diastolic Changes: A Longitudinal Study
Lily Lin1, Edythe B. Th am1, Sunjidatul Islam1, Silvia Alvarez1, Kandice Mah1, 
Timothy Colen1, Shelby Kutty2, Navya Joseph2, Ling Li2, Nee Scze Khoo1. 
1University of Alberta, Edmonton, AB, Canada; 2Children’s Hospital & Medical 
Center, Omaha, NE
Background: Single ventricle (SV) atrial deformation shows normal maturation changes 
(increasing conduit and decreasing active atrial strain) with relative impairment of 
conduit strain (S) and increased reliance on active S for ventricular fi lling compared to 
a normal left  atrium. Th ese changes may refl ect diastolic abnormalities in SV although 
its relationship with ventricular fi lling is unexplored. Th is study aims to study the 
relationship between atrial and ventricular function in a survival cohort of children 
with Hypoplastic Left  Heart Syndrome (HLHS). Methods: Prospectively recruited 
HLHS patients underwent a functional echocardiogram prior to staged palliation 
(Norwood-Sano, Glenn and Fontan) and post-Fontan. Atrial area to derive percent 
active atrial contribution (% active) and speckle tracking echocardiography for atrial 
and ventricular deformation parameters were measured (GE, EchoPAC). Spearman 
correlation coeffi  cients assessed relationships between atrial and ventricular deformation 
parameters. Data is presented as median [IQR]. Results: Th irty-seven patients completed 
staged palliation: Norwood at 8 days [6 - 14], Glenn at 5.7 months [4.8 - 6.0], Fontan at 
3.3 years [2.9 - 3.8] and remain alive at median follow up of 8.1 years [5.8 - 9.0]. Expected 
maturational progress was noted through staged palliation, including an increase in 
conduit S and strain rate (SR), decreasing active S and SR (Table). Th is was refl ected 
by progressive decrease in right ventricular late diastolic SR (LDSR). No relationship 
between atrial function and ventricular function at Pre-Norwood, however, atrial conduit 
S and SR, active/reservoir strain ratio and % active showed correlations with ventricular 
LDSR in all subsequent stages [Figure]. Conclusion: Maturational changes in HLHS 
atrial deformation are consistent with previous cross-sectional fi ndings and show the 
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expected atrial-ventricular relationship. Th e use of atrial deformation as a tool to detect 
diastolic dysfunction warrants exploration.

 

P1-25
Inter-Vendor Reproducibility of Two-Dimensional Layer Speci c 
Right Ventricular Global Longitudinal Strain in Children
Doaa M. Aly1, Sandhya R. Ramlogan2, Rita France1, Stephanie Schmidt3, Ashley 
Sherman1, Suma P. Goudar1, Girish Shirali1, Daniel E. Forsha1. 1Ward Family 
Heart Center, Children‘s Mercy Hospital, Kansas, MO; 2Heart Institute, Children‘s 
Hospital Pittsburgh, Pittsburgh, PA; 3Th e University of Minnesota Masonic 
Children’s Hospital, Minneapolis, MN
Background: RV global longitudinal strain (GLS) has emerged as an important technique 
in the clinical evaluation of RV function. Th e routine application of RV GLS in pediatrics 
has been limited by the lack of data on reproducibility and validation between vendors. 
We investigated the reproducibility of RV GLS between the two commonly used vendors 
in pediatrics with soft ware versions that utilize the “length of the line” GLS recommended 
by the EACVI-ASE Strain Task Force. Methods: Fift y-three children (age 0-16 yr) with 
normal intra-cardiac structure underwent studies on GE Vivid E95. An RV focused 
apical 4-chamber view optimized for strain was analyzed at acquired frame rates in 
EchoPAC (BT13). DICOM images were uploaded for TomTec analysis (Image-Arena 
4.6 SP3 CPA 1.2) at acquired (TT) and compressed frame rate to 30 fps (TT30). Mid-
myocardial (mid) and endocardial RV GLS strain was calculated using GE and TomTec 

soft ware (excluded if more than two segments did not track adequately). GE mid is a 
full-thickness sampling of the myocardium and TomTec mid is a linear sampling of a mid-
myocardial tracing. Inter-vendor reproducibility was tested with bias, SD, and intra-class 
correlation coeffi  cients (ICC) between GE, TT, and TT30. Intra-reader and inter-reader 
reproducibility (intra-vendor) was tested on the same platform in 22 randomly chosen 
subjects. Results: For all analyses, feasibility of RV GLS by TT was 85% and by GE was 
70%. Th e mean values of GLS ranged from -20.3% to -25.0%. Intervendor reproducibility 
was good when comparing acquired frame rate data between the soft ware’s default layers 
(GE mid & TT endocardium) and amongst the same layers (see table). Reproducibility 
was poor when comparing acquired GE data to compressed TT data. Intra-reader and 
inter-reader ICCs were excellent. RV GLS ICC was > 0.1 higher in the subgroup with 
HR < 100 bpm and when ratio of frame rate: heart rate > 0.7. Conclusion: RV GLS has 
reasonable inter-vendor reproducibility when analyzed at acquired frame rates on both 
systems, but is less reproducible than intra-vendor comparisons. Reproducibility is poor 
when comparing acquired frame rates on GE to compressed TT data. Comparisons of RV 
GLS between vendors should be undertaken with caution, especially if there is a mixture 
of acquired and compressed data.

Inter- vendor and intra-vendor reproducibility of RVGLS
Inter- vendor (53) N Bias SD ICC
Default GE mid-TT endo 37 2.0 4.2 0.64

GE mid-TT30 endo 37 2.3 7.1 0.35

Endo-endo GE-TT 37 0.6 4.3 0.63

GE-TT30 37 1.0 7.4 0.35

TT-TT30 45 0.1 6.2 0.50

Mid-mid GE-TT 37 -2.0 3.7 0.67

GE-TT30 37 -2.7 6.1 0.37

TT-TT30 45 0.6 5.5 0.46

Intra-reader (22)

Endo-endo GE-GE 20 0.1 0.1 0.99

TT-TT 19 0.4 1.4 0.97

TT30-TT30 18 -0.4 2.0 0.95

Mid-mid GE-GE 20 0.5 1.5 0.96

TT-TT 19 -0.2 1.0 0.98

TT30-TT30 18 -0.3 1.3 0.97

Inter-reader (22)

Endo-endo GE-GE 16 0.0 1.6 0.94

TT-TT 18 -0.1 1.4 0.95

TT30-TT30 17 0.3 4.4 0.74

Mid-mid GE-GE 16 -1.4 2.0 0.88

TT-TT 18 0.0 1.5 0.93

TT30-TT30 17 -0.5 2.2 0.95

P1-26
Ventricular Function in a Large Cohort of Healthy, Term Newborns 
Assessed by Advanced Echocardiography: Establishment of 
Normal Values and Z-scores
Anne-Sophie Sillesen1, Christian A. Pihl1, Anna Axelsson Raja1, Sofi e Dannesbo1, 
Agnes S. Davidsen1, Louise Lind1, R. Ottilia B. Vøgg1, Cameron Slorach2, Kyle 
Runeckles3, Chun-Po Steve Fan3, Cedric Manlhiot3, Niels Vejlstrup4, Kasper 
K. Iversen1, Henning Bundgaard4, Luc Mertens2. 1Department of Cardiology, 
Copenhagen University Hospital Herlev, Copenhagen, Denmark; 2Division of 
Cardiology, Department of Paediatrics, Th e Hospital for Sick Children, University 
of Toronto, Toronto, ON, Canada; 3Cardiovascular Data Management Centre 
(CVDMC), University of Toronto, Th e Hospital for Sick Children, Toronto, ON, 
Canada; 4Department of Cardiology, Th e Heart Centre, Copenhagen University 
Hospital Rigshospitalet, Copenhagen, Denmark
Background: Th ere is a paucity of published data presenting normal values for 
ventricular function in newborns. Th e Copenhagen Baby Heart Study (CBHS) is 
an ongoing multicenter, prospective, population study of newborns (n=25,000) in 
Copenhagen, Denmark, including systematic transthoracic echocardiography (TTE) and 
electrocardiography. Th e purpose of this substudy was to establish echocardiographic 
normal values and calculate Z-scores for ventricular functional parameters in newborns 
assessed by advanced echocardiography (Tissue Doppler imaging and 2D Speckle 
Tracking). Methods: We included healthy, term newborns from the CBHS who had a 
comprehensive TTE examination performed within 14 days of birth without any signs 
of structural or functional cardiac abnormalities. Measurements were obtained offl  ine, 
according to the American Society of Echocardiography’s guidelines. BSA was calculated 
using the Haycock formula. Z-scores are being developed based on the most adequate 
model for each echocardiographic parameter and are presented here as preliminary 
results. Preliminary results: Four hundred newborns (53% males) with gestational 
age of (mean±SD) 40.2±1.2 weeks and age, weight, and length at examination of 11±3 
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(GLS) were collected. Cancer survivors with at least subclinical dysfunction, defi ned 
as having abnormal GLS for age group, were compared to survivors with normal GLS. 
Variables are reported as mean ± standard deviation and compared by Wilcoxon rank 
sum test. Results: Th ere were 56 survivors (age 13.4 ± 5.2 years, 52% male, 6.0 ± 4.9 years 
from end of treatment) compared to 23 controls (age 12.2 ± 3.9 years, 56% male) (Table 
1). Th ere was no diff erence in mitral Doppler ratios. Survivors had lower ejection fraction 
and the diff erence in GLS approached signifi cance. All 3 values for left  atrial ℇ, SR-Fill, SR-
Passive, and cumulative SR were signifi cantly worse in survivors. Th ere were 17 survivors 
(30%) with abnormal GLS for age. Th ese patients had worse ℇ-Fill and ℇ-Passive, SR-Fill 
and SR-Passive, and cumulative SR than survivors with normal GLS (Table 2). Mitral 
E/A was lower, though still considered within normal range while E/e’ was no diff erent. 
Conclusions: Left  atrial ℇ and SR is impaired in cancer survivors compared to normal 
and is further deranged in the presence of subclinical systolic dysfunction. Left  atrial 
strain appears superior to mitral Doppler indices and may enhance detection of diastolic 
dysfunction in this population.

P1-23
Intervendor Reproducibility of Global Left Ventricular 2D Speckle 
Tracking Strain in the Structurally Normal Heart in Infants and 
Children
Sandhya R. Ramlogan1, Doaa M. Aly2, Rita France2, Stephanie Schmidt3, Ashley 
Sherman2, Suma Goudar2, Girish S. Shirali2, Daniel Forsha2. 1Children‘s Hospital 
Pittsburgh, Pittsburgh, PA; 2Children‘s Mercy, Kansas City, MO; 3University of 
Minnesota Masonic Children’s Hospital, Minnesota, MN
Background: Clinical adoption of 2D speckle strain echocardiography (echo) in pediatrics 
is limited due to the lack of evidence proving its reproducibility. Since the EACVI/ASE 

industry task force established a new standardization of strain soft ware algorithms, no 
studies have evaluated intervendor strain reproducibility in children and infants. We 
evaluated the reproducibility of left  ventricular global longitudinal (LVGLS) and global 
circumferential strain (LVGCS) for mid-myocardial and endocardial layers in pediatric 
subjects on the two commonly utilized soft ware platforms. Methods: Children with 
structurally normal hearts (n= 53) were prospectively imaged on the GE Vivid E9. Th e 3 
apical LV and 1 parasternal short axis views were optimized for strain. Speckle tracking 
peak systolic strain was measured in endocardial and mid-myocardial layers on the latest 
EchoPAC (BT13) and TomTec (Image-Arena 4.6 SP3 CPA 1.2) soft ware. TomTec analysis 
included acquired (TT) and compressed (TT30) data. Intraclass correlation coeffi  cients 
(ICC) were compared between GE, TT, and TT30. Intra and interobserver reproducibility 
was also compared on 22 randomly chosen subjects (intravendor). Results: Subjects had 
normal LVEF > 55% (33/53) or LVEF < 55% (dilated/hypertrophic cardiomyopathy; 
20/53) with mean age 8.4 years (range 0.1- 16 yr). Acquisition frame rate mean 82 fps. 
Feasibility was 96% for LVGLS and 83% for LVGCS. GE mean endo LVGLS and LVGCS 
were -18.6 SD 4.32 and -17.5 SD 6.3. Mean TT mean endo LVGLS and LVGCS were -15.4 
SD 4.32 and -14.7 SD 5.2. In all groups, endo strain was higher than mid. Intervendor 
reproducibility was good-excellent for both LVGLS and LVGCS (Table) in all layered 
comparisons. Th e default intervendor ICCs were at least 0.1 higher in subgroups age < 3 
yr, frame rate : HR ratio > 0.7, or EF ≤ 55%. Intra and interobserver reproducibility was 
good-excellent for all comparisons and slightly higher than the intervendor comparisons. 
Conclusions: Comparison of LV strain analysis between two commonly used soft ware 
platforms post-EACVI/ASE industry task force recommendations demonstrated good-
excellent reproducibility in pediatrics and is slightly higher in LVGLS than LVGCS. 
Intravendor ICC is higher than intervendor suggesting some variability is present 
between vendor platforms.
Table

P1-24
Hypoplastic Left Heart Syndrome Speck Tracking 
Echocardiography Atrial Conduit Strain and Strain Rate is Related 
to Ventricular Diastolic Changes: A Longitudinal Study
Lily Lin1, Edythe B. Th am1, Sunjidatul Islam1, Silvia Alvarez1, Kandice Mah1, 
Timothy Colen1, Shelby Kutty2, Navya Joseph2, Ling Li2, Nee Scze Khoo1. 
1University of Alberta, Edmonton, AB, Canada; 2Children’s Hospital & Medical 
Center, Omaha, NE
Background: Single ventricle (SV) atrial deformation shows normal maturation changes 
(increasing conduit and decreasing active atrial strain) with relative impairment of 
conduit strain (S) and increased reliance on active S for ventricular fi lling compared to 
a normal left  atrium. Th ese changes may refl ect diastolic abnormalities in SV although 
its relationship with ventricular fi lling is unexplored. Th is study aims to study the 
relationship between atrial and ventricular function in a survival cohort of children 
with Hypoplastic Left  Heart Syndrome (HLHS). Methods: Prospectively recruited 
HLHS patients underwent a functional echocardiogram prior to staged palliation 
(Norwood-Sano, Glenn and Fontan) and post-Fontan. Atrial area to derive percent 
active atrial contribution (% active) and speckle tracking echocardiography for atrial 
and ventricular deformation parameters were measured (GE, EchoPAC). Spearman 
correlation coeffi  cients assessed relationships between atrial and ventricular deformation 
parameters. Data is presented as median [IQR]. Results: Th irty-seven patients completed 
staged palliation: Norwood at 8 days [6 - 14], Glenn at 5.7 months [4.8 - 6.0], Fontan at 
3.3 years [2.9 - 3.8] and remain alive at median follow up of 8.1 years [5.8 - 9.0]. Expected 
maturational progress was noted through staged palliation, including an increase in 
conduit S and strain rate (SR), decreasing active S and SR (Table). Th is was refl ected 
by progressive decrease in right ventricular late diastolic SR (LDSR). No relationship 
between atrial function and ventricular function at Pre-Norwood, however, atrial conduit 
S and SR, active/reservoir strain ratio and % active showed correlations with ventricular 
LDSR in all subsequent stages [Figure]. Conclusion: Maturational changes in HLHS 
atrial deformation are consistent with previous cross-sectional fi ndings and show the 
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expected atrial-ventricular relationship. Th e use of atrial deformation as a tool to detect 
diastolic dysfunction warrants exploration.

 

P1-25
Inter-Vendor Reproducibility of Two-Dimensional Layer Speci c 
Right Ventricular Global Longitudinal Strain in Children
Doaa M. Aly1, Sandhya R. Ramlogan2, Rita France1, Stephanie Schmidt3, Ashley 
Sherman1, Suma P. Goudar1, Girish Shirali1, Daniel E. Forsha1. 1Ward Family 
Heart Center, Children‘s Mercy Hospital, Kansas, MO; 2Heart Institute, Children‘s 
Hospital Pittsburgh, Pittsburgh, PA; 3Th e University of Minnesota Masonic 
Children’s Hospital, Minneapolis, MN
Background: RV global longitudinal strain (GLS) has emerged as an important technique 
in the clinical evaluation of RV function. Th e routine application of RV GLS in pediatrics 
has been limited by the lack of data on reproducibility and validation between vendors. 
We investigated the reproducibility of RV GLS between the two commonly used vendors 
in pediatrics with soft ware versions that utilize the “length of the line” GLS recommended 
by the EACVI-ASE Strain Task Force. Methods: Fift y-three children (age 0-16 yr) with 
normal intra-cardiac structure underwent studies on GE Vivid E95. An RV focused 
apical 4-chamber view optimized for strain was analyzed at acquired frame rates in 
EchoPAC (BT13). DICOM images were uploaded for TomTec analysis (Image-Arena 
4.6 SP3 CPA 1.2) at acquired (TT) and compressed frame rate to 30 fps (TT30). Mid-
myocardial (mid) and endocardial RV GLS strain was calculated using GE and TomTec 

soft ware (excluded if more than two segments did not track adequately). GE mid is a 
full-thickness sampling of the myocardium and TomTec mid is a linear sampling of a mid-
myocardial tracing. Inter-vendor reproducibility was tested with bias, SD, and intra-class 
correlation coeffi  cients (ICC) between GE, TT, and TT30. Intra-reader and inter-reader 
reproducibility (intra-vendor) was tested on the same platform in 22 randomly chosen 
subjects. Results: For all analyses, feasibility of RV GLS by TT was 85% and by GE was 
70%. Th e mean values of GLS ranged from -20.3% to -25.0%. Intervendor reproducibility 
was good when comparing acquired frame rate data between the soft ware’s default layers 
(GE mid & TT endocardium) and amongst the same layers (see table). Reproducibility 
was poor when comparing acquired GE data to compressed TT data. Intra-reader and 
inter-reader ICCs were excellent. RV GLS ICC was > 0.1 higher in the subgroup with 
HR < 100 bpm and when ratio of frame rate: heart rate > 0.7. Conclusion: RV GLS has 
reasonable inter-vendor reproducibility when analyzed at acquired frame rates on both 
systems, but is less reproducible than intra-vendor comparisons. Reproducibility is poor 
when comparing acquired frame rates on GE to compressed TT data. Comparisons of RV 
GLS between vendors should be undertaken with caution, especially if there is a mixture 
of acquired and compressed data.

Inter- vendor and intra-vendor reproducibility of RVGLS
Inter- vendor (53) N Bias SD ICC
Default GE mid-TT endo 37 2.0 4.2 0.64

GE mid-TT30 endo 37 2.3 7.1 0.35

Endo-endo GE-TT 37 0.6 4.3 0.63

GE-TT30 37 1.0 7.4 0.35

TT-TT30 45 0.1 6.2 0.50

Mid-mid GE-TT 37 -2.0 3.7 0.67

GE-TT30 37 -2.7 6.1 0.37

TT-TT30 45 0.6 5.5 0.46

Intra-reader (22)

Endo-endo GE-GE 20 0.1 0.1 0.99

TT-TT 19 0.4 1.4 0.97

TT30-TT30 18 -0.4 2.0 0.95

Mid-mid GE-GE 20 0.5 1.5 0.96

TT-TT 19 -0.2 1.0 0.98

TT30-TT30 18 -0.3 1.3 0.97

Inter-reader (22)

Endo-endo GE-GE 16 0.0 1.6 0.94

TT-TT 18 -0.1 1.4 0.95

TT30-TT30 17 0.3 4.4 0.74

Mid-mid GE-GE 16 -1.4 2.0 0.88

TT-TT 18 0.0 1.5 0.93

TT30-TT30 17 -0.5 2.2 0.95

P1-26
Ventricular Function in a Large Cohort of Healthy, Term Newborns 
Assessed by Advanced Echocardiography: Establishment of 
Normal Values and Z-scores
Anne-Sophie Sillesen1, Christian A. Pihl1, Anna Axelsson Raja1, Sofi e Dannesbo1, 
Agnes S. Davidsen1, Louise Lind1, R. Ottilia B. Vøgg1, Cameron Slorach2, Kyle 
Runeckles3, Chun-Po Steve Fan3, Cedric Manlhiot3, Niels Vejlstrup4, Kasper 
K. Iversen1, Henning Bundgaard4, Luc Mertens2. 1Department of Cardiology, 
Copenhagen University Hospital Herlev, Copenhagen, Denmark; 2Division of 
Cardiology, Department of Paediatrics, Th e Hospital for Sick Children, University 
of Toronto, Toronto, ON, Canada; 3Cardiovascular Data Management Centre 
(CVDMC), University of Toronto, Th e Hospital for Sick Children, Toronto, ON, 
Canada; 4Department of Cardiology, Th e Heart Centre, Copenhagen University 
Hospital Rigshospitalet, Copenhagen, Denmark
Background: Th ere is a paucity of published data presenting normal values for 
ventricular function in newborns. Th e Copenhagen Baby Heart Study (CBHS) is 
an ongoing multicenter, prospective, population study of newborns (n=25,000) in 
Copenhagen, Denmark, including systematic transthoracic echocardiography (TTE) and 
electrocardiography. Th e purpose of this substudy was to establish echocardiographic 
normal values and calculate Z-scores for ventricular functional parameters in newborns 
assessed by advanced echocardiography (Tissue Doppler imaging and 2D Speckle 
Tracking). Methods: We included healthy, term newborns from the CBHS who had a 
comprehensive TTE examination performed within 14 days of birth without any signs 
of structural or functional cardiac abnormalities. Measurements were obtained offl  ine, 
according to the American Society of Echocardiography’s guidelines. BSA was calculated 
using the Haycock formula. Z-scores are being developed based on the most adequate 
model for each echocardiographic parameter and are presented here as preliminary 
results. Preliminary results: Four hundred newborns (53% males) with gestational 
age of (mean±SD) 40.2±1.2 weeks and age, weight, and length at examination of 11±3 
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days, 3.7±0.5 kg, and 53±2 cm were included. Values for conventional and advanced 
echocardiographic measurements of ventricular function are presented as mean ±SD 
or median values (interquartile range) as appropriate (Table 1). Results for selected 
parameters according to BSA are illustrated (Figure 1). Conclusion: Preliminary 
normative data for echocardiographic measurements of ventricular function in 400 
healthy, term newborns are presented. Further analysis will be performed. Th e fi nal 
results will contribute substantially to a fi eld where available data are limited.

Table 1. Conventional and advanced echocardiographic measurements of ventricular function
Parameter View and modality Value Unit

Systolic 
function

Left  ventricle Shortening fraction Parasternal long-axis 
M-mode 35±3 %

Ejection fraction Parasternal long-axis 
M-mode 67±4 %

Simpsons biplane ejection 
fraction

Apical 4- and 2-chamber 
2D 59.1±2.8 %

s’ septum Apical 4-chamber Tissue 
Doppler 4.6±0.6 cm/s

s’ lateral wall Apical 4-chamber Tissue 
Doppler 4.8±0.6 cm/s

Global longitudinal strain 19.3±1.6 %

Right ventricle Tricuspid annular plane 
systolic excursion

Apical 4-chamber 
M-mode 9.5 (8.8; 10.3) mm

Fractional area change Apical 4-chamber 2D 33±5 %

s’ free wall Apical 4-chamber Tissue 
Doppler 5.5 (4.5; 6) cm/s

Peak systolic longitudinal 
strain Apical 4-chamber 2D 23±4 %

Diastolic 
function

Left  ventricle Mitral valve E-wave Apical 4-chamber pulsed 
Doppler 57.5±9 cm/s

Mitral valve A-wave Apical 4-chamber pulsed 
Doppler 54.9±9.4 cm/s

e’ (septum) Apical 4-chamber Tissue 
Doppler 5.7±0.8 cm/s

Mitral valve E:e’ ratio 
(septum)

Apical 4-chamber Tissue 
Doppler 10 (8.7; 11.3)

e’ (lateral wall) Apical 4-chamber Tissue 
Doppler 7±1 cm/s

Mitral valve E:e’ ratio 
(lateral wall)

Apical 4-chamber Tissue 
Doppler 8.3 (7.2; 9.4)

Right ventricle Tricuspid valve E-wave Apical 4-chamber pulsed 
Doppler 42 (36; 48) cm/s

Tricuspid valve A-wave Apical 4-chamber pulsed 
Doppler 51 (45; 58) cm/s

e’ Apical 4-chamber Tissue 
Velocity 6.3 (5.6; 7) cm/s

e’:a’ ratio 0.9 (0.8; 1.1)
Tricuspid valve E:e’ ratio 6.5 (5.8;7.8)

P1-27
Right Atrioventricular Function and Exercise Performance in 
Youth with Repaired Tetralogy of Fallot
Shivani M. Bhatt, Yan Wang, Jennifer Faerber, Laura Mercer-Rosa. Th e Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: Right ventricular (RV) diastolic function in patients with repaired 
Tetralogy of Fallot (rTOF) has been associated with worse functional status. We sought 
to investigate the changes in right atrial (RA) function and RV diastolic function from 
rest to peak exercise and the relationship of these changes with exercise capacity and RV 
systolic function in youth with rTOF. Methods: Subjects presenting for cardiopulmonary 
exercise test underwent rest and peak exercise research echocardiograms. Peak right 
atrial longitudinal strain (RALS) was used as a measure of right atrial reservoir function. 
Tricuspid myocardial velocities and infl ow Doppler (E and A) velocities were used as 
measures of diastolic function. Peak RV longitudinal strain (RVLS) was used as a measure 
of systolic function. Exercise test measures included the percent-predicted maximum 
oxygen consumption (%mVO2), percent-predicted maximum work, and oxygen pulse. 
Th e median RALS was used to divide patients into low and high RALS groups. Diff erences 
from rest to peak exercise were examined using within-person paired T-tests. Results: We 
enrolled 32 patients (age 16.4 ± 4.9 years, 66% male). RALS and Tricuspid infl ow E and 
A velocities increased signifi cantly from rest to peak exercise. Higher peak RALS was 
associated with lower %mVO2 and with greater oxygen pulse. Th ere was no association of 
change in other diastolic parameters with exercise parameters. Greater RALS at rest was 
associated with greater RVLS at rest. Conclusions: In patients with rTOF, RA function 
is directly associated with RV systolic function, at rest. At peak exercise, increased RA 
reservoir function is associated with worse exercise performance. An increase in RA 
reservoir function during exercise could be a result of several factors, including volume 
loading from pulmonary insuffi  ciency and impaired RV relaxation. Further investigation 
is needed to understand the complex right atrioventricular interactions and their role in 
exercise performance in this patient population.

Poster Session 1 (P1) Sunday, June 24, 2018

P1-28
Pressure Recovery Corrected Doppler Gradients Accurately 
Predict Subsequent Catheterization Gradients in Congenital 
Pulmonic Valve Stenosis: Doppler Echocardiography and Cardiac 
Catheterization Correlative Study
Katie L. Mowers1, Toby Rockefeller1, Shabana Shahanavaz1, Ramzi Nicolas1,2, 
David Balzer1, Gautam Singh1. 1Washington University School of Medicine, St. 
Louis, MO; 2Southern Illinois University School of Medicine, Springfi eld, IL
Background: In congenital pulmonic stenosis, suboptimal agreement between Doppler-
derived gradients and catheterization gradients may lead to inaccurate classifi cation of 
disease severity and inappropriate referrals for catheter intervention. Our aim was to 
investigate if adjusting Doppler gradients for pressure recovery (PR) accurately predicted 
subsequent catheterization gradients. Methods: Retrospective, single-center cohort study 
of 86 pediatric patients with pulmonic stenosis who underwent echocardiography and 
subsequent catheterization within 1 month. Peak-instantaneous (PIG) and mean (MIG) 
pulmonary valve Doppler gradients were recorded. PR (mmHg) was calculated as PR 
= 4Vcw2 x (2 x EOA/POA) x (1-EOA/POA), where Vcw is the continuous-wave peak 
velocity, EOA is eff ective orifi ce area (stroke volume/velocity-time integral), POA is the 
pulmonary cross-sectional area (π x radius2). Th e PR-corrected peak Doppler gradients 
(PRcPIG) were calculated by (PIG - PR). Doppler gradients were compared with the 
peak-to-peak systolic gradient (P-PG) at catheterization by Bland-Altman and regression 
analysis. Results: Baseline demographics, and the various Doppler and cath gradients 
are shown in Table 1. As shown in Figure 1, PRcPIG had the best correlation with P-PG 
(r=0.71) and smallest bias with narrowest limit of agreement (4.2 ± 9.36 mmHg). PIG 
overestimated and MIG underestimated the subsequent P-PG. ROC analysis for a P-PG 
of ≥ 30 mmHg revealed a larger area under the curve for the PRcPIG (0.88) compared 
to the PIG (0.81) and the MIG (0.77). PRcPIG gradient of ≥ 32 mmHg detected a P-PG 
≥ 30 mmHg with 89% sensitivity and 59% specifi city. Conclusions: In congenital 
pulmonic stenosis, PRcPIG, most accurately predicts P-PG at subsequent catheterization. 
Correcting Doppler gradients for PR may improve classifi cation of lesion severity and 
reduce unnecessary referrals for catheter intervention.

Demographic, outpatient Doppler gradient, and Cath gradient data
Mean ± SD

Age (years) 4.34 ± 6.01
Gender (female, n (%)) 45 (52%)
Height (cm) 89.5 ± 42
Weight (kg) 21.6 ± 26.2
Catheter Peak-to-Peak gradient (P-PG) 35.4 ± 12.9
Mean Doppler gradient (MIG) 32.4 ± 9.6
Peak instantaneous Doppler gradient (PIG) 56.9 ± 15.9
Maximum instantaneous Doppler gradient, corrected for pressure recovery (PIGcPR) 39.6 ± 12.5

P1-29
Congenital Heart Abnormalities Associated with Loss of Function 
Filamin A Gene Mutations
Ming Hui Chen1, Mami Hirata2, Christopher A. Walsh3, Sangita Choudhury1. 
1Department of Cardiology and Division of Genetics and Genomics, Boston 
Children’s Hospital, Boston, MA; 2Tokyo Women‘s Medical University, Tokyo, 
Japan; 3Division of Genetics and Genomics, Boston Children’s Hospital, Boston, 
MA
Loss of function (LOF) mutations in the Filamin A (FLNA) gene, which encodes an 
actin binding protein, are associated with thoracic aortic aneurysm in young patients 
and also a brain disease, called X-linked periventricular nodular heterotopia (Chen et 
al, 2018, AJMG 176:337-35). However, other types of congenital heart disease (CHD) 
associated with LOF FLNA mutations have been less well-defi ned, and their frequency 
unknown. Th erefore, from our FLNA registry of 69 study patients and 66 literature 
patients with known cardiac assessment, we characterized the range and frequency of 
cardiac structural abnormalities. All but 4 patients had an echocardiogram. RESULTS: 
135 patients (107 F, 28 M, median age 19 yrs, > 50% ≤ 21 yrs, range 0-71 yrs) with LOF 
FLNA mutation formed our cohort. 95 patients had CHD, which included ventricular 
septal defect (n=14), atrial septal defect (n=12), patent ductus arteriosus (PDA) (n=30), 
and valve disease (n=66). 47 of 95 CHD patients (49%) had ≥ 1 myxomatous/dysplastic 
or dysfunctional valve, with the mitral valve being most commonly aff ected (25/66); 15 
patients had mitral valve prolapse (MVP). Th e aortic valve was frequently regurgitant, 
with mild to severe regurgitation present in 27 subjects; only 4 had a bicuspid aortic valve. 
9 patients had a dysplastic/dysfunctional tricuspid valve, and 8 had a dysplastic pulmonic 
valve. Serial follow-up over >15 yrs found at least 2 patients who developed MVP over 
time, during their teenage years. Genomic locations of exonic FLNA mutations associated 
with valve disease are displayed below. Non-valvular CHD included 30 patients with a 
PDA, of which 16 required surgical ligation during early childhood. CONCLUSIONS: 
In this largest cohort of LOF FLNA patients, CHD was present in 70.4% of patients. 
Given the frequency of structural cardiac abnormalities, echocardiography should be 
considered in neonates with PVNH with LOF FLNA mutations. Children and adults with 
FLNA mutations should have serial echocardiograms to assess change in their disease.

P1-30
Right Ventricular and Atrial Diastolic Function and their Relation 
to Impaired Exercise Capacity in Ebstein Anomaly
Yohei Akazawa1, Tao Fujioka1, Andreas Kühn2, Wei Hui1, Cameron Slorach1, 
Christoph Roehlig2, Luc Mertens1, Manfred Vogt2, Mark K. Friedberg1. 1Th e 
Hospital for Sick Children, Toronto, ON, Canada; 2Deutsches Herzzentrum 
München, Technische Universituät München, Munich, Germany
Background: Right ventricular (RV) diastolic and right atrial (RA) function are poorly 
characterized in patients with Ebstein anomaly but may infl uence functional capacity. 
We hypothesized that RV & RA diastolic dysfunction are present and related to exercise 
intolerance in Ebstein anomaly. Methods: Ebstein anomaly patients and age & institution 
matched controls were recruited at 2 institutions: adult patients prospectively in Munich 
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days, 3.7±0.5 kg, and 53±2 cm were included. Values for conventional and advanced 
echocardiographic measurements of ventricular function are presented as mean ±SD 
or median values (interquartile range) as appropriate (Table 1). Results for selected 
parameters according to BSA are illustrated (Figure 1). Conclusion: Preliminary 
normative data for echocardiographic measurements of ventricular function in 400 
healthy, term newborns are presented. Further analysis will be performed. Th e fi nal 
results will contribute substantially to a fi eld where available data are limited.

Table 1. Conventional and advanced echocardiographic measurements of ventricular function
Parameter View and modality Value Unit

Systolic 
function

Left  ventricle Shortening fraction Parasternal long-axis 
M-mode 35±3 %

Ejection fraction Parasternal long-axis 
M-mode 67±4 %

Simpsons biplane ejection 
fraction

Apical 4- and 2-chamber 
2D 59.1±2.8 %

s’ septum Apical 4-chamber Tissue 
Doppler 4.6±0.6 cm/s

s’ lateral wall Apical 4-chamber Tissue 
Doppler 4.8±0.6 cm/s

Global longitudinal strain 19.3±1.6 %

Right ventricle Tricuspid annular plane 
systolic excursion

Apical 4-chamber 
M-mode 9.5 (8.8; 10.3) mm

Fractional area change Apical 4-chamber 2D 33±5 %

s’ free wall Apical 4-chamber Tissue 
Doppler 5.5 (4.5; 6) cm/s

Peak systolic longitudinal 
strain Apical 4-chamber 2D 23±4 %

Diastolic 
function

Left  ventricle Mitral valve E-wave Apical 4-chamber pulsed 
Doppler 57.5±9 cm/s

Mitral valve A-wave Apical 4-chamber pulsed 
Doppler 54.9±9.4 cm/s

e’ (septum) Apical 4-chamber Tissue 
Doppler 5.7±0.8 cm/s

Mitral valve E:e’ ratio 
(septum)

Apical 4-chamber Tissue 
Doppler 10 (8.7; 11.3)

e’ (lateral wall) Apical 4-chamber Tissue 
Doppler 7±1 cm/s

Mitral valve E:e’ ratio 
(lateral wall)

Apical 4-chamber Tissue 
Doppler 8.3 (7.2; 9.4)

Right ventricle Tricuspid valve E-wave Apical 4-chamber pulsed 
Doppler 42 (36; 48) cm/s

Tricuspid valve A-wave Apical 4-chamber pulsed 
Doppler 51 (45; 58) cm/s

e’ Apical 4-chamber Tissue 
Velocity 6.3 (5.6; 7) cm/s

e’:a’ ratio 0.9 (0.8; 1.1)
Tricuspid valve E:e’ ratio 6.5 (5.8;7.8)
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Right Atrioventricular Function and Exercise Performance in 
Youth with Repaired Tetralogy of Fallot
Shivani M. Bhatt, Yan Wang, Jennifer Faerber, Laura Mercer-Rosa. Th e Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: Right ventricular (RV) diastolic function in patients with repaired 
Tetralogy of Fallot (rTOF) has been associated with worse functional status. We sought 
to investigate the changes in right atrial (RA) function and RV diastolic function from 
rest to peak exercise and the relationship of these changes with exercise capacity and RV 
systolic function in youth with rTOF. Methods: Subjects presenting for cardiopulmonary 
exercise test underwent rest and peak exercise research echocardiograms. Peak right 
atrial longitudinal strain (RALS) was used as a measure of right atrial reservoir function. 
Tricuspid myocardial velocities and infl ow Doppler (E and A) velocities were used as 
measures of diastolic function. Peak RV longitudinal strain (RVLS) was used as a measure 
of systolic function. Exercise test measures included the percent-predicted maximum 
oxygen consumption (%mVO2), percent-predicted maximum work, and oxygen pulse. 
Th e median RALS was used to divide patients into low and high RALS groups. Diff erences 
from rest to peak exercise were examined using within-person paired T-tests. Results: We 
enrolled 32 patients (age 16.4 ± 4.9 years, 66% male). RALS and Tricuspid infl ow E and 
A velocities increased signifi cantly from rest to peak exercise. Higher peak RALS was 
associated with lower %mVO2 and with greater oxygen pulse. Th ere was no association of 
change in other diastolic parameters with exercise parameters. Greater RALS at rest was 
associated with greater RVLS at rest. Conclusions: In patients with rTOF, RA function 
is directly associated with RV systolic function, at rest. At peak exercise, increased RA 
reservoir function is associated with worse exercise performance. An increase in RA 
reservoir function during exercise could be a result of several factors, including volume 
loading from pulmonary insuffi  ciency and impaired RV relaxation. Further investigation 
is needed to understand the complex right atrioventricular interactions and their role in 
exercise performance in this patient population.
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P1-28
Pressure Recovery Corrected Doppler Gradients Accurately 
Predict Subsequent Catheterization Gradients in Congenital 
Pulmonic Valve Stenosis: Doppler Echocardiography and Cardiac 
Catheterization Correlative Study
Katie L. Mowers1, Toby Rockefeller1, Shabana Shahanavaz1, Ramzi Nicolas1,2, 
David Balzer1, Gautam Singh1. 1Washington University School of Medicine, St. 
Louis, MO; 2Southern Illinois University School of Medicine, Springfi eld, IL
Background: In congenital pulmonic stenosis, suboptimal agreement between Doppler-
derived gradients and catheterization gradients may lead to inaccurate classifi cation of 
disease severity and inappropriate referrals for catheter intervention. Our aim was to 
investigate if adjusting Doppler gradients for pressure recovery (PR) accurately predicted 
subsequent catheterization gradients. Methods: Retrospective, single-center cohort study 
of 86 pediatric patients with pulmonic stenosis who underwent echocardiography and 
subsequent catheterization within 1 month. Peak-instantaneous (PIG) and mean (MIG) 
pulmonary valve Doppler gradients were recorded. PR (mmHg) was calculated as PR 
= 4Vcw2 x (2 x EOA/POA) x (1-EOA/POA), where Vcw is the continuous-wave peak 
velocity, EOA is eff ective orifi ce area (stroke volume/velocity-time integral), POA is the 
pulmonary cross-sectional area (π x radius2). Th e PR-corrected peak Doppler gradients 
(PRcPIG) were calculated by (PIG - PR). Doppler gradients were compared with the 
peak-to-peak systolic gradient (P-PG) at catheterization by Bland-Altman and regression 
analysis. Results: Baseline demographics, and the various Doppler and cath gradients 
are shown in Table 1. As shown in Figure 1, PRcPIG had the best correlation with P-PG 
(r=0.71) and smallest bias with narrowest limit of agreement (4.2 ± 9.36 mmHg). PIG 
overestimated and MIG underestimated the subsequent P-PG. ROC analysis for a P-PG 
of ≥ 30 mmHg revealed a larger area under the curve for the PRcPIG (0.88) compared 
to the PIG (0.81) and the MIG (0.77). PRcPIG gradient of ≥ 32 mmHg detected a P-PG 
≥ 30 mmHg with 89% sensitivity and 59% specifi city. Conclusions: In congenital 
pulmonic stenosis, PRcPIG, most accurately predicts P-PG at subsequent catheterization. 
Correcting Doppler gradients for PR may improve classifi cation of lesion severity and 
reduce unnecessary referrals for catheter intervention.

Demographic, outpatient Doppler gradient, and Cath gradient data
Mean ± SD

Age (years) 4.34 ± 6.01
Gender (female, n (%)) 45 (52%)
Height (cm) 89.5 ± 42
Weight (kg) 21.6 ± 26.2
Catheter Peak-to-Peak gradient (P-PG) 35.4 ± 12.9
Mean Doppler gradient (MIG) 32.4 ± 9.6
Peak instantaneous Doppler gradient (PIG) 56.9 ± 15.9
Maximum instantaneous Doppler gradient, corrected for pressure recovery (PIGcPR) 39.6 ± 12.5
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Congenital Heart Abnormalities Associated with Loss of Function 
Filamin A Gene Mutations
Ming Hui Chen1, Mami Hirata2, Christopher A. Walsh3, Sangita Choudhury1. 
1Department of Cardiology and Division of Genetics and Genomics, Boston 
Children’s Hospital, Boston, MA; 2Tokyo Women‘s Medical University, Tokyo, 
Japan; 3Division of Genetics and Genomics, Boston Children’s Hospital, Boston, 
MA
Loss of function (LOF) mutations in the Filamin A (FLNA) gene, which encodes an 
actin binding protein, are associated with thoracic aortic aneurysm in young patients 
and also a brain disease, called X-linked periventricular nodular heterotopia (Chen et 
al, 2018, AJMG 176:337-35). However, other types of congenital heart disease (CHD) 
associated with LOF FLNA mutations have been less well-defi ned, and their frequency 
unknown. Th erefore, from our FLNA registry of 69 study patients and 66 literature 
patients with known cardiac assessment, we characterized the range and frequency of 
cardiac structural abnormalities. All but 4 patients had an echocardiogram. RESULTS: 
135 patients (107 F, 28 M, median age 19 yrs, > 50% ≤ 21 yrs, range 0-71 yrs) with LOF 
FLNA mutation formed our cohort. 95 patients had CHD, which included ventricular 
septal defect (n=14), atrial septal defect (n=12), patent ductus arteriosus (PDA) (n=30), 
and valve disease (n=66). 47 of 95 CHD patients (49%) had ≥ 1 myxomatous/dysplastic 
or dysfunctional valve, with the mitral valve being most commonly aff ected (25/66); 15 
patients had mitral valve prolapse (MVP). Th e aortic valve was frequently regurgitant, 
with mild to severe regurgitation present in 27 subjects; only 4 had a bicuspid aortic valve. 
9 patients had a dysplastic/dysfunctional tricuspid valve, and 8 had a dysplastic pulmonic 
valve. Serial follow-up over >15 yrs found at least 2 patients who developed MVP over 
time, during their teenage years. Genomic locations of exonic FLNA mutations associated 
with valve disease are displayed below. Non-valvular CHD included 30 patients with a 
PDA, of which 16 required surgical ligation during early childhood. CONCLUSIONS: 
In this largest cohort of LOF FLNA patients, CHD was present in 70.4% of patients. 
Given the frequency of structural cardiac abnormalities, echocardiography should be 
considered in neonates with PVNH with LOF FLNA mutations. Children and adults with 
FLNA mutations should have serial echocardiograms to assess change in their disease.

P1-30
Right Ventricular and Atrial Diastolic Function and their Relation 
to Impaired Exercise Capacity in Ebstein Anomaly
Yohei Akazawa1, Tao Fujioka1, Andreas Kühn2, Wei Hui1, Cameron Slorach1, 
Christoph Roehlig2, Luc Mertens1, Manfred Vogt2, Mark K. Friedberg1. 1Th e 
Hospital for Sick Children, Toronto, ON, Canada; 2Deutsches Herzzentrum 
München, Technische Universituät München, Munich, Germany
Background: Right ventricular (RV) diastolic and right atrial (RA) function are poorly 
characterized in patients with Ebstein anomaly but may infl uence functional capacity. 
We hypothesized that RV & RA diastolic dysfunction are present and related to exercise 
intolerance in Ebstein anomaly. Methods: Ebstein anomaly patients and age & institution 
matched controls were recruited at 2 institutions: adult patients prospectively in Munich 



B26  Abstracts Journal of the American Society of Echocardiography
June 2018

Poster Session 1 (P1) Sunday, June 24, 2018

and children retrospectively in Toronto. We used echo, cardiac magnetic resonance 
imaging and exercise testing to investigate RV diastolic and systolic function, RA 
function, ventricular volumes, and their relation to exercise capacity (VO2). Results: 109 
Ebstein anomaly patients and 106 controls were studied. Ebstein anomaly patients had RV 
diastolic dysfunction vs. controls as manifested by reduced tricuspid E/A ratio, RV fi lling 
time and global early (RVEDSR) and late (RVEDLR) diastolic strain rate and increased 
tricuspid E/E’ ratio, isovolumic relaxation time and RV myocardial performance index 
(Table). Th e average of 6 RV segments RVEDSR correlated weakly with peak VO2 (r= 
0.34, P<0.01, Fig), RV EF (R=0.41, P<0.01), indexed RV end systolic volume (r=-0.29, 
P<0.05), left  ventricular (LV) EF (r=0.33, P<0.05) and indexed LV end systolic volume (r= 
-0.30, P<0.05). Ebstein anomaly patients had impaired RA reservoir, conduit and pump 
function which were associated with peak VO2 (r= 0.55, P<0.001 for reservoir function). 
Diastolic parameters worsened with age in Ebstein anomaly more than in controls. 
Conclusions: Ebstein anomaly patients have RV diastolic and RA dysfunction associated 
with impaired biventricular systolic function and exercise capacity. Diastolic dysfunction 
in Ebstein anomaly seems to worsen over time, over and above age-related changes.

Echo, MRI and Metabolic Exercise Testing in Ebstein Patients
Ebstein 
(n=109) n Control 

(n=106) n P-value

Echocardiographic fi ndings
Tricuspid E (cm/s) 0.67±0.22 78 0.55±0.11 84 <0.001
Tricuspid A (cm/s) 0.55±0.23 78 0.36±0.10 84 <0.001
Tricuspid E/A ratio 1.3±0.53 78 1.7±0.51 84 <0.001
Tricuspid E’ (cm/s) 0.11±0.047 70 0.12±0.022 67 0.057
Tricuspid A’ (cm/s) 0.090±0.042 70 0.08 ±0.040 71 0.2
Tricuspid E/E’ ratio 7.8±5.2 53 4.8±1.2 57 <0.001
Isovolumic relaxation time (msec) 49±41 56 20±14 41 <0.001
RV MPI 0.36±0.21 59 0.13±0.097 50 <0.001
RV fi lling time (msec) 374±113 81 461±119 84 <0.001
% RV fi lling time 48±7.8 81 56±5.6 84 <0.001
Average of 6 segments RVEDSR (s-1) 1.6±0.60 57 1.9±0.58 55 <0.001
Average of 6 segments RVLDSR (s-1) 0.82±0.46 57 1.1±0.32 55 <0.001
RA total emptying fraction 0.23±0.088 82 0.41±0.095 89 <0.001
RA passive emptying fraction 0.13±0.094 82 0.29±0.10 89 <0.001
RA active emptying fraction 0.12±0.083 82 0.16±0.10 89 <0.05
MRI and Exercise test fi ndings
Indexed RV end diastolic volume(ml/m2) 147±65 67
Indexed RV end systolic volume(ml/m2) 76±39 67
RV EF(%) 49±11 67
Indexed LV end diastolic volume (ml/m2) 58±11 67
Indexed LV end systolic volume (ml/m2) 24±8 67
LV EF(%) 59±10 67
Peak VO2 (ml/kg/minute) 23±9 66

P1-31
Systematic Cycles of Testing and Training Can Improve 
Reproducibility and Decrease Variability in Ejection Fraction 
Measurement in a High Volume Pediatric Echocardiography 
Laboratory
Hollie Carron, Rita France, Hongying Dai, Girish Shirali, Anitha Parthiban. 
Children‘s Mercy Hospital and Clinics, Kansas City, MO
Background: Reliable echocardiographic (echo) assessment of left  ventricular (LV) size 
and ejection fraction (EF) is critical to the management of multiple medical conditions 
in children. Studies suggest that >10% variation can occur in EF measurement by 
2-dimensional echo due to inter-observer variability (IOV). We hypothesized that IOV 
for LV EF and volumes by the 5/6 area -length method can be improved by quality 
improvement interventions designed to standardize image acquisition and measurement. 

Methods: Sonographers were graded on image acquisition (maximum score = 10) by 
review of 3 random studies performed and on measurement technique (maximum 
score =12) by measuring EF on the same 5 sets of images blinded to each other. Images 
varied in technical diffi  culty and included cardiomyopathy (dilated and hypertrophic) 
and pulmonary artery hypertension. Data were obtained at baseline (phase I), aft er a 
general teaching session (phase II) and following a second teaching session along with 
individual training for sonographers with lower score (phase III). To assess sustainability 
of the improvement, data were again obtained 6 months aft er the last intervention (phase 
IV). To assess IOV, diff erence from an expert reader (imager cardiologist) was computed 
for variables [LV length, area, volume (in systole and diastole), and EF] by calculating 
percent error. For EF, absolute diff erence from expert was also compared. General linear 
model with post-hoc comparisons were used to compare the phases. Results: Nineteen 
sonographers participated (pediatric echo experience < 1- > 20 years) in the study. Th ere 
was improvement in the acquisition and measurement scores across the time frame of 
the study (table 1). Table 2 shows the percent error for variables. Absolute EF diff erence 
from expert was lower post intervention. Conclusions: IOV for assessment of EF and 
LV volumes by 5/6 area-length method could be signifi cantly improved through focused 
teaching interventions and the improvement was sustained 6 months post intervention.
Table 1 : Sonographer Scores 

Phase Measurement score (max =12 
points)

Acquisition score (max=10 
points)

Total score (max =22 
points)

I 9.33 ± 1.36 8.32 ± 1.55 17.65 ± 2.32
II 10.29 ± 0.96** 9.47 ± 0.64*** 19.77 ± 1.32***
III 10.98 ± 0.72*** 9.42 ± 0.48*** 20.40 ± 0.85***
IV 11.13 ± 0.71*** 9.02 ± 0.91* 20.14 ± 1.37***
* denotes signifi cant change from baseline/phase I (* p<0.05, **p<0.01, ***p<0.001)

Variable Table 2 : Percent error from expert reader ( diff erence/average)
Phase I n 
= 100

Phase IIn 
= 95 Phase IIIn = 95 Phase IV n =95

LV length (diastole) 4.1 ± 3.6 2.8 ± 2.0*** 2.6 ± 2.2*** 2.9 ± 2.2***
LV length (systole) 6.3 ± 6.0 3.6 ± 2.8*** 3.1 ± 2.9*** 3.7 ± 4***
LV area (diastole) 9.1 ± 7.4 6.6 ± 6.5* 6.4 ± 9.4* 5.3 ± 5.8***
LV area (systole) 12.2 ± 8.9 12.0 ± 11.8 8.4 ± 12.5* 7.5 ± 8**
LV volume (diastole) 10.7 ± 8.4 7.6 ± 6.3** 7.4 ± 9.7** 6.9 ± 6.4**
LV volume (systole) 14.5 ± 10.5 13.2 ± 11.6 9 ± 11.8*** 10.1 ± 9.2**
LV EF (percent error) 17.1 ± 17.3 16.4 ± 19.9 15.2 ± 16.6 10.8 ± 13.5*
EF diff erence from expert 
reader 5.9 ± 4.7 4.7 ± 3.7* 4.4 ± 3.3** 3.9 ± 3.4***

* denotes signifi cant change from baseline/phase I (*p<0.05, **p<0.01, ***p<0.001)

P1-32
Inter-Observer and Inter-Vendor Variability in Strain Measurements 
in Patients with Single Right Ventricular Anatomy 
Alex J. Th ompson, Patrick W. O‘Leary, Benjamin W. Eidem, Megan M. O‘Byrne, 
Angela Miller, Sara Martineau, Chelsea Reece, Amanda Breuer, M. Yasir Qureshi. 
Mayo Clinic, Rochester, MN
Background: Myocardial strain off ers new insights into ventricular performance. 
However, inter-vendor and inter-observer variability have not been evaluated in patients 
with single, right ventricular (sRV) physiology. Methods: Echocardiograms from 79 pts 
with sRV (116 separate studies) were prospectively evaluated aft er IRB approval and 
consenting process. All pts had undergone Glenn and/or Fontan palliation. Longitudinal 
strain was assessed in apical 4 chamber (4LS) and subcostal infl ow/outfl ow (IO) views. 
Circumferential and radial strain was assessed in the short axis plane. Results were 
analyzed using both Velocity Vector Imaging (VVI, Seimens, Munich) and Automated 
Functional Imaging (AFI, General Electric, Boston) soft ware. Paired “inter-observer” 
analyses were performed in a subset of the pts for each type of strain measurement. 
Results: Adequate 4LS assessments were obtained in most sRV pts (114 /116), but 
IO, circumferential and radial curves were suboptimal more frequently (see Table 2). 
Inter-observer variability data (mean diff erence) for the various strain measurements 
are shown in Table 1. Mean values and correlations between the two vendor soft ware 
packages for 4LS, global circumferential strain, global radial strain, and average anterior 
IO and inferior IO wall longitudinal strain are also reported in Table 1. Both vendor 
soft ware packages showed good inter-observer reproducibility for longitudinal and 
circumferential strain values. More variation was seen in radial strain values with both 
AFI and VVI soft ware. Th ere was reasonable inter-vendor correlation for sRV global 
circumferential strain values. However, correlation between vendor packages was ≤ 0.6 
for all other assessments. Conclusion: While there was little inter-observer variation 
in sRV strain values using either analysis package; the inter-vendor correlation remains 
poor, with the exception of global circumferential strain. At this time, serial evaluations of 
longitudinal and radial myocardial strain in sRV should be made using the same analysis 
soft ware.
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Table 1. Average inter-sonographer and inter-vendor variability for VVI and AFI.
Strain Diff erence 
(%) n Mean 

Diff erence
Limits of 
Agreement

VVI Apical 
4-Chamber 
Longitudinal

68 -0.2 ± 3.0 (-6.0, 5.7)

VVI IO Anterior 53 0.3 ± 5.9 (-11.3, 12.0)
VVI IO Inferior 53 1.1 ± 4.7 (-8.0, 10.2)
VVI Global 
Circumferential 50 -0.18 ± 3.5 (-7.1, 6.7)

VVI Global Radial 42 -1.3 ± 17.1 (-34.8, 32.2)
AFI Apical 
4-Chamber 
Longitudinal

55 -0.3 ± 2.0 (-4.2, 3.6)

AFI IO Anterior 37 -1.3 ± 4.7 (-10.5, 7.9)
AFI IO Posterior 43 -0.8 ± 5.4 (-11.3, 9.8)
AFI Global 
Circumferential 26 0.3 ± 3.5 (-6.54, 7.1)

AFI Global Radial 33 1.05 ± 24.7 (-27.8, 29.9)

Strain (%) n VVI 
Mean

Mean 
Diff erence

AFI 
Mean

Limits of 
Agreement

Spearman 
Correlation

95% 
CI

Apical 4-Chamber 
Longitudinal 114 -14.6 ± 

3.4 2.0 ± 3.1 -16.6 ± 
3.4 (-4.0, 8.0) 0.6 (0.5, 

0.7)

IO Anterior 88 -12.8 ± 
4.0 -0.7 ± 5.5 -12.2 ± 

5.6 (-11.4, 10.1) 0.4 (0.2, 
0.6)

IO Posterior 94 -17.6 ± 
4.8 0.4 ± 4.7 -18.0 ± 

4.6 (-8.7, 9.5) 0.6 (0.4, 
0.7)

Global 
Circumferential 71 -15.4 ± 

4.4 -1.4 ± 3.2 -14.0 ± 
4.8 (-7.7, 5.0) 0.8 (0.7, 

0.9)

Global Radial 80 31.1 ± 
13.5 6.2 ± 16.6 24.9 ± 

11.3 (-26.4, 38.8) 0.2 (-0.1, 
0.4)

P1-33
Pulmonary Artery Acceleration Time is a Sensitive Marker for 
Assessing Pulmonary Artery Resistance and Capacitance in 
Pulmonary Hypertension
Manish Aggarwal, Julia Kolodziej, Gautam Singh, Phil Levy, Georgeann Groh, 
Toby Rockefeller. Washington University School of Medicine, St Louis, MO
Background: Right ventricular dysfunction and its relationship to the aft erload of the 
pulmonary vasculature independently predicts survival regardless of pre-capillary or 
post-capillary etiology. Th e static and dynamic components of aft erload are described 
by assessing systolic pulmonary artery pressure (SPAP), pulmonary vascular resistance 
(PVR), and pulmonary arterial capacitance (PAC). Accurate measurements of these 
values require invasive assessment via catheterization limiting usage in a clinical setting. 
We assessed whether non-invasive Doppler echocardiographic measurements adequately 
estimate these components of aft erload regardless of etiology and severity. Methods: We 
retrospectively isolated catheterizations with an echocardiogram performed within 1 
month with no post-tricuspid valve shunts or stenoses in the pulmonary circulation. We 
collected echocardiographic indices of pulmonary artery acceleration time (PAAT) and 
right ventricular ejection time (RVET). From catheterization data, we collected SPAP, PVR 
and PAC. Linear regression for PAC with each of the echocardiographic measurements was 
performed using SPSS version 25. Results: We identifi ed 110 patients with 140 diagnostic 
catheterizations. Th ose with pulmonary hypertension (PH, n=70 catheterizations) were 
divided by etiology of PH (congenital heart disease: 31, left  heart disease: 17, idiopathic: 
13, chronic lung disease: 6, other: 3). Th ere was an inverse relationship between resistance 
and capacitance modeled by the formula PAC=5.03*(PVR)-0.80 (Figure 1A). PAAT has a 
moderate inverse relationship with PVR as well as SPAP and a direct relationship between 
PAAT and PAC (Figure 1B-D, R values in Table 1). RVET showed limited correlation 
to cath indices. Conclusion: PAAT is able to provide an estimation of SPAP, PVR, and 
PAC in a variety of diagnoses and aft erload. PAAT, therefore, is an easily employed and 
incorporates both dyanmic and static components to right ventricular aft erload.

Table 1 shows R values comparing PAAT and RVET to SPAP, PVR, PAC

Linear Regression Pearson correlation R value

PAAT: PVR 0.51
PAAT:PAC 0.60
PAAT:SPAP 0.30
RVET:PVR 0.34
RVET:PAC 0.47
RVET:SPAP 0.10

P1-34
Differential Right Ventricle Remodeling In Response to Increased 
Pressure Versus Volume Loading: A Serial Experimental Study
Ryota Ebata1, Tao Fujioka1, Ryo Ishii1, Haruki Ide1, Golam Kabir2, Kim Connelly2, 
Mei Sun1, Osami Honjo1, Mark K. Friedberg1. 1Th e Hospital for Sick Children, 
Toronto, ON, Canada; 2St. Michael‘s Hospital, Toronto, ON, Canada
Background: Right ventricular (RV) dysfunction from increased pressure or volume 
loading are important determinants of morbidity & mortality in children with congenital 
& acquired heart disease. Moreover, treatment of one (e.g. pulmonary stenosis) can cause 
the other (e.g regurgitation) but the benefi ts versus risks of that tradeoff  are incompletely 
characterized. We sought to compare the impact of pure increased RV pressure versus 
volume loading on RV size, function and fi brosis in a rat model. Methods: Pulmonary 
artery banding (PAB): Via thoracotomy, a suture was tied around the main pulmonary 
artery (MPA) and an 18-G needle placed alongside the MPA. Removal of the needle leaves 
a standardized fi xed constriction. Pulmonary regurgitation (PR): Via thoracotomy and 
MPA, puncture & suture of the pulmonary leafl ets produced severe PR. Shams underwent 
thoracotomy. 5-weeks aft er PAB & 12-wks aft er PR, RV size & function were examined by 
echo. Aft er sacrifi ce, RV myocardium was stained with picrosirius red for quantifi cation 
of fi brosis expressed as % collagen area. Results: 22 male Sprague-Dawley rats (250 gr, 
Sham n=6; PAB n=10; PR n=6) were studied. RV systolic pressure was 69.9±20.5mmHg 
in PAB and 29.4±3.0 in PR rats. PAB & PR rats developed similar RV dilatation (RV 
end diastolic area index (RVEDAi) 9.7±2.7 vs. 9.8±1.0 cm2/m2, p=ns); but end systolic 
area (RVESAi) was larger in PAB vs. PR (Fig). Hence, RV fractional area change (FAC) 
was lower in PAB rats (21.1±4.7 vs. 46.3±9.7%, p<0.001). RV Fibrosis was higher in PAB 
vs. PR rats (11.5±3.8 vs. 5.9±0.7%, p=0.003). A positive linear relationship was observed 
between peak RV pressure and RVESAi and the burden of RV fi brosis; while a negative 
linear relationship was observed between RV fi brosis and RV FAC and tricuspid annular 
plane systolic excursion (Fig). Conclusion: RV pressure vs volume loading induces 
similar RV dilatation, but more systolic dysfunction, in relation to RV fi brosis burden. 
Th e results suggest that pulmonary stenosis should be treated aggressively, even at the 
expense of PR, if unavoidable.
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and children retrospectively in Toronto. We used echo, cardiac magnetic resonance 
imaging and exercise testing to investigate RV diastolic and systolic function, RA 
function, ventricular volumes, and their relation to exercise capacity (VO2). Results: 109 
Ebstein anomaly patients and 106 controls were studied. Ebstein anomaly patients had RV 
diastolic dysfunction vs. controls as manifested by reduced tricuspid E/A ratio, RV fi lling 
time and global early (RVEDSR) and late (RVEDLR) diastolic strain rate and increased 
tricuspid E/E’ ratio, isovolumic relaxation time and RV myocardial performance index 
(Table). Th e average of 6 RV segments RVEDSR correlated weakly with peak VO2 (r= 
0.34, P<0.01, Fig), RV EF (R=0.41, P<0.01), indexed RV end systolic volume (r=-0.29, 
P<0.05), left  ventricular (LV) EF (r=0.33, P<0.05) and indexed LV end systolic volume (r= 
-0.30, P<0.05). Ebstein anomaly patients had impaired RA reservoir, conduit and pump 
function which were associated with peak VO2 (r= 0.55, P<0.001 for reservoir function). 
Diastolic parameters worsened with age in Ebstein anomaly more than in controls. 
Conclusions: Ebstein anomaly patients have RV diastolic and RA dysfunction associated 
with impaired biventricular systolic function and exercise capacity. Diastolic dysfunction 
in Ebstein anomaly seems to worsen over time, over and above age-related changes.

Echo, MRI and Metabolic Exercise Testing in Ebstein Patients
Ebstein 
(n=109) n Control 

(n=106) n P-value

Echocardiographic fi ndings
Tricuspid E (cm/s) 0.67±0.22 78 0.55±0.11 84 <0.001
Tricuspid A (cm/s) 0.55±0.23 78 0.36±0.10 84 <0.001
Tricuspid E/A ratio 1.3±0.53 78 1.7±0.51 84 <0.001
Tricuspid E’ (cm/s) 0.11±0.047 70 0.12±0.022 67 0.057
Tricuspid A’ (cm/s) 0.090±0.042 70 0.08 ±0.040 71 0.2
Tricuspid E/E’ ratio 7.8±5.2 53 4.8±1.2 57 <0.001
Isovolumic relaxation time (msec) 49±41 56 20±14 41 <0.001
RV MPI 0.36±0.21 59 0.13±0.097 50 <0.001
RV fi lling time (msec) 374±113 81 461±119 84 <0.001
% RV fi lling time 48±7.8 81 56±5.6 84 <0.001
Average of 6 segments RVEDSR (s-1) 1.6±0.60 57 1.9±0.58 55 <0.001
Average of 6 segments RVLDSR (s-1) 0.82±0.46 57 1.1±0.32 55 <0.001
RA total emptying fraction 0.23±0.088 82 0.41±0.095 89 <0.001
RA passive emptying fraction 0.13±0.094 82 0.29±0.10 89 <0.001
RA active emptying fraction 0.12±0.083 82 0.16±0.10 89 <0.05
MRI and Exercise test fi ndings
Indexed RV end diastolic volume(ml/m2) 147±65 67
Indexed RV end systolic volume(ml/m2) 76±39 67
RV EF(%) 49±11 67
Indexed LV end diastolic volume (ml/m2) 58±11 67
Indexed LV end systolic volume (ml/m2) 24±8 67
LV EF(%) 59±10 67
Peak VO2 (ml/kg/minute) 23±9 66

P1-31
Systematic Cycles of Testing and Training Can Improve 
Reproducibility and Decrease Variability in Ejection Fraction 
Measurement in a High Volume Pediatric Echocardiography 
Laboratory
Hollie Carron, Rita France, Hongying Dai, Girish Shirali, Anitha Parthiban. 
Children‘s Mercy Hospital and Clinics, Kansas City, MO
Background: Reliable echocardiographic (echo) assessment of left  ventricular (LV) size 
and ejection fraction (EF) is critical to the management of multiple medical conditions 
in children. Studies suggest that >10% variation can occur in EF measurement by 
2-dimensional echo due to inter-observer variability (IOV). We hypothesized that IOV 
for LV EF and volumes by the 5/6 area -length method can be improved by quality 
improvement interventions designed to standardize image acquisition and measurement. 

Methods: Sonographers were graded on image acquisition (maximum score = 10) by 
review of 3 random studies performed and on measurement technique (maximum 
score =12) by measuring EF on the same 5 sets of images blinded to each other. Images 
varied in technical diffi  culty and included cardiomyopathy (dilated and hypertrophic) 
and pulmonary artery hypertension. Data were obtained at baseline (phase I), aft er a 
general teaching session (phase II) and following a second teaching session along with 
individual training for sonographers with lower score (phase III). To assess sustainability 
of the improvement, data were again obtained 6 months aft er the last intervention (phase 
IV). To assess IOV, diff erence from an expert reader (imager cardiologist) was computed 
for variables [LV length, area, volume (in systole and diastole), and EF] by calculating 
percent error. For EF, absolute diff erence from expert was also compared. General linear 
model with post-hoc comparisons were used to compare the phases. Results: Nineteen 
sonographers participated (pediatric echo experience < 1- > 20 years) in the study. Th ere 
was improvement in the acquisition and measurement scores across the time frame of 
the study (table 1). Table 2 shows the percent error for variables. Absolute EF diff erence 
from expert was lower post intervention. Conclusions: IOV for assessment of EF and 
LV volumes by 5/6 area-length method could be signifi cantly improved through focused 
teaching interventions and the improvement was sustained 6 months post intervention.
Table 1 : Sonographer Scores 

Phase Measurement score (max =12 
points)

Acquisition score (max=10 
points)

Total score (max =22 
points)

I 9.33 ± 1.36 8.32 ± 1.55 17.65 ± 2.32
II 10.29 ± 0.96** 9.47 ± 0.64*** 19.77 ± 1.32***
III 10.98 ± 0.72*** 9.42 ± 0.48*** 20.40 ± 0.85***
IV 11.13 ± 0.71*** 9.02 ± 0.91* 20.14 ± 1.37***
* denotes signifi cant change from baseline/phase I (* p<0.05, **p<0.01, ***p<0.001)

Variable Table 2 : Percent error from expert reader ( diff erence/average)
Phase I n 
= 100

Phase IIn 
= 95 Phase IIIn = 95 Phase IV n =95

LV length (diastole) 4.1 ± 3.6 2.8 ± 2.0*** 2.6 ± 2.2*** 2.9 ± 2.2***
LV length (systole) 6.3 ± 6.0 3.6 ± 2.8*** 3.1 ± 2.9*** 3.7 ± 4***
LV area (diastole) 9.1 ± 7.4 6.6 ± 6.5* 6.4 ± 9.4* 5.3 ± 5.8***
LV area (systole) 12.2 ± 8.9 12.0 ± 11.8 8.4 ± 12.5* 7.5 ± 8**
LV volume (diastole) 10.7 ± 8.4 7.6 ± 6.3** 7.4 ± 9.7** 6.9 ± 6.4**
LV volume (systole) 14.5 ± 10.5 13.2 ± 11.6 9 ± 11.8*** 10.1 ± 9.2**
LV EF (percent error) 17.1 ± 17.3 16.4 ± 19.9 15.2 ± 16.6 10.8 ± 13.5*
EF diff erence from expert 
reader 5.9 ± 4.7 4.7 ± 3.7* 4.4 ± 3.3** 3.9 ± 3.4***

* denotes signifi cant change from baseline/phase I (*p<0.05, **p<0.01, ***p<0.001)

P1-32
Inter-Observer and Inter-Vendor Variability in Strain Measurements 
in Patients with Single Right Ventricular Anatomy 
Alex J. Th ompson, Patrick W. O‘Leary, Benjamin W. Eidem, Megan M. O‘Byrne, 
Angela Miller, Sara Martineau, Chelsea Reece, Amanda Breuer, M. Yasir Qureshi. 
Mayo Clinic, Rochester, MN
Background: Myocardial strain off ers new insights into ventricular performance. 
However, inter-vendor and inter-observer variability have not been evaluated in patients 
with single, right ventricular (sRV) physiology. Methods: Echocardiograms from 79 pts 
with sRV (116 separate studies) were prospectively evaluated aft er IRB approval and 
consenting process. All pts had undergone Glenn and/or Fontan palliation. Longitudinal 
strain was assessed in apical 4 chamber (4LS) and subcostal infl ow/outfl ow (IO) views. 
Circumferential and radial strain was assessed in the short axis plane. Results were 
analyzed using both Velocity Vector Imaging (VVI, Seimens, Munich) and Automated 
Functional Imaging (AFI, General Electric, Boston) soft ware. Paired “inter-observer” 
analyses were performed in a subset of the pts for each type of strain measurement. 
Results: Adequate 4LS assessments were obtained in most sRV pts (114 /116), but 
IO, circumferential and radial curves were suboptimal more frequently (see Table 2). 
Inter-observer variability data (mean diff erence) for the various strain measurements 
are shown in Table 1. Mean values and correlations between the two vendor soft ware 
packages for 4LS, global circumferential strain, global radial strain, and average anterior 
IO and inferior IO wall longitudinal strain are also reported in Table 1. Both vendor 
soft ware packages showed good inter-observer reproducibility for longitudinal and 
circumferential strain values. More variation was seen in radial strain values with both 
AFI and VVI soft ware. Th ere was reasonable inter-vendor correlation for sRV global 
circumferential strain values. However, correlation between vendor packages was ≤ 0.6 
for all other assessments. Conclusion: While there was little inter-observer variation 
in sRV strain values using either analysis package; the inter-vendor correlation remains 
poor, with the exception of global circumferential strain. At this time, serial evaluations of 
longitudinal and radial myocardial strain in sRV should be made using the same analysis 
soft ware.
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Table 1. Average inter-sonographer and inter-vendor variability for VVI and AFI.
Strain Diff erence 
(%) n Mean 

Diff erence
Limits of 
Agreement

VVI Apical 
4-Chamber 
Longitudinal

68 -0.2 ± 3.0 (-6.0, 5.7)

VVI IO Anterior 53 0.3 ± 5.9 (-11.3, 12.0)
VVI IO Inferior 53 1.1 ± 4.7 (-8.0, 10.2)
VVI Global 
Circumferential 50 -0.18 ± 3.5 (-7.1, 6.7)

VVI Global Radial 42 -1.3 ± 17.1 (-34.8, 32.2)
AFI Apical 
4-Chamber 
Longitudinal

55 -0.3 ± 2.0 (-4.2, 3.6)

AFI IO Anterior 37 -1.3 ± 4.7 (-10.5, 7.9)
AFI IO Posterior 43 -0.8 ± 5.4 (-11.3, 9.8)
AFI Global 
Circumferential 26 0.3 ± 3.5 (-6.54, 7.1)

AFI Global Radial 33 1.05 ± 24.7 (-27.8, 29.9)

Strain (%) n VVI 
Mean

Mean 
Diff erence

AFI 
Mean

Limits of 
Agreement

Spearman 
Correlation

95% 
CI

Apical 4-Chamber 
Longitudinal 114 -14.6 ± 

3.4 2.0 ± 3.1 -16.6 ± 
3.4 (-4.0, 8.0) 0.6 (0.5, 

0.7)

IO Anterior 88 -12.8 ± 
4.0 -0.7 ± 5.5 -12.2 ± 

5.6 (-11.4, 10.1) 0.4 (0.2, 
0.6)

IO Posterior 94 -17.6 ± 
4.8 0.4 ± 4.7 -18.0 ± 

4.6 (-8.7, 9.5) 0.6 (0.4, 
0.7)

Global 
Circumferential 71 -15.4 ± 

4.4 -1.4 ± 3.2 -14.0 ± 
4.8 (-7.7, 5.0) 0.8 (0.7, 

0.9)

Global Radial 80 31.1 ± 
13.5 6.2 ± 16.6 24.9 ± 

11.3 (-26.4, 38.8) 0.2 (-0.1, 
0.4)

P1-33
Pulmonary Artery Acceleration Time is a Sensitive Marker for 
Assessing Pulmonary Artery Resistance and Capacitance in 
Pulmonary Hypertension
Manish Aggarwal, Julia Kolodziej, Gautam Singh, Phil Levy, Georgeann Groh, 
Toby Rockefeller. Washington University School of Medicine, St Louis, MO
Background: Right ventricular dysfunction and its relationship to the aft erload of the 
pulmonary vasculature independently predicts survival regardless of pre-capillary or 
post-capillary etiology. Th e static and dynamic components of aft erload are described 
by assessing systolic pulmonary artery pressure (SPAP), pulmonary vascular resistance 
(PVR), and pulmonary arterial capacitance (PAC). Accurate measurements of these 
values require invasive assessment via catheterization limiting usage in a clinical setting. 
We assessed whether non-invasive Doppler echocardiographic measurements adequately 
estimate these components of aft erload regardless of etiology and severity. Methods: We 
retrospectively isolated catheterizations with an echocardiogram performed within 1 
month with no post-tricuspid valve shunts or stenoses in the pulmonary circulation. We 
collected echocardiographic indices of pulmonary artery acceleration time (PAAT) and 
right ventricular ejection time (RVET). From catheterization data, we collected SPAP, PVR 
and PAC. Linear regression for PAC with each of the echocardiographic measurements was 
performed using SPSS version 25. Results: We identifi ed 110 patients with 140 diagnostic 
catheterizations. Th ose with pulmonary hypertension (PH, n=70 catheterizations) were 
divided by etiology of PH (congenital heart disease: 31, left  heart disease: 17, idiopathic: 
13, chronic lung disease: 6, other: 3). Th ere was an inverse relationship between resistance 
and capacitance modeled by the formula PAC=5.03*(PVR)-0.80 (Figure 1A). PAAT has a 
moderate inverse relationship with PVR as well as SPAP and a direct relationship between 
PAAT and PAC (Figure 1B-D, R values in Table 1). RVET showed limited correlation 
to cath indices. Conclusion: PAAT is able to provide an estimation of SPAP, PVR, and 
PAC in a variety of diagnoses and aft erload. PAAT, therefore, is an easily employed and 
incorporates both dyanmic and static components to right ventricular aft erload.

Table 1 shows R values comparing PAAT and RVET to SPAP, PVR, PAC

Linear Regression Pearson correlation R value

PAAT: PVR 0.51
PAAT:PAC 0.60
PAAT:SPAP 0.30
RVET:PVR 0.34
RVET:PAC 0.47
RVET:SPAP 0.10

P1-34
Differential Right Ventricle Remodeling In Response to Increased 
Pressure Versus Volume Loading: A Serial Experimental Study
Ryota Ebata1, Tao Fujioka1, Ryo Ishii1, Haruki Ide1, Golam Kabir2, Kim Connelly2, 
Mei Sun1, Osami Honjo1, Mark K. Friedberg1. 1Th e Hospital for Sick Children, 
Toronto, ON, Canada; 2St. Michael‘s Hospital, Toronto, ON, Canada
Background: Right ventricular (RV) dysfunction from increased pressure or volume 
loading are important determinants of morbidity & mortality in children with congenital 
& acquired heart disease. Moreover, treatment of one (e.g. pulmonary stenosis) can cause 
the other (e.g regurgitation) but the benefi ts versus risks of that tradeoff  are incompletely 
characterized. We sought to compare the impact of pure increased RV pressure versus 
volume loading on RV size, function and fi brosis in a rat model. Methods: Pulmonary 
artery banding (PAB): Via thoracotomy, a suture was tied around the main pulmonary 
artery (MPA) and an 18-G needle placed alongside the MPA. Removal of the needle leaves 
a standardized fi xed constriction. Pulmonary regurgitation (PR): Via thoracotomy and 
MPA, puncture & suture of the pulmonary leafl ets produced severe PR. Shams underwent 
thoracotomy. 5-weeks aft er PAB & 12-wks aft er PR, RV size & function were examined by 
echo. Aft er sacrifi ce, RV myocardium was stained with picrosirius red for quantifi cation 
of fi brosis expressed as % collagen area. Results: 22 male Sprague-Dawley rats (250 gr, 
Sham n=6; PAB n=10; PR n=6) were studied. RV systolic pressure was 69.9±20.5mmHg 
in PAB and 29.4±3.0 in PR rats. PAB & PR rats developed similar RV dilatation (RV 
end diastolic area index (RVEDAi) 9.7±2.7 vs. 9.8±1.0 cm2/m2, p=ns); but end systolic 
area (RVESAi) was larger in PAB vs. PR (Fig). Hence, RV fractional area change (FAC) 
was lower in PAB rats (21.1±4.7 vs. 46.3±9.7%, p<0.001). RV Fibrosis was higher in PAB 
vs. PR rats (11.5±3.8 vs. 5.9±0.7%, p=0.003). A positive linear relationship was observed 
between peak RV pressure and RVESAi and the burden of RV fi brosis; while a negative 
linear relationship was observed between RV fi brosis and RV FAC and tricuspid annular 
plane systolic excursion (Fig). Conclusion: RV pressure vs volume loading induces 
similar RV dilatation, but more systolic dysfunction, in relation to RV fi brosis burden. 
Th e results suggest that pulmonary stenosis should be treated aggressively, even at the 
expense of PR, if unavoidable.
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P1-35
Fetal Echocardiographic Predictors of Two Ventricular Repair in 
Prenatally Diagnosed Atrioventricular Canal Defects with Varying 
Degrees of Balance
Shae Anderson1, Michael Kelleman2, Courtney E. McCracken2, William Border1, 
Erik Michelfelder1. 1Emory University/CHOA, Atlanta, GA; 2Emory University, 
Atlanta, GA
Background: Atrioventricular canal defects (AVCD) are frequently diagnosed in the 
fetus and present with varying degrees of balance with regard to ventricular size and 
infl ow. Th e range in severity of LV or RV hypoplasia in unbalanced AVCDs (uAVCD) 
makes it challenging to predict whether a biventricular (2V) repair or single ventricle 
(1V) palliative pathway will provide the best outcome. While multiple post-natal 
echocardiographic measures have been used to quantify degree of balance and predict 
success of either a 2V vs 1V surgical strategy, there is little data examining use of these 
indices prenatally. Th is study evaluates the hypothesis that similar measures on fetal 
echocardiography are predictive of 2V repair at initial operation for patients prenatally 
diagnosed with AVCDs. Methods: We conducted a retrospective, single center cohort 
study of patients with a prenatal diagnosis of AVCD and post-natal evaluation at our 
center between March 2013 and November 2017. We analyzed multiple 2D and color fl ow 
Doppler indices describing relative LV/RV infl ow size, relative LV/RV ventricular size, 
RV/LV infl ow angle, and ventricular septal defect size. Univariate and bivariate analyses 
were conducted to determine association and odds of 2V repair vs. a palliative procedure 
as initial surgical intervention. Results: 45 subjects were analyzed; 31 (69%) underwent 
an initial 2V repair at a median of 138 days, while 14 (31%) underwent palliative surgery 
(Table). Additional cardiac defects were uncommon in the 2V repair (22%) but universal 
in the palliative repair group. RV/LV infl ow angle was signifi cantly larger in 2V vs. 
palliated surgical groups (p=0.003)(Table). On bivariate analysis, larger RV/LV infl ow 
angle (OR=2.07, 95% CI 1.28 - 3.37, p=0.003) and smaller VSD size (OR=1.35, 95% CI 
1.00-1.81, p=0.05) was associated with 2V repair. In a subanalysis (n=31) eliminating LV 
dominant cases, larger infl ow angle and smaller VSD was also predictive of 2V initial 
repair. Relative LV/RV infl ow indices and ventricular dimensions were not predictive of 
2V vs 1V repair in either primary or subanalysis. Conclusion: Th e RV/LV infl ow angle 
and VSD size measured on fetal echocardiogram may be useful in predicting 2V repair 
at initial intervention and in counseling families with regard to postnatal prognosis in 
fetal AVCD.

P1-36
Novel Associations Between Right Ventricular Function and 
Plasma Biomarkers of Myocardial Fibrosis in Infants with 
Tetralogy of Fallot
Laura Mercer-Rosa, Okan Elci, Grace DeCost, Yan Wang, Elizabeth Goldmuntz. 
Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Aft er surgical repair for tetralogy of Fallot (TOF), myocardial fi brosis is 
associated with long term right ventricular (RV) dysfunction, however, little is known 
about pre-operative RV remodeling in these patients. Th e pre-operative associations of 
myocardial fi brosis and RV function have not been thoroughly studied. We sought to 
investigate the association of pre-operative levels of plasma biomarkers of myocardial 
fi brosis with right ventricular function in a population of infants undergoing initial 
TOF repair. Methods: We conducted a single-center prospective study of infants with 
TOF undergoing initial complete surgical repair. Biomarkers of fi brosis were measured 
from frozen plasma samples collected prior to cardiopulmonary bypass (MMP1, 
MMP9, ST2, Galectin3, PICP and PIIINP). RV function was assessed on pre-operative 
echocardiograms using fractional area change % (FAC) and global longitudinal RV 
strain (GLS). Associations between biomarkers and RV function were assessed using 
linear regression. Results: Forty-nine subjects had biomarker/echo pairs [32 (68%) 
male, 36 (77%)% white], median age at TOF repair 3.4 months (IQR: 2.52,5.2). Most 
had pulmonary valve stenosis (36, 77%). FAC was 43±7 % and RV GLS was -19.7±4.6%. 
Galectin3 had a moderate direct association with FAC, and MMP1 had a moderate 
inverse association with FAC and a non-linear association with RV GLS (Figures). 
Conclusion: Plasma biomarkers may add to the characterization of RV remodeling in 
TOF. Th ese associations between plasma markers of fi brosis and imaging measures of RV 
remodeling, as well as their clinical signifi cance need future study.

P1-37
Progressive Physiological and Anatomical Deterioration in 
Fetuses with Aortic Stenosis
Max E. Godfrey1,2, Kevin G. Friedman3, David N. Schidlow4, Lindsay R. Freud5, 
Monika Drogosz6, Terra Lafranchi3, Wayne Tworetzky3. 1Shaare Zedek Medical 
Center, Jerusalem, Israel; 2Schneider Children‘s Medical Center of Israel, Petah 
Tikva, Israel; 3Boston Children‘s Hospital, Boston, MA; 4Children‘s National 
Hospital, Washington, DC; 5NewYork-Presbyterian Morgan Stanley Children‘s 
Hospital, New York, NY; 6American Sports Medicine Institute, Birmingham, AL
Background: Fetuses with mid-gestation aortic stenosis (AS) commonly evolve into 
hypoplastic left  heart syndrome by birth. Fetal aortic valvuloplasty (FAV) is performed in 
an attempt to avert this progression. Data on the in utero natural history of fetuses with 
severe AS would be critical in determining candidacy for FAV. We investigated changes in 
physiological and anatomical parameters over time in fetuses with severe AS, prior to FAV. 
Methods: We included fetuses with severe AS who were referred for FAV and had at least 
2 weeks between the initial and pre-FAV fetal echo (n=38), comparing anatomical and 
physiological echo parameters at the two time points. Results: Th e median time between 
studies was 21.5 days (range 14-83). Median gestational age at diagnosis was 21.6 weeks 
(range 18.6-27.4). Th e left  ventricular ejection fraction (LVEF) decreased between the 
referral study and the pre-intervention study (median diff erence -12.65, p<0.0001), and 
the decrease in LVEF correlated with longer time between studies (fi gure A & B). Aortic 
valve annulus z score also decreased between the studies (fi gure C, median diff erence 
-0.54, p=0.005), as did the ascending aorta z score (p=0.013). LV sphericity (a marker of 
pathological remodeling) increased between the studies (P<0.0001). Th e proportion of 
fetuses with monophasic mitral infl ow (indicating diastolic dysfunction) increased from 
58.3 to 85.7% (p=0.013). Th e proportion with abnormal (bidirectional or left  to right) 
foramen ovale (FO) fl ow increased from 76.5% to 100% (p=0.0012), while the presence 
of abnormal retrograde fl ow in the transverse aortic arch (TAA) increased from 71.4% to 
100% (p=0.0001). Of the ten fetuses with normal antegrade fl ow in the TAA at the fi rst 
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study, all had retrograde fl ow at the pre-intervention study, and no fetus changed from 
retrograde to antegrade (p=0.02). Similarly no fetus changed from abnormal to normal 
FO fl ow (p=0.04). Conclusion: Our fi ndings show that severe AS is a progressive disease 
in the fetus, with both anatomical and physiological markers of deterioration over time. 
Further studies are warranted to elucidate the impact of disease progression on FAV 
outcomes, and to clarify whether earlier intervention would improve results.

P1-38
Natural History of Fetal Echocardiographic Findings Associated 
with Lower Urinary Tract Obstruction
Jennifer Cohen, Russell Miller, Lynn Simpson, Lindsay Freud. Columbia 
University Medical Center, New York, NY
Background: Fetal lower urinary tract obstruction (LUTO) is associated with abnormal 
renal function and oligohydramnios. Although fetal echo fi ndings associated with 
LUTO at a single time point have been described, the natural history of cardiac fi ndings 
through postnatal life have not been reported. Methods: We included fetuses diagnosed 
with LUTO with ≥1 fetal echo performed between 1/2005-12/2017. Serial fetal and 
postnatal echos were reviewed, and indices of right ventricular (RV) and left  ventricular 
(LV) hypertrophy and function, including tricuspid valve (TV) and mitral valve (MV) 
infl ow times, were assessed. Results: 22 fetuses were identifi ed; 1 was excluded due to 
hypoplastic left  heart syndrome. Median gestational age at the fi rst study was 26 (range: 
17-32) weeks. 8/21 (38%) fetuses had cardiomegaly, 10/21 (48%) had RV hypertrophy, 
7/21 (33%) had LV hypertrophy, and 9/21 (43%) had at least a small pericardial eff usion. 
Median TV infl ow time z-score was -0.6 (-2.6 to +1.4), and 4/21 (19%) had fused E/A 
waves consistent with diastolic dysfunction. Median MV infl ow time z-score was -0.8 
(-2.8 to +1.6). RV and LV systolic function were qualitatively decreased in 5/21 (24%) 
and 1/21 (5%), respectively. Among patients with serial fetal echos (n=5), median time 
between studies was 4 (2-6) weeks. RV hypertrophy increased in 3 of 5 patients, and 
LV hypertrophy in 2 of 5. Both RV and LV diastolic function worsened with TV infl ow 
time z-score decreasing by 1.9 (0.5-2.0) and MV infl ow time z-score by 0.9 (0.5-2.7). RV 
systolic function worsened in 2 of 5 patients; LV systolic function was unchanged. Th e 
pericardial eff usions remained stable. Pregnancy outcomes included 15 live-births, 2 fetal 
demises, 1 termination, and 3 lost to follow-up. Among patients with serial postnatal 
echos (n=5), systolic function normalized by 3-10 days and ventricular hypertrophy by 
20 days to 4 months. Of note, 4 (19%) had mildly hypoplastic left  heart structures: 2 with 
arch hypoplasia and 2 with mitral and aortic stenosis. Conclusion: Fetuses with LUTO 
commonly present with cardiomegaly, ventricular hypertrophy, and pericardial eff usion, 
perhaps due to abnormal renal function and release of vasoactive mediators. Ventricular 
hypertrophy and function, particularly of the RV, worsened over the course of gestation 
in this small series with postnatal normalization by several months of age. Interestingly, 
we found a high incidence of mild left  heart hypoplasia, which has not previously been 
reported, and may be due to redistribution of cardiac output in fetuses with LUTO. Our 
fi ndings require further investigation in larger series.

P1-39
Abnormal Right Ventricular-Pulmonary Vascular Coupling Persists 
in Preterm Infants
Philip T. Levy1, Collin Erickson2, Kelvin Woo1, Karl Stessy Bisselou2, Mary Craft 2, 
Tim J. Sekarski1, Ling Li2, Amanda Hauck3, Aaron Hamvas3, Shelby Kutty2, 
Gautam K. Singh1. 1Washington University Medical School, St. Louis, MO; 
2University of Nebraska College of Medicine and Children’s Hospital and Medical 
Center, Omaha, NE; 3Northwestern University Feinberg School of Medicine, 
Chicago, IL
Background: Prematurity exposes the right ventricular-pulmonary vascular (RV-PV) 
axis to postnatal cardiovascular stress before myocardial development is completed. 
Although chronic lung disease (CLD) of prematurity can exert additional load to RV, its 
long-term consequences on RV-PV coupling are not precisely known. RV-PV coupling 
is characterized by the RV length-force relationship (tricuspid annular plane systolic 
excursion [TAPSE] vs. generated pulmonary artery systolic pressure [PASP]). Pulmonary 
artery acceleration time [PAAT] provides a validated estimate of PASP in infants. We 
hypothesized that the length-force relationship (TAPSE x PAAT), a non-invasive index of 
RV-PV coupling, is diminished in preterm infants compared to term infants. Methods: 
Th e study was conducted in a prospective cohort of 80 extreme preterm infants (< 
29 weeks gestation and < 1500 grams at birth) enrolled through the Prematurity and 
Respiratory Outcomes Program. CLD, defi ned as the need for any respiratory support 
at 36 weeks post-menstrual age, was diagnosed in 48 preterm infants (60%). TAPSE 
(cm) for RV length shortening and PAAT (msec) for estimation of PASP were measured. 

PAAT was adjusted for RV ejection time to correct for heart rate. Comparisons of RV-
PV coupling (TAPSE x PAAT) were made between the preterm cohort and 50 age- and 
weight- matched term-born healthy infants at one month and one year of age. Results: 
TAPSE x PAAT increased from one month to one year of age in both preterm- and term-
born infant, but was signifi cantly lower in all preterm infants at each time point, (Figure 
1). Preterm-born infants with CLD had lower TAPSE x PAAT than those without CLD at 
both time points. None of the infants required respiratory support at one year of age. Th e 
same patterns were signifi cant for TAPSE x (PAAT:RV ejection time), (Figure 2). Data 
analysis included adjustment for gestational age, body surface area and heart rate at each 
time point. Conclusions: Preterm infants show reduced RV-PV coupling at one month 
of age that persists to one year of age. Th is altered RV length-force relationship may be a 
distinct pathology of prematurity that is present even aft er resolution of CLD.

P1-40
Speckle-tracking Strain Calculation Packages in Children: A Head-
to-Head Comparison of TomTec and QLAB
Alessandra M. Ferraro, Adi Adar, Douglas Mah, Sunil Ghelani, Lynn A. Sleeper, 
David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Strain may be calculated using a variety of soft ware analysis tools. We 
aimed to compare values between the strain calculation packages available for the Philips 
Epiq platform, using three diverse pediatric cohorts and a variety of analysis settings. 
Methods: All patients were ≤18 years old with a biventricular circulation and a systemic 
left  ventricle. Th ree groups were analyzed: (1) normal heart structure and function; 
(2) ventricular paced rhythm with QRS ≥120 msec; (3) fl attened ventricular septum 
due to right ventricular volume or pressure overload. Each set of images was analyzed 
using 6 scenarios: QLAB 10.5, QLAB 10.8 (using quantifi cation smoothness settings = 
low, medium and high; these are known to have a large impact on segmental tracking), 
TomTec 2DCPA at full acquisition frame rate (TT-Full), and TT at 30 fps (TT-30). Strain 
analysis included apical 4-chamber (AP4) and short axis mid-papillary (SAX-M) views. A 
mixed eff ects linear regression model main eff ect was considered signifi cant if the p value 
was <0.05; pairwise p values were not adjusted for multiple comparisons. Results: 108 
patients were included (36 per group). Th e mean±SD AP4 and SAX-M strain values (%) 
were: -24±2 / -31±3 (normal group); -17±5 / -24±7 (paced); and -20±3 / -27±5 (fl attened 
septum). When considering all patients together, the packages that produced the most 
vs. least negative values for AP4 strain (%) were: QLAB 10.5 vs. QLAB 10.8-med (-22 vs. 
-19; p<0.001); for SAX-M (%) these were TT-Full vs. QLAB 10.5 (-29 vs. -23; p<0.001). 
Diff erences between strain analyses by group are shown in the Figure. For QLAB 10.8, 
mean strain did not diff er by quantifi cation smoothness setting for any group. QLAB 
10.5 diff ered from QLAB 10.8 and TT for all groups, for both SAX-M and AP4 strain. 
TT-30 diff ered from TT-Full only for the fl attened septum group. QLAB 10.8 was similar 



Abstracts  B29Journal of the American Society of Echocardiography
Volume 31 Number 6

Poster Session 1 (P1) Sunday, June 24, 2018

P1-35
Fetal Echocardiographic Predictors of Two Ventricular Repair in 
Prenatally Diagnosed Atrioventricular Canal Defects with Varying 
Degrees of Balance
Shae Anderson1, Michael Kelleman2, Courtney E. McCracken2, William Border1, 
Erik Michelfelder1. 1Emory University/CHOA, Atlanta, GA; 2Emory University, 
Atlanta, GA
Background: Atrioventricular canal defects (AVCD) are frequently diagnosed in the 
fetus and present with varying degrees of balance with regard to ventricular size and 
infl ow. Th e range in severity of LV or RV hypoplasia in unbalanced AVCDs (uAVCD) 
makes it challenging to predict whether a biventricular (2V) repair or single ventricle 
(1V) palliative pathway will provide the best outcome. While multiple post-natal 
echocardiographic measures have been used to quantify degree of balance and predict 
success of either a 2V vs 1V surgical strategy, there is little data examining use of these 
indices prenatally. Th is study evaluates the hypothesis that similar measures on fetal 
echocardiography are predictive of 2V repair at initial operation for patients prenatally 
diagnosed with AVCDs. Methods: We conducted a retrospective, single center cohort 
study of patients with a prenatal diagnosis of AVCD and post-natal evaluation at our 
center between March 2013 and November 2017. We analyzed multiple 2D and color fl ow 
Doppler indices describing relative LV/RV infl ow size, relative LV/RV ventricular size, 
RV/LV infl ow angle, and ventricular septal defect size. Univariate and bivariate analyses 
were conducted to determine association and odds of 2V repair vs. a palliative procedure 
as initial surgical intervention. Results: 45 subjects were analyzed; 31 (69%) underwent 
an initial 2V repair at a median of 138 days, while 14 (31%) underwent palliative surgery 
(Table). Additional cardiac defects were uncommon in the 2V repair (22%) but universal 
in the palliative repair group. RV/LV infl ow angle was signifi cantly larger in 2V vs. 
palliated surgical groups (p=0.003)(Table). On bivariate analysis, larger RV/LV infl ow 
angle (OR=2.07, 95% CI 1.28 - 3.37, p=0.003) and smaller VSD size (OR=1.35, 95% CI 
1.00-1.81, p=0.05) was associated with 2V repair. In a subanalysis (n=31) eliminating LV 
dominant cases, larger infl ow angle and smaller VSD was also predictive of 2V initial 
repair. Relative LV/RV infl ow indices and ventricular dimensions were not predictive of 
2V vs 1V repair in either primary or subanalysis. Conclusion: Th e RV/LV infl ow angle 
and VSD size measured on fetal echocardiogram may be useful in predicting 2V repair 
at initial intervention and in counseling families with regard to postnatal prognosis in 
fetal AVCD.

P1-36
Novel Associations Between Right Ventricular Function and 
Plasma Biomarkers of Myocardial Fibrosis in Infants with 
Tetralogy of Fallot
Laura Mercer-Rosa, Okan Elci, Grace DeCost, Yan Wang, Elizabeth Goldmuntz. 
Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Aft er surgical repair for tetralogy of Fallot (TOF), myocardial fi brosis is 
associated with long term right ventricular (RV) dysfunction, however, little is known 
about pre-operative RV remodeling in these patients. Th e pre-operative associations of 
myocardial fi brosis and RV function have not been thoroughly studied. We sought to 
investigate the association of pre-operative levels of plasma biomarkers of myocardial 
fi brosis with right ventricular function in a population of infants undergoing initial 
TOF repair. Methods: We conducted a single-center prospective study of infants with 
TOF undergoing initial complete surgical repair. Biomarkers of fi brosis were measured 
from frozen plasma samples collected prior to cardiopulmonary bypass (MMP1, 
MMP9, ST2, Galectin3, PICP and PIIINP). RV function was assessed on pre-operative 
echocardiograms using fractional area change % (FAC) and global longitudinal RV 
strain (GLS). Associations between biomarkers and RV function were assessed using 
linear regression. Results: Forty-nine subjects had biomarker/echo pairs [32 (68%) 
male, 36 (77%)% white], median age at TOF repair 3.4 months (IQR: 2.52,5.2). Most 
had pulmonary valve stenosis (36, 77%). FAC was 43±7 % and RV GLS was -19.7±4.6%. 
Galectin3 had a moderate direct association with FAC, and MMP1 had a moderate 
inverse association with FAC and a non-linear association with RV GLS (Figures). 
Conclusion: Plasma biomarkers may add to the characterization of RV remodeling in 
TOF. Th ese associations between plasma markers of fi brosis and imaging measures of RV 
remodeling, as well as their clinical signifi cance need future study.

P1-37
Progressive Physiological and Anatomical Deterioration in 
Fetuses with Aortic Stenosis
Max E. Godfrey1,2, Kevin G. Friedman3, David N. Schidlow4, Lindsay R. Freud5, 
Monika Drogosz6, Terra Lafranchi3, Wayne Tworetzky3. 1Shaare Zedek Medical 
Center, Jerusalem, Israel; 2Schneider Children‘s Medical Center of Israel, Petah 
Tikva, Israel; 3Boston Children‘s Hospital, Boston, MA; 4Children‘s National 
Hospital, Washington, DC; 5NewYork-Presbyterian Morgan Stanley Children‘s 
Hospital, New York, NY; 6American Sports Medicine Institute, Birmingham, AL
Background: Fetuses with mid-gestation aortic stenosis (AS) commonly evolve into 
hypoplastic left  heart syndrome by birth. Fetal aortic valvuloplasty (FAV) is performed in 
an attempt to avert this progression. Data on the in utero natural history of fetuses with 
severe AS would be critical in determining candidacy for FAV. We investigated changes in 
physiological and anatomical parameters over time in fetuses with severe AS, prior to FAV. 
Methods: We included fetuses with severe AS who were referred for FAV and had at least 
2 weeks between the initial and pre-FAV fetal echo (n=38), comparing anatomical and 
physiological echo parameters at the two time points. Results: Th e median time between 
studies was 21.5 days (range 14-83). Median gestational age at diagnosis was 21.6 weeks 
(range 18.6-27.4). Th e left  ventricular ejection fraction (LVEF) decreased between the 
referral study and the pre-intervention study (median diff erence -12.65, p<0.0001), and 
the decrease in LVEF correlated with longer time between studies (fi gure A & B). Aortic 
valve annulus z score also decreased between the studies (fi gure C, median diff erence 
-0.54, p=0.005), as did the ascending aorta z score (p=0.013). LV sphericity (a marker of 
pathological remodeling) increased between the studies (P<0.0001). Th e proportion of 
fetuses with monophasic mitral infl ow (indicating diastolic dysfunction) increased from 
58.3 to 85.7% (p=0.013). Th e proportion with abnormal (bidirectional or left  to right) 
foramen ovale (FO) fl ow increased from 76.5% to 100% (p=0.0012), while the presence 
of abnormal retrograde fl ow in the transverse aortic arch (TAA) increased from 71.4% to 
100% (p=0.0001). Of the ten fetuses with normal antegrade fl ow in the TAA at the fi rst 
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study, all had retrograde fl ow at the pre-intervention study, and no fetus changed from 
retrograde to antegrade (p=0.02). Similarly no fetus changed from abnormal to normal 
FO fl ow (p=0.04). Conclusion: Our fi ndings show that severe AS is a progressive disease 
in the fetus, with both anatomical and physiological markers of deterioration over time. 
Further studies are warranted to elucidate the impact of disease progression on FAV 
outcomes, and to clarify whether earlier intervention would improve results.

P1-38
Natural History of Fetal Echocardiographic Findings Associated 
with Lower Urinary Tract Obstruction
Jennifer Cohen, Russell Miller, Lynn Simpson, Lindsay Freud. Columbia 
University Medical Center, New York, NY
Background: Fetal lower urinary tract obstruction (LUTO) is associated with abnormal 
renal function and oligohydramnios. Although fetal echo fi ndings associated with 
LUTO at a single time point have been described, the natural history of cardiac fi ndings 
through postnatal life have not been reported. Methods: We included fetuses diagnosed 
with LUTO with ≥1 fetal echo performed between 1/2005-12/2017. Serial fetal and 
postnatal echos were reviewed, and indices of right ventricular (RV) and left  ventricular 
(LV) hypertrophy and function, including tricuspid valve (TV) and mitral valve (MV) 
infl ow times, were assessed. Results: 22 fetuses were identifi ed; 1 was excluded due to 
hypoplastic left  heart syndrome. Median gestational age at the fi rst study was 26 (range: 
17-32) weeks. 8/21 (38%) fetuses had cardiomegaly, 10/21 (48%) had RV hypertrophy, 
7/21 (33%) had LV hypertrophy, and 9/21 (43%) had at least a small pericardial eff usion. 
Median TV infl ow time z-score was -0.6 (-2.6 to +1.4), and 4/21 (19%) had fused E/A 
waves consistent with diastolic dysfunction. Median MV infl ow time z-score was -0.8 
(-2.8 to +1.6). RV and LV systolic function were qualitatively decreased in 5/21 (24%) 
and 1/21 (5%), respectively. Among patients with serial fetal echos (n=5), median time 
between studies was 4 (2-6) weeks. RV hypertrophy increased in 3 of 5 patients, and 
LV hypertrophy in 2 of 5. Both RV and LV diastolic function worsened with TV infl ow 
time z-score decreasing by 1.9 (0.5-2.0) and MV infl ow time z-score by 0.9 (0.5-2.7). RV 
systolic function worsened in 2 of 5 patients; LV systolic function was unchanged. Th e 
pericardial eff usions remained stable. Pregnancy outcomes included 15 live-births, 2 fetal 
demises, 1 termination, and 3 lost to follow-up. Among patients with serial postnatal 
echos (n=5), systolic function normalized by 3-10 days and ventricular hypertrophy by 
20 days to 4 months. Of note, 4 (19%) had mildly hypoplastic left  heart structures: 2 with 
arch hypoplasia and 2 with mitral and aortic stenosis. Conclusion: Fetuses with LUTO 
commonly present with cardiomegaly, ventricular hypertrophy, and pericardial eff usion, 
perhaps due to abnormal renal function and release of vasoactive mediators. Ventricular 
hypertrophy and function, particularly of the RV, worsened over the course of gestation 
in this small series with postnatal normalization by several months of age. Interestingly, 
we found a high incidence of mild left  heart hypoplasia, which has not previously been 
reported, and may be due to redistribution of cardiac output in fetuses with LUTO. Our 
fi ndings require further investigation in larger series.

P1-39
Abnormal Right Ventricular-Pulmonary Vascular Coupling Persists 
in Preterm Infants
Philip T. Levy1, Collin Erickson2, Kelvin Woo1, Karl Stessy Bisselou2, Mary Craft 2, 
Tim J. Sekarski1, Ling Li2, Amanda Hauck3, Aaron Hamvas3, Shelby Kutty2, 
Gautam K. Singh1. 1Washington University Medical School, St. Louis, MO; 
2University of Nebraska College of Medicine and Children’s Hospital and Medical 
Center, Omaha, NE; 3Northwestern University Feinberg School of Medicine, 
Chicago, IL
Background: Prematurity exposes the right ventricular-pulmonary vascular (RV-PV) 
axis to postnatal cardiovascular stress before myocardial development is completed. 
Although chronic lung disease (CLD) of prematurity can exert additional load to RV, its 
long-term consequences on RV-PV coupling are not precisely known. RV-PV coupling 
is characterized by the RV length-force relationship (tricuspid annular plane systolic 
excursion [TAPSE] vs. generated pulmonary artery systolic pressure [PASP]). Pulmonary 
artery acceleration time [PAAT] provides a validated estimate of PASP in infants. We 
hypothesized that the length-force relationship (TAPSE x PAAT), a non-invasive index of 
RV-PV coupling, is diminished in preterm infants compared to term infants. Methods: 
Th e study was conducted in a prospective cohort of 80 extreme preterm infants (< 
29 weeks gestation and < 1500 grams at birth) enrolled through the Prematurity and 
Respiratory Outcomes Program. CLD, defi ned as the need for any respiratory support 
at 36 weeks post-menstrual age, was diagnosed in 48 preterm infants (60%). TAPSE 
(cm) for RV length shortening and PAAT (msec) for estimation of PASP were measured. 

PAAT was adjusted for RV ejection time to correct for heart rate. Comparisons of RV-
PV coupling (TAPSE x PAAT) were made between the preterm cohort and 50 age- and 
weight- matched term-born healthy infants at one month and one year of age. Results: 
TAPSE x PAAT increased from one month to one year of age in both preterm- and term-
born infant, but was signifi cantly lower in all preterm infants at each time point, (Figure 
1). Preterm-born infants with CLD had lower TAPSE x PAAT than those without CLD at 
both time points. None of the infants required respiratory support at one year of age. Th e 
same patterns were signifi cant for TAPSE x (PAAT:RV ejection time), (Figure 2). Data 
analysis included adjustment for gestational age, body surface area and heart rate at each 
time point. Conclusions: Preterm infants show reduced RV-PV coupling at one month 
of age that persists to one year of age. Th is altered RV length-force relationship may be a 
distinct pathology of prematurity that is present even aft er resolution of CLD.

P1-40
Speckle-tracking Strain Calculation Packages in Children: A Head-
to-Head Comparison of TomTec and QLAB
Alessandra M. Ferraro, Adi Adar, Douglas Mah, Sunil Ghelani, Lynn A. Sleeper, 
David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Strain may be calculated using a variety of soft ware analysis tools. We 
aimed to compare values between the strain calculation packages available for the Philips 
Epiq platform, using three diverse pediatric cohorts and a variety of analysis settings. 
Methods: All patients were ≤18 years old with a biventricular circulation and a systemic 
left  ventricle. Th ree groups were analyzed: (1) normal heart structure and function; 
(2) ventricular paced rhythm with QRS ≥120 msec; (3) fl attened ventricular septum 
due to right ventricular volume or pressure overload. Each set of images was analyzed 
using 6 scenarios: QLAB 10.5, QLAB 10.8 (using quantifi cation smoothness settings = 
low, medium and high; these are known to have a large impact on segmental tracking), 
TomTec 2DCPA at full acquisition frame rate (TT-Full), and TT at 30 fps (TT-30). Strain 
analysis included apical 4-chamber (AP4) and short axis mid-papillary (SAX-M) views. A 
mixed eff ects linear regression model main eff ect was considered signifi cant if the p value 
was <0.05; pairwise p values were not adjusted for multiple comparisons. Results: 108 
patients were included (36 per group). Th e mean±SD AP4 and SAX-M strain values (%) 
were: -24±2 / -31±3 (normal group); -17±5 / -24±7 (paced); and -20±3 / -27±5 (fl attened 
septum). When considering all patients together, the packages that produced the most 
vs. least negative values for AP4 strain (%) were: QLAB 10.5 vs. QLAB 10.8-med (-22 vs. 
-19; p<0.001); for SAX-M (%) these were TT-Full vs. QLAB 10.5 (-29 vs. -23; p<0.001). 
Diff erences between strain analyses by group are shown in the Figure. For QLAB 10.8, 
mean strain did not diff er by quantifi cation smoothness setting for any group. QLAB 
10.5 diff ered from QLAB 10.8 and TT for all groups, for both SAX-M and AP4 strain. 
TT-30 diff ered from TT-Full only for the fl attened septum group. QLAB 10.8 was similar 
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to TT-Full for both strain components for all groups. Conclusion: When measuring 
global strain, QLAB 10.5 measurements consistently diff er from the other options. QLAB 
10.8 strain did not diff er by choice of quantifi cation smoothness and was equivalent to 
TT-Full, which diff ered from TT-30 fps only in patients with a fl attened septum. Future 
studies are planned to investigate the diff erences between these tools for regional function 
and synchrony assessment.

P1-41
The Effect of Digoxin on Cardiac Mechanics in the Interstage 
Period: Insights Using Non-Invasive Pressure-Volume Loop 
Analysis
Shahryar M. Chowdhury, Jacob Strelow, Andrew Atz, Eric Graham, Carolyn 
Taylor, Sinai Zyblewski. Medical University of South Carolina, Charleston, SC
Background: Reports suggest that digoxin use in the interstage period confers a survival 
benefi t in patients with single right ventricle physiology aft er the Norwood operation. 
Th e mechanisms behind this fi nding are unknown. Th e objective of this study was to 
determine if single right ventricle patients taking digoxin displayed more optimal cardiac 
mechanics than those who were not on digoxin. Methods: Core-lab echocardiogram 
measures and medication data in the interstage period were collected from the publically 
available Pediatric Heart Network Single Ventricle Reconstruction trial database at 
two time points: 1) prior to Norwood hospitalization discharge and 2) during the 
pre-operative evaluation prior to superior cavopulmonary connection (SCPC). End-
systolic elastance (Ees), a measure of contractility, was calculated as (0.9 * SBP/end-
systolic volume). Arterial elastance (Ea), a measure of aft erload, was calculated as (0.9 
* SBP/stroke volume). Ventriculo-arterial coupling was expressed as the ratio of Ea/Ees. 
Results: Diff erences between patients that were and were not taking digoxin are reported 
in the table. Th ere were no diff erences in Ees, Ea, or Ea/Ees between the groups at either 
time-point. Conclusion: Single right ventricle patients taking digoxin did not display 
improved contractility, aft erload, or ventriculo-arterial coupling compared to the non-
digoxin group in the interstage period. Other mechanisms that explain their improved 
survival should be further explored.

Post-Norwood Discharge Study
Digoxin (n=155 ) Non-Digoxin (n=297) p-value

Age (days) 22.0 (16.0-31.0) 20.0 (14.0-28.0) 0.035
Height (cm) 50.0 (48.5-52.0) 50.0 (49.0-52.0) 0.956
Weight (kg) 3.31 ± 0.52 3.20 ± 0.56 0.048
SBP (mm Hg) 81.0 (73.0-87.0) 77.0 (70.0-84.0) 0.003
DBP (mm Hg) 42.0 (37.0-50.0) 43.0 (37.0-49.0) 0.832
RV EDV (mL) 14.2 (11.6-20.7) 13.9 (10.3-20.0) 0.267
RV EF (%) 45.1 (40.4-51.8) 45.8 (40.4-50.3) 0.987
Ees (mm Hg/mL/m2) 10.2 (6.4-12.5) 9.0 (6.1-13.2) 0.978
Ea (mm Hg/mL/m2) 8.9 (5.9-11.4) 8.8 (6.0-11.9) 0.794
Ea/Ees 0.9 (0.7-1.1) 0.9 (0.8-1.1) 0.987

Pre-SCPC Evaluation
Digoxin (n=98 ) Non-Digoxin (n=285) p-value

Age (days) 139.0 (120.0-172.0) 139.0 (117.0-170.0) 0.784
Height (cm) 61.0 (59.0-64.0) 61.0 (58.5-64.0) 0.536
Weight (kg) 5.8 (5.1-6.4) 5.7 (5.1-6.3) 0.746
SBP (mm Hg) 91.0 (82.0-98.0) 86.0 (78.0-95.0) 0.022
DBP (mm Hg) 44.0 (37.0-55.0) 43.0 (37.0-51.0) 0.383
RV EDV (mL) 26.3 (20.6-31.3) 24.9 (17.7-31.4) 0.173
RV EF (%) 42.8 ± 7.4 43.9 ± 8.1 0.273
Ees (mm Hg/mL/m2) 5.5 (4.3-7.4) 5.7 (4.2-8.4) 0.492
Ea (mm Hg/mL/m2) 5.7 (4.6-7.8) 5.7 (4.5-7.9) 0.939
Ea/Ees 1.03 (0.84-1.24) 1.00 (0.81-1.22) 0.400
Results reported as mean ± standard deviation or median (interquartile range). DBP = diastolic 
blood pressure; Ea = arterial elastance; EDV = end-diastolic volume; Ees = end-systolic elastance; EF 
= ejection fraction; RV = right ventricle; TV = tricuspid valve; SBP = systolic blood pressure; SCPC = 
superior cavopulmonary anastomosis

P1-42
Umbilical Venous Volume Flow is Decreased in the Fetus with 
Congenital Heart Disease
Deborah Y. Ho, Zhiyun Tian, Heather M. Griffi  s, Hannah Katcoff , Trala Black, 
Margaret McCann, Debbra Soff er, J. William Gaynor, Jack Rychik. Th e Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: Placentas of fetuses with congenital heart disease (CHD) may be abnormal, 
due to shared signaling factors that alter both cardiovascular and placental development. 
A strong association exists between CHD and preeclampsia, a disorder of placental 
vascular function. We hypothesize that the placenta in the fetus with CHD has decreased 
blood fl ow relative to normal. Methods: Umbilical venous volume fl ow (UVVF) is 
a non-invasive method to quantify in-utero umbilical vein fl ow from the ultrasound-
derived cross-sectional area and Doppler fl ow waveform velocity of the umbilical vein. 
We performed a retrospective cross-sectional study examining UVVF of fetuses at 20-25 
weeks’ gestation with tetralogy of Fallot, D-transposition of the great arteries or single 
ventricle CHD, compared to normally-developing fetuses or fetuses with isolated non-
cardiac anomalies that did not impact growth or hemodynamics. All eligible studies 
between September 2016 and June 2017 were reviewed and subjects included if the 
appropriate images were available. Results: 31 cases (23 fetuses with single ventricles, 5 
with tetralogy and 3 with transposition) and 144 controls were studied. Case and control 
groups have similar mean maternal age, gestational age, fetal weight and proportion of 
prenatal risk factors. Th e mean absolute UVVF, UVVF/gestational age and UVVF/fetal 
weight in CHD fetuses is signifi cantly lower than controls (Table 1). Diff erences remain 
signifi cant when examining only single ventricle fetuses compared to controls. Combined 
cardiac output (CCO) in cases and controls are the same, with trend towards a diff erence 
in ratio of absolute UVVF to CCO (p=0.07). Conclusions: Th ere is a quantifi able decrease 
in placental blood fl ow in fetuses with CHD in comparison to normal, implying a relative 
decrease in nutrient-rich placental blood delivery to the developing fetus with CHD. 
Our fi ndings demonstrate the potential of UVVF as a non-invasive measure of placental 
abnormality in utero. Characterizing the degree of diminution in UVVF related to 
specifi c cardiovascular conditions, correlating UVVF with placental pathology, as well as 
exploring the association with postnatal outcomes are next steps worthy of investigation.

Table 1. Baseline characteristics and UVVF fi ndings in fetuses with and without CHD.
Control Fetuses 
(n=144)

Fetuses with CHD 
(n=31) p-value

Maternal Age (years) 30.9 (5.1) 31.2 (5.6) 0.75
Gestational Age (weeks) 22.1 (1.3) 22.2 (1.4) 0.92
Fetal Weight (g) 525.1 (118.5) 511.7 (116.4) 0.57
Presence of Maternal Risk Factors 53 (36.8%) 6 (19.4%) 0.06
CCO (mL/min/kg) 463.6 (133.7) 465.4 (197.6) 0.96
Absolute UVVF (mL/min) 62.3 (21.8) 51.5 (18.7) 0.01
UVVF/gestational age (mL/min/wk) 2.8 (0.9) 2.3 (0.7) 0.004
UVVF/fetal weight (mL/min/kg) 0.12 (0.03) 0.10 (0.02) 0.001
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P1-43
Mitral Valve Apparatus in Children with Hypertrophic 
Cardiomyopathy: Unique Insights from Three-Dimensional 
Echocardiography
Renzo Calderon-Anyosa1, Tomoyuki Sato1, Berthold Klas2, Matthew A. Jolley1, 
Anirban Banerjee1. 1Children‘s Hospital of Philadelphia, Philadelphia, PA; 
2TomTec Corporation USA, Chicago, IL
Introduction: Abnormalities of the mitral valve (MV) apparatus have been studied 
infrequently in children with HCM. Our objective was to outline abnormalities of 
the MV apparatus in children with HCM using three-dimensional echocardiography 
(3DE). Methods: We studied 32 HCM and 32 age-matched controls (C), using Tomtec 
3D MV analysis soft ware. Static measurements of MV annulus and leafl ets were 
made in mid-systole, while dynamic measurements were made throughout systole. 
Measurements were adjusted by body surface area (BSA) and Wilcoxon test was used 
for comparing between HCM and C patients. Potential cut off  values for annular and 
leafl et measurements as determinants of mitral regurgitation (MR) and systolic anterior 
motion (SAM) were calculated using ROC (AUC: area under the curve, SE: sensitivity, 
SP: specifi city). Results: Static analysis of the annulus showed that the anteroposterior 
(AP) and anterolateral-posteromedial (AL-PM) diameters and annular circumference 
and area were signifi cantly larger in the HCM group (Table 1). Static measurements of 
the leafl ets showed that tenting height and area were increased in HCM, however, tenting 
volume did not increase signifi cantly. Th e area and length of the posterior MV leafl et were 
increased, however, no diff erence was found in the anterior leafl et dimensions. Th is may 
be due to the fact that a portion of anterior leafl et remains below the coaptation point 
in systole and thus, remains unmeasured by 3DE (Fig 1). In the dynamic assessment, 
the maximum annular displacement was reduced in the HCM group during systole. A 
tenting height cut off  value of 5.60 (cm/m) (AUC: 0.74, SE: 74%, SP: 89%), and a posterior 
leafl et length cut off  value of 0.96 (cm/m) (AUC: 0.80, SE: 78%, SP: 67%) were associated 
with MR. Increase in the tenting height was also associated with SAM, with a cut off  
value of 6.10 (cm/m) (AUC: 0.79, SE: 71% SP: 94%). Conclusions: Children with HCM 
manifest various MV apparatus abnormalities detected by 3DE. Most abnormalities were 
related to the anterior movement of the coaptation point of the leafl ets and an increase in 
the tenting height. A larger cohort of patients enrolled via multicenter studies may off er a 
better understanding of the role of the MV abnormalities in mitral regurgitation and LV 
outfl ow tract obstruction in children with HCM.

P1-44
Left Ventricular Dysfunction is Associated with Fetal Demise in 
Tricuspid Valve Dysplasia
Luke Eckersley1, Mary Van der Velde2, Lisa Howley3, Nee S. Khoo1, Timothy 
Colen1, Lisa K. Hornberger1. 1Stollery Children‘s Hospital, Edmonton, AB, 
Canada; 2Division of Cardiology, Department of Pediatrics, University of 
Michigan, Ann Arbor, MI; 3Division of Cardiology, Department of Pediatrics, 
University of Colorado, Denver, CO
Introduction: Ebstein’s anomaly and tricuspid valve dysplasia (EA/TVD) are associated 
with high risk of intrauterine fetal demise (IUFD). Th e reason for this fi nding is 
incompletely understood, with right ventricular (RV) and pulmonary valve fl ow 
predominantly identifi ed in prior studies. We hypothesised that abnormal left  ventricular 
(LV) function is also important due to ventricular interactions and dyssynchrony. 
Methods: Th e fi nal fetal echocardiogram in cases of EA/TVD resulting in intrauterine 
fetal demise was identifi ed and gestation-matched to survivors to one year of age (S). 
Echocardiograms were analysed for systemic (uterine artery pulsatility index - UA PI, 
cardiothoracic area ratio) and RV parameters (celemajer index) as well as LV systolic 
dysfunction (LV ejection fraction), dyssynchrony (Standard Deviation of 6-segment 
four chamber time to peak (T2PSD) and a novel dyssynchrony index ((DI = average 
peak segmental value - average global value)/average peak segmental value) and fi lling 
abnormalities (mitral valve infl ow time and velocity, systolic to diastolic time (SD ratio). 
Fisher’s exact test and unpaired T-tests were performed. Results: Th ere were 27 cases 
(S-17, IUFD-10) identifi ed, average gestation at analysis 27 weeks (range 20-34weeks). 
TV displacement, Celemajer index, CTAR and hydrops were not diff erent between 
groups. Pulmonary regurgitation was more prevalent in IUFD (7/10, 70%) vs S (2/15, 
13%) (p=0.009). Retrograde ductal fl ow was more common in IUFD with borderline 
signifi cance (IUFD 8/10 - 80%; S 7/17 - 41%, p=0.107). LV ejection fraction was reduced 
in IUFD (LVEF<45% IUFD 4/9 44%, S 0/9 (0%), p=0.041). Radial T2PSD and DI were 
higher in the IUFD group, but this did not reach signifi cance. Mitral e-wave velocity (S 
0.31±.08, IUFD 0.45±0.04, p=0.005) and SD ratio (S 1.33±0.24, IUFD 1.82±0.44, p=0.02) 
were increased in IUFD, whereas percentage infl ow time (S 43±5%, IUFD 37±8%, 
p=0.038) was decreased. Th e UA PI z-score was increased in IUFD (S 1.2±1.5, IUFD 
3.8±2.3, p=0.005). Conclusion: Left  ventricular systolic and fi lling abnormalities are 
more prevalent in IUFD than surviving cases of fetal EA/TVD. Abnormal UA PI may be 
an important easily assessed surrogate marker of high risk which is aff ected by pulmonary 
regurgitation and left  ventricular output. A large multicentre study assessment of these 
measures is warranted.

P1-45
Kawasaki Disease: Changes in Diagnosis Based on 2017 
Echocardiogram Criteria
Neha Ahluwalia, Dina Ferdman, Ambika Bhatnagar. Yale New Haven Hospital, 
New Haven, CT
Kawasaki disease (KD) is a common cause of coronary vasculitis in children less than 5 
years of age. Complete KD is diagnosed based on fever ≥5 days with principal clinical 
features. When not all clinical features are present, echocardiography (echo) fi ndings can 
impact the diagnosis of incomplete KD. Th e American Heart Association (AHA) in 2004 
published guidelines for positive echo fi ndings. Th e AHA revised the diagnostic criteria 
in 2017. Our aim was to evaluate the eff ect on diagnostic outcomes using the revised 2017 
criteria, on previously treated KD patients.
Th is was a retrospective chart review of patients diagnosed with KD during the year 
2016 at our institution. Clinical features, supplemental lab values, and echo results were 
reviewed. Echo fi ndings were classifi ed as positive or negative based on AHA 2004 and 
2017 guidelines and results were compared. 29 patients were diagnosed with KD, and 
treated with intravenous immunoglobulin (IVIG). One patient was excluded as the initial 
echo was unavailable. 10 out of 28 patients met clinical criteria for complete KD and 
18 had incomplete KD. 13/28 (46%) patients had positive echo fi ndings based on 2004 
criteria. In 5 out of these 13, the echo did not meet the 2017 criteria. All diff erences were 
due to periarterial brightness and lack of tapering in the coronary arteries, which were 
diagnostic criteria in 2004 but eliminated in 2017. Th ree of these patients had complete 
KD based on clinical features and would have been treated irrespective of echocardiogram 
fi ndings. Two patients had incomplete KD and were treated in consideration of a positive 
echo. Overall, almost half of all patients were noted to have periarterial brightness (13/28, 
46%) and lack of tapering (16/28, 57%) on echo. A z-score ≥2.5 in the right coronary 
artery and left  anterior descending arteries was noted in 6 (21%) and 3 (4%) patients 
respectively, similar to previously published data. Two of the incomplete KD patients did 
not meet the 2004 or 2017 echo criteria, but had a left  main coronary artery (LMCA) 
z-score ≥ 2.5, and were treated based on clinical suspicion. Per guidelines, LMCA z-scores 
should be used with caution due to anatomic variations. Th e AHA recently issued updated 
guidelines in 2017 for specifi c echo fi ndings that are considered to be positive for KD. 
Based on re-assessment of patients diagnosed in 2016, 7% (2/28) would not have fulfi lled 
revised AHA 2017 echo criteria and may not have received IVIG treatment. Removal of 
periarterial brightness and lack of tapering from the 2017 echo criteria may result in fewer 
KD diagnoses in the future.
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to TT-Full for both strain components for all groups. Conclusion: When measuring 
global strain, QLAB 10.5 measurements consistently diff er from the other options. QLAB 
10.8 strain did not diff er by choice of quantifi cation smoothness and was equivalent to 
TT-Full, which diff ered from TT-30 fps only in patients with a fl attened septum. Future 
studies are planned to investigate the diff erences between these tools for regional function 
and synchrony assessment.

P1-41
The Effect of Digoxin on Cardiac Mechanics in the Interstage 
Period: Insights Using Non-Invasive Pressure-Volume Loop 
Analysis
Shahryar M. Chowdhury, Jacob Strelow, Andrew Atz, Eric Graham, Carolyn 
Taylor, Sinai Zyblewski. Medical University of South Carolina, Charleston, SC
Background: Reports suggest that digoxin use in the interstage period confers a survival 
benefi t in patients with single right ventricle physiology aft er the Norwood operation. 
Th e mechanisms behind this fi nding are unknown. Th e objective of this study was to 
determine if single right ventricle patients taking digoxin displayed more optimal cardiac 
mechanics than those who were not on digoxin. Methods: Core-lab echocardiogram 
measures and medication data in the interstage period were collected from the publically 
available Pediatric Heart Network Single Ventricle Reconstruction trial database at 
two time points: 1) prior to Norwood hospitalization discharge and 2) during the 
pre-operative evaluation prior to superior cavopulmonary connection (SCPC). End-
systolic elastance (Ees), a measure of contractility, was calculated as (0.9 * SBP/end-
systolic volume). Arterial elastance (Ea), a measure of aft erload, was calculated as (0.9 
* SBP/stroke volume). Ventriculo-arterial coupling was expressed as the ratio of Ea/Ees. 
Results: Diff erences between patients that were and were not taking digoxin are reported 
in the table. Th ere were no diff erences in Ees, Ea, or Ea/Ees between the groups at either 
time-point. Conclusion: Single right ventricle patients taking digoxin did not display 
improved contractility, aft erload, or ventriculo-arterial coupling compared to the non-
digoxin group in the interstage period. Other mechanisms that explain their improved 
survival should be further explored.

Post-Norwood Discharge Study
Digoxin (n=155 ) Non-Digoxin (n=297) p-value

Age (days) 22.0 (16.0-31.0) 20.0 (14.0-28.0) 0.035
Height (cm) 50.0 (48.5-52.0) 50.0 (49.0-52.0) 0.956
Weight (kg) 3.31 ± 0.52 3.20 ± 0.56 0.048
SBP (mm Hg) 81.0 (73.0-87.0) 77.0 (70.0-84.0) 0.003
DBP (mm Hg) 42.0 (37.0-50.0) 43.0 (37.0-49.0) 0.832
RV EDV (mL) 14.2 (11.6-20.7) 13.9 (10.3-20.0) 0.267
RV EF (%) 45.1 (40.4-51.8) 45.8 (40.4-50.3) 0.987
Ees (mm Hg/mL/m2) 10.2 (6.4-12.5) 9.0 (6.1-13.2) 0.978
Ea (mm Hg/mL/m2) 8.9 (5.9-11.4) 8.8 (6.0-11.9) 0.794
Ea/Ees 0.9 (0.7-1.1) 0.9 (0.8-1.1) 0.987

Pre-SCPC Evaluation
Digoxin (n=98 ) Non-Digoxin (n=285) p-value

Age (days) 139.0 (120.0-172.0) 139.0 (117.0-170.0) 0.784
Height (cm) 61.0 (59.0-64.0) 61.0 (58.5-64.0) 0.536
Weight (kg) 5.8 (5.1-6.4) 5.7 (5.1-6.3) 0.746
SBP (mm Hg) 91.0 (82.0-98.0) 86.0 (78.0-95.0) 0.022
DBP (mm Hg) 44.0 (37.0-55.0) 43.0 (37.0-51.0) 0.383
RV EDV (mL) 26.3 (20.6-31.3) 24.9 (17.7-31.4) 0.173
RV EF (%) 42.8 ± 7.4 43.9 ± 8.1 0.273
Ees (mm Hg/mL/m2) 5.5 (4.3-7.4) 5.7 (4.2-8.4) 0.492
Ea (mm Hg/mL/m2) 5.7 (4.6-7.8) 5.7 (4.5-7.9) 0.939
Ea/Ees 1.03 (0.84-1.24) 1.00 (0.81-1.22) 0.400
Results reported as mean ± standard deviation or median (interquartile range). DBP = diastolic 
blood pressure; Ea = arterial elastance; EDV = end-diastolic volume; Ees = end-systolic elastance; EF 
= ejection fraction; RV = right ventricle; TV = tricuspid valve; SBP = systolic blood pressure; SCPC = 
superior cavopulmonary anastomosis

P1-42
Umbilical Venous Volume Flow is Decreased in the Fetus with 
Congenital Heart Disease
Deborah Y. Ho, Zhiyun Tian, Heather M. Griffi  s, Hannah Katcoff , Trala Black, 
Margaret McCann, Debbra Soff er, J. William Gaynor, Jack Rychik. Th e Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: Placentas of fetuses with congenital heart disease (CHD) may be abnormal, 
due to shared signaling factors that alter both cardiovascular and placental development. 
A strong association exists between CHD and preeclampsia, a disorder of placental 
vascular function. We hypothesize that the placenta in the fetus with CHD has decreased 
blood fl ow relative to normal. Methods: Umbilical venous volume fl ow (UVVF) is 
a non-invasive method to quantify in-utero umbilical vein fl ow from the ultrasound-
derived cross-sectional area and Doppler fl ow waveform velocity of the umbilical vein. 
We performed a retrospective cross-sectional study examining UVVF of fetuses at 20-25 
weeks’ gestation with tetralogy of Fallot, D-transposition of the great arteries or single 
ventricle CHD, compared to normally-developing fetuses or fetuses with isolated non-
cardiac anomalies that did not impact growth or hemodynamics. All eligible studies 
between September 2016 and June 2017 were reviewed and subjects included if the 
appropriate images were available. Results: 31 cases (23 fetuses with single ventricles, 5 
with tetralogy and 3 with transposition) and 144 controls were studied. Case and control 
groups have similar mean maternal age, gestational age, fetal weight and proportion of 
prenatal risk factors. Th e mean absolute UVVF, UVVF/gestational age and UVVF/fetal 
weight in CHD fetuses is signifi cantly lower than controls (Table 1). Diff erences remain 
signifi cant when examining only single ventricle fetuses compared to controls. Combined 
cardiac output (CCO) in cases and controls are the same, with trend towards a diff erence 
in ratio of absolute UVVF to CCO (p=0.07). Conclusions: Th ere is a quantifi able decrease 
in placental blood fl ow in fetuses with CHD in comparison to normal, implying a relative 
decrease in nutrient-rich placental blood delivery to the developing fetus with CHD. 
Our fi ndings demonstrate the potential of UVVF as a non-invasive measure of placental 
abnormality in utero. Characterizing the degree of diminution in UVVF related to 
specifi c cardiovascular conditions, correlating UVVF with placental pathology, as well as 
exploring the association with postnatal outcomes are next steps worthy of investigation.

Table 1. Baseline characteristics and UVVF fi ndings in fetuses with and without CHD.
Control Fetuses 
(n=144)

Fetuses with CHD 
(n=31) p-value

Maternal Age (years) 30.9 (5.1) 31.2 (5.6) 0.75
Gestational Age (weeks) 22.1 (1.3) 22.2 (1.4) 0.92
Fetal Weight (g) 525.1 (118.5) 511.7 (116.4) 0.57
Presence of Maternal Risk Factors 53 (36.8%) 6 (19.4%) 0.06
CCO (mL/min/kg) 463.6 (133.7) 465.4 (197.6) 0.96
Absolute UVVF (mL/min) 62.3 (21.8) 51.5 (18.7) 0.01
UVVF/gestational age (mL/min/wk) 2.8 (0.9) 2.3 (0.7) 0.004
UVVF/fetal weight (mL/min/kg) 0.12 (0.03) 0.10 (0.02) 0.001
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Mitral Valve Apparatus in Children with Hypertrophic 
Cardiomyopathy: Unique Insights from Three-Dimensional 
Echocardiography
Renzo Calderon-Anyosa1, Tomoyuki Sato1, Berthold Klas2, Matthew A. Jolley1, 
Anirban Banerjee1. 1Children‘s Hospital of Philadelphia, Philadelphia, PA; 
2TomTec Corporation USA, Chicago, IL
Introduction: Abnormalities of the mitral valve (MV) apparatus have been studied 
infrequently in children with HCM. Our objective was to outline abnormalities of 
the MV apparatus in children with HCM using three-dimensional echocardiography 
(3DE). Methods: We studied 32 HCM and 32 age-matched controls (C), using Tomtec 
3D MV analysis soft ware. Static measurements of MV annulus and leafl ets were 
made in mid-systole, while dynamic measurements were made throughout systole. 
Measurements were adjusted by body surface area (BSA) and Wilcoxon test was used 
for comparing between HCM and C patients. Potential cut off  values for annular and 
leafl et measurements as determinants of mitral regurgitation (MR) and systolic anterior 
motion (SAM) were calculated using ROC (AUC: area under the curve, SE: sensitivity, 
SP: specifi city). Results: Static analysis of the annulus showed that the anteroposterior 
(AP) and anterolateral-posteromedial (AL-PM) diameters and annular circumference 
and area were signifi cantly larger in the HCM group (Table 1). Static measurements of 
the leafl ets showed that tenting height and area were increased in HCM, however, tenting 
volume did not increase signifi cantly. Th e area and length of the posterior MV leafl et were 
increased, however, no diff erence was found in the anterior leafl et dimensions. Th is may 
be due to the fact that a portion of anterior leafl et remains below the coaptation point 
in systole and thus, remains unmeasured by 3DE (Fig 1). In the dynamic assessment, 
the maximum annular displacement was reduced in the HCM group during systole. A 
tenting height cut off  value of 5.60 (cm/m) (AUC: 0.74, SE: 74%, SP: 89%), and a posterior 
leafl et length cut off  value of 0.96 (cm/m) (AUC: 0.80, SE: 78%, SP: 67%) were associated 
with MR. Increase in the tenting height was also associated with SAM, with a cut off  
value of 6.10 (cm/m) (AUC: 0.79, SE: 71% SP: 94%). Conclusions: Children with HCM 
manifest various MV apparatus abnormalities detected by 3DE. Most abnormalities were 
related to the anterior movement of the coaptation point of the leafl ets and an increase in 
the tenting height. A larger cohort of patients enrolled via multicenter studies may off er a 
better understanding of the role of the MV abnormalities in mitral regurgitation and LV 
outfl ow tract obstruction in children with HCM.

P1-44
Left Ventricular Dysfunction is Associated with Fetal Demise in 
Tricuspid Valve Dysplasia
Luke Eckersley1, Mary Van der Velde2, Lisa Howley3, Nee S. Khoo1, Timothy 
Colen1, Lisa K. Hornberger1. 1Stollery Children‘s Hospital, Edmonton, AB, 
Canada; 2Division of Cardiology, Department of Pediatrics, University of 
Michigan, Ann Arbor, MI; 3Division of Cardiology, Department of Pediatrics, 
University of Colorado, Denver, CO
Introduction: Ebstein’s anomaly and tricuspid valve dysplasia (EA/TVD) are associated 
with high risk of intrauterine fetal demise (IUFD). Th e reason for this fi nding is 
incompletely understood, with right ventricular (RV) and pulmonary valve fl ow 
predominantly identifi ed in prior studies. We hypothesised that abnormal left  ventricular 
(LV) function is also important due to ventricular interactions and dyssynchrony. 
Methods: Th e fi nal fetal echocardiogram in cases of EA/TVD resulting in intrauterine 
fetal demise was identifi ed and gestation-matched to survivors to one year of age (S). 
Echocardiograms were analysed for systemic (uterine artery pulsatility index - UA PI, 
cardiothoracic area ratio) and RV parameters (celemajer index) as well as LV systolic 
dysfunction (LV ejection fraction), dyssynchrony (Standard Deviation of 6-segment 
four chamber time to peak (T2PSD) and a novel dyssynchrony index ((DI = average 
peak segmental value - average global value)/average peak segmental value) and fi lling 
abnormalities (mitral valve infl ow time and velocity, systolic to diastolic time (SD ratio). 
Fisher’s exact test and unpaired T-tests were performed. Results: Th ere were 27 cases 
(S-17, IUFD-10) identifi ed, average gestation at analysis 27 weeks (range 20-34weeks). 
TV displacement, Celemajer index, CTAR and hydrops were not diff erent between 
groups. Pulmonary regurgitation was more prevalent in IUFD (7/10, 70%) vs S (2/15, 
13%) (p=0.009). Retrograde ductal fl ow was more common in IUFD with borderline 
signifi cance (IUFD 8/10 - 80%; S 7/17 - 41%, p=0.107). LV ejection fraction was reduced 
in IUFD (LVEF<45% IUFD 4/9 44%, S 0/9 (0%), p=0.041). Radial T2PSD and DI were 
higher in the IUFD group, but this did not reach signifi cance. Mitral e-wave velocity (S 
0.31±.08, IUFD 0.45±0.04, p=0.005) and SD ratio (S 1.33±0.24, IUFD 1.82±0.44, p=0.02) 
were increased in IUFD, whereas percentage infl ow time (S 43±5%, IUFD 37±8%, 
p=0.038) was decreased. Th e UA PI z-score was increased in IUFD (S 1.2±1.5, IUFD 
3.8±2.3, p=0.005). Conclusion: Left  ventricular systolic and fi lling abnormalities are 
more prevalent in IUFD than surviving cases of fetal EA/TVD. Abnormal UA PI may be 
an important easily assessed surrogate marker of high risk which is aff ected by pulmonary 
regurgitation and left  ventricular output. A large multicentre study assessment of these 
measures is warranted.

P1-45
Kawasaki Disease: Changes in Diagnosis Based on 2017 
Echocardiogram Criteria
Neha Ahluwalia, Dina Ferdman, Ambika Bhatnagar. Yale New Haven Hospital, 
New Haven, CT
Kawasaki disease (KD) is a common cause of coronary vasculitis in children less than 5 
years of age. Complete KD is diagnosed based on fever ≥5 days with principal clinical 
features. When not all clinical features are present, echocardiography (echo) fi ndings can 
impact the diagnosis of incomplete KD. Th e American Heart Association (AHA) in 2004 
published guidelines for positive echo fi ndings. Th e AHA revised the diagnostic criteria 
in 2017. Our aim was to evaluate the eff ect on diagnostic outcomes using the revised 2017 
criteria, on previously treated KD patients.
Th is was a retrospective chart review of patients diagnosed with KD during the year 
2016 at our institution. Clinical features, supplemental lab values, and echo results were 
reviewed. Echo fi ndings were classifi ed as positive or negative based on AHA 2004 and 
2017 guidelines and results were compared. 29 patients were diagnosed with KD, and 
treated with intravenous immunoglobulin (IVIG). One patient was excluded as the initial 
echo was unavailable. 10 out of 28 patients met clinical criteria for complete KD and 
18 had incomplete KD. 13/28 (46%) patients had positive echo fi ndings based on 2004 
criteria. In 5 out of these 13, the echo did not meet the 2017 criteria. All diff erences were 
due to periarterial brightness and lack of tapering in the coronary arteries, which were 
diagnostic criteria in 2004 but eliminated in 2017. Th ree of these patients had complete 
KD based on clinical features and would have been treated irrespective of echocardiogram 
fi ndings. Two patients had incomplete KD and were treated in consideration of a positive 
echo. Overall, almost half of all patients were noted to have periarterial brightness (13/28, 
46%) and lack of tapering (16/28, 57%) on echo. A z-score ≥2.5 in the right coronary 
artery and left  anterior descending arteries was noted in 6 (21%) and 3 (4%) patients 
respectively, similar to previously published data. Two of the incomplete KD patients did 
not meet the 2004 or 2017 echo criteria, but had a left  main coronary artery (LMCA) 
z-score ≥ 2.5, and were treated based on clinical suspicion. Per guidelines, LMCA z-scores 
should be used with caution due to anatomic variations. Th e AHA recently issued updated 
guidelines in 2017 for specifi c echo fi ndings that are considered to be positive for KD. 
Based on re-assessment of patients diagnosed in 2016, 7% (2/28) would not have fulfi lled 
revised AHA 2017 echo criteria and may not have received IVIG treatment. Removal of 
periarterial brightness and lack of tapering from the 2017 echo criteria may result in fewer 
KD diagnoses in the future.
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Association of Left-Sided Mural Lea et Morphology with 
Surgical Approach and Postoperative Left Atrioventricular Valve 
Regurgitation in Atrioventricular Canal Defect
Deborah Y. Ho, Hannah Katcoff , Heather M. Griffi  s, Meryl S. Cohen. Th e 
Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Atrioventricular canal defect (AVC) has an abnormal common valve 
with superior and inferior bridging leafl ets that span across both ventricles. A “mural” 
leafl et completes the trifoliate arrangement of the left -sided valve. Left  atrioventricular 
valve regurgitation (LAVVR) following repair is a signifi cant source of morbidity, oft en 
requiring reintervention. Regurgitation oft en arises from the region of coaptation between 
bridging leafl ets, termed the “cleft ”. We hypothesized that a smaller mural leafl et and 
longer cleft  in the left  atrioventricular valve (LAVV) would be associated with ventricular 
unbalance and increased severity of postoperative LAVVR. Methods: We developed three 
preoperative echocardiographic measures of left -sided mural leafl et morphology: the 
angle of the leafl et tip, the length of the cleft  as a proportion of the LV diameter, and the 
area of the mural leafl et as a proportion of the LAVV area. We reviewed all 165 patients 
with complete or transitional AVC who underwent biventricular repair between 1/1/11 
and 12/31/16, of which 156 had suffi  cient imaging for measurements. Results: More acute 
mural leafl et tip angle and smaller mural leafl et area were signifi cantly associated with 
unbalance to the right ventricle (p= 0.03; p=0.0008). However, smaller mural leafl et area 
was not associated with postoperative LAVVR. Shorter cleft  lengths were associated with 
transitional AVC (p=0.01). Larger mural leafl et area was associated with repeat bypass 
runs during initial surgery (p=0.008). Th ere was a trend towards signifi cant association 
between smaller mural leafl et and partial or no cleft  closure during AVC repair (p=0.052). 
Conclusion: Few studies have examined characteristics of the left -sided mural leafl et in 
AVC or its association with outcome. Unbalanced AVC with a dominant right ventricle 
was more likely to have a small mural leafl et. Surgeons may be reluctant to close the cleft  
in those with smaller mural leafl ets however it does not appear to impact postoperative 
LAVVR. Larger mural leafl ets may increase surgical complexity and lead to repeat bypass 
runs. Further study of the left -sided mural leafl et may improve our understanding of the 
morphologic complexities in AVC.

P1-47
Reducing Transthoracic Echocardiogram Diagnostic Error in 
Congenital Heart Disease: A Quality Improvement Project
Natalie Behrle, James O‘Brien, Maria Kiaff as, Janelle Noel-MacDonnell, Girish 
Shirali, Anitha Parthiban. Children Mercy Hospital, Kansas City, MO
Background: Diagnostic errors (DE) by transthoracic echocardiography (TTE), 
although infrequent, can adversely aff ect patient outcome, and may be preventable. At 
our institution we began a weekly imaging review conference (IRC), wherein all surgical 
cases were reviewed by a group of two to six advanced imaging cardiologists in an 
attempt to reduce DE. Th e primary aim of this study was to compare the incidence and 
severity of DE by TTE pre and post implementation of IRC. Methods: A retrospective 
chart review of all patients (age 1 day- 18 years) with congenital heart disease requiring 
surgery at Children’s Mercy Hospital between December 01, 2013 and December 
01, 2016 was performed. In June 2015, the weekly IRC was implemented. Cases prior 
to June 2015 composed our pre IRC cohort and those following our post IRC cohort. 
Patients who had TTE less than six months prior to surgical intervention were included 
and the fi ndings on TTE were compared to that found during surgery. Data collected 
included patient demographics, location and time of study, sedation, and sonographer/
interpreter experience. Cases in which there was a discrepancy between the TTE report 
and surgical report were labeled DE and further reviewed to categorize the discrepancy. 
Characterization of the DE included: preventability, severity (i.e. minor, moderate, 
severe), and contributors to error. Th e pre IRC and post IRC cohorts were compared 
using chi-square or Fisher’s exact tests. Logistic regression analysis was used to determine 
possible predictors of DE. Results: A total of 834 cases were reviewed (402 pre IRC, 432 
post IRC). Overall DE rate was 14.5% pre IRC (n=59; 44 minor, 12 moderate, 3 major) vs 
9.6% post IRC [(n=43; 40 minor, 2 moderate, 1 major), p<0.05]. Th e IRC prevented DE 
in 14 cases (9 minor, 5 moderate). Incidence of moderate and major DE decreased from 
3.7% to 0.7%. For the post IRC cohort, fewer DE were attributed to image interpretation 
(n=13 vs 20; p<0.05), incomplete examination (n=3 vs 27; p<0.01) and uncooperative 
patient (n=1 vs 16; p<0.01). Th ere was no diff erence in interpreter experience (p=0.29) 
while sonographer experience in pre IRC cohort was lower (>5 years experience 34% vs 
49%; p<0.05). Logistic regression revealed that the odds of DE in pre IRC cohort was 
1.74 (95% CI: (1.13, 2.69); p-value=0.01) times that of the post IRC cohort. Conclusion: 
A focused imaging review conference by pediatric cardiologists specializing in advanced 
cardiac imaging reduced DE by TTE in patients undergoing congenital heart surgery. 
Large, multi-center studies could reveal whether our fi ndings can be generalized across 
sites.

P1-48
Prenatal Detection, Comorbidities and Management of Vascular 
Rings: A 15-Year Regional Study 
Aisling A. Young, Lisa K. Hornberger, Kim Haberer, Edythe Th am, Angela 
McBrien. University of Alberta, Edmonton, AB, Canada
Background: Vascular rings (VR) are rare and traditionally present with symptoms, 
making the need for division clear. Th e three vessel and trachea view is now widely used 
in obstetrical screening and may enhance prenatal detection. Th ere is little published 
data on large series of VR in the modern era. We sought to examine trends in prenatal 
detection, associated anomalies and clinical outcomes of pediatric patients with VR. 
Methods: We retrospectively reviewed all pediatric patients between 2003-2017 in 
our regional center with VR. Results: Of 96 patients with VR, 23 (24%) had a prenatal 
diagnosis with no prenatal diagnoses prior to 2010. Prenatal detection rates increased 
over time (Table 1). Most VR diagnoses were right aortic arch/aberrant left  subclavian 
artery/left  ductus (73%, 70/96). Th e remainder, aside from one, had double aortic arch 
(DAA) (26%, 25/96). DAA was signifi cantly less likely to be diagnosed prenatally than 
right aortic arch/aberrant left  subclavian/left  ductus (8% (2/25) vs 30% (21/70), p 0.03). 
Prenatally diagnosed VR were signifi cantly more likely to have additional cardiac lesions 
(74% (17/23) vs 47% (34/73) postnatal, p 0.02). Th ere was no diff erence in the rate of 
associated genetic abnormalities between groups (30% (7/23) prenatal vs 19% (14/73) 
postnatal, p 0.25). Need for surgical intervention was common and comparable between 
pre and postnatal groups (91% (21/23) prenatal vs 84% (61/73) postnatal, p 0.36). Of 
those with isolated VR, there was no diff erence in need for surgery (67% (4/6) prenatal 
vs 88% (64/73) postnatal, p 0.15). Th ose with prenatal diagnoses were less likely to have 
additional imaging (CT or MRI) compared with those diagnosed postnatally (12% 
(5/23) prenatal vs 59% (43/73) postnatal, p 0.002). Additional imaging changed the 
echo diagnosis of VR type in one patient. Conclusion: Th is study reports the largest 
contemporary cohort of VR. Prenatal detection of VR has improved substantially but 
there is room for improvement, especially for DAA. Surprisingly the diagnosis of a VR 
has the same rate of surgery regardless of pre/postnatal detection, even in isolation. Th e 
rate of genetic abnormalities is higher than previously reported, suggesting the need for 
genetic counseling. Th e reliability of echo diagnosis in both groups questions the need for 
further imaging modalities.

Table 1. Prenatally diagnosed vascular rings from 2003-2017.
Year of prenatal screening Total number Number with a prenatal diagnosis
2003-2009 38 0 (0%)
2010-2012 24 5 (17%)
2013-2015 26 13 (50%)
2016-2017 8 5 (62%)

P1-49
Increased Preload and Afterload Stressors during the First 
Interstage May Unmask Impaired Right Ventricular Contractile 
Reserve in Hypoplastic Left Heart Syndrome (HLHS): A 
Longitudinal Speckle Tracking Echocardiography Study
Lily Lin1, Edythe B. Th am1, Sunjidatul Islam1, Silvia Alvarez1, Kandice Mah1, 
Timothy Colen1, Shelby Kutty2, Navya Joseph2, Ling Li2, Nee Scze Khoo1. 
1University of Alberta, Edmonton, AB, Canada; 2Children’s Hospital & Medical 
Center, Omaha, NE
Background: Speckle tracking echocardiography (STE) strain (S) provides a reproducible 
non-geometric measure of right ventricle (RV) contraction while strain rate (SR) is a 
validated measure of RV contractility in HLHS but “normal” reference values do not 
exist. We longitudinally followed a cohort of HLHS patients and report STE parameters 
derived from the surviving cohort to provide as a reference and explore diff erences with 
non-survivors. Methods: Prospectively recruited HLHS patients underwent a functional 
echocardiogram prior to staged palliation (Norwood-Sano, Glenn and Fontan) and post-
Fontan. STE analysis for global longitudinal and basal circumferential S and SR were 
performed (GE, EchoPAC). Using a survivor cohort, we generated normal ranges for 
those STE variables. Comparison was made for those variables in a cohort who either 
died or underwent heart transplantation (HTx) using the Mann Whitney U test. Data 
is presented as median [IQR]. Results: Of 55 patients, 18 died or underwent HTx at a 
median follow-up of 8.1 years [5.8 - 9.0]. Survivors underwent Norwood at 8 days [6 - 
14], Glenn at 5.7 months [4.8 - 6.0], and Fontan at 3.3 years [2.9 - 3.8]. In the death/HTx 
cohort, STE data was available in 16 pre-Norwood, 15 pre-Glenn, 4 pre-Fontan and 2 
post-Fontan. Reference longitudinal and circumferential S and SR values were derived 
from survivors (Table). Due to low number of death/HTx STE data available at pre and 
post-Fontan stages, comparison was only made between cohorts for pre-Norwood and 
pre-Glenn. Th e death/HTx cohort had lower longitudinal SR (-0.8 [-1.0, -0.7] vs -1.1 [-1.2, 
-0.9] 1/s, p=0.02) and circumferential SR (-0.7 [-0.9, -0.6] vs -1.0 [-1.2, -0.8] 1/s, p=0.01) 
at the pre-Glenn stage. No diff erence was found in longitudinal or circumferential strain. 
Conclusion: We report normative data for RV STE longitudinal and circumferential 
S and SR in HLHS survivors to serve as reference values. HLHS children who died or 
underwent HTx had lower longitudinal and circumferential SR in the fi rst interstage. Th e 
increased RV preload and aft erload stressors at pre-Glenn may “unmask” and represent 
a unique opportunity to assess for impaired RV contractile reserve in HLHS. STE SR 
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appears more sensitive than S for early detection of RV dysfunction in HLHS and should 
be included in future studies.

P1-50
Do Giant Coronary Aneurysms Due to Kawasaki Disease Affect 
Long Term Ventricular Function?
Conall T. Morgan, Sine-Ae Park, Kyle Runeckles, Steve Fan, Luc Mertens, Brian 
W. Mc Crindle, Cedric Manlhiot, Mark K. Friedberg. Th e Hospital for Sick 
Children, Toronto, ON, Canada
Background: Few studies have examined long term left  ventricular (LV) function in 
patients with Kawasaki Disease (KD) with aneurysms. We aim to determine if functional 
diff erences exist between patients with giant aneurysms, small aneurysms and no 
aneurysms. Methods: 184 patients with KD diagnosed from 2005-2015 were analyzed. 
Th ere were 68 patients (37%) in the no aneurysm (NA) group, 57 patients (31%) in the 
small aneurysm (SMA) group and 59 patients (32%) in the giant aneurysm (GAA) group. 
Small aneurysm was defi ned as a coronary artery z score of ≥2.5 to <5. A giant aneurysm 
was defi ned as a z score of ≥10 or an absolute dimension of ≥8mm. An echo at last follow 
up was analyzed. Results: Median follow up duration was 7.6 years (range 4.0 - 11.3 years) 
for the GAA group, 2.1 years (1.2 - 5.9 years) for the SMA group and 1.2 years (0.1 - 1.5 
years) for the NA group. Th ere was no diff erence in long term left  ventricular end diastolic 
dimension z-score or ejection fraction between the groups. Th ere was a signifi cant 
diff erence in mean longitudinal strain rate [GAA (-1.16 ± 0.28), SMA (-1.25 ± 0.31), NA 
(-1.30 ± 0.32), p=0.04] across the groups. No diff erence was observed between the groups 
in mean circumferential strain, mean longitudinal strain or mean circumferential strain 
rate. A signifi cant diff erence was observed in isovolumic relaxation time [GAA (61.3 ± 
10.2), SMA (58.5 ± 8.8), NA (57.3 ± 7.6), p=0.04], isovolumic contraction time [GAA 
(68.0 ± 8.6), SMA (63.3 ± 8.4), NA (61.8 ± 8.3), p<0.01] and statistical but likely not 
clinical diff erence in mitral valve E/A velocity ratio [GAA (2.0 ± 0.4), SMA (1.8 ± 0.3), 
NA (1.9 ± 0.4), p=0.01]. Conclusion: Long term follow up of KD patients with GAA and 
SMA shows impaired systolic and diastolic myocardial function. Th e clinical signifi cance 
of these fi ndings warrants further investigation.

P1-51
Factors Associated With Early Left Ventricular Dysfunction 
Following Repair of Ventricular Septal Defects
Gregory T. Adamson, Kelly Cox, Shiraz Maskatia, Th eresa Tacy, Norman H. 
Silverman, Rajesh Punn. Stanford University School of Medicine, Palo Alto, CA
Background: Echocardiographic assessment of left  ventricular (LV) function can be 
challenging in the setting of a hemodynamically signifi cant ventricular septal defect 
(VSD), since increased preload can mask underlying LV dysfunction. Strain measures 
have been shown to detect preoperative dysfunction in other volume loading lesions 
such as mitral and aortic regurgitation. Th e purpose of this study is to 1) characterize 
LV performance before and aft er VSD repair, and 2) elucidate variables associated with 
early postoperative LV dysfunction. Methods: Sixty consecutive children with repair of 
an isolated, hemodynamically signifi cant VSD were included. Demographic, clinical, and 
surgical data were retrospectively collected. Pre and postoperative echocardiographic 
images were reviewed, and indicators of LV function were measured by the primary 
investigator. Postoperative LV dysfunction was defi ned as an ejection fraction (EF) < 50% 
using the 5/6 area x length method. Results: Preoperative LV EF (66.3% +/- 4.2 vs. 53.8% 
+/- 8.2), LV end-diastolic volume (25.0 mL +/- 13.1 vs. 17.8 mL +/- 9.9), and LV fractional 
shortening (39.3% +/- 5.1 vs. 28.6% +/- 7.1) were signifi cantly greater than postoperative 
values (all p<0.0001). All subjects had a normal preoperative LV EF, and 21 (35%) 
subjects developed postoperative LV dysfunction. By univariate analysis, preoperative 
global longitudinal strain (GLS) (p=0.0002), global radial strain (p=0.004), and LV end-
diastolic dimension z-score (LVEDDz) (p=0.02) were signifi cantly diff erent between 
subjects with and without postoperative LV dysfunction (Table 1). In a multivariate 
model, GLS (OR 0.76, 95% CI 0.58-0.99, p=0.04) and LVEDDz (OR 0.57, 95% CI 0.33-
0.97, p=0.04) remained signifi cantly diff erent. Using receiver operating characteristic 
curves, GLS magnitude < -16.7% (AUC 0.81, p<0.0001) and LVEDDz > 2.66 (AUC 0.66, 

p=0.02) were associated with postoperative dysfunction. Conclusion: LV dysfunction 
is common immediately following repair of hemodynamically signifi cant VSDs, with 
LV EF, LV fractional shortening, and LV end-diastolic volume decreasing signifi cantly. 
Lower preoperative GLS magnitude and greater preoperative LVEDDz are independently 
associated with postoperative LV dysfunction, and may guide timing and expectations 
of VSD repair.

P1-52
Transgenerational Implications of Gestational Diabetes and 
Maternal Adiposity for Offspring Body Composition and Diastolic 
Function: 6 Years Follow-up
Linda Litwin1,2, Johnny K.M. Sundholm1, Kristiina Rönö3, Saila B. Koivusalo3, 
Johan G. Eriksson4,5, Taisto Sarkola1. 1Children‘s Hospital, University of Helsinki 
and Helsinki University Hospital, Helsinki, Finland; 2Department of Congenital 
Heart Defects and Pediatric Cardiology, SMDZ in Zabrze, SUM, Katowice, 
Poland; 3Women‘s Hospital, University of Helsinki and Helsinki University 
Hospital, Helsinki, Finland; 4University of Helsinki and Helsinki University 
Hospital, Helsinki, Finland; 5Folkhälsan Research Center, Helsinki, Finland
Background: Gestational diabetes (GDM) and maternal adiposity are associated 
with off spring cardiovascular risks including disturbed diastolic heart function. 
Fetal programming has been considered as an underlying mechanism. We aimed to 
investigate the infl uence of GDM and maternal adiposity on child body composition 
and diastolic heart function 6 years postpartum. Methods: Th e observational follow-up 
study included 201 mother-child pairs (boys, n=111), a subcohort from the RADIEL - 
Finnish Gestational Diabetes Prevention Study. Mothers and children were recruited 
at a mean of 6,1 (+/- 0,5) years postpartum. GDM was diagnosed in 96 mothers, 36 
of whom required oral or insulin treatment. Th e follow-up assessment included child 
echocardiography, child and maternal anthropometrics, body composition assessed 
with bioelectrical impedance and blood pressure. Results: Maternal height, lean body 
mass and body fat mass were mirrored in off spring. Maternal pre-pregnancy body mass 
index (BMI 30,5 +/- 5,6 kg/m2) correlated with child BMI z-score (r=0,2; p=0,006; mean 
z-score 0,45 +/- 0,93 kg/m2 in relation to a national population). Left  atrial volume (LAV) 
correlated with child age, anthropometrics and body composition (Table 1). In a stepwise 
linear regression model LAV was independently predicted by child lean body mass and 
body fat percentage (R2=0,283). Pulmonary vein fl ow systolic to diastolic ratio (S/D) 
and mitral annular velocity during atrial fi lling (A’) correlated with child waist-height 
ratio, BMI z-score and body fat percentage (Table 1). LAV index (LAV/body surface 
area) correlated with S/D and A’ (r=0,2; p=0,01 and r=0,2; p=0,005 respectively). LAV, 
LAV index, S/D and A’ were not associated with pre-pregnancy BMI or GDM exposure. 
Lean body mass was higher (p=0,002), but S/D and body fat percentage lower (p=0,02 
and p<0,001, respectively), in boys compared with girls - although LAV, LAV index and 
A’ were not diff erent. Conclusion: Child diastolic heart function at six years of age is 
infl uenced by child adiposity. Maternal pre-gestational adiposity is refl ected in child body 
composition, increasing long-term cardiovascular risks and disturbing diastolic heart 
function. However, no evidence of fetal programming related to GDM was found in early 
childhood.
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P1-46
Association of Left-Sided Mural Lea et Morphology with 
Surgical Approach and Postoperative Left Atrioventricular Valve 
Regurgitation in Atrioventricular Canal Defect
Deborah Y. Ho, Hannah Katcoff , Heather M. Griffi  s, Meryl S. Cohen. Th e 
Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Atrioventricular canal defect (AVC) has an abnormal common valve 
with superior and inferior bridging leafl ets that span across both ventricles. A “mural” 
leafl et completes the trifoliate arrangement of the left -sided valve. Left  atrioventricular 
valve regurgitation (LAVVR) following repair is a signifi cant source of morbidity, oft en 
requiring reintervention. Regurgitation oft en arises from the region of coaptation between 
bridging leafl ets, termed the “cleft ”. We hypothesized that a smaller mural leafl et and 
longer cleft  in the left  atrioventricular valve (LAVV) would be associated with ventricular 
unbalance and increased severity of postoperative LAVVR. Methods: We developed three 
preoperative echocardiographic measures of left -sided mural leafl et morphology: the 
angle of the leafl et tip, the length of the cleft  as a proportion of the LV diameter, and the 
area of the mural leafl et as a proportion of the LAVV area. We reviewed all 165 patients 
with complete or transitional AVC who underwent biventricular repair between 1/1/11 
and 12/31/16, of which 156 had suffi  cient imaging for measurements. Results: More acute 
mural leafl et tip angle and smaller mural leafl et area were signifi cantly associated with 
unbalance to the right ventricle (p= 0.03; p=0.0008). However, smaller mural leafl et area 
was not associated with postoperative LAVVR. Shorter cleft  lengths were associated with 
transitional AVC (p=0.01). Larger mural leafl et area was associated with repeat bypass 
runs during initial surgery (p=0.008). Th ere was a trend towards signifi cant association 
between smaller mural leafl et and partial or no cleft  closure during AVC repair (p=0.052). 
Conclusion: Few studies have examined characteristics of the left -sided mural leafl et in 
AVC or its association with outcome. Unbalanced AVC with a dominant right ventricle 
was more likely to have a small mural leafl et. Surgeons may be reluctant to close the cleft  
in those with smaller mural leafl ets however it does not appear to impact postoperative 
LAVVR. Larger mural leafl ets may increase surgical complexity and lead to repeat bypass 
runs. Further study of the left -sided mural leafl et may improve our understanding of the 
morphologic complexities in AVC.

P1-47
Reducing Transthoracic Echocardiogram Diagnostic Error in 
Congenital Heart Disease: A Quality Improvement Project
Natalie Behrle, James O‘Brien, Maria Kiaff as, Janelle Noel-MacDonnell, Girish 
Shirali, Anitha Parthiban. Children Mercy Hospital, Kansas City, MO
Background: Diagnostic errors (DE) by transthoracic echocardiography (TTE), 
although infrequent, can adversely aff ect patient outcome, and may be preventable. At 
our institution we began a weekly imaging review conference (IRC), wherein all surgical 
cases were reviewed by a group of two to six advanced imaging cardiologists in an 
attempt to reduce DE. Th e primary aim of this study was to compare the incidence and 
severity of DE by TTE pre and post implementation of IRC. Methods: A retrospective 
chart review of all patients (age 1 day- 18 years) with congenital heart disease requiring 
surgery at Children’s Mercy Hospital between December 01, 2013 and December 
01, 2016 was performed. In June 2015, the weekly IRC was implemented. Cases prior 
to June 2015 composed our pre IRC cohort and those following our post IRC cohort. 
Patients who had TTE less than six months prior to surgical intervention were included 
and the fi ndings on TTE were compared to that found during surgery. Data collected 
included patient demographics, location and time of study, sedation, and sonographer/
interpreter experience. Cases in which there was a discrepancy between the TTE report 
and surgical report were labeled DE and further reviewed to categorize the discrepancy. 
Characterization of the DE included: preventability, severity (i.e. minor, moderate, 
severe), and contributors to error. Th e pre IRC and post IRC cohorts were compared 
using chi-square or Fisher’s exact tests. Logistic regression analysis was used to determine 
possible predictors of DE. Results: A total of 834 cases were reviewed (402 pre IRC, 432 
post IRC). Overall DE rate was 14.5% pre IRC (n=59; 44 minor, 12 moderate, 3 major) vs 
9.6% post IRC [(n=43; 40 minor, 2 moderate, 1 major), p<0.05]. Th e IRC prevented DE 
in 14 cases (9 minor, 5 moderate). Incidence of moderate and major DE decreased from 
3.7% to 0.7%. For the post IRC cohort, fewer DE were attributed to image interpretation 
(n=13 vs 20; p<0.05), incomplete examination (n=3 vs 27; p<0.01) and uncooperative 
patient (n=1 vs 16; p<0.01). Th ere was no diff erence in interpreter experience (p=0.29) 
while sonographer experience in pre IRC cohort was lower (>5 years experience 34% vs 
49%; p<0.05). Logistic regression revealed that the odds of DE in pre IRC cohort was 
1.74 (95% CI: (1.13, 2.69); p-value=0.01) times that of the post IRC cohort. Conclusion: 
A focused imaging review conference by pediatric cardiologists specializing in advanced 
cardiac imaging reduced DE by TTE in patients undergoing congenital heart surgery. 
Large, multi-center studies could reveal whether our fi ndings can be generalized across 
sites.

P1-48
Prenatal Detection, Comorbidities and Management of Vascular 
Rings: A 15-Year Regional Study 
Aisling A. Young, Lisa K. Hornberger, Kim Haberer, Edythe Th am, Angela 
McBrien. University of Alberta, Edmonton, AB, Canada
Background: Vascular rings (VR) are rare and traditionally present with symptoms, 
making the need for division clear. Th e three vessel and trachea view is now widely used 
in obstetrical screening and may enhance prenatal detection. Th ere is little published 
data on large series of VR in the modern era. We sought to examine trends in prenatal 
detection, associated anomalies and clinical outcomes of pediatric patients with VR. 
Methods: We retrospectively reviewed all pediatric patients between 2003-2017 in 
our regional center with VR. Results: Of 96 patients with VR, 23 (24%) had a prenatal 
diagnosis with no prenatal diagnoses prior to 2010. Prenatal detection rates increased 
over time (Table 1). Most VR diagnoses were right aortic arch/aberrant left  subclavian 
artery/left  ductus (73%, 70/96). Th e remainder, aside from one, had double aortic arch 
(DAA) (26%, 25/96). DAA was signifi cantly less likely to be diagnosed prenatally than 
right aortic arch/aberrant left  subclavian/left  ductus (8% (2/25) vs 30% (21/70), p 0.03). 
Prenatally diagnosed VR were signifi cantly more likely to have additional cardiac lesions 
(74% (17/23) vs 47% (34/73) postnatal, p 0.02). Th ere was no diff erence in the rate of 
associated genetic abnormalities between groups (30% (7/23) prenatal vs 19% (14/73) 
postnatal, p 0.25). Need for surgical intervention was common and comparable between 
pre and postnatal groups (91% (21/23) prenatal vs 84% (61/73) postnatal, p 0.36). Of 
those with isolated VR, there was no diff erence in need for surgery (67% (4/6) prenatal 
vs 88% (64/73) postnatal, p 0.15). Th ose with prenatal diagnoses were less likely to have 
additional imaging (CT or MRI) compared with those diagnosed postnatally (12% 
(5/23) prenatal vs 59% (43/73) postnatal, p 0.002). Additional imaging changed the 
echo diagnosis of VR type in one patient. Conclusion: Th is study reports the largest 
contemporary cohort of VR. Prenatal detection of VR has improved substantially but 
there is room for improvement, especially for DAA. Surprisingly the diagnosis of a VR 
has the same rate of surgery regardless of pre/postnatal detection, even in isolation. Th e 
rate of genetic abnormalities is higher than previously reported, suggesting the need for 
genetic counseling. Th e reliability of echo diagnosis in both groups questions the need for 
further imaging modalities.

Table 1. Prenatally diagnosed vascular rings from 2003-2017.
Year of prenatal screening Total number Number with a prenatal diagnosis
2003-2009 38 0 (0%)
2010-2012 24 5 (17%)
2013-2015 26 13 (50%)
2016-2017 8 5 (62%)

P1-49
Increased Preload and Afterload Stressors during the First 
Interstage May Unmask Impaired Right Ventricular Contractile 
Reserve in Hypoplastic Left Heart Syndrome (HLHS): A 
Longitudinal Speckle Tracking Echocardiography Study
Lily Lin1, Edythe B. Th am1, Sunjidatul Islam1, Silvia Alvarez1, Kandice Mah1, 
Timothy Colen1, Shelby Kutty2, Navya Joseph2, Ling Li2, Nee Scze Khoo1. 
1University of Alberta, Edmonton, AB, Canada; 2Children’s Hospital & Medical 
Center, Omaha, NE
Background: Speckle tracking echocardiography (STE) strain (S) provides a reproducible 
non-geometric measure of right ventricle (RV) contraction while strain rate (SR) is a 
validated measure of RV contractility in HLHS but “normal” reference values do not 
exist. We longitudinally followed a cohort of HLHS patients and report STE parameters 
derived from the surviving cohort to provide as a reference and explore diff erences with 
non-survivors. Methods: Prospectively recruited HLHS patients underwent a functional 
echocardiogram prior to staged palliation (Norwood-Sano, Glenn and Fontan) and post-
Fontan. STE analysis for global longitudinal and basal circumferential S and SR were 
performed (GE, EchoPAC). Using a survivor cohort, we generated normal ranges for 
those STE variables. Comparison was made for those variables in a cohort who either 
died or underwent heart transplantation (HTx) using the Mann Whitney U test. Data 
is presented as median [IQR]. Results: Of 55 patients, 18 died or underwent HTx at a 
median follow-up of 8.1 years [5.8 - 9.0]. Survivors underwent Norwood at 8 days [6 - 
14], Glenn at 5.7 months [4.8 - 6.0], and Fontan at 3.3 years [2.9 - 3.8]. In the death/HTx 
cohort, STE data was available in 16 pre-Norwood, 15 pre-Glenn, 4 pre-Fontan and 2 
post-Fontan. Reference longitudinal and circumferential S and SR values were derived 
from survivors (Table). Due to low number of death/HTx STE data available at pre and 
post-Fontan stages, comparison was only made between cohorts for pre-Norwood and 
pre-Glenn. Th e death/HTx cohort had lower longitudinal SR (-0.8 [-1.0, -0.7] vs -1.1 [-1.2, 
-0.9] 1/s, p=0.02) and circumferential SR (-0.7 [-0.9, -0.6] vs -1.0 [-1.2, -0.8] 1/s, p=0.01) 
at the pre-Glenn stage. No diff erence was found in longitudinal or circumferential strain. 
Conclusion: We report normative data for RV STE longitudinal and circumferential 
S and SR in HLHS survivors to serve as reference values. HLHS children who died or 
underwent HTx had lower longitudinal and circumferential SR in the fi rst interstage. Th e 
increased RV preload and aft erload stressors at pre-Glenn may “unmask” and represent 
a unique opportunity to assess for impaired RV contractile reserve in HLHS. STE SR 
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appears more sensitive than S for early detection of RV dysfunction in HLHS and should 
be included in future studies.

P1-50
Do Giant Coronary Aneurysms Due to Kawasaki Disease Affect 
Long Term Ventricular Function?
Conall T. Morgan, Sine-Ae Park, Kyle Runeckles, Steve Fan, Luc Mertens, Brian 
W. Mc Crindle, Cedric Manlhiot, Mark K. Friedberg. Th e Hospital for Sick 
Children, Toronto, ON, Canada
Background: Few studies have examined long term left  ventricular (LV) function in 
patients with Kawasaki Disease (KD) with aneurysms. We aim to determine if functional 
diff erences exist between patients with giant aneurysms, small aneurysms and no 
aneurysms. Methods: 184 patients with KD diagnosed from 2005-2015 were analyzed. 
Th ere were 68 patients (37%) in the no aneurysm (NA) group, 57 patients (31%) in the 
small aneurysm (SMA) group and 59 patients (32%) in the giant aneurysm (GAA) group. 
Small aneurysm was defi ned as a coronary artery z score of ≥2.5 to <5. A giant aneurysm 
was defi ned as a z score of ≥10 or an absolute dimension of ≥8mm. An echo at last follow 
up was analyzed. Results: Median follow up duration was 7.6 years (range 4.0 - 11.3 years) 
for the GAA group, 2.1 years (1.2 - 5.9 years) for the SMA group and 1.2 years (0.1 - 1.5 
years) for the NA group. Th ere was no diff erence in long term left  ventricular end diastolic 
dimension z-score or ejection fraction between the groups. Th ere was a signifi cant 
diff erence in mean longitudinal strain rate [GAA (-1.16 ± 0.28), SMA (-1.25 ± 0.31), NA 
(-1.30 ± 0.32), p=0.04] across the groups. No diff erence was observed between the groups 
in mean circumferential strain, mean longitudinal strain or mean circumferential strain 
rate. A signifi cant diff erence was observed in isovolumic relaxation time [GAA (61.3 ± 
10.2), SMA (58.5 ± 8.8), NA (57.3 ± 7.6), p=0.04], isovolumic contraction time [GAA 
(68.0 ± 8.6), SMA (63.3 ± 8.4), NA (61.8 ± 8.3), p<0.01] and statistical but likely not 
clinical diff erence in mitral valve E/A velocity ratio [GAA (2.0 ± 0.4), SMA (1.8 ± 0.3), 
NA (1.9 ± 0.4), p=0.01]. Conclusion: Long term follow up of KD patients with GAA and 
SMA shows impaired systolic and diastolic myocardial function. Th e clinical signifi cance 
of these fi ndings warrants further investigation.

P1-51
Factors Associated With Early Left Ventricular Dysfunction 
Following Repair of Ventricular Septal Defects
Gregory T. Adamson, Kelly Cox, Shiraz Maskatia, Th eresa Tacy, Norman H. 
Silverman, Rajesh Punn. Stanford University School of Medicine, Palo Alto, CA
Background: Echocardiographic assessment of left  ventricular (LV) function can be 
challenging in the setting of a hemodynamically signifi cant ventricular septal defect 
(VSD), since increased preload can mask underlying LV dysfunction. Strain measures 
have been shown to detect preoperative dysfunction in other volume loading lesions 
such as mitral and aortic regurgitation. Th e purpose of this study is to 1) characterize 
LV performance before and aft er VSD repair, and 2) elucidate variables associated with 
early postoperative LV dysfunction. Methods: Sixty consecutive children with repair of 
an isolated, hemodynamically signifi cant VSD were included. Demographic, clinical, and 
surgical data were retrospectively collected. Pre and postoperative echocardiographic 
images were reviewed, and indicators of LV function were measured by the primary 
investigator. Postoperative LV dysfunction was defi ned as an ejection fraction (EF) < 50% 
using the 5/6 area x length method. Results: Preoperative LV EF (66.3% +/- 4.2 vs. 53.8% 
+/- 8.2), LV end-diastolic volume (25.0 mL +/- 13.1 vs. 17.8 mL +/- 9.9), and LV fractional 
shortening (39.3% +/- 5.1 vs. 28.6% +/- 7.1) were signifi cantly greater than postoperative 
values (all p<0.0001). All subjects had a normal preoperative LV EF, and 21 (35%) 
subjects developed postoperative LV dysfunction. By univariate analysis, preoperative 
global longitudinal strain (GLS) (p=0.0002), global radial strain (p=0.004), and LV end-
diastolic dimension z-score (LVEDDz) (p=0.02) were signifi cantly diff erent between 
subjects with and without postoperative LV dysfunction (Table 1). In a multivariate 
model, GLS (OR 0.76, 95% CI 0.58-0.99, p=0.04) and LVEDDz (OR 0.57, 95% CI 0.33-
0.97, p=0.04) remained signifi cantly diff erent. Using receiver operating characteristic 
curves, GLS magnitude < -16.7% (AUC 0.81, p<0.0001) and LVEDDz > 2.66 (AUC 0.66, 

p=0.02) were associated with postoperative dysfunction. Conclusion: LV dysfunction 
is common immediately following repair of hemodynamically signifi cant VSDs, with 
LV EF, LV fractional shortening, and LV end-diastolic volume decreasing signifi cantly. 
Lower preoperative GLS magnitude and greater preoperative LVEDDz are independently 
associated with postoperative LV dysfunction, and may guide timing and expectations 
of VSD repair.

P1-52
Transgenerational Implications of Gestational Diabetes and 
Maternal Adiposity for Offspring Body Composition and Diastolic 
Function: 6 Years Follow-up
Linda Litwin1,2, Johnny K.M. Sundholm1, Kristiina Rönö3, Saila B. Koivusalo3, 
Johan G. Eriksson4,5, Taisto Sarkola1. 1Children‘s Hospital, University of Helsinki 
and Helsinki University Hospital, Helsinki, Finland; 2Department of Congenital 
Heart Defects and Pediatric Cardiology, SMDZ in Zabrze, SUM, Katowice, 
Poland; 3Women‘s Hospital, University of Helsinki and Helsinki University 
Hospital, Helsinki, Finland; 4University of Helsinki and Helsinki University 
Hospital, Helsinki, Finland; 5Folkhälsan Research Center, Helsinki, Finland
Background: Gestational diabetes (GDM) and maternal adiposity are associated 
with off spring cardiovascular risks including disturbed diastolic heart function. 
Fetal programming has been considered as an underlying mechanism. We aimed to 
investigate the infl uence of GDM and maternal adiposity on child body composition 
and diastolic heart function 6 years postpartum. Methods: Th e observational follow-up 
study included 201 mother-child pairs (boys, n=111), a subcohort from the RADIEL - 
Finnish Gestational Diabetes Prevention Study. Mothers and children were recruited 
at a mean of 6,1 (+/- 0,5) years postpartum. GDM was diagnosed in 96 mothers, 36 
of whom required oral or insulin treatment. Th e follow-up assessment included child 
echocardiography, child and maternal anthropometrics, body composition assessed 
with bioelectrical impedance and blood pressure. Results: Maternal height, lean body 
mass and body fat mass were mirrored in off spring. Maternal pre-pregnancy body mass 
index (BMI 30,5 +/- 5,6 kg/m2) correlated with child BMI z-score (r=0,2; p=0,006; mean 
z-score 0,45 +/- 0,93 kg/m2 in relation to a national population). Left  atrial volume (LAV) 
correlated with child age, anthropometrics and body composition (Table 1). In a stepwise 
linear regression model LAV was independently predicted by child lean body mass and 
body fat percentage (R2=0,283). Pulmonary vein fl ow systolic to diastolic ratio (S/D) 
and mitral annular velocity during atrial fi lling (A’) correlated with child waist-height 
ratio, BMI z-score and body fat percentage (Table 1). LAV index (LAV/body surface 
area) correlated with S/D and A’ (r=0,2; p=0,01 and r=0,2; p=0,005 respectively). LAV, 
LAV index, S/D and A’ were not associated with pre-pregnancy BMI or GDM exposure. 
Lean body mass was higher (p=0,002), but S/D and body fat percentage lower (p=0,02 
and p<0,001, respectively), in boys compared with girls - although LAV, LAV index and 
A’ were not diff erent. Conclusion: Child diastolic heart function at six years of age is 
infl uenced by child adiposity. Maternal pre-gestational adiposity is refl ected in child body 
composition, increasing long-term cardiovascular risks and disturbing diastolic heart 
function. However, no evidence of fetal programming related to GDM was found in early 
childhood.
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LAV LAV index S/D A’

r p-value r p-value r p-value r p-value

Age 0,16 0,03

Height 0,42 <0,001

Weight 0,53 <0,001

BMI z-score 0,43 <0,001 0,15 0,003 0,22 0,002

Waist-height ratio 0,16 0,02 0,19 0,006 0,27 <0,001

Lean body mass 0,51 <0,001

Body fat mass 0,46 <0,001

Body fat percentage 0,25 <0,001 0,21 0,003 0,19 0,007

SBP z-score -0,21 0,004

DBP z-score -0,18 0,01

Maternal height 0,2 0,006

Maternal lean body 
mass 0,28 <0,001

P1-53
Three-Dimensional Echocardiography is an Important Additive 
Tool to Two-Dimensional Imaging in Pre-Operative Assessment of 
Pediatric Atrioventricular Valve Disease
Benjamin H. Goot, Shagun Sachdeva, Peter C. Frommelt. Medical College of 
Wisconsin, Milwaukee, WI
Background: Advances in three-dimensional echocardiography (3DE) have led to 
recommendations that it be used in pre-operative planning for congenital or acquired 
heart disease as a complementary non-invasive tool to two-dimensional echocardiography 
(2DE). Th e purpose of this study is to evaluate our institutional experience in 3DE 
providing additive and important anatomic details compared to 2DE since inclusion of 
3DE into the pre-operative work fl ow for specifi c lesions. Methods: Retrospective single 
center review of 57 3DE studies occurring 7/2015-2/2017, coinciding with initiation of 
standard 3DE pre-operative imaging in addition to 2DE for unrepaired atrioventricular 
septal defects (AVSD), repaired AVSD with atrioventricular valve dysfunction, mitral 
valve (MV), or tricuspid valve (TV) anomalies. All studies were performed on Philips 
iE33 or Siemens Acuson SC2000 transthoracic or transesophageal platforms. Patient 
demographics, study date, vendor, and probe type were recorded. Lesion-specifi c 
anatomic variables were assessed for presence in diagnostic reports and from this the 
3DE studies were determined as additive if new information was present, complementary 
if no new data was found, or neither. Data grouping and demographics were described, 
and McNemar tests were used for paired grouping comparisons between 2DE and 
3DE fi ndings. Results: 56/57 studies contained 3DE imaging of diagnostic quality with 
complete reports. Most patients were <1 year old (46%) and female (57%). Th e Philips 
3DE transthoracic probe was used most oft en. Th e most common lesion imaged was 
unrepaired AVSD (32%). Additive information was present in 98% of the 3DE studies 
and the remainder were complementary. All AVSD and TV studies were deemed additive. 
In unrepaired AVSD, the additional 3DE fi ndings of signifi cance included description 
of leafl et size (p<0.001), leafl et number (p=0.004), commissures (p<0.001), coaptation 
(p=0.039), subvalvar apparatus (chordae p=0.016, papillary muscles p=0.001), and site of 
regurgitation (p=0.001). Similarly, in TV studies the signifi cant fi ndings were description 
of leafl et size (p=0.008), leafl et number (p=0.031), commissures (p=0.031), chordae 
(p=0.031), and site of regurgitation (p=0.016). Conclusion: 3DE is an important and 
readily-available tool in the pre-operative evaluation of pediatric atrioventricular valve 
disease, frequently describing key additive details about valve morphology and function 
that is not included in 2DE reports. Providing this information to surgeons should be 
standard practice for congenital heart centers.

P1-54
Echocardiographic Indices to Improve the Prenatal Diagnosis of 
Coarctation of the Aorta
Chandni Patel1, Bevin Weeks2, Joshua A. Copel1, John Fahey1, Xuemei Song3, 
Veronika Shabanova4, Dina Ferdman1. 1Yale School of Medicine, New Haven, 
CT; 2UF Health Congenital Heart Center, Gainesville, FL; 3Yale School of Public 
Health, New Haven, CT; 4Yale University, New Haven, CT
Background: Prenatal diagnosis of coarctation of the aorta is diffi  cult and historically 
carries a high false positive rate. Early, accurate diagnosis is important given the 
associated mortality and morbidity of an undetected coarctation. Th e aim of this 
study was to identify fetal echocardiographic measures that serve as predictors of 
postnatal coarctation. Methods: Th is was a retrospective review of three groups of 
patients from 2013 to 2017: 1) Prenatal diagnosis of coarctation confi rmed postnatally 
(n=13), 2) Prenatal diagnosis of coarctation with normal arch postnatally (n=14), and 
3) controls (n=30). Measurements were made on all available fetal echocardiograms 
for each patient, including: diameters of the ascending aorta, proximal transverse arch, 

distal transverse arch, aortic isthmus, left  common carotid artery (LCA); and distances 
between the brachiocephalic to LCA (BC-LCA) and the LCA to left  subclavian artery 
(LCA-LSCA). Th e following previously validated postnatal indices were applied to 
our fetal echocardiograms: LCA to distal transverse arch diameters (LCA/DT), distal 
transverse arch diameter to LCA-LSCA distance (DT/LCA-LSCA), and left  to right 
ventricle diameters. Linear mixed eff ects models were used to examine the between-
group diff erences in the trajectories of the measurements. Results: Signifi cant diff erences 
were seen in group 1 (postnatal coarctation) for the following: smaller DT/LCA-LSCA 
index (p<0.03), smaller proximal transverse arch diameter (p<0.05), and longer BC-LCA 
(p<0.03) and LCA-LSCA distances (p<0.0001). Th e aortic isthmus (p<0.0001) and left  
to right ventricle diameter ratio (p<0.02) were signifi cantly smaller in both groups 1 
and 2 as compared to controls, but could not diff erentiate between them. As gestation 
progresses, the LCA/DT index trend appears to diff erentiate group 2 from group 1. Th e 
LCA/DT index increases over time for group 2 while it decreases for group 1 (p<0.03). 
Conclusion: Th e fetal echocardiographic DT/LCA-LSCA index, as well as BC-LCA and 
LCA-LSCA distances are signifi cant predictors of postnatal coarctation. Th e LCA/DT 
index trend over time can help diff erentiate which of those patients with prenatal concern 
for coarctation are more likely to develop coarctation postnatally. Th e use of simple fetal 
echocardiographic markers may improve prenatal detection and accurate predication of 
postnatal coarctation.

P1-55
Assessment of Right Ventricular-Pulmonary Circulation Coupling 
in Neonates with Pulmonary Hypertension
Ann Simones, Kari Roberts, Matthew Ambrose, Aura A. Sanchez Mejia. 
University of Minnesota Masonic Children‘s Hospital, Minneapolis, MN
Background: Congenital diaphragmatic hernia (CDH) and persistent pulmonary 
hypertension (PPHN) exert signifi cant load to the right heart and aff ect right ventricular-
pulmonary circulation coupling, that can be assessed with the length-force relationship 
(tricuspid annular plane systolic excursion [TAPSE] vs. pulmonary artery systolic 
pressure). Pulmonary artery acceleration time (PAAT) is a validated echocardiographic 
surrogate of pulmonary artery systolic pressure. Th e purpose of this study was to test 
the hypothesis that the length-force relationship (TAPSE*PAAT, cm*ms) is diminished 
in neonates with CDH and/or PPHN. Methods: Retrospective study of 48 full term 
neonates with CDH and/or PPHN and 29 controls. TAPSE (cm) was used to measure 
right ventricular length shortening and PAAT (ms) to estimate pulmonary artery 
systolic pressure for generated force (aft erload) at <5 days and 2-3 weeks of age. PAAT 
was also indexed to right ventricular ejection time (RVET) to correct for heart rate. 
Echocardiographic parameters were used to classify the neonates in three groups based on 
pulmonary-to-systemic pressure relationship as < 2/3 systemic (group 1), 2/3 systemic-
systemic (group 2) and ≥ systemic (group 3), and included: ductus arteriosus fl ow 
direction and velocity, tricuspid regurgitation jet velocity, and ventricular septum position 
in systole. Results: At baseline, neonates in group 3 had the lowest TAPSE (p<0.001). 
Groups 2 and 3 had lower values of PAAT and PAAT/RVET (p<0.02 for both). Both 
TAPSE*PAAT and TAPSE*(PAAT/RVET) were signifi cantly lower in group 3 (p<0.001 
for both). At 2-3 weeks of age, following CDH repair and treatment of PPHN, patients 
that remained in group 3 continued to have the lowest TAPSE (p=0.03). PAAT/RVET was 
similar between the groups (p=0.13), but the TAPSE*PAAT and TAPSE*(PAAT/RVET) 
remained lower in groups 2 and 3 (p<0.01) (Table). Conclusion: Neonates with CDH 
and/or PPHN with ≥ 2/3 systemic estimated pulmonary artery systolic pressure at 2-3 
weeks of age exhibit ongoing abnormal right ventricular-pulmonary circulation coupling, 
refl ective of a maladaptive response of the ventricular function to changes in aft erload. 
Persistence of altered right ventricular-pulmonary circulation coupling warrants long-
term follow-up for risk stratifi cation.
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P1-56
Left Atrial and Ventricular Mechanics in a Cohort of Hypertensive 
Children Compared to Age, Sex and Race Matched Controls
Michelle Kaplinski, Heather Griffi  s, Yan Wang, Anirban Banerjee, Michael 
D. Quartermain, Shobha Natarajan. Children‘s Hospital of Philadelphia, 
Philadelphia, PA
Background: Few studies have evaluated echocardiographic abnormalities and specifi cally 
left  atrial (LA) changes in children with systemic hypertension (HTN). In the adult 
literature, markers of abnormal systolic function including left  ventricular (LV) mass and 
hypertrophy are predicative of adverse cardiovascular events. Similarly, LA volume and 
strain, which are reliable indicators of diastolic dysfunction and severity, have also been 
shown to predict cardiovascular and all-cause mortality. Th is study is the fi rst to describe 
LV and LA mechanics in a hypertensive pediatric population in comparison to matched 
controls. Methods: Data was collected from all fi rst patient visits to the HTN Program at 
the Children’s Hospital of Philadelphia from 12/2011 to 12/2015. Patients with HTN were 
defi ned as having abnormal ambulatory blood pressure monitor results (76 patients). 
Patients with coarctation of the aorta, heart transplant, or cardiomyopathy were excluded 
(20). Controls were matched to cases by age, sex, and race. LA volume was measured 
by biplane method, indexed to BSA. LA longitudinal global strain was measured using 
TomTec soft ware. LV septal (IVSD) and posterior wall thickness (PWT) were measured 
with z-scores by m-mode. LV mass index (LVMI) was measured by m-mode and with the 
5/6 area length method indexed to height2.7. Matched pairs with complete data for each 
outcome were compared using paired t-tests. P-values<0.05 were considered signifi cant. 
Results: Th ere was no diff erence in LA strain or LA volume in the hypertensive patients 
in comparison to controls (p-value 0.906 and 0.055, respectively). Th ere was, however, 
a statistically signifi cant diff erence in septal E/e’ ratio (p value=0.007). IVSD, PWT and 
LVMI were signifi cantly higher in hypertensive patients (p-values <0.001, 0.004 and 
<0.001, respectively). (Table 1). Conclusion: Markers of LV hypertrophy, including LVMI 
were signifi cantly elevated in hypertensive patients compared to controls. Interestingly, 
the septal E/e’ ratio, a marker of diastolic function, was signifi cantly higher in hypertensive 
patients, but there was no diff erence in the LA volume or strain. Th ese fi ndings indicate 
that while changes in LA mechanics may occur later in life, LV hypertrophy appears to be 
an early fi nding in younger hypertensive patients.

 

P1-57
Diastolic Dysfunction in Tetralogy of Fallot: Comparison of 
Echocardiography with Cardiac Catheterization
Michael P. DiLorenzo1, Wei-Ting Hwang2, Elizabeth Goldmuntz3, Bonnie Ky2, 
Laura Mercer-Rosa3. 1Columbia University Medical Center, New York, NY; 
2Th e University of Pennsylvania, Philadelphia, PA; 3Th e Children‘s Hospital of 
Philadelphia, Philadelphia, PA
Background: Right ventricular (RV) systolic dysfunction has been associated with 
adverse outcomes in tetralogy of Fallot (TOF). However, the role and etiology of 
diastolic dysfunction remains incompletely defi ned. We sought to assess the association 
between echocardiographic measures of diastolic function with catheter-based RV 
end-diastolic pressure (RVEDP) and identify clinical characteristics independently 
associated with diastolic dysfunction. Methods: Th is is a single-center, retrospective 
study of surgically repaired TOF patients undergoing cardiac catheterization with 
echocardiograms within three months prior to catheterization. Diastolic dysfunction was 
defi ned on echocardiogram by tricuspid infl ow and tissue Doppler measurements (E/A, 
E/e’, and deceleration time), and on catheterization by RVEDP ≥10 mmHg. Linear and 
logistic regression analyses tested associations between echocardiographic parameters, 
RVEDP, and clinical characteristics. Results: Ninety-four subjects were included. 
Age at catheterization was 8.9 years (Interquartile range (IQR) 4.4, 15.9). RVEDP at 
catheterization was 9.5±2.5 mmHg with 48 (51%) having an RVEDP ≥10mmHg. Sixty-
one subjects (65%) had echocardiographic evidence of diastolic dysfunction. RVEDP 
was not associated with any individual echocardiographic parameter or when those 
parameters were combined to defi ne diastolic dysfunction (Figure). Th ere was poor 
agreement between an elevated RVEDP and the presence of diastolic dysfunction by 
echocardiogram (Kappa = 0.04). Likewise, there was poor agreement between RVEDP 
and E/e’ (Kappa = 0.04). Higher RVEDP was directly associated with larger right atrial 
area and RV end-diastolic area, independently of weight and degree of pulmonary or 
tricuspid regurgitation (R2 = 0.13, p=0.001 and R2=0.08, p=0.05, respectively). Greater 
number of interim procedures was associated with higher RVEDP, E/e’, and diastolic 
dysfunction by echocardiography. Conclusion: Diastolic dysfunction, as determined by 
echocardiography-derived measures and catheter-based measures (RVEDP), is prevalent 
in this pediatric population of TOF; However, these parameters are not associated with 
each other. Future research is needed to develop noninvasive parameters associated with 
fi lling pressures in this population.
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LAV LAV index S/D A’

r p-value r p-value r p-value r p-value

Age 0,16 0,03

Height 0,42 <0,001

Weight 0,53 <0,001

BMI z-score 0,43 <0,001 0,15 0,003 0,22 0,002

Waist-height ratio 0,16 0,02 0,19 0,006 0,27 <0,001

Lean body mass 0,51 <0,001

Body fat mass 0,46 <0,001

Body fat percentage 0,25 <0,001 0,21 0,003 0,19 0,007

SBP z-score -0,21 0,004

DBP z-score -0,18 0,01

Maternal height 0,2 0,006

Maternal lean body 
mass 0,28 <0,001

P1-53
Three-Dimensional Echocardiography is an Important Additive 
Tool to Two-Dimensional Imaging in Pre-Operative Assessment of 
Pediatric Atrioventricular Valve Disease
Benjamin H. Goot, Shagun Sachdeva, Peter C. Frommelt. Medical College of 
Wisconsin, Milwaukee, WI
Background: Advances in three-dimensional echocardiography (3DE) have led to 
recommendations that it be used in pre-operative planning for congenital or acquired 
heart disease as a complementary non-invasive tool to two-dimensional echocardiography 
(2DE). Th e purpose of this study is to evaluate our institutional experience in 3DE 
providing additive and important anatomic details compared to 2DE since inclusion of 
3DE into the pre-operative work fl ow for specifi c lesions. Methods: Retrospective single 
center review of 57 3DE studies occurring 7/2015-2/2017, coinciding with initiation of 
standard 3DE pre-operative imaging in addition to 2DE for unrepaired atrioventricular 
septal defects (AVSD), repaired AVSD with atrioventricular valve dysfunction, mitral 
valve (MV), or tricuspid valve (TV) anomalies. All studies were performed on Philips 
iE33 or Siemens Acuson SC2000 transthoracic or transesophageal platforms. Patient 
demographics, study date, vendor, and probe type were recorded. Lesion-specifi c 
anatomic variables were assessed for presence in diagnostic reports and from this the 
3DE studies were determined as additive if new information was present, complementary 
if no new data was found, or neither. Data grouping and demographics were described, 
and McNemar tests were used for paired grouping comparisons between 2DE and 
3DE fi ndings. Results: 56/57 studies contained 3DE imaging of diagnostic quality with 
complete reports. Most patients were <1 year old (46%) and female (57%). Th e Philips 
3DE transthoracic probe was used most oft en. Th e most common lesion imaged was 
unrepaired AVSD (32%). Additive information was present in 98% of the 3DE studies 
and the remainder were complementary. All AVSD and TV studies were deemed additive. 
In unrepaired AVSD, the additional 3DE fi ndings of signifi cance included description 
of leafl et size (p<0.001), leafl et number (p=0.004), commissures (p<0.001), coaptation 
(p=0.039), subvalvar apparatus (chordae p=0.016, papillary muscles p=0.001), and site of 
regurgitation (p=0.001). Similarly, in TV studies the signifi cant fi ndings were description 
of leafl et size (p=0.008), leafl et number (p=0.031), commissures (p=0.031), chordae 
(p=0.031), and site of regurgitation (p=0.016). Conclusion: 3DE is an important and 
readily-available tool in the pre-operative evaluation of pediatric atrioventricular valve 
disease, frequently describing key additive details about valve morphology and function 
that is not included in 2DE reports. Providing this information to surgeons should be 
standard practice for congenital heart centers.

P1-54
Echocardiographic Indices to Improve the Prenatal Diagnosis of 
Coarctation of the Aorta
Chandni Patel1, Bevin Weeks2, Joshua A. Copel1, John Fahey1, Xuemei Song3, 
Veronika Shabanova4, Dina Ferdman1. 1Yale School of Medicine, New Haven, 
CT; 2UF Health Congenital Heart Center, Gainesville, FL; 3Yale School of Public 
Health, New Haven, CT; 4Yale University, New Haven, CT
Background: Prenatal diagnosis of coarctation of the aorta is diffi  cult and historically 
carries a high false positive rate. Early, accurate diagnosis is important given the 
associated mortality and morbidity of an undetected coarctation. Th e aim of this 
study was to identify fetal echocardiographic measures that serve as predictors of 
postnatal coarctation. Methods: Th is was a retrospective review of three groups of 
patients from 2013 to 2017: 1) Prenatal diagnosis of coarctation confi rmed postnatally 
(n=13), 2) Prenatal diagnosis of coarctation with normal arch postnatally (n=14), and 
3) controls (n=30). Measurements were made on all available fetal echocardiograms 
for each patient, including: diameters of the ascending aorta, proximal transverse arch, 

distal transverse arch, aortic isthmus, left  common carotid artery (LCA); and distances 
between the brachiocephalic to LCA (BC-LCA) and the LCA to left  subclavian artery 
(LCA-LSCA). Th e following previously validated postnatal indices were applied to 
our fetal echocardiograms: LCA to distal transverse arch diameters (LCA/DT), distal 
transverse arch diameter to LCA-LSCA distance (DT/LCA-LSCA), and left  to right 
ventricle diameters. Linear mixed eff ects models were used to examine the between-
group diff erences in the trajectories of the measurements. Results: Signifi cant diff erences 
were seen in group 1 (postnatal coarctation) for the following: smaller DT/LCA-LSCA 
index (p<0.03), smaller proximal transverse arch diameter (p<0.05), and longer BC-LCA 
(p<0.03) and LCA-LSCA distances (p<0.0001). Th e aortic isthmus (p<0.0001) and left  
to right ventricle diameter ratio (p<0.02) were signifi cantly smaller in both groups 1 
and 2 as compared to controls, but could not diff erentiate between them. As gestation 
progresses, the LCA/DT index trend appears to diff erentiate group 2 from group 1. Th e 
LCA/DT index increases over time for group 2 while it decreases for group 1 (p<0.03). 
Conclusion: Th e fetal echocardiographic DT/LCA-LSCA index, as well as BC-LCA and 
LCA-LSCA distances are signifi cant predictors of postnatal coarctation. Th e LCA/DT 
index trend over time can help diff erentiate which of those patients with prenatal concern 
for coarctation are more likely to develop coarctation postnatally. Th e use of simple fetal 
echocardiographic markers may improve prenatal detection and accurate predication of 
postnatal coarctation.

P1-55
Assessment of Right Ventricular-Pulmonary Circulation Coupling 
in Neonates with Pulmonary Hypertension
Ann Simones, Kari Roberts, Matthew Ambrose, Aura A. Sanchez Mejia. 
University of Minnesota Masonic Children‘s Hospital, Minneapolis, MN
Background: Congenital diaphragmatic hernia (CDH) and persistent pulmonary 
hypertension (PPHN) exert signifi cant load to the right heart and aff ect right ventricular-
pulmonary circulation coupling, that can be assessed with the length-force relationship 
(tricuspid annular plane systolic excursion [TAPSE] vs. pulmonary artery systolic 
pressure). Pulmonary artery acceleration time (PAAT) is a validated echocardiographic 
surrogate of pulmonary artery systolic pressure. Th e purpose of this study was to test 
the hypothesis that the length-force relationship (TAPSE*PAAT, cm*ms) is diminished 
in neonates with CDH and/or PPHN. Methods: Retrospective study of 48 full term 
neonates with CDH and/or PPHN and 29 controls. TAPSE (cm) was used to measure 
right ventricular length shortening and PAAT (ms) to estimate pulmonary artery 
systolic pressure for generated force (aft erload) at <5 days and 2-3 weeks of age. PAAT 
was also indexed to right ventricular ejection time (RVET) to correct for heart rate. 
Echocardiographic parameters were used to classify the neonates in three groups based on 
pulmonary-to-systemic pressure relationship as < 2/3 systemic (group 1), 2/3 systemic-
systemic (group 2) and ≥ systemic (group 3), and included: ductus arteriosus fl ow 
direction and velocity, tricuspid regurgitation jet velocity, and ventricular septum position 
in systole. Results: At baseline, neonates in group 3 had the lowest TAPSE (p<0.001). 
Groups 2 and 3 had lower values of PAAT and PAAT/RVET (p<0.02 for both). Both 
TAPSE*PAAT and TAPSE*(PAAT/RVET) were signifi cantly lower in group 3 (p<0.001 
for both). At 2-3 weeks of age, following CDH repair and treatment of PPHN, patients 
that remained in group 3 continued to have the lowest TAPSE (p=0.03). PAAT/RVET was 
similar between the groups (p=0.13), but the TAPSE*PAAT and TAPSE*(PAAT/RVET) 
remained lower in groups 2 and 3 (p<0.01) (Table). Conclusion: Neonates with CDH 
and/or PPHN with ≥ 2/3 systemic estimated pulmonary artery systolic pressure at 2-3 
weeks of age exhibit ongoing abnormal right ventricular-pulmonary circulation coupling, 
refl ective of a maladaptive response of the ventricular function to changes in aft erload. 
Persistence of altered right ventricular-pulmonary circulation coupling warrants long-
term follow-up for risk stratifi cation.
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P1-56
Left Atrial and Ventricular Mechanics in a Cohort of Hypertensive 
Children Compared to Age, Sex and Race Matched Controls
Michelle Kaplinski, Heather Griffi  s, Yan Wang, Anirban Banerjee, Michael 
D. Quartermain, Shobha Natarajan. Children‘s Hospital of Philadelphia, 
Philadelphia, PA
Background: Few studies have evaluated echocardiographic abnormalities and specifi cally 
left  atrial (LA) changes in children with systemic hypertension (HTN). In the adult 
literature, markers of abnormal systolic function including left  ventricular (LV) mass and 
hypertrophy are predicative of adverse cardiovascular events. Similarly, LA volume and 
strain, which are reliable indicators of diastolic dysfunction and severity, have also been 
shown to predict cardiovascular and all-cause mortality. Th is study is the fi rst to describe 
LV and LA mechanics in a hypertensive pediatric population in comparison to matched 
controls. Methods: Data was collected from all fi rst patient visits to the HTN Program at 
the Children’s Hospital of Philadelphia from 12/2011 to 12/2015. Patients with HTN were 
defi ned as having abnormal ambulatory blood pressure monitor results (76 patients). 
Patients with coarctation of the aorta, heart transplant, or cardiomyopathy were excluded 
(20). Controls were matched to cases by age, sex, and race. LA volume was measured 
by biplane method, indexed to BSA. LA longitudinal global strain was measured using 
TomTec soft ware. LV septal (IVSD) and posterior wall thickness (PWT) were measured 
with z-scores by m-mode. LV mass index (LVMI) was measured by m-mode and with the 
5/6 area length method indexed to height2.7. Matched pairs with complete data for each 
outcome were compared using paired t-tests. P-values<0.05 were considered signifi cant. 
Results: Th ere was no diff erence in LA strain or LA volume in the hypertensive patients 
in comparison to controls (p-value 0.906 and 0.055, respectively). Th ere was, however, 
a statistically signifi cant diff erence in septal E/e’ ratio (p value=0.007). IVSD, PWT and 
LVMI were signifi cantly higher in hypertensive patients (p-values <0.001, 0.004 and 
<0.001, respectively). (Table 1). Conclusion: Markers of LV hypertrophy, including LVMI 
were signifi cantly elevated in hypertensive patients compared to controls. Interestingly, 
the septal E/e’ ratio, a marker of diastolic function, was signifi cantly higher in hypertensive 
patients, but there was no diff erence in the LA volume or strain. Th ese fi ndings indicate 
that while changes in LA mechanics may occur later in life, LV hypertrophy appears to be 
an early fi nding in younger hypertensive patients.

 

P1-57
Diastolic Dysfunction in Tetralogy of Fallot: Comparison of 
Echocardiography with Cardiac Catheterization
Michael P. DiLorenzo1, Wei-Ting Hwang2, Elizabeth Goldmuntz3, Bonnie Ky2, 
Laura Mercer-Rosa3. 1Columbia University Medical Center, New York, NY; 
2Th e University of Pennsylvania, Philadelphia, PA; 3Th e Children‘s Hospital of 
Philadelphia, Philadelphia, PA
Background: Right ventricular (RV) systolic dysfunction has been associated with 
adverse outcomes in tetralogy of Fallot (TOF). However, the role and etiology of 
diastolic dysfunction remains incompletely defi ned. We sought to assess the association 
between echocardiographic measures of diastolic function with catheter-based RV 
end-diastolic pressure (RVEDP) and identify clinical characteristics independently 
associated with diastolic dysfunction. Methods: Th is is a single-center, retrospective 
study of surgically repaired TOF patients undergoing cardiac catheterization with 
echocardiograms within three months prior to catheterization. Diastolic dysfunction was 
defi ned on echocardiogram by tricuspid infl ow and tissue Doppler measurements (E/A, 
E/e’, and deceleration time), and on catheterization by RVEDP ≥10 mmHg. Linear and 
logistic regression analyses tested associations between echocardiographic parameters, 
RVEDP, and clinical characteristics. Results: Ninety-four subjects were included. 
Age at catheterization was 8.9 years (Interquartile range (IQR) 4.4, 15.9). RVEDP at 
catheterization was 9.5±2.5 mmHg with 48 (51%) having an RVEDP ≥10mmHg. Sixty-
one subjects (65%) had echocardiographic evidence of diastolic dysfunction. RVEDP 
was not associated with any individual echocardiographic parameter or when those 
parameters were combined to defi ne diastolic dysfunction (Figure). Th ere was poor 
agreement between an elevated RVEDP and the presence of diastolic dysfunction by 
echocardiogram (Kappa = 0.04). Likewise, there was poor agreement between RVEDP 
and E/e’ (Kappa = 0.04). Higher RVEDP was directly associated with larger right atrial 
area and RV end-diastolic area, independently of weight and degree of pulmonary or 
tricuspid regurgitation (R2 = 0.13, p=0.001 and R2=0.08, p=0.05, respectively). Greater 
number of interim procedures was associated with higher RVEDP, E/e’, and diastolic 
dysfunction by echocardiography. Conclusion: Diastolic dysfunction, as determined by 
echocardiography-derived measures and catheter-based measures (RVEDP), is prevalent 
in this pediatric population of TOF; However, these parameters are not associated with 
each other. Future research is needed to develop noninvasive parameters associated with 
fi lling pressures in this population.
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P1-58
Impact of Pre-Operative Echocardiographic Assessment of Single 
Ventricle Diastolic Function on Post-Operative Outcomes after the 
Fontan Operation
Erin K. Davis1, Salil Ginde1, Jessica Stelter1, Peter Frommelt1, Garick Hill2. 
1Children‘s Hospital of Wisconsin, Milwaukee, WI; 2Cincinnati Children‘s 
Hospital, Cincinnati, OH
Background: Post-operative complications aft er the Fontan operation for single ventricle 
congenital heart disease are common, and include persistent pleural drainage and 
extended length of hospital stay (LOS). Diastolic ventricular dysfunction is common in 
the single ventricle population, and may increase the risk for post-op complications as a 
result of increased central venous pressures and pleural drainage. We sought to determine 
the relationship between pre-operative diastolic myocardial deformation imaging and 
Doppler-derived echocardiographic measurements of diastolic function with (1) pre-
operative invasive catheterization measurements, and (2) post-operative outcomes aft er 
the Fontan procedure. Methods: All patients that underwent Fontan procedure at our 
institution from 2011 to 2017 were included. Pre-operative echocardiograms performed 
within 6 months prior to Fontan operation were evaluated. Retrospective measurements 
of diastolic strain and strain rate were performed off -line with TomTec speckle tracking 
soft ware. Other quantitative echo measurements included atrioventricular valve infl ow 
and annular tissue Doppler imaging. Echo measurements were correlated with pre-
Fontan catheterization measurements and post-operative Fontan outcomes using 
Spearman Rho. Multivariable logistic regression for a prolonged LOS (>75%ile for post-
operative LOS) was performed to adjust for preoperative risk factors. Results: A total of 
141 patients were included with 10 excluded for inadequate image quality for complete 
endocardial tracking. Majority had single morphologic right ventricle (58.9%). Median 
age at time of Fontan was 3.4 (IQR 2.9-4) years, and 98.6% were extracardiac with 88% 
fenestrated. Median hospital LOS was 9 days (IQR 7-11). Circumferential diastolic strain 
weakly correlated with LOS (rho= -0.21, p=0.01). Th ere was no correlation between any 
other diastolic strain measurements and pre-Fontan end-diastolic pressure, post-op LOS, 
or chest tube duration. In multivariable analysis, E/e’ was the only echo measurement that 
predicted prolonged hospital LOS (OR 1.4, 95%CI: 1.1-1.8, p 0.003). Conclusion: Pre-
op diastolic strain measurements did not have a strong association with post-op Fontan 
outcomes. Increased E/e’ ratio, however, did predict greater LOS aft er Fontan procedure, 
and may be useful as part of pre-operative risk stratifi cation. Future studies are needed to 
further understand the utility of diastolic strain imaging in the single ventricle population.

P1-59
Prenatal Isthmus to Ductus Ratio and Atrial Septal Con guration 
Improves Prediction of Fetal Diagnosis of Coarctation of the Aorta 
Over Traditional Parameters
Dor Markush, Kan Hor, Claire Noltemeyer, Karen Texter. Nationwide Children‘s 
Hospital, Columbus, OH
Background: Prenatal right-left  ventricular size discrepancy (RLVD) is a common 
reason for fetal echocardiographic evaluation, as it can be a sign of left -sided obstructive 
lesions such as coarctation of the aorta (CoA). Previous reports have demonstrated only 
moderate sensitivity and low positive predictive value for its ability to predict signifi cant 
postnatal CoA. We sought to evaluate the utility of traditional markers of RLVD, and 
whether other secondary markers of abnormal fl ow across the aortic arch or foramen 
ovale would improve the ability to predict the presence or absence of neonatal coarctation. 
Methods: Fetal echocardiograms from mothers referred to our tertiary institution from 
Jan 2010-Oct 2017 for isolated RLVD were analyzed. 2-dimensional data of cardiac 
chambers, valves, and extracardiac vessel size was obtained and adjusted for gestational 
age using published Z-scores. Parameters were evaluated for their ability to predict the 
presence of critical coarctation, defi ned as the need for surgical coarctation repair in the 
neonatal period (<30 days). Results: A total of 36 fetal echocardiograms from twenty 
fi ve patients who had both prenatal and postnatal data available were analyzed. Median 
(range) fetal gestational age for the entire cohort was 32.6 (22.7-37.4) weeks. Nine (36 %) 
of the fetuses had critical arch obstruction requiring neonatal CoA repair. Th ere was no 
signifi cant diff erence in right ventricular or left  ventricular diameters, tricuspid, mitral, 
or pulmonary valve sizes between the CoA and non-CoA groups. Th e aortic valve and 
aortic isthmus diameters were smaller in the CoA group (Z -3.4 vs Z -2.1, P <0.05, and Z 
-2.2 vs Z -1.3, P <0.05). A 3-vessel view (3VV) isthmus:ductal ratio ≤ 0.67 was a highly 
specifi c measure to predict need for neonatal coarctation intervention (see Table 1). 
Additionally, a redundant septum primum bowing into the left  atrium, present in 11/16 
(69%) of the non-CoA group but none of the positive CoA patients, was highly suggestive 
for the absence of coarctation. Conclusion: Traditional chamber and size measurements 
of RLVD may be similar between fetuses with and without neonatal CoA. An abnormal 
3VV isthmus:ductal ratio and changes in atrial septal confi guration may improve the 
ability to predict the need for neonatal CoA repair beyond traditional parameters.

Table 1

Parameter Sensitivity (95% 
CI)

Specifi city (95% 
CI)

Positive Predictive Value 
(95% CI)

Negative Predictive Value 
(95% CI)

3VV ≤ 
0.67 67% (30-93%) 100% (79-

100%) 100% (77-100%) 84% (68-93%)

P1-60
Utility Of Multi-Modality Imaging For Evaluation Of Aortic Arch 
Anatomy In Individuals With 22q11.2 Deletion Syndrome
Sanket S. Shah1, Doaa Aly2, Erin Opfer2, Nikita Raje2. 1Childrens Mercy Hospitals 
and Clinics, Overland Park, KS; 2Childrens Mercy Hospitals and Clinics, Kansas 
City, MO
Background: About two-third of patients with 22q11.2 deletion syndrome have a 
congenital cardiovascular defect [CVD], primarily conotruncal and aortic arch [arch] 
anomalies. It is recommended to obtain an echocardiogram [echo] upon diagnosis. 
Th orough evaluation of arch sidedness and brachiocephalic branching is important 
to diagnose and treat interrupted arch, vascular ring and for planning systemic to 
pulmonary artery shunts. Echo evaluation of arch, in these patients has specifi c challenges 
due to diverse pathology, paucity of thymus tissue and diffi  cult echo windows. Our study 
aimed to evaluate the accuracy of echo in identifying arch anatomy. Methods: Th is 
retrospective study included patients with 22q11.2 deletion who have participated in 
our inter-disciplinary 22q11.2 deletion clinic data repository. We reviewed the charts 
of 113 patients (age 3months - 18 years). Patients without CVD and patients who did 
not have CT/MR or catheter angiograms [angio] for comparison were excluded. Right 
sided arch and interrupted aortic arches were grouped as abnormal arch anatomy. We 
compared initial echo as a screening test to any available angio as gold standard. In 2012, 
we instituted arch echo imaging sweeps in parasagittal and paracoronal planes from 
suprasternal notch, as arch imaging protocol. Sensitivity and specifi city for echo diagnosis 
of abnormal arch were calculated using 2x2 tables and were compared before and aft er 
2012. Results: 63 patients (65%) had an echo diagnosis of CVD. Out of these patients, 57 
had additionally some form of aortic angio performed. Prior to 2012, echo only accurately 
diagnosed 6 out of 12 abnormal arches with a sensitivity of 50%. Aft er 2012, 22 out of 
22 abnormal arches were accurately diagnosed, with a sensitivity of 100%. Th ere were 
2 false positives with a specifi city of 83%, positive predictive value of 91% and negative 
predictive value of 100%. Cervical arch, circumfl ex or tortuous arch anatomy was largely 
responsible for echo v/s angio discrepancy (fi gure). Conclusion: Echo with appropriate 
imaging sweeps is the modality of choice for screening aortic arch pathology in 22q11.2 
deletion. CT/MR angio should be used to confi rm or complement echo for optimal arch 
imaging.

 

P1-61
Effects on Cardiac Size in a Prospective Study of Selective 
Serotonin Reuptake Inhibitors
Deidra A. Ansah, Benjamin E. Reinking, Robert D. Roghair, Sarah E. Haskell. 
University of Iowa, Iowa City, IA
Background: Selective serotonin reuptake inhibitors (SSRIs) are antidepressants 
prescribed in about 10% of pregnancies in the United States. Animal studies demonstrate 
SSRI exposure decreases cardiac cell proliferation. We have shown in two animal models 
that SSRI exposure during development reduces ventricular size and cardiac function. 
Th e purpose of this investigation was to determine if term infants exposed to in utero 
SSRIs have reductions in ventricular size or cardiac function. Methods: Term infants, 
appropriate for gestational age, with or without exposure to in utero SSRIs underwent 
standard echocardiograms including four-chamber and M-mode views within 48 hours 
of life to assess cardiac size and function. Additional echocardiography protocols specifi c 
to ventricular size in newborns during this transition period were employed. Exclusion 
criteria for infants included prematurity, large or small for gestational age, any respiratory 
or cardiac support, and any major congenital malformations. Maternal and infant 
demographics were collected from medical records. Results: Twenty-one infants without 
and 20 infants with in utero SSRI exposure were prospectively enrolled. As compared to 
unexposed infants, infants exposed to in utero SSRIs had an 16 ± 2% reduction in right 
ventricular diameter in diastole (Control 1.1 ± 0.05 cm, SSRI 0.9 ± 0.05 cm, p=0.02) and 
a 22 ± 2% reduction in left  ventricular volume in systole (Control 1.7 ± 0.1 mL, SSRI 1.4 
± 0.1 mL, p=0.02). SSRI-exposed infants had decreased left  ventricular lengths in diastole 
and systole [Diastole: Control 3.5 ± 0.1 cm, SSRI 3.3 ± 0.1 cm, p=0.045; Systole: Control 
2.9 ± 0.1 cm, SSRI 2.6 ± 0.1 cm, p=0.004]. No diff erence was observed in right ventricular 
length. Th ere was no diff erence in cardiac function as measured by shortening fraction. 
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Importantly, there were no diff erences in maternal conditions or infant birth weight, 
body surface area or gestational age. Conclusion: Our fi ndings show that in utero SSRI 
exposure was associated with decreased left  ventricular dimensions at birth. Considering 
the importance of early life programming during critical periods of development on 
future cardiac health and disease risk, larger studies need to be completed to determine 
the long-term implications of SSRI exposure on ventricular size.

P1-62
Tricuspid Lea et-Annular Disproportion in Hypoplastic Left 
Heart Accentuates Tenting While Maintaining Normal Coaptation 
Distances
Ling Li1, Timothy Colen2, Mary Craft 1, Karima Addetia3, Federico Veronesi4, 
Denisa Muraru5, David A. Danford1, Nee Scze Khoo2, Shelby Kutty1. 1University 
of Nebraska/Childrens Hospital and Medical Center, Omaha, NE; 2University 
of Alberta, Edmonton, AB, Canada; 3Department of Medicine, Section 
of Cardiology, University of Chicago, Chicago, IL; 4University of Bologna, 
Department of Electrical, Electronic and Information Engineering, Bologna, Italy; 
5Department of Cardiac, Th oracic and Vascular Sciences, University of Padua, 
Padua, Italy
Background: Tricuspid valve (TV) dysfunction in hypoplastic left  heart syndrome (HLHS) 
is associated with increased morbidity and higher risk of cardiac transplantation or death. 
Annular and leafl et changes have been postulated as causes of TV dysfunction. Using 
three-dimensional echocardiography (3DE), we sought to comprehensively characterize 
geometry, structure and function of TV annulus and leafl ets in HLHS compared to age 
and gender matched normal controls. Methods: 3DE was prospectively performed using 
the iE33 system (Philips). Full-volume acquisitions of the TV and right ventricle (RV) 
were performed from an RV-focused apical view using ECG gating over 2-5 consecutive 
cardiac cycles. Annular [area, perimeter, circularity, dimensions at late diastole, inter-
commissural distances in mid systole] and leafl et parameters [tenting height, tenting 
volume, areas (anterior, posterior, septal, total), coaptation distances (anteroseptal, 
posteroseptal, anteroposterior)] were measured using custom soft ware. Results: In all, 80 
subjects were studied consisting of 40 HLHS (17/23 female/male, age 1.0±1.5 years, body 
surface area (BSA) 0.4±0.2 m2), and 40 age and gender matched controls (age 1.0±1.5 
years, BSA 0.4±0.2 m2). Among HLHS patients, 7 were pre-Norwood, 19 pre-Glenn, 10 
pre-Fontan and 4 post-Fontan. All annular parameters for HLHS except annulus length 
in short axis were similar to controls. Multiple leafl et parameters were larger in HLHS 
than controls: tenting volume 0.9±0.6 vs. 0.5±0.3ml (p<0.001), and all leafl et areas 
(anterior 1.5±1.1 vs. 0.8±0.4 cm2, p<0.001; posterior 1.1±0.7 vs. 0.8±0.5 cm2, p<0.05; 
septal 1.3±0.7 vs. 0.8±0.5 cm2, p<0.05; total 4.1±1.9 vs. 2.6±1.1 cm2, p<0.001); while all 
3 leafl et coaptation distances were similar between the groups. Conclusion: Tricuspid 
leafl ets are uniformly larger in HLHS than in normal. Th is leafl et-annular disproportion 
results in greater tenting volume in HLHS, while maintaining normal leafl et coaptation 
distances.

P1-63
Echocardiographic and Cardiac MRI Deformation Analysis in 
Patients with Single Left Ventricle vs Right Ventricle Post Fontan 
Surgery
Shagun Sachdeva, Salil Ginde, Benjamin Goot, Joseph Cava, Peter C. Frommelt. 
Children‘s Hospital of Wisconsin, Milwaukee, WI
Background: Single ventricle (SV) functional assessment remains a critical component 
of follow up aft er Fontan palliation. Myocardial deformation imaging in patients post 
Fontan can be completed by both TTE and cardiac MRI (CMR). TTE provides the ability 
for real time deformation analysis that has helped characterize diff erences in function 
based on SV morphology, while CMR has the advantage of accurate volumetric and 
functional analysis. Data on correlation between the two modalities in this population 
when comparing single left  ventricles (LV) vs single right ventricles (RV) is limited. 
Methods: SV patients post Fontan who had undergone TTE assessment of deformation 
during clinically indicated studies and had CMR within 1 year of the TTE study were 
included. Deformation indices included global circumferential strain (CS) and strain rate 
(CSR) and global longitudinal strain (LS) & strain rate (LSR); real-time values obtained 
during the echo study were compared with blinded measures performed retrospectively 
off -line from CMR imaging. Results: From 9/14 to 5/17, 37 patients were included (13 
single LV; 24 single RV). Median age at the time of TTE was 13 years (IQR 8.5, 19). TTE 
deformation analysis was completed real-time in 100% of the studies. Th ere was variable 
correlation between the TTE and CMR deformation indices, with correlation coeffi  cients 
ranging from 0.55 for CS to 0.15 for LS. CS by both TTE and CMR was signifi cantly 
higher in patients with single LV vs single RV and correlated with diff erences in CMR-
derived SV ejection fraction (Table 1). TTE assessment of CSR also diff erentiated single 
LV from the single RV, in contrast to CMR. Longitudinal indices did not diff erentiate 
ventricular morphology using either technique, with only LS by echo approaching 
signifi cance. Conclusion: Circumferential deformation indices acquired real time during 
clinical TTE appears to diff erentiate single LV from single RV post Fontan and should be 
a focus in assessing ventricular function non-invasively. CMR is complimentary to TTE 
in providing volumetric analysis of the single ventricle.

Table 1: Diff erences in TTE and CMR deformation indices between single left  and right ventricles

Parameter LV – median (IQR) RV – median (IQR) P-value
Global Circumferential strain
TTE -17.6 (-23.77 to -14.88) -12.32 (-15.32 to -9.31) 0.012
CMR -16.83 (-20.23 to -14.08) -12.58 (-15.35 to -10.73) 0.012
Global Circumferential 
strain rate
TTE -1.14 (-1.53 to -1.02) -0.9 (-1.05 to -0.63) 0.015
CMR -0.98 (-1.31 to -0.73) -0.76 (-0.94 to -0.61) 0.141
Global Longitudinal strain
TTE -18.11 (-19.46 to -14.05) -14.05 (-16.8 to -11.34) 0.056
CMR -15.09 (-19.54 to -13.58) -14.15 (-16.57 to -9.74) 0.84
Global Longitudinal strain 
rate
TTE -1.08 (-1.15 to -0.78) -0.87 (-1.02 to -0.66) 0.156
CMR -1.03 (-1.44 to -0.7) -0.85 (-1.05 to -0.7) 0.16
Ejection Fraction (CMR) 65 51.45 0.012

P1-64
Age Related Changes in Indexed Inferior Vena Cava Dimensions 
Among Syncopal Children and Adolescents
Pushpa Shivaram1, Sylvia Angtuaco1, Aziez Ahmed1, Joshua August Daily1, 
Deborah F. Grigsby2, Ling Li3, Mary Craft 3, David Danford3, Shelby Kutty3. 
1University of Arkansas Medical Sciences, Little Rock, AR; 2Arkansas Children‘s 
Hospital, Little Rock, AR; 3University of Nebraska Medical Center and Children’s 
Hospital and Medical Center, Omaha, NE
Background: Dilation of the inferior vena cava (IVC) in the absence of volume overload 
or right heart disease is a marker for depressed venous tone. Evidence is accumulating to 
support altered venous compliance as a major pathophysiologic mechanism for syncope 
in adults. We measured IVC diameter in young syncopal patients and controls in order 
to test the hypothesis that increased venous compliance manifested as IVC dilation is 
an important substrate for syncope in children and adolescents. Methods: Long Axis 
IVC diameters were measured in 191 children and adolescents with normal hearts who 
had echocardiograms recorded as part of an evaluation for syncope and in 95 controls. 
Subjects were divided into subgroups based on age < 12 years (Younger) and > 12 years 
(Older). IVC measurements (in triplicate and averaged) at right atrial junction (IVC-
RA), 10 mm below IVC-RA junction (IVC-RA10), and IVC at point of maximal diameter 
(IVCmax) were made in subcostal coronal and sagittal views (Figure). Th e linear relation 
of IVC parameters to body surface area (BSA) was confi rmed in the control group using 
linear regression. IVC parameters were then indexed to BSA (iIVC). Comparisons of 
continuous variables were made using Student t-test, and binary variables using chi 
square test. Results: Mean ± standard deviation age, height, weight, and BSA in the 
syncope patients were 12.9 ± 3.6 years, 156.6 ± 21 cm, 54.7 ± 23 kg, and 1.5 ± 0.4 m2, 
respectively. Th ere were no signifi cant diff erences between the syncope and control 
groups in gender, age, height, weight, and BSA. Among controls, all IVC parameters 
varied linearly with BSA (p<0.001 for all regressions). In the Older Group, containing 140 
syncope patients and 60 controls, all indexed IVC parameters were larger in the syncope 
cohort iIVC-RA 9 vs. 7.7 mm/m2, p<0.0001; iIVC-RA10 9.4 vs. 8.1 mm/m2, p<0.0001; 
iIVCmax 11.7 vs. 10.6 mm/m2, p=0.002. In the Younger Group, containing 51 syncope 
patients and 35 controls, there were no signifi cant diff erences in indexed IVC parameters 
from the syncope cohort (listed fi rst) and controls: iIVC-RA 10.2 vs. 11.3 mm/m2; iIVC-
RA10 11.7 vs. 12.0 mm/m2; iIVCmax 14.2 vs. 14.7 mm/m2, all p>0.05. Conclusion: Th e 
indexed IVC diameter is enlarged in the Older Group of pediatric syncope patients, as 
it is in adults, suggesting that venous capacitance and resultant venous pooling plays a 
major role in the pathogenesis of syncope at this age. In contrast, younger children with 
syncope do not demonstrate IVC dilation, and this suggests their syncope likely arises 
from a diff erent mechanism.

P1-65
Global Longitudinal Strain of Left Ventricle is a Strong Predictor 
of Signi cant Right Ventricular Dilatation in Tetralogy of Fallot 
Patients After Repair
Takehiro Tanabe. Shizuoka Children`s Hospital, Shizuoka City, Japan
Background: Pulmonary regurgitation aft er repair of tetralogy of Fallot (TOF) is one of 
the major sequellae, which requires re-operation before the signifi cant right ventricular 
dysfunction develops. Th e appropriate timing of re-operation for right ventricular 
outfl ow tract reconstruction has been determined based on the right ventricular volume 
measured by cardiac magnetic resonance imaging (CMR). However, CMR is costly and 
has several limitations, which hamper its usage on daily practice. Echocardiography 
is an ideal imaging modality enabling assessment of ventricular size and function on 
daily practice without major limitations. 2D global longitudinal strain imaging (GLS) 
has established its utility on the assessment of ventricular function and predictive value 
for clinical outcome. Th e objective of this study is to investigate the correlation between 
right ventricular volume analyzed by CMR and strain data in TOF patients aft er repair. 
Method: Th is is a retrospective cohort study on 89 TOF patients aft er repair with CMR 
assessment. We excluded the patients with signifi cant residual right ventricular outfl ow 



Abstracts  B37Journal of the American Society of Echocardiography
Volume 31 Number 6

Poster Session 1 (P1) Sunday, June 24, 2018

P1-58
Impact of Pre-Operative Echocardiographic Assessment of Single 
Ventricle Diastolic Function on Post-Operative Outcomes after the 
Fontan Operation
Erin K. Davis1, Salil Ginde1, Jessica Stelter1, Peter Frommelt1, Garick Hill2. 
1Children‘s Hospital of Wisconsin, Milwaukee, WI; 2Cincinnati Children‘s 
Hospital, Cincinnati, OH
Background: Post-operative complications aft er the Fontan operation for single ventricle 
congenital heart disease are common, and include persistent pleural drainage and 
extended length of hospital stay (LOS). Diastolic ventricular dysfunction is common in 
the single ventricle population, and may increase the risk for post-op complications as a 
result of increased central venous pressures and pleural drainage. We sought to determine 
the relationship between pre-operative diastolic myocardial deformation imaging and 
Doppler-derived echocardiographic measurements of diastolic function with (1) pre-
operative invasive catheterization measurements, and (2) post-operative outcomes aft er 
the Fontan procedure. Methods: All patients that underwent Fontan procedure at our 
institution from 2011 to 2017 were included. Pre-operative echocardiograms performed 
within 6 months prior to Fontan operation were evaluated. Retrospective measurements 
of diastolic strain and strain rate were performed off -line with TomTec speckle tracking 
soft ware. Other quantitative echo measurements included atrioventricular valve infl ow 
and annular tissue Doppler imaging. Echo measurements were correlated with pre-
Fontan catheterization measurements and post-operative Fontan outcomes using 
Spearman Rho. Multivariable logistic regression for a prolonged LOS (>75%ile for post-
operative LOS) was performed to adjust for preoperative risk factors. Results: A total of 
141 patients were included with 10 excluded for inadequate image quality for complete 
endocardial tracking. Majority had single morphologic right ventricle (58.9%). Median 
age at time of Fontan was 3.4 (IQR 2.9-4) years, and 98.6% were extracardiac with 88% 
fenestrated. Median hospital LOS was 9 days (IQR 7-11). Circumferential diastolic strain 
weakly correlated with LOS (rho= -0.21, p=0.01). Th ere was no correlation between any 
other diastolic strain measurements and pre-Fontan end-diastolic pressure, post-op LOS, 
or chest tube duration. In multivariable analysis, E/e’ was the only echo measurement that 
predicted prolonged hospital LOS (OR 1.4, 95%CI: 1.1-1.8, p 0.003). Conclusion: Pre-
op diastolic strain measurements did not have a strong association with post-op Fontan 
outcomes. Increased E/e’ ratio, however, did predict greater LOS aft er Fontan procedure, 
and may be useful as part of pre-operative risk stratifi cation. Future studies are needed to 
further understand the utility of diastolic strain imaging in the single ventricle population.

P1-59
Prenatal Isthmus to Ductus Ratio and Atrial Septal Con guration 
Improves Prediction of Fetal Diagnosis of Coarctation of the Aorta 
Over Traditional Parameters
Dor Markush, Kan Hor, Claire Noltemeyer, Karen Texter. Nationwide Children‘s 
Hospital, Columbus, OH
Background: Prenatal right-left  ventricular size discrepancy (RLVD) is a common 
reason for fetal echocardiographic evaluation, as it can be a sign of left -sided obstructive 
lesions such as coarctation of the aorta (CoA). Previous reports have demonstrated only 
moderate sensitivity and low positive predictive value for its ability to predict signifi cant 
postnatal CoA. We sought to evaluate the utility of traditional markers of RLVD, and 
whether other secondary markers of abnormal fl ow across the aortic arch or foramen 
ovale would improve the ability to predict the presence or absence of neonatal coarctation. 
Methods: Fetal echocardiograms from mothers referred to our tertiary institution from 
Jan 2010-Oct 2017 for isolated RLVD were analyzed. 2-dimensional data of cardiac 
chambers, valves, and extracardiac vessel size was obtained and adjusted for gestational 
age using published Z-scores. Parameters were evaluated for their ability to predict the 
presence of critical coarctation, defi ned as the need for surgical coarctation repair in the 
neonatal period (<30 days). Results: A total of 36 fetal echocardiograms from twenty 
fi ve patients who had both prenatal and postnatal data available were analyzed. Median 
(range) fetal gestational age for the entire cohort was 32.6 (22.7-37.4) weeks. Nine (36 %) 
of the fetuses had critical arch obstruction requiring neonatal CoA repair. Th ere was no 
signifi cant diff erence in right ventricular or left  ventricular diameters, tricuspid, mitral, 
or pulmonary valve sizes between the CoA and non-CoA groups. Th e aortic valve and 
aortic isthmus diameters were smaller in the CoA group (Z -3.4 vs Z -2.1, P <0.05, and Z 
-2.2 vs Z -1.3, P <0.05). A 3-vessel view (3VV) isthmus:ductal ratio ≤ 0.67 was a highly 
specifi c measure to predict need for neonatal coarctation intervention (see Table 1). 
Additionally, a redundant septum primum bowing into the left  atrium, present in 11/16 
(69%) of the non-CoA group but none of the positive CoA patients, was highly suggestive 
for the absence of coarctation. Conclusion: Traditional chamber and size measurements 
of RLVD may be similar between fetuses with and without neonatal CoA. An abnormal 
3VV isthmus:ductal ratio and changes in atrial septal confi guration may improve the 
ability to predict the need for neonatal CoA repair beyond traditional parameters.

Table 1

Parameter Sensitivity (95% 
CI)

Specifi city (95% 
CI)

Positive Predictive Value 
(95% CI)

Negative Predictive Value 
(95% CI)

3VV ≤ 
0.67 67% (30-93%) 100% (79-

100%) 100% (77-100%) 84% (68-93%)

P1-60
Utility Of Multi-Modality Imaging For Evaluation Of Aortic Arch 
Anatomy In Individuals With 22q11.2 Deletion Syndrome
Sanket S. Shah1, Doaa Aly2, Erin Opfer2, Nikita Raje2. 1Childrens Mercy Hospitals 
and Clinics, Overland Park, KS; 2Childrens Mercy Hospitals and Clinics, Kansas 
City, MO
Background: About two-third of patients with 22q11.2 deletion syndrome have a 
congenital cardiovascular defect [CVD], primarily conotruncal and aortic arch [arch] 
anomalies. It is recommended to obtain an echocardiogram [echo] upon diagnosis. 
Th orough evaluation of arch sidedness and brachiocephalic branching is important 
to diagnose and treat interrupted arch, vascular ring and for planning systemic to 
pulmonary artery shunts. Echo evaluation of arch, in these patients has specifi c challenges 
due to diverse pathology, paucity of thymus tissue and diffi  cult echo windows. Our study 
aimed to evaluate the accuracy of echo in identifying arch anatomy. Methods: Th is 
retrospective study included patients with 22q11.2 deletion who have participated in 
our inter-disciplinary 22q11.2 deletion clinic data repository. We reviewed the charts 
of 113 patients (age 3months - 18 years). Patients without CVD and patients who did 
not have CT/MR or catheter angiograms [angio] for comparison were excluded. Right 
sided arch and interrupted aortic arches were grouped as abnormal arch anatomy. We 
compared initial echo as a screening test to any available angio as gold standard. In 2012, 
we instituted arch echo imaging sweeps in parasagittal and paracoronal planes from 
suprasternal notch, as arch imaging protocol. Sensitivity and specifi city for echo diagnosis 
of abnormal arch were calculated using 2x2 tables and were compared before and aft er 
2012. Results: 63 patients (65%) had an echo diagnosis of CVD. Out of these patients, 57 
had additionally some form of aortic angio performed. Prior to 2012, echo only accurately 
diagnosed 6 out of 12 abnormal arches with a sensitivity of 50%. Aft er 2012, 22 out of 
22 abnormal arches were accurately diagnosed, with a sensitivity of 100%. Th ere were 
2 false positives with a specifi city of 83%, positive predictive value of 91% and negative 
predictive value of 100%. Cervical arch, circumfl ex or tortuous arch anatomy was largely 
responsible for echo v/s angio discrepancy (fi gure). Conclusion: Echo with appropriate 
imaging sweeps is the modality of choice for screening aortic arch pathology in 22q11.2 
deletion. CT/MR angio should be used to confi rm or complement echo for optimal arch 
imaging.

 

P1-61
Effects on Cardiac Size in a Prospective Study of Selective 
Serotonin Reuptake Inhibitors
Deidra A. Ansah, Benjamin E. Reinking, Robert D. Roghair, Sarah E. Haskell. 
University of Iowa, Iowa City, IA
Background: Selective serotonin reuptake inhibitors (SSRIs) are antidepressants 
prescribed in about 10% of pregnancies in the United States. Animal studies demonstrate 
SSRI exposure decreases cardiac cell proliferation. We have shown in two animal models 
that SSRI exposure during development reduces ventricular size and cardiac function. 
Th e purpose of this investigation was to determine if term infants exposed to in utero 
SSRIs have reductions in ventricular size or cardiac function. Methods: Term infants, 
appropriate for gestational age, with or without exposure to in utero SSRIs underwent 
standard echocardiograms including four-chamber and M-mode views within 48 hours 
of life to assess cardiac size and function. Additional echocardiography protocols specifi c 
to ventricular size in newborns during this transition period were employed. Exclusion 
criteria for infants included prematurity, large or small for gestational age, any respiratory 
or cardiac support, and any major congenital malformations. Maternal and infant 
demographics were collected from medical records. Results: Twenty-one infants without 
and 20 infants with in utero SSRI exposure were prospectively enrolled. As compared to 
unexposed infants, infants exposed to in utero SSRIs had an 16 ± 2% reduction in right 
ventricular diameter in diastole (Control 1.1 ± 0.05 cm, SSRI 0.9 ± 0.05 cm, p=0.02) and 
a 22 ± 2% reduction in left  ventricular volume in systole (Control 1.7 ± 0.1 mL, SSRI 1.4 
± 0.1 mL, p=0.02). SSRI-exposed infants had decreased left  ventricular lengths in diastole 
and systole [Diastole: Control 3.5 ± 0.1 cm, SSRI 3.3 ± 0.1 cm, p=0.045; Systole: Control 
2.9 ± 0.1 cm, SSRI 2.6 ± 0.1 cm, p=0.004]. No diff erence was observed in right ventricular 
length. Th ere was no diff erence in cardiac function as measured by shortening fraction. 
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Importantly, there were no diff erences in maternal conditions or infant birth weight, 
body surface area or gestational age. Conclusion: Our fi ndings show that in utero SSRI 
exposure was associated with decreased left  ventricular dimensions at birth. Considering 
the importance of early life programming during critical periods of development on 
future cardiac health and disease risk, larger studies need to be completed to determine 
the long-term implications of SSRI exposure on ventricular size.

P1-62
Tricuspid Lea et-Annular Disproportion in Hypoplastic Left 
Heart Accentuates Tenting While Maintaining Normal Coaptation 
Distances
Ling Li1, Timothy Colen2, Mary Craft 1, Karima Addetia3, Federico Veronesi4, 
Denisa Muraru5, David A. Danford1, Nee Scze Khoo2, Shelby Kutty1. 1University 
of Nebraska/Childrens Hospital and Medical Center, Omaha, NE; 2University 
of Alberta, Edmonton, AB, Canada; 3Department of Medicine, Section 
of Cardiology, University of Chicago, Chicago, IL; 4University of Bologna, 
Department of Electrical, Electronic and Information Engineering, Bologna, Italy; 
5Department of Cardiac, Th oracic and Vascular Sciences, University of Padua, 
Padua, Italy
Background: Tricuspid valve (TV) dysfunction in hypoplastic left  heart syndrome (HLHS) 
is associated with increased morbidity and higher risk of cardiac transplantation or death. 
Annular and leafl et changes have been postulated as causes of TV dysfunction. Using 
three-dimensional echocardiography (3DE), we sought to comprehensively characterize 
geometry, structure and function of TV annulus and leafl ets in HLHS compared to age 
and gender matched normal controls. Methods: 3DE was prospectively performed using 
the iE33 system (Philips). Full-volume acquisitions of the TV and right ventricle (RV) 
were performed from an RV-focused apical view using ECG gating over 2-5 consecutive 
cardiac cycles. Annular [area, perimeter, circularity, dimensions at late diastole, inter-
commissural distances in mid systole] and leafl et parameters [tenting height, tenting 
volume, areas (anterior, posterior, septal, total), coaptation distances (anteroseptal, 
posteroseptal, anteroposterior)] were measured using custom soft ware. Results: In all, 80 
subjects were studied consisting of 40 HLHS (17/23 female/male, age 1.0±1.5 years, body 
surface area (BSA) 0.4±0.2 m2), and 40 age and gender matched controls (age 1.0±1.5 
years, BSA 0.4±0.2 m2). Among HLHS patients, 7 were pre-Norwood, 19 pre-Glenn, 10 
pre-Fontan and 4 post-Fontan. All annular parameters for HLHS except annulus length 
in short axis were similar to controls. Multiple leafl et parameters were larger in HLHS 
than controls: tenting volume 0.9±0.6 vs. 0.5±0.3ml (p<0.001), and all leafl et areas 
(anterior 1.5±1.1 vs. 0.8±0.4 cm2, p<0.001; posterior 1.1±0.7 vs. 0.8±0.5 cm2, p<0.05; 
septal 1.3±0.7 vs. 0.8±0.5 cm2, p<0.05; total 4.1±1.9 vs. 2.6±1.1 cm2, p<0.001); while all 
3 leafl et coaptation distances were similar between the groups. Conclusion: Tricuspid 
leafl ets are uniformly larger in HLHS than in normal. Th is leafl et-annular disproportion 
results in greater tenting volume in HLHS, while maintaining normal leafl et coaptation 
distances.

P1-63
Echocardiographic and Cardiac MRI Deformation Analysis in 
Patients with Single Left Ventricle vs Right Ventricle Post Fontan 
Surgery
Shagun Sachdeva, Salil Ginde, Benjamin Goot, Joseph Cava, Peter C. Frommelt. 
Children‘s Hospital of Wisconsin, Milwaukee, WI
Background: Single ventricle (SV) functional assessment remains a critical component 
of follow up aft er Fontan palliation. Myocardial deformation imaging in patients post 
Fontan can be completed by both TTE and cardiac MRI (CMR). TTE provides the ability 
for real time deformation analysis that has helped characterize diff erences in function 
based on SV morphology, while CMR has the advantage of accurate volumetric and 
functional analysis. Data on correlation between the two modalities in this population 
when comparing single left  ventricles (LV) vs single right ventricles (RV) is limited. 
Methods: SV patients post Fontan who had undergone TTE assessment of deformation 
during clinically indicated studies and had CMR within 1 year of the TTE study were 
included. Deformation indices included global circumferential strain (CS) and strain rate 
(CSR) and global longitudinal strain (LS) & strain rate (LSR); real-time values obtained 
during the echo study were compared with blinded measures performed retrospectively 
off -line from CMR imaging. Results: From 9/14 to 5/17, 37 patients were included (13 
single LV; 24 single RV). Median age at the time of TTE was 13 years (IQR 8.5, 19). TTE 
deformation analysis was completed real-time in 100% of the studies. Th ere was variable 
correlation between the TTE and CMR deformation indices, with correlation coeffi  cients 
ranging from 0.55 for CS to 0.15 for LS. CS by both TTE and CMR was signifi cantly 
higher in patients with single LV vs single RV and correlated with diff erences in CMR-
derived SV ejection fraction (Table 1). TTE assessment of CSR also diff erentiated single 
LV from the single RV, in contrast to CMR. Longitudinal indices did not diff erentiate 
ventricular morphology using either technique, with only LS by echo approaching 
signifi cance. Conclusion: Circumferential deformation indices acquired real time during 
clinical TTE appears to diff erentiate single LV from single RV post Fontan and should be 
a focus in assessing ventricular function non-invasively. CMR is complimentary to TTE 
in providing volumetric analysis of the single ventricle.

Table 1: Diff erences in TTE and CMR deformation indices between single left  and right ventricles

Parameter LV – median (IQR) RV – median (IQR) P-value
Global Circumferential strain
TTE -17.6 (-23.77 to -14.88) -12.32 (-15.32 to -9.31) 0.012
CMR -16.83 (-20.23 to -14.08) -12.58 (-15.35 to -10.73) 0.012
Global Circumferential 
strain rate
TTE -1.14 (-1.53 to -1.02) -0.9 (-1.05 to -0.63) 0.015
CMR -0.98 (-1.31 to -0.73) -0.76 (-0.94 to -0.61) 0.141
Global Longitudinal strain
TTE -18.11 (-19.46 to -14.05) -14.05 (-16.8 to -11.34) 0.056
CMR -15.09 (-19.54 to -13.58) -14.15 (-16.57 to -9.74) 0.84
Global Longitudinal strain 
rate
TTE -1.08 (-1.15 to -0.78) -0.87 (-1.02 to -0.66) 0.156
CMR -1.03 (-1.44 to -0.7) -0.85 (-1.05 to -0.7) 0.16
Ejection Fraction (CMR) 65 51.45 0.012

P1-64
Age Related Changes in Indexed Inferior Vena Cava Dimensions 
Among Syncopal Children and Adolescents
Pushpa Shivaram1, Sylvia Angtuaco1, Aziez Ahmed1, Joshua August Daily1, 
Deborah F. Grigsby2, Ling Li3, Mary Craft 3, David Danford3, Shelby Kutty3. 
1University of Arkansas Medical Sciences, Little Rock, AR; 2Arkansas Children‘s 
Hospital, Little Rock, AR; 3University of Nebraska Medical Center and Children’s 
Hospital and Medical Center, Omaha, NE
Background: Dilation of the inferior vena cava (IVC) in the absence of volume overload 
or right heart disease is a marker for depressed venous tone. Evidence is accumulating to 
support altered venous compliance as a major pathophysiologic mechanism for syncope 
in adults. We measured IVC diameter in young syncopal patients and controls in order 
to test the hypothesis that increased venous compliance manifested as IVC dilation is 
an important substrate for syncope in children and adolescents. Methods: Long Axis 
IVC diameters were measured in 191 children and adolescents with normal hearts who 
had echocardiograms recorded as part of an evaluation for syncope and in 95 controls. 
Subjects were divided into subgroups based on age < 12 years (Younger) and > 12 years 
(Older). IVC measurements (in triplicate and averaged) at right atrial junction (IVC-
RA), 10 mm below IVC-RA junction (IVC-RA10), and IVC at point of maximal diameter 
(IVCmax) were made in subcostal coronal and sagittal views (Figure). Th e linear relation 
of IVC parameters to body surface area (BSA) was confi rmed in the control group using 
linear regression. IVC parameters were then indexed to BSA (iIVC). Comparisons of 
continuous variables were made using Student t-test, and binary variables using chi 
square test. Results: Mean ± standard deviation age, height, weight, and BSA in the 
syncope patients were 12.9 ± 3.6 years, 156.6 ± 21 cm, 54.7 ± 23 kg, and 1.5 ± 0.4 m2, 
respectively. Th ere were no signifi cant diff erences between the syncope and control 
groups in gender, age, height, weight, and BSA. Among controls, all IVC parameters 
varied linearly with BSA (p<0.001 for all regressions). In the Older Group, containing 140 
syncope patients and 60 controls, all indexed IVC parameters were larger in the syncope 
cohort iIVC-RA 9 vs. 7.7 mm/m2, p<0.0001; iIVC-RA10 9.4 vs. 8.1 mm/m2, p<0.0001; 
iIVCmax 11.7 vs. 10.6 mm/m2, p=0.002. In the Younger Group, containing 51 syncope 
patients and 35 controls, there were no signifi cant diff erences in indexed IVC parameters 
from the syncope cohort (listed fi rst) and controls: iIVC-RA 10.2 vs. 11.3 mm/m2; iIVC-
RA10 11.7 vs. 12.0 mm/m2; iIVCmax 14.2 vs. 14.7 mm/m2, all p>0.05. Conclusion: Th e 
indexed IVC diameter is enlarged in the Older Group of pediatric syncope patients, as 
it is in adults, suggesting that venous capacitance and resultant venous pooling plays a 
major role in the pathogenesis of syncope at this age. In contrast, younger children with 
syncope do not demonstrate IVC dilation, and this suggests their syncope likely arises 
from a diff erent mechanism.

P1-65
Global Longitudinal Strain of Left Ventricle is a Strong Predictor 
of Signi cant Right Ventricular Dilatation in Tetralogy of Fallot 
Patients After Repair
Takehiro Tanabe. Shizuoka Children`s Hospital, Shizuoka City, Japan
Background: Pulmonary regurgitation aft er repair of tetralogy of Fallot (TOF) is one of 
the major sequellae, which requires re-operation before the signifi cant right ventricular 
dysfunction develops. Th e appropriate timing of re-operation for right ventricular 
outfl ow tract reconstruction has been determined based on the right ventricular volume 
measured by cardiac magnetic resonance imaging (CMR). However, CMR is costly and 
has several limitations, which hamper its usage on daily practice. Echocardiography 
is an ideal imaging modality enabling assessment of ventricular size and function on 
daily practice without major limitations. 2D global longitudinal strain imaging (GLS) 
has established its utility on the assessment of ventricular function and predictive value 
for clinical outcome. Th e objective of this study is to investigate the correlation between 
right ventricular volume analyzed by CMR and strain data in TOF patients aft er repair. 
Method: Th is is a retrospective cohort study on 89 TOF patients aft er repair with CMR 
assessment. We excluded the patients with signifi cant residual right ventricular outfl ow 
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tract obstruction (peak velocity>3m/s), or poor echocardiographic image quality. Th e 
following parameters were analyzed by CMR and echocardiography: 1) CMR: right 
ventricular end-diastolic volume index (RVEDVI (RVEDV/BSA), RV end-systolic volume 
index, RV ejection-fraction (RVEF), pulmonary regurgitant fraction (PR fraction); 2) 
Echocardiography: RV fractional area change (RV FAC), RV free-wall strain, RV GLS, 
LVEF, and LV GLS. 2D strain analyses were performed by 2D Cardiac Performance 
Analysis (TOMTEC). Results: We included 30 patients for analysis (male 17: female 13: 
age: median (range): 14.6(4.9-21.0)). Th e RV outfl ow tract was reconstructed by trans-
annular patch in 13 patients, and the pulmonary annulus was preserved in 17 patients. 
Th ere was a signifi cant correlation between RVEDVI and PR fraction (r = 0.63), or RVEF 
(r=-0.65). Although the correlations between RVEDVI and RV free-wall strain, RV FAC, 
or RV-GLS were all weak, LV GLS showed signifi cant correlation with RVEDVI (r = 0.79), 
which was the strongest among all echo parameters. Th e cut-off  value of LV GLS was set 
>-17% to determine the RVEDVI>160 which is widely used criteria for pulmonary valve 
replacement with sensitivity 75% and specifi city 93%. Conclusion: Th e most signifi cant 
determinant of RVEDV was interestingly LV GLS among all echo-parameters. LV GLS 
may be useful to determine the appropriated timing for CMR or can be a surrogate for 
CMR to have re-operation.

P1-66
Longitudinal Changes in Single Right Ventricle Function in 
Hypoplastic Left Ventricle Syndrome and its Variant Following 
Hybrid Procedure: Does Forward Flow Through Aortic Valve 
Matter?
Gilda Kadiu, Marjorie Gayanilo, Pooja Gupta, James M. Galas, Sanjeev 
Aggarwal. Children‘s Hospital of Michigan, Detroit, MI
Background: Hybrid procedure is a palliative procedure in Hypoplastic left  heart 
syndrome (HLHS) and variants consisting of bilateral pulmonary artery banding and 
ductus arteriosus stenting. Data on its eff ects on single right ventricular (RV) function 
in HLHS are lacking. Neonates with forward fl ow through the aorta will have preserved 
blood supply to coronaries, possibly impacting function. We assessed the eff ects of 
a hybrid procedure on RV function using speckle tracking echocardiography (STE-
ECHO) and hypothesized that RV function would be preserved in patients with forward 
fl ow across the left  ventricular outfl ow tract compared to those without forward fl ow. 
Methods: In this retrospective study, ECHOs of neonates with HLHS and variants who 
underwent hybrid procedure were compared pre-procedure and at 2 time points aft er 
(post 1:1 month, post 2: pre 2nd stage repair). ECHOs were analyzed by a single reader 
for speckle RV longitudinal strain (GLS) and strain rate (Tomtec Inc.). Global peak 
systolic strain (end systole at closure of aortic valve), single plane end-diastolic and 
end-systolic volume, and post-systolic strain index (PSS) were measured. PSS index is a 
marker of ischemia and represents shortening of the segments aft er aortic valve closure. 
Comparisons between groups with and without forward fl ow used student t-test and 
Chi-square test. Results: Our cohort (n=31) included 17 (55%) neonates with forward 
fl ow. Th ere were 15 (48%) males, and mean ±SD age of procedure was 9.6±5.4 days at 
a weight of 3.1±0.6 kg. Th ere was a signifi cant decrease in GLS% from before to one 
month aft er the procedure (-15.1± 3.4 vs. -11.8± 4.3, p =0.006) but no interval change 
until 2nd stage palliation (-11.8± 4.3 vs. -11.5±3.9, p=0.5). Th ere were no diff erences in 
RV function as assessed by GLS or PSS in subgroups with and without forward fl ow 
(Table). End-diastolic and end-systolic volumes were signifi cantly higher in the group 
without forward fl ow. Conclusion: In neonates with HLHS, there is a deterioration in RV 
function following hybrid procedure as refl ected in strain indices on STE- ECHOs. RV 
function was comparable in subgroups with and without forward fl ow at all time points, 
suggesting that RV dysfunction following the procedure may be related to stress on the 
single ventricle secondary to pulmonary artery banding.
Demographic and Echo parameters No Forward Flow (n=14) Forward Flow (n=17)
Age at Hybrid 10.6 ± 4.3 8.7± 6.2
Gender (male) 7 (50%) 8 (47 %)

Pre-Hybrid
Weight (kg) 2.92 ± 0.63 3.21± 0.65
Height (cms) 49 ± 3.2 49 ± 4.7
Endo GLS % -15.3 ± 2.87 -14.91 ± 2.82
Myo GLS % -11.3 ± 2.25 -12.24 ± 3.61
EDV (ml) 9.89 ± 3.14 9.0 ± 3.52
ESV (ml) 6.05 ± 2.1 6.12 ± 2.21
PSS 1.74 ± 0.12 1.73 ± 0.11
Follow Up 1 Post 1 month
Endo GLS % -11.65 ± 5.01 -11.99 ± 3.57
Myo GLS % -8.9 ± 4.06 -9.64 ± 3.5
EDV (ml) 14.88 ± 3.38 10.63 ± 4.5*
ESV (ml) 10.32 ± 3.25 7.93 ± 3.2 *
PSS 1.07 ± 0.3 1.08 ± 0.44
Follow Up 2 Post 3 months
Endo GLS % -11.13 ± 4.73 -11.73 ± 3.12
Myo GLS % -8.44 ± 3.95 -9.40 ± 2.96
EDV (ml) 23.8 ± 6.67 14.06 ± 5.01*
ESV (ml) 16.56 ± 5.67 10.67 ± 3.88*
PSS 1.67 ± 0.53 1.77 ± 1.2

*P< 0.05

P1-67
Prenatally Diagnosed Coronary Artery Fistulae in Hypoplastic Left 
Heart Syndrome are Associated with a Higher Probability of Heart 
Transplantation
Elena Rueda-de-Leon, Stacy A. S. Killen, Jonathan H. Soslow, M. Kelly McHugh, 
Ann Kavanaugh-McHugh. Vanderbilt University Medical Center, Nashville, TN
Background: Coronary artery fi stulae (CF) are known to occur in patients with hypoplastic 
left  heart syndrome (HLHS) and may be associated with higher mortality; those patients 
with extensive coronary abnormalities may require heart transplantation (OHT). Th e 
severity of coronary abnormalities identifi ed prenatally may diff er from those identifi ed 
postnatally. We aimed to determine whether fetuses with HLHS and a prenatal diagnosis 
of CF have a higher risk of death or OHT. Methods: We performed a retrospective review 
of fetal echocardiograms with diagnosis of HLHS from 10/2011 to 2/2017 combined 
with review of associated postnatal records. Study population was limited to fetuses with 
HLHS with intact ventricular septum. We excluded from our analysis fetuses who were 
electively terminated, who died in utero, who had planned postnatal non-intervention, or 
who had absent follow-up data. Presence or absence of CF was determined by review of 
serial fetal echocardiograms for each patient who met inclusion criteria. Survival analysis 
was used to evaluate the relationship between prenatal diagnosis of CF and freedom from 
transplant. Results: Of 89 patients with fetal HLHS, 10 had prenatal diagnosis of CF. 
Th ree (30%) of those with prenatally-diagnosed CF died and 4 (40%) required OHT. Of 
those without CF (n=79), 30 (38%) died and 8 (10%) underwent OHT. Th ere was no 
diff erence in postnatal mortality in patients with and without CF (p=0.739). Th e patients 
with prenatal diagnosis of HLHS and CF had a signifi cantly increased likelihood of OHT, 
p-value=0.001 (Figure 1). Conclusion: Prenatal diagnosis of CF in our cohort of patients 
with HLHS was associated with increased OHT but did not appear to be associated with 
increased postnatal mortality. Th ese data have signifi cance for prenatal counseling.

P1-68
Three-Dimensional Echocardiography Reveals Abnormal 
Tricuspid Septal Lea et Coaptation with Normal Lea et and 
Annular Dimensions after Repair of Tetralogy of Fallot
Mary Craft 1, Ling Li1, Karima Addetia2, Federico Veronesi3, Denisa Muraru4, 
David A. Danford1, Shelby Kutty1. 1University of Nebraska/Childrens 
Hospital and Medical Center, Omaha, NE; 2Department of Medicine, Section 
of Cardiology, University of Chicago, Chicago, IL; 3University of Bologna, 
Department of Electrical, Electronic and Information Engineering, Bologna, Italy; 
4Department of Cardiac, Th oracic and Vascular Sciences, University of Padua, 
Padua, Italy
Background: Tricuspid valve (TV) regurgitation is oft en seen in patients with repaired 
tetralogy of Fallot (TOF). We sought to characterize geometry, structure and function of 
TV annulus and leafl ets in tetralogy of Fallot (TOF) in comparison with age and gender 
matched normal controls. Methods: Th ree-dimensional echocardiography (3DE) was 
prospectively performed using the iE33 system (Philips). Full-volume acquisitions of 
the TV and right ventricle (RV) were performed from an RV-focused apical view using 
ECG gating over 2-5 consecutive cardiac cycles. Annular [area, perimeter, circularity, 
dimensions at late diastole, inter-commissural distances in mid systole] and leafl et 
parameters [tenting height, tenting volume, area (anterior, posterior, septal, total), 
coaptation distances (anteroseptal, posteroseptal, anteroposterior)] were measured 
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using custom soft ware. Results: Th e cohort consisted of 40 TOF subjects (17/23 female/
male, age 14.7±9.8 years, body surface area (BSA) 1.3±0.5 m2), and 40 age and gender 
matched controls (age 14.8±9.8 years, BSA 1.4±0.6 m2). Th e annular parameters in TOF 
were not signifi cantly diff erent from controls (TOF vs. controls: annulus area 6.5±3.7 
vs.7.7 ±3.9 cm2, perimeter: 8.9±2.8 vs. 9.8±2.5 cm, longest axis length: 3.1±1.0 vs. 3.4±0.8 
cm, shortest axis length: 2.5±0.9 vs. 2.8±0.9 cm). Among the leafl et parameters, the 
anterior-septal and posterior-septal coaptation distances were smaller in TOF (TOF vs. 
controls: 17.8±5.7 vs. 22.5±6.5 mm, 16.7±5.6 vs. 22.2±6.0 mm, all p<0.001) whereas the 
individual and total leafl et areas (anterior: 2.4±1.4 vs. 2.0±1.0 cm2, posterior: 2.1±1.1 vs. 
2.5±1.4 cm2, septal: 2.8±1.8 vs. 2.8±1.5 cm2, total: 7.7±4.0 vs.7.7 ±3.5 cm2) were similar 
to controls. Conclusion: In this cohort of repaired TOF, the TV annulus was not dilated, 
and the leafl et sizes, tenting heights and tenting volumes were not abnormal. Septal 
leafl et coaptation distances with other leafl ets were short. Th is may be attributed to 
anatomic changes related to the ventricular septal patch; further investigation is needed 
to determine the relation, if any, to tricuspid regurgitation.

P1-69
Right Ventricular Systolic Function in Patients with Hypoplastic 
Left Heart Syndrome Following Norwood Operation: A Novel 
Method Using Doppler dP/dT Across the Sano Shunt
Susan Beker, Puneet Bhatla, Timothy Lee, Achiau Ludomirsky. NYU Langone 
Medical Center, New York, NY
Background: Hypoplastic left  heart syndrome (HLHS) is of the highest risk lesions in 
congenital heart disease. Th e initial surgery typically involves the Norwood procedure, 
frequently with Sano modifi cation. Despite surgical advances, interstage mortality 
remains approximately 10%, with diminished right ventricular (RV) systolic function 
a risk factor for death. Tricuspid regurgitation (TR) derived dP/dT has been shown to 
correlate with catheter derived dP/dT in patients with HLHS, and is frequently used 
in assessment of RV systolic function. However, in patients without an adequate TR 
Doppler signal, this modality cannot be used. Th e purpose of this study was to evaluate 
the correlation between a Sano derived RV dP/dT and TR derived RV dP/dT in the 
assessment of RV systolic function following Norwood operation with Sano modifi cation. 
Methods: An echocardiographic retrospective review was performed in patients 
following a Norwood/Sano operation, and assessed for the presence of a continuous wave 
Doppler tracing across the tricuspid valve and Sano shunt. 46 studies met this criteria. A 
dP/dT for both methods was measured between 1 and 3 m/s, and a qualitative assessment 
of function was also assigned to each study. Results: Th e mean value of TR derived dP/
dT and Sano derived dP/dT was 979.9 mmHg/s and 1102.89 mmHg/s respectively. A 
linear relationship exists between a Sano and TR derived RV dP/dT, where the TR derived 
RV dP/dT = 387+0.73x, (p=0.001). Th ere was also a statistically signifi cant relationship 
between the Sano derived dP/dT and the qualitative analysis of RV systolic function, 
particularly in the higher values. Moderately diminished function was found to have a 
Sano derived dP/dT of 860 to 1093, mildly diminished 732 to 1325, and normal function 
866 to 2048. Conclusions: Sano derived RV dP/dT can be eff ectively used as a surrogate 
for TR derived RV dP/dT, which may be of use in patients with inadequate TR. Th ere is a 
statistically signifi cant correlation between the Sano dP/dT and the qualitative assessment 
of function.

P1-70
Right Ventricular Failure in Fontan Patients with Systemic 
Right Ventricle: A Failure of Adaptive Remodeling, an 
Echocardiographic Study
Hannah S. Kim, Ginnie Abarbanell, Kathleen Simpson, Philip Levy, Aaron 
Abarbanell, Peter Manning, Pirooz Eghtesady, Gautam Singh. Washington 
University School of Medicine, Saint Louis, MO
Background: Survival rates for Fontan patients with a systemic right ventricle (RV) have 
improved, but the RV oft en fails requiring heart transplantation. Intrinsic RV myocardial 
architecture and pump function mechanism may be substrates for failure. We hypothesize 
that failure of adaptive ventricular remodeling of systemic ventricle aft er Fontan palliation 
leads to RV failure. Methods: In a retrospective longitudinal study of 52 patients status 
post extracardiac Fontan for univentricular heart of RV morphology, echo measures of RV 
longitudinal shortening [tricuspid annular plane systolic excursion (TAPSE), fractional 
area of change (FAC) in 4-chamber view], circumferential shortening (FAC in short axis 
view), and RV-vascular coupling [neo-aortic pre-ejection time (PET), ejection time (ET), 
PET/ET, acceleration time/ET] were compared between patients who received heart 
transplant for RV failure, and without Fontan failure (control group, n=26) at two time 
points, Time 1: day of listing for transplant and Time 2: 1-3 months prior to transplant in 
the study group, with the corresponding time from Fontan in the control. Patients were 
matched for age, body surface area and cardiac lesion. Results: Mean time diff erence 
between Time 1 and Time 2 was 1.4 years. TAPSE was similar between groups at Time 
1, but increased within the control at Time 2 (p<0.05). Longitudinal and circumferential 
shortening by FAC were signifi cantly (p<0.01) higher in the control compared to the study 
group at both time points (Figure). Circumferential shortening mimicking left  ventricle 
continued to increase in the control between time points, whereas it worsened in the 
study group (p<0.01). Neo-aortic ratios of PET/ET and acceleration time/ET were similar 
between groups at both time points but velocity time integral was signifi cantly (p =0.01) 
higher in the control than the study group at both times (Table). Conclusion: Failure 
of adaptive remodeling of the RV aft er Fontan for univentricular heart contributed to 
end stage RV failure. Development of enhanced circumferential shortening, mimicking 
the left  ventricle, appears to be an adaptive preventive mechanism for heart failure. Echo 
changes in longitudinal and circumferential shortening, and velocity time integral may 
predict progressive RV failure aft er extracardiac Fontan.
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tract obstruction (peak velocity>3m/s), or poor echocardiographic image quality. Th e 
following parameters were analyzed by CMR and echocardiography: 1) CMR: right 
ventricular end-diastolic volume index (RVEDVI (RVEDV/BSA), RV end-systolic volume 
index, RV ejection-fraction (RVEF), pulmonary regurgitant fraction (PR fraction); 2) 
Echocardiography: RV fractional area change (RV FAC), RV free-wall strain, RV GLS, 
LVEF, and LV GLS. 2D strain analyses were performed by 2D Cardiac Performance 
Analysis (TOMTEC). Results: We included 30 patients for analysis (male 17: female 13: 
age: median (range): 14.6(4.9-21.0)). Th e RV outfl ow tract was reconstructed by trans-
annular patch in 13 patients, and the pulmonary annulus was preserved in 17 patients. 
Th ere was a signifi cant correlation between RVEDVI and PR fraction (r = 0.63), or RVEF 
(r=-0.65). Although the correlations between RVEDVI and RV free-wall strain, RV FAC, 
or RV-GLS were all weak, LV GLS showed signifi cant correlation with RVEDVI (r = 0.79), 
which was the strongest among all echo parameters. Th e cut-off  value of LV GLS was set 
>-17% to determine the RVEDVI>160 which is widely used criteria for pulmonary valve 
replacement with sensitivity 75% and specifi city 93%. Conclusion: Th e most signifi cant 
determinant of RVEDV was interestingly LV GLS among all echo-parameters. LV GLS 
may be useful to determine the appropriated timing for CMR or can be a surrogate for 
CMR to have re-operation.

P1-66
Longitudinal Changes in Single Right Ventricle Function in 
Hypoplastic Left Ventricle Syndrome and its Variant Following 
Hybrid Procedure: Does Forward Flow Through Aortic Valve 
Matter?
Gilda Kadiu, Marjorie Gayanilo, Pooja Gupta, James M. Galas, Sanjeev 
Aggarwal. Children‘s Hospital of Michigan, Detroit, MI
Background: Hybrid procedure is a palliative procedure in Hypoplastic left  heart 
syndrome (HLHS) and variants consisting of bilateral pulmonary artery banding and 
ductus arteriosus stenting. Data on its eff ects on single right ventricular (RV) function 
in HLHS are lacking. Neonates with forward fl ow through the aorta will have preserved 
blood supply to coronaries, possibly impacting function. We assessed the eff ects of 
a hybrid procedure on RV function using speckle tracking echocardiography (STE-
ECHO) and hypothesized that RV function would be preserved in patients with forward 
fl ow across the left  ventricular outfl ow tract compared to those without forward fl ow. 
Methods: In this retrospective study, ECHOs of neonates with HLHS and variants who 
underwent hybrid procedure were compared pre-procedure and at 2 time points aft er 
(post 1:1 month, post 2: pre 2nd stage repair). ECHOs were analyzed by a single reader 
for speckle RV longitudinal strain (GLS) and strain rate (Tomtec Inc.). Global peak 
systolic strain (end systole at closure of aortic valve), single plane end-diastolic and 
end-systolic volume, and post-systolic strain index (PSS) were measured. PSS index is a 
marker of ischemia and represents shortening of the segments aft er aortic valve closure. 
Comparisons between groups with and without forward fl ow used student t-test and 
Chi-square test. Results: Our cohort (n=31) included 17 (55%) neonates with forward 
fl ow. Th ere were 15 (48%) males, and mean ±SD age of procedure was 9.6±5.4 days at 
a weight of 3.1±0.6 kg. Th ere was a signifi cant decrease in GLS% from before to one 
month aft er the procedure (-15.1± 3.4 vs. -11.8± 4.3, p =0.006) but no interval change 
until 2nd stage palliation (-11.8± 4.3 vs. -11.5±3.9, p=0.5). Th ere were no diff erences in 
RV function as assessed by GLS or PSS in subgroups with and without forward fl ow 
(Table). End-diastolic and end-systolic volumes were signifi cantly higher in the group 
without forward fl ow. Conclusion: In neonates with HLHS, there is a deterioration in RV 
function following hybrid procedure as refl ected in strain indices on STE- ECHOs. RV 
function was comparable in subgroups with and without forward fl ow at all time points, 
suggesting that RV dysfunction following the procedure may be related to stress on the 
single ventricle secondary to pulmonary artery banding.
Demographic and Echo parameters No Forward Flow (n=14) Forward Flow (n=17)
Age at Hybrid 10.6 ± 4.3 8.7± 6.2
Gender (male) 7 (50%) 8 (47 %)

Pre-Hybrid
Weight (kg) 2.92 ± 0.63 3.21± 0.65
Height (cms) 49 ± 3.2 49 ± 4.7
Endo GLS % -15.3 ± 2.87 -14.91 ± 2.82
Myo GLS % -11.3 ± 2.25 -12.24 ± 3.61
EDV (ml) 9.89 ± 3.14 9.0 ± 3.52
ESV (ml) 6.05 ± 2.1 6.12 ± 2.21
PSS 1.74 ± 0.12 1.73 ± 0.11
Follow Up 1 Post 1 month
Endo GLS % -11.65 ± 5.01 -11.99 ± 3.57
Myo GLS % -8.9 ± 4.06 -9.64 ± 3.5
EDV (ml) 14.88 ± 3.38 10.63 ± 4.5*
ESV (ml) 10.32 ± 3.25 7.93 ± 3.2 *
PSS 1.07 ± 0.3 1.08 ± 0.44
Follow Up 2 Post 3 months
Endo GLS % -11.13 ± 4.73 -11.73 ± 3.12
Myo GLS % -8.44 ± 3.95 -9.40 ± 2.96
EDV (ml) 23.8 ± 6.67 14.06 ± 5.01*
ESV (ml) 16.56 ± 5.67 10.67 ± 3.88*
PSS 1.67 ± 0.53 1.77 ± 1.2

*P< 0.05

P1-67
Prenatally Diagnosed Coronary Artery Fistulae in Hypoplastic Left 
Heart Syndrome are Associated with a Higher Probability of Heart 
Transplantation
Elena Rueda-de-Leon, Stacy A. S. Killen, Jonathan H. Soslow, M. Kelly McHugh, 
Ann Kavanaugh-McHugh. Vanderbilt University Medical Center, Nashville, TN
Background: Coronary artery fi stulae (CF) are known to occur in patients with hypoplastic 
left  heart syndrome (HLHS) and may be associated with higher mortality; those patients 
with extensive coronary abnormalities may require heart transplantation (OHT). Th e 
severity of coronary abnormalities identifi ed prenatally may diff er from those identifi ed 
postnatally. We aimed to determine whether fetuses with HLHS and a prenatal diagnosis 
of CF have a higher risk of death or OHT. Methods: We performed a retrospective review 
of fetal echocardiograms with diagnosis of HLHS from 10/2011 to 2/2017 combined 
with review of associated postnatal records. Study population was limited to fetuses with 
HLHS with intact ventricular septum. We excluded from our analysis fetuses who were 
electively terminated, who died in utero, who had planned postnatal non-intervention, or 
who had absent follow-up data. Presence or absence of CF was determined by review of 
serial fetal echocardiograms for each patient who met inclusion criteria. Survival analysis 
was used to evaluate the relationship between prenatal diagnosis of CF and freedom from 
transplant. Results: Of 89 patients with fetal HLHS, 10 had prenatal diagnosis of CF. 
Th ree (30%) of those with prenatally-diagnosed CF died and 4 (40%) required OHT. Of 
those without CF (n=79), 30 (38%) died and 8 (10%) underwent OHT. Th ere was no 
diff erence in postnatal mortality in patients with and without CF (p=0.739). Th e patients 
with prenatal diagnosis of HLHS and CF had a signifi cantly increased likelihood of OHT, 
p-value=0.001 (Figure 1). Conclusion: Prenatal diagnosis of CF in our cohort of patients 
with HLHS was associated with increased OHT but did not appear to be associated with 
increased postnatal mortality. Th ese data have signifi cance for prenatal counseling.

P1-68
Three-Dimensional Echocardiography Reveals Abnormal 
Tricuspid Septal Lea et Coaptation with Normal Lea et and 
Annular Dimensions after Repair of Tetralogy of Fallot
Mary Craft 1, Ling Li1, Karima Addetia2, Federico Veronesi3, Denisa Muraru4, 
David A. Danford1, Shelby Kutty1. 1University of Nebraska/Childrens 
Hospital and Medical Center, Omaha, NE; 2Department of Medicine, Section 
of Cardiology, University of Chicago, Chicago, IL; 3University of Bologna, 
Department of Electrical, Electronic and Information Engineering, Bologna, Italy; 
4Department of Cardiac, Th oracic and Vascular Sciences, University of Padua, 
Padua, Italy
Background: Tricuspid valve (TV) regurgitation is oft en seen in patients with repaired 
tetralogy of Fallot (TOF). We sought to characterize geometry, structure and function of 
TV annulus and leafl ets in tetralogy of Fallot (TOF) in comparison with age and gender 
matched normal controls. Methods: Th ree-dimensional echocardiography (3DE) was 
prospectively performed using the iE33 system (Philips). Full-volume acquisitions of 
the TV and right ventricle (RV) were performed from an RV-focused apical view using 
ECG gating over 2-5 consecutive cardiac cycles. Annular [area, perimeter, circularity, 
dimensions at late diastole, inter-commissural distances in mid systole] and leafl et 
parameters [tenting height, tenting volume, area (anterior, posterior, septal, total), 
coaptation distances (anteroseptal, posteroseptal, anteroposterior)] were measured 
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using custom soft ware. Results: Th e cohort consisted of 40 TOF subjects (17/23 female/
male, age 14.7±9.8 years, body surface area (BSA) 1.3±0.5 m2), and 40 age and gender 
matched controls (age 14.8±9.8 years, BSA 1.4±0.6 m2). Th e annular parameters in TOF 
were not signifi cantly diff erent from controls (TOF vs. controls: annulus area 6.5±3.7 
vs.7.7 ±3.9 cm2, perimeter: 8.9±2.8 vs. 9.8±2.5 cm, longest axis length: 3.1±1.0 vs. 3.4±0.8 
cm, shortest axis length: 2.5±0.9 vs. 2.8±0.9 cm). Among the leafl et parameters, the 
anterior-septal and posterior-septal coaptation distances were smaller in TOF (TOF vs. 
controls: 17.8±5.7 vs. 22.5±6.5 mm, 16.7±5.6 vs. 22.2±6.0 mm, all p<0.001) whereas the 
individual and total leafl et areas (anterior: 2.4±1.4 vs. 2.0±1.0 cm2, posterior: 2.1±1.1 vs. 
2.5±1.4 cm2, septal: 2.8±1.8 vs. 2.8±1.5 cm2, total: 7.7±4.0 vs.7.7 ±3.5 cm2) were similar 
to controls. Conclusion: In this cohort of repaired TOF, the TV annulus was not dilated, 
and the leafl et sizes, tenting heights and tenting volumes were not abnormal. Septal 
leafl et coaptation distances with other leafl ets were short. Th is may be attributed to 
anatomic changes related to the ventricular septal patch; further investigation is needed 
to determine the relation, if any, to tricuspid regurgitation.

P1-69
Right Ventricular Systolic Function in Patients with Hypoplastic 
Left Heart Syndrome Following Norwood Operation: A Novel 
Method Using Doppler dP/dT Across the Sano Shunt
Susan Beker, Puneet Bhatla, Timothy Lee, Achiau Ludomirsky. NYU Langone 
Medical Center, New York, NY
Background: Hypoplastic left  heart syndrome (HLHS) is of the highest risk lesions in 
congenital heart disease. Th e initial surgery typically involves the Norwood procedure, 
frequently with Sano modifi cation. Despite surgical advances, interstage mortality 
remains approximately 10%, with diminished right ventricular (RV) systolic function 
a risk factor for death. Tricuspid regurgitation (TR) derived dP/dT has been shown to 
correlate with catheter derived dP/dT in patients with HLHS, and is frequently used 
in assessment of RV systolic function. However, in patients without an adequate TR 
Doppler signal, this modality cannot be used. Th e purpose of this study was to evaluate 
the correlation between a Sano derived RV dP/dT and TR derived RV dP/dT in the 
assessment of RV systolic function following Norwood operation with Sano modifi cation. 
Methods: An echocardiographic retrospective review was performed in patients 
following a Norwood/Sano operation, and assessed for the presence of a continuous wave 
Doppler tracing across the tricuspid valve and Sano shunt. 46 studies met this criteria. A 
dP/dT for both methods was measured between 1 and 3 m/s, and a qualitative assessment 
of function was also assigned to each study. Results: Th e mean value of TR derived dP/
dT and Sano derived dP/dT was 979.9 mmHg/s and 1102.89 mmHg/s respectively. A 
linear relationship exists between a Sano and TR derived RV dP/dT, where the TR derived 
RV dP/dT = 387+0.73x, (p=0.001). Th ere was also a statistically signifi cant relationship 
between the Sano derived dP/dT and the qualitative analysis of RV systolic function, 
particularly in the higher values. Moderately diminished function was found to have a 
Sano derived dP/dT of 860 to 1093, mildly diminished 732 to 1325, and normal function 
866 to 2048. Conclusions: Sano derived RV dP/dT can be eff ectively used as a surrogate 
for TR derived RV dP/dT, which may be of use in patients with inadequate TR. Th ere is a 
statistically signifi cant correlation between the Sano dP/dT and the qualitative assessment 
of function.

P1-70
Right Ventricular Failure in Fontan Patients with Systemic 
Right Ventricle: A Failure of Adaptive Remodeling, an 
Echocardiographic Study
Hannah S. Kim, Ginnie Abarbanell, Kathleen Simpson, Philip Levy, Aaron 
Abarbanell, Peter Manning, Pirooz Eghtesady, Gautam Singh. Washington 
University School of Medicine, Saint Louis, MO
Background: Survival rates for Fontan patients with a systemic right ventricle (RV) have 
improved, but the RV oft en fails requiring heart transplantation. Intrinsic RV myocardial 
architecture and pump function mechanism may be substrates for failure. We hypothesize 
that failure of adaptive ventricular remodeling of systemic ventricle aft er Fontan palliation 
leads to RV failure. Methods: In a retrospective longitudinal study of 52 patients status 
post extracardiac Fontan for univentricular heart of RV morphology, echo measures of RV 
longitudinal shortening [tricuspid annular plane systolic excursion (TAPSE), fractional 
area of change (FAC) in 4-chamber view], circumferential shortening (FAC in short axis 
view), and RV-vascular coupling [neo-aortic pre-ejection time (PET), ejection time (ET), 
PET/ET, acceleration time/ET] were compared between patients who received heart 
transplant for RV failure, and without Fontan failure (control group, n=26) at two time 
points, Time 1: day of listing for transplant and Time 2: 1-3 months prior to transplant in 
the study group, with the corresponding time from Fontan in the control. Patients were 
matched for age, body surface area and cardiac lesion. Results: Mean time diff erence 
between Time 1 and Time 2 was 1.4 years. TAPSE was similar between groups at Time 
1, but increased within the control at Time 2 (p<0.05). Longitudinal and circumferential 
shortening by FAC were signifi cantly (p<0.01) higher in the control compared to the study 
group at both time points (Figure). Circumferential shortening mimicking left  ventricle 
continued to increase in the control between time points, whereas it worsened in the 
study group (p<0.01). Neo-aortic ratios of PET/ET and acceleration time/ET were similar 
between groups at both time points but velocity time integral was signifi cantly (p =0.01) 
higher in the control than the study group at both times (Table). Conclusion: Failure 
of adaptive remodeling of the RV aft er Fontan for univentricular heart contributed to 
end stage RV failure. Development of enhanced circumferential shortening, mimicking 
the left  ventricle, appears to be an adaptive preventive mechanism for heart failure. Echo 
changes in longitudinal and circumferential shortening, and velocity time integral may 
predict progressive RV failure aft er extracardiac Fontan.
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P1-71
Bridging the Gap - Creation of a Third Trimester Fetal Cardiac 
Z-Score System
Preeti Ramachandran1, Regina Keller2, Philip Khoury2, Eunice Hahn2, James 
Cnota2, Allison Divanovic2. 1Kentucky Children‘s Hospital, Lexington, KY; 
2Cincinnati Children‘s Hospital, Cincinnati, OH
Background: Fetal cardiac Z score systems are predominantly derived from second 
trimester and early third trimester fetuses. Due to hemodynamic changes late in 
pregnancy, extrapolation of such data may not be appropriate for interpreting cardiac 
structures throughout third trimester. Th is is especially vital when assessing ventricular 
discrepancy and other secondary changes to rule out coarctation of aorta. Th erefore, 
the aim of this study was to develop a Z score system specifi cally geared towards third 
trimester fetuses. Methods: 102 normal healthy females with singleton fetuses of 
gestational age ranging from 31-37 weeks were included in the study. Standard fetal 
cardiac dimensions, aortic and pulmonary valve velocities were measured on their fetal 
echocardiogram. Linear regression analyses was performed in relation to femur length 
(FL) and gestational age (GA). Results: P values were <0.001 with R2 ranging from 0.17-
0.38 for cardiac dimensions with signifi cant relationship with GA and FL. Normative 
equations with Z scores were calculated for these variables. Figure 1 shows a fi t plot for 
the cardiac dimension measuring right ventricular end diastolic dimension (RVEDD). 
Similar plots with Z scores were calculated for other dimensions of signifi cance. 
Conclusions: In response to obstetrical practice guidelines that support routine third 
trimester ultrasound, these results provide robust normative data for fetal cardiac 
structures late in pregnancy. Th erefore this study‘s fi ndings will aid in important clinical 
decision making that is required shortly before delivery.

P1-72
Echocardiographic Predictors of Primary Common 
Atrioventricular Canal Repair Timing and Outcomes
Danielle S. Burstein, Patrick E. Gray, Heather M. Griffi  s, Andrew C. Glatz, 
Meryl S. Cohen, J. William Gaynor, David J. Goldberg. Children‘s Hospital of 
Philadelphia, Philadelphia, PA
Background: In complete atrioventricular canal defect (CAVC), there are limited data 
on pre-operative echocardiographic predictors of operative timing and post-operative 
outcomes. Methods: A retrospective, single center analysis of all patients who underwent 
primary biventricular repair of CAVC between 2006 and 2015 was performed. Associated 
cardiac anomalies (tetralogy of Fallot, double outlet right ventricle) or need for neonatal 
arch repair were excluded. Echocardiographic fi ndings on fi rst postnatal echocardiogram 
were correlated with surgical timing and post-operative outcomes using univariate and 
multivariate logistic regression adjusting for clinical factors, including Down’s syndrome, 
prematurity < 37 weeks, birth weight, pre-operative pulmonary hypertension, feeding 
fortifi cation, supplemental oxygen, and weight at surgery. Results: 153 subjects (40% 
male, 84% Down’s) underwent primary CAVC repair at a mean age of 102 days (range 
25-217). Eight patients (5%) died post-operatively and 24 (16%) required re-operation 
within 1 year. On multivariate analysis, isthmus z-score less than -2 was associated with 
primary repair before 3 months (OR 2.8, 95% CI 1.2-6.2; p=0.013), need for re-operation 
within 1 year (OR 4.0, 95% CI 1.3-12.9; p=0.019), and mortality (OR 37.9, 95% CI 1.2-
1197.1; p=0.039). Pre-operative ventricular dysfunction was likewise associated with 
mortality (OR 51.6, 95% CI 1.9-1428.6; p=0.020) and also with post-operative utilization 
of extracorporeal membrane oxygenation (ECMO) (OR 31.5, 95% CI 3.3-298.7; 
p=0.003). Th ere was a trend toward an association between isthmus z-score less than -2 
and post-operative length of stay over 7 days (OR 2.2, 95% CI 0.9-5.0; p=0.068). Notably, 
pre-operative atrioventricular valve regurgitation was not associated with surgical 
timing, post-operative outcomes or re-operation, and there were no echocardiographic 
predictors of late re-operation beyond one year aft er repair. Conclusion: Key pre-
operative echocardiographic parameters help predict operative timing and post-operative 
outcomes in infants undergoing primary CAVC repair. Aortic isthmus z-score less than -2 
was associated with early surgical repair, increased mortality and need for re-operation, 
while pre-operative ventricular dysfunction was associated with increased mortality and 
need for ECMO support. Th ese echocardiographic fi ndings are helpful for risk-stratifying 
patients undergoing CAVC repair.

P1-73
Echocardiographic Findings After Left Pulmonary Artery Sling 
Repair
Matthew Cornicelli, Michael Carr, Carl Backer. Ann & Robert H. Lurie Children‘s 
Hospital of Chicago (Northwestern), Chicago, IL
Background: Left  pulmonary artery (LPA) sling is a rare congenital heart defect that 
uniformly requires surgical intervention. While operative results have been excellent, 
some degree of residual LPA stenosis is expected. Currently, there is variability in 
indications for and rates of re-intervention for these patients across institutions. 
Methods: We performed a retrospective chart review of patients who underwent LPA 
sling repair at our institution. When available, echocardiographic data was collected for 
patients during the pre-operative, immediate post-operative, 6 month, 1 year, 2 year, and 
>2 year post-operative periods. Nuclear medicine perfusion data was reviewed to assess 
diff erential pulmonary blood fl ow post-operatively. Results were analyzed using linear 
mixed eff ects modeling. Results: A total of 18 patients were included in the review. All 
patients had at least one post-operative echocardiogram and nuclear medicine perfusion 
study. Th e LPA size, derived from 2-D echocardiographic images signifi cantly decreased 

Poster Session 1 (P1) Sunday, June 24, 2018

from pre-operative (z-score -0.5 ± 1.6), to the immediate post-operative (z-score -1.9 ± 
1.3), and during long term follow-up at > 2 years (z-score -3.4 ± 0.3) (p-value= 0.0012). 
Th ere was no signifi cant change in the LPA peak velocity from pre-operative (2.1 ± 0.5 
m/s) to the immediate post-operative (2.4 ± 0.8 m/s), or during long-term follow-up 
at >2 years (2.4 ± 0.5 m/s) (p-value= 0.155). Immediately post-operatively there was 
mildly unbalanced blood fl ow to the right lung compared to the left  (65.7 ± 11.1% versus 
34.3 ± 11.1% respectively), which stabilized at 6 months follow-up (59.5 ± 3.5% to the 
right vs. 40.5 ± 3.5% to the left ). Only one of the patients underwent re-intervention 
secondary to severely unbalanced pulmonary blood fl ow. Conclusions: In pediatric 
patients undergoing LPA sling repair, post-operatively the proximal LPA demonstrates 
a signifi cant decrease in size that tends to persist and worsen with time, with no change 
in the peak velocity in this vessel. While lung perfusion is initially mildly unbalanced, it 
stabilizes over follow-up and very rarely requires re-intervention. Th ese results suggest 
that some degree of post-operative LPA hypoplasia can be expected, and a conservative 
approach to re-intervention is acceptable given excellent long term results.

P1-74
Atrial Mechanics and Atrio-Ventricular Interaction in Single 
Ventricle Patients
Marco A. Pinder, Michal Schäfer, Micheal V. DiMaria, Pei-Ni Jone. Children‘s 
Hospital of Colorado, Aurora, CO
Background: Previous studies have shown that single right ventricles (SRV) have worse 
systolic and diastolic function compared to single left  ventricles (SLV) aft er the Fontan 
procedure. Atrial strain has shown promise in evaluating diastolic dysfunction and cardiac 
magnetic resonance imaging (CMRI) remains the gold standard in evaluating ventricular 
function. Atrio-ventricular interaction in single ventricles has not been evaluated. In 
this study, we evaluated atrial function using speckle tracking echocardiography and 
correlated with CMRI ventricular function and exercise performance in Fontan patients. 
We hypothesized that SRV will have worse atrial function and exercise capacity compared 
to SLV. Methods: Twenty-three patients with single ventricle physiology status post 
Fontan procedure were evaluated with CMRI, exercise stress test and atrial strain analysis 
(TomTec 2D-CPA). CMRI, exercise stress test, and echocardiograms were obtained 
within 2 months of each other. Strain analysis evaluated the dominant atrial strain, strain 
rate, max and minimum volumes and atrial emptying fraction (AEF). MRI data evaluated 
end systolic volume indexed (ESVi), stroke volume (SV), ejection fraction (EF), indexed 
ventricular mass and cardiac output (CO). Atrial deformation, exercise stress testing and 
MRI hemodynamics were compared using Student’s t-test and linear regression model 
was applied to assess correlations between atrial and ventricular metrics. Results: Eight 
SRV patients (age 10-23 yo) were compared to 15 SLV patients (age 10-18 yo). Th ere was 
no diff erence found between atrial strain in SRV and SLV patients. In addition, there 
was no diff erence in exercise metrics, ESVi, SV, CO or ventricular mass (Table 1). Th ere 
was a signifi cant decreased in RV EF compared to LV (57 vs 50, p-0.036). Th ere was 
no correlation between the atrial and ventricular metrics. Conclusion: Atrial strain and 
exercise metrics between SRV and SLV patients showed no diff erence. SRV patients have 
worse ventricular function compared to SLV patients. Th e atrio-ventricular interaction 
remains unknown and requires further study.

P1-75
Prenatal Identi cation of Atrioventricular Septal Defect and 
Associated Genomic Abnormality by Fetal Echocardiography and 
Whole Genome Sequencing
Xiaoyan Gu1, Ye Zhang1, Lin Sun1, Jiancheng Han1, Xiaowei Liu1, Shuping Ge2, 
Yihua He1. 1Department of Echocardiography, Beijing Anzhen Hospital, Apital 
Medical University, Beijing, China; 2St. Christopher‘s Hospital for Children/Drexel 
University College of Medicine, Philadelphia, PA
Objective: We sought to correlate fetal echoardiographic characteristics of atrioventricular 
septal defect (AVSD) with genomic abnormalities using whole genome sequencing 
(WGS) and whole exomal sequencing (WES). Methods: We retrospectively reviewed 
21179 fetal echocardiograms from September 2010 to June 2016 in our institution. 
A total of 150 fetuses were diagnosed as AVSD, in which 47 cases had termination of 
pregnancies by parental choices and fetal umbilical cord and their parental peripheral 
blood were obtained and WGS and WES performed. Results: For the 47 fetuses with 
AVSD with both fetal echocardiographic and genomic data, the mean gestation age was 
25±5.9 weeks (range 16-37 weeks). In this group, 38 fetuses had complete AVSD (80.9%), 
7 partial AVSD (14.9%), and 2 transitional AVSD (4.26%). Among the 38 fetuses with 
complete AVSD, 10 had unbalanced AVSD (26.3%), and 28 balanced AVSD ( 73.7%). 
In addition, 27 fetuses (27/47, 57.4%) had associated intracardiac defects, including 23 
(23/27,85.2%) had conotruncal defect, 2 anomalous pulmonary venous connection, and 
2 aortic coarctation. Th ere were 19 fetuses (19/47,40.43%) with associated extra-cardiac 
anomalies: 18 in complete AVSD and 1 in partial AVSD, whereas 14 associated with 
both other intra-cardiac and extra-cardiac anomalies. In 47 fetuses with AVSD, DNA 
was extracted successfully in 43 fetuses, but failed in 4 because of tissue degradation. 
Genomic studies showed positive results in 22 fetuses (51.2%), including trisomy 21 
(n=11), trisomy 18 (n= 2), trisomy 13 (n=1), large chromosome duplication (n=2) and 
single-gene mutation (n=6). Th ere were 7 positive genomic studies in 27 AVSD associated 
with other intra-cardiac anomalies (25.9%), 14 in 19 AVSD associated with extra-cardiac 
anomalies (73.7%) and 11 in 14 AVSD associated with intra-cardiac and extra-cardiac 
anomalies (78.6%). Conclusion: Fetal AVSD has a high association with extra- and intra-
cardiac anomalies, especially in complete AVSD; and a high association with genomic 
abnormalities. Genetic testing, which may include WGS and WES, may be considered 
aft er prenatal diagnosis of AVSD by fetal echocardiography.

P1-76
Single Left Ventricular Diastolic Function After Fontan: A Distinct 
Phenotype Compared to Age-Matched Controls
Michael V. DiMaria1, Carmen Lopez2, Bruce F. Landeck1, Adel K. Younoszai1, 
Andreea Dragulescu2, Mark K. Friedberg2, Kendall Hunter3, Luc Mertens2. 
1Children‘s Hospital Colorado, University of Colorado School of Medicine, Aurora, 
CO; 2Th e Labatt Family Heart Center, Hospital for Sick Children, Toronto, ON, 
Canada; 3University of Colorado School of Bioengineering, Aurora, CO
Background: Children with single left  ventricles (SLV) aft er Fontan have abnormal 
diastolic function. Th e mechanistic patterns as they relate to SLV subtypes are poorly 
understood. Th e aims of this study were to: compare diastolic function between SLV and 
age-matched controls; compare SLV subtypes, including tricuspid atresia, pulmonary 
atresia with intact ventricular septum, and double-inlet LV; correlations between 
echocardiographic measures of diastolic function and ejection fraction (EF) were 
evaluated. We hypothesized that SLV would manifest a distinct diastolic phenotype, 
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P1-71
Bridging the Gap - Creation of a Third Trimester Fetal Cardiac 
Z-Score System
Preeti Ramachandran1, Regina Keller2, Philip Khoury2, Eunice Hahn2, James 
Cnota2, Allison Divanovic2. 1Kentucky Children‘s Hospital, Lexington, KY; 
2Cincinnati Children‘s Hospital, Cincinnati, OH
Background: Fetal cardiac Z score systems are predominantly derived from second 
trimester and early third trimester fetuses. Due to hemodynamic changes late in 
pregnancy, extrapolation of such data may not be appropriate for interpreting cardiac 
structures throughout third trimester. Th is is especially vital when assessing ventricular 
discrepancy and other secondary changes to rule out coarctation of aorta. Th erefore, 
the aim of this study was to develop a Z score system specifi cally geared towards third 
trimester fetuses. Methods: 102 normal healthy females with singleton fetuses of 
gestational age ranging from 31-37 weeks were included in the study. Standard fetal 
cardiac dimensions, aortic and pulmonary valve velocities were measured on their fetal 
echocardiogram. Linear regression analyses was performed in relation to femur length 
(FL) and gestational age (GA). Results: P values were <0.001 with R2 ranging from 0.17-
0.38 for cardiac dimensions with signifi cant relationship with GA and FL. Normative 
equations with Z scores were calculated for these variables. Figure 1 shows a fi t plot for 
the cardiac dimension measuring right ventricular end diastolic dimension (RVEDD). 
Similar plots with Z scores were calculated for other dimensions of signifi cance. 
Conclusions: In response to obstetrical practice guidelines that support routine third 
trimester ultrasound, these results provide robust normative data for fetal cardiac 
structures late in pregnancy. Th erefore this study‘s fi ndings will aid in important clinical 
decision making that is required shortly before delivery.

P1-72
Echocardiographic Predictors of Primary Common 
Atrioventricular Canal Repair Timing and Outcomes
Danielle S. Burstein, Patrick E. Gray, Heather M. Griffi  s, Andrew C. Glatz, 
Meryl S. Cohen, J. William Gaynor, David J. Goldberg. Children‘s Hospital of 
Philadelphia, Philadelphia, PA
Background: In complete atrioventricular canal defect (CAVC), there are limited data 
on pre-operative echocardiographic predictors of operative timing and post-operative 
outcomes. Methods: A retrospective, single center analysis of all patients who underwent 
primary biventricular repair of CAVC between 2006 and 2015 was performed. Associated 
cardiac anomalies (tetralogy of Fallot, double outlet right ventricle) or need for neonatal 
arch repair were excluded. Echocardiographic fi ndings on fi rst postnatal echocardiogram 
were correlated with surgical timing and post-operative outcomes using univariate and 
multivariate logistic regression adjusting for clinical factors, including Down’s syndrome, 
prematurity < 37 weeks, birth weight, pre-operative pulmonary hypertension, feeding 
fortifi cation, supplemental oxygen, and weight at surgery. Results: 153 subjects (40% 
male, 84% Down’s) underwent primary CAVC repair at a mean age of 102 days (range 
25-217). Eight patients (5%) died post-operatively and 24 (16%) required re-operation 
within 1 year. On multivariate analysis, isthmus z-score less than -2 was associated with 
primary repair before 3 months (OR 2.8, 95% CI 1.2-6.2; p=0.013), need for re-operation 
within 1 year (OR 4.0, 95% CI 1.3-12.9; p=0.019), and mortality (OR 37.9, 95% CI 1.2-
1197.1; p=0.039). Pre-operative ventricular dysfunction was likewise associated with 
mortality (OR 51.6, 95% CI 1.9-1428.6; p=0.020) and also with post-operative utilization 
of extracorporeal membrane oxygenation (ECMO) (OR 31.5, 95% CI 3.3-298.7; 
p=0.003). Th ere was a trend toward an association between isthmus z-score less than -2 
and post-operative length of stay over 7 days (OR 2.2, 95% CI 0.9-5.0; p=0.068). Notably, 
pre-operative atrioventricular valve regurgitation was not associated with surgical 
timing, post-operative outcomes or re-operation, and there were no echocardiographic 
predictors of late re-operation beyond one year aft er repair. Conclusion: Key pre-
operative echocardiographic parameters help predict operative timing and post-operative 
outcomes in infants undergoing primary CAVC repair. Aortic isthmus z-score less than -2 
was associated with early surgical repair, increased mortality and need for re-operation, 
while pre-operative ventricular dysfunction was associated with increased mortality and 
need for ECMO support. Th ese echocardiographic fi ndings are helpful for risk-stratifying 
patients undergoing CAVC repair.

P1-73
Echocardiographic Findings After Left Pulmonary Artery Sling 
Repair
Matthew Cornicelli, Michael Carr, Carl Backer. Ann & Robert H. Lurie Children‘s 
Hospital of Chicago (Northwestern), Chicago, IL
Background: Left  pulmonary artery (LPA) sling is a rare congenital heart defect that 
uniformly requires surgical intervention. While operative results have been excellent, 
some degree of residual LPA stenosis is expected. Currently, there is variability in 
indications for and rates of re-intervention for these patients across institutions. 
Methods: We performed a retrospective chart review of patients who underwent LPA 
sling repair at our institution. When available, echocardiographic data was collected for 
patients during the pre-operative, immediate post-operative, 6 month, 1 year, 2 year, and 
>2 year post-operative periods. Nuclear medicine perfusion data was reviewed to assess 
diff erential pulmonary blood fl ow post-operatively. Results were analyzed using linear 
mixed eff ects modeling. Results: A total of 18 patients were included in the review. All 
patients had at least one post-operative echocardiogram and nuclear medicine perfusion 
study. Th e LPA size, derived from 2-D echocardiographic images signifi cantly decreased 
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from pre-operative (z-score -0.5 ± 1.6), to the immediate post-operative (z-score -1.9 ± 
1.3), and during long term follow-up at > 2 years (z-score -3.4 ± 0.3) (p-value= 0.0012). 
Th ere was no signifi cant change in the LPA peak velocity from pre-operative (2.1 ± 0.5 
m/s) to the immediate post-operative (2.4 ± 0.8 m/s), or during long-term follow-up 
at >2 years (2.4 ± 0.5 m/s) (p-value= 0.155). Immediately post-operatively there was 
mildly unbalanced blood fl ow to the right lung compared to the left  (65.7 ± 11.1% versus 
34.3 ± 11.1% respectively), which stabilized at 6 months follow-up (59.5 ± 3.5% to the 
right vs. 40.5 ± 3.5% to the left ). Only one of the patients underwent re-intervention 
secondary to severely unbalanced pulmonary blood fl ow. Conclusions: In pediatric 
patients undergoing LPA sling repair, post-operatively the proximal LPA demonstrates 
a signifi cant decrease in size that tends to persist and worsen with time, with no change 
in the peak velocity in this vessel. While lung perfusion is initially mildly unbalanced, it 
stabilizes over follow-up and very rarely requires re-intervention. Th ese results suggest 
that some degree of post-operative LPA hypoplasia can be expected, and a conservative 
approach to re-intervention is acceptable given excellent long term results.

P1-74
Atrial Mechanics and Atrio-Ventricular Interaction in Single 
Ventricle Patients
Marco A. Pinder, Michal Schäfer, Micheal V. DiMaria, Pei-Ni Jone. Children‘s 
Hospital of Colorado, Aurora, CO
Background: Previous studies have shown that single right ventricles (SRV) have worse 
systolic and diastolic function compared to single left  ventricles (SLV) aft er the Fontan 
procedure. Atrial strain has shown promise in evaluating diastolic dysfunction and cardiac 
magnetic resonance imaging (CMRI) remains the gold standard in evaluating ventricular 
function. Atrio-ventricular interaction in single ventricles has not been evaluated. In 
this study, we evaluated atrial function using speckle tracking echocardiography and 
correlated with CMRI ventricular function and exercise performance in Fontan patients. 
We hypothesized that SRV will have worse atrial function and exercise capacity compared 
to SLV. Methods: Twenty-three patients with single ventricle physiology status post 
Fontan procedure were evaluated with CMRI, exercise stress test and atrial strain analysis 
(TomTec 2D-CPA). CMRI, exercise stress test, and echocardiograms were obtained 
within 2 months of each other. Strain analysis evaluated the dominant atrial strain, strain 
rate, max and minimum volumes and atrial emptying fraction (AEF). MRI data evaluated 
end systolic volume indexed (ESVi), stroke volume (SV), ejection fraction (EF), indexed 
ventricular mass and cardiac output (CO). Atrial deformation, exercise stress testing and 
MRI hemodynamics were compared using Student’s t-test and linear regression model 
was applied to assess correlations between atrial and ventricular metrics. Results: Eight 
SRV patients (age 10-23 yo) were compared to 15 SLV patients (age 10-18 yo). Th ere was 
no diff erence found between atrial strain in SRV and SLV patients. In addition, there 
was no diff erence in exercise metrics, ESVi, SV, CO or ventricular mass (Table 1). Th ere 
was a signifi cant decreased in RV EF compared to LV (57 vs 50, p-0.036). Th ere was 
no correlation between the atrial and ventricular metrics. Conclusion: Atrial strain and 
exercise metrics between SRV and SLV patients showed no diff erence. SRV patients have 
worse ventricular function compared to SLV patients. Th e atrio-ventricular interaction 
remains unknown and requires further study.

P1-75
Prenatal Identi cation of Atrioventricular Septal Defect and 
Associated Genomic Abnormality by Fetal Echocardiography and 
Whole Genome Sequencing
Xiaoyan Gu1, Ye Zhang1, Lin Sun1, Jiancheng Han1, Xiaowei Liu1, Shuping Ge2, 
Yihua He1. 1Department of Echocardiography, Beijing Anzhen Hospital, Apital 
Medical University, Beijing, China; 2St. Christopher‘s Hospital for Children/Drexel 
University College of Medicine, Philadelphia, PA
Objective: We sought to correlate fetal echoardiographic characteristics of atrioventricular 
septal defect (AVSD) with genomic abnormalities using whole genome sequencing 
(WGS) and whole exomal sequencing (WES). Methods: We retrospectively reviewed 
21179 fetal echocardiograms from September 2010 to June 2016 in our institution. 
A total of 150 fetuses were diagnosed as AVSD, in which 47 cases had termination of 
pregnancies by parental choices and fetal umbilical cord and their parental peripheral 
blood were obtained and WGS and WES performed. Results: For the 47 fetuses with 
AVSD with both fetal echocardiographic and genomic data, the mean gestation age was 
25±5.9 weeks (range 16-37 weeks). In this group, 38 fetuses had complete AVSD (80.9%), 
7 partial AVSD (14.9%), and 2 transitional AVSD (4.26%). Among the 38 fetuses with 
complete AVSD, 10 had unbalanced AVSD (26.3%), and 28 balanced AVSD ( 73.7%). 
In addition, 27 fetuses (27/47, 57.4%) had associated intracardiac defects, including 23 
(23/27,85.2%) had conotruncal defect, 2 anomalous pulmonary venous connection, and 
2 aortic coarctation. Th ere were 19 fetuses (19/47,40.43%) with associated extra-cardiac 
anomalies: 18 in complete AVSD and 1 in partial AVSD, whereas 14 associated with 
both other intra-cardiac and extra-cardiac anomalies. In 47 fetuses with AVSD, DNA 
was extracted successfully in 43 fetuses, but failed in 4 because of tissue degradation. 
Genomic studies showed positive results in 22 fetuses (51.2%), including trisomy 21 
(n=11), trisomy 18 (n= 2), trisomy 13 (n=1), large chromosome duplication (n=2) and 
single-gene mutation (n=6). Th ere were 7 positive genomic studies in 27 AVSD associated 
with other intra-cardiac anomalies (25.9%), 14 in 19 AVSD associated with extra-cardiac 
anomalies (73.7%) and 11 in 14 AVSD associated with intra-cardiac and extra-cardiac 
anomalies (78.6%). Conclusion: Fetal AVSD has a high association with extra- and intra-
cardiac anomalies, especially in complete AVSD; and a high association with genomic 
abnormalities. Genetic testing, which may include WGS and WES, may be considered 
aft er prenatal diagnosis of AVSD by fetal echocardiography.

P1-76
Single Left Ventricular Diastolic Function After Fontan: A Distinct 
Phenotype Compared to Age-Matched Controls
Michael V. DiMaria1, Carmen Lopez2, Bruce F. Landeck1, Adel K. Younoszai1, 
Andreea Dragulescu2, Mark K. Friedberg2, Kendall Hunter3, Luc Mertens2. 
1Children‘s Hospital Colorado, University of Colorado School of Medicine, Aurora, 
CO; 2Th e Labatt Family Heart Center, Hospital for Sick Children, Toronto, ON, 
Canada; 3University of Colorado School of Bioengineering, Aurora, CO
Background: Children with single left  ventricles (SLV) aft er Fontan have abnormal 
diastolic function. Th e mechanistic patterns as they relate to SLV subtypes are poorly 
understood. Th e aims of this study were to: compare diastolic function between SLV and 
age-matched controls; compare SLV subtypes, including tricuspid atresia, pulmonary 
atresia with intact ventricular septum, and double-inlet LV; correlations between 
echocardiographic measures of diastolic function and ejection fraction (EF) were 
evaluated. We hypothesized that SLV would manifest a distinct diastolic phenotype, 
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and that diastolic function would correlate with EF. Methods: Multi-center, prospective, 
observational cohort study. Fift y-two children with single LV aft er Fontan operation and 
age-matched controls were enrolled. Echocardiographic measurements were obtained 
according to published guidelines, including mitral infl ow velocities, tissue Doppler, and 
parameters related to timing of events in the cardiac cycle. Statistics included t-tests and 
Pearson’s correlation. Results: Compared to age matched controls, SLV had decreased 
peak E wave velocities, with decreased E/A ratio (Table). Similarly, e’ was decreased in 
the SV cohort. E/e’ was signifi cantly decreased at the lateral wall. IVRT was prolonged; 
the myocardial performance index (MPI) was abnormal, driven by abnormalities in 
IVRT. No diff erences were found between single LV subtypes. Th ere were no signifi cant 
correlations between diastolic parameters and EF. Conclusion: Children with SLV aft er 
Fontan operation have a distinct diastolic phenotype compared to controls, manifesting 
as decreased E wave velocity and prolongation of IVRT. Th is diastolic phenotype 
refl ects a lower early diastolic trans-mitral pressure gradient. Th e assessment of diastolic 
‘dysfunction’ is confounded by the unique physiology of the Fontan circulation, a 
chronically preload-defi cient state; in addition, factors such as a disadvantageous 
mass:volume, myocardial fi brosis, among others, also aff ect the rate of ventricular fi lling 
in early diastole. In conclusion, our cohort of SLV’s, ideal, archetypal Fontans, a diastolic 
phenotype is present. Further characterization of factors contributing to this phenotype 
will require comparison to simultaneous, invasively-derived data.

P1-77
Fetal Echocardiographic Parameters and Postnatal Outcomes 
in Congenital Left-sided Heart Lesions: A 15-year Single Center 
Experience
Lindsay A. Edwards1, Alisa Arunamata1, Shiraz A. Maskatia1, Amy Quirin1, 
Shazia Bhombal2, Katsuhide Maeda3, Th eresa A. Tacy1, Rajesh Punn1. 1Lucile 
Packard Children‘s Hospital Heart Center, Department of Pediatrics, Stanford 
University School of Medicine, Palo Alto, CA; 2Lucile Packard Children‘s Hospital, 
Division of Neonatology, Department of Pediatrics, Stanford University School 
of Medicine, Palo Alto, CA; 3Lucile Packard Children‘s Hospital Heart Center, 
Department of Cardiothoracic Surgery, Stanford University School of Medicine, 
Palo Alto, CA
Background: Th e study aims were to evaluate fetal echocardiographic parameters 
associated with neonatal intervention and single ventricle palliation (SVP) in fetuses with 
suspected left -sided cardiac lesions and our institutional accuracy of predicting these 
outcomes. Methods: Initial fetal echocardiograms (1/2002-1/2017) interpreted by the 
contemporary fetal cardiologist as coarctation of the aorta (COA), left  heart hypoplasia 
(LHH), hypoplastic left  heart syndrome (HLHS), mitral valve hypoplasia ± stenosis, 

and aortic valve hypoplasia ± stenosis (AVS) were included. Neonatal intervention was 
defi ned as cardiac catheterization or surgery performed prior to hospital discharge. 
Results: Th e cohort comprised 68 fetuses with suspected left -sided lesions (COA n=15, 
LHH n=9, HLHS n=39, mitral valve hypoplasia n=1, and AS n=4). Sixty-fi ve mothers 
changed delivery location aft er diagnosis, while three mothers were local. We accurately 
predicted the postnatal diagnosis in 61/68 (90%) cases and need for neonatal intervention 
in 67/68 (99%) cases; in 6/7 cases not requiring intervention, the fetal cardiologist had a 
low suspicion for neonatal intervention, and the neonate was observed without starting 
prostaglandin. Lower LV length z-score, aortic valve z-score, ascending aorta z-score, and 
great vessel ratio; left -to-right shunting at the foramen ovale; and retrograde fl ow in the 
aortic arch were associated with the need for neonatal intervention (p=0.004-0.04). Lower 
mitral valve z-score, LV length z-score, aortic valve z-score, ascending aorta z-score, great 
vessel ratio, and LV ejection fraction, as well as higher RV/LV length ratio z-score, left -
to-right shunting at the foramen ovale, abnormal pulmonary vein Doppler, absence of 
prograde aortic fl ow, and retrograde fl ow in the aortic arch were associated with SVP 
(p<0.001-0.008). Neonates with genetic abnormalities were more likely to undergo 
biventricular repair (p=0.04). Th e strongest independent variable associated with SVP was 
RV/LV length ratio z-score (stepwise logistical regression, p=0.02); an RV/LV length ratio 
z-score >2.4 predicted SVP with a sensitivity of 76% and specifi city of 100% (AUC 0.91, 
p<0.001). Conclusion: Prenatal LV length z-score, great vessel ratio, and retrograde fl ow 
in the aortic arch were most strongly associated with the need for neonatal intervention. 
A fetal RV/LV length ratio z-score of >2.4 may be a useful threshold for identifying fetuses 
with the need for SVP and may be helpful for counseling expectant families.

P1-78
Diagnostic Value of Echocardiography Speckle Tracking 
and Magnetic Resonance Feature Tracking in Children with 
Myocarditis
Sassan Hashemi1, Ritu Sachdeva1,2, Denver Sallee III1,2, W. James Parks1,2, 
Timothy C. Slesnick1,2. 1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory 
University School of Medicine, Atlanta, GA
Introduction: Myocarditis is an important cause of morbidity and mortality in 
children. Myocardial strain has been shown to be a sensitive measure for myocardial 
function, including sub-clinical changes. We sought to compare the diagnostic value 
of echocardiography (echo) speckle tracking (ST) and cardiac magnetic resonance 
(CMR) feature tracking (FT) indices in children diagnosed with myocarditis. Methods: 
All patients diagnosed with myocarditis between 2014 and 2016 who had an echo and 
a CMR ≤5 days apart were included. Demographic and imaging characteristics were 
reviewed. Maximum troponin and BNP levels during the course of hospitalization were 
extracted. Late Gadolinium enhancement (LGE) burden was quantifi ed (mild<25%, 
25≤moderate<50%, severe≥50%) from CMR. FT and ST analyses were performed in short 
axis and 4-chamber views to calculate global circumferential (GCS), radial (GRS) and 
longitudinal (GLS) strain of the left  ventricle. Results: Eighteen patients (Male=14) with 
a median age of 15.5 years (range: 8.4-17.7) met inclusion criteria. Th ere was a median of 
1 day (0-4) between echo and CMR. LGE was positive in 13 patients with median burden 
of 23% (0-75%). Functional characteristics are summarized in table 1. Left  ventricular 
ejection fraction and GLS were not statistically diff erent between echo and CMR (P=0.91 
and 0.44), whereas GCS and GRS showed a signifi cant diff erence (both P=0.02). Ejection 
fraction showed stronger correlation with GCS for both modalities. Unlike GLS, echo 
GCS (P=0.01) and GRS (P=0.03) and CMR GCS (P=0.03) and GRS (P=0.02) showed 
signifi cant diff erences between patients with preserved and reduced ejection fraction. 
Correlation between CMR-GLS and LGE level was the strongest between functional 
indices and LGE, maximum troponin or BNP levels. Conclusion: Retrospective 
myocardial strain analysis using both ST and FT in children with myocarditis is feasible. 
GCS had the best correlation with ejection fraction for both modalities and GLS was the 
only index to not show signifi cant diff erences between preserved and reduced ejection 
fraction groups. CMR-GLS showed the strongest correlation with LGE burden compared 
to other functional indices and biomarkers. Th ese fi ndings may suggest the sequence in 
which strain indices change in this patient population.
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P1-79
Echocardiographic Nomograms of Right Ventricular Function in 
Pediatric Patients after Heart Transplantation
Brian R. White, Laura Mercer-Rosa, Hannah Katcoff , Jennifer Faerber, Matthew 
O‘Connor. Th e Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Assessment of cardiac function is an important component of follow-up 
aft er pediatric heart transplantation. While quantitative metrics of left  ventricular function 
are well-established, normal values for right ventricular (RV) function are incomplete; in 
normal children, they exist only for some metrics, and they do not exist at all for certain 
populations, such as patients aft er heart transplantation. We thus created nomograms 
for RV function in normal children and in healthy heart transplant recipients. Methods: 
We retrospectively measured standard metrics of RV function by echocardiography in 
normal children and healthy pediatric heart transplant patients at our institution from 
1/1/06 to 11/17/16. We selected the fi rst echocardiogram (echo) that was at least 6 months 
from transplant and one year from clinically-apparent or biopsy-proven rejection. No 
echoes were used aft er the diagnosis of coronary graft  vasculopathy or retransplant. 
Tricuspid annular plane systolic excursion (TAPSE), fractional area change (FAC), and 
peak tricuspid annular systolic tissue velocity (S’) were measured offl  ine using standard 
techniques. Results: 380 controls and 127 transplant patients were analyzed (Table). 
TAPSE values in controls were similar to published norms (Fig 1A). Transplant patients 
had TAPSE values signifi cantly lower than controls (our cohort and published values) 
for all age groups (p<0.0001, Fig 1A). Transplant patients also had values for FAC and 
S’ signifi cantly below controls (p<0.0001 for both, Fig 1B-C); however, the majority of 
transplant FAC values remained within two standard deviations of the normal mean. 
Conclusion: We fi rst present new normal values for metrics of RV function in healthy 
controls. TAPSE, FAC, and S’ in seemingly healthy pediatric heart transplant recipients 
are signifi cantly lower than these control values. However, FAC is relatively preserved 
compared to TAPSE and S’, and may be a more useful parameter with which to assess RV 
function in this population.

Table. Demographic information for control and transplant subjects

Controls (N=380) Transplants (N=127)

Gender 216 male (57%); 164 female (43%) 67 male (53%); 60 female (47%)

Age at Transplant N/A Median: 5.8 years; IQR: 0.6-13.5 
years

Age at Echo Median: 10.4 years; IQR: 3.0-
14.5 years

Median: 9.3 years; IQR: 3.1-15.0 
years

Time from Transplant 
to Echo N/A Median: 1.2 years; IQR: 0.6-2.8 

years

P1-80
Single Site Pacing Location Signi cance in Pediatric Patients with 
Structural Congenital Heart Disease
Adi Adar, Alessandra M. Ferraro, Sunil Ghelani, Lynn A. Sleeper, Minmin Lu, 
Douglas Mah, David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Permanent pacing may have negative eff ects on ventricular function, with 
some adult evidence suggesting an impact of lead location on this decline; however, data 
from children with congenital heart disease (CHD) are scarce. We aimed to assess the 
association of lead location with ventricular strain and synchrony in a cohort of children 
with repaired CHD. Methods: Included patients were <21y old, with: a single site 
pacemaker (PM), biventricular circulation with a systemic LV, and echo images suitable 
for analysis by speckle-tracking strain aft er PM placement. Retrospectively-collected data 
included CHD type and 5 lead locations. Lead location was determined by surgical notes 
and chest X-ray. QLAB 10.8 was used to measure apical 4-chamber longitudinal strain 
(LS), short axis mid-papillary circumferential strain (CS) and synchrony parameters 
including time to peak strain standard deviation, maximal wall delay, and maximal 
opposing wall delay. Synchrony parameters were log transformed to meet normality 
assumption for analysis. Multivariable modeling included adjustment for time since 
lead placement. Results: n=67 echocardiograms on 55 patients were included (42% were 
male, mean age 8.2±6.3y, age range 2m-20.5y); 12 patients had 2 separate pacing sites. LV 
apical leads had a shorter time interval from lead placement compared to other locations 
(median 3.5 months vs. ≥30 months, p=0.008). LS did not vary among lead locations 
(p=0.56); nor did CS (p=0.15; Figure 1). Circumferential synchrony was better with an 
LV apical lead and worst with an RV septal lead (p<0.001; Figure 2), while longitudinal 
synchrony was similar among lead locations. Conclusion: Ventricular lead placement 
is related to circumferential synchrony of the LV; no association of lead location was 
present, however, with longitudinal synchrony or any strain component. Th ese fi ndings 
support a potential impact of lead placement on ventricular conduction patterns, and 
suggest the need for further study.

P1-81
Single Left Ventricular Function Following Fontan Palliation In 
Pulmonary Atresia Vs. Tricuspid Atresia: A Speckle Tracking 
Echocardiographic Study
Jyothsna Akam Venkata, James Galas, Marjorie Gayanilo, Pooja Gupta, Sanjeev 
Aggarwal. Children‘s Hospital of Michigan, Detroit, MI
Background: Single left  ventricular dysfunction aft er Fontan palliation remains a 
leading cause of long-term mortality. Th ere is paucity of data on single left  ventricular 
function using speckle tracking echocardiography. Neonates with pulmonary atresia 
and intact ventricle septum (PA/IVS) oft en have coronary abnormalities, which could 
further increase the risk for ventricular dysfunction. We hypothesized that single left  
ventricular function following Fontan palliation will be impaired on speckle tracking 
echocardiography and worse in PA/IVS compared to Tricuspid atresia. Methods: Th is 
observational study included patients with single left  ventricular physiology (PA/IVS 
and Tricuspid atresia), who underwent Fontan palliation > 1 year ago. Global systolic 
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and that diastolic function would correlate with EF. Methods: Multi-center, prospective, 
observational cohort study. Fift y-two children with single LV aft er Fontan operation and 
age-matched controls were enrolled. Echocardiographic measurements were obtained 
according to published guidelines, including mitral infl ow velocities, tissue Doppler, and 
parameters related to timing of events in the cardiac cycle. Statistics included t-tests and 
Pearson’s correlation. Results: Compared to age matched controls, SLV had decreased 
peak E wave velocities, with decreased E/A ratio (Table). Similarly, e’ was decreased in 
the SV cohort. E/e’ was signifi cantly decreased at the lateral wall. IVRT was prolonged; 
the myocardial performance index (MPI) was abnormal, driven by abnormalities in 
IVRT. No diff erences were found between single LV subtypes. Th ere were no signifi cant 
correlations between diastolic parameters and EF. Conclusion: Children with SLV aft er 
Fontan operation have a distinct diastolic phenotype compared to controls, manifesting 
as decreased E wave velocity and prolongation of IVRT. Th is diastolic phenotype 
refl ects a lower early diastolic trans-mitral pressure gradient. Th e assessment of diastolic 
‘dysfunction’ is confounded by the unique physiology of the Fontan circulation, a 
chronically preload-defi cient state; in addition, factors such as a disadvantageous 
mass:volume, myocardial fi brosis, among others, also aff ect the rate of ventricular fi lling 
in early diastole. In conclusion, our cohort of SLV’s, ideal, archetypal Fontans, a diastolic 
phenotype is present. Further characterization of factors contributing to this phenotype 
will require comparison to simultaneous, invasively-derived data.

P1-77
Fetal Echocardiographic Parameters and Postnatal Outcomes 
in Congenital Left-sided Heart Lesions: A 15-year Single Center 
Experience
Lindsay A. Edwards1, Alisa Arunamata1, Shiraz A. Maskatia1, Amy Quirin1, 
Shazia Bhombal2, Katsuhide Maeda3, Th eresa A. Tacy1, Rajesh Punn1. 1Lucile 
Packard Children‘s Hospital Heart Center, Department of Pediatrics, Stanford 
University School of Medicine, Palo Alto, CA; 2Lucile Packard Children‘s Hospital, 
Division of Neonatology, Department of Pediatrics, Stanford University School 
of Medicine, Palo Alto, CA; 3Lucile Packard Children‘s Hospital Heart Center, 
Department of Cardiothoracic Surgery, Stanford University School of Medicine, 
Palo Alto, CA
Background: Th e study aims were to evaluate fetal echocardiographic parameters 
associated with neonatal intervention and single ventricle palliation (SVP) in fetuses with 
suspected left -sided cardiac lesions and our institutional accuracy of predicting these 
outcomes. Methods: Initial fetal echocardiograms (1/2002-1/2017) interpreted by the 
contemporary fetal cardiologist as coarctation of the aorta (COA), left  heart hypoplasia 
(LHH), hypoplastic left  heart syndrome (HLHS), mitral valve hypoplasia ± stenosis, 

and aortic valve hypoplasia ± stenosis (AVS) were included. Neonatal intervention was 
defi ned as cardiac catheterization or surgery performed prior to hospital discharge. 
Results: Th e cohort comprised 68 fetuses with suspected left -sided lesions (COA n=15, 
LHH n=9, HLHS n=39, mitral valve hypoplasia n=1, and AS n=4). Sixty-fi ve mothers 
changed delivery location aft er diagnosis, while three mothers were local. We accurately 
predicted the postnatal diagnosis in 61/68 (90%) cases and need for neonatal intervention 
in 67/68 (99%) cases; in 6/7 cases not requiring intervention, the fetal cardiologist had a 
low suspicion for neonatal intervention, and the neonate was observed without starting 
prostaglandin. Lower LV length z-score, aortic valve z-score, ascending aorta z-score, and 
great vessel ratio; left -to-right shunting at the foramen ovale; and retrograde fl ow in the 
aortic arch were associated with the need for neonatal intervention (p=0.004-0.04). Lower 
mitral valve z-score, LV length z-score, aortic valve z-score, ascending aorta z-score, great 
vessel ratio, and LV ejection fraction, as well as higher RV/LV length ratio z-score, left -
to-right shunting at the foramen ovale, abnormal pulmonary vein Doppler, absence of 
prograde aortic fl ow, and retrograde fl ow in the aortic arch were associated with SVP 
(p<0.001-0.008). Neonates with genetic abnormalities were more likely to undergo 
biventricular repair (p=0.04). Th e strongest independent variable associated with SVP was 
RV/LV length ratio z-score (stepwise logistical regression, p=0.02); an RV/LV length ratio 
z-score >2.4 predicted SVP with a sensitivity of 76% and specifi city of 100% (AUC 0.91, 
p<0.001). Conclusion: Prenatal LV length z-score, great vessel ratio, and retrograde fl ow 
in the aortic arch were most strongly associated with the need for neonatal intervention. 
A fetal RV/LV length ratio z-score of >2.4 may be a useful threshold for identifying fetuses 
with the need for SVP and may be helpful for counseling expectant families.

P1-78
Diagnostic Value of Echocardiography Speckle Tracking 
and Magnetic Resonance Feature Tracking in Children with 
Myocarditis
Sassan Hashemi1, Ritu Sachdeva1,2, Denver Sallee III1,2, W. James Parks1,2, 
Timothy C. Slesnick1,2. 1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory 
University School of Medicine, Atlanta, GA
Introduction: Myocarditis is an important cause of morbidity and mortality in 
children. Myocardial strain has been shown to be a sensitive measure for myocardial 
function, including sub-clinical changes. We sought to compare the diagnostic value 
of echocardiography (echo) speckle tracking (ST) and cardiac magnetic resonance 
(CMR) feature tracking (FT) indices in children diagnosed with myocarditis. Methods: 
All patients diagnosed with myocarditis between 2014 and 2016 who had an echo and 
a CMR ≤5 days apart were included. Demographic and imaging characteristics were 
reviewed. Maximum troponin and BNP levels during the course of hospitalization were 
extracted. Late Gadolinium enhancement (LGE) burden was quantifi ed (mild<25%, 
25≤moderate<50%, severe≥50%) from CMR. FT and ST analyses were performed in short 
axis and 4-chamber views to calculate global circumferential (GCS), radial (GRS) and 
longitudinal (GLS) strain of the left  ventricle. Results: Eighteen patients (Male=14) with 
a median age of 15.5 years (range: 8.4-17.7) met inclusion criteria. Th ere was a median of 
1 day (0-4) between echo and CMR. LGE was positive in 13 patients with median burden 
of 23% (0-75%). Functional characteristics are summarized in table 1. Left  ventricular 
ejection fraction and GLS were not statistically diff erent between echo and CMR (P=0.91 
and 0.44), whereas GCS and GRS showed a signifi cant diff erence (both P=0.02). Ejection 
fraction showed stronger correlation with GCS for both modalities. Unlike GLS, echo 
GCS (P=0.01) and GRS (P=0.03) and CMR GCS (P=0.03) and GRS (P=0.02) showed 
signifi cant diff erences between patients with preserved and reduced ejection fraction. 
Correlation between CMR-GLS and LGE level was the strongest between functional 
indices and LGE, maximum troponin or BNP levels. Conclusion: Retrospective 
myocardial strain analysis using both ST and FT in children with myocarditis is feasible. 
GCS had the best correlation with ejection fraction for both modalities and GLS was the 
only index to not show signifi cant diff erences between preserved and reduced ejection 
fraction groups. CMR-GLS showed the strongest correlation with LGE burden compared 
to other functional indices and biomarkers. Th ese fi ndings may suggest the sequence in 
which strain indices change in this patient population.
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P1-79
Echocardiographic Nomograms of Right Ventricular Function in 
Pediatric Patients after Heart Transplantation
Brian R. White, Laura Mercer-Rosa, Hannah Katcoff , Jennifer Faerber, Matthew 
O‘Connor. Th e Children‘s Hospital of Philadelphia, Philadelphia, PA
Background: Assessment of cardiac function is an important component of follow-up 
aft er pediatric heart transplantation. While quantitative metrics of left  ventricular function 
are well-established, normal values for right ventricular (RV) function are incomplete; in 
normal children, they exist only for some metrics, and they do not exist at all for certain 
populations, such as patients aft er heart transplantation. We thus created nomograms 
for RV function in normal children and in healthy heart transplant recipients. Methods: 
We retrospectively measured standard metrics of RV function by echocardiography in 
normal children and healthy pediatric heart transplant patients at our institution from 
1/1/06 to 11/17/16. We selected the fi rst echocardiogram (echo) that was at least 6 months 
from transplant and one year from clinically-apparent or biopsy-proven rejection. No 
echoes were used aft er the diagnosis of coronary graft  vasculopathy or retransplant. 
Tricuspid annular plane systolic excursion (TAPSE), fractional area change (FAC), and 
peak tricuspid annular systolic tissue velocity (S’) were measured offl  ine using standard 
techniques. Results: 380 controls and 127 transplant patients were analyzed (Table). 
TAPSE values in controls were similar to published norms (Fig 1A). Transplant patients 
had TAPSE values signifi cantly lower than controls (our cohort and published values) 
for all age groups (p<0.0001, Fig 1A). Transplant patients also had values for FAC and 
S’ signifi cantly below controls (p<0.0001 for both, Fig 1B-C); however, the majority of 
transplant FAC values remained within two standard deviations of the normal mean. 
Conclusion: We fi rst present new normal values for metrics of RV function in healthy 
controls. TAPSE, FAC, and S’ in seemingly healthy pediatric heart transplant recipients 
are signifi cantly lower than these control values. However, FAC is relatively preserved 
compared to TAPSE and S’, and may be a more useful parameter with which to assess RV 
function in this population.

Table. Demographic information for control and transplant subjects

Controls (N=380) Transplants (N=127)

Gender 216 male (57%); 164 female (43%) 67 male (53%); 60 female (47%)

Age at Transplant N/A Median: 5.8 years; IQR: 0.6-13.5 
years

Age at Echo Median: 10.4 years; IQR: 3.0-
14.5 years

Median: 9.3 years; IQR: 3.1-15.0 
years

Time from Transplant 
to Echo N/A Median: 1.2 years; IQR: 0.6-2.8 

years

P1-80
Single Site Pacing Location Signi cance in Pediatric Patients with 
Structural Congenital Heart Disease
Adi Adar, Alessandra M. Ferraro, Sunil Ghelani, Lynn A. Sleeper, Minmin Lu, 
Douglas Mah, David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Permanent pacing may have negative eff ects on ventricular function, with 
some adult evidence suggesting an impact of lead location on this decline; however, data 
from children with congenital heart disease (CHD) are scarce. We aimed to assess the 
association of lead location with ventricular strain and synchrony in a cohort of children 
with repaired CHD. Methods: Included patients were <21y old, with: a single site 
pacemaker (PM), biventricular circulation with a systemic LV, and echo images suitable 
for analysis by speckle-tracking strain aft er PM placement. Retrospectively-collected data 
included CHD type and 5 lead locations. Lead location was determined by surgical notes 
and chest X-ray. QLAB 10.8 was used to measure apical 4-chamber longitudinal strain 
(LS), short axis mid-papillary circumferential strain (CS) and synchrony parameters 
including time to peak strain standard deviation, maximal wall delay, and maximal 
opposing wall delay. Synchrony parameters were log transformed to meet normality 
assumption for analysis. Multivariable modeling included adjustment for time since 
lead placement. Results: n=67 echocardiograms on 55 patients were included (42% were 
male, mean age 8.2±6.3y, age range 2m-20.5y); 12 patients had 2 separate pacing sites. LV 
apical leads had a shorter time interval from lead placement compared to other locations 
(median 3.5 months vs. ≥30 months, p=0.008). LS did not vary among lead locations 
(p=0.56); nor did CS (p=0.15; Figure 1). Circumferential synchrony was better with an 
LV apical lead and worst with an RV septal lead (p<0.001; Figure 2), while longitudinal 
synchrony was similar among lead locations. Conclusion: Ventricular lead placement 
is related to circumferential synchrony of the LV; no association of lead location was 
present, however, with longitudinal synchrony or any strain component. Th ese fi ndings 
support a potential impact of lead placement on ventricular conduction patterns, and 
suggest the need for further study.

P1-81
Single Left Ventricular Function Following Fontan Palliation In 
Pulmonary Atresia Vs. Tricuspid Atresia: A Speckle Tracking 
Echocardiographic Study
Jyothsna Akam Venkata, James Galas, Marjorie Gayanilo, Pooja Gupta, Sanjeev 
Aggarwal. Children‘s Hospital of Michigan, Detroit, MI
Background: Single left  ventricular dysfunction aft er Fontan palliation remains a 
leading cause of long-term mortality. Th ere is paucity of data on single left  ventricular 
function using speckle tracking echocardiography. Neonates with pulmonary atresia 
and intact ventricle septum (PA/IVS) oft en have coronary abnormalities, which could 
further increase the risk for ventricular dysfunction. We hypothesized that single left  
ventricular function following Fontan palliation will be impaired on speckle tracking 
echocardiography and worse in PA/IVS compared to Tricuspid atresia. Methods: Th is 
observational study included patients with single left  ventricular physiology (PA/IVS 
and Tricuspid atresia), who underwent Fontan palliation > 1 year ago. Global systolic 
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endocardial and myocardial longitudinal strain (GLSendo, GLSmyo) and average of peak 
longitudinal strain of 6 segments (peakLendo and peakLmyo) from the apical 4 chamber 
view were analyzed offl  ine using vendor-independent soft ware (Tomtec. Inc) by a single 
reader. Myocardial performance index, ratio of early and late mitral valve infl ow velocities 
on spectral Doppler and E/e‘ ratio on tissue Doppler of the septal and lateral annulus of 
the mitral valve were calculated. Th e 2 study groups were compared using t-test and Chi 
square test. Results: Study cohort (n=78) included 30 patients with PA/IVS. Myocardial 
performance index, GLSendo and GLSmyo and peakLendo and peakLmyo measures 
were abnormal. Th e two groups (PA/IVS vs. tricuspid atresia) were similar in age and 
gender distribution. Speckle tracking echocardiographic measures were comparable 
between the two groups, with no signifi cant diff erences in the GLSendo, GLSmyo, 
PeakLendo and PeakLmyo. Other conventional echo parameters of diastolic and global 
function were also comparable in the two groups. Conclusion: Global longitudinal strain, 
peak longitudinal strain and myocardial performance index were abnormal in patients 
with single left  ventricle physiology aft er Fontan palliation. Th ere were no diff erences in 
conventional or speckle echocardiographic measures between the PA/IVS and tricuspid 
atresia groups, suggesting PA/IVS is not at higher risk for single ventricle dysfunction. 
Fontan palliation may be an acceptable therapeutic option for both conditions.

Table: Comparison of the demographic and echocardiographic parameters
Parameter (mean±SD) or n% PA/IVS (n=30) Tricuspid atresia (n=48) p value
Age at echo (years) 16.8±10.3 19.3±10.8 0.31
Male (%) 12 (40%) 22 (45.8%) 0.32
Height (cm) 146±26.6 153±22.1 0.18
Weight (kgs) 51±29 55.9±24.2 0.42
Body Surface Area (m2) 1.38±0.5 1.53±0.48 0.18
Systolic Blood Pressure (mmHg) 112±18 115±18 0.5
Diastolic Blood Pressure (mHg) 61±9 63±10 0.5
Heart Rate 75±15 69±13 0.08
End Diastolic Volume (ml) 90.1±56.4 109.3±67 0.21
End Systolic Volume (ml) 45.4±33 59.5±44.1 0.15
Ejection Fraction % 51.5±12.7 47.9±11.3 0.22
Endo GLS % -15.25±3.9 -15.93±4.7 0.52
Myo GLS % -12.06±3.4 -12.4±4.1 0.67
Average Peak LS endo % 33.6±16.5 30.9±13.8 0.44
E/A ratio 1.41±0.53 1.51±0.54 0.39
MPI (spectral Doppler) 0.48± 0.14 0.47±0.14 0.7
E/e’ ratio (septal) 14.43±4.9 14.28±7.85 0.93
MPI septal (Tissue Doppler) 0.72±0.21 0.70±0.17 0.70
E/e’ ratio (lateral) 7.13±1.61 6.5±2.5 0.30
MPI lateral (Tissue Doppler) 0.56±0.18 0.5±0.22 0.35

P1-92    Moderated Poster
Do Patients with Hypermobile Ehlers-Danlos Syndrome and 
Normal Initial Echocardiograms Need Follow Up?
Jason R. Fredrick, Jennifer R. Maldonado, Pamela Trapane, Mahi Ashwath, Ravi 
Ashwath. University of Iowa Stead Family Children‘s Hospital, Iowa City, IA
Background: Th e hypermobile Ehlers-Danlos syndrome (hEDS) is a hereditary 
connective tissue disorder which can have aortic root dilation, mitral valve prolapse 
(MVP) and rarely aortic rupture. Th e current guidelines recommend initial screening 
echocardiogram for all hEDS patients and repeat imaging every other year for children 
and three to fi ve years for adults. Previous studies with smaller sample sizes have shown 
varying results on aortic measurements and valvar pathology. As hEDS is a clinical 
diagnosis, there is a great need for a larger cohort of patients to be evaluated. Our aim 
was to investigate if there were any signifi cant/abnormal aortic measurements and /or 
valve abnormalities in a large cohort and report natural history using echocardiography. 
Methods: We retrospectively reviewed 1060 patients from a single center, of whom 836 
met the inclusion criteria. Based on these echocardiograms, we recorded measurements 
at the aortic annulus, aortic root, sinotubular junction and ascending aorta. Aortic and 
mitral valves were also evaluated. Both Devereux and Boston Z scores were used for 
the aortic measurements. Results: At diagnosis, the mean age was 20.5 years, a median 
Beighton score of 8. hEDS was higher among females 71.1%, and Caucasian 89.5%. 
Th e aortic measurements are listed in table 1. Out of 836, 9 had bicuspid aortic valves 
(1.07%), 9 had mild aortic regurgitation (1.07%), 24 had MVP (2.87%), 75 had mild 
mitral regurgitation (MR) (8.97%) and 3 had moderate MR (0.36%). Conclusion: Th is 
is the largest sample size based on the PubMed literature search, studying the relation 
between hEDS and the aorta, mitral and aortic valves. Based on our results, the fi ndings 
of aortic root dilation is not statistically signifi cant and there is no abnormal progression 
of the measurements on follow up. Based on the low prevalence of the aortic involvement 
and mitral valve abnormalities in the hEDS patients, we suggest that follow up of these 
patients with initial echo documenting normal measurements might not be needed. Th e 
exceptions include abnormal echocardiogram fi ndings and/or if they are symptomatic.

Table 1: Evaluation of Aorta and measurements
Location Total (n)1114 Devereux Z score >15 y/o Boston Z score < 15 y/o
Aortic Root/Sinus Valsalva 1102 n= 611 n= 491
Z score range -3.51 to +2.97 - 2.14 to +4.46
Z score > +2 12 (2%) 25 (5.1%)

Boston Z Score (no age restriction)
Aorta Annulus 954
Z score range -2.9 to +6.79
Z score > +2 77 (8.1%)
Aortic Sinotubular Junction 1018
Z score range -3.52 to +4.85
Z score > +2 99 (9.7%)
Ascending Aorta 964
Z score range -4.01 to 4.25
Z score > +2 45 (4.7%)

P1-93
Effects of Sacubitril-Valsartan on Vascular Properties in Heart 
Failure Patients
Ilya Karagodin, Sara Kalantari, Dongbo Yu, Gene Kim, Gabriel Sayer, Karima 
Addetia, Sarah Tayazime, Lynn Weinert, Megan Yamat, Nir Uriel, Roberto M. 
Lang, Victor Mor-Avi. University of Chicago, Chicago, IL
Background: Increased vascular stiff ness is known to be a marker of poor prognosis in 
patients with heart failure with reduced ejection fraction (HFrEF). However, the eff ects 
of sacubitril-valsartan on vascular structure and function have not been systematically 
studied in this patient population. We hypothesized that aortic stiff ness, as assessed 
by 2D transthoracic echocardiography (TTE), would improve over time in HFrEF 
patients undergoing sacubitril-valsartan therapy, and that these changes would be 
associated with clinical improvement. Methods: We prospectively studied 25 patients 
with HFrEF (25<EF<45%) on optimal guideline-directed medical therapy who were 
subsequently started on sacubitril-valsartan, as well as 25 age- and gender-matched 
normal controls. Patients underwent serial 2D TTE imaging at baseline, 3, and 6 months 
from the initiation of therapy. Ascending aortic diameters were measured 3 centimeters 
above the aortic valve in the parasternal long-axis view and used to calculate aortic 
distensibility and fractional area change, two markers of vascular stiff ness. Results: Both 
indices progressively improved from baseline to 6 months (Figure). Th ese changes were 
statistically signifi cant: aortic distensibility (2.2±1.0 vs. 3.7±1.6 cm2dyne-110-3, p<0.0001) 
and fractional area change (10.4±4.3 vs. 13.9±4.2%, p=0.0001). Normal controls had 
lesser degrees of vascular stiff ness than the HFrEF patients at any time point (mean aortic 
distensibility of 4.6±2.6 cm2dyne-110-3 and fractional area change of 20.0±7.7%). Th e 
changes in these markers over 6 months paralleled statistically signifi cant improvements 
in 6-minute walk distance (p=0.02), KCCQ-12 score (p=0.002), and left  ventricular 
ejection fraction (p=0.0007), as well as a non-signifi cant trend towards decreased NT-
proBNP levels (p=0.06). Conclusions: Aortic stiff ness is increased in patients with HFrEF 
and gradually improves with sacubitril-valsartan treatment. Th ese changes are associated 
with improvements in clinical and biochemical variables. Th e echocardiographic markers 
used in this study may become a useful tool to assess the eff ectiveness of sacubitril-
valsartan therapy in HFrEF patients.
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P1-94
Vascular Abnormalities and Aortic Dilatation in Pediatric Patients 
with Bicuspid Aortic Valve
Michael Grattan1, Carmen Lopez2, Guillermo Larios3, Cameron Slorach4, Wei 
Hui4, Steve Fan4, Cedric Manhliot4, Luc Mertens4. 1LHSC Children‘s Hospital, 
London, ON, Canada; 2Hospital Dr. Sotero del Rio, Santiago, Chile; 3Pontifi cia 
Universidad Catolica de Chile, Santiago, Chile; 4Th e Hospital for Sick Children, 
Toronto, ON, Canada
Background: Bicuspid aortic valve (BAV) is the most common congenital heart disease 
with implications of valve dysfunction, associated coarctation of the aorta (CoA) and 
aortic dilatation. Th e etiology of aortic dilatation is not clear and may involve abnormal 
blood fl ow and inherent vascular abnormalities. Studies in adults have shown vascular 
dysfunction; however, less is known about the pediatric population. We sought to 
evaluate the vascular function in pediatric patients with BAV using echocardiography and 
tonometry. Methods: A prospective observational study was performed that examined 
vascular and ventricular function in patients with BAV compared to matched controls. 
Patients 7-18 years with BAV were included. Th ose with complex congenital heart 
disease were excluded (CoA was acceptable). Echocardiography was performed to assess 
aortic size, aortic vascular function (stiff ness, distensibility, pulse wave velocity (PWV) 
and carotid intima media thickness), and ventricular function (systolic and diastolic). 
Carotid-femoral and carotid-radial PWV was assessed using tonometry. Ventricular and 
vascular function was compared between four patient groups stratifi ed by aortic dilatation 
and a history of CoA. Multivariate regression analysis was performed on all patients to 
determine potential predictors of aortic dilatation. Results: One hundred forty-two BAV 
patients and age/sex-matched controls were studied. Th ere were no signifi cant diff erences 
between BAV subgroups. Aortic stenosis (AS) and insuffi  ciency (AI) signifi cantly 
infl uenced both ventricular and vascular measurements. In BAV patients without AS or 
AI, ascending aortas were stiff er and less distensible compared to controls. No diff erences 
were noted in carotid-femoral PWV. Multivariate regression revealed aortic arch PWV 
to be signifi cantly associated with aortic dilatation (Table 1). Conclusion: Pediatric 
patients with BAV have diff erences in vascular function limited to their proximal aorta. 
Aortic arch PWV is signifi cantly associated with aortic (sinus and ascending) dilatation. 
Carotid-femoral PWV is similar to controls and not associated with aortic dilatation. Th e 
observed diff erence in vascular function may be secondary to abnormal fl ow or a primary 
vascular abnormality restricted to the proximal aorta.

P1-95
Changes of Left Ventricular Function in Patients with Aortic 
Stenosis and Aortic Regurgitation after Transapical Transcatheter 
Aortic Valve Implantation: A Three-Dimensional Speckle-Tracking 
Prospective Study
Ming-dan Deng1, Hong Tang1, Xin Wei1, Ying-qiang Guo2. 1Department 
of Cardiology, West China Hospital, Sichuan University, Chengdu, China; 
2Department of Cardiovascular Surgery, West China Hospital, Sichuan University, 
Chengdu, China
Background: Transcatheter aortic valve implantation (TAVI) is an established treatment 
for high surgical risk aortic stenosis (AS) patient and expanded the indication to 
aortic regurgitation (AR) in recent years. Th e aim of this study was to determine the 
impact of transapical TAVI on the recovery of myocardial mechanics in both AS and 
AR patients. Methods: Th irty AR patients (70% men; mean age, 72.8±4.3 years) and 
thirty AS patients (53.3% men; mean age, 73.1±4.5 years) were enrolled. Conventional 
transthoracic echocardiography was performed for all patients before TAVI and 12 
months aft er implantation. Th ree-dimensional (3D) speckle tracking was accomplished 
in twenty AR patients and twenty-four AS for the evaluation of global longitudinal strain, 
global circumferential strain, twist and rotation. Results: For AR patients, mean LV end-
diastolic diameter (62.9±7.3 vs 52.0±6.8 mm, p < .001), LV stroke volume (110.6±26.4 vs 
70.4±20.5 mL/beat, p < .001), LV mass index (179.8±52.2 vs 134.4±42.5 g/m2, p = .001) 
were relevantly decreased 12 months aft er TAVI. Interestingly, 3D global longitudinal 
strain (-17.2±3.2 vs -18.9±3.7, p = .007) and 3D global circumferential strain (-23.9±4.9 
vs -25.7±5.0, p = .008) improved signifi cantly while LV ejection fraction (57.0±10.3 vs 
56.3±9.7 %, p = .74) was not signifi cantly improved. As to AS patients, LV mass index 
(167.3±50.5 vs 117.6±31.7 g/m2, p < .001), LV ejection fraction (55.9±13.0 vs 61.7±8.6 
%, p = .01), 3D global longitudinal strain (-16.1±4.6 vs -20.0±4.2, p < .001) as well as 3D 
global circumferential strain (-23.3±7.1 vs -26.7±4.6, p = .003) improved signifi cantly. 
However, improvement of 3D twist and 3D torsion was not observed in both AR and 
AS patients. Conclusions: Our results indicate that LV function restored in myocardial 
deformation but not in rotational mechanics 12 months aft er TAVI in both AR and AS 
patient groups. Th ree-dimensional speckle tracking echocardiography appears to be a 
sensitive method to detect subtle cardiac remodeling aft er TAVI.

P1-96
Aortic Root and Valve Remodelling Before and After Aortic Valve 
Sparing Surgery: A 3D Echocardiographic Study
Flavia Ballocca1, Gulia Ruggeri2, Babitha Th ampinathan2, Andrew Roscoe3, 
Massimiliano Meineri2, Wendy Tsang2. 1University of Turin, Turin, Italy; 2Toronto 
General Hospital, Toronto, ON, Canada; 3Papworth Hospital, Cambridge, United 
Kingdom
Background: Aortic valve (AV) sparing operations are gaining in popularity because 
it avoids the morbidity and mortality associated with prosthetic valve replacement. 
However, the success of these operations is highly variable. Quantitative assessment of 
the aortic root and valve before and aft er surgery could provide measureable parameters 
that improve success. We aimed to use 3D transesophageal echocardiography (TEE) to 
quantitate the changes to the aortic root and valve before and aft er successful AV valve 
sparing operation. Methods: We studied 40 patients, 25 Controls (19 males, 60+10 years) 
and 15 with chronic aortic dilatation (11 males, 47+19 years) pre- and post AV sparing 
surgery. 3D-TEE images were analyzed at end-diastole using multi-planar reconstruction 
(QLAB, Philips) to obtain aortic root areas, diameters, and lengths. We also calculated a 
novel parameter called total coaptation surface area (TCoapSA), which sums the contact 
surface area of AV cusps. ANOVA and Student’s t-tests were performed to compare 
groups. P<0.05 was considered signifi cant. Results: In patients pre-AV sparing surgery, 
aortic root areas, inter-commissural distances, and cusp heights were signifi cantly larger 
than controls, while cusp coaptation height and areas were signifi cantly smaller (Table). 
Aft er surgery, aortic root areas and inter-commissural distances were smaller than pre-
surgery and not signifi cantly diff erent from Controls. Cusp coaptation height and areas 
were signifi cantly larger compared to pre-surgery measurements and Controls. Nine of the 
15 patients undergoing AV-sparing surgery had moderate or greater aortic regurgitation. 
No patient had moderate or severe AR aft er the intervention. Conclusions: Aortic root 
and valve remodeling in patients with chronic aortic dilatation can be quantifi ed using 3D 
echocardiography. Pre-surgery, patients with aortic dilatation have larger root areas with 
smaller cusp coaptation areas. Successful AV sparing surgery addresses these changes 
with smaller root sizes and increased coaptation surface area. Quantitative assessment of 
the aortic valve and root could potentially help patient selection and surgical planning, 
while reducing operative times and the chances of complications.
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endocardial and myocardial longitudinal strain (GLSendo, GLSmyo) and average of peak 
longitudinal strain of 6 segments (peakLendo and peakLmyo) from the apical 4 chamber 
view were analyzed offl  ine using vendor-independent soft ware (Tomtec. Inc) by a single 
reader. Myocardial performance index, ratio of early and late mitral valve infl ow velocities 
on spectral Doppler and E/e‘ ratio on tissue Doppler of the septal and lateral annulus of 
the mitral valve were calculated. Th e 2 study groups were compared using t-test and Chi 
square test. Results: Study cohort (n=78) included 30 patients with PA/IVS. Myocardial 
performance index, GLSendo and GLSmyo and peakLendo and peakLmyo measures 
were abnormal. Th e two groups (PA/IVS vs. tricuspid atresia) were similar in age and 
gender distribution. Speckle tracking echocardiographic measures were comparable 
between the two groups, with no signifi cant diff erences in the GLSendo, GLSmyo, 
PeakLendo and PeakLmyo. Other conventional echo parameters of diastolic and global 
function were also comparable in the two groups. Conclusion: Global longitudinal strain, 
peak longitudinal strain and myocardial performance index were abnormal in patients 
with single left  ventricle physiology aft er Fontan palliation. Th ere were no diff erences in 
conventional or speckle echocardiographic measures between the PA/IVS and tricuspid 
atresia groups, suggesting PA/IVS is not at higher risk for single ventricle dysfunction. 
Fontan palliation may be an acceptable therapeutic option for both conditions.

Table: Comparison of the demographic and echocardiographic parameters
Parameter (mean±SD) or n% PA/IVS (n=30) Tricuspid atresia (n=48) p value
Age at echo (years) 16.8±10.3 19.3±10.8 0.31
Male (%) 12 (40%) 22 (45.8%) 0.32
Height (cm) 146±26.6 153±22.1 0.18
Weight (kgs) 51±29 55.9±24.2 0.42
Body Surface Area (m2) 1.38±0.5 1.53±0.48 0.18
Systolic Blood Pressure (mmHg) 112±18 115±18 0.5
Diastolic Blood Pressure (mHg) 61±9 63±10 0.5
Heart Rate 75±15 69±13 0.08
End Diastolic Volume (ml) 90.1±56.4 109.3±67 0.21
End Systolic Volume (ml) 45.4±33 59.5±44.1 0.15
Ejection Fraction % 51.5±12.7 47.9±11.3 0.22
Endo GLS % -15.25±3.9 -15.93±4.7 0.52
Myo GLS % -12.06±3.4 -12.4±4.1 0.67
Average Peak LS endo % 33.6±16.5 30.9±13.8 0.44
E/A ratio 1.41±0.53 1.51±0.54 0.39
MPI (spectral Doppler) 0.48± 0.14 0.47±0.14 0.7
E/e’ ratio (septal) 14.43±4.9 14.28±7.85 0.93
MPI septal (Tissue Doppler) 0.72±0.21 0.70±0.17 0.70
E/e’ ratio (lateral) 7.13±1.61 6.5±2.5 0.30
MPI lateral (Tissue Doppler) 0.56±0.18 0.5±0.22 0.35

P1-92    Moderated Poster
Do Patients with Hypermobile Ehlers-Danlos Syndrome and 
Normal Initial Echocardiograms Need Follow Up?
Jason R. Fredrick, Jennifer R. Maldonado, Pamela Trapane, Mahi Ashwath, Ravi 
Ashwath. University of Iowa Stead Family Children‘s Hospital, Iowa City, IA
Background: Th e hypermobile Ehlers-Danlos syndrome (hEDS) is a hereditary 
connective tissue disorder which can have aortic root dilation, mitral valve prolapse 
(MVP) and rarely aortic rupture. Th e current guidelines recommend initial screening 
echocardiogram for all hEDS patients and repeat imaging every other year for children 
and three to fi ve years for adults. Previous studies with smaller sample sizes have shown 
varying results on aortic measurements and valvar pathology. As hEDS is a clinical 
diagnosis, there is a great need for a larger cohort of patients to be evaluated. Our aim 
was to investigate if there were any signifi cant/abnormal aortic measurements and /or 
valve abnormalities in a large cohort and report natural history using echocardiography. 
Methods: We retrospectively reviewed 1060 patients from a single center, of whom 836 
met the inclusion criteria. Based on these echocardiograms, we recorded measurements 
at the aortic annulus, aortic root, sinotubular junction and ascending aorta. Aortic and 
mitral valves were also evaluated. Both Devereux and Boston Z scores were used for 
the aortic measurements. Results: At diagnosis, the mean age was 20.5 years, a median 
Beighton score of 8. hEDS was higher among females 71.1%, and Caucasian 89.5%. 
Th e aortic measurements are listed in table 1. Out of 836, 9 had bicuspid aortic valves 
(1.07%), 9 had mild aortic regurgitation (1.07%), 24 had MVP (2.87%), 75 had mild 
mitral regurgitation (MR) (8.97%) and 3 had moderate MR (0.36%). Conclusion: Th is 
is the largest sample size based on the PubMed literature search, studying the relation 
between hEDS and the aorta, mitral and aortic valves. Based on our results, the fi ndings 
of aortic root dilation is not statistically signifi cant and there is no abnormal progression 
of the measurements on follow up. Based on the low prevalence of the aortic involvement 
and mitral valve abnormalities in the hEDS patients, we suggest that follow up of these 
patients with initial echo documenting normal measurements might not be needed. Th e 
exceptions include abnormal echocardiogram fi ndings and/or if they are symptomatic.

Table 1: Evaluation of Aorta and measurements
Location Total (n)1114 Devereux Z score >15 y/o Boston Z score < 15 y/o
Aortic Root/Sinus Valsalva 1102 n= 611 n= 491
Z score range -3.51 to +2.97 - 2.14 to +4.46
Z score > +2 12 (2%) 25 (5.1%)

Boston Z Score (no age restriction)
Aorta Annulus 954
Z score range -2.9 to +6.79
Z score > +2 77 (8.1%)
Aortic Sinotubular Junction 1018
Z score range -3.52 to +4.85
Z score > +2 99 (9.7%)
Ascending Aorta 964
Z score range -4.01 to 4.25
Z score > +2 45 (4.7%)

P1-93
Effects of Sacubitril-Valsartan on Vascular Properties in Heart 
Failure Patients
Ilya Karagodin, Sara Kalantari, Dongbo Yu, Gene Kim, Gabriel Sayer, Karima 
Addetia, Sarah Tayazime, Lynn Weinert, Megan Yamat, Nir Uriel, Roberto M. 
Lang, Victor Mor-Avi. University of Chicago, Chicago, IL
Background: Increased vascular stiff ness is known to be a marker of poor prognosis in 
patients with heart failure with reduced ejection fraction (HFrEF). However, the eff ects 
of sacubitril-valsartan on vascular structure and function have not been systematically 
studied in this patient population. We hypothesized that aortic stiff ness, as assessed 
by 2D transthoracic echocardiography (TTE), would improve over time in HFrEF 
patients undergoing sacubitril-valsartan therapy, and that these changes would be 
associated with clinical improvement. Methods: We prospectively studied 25 patients 
with HFrEF (25<EF<45%) on optimal guideline-directed medical therapy who were 
subsequently started on sacubitril-valsartan, as well as 25 age- and gender-matched 
normal controls. Patients underwent serial 2D TTE imaging at baseline, 3, and 6 months 
from the initiation of therapy. Ascending aortic diameters were measured 3 centimeters 
above the aortic valve in the parasternal long-axis view and used to calculate aortic 
distensibility and fractional area change, two markers of vascular stiff ness. Results: Both 
indices progressively improved from baseline to 6 months (Figure). Th ese changes were 
statistically signifi cant: aortic distensibility (2.2±1.0 vs. 3.7±1.6 cm2dyne-110-3, p<0.0001) 
and fractional area change (10.4±4.3 vs. 13.9±4.2%, p=0.0001). Normal controls had 
lesser degrees of vascular stiff ness than the HFrEF patients at any time point (mean aortic 
distensibility of 4.6±2.6 cm2dyne-110-3 and fractional area change of 20.0±7.7%). Th e 
changes in these markers over 6 months paralleled statistically signifi cant improvements 
in 6-minute walk distance (p=0.02), KCCQ-12 score (p=0.002), and left  ventricular 
ejection fraction (p=0.0007), as well as a non-signifi cant trend towards decreased NT-
proBNP levels (p=0.06). Conclusions: Aortic stiff ness is increased in patients with HFrEF 
and gradually improves with sacubitril-valsartan treatment. Th ese changes are associated 
with improvements in clinical and biochemical variables. Th e echocardiographic markers 
used in this study may become a useful tool to assess the eff ectiveness of sacubitril-
valsartan therapy in HFrEF patients.
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Vascular Abnormalities and Aortic Dilatation in Pediatric Patients 
with Bicuspid Aortic Valve
Michael Grattan1, Carmen Lopez2, Guillermo Larios3, Cameron Slorach4, Wei 
Hui4, Steve Fan4, Cedric Manhliot4, Luc Mertens4. 1LHSC Children‘s Hospital, 
London, ON, Canada; 2Hospital Dr. Sotero del Rio, Santiago, Chile; 3Pontifi cia 
Universidad Catolica de Chile, Santiago, Chile; 4Th e Hospital for Sick Children, 
Toronto, ON, Canada
Background: Bicuspid aortic valve (BAV) is the most common congenital heart disease 
with implications of valve dysfunction, associated coarctation of the aorta (CoA) and 
aortic dilatation. Th e etiology of aortic dilatation is not clear and may involve abnormal 
blood fl ow and inherent vascular abnormalities. Studies in adults have shown vascular 
dysfunction; however, less is known about the pediatric population. We sought to 
evaluate the vascular function in pediatric patients with BAV using echocardiography and 
tonometry. Methods: A prospective observational study was performed that examined 
vascular and ventricular function in patients with BAV compared to matched controls. 
Patients 7-18 years with BAV were included. Th ose with complex congenital heart 
disease were excluded (CoA was acceptable). Echocardiography was performed to assess 
aortic size, aortic vascular function (stiff ness, distensibility, pulse wave velocity (PWV) 
and carotid intima media thickness), and ventricular function (systolic and diastolic). 
Carotid-femoral and carotid-radial PWV was assessed using tonometry. Ventricular and 
vascular function was compared between four patient groups stratifi ed by aortic dilatation 
and a history of CoA. Multivariate regression analysis was performed on all patients to 
determine potential predictors of aortic dilatation. Results: One hundred forty-two BAV 
patients and age/sex-matched controls were studied. Th ere were no signifi cant diff erences 
between BAV subgroups. Aortic stenosis (AS) and insuffi  ciency (AI) signifi cantly 
infl uenced both ventricular and vascular measurements. In BAV patients without AS or 
AI, ascending aortas were stiff er and less distensible compared to controls. No diff erences 
were noted in carotid-femoral PWV. Multivariate regression revealed aortic arch PWV 
to be signifi cantly associated with aortic dilatation (Table 1). Conclusion: Pediatric 
patients with BAV have diff erences in vascular function limited to their proximal aorta. 
Aortic arch PWV is signifi cantly associated with aortic (sinus and ascending) dilatation. 
Carotid-femoral PWV is similar to controls and not associated with aortic dilatation. Th e 
observed diff erence in vascular function may be secondary to abnormal fl ow or a primary 
vascular abnormality restricted to the proximal aorta.

P1-95
Changes of Left Ventricular Function in Patients with Aortic 
Stenosis and Aortic Regurgitation after Transapical Transcatheter 
Aortic Valve Implantation: A Three-Dimensional Speckle-Tracking 
Prospective Study
Ming-dan Deng1, Hong Tang1, Xin Wei1, Ying-qiang Guo2. 1Department 
of Cardiology, West China Hospital, Sichuan University, Chengdu, China; 
2Department of Cardiovascular Surgery, West China Hospital, Sichuan University, 
Chengdu, China
Background: Transcatheter aortic valve implantation (TAVI) is an established treatment 
for high surgical risk aortic stenosis (AS) patient and expanded the indication to 
aortic regurgitation (AR) in recent years. Th e aim of this study was to determine the 
impact of transapical TAVI on the recovery of myocardial mechanics in both AS and 
AR patients. Methods: Th irty AR patients (70% men; mean age, 72.8±4.3 years) and 
thirty AS patients (53.3% men; mean age, 73.1±4.5 years) were enrolled. Conventional 
transthoracic echocardiography was performed for all patients before TAVI and 12 
months aft er implantation. Th ree-dimensional (3D) speckle tracking was accomplished 
in twenty AR patients and twenty-four AS for the evaluation of global longitudinal strain, 
global circumferential strain, twist and rotation. Results: For AR patients, mean LV end-
diastolic diameter (62.9±7.3 vs 52.0±6.8 mm, p < .001), LV stroke volume (110.6±26.4 vs 
70.4±20.5 mL/beat, p < .001), LV mass index (179.8±52.2 vs 134.4±42.5 g/m2, p = .001) 
were relevantly decreased 12 months aft er TAVI. Interestingly, 3D global longitudinal 
strain (-17.2±3.2 vs -18.9±3.7, p = .007) and 3D global circumferential strain (-23.9±4.9 
vs -25.7±5.0, p = .008) improved signifi cantly while LV ejection fraction (57.0±10.3 vs 
56.3±9.7 %, p = .74) was not signifi cantly improved. As to AS patients, LV mass index 
(167.3±50.5 vs 117.6±31.7 g/m2, p < .001), LV ejection fraction (55.9±13.0 vs 61.7±8.6 
%, p = .01), 3D global longitudinal strain (-16.1±4.6 vs -20.0±4.2, p < .001) as well as 3D 
global circumferential strain (-23.3±7.1 vs -26.7±4.6, p = .003) improved signifi cantly. 
However, improvement of 3D twist and 3D torsion was not observed in both AR and 
AS patients. Conclusions: Our results indicate that LV function restored in myocardial 
deformation but not in rotational mechanics 12 months aft er TAVI in both AR and AS 
patient groups. Th ree-dimensional speckle tracking echocardiography appears to be a 
sensitive method to detect subtle cardiac remodeling aft er TAVI.

P1-96
Aortic Root and Valve Remodelling Before and After Aortic Valve 
Sparing Surgery: A 3D Echocardiographic Study
Flavia Ballocca1, Gulia Ruggeri2, Babitha Th ampinathan2, Andrew Roscoe3, 
Massimiliano Meineri2, Wendy Tsang2. 1University of Turin, Turin, Italy; 2Toronto 
General Hospital, Toronto, ON, Canada; 3Papworth Hospital, Cambridge, United 
Kingdom
Background: Aortic valve (AV) sparing operations are gaining in popularity because 
it avoids the morbidity and mortality associated with prosthetic valve replacement. 
However, the success of these operations is highly variable. Quantitative assessment of 
the aortic root and valve before and aft er surgery could provide measureable parameters 
that improve success. We aimed to use 3D transesophageal echocardiography (TEE) to 
quantitate the changes to the aortic root and valve before and aft er successful AV valve 
sparing operation. Methods: We studied 40 patients, 25 Controls (19 males, 60+10 years) 
and 15 with chronic aortic dilatation (11 males, 47+19 years) pre- and post AV sparing 
surgery. 3D-TEE images were analyzed at end-diastole using multi-planar reconstruction 
(QLAB, Philips) to obtain aortic root areas, diameters, and lengths. We also calculated a 
novel parameter called total coaptation surface area (TCoapSA), which sums the contact 
surface area of AV cusps. ANOVA and Student’s t-tests were performed to compare 
groups. P<0.05 was considered signifi cant. Results: In patients pre-AV sparing surgery, 
aortic root areas, inter-commissural distances, and cusp heights were signifi cantly larger 
than controls, while cusp coaptation height and areas were signifi cantly smaller (Table). 
Aft er surgery, aortic root areas and inter-commissural distances were smaller than pre-
surgery and not signifi cantly diff erent from Controls. Cusp coaptation height and areas 
were signifi cantly larger compared to pre-surgery measurements and Controls. Nine of the 
15 patients undergoing AV-sparing surgery had moderate or greater aortic regurgitation. 
No patient had moderate or severe AR aft er the intervention. Conclusions: Aortic root 
and valve remodeling in patients with chronic aortic dilatation can be quantifi ed using 3D 
echocardiography. Pre-surgery, patients with aortic dilatation have larger root areas with 
smaller cusp coaptation areas. Successful AV sparing surgery addresses these changes 
with smaller root sizes and increased coaptation surface area. Quantitative assessment of 
the aortic valve and root could potentially help patient selection and surgical planning, 
while reducing operative times and the chances of complications.
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Offspring of Mothers with Diabetes Mellitus have Altered Arterial 
Stiffness into Early Childhood
Daisy Gonzalez1, Alejandra Bueno2, Uzoma Obiaka2, Seyed M. Mahmoudi2, 
Aparna Kulkarni1. 1Icahn School Medicine at Mount Sinai Bronx Lebanon 
Hospital Center, Bronx, NY; 2Bronx Lebanon Hospital Center, Bronx, NY
Background: Off spring of mothers with diabetes mellitus (OMDM) are known to have 
higher systolic blood pressure. Hypothesis of this study is that fetal programming alters 
arterial stiff ness (AS) in OMDM and plays a role in cardiovascular disease (CVD). 
Arterial stiff ness can be measured using pulse wave velocity (PWV). Purpose: Th is 
prospective study explores the hypothesis by comparing AS in OMDM to normal controls 
(NC) using PWV. Methods: Neonates born to MDM and healthy mothers without any 
systemic disease (NC) were prospectively recruited. Aft er maternal informed consent, 
blinded echocardiograms and ten spectral PW Doppler waveforms were performed in the 
right common carotid artery (RCA) in the neck and R femoral artery (RFA) in the groin 
at same heart rates using appropriate transducer on GE Vivid XD. Th e time delay between 
the foot of the waveform at the two sites was obtained by gating to the peak R wave on the 
electrocardiogram (t). Mean of 10 recordings was used. Th e distance (d) traveled by the 
waveform was calculated by subtracting the distance between the second intercostal space 
and the sampling site on the RCA from the sum of second intercostal space to the inferior 
edge of the umbilicus and inferior edge of the umbilicus to the sampling site on the RFA. 
PWV= d/t. Serial measurements were made from birth-2 years. Statistical comparisons 
were made using Students‘ t test and regression analysis was performed to determine 
best fi t for PWV. Results: Seventy-six studies were performed on 15 OMDM and 25 NC. 
Mean gestation age + standard deviation (SD) (OMDM- 38.7+1.4, NC-39+0.4 weeks), 
birth weight (3.4+0.6 vs 3.2+0.5 kg) and length (49.8+2.8 vs 49.4+2.3 cm) were similar 
in the 2 groups. Mean maternal Hgb A1c in NMDM was 5.8%. Mean PWV at birth in 
OMDM was 0.36+0.07, decreased to 0.29+0.02 by 2 yrs (PWV= 0.421-0.07*Age, R=0.5, 
p<0.05). Mean PWV at birth in NC was 0.45+0.12, decreased to 0.35+0.06 by 2 years 
(PWV= 0.436-0.026*Age, R=0.14, p=0.3) (Figure). Global longitudinal strain (GLS) was 
similar at birth (-15.15+3.3 vs -15.0+2.9, p=0.9), but lower in OMDM at 2 yrs (-16.7+4.2 
vs -23.2+1, p<0.01). Conclusion: Arterial stiff ness and GLS are diff erent in OMDM in the 
fi rst 2 yrs of life compared to NC. Th is may aff ect their long-term cardiovascular health. 
Longitudinal follow-up is required to evaluate for long-term CVD risk.

P1-98
Impact of Chronic Aortic Root Dilatation on Aortic Valve 
Remodelling and Coaptation
Flavia Ballocca1, Giulia M. Ruggeri2, Andrew Roscoe3, Babitha Th ampinathan2, 
Massimiliano Meineri2, Wendy Tsang2. 1University of Turin, Città della Salute 
e Della Scienza, Turin, Italy; 2Toronto General Hospital, Toronto, ON, Canada; 
3Papworth Hospital, Cambridge, United Kingdom
Background: Chronic aortic root dilatation causes aortic cusp tethering, which leads 
to cusp remodeling. However, little is known about the interaction between indexes of 
cusp coaptation, cusp remodeling and aortic regurgitation (AR) severity. Th e aim of this 
study was to examine the eff ect of chronic aortic dilatation on aortic cusp size, coaptation 
area and regional coaptation length with respect to aortic regurgitation. Methods: 
Th ree-dimensional transesophageal echocardiography was performed in 40 patients, 
25 Controls (19 males, 60+10 years) and 28 with aortic dilatation divided into those 
with <mild AR (Group 1, N=13, 11 males, 39+19 years) and >moderate AR (Group 2, 
N=10, 3 males, 55+15 years). 3D-TEE images were analyzed at end-diastole using multi-
planar reconstruction (QLAB, Philips) to obtain aortic root areas, diameters, lengths 
and coaptation surface area. ANOVA and Student’s t-tests were performed to compare 
groups. P<0.05 was considered signifi cant. Results: Compared to Controls, Groups 1 and 
2 had signifi cantly larger aortic root areas, inter-commissural distances and cusp heights 
(Table 1). Compared to Group 1 and Controls, Group 2 had signifi cantly smaller total 
surface coaptation area when adjusted for aortic annular area (p=0.001) with shorter 
coaptation height (p<0.001). Conclusions: Th e aortic valve is a dynamic structure that 
remodel in response to aortic dilatation. Signifi cant regurgitation is associated with a 
loss of coaptation surface area. Quantitative modeling of the aortic valve and root could 
potentially provide information for tailored aortic valve repair surgeries.

Poster Session 1 (P1) Sunday, June 24, 2018

P1-99
Effect of Transcatheter Aortic Valve Replacement on Left Atrial 
Volume
Vien T. Truong1, Eugene Chung2, Sherif Nagueh3, Dean Kereiakes2, Jennifer 
Schaaf2, Brian Volz2, Wojciech Mazur2. 1Pham Ngoc Th ach University of 
Medicine, Ho Chi Minh, Viet Nam; 2Th e Christ Hospital, Cincinnati, OH, OH; 
3Houston Methodist, Houston, TX
Background: Severe aortic stenosis causes a marked increase in left  ventricular (LV) 
aft erload, with resultant left  ventricular hypertrophy as well as changes of LA volume and 
function. LA size as an imaging biomarker has been consistently shown to be a powerful 
predictor of outcomes such as atrial fi brillation, heart failure, stroke and death. Our study 
assessed the eff ect of transcatheter aortic valve replacement on left  atrial volumetric 
function and left  atrial volume for the prediction of adverse outcomes. Methods: 121 
patients in sinus rhythm who underwent TAVR for severe AS were included. Maximum 
LA volume index (LAVI max), minimum LA volume index (LAVI min), and ‘‘pre-A” 
volume index were measured at baseline, 1 month, and 1 year. Reservoir, conduit and 
booster function were calculated. Endpoints included new onset AF and all-cause 
mortality Results: Th e reservoir function, conduit function and booster function 
before TAVR were 46%, 21%, 32%, respectively. LA volumetric function assessment 
demonstrated that reservoir function, conduit function increase over the time (all P < 
0,001). Th ere was no diff erence in booster function aft er TAVR (p=0.06). Th e overall 
accuracy for the prediction of AF was greater for LAVI max than that of the LAVI min 
and LAVI pre-A (AUR for LAVI max 0.67 versus 0.65 and 0.64 for LAVI pre-A and LAVI 
min). At the baseline, LAVI max was not associated with all-cause of mortality, but a 
higher rate of new onset AF (HR: 1.03; 95% CI, 1.01-1.05; p = 0.02) aft er adjustment for 
other signifi cant risk factors but only severely abnormal LA size signifi cantly increased 
risk for AF (HR: 4.72; 95% CI, 1.11-20.13, p = 0.04). Th ere was a progressive decrease in 
LAVI max over the time in non-AF group (overall P < 0.05) but not in AF group (overall 
P > 0.05). Conclusion: Reservoir function, conduit function increased over time. Lack of 
negative remodeling post TAVR was associated with higher incidence of AF

P1-100
Evaluation of Aortic Stiffness by 2D Speckle Tracking Aortic Strain
Luca Sabia, Eleonora Avenatti, Marco Cesareo, Dario Leone, Martina Bollati, 
Francesco Tosello, Franco Veglio, Alberto Milan. Internal and Hypertension 
Division, Department of Medical Sciences, AOU Citta‘ Salute e Scienza, 
University of Turin, Torino, Italy
Background: Arterial stiff ness is a marker of cardiovascular damage and an independent 
predictor of major cardiovascular events. It is usually assessed via Carotido-Femoral Pulse 
Wave Velocity (cfPWV). Strain analysis from cardiac resonance and computed tomography 
has been used to describe aortic stiff ness. Aim: of this study was to test the feasibility of 
aortic strain analysis using speckle tracking on transthoracic echocardiography (TTE), 
its association with cfPWV, and its behavior in individuals with and without ascending 
aorta (aA) Dilatation. Method: 60 consecutive patients with normal blood pressure and 
aortic dimensions underwent TTE and cfPWV evaluation with validated instrument 
(Sphygmocor System). Strain analysis was performed on the largest section of the aA 
with a dedicated soft ware (Philips Qlab); 3 couples of speckles were identifi ed within 
the anterior and posterior aortic wall, and transverse segments connecting each couple 
were traced - fi g.1A. Peak ascending Aorta Strain (PaAS) was defi ned as the averaged 
peak percentage deformation of the 3 segments during a cardiac cycle - fi g.1B. Th e same 
workfl ow was applied to 22 patients with known aA dilatation. Results: 14 controls were 
excluded for suboptimal TTE images. In the 43 analyzed individuals (male 58%, age 58y), 
cfPWV was 8.0 ± 1.75 m/sec and PaAS was 7.58 ± 4.82%, without signifi cant diff erences 
between genders. Inter- and intra- observer variability were good for PaAs (Interclass 
correlation coeffi  cient = 0.88 and 0.73, confi dence intervals -0.68 to +0.81 and -0.1 to 
0.94 respectively). PaAS showed signifi cant correlation with age (r = -0.65, p< 0.001), 
aA diameter (r= -0.42, p=0.005), cfPWV (r= -0.48, p=0.004), stroke volume (r=0.40, 
p= 0.008) and heart rate (r=-0.50, p<0.001). PaAs was signifi cant lower in patients with 
dilated aA (1.89 ±1.84%, p<0.001 vs. controls). Logistic regression showed that PaAS but 
neither age, gender, heart rate, stroke volume or cfPWV were signifi cant predictors of aA 
dilatation. Conclusion: Speckle tracking TTE based strain analysis of the aA is feasible 
and reproducible. PaAS is associated with cfPWV, the gold standard measure of aortic 
stiff ness, and is signifi cantly reduced in patients with dilated aA.
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Background: Off spring of mothers with diabetes mellitus (OMDM) are known to have 
higher systolic blood pressure. Hypothesis of this study is that fetal programming alters 
arterial stiff ness (AS) in OMDM and plays a role in cardiovascular disease (CVD). 
Arterial stiff ness can be measured using pulse wave velocity (PWV). Purpose: Th is 
prospective study explores the hypothesis by comparing AS in OMDM to normal controls 
(NC) using PWV. Methods: Neonates born to MDM and healthy mothers without any 
systemic disease (NC) were prospectively recruited. Aft er maternal informed consent, 
blinded echocardiograms and ten spectral PW Doppler waveforms were performed in the 
right common carotid artery (RCA) in the neck and R femoral artery (RFA) in the groin 
at same heart rates using appropriate transducer on GE Vivid XD. Th e time delay between 
the foot of the waveform at the two sites was obtained by gating to the peak R wave on the 
electrocardiogram (t). Mean of 10 recordings was used. Th e distance (d) traveled by the 
waveform was calculated by subtracting the distance between the second intercostal space 
and the sampling site on the RCA from the sum of second intercostal space to the inferior 
edge of the umbilicus and inferior edge of the umbilicus to the sampling site on the RFA. 
PWV= d/t. Serial measurements were made from birth-2 years. Statistical comparisons 
were made using Students‘ t test and regression analysis was performed to determine 
best fi t for PWV. Results: Seventy-six studies were performed on 15 OMDM and 25 NC. 
Mean gestation age + standard deviation (SD) (OMDM- 38.7+1.4, NC-39+0.4 weeks), 
birth weight (3.4+0.6 vs 3.2+0.5 kg) and length (49.8+2.8 vs 49.4+2.3 cm) were similar 
in the 2 groups. Mean maternal Hgb A1c in NMDM was 5.8%. Mean PWV at birth in 
OMDM was 0.36+0.07, decreased to 0.29+0.02 by 2 yrs (PWV= 0.421-0.07*Age, R=0.5, 
p<0.05). Mean PWV at birth in NC was 0.45+0.12, decreased to 0.35+0.06 by 2 years 
(PWV= 0.436-0.026*Age, R=0.14, p=0.3) (Figure). Global longitudinal strain (GLS) was 
similar at birth (-15.15+3.3 vs -15.0+2.9, p=0.9), but lower in OMDM at 2 yrs (-16.7+4.2 
vs -23.2+1, p<0.01). Conclusion: Arterial stiff ness and GLS are diff erent in OMDM in the 
fi rst 2 yrs of life compared to NC. Th is may aff ect their long-term cardiovascular health. 
Longitudinal follow-up is required to evaluate for long-term CVD risk.
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Massimiliano Meineri2, Wendy Tsang2. 1University of Turin, Città della Salute 
e Della Scienza, Turin, Italy; 2Toronto General Hospital, Toronto, ON, Canada; 
3Papworth Hospital, Cambridge, United Kingdom
Background: Chronic aortic root dilatation causes aortic cusp tethering, which leads 
to cusp remodeling. However, little is known about the interaction between indexes of 
cusp coaptation, cusp remodeling and aortic regurgitation (AR) severity. Th e aim of this 
study was to examine the eff ect of chronic aortic dilatation on aortic cusp size, coaptation 
area and regional coaptation length with respect to aortic regurgitation. Methods: 
Th ree-dimensional transesophageal echocardiography was performed in 40 patients, 
25 Controls (19 males, 60+10 years) and 28 with aortic dilatation divided into those 
with <mild AR (Group 1, N=13, 11 males, 39+19 years) and >moderate AR (Group 2, 
N=10, 3 males, 55+15 years). 3D-TEE images were analyzed at end-diastole using multi-
planar reconstruction (QLAB, Philips) to obtain aortic root areas, diameters, lengths 
and coaptation surface area. ANOVA and Student’s t-tests were performed to compare 
groups. P<0.05 was considered signifi cant. Results: Compared to Controls, Groups 1 and 
2 had signifi cantly larger aortic root areas, inter-commissural distances and cusp heights 
(Table 1). Compared to Group 1 and Controls, Group 2 had signifi cantly smaller total 
surface coaptation area when adjusted for aortic annular area (p=0.001) with shorter 
coaptation height (p<0.001). Conclusions: Th e aortic valve is a dynamic structure that 
remodel in response to aortic dilatation. Signifi cant regurgitation is associated with a 
loss of coaptation surface area. Quantitative modeling of the aortic valve and root could 
potentially provide information for tailored aortic valve repair surgeries.

Poster Session 1 (P1) Sunday, June 24, 2018

P1-99
Effect of Transcatheter Aortic Valve Replacement on Left Atrial 
Volume
Vien T. Truong1, Eugene Chung2, Sherif Nagueh3, Dean Kereiakes2, Jennifer 
Schaaf2, Brian Volz2, Wojciech Mazur2. 1Pham Ngoc Th ach University of 
Medicine, Ho Chi Minh, Viet Nam; 2Th e Christ Hospital, Cincinnati, OH, OH; 
3Houston Methodist, Houston, TX
Background: Severe aortic stenosis causes a marked increase in left  ventricular (LV) 
aft erload, with resultant left  ventricular hypertrophy as well as changes of LA volume and 
function. LA size as an imaging biomarker has been consistently shown to be a powerful 
predictor of outcomes such as atrial fi brillation, heart failure, stroke and death. Our study 
assessed the eff ect of transcatheter aortic valve replacement on left  atrial volumetric 
function and left  atrial volume for the prediction of adverse outcomes. Methods: 121 
patients in sinus rhythm who underwent TAVR for severe AS were included. Maximum 
LA volume index (LAVI max), minimum LA volume index (LAVI min), and ‘‘pre-A” 
volume index were measured at baseline, 1 month, and 1 year. Reservoir, conduit and 
booster function were calculated. Endpoints included new onset AF and all-cause 
mortality Results: Th e reservoir function, conduit function and booster function 
before TAVR were 46%, 21%, 32%, respectively. LA volumetric function assessment 
demonstrated that reservoir function, conduit function increase over the time (all P < 
0,001). Th ere was no diff erence in booster function aft er TAVR (p=0.06). Th e overall 
accuracy for the prediction of AF was greater for LAVI max than that of the LAVI min 
and LAVI pre-A (AUR for LAVI max 0.67 versus 0.65 and 0.64 for LAVI pre-A and LAVI 
min). At the baseline, LAVI max was not associated with all-cause of mortality, but a 
higher rate of new onset AF (HR: 1.03; 95% CI, 1.01-1.05; p = 0.02) aft er adjustment for 
other signifi cant risk factors but only severely abnormal LA size signifi cantly increased 
risk for AF (HR: 4.72; 95% CI, 1.11-20.13, p = 0.04). Th ere was a progressive decrease in 
LAVI max over the time in non-AF group (overall P < 0.05) but not in AF group (overall 
P > 0.05). Conclusion: Reservoir function, conduit function increased over time. Lack of 
negative remodeling post TAVR was associated with higher incidence of AF
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Background: Arterial stiff ness is a marker of cardiovascular damage and an independent 
predictor of major cardiovascular events. It is usually assessed via Carotido-Femoral Pulse 
Wave Velocity (cfPWV). Strain analysis from cardiac resonance and computed tomography 
has been used to describe aortic stiff ness. Aim: of this study was to test the feasibility of 
aortic strain analysis using speckle tracking on transthoracic echocardiography (TTE), 
its association with cfPWV, and its behavior in individuals with and without ascending 
aorta (aA) Dilatation. Method: 60 consecutive patients with normal blood pressure and 
aortic dimensions underwent TTE and cfPWV evaluation with validated instrument 
(Sphygmocor System). Strain analysis was performed on the largest section of the aA 
with a dedicated soft ware (Philips Qlab); 3 couples of speckles were identifi ed within 
the anterior and posterior aortic wall, and transverse segments connecting each couple 
were traced - fi g.1A. Peak ascending Aorta Strain (PaAS) was defi ned as the averaged 
peak percentage deformation of the 3 segments during a cardiac cycle - fi g.1B. Th e same 
workfl ow was applied to 22 patients with known aA dilatation. Results: 14 controls were 
excluded for suboptimal TTE images. In the 43 analyzed individuals (male 58%, age 58y), 
cfPWV was 8.0 ± 1.75 m/sec and PaAS was 7.58 ± 4.82%, without signifi cant diff erences 
between genders. Inter- and intra- observer variability were good for PaAs (Interclass 
correlation coeffi  cient = 0.88 and 0.73, confi dence intervals -0.68 to +0.81 and -0.1 to 
0.94 respectively). PaAS showed signifi cant correlation with age (r = -0.65, p< 0.001), 
aA diameter (r= -0.42, p=0.005), cfPWV (r= -0.48, p=0.004), stroke volume (r=0.40, 
p= 0.008) and heart rate (r=-0.50, p<0.001). PaAs was signifi cant lower in patients with 
dilated aA (1.89 ±1.84%, p<0.001 vs. controls). Logistic regression showed that PaAS but 
neither age, gender, heart rate, stroke volume or cfPWV were signifi cant predictors of aA 
dilatation. Conclusion: Speckle tracking TTE based strain analysis of the aA is feasible 
and reproducible. PaAS is associated with cfPWV, the gold standard measure of aortic 
stiff ness, and is signifi cantly reduced in patients with dilated aA.
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Aortic Symmetry Index - Initial Validation of a Novel Preoperative 
Predictor of Recurrent Aortic Insuf ciency After Valve Sparing 
Aortic Root Reconstruction
Antonino Di Franco1, Lisa Q. Rong1, Monica Munjal1, Jonathan W. Weinsaft 1, 
Jiwon Kim1, Francesco Sturla2, Leonard N. Girardi1, Mario Gaudino1. 1Weill 
Cornell Medicine, New York City, NY; 2I.R.C.C.S. Policlinico San Donato, San 
Donato, Italy
Background: Valve-sparing aortic root replacement (VSRR) has become increasingly 
favored over traditional valve replacement for patients with advanced aortic insuffi  ciency 
(AI) because of its lower incidence of thromboembolic events, reduced risk of endocarditis, 
and avoidance of anticoagulation. Studies on determinants of recurrent AI aft er VSRR 
have primarily focused on post-repair measurements (e.g.: coaptation length). However, 
a pre-operative predictor of successful VSRR would hold the potential to infl uence the 
timing of surgical indication, similarly to what happens in mitral valve surgery. Th is 
proof-of concept study tested a novel pre-operative transesophageal echocardiographic 
(TEE) predictor of recurrent AI among patients undergoing VSRR. Methods: All patients 
with native trileafl et aortic valve (AV) undergoing VSRR at our institution (Weill Cornell 
Medicine, NY) between 2006-2015 were included. Pre-procedural TEE was used to 
quantify the degree of AV symmetry in short-axis view: inter-commissural distances 
at end-diastole were measured to identify the “inter-commissural triangle”. An “aortic 
symmetry index” (ASI) was defi ned according to the inter-commisural triangle aspect 
ratio, expressed in terms of the lengths of the sides; ASI=0 for an equilateral triangle and 
it progressively increases as the three sides diff er from each other (details and formulas 
in Figure). Goal was to test whether ASI predicted advanced AI (≥3+) at follow-up. 
Results: TEE datasets were available for 67 patients with native trileafl et AV (47.6±14.7 
yo, 78% male, 31% connective tissue disorders). At mean follow-up of 2.9±2.6 years, all 
patients were alive; 5.9% developed recurrent advanced AI, no patient was reoperated 
on the AV. Follow-up was 100% completed. ASI was quantifi able in 98.5% of cases and 
yielded excellent intra- and inter-observer reproducibility (Δ: -0.06±0.10 and -0.04±0.07, 
respectively). Magnitude of AV symmetry was signifi cantly higher (i.e., ASI closer to 0) 
in patients with AI= 0 vs those with advanced AI at follow-up (0.09±0.07 vs 0.25±0.12, 
respectively; p<0.001). Conclusion: ASI is a promising pre-operative index of valve 
symmetry in patients with tricuspid AV undergoing repair, and is associated with the 
degree of follow-up AI. Further data are necessary to validate this index.

 

P1-102
Thoracic Aortic Thrombus: Diagnostic Modalities and 
Echocardiographic Features
Samantha M. Ryan, Ioana Petrescu, Filip Ionescu, McBane D. Robert, Lawrence 
J. Sinak, Sorin V. Pislaru. Mayo Clinic, Rochester, MN
Background: Th oracic aortic thrombus (TAT) is a rare condition that has been reported 
only in small case series. Th e optimal diagnostic modality and typical clinical and 
imaging characteristics have not been well-defi ned. Methods: Patients diagnosed with 
TAT at our institution between January 2000 and July 2017 were included. Results: Sixty 
patients with TAT were identifi ed. Patient characteristics are detailed in Figure 1. Initial 
diagnostic modalities included transthoracic echocardiogram (1.7%), transesophageal 
echocardiogram (25.0%), noncontrast CT chest (20.0%), and CT angiogram (50.0%). 
Of those diagnosed with TEE, the primary indication for imaging was to assess for 
source of emboli in patients with peripheral arterial embolism (12/15). One thrombus 
was found incidentally during TEE to evaluate severe aortic stenosis and two were 
detected during TEE to rule out endocarditis. Of the thirty patients diagnosed with 

CT angiogram, ten underwent subsequent TEE, primarily to evaluate an intrathoracic 
aortic mass incompletely visualized on CTA abdomen/pelvis or CTA head/neck 
(6/10). One TEE was completed for question of intraaortic angiosarcoma and three 
were obtained intraoperatively during endovascular procedures. Echocardiographic 
features of the thoracic aortic thrombi are detailed in Figure 1. Atherosclerosis was the 
suspected etiology in 27 (45.0%) cases. Five (8.3%) cases were associated with aneurysm. 
Hypercoagulable states were detected in 15 (25.0%) patients, primarily antiphospholipid 
antibody syndrome (4), metastatic malignancy (4) and JAK-2 positive myeloproliferative 
disorders (3). Conclusion: TAT is a rare entity, associated with signifi cant morbidity. 
Th e most common diagnostic modalities include TEE and CT angiogram of the chest. 
Th rombus size and location can be determined with either modality. TEE can assess TAT 
mobility and evaluate for associated aortic wall or intracardiac abnormalities. CTA is 
most useful in determining the presence and location of peripheral embolism or related 
tissue infarction.

P1-103
Aortic Size in Children: Systolic Measurements Are Different from 
Diastolic Measurements
Mohammad F. Al-mousily, Elizabeth Welch, Irwin Seltzer, Joshua Gruber, Juan 
Carlos Muniz, Nao Sasaki, Leo Lopez. Nicklaus Children‘s Hospital, Miami, FL
Background: Normal reference values for aortic size are crucial in the care of children 
with heart disease. Th e timing of measurements during the cardiac cycle is controversial: 
the American Society of Echocardiography recommends diastolic measurements in 
adults and systolic measurements in children. Studies have shown signifi cant systolic-to-
diastolic (SD) diff erences in the same subject, though a recent adult study suggests that 
these SD diff erences are not clinically signifi cant. Because aortic measurements in children 
reportedly vary by at least 5% among multiple observers, SD diff erences <5% are likely 
due to measurement variability and not clinically important. We sought to characterize 
SD diff erences in healthy children with this in mind. Methods: Th is retrospective 
study enrolled all children (age 1 month to 19 years) with a complete echocardiogram 
and no signifi cant heart disease from random days between January and December 
2016. Observer 1 measured the aorta at the annulus (ANN), root (AOR), sinotubular 
junction (STJ), and ascending aorta (AAO) during systole and diastole using standard 
methodology. Systolic and diastolic values were compared by calculating the mean SD 
percent diff erence for each segment; if the SD diff erence was >5%, it was considered 
clinically important. Observer 2 made the same measurements in 18% of the subjects, and 
agreement with observer 1 was tested by calculating intraclass coeffi  cient. Results: For the 
272 study subjects, systolic measurements were larger than diastolic measurements with 
mean SD percent diff erences >5% (p<0.001) for the AOR (7.3% ± 5.5%), STJ (10.24% 
± 7.1%), and AAO (9.8% ± 7.4%). Th ere was no clinically important SD diff erence for 
the ANN (4.4% ± 8.1%, p=0.885). Th ere was excellent intraclass correlation coeffi  cient 
between observers (0.982-0.995). Conclusion: Systolic measurements for the AOR, STJ, 
and AAO are signifi cantly larger than diastolic measurements. Normal reference values 
are used to plan treatment for patients with abnormal aortic sizes, and the timing in the 
cardiac cycle used to determine the reference values should be the same as the timing 
used to make measurements in clinical practice. Th is is especially important as patients 
transition their care from a pediatric to an adult cardiologist.

P1-104
Pulse Pressure Following Transcatheter Aortic Valve Replacement 
Correlates with Clinical Outcomes
Adam Mehal, John Broderick, Adam Magier, Dean J. Kereiakes, Ian J. Sarembock, 
Brian Volz, Jennifer Schaaf, Eugene Chung. Th e Christ Hospital Heart and 
Vascular Center, Cincinnati, OH
Background: Transfemoral aortic valve replacement (TAVR) has become the primary 
method of aortic valve replacement for many patients with aortic stenosis (AS). 
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Identifying factors associated with both positive and negative outcomes aft er TAVR will 
be central to wider application of this technology. Given the powerful prognostic ability 
of pulse pressure (PP) in hypertensive cohorts, we evaluated the relationship between 
PP and clinical outcomes in a single center, 192-patient TAVR database. Methods and 
results: Patients undergoing TAVR were divided into two groups based on the change 
in PP between baseline (pre-TAVR) and discharge. In Group A (n=45), PP decreased 10 
mmHg or more; Group B (n=147) included all others. Hospitalizations and mortality at 
one year were compared between groups. Overall, PP rose slightly between baseline and 
discharge (61 to 66 mmHg) but returned to baseline by 1 month, and remained stable at 
1 year. Group A and Group B displayed diff erent patterns of PP: (Table) Group A started 
higher and decreased (average 24 mmHg) at discharge, Group B started lower and rose 
(average 16 mmHg) at discharge. At 1 month and 1 year, the groups had similar PP’s. At 
one-year, group A tended to have fewer hospitalizations (0.56 all-cause hospitalizations 
per patient vs. 0.67 for group B, p=0.27) although all cause deaths were similar (9% vs 
14% for group B, p=0.49). Conclusions: An early drop in PP post-TAVR appears to be 
associated with improved clinical outcomes and may refl ect greater vascular compliance 
in this cohort. PP change post TAVR may provide prognostic information and merits 
further study.

Baseline Discharge One month One year
Overall 61± 17 66±18 63±19 63±19
Group A* 78±16 54±14 63±17 60±17
Group B* 55±17# 71±21# 63±20 65±20
* Overall trend p<0.05
# p< 0.05 vs. group A

P1-105    Moderated Poster
Differences in Flow-Gradient Patterns between Severe Bicuspid 
Aortic Stenosis and Severe Tricuspid Aortic Stenosis: Mechanistic 
Insight from Multimodal Imaging
Darae Kim, Chi Young Shim, Young Jin Kim, Kyungsun Nam, Geu-Ru Hong, 
Seung Hyun Lee, Hyuk-Jae Chang, Sak Lee, Jong-Won Ha. Severance Hospital, 
Seoul, Republic of Korea
Background: Although fl ow-gradient pattern in AS provides prognostic information, 
there is limited data on patterns in bicuspid AS. Our objective was to investigate fl ow-
gradient pattern characteristics and associated factors in severe bicuspid aortic stenosis 
(AS) compared with severe tricuspid AS. Methods: A total of 252 patients with severe 
AS (115 bicuspid vs. 137 tricuspid) who underwent aortic valve (AV) replacement 
were retrospectively analyzed. Patients were classifi ed into 4 groups according to 
stroke volume index and mean pressure gradient across the AV [normal-fl ow high-
gradient (NF-HG), low-fl ow high-gradient, normal-fl ow low-gradient, low-fl ow low-
gradient (LF-LG)]. In 89 patients who underwent cardiac computed tomography (CT), 
structural parameters among left  ventricular outfl ow track (LVOT), AV and ascending 
aorta were assessed. Results: Bicuspid AS was more likely to present a NF-HG pattern 
(83.5 vs. 64.2%, p<0.001), while signifi cantly fewer patients presented a LF-LG pattern 
compared to tricuspid AS (Figure 1). In bicuspid AS, there was a signifi cant mismatch 
between geometric orifi ce area (GOA) on CT planimetry and eff ective orifi ce area (EOA) 
calculated using the echocardiographic continuity equation compared to tricuspid AS 
(Figure 2). Bicuspid AS presented with a larger angle between the LVOT-AV and aorta. 
Multivariate analysis of bicuspid AS revealed that systemic arterial compliance (β=-
0.350, p=0.0.031) and LVOT-AV and aorta angle (β=-0.538, p=0.001) are associated with 
a discrepancy between GOA and EOA aft er controlling for age, stroke volume index, 
and ascending aorta diameter. Conclusions: Flow-gradient patterns in severe bicuspid 
AS vary from those of tricuspid AS and are associated with the structural and functional 
characteristics of the aorta.

P1-106
Projected Aortic Valve Area by Six-minute Walk Stress 
Echocardiography Improves Predictive Value in Patients with 
Signi cant Aortic Stenosis
Nahoko Kato, Kentaro Shibayama, Kenta Ishibashi, Mizuho Hoshina, Masahiko 
Noguchi, Yu Makihara, Hiroshi Okumura, Kotaro Obunai, Hiroyuki Watanabe. 
Tokyo Bay Medical Center, Urayasu, Japan
Background: Th ere is a paucity of an investigation of six-minute walk stress 
echocardiography (6WSE) for patients with aortic stenosis (AS). We aimed to assess 
the value of 6WSE to predict the prognosis of AS patients. Methods: We prospectively 
enrolled consecutive 122 ambulant patients with moderate to severe AS who underwent 
6WSE from June 2016 to December 2017. NYHA functional class was I or II in all patients. 
We excluded patients with atrial fi brillation or left  ventricular outfl ow obstruction. AVA 
was calculated by the continuity equation at baseline and at 6WSE. Projected AVA at a 
normal transvalvular fl ow rate (250mL/sec) was calculated at 6WSE. Primary endpoints 
were defi ned as all cause death, hospitalization for heart failure, and the need for aortic 
valve replacement including trans-catheter aortic valve replacement. We assessed the 
accuracy of projected AVA to predict endpoints in AS patients. Results: 112 patients were 
evaluated in the present study. Th e mean age was 78±8.5 years old. 42 patients were male. 
6WSE was performed safely in all patients without complications although six-minute 
walk was aborted in seven patients because of symptoms (two had dyspnea, two had chest 
pain and three had fatigue). 40 patients (36%) had events during follow up period. Th e 
sensitivity, specifi city, and accuracy for endpoints were 100%, 10%, and 69% for baseline 
AVA no more than 1.0 cm2. On the other hand, area under the curve for projected AVA 
was 0.84 and the cutoff  value was 0.88cm2. Th e sensitivity, specifi city, and accuracy for 
endpoints were 93%, 65%, and 77% for projected AVA less than 0.88cm2. Projected AVA 
less than 0.88cm2 was associated with reduced event-free survival (fi gure). Conclusion: 
Projected AVA by 6WSE is a safe and powerful predictor in patients with moderate to 
severe AS with NYHA I or II.
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P1-101
Aortic Symmetry Index - Initial Validation of a Novel Preoperative 
Predictor of Recurrent Aortic Insuf ciency After Valve Sparing 
Aortic Root Reconstruction
Antonino Di Franco1, Lisa Q. Rong1, Monica Munjal1, Jonathan W. Weinsaft 1, 
Jiwon Kim1, Francesco Sturla2, Leonard N. Girardi1, Mario Gaudino1. 1Weill 
Cornell Medicine, New York City, NY; 2I.R.C.C.S. Policlinico San Donato, San 
Donato, Italy
Background: Valve-sparing aortic root replacement (VSRR) has become increasingly 
favored over traditional valve replacement for patients with advanced aortic insuffi  ciency 
(AI) because of its lower incidence of thromboembolic events, reduced risk of endocarditis, 
and avoidance of anticoagulation. Studies on determinants of recurrent AI aft er VSRR 
have primarily focused on post-repair measurements (e.g.: coaptation length). However, 
a pre-operative predictor of successful VSRR would hold the potential to infl uence the 
timing of surgical indication, similarly to what happens in mitral valve surgery. Th is 
proof-of concept study tested a novel pre-operative transesophageal echocardiographic 
(TEE) predictor of recurrent AI among patients undergoing VSRR. Methods: All patients 
with native trileafl et aortic valve (AV) undergoing VSRR at our institution (Weill Cornell 
Medicine, NY) between 2006-2015 were included. Pre-procedural TEE was used to 
quantify the degree of AV symmetry in short-axis view: inter-commissural distances 
at end-diastole were measured to identify the “inter-commissural triangle”. An “aortic 
symmetry index” (ASI) was defi ned according to the inter-commisural triangle aspect 
ratio, expressed in terms of the lengths of the sides; ASI=0 for an equilateral triangle and 
it progressively increases as the three sides diff er from each other (details and formulas 
in Figure). Goal was to test whether ASI predicted advanced AI (≥3+) at follow-up. 
Results: TEE datasets were available for 67 patients with native trileafl et AV (47.6±14.7 
yo, 78% male, 31% connective tissue disorders). At mean follow-up of 2.9±2.6 years, all 
patients were alive; 5.9% developed recurrent advanced AI, no patient was reoperated 
on the AV. Follow-up was 100% completed. ASI was quantifi able in 98.5% of cases and 
yielded excellent intra- and inter-observer reproducibility (Δ: -0.06±0.10 and -0.04±0.07, 
respectively). Magnitude of AV symmetry was signifi cantly higher (i.e., ASI closer to 0) 
in patients with AI= 0 vs those with advanced AI at follow-up (0.09±0.07 vs 0.25±0.12, 
respectively; p<0.001). Conclusion: ASI is a promising pre-operative index of valve 
symmetry in patients with tricuspid AV undergoing repair, and is associated with the 
degree of follow-up AI. Further data are necessary to validate this index.

 

P1-102
Thoracic Aortic Thrombus: Diagnostic Modalities and 
Echocardiographic Features
Samantha M. Ryan, Ioana Petrescu, Filip Ionescu, McBane D. Robert, Lawrence 
J. Sinak, Sorin V. Pislaru. Mayo Clinic, Rochester, MN
Background: Th oracic aortic thrombus (TAT) is a rare condition that has been reported 
only in small case series. Th e optimal diagnostic modality and typical clinical and 
imaging characteristics have not been well-defi ned. Methods: Patients diagnosed with 
TAT at our institution between January 2000 and July 2017 were included. Results: Sixty 
patients with TAT were identifi ed. Patient characteristics are detailed in Figure 1. Initial 
diagnostic modalities included transthoracic echocardiogram (1.7%), transesophageal 
echocardiogram (25.0%), noncontrast CT chest (20.0%), and CT angiogram (50.0%). 
Of those diagnosed with TEE, the primary indication for imaging was to assess for 
source of emboli in patients with peripheral arterial embolism (12/15). One thrombus 
was found incidentally during TEE to evaluate severe aortic stenosis and two were 
detected during TEE to rule out endocarditis. Of the thirty patients diagnosed with 

CT angiogram, ten underwent subsequent TEE, primarily to evaluate an intrathoracic 
aortic mass incompletely visualized on CTA abdomen/pelvis or CTA head/neck 
(6/10). One TEE was completed for question of intraaortic angiosarcoma and three 
were obtained intraoperatively during endovascular procedures. Echocardiographic 
features of the thoracic aortic thrombi are detailed in Figure 1. Atherosclerosis was the 
suspected etiology in 27 (45.0%) cases. Five (8.3%) cases were associated with aneurysm. 
Hypercoagulable states were detected in 15 (25.0%) patients, primarily antiphospholipid 
antibody syndrome (4), metastatic malignancy (4) and JAK-2 positive myeloproliferative 
disorders (3). Conclusion: TAT is a rare entity, associated with signifi cant morbidity. 
Th e most common diagnostic modalities include TEE and CT angiogram of the chest. 
Th rombus size and location can be determined with either modality. TEE can assess TAT 
mobility and evaluate for associated aortic wall or intracardiac abnormalities. CTA is 
most useful in determining the presence and location of peripheral embolism or related 
tissue infarction.

P1-103
Aortic Size in Children: Systolic Measurements Are Different from 
Diastolic Measurements
Mohammad F. Al-mousily, Elizabeth Welch, Irwin Seltzer, Joshua Gruber, Juan 
Carlos Muniz, Nao Sasaki, Leo Lopez. Nicklaus Children‘s Hospital, Miami, FL
Background: Normal reference values for aortic size are crucial in the care of children 
with heart disease. Th e timing of measurements during the cardiac cycle is controversial: 
the American Society of Echocardiography recommends diastolic measurements in 
adults and systolic measurements in children. Studies have shown signifi cant systolic-to-
diastolic (SD) diff erences in the same subject, though a recent adult study suggests that 
these SD diff erences are not clinically signifi cant. Because aortic measurements in children 
reportedly vary by at least 5% among multiple observers, SD diff erences <5% are likely 
due to measurement variability and not clinically important. We sought to characterize 
SD diff erences in healthy children with this in mind. Methods: Th is retrospective 
study enrolled all children (age 1 month to 19 years) with a complete echocardiogram 
and no signifi cant heart disease from random days between January and December 
2016. Observer 1 measured the aorta at the annulus (ANN), root (AOR), sinotubular 
junction (STJ), and ascending aorta (AAO) during systole and diastole using standard 
methodology. Systolic and diastolic values were compared by calculating the mean SD 
percent diff erence for each segment; if the SD diff erence was >5%, it was considered 
clinically important. Observer 2 made the same measurements in 18% of the subjects, and 
agreement with observer 1 was tested by calculating intraclass coeffi  cient. Results: For the 
272 study subjects, systolic measurements were larger than diastolic measurements with 
mean SD percent diff erences >5% (p<0.001) for the AOR (7.3% ± 5.5%), STJ (10.24% 
± 7.1%), and AAO (9.8% ± 7.4%). Th ere was no clinically important SD diff erence for 
the ANN (4.4% ± 8.1%, p=0.885). Th ere was excellent intraclass correlation coeffi  cient 
between observers (0.982-0.995). Conclusion: Systolic measurements for the AOR, STJ, 
and AAO are signifi cantly larger than diastolic measurements. Normal reference values 
are used to plan treatment for patients with abnormal aortic sizes, and the timing in the 
cardiac cycle used to determine the reference values should be the same as the timing 
used to make measurements in clinical practice. Th is is especially important as patients 
transition their care from a pediatric to an adult cardiologist.

P1-104
Pulse Pressure Following Transcatheter Aortic Valve Replacement 
Correlates with Clinical Outcomes
Adam Mehal, John Broderick, Adam Magier, Dean J. Kereiakes, Ian J. Sarembock, 
Brian Volz, Jennifer Schaaf, Eugene Chung. Th e Christ Hospital Heart and 
Vascular Center, Cincinnati, OH
Background: Transfemoral aortic valve replacement (TAVR) has become the primary 
method of aortic valve replacement for many patients with aortic stenosis (AS). 
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Identifying factors associated with both positive and negative outcomes aft er TAVR will 
be central to wider application of this technology. Given the powerful prognostic ability 
of pulse pressure (PP) in hypertensive cohorts, we evaluated the relationship between 
PP and clinical outcomes in a single center, 192-patient TAVR database. Methods and 
results: Patients undergoing TAVR were divided into two groups based on the change 
in PP between baseline (pre-TAVR) and discharge. In Group A (n=45), PP decreased 10 
mmHg or more; Group B (n=147) included all others. Hospitalizations and mortality at 
one year were compared between groups. Overall, PP rose slightly between baseline and 
discharge (61 to 66 mmHg) but returned to baseline by 1 month, and remained stable at 
1 year. Group A and Group B displayed diff erent patterns of PP: (Table) Group A started 
higher and decreased (average 24 mmHg) at discharge, Group B started lower and rose 
(average 16 mmHg) at discharge. At 1 month and 1 year, the groups had similar PP’s. At 
one-year, group A tended to have fewer hospitalizations (0.56 all-cause hospitalizations 
per patient vs. 0.67 for group B, p=0.27) although all cause deaths were similar (9% vs 
14% for group B, p=0.49). Conclusions: An early drop in PP post-TAVR appears to be 
associated with improved clinical outcomes and may refl ect greater vascular compliance 
in this cohort. PP change post TAVR may provide prognostic information and merits 
further study.

Baseline Discharge One month One year
Overall 61± 17 66±18 63±19 63±19
Group A* 78±16 54±14 63±17 60±17
Group B* 55±17# 71±21# 63±20 65±20
* Overall trend p<0.05
# p< 0.05 vs. group A

P1-105    Moderated Poster
Differences in Flow-Gradient Patterns between Severe Bicuspid 
Aortic Stenosis and Severe Tricuspid Aortic Stenosis: Mechanistic 
Insight from Multimodal Imaging
Darae Kim, Chi Young Shim, Young Jin Kim, Kyungsun Nam, Geu-Ru Hong, 
Seung Hyun Lee, Hyuk-Jae Chang, Sak Lee, Jong-Won Ha. Severance Hospital, 
Seoul, Republic of Korea
Background: Although fl ow-gradient pattern in AS provides prognostic information, 
there is limited data on patterns in bicuspid AS. Our objective was to investigate fl ow-
gradient pattern characteristics and associated factors in severe bicuspid aortic stenosis 
(AS) compared with severe tricuspid AS. Methods: A total of 252 patients with severe 
AS (115 bicuspid vs. 137 tricuspid) who underwent aortic valve (AV) replacement 
were retrospectively analyzed. Patients were classifi ed into 4 groups according to 
stroke volume index and mean pressure gradient across the AV [normal-fl ow high-
gradient (NF-HG), low-fl ow high-gradient, normal-fl ow low-gradient, low-fl ow low-
gradient (LF-LG)]. In 89 patients who underwent cardiac computed tomography (CT), 
structural parameters among left  ventricular outfl ow track (LVOT), AV and ascending 
aorta were assessed. Results: Bicuspid AS was more likely to present a NF-HG pattern 
(83.5 vs. 64.2%, p<0.001), while signifi cantly fewer patients presented a LF-LG pattern 
compared to tricuspid AS (Figure 1). In bicuspid AS, there was a signifi cant mismatch 
between geometric orifi ce area (GOA) on CT planimetry and eff ective orifi ce area (EOA) 
calculated using the echocardiographic continuity equation compared to tricuspid AS 
(Figure 2). Bicuspid AS presented with a larger angle between the LVOT-AV and aorta. 
Multivariate analysis of bicuspid AS revealed that systemic arterial compliance (β=-
0.350, p=0.0.031) and LVOT-AV and aorta angle (β=-0.538, p=0.001) are associated with 
a discrepancy between GOA and EOA aft er controlling for age, stroke volume index, 
and ascending aorta diameter. Conclusions: Flow-gradient patterns in severe bicuspid 
AS vary from those of tricuspid AS and are associated with the structural and functional 
characteristics of the aorta.

P1-106
Projected Aortic Valve Area by Six-minute Walk Stress 
Echocardiography Improves Predictive Value in Patients with 
Signi cant Aortic Stenosis
Nahoko Kato, Kentaro Shibayama, Kenta Ishibashi, Mizuho Hoshina, Masahiko 
Noguchi, Yu Makihara, Hiroshi Okumura, Kotaro Obunai, Hiroyuki Watanabe. 
Tokyo Bay Medical Center, Urayasu, Japan
Background: Th ere is a paucity of an investigation of six-minute walk stress 
echocardiography (6WSE) for patients with aortic stenosis (AS). We aimed to assess 
the value of 6WSE to predict the prognosis of AS patients. Methods: We prospectively 
enrolled consecutive 122 ambulant patients with moderate to severe AS who underwent 
6WSE from June 2016 to December 2017. NYHA functional class was I or II in all patients. 
We excluded patients with atrial fi brillation or left  ventricular outfl ow obstruction. AVA 
was calculated by the continuity equation at baseline and at 6WSE. Projected AVA at a 
normal transvalvular fl ow rate (250mL/sec) was calculated at 6WSE. Primary endpoints 
were defi ned as all cause death, hospitalization for heart failure, and the need for aortic 
valve replacement including trans-catheter aortic valve replacement. We assessed the 
accuracy of projected AVA to predict endpoints in AS patients. Results: 112 patients were 
evaluated in the present study. Th e mean age was 78±8.5 years old. 42 patients were male. 
6WSE was performed safely in all patients without complications although six-minute 
walk was aborted in seven patients because of symptoms (two had dyspnea, two had chest 
pain and three had fatigue). 40 patients (36%) had events during follow up period. Th e 
sensitivity, specifi city, and accuracy for endpoints were 100%, 10%, and 69% for baseline 
AVA no more than 1.0 cm2. On the other hand, area under the curve for projected AVA 
was 0.84 and the cutoff  value was 0.88cm2. Th e sensitivity, specifi city, and accuracy for 
endpoints were 93%, 65%, and 77% for projected AVA less than 0.88cm2. Projected AVA 
less than 0.88cm2 was associated with reduced event-free survival (fi gure). Conclusion: 
Projected AVA by 6WSE is a safe and powerful predictor in patients with moderate to 
severe AS with NYHA I or II.
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P1-107
Ori ce Eccentricity Accentuates Flow Disturbance Due to Severe 
Mitral Annular Calci cation 
Evan J. Friend1, Batoul El-Sayegh2, Gregg S. Pressman1, Giuseppe Di Labbio2, 
Edinrin Obasare1, Lyes Kadem2. 1Albert Einstein Medical Center, Philadelphia, 
PA; 2Concordia University, Montreal, QC, Canada
Background: Mitral annular calcifi cation (MAC) is a degenerative disease which deforms 
the valve and reduces its opening. It is prevalent in the elderly and those with renal 
insuffi  ciency. Th e narrowed orifi ce may disturb vortex formation in the left  ventricle (LV) 
thus contributing to symptoms of dyspnea and eff ort intolerance. Methods: Experimental 
measurements were performed on a cardiac duplicator using simple models of the mitral 
annulus. Severe stenosis with three orifi ce eccentricities (e=0; e=0.22, and e=0.44) was 
simulated. Stroke volume (70 ml), heart rate (70 bmp), and mean aortic pressure (100 
mmHg) were held constant. Time-resolved particle image velocimetry was performed 
characterizing the LV fl ow fi eld in terms of velocity, viscous energy losses, and vortex 
formation time. We separately evaluated 3d images from patients with severe MAC to 
determine the degree and range of orifi ce eccentricity in a clinical sample. Results: Severe 
MAC induced signifi cant changes in LV fl ow patterns characterized by higher shear 
fl ow and more complex particle transport. Th ere were signifi cant increases in viscous 
energy losses, related to MAC severity and orifi ce eccentricity, up to 5.5 times normal. 
Vortex formation time was similarly aff ected by MAC severity and orifi ce eccentricity, 
with values up to 14.28 (normal 3.5-5.5). In 13 patients with severe MAC, major axis 
eccentricity ranged from 0.05-0.25 (median=0.15); minor axis eccentricity ranged from 
0.04-0.54 (median=0.22). Conclusions: Severe MAC has signifi cant eff ects on vortex 
formation which are accentuated by a more eccentric orifi ce. 3D TEE in a patient sample 
with severe MAC confi rms the presence of orifi ce eccentricity, making the in-vitro results 
clinically relevant.

P1-108
Left Atrial Mechanical Function and Clinical Outcome After 
Percutaneous Mitral Valve Repair with the MitraClip in Patients 
With and Without Atrial Fibrillation
Haiyan Wang, Paraskevi Koutrolou Sotiropoulou, Didem Oguz, Mackram F. 
Eleid, Jeremy J. Th aden, Vuyisile T. Nkomo, Cristina Pislaru, Sorin V. Pislaru. 
Mayo Clinic, Rochester, MN
Background: Successful MitraClip therapy improves clinical outcomes in high-risk 
patients with mitral regurgitation (MR), but not all patients benefi t to similar degree. 
Th e goal of this study was to analyze whether left  atrial (LA) mechanical function had 
any impact of clinical outcomes aft er MitraClip procedure. Methods: Consecutive 
patients undergoing MitraClip implantation between 2014 and 2017 were enrolled. TTE 
assessment of LA mechanical function (reservoir, conduit, and contractile LA strain) was 
performed by speckle tracking at baseline, short term (1-2 months) and 1 year follow-
up. Functional parameters including 6-minute walk distance (6MWT), NYHA class, 
NT-Pro BNP were also recorded. Results: A total of 103 patients were included; age was 
79.5±8.5 yrs and 31 (30%) were female. Atrial fi brillation (AF) was present in 69 (67.0%), 
and sinus rhythm in 34 (33.0%). MR was degenerative in 60% patients. LA mechanical 
function, functional and clinical parameters are given in the table. Patients with AF had 
lower LA reservoir strain and left  ventricular (LV) global longitudinal strain (GLS) at all 
time-points. Despite signifi cant reduction in MR severity, LA reservoir strain remained 
unchanged. Furthermore, in AF patients, LV GLS and LA volume reservoir strain 
continued to decrease at long term follow-up. Th ere was no correlation between baseline 
LA mechanical function and observed clinical improvement or changes in functional and 
laboratory parameters. Conclusion: Patients with AF have worse LA and LV mechanical 
function at baseline; these diff erences persist at short-term and 1-year follow-up despite 
signifi cant reduction in MR. Th ese fi ndings suggest that AF is associated with a more 
advanced form of atrial and ventricular myopathy. Baseline LA mechanical function does 
not seem to predict changes in functional parameters aft er MitraClip. 

AF (N=69) SR (N=34)

baseline Short term 1 year baseline Short term 1 year

MR grade 3.6±0.5 2.1±0.8* 2.3±1.0* 3.9±0.2 2.2±1.2 * 2.8±1.1*
LA Res strain(%) 12.6±6.4 12.4±7.0 9.9±3.6 20.4±6.4** 20.0±7.0 ** 16.7±5.9**
GLS -12.8±3.9 -12.7±3.5 -10.9±3.0* -16.1±4.2 -15.6±3.3 -14.5±3.5
6MWT(m) 306±89 312±113 355±89 344±116 345±115 356±104
NT-pro BNP 
(pg/dL) 4490±6656 2419±4226 3818±3968 4158±6766 4392±7938 4316±4454

NYHA class N(%)

I 0(0) 28(40.6) 9(22.5) 0(0) 18(54.5) 5(27.8)
II 2(2.9) 27(39.1) 12(30) 3(8.9) 8(24.2) 8(44.4)
III 50(72.4) 13(18.9) 17(42.5) 25(73.5) 7(21.2) 5(27.8)
IV 17(24.6) 1(1.4) 2(5.0) 6(17.6) 0(0) 0(0)

*p<0.05 vs. baseline; **p<0.05 vs. AF

P1-109
Functional 3D Printed Modeling of Mitral Valve Regurgitation for 
Structural Heart Intervention
Marija Vukicevic, Kinan Carlos El-Tallawi, Clara I. Angulo, Stefano Filippini, 
Eleonora Avenatti, Colin M. Barker, Stephen Little. Houston Methodist Hospital, 
Houston, TX
Background: MitraClip procedure is a novel structural heart intervention increasingly 
applied in patients with severe mitral regurgitation (MR) and prohibitive surgical risk. 
It has been shown that 3D printed models have potential to facilitate the procedural 
planning of such percutaneous interventions. Methods: 3D transesophageal 
echocardiographic (TEE) systolic images of six patients with MR were acquired (iE33) 
and exported as Cartesian DICOM imaging format into segmentation soft ware. Th e 
entire MV apparatus, including the leafl ets, chordae, papillary muscles and left  ventricle 
(LV) were segmented and transformed into 3D digital models that were additionally 
modifi ed to allow component-coupling to a fl ow loop. Digital 3D models were saved as 
Stereolithography (STL) fi les and then fabricated using a PolyJet printer (fi gure). MV 
elements were replicated using a blend of preselected 3D print materials. Each model was 
integrated into a fl ow loop and subjected to the pressurized fl ow conditions simulating 
the hemodynamic parameters of each patient. Qualitative and quantitative Doppler 
parameters of MR were assessed within this in vitro fl ow environment. Results: Six 
functional, patient-specifi c models of the MV apparatus and LV were created from 3D 
TEE data. Quantitative and qualitative assessments, including CW and color Doppler 
of modeled MR, showed remarkable agreement with those acquired in patients (fi gure). 
3D echo surface images of the MV anatomy acquired for each model and patient-pair 
demonstrated appropriately similar surface reproduction. Color Doppler MR jet for 
each 3D model acquired in the fl ow loop showed excellent agreement with the clinical 
MR Doppler features. Th e Doppler velocity profi le recorded across each MV model 
mimicked closely those recorded in patients. On average, the continuous wave Doppler 
peak velocity and ejection time for each model and patient diff ered by only 4% and 10%, 
respectively. Conclusions: We report, for the fi rst time, that functional, multi-material, 
patient-specifi c models of the entire MV apparatus and LV can be replicated from clinical 
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3D TEE data. When coupled to a fl ow loop tailored to reproduce LV fl ow and pressure 
curves, the clinical MR is also well simulated. Such models may be used for evaluation of 
catheter-based intervention such as MitraClip.

P1-110
Revolutionary Echocardiographic Analysis Approach for 
Congenital Mitral Valve Malformations
Feifei Sun, Weidong Ren, Dongyu Li. China Medical University, Shenyang, China
Background: Th e mitral valve (MV) apparatus is complex. Congenital mitral valve 
malformations (CMVMs) constitute a wide spectrum of pathology and some are 
extremely rare. Successful treatment relies upon accurate preoperative assessment. 
Traditional methods of describing and classifying CMVMs lack specifi city and 
scientifi city, especially in terms of ultrasound diagnosis. Methods: We enrolled 458 
patients who had congenital anatomic and functional malformations of the MV apparatus 
(mean age, 35.2 ± 22.5 years; male 49.1%) during 5 years period, each subject underwent 
2D and/or RT3D transthoracic or transesophageal echocardiographic evaluation of 
CMVMs. MV apparatus characteristics were described and analyzed via a novel four-
tiered echocardiographic analysis (FTEA) approach we created: (1) supravalvular 
region and annulus, (2) valvar leafl ets and commissures, (3) chordae tendineae, and (4) 
papillary muscles. Results: Th rough 27, 5812 echocardiographic examinations, CMVMs 
were methodically studied in 458 (0.17%) patients. Of these, 19 (4.1%) had multi-tier 
malformations; and in 146 (32%), CVCMs were associated with other congenital 
cardiac malformations. Using a FTEA diagnostic method, CMVMs was distributed as 
follows: (1)the fi rst tier (n=9; excessive supravalvular tissue, 4; annulus abnormities, 5 
[overriding, 2; shift ed, 2; bridging accessory tissue, 1]); (2) the second tier (n=436; 
lengthy, 213; underdeveloped, 38; loose, 65; cleft s, 60; fi brotic, 18; contracture, 12; dual 
orifi ce, 7; bulging, 6; atretic, 5; accessory tissue, 4; fused cusps, 3; anomalously connected, 
1; abnormal commissures, 4 [fused, 1; cleft s, 3]); (3) the third tier (n=16; anomalously 
connected, 5; thickened/fused, 3; excessive, 2; shortened, 3; fi brotic, 2; accessory tissue, 
1; straddling, 1); and (4) the fourth tier (n=16; abnormally located, 6; single, 5; absent, 2; 
asymmetric, 2; fi brotic, 1). Conclusions: Compared with traditional ultrasonic diagnosis 
method for CMVMs, detailed novel FTEA approach in a systematic and scientifi c manner 
clearly defi nes malformations of the MV apparatus, ensuring more accurate diagnostic 
imaging and prompt.

P1-112
Hemodynamic and Echocardiographic Changes Associated 
with Valvuloarterial Impedance Severity in Patients Undergoing 
Transcatheter Aortic Valve Replacement
Ajay Bhandari, Anita Radhakrishnan, Christopher Bitetzakis, Edin Sadic, 
Jaymin Patel, Igor Sunjic, Th omas Kasprowicz, Vishal Parikh, Andrew Mehlman, 
Francisco Alvarado, Paula Hernandez Burgos, Arthur Labovitz, Aarti Patel, Allan 
Chen. University of South Florida, Tampa, FL
Background: Valvuloarterial impedance [Z(va)] measures the global hemodynamic load 
imposed on the left  ventricle, incorporating aft erload from both valvular and systemic 
levels. Previous studies suggest that a high Z(va) is associated with poorer outcomes 
in patients with aortic stenosis. Little is known about the signifi cance of Z(va) in the 
setting of transcatheter aortic valve replacement (TAVR), particularly in respect to 
echocardiographic and hemodynamic characteristics associated with Z(va) severity. 
Methods: 199 consecutive patients with severe aortic stenosis who underwent TAVR were 

evaluated. Clinical, hemodynamic, and echocardiographic data were analyzed at baseline 
as well as immediately, 48 hours, and 30 days aft er TAVR. Patients were divided according 
to Z(va) severity (Low < 3.5, Med 3.5-4.5, and High > 4.5). Results: Th e 3 groups did not 
diff er signifi cantly in respect to baseline characteristics. Only patients with high baseline 
Z(va) had a signifi cant mean Z(va) decrease post-TAVR that persisted at 30 days (p = 
0.0006). Patients with high baseline Z(va) had a signifi cant increase in stroke volume (SV) 
(19 mL, p < 0.0001), cardiac output (CO) (0.550 L/min, p = 0.0172) and ejection fraction 
(EF) (3.41%, p < 0.0007) immediately and 30 days post-TAVR. Conversely, patients with 
low Z(va) had a decrease in SV (10.04 mL, p = 0.0280), no change in CO (p = 0.249) and 
smaller increase in EF (2.678%, p = 0.0088). Systolic blood pressure lowered in the high 
Z(va) group and increased in the low Z(va) group, respectively (-1.36 vs +17.7 mmHg at 
30 days, p = 0.021). Systemic arterial compliance increased in the high Z(va) group but 
decreased in the low Z(va) group, respectively (+0.18 vs -0.1 ml/mmHg at 30 days, p = 
0.005). Amongst the three groups, baseline high Z(va) had lower rates of 30 day death (p 
< 0.05); other clinical outcomes were similar. Conclusion: When stratifi ed by severity 
of Z(va), patients with severe aortic stenosis undergoing TAVR may have diff erent 
hemodynamic changes. More favorable hemodynamic eff ects are observed post-TAVR 
in patients with higher baseline Z(va), as demonstrated by greater improvement in Z(va), 
SV, CO, EF, and arterial compliance. Patients with low Z(va) had a paradoxical increase 
in Z(va) with decrease in SV and arterial compliance, and had a higher rate of death at 
30 days. Left  ventricular aft erload is not isolated to the aortic valve, but involves a global 
process. Our study suggests that TAVR is most benefi cial in those with the highest Z(va), 
which estimates global aft erload, and maybe a useful tool for patient selection and risk 
stratifi cation

P1-113
Transcatheter Aortic Valve Replacement with Transthoracic 
Echocardiography is Associated with Reduced Hospital Length 
of Stay and Risk of Delirium Without an Increase in Paravalvular 
Regurgitation or Decrease in Survival
Eric P. Cantey, AbdulRahman Abutaleb, Menhel Kinno, Ranya Sweis, Duc T. 
Pham, Mark J. Ricciardi, S. Chris Malaisrie, Charles J. Davidson, James D. 
Flaherty, Vera H. Rigolin. Northwestern University Feinberg School of Medicine, 
Chicago, IL
Background: Th ere is a gradual shift  towards the use of TTE instead of TEE during 
TAVR. Th e valve team must weigh procedural risks with the improved resolution of TEE 
as compared to TTE. Th e aim of this study is to compare patient and echocardiographic 
outcomes in patients undergoing TEE- versus TTE-guided TAVR. Methods: Subjects 
undergoing TAVR at a single institution from 6/2008-7/2017 were retrospectively 
analyzed according to imaging modality. Demographic, pre-procedural and outcome 
variables were obtained and adjudicated using VARC2 criteria. Multivariate logistic 
regression, linear regression and Cox proportional hazards were used. Results: 676 
subjects were included in the analysis. 368 (54.4%) underwent TEE and 308 (45.6%) 
TTE. Subjects undergoing TEE were older (81.8±8.8 vs. 79.9±10.1 p<0.05), had higher 
STS risk scores (8.6±4.7 vs. 5.7±3.5 p<0.001), and had higher rates of NYHA Class IV 
symptoms (24.7% vs. 2.9% p<0.001). Th ose undergoing TEE monitoring also had lower 
left  ventricular ejection fraction (52.9±14.1 vs. 58.5±12.6 p<0.001) and aortic valve area 
(0.70±0.25 vs. 0.78±0.27 p<0.001). Th ose undergoing TTE guided TAVR were more 
likely to be performed via transfemoral route (99.4% vs. 70.7% p<0.001) and receive a 
third generation device (80.5% vs. 19.3% p<0.001). TTE-guidance was associated with 
higher device success rates (92.2% vs. 81.8% p<0.001) and a decreased risk of post-TAVR 
delirium (OR 0.38 95% CI 0.18-0.81 p<0.05). Th ere was no increased risk of 30-day 
mortality, 1-year mortality or post-procedure respiratory failure. TTE guided TAVR was 
associated with a 1.2 day (95% CI 0.27-2.14 p=0.01) shorter hospitalization than TEE-
guided TAVR. Subjects undergoing TEE-guided TAVR had higher rates of immediate 
post-procedure moderate or greater paravalvular or valvular aortic regurgitation than 
TTE. Th ere was no diff erence in overall survival between the two groups (HR 0.79 (95% 
CI 0.48-1.31 p=0.36). Conclusions: With the expansion of TAVR to lower risk patients, 
TTE guided TAVR is now a viable option due to greater procedural experience and 
devices with less paravalvular regurgitation. Th is single-center experience shows that the 
use of TTE during TAVR results in decreased length of stay and rates of delirium without 
an increase in paravalvular regurgitation or decrease in survival.
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P1-107
Ori ce Eccentricity Accentuates Flow Disturbance Due to Severe 
Mitral Annular Calci cation 
Evan J. Friend1, Batoul El-Sayegh2, Gregg S. Pressman1, Giuseppe Di Labbio2, 
Edinrin Obasare1, Lyes Kadem2. 1Albert Einstein Medical Center, Philadelphia, 
PA; 2Concordia University, Montreal, QC, Canada
Background: Mitral annular calcifi cation (MAC) is a degenerative disease which deforms 
the valve and reduces its opening. It is prevalent in the elderly and those with renal 
insuffi  ciency. Th e narrowed orifi ce may disturb vortex formation in the left  ventricle (LV) 
thus contributing to symptoms of dyspnea and eff ort intolerance. Methods: Experimental 
measurements were performed on a cardiac duplicator using simple models of the mitral 
annulus. Severe stenosis with three orifi ce eccentricities (e=0; e=0.22, and e=0.44) was 
simulated. Stroke volume (70 ml), heart rate (70 bmp), and mean aortic pressure (100 
mmHg) were held constant. Time-resolved particle image velocimetry was performed 
characterizing the LV fl ow fi eld in terms of velocity, viscous energy losses, and vortex 
formation time. We separately evaluated 3d images from patients with severe MAC to 
determine the degree and range of orifi ce eccentricity in a clinical sample. Results: Severe 
MAC induced signifi cant changes in LV fl ow patterns characterized by higher shear 
fl ow and more complex particle transport. Th ere were signifi cant increases in viscous 
energy losses, related to MAC severity and orifi ce eccentricity, up to 5.5 times normal. 
Vortex formation time was similarly aff ected by MAC severity and orifi ce eccentricity, 
with values up to 14.28 (normal 3.5-5.5). In 13 patients with severe MAC, major axis 
eccentricity ranged from 0.05-0.25 (median=0.15); minor axis eccentricity ranged from 
0.04-0.54 (median=0.22). Conclusions: Severe MAC has signifi cant eff ects on vortex 
formation which are accentuated by a more eccentric orifi ce. 3D TEE in a patient sample 
with severe MAC confi rms the presence of orifi ce eccentricity, making the in-vitro results 
clinically relevant.

P1-108
Left Atrial Mechanical Function and Clinical Outcome After 
Percutaneous Mitral Valve Repair with the MitraClip in Patients 
With and Without Atrial Fibrillation
Haiyan Wang, Paraskevi Koutrolou Sotiropoulou, Didem Oguz, Mackram F. 
Eleid, Jeremy J. Th aden, Vuyisile T. Nkomo, Cristina Pislaru, Sorin V. Pislaru. 
Mayo Clinic, Rochester, MN
Background: Successful MitraClip therapy improves clinical outcomes in high-risk 
patients with mitral regurgitation (MR), but not all patients benefi t to similar degree. 
Th e goal of this study was to analyze whether left  atrial (LA) mechanical function had 
any impact of clinical outcomes aft er MitraClip procedure. Methods: Consecutive 
patients undergoing MitraClip implantation between 2014 and 2017 were enrolled. TTE 
assessment of LA mechanical function (reservoir, conduit, and contractile LA strain) was 
performed by speckle tracking at baseline, short term (1-2 months) and 1 year follow-
up. Functional parameters including 6-minute walk distance (6MWT), NYHA class, 
NT-Pro BNP were also recorded. Results: A total of 103 patients were included; age was 
79.5±8.5 yrs and 31 (30%) were female. Atrial fi brillation (AF) was present in 69 (67.0%), 
and sinus rhythm in 34 (33.0%). MR was degenerative in 60% patients. LA mechanical 
function, functional and clinical parameters are given in the table. Patients with AF had 
lower LA reservoir strain and left  ventricular (LV) global longitudinal strain (GLS) at all 
time-points. Despite signifi cant reduction in MR severity, LA reservoir strain remained 
unchanged. Furthermore, in AF patients, LV GLS and LA volume reservoir strain 
continued to decrease at long term follow-up. Th ere was no correlation between baseline 
LA mechanical function and observed clinical improvement or changes in functional and 
laboratory parameters. Conclusion: Patients with AF have worse LA and LV mechanical 
function at baseline; these diff erences persist at short-term and 1-year follow-up despite 
signifi cant reduction in MR. Th ese fi ndings suggest that AF is associated with a more 
advanced form of atrial and ventricular myopathy. Baseline LA mechanical function does 
not seem to predict changes in functional parameters aft er MitraClip. 

AF (N=69) SR (N=34)

baseline Short term 1 year baseline Short term 1 year

MR grade 3.6±0.5 2.1±0.8* 2.3±1.0* 3.9±0.2 2.2±1.2 * 2.8±1.1*
LA Res strain(%) 12.6±6.4 12.4±7.0 9.9±3.6 20.4±6.4** 20.0±7.0 ** 16.7±5.9**
GLS -12.8±3.9 -12.7±3.5 -10.9±3.0* -16.1±4.2 -15.6±3.3 -14.5±3.5
6MWT(m) 306±89 312±113 355±89 344±116 345±115 356±104
NT-pro BNP 
(pg/dL) 4490±6656 2419±4226 3818±3968 4158±6766 4392±7938 4316±4454

NYHA class N(%)

I 0(0) 28(40.6) 9(22.5) 0(0) 18(54.5) 5(27.8)
II 2(2.9) 27(39.1) 12(30) 3(8.9) 8(24.2) 8(44.4)
III 50(72.4) 13(18.9) 17(42.5) 25(73.5) 7(21.2) 5(27.8)
IV 17(24.6) 1(1.4) 2(5.0) 6(17.6) 0(0) 0(0)

*p<0.05 vs. baseline; **p<0.05 vs. AF

P1-109
Functional 3D Printed Modeling of Mitral Valve Regurgitation for 
Structural Heart Intervention
Marija Vukicevic, Kinan Carlos El-Tallawi, Clara I. Angulo, Stefano Filippini, 
Eleonora Avenatti, Colin M. Barker, Stephen Little. Houston Methodist Hospital, 
Houston, TX
Background: MitraClip procedure is a novel structural heart intervention increasingly 
applied in patients with severe mitral regurgitation (MR) and prohibitive surgical risk. 
It has been shown that 3D printed models have potential to facilitate the procedural 
planning of such percutaneous interventions. Methods: 3D transesophageal 
echocardiographic (TEE) systolic images of six patients with MR were acquired (iE33) 
and exported as Cartesian DICOM imaging format into segmentation soft ware. Th e 
entire MV apparatus, including the leafl ets, chordae, papillary muscles and left  ventricle 
(LV) were segmented and transformed into 3D digital models that were additionally 
modifi ed to allow component-coupling to a fl ow loop. Digital 3D models were saved as 
Stereolithography (STL) fi les and then fabricated using a PolyJet printer (fi gure). MV 
elements were replicated using a blend of preselected 3D print materials. Each model was 
integrated into a fl ow loop and subjected to the pressurized fl ow conditions simulating 
the hemodynamic parameters of each patient. Qualitative and quantitative Doppler 
parameters of MR were assessed within this in vitro fl ow environment. Results: Six 
functional, patient-specifi c models of the MV apparatus and LV were created from 3D 
TEE data. Quantitative and qualitative assessments, including CW and color Doppler 
of modeled MR, showed remarkable agreement with those acquired in patients (fi gure). 
3D echo surface images of the MV anatomy acquired for each model and patient-pair 
demonstrated appropriately similar surface reproduction. Color Doppler MR jet for 
each 3D model acquired in the fl ow loop showed excellent agreement with the clinical 
MR Doppler features. Th e Doppler velocity profi le recorded across each MV model 
mimicked closely those recorded in patients. On average, the continuous wave Doppler 
peak velocity and ejection time for each model and patient diff ered by only 4% and 10%, 
respectively. Conclusions: We report, for the fi rst time, that functional, multi-material, 
patient-specifi c models of the entire MV apparatus and LV can be replicated from clinical 
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3D TEE data. When coupled to a fl ow loop tailored to reproduce LV fl ow and pressure 
curves, the clinical MR is also well simulated. Such models may be used for evaluation of 
catheter-based intervention such as MitraClip.

P1-110
Revolutionary Echocardiographic Analysis Approach for 
Congenital Mitral Valve Malformations
Feifei Sun, Weidong Ren, Dongyu Li. China Medical University, Shenyang, China
Background: Th e mitral valve (MV) apparatus is complex. Congenital mitral valve 
malformations (CMVMs) constitute a wide spectrum of pathology and some are 
extremely rare. Successful treatment relies upon accurate preoperative assessment. 
Traditional methods of describing and classifying CMVMs lack specifi city and 
scientifi city, especially in terms of ultrasound diagnosis. Methods: We enrolled 458 
patients who had congenital anatomic and functional malformations of the MV apparatus 
(mean age, 35.2 ± 22.5 years; male 49.1%) during 5 years period, each subject underwent 
2D and/or RT3D transthoracic or transesophageal echocardiographic evaluation of 
CMVMs. MV apparatus characteristics were described and analyzed via a novel four-
tiered echocardiographic analysis (FTEA) approach we created: (1) supravalvular 
region and annulus, (2) valvar leafl ets and commissures, (3) chordae tendineae, and (4) 
papillary muscles. Results: Th rough 27, 5812 echocardiographic examinations, CMVMs 
were methodically studied in 458 (0.17%) patients. Of these, 19 (4.1%) had multi-tier 
malformations; and in 146 (32%), CVCMs were associated with other congenital 
cardiac malformations. Using a FTEA diagnostic method, CMVMs was distributed as 
follows: (1)the fi rst tier (n=9; excessive supravalvular tissue, 4; annulus abnormities, 5 
[overriding, 2; shift ed, 2; bridging accessory tissue, 1]); (2) the second tier (n=436; 
lengthy, 213; underdeveloped, 38; loose, 65; cleft s, 60; fi brotic, 18; contracture, 12; dual 
orifi ce, 7; bulging, 6; atretic, 5; accessory tissue, 4; fused cusps, 3; anomalously connected, 
1; abnormal commissures, 4 [fused, 1; cleft s, 3]); (3) the third tier (n=16; anomalously 
connected, 5; thickened/fused, 3; excessive, 2; shortened, 3; fi brotic, 2; accessory tissue, 
1; straddling, 1); and (4) the fourth tier (n=16; abnormally located, 6; single, 5; absent, 2; 
asymmetric, 2; fi brotic, 1). Conclusions: Compared with traditional ultrasonic diagnosis 
method for CMVMs, detailed novel FTEA approach in a systematic and scientifi c manner 
clearly defi nes malformations of the MV apparatus, ensuring more accurate diagnostic 
imaging and prompt.

P1-112
Hemodynamic and Echocardiographic Changes Associated 
with Valvuloarterial Impedance Severity in Patients Undergoing 
Transcatheter Aortic Valve Replacement
Ajay Bhandari, Anita Radhakrishnan, Christopher Bitetzakis, Edin Sadic, 
Jaymin Patel, Igor Sunjic, Th omas Kasprowicz, Vishal Parikh, Andrew Mehlman, 
Francisco Alvarado, Paula Hernandez Burgos, Arthur Labovitz, Aarti Patel, Allan 
Chen. University of South Florida, Tampa, FL
Background: Valvuloarterial impedance [Z(va)] measures the global hemodynamic load 
imposed on the left  ventricle, incorporating aft erload from both valvular and systemic 
levels. Previous studies suggest that a high Z(va) is associated with poorer outcomes 
in patients with aortic stenosis. Little is known about the signifi cance of Z(va) in the 
setting of transcatheter aortic valve replacement (TAVR), particularly in respect to 
echocardiographic and hemodynamic characteristics associated with Z(va) severity. 
Methods: 199 consecutive patients with severe aortic stenosis who underwent TAVR were 

evaluated. Clinical, hemodynamic, and echocardiographic data were analyzed at baseline 
as well as immediately, 48 hours, and 30 days aft er TAVR. Patients were divided according 
to Z(va) severity (Low < 3.5, Med 3.5-4.5, and High > 4.5). Results: Th e 3 groups did not 
diff er signifi cantly in respect to baseline characteristics. Only patients with high baseline 
Z(va) had a signifi cant mean Z(va) decrease post-TAVR that persisted at 30 days (p = 
0.0006). Patients with high baseline Z(va) had a signifi cant increase in stroke volume (SV) 
(19 mL, p < 0.0001), cardiac output (CO) (0.550 L/min, p = 0.0172) and ejection fraction 
(EF) (3.41%, p < 0.0007) immediately and 30 days post-TAVR. Conversely, patients with 
low Z(va) had a decrease in SV (10.04 mL, p = 0.0280), no change in CO (p = 0.249) and 
smaller increase in EF (2.678%, p = 0.0088). Systolic blood pressure lowered in the high 
Z(va) group and increased in the low Z(va) group, respectively (-1.36 vs +17.7 mmHg at 
30 days, p = 0.021). Systemic arterial compliance increased in the high Z(va) group but 
decreased in the low Z(va) group, respectively (+0.18 vs -0.1 ml/mmHg at 30 days, p = 
0.005). Amongst the three groups, baseline high Z(va) had lower rates of 30 day death (p 
< 0.05); other clinical outcomes were similar. Conclusion: When stratifi ed by severity 
of Z(va), patients with severe aortic stenosis undergoing TAVR may have diff erent 
hemodynamic changes. More favorable hemodynamic eff ects are observed post-TAVR 
in patients with higher baseline Z(va), as demonstrated by greater improvement in Z(va), 
SV, CO, EF, and arterial compliance. Patients with low Z(va) had a paradoxical increase 
in Z(va) with decrease in SV and arterial compliance, and had a higher rate of death at 
30 days. Left  ventricular aft erload is not isolated to the aortic valve, but involves a global 
process. Our study suggests that TAVR is most benefi cial in those with the highest Z(va), 
which estimates global aft erload, and maybe a useful tool for patient selection and risk 
stratifi cation

P1-113
Transcatheter Aortic Valve Replacement with Transthoracic 
Echocardiography is Associated with Reduced Hospital Length 
of Stay and Risk of Delirium Without an Increase in Paravalvular 
Regurgitation or Decrease in Survival
Eric P. Cantey, AbdulRahman Abutaleb, Menhel Kinno, Ranya Sweis, Duc T. 
Pham, Mark J. Ricciardi, S. Chris Malaisrie, Charles J. Davidson, James D. 
Flaherty, Vera H. Rigolin. Northwestern University Feinberg School of Medicine, 
Chicago, IL
Background: Th ere is a gradual shift  towards the use of TTE instead of TEE during 
TAVR. Th e valve team must weigh procedural risks with the improved resolution of TEE 
as compared to TTE. Th e aim of this study is to compare patient and echocardiographic 
outcomes in patients undergoing TEE- versus TTE-guided TAVR. Methods: Subjects 
undergoing TAVR at a single institution from 6/2008-7/2017 were retrospectively 
analyzed according to imaging modality. Demographic, pre-procedural and outcome 
variables were obtained and adjudicated using VARC2 criteria. Multivariate logistic 
regression, linear regression and Cox proportional hazards were used. Results: 676 
subjects were included in the analysis. 368 (54.4%) underwent TEE and 308 (45.6%) 
TTE. Subjects undergoing TEE were older (81.8±8.8 vs. 79.9±10.1 p<0.05), had higher 
STS risk scores (8.6±4.7 vs. 5.7±3.5 p<0.001), and had higher rates of NYHA Class IV 
symptoms (24.7% vs. 2.9% p<0.001). Th ose undergoing TEE monitoring also had lower 
left  ventricular ejection fraction (52.9±14.1 vs. 58.5±12.6 p<0.001) and aortic valve area 
(0.70±0.25 vs. 0.78±0.27 p<0.001). Th ose undergoing TTE guided TAVR were more 
likely to be performed via transfemoral route (99.4% vs. 70.7% p<0.001) and receive a 
third generation device (80.5% vs. 19.3% p<0.001). TTE-guidance was associated with 
higher device success rates (92.2% vs. 81.8% p<0.001) and a decreased risk of post-TAVR 
delirium (OR 0.38 95% CI 0.18-0.81 p<0.05). Th ere was no increased risk of 30-day 
mortality, 1-year mortality or post-procedure respiratory failure. TTE guided TAVR was 
associated with a 1.2 day (95% CI 0.27-2.14 p=0.01) shorter hospitalization than TEE-
guided TAVR. Subjects undergoing TEE-guided TAVR had higher rates of immediate 
post-procedure moderate or greater paravalvular or valvular aortic regurgitation than 
TTE. Th ere was no diff erence in overall survival between the two groups (HR 0.79 (95% 
CI 0.48-1.31 p=0.36). Conclusions: With the expansion of TAVR to lower risk patients, 
TTE guided TAVR is now a viable option due to greater procedural experience and 
devices with less paravalvular regurgitation. Th is single-center experience shows that the 
use of TTE during TAVR results in decreased length of stay and rates of delirium without 
an increase in paravalvular regurgitation or decrease in survival.
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Mortality from Aortic Stenosis Across the Spectrum of Severity: 
Analysis of Big Data from the National Echo Database of Australia 
(NEDA)
Geoff  Strange1, Simon Stewart2, David Celermajer3, Tom Marwick4, Greg Scalia5, 
David Prior6, Marcus Ilton7, David Playford1. 1University of Notre Dame, 
Fremantle, Australia; 2University of Adelaide, Adelaide, Australia; 3University 
of Sydney, Sydney, Australia; 4Baker IDI, Melbourne, Australia; 5University 
of Queensland, Queensland, Australia; 6University of Melbourne, Melbourne, 
Australia; 7Royal Darwin Hospital, Darwin, Australia
Background: Echocardiography (echo) is pivotal in evaluation of aortic valve gradients. 
We evaluated prognostic implications of the full spectrum of aortic stenosis severity in a 
large patient cohort, matched with mortality data. Methods: NEDA is a vendor-agnostic 
cloud-based database, containing echo measurement data (1997 -2017) from laboratories 
(N=10) across Australia (currently >530,000 Echos). Data linkage to the National Death 
Index (NDI) provided survival status on each induvial from the last recorded echo to a 
census date in October 2017. Data were available from 352,844 individuals comprising 
186,820 men (60.8±18.0 yrs) and 166,024 women (60.9±19.2 yrs) with a mean follow 
up of 5.4 years per person and 63,142 fatal events. Results: Overall, a peak aortic valve 
velocity (AVvel) was recorded in 278,955 patients, demonstrating a J-shaped mortality 
pattern with highest age- and sex-adjusted risk profi le in those individuals (n=52,010) 
in the upper quintile (> 1.8 m/s and mean aortic gradient of 13mmHg); HR=1.29 (95% 
CI 1.25-1.32, p<0.001) relative to the lowest quintile. 1- and 5-year mortality was 5.0% 
and 14.9% in the lowest vs 9.2 and 28.1% in the highest (p<0.0001) quintile, respectively. 
Th ose cases in the upper quintile were then further examined for survival against 
increasing gradients (n=44,340). Aft er adjusting for age, gender and ejection fraction, 
the mortality risk plateaued at a threshold of a mean gradient ≥30.9±1.3mmHg (AVvel > 
3.71±0.26m/s), with an adjusted HR=0.94(95% CI 0.82-1.08, p=0.4) compared with those 
in the upper quintile of that group (mean gradient 59.9±9.4mmHg, AVvel 4.96±0.47m/s). 
1- and 5-year mortality profi les were equivalent for those with mean aortic pressure 
gradients 20-30mmHg (10.9%, 32.6% respectively), 30-40mmHg (11.8%, 33.0%) and 
>40mmHg (13.7%, 34.5%). Conclusion: Aortic stenosis is associated with signifi cant 
mortality across the spectrum of severity, including mild disease. Th ere is no discernible 
diff erence in survival between “moderate” and “severe” aortic stenosis.

 

P1-115
The Association of Echocardiographic Surveillance of Valvular 
Heart Disease with Different Sociodemographic Groups
Varsha K. Tanguturi, Vijeta Bhambhani, Michael Picard, Katrina Armstrong, 
Jason H. Wasfy. Massachusetts General Hospital, Boston, MA
Background: Clinical outcomes of patients with valvular heart disease vary across 
sociodemographic groups. Diff erences in frequency of trans-thoracic echocardiogram 
(TTE) surveillance may contribute to diff erences in clinical outcomes. We hypothesized 
that sociodemographic factors were associated with appropriately timed surveillance 
imaging for aortic stenosis (AS), mitral regurgitation (MR), and aortic insuffi  ciency 
(AI). Methods: We linked records of all TTEs from 2001-2016 ordered at a large 
echocardiographic laboratory to demographic patient data and selected patients who were 
likely to have had TTEs performed for surveillance of AS, AI, or MR. Time intervals were 
calculated between sequential TTEs for a given patient, and the binary outcome variable 
was defi ned as receipt of a TTE within the guideline-recommended interval for the most 
severe valve disease noted in the index TTE. Logistic regression was used to determine 
the association of race/ethnicity, gender, and insurance status with the likelihood of 
receiving a TTE within the appropriate interval. Results: Our study cohort comprised 
130,725 TTEs, representing 42,289 unique patients. Non-Hispanic black patients were 
signifi cantly less likely to receive appropriate TTE surveillance than white patients, with 
an odds ratio (OR) of 0.74 (95% CI 0.66-0.83; p <0.0001), as were women OR 0.90 (95% 
CI 0.86-0.95; p <0.0001) when compared to men. Medicaid patients were also less likely 
to receive appropriate TTE surveillance than Medicare patients (OR 0.85; 0.75-0.96; p = 
0.0095). In addition, older patients were also signifi cantly less likely to receive appropriate 
TTE surveillance when compared to younger patients with OR 0.45 (95% CI 0.31-0.66; 
p <0.0001) for those 61-70 years old, OR 0.39 (95% CI 0.26-0.57; p < 0.0001) for those 
71-80 years old, and OR 0.31 (95% CI 0.21-31; p<0.0001) for those 81-90 years old when 
compared to those 18-20 years old. Conclusions: Older, black, female patients, as well as 
patients on Medicaid, are less likely to receive appropriate TTE surveillance for valvular 
disease. Th ese results provide targets for care improvement strategies and suggest the 
need for further investigation into the clinical consequences of delayed surveillance for 
specifi c sociodemographic groups.

P1-116
Flow Reversal in the Aorta in the Absence of Aortic Regurgitation 
in Patients Undergoing TAVR
Holly Diglio, Shumin Gao, Lillian Aldaia, Konstantinos Koulogiannis, 
Leo Marcoff , Seth Uretsky, Linda Gillam. Atlantic Health System, Gagnon 
Cardiovascular Institute, Morristown, NJ
Background: Flow reversal in the descending thoracic aorta (DTA) is incorporated 
into both American Society of Echocardiography (ASE) and European Association of 
Echocardiography (EAE) guidelines for the echocardiographic assessment of native valve 
aortic regurgitation (AR). Prominent holodiastolic reversal (ASE) or holodiastolic fl ow 
reversal with an end-diastolic velocity ≥ 20 cm/s (EAE) support the diagnosis of severe 
AR as does fl ow reversal in the abdominal aorta (AAo). Th ese approaches have been 
extrapolated to the assessment of AR in elderly patients undergoing transcatheter aortic 
valve replacement (TAVR) although guidelines recognize that reduced aortic compliance 
may limit the specifi city of these fi ndings. We hypothesized that aortic fl ow reversal may 
be false positively present in patients undergoing TAVR in the absence of AR, impacting 
its use in assessing post TAVR AR. Methods: We prospectively evaluated the prevalence 
and degree of fl ow reversal in the DTA and AAo in 101 consecutive pts (71 following 
exclusions for inadequate DTA fl ow signal) with severe aortic stenosis and no more than 
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trace AR undergoing TAVR screening. DTA PW Doppler fl ow was recorded just distal 
to the left  subclavian from a suprasternal view with AAo fl ow recorded from a subcostal 
view, aligning the echo beam with fl ow. Filters were optimized to detect low velocities 
with fl ow reversal defi ned as unidirectional fl ow ≥10cm/s. Th e degree of fl ow reversal 
was quantitated by its duration (%diastole) and the presence of end-diastolic velocity ≥ 
20 cm/s. All measurements were averaged over 3 beats during off -line review. Analyzable 
and adequately aligned AAo fl ow signals were available in 28/71 subjects. Results: Values 
presented as mean±SD. Age was 82±9y, 52% male. BP was 126±17/69±9 mmHg with 
11(16%) pts having BP ≥140/90. Some degree of fl ow reversal was present in the DTA and 
AAo in 71 (95%) and 12 (42%) respectively with fl ow reversal occupying 42±25% and 25% 
±25% diastole respectively. Holodiastolic regurgitation in the DTA and AAo occurred 
in 42 and 12% pts respectively. Holodiastolic fl ow reversal with end-diastolic velocity 
≥20cm/sec in the DTA and AAo occurred in 15% and 5% pts respectively. Conclusions: 
Flow reversal in the DTA and, less commonly, the AAo is present in patients undergoing 
TAVR even in the absence of AR. If this marker is to be used in this elderly population, 
a baseline determination of its presence before TAVR, when there is no signifi cant AR, 
must be performed. It should be used in the post TAVR assessment of AR only if it is 
absent or of short duration at baseline.

P1-117
Assimilated LVEF: Combining Human Intuition with Machine 
Measurement for Sharper Estimates of Left Ventricular Ejection 
Fraction and Stronger Association with Outcomes
Th omas McAndrew1, Bjorn Redfors1, Aaron Crowley1, Yiran Zhang1, Maria 
C. Alu2, Matthew T. Finn2, Ariel Furer1, Shmuel Chen1, Geraldine Ong3, Dan 
Burkhoff 1, Ori Ben-Yehuda1, Wael A. Jaber4, Rebecca T. Hahn2, Martin B. Leon2,1. 
1Cardiovascular Research Foundation, New York, NY; 2Columbia University 
Medical Center, New York, NY; 3Quebec Heart & Lung Institute, Quebec, QC, 
Canada; 4Cleveland Clinic, Cleveland, OH
Background: Variability in LVEF measurement can complicate reproducing statistical 
fi ndings from one analysis to another. A trained cardiologist’s visual estimate of LVEF 
can manage inconsistent image quality and may result in clearer estimates than the more 
sensitive Simpson’s biplane method. In this analysis, we sought to reduce measurement 
error by fusing the cardiologist‘s visual estimate of LVEF with Simpson‘s biplane method. 
We hypothesize this assimilated LVEF will better correlate with clinical outcomes. 
Methods: We studied patients from the PARTNER-2A Trial, an intermediate risk cohort 
with aortic stenosis treated with bioprosthetic aortic valves, who have both visual and 
Simpson‘s biplane estimates of LVEF analyzed by a single core lab. We apply Bayesian 
techniques to average a patient‘s visual LVEF and Simpson’s LVEF measurements 
with weights related to their respective precision to estimate a patient‘s true LVEF. 
Th is assimilated LVEF measurement LVEF draws accuracy from Simpson’s LVEF and 
consistency from the visual LVEF, reducing measurement error. Results: Assimilating the 
cardiologist‘s visual estimate with Simpson’s biplane estimate, we can reduce variability by 
9.98% in patients with visual LVEF < 35%, by 8.89% in patients between 35% and 50%, 
and by 11.72% in patients above 50%. Aft er accounting for LVEF‘s measurement error, 
we fi nd a clearer association (compared to Simpson’s biplane) between diminished LVEF 
and an increased rate of 1 year death, rehospitalization, and major stroke. Th e assimilated 
LVEF‘s hazard ratio relates decreasing LVEF and increasing hazards of 1-year death, 
stroke, and rehospitalization more confi dently than Simpson‘s or visually estimated LVEF 
(FIGURE). We fi nd a 5% increase in assimilated LVEF corresponds to a HR (95% credible 
interval) of 1.078 (1.070,1.087) versus 1.075 (1.064, 1.087) for 5% increase in Simpson’s 
LVEF and 1.054 (1.031, 1.077) for 5% increase in visual LVEF. Th e assimilated LVEF‘s 
smaller credible interval represents a more certain and reproducible relationship between 
LVEF and clinical outcomes. Conclusions: Combining visual estimates and machine 
calculation of LVEF, we reduce reproducibility errors in LVEF measurement and improve 
the association between LVEF and a composite of death, stroke, and rehospitalization at 
1 year.

P1-118
Echocardiographic Indices of Right Ventricular Function 24-hours 
post MitraClip Repair
Sati Patel, Aaron M. Wolfson, Jina Sohn, Vivian Y. Mo, Ray V. Matthews, David 
M. Shavelle, Andrew J. Yoon. University of Southern California, Los Angeles, CA
Background: Percutaneous mitral valve repair (PMVR) is a safe and eff ective alternative 
to surgery in individuals with severe mitral regurgitation (MR) and high surgical risk. 
Invasive methods such as cardiac catheterization or transesophageal echocardiogram 
immediately post PMVR are generally used for evaluating procedural success. 
Transthoracic echocardiography (TTE) allows for a non-invasive evaluation of wake-
state hemodynamics. Post PMVR indices of right ventricular (RV) function on TTE are 
of particular interest as they bear prognostic relevance and are markers of procedural 
success. No prior study has evaluated these RV indices by TTE performed 1-day post 
procedure. In this retrospective study, we evaluated TTEs 1-day post PMVR for the 
presence, or lack thereof, of RV functional changes in relation to procedural success 
or failure. Methods: TTEs of 36 consecutive patients with severe, degenerative MR at a 
single institution were reviewed pre PMVR and 1-day post PMVR. Procedural success 
was defi ned as post procedural MR grade of ≤2+ (success) or >2+ (failure). Means of 
echocardiographic indices were compared using paired and independent t-tests. Results: 
28 patients had procedural success, and 8 patients had procedural non-success. In 
successful PMVR, post procedural pulmonary velocity acceleration time was signifi cantly 
increased (0.090 vs 0.071 s, p=0.034). Th ere were also signifi cant post PMVR decreases 
in both mean left  ventricular (LV) septal e’ velocity (5.79 vs 4.38 cm/s, p=0.007) and LV 
lateral e’ velocity (9.06 vs 5.39 cm/s, p= 0.002) in successful procedures. Between groups, 
post PMVR tricuspid lateral annular systolic velocity (S’) was signifi cantly diff erent 
(10.3 cm/s in successful vs 6.2 cm/s in unsuccessful, p=0.045). Additionally, post PMVR 
RV ejection time decreased in procedural success compared to non-success (-0.021s 
vs. +0.051s, p=0.034). Conclusion: Signifi cant changes in TTE derived indices of RV 
function were seen as early as 1-day post PMVR. Our study suggests there are immediate 
hemodynamic consequences following procedural success or failure on RV function. 
Further studies may indicate the long-term prognostic value of these post-procedural 
RV indices.

Successful PMVR Unsuccessful PMVR

Pre (n=28) Post p value Pre (n=8) Post p 
value

Post PMVR 
comparison 
(p value)*

LV Septal E’ 
(cm/s) 5.79 ± 2.10 4.38 ± 

1.78 0.007 5.8 ± 3.07 5.15 
±1.25 NS NS

LV Lateral E’ 
(cm/s) 9.06 ± 3.59 5.39 ± 

2.40 0.002 11.11 ± 
3.90

8.78 ± 
2.56 NS 0.05

PVAT (ms) 0.07 ± 0.03 0.09 ± 
0.03 0.016 0.07 ± 

0.03
0.06 ± 
0.02 NS NS

RV S’ (cm/s) 10.17± 2.89 10.29 ± 
2.12 NS 5.85 ± 

2.51
6.18 ± 
2.41 NS 0.045

RV Isovolemic 
acceleration 
(cm/s2)

245.3 ± 
237.80

299.39 ± 
222.23 NS 266.9 ± 

226
218.08 
±84.70 NS NS

Mean pulmonary 
arterial pressure 57.6 ± 12.14 64.13 ± 

6.61 NS 63.3 ± 
3.69

69.5 ± 
4.15 NS NS

RV Fractional 
Area Change (%) 0.34 ± 0.18 0.36 ± 

0.11 NS 0.32 ± 
0.14

0.37 ± 
0.05 NS NS

* Comparison of post procedural indices in successful vs unsuccessful groups

NS- non signifi cant

P1-119
Prosthesis-to-LVOT Index: An Echocardiographic Predictor 
of Pacemaker Implantation After Transcatheter Aortic Valve 
Replacement
Martin Miguel I. Amor, Sonia Henry, Bruce Rutkin. North Shore University 
Hospital, Manhasset, NY
Background: Conduction abnormalities leading to permanent pacemaker (PPM) 
implantation are among the most common complications following transcatheter 
aortic valve replacement (TAVR). We hypothesized that a larger implanted prosthetic 
valve size relative to the left  ventricular outfl ow tract (LVOT) diameter leads to greater 
compression of the cardiac conduction system. We aim to assess whether the ratio 
between the prosthetic valve size and LVOT diameter can aid in identifying patients at 
risk for PPM implantation aft er TAVR. Methods: We retrospectively reviewed 392 out of 
508 consecutive patients who underwent TAVR at our institution from 2014 to 2016. We 
excluded patients who had pre-existing pacemakers and who underwent valve-in-valve 
procedures. Prosthesis-to-LVOT index was calculated as [valve size/LVOT diameter]. 
LVOT diameter was measured from the preoperative transthoracic echocardiogram. 
Results: A total of 98/392 patients (25%) required PPM implantation aft er TAVR. Th e 
most common indication for PPM was complete heart block (53/98, 54.08%). Using 
receiver operating characteristics (ROC) curve analysis, a prosthesis-to-LVOT index 
of 1.30 was found to be a strong predictor of PPM implantation (sensitivity = 83.9%, 
specifi city = 79.5%, AUC = 0.840, p < 0.001). On multivariate analysis (adjusting for pre-
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Mortality from Aortic Stenosis Across the Spectrum of Severity: 
Analysis of Big Data from the National Echo Database of Australia 
(NEDA)
Geoff  Strange1, Simon Stewart2, David Celermajer3, Tom Marwick4, Greg Scalia5, 
David Prior6, Marcus Ilton7, David Playford1. 1University of Notre Dame, 
Fremantle, Australia; 2University of Adelaide, Adelaide, Australia; 3University 
of Sydney, Sydney, Australia; 4Baker IDI, Melbourne, Australia; 5University 
of Queensland, Queensland, Australia; 6University of Melbourne, Melbourne, 
Australia; 7Royal Darwin Hospital, Darwin, Australia
Background: Echocardiography (echo) is pivotal in evaluation of aortic valve gradients. 
We evaluated prognostic implications of the full spectrum of aortic stenosis severity in a 
large patient cohort, matched with mortality data. Methods: NEDA is a vendor-agnostic 
cloud-based database, containing echo measurement data (1997 -2017) from laboratories 
(N=10) across Australia (currently >530,000 Echos). Data linkage to the National Death 
Index (NDI) provided survival status on each induvial from the last recorded echo to a 
census date in October 2017. Data were available from 352,844 individuals comprising 
186,820 men (60.8±18.0 yrs) and 166,024 women (60.9±19.2 yrs) with a mean follow 
up of 5.4 years per person and 63,142 fatal events. Results: Overall, a peak aortic valve 
velocity (AVvel) was recorded in 278,955 patients, demonstrating a J-shaped mortality 
pattern with highest age- and sex-adjusted risk profi le in those individuals (n=52,010) 
in the upper quintile (> 1.8 m/s and mean aortic gradient of 13mmHg); HR=1.29 (95% 
CI 1.25-1.32, p<0.001) relative to the lowest quintile. 1- and 5-year mortality was 5.0% 
and 14.9% in the lowest vs 9.2 and 28.1% in the highest (p<0.0001) quintile, respectively. 
Th ose cases in the upper quintile were then further examined for survival against 
increasing gradients (n=44,340). Aft er adjusting for age, gender and ejection fraction, 
the mortality risk plateaued at a threshold of a mean gradient ≥30.9±1.3mmHg (AVvel > 
3.71±0.26m/s), with an adjusted HR=0.94(95% CI 0.82-1.08, p=0.4) compared with those 
in the upper quintile of that group (mean gradient 59.9±9.4mmHg, AVvel 4.96±0.47m/s). 
1- and 5-year mortality profi les were equivalent for those with mean aortic pressure 
gradients 20-30mmHg (10.9%, 32.6% respectively), 30-40mmHg (11.8%, 33.0%) and 
>40mmHg (13.7%, 34.5%). Conclusion: Aortic stenosis is associated with signifi cant 
mortality across the spectrum of severity, including mild disease. Th ere is no discernible 
diff erence in survival between “moderate” and “severe” aortic stenosis.

 

P1-115
The Association of Echocardiographic Surveillance of Valvular 
Heart Disease with Different Sociodemographic Groups
Varsha K. Tanguturi, Vijeta Bhambhani, Michael Picard, Katrina Armstrong, 
Jason H. Wasfy. Massachusetts General Hospital, Boston, MA
Background: Clinical outcomes of patients with valvular heart disease vary across 
sociodemographic groups. Diff erences in frequency of trans-thoracic echocardiogram 
(TTE) surveillance may contribute to diff erences in clinical outcomes. We hypothesized 
that sociodemographic factors were associated with appropriately timed surveillance 
imaging for aortic stenosis (AS), mitral regurgitation (MR), and aortic insuffi  ciency 
(AI). Methods: We linked records of all TTEs from 2001-2016 ordered at a large 
echocardiographic laboratory to demographic patient data and selected patients who were 
likely to have had TTEs performed for surveillance of AS, AI, or MR. Time intervals were 
calculated between sequential TTEs for a given patient, and the binary outcome variable 
was defi ned as receipt of a TTE within the guideline-recommended interval for the most 
severe valve disease noted in the index TTE. Logistic regression was used to determine 
the association of race/ethnicity, gender, and insurance status with the likelihood of 
receiving a TTE within the appropriate interval. Results: Our study cohort comprised 
130,725 TTEs, representing 42,289 unique patients. Non-Hispanic black patients were 
signifi cantly less likely to receive appropriate TTE surveillance than white patients, with 
an odds ratio (OR) of 0.74 (95% CI 0.66-0.83; p <0.0001), as were women OR 0.90 (95% 
CI 0.86-0.95; p <0.0001) when compared to men. Medicaid patients were also less likely 
to receive appropriate TTE surveillance than Medicare patients (OR 0.85; 0.75-0.96; p = 
0.0095). In addition, older patients were also signifi cantly less likely to receive appropriate 
TTE surveillance when compared to younger patients with OR 0.45 (95% CI 0.31-0.66; 
p <0.0001) for those 61-70 years old, OR 0.39 (95% CI 0.26-0.57; p < 0.0001) for those 
71-80 years old, and OR 0.31 (95% CI 0.21-31; p<0.0001) for those 81-90 years old when 
compared to those 18-20 years old. Conclusions: Older, black, female patients, as well as 
patients on Medicaid, are less likely to receive appropriate TTE surveillance for valvular 
disease. Th ese results provide targets for care improvement strategies and suggest the 
need for further investigation into the clinical consequences of delayed surveillance for 
specifi c sociodemographic groups.

P1-116
Flow Reversal in the Aorta in the Absence of Aortic Regurgitation 
in Patients Undergoing TAVR
Holly Diglio, Shumin Gao, Lillian Aldaia, Konstantinos Koulogiannis, 
Leo Marcoff , Seth Uretsky, Linda Gillam. Atlantic Health System, Gagnon 
Cardiovascular Institute, Morristown, NJ
Background: Flow reversal in the descending thoracic aorta (DTA) is incorporated 
into both American Society of Echocardiography (ASE) and European Association of 
Echocardiography (EAE) guidelines for the echocardiographic assessment of native valve 
aortic regurgitation (AR). Prominent holodiastolic reversal (ASE) or holodiastolic fl ow 
reversal with an end-diastolic velocity ≥ 20 cm/s (EAE) support the diagnosis of severe 
AR as does fl ow reversal in the abdominal aorta (AAo). Th ese approaches have been 
extrapolated to the assessment of AR in elderly patients undergoing transcatheter aortic 
valve replacement (TAVR) although guidelines recognize that reduced aortic compliance 
may limit the specifi city of these fi ndings. We hypothesized that aortic fl ow reversal may 
be false positively present in patients undergoing TAVR in the absence of AR, impacting 
its use in assessing post TAVR AR. Methods: We prospectively evaluated the prevalence 
and degree of fl ow reversal in the DTA and AAo in 101 consecutive pts (71 following 
exclusions for inadequate DTA fl ow signal) with severe aortic stenosis and no more than 

Poster Session 1 (P1) Sunday, June 24, 2018

trace AR undergoing TAVR screening. DTA PW Doppler fl ow was recorded just distal 
to the left  subclavian from a suprasternal view with AAo fl ow recorded from a subcostal 
view, aligning the echo beam with fl ow. Filters were optimized to detect low velocities 
with fl ow reversal defi ned as unidirectional fl ow ≥10cm/s. Th e degree of fl ow reversal 
was quantitated by its duration (%diastole) and the presence of end-diastolic velocity ≥ 
20 cm/s. All measurements were averaged over 3 beats during off -line review. Analyzable 
and adequately aligned AAo fl ow signals were available in 28/71 subjects. Results: Values 
presented as mean±SD. Age was 82±9y, 52% male. BP was 126±17/69±9 mmHg with 
11(16%) pts having BP ≥140/90. Some degree of fl ow reversal was present in the DTA and 
AAo in 71 (95%) and 12 (42%) respectively with fl ow reversal occupying 42±25% and 25% 
±25% diastole respectively. Holodiastolic regurgitation in the DTA and AAo occurred 
in 42 and 12% pts respectively. Holodiastolic fl ow reversal with end-diastolic velocity 
≥20cm/sec in the DTA and AAo occurred in 15% and 5% pts respectively. Conclusions: 
Flow reversal in the DTA and, less commonly, the AAo is present in patients undergoing 
TAVR even in the absence of AR. If this marker is to be used in this elderly population, 
a baseline determination of its presence before TAVR, when there is no signifi cant AR, 
must be performed. It should be used in the post TAVR assessment of AR only if it is 
absent or of short duration at baseline.

P1-117
Assimilated LVEF: Combining Human Intuition with Machine 
Measurement for Sharper Estimates of Left Ventricular Ejection 
Fraction and Stronger Association with Outcomes
Th omas McAndrew1, Bjorn Redfors1, Aaron Crowley1, Yiran Zhang1, Maria 
C. Alu2, Matthew T. Finn2, Ariel Furer1, Shmuel Chen1, Geraldine Ong3, Dan 
Burkhoff 1, Ori Ben-Yehuda1, Wael A. Jaber4, Rebecca T. Hahn2, Martin B. Leon2,1. 
1Cardiovascular Research Foundation, New York, NY; 2Columbia University 
Medical Center, New York, NY; 3Quebec Heart & Lung Institute, Quebec, QC, 
Canada; 4Cleveland Clinic, Cleveland, OH
Background: Variability in LVEF measurement can complicate reproducing statistical 
fi ndings from one analysis to another. A trained cardiologist’s visual estimate of LVEF 
can manage inconsistent image quality and may result in clearer estimates than the more 
sensitive Simpson’s biplane method. In this analysis, we sought to reduce measurement 
error by fusing the cardiologist‘s visual estimate of LVEF with Simpson‘s biplane method. 
We hypothesize this assimilated LVEF will better correlate with clinical outcomes. 
Methods: We studied patients from the PARTNER-2A Trial, an intermediate risk cohort 
with aortic stenosis treated with bioprosthetic aortic valves, who have both visual and 
Simpson‘s biplane estimates of LVEF analyzed by a single core lab. We apply Bayesian 
techniques to average a patient‘s visual LVEF and Simpson’s LVEF measurements 
with weights related to their respective precision to estimate a patient‘s true LVEF. 
Th is assimilated LVEF measurement LVEF draws accuracy from Simpson’s LVEF and 
consistency from the visual LVEF, reducing measurement error. Results: Assimilating the 
cardiologist‘s visual estimate with Simpson’s biplane estimate, we can reduce variability by 
9.98% in patients with visual LVEF < 35%, by 8.89% in patients between 35% and 50%, 
and by 11.72% in patients above 50%. Aft er accounting for LVEF‘s measurement error, 
we fi nd a clearer association (compared to Simpson’s biplane) between diminished LVEF 
and an increased rate of 1 year death, rehospitalization, and major stroke. Th e assimilated 
LVEF‘s hazard ratio relates decreasing LVEF and increasing hazards of 1-year death, 
stroke, and rehospitalization more confi dently than Simpson‘s or visually estimated LVEF 
(FIGURE). We fi nd a 5% increase in assimilated LVEF corresponds to a HR (95% credible 
interval) of 1.078 (1.070,1.087) versus 1.075 (1.064, 1.087) for 5% increase in Simpson’s 
LVEF and 1.054 (1.031, 1.077) for 5% increase in visual LVEF. Th e assimilated LVEF‘s 
smaller credible interval represents a more certain and reproducible relationship between 
LVEF and clinical outcomes. Conclusions: Combining visual estimates and machine 
calculation of LVEF, we reduce reproducibility errors in LVEF measurement and improve 
the association between LVEF and a composite of death, stroke, and rehospitalization at 
1 year.

P1-118
Echocardiographic Indices of Right Ventricular Function 24-hours 
post MitraClip Repair
Sati Patel, Aaron M. Wolfson, Jina Sohn, Vivian Y. Mo, Ray V. Matthews, David 
M. Shavelle, Andrew J. Yoon. University of Southern California, Los Angeles, CA
Background: Percutaneous mitral valve repair (PMVR) is a safe and eff ective alternative 
to surgery in individuals with severe mitral regurgitation (MR) and high surgical risk. 
Invasive methods such as cardiac catheterization or transesophageal echocardiogram 
immediately post PMVR are generally used for evaluating procedural success. 
Transthoracic echocardiography (TTE) allows for a non-invasive evaluation of wake-
state hemodynamics. Post PMVR indices of right ventricular (RV) function on TTE are 
of particular interest as they bear prognostic relevance and are markers of procedural 
success. No prior study has evaluated these RV indices by TTE performed 1-day post 
procedure. In this retrospective study, we evaluated TTEs 1-day post PMVR for the 
presence, or lack thereof, of RV functional changes in relation to procedural success 
or failure. Methods: TTEs of 36 consecutive patients with severe, degenerative MR at a 
single institution were reviewed pre PMVR and 1-day post PMVR. Procedural success 
was defi ned as post procedural MR grade of ≤2+ (success) or >2+ (failure). Means of 
echocardiographic indices were compared using paired and independent t-tests. Results: 
28 patients had procedural success, and 8 patients had procedural non-success. In 
successful PMVR, post procedural pulmonary velocity acceleration time was signifi cantly 
increased (0.090 vs 0.071 s, p=0.034). Th ere were also signifi cant post PMVR decreases 
in both mean left  ventricular (LV) septal e’ velocity (5.79 vs 4.38 cm/s, p=0.007) and LV 
lateral e’ velocity (9.06 vs 5.39 cm/s, p= 0.002) in successful procedures. Between groups, 
post PMVR tricuspid lateral annular systolic velocity (S’) was signifi cantly diff erent 
(10.3 cm/s in successful vs 6.2 cm/s in unsuccessful, p=0.045). Additionally, post PMVR 
RV ejection time decreased in procedural success compared to non-success (-0.021s 
vs. +0.051s, p=0.034). Conclusion: Signifi cant changes in TTE derived indices of RV 
function were seen as early as 1-day post PMVR. Our study suggests there are immediate 
hemodynamic consequences following procedural success or failure on RV function. 
Further studies may indicate the long-term prognostic value of these post-procedural 
RV indices.

Successful PMVR Unsuccessful PMVR

Pre (n=28) Post p value Pre (n=8) Post p 
value

Post PMVR 
comparison 
(p value)*

LV Septal E’ 
(cm/s) 5.79 ± 2.10 4.38 ± 

1.78 0.007 5.8 ± 3.07 5.15 
±1.25 NS NS

LV Lateral E’ 
(cm/s) 9.06 ± 3.59 5.39 ± 

2.40 0.002 11.11 ± 
3.90

8.78 ± 
2.56 NS 0.05

PVAT (ms) 0.07 ± 0.03 0.09 ± 
0.03 0.016 0.07 ± 

0.03
0.06 ± 
0.02 NS NS

RV S’ (cm/s) 10.17± 2.89 10.29 ± 
2.12 NS 5.85 ± 

2.51
6.18 ± 
2.41 NS 0.045

RV Isovolemic 
acceleration 
(cm/s2)

245.3 ± 
237.80

299.39 ± 
222.23 NS 266.9 ± 

226
218.08 
±84.70 NS NS

Mean pulmonary 
arterial pressure 57.6 ± 12.14 64.13 ± 

6.61 NS 63.3 ± 
3.69

69.5 ± 
4.15 NS NS

RV Fractional 
Area Change (%) 0.34 ± 0.18 0.36 ± 

0.11 NS 0.32 ± 
0.14

0.37 ± 
0.05 NS NS

* Comparison of post procedural indices in successful vs unsuccessful groups

NS- non signifi cant

P1-119
Prosthesis-to-LVOT Index: An Echocardiographic Predictor 
of Pacemaker Implantation After Transcatheter Aortic Valve 
Replacement
Martin Miguel I. Amor, Sonia Henry, Bruce Rutkin. North Shore University 
Hospital, Manhasset, NY
Background: Conduction abnormalities leading to permanent pacemaker (PPM) 
implantation are among the most common complications following transcatheter 
aortic valve replacement (TAVR). We hypothesized that a larger implanted prosthetic 
valve size relative to the left  ventricular outfl ow tract (LVOT) diameter leads to greater 
compression of the cardiac conduction system. We aim to assess whether the ratio 
between the prosthetic valve size and LVOT diameter can aid in identifying patients at 
risk for PPM implantation aft er TAVR. Methods: We retrospectively reviewed 392 out of 
508 consecutive patients who underwent TAVR at our institution from 2014 to 2016. We 
excluded patients who had pre-existing pacemakers and who underwent valve-in-valve 
procedures. Prosthesis-to-LVOT index was calculated as [valve size/LVOT diameter]. 
LVOT diameter was measured from the preoperative transthoracic echocardiogram. 
Results: A total of 98/392 patients (25%) required PPM implantation aft er TAVR. Th e 
most common indication for PPM was complete heart block (53/98, 54.08%). Using 
receiver operating characteristics (ROC) curve analysis, a prosthesis-to-LVOT index 
of 1.30 was found to be a strong predictor of PPM implantation (sensitivity = 83.9%, 
specifi city = 79.5%, AUC = 0.840, p < 0.001). On multivariate analysis (adjusting for pre-
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existing conduction abnormalities, valve type and access), prosthesis-to-LVOT index 
remained a strong, independent predictor of PPM implantation post-TAVR (adjusted 
odds ratio 5.22, 95% CI 3.74 - 7.27, p < 0.001). Conclusions: An elevated prosthesis-to-
LVOT index (>1.30) is a useful marker for predicting PPM implantation following TAVR. 
Future studies evaluating the role of this index in preoperative risk stratifi cation (selection 
of valve size, temporary/permanent pacing requirement) for TAVR are needed.

P1-120
Left Cardiac Chambers Longitudinal Strain Differences Between 
Diastolic Dysfunction Grades in Patients with Severe Aortic 
Stenosis Before and 1 Year after Transcatheter Aortic Valve 
Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: LA strain is an emerging parameter proven to correlate with diastolic 
function. Left  ventricular and atrial (LV, LA) strain detect subtle changes in chamber 
function. We aimed to assess LV and LA peak longitudinal strain (LS) according to 
diastolic dysfunction (DD) grades among patients with severe aortic stenosis (AS) 
undergoing transcatheter aortic valve replacement (TAVR) and their change 1-year 
aft er the procedure. Methods: We analyzed consecutive patients with severe AS that 
underwent TAVR between 2007-2014. Patients were included if echocardiograms in 
sinus rhythm pre- and 1-year post-procedure were available. Patients with pacemaker 
were excluded. DD grading was determined according to 2016 American Society of 
Echocardiography guidelines (grades I, indeterminate I-II, II and III). LV Global LS 
derived from speckled tracking was measured in 2-, 3- and 4-chamber views, while LA LS 
was measured in 4-chamber view (TOMTEC). Changes in LV and LA LS from baseline to 
1-year post TAVR (LA and LV) were evaluated for each DD grade. Results: 154 patients 
were included (82±9 years old, 41% males, LV ejection fraction 60±10%). LV and LA 
LS worsened as DD grade increased (p<0.01), both pre and post TAVR (Table rows). 
Additionally, signifi cant improvements for both LV and LA LS were seen at 1-year post-
TAVR (columns) compared to pre-TAVR, except for grade III DD (p=NS). Conclusions: 
In patients with severe AS undergoing TAVR, baseline LV and LA LS worsened in parallel 
to DD grading. At 1-year post procedure, LA and LV LS improved among patients 
with baseline DD grades I, II and indeterminate. Grade III DD improvement failed to 
reach signifi cance, but this could be related to the small sample size. LA LS is a single 
non-invasive echocardiographic parameter that should be considered as part of the 
DD guidelines algorithm and helps understand the remodeling process of left  cardiac 
chambers 1-year post-TAVR.

P1-121
Echocardiographic Assessment of the Tricuspid Annulus: Does 
Measurement Methodology Matter?
Valentina Volpato1, Megan Yamat1, Federico Veronesi1, Lynn Weinert1, Gloria 
Tamborini2, Manuela Muratori2, Laura Fusini2, Mauro Pepi2, Victor Mor-Avi1, 
Roberto M. Lang1, Karima Addetia1. 1University of Chicago, Chicago, IL; 2Centro 
Cardiologico Monzino, Milan, Italy
Background: Accurate measurement of tricuspid annular (TA) dimensions is important 
for surgical decision-making in patients undergoing mitral valve surgery. Current 
guidelines recommend that TA measurements be performed on 2D transthoracic 
echocardiography (TTE). We hypothesized that: (1) 2D TTE measurements would 
be diff erent from those obtained with 2D transesophageal echocardiography (TEE) 
because diff erent cross-sections of the oval shaped annulus are measured, and (2) 3D 
echocardiographic TA measurements would be larger than the 2D measurements and 
would be similar irrespective of the imaging approach. Methods: We studied 50 patients 
in regular rhythm who underwent clinically indicated TTE and TTE on the same day. 
2D TA diameter was measured from the right ventricular focused (RVF) view on TTE 
and from the mid-esophageal 4-chamber view (ME-4CH) on TEE. 3D full-volume 
datasets were acquired and analyzed using both multi-planar reconstruction (MPR) and 
dedicated tricuspid valve soft ware (DS). 3D TA measurements included major and minor 
axes, perimeter and areas. We performed three comparisons of TA dimensions measured 
by diff erent techniques (Figure): (1) 2D TTE vs 2D TEE, (2) 2D vs 3D based on MPR for 
both TTE and TEE, and (3) 3D with MPR vs 3D measurements using DS which takes 
into account the saddle shape of the annulus. Results: 2D TEE measurements of TA 
dimensions were signifi cantly larger than those obtained with 2D TTE (Table). Th e 3D 
major axis measured with both MPR and DS was signifi cantly larger than that measured 
by 2D TTE and TEE (p<0.001). Th ere were no diff erences in TA dimensions between 3D 
TTE and 3D TEE, irrespective of whether MPR or DS was used. All parameters measured 
with DS were signifi cantly larger than those measured with MPR. Conclusion: Our 
fi ndings highlight the need for methodology that takes into account the 3D geometry 
of the tricuspid annulus, which cannot be accurately assessed on a single 2D plane, as 
refl ected by the diff erences between the 2D TTE and 2D TEE measurements, as well as 2D 
and 3D measurements. Importantly, 3D TTE approach can be used for TA measurements 
since no diff erences were found between 3D TTE and TEE. However, our results indicate 
that an approach that takes into account the non-planarity of the tricuspid annulus may 
be advantageous for 3D analysis.

P1-122
Elevated Left Atrial Pressure Is Associated With Persistent 
Iatrogenic Atrial Septal Defect After Percutaneous Mitral Valve 
Repair With MitraClip
Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Satoshi Yamaguchi, Jun 
Yoshida, Tetsuo Kamiyama, Florian Rader, Robert J. Siegel, Saibal Kar, Takahiro 
Shiota. Cedars-Sinai Medical Center, Los Angeles, CA
Background: Percutaneous mitral valve repair with MitraClip requires interatrial 
transseptal puncture to access the left  atrium (LA) and the resulting iatrogenic atrial 
septal defect (iASD) by the 24Fr steerable guide catheter is not routinely closed and not 
uncommon aft er MitraClip procedure. Persistent iASD aft er MitraClip procedure have 
been investigated in some studies. However, hemodynamic determinants of iASD remains 
unknown. We sought to investigate these determinants of iASD aft er MitraClip procedure. 
Methods: A total of 131 patients with grades 3 to 4+ mitral regurgitation who underwent 
MitraClip procedure and completed immediate invasive hemodynamic measurement, 
baseline, 1-month and 12-month of transthoracic echocardiography (TTE) follow-up 
were retrospectively reviewed. Results: TTE at 1-month showed persistent iASD in 74 
(56.5%) patients (1M-iASD). Aft er we excluded 5 patients from patients with 1M-iASD, 
24 (34.8%) patients among patients with 1M-iASD had persistent iASD at 12-month 
(12M-iASD, Figure 1). Mean LA pressure post-MitraClip was signifi cantly higher in 
patients with 1M-iASD than patients without 1M-iASD (17.1 ± 6.2 mm Hg vs. 14.6 ± 
5.4 mm Hg, p = 0.01, Figure 2-A). Mean LA pressure post-MitraClip was signifi cantly 
higher in patients with 12M-iASD than patients without 12M-iASD (19.0 ± 6.2 mm Hg 
vs. 15.8 ± 5.5 mm Hg, p = 0.04, Figure 2-B). Univariate regression analysis showed that 
mean LA pressure post-MitraClip was signifi cantly associated with persistent iASD at 
12-month in patients with 1M-iASD (odds ratio 1.10, 95% confi dence interval 1.01-1.25, 
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p = 0.03). Patients with 12M-iASD did not signifi cantly diff er from patients without 
12M-iASD in terms of right heart enlargement, estimated systolic pulmonary artery 
pressure, New York Heart Association functional class and brain natriuretic peptide at 
12-month. Conclusions: Th e elevated LA pressure aft er MitraClip procedure predicted 
persistent iASD.

P1-123
The Impact of Energy Loss Index on the Left Ventricular Mass 
After Transcatheter Aortic Valve Replacement: A Comparison 
Between Energy Loss Index and Effective Ori ce Area Index
Satoshi Yamaguchi, Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Jun 
Yoshida, Tetsuo Kamiyama, Takahiro Shiota. Cedars Sinai Medical Center, Los 
Angeles, CA
Background: Aortic valve stenosis elicits left  ventricular hypertrophy due to pressure 
overload. Excessive increased left  ventricular mass is associated with poor survival in 
signifi cant aortic stenosis. Left  ventricular mass reduction is observed aft er transcatheter 
aortic valve replacement (TAVR). Energy loss index (ELI) has been proposed as a 
functional index to estimate energy loss occurred at the ascending aorta. ELI provides 
the additional information about the severity of aortic stenosis to the conventional index 
such as eff ective orifi ce area index (EOAI). We presumed that the improvement of ELI 
should be related to the left  ventricular mass reduction aft er TAVR. We investigated 
the relation between the improvement of ELI or EOAI and left  ventricular mass index 
(LVMI) reduction aft er TAVR. Methods: Transthoracic echocardiography at baseline and 
follow-up (> 90 days aft er TAVR) were reviewed. Both of ELI at baseline and follow-
up were found in 280 patients who underwent TAVR from January 2011 to December 
2015. Eff ective orifi ce area was calculated by the continuous equation and indexed to 
body surface area as EOAI. ELI was calculated by the following equation: AVA×Aa/
(Aa-AVA)/m2 in which AVA = aortic valve area, Aa = aortic area at the level of the 
sinotubular junction, and m2 = body surface area. LVMI was calculated by Cube formula 
and indexed to body surface area. Spearman’s correlation coeffi  cient was used to see the 
relation between the change of (Δ: change from baseline to follow-up) ELI or ΔEOAI and 
ΔLVMI. Hittner test was used to compare correlations. Results: Th ere were signifi cant 
correlations between ΔELI and ΔLVMI (ρ = -0.204, P < 0.001) and that of ΔEOAI and 
ΔLVMI (ρ = -0.249, P < 0.001) (Figure). Th ere was no signifi cant diff erence between the 
correlation between ΔELI and ΔLVMI and that of ΔEOAI and ΔLVMI (Hittner test, P = 
0.15). Conclusions: ΔELI, as well as ΔEOAI, was signifi cantly correlated with ΔLVMI 
aft er TAVR.

P1-124
Concomitant Tricuspid Valve Repair for Mild Tricuspid 
Regurgitation Suppress Progression of Tricuspid Regurgitation in 
Patients in Long-Term Follow-up Period
Kohko Kanazawa1, Masumi Iwai-Takano2, Goro Ishida1, Yoshiyuki Kamiyama1, 
Nobuo Komatsu1, Hiroto Takeda1, Koki Takahashi3, Masahiro Tanji3, Tetsuya 
Ohira4. 1Ohta-Nishinouchi General Hospital, Division of Cardiology, Koriyama, 
Japan; 2Fukushima Medical University, Intensive Care Unit, Fukushima, Japan; 
3Ohta-Nishinouchi General Hospital, Division of Cardiovascular Surgery, 
Koriyama, Japan; 4Fukushima Medical University, Department of Epidemiology, 
Fukushima, Japan
Purpose: We examined whether concomitant tricuspid valve repair (TVR) for mild 
tricuspid regurgitation (TR) in patients with left  sided valvular disease suppress the 
progression of TR in long-term period. Methods: We enrolled 74 consecutive patients 
who were performed surgical treatment for mitral and/or aortic valve disease with mild 
TR. All patients were divided into two groups depending on the treatment with TVR or 
without TVR, i.e., TVR(+) group (n=37) and TVR(-) group (n=37). In the follow-up 
period (3.9±0.7 years), we compared the grade of TR and cardiac events between the 
two groups. Results: Th ere were no diff erences in age (TVR(+) group vs TVR(-) group: 
63±13 vs 61±15 years), gender, operation time, LVEF (58±15 vs 59±14%) between the 
two groups at baseline. Th ere were no diff erences in cardiac events (n) [TVR(+) group 
vs TVR(-) group; heart failure: 2 vs 1, infective endocarditis: 0 vs 0 and newly device 
implantation: 5 vs 7]. In the follow-up period, there were 11 patients with moderate TR 
(29.7%) in the TVR(-) group. In contrast, there was no moderate TR in the TVR(+) 
group. By Kaplan-Meier analysis, freedom from moderate or greater TR was signifi cantly 
diff erent in the two groups (p=0.01). Conclusion: Concomitant TVR for mild TR 
suppress the progression of TR in patients with left  sided valvular disease in long-term 
follow-up period.

P1-125
In uence of Metabolic Syndrome and its Components on Disease 
Progression and Outcomes in Aortic Stenosis in Patients with 
Bicuspid Aortic Valves
Soo Youn Lee1, Chi Young Shim2, Geu-Ru Hong2, Dal Soo Lim1, In Jeong Cho2, 
Hyuk-Jae Chang2, Jong-Won Ha2. 1Sejong General Hospital, Bucheon, Republic of 
Korea; 2Severance Cardiovascular Hospital, Seoul, Republic of Korea
Background: Metabolic syndrome (MS) is known to be associated with either a faster 
disease progression of degenerative aortic stenosis (AS) and accelerated degeneration 
of bioprosthetic valves owing to its atherogenic features. However, the infl uence of MS 
on AS progression and clinical outcomes in patients with bicuspid aortic valve (BAV) 
has not been studied. Methods: A total of 1,640 patients with BAVs were identifi ed at 
two tertiary centers in Korea from 2003 to 2016. Among them, 204 patients (age 59±10 
years, 139 men) with moderate AS were ultimately included in this study. Of these 
patients, 100 (49%) patients had MS defi ned modifi ed criteria proposed by the National 
Cholesterol Education Program Adult Treatment Panel III. Hemodynamic progression 
of AS was assessed by the measurement of the annualized decreased in aortic valve area 
(AVA) during follow-up period, which averaged for 41 months. Th e clinical outcome 
was the composite of aortic valve replacement or death. Results: MS had signifi cant 
eff ect on the progression of AS in patients(-0.08±0.08 vs.-0.12±0.12, p=0.023). However, 
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existing conduction abnormalities, valve type and access), prosthesis-to-LVOT index 
remained a strong, independent predictor of PPM implantation post-TAVR (adjusted 
odds ratio 5.22, 95% CI 3.74 - 7.27, p < 0.001). Conclusions: An elevated prosthesis-to-
LVOT index (>1.30) is a useful marker for predicting PPM implantation following TAVR. 
Future studies evaluating the role of this index in preoperative risk stratifi cation (selection 
of valve size, temporary/permanent pacing requirement) for TAVR are needed.

P1-120
Left Cardiac Chambers Longitudinal Strain Differences Between 
Diastolic Dysfunction Grades in Patients with Severe Aortic 
Stenosis Before and 1 Year after Transcatheter Aortic Valve 
Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: LA strain is an emerging parameter proven to correlate with diastolic 
function. Left  ventricular and atrial (LV, LA) strain detect subtle changes in chamber 
function. We aimed to assess LV and LA peak longitudinal strain (LS) according to 
diastolic dysfunction (DD) grades among patients with severe aortic stenosis (AS) 
undergoing transcatheter aortic valve replacement (TAVR) and their change 1-year 
aft er the procedure. Methods: We analyzed consecutive patients with severe AS that 
underwent TAVR between 2007-2014. Patients were included if echocardiograms in 
sinus rhythm pre- and 1-year post-procedure were available. Patients with pacemaker 
were excluded. DD grading was determined according to 2016 American Society of 
Echocardiography guidelines (grades I, indeterminate I-II, II and III). LV Global LS 
derived from speckled tracking was measured in 2-, 3- and 4-chamber views, while LA LS 
was measured in 4-chamber view (TOMTEC). Changes in LV and LA LS from baseline to 
1-year post TAVR (LA and LV) were evaluated for each DD grade. Results: 154 patients 
were included (82±9 years old, 41% males, LV ejection fraction 60±10%). LV and LA 
LS worsened as DD grade increased (p<0.01), both pre and post TAVR (Table rows). 
Additionally, signifi cant improvements for both LV and LA LS were seen at 1-year post-
TAVR (columns) compared to pre-TAVR, except for grade III DD (p=NS). Conclusions: 
In patients with severe AS undergoing TAVR, baseline LV and LA LS worsened in parallel 
to DD grading. At 1-year post procedure, LA and LV LS improved among patients 
with baseline DD grades I, II and indeterminate. Grade III DD improvement failed to 
reach signifi cance, but this could be related to the small sample size. LA LS is a single 
non-invasive echocardiographic parameter that should be considered as part of the 
DD guidelines algorithm and helps understand the remodeling process of left  cardiac 
chambers 1-year post-TAVR.

P1-121
Echocardiographic Assessment of the Tricuspid Annulus: Does 
Measurement Methodology Matter?
Valentina Volpato1, Megan Yamat1, Federico Veronesi1, Lynn Weinert1, Gloria 
Tamborini2, Manuela Muratori2, Laura Fusini2, Mauro Pepi2, Victor Mor-Avi1, 
Roberto M. Lang1, Karima Addetia1. 1University of Chicago, Chicago, IL; 2Centro 
Cardiologico Monzino, Milan, Italy
Background: Accurate measurement of tricuspid annular (TA) dimensions is important 
for surgical decision-making in patients undergoing mitral valve surgery. Current 
guidelines recommend that TA measurements be performed on 2D transthoracic 
echocardiography (TTE). We hypothesized that: (1) 2D TTE measurements would 
be diff erent from those obtained with 2D transesophageal echocardiography (TEE) 
because diff erent cross-sections of the oval shaped annulus are measured, and (2) 3D 
echocardiographic TA measurements would be larger than the 2D measurements and 
would be similar irrespective of the imaging approach. Methods: We studied 50 patients 
in regular rhythm who underwent clinically indicated TTE and TTE on the same day. 
2D TA diameter was measured from the right ventricular focused (RVF) view on TTE 
and from the mid-esophageal 4-chamber view (ME-4CH) on TEE. 3D full-volume 
datasets were acquired and analyzed using both multi-planar reconstruction (MPR) and 
dedicated tricuspid valve soft ware (DS). 3D TA measurements included major and minor 
axes, perimeter and areas. We performed three comparisons of TA dimensions measured 
by diff erent techniques (Figure): (1) 2D TTE vs 2D TEE, (2) 2D vs 3D based on MPR for 
both TTE and TEE, and (3) 3D with MPR vs 3D measurements using DS which takes 
into account the saddle shape of the annulus. Results: 2D TEE measurements of TA 
dimensions were signifi cantly larger than those obtained with 2D TTE (Table). Th e 3D 
major axis measured with both MPR and DS was signifi cantly larger than that measured 
by 2D TTE and TEE (p<0.001). Th ere were no diff erences in TA dimensions between 3D 
TTE and 3D TEE, irrespective of whether MPR or DS was used. All parameters measured 
with DS were signifi cantly larger than those measured with MPR. Conclusion: Our 
fi ndings highlight the need for methodology that takes into account the 3D geometry 
of the tricuspid annulus, which cannot be accurately assessed on a single 2D plane, as 
refl ected by the diff erences between the 2D TTE and 2D TEE measurements, as well as 2D 
and 3D measurements. Importantly, 3D TTE approach can be used for TA measurements 
since no diff erences were found between 3D TTE and TEE. However, our results indicate 
that an approach that takes into account the non-planarity of the tricuspid annulus may 
be advantageous for 3D analysis.

P1-122
Elevated Left Atrial Pressure Is Associated With Persistent 
Iatrogenic Atrial Septal Defect After Percutaneous Mitral Valve 
Repair With MitraClip
Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Satoshi Yamaguchi, Jun 
Yoshida, Tetsuo Kamiyama, Florian Rader, Robert J. Siegel, Saibal Kar, Takahiro 
Shiota. Cedars-Sinai Medical Center, Los Angeles, CA
Background: Percutaneous mitral valve repair with MitraClip requires interatrial 
transseptal puncture to access the left  atrium (LA) and the resulting iatrogenic atrial 
septal defect (iASD) by the 24Fr steerable guide catheter is not routinely closed and not 
uncommon aft er MitraClip procedure. Persistent iASD aft er MitraClip procedure have 
been investigated in some studies. However, hemodynamic determinants of iASD remains 
unknown. We sought to investigate these determinants of iASD aft er MitraClip procedure. 
Methods: A total of 131 patients with grades 3 to 4+ mitral regurgitation who underwent 
MitraClip procedure and completed immediate invasive hemodynamic measurement, 
baseline, 1-month and 12-month of transthoracic echocardiography (TTE) follow-up 
were retrospectively reviewed. Results: TTE at 1-month showed persistent iASD in 74 
(56.5%) patients (1M-iASD). Aft er we excluded 5 patients from patients with 1M-iASD, 
24 (34.8%) patients among patients with 1M-iASD had persistent iASD at 12-month 
(12M-iASD, Figure 1). Mean LA pressure post-MitraClip was signifi cantly higher in 
patients with 1M-iASD than patients without 1M-iASD (17.1 ± 6.2 mm Hg vs. 14.6 ± 
5.4 mm Hg, p = 0.01, Figure 2-A). Mean LA pressure post-MitraClip was signifi cantly 
higher in patients with 12M-iASD than patients without 12M-iASD (19.0 ± 6.2 mm Hg 
vs. 15.8 ± 5.5 mm Hg, p = 0.04, Figure 2-B). Univariate regression analysis showed that 
mean LA pressure post-MitraClip was signifi cantly associated with persistent iASD at 
12-month in patients with 1M-iASD (odds ratio 1.10, 95% confi dence interval 1.01-1.25, 
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p = 0.03). Patients with 12M-iASD did not signifi cantly diff er from patients without 
12M-iASD in terms of right heart enlargement, estimated systolic pulmonary artery 
pressure, New York Heart Association functional class and brain natriuretic peptide at 
12-month. Conclusions: Th e elevated LA pressure aft er MitraClip procedure predicted 
persistent iASD.

P1-123
The Impact of Energy Loss Index on the Left Ventricular Mass 
After Transcatheter Aortic Valve Replacement: A Comparison 
Between Energy Loss Index and Effective Ori ce Area Index
Satoshi Yamaguchi, Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Jun 
Yoshida, Tetsuo Kamiyama, Takahiro Shiota. Cedars Sinai Medical Center, Los 
Angeles, CA
Background: Aortic valve stenosis elicits left  ventricular hypertrophy due to pressure 
overload. Excessive increased left  ventricular mass is associated with poor survival in 
signifi cant aortic stenosis. Left  ventricular mass reduction is observed aft er transcatheter 
aortic valve replacement (TAVR). Energy loss index (ELI) has been proposed as a 
functional index to estimate energy loss occurred at the ascending aorta. ELI provides 
the additional information about the severity of aortic stenosis to the conventional index 
such as eff ective orifi ce area index (EOAI). We presumed that the improvement of ELI 
should be related to the left  ventricular mass reduction aft er TAVR. We investigated 
the relation between the improvement of ELI or EOAI and left  ventricular mass index 
(LVMI) reduction aft er TAVR. Methods: Transthoracic echocardiography at baseline and 
follow-up (> 90 days aft er TAVR) were reviewed. Both of ELI at baseline and follow-
up were found in 280 patients who underwent TAVR from January 2011 to December 
2015. Eff ective orifi ce area was calculated by the continuous equation and indexed to 
body surface area as EOAI. ELI was calculated by the following equation: AVA×Aa/
(Aa-AVA)/m2 in which AVA = aortic valve area, Aa = aortic area at the level of the 
sinotubular junction, and m2 = body surface area. LVMI was calculated by Cube formula 
and indexed to body surface area. Spearman’s correlation coeffi  cient was used to see the 
relation between the change of (Δ: change from baseline to follow-up) ELI or ΔEOAI and 
ΔLVMI. Hittner test was used to compare correlations. Results: Th ere were signifi cant 
correlations between ΔELI and ΔLVMI (ρ = -0.204, P < 0.001) and that of ΔEOAI and 
ΔLVMI (ρ = -0.249, P < 0.001) (Figure). Th ere was no signifi cant diff erence between the 
correlation between ΔELI and ΔLVMI and that of ΔEOAI and ΔLVMI (Hittner test, P = 
0.15). Conclusions: ΔELI, as well as ΔEOAI, was signifi cantly correlated with ΔLVMI 
aft er TAVR.

P1-124
Concomitant Tricuspid Valve Repair for Mild Tricuspid 
Regurgitation Suppress Progression of Tricuspid Regurgitation in 
Patients in Long-Term Follow-up Period
Kohko Kanazawa1, Masumi Iwai-Takano2, Goro Ishida1, Yoshiyuki Kamiyama1, 
Nobuo Komatsu1, Hiroto Takeda1, Koki Takahashi3, Masahiro Tanji3, Tetsuya 
Ohira4. 1Ohta-Nishinouchi General Hospital, Division of Cardiology, Koriyama, 
Japan; 2Fukushima Medical University, Intensive Care Unit, Fukushima, Japan; 
3Ohta-Nishinouchi General Hospital, Division of Cardiovascular Surgery, 
Koriyama, Japan; 4Fukushima Medical University, Department of Epidemiology, 
Fukushima, Japan
Purpose: We examined whether concomitant tricuspid valve repair (TVR) for mild 
tricuspid regurgitation (TR) in patients with left  sided valvular disease suppress the 
progression of TR in long-term period. Methods: We enrolled 74 consecutive patients 
who were performed surgical treatment for mitral and/or aortic valve disease with mild 
TR. All patients were divided into two groups depending on the treatment with TVR or 
without TVR, i.e., TVR(+) group (n=37) and TVR(-) group (n=37). In the follow-up 
period (3.9±0.7 years), we compared the grade of TR and cardiac events between the 
two groups. Results: Th ere were no diff erences in age (TVR(+) group vs TVR(-) group: 
63±13 vs 61±15 years), gender, operation time, LVEF (58±15 vs 59±14%) between the 
two groups at baseline. Th ere were no diff erences in cardiac events (n) [TVR(+) group 
vs TVR(-) group; heart failure: 2 vs 1, infective endocarditis: 0 vs 0 and newly device 
implantation: 5 vs 7]. In the follow-up period, there were 11 patients with moderate TR 
(29.7%) in the TVR(-) group. In contrast, there was no moderate TR in the TVR(+) 
group. By Kaplan-Meier analysis, freedom from moderate or greater TR was signifi cantly 
diff erent in the two groups (p=0.01). Conclusion: Concomitant TVR for mild TR 
suppress the progression of TR in patients with left  sided valvular disease in long-term 
follow-up period.

P1-125
In uence of Metabolic Syndrome and its Components on Disease 
Progression and Outcomes in Aortic Stenosis in Patients with 
Bicuspid Aortic Valves
Soo Youn Lee1, Chi Young Shim2, Geu-Ru Hong2, Dal Soo Lim1, In Jeong Cho2, 
Hyuk-Jae Chang2, Jong-Won Ha2. 1Sejong General Hospital, Bucheon, Republic of 
Korea; 2Severance Cardiovascular Hospital, Seoul, Republic of Korea
Background: Metabolic syndrome (MS) is known to be associated with either a faster 
disease progression of degenerative aortic stenosis (AS) and accelerated degeneration 
of bioprosthetic valves owing to its atherogenic features. However, the infl uence of MS 
on AS progression and clinical outcomes in patients with bicuspid aortic valve (BAV) 
has not been studied. Methods: A total of 1,640 patients with BAVs were identifi ed at 
two tertiary centers in Korea from 2003 to 2016. Among them, 204 patients (age 59±10 
years, 139 men) with moderate AS were ultimately included in this study. Of these 
patients, 100 (49%) patients had MS defi ned modifi ed criteria proposed by the National 
Cholesterol Education Program Adult Treatment Panel III. Hemodynamic progression 
of AS was assessed by the measurement of the annualized decreased in aortic valve area 
(AVA) during follow-up period, which averaged for 41 months. Th e clinical outcome 
was the composite of aortic valve replacement or death. Results: MS had signifi cant 
eff ect on the progression of AS in patients(-0.08±0.08 vs.-0.12±0.12, p=0.023). However, 
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its components of MS was not associated with progression of AS, respectively. Among 
the 2 groups separated according to the presence of absence of obesity in patients with 
or without MS, progression rate of stenosis was increased signifi cantly in the slimmer 
patients with MS. Furthermore, statin therapy had signifi cant eff ect on the progression of 
the disease in patients without metabolic syndrome However, statin therapy was not able 
to slow valve progression in patients with metabolic syndromeHowever, statin therapy 
was not able to slow valve progression in patients with MS. Among the 2 groups separated 
according to the presence of absence of MS, women with MS, patients with advanced age, 
hypertension with MS, and higher glucose with MS had a faster progression of AS than 
those without MS, respectively. During follow-up, end points were observed including 
61 AVR and 10 deaths. However, the MS was not related with the clinical outcomes. 
Conclusions: MS was associated with a faster disease progression in patients with BAV 
AS. Women, advanced age, hypertension, and higher glucose with MS, respectively, were 
linked to progression of BAV AS. MS was not related with adverse clinical outcomes in 
patients with BAV AS.

P1-126
The “Double Loaded” LV: High Prevalence of Hypertensive LVH 
Preceding the Development of Severe Aortic Stenosis
Summer Aldrugh, Jorge Escobar, Matthew Parker, Lara C. Kovell, Timothy 
Fitzgibbons, Colleen Harrington, Bryon Gentile, Gerard Aurigemma. University 
of Massachusetts, Worcester, MA
Background: It is traditionally assumed that left  ventricular hypertrophy (LVH) in aortic 
stenosis (AS) is a compensatory adaptation to chronic outfl ow obstruction. However the 
advent of TAVR has stimulated more focus on AS in older patients, most of whom have 
antecedent hypertension (HTN). Accordingly our aim was to investigate the interaction 
between HTN and AS on LV remodeling in contemporary practice. Methods: We serially 
studied 60 consecutive patients with AV peak velocity (PV) >2.5 m/s on their initial echo 
and a PV of >3.5 m/s on a subsequent study performed at least 5 years later. Patients’ 
demographics and clinical information were collected. Peak intraventricular pressure 
(IVP, mmHg) was defi ned as the sum of systolic arterial pressure and peak intraventricular 
gradient. Data were analyzed using descriptive statistics, paired- samples T test, and linear 
correlation. Results: Of our sample, 56% were women with mean age of 80±10 years. 

Th e average interval between the two echo studies was 58±22 months. As expected, 
wall thickness, LV mass, and relative wall thickness increased over time, in parallel with 
increasing IVP. Th ere was no correlation between change in LV mass index (LVMi, g/
m2) and peak IVP, PV or AV MG. However change in LVMi did correlate inversely with 
initial LVM (r= -0.1). Conclusions: 1. Most patients seen in our practice with severe 
AS have antecedent hypertension and hypertrophic remodeling of the LV before severe 
AS develops. 2. Over time, such remodeling in these ‘double loaded’ hearts worsens in 
parallel with worsening severity of AS. 3. Remodeling in these patients features increasing 
concentric remodeling of the LV, rather than LV dilation. 4. Accordingly, we speculate 
that regression of LVH to normal will not be eff ected by AVR because LVH preceded 
hemodynamically severe AS. 5. Th e clinical import of these fi ndings is that blood 
pressure control might be of equal importance in preventing and reversing hypertrophic 
remodeling in AS in contemporary practice.

P1-127
Mean Transmitral Flow Rate in Patients with Degenerative Mitral 
Stenosis
Russell A. Riehl, Zahoor Khan, Vinod Chainani, Michael E. Cash, Sangeeta 
Shah, Daniel P. Morin, Yvonne E. Gilliland, Salima Qamruddin. Ochsner Clinic 
Foundation, New Orleans, LA
Background: Degenerative mitral stenosis (DMS) is chronic non-infl ammatory 
degeneration and calcifi cation of the mitral valve. Current guidelines defi ne severe mitral 
stenosis (MS) as mitral valve area (MVA) ≤1.5 cm2 and very severe MS as MVA ≤1 cm2. 
Echocardiographic tools used to defi ne stenosis severity have been validated in rheumatic 
mitral stenosis (RMS), but not in DMS. We previously showed that mean transmitral 
gradients do not correlate well with stenosis severity in DMS. As mean transvalvular 
gradient is directly proportional to the square of transvalvular fl ow, a diff erence in fl ow 
may explain our previous observations. In the present study, we sought to: a) evaluate 
the diff erences in transmitral fl ow rates in DMS and RMS, b) defi ne the relationship 
between transmitral fl ow rate and MVA according to stenosis severity, and c) investigate 
the relationship between mean gradient and MVA in DMS and low left  ventricular (LV) 
stroke volume (defi ned as ≤35ml/m2). Methods: 64 patients with DMS and 24 with RMS 
(77±12 vs. 59±14 y, p=0.001) were reviewed. Eligible patients had at least mild MS and 
a mean gradient of ≥4 mmHg. Patients with LV ejection fraction <50%, heart rate ≥100 
beats per minute, greater than mild mitral or aortic regurgitation, severe aortic stenosis, 
or history of prior mitral balloon valvuloplasty were excluded. MVA was estimated via 
the continuity equation. Mean transmitral fl ow rate was calculated by dividing LV outfl ow 
tract stroke volume by the diastolic fi lling period. Results: Mean transmitral fl ow rate was 
signifi cantly higher in DMS vs. RMS (171±47 vs 141±69 ml/s, p=0.021). Th ere was a weak 
but signifi cant correlation between mean gradient and mean transmitral fl ow rate (r=0.38, 
p=0.01) in DMS. Patients with MVA ≤1.0 cm2 and MVA >1.5 cm2 had signifi cantly 
diff erent fl ow rates (197±40 vs 137±45 ml/s; p=0.001). Mean transmitral fl ow rate ≤149 
ml/sec predicted MVA ≤1.0 cm2 with 75% sensitivity and 83% specifi city (AUC=0.77, 
p=0.003), while a rate ≤190 ml/s predicted MVA ≤ 1.5 cm2 with 83% sensitivity and 59% 
specifi city (AUC=0.72, p=0.007). LV stroke volume ≤35 ml/m2 was observed in 45% of 
DMS patients and 42% of RMS patients (p=0.079). In these patients with low LV stroke 
volume, mean fl ow rate remained signifi cantly higher among DMS patients than in those 
with RMS (143±36 vs 109±52 ml/s, p=0.026). Conclusion: Mean transmitral fl ow rate is 
signifi cantly higher in DMS than RMS. Mean gradients do not correlate strongly with MS 
severity in DMS. For patients with DMS, the mean transmitral fl ow rate may be a better 
surrogate for stenosis severity than the mean gradient.

P1-128
Predictors of Exercise Capacity in a Contemporary Group of 
Patients with at Least Moderate Mitral Stenosis Undergoing 
Treadmill Stress Echocardiography
James L. Gentry, III, Parth K. Parikh, Alaa Alashi, A. Marc Gillinov, Gosta B. 
Pettersson, L. Leonardo Rodriguez, Zoran B. Popovic, Richard A. Grimm, Samir 
R. Kapadia, E. Murat Tuczu, Lars G. Svensson, Brian P. Griffi  n, Milind Y. Desai. 
Heart and Vascular Institute, Cleveland Clinic, Ohio, Cleveland, OH
Background: With evolving demographics in the United States, the etiology of mitral 
stenosis (MS) is changing from predominantly rheumatic to a mix of rheumatic, 
post-surgical and degenerative. In evaluation of these patients, treadmill stress 
echocardiography (TSE) aids in symptom evaluation and timing of mitral valve (MV) 
surgery. In a contemporary group of patients with > moderate MS undergoing TSE, we 
sought to assess potential factors associated with exercise capacity. Methods: We studied 
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515 consecutive (asymptomatic/atypical symptoms with normal left  ventricular ejection 
fraction) patients with > moderate MS (mean gradient > 5 mmHg at rest, excluding 
hypertrophic cardiomyopathy and subaortic membrane) who underwent rest and TSE 
between 1/2003 and 12/2013. MS was characterized as rheumatic, post-surgical (prior 
repair/replacement), and degenerative (mitral annular calcifi cation). Clinical, resting, and 
TSE data were recorded. Results: Relevant baseline data are shown in Table 1. Univariable 
and multivariable logistic regression analysis, demonstrating the association between 
100% age-gender predicted metabolic equivalents (AGPMETs) and various potential 
predictors is shown in Table 2. Th ere was only a modest correlation (r=-0.48, p<0.001) 
between AGPMETs and right ventricular systolic pressure (RVSP, Figure 1), explaining 
~4% of the association. Conclusion: In a contemporary group of MS patients undergoing 
rest and TSE at a US tertiary care center, RVSP, along with body surface area and beta-
blocker use were independently associated with exercise capacity, while MS etiology or 
resting/peak-stress MV gradients were not.

Table 1: Relevant Baseline Characteristics of the Study Sample

Variable
Total 
population 
(N=515)

Age-gender predicted 
METs < 100% 
(N=305)

Age-gender 
predicted METs > 
100% (N=210)

p-value

Age (years) 60±14 60±12 59±12 0.19
Female gender 295 (57%) 180 (59%) 115 (55%) 0.19
Body surface area (m2) 1.88±0.23 1.88±0.22 1.87±0.20 0.21
Hypertension 240 (47%) 136 (45%) 104 (50%) 0.16
Atrial Fibrillation 225 (44%) 130 (43%) 95 (45%) 0.56
Obstructive coronary 
disease 29 (6%) 19 (4%) 10 (2%) 0.31

Beta blockers 323 (63%) 209 (69%) 114 (54%) <0.001
Mechanism of mitral stenosis
Rheumatic 170 (33%) 109 (36%) 61 (29%)

0.09Post surgical 245 (48%) 133 (44%) 112 (53%)
Degenerative 100 (19%) 63 (21%) 37 (18%)
Resting and Treadmill Exercise Echocardiography
Left  ventricular ejection 
fraction (%) 58±5 58±5 58±4 0.44

Resting peak mitral 
valve gradient (mmHg) 19±6 19±7 19±6 0.48

Resting mean mitral 
valve gradient (mmHg) 8.5±3 8.7±3 8.4±3 0.15

> Moderate mitral 
regurgitation (Rest) 148 (29%) 93 (30%) 55 (26%) 0.29

> Moderate tricuspid 
regurgitation (Rest) 97 (19%) 56 (18%) 41 (20%) 0.74

Resting RVSP (mmHg) 39±13 39±11 38±11 0.21
Maximum METs 7.1±2 6.2±2 8.5±2 <0.001
% Age-gender predicted 
METs 95±29 76±17 122±19 <0.001

Total exercise time 
(seconds) 398±149 340±129 483±134 <0.001

Post stress RVSP 
(mmHg) 61±14 61±13 61±14 0.89

Post stress peak mitral 
gradient (mmHg) 32±11 32±11 32±11 0.92

Post stress mean mitral 
gradient (mmHg) 17±7 17±7 17±7 0.30

Table 2:
Logistic regression analysis demonstrating the association of various potential predictors and < 
100% achieved age-gender predicted metabolic equivalents

Univariable analysis Multivariable analysis

Variable Odds ratio 
[95% CI] p-value Odds ratio 

[95% CI] p-value

Age N/A
Gender N/A
Body surface area 3.51 [1.57-3.81] 0.002 3.79 [1.65-8.69] 0.001
Hypertension 1.21 [0.85-1.75] 0.27
Obstructive coronary disease 1.33 [0.60-2.96] 0.48
Atrial fi brillation 1.11 [ 0.77-1.59] 0.58
Beta blockers 1.83 [1.27-2.65] 0.001 1.83 [1.25-2.68] 0.001
Etiology of Mitral Stenosis
Rheumatic (Reference) N/A
Prior mitral repair/replacement 1.05 [0.63-1.77] 0.85
Degenerative 1.43 [0.89-2.32] 0.14
Resting Echocardiography
Left  atrial area 1.13 [0.84-1.52] 0.41
Left  ventricular ejection fraction 1.01 [0.97-1.06] 0.44
Mean mitral valve gradient 1.09 [0.90-1.34] 0.32
Resting RVSP (for every 10 mmHg 
increase) 1.23 [1.05-1.45] 0.007 1.17 [1.04-1.32] 0.009

Treadmill Stress Echocardiography
Peak-stress mean mitral valve gradient 1.07 [0.88-1.41] 0.51
Peak-stress RVSP (for every 10 mmHg 
increase)* 1.20 [1.04-1.51] 0.01

*Findings similar if peak-stress RVSP substituted for resting RVSP
Abbreviation: RVSP = Right ventricular systolic pressure

P1-129
Gender Related Differences in Left Ventricular Response to Aortic 
Stenosis
Grace Casaclang-Verzosa1, Marton Tokodi1, Sirish Shrestha1, Bin Zhang2, Michael 
A. Hagler2, Carolyn M. Roos2, Jordan D. Miller2, Partho P. Sengupta1. 1WVU 
HVI, Morgantown, WV; 2Mayo Clinic, Rochester, MN
Background: Recent studies and clinical observations have shown gender-related 
diff erences in phenotypic presentations of aortic stenosis (AS). We investigated the 
gender-specifi c diff erences in left  ventricular (LV) response to increased aft erload as a 
mechanism of paradoxical low-fl ow, low-gradient AS in a murine model of severe AS. 
Methods: We studied the 2D and Doppler echocardiographic data of 100 mice (51% 
female, age 9 months, low-density lipoprotein receptor-defi cient apolipoprotein B-100-
only fed with high-fat diet) that developed severe AS. LV volumes, LV mass index, 
ejection fraction, cusp separation distance, and peak aortic velocity were compared 
between genders. Propensity score matching was performed to compare genders based 
on heart rate (HR). Results: Females had lower body weight (p< 0.001), end-diastolic 
volume (p=0.002), stroke volume, (p<0.0001), cardiac output (p=0.015), peak aortic valve 
velocity (p=0.005), and higher HR (p= 0.004). Mean cusp separation distance (p=0.796), 
EF (p=0.9), ventricular septum. (p=0.56), posterior wall (p=0.37) and LV to body weight 
ratio (p=0.99) were similar in both groups. Propensity score matching based on HR 
showed end-diastolic volume, cardiac output and peak velocity to be persistently lower 
in females despite having the same severity of stenosis. Conclusions: Our data showed 
that hemodynamic alterations in response to chronic severe AS manifest diff erently 
between genders. Females develop lower stroke volume, cardiac output and peak aortic 
valve velocity in the presence of normal EF compared to males despite similar degree 
of stenosis. Th ese observations suggest a gender related propensity in developing LV 
response to AS and may be relevant for development of paradoxical low-fl ow, low-
gradient severe AS.
Table 1: Propensity score-matched comparison of HR between genders
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its components of MS was not associated with progression of AS, respectively. Among 
the 2 groups separated according to the presence of absence of obesity in patients with 
or without MS, progression rate of stenosis was increased signifi cantly in the slimmer 
patients with MS. Furthermore, statin therapy had signifi cant eff ect on the progression of 
the disease in patients without metabolic syndrome However, statin therapy was not able 
to slow valve progression in patients with metabolic syndromeHowever, statin therapy 
was not able to slow valve progression in patients with MS. Among the 2 groups separated 
according to the presence of absence of MS, women with MS, patients with advanced age, 
hypertension with MS, and higher glucose with MS had a faster progression of AS than 
those without MS, respectively. During follow-up, end points were observed including 
61 AVR and 10 deaths. However, the MS was not related with the clinical outcomes. 
Conclusions: MS was associated with a faster disease progression in patients with BAV 
AS. Women, advanced age, hypertension, and higher glucose with MS, respectively, were 
linked to progression of BAV AS. MS was not related with adverse clinical outcomes in 
patients with BAV AS.

P1-126
The “Double Loaded” LV: High Prevalence of Hypertensive LVH 
Preceding the Development of Severe Aortic Stenosis
Summer Aldrugh, Jorge Escobar, Matthew Parker, Lara C. Kovell, Timothy 
Fitzgibbons, Colleen Harrington, Bryon Gentile, Gerard Aurigemma. University 
of Massachusetts, Worcester, MA
Background: It is traditionally assumed that left  ventricular hypertrophy (LVH) in aortic 
stenosis (AS) is a compensatory adaptation to chronic outfl ow obstruction. However the 
advent of TAVR has stimulated more focus on AS in older patients, most of whom have 
antecedent hypertension (HTN). Accordingly our aim was to investigate the interaction 
between HTN and AS on LV remodeling in contemporary practice. Methods: We serially 
studied 60 consecutive patients with AV peak velocity (PV) >2.5 m/s on their initial echo 
and a PV of >3.5 m/s on a subsequent study performed at least 5 years later. Patients’ 
demographics and clinical information were collected. Peak intraventricular pressure 
(IVP, mmHg) was defi ned as the sum of systolic arterial pressure and peak intraventricular 
gradient. Data were analyzed using descriptive statistics, paired- samples T test, and linear 
correlation. Results: Of our sample, 56% were women with mean age of 80±10 years. 

Th e average interval between the two echo studies was 58±22 months. As expected, 
wall thickness, LV mass, and relative wall thickness increased over time, in parallel with 
increasing IVP. Th ere was no correlation between change in LV mass index (LVMi, g/
m2) and peak IVP, PV or AV MG. However change in LVMi did correlate inversely with 
initial LVM (r= -0.1). Conclusions: 1. Most patients seen in our practice with severe 
AS have antecedent hypertension and hypertrophic remodeling of the LV before severe 
AS develops. 2. Over time, such remodeling in these ‘double loaded’ hearts worsens in 
parallel with worsening severity of AS. 3. Remodeling in these patients features increasing 
concentric remodeling of the LV, rather than LV dilation. 4. Accordingly, we speculate 
that regression of LVH to normal will not be eff ected by AVR because LVH preceded 
hemodynamically severe AS. 5. Th e clinical import of these fi ndings is that blood 
pressure control might be of equal importance in preventing and reversing hypertrophic 
remodeling in AS in contemporary practice.

P1-127
Mean Transmitral Flow Rate in Patients with Degenerative Mitral 
Stenosis
Russell A. Riehl, Zahoor Khan, Vinod Chainani, Michael E. Cash, Sangeeta 
Shah, Daniel P. Morin, Yvonne E. Gilliland, Salima Qamruddin. Ochsner Clinic 
Foundation, New Orleans, LA
Background: Degenerative mitral stenosis (DMS) is chronic non-infl ammatory 
degeneration and calcifi cation of the mitral valve. Current guidelines defi ne severe mitral 
stenosis (MS) as mitral valve area (MVA) ≤1.5 cm2 and very severe MS as MVA ≤1 cm2. 
Echocardiographic tools used to defi ne stenosis severity have been validated in rheumatic 
mitral stenosis (RMS), but not in DMS. We previously showed that mean transmitral 
gradients do not correlate well with stenosis severity in DMS. As mean transvalvular 
gradient is directly proportional to the square of transvalvular fl ow, a diff erence in fl ow 
may explain our previous observations. In the present study, we sought to: a) evaluate 
the diff erences in transmitral fl ow rates in DMS and RMS, b) defi ne the relationship 
between transmitral fl ow rate and MVA according to stenosis severity, and c) investigate 
the relationship between mean gradient and MVA in DMS and low left  ventricular (LV) 
stroke volume (defi ned as ≤35ml/m2). Methods: 64 patients with DMS and 24 with RMS 
(77±12 vs. 59±14 y, p=0.001) were reviewed. Eligible patients had at least mild MS and 
a mean gradient of ≥4 mmHg. Patients with LV ejection fraction <50%, heart rate ≥100 
beats per minute, greater than mild mitral or aortic regurgitation, severe aortic stenosis, 
or history of prior mitral balloon valvuloplasty were excluded. MVA was estimated via 
the continuity equation. Mean transmitral fl ow rate was calculated by dividing LV outfl ow 
tract stroke volume by the diastolic fi lling period. Results: Mean transmitral fl ow rate was 
signifi cantly higher in DMS vs. RMS (171±47 vs 141±69 ml/s, p=0.021). Th ere was a weak 
but signifi cant correlation between mean gradient and mean transmitral fl ow rate (r=0.38, 
p=0.01) in DMS. Patients with MVA ≤1.0 cm2 and MVA >1.5 cm2 had signifi cantly 
diff erent fl ow rates (197±40 vs 137±45 ml/s; p=0.001). Mean transmitral fl ow rate ≤149 
ml/sec predicted MVA ≤1.0 cm2 with 75% sensitivity and 83% specifi city (AUC=0.77, 
p=0.003), while a rate ≤190 ml/s predicted MVA ≤ 1.5 cm2 with 83% sensitivity and 59% 
specifi city (AUC=0.72, p=0.007). LV stroke volume ≤35 ml/m2 was observed in 45% of 
DMS patients and 42% of RMS patients (p=0.079). In these patients with low LV stroke 
volume, mean fl ow rate remained signifi cantly higher among DMS patients than in those 
with RMS (143±36 vs 109±52 ml/s, p=0.026). Conclusion: Mean transmitral fl ow rate is 
signifi cantly higher in DMS than RMS. Mean gradients do not correlate strongly with MS 
severity in DMS. For patients with DMS, the mean transmitral fl ow rate may be a better 
surrogate for stenosis severity than the mean gradient.

P1-128
Predictors of Exercise Capacity in a Contemporary Group of 
Patients with at Least Moderate Mitral Stenosis Undergoing 
Treadmill Stress Echocardiography
James L. Gentry, III, Parth K. Parikh, Alaa Alashi, A. Marc Gillinov, Gosta B. 
Pettersson, L. Leonardo Rodriguez, Zoran B. Popovic, Richard A. Grimm, Samir 
R. Kapadia, E. Murat Tuczu, Lars G. Svensson, Brian P. Griffi  n, Milind Y. Desai. 
Heart and Vascular Institute, Cleveland Clinic, Ohio, Cleveland, OH
Background: With evolving demographics in the United States, the etiology of mitral 
stenosis (MS) is changing from predominantly rheumatic to a mix of rheumatic, 
post-surgical and degenerative. In evaluation of these patients, treadmill stress 
echocardiography (TSE) aids in symptom evaluation and timing of mitral valve (MV) 
surgery. In a contemporary group of patients with > moderate MS undergoing TSE, we 
sought to assess potential factors associated with exercise capacity. Methods: We studied 
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515 consecutive (asymptomatic/atypical symptoms with normal left  ventricular ejection 
fraction) patients with > moderate MS (mean gradient > 5 mmHg at rest, excluding 
hypertrophic cardiomyopathy and subaortic membrane) who underwent rest and TSE 
between 1/2003 and 12/2013. MS was characterized as rheumatic, post-surgical (prior 
repair/replacement), and degenerative (mitral annular calcifi cation). Clinical, resting, and 
TSE data were recorded. Results: Relevant baseline data are shown in Table 1. Univariable 
and multivariable logistic regression analysis, demonstrating the association between 
100% age-gender predicted metabolic equivalents (AGPMETs) and various potential 
predictors is shown in Table 2. Th ere was only a modest correlation (r=-0.48, p<0.001) 
between AGPMETs and right ventricular systolic pressure (RVSP, Figure 1), explaining 
~4% of the association. Conclusion: In a contemporary group of MS patients undergoing 
rest and TSE at a US tertiary care center, RVSP, along with body surface area and beta-
blocker use were independently associated with exercise capacity, while MS etiology or 
resting/peak-stress MV gradients were not.

Table 1: Relevant Baseline Characteristics of the Study Sample

Variable
Total 
population 
(N=515)

Age-gender predicted 
METs < 100% 
(N=305)

Age-gender 
predicted METs > 
100% (N=210)

p-value

Age (years) 60±14 60±12 59±12 0.19
Female gender 295 (57%) 180 (59%) 115 (55%) 0.19
Body surface area (m2) 1.88±0.23 1.88±0.22 1.87±0.20 0.21
Hypertension 240 (47%) 136 (45%) 104 (50%) 0.16
Atrial Fibrillation 225 (44%) 130 (43%) 95 (45%) 0.56
Obstructive coronary 
disease 29 (6%) 19 (4%) 10 (2%) 0.31

Beta blockers 323 (63%) 209 (69%) 114 (54%) <0.001
Mechanism of mitral stenosis
Rheumatic 170 (33%) 109 (36%) 61 (29%)

0.09Post surgical 245 (48%) 133 (44%) 112 (53%)
Degenerative 100 (19%) 63 (21%) 37 (18%)
Resting and Treadmill Exercise Echocardiography
Left  ventricular ejection 
fraction (%) 58±5 58±5 58±4 0.44

Resting peak mitral 
valve gradient (mmHg) 19±6 19±7 19±6 0.48

Resting mean mitral 
valve gradient (mmHg) 8.5±3 8.7±3 8.4±3 0.15

> Moderate mitral 
regurgitation (Rest) 148 (29%) 93 (30%) 55 (26%) 0.29

> Moderate tricuspid 
regurgitation (Rest) 97 (19%) 56 (18%) 41 (20%) 0.74

Resting RVSP (mmHg) 39±13 39±11 38±11 0.21
Maximum METs 7.1±2 6.2±2 8.5±2 <0.001
% Age-gender predicted 
METs 95±29 76±17 122±19 <0.001

Total exercise time 
(seconds) 398±149 340±129 483±134 <0.001

Post stress RVSP 
(mmHg) 61±14 61±13 61±14 0.89

Post stress peak mitral 
gradient (mmHg) 32±11 32±11 32±11 0.92

Post stress mean mitral 
gradient (mmHg) 17±7 17±7 17±7 0.30

Table 2:
Logistic regression analysis demonstrating the association of various potential predictors and < 
100% achieved age-gender predicted metabolic equivalents

Univariable analysis Multivariable analysis

Variable Odds ratio 
[95% CI] p-value Odds ratio 

[95% CI] p-value

Age N/A
Gender N/A
Body surface area 3.51 [1.57-3.81] 0.002 3.79 [1.65-8.69] 0.001
Hypertension 1.21 [0.85-1.75] 0.27
Obstructive coronary disease 1.33 [0.60-2.96] 0.48
Atrial fi brillation 1.11 [ 0.77-1.59] 0.58
Beta blockers 1.83 [1.27-2.65] 0.001 1.83 [1.25-2.68] 0.001
Etiology of Mitral Stenosis
Rheumatic (Reference) N/A
Prior mitral repair/replacement 1.05 [0.63-1.77] 0.85
Degenerative 1.43 [0.89-2.32] 0.14
Resting Echocardiography
Left  atrial area 1.13 [0.84-1.52] 0.41
Left  ventricular ejection fraction 1.01 [0.97-1.06] 0.44
Mean mitral valve gradient 1.09 [0.90-1.34] 0.32
Resting RVSP (for every 10 mmHg 
increase) 1.23 [1.05-1.45] 0.007 1.17 [1.04-1.32] 0.009

Treadmill Stress Echocardiography
Peak-stress mean mitral valve gradient 1.07 [0.88-1.41] 0.51
Peak-stress RVSP (for every 10 mmHg 
increase)* 1.20 [1.04-1.51] 0.01

*Findings similar if peak-stress RVSP substituted for resting RVSP
Abbreviation: RVSP = Right ventricular systolic pressure

P1-129
Gender Related Differences in Left Ventricular Response to Aortic 
Stenosis
Grace Casaclang-Verzosa1, Marton Tokodi1, Sirish Shrestha1, Bin Zhang2, Michael 
A. Hagler2, Carolyn M. Roos2, Jordan D. Miller2, Partho P. Sengupta1. 1WVU 
HVI, Morgantown, WV; 2Mayo Clinic, Rochester, MN
Background: Recent studies and clinical observations have shown gender-related 
diff erences in phenotypic presentations of aortic stenosis (AS). We investigated the 
gender-specifi c diff erences in left  ventricular (LV) response to increased aft erload as a 
mechanism of paradoxical low-fl ow, low-gradient AS in a murine model of severe AS. 
Methods: We studied the 2D and Doppler echocardiographic data of 100 mice (51% 
female, age 9 months, low-density lipoprotein receptor-defi cient apolipoprotein B-100-
only fed with high-fat diet) that developed severe AS. LV volumes, LV mass index, 
ejection fraction, cusp separation distance, and peak aortic velocity were compared 
between genders. Propensity score matching was performed to compare genders based 
on heart rate (HR). Results: Females had lower body weight (p< 0.001), end-diastolic 
volume (p=0.002), stroke volume, (p<0.0001), cardiac output (p=0.015), peak aortic valve 
velocity (p=0.005), and higher HR (p= 0.004). Mean cusp separation distance (p=0.796), 
EF (p=0.9), ventricular septum. (p=0.56), posterior wall (p=0.37) and LV to body weight 
ratio (p=0.99) were similar in both groups. Propensity score matching based on HR 
showed end-diastolic volume, cardiac output and peak velocity to be persistently lower 
in females despite having the same severity of stenosis. Conclusions: Our data showed 
that hemodynamic alterations in response to chronic severe AS manifest diff erently 
between genders. Females develop lower stroke volume, cardiac output and peak aortic 
valve velocity in the presence of normal EF compared to males despite similar degree 
of stenosis. Th ese observations suggest a gender related propensity in developing LV 
response to AS and may be relevant for development of paradoxical low-fl ow, low-
gradient severe AS.
Table 1: Propensity score-matched comparison of HR between genders
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P1-130
Relationship Between Improvement of Valvuloarterial Impedance 
and Left Atrial Volume Reduction After Transcatheter Aortic Valve 
Replacement: A Comparison Between Valvuloarterial Impedance 
and Mean Pressure Gradient
Satoshi Yamaguchi, Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Jun 
Yoshida, Takahiro Shiota. Cedars Sinai Medical Center, Los Angeles, CA
Background: Left  ventricular diastolic dysfunction involves elevated left  ventricular 
fi lling pressure and left  atrial enlargement. Left  atrial enlargement is associated with 
symptoms and mortality in aortic stenosis. In aortic stenosis, valvuloarterial impedance 
(Zva) is an index which represents global load. Zva consists both valvular and vascular 
load. While, mean pressure gradient (MPG) is a conventional index which represents the 
only valvular load. Th e improvement of Zva aft er transcatheter aortic valve replacement 
(TAVR) has been reported. We presumed that the improvement of Zva should be related 
to the left  atrial volume reduction coupling with the improvement of diastolic dysfunction 
aft er TAVR. Th e present study aimed to compare the correlation between the change 
of (Δ; Δ denotes the change from baseline to follow-up) Zva and Δleft  atrial volume 
index (LAVI) and that of ΔMPG and ΔLAVI. Methods: We reviewed transthoracic 
echocardiography at baseline and follow-up (> 90 days aft er TAVR) in 129 patients 
without signifi cant aortic regurgitation, or signifi cant mitral regurgitation, or signifi cant 
mitral stenosis, or atrial fi brillation, or history of myocardial infarction, who underwent 
TAVR from January 2011 to December 2015. Zva was calculated using following formula: 
Zva = [(systolic blood pressure + mean transvalvular pressure gradient)] / (stroke volume 
index). Left  atrial volume just before mitral valve opening was measured by the area-
length method from two- and four-chamber views and indexed to body surface area as 
LAVI. Pearson’s correlation coeffi  cient was used to see the relation between ΔZva and 
ΔLAVI. Results: Th ere was no signifi cant correlation between ΔMPG and ΔLAVI (r = 
0.165, P = 0.062). However, there was a signifi cant correlation between ΔZva and ΔLAVI 
(r = 0.392, P < 0.001) (Figure). Conclusions: Left  atrial volume reduction was related to 
the improvement of Zva aft er TAVR.

P1-131
Association of Mitral Regurgitation and Adverse Cardiac 
Remodeling and Hemodynamics in Patients with Low Flow Low 
Gradient Severe Aortic Stenosis
Zhichao Zheng, Sheila Klassen, Xin Zeng, Robert Levine, Sudarat 
Satitthummanid, Jacob Dal-Bianco, Jonathan Passeri, Judy Hung. Massachusetts 
General Hospital, Boston, MA
Background: Mitral regurgitation commonly occurs in conjunction with severe aortic 
stenosis. It remains unclear the impact of co-existing MR on cardiac remodeling in 
patients with low-fl ow low-gradient aortic stenosis (LFLGAS). We examined the 
association of MR on cardiac remodeling features in patients with LFLGAS. Methods: 
We performed a search of our institutional echocardiographic database from 2009-
2016 for patients with LFLGAS (stroke volume index (SVi) <35ml/m2, aortic valve area 
(AVA) <1.0cm2, mean aortic gradient< 40mmHg, peak aortic gradient<64 mmHg). 
Patient were grouped by presence of moderate or greater MR (+MR) or mild or less MR 
(-MR) and further subgroupedsub grouped by LFLGAS with low left  ventricular ejection 
function(LVEF): low EF (<50%) and LFLGAS with normal LVEF: (≥50%). Cardiac 
remodeling measures were compared (Tables) between the subgroups. Results: Overall, 
+MR patients had greater left  ventricular (LV) mass, LV and left  atrialrticle (LA) size, 
right ventricular systolic pressure(RVSP) and lower SVi than -MR pts. Additionally, 
However, +MR pts had a lower relative wall thickness (RWT) c/w less concentric 
hypertrophy and hence increased wall stress compared to than -MR patients. In patients 
with low LVEF and LFLGAS, +MR was associated with worse cardiac remodeling (greater 
LV mass, LV size , lower RWT) and worse hemodynamics (greater RVSP and lower SVi) 
than in patients with normal LVEF and LFLGAS. Conclusion: Co-existing moderate or 
greater MR in patients with LFLGAS is associated with adverse cardiac remodeling with 
increased LV and LA size, and lower RWT (a marker of increased wall stress) and worse 
cardiac hemodynamics with decreased SVi and increased RPVSP. Th is adverse eff ect on 
remodeling and hemodynamics may guide clinical decision making in patients with 
LFLGAS.

baseline characteristics and left  ventricular geometry and hemodynamics

LFLGAS LFLGAS

Total low LVEF normal 
LVEF

+MR 
(n=357)

-MR 
(n=642)

P 
value

+MR 
(n=191)

-MR 
(n=181) P value +MR 

(n=166)
-MR 
(n=461)

P 
value

Age 82±10 78±12 <0.05 81±9 80±10 =0.42 83±10 78±12 <0.05
Gender 209(58%) 411(64%) 0.10 134(70%) 141(78%) =0.09 75(45%) 268(58%) <0.05
AVA 0.74±0.13 0.79±0.12 <0.05 0.73±0.14 0.75±0.14 =0.05 0.75±0.12 0.80±0.11 <0.05
Mean 
gradient 26.4±1.90 27.9±7.17 <0.05 25.3±8.44 23.8±8.43 =0.05 27.7±7.1 28.9±6.4 =0.06

Peak 
gradient 47.2±13.8 50.0±12.6 <0.05 45.1±14.4 45.9±14.1 =0.58 49.6±12.8 51.7±11.6 =0.05

SVi 25± 6 27± 5 <0.05 23± 6 25 ± 5 <0.05 27 ± 5 28 ± 5 <0.05
LVEDV 116±44 93±37 <0.05 140±39 122±43 <0.05 88±32 81±27 <0.05
LVESV 67±41 45±32 <0.05 95±35 80±36 <0.05 35±16 31±14 <0.05
RWT 0.47±0.14 0.53±0.14 <0.05 0.40±0.10 0.46±0.14 <0.05 0.56±0.13 0.56±0.13 =0.69
LVmass/
BSA 119±31 103±29 <0.05 126±29 120±31 =0.06 112±32 96±26 <0.05

LAD 45±7 41±7 <0.05 45±6 44±7 =0.32 45±7 39±7 <0.05
RVSP 54±16 47±16 <0.05 54±14 50±15 <0.05 54±17 45±16 <0.05

P1-132
Relief of Aortic Stenosis is Not Associated with Reverse 
Ventricular Remodeling in the Elderly
Matthew W. Parker1, Colleen M. Harrington1, Bryon A. Gentile1, Lara C. Kovell1, 
Timothy Fitzgibbons1, Eugene Chung2, Gerard P. Aurigemma1. 1UMass Memorial 
Medical Center, Worcester, MA; 2Christ Hospital, Cincinnatti, OH
Background: Surgical relief of aortic stenosis has been associated with reverse left  
ventricular (LV) remodeling in middle aged adults. Whether elderly adults undergoing 
transcatheter aortic valve replacement (TAVR) exhibit similar degrees of reverse 
remodeling is less well known. Methods: One hundred sixty-one patients with complete 
echocardiograms before and one year aft er TAVR were studied. LV mass, relative wall 
thickness and LV geometry, and LV volumes and ejection fraction were calculated 
as described in the ASE Guidelines. Aortic valve Doppler gradients prior to and one 
year aft er TAVR were compared for each patient. Paired sample t-tests compared pre- 
and post-TAVR values. Linear regression was used to explore the eff ects of baseline 
echocardiographic characteristics on reverse remodeling during follow up. Alpha was set 
at 0.05 for all analyses. Results: Complete pre- and post-TAVR echocardiograms were 
available in 151 patients (mean age 80.8 ± 8.3 years, 51% male, and 61% with reduced 
LVEF). Mean Doppler gradient across the aortic valve was reduced from 46.7 ± 12.5 mm 
Hg to 11.5 ± 6.4 mm Hg (p<0.01). LV mass index decreased from 113.0 ± 33.0 g/m2 
to 96.6 ± 31.5 g/m2 (p<0.01) at one year, with 106 (66.3%) patients having elevated LV 
mass index pre-TAVR compared with 74 (46.3%) one year later (p=0.31). Components 
of LV mass are presented in the Table. Change in indexed LV mass was not statistically 
signifi cantly associated with change in aortic gradient (p=0.15). In the fi nal multivariable 
model, female sex (p=0.04) and greater baseline LV mass index (p<0.01) but not age, 
change in gradient, or baseline ejection fraction (multivariable p-values 0.60, 0.18, and 
0.17, respectively) were associated with regression of indexed LV mass. Conclusions: 
Regression, but not normalization, of indexed LV mass is typical aft er TAVR for severe 
aortic stenosis in elderly patients. Reduction of the transvalvular gradient is not associated 
with degree of regression of LV mass, suggesting other hemodynamic or structural factors 
determine LV remodeling in this population.
Table. Left  Ventricular Geometry, Pre- and 1-year-post- Transcatheter Aortic Valve Replacement for 
Severe Aortic Stenosis

Pre-TAVR 1-year Post-TAVR P-value

Interventricular septal thickness, diastole (mm) 12.8 ± 2.8 11.8 ± 2.6 <0.01
Left  ventricular internal diameter, diastole (mm) 46.2 ± 8.0 44.7 ± 8.5 0.13
Posterior wall thickness, diastole (mm) 11.8 ± 2.5 10.6 ± 2.3 <0.01
Relative wall thickness 0.55 ± 0.16 0.53 ± 0.17 0.15
Left  ventricular mass, indexed to body surface area (g/
m2) 113.0 ± 33.0 96.6 ± 31.5 <0.01

P1-133
The Obesity Paradox: Improved Survival in Obese Compared 
to Non-Obese Patients with Medically-Managed Severe Aortic 
Stenosis and Preserved Left Ventricular Ejection Fraction
Nicholas Ngiam, Nicholas Chew, Benjamin Tan, Ching-Hui Sia, Hui Wen Sim, 
William Kong, Tiong-Cheng Yeo, Kian-Keong Poh. National University Health 
System, Singapore, Singapore, Singapore
Background: Th e obesity paradox has been described haemodialysis and heart failure, 
where obesity was linked to improved survival. We explored this phenomenon in 
medically-managed severe aortic stenosis (AS). Methods: We divided 347 patients with 
medically-managed severe AS (aortic valve area<1cm2) into obese (body mass index, BMI, 
Asian cut-off >27.5kg/m2) and non-obese (BMI≤27.5kg/m2) groups, comparing clinical 
and echocardiographic profi les. Kaplan-Meier curves were constructed to compare 
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mortality. Results: 20.5% (n=71) patients were obese (BMI 30.5±3.2vs22.6±3.0kg/m2). 
Th ere were more male (73.2%vs55.4%,p=0.007) obese patients, with higher incidence 
of hypertension (76.6%vs60.9%,p=0.021), hyperlipidaemia (57.8%vs42.7%,p=0.033) 
and diabetes (54.7%vs35.5%p=0.006). Left  ventricular (LV) mass index 
(121.6±38.2vs111.4±32.9g/m2) and left  atrial diameter (42.7±7.6vs38.7±9.9mm) were 
larger in obese patients, while LV outfl ow tract diameter (19.2±1.7vs19.9±2.0mm) and 
stroke volume index (35.1±0.1vs42.0±11.4ml/m2) were smaller. Th ere were no signifi cant 
diff erences in aortic valve disease severity, but obese patients demonstrated improved 
survival (37.7%vs41.4% Kaplan-Meier log-rank 4.307,p=0.038) over a mean follow-up 
9.6±5.6 years. Conclusions: We demonstrated improved survival in obese patients with 
medically-managed severe AS despite increased incidence of cardiovascular risk factors.
Table 1: Univariate analysis comparing obese (BMI≥27.5g/m2) to non-obese 
(BMI<27.5kg/m2) patients in severe AS with preserved LVEF>50%

Obese 
(n=71)

Non-obese 
(n=276)

Odds Ratio/Mean 
Diff erence (95% 
CI)

P-value

Age (years) 68.4 
(±11.8)

72.36 
(±13.0) -4.0 (-7.4 - -0.7) 0.019

Body mass index (g/m2) 30.5 
(±3.2) 22.6 (±3.0) 7.9 (7.1 – 8.7) <0.001

Gender (Male) 73.2% 55.4% 2.20 (1.24 – 3.92) 0.007
Hypertension 76.6% 60.9% 2.10 (1.11 – 3.97) 0.021
Hyperlipidaemia 57.8% 42.7% 1.84 (1.046 – 3.23) 0.033
Diabetes mellitus 54.7% 35.5% 2.20 (1.25 – 3.83) 0.006
Ischaemic heart disease 25.0% 31.8% 0.71 (0.38 – 1.35) 0.296
Chronic kidney disease 15.6% 13.6% 1.17 (0.54 – 2.55) 0.687

Left  ventricular ejection fraction (%) 66.3 
(±8.1) 66.1 (±7.1) 0.1 (-1.8 – 2.1) 0.884

Left  ventricular mass index (g/m2) 121.6 
(±38.2)

111.4 
(±32.9) -10.2 (-20.0 – -0.3) 0.043

Left  ventricular internal diameter in 
diastole (mm)

46.0 
(±5.8) 45.6 (±6.4) 0.4 (-1.2 – 2.1) 0.621

Left  ventricular interventricular septal 
diameter in diastole (mm)

11.7 
(±2.3) 11.7 (±2.6) 0.0 (-0.6 – 0.7) 0.943

Left  ventricular posterior wall diameter 
in diastole (mm)

11.3 
(±1.7) 10.9 (±1.9) 0.4 (-0.1 – 0.9) 0.115

Left  atrial diameter (mm) 42.7 
(±7.6) 38.7 (±9.9) 4.0 (1.5 – 6.5) 0.002

LVOT diameter (mm) 19.2 
(±1.7) 19.9 (±2.0) -0.6 (-1.2 – -0.1) 0.013

Stroke volume index 35.1 
(±0.1) 42.0 (±11.4) 7.0 (-9.9 - -4.1) <0.001

Low-fl ow (SVI<35ml/m2) 43.7% 32.2% 1.63 (0.96 – 2.77) 0.071

End-systolic wall stress 62.9 
(±19.1) 62.3 (±18.3) 0.6 (-4.3 – 5.4) 0.813

Aortic valve area (cm2) 0.79 
(±0.18) 0.78 (±0.17) -0.01 (-0.03 – 0.06) 0.559

Transaortic peak velocity (cm/s) 367.8 
(±98.8)

379.8 
(±94.8) -12.1 (-37.1 – 13.0) 0.344

Transaortic mean pressure gradient 
(mmHg)

34.0 
(±21.8) 36.2 (±19.7) -2.1 (-7.4 – 3.1) 0.426

Mortality 37.7% 41.4% 0.86 (0.50 – 1.48) 0.576
Figure 1: Comparing mortality in obese to non-obese patients in medically managed severe AS with preserved 
LVEF>50%

P1-134
Strain Echocardiography Derived Mechanical Dispersion Identi es 
Mitral Valve Prolapse Patients at Higher Arrhythmic Risk
Simon Ermakov, Radhika Gulhar, Lisa Lim, Dwight Bibby, Qizhi Fang, Gregory 
Nah, Th eodore P. Abraham, Nelson B. Schiller, Francesca N. Delling. University of 
California - San Francisco, San Francisco, CA
Background: Mitral valve prolapse (MVP) is a common valvulopathy aff ecting 2-3% 
of the general population. A subset of MVP patients are at increased risk of ventricular 
arrhythmias and/or sudden cardiac death, particularly those with bileafl et involvement 
and myocardial fi brosis on cardiac magnetic resonance imaging. Abnormal speckle-
tracking echocardiography (STE), particularly mechanical dispersion, has been shown 
to be predictive of arrhythmic risk in other conditions with underlying myocardial 
fi brosis including ischemic heart disease and dilated cardiomyopathy. Th e aim of this 
study was to evaluate whether STE may further help in arrhythmic risk stratifi cation of 
patients with MVP. Methods: We reviewed the UCSF clinical and echo database and 
identifi ed 32 consecutive arrhythmic MVP (A-MVP) patients from 2013-2016 with 
a history of complex ventricular arrhythmia on Holter/event monitor (n=9 with high 
PVC burden or bigeminy/trigeminy, n=16 with ventricular tachycardia), or implantable 
cardioverter-defi brillator placement (n=7) along with 27 consecutive MVP patients 
without arrhythmic complications (NA-MVP). Additionally, we obtained clinical and 
echocardiographic data from 25 age/gender matched controls free of signifi cant cardiac 
disease. STE was performed using the TomTec Image Arena Version 4.6 Soft ware to 
calculate global longitudinal strain (GLS) as the average peak longitudinal strain from 
a 18-segment left  ventricular (LV) model and mechanical dispersion as the standard 
deviation of the time to peak strain of each LV segment. Results: MVP patients had 
signifi cantly higher MD when compared to controls (52 vs 41, p = 0.01) despite similar LV 
ejection fraction (62.2% vs 62%, p = 0.7) and similar GLS (-19.7 vs -20.5, p = 0.34). Within 
the MVP group, A-MVP and NA-MVP patients were similar with regards to age, gender, 
hypertension, diabetes, LV ejection fraction, and GLS (all p>0.05). None had coronary 
artery disease. Th e number of individuals with bileafl et MVP and the degree of mitral 
regurgitation (mostly trace or mild in both groups) were similar in A-MVP and NA-
MVP (p > 0.05). However, patients with A-MVP exhibited a higher degree of mechanical 
dispersion when compared to NA-MVP (59 ms vs 45 ms, p< 0.001) suggesting increased 
heterogeneity of ventricular contraction/electrical dispersion in A-MVP. Conclusion: 
STE-derived mechanical dispersion may help identify MVP patients at higher arrhythmic 
risk. Further studies are warranted to correlate this echocardiographic parameter with 
myocardial fi brosis in MVP.

P1-135
A Multi-Biomarker Approach Provides More Comprehensive 
Pathophysiologic Pro ling of Valvular Aortic Stenosis
Yen Yee Oon1, Edgar Lik-Wui Tay2, Wern Miin Soo2, Quek Wei Yong3, Evelyn Min 
Lee3, Lee Fong Ling4, Hean Yee Ong4, Siang Chew Chai5, Ping Ping Goh5, Zee Pin 
Ding6, Hak Chiaw Tang6, Calvin Woon Loong Chin6, Siew Pang Chan7, A. Mark 
Richards7,1, Lieng Hsi Ling1,2. 1NUS Yong Loo Lin School of Medicine, Singapore, 
Singapore; 2National University Heart Centre, Singapore, Singapore, Singapore; 
3Tan Tock Seng Hospital, Singapore, Singapore; 4Khoo Teck Puat Hospital, 
Singapore, Singapore; 5Changi General Hospital, Singapore, Singapore; 6National 
Heart Centre, Singapore, Singapore, Singapore; 7Cardiovascular Research 
Institute, Singapore, Singapore
Background: Circulating biomarkers may help identify advanced disease and risk stratify 
patients with aortic stenosis (AS). Information on more novel biomarkers is sparse 
and comparative data lacking. We aimed to correlate echocardiographic indexes of AS 
and functional capacity with levels of N-terminal pro-B-type natriuretic peptide (NT-
proBNP), high-sensitivity troponin T (hs-TnT), growth diff erentiation factor 15 (GDF15) 
and soluble ST2. Methods: We analyzed 172 pts (age 69±11 years, 56% female) with 
moderate to severe AS enrolled in a prospective multicenter study. Exclusions included 
>mild aortic regurgitation or organic mitral valve disease, LV ejection fraction <50%, 
NYHA class >II, recent heart failure hospitalization or myocardial infarction, cardiac 
surgery and serum creatinine >200 μmol/L. Functional capacity was assessed by 6-minute 
walk distance. Results: Of 172 pts, 47 (27%) had bicuspid valve. Symptoms were mild 
dyspnea in 24 pts (14%), chest pain in 18 (11%) and syncope in 2 (1%). Coronary artery 
disease was preexistent in 24 pts (14%). Peak aortic velocity was 3.8±0.7 m/s, mean 
aortic gradient 36±15 mmHg, continuity equation aortic valve area (AVA) 0.91±0.26 
cm2 and LV ejection fraction 65±5%. Severe AS (BSA-indexed AVA <0.6 cm2/m2) was 
present in 119 pts (69%). Table 1 displays correlations between echocardiographic data 
and log-transformed biomarker levels. Table 2 shows results of multiple linear regression 
analyses of biomarker associations with representative echocardiographic parameters 
and functional capacity. Conclusions: Th e biomarker(s) which best correlate with or 
predict key measures in pts with AS are (a) for hemodynamic severity: NT-proBNP, (b) 
LV systolic function: hs-TnT and secondarily NT-proBNP, (c) LV diastolic function: NT-
proBNP and hs-TnT equally, and (d) 6-minute walk distance: GDF15.
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P1-130
Relationship Between Improvement of Valvuloarterial Impedance 
and Left Atrial Volume Reduction After Transcatheter Aortic Valve 
Replacement: A Comparison Between Valvuloarterial Impedance 
and Mean Pressure Gradient
Satoshi Yamaguchi, Hiroki Ikenaga, Atsushi Hayashi, Takafumi Nagaura, Jun 
Yoshida, Takahiro Shiota. Cedars Sinai Medical Center, Los Angeles, CA
Background: Left  ventricular diastolic dysfunction involves elevated left  ventricular 
fi lling pressure and left  atrial enlargement. Left  atrial enlargement is associated with 
symptoms and mortality in aortic stenosis. In aortic stenosis, valvuloarterial impedance 
(Zva) is an index which represents global load. Zva consists both valvular and vascular 
load. While, mean pressure gradient (MPG) is a conventional index which represents the 
only valvular load. Th e improvement of Zva aft er transcatheter aortic valve replacement 
(TAVR) has been reported. We presumed that the improvement of Zva should be related 
to the left  atrial volume reduction coupling with the improvement of diastolic dysfunction 
aft er TAVR. Th e present study aimed to compare the correlation between the change 
of (Δ; Δ denotes the change from baseline to follow-up) Zva and Δleft  atrial volume 
index (LAVI) and that of ΔMPG and ΔLAVI. Methods: We reviewed transthoracic 
echocardiography at baseline and follow-up (> 90 days aft er TAVR) in 129 patients 
without signifi cant aortic regurgitation, or signifi cant mitral regurgitation, or signifi cant 
mitral stenosis, or atrial fi brillation, or history of myocardial infarction, who underwent 
TAVR from January 2011 to December 2015. Zva was calculated using following formula: 
Zva = [(systolic blood pressure + mean transvalvular pressure gradient)] / (stroke volume 
index). Left  atrial volume just before mitral valve opening was measured by the area-
length method from two- and four-chamber views and indexed to body surface area as 
LAVI. Pearson’s correlation coeffi  cient was used to see the relation between ΔZva and 
ΔLAVI. Results: Th ere was no signifi cant correlation between ΔMPG and ΔLAVI (r = 
0.165, P = 0.062). However, there was a signifi cant correlation between ΔZva and ΔLAVI 
(r = 0.392, P < 0.001) (Figure). Conclusions: Left  atrial volume reduction was related to 
the improvement of Zva aft er TAVR.

P1-131
Association of Mitral Regurgitation and Adverse Cardiac 
Remodeling and Hemodynamics in Patients with Low Flow Low 
Gradient Severe Aortic Stenosis
Zhichao Zheng, Sheila Klassen, Xin Zeng, Robert Levine, Sudarat 
Satitthummanid, Jacob Dal-Bianco, Jonathan Passeri, Judy Hung. Massachusetts 
General Hospital, Boston, MA
Background: Mitral regurgitation commonly occurs in conjunction with severe aortic 
stenosis. It remains unclear the impact of co-existing MR on cardiac remodeling in 
patients with low-fl ow low-gradient aortic stenosis (LFLGAS). We examined the 
association of MR on cardiac remodeling features in patients with LFLGAS. Methods: 
We performed a search of our institutional echocardiographic database from 2009-
2016 for patients with LFLGAS (stroke volume index (SVi) <35ml/m2, aortic valve area 
(AVA) <1.0cm2, mean aortic gradient< 40mmHg, peak aortic gradient<64 mmHg). 
Patient were grouped by presence of moderate or greater MR (+MR) or mild or less MR 
(-MR) and further subgroupedsub grouped by LFLGAS with low left  ventricular ejection 
function(LVEF): low EF (<50%) and LFLGAS with normal LVEF: (≥50%). Cardiac 
remodeling measures were compared (Tables) between the subgroups. Results: Overall, 
+MR patients had greater left  ventricular (LV) mass, LV and left  atrialrticle (LA) size, 
right ventricular systolic pressure(RVSP) and lower SVi than -MR pts. Additionally, 
However, +MR pts had a lower relative wall thickness (RWT) c/w less concentric 
hypertrophy and hence increased wall stress compared to than -MR patients. In patients 
with low LVEF and LFLGAS, +MR was associated with worse cardiac remodeling (greater 
LV mass, LV size , lower RWT) and worse hemodynamics (greater RVSP and lower SVi) 
than in patients with normal LVEF and LFLGAS. Conclusion: Co-existing moderate or 
greater MR in patients with LFLGAS is associated with adverse cardiac remodeling with 
increased LV and LA size, and lower RWT (a marker of increased wall stress) and worse 
cardiac hemodynamics with decreased SVi and increased RPVSP. Th is adverse eff ect on 
remodeling and hemodynamics may guide clinical decision making in patients with 
LFLGAS.

baseline characteristics and left  ventricular geometry and hemodynamics

LFLGAS LFLGAS

Total low LVEF normal 
LVEF

+MR 
(n=357)

-MR 
(n=642)

P 
value

+MR 
(n=191)

-MR 
(n=181) P value +MR 

(n=166)
-MR 
(n=461)

P 
value

Age 82±10 78±12 <0.05 81±9 80±10 =0.42 83±10 78±12 <0.05
Gender 209(58%) 411(64%) 0.10 134(70%) 141(78%) =0.09 75(45%) 268(58%) <0.05
AVA 0.74±0.13 0.79±0.12 <0.05 0.73±0.14 0.75±0.14 =0.05 0.75±0.12 0.80±0.11 <0.05
Mean 
gradient 26.4±1.90 27.9±7.17 <0.05 25.3±8.44 23.8±8.43 =0.05 27.7±7.1 28.9±6.4 =0.06

Peak 
gradient 47.2±13.8 50.0±12.6 <0.05 45.1±14.4 45.9±14.1 =0.58 49.6±12.8 51.7±11.6 =0.05

SVi 25± 6 27± 5 <0.05 23± 6 25 ± 5 <0.05 27 ± 5 28 ± 5 <0.05
LVEDV 116±44 93±37 <0.05 140±39 122±43 <0.05 88±32 81±27 <0.05
LVESV 67±41 45±32 <0.05 95±35 80±36 <0.05 35±16 31±14 <0.05
RWT 0.47±0.14 0.53±0.14 <0.05 0.40±0.10 0.46±0.14 <0.05 0.56±0.13 0.56±0.13 =0.69
LVmass/
BSA 119±31 103±29 <0.05 126±29 120±31 =0.06 112±32 96±26 <0.05

LAD 45±7 41±7 <0.05 45±6 44±7 =0.32 45±7 39±7 <0.05
RVSP 54±16 47±16 <0.05 54±14 50±15 <0.05 54±17 45±16 <0.05

P1-132
Relief of Aortic Stenosis is Not Associated with Reverse 
Ventricular Remodeling in the Elderly
Matthew W. Parker1, Colleen M. Harrington1, Bryon A. Gentile1, Lara C. Kovell1, 
Timothy Fitzgibbons1, Eugene Chung2, Gerard P. Aurigemma1. 1UMass Memorial 
Medical Center, Worcester, MA; 2Christ Hospital, Cincinnatti, OH
Background: Surgical relief of aortic stenosis has been associated with reverse left  
ventricular (LV) remodeling in middle aged adults. Whether elderly adults undergoing 
transcatheter aortic valve replacement (TAVR) exhibit similar degrees of reverse 
remodeling is less well known. Methods: One hundred sixty-one patients with complete 
echocardiograms before and one year aft er TAVR were studied. LV mass, relative wall 
thickness and LV geometry, and LV volumes and ejection fraction were calculated 
as described in the ASE Guidelines. Aortic valve Doppler gradients prior to and one 
year aft er TAVR were compared for each patient. Paired sample t-tests compared pre- 
and post-TAVR values. Linear regression was used to explore the eff ects of baseline 
echocardiographic characteristics on reverse remodeling during follow up. Alpha was set 
at 0.05 for all analyses. Results: Complete pre- and post-TAVR echocardiograms were 
available in 151 patients (mean age 80.8 ± 8.3 years, 51% male, and 61% with reduced 
LVEF). Mean Doppler gradient across the aortic valve was reduced from 46.7 ± 12.5 mm 
Hg to 11.5 ± 6.4 mm Hg (p<0.01). LV mass index decreased from 113.0 ± 33.0 g/m2 
to 96.6 ± 31.5 g/m2 (p<0.01) at one year, with 106 (66.3%) patients having elevated LV 
mass index pre-TAVR compared with 74 (46.3%) one year later (p=0.31). Components 
of LV mass are presented in the Table. Change in indexed LV mass was not statistically 
signifi cantly associated with change in aortic gradient (p=0.15). In the fi nal multivariable 
model, female sex (p=0.04) and greater baseline LV mass index (p<0.01) but not age, 
change in gradient, or baseline ejection fraction (multivariable p-values 0.60, 0.18, and 
0.17, respectively) were associated with regression of indexed LV mass. Conclusions: 
Regression, but not normalization, of indexed LV mass is typical aft er TAVR for severe 
aortic stenosis in elderly patients. Reduction of the transvalvular gradient is not associated 
with degree of regression of LV mass, suggesting other hemodynamic or structural factors 
determine LV remodeling in this population.
Table. Left  Ventricular Geometry, Pre- and 1-year-post- Transcatheter Aortic Valve Replacement for 
Severe Aortic Stenosis

Pre-TAVR 1-year Post-TAVR P-value

Interventricular septal thickness, diastole (mm) 12.8 ± 2.8 11.8 ± 2.6 <0.01
Left  ventricular internal diameter, diastole (mm) 46.2 ± 8.0 44.7 ± 8.5 0.13
Posterior wall thickness, diastole (mm) 11.8 ± 2.5 10.6 ± 2.3 <0.01
Relative wall thickness 0.55 ± 0.16 0.53 ± 0.17 0.15
Left  ventricular mass, indexed to body surface area (g/
m2) 113.0 ± 33.0 96.6 ± 31.5 <0.01

P1-133
The Obesity Paradox: Improved Survival in Obese Compared 
to Non-Obese Patients with Medically-Managed Severe Aortic 
Stenosis and Preserved Left Ventricular Ejection Fraction
Nicholas Ngiam, Nicholas Chew, Benjamin Tan, Ching-Hui Sia, Hui Wen Sim, 
William Kong, Tiong-Cheng Yeo, Kian-Keong Poh. National University Health 
System, Singapore, Singapore, Singapore
Background: Th e obesity paradox has been described haemodialysis and heart failure, 
where obesity was linked to improved survival. We explored this phenomenon in 
medically-managed severe aortic stenosis (AS). Methods: We divided 347 patients with 
medically-managed severe AS (aortic valve area<1cm2) into obese (body mass index, BMI, 
Asian cut-off >27.5kg/m2) and non-obese (BMI≤27.5kg/m2) groups, comparing clinical 
and echocardiographic profi les. Kaplan-Meier curves were constructed to compare 
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mortality. Results: 20.5% (n=71) patients were obese (BMI 30.5±3.2vs22.6±3.0kg/m2). 
Th ere were more male (73.2%vs55.4%,p=0.007) obese patients, with higher incidence 
of hypertension (76.6%vs60.9%,p=0.021), hyperlipidaemia (57.8%vs42.7%,p=0.033) 
and diabetes (54.7%vs35.5%p=0.006). Left  ventricular (LV) mass index 
(121.6±38.2vs111.4±32.9g/m2) and left  atrial diameter (42.7±7.6vs38.7±9.9mm) were 
larger in obese patients, while LV outfl ow tract diameter (19.2±1.7vs19.9±2.0mm) and 
stroke volume index (35.1±0.1vs42.0±11.4ml/m2) were smaller. Th ere were no signifi cant 
diff erences in aortic valve disease severity, but obese patients demonstrated improved 
survival (37.7%vs41.4% Kaplan-Meier log-rank 4.307,p=0.038) over a mean follow-up 
9.6±5.6 years. Conclusions: We demonstrated improved survival in obese patients with 
medically-managed severe AS despite increased incidence of cardiovascular risk factors.
Table 1: Univariate analysis comparing obese (BMI≥27.5g/m2) to non-obese 
(BMI<27.5kg/m2) patients in severe AS with preserved LVEF>50%

Obese 
(n=71)

Non-obese 
(n=276)

Odds Ratio/Mean 
Diff erence (95% 
CI)

P-value

Age (years) 68.4 
(±11.8)

72.36 
(±13.0) -4.0 (-7.4 - -0.7) 0.019

Body mass index (g/m2) 30.5 
(±3.2) 22.6 (±3.0) 7.9 (7.1 – 8.7) <0.001

Gender (Male) 73.2% 55.4% 2.20 (1.24 – 3.92) 0.007
Hypertension 76.6% 60.9% 2.10 (1.11 – 3.97) 0.021
Hyperlipidaemia 57.8% 42.7% 1.84 (1.046 – 3.23) 0.033
Diabetes mellitus 54.7% 35.5% 2.20 (1.25 – 3.83) 0.006
Ischaemic heart disease 25.0% 31.8% 0.71 (0.38 – 1.35) 0.296
Chronic kidney disease 15.6% 13.6% 1.17 (0.54 – 2.55) 0.687

Left  ventricular ejection fraction (%) 66.3 
(±8.1) 66.1 (±7.1) 0.1 (-1.8 – 2.1) 0.884

Left  ventricular mass index (g/m2) 121.6 
(±38.2)

111.4 
(±32.9) -10.2 (-20.0 – -0.3) 0.043

Left  ventricular internal diameter in 
diastole (mm)

46.0 
(±5.8) 45.6 (±6.4) 0.4 (-1.2 – 2.1) 0.621

Left  ventricular interventricular septal 
diameter in diastole (mm)

11.7 
(±2.3) 11.7 (±2.6) 0.0 (-0.6 – 0.7) 0.943

Left  ventricular posterior wall diameter 
in diastole (mm)

11.3 
(±1.7) 10.9 (±1.9) 0.4 (-0.1 – 0.9) 0.115

Left  atrial diameter (mm) 42.7 
(±7.6) 38.7 (±9.9) 4.0 (1.5 – 6.5) 0.002

LVOT diameter (mm) 19.2 
(±1.7) 19.9 (±2.0) -0.6 (-1.2 – -0.1) 0.013

Stroke volume index 35.1 
(±0.1) 42.0 (±11.4) 7.0 (-9.9 - -4.1) <0.001

Low-fl ow (SVI<35ml/m2) 43.7% 32.2% 1.63 (0.96 – 2.77) 0.071

End-systolic wall stress 62.9 
(±19.1) 62.3 (±18.3) 0.6 (-4.3 – 5.4) 0.813

Aortic valve area (cm2) 0.79 
(±0.18) 0.78 (±0.17) -0.01 (-0.03 – 0.06) 0.559

Transaortic peak velocity (cm/s) 367.8 
(±98.8)

379.8 
(±94.8) -12.1 (-37.1 – 13.0) 0.344

Transaortic mean pressure gradient 
(mmHg)

34.0 
(±21.8) 36.2 (±19.7) -2.1 (-7.4 – 3.1) 0.426

Mortality 37.7% 41.4% 0.86 (0.50 – 1.48) 0.576
Figure 1: Comparing mortality in obese to non-obese patients in medically managed severe AS with preserved 
LVEF>50%

P1-134
Strain Echocardiography Derived Mechanical Dispersion Identi es 
Mitral Valve Prolapse Patients at Higher Arrhythmic Risk
Simon Ermakov, Radhika Gulhar, Lisa Lim, Dwight Bibby, Qizhi Fang, Gregory 
Nah, Th eodore P. Abraham, Nelson B. Schiller, Francesca N. Delling. University of 
California - San Francisco, San Francisco, CA
Background: Mitral valve prolapse (MVP) is a common valvulopathy aff ecting 2-3% 
of the general population. A subset of MVP patients are at increased risk of ventricular 
arrhythmias and/or sudden cardiac death, particularly those with bileafl et involvement 
and myocardial fi brosis on cardiac magnetic resonance imaging. Abnormal speckle-
tracking echocardiography (STE), particularly mechanical dispersion, has been shown 
to be predictive of arrhythmic risk in other conditions with underlying myocardial 
fi brosis including ischemic heart disease and dilated cardiomyopathy. Th e aim of this 
study was to evaluate whether STE may further help in arrhythmic risk stratifi cation of 
patients with MVP. Methods: We reviewed the UCSF clinical and echo database and 
identifi ed 32 consecutive arrhythmic MVP (A-MVP) patients from 2013-2016 with 
a history of complex ventricular arrhythmia on Holter/event monitor (n=9 with high 
PVC burden or bigeminy/trigeminy, n=16 with ventricular tachycardia), or implantable 
cardioverter-defi brillator placement (n=7) along with 27 consecutive MVP patients 
without arrhythmic complications (NA-MVP). Additionally, we obtained clinical and 
echocardiographic data from 25 age/gender matched controls free of signifi cant cardiac 
disease. STE was performed using the TomTec Image Arena Version 4.6 Soft ware to 
calculate global longitudinal strain (GLS) as the average peak longitudinal strain from 
a 18-segment left  ventricular (LV) model and mechanical dispersion as the standard 
deviation of the time to peak strain of each LV segment. Results: MVP patients had 
signifi cantly higher MD when compared to controls (52 vs 41, p = 0.01) despite similar LV 
ejection fraction (62.2% vs 62%, p = 0.7) and similar GLS (-19.7 vs -20.5, p = 0.34). Within 
the MVP group, A-MVP and NA-MVP patients were similar with regards to age, gender, 
hypertension, diabetes, LV ejection fraction, and GLS (all p>0.05). None had coronary 
artery disease. Th e number of individuals with bileafl et MVP and the degree of mitral 
regurgitation (mostly trace or mild in both groups) were similar in A-MVP and NA-
MVP (p > 0.05). However, patients with A-MVP exhibited a higher degree of mechanical 
dispersion when compared to NA-MVP (59 ms vs 45 ms, p< 0.001) suggesting increased 
heterogeneity of ventricular contraction/electrical dispersion in A-MVP. Conclusion: 
STE-derived mechanical dispersion may help identify MVP patients at higher arrhythmic 
risk. Further studies are warranted to correlate this echocardiographic parameter with 
myocardial fi brosis in MVP.

P1-135
A Multi-Biomarker Approach Provides More Comprehensive 
Pathophysiologic Pro ling of Valvular Aortic Stenosis
Yen Yee Oon1, Edgar Lik-Wui Tay2, Wern Miin Soo2, Quek Wei Yong3, Evelyn Min 
Lee3, Lee Fong Ling4, Hean Yee Ong4, Siang Chew Chai5, Ping Ping Goh5, Zee Pin 
Ding6, Hak Chiaw Tang6, Calvin Woon Loong Chin6, Siew Pang Chan7, A. Mark 
Richards7,1, Lieng Hsi Ling1,2. 1NUS Yong Loo Lin School of Medicine, Singapore, 
Singapore; 2National University Heart Centre, Singapore, Singapore, Singapore; 
3Tan Tock Seng Hospital, Singapore, Singapore; 4Khoo Teck Puat Hospital, 
Singapore, Singapore; 5Changi General Hospital, Singapore, Singapore; 6National 
Heart Centre, Singapore, Singapore, Singapore; 7Cardiovascular Research 
Institute, Singapore, Singapore
Background: Circulating biomarkers may help identify advanced disease and risk stratify 
patients with aortic stenosis (AS). Information on more novel biomarkers is sparse 
and comparative data lacking. We aimed to correlate echocardiographic indexes of AS 
and functional capacity with levels of N-terminal pro-B-type natriuretic peptide (NT-
proBNP), high-sensitivity troponin T (hs-TnT), growth diff erentiation factor 15 (GDF15) 
and soluble ST2. Methods: We analyzed 172 pts (age 69±11 years, 56% female) with 
moderate to severe AS enrolled in a prospective multicenter study. Exclusions included 
>mild aortic regurgitation or organic mitral valve disease, LV ejection fraction <50%, 
NYHA class >II, recent heart failure hospitalization or myocardial infarction, cardiac 
surgery and serum creatinine >200 μmol/L. Functional capacity was assessed by 6-minute 
walk distance. Results: Of 172 pts, 47 (27%) had bicuspid valve. Symptoms were mild 
dyspnea in 24 pts (14%), chest pain in 18 (11%) and syncope in 2 (1%). Coronary artery 
disease was preexistent in 24 pts (14%). Peak aortic velocity was 3.8±0.7 m/s, mean 
aortic gradient 36±15 mmHg, continuity equation aortic valve area (AVA) 0.91±0.26 
cm2 and LV ejection fraction 65±5%. Severe AS (BSA-indexed AVA <0.6 cm2/m2) was 
present in 119 pts (69%). Table 1 displays correlations between echocardiographic data 
and log-transformed biomarker levels. Table 2 shows results of multiple linear regression 
analyses of biomarker associations with representative echocardiographic parameters 
and functional capacity. Conclusions: Th e biomarker(s) which best correlate with or 
predict key measures in pts with AS are (a) for hemodynamic severity: NT-proBNP, (b) 
LV systolic function: hs-TnT and secondarily NT-proBNP, (c) LV diastolic function: NT-
proBNP and hs-TnT equally, and (d) 6-minute walk distance: GDF15.



B60  Abstracts Journal of the American Society of Echocardiography
June 2018

Poster Session 1 (P1) Sunday, June 24, 2018

Table 1.

NT-proBNP hs-TnT GDF15 ST2

r P 
value r P 

value r P 
value r P 

value
Peak aortic velocity 0.32 <0.001 0.09 0.23 -0.10 0.20 0.006 0.94
Mean aortic gradient 0.29 <0.001 0.07 0.39 -0.10 0.18 0.02 0.80
AVA -0.31 <0.001 -0.16 0.03 -0.09 0.27 -0.003 0.96
AVA index* -0.22 0.004 -0.16 0.03 -0.03 0.67 -0.05 0.49
Energy loss index* -0.17 0.03 -0.13 0.08 0.03 0.69 -0.03 0.66
LV ejection fraction -0.06 0.43 -0.20 0.009 -0.11 0.16 -0.08 0.32
Annular systolic velocity† -0.32 <0.001 -0.36 <0.001 -0.11 0.16 0.05 0.50
LV global longitudinal strain 0.20 0.008 0.38 <0.001 0.18 0.02 0.02 0.84
LV mass index* 0.29 <0.001 0.35 <0.001 0.01 0.88 0.02 0.81
Left  atrial volume index* 0.49 <0.001 0.24 0.001 0.06 0.42 0.05 0.53
Annular e’ velocity† -0.33 <0.001 -0.39 <0.001 -0.21 0.007 0.02 0.76
E/e’ ratio† 0.43 <0.001 0.43 <0.001 0.19 0.01 0.01 0.90
Tricuspid regurgitation peak 
velocity 0.42 <0.001 0.23 0.004 0.17 0.03 -0.04 0.62

6-minute walk distance -0.16 0.06 -0.23 0.009 -0.36 <0.001 -0.11 0.19
*Indexed to BSA; †Average of septal and lateral annular velocities

Table 2.

AVA
LV global 
longitudinal 
strain

Annular systolic 
velocity E/e’ ratio 6-minute walk 

distance

Co-
effi  cient P value Co-

effi  cient P value Co-
effi  cient

P 
value

Co-
effi  cient P Co-

effi  cient
P 
value

NT-
proBNP -0.07 <0.001 - - -0.19 0.02 1.37 <0.001 - -

hs-TnT - - 1.61 <0.001 -0.47 0.001 2.46 <0.001 - -
GDF15 - - - - - - - - -53.94 <0.001
ST2 - - - - - - - - - -

P1-136
Left Atrial Deformation in Patients with Moderate to Severe Aortic 
Stenosis and Heart Failure
Francois Simard, Eileen O‘Meara, Normand Racine, Anique Ducharme, Michel 
White, Jean-Francois Dorval, Anita Asgar, Reda Ibrahim, Raoul Bonan, Jean-
Lucien Rouleau, Raymond Cartier, Ismail El-Hamamsy, Arsene Basmadjian, 
Christine Henri. Montreal Heart Institute, Montreal, QC, Canada
Background: Th e presence of heart failure (HF) in patients with moderate to severe 
aortic stenosis (AS) is thought to be related to the presence of diastolic dysfunction. 
Assessment of left  atrial (LA) deformation, a novel and reproducible technique, may 
be more closely associated with HF in patients with AS than traditional parameters, 
such as e’ velocities and E/e’ ratio, infl uenced by left  ventricular (LV) hypertrophy and 
mitral annular calcifi cation. Th e aim of this study was to compare the association of 
both methods with the presence of HF in patients with AS. Methods: 71 patients with 
moderate and severe AS (< 1.5cm2) and preserved LV ejection fraction were included. Th e 
presence of HF was defi ned as NYHA≥2 and NT-proBNP≥360pg/mL. LA deformation 
was evaluated using 2D echocardiography speckle tracking analysis. Functional capacity 
was assessed using 6-minute walk test distance and 5 meters gait speed. Results: Patients 
with HF were signifi cantly older with higher NT-proBNP level (Table 1). AS severity or 
LV geometry and function were not predictive of HF. Parameters of LV diastolic function, 
e’ velocities or E/e’ ratio, did not show signifi cant diff erences between groups. LA negative 
late diastolic strain, positive systolic and negative early and late diastolic strain rates 
(contractile, reservoir and conduit function) were signifi cantly worse in symptomatic 
patient. Patients with HF walked a signifi cantly shorter 6-minute walk distance compared 
to asymptomatic (Δ 64m, p=0.020) with a signifi cantly slower 5 meters gait speed. 
Statistically signifi cant correlations were found between LA positive systolic strain and 
NT-proBNP (r=-0.388, p=0.002), 6-minute walk test distance (r=0.420, p=0.001) and 5 
meters gait speed (r=0.420, p=0.001). All other LA strain parameters showed signifi cant 
correlations with those parameters. Conclusion: Evaluation of LA deformation using 
novel tools such as speckle tracking analysis may be more closely related to the presence 
of HF compared to traditional evaluation of diastolic function in patients with moderate 
to severe AS.

P1-137
Increased Risk of Myocardial Infarction and Cardiac Death 
after Renal Transplant in Patients with Pre-Transplant 
Echocardiographic Evidence of Mitral Annular Calci cation
Nadia El Hangouche1, Addis Asfaw2, Meron Teshome1, Aviral Vij1, Tania 
Campagnoli1, Ralph Matar1, Javier Gomez1, Rami Doukky1. 1John H. Stroger 
Hospital of Cook County, Chicago, IL; 2Saint Margaret Mercy Hospital, 
Hammond, IN
Background: Mitral annular calcifi cation (MAC) is a common echocardiographic fi nding 
among patients with chronic kidney disease. An increased risk of major adverse cardiac 
events (MACE) in patients with MAC has been shown. Th e risk of MACE aft er renal 
transplant (RT) in patients with MAC identifi ed on a pre-transplant echocardiogram has 
not been studied. We aimed to determine the prognostic value of MAC in RT recipients. 
Methods: In a retrospective cohort of consecutive RT recipients, pre-transplant MAC 
presence and severity on transthoracic echocardiography performed within 1 year prior 
to transplant was determined by an observer blinded to other clinical and imaging data. 
MAC severity was quantifi ed based on the circumferential MAC extension relative to 
the mitral valve annulus in parasternal short axis view: mild, <1/3; moderate, 1/3 - 1/2; 
severe, >1/2. Clinical risk was assessed using the sum of risk factors (range 0 - 8) set-forth 
by the AHA/ACCF consensus statement on the assessment of RT candidates (age > 60 y, 
hypertension, diabetes, dyslipidemia, smoking, history of cardiovascular disease, dialysis 
> 1 y, left  ventricular hypertrophy). Subjects underwent pre-transplant stress myocardial 
perfusion imaging and followed for post-transplant MACE (cardiac death or myocardial 
infarction). Kaplan-Meier plots, log-rank test and Cox-regression models were used in 
outcome analysis. Results: We analyzed 337 patients (60.5% male; mean age 52.4 ± 12 y; 
mean dialysis duration 4.2 ± 3.2 y). MAC was present in 80 (23%) patients (mild, 64%; 
moderate, 33%; severe, 3%). During a mean follow up of 3.1 ± 1.9 y, a total of 74 MACEs 
were observed. Patients with MAC had higher MACE rate compared to those without 
MAC (36.2% vs 17.5%, P < 0.001. Fig. 1) with a stepwise increase in MACE risk with 
increasing MAC severity (Fig 2). Th e diff erence in MACE risk remained signifi cant aft er 
adjusting for sex, duration of dialysis, sum of AHA/ACCF risk factors, ejection fraction, 
and burden of global and ischemic perfusion abnormality on myocardial perfusion 
imaging. Conclusion: MAC is an independent predictor of MACE risk in RT recipients 
with a direct correlation between MAC severity and MACE rates.

P1-138
Left Ventricular Global Longitudinal Strain is the Main Determinant 
of Left Atrial Reservoir Function Improvement After Transarterial 
Valve Replacement for Isolated Severe Aortic Stenosis 
Dragos Alexandru, Florentina Petillo, Simcha Pollack, Dennis Mihalatos, Eddy 
Barasch. St. Francis Hospital/SUNY at Stony Brook, Roslyn, NY
Background: Left  atrial (LA) size and function are altered in severe aortic stenosis (AS). 
Th e magnitude of LA reverse remodeling, the changes in LA myocardial deformation and 
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their predictors aft er transarterial valve replacement (TAVR) are less known. Methods: 
Of 440 patients who underwent TAVR at our Institution between 1/1-12/31 2017, 65 (age 
82 ±8 years, 53% female, AVAi 0.47 ± 0.04 cm2/m2, EF 60.4 ± 9.7%, in NSR) with no more 
than mild mitral valve disease, underwent 2-D speckle tracking echocardiography (STE) 
pre and post TAVR (31 had implanted Edwards-Sapien valves) for the evaluation of LV, 
RV and LA peak global longitudinal strain (LAGS) measured at QRS onset, LA stiff ness 
(LASt) (calculated as E/e’/LAGS), and mechanical dispersion (MD) (standard deviation 
of time to peak negative strain). Th e mean time between TAVR and echocardiographic 
exam was 41± 55 days (median 29 days). Th e studies were performed on a Phillips IE 33 
scanner using frame rates 60-80 Hz and analyzed by one observer on a Q lab soft ware. 
Unadjusted and adjusted paired-t-test for demographics (model 1) and in addition, 
for EF, AV peak gradient and AVA (model 2) was done using a mixed model ANOVA. 
Pearson correlations and multiple regression for the prediction of pre/post TAVR 
changes of LAGS, LASt and LAMD were performed as well. Results: Th e changes in echo 
Doppler and STE variables are illustrated below. In fully adjusted models (model 2), the 
signifi cant associations pre/post TAVR of the Δ LAGS and Δ LASt were with Δ LVGS ( 
r=0.72, p<0.0001 and r = -0.65, p <0.0001, respectively), Δ LASt correlating with Δ RVGS 
(r = -0.42, p = 0.05). PreTAVR LVGS predicted the improvement in LAGS (r2 = 0.44, 
p<0.0001), and preTAVR LVMD predicted Δ LA MD (r2 =0.16 , p= 0.01). Conclusions: 1. 
Within one year aft er TAVR for severe AS, there is a signifi cant improvement in LV systolic 
function, LA reservoir function and decrease in LA stiff ness with no signifi cant change 
in LA mechanical dispersion. 2. Pre TAVR LVGS is the main predictor of improvement 
in LA mechanical properties 3. Th ese fi ndings highlight the interdependence between 
the cardiac chambers and may contribute to a better understanding of symptomatic 
improvement aft er TAVR.

P1-139
Global and Regional Left Ventricular Peak Longitudinal Strain in 
Bilea et Myxomatous Mitral Valve Prolapse: In Search of High 
Risk Markers
Lakshmi Muthukumar1, M. Fuad Jan2, Matt Umland1, Renuka Jain1, Bijoy K. 
Khandheria3, Susan Olet4, A. Jamil Tajik2. 1Aurora Cardiovascular Services, 
Aurora Sinai/Aurora St. Luke‘s Medical Centers, Milwaukee, WI; 2Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Milwaukee, WI; 
3Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Marcus Family 
Fund for Echocardiography (ECHO) Research and Education, Milwaukee, WI; 
4Aurora Research Institute, Milwaukee, WI
Background: Predictors of arrhythmic sudden cardiac death are challenging to identify 
in patients with mitral valve prolapse. Increased mechanical traction by prolapsing 
leafl ets has been associated with increased risk of ventricular arrhythmias in patients 
with Mitral valve prolapse. We hypothesized that areas of increased mechanical traction 
would have increased regional strain as assessed by speckle tracking echocardiography. 
Methods: We identifi ed patients with myxomatous bileafl et mitral valve prolapse that 
had not undergone surgery. Patients were divided into 2 groups based on their lateral 
annular systolic tissue Doppler velocities: ≥ 16 cm/s (Group1) and < 16 cm/s (Group 
2). In all patients using speckle tracking echocardiography derived longitudinal strain 
curves, global and regional LV peak longitudinal strain (PLS), end systolic strain (ESS), 
peak strain over the whole cycle (PS), post systolic index (PSI) and pre stretch index 
(PST) were analyzed. Extent of prolapse, mitral annular disjunction, leafl et thickness, 
LVEF, severity of regurgitation, late gadolinium enhancement on cardiac magnetic 

resonance and incidence of ventricular arrhythmias were also analyzed. Results: A total 
of 27 patients were identifi ed: 16 patients in Group 1 (mean age 42 ± 3 years; 50 % female) 
and 11 patients in Group 2 (mean age 54 ± 5 years; 73 % female). Global PLS, ESS and PS 
in Group 1 was signifi cantly higher than in Group 2 (PLS = -19.8 ± 0.4 % vs. -17.8 ± 0.4 
%; P = 0.0005; ESS = -19.6 ± 0.4 % vs. -17.7 ± 0.4 %; P = 0.0007; PS = -20.6 ± 0.4 % vs. 
-18.4 ± 0.4 %; P < 0.0001). Similarly mid, apical and lateral segments PLS, ESS and PS of 
Group 1 was higher than in Group 2 (P< 0.05). Four of the group 1 and 3 of the group 2 
(p =ns) had ventricular arrhythmias. Th ere were no diff erences between the two groups 
in the global or regional PST or PSI, degree of prolapse, leafl et thickness, mitral annular 
disjunction, LVEF, severity of regurgitation and late gadolinium enhancement. Using 
bull’s-eye mapping it was possible to accurately predict the location for tissue Doppler 
sample volume in order to obtain the highest Doppler velocity corresponding to the 
region of the myocardium with the highest mechanical traction by the prolapsing leafl et. 
Conclusion: Global and regional PLS, ESS and PS is higher in patients with mitral valve 
prolapse with lateral annular systolic tissue velocity ≥ 16 cm/s compared to those with 
velocity < 16 cm/s. Identifi cation of regions with highest mechanical traction is feasible 
using speckle tracking and the bull’s-eye display of longitudinal strain, thus identifying 
potential arrythmogenic foci in the myocardium.

P1-140
Right Ventricular Free Wall Longitudinal Strain is a Predictor 
of 1-Year All-Cause Mortality in Elderly Population Undergoing 
Transcatheter Aortic Valve Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Right ventricular (RV) conventional echocardiographic parameters of 
systolic function (SF) failed to predict outcomes in patients undergoing transcatheter 
aortic valve replacement (TAVR). RV free wall longitudinal strain (FW LS) is a novel, 
sensitive parameter to evaluate SF, and may overcome the limitations of fractional area 
change (FAC), tricuspid annular plane systolic excursion (TAPSE) and myocardial 
velocity (S’). RV FW LS application in this population is unknown. We aimed to assess 
RV FW LS as a predictor of 1 year all cause mortality in a TAVR population. Methods:
We retrospectively analyzed consecutive patients who underwent TAVR between years 
2007-2014 and had available 1-3 months pre-procedural echo in sinus rhythm. Patients 
with a pacemaker were excluded. Conventional RV SF indices (TAPSE, S’, FAC) were 
measured (Philips) and FW-LS was derived from speckle tracking analyses (TOMTEC). 
Th e standard reference was determined as normal or impaired RV SF according to the 
presence ≥ 50% of: TAPSE<1.7cm, S’<9.5cm/s, FAC<35%. Cox regression analysis for RV 
FW LS was used to predict 1 year all cause mortality and its median to create subgroups 
for Kaplan Meier (KM) curves. Results: From a total of 613 patients, 354 were included 
for FW LS analysis (feasibility 57% resulting from 14% of patients excluded due to atrial 
fi brillation, 12% with pacemaker, 8% with bad quality images, and 9% who had no 
available echo for analysis). Baseline measurements were as follows for impaired/normal 
subgroups: TAPSE 1.3±0.3/2.18±0.4 cm, S’ 8.2±1.5/11.9±2.3 cm/sec, FAC 35±11/50±9%, 
and FW LS -21.3±6.4/-25.7±6.0%. By conventional parameters at baseline, 80% of 
patients had normal RV SF while 20% impaired. Cox regression analysis showed that 
RV FW LS was a predictor of all cause mortality at 1 year (HR 1.07, 95% CI 1.01-1.12, 
p<0.01). KM curves showed that patients with worse RV FW LS (above median of -24.7, 
i.e. less negative values) have higher all cause mortality at 1 year. Conclusions: In a real 
world TAVR population, RV FW LS is a feasible single echo parameter which may assess 
RV SF by itself. Each single unit of RV FW LS was associated with a 7% risk of increased 
all cause mortality at 1year follow up. Interestingly, in the impaired RV SF subgroup mean 
baseline RV FW-LS was more negative than -20%, a cutoff  accepted for normal value 
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Table 1.

NT-proBNP hs-TnT GDF15 ST2

r P 
value r P 

value r P 
value r P 

value
Peak aortic velocity 0.32 <0.001 0.09 0.23 -0.10 0.20 0.006 0.94
Mean aortic gradient 0.29 <0.001 0.07 0.39 -0.10 0.18 0.02 0.80
AVA -0.31 <0.001 -0.16 0.03 -0.09 0.27 -0.003 0.96
AVA index* -0.22 0.004 -0.16 0.03 -0.03 0.67 -0.05 0.49
Energy loss index* -0.17 0.03 -0.13 0.08 0.03 0.69 -0.03 0.66
LV ejection fraction -0.06 0.43 -0.20 0.009 -0.11 0.16 -0.08 0.32
Annular systolic velocity† -0.32 <0.001 -0.36 <0.001 -0.11 0.16 0.05 0.50
LV global longitudinal strain 0.20 0.008 0.38 <0.001 0.18 0.02 0.02 0.84
LV mass index* 0.29 <0.001 0.35 <0.001 0.01 0.88 0.02 0.81
Left  atrial volume index* 0.49 <0.001 0.24 0.001 0.06 0.42 0.05 0.53
Annular e’ velocity† -0.33 <0.001 -0.39 <0.001 -0.21 0.007 0.02 0.76
E/e’ ratio† 0.43 <0.001 0.43 <0.001 0.19 0.01 0.01 0.90
Tricuspid regurgitation peak 
velocity 0.42 <0.001 0.23 0.004 0.17 0.03 -0.04 0.62

6-minute walk distance -0.16 0.06 -0.23 0.009 -0.36 <0.001 -0.11 0.19
*Indexed to BSA; †Average of septal and lateral annular velocities

Table 2.

AVA
LV global 
longitudinal 
strain

Annular systolic 
velocity E/e’ ratio 6-minute walk 

distance

Co-
effi  cient P value Co-

effi  cient P value Co-
effi  cient

P 
value

Co-
effi  cient P Co-

effi  cient
P 
value

NT-
proBNP -0.07 <0.001 - - -0.19 0.02 1.37 <0.001 - -

hs-TnT - - 1.61 <0.001 -0.47 0.001 2.46 <0.001 - -
GDF15 - - - - - - - - -53.94 <0.001
ST2 - - - - - - - - - -

P1-136
Left Atrial Deformation in Patients with Moderate to Severe Aortic 
Stenosis and Heart Failure
Francois Simard, Eileen O‘Meara, Normand Racine, Anique Ducharme, Michel 
White, Jean-Francois Dorval, Anita Asgar, Reda Ibrahim, Raoul Bonan, Jean-
Lucien Rouleau, Raymond Cartier, Ismail El-Hamamsy, Arsene Basmadjian, 
Christine Henri. Montreal Heart Institute, Montreal, QC, Canada
Background: Th e presence of heart failure (HF) in patients with moderate to severe 
aortic stenosis (AS) is thought to be related to the presence of diastolic dysfunction. 
Assessment of left  atrial (LA) deformation, a novel and reproducible technique, may 
be more closely associated with HF in patients with AS than traditional parameters, 
such as e’ velocities and E/e’ ratio, infl uenced by left  ventricular (LV) hypertrophy and 
mitral annular calcifi cation. Th e aim of this study was to compare the association of 
both methods with the presence of HF in patients with AS. Methods: 71 patients with 
moderate and severe AS (< 1.5cm2) and preserved LV ejection fraction were included. Th e 
presence of HF was defi ned as NYHA≥2 and NT-proBNP≥360pg/mL. LA deformation 
was evaluated using 2D echocardiography speckle tracking analysis. Functional capacity 
was assessed using 6-minute walk test distance and 5 meters gait speed. Results: Patients 
with HF were signifi cantly older with higher NT-proBNP level (Table 1). AS severity or 
LV geometry and function were not predictive of HF. Parameters of LV diastolic function, 
e’ velocities or E/e’ ratio, did not show signifi cant diff erences between groups. LA negative 
late diastolic strain, positive systolic and negative early and late diastolic strain rates 
(contractile, reservoir and conduit function) were signifi cantly worse in symptomatic 
patient. Patients with HF walked a signifi cantly shorter 6-minute walk distance compared 
to asymptomatic (Δ 64m, p=0.020) with a signifi cantly slower 5 meters gait speed. 
Statistically signifi cant correlations were found between LA positive systolic strain and 
NT-proBNP (r=-0.388, p=0.002), 6-minute walk test distance (r=0.420, p=0.001) and 5 
meters gait speed (r=0.420, p=0.001). All other LA strain parameters showed signifi cant 
correlations with those parameters. Conclusion: Evaluation of LA deformation using 
novel tools such as speckle tracking analysis may be more closely related to the presence 
of HF compared to traditional evaluation of diastolic function in patients with moderate 
to severe AS.

P1-137
Increased Risk of Myocardial Infarction and Cardiac Death 
after Renal Transplant in Patients with Pre-Transplant 
Echocardiographic Evidence of Mitral Annular Calci cation
Nadia El Hangouche1, Addis Asfaw2, Meron Teshome1, Aviral Vij1, Tania 
Campagnoli1, Ralph Matar1, Javier Gomez1, Rami Doukky1. 1John H. Stroger 
Hospital of Cook County, Chicago, IL; 2Saint Margaret Mercy Hospital, 
Hammond, IN
Background: Mitral annular calcifi cation (MAC) is a common echocardiographic fi nding 
among patients with chronic kidney disease. An increased risk of major adverse cardiac 
events (MACE) in patients with MAC has been shown. Th e risk of MACE aft er renal 
transplant (RT) in patients with MAC identifi ed on a pre-transplant echocardiogram has 
not been studied. We aimed to determine the prognostic value of MAC in RT recipients. 
Methods: In a retrospective cohort of consecutive RT recipients, pre-transplant MAC 
presence and severity on transthoracic echocardiography performed within 1 year prior 
to transplant was determined by an observer blinded to other clinical and imaging data. 
MAC severity was quantifi ed based on the circumferential MAC extension relative to 
the mitral valve annulus in parasternal short axis view: mild, <1/3; moderate, 1/3 - 1/2; 
severe, >1/2. Clinical risk was assessed using the sum of risk factors (range 0 - 8) set-forth 
by the AHA/ACCF consensus statement on the assessment of RT candidates (age > 60 y, 
hypertension, diabetes, dyslipidemia, smoking, history of cardiovascular disease, dialysis 
> 1 y, left  ventricular hypertrophy). Subjects underwent pre-transplant stress myocardial 
perfusion imaging and followed for post-transplant MACE (cardiac death or myocardial 
infarction). Kaplan-Meier plots, log-rank test and Cox-regression models were used in 
outcome analysis. Results: We analyzed 337 patients (60.5% male; mean age 52.4 ± 12 y; 
mean dialysis duration 4.2 ± 3.2 y). MAC was present in 80 (23%) patients (mild, 64%; 
moderate, 33%; severe, 3%). During a mean follow up of 3.1 ± 1.9 y, a total of 74 MACEs 
were observed. Patients with MAC had higher MACE rate compared to those without 
MAC (36.2% vs 17.5%, P < 0.001. Fig. 1) with a stepwise increase in MACE risk with 
increasing MAC severity (Fig 2). Th e diff erence in MACE risk remained signifi cant aft er 
adjusting for sex, duration of dialysis, sum of AHA/ACCF risk factors, ejection fraction, 
and burden of global and ischemic perfusion abnormality on myocardial perfusion 
imaging. Conclusion: MAC is an independent predictor of MACE risk in RT recipients 
with a direct correlation between MAC severity and MACE rates.

P1-138
Left Ventricular Global Longitudinal Strain is the Main Determinant 
of Left Atrial Reservoir Function Improvement After Transarterial 
Valve Replacement for Isolated Severe Aortic Stenosis 
Dragos Alexandru, Florentina Petillo, Simcha Pollack, Dennis Mihalatos, Eddy 
Barasch. St. Francis Hospital/SUNY at Stony Brook, Roslyn, NY
Background: Left  atrial (LA) size and function are altered in severe aortic stenosis (AS). 
Th e magnitude of LA reverse remodeling, the changes in LA myocardial deformation and 
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their predictors aft er transarterial valve replacement (TAVR) are less known. Methods: 
Of 440 patients who underwent TAVR at our Institution between 1/1-12/31 2017, 65 (age 
82 ±8 years, 53% female, AVAi 0.47 ± 0.04 cm2/m2, EF 60.4 ± 9.7%, in NSR) with no more 
than mild mitral valve disease, underwent 2-D speckle tracking echocardiography (STE) 
pre and post TAVR (31 had implanted Edwards-Sapien valves) for the evaluation of LV, 
RV and LA peak global longitudinal strain (LAGS) measured at QRS onset, LA stiff ness 
(LASt) (calculated as E/e’/LAGS), and mechanical dispersion (MD) (standard deviation 
of time to peak negative strain). Th e mean time between TAVR and echocardiographic 
exam was 41± 55 days (median 29 days). Th e studies were performed on a Phillips IE 33 
scanner using frame rates 60-80 Hz and analyzed by one observer on a Q lab soft ware. 
Unadjusted and adjusted paired-t-test for demographics (model 1) and in addition, 
for EF, AV peak gradient and AVA (model 2) was done using a mixed model ANOVA. 
Pearson correlations and multiple regression for the prediction of pre/post TAVR 
changes of LAGS, LASt and LAMD were performed as well. Results: Th e changes in echo 
Doppler and STE variables are illustrated below. In fully adjusted models (model 2), the 
signifi cant associations pre/post TAVR of the Δ LAGS and Δ LASt were with Δ LVGS ( 
r=0.72, p<0.0001 and r = -0.65, p <0.0001, respectively), Δ LASt correlating with Δ RVGS 
(r = -0.42, p = 0.05). PreTAVR LVGS predicted the improvement in LAGS (r2 = 0.44, 
p<0.0001), and preTAVR LVMD predicted Δ LA MD (r2 =0.16 , p= 0.01). Conclusions: 1. 
Within one year aft er TAVR for severe AS, there is a signifi cant improvement in LV systolic 
function, LA reservoir function and decrease in LA stiff ness with no signifi cant change 
in LA mechanical dispersion. 2. Pre TAVR LVGS is the main predictor of improvement 
in LA mechanical properties 3. Th ese fi ndings highlight the interdependence between 
the cardiac chambers and may contribute to a better understanding of symptomatic 
improvement aft er TAVR.

P1-139
Global and Regional Left Ventricular Peak Longitudinal Strain in 
Bilea et Myxomatous Mitral Valve Prolapse: In Search of High 
Risk Markers
Lakshmi Muthukumar1, M. Fuad Jan2, Matt Umland1, Renuka Jain1, Bijoy K. 
Khandheria3, Susan Olet4, A. Jamil Tajik2. 1Aurora Cardiovascular Services, 
Aurora Sinai/Aurora St. Luke‘s Medical Centers, Milwaukee, WI; 2Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Milwaukee, WI; 
3Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Marcus Family 
Fund for Echocardiography (ECHO) Research and Education, Milwaukee, WI; 
4Aurora Research Institute, Milwaukee, WI
Background: Predictors of arrhythmic sudden cardiac death are challenging to identify 
in patients with mitral valve prolapse. Increased mechanical traction by prolapsing 
leafl ets has been associated with increased risk of ventricular arrhythmias in patients 
with Mitral valve prolapse. We hypothesized that areas of increased mechanical traction 
would have increased regional strain as assessed by speckle tracking echocardiography. 
Methods: We identifi ed patients with myxomatous bileafl et mitral valve prolapse that 
had not undergone surgery. Patients were divided into 2 groups based on their lateral 
annular systolic tissue Doppler velocities: ≥ 16 cm/s (Group1) and < 16 cm/s (Group 
2). In all patients using speckle tracking echocardiography derived longitudinal strain 
curves, global and regional LV peak longitudinal strain (PLS), end systolic strain (ESS), 
peak strain over the whole cycle (PS), post systolic index (PSI) and pre stretch index 
(PST) were analyzed. Extent of prolapse, mitral annular disjunction, leafl et thickness, 
LVEF, severity of regurgitation, late gadolinium enhancement on cardiac magnetic 

resonance and incidence of ventricular arrhythmias were also analyzed. Results: A total 
of 27 patients were identifi ed: 16 patients in Group 1 (mean age 42 ± 3 years; 50 % female) 
and 11 patients in Group 2 (mean age 54 ± 5 years; 73 % female). Global PLS, ESS and PS 
in Group 1 was signifi cantly higher than in Group 2 (PLS = -19.8 ± 0.4 % vs. -17.8 ± 0.4 
%; P = 0.0005; ESS = -19.6 ± 0.4 % vs. -17.7 ± 0.4 %; P = 0.0007; PS = -20.6 ± 0.4 % vs. 
-18.4 ± 0.4 %; P < 0.0001). Similarly mid, apical and lateral segments PLS, ESS and PS of 
Group 1 was higher than in Group 2 (P< 0.05). Four of the group 1 and 3 of the group 2 
(p =ns) had ventricular arrhythmias. Th ere were no diff erences between the two groups 
in the global or regional PST or PSI, degree of prolapse, leafl et thickness, mitral annular 
disjunction, LVEF, severity of regurgitation and late gadolinium enhancement. Using 
bull’s-eye mapping it was possible to accurately predict the location for tissue Doppler 
sample volume in order to obtain the highest Doppler velocity corresponding to the 
region of the myocardium with the highest mechanical traction by the prolapsing leafl et. 
Conclusion: Global and regional PLS, ESS and PS is higher in patients with mitral valve 
prolapse with lateral annular systolic tissue velocity ≥ 16 cm/s compared to those with 
velocity < 16 cm/s. Identifi cation of regions with highest mechanical traction is feasible 
using speckle tracking and the bull’s-eye display of longitudinal strain, thus identifying 
potential arrythmogenic foci in the myocardium.

P1-140
Right Ventricular Free Wall Longitudinal Strain is a Predictor 
of 1-Year All-Cause Mortality in Elderly Population Undergoing 
Transcatheter Aortic Valve Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Right ventricular (RV) conventional echocardiographic parameters of 
systolic function (SF) failed to predict outcomes in patients undergoing transcatheter 
aortic valve replacement (TAVR). RV free wall longitudinal strain (FW LS) is a novel, 
sensitive parameter to evaluate SF, and may overcome the limitations of fractional area 
change (FAC), tricuspid annular plane systolic excursion (TAPSE) and myocardial 
velocity (S’). RV FW LS application in this population is unknown. We aimed to assess 
RV FW LS as a predictor of 1 year all cause mortality in a TAVR population. Methods:
We retrospectively analyzed consecutive patients who underwent TAVR between years 
2007-2014 and had available 1-3 months pre-procedural echo in sinus rhythm. Patients 
with a pacemaker were excluded. Conventional RV SF indices (TAPSE, S’, FAC) were 
measured (Philips) and FW-LS was derived from speckle tracking analyses (TOMTEC). 
Th e standard reference was determined as normal or impaired RV SF according to the 
presence ≥ 50% of: TAPSE<1.7cm, S’<9.5cm/s, FAC<35%. Cox regression analysis for RV 
FW LS was used to predict 1 year all cause mortality and its median to create subgroups 
for Kaplan Meier (KM) curves. Results: From a total of 613 patients, 354 were included 
for FW LS analysis (feasibility 57% resulting from 14% of patients excluded due to atrial 
fi brillation, 12% with pacemaker, 8% with bad quality images, and 9% who had no 
available echo for analysis). Baseline measurements were as follows for impaired/normal 
subgroups: TAPSE 1.3±0.3/2.18±0.4 cm, S’ 8.2±1.5/11.9±2.3 cm/sec, FAC 35±11/50±9%, 
and FW LS -21.3±6.4/-25.7±6.0%. By conventional parameters at baseline, 80% of 
patients had normal RV SF while 20% impaired. Cox regression analysis showed that 
RV FW LS was a predictor of all cause mortality at 1 year (HR 1.07, 95% CI 1.01-1.12, 
p<0.01). KM curves showed that patients with worse RV FW LS (above median of -24.7, 
i.e. less negative values) have higher all cause mortality at 1 year. Conclusions: In a real 
world TAVR population, RV FW LS is a feasible single echo parameter which may assess 
RV SF by itself. Each single unit of RV FW LS was associated with a 7% risk of increased 
all cause mortality at 1year follow up. Interestingly, in the impaired RV SF subgroup mean 
baseline RV FW-LS was more negative than -20%, a cutoff  accepted for normal value 
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P1-141
Early Detection of Possible Lea et Thrombosis After Aortic Valve 
Neo-Cuspidization Surgery Using Autologous Pericardium
Hiromasa Hayama, Makoto Suzuki, Go Hashimoto, Kenji Makino, Yukiko 
Isekame, Hiromasa Yamashita, Tsuyoshi Ono, Raisuke Iijima, Hidehiko Hara, 
Masao Moroi, Shigeyuki Ozaki, Masato Nakamura. Toho University Ohashi 
Medical Center, Tokyo, Japan
Background: Recent data from multidetector computed tomography imaging studies 
suggest the leafl et thrombosis aft er transcatheter aortic valve replacement (TAVR). 
Usefulness of aortic valve Neo-cuspidization (AVNeo) using autologous pericardium was 
reported. We assessed the incidence and clinical implications of early leafl et thrombosis 
using transesophageal echocardiography (TEE) aft er AVNeo. Methods: Of 264 patients 
who had undergone AVNeo, we studied 200 consecutive patients who underwent 
TEE within 2 weeks aft er AVNeo. We assessed the incidence of leafl et thrombosis 
location and leafl et thickening by three-dimensional TEE. Clinical outcomes including 
thromboembolic event and mortality were analyzed. Results: Leafl et thrombosis was 
identifi ed in 25 of 200 patients (12.5%) with 32 valve leafl ets. Single leafl et thrombosis was 
observed in 16 of 25 patients. Double leafl et thrombosis were observed in 8 of 25 patients. 
Th irteen out of 32 leafl et thrombosis located in non-coronary cusps, 9 in left -coronary 
cusps and 13 in right-coronary cusps. Th ere was no thromboembolic event in 25 patients 
with leafl et thrombosis. No signifi cant diff erence was observed in the clinical outcome 
including thromboembolic event or mortality between patients with and without leafl et 
thrombosis. Conclusion: Early leafl et thrombosis also observed in patients aft er AVNeo 
surgery same as TAVR. Incidence of leafl et thrombosis was 12.5% in this study. Incidence 
of leafl et thrombosis detected by TEE may not be the same compared with previous 
report by multidetector computed tomography.

P1-142
Signi cance and Safety of 6-Minute Walk Stress 
Echocardiography for Patients with Aortic Stenosis
Kentaro Shibayama, Nahoko Kato, Mizuho Hoshina, Kenta Ishibashi, Masahiko 
Noguchi, Yu Makihara, Hiroshi Okumura, Kotaro Obunai, Hiroyuki Watanabe. 
Tokyo Bay Urayasu/Ichikawa Medical Center, Urayasu, Japan
Background: Th ere is a paucity of an investigation of 6-minite walk stress 
echocardiography (6WSE) for patients with aortic stenosis (AS). Th e aim of this study 
is to investigate the signifi cance and safety of 6WSE for AS patients. Methods: We 
prospectively evaluated consecutive 122 ambulatory patients with moderate or severe 
AS with NYHA I or II from 6/2016 to 12/2017. Positive test by 6WSE was defi ned by 
a combination of signifi cant increase of trans-valvular mean pressure (≥20 mmHg) 
and exercise-induced pulmonary hypertension. Th e primary clinical endpoints were 
death, hospitalization due to heart failure and intervention for AS. Results: 6WSE was 
performed safely in all patients without complications although 7 patients were aborted 
within 6 minutes (2 patients due to short of breath, 2 patients due to chest pain and 3 
patients due to fatigue). Positive test by 6WSE was diagnosed in 55 patients (45%). During 
the follow-up periods, there were 41 patients (34%) with primary endpoints (1 death, 2 
hospitalizations due to heart failure and 38 interventions for AS). Th e survival curves are 
shown in the Figure. Conclusions: 6WSE was successfully performed for all moderate or 
severe AS patients with NYHA I or II. Additionally, 6WSE was easy, safe and useful for 
prediction of clinical events for those patients.

P1-143
Association of Tricuspid Regurgitation with Long-Term Outcomes 
in Patients with Pulmonary Hypertension
Jun Mukai, Hidekazu Tanaka, Hiroyuki Sano, Shun Yokota, Nao Shibata, Makiko 
Suto, Hiroki Takada, Fumitaka Soga, Kumiko Dokuni, Yutaka Hatani, Hiroki 
Matsuzoe, Keiko Hatazawa, Eriko Hisamatsu, Kensuke Matsumoto, Ken-ichi 
Hirata. Kobe University Hospital, Kobe, Japan
Background: Th e prognosis of pulmonary hypertension (PH) patients is diffi  cult to 
estimate because various factors are complicatedly involved. It is recently reported 
that tricuspid regurgitation (TR) is highly associated with prognosis in various heart 
diseases, but its association with PH patients remain unclear. Methods: We studied 
111 PH patients with age: 64±16 years, 75% female, left  ventricular ejection fraction: 
68±9%, and mean pulmonary artery pressure (mPAP) by right heart catheterization: 
32±12 mmHg (all≥25mmHg). Mid-term follow-up echocardiography was performed 
7.1 months aft er PH-specifi c treatment. RV function was calculated by averaging the 
three peak speckle-tracking longitudinal strains from RV free-wall (RV free-wall strain). 
According to the current AHA/ACC guideline, the severity of TR was graded as none or 
trace, mild, moderate, or severe. Mid-term improvement TR was defi ned as an increase 
in severity of TR by a grade of 1 or more. Long-term unfavorable outcome events were 
pre-specifi ed as primary end points of death or hospitalization for deteriorating right-
sided heart failure for 50 months. Results: Mid-term TR improvement aft er PH-specifi c 
treatment was observed in 25 patients (23%), and the primary end points occurred 
in 27 patients (24%). Th e Kaplan-Meier curve indicated that patients with more than 
moderate baseline TR showed unfavorable long-term outcomes than those without (log-
rank p=0.008). Furthermore, patients with mid-term improvement TR showed favorable 
long-term outcomes than those without (log-rank p=0.03). For sequential Cox models 
for the prediction of long-term outcomes, a model based on clinical variables including 
age, gender, mPAP, and pulmonary vascular resistance (PVR) (χ2=10.9) was improved by 
addition of RV free-wall strain (χ2=11.4; p=0.02), and further improved by addition of 
the presence of mid-term TR improvement (χ2=12.2, p=0.01), but not baseline more than 
moderate TR (χ2=12.2, p=0.01). Conclusion: TR, especially mid-term TR improvement 
aft er PH-specifi c treatment was associated with long-term outcomes in PH patients. 
Th erefore, the combined assessment of the parameters of RV performance and TR will 
result in more accurate prediction of long-term outcome, and may well have clinical 
implications for better management of PH patients.
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P1-144
The Extent of Mitral Annular Disjunction in Barlow Disease: 
Comparison Between Late Systolic and Holosystolic Prolapse
Misako Toki1, Nobuyuki Kagiyama2, Akihiro Hayashida1, Takahiro Kawamoto1, 
Shingo Aritaka1, Taichi Sakaguchi1, Kiyoshi Yoshida1. 1Th e Sakakibara Heart 
Institute of Okayama, Okayama, Japan, Okayama-city, Japan; 2Division of 
Cardiology, Washington University in St. Louis, St. Louis, MO
Background: Mitral annular disjunction (MAD) is a common anatomic abnormality 
in mitral valve prolapse (MVP).MVP typically occurs as late systolic or holosystolic 
prolapse, which aff ect the amount and severity of mitral regurgitation. Little is known 
regarding the association between the extent of MAD and the duration of MVP in Barlow 
disease. Methods: Twenty-three consecutive patients with Barlow disease were studied 
using real-time 3D transesophageal echocardiography (3DTEE). Patients were divided 
into two groups: 12 patients with late systolic prolapse and 11 patients with holosystolic 
prolapse. Th e circumferential extent and the distance of MAD were quantifi ed using 
3DTEE datasets of the annulus. MAD index was defi ned as the product of MAD arc 
degree and distance. Th e rate of systolic expansion of mitral annulus area was calculated 
as (maximal mitral annulus area in systole - end-diastolic mitral annulus area) / end-
diastolic mitral annulus area. Results: Th e patients with late systolic prolapse had 
signifi cantly greater circumferential extent of MAD (180±39 vs 51±28 degree, P<0.001), 
MAD distance (7.4±3.3 vs 5.0±1.8 mm, P=0.039) and MAD index (1388±690 vs 269±179 
mm•degree, P<0.001) compared with patients with holosystolic prolapse. Th e rate 
of systolic expansion of the mitral annulus was positively correlated with MAD index 
(P=0.038). Conclusions: MAD is highly prevalent in patients with late systolic MVP. Th e 
extent of MAD may aff ect systolic expansion of the mitral annulus and the duration of 
MVP in Barlow disease.

P1-145
The Continuum of Severe Tricuspid Regurgitation: Severe and 
Super Severe?
Kalie Kebed, Karima Addetia, Megan Yamat, Kirk T. Spencer, Lynn Weinert, 
Roberto M. Lang. University of Chicago, Chicago, IL
Background: According to recent valvular regurgitation guidelines, tricuspid 
regurgitation (TR) vena contracta (VC) of >0.7 cm identifi es severe TR. However, VCs 
of >0.7 cm are commonly seen in clinical practice and therefore we hypothesized that 
a category of “super severe” TR may exist that would have greater adverse remodeling 
of right ventricle (RV) and worse prognosis compared to patients with “severe TR”. 
Accordingly, we sought to assess the relationship between tricuspid annulus (TA) 
diameter, RV size and function with mortality over a wide spectrum of severe TR. 
Methods: We studied 105 patients (71±17 years) with severe functional TR (VC >0.7 
cm) defi ned by the average of measurements performed in the RV infl ow and apical 
4-chamber views, including 74 patients with 3D full-volume datasets of the RV (Philips). 
Patients were divided into tertiles of VC (0.70-0.82 cm, 0.82-0.91 cm, ≥0.91 cm). TA, RV 
end-diastolic base (RVEDb), mid (RVEDm) and length (RVEDL) dimensions and RV 
free wall strain (FWS) were measured. 3D RV volumes and EF were measured. Mortality 
data over 6 years was obtained from the electronic medical records. Comparisons 
between groups were performed using ANOVA. Mortality data was compared with 
Fisher’s exact test. Results: Increasing severity of VC width was associated with increased 
TA size, TV tenting, RVEDb, RVEDm, RVEDL dimensions and 3D RV volumes. While, 
RV FWS worsened with increasing VC, 3D RVEF did not. Th ere was a trend towards 
increased mortality with higher VC: 30%, 34%, and 47%, in the three tertiles, respectively 
(p=0.15). Conclusions: Th ere is a continuum within the diagnosis of severe TR associated 
with progressive TA dilatation and more advanced adverse RV remodeling tending 
towards worsening prognosis. Further stratifi cation of severe TR based on further VC 
partitions can identify patients at higher risk for adverse remodeling and may predict 
worse outcomes.

P1-146
Improved Outcomes of Biventricular Repair in Straddling 
Atrioventricular Valves in the Current Era
Hanita Shai, Kimberly Gauvreau, Pedro Del Nido, Sitaram Emani, Stephan 
Sanderes, Tal Geva, Banka Puja. Boston Children‘s Hospital, Boston, MA
Background: Straddling atrioventricular (AV) valves are rare congenital cardiac 
malformations that have been recognized as a limiting factor for successful biventricular 
(BIV) repair. Recent refi nements in surgical techniques have contributed to the successful 
application of biventricular repair in select patients, especially the ones with minor 
straddling, but there is a paucity of data on factors associated with successful biventricular 
repair in the current era. Th e goals of this study, therefore, are to describe the characteristics 
and outcomes of patients with straddling AV valve who undergo a biventricular repair 
and to identify risk factors associated with poor outcomes. Methods: A retrospective 
review identifi ed 38 patients with straddling AV valves who underwent biventricular 
repair surgery between 1985 and 2017. A detailed review of the echocardiograms, 
surgical reports and all pertinent records was undertaken. Results: Th e median age at 
biventricular repair was 9 months (2 days to 165 months). Th ere were 25 (66%) males. 
Twenty-six patients (68%) had straddling tricuspid valve, and 12 (31%) had straddling 
mitral valve. Major straddle was seen in 23 patients (60%). Conotruncal abnormalities 
were common (28 patients, 73%). Aft er repair, there were 6 deaths (16%) within 30 days 
of surgery and no late deaths at a median follow-up among survivors of 3.6 months (6 
days-170 months). Seven patients (18%) required a total of 12 surgical reinterventions, of 
which 4 were AV valve reinterventions. As shown in the fi gure, survival was signifi cantly 
better in patients operated aft er the year 2000 versus before 2000 (p<0.001). Th ere was no 
diff erence in survival between straddling mitral versus tricuspid valves (p=0.25). Younger 
age at repair and smaller weight at repair were associated with moderate or greater AV 
regurgitation at follow-up (p= 0.008 and 0.02, respectively). Conclusions: Although 
mortality rates were previously high, in the current era BIV repair is feasible even with 
major AV straddle with low mortality rates. Younger age and smaller size at repair are 
associated with moderate or greater AV regurgitation at follow up.

P1-147
Revisiting the Relationships Between Bicuspid Aortic Valve and 
Aortopathy: Insights from a Large Community Cohort
Renuka Jain1, Bijoy K. Khandheria2, Denise Ignatowski3, Brianna Johnson3, Susan 
Olet4, Lakshmi Muthukumar3, A. Jamil Tajik1. 1Aurora Cardiovascular Services, 
Aurora St. Luke‘s Medical Center, University of Wisconsin, Milwaukee, WI; 
2Aurora Cardiovascular Services, Aurora St. Luke‘s Medical Center, University 
of Wisconsin School of Medicine and Public Health, Marcus Family Fund for 
Echocardiography (ECHO) Research and Education, Milwaukee, WI; 3Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
Milwaukee, WI; 4Aurora Research Institute, Milwaukee, WI
Background: Bicuspid aortic valve (BAV) is the most common congenital heart defect 
and is frequently associated with aortapathy. Both hemodynamic (aortic dilation 
resulting from shear stress of diseased valve) and genetic (aortic dilation from genetic 
abnormality independent of BAV disease progression) have been postulated to explain 
the relationship between BAV and aortapathy. We evaluated these relationships in a large 
community cohort. Methods: We queried all echocardiograms with diagnosis „bicuspid 
aortic valve“ at Aurora Health Care, an integrated health system with 33 inpatient and 
outpatient echocardiographic laboratories. We reviewed all echocardiograms to confi rm 
diagnosis of BAV. Th e ascending aorta was measured and indexed to body surface 
area. Aortapathy, if present, was defi ned as type 1 (primary aortic root dilation), type 2 
(primary dilation of ascending aorta distal to sinotubular junction) and type 3 (diff use 
dilation of aortic root and ascending aorta). Additional clinical and echocardiographic 
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P1-141
Early Detection of Possible Lea et Thrombosis After Aortic Valve 
Neo-Cuspidization Surgery Using Autologous Pericardium
Hiromasa Hayama, Makoto Suzuki, Go Hashimoto, Kenji Makino, Yukiko 
Isekame, Hiromasa Yamashita, Tsuyoshi Ono, Raisuke Iijima, Hidehiko Hara, 
Masao Moroi, Shigeyuki Ozaki, Masato Nakamura. Toho University Ohashi 
Medical Center, Tokyo, Japan
Background: Recent data from multidetector computed tomography imaging studies 
suggest the leafl et thrombosis aft er transcatheter aortic valve replacement (TAVR). 
Usefulness of aortic valve Neo-cuspidization (AVNeo) using autologous pericardium was 
reported. We assessed the incidence and clinical implications of early leafl et thrombosis 
using transesophageal echocardiography (TEE) aft er AVNeo. Methods: Of 264 patients 
who had undergone AVNeo, we studied 200 consecutive patients who underwent 
TEE within 2 weeks aft er AVNeo. We assessed the incidence of leafl et thrombosis 
location and leafl et thickening by three-dimensional TEE. Clinical outcomes including 
thromboembolic event and mortality were analyzed. Results: Leafl et thrombosis was 
identifi ed in 25 of 200 patients (12.5%) with 32 valve leafl ets. Single leafl et thrombosis was 
observed in 16 of 25 patients. Double leafl et thrombosis were observed in 8 of 25 patients. 
Th irteen out of 32 leafl et thrombosis located in non-coronary cusps, 9 in left -coronary 
cusps and 13 in right-coronary cusps. Th ere was no thromboembolic event in 25 patients 
with leafl et thrombosis. No signifi cant diff erence was observed in the clinical outcome 
including thromboembolic event or mortality between patients with and without leafl et 
thrombosis. Conclusion: Early leafl et thrombosis also observed in patients aft er AVNeo 
surgery same as TAVR. Incidence of leafl et thrombosis was 12.5% in this study. Incidence 
of leafl et thrombosis detected by TEE may not be the same compared with previous 
report by multidetector computed tomography.

P1-142
Signi cance and Safety of 6-Minute Walk Stress 
Echocardiography for Patients with Aortic Stenosis
Kentaro Shibayama, Nahoko Kato, Mizuho Hoshina, Kenta Ishibashi, Masahiko 
Noguchi, Yu Makihara, Hiroshi Okumura, Kotaro Obunai, Hiroyuki Watanabe. 
Tokyo Bay Urayasu/Ichikawa Medical Center, Urayasu, Japan
Background: Th ere is a paucity of an investigation of 6-minite walk stress 
echocardiography (6WSE) for patients with aortic stenosis (AS). Th e aim of this study 
is to investigate the signifi cance and safety of 6WSE for AS patients. Methods: We 
prospectively evaluated consecutive 122 ambulatory patients with moderate or severe 
AS with NYHA I or II from 6/2016 to 12/2017. Positive test by 6WSE was defi ned by 
a combination of signifi cant increase of trans-valvular mean pressure (≥20 mmHg) 
and exercise-induced pulmonary hypertension. Th e primary clinical endpoints were 
death, hospitalization due to heart failure and intervention for AS. Results: 6WSE was 
performed safely in all patients without complications although 7 patients were aborted 
within 6 minutes (2 patients due to short of breath, 2 patients due to chest pain and 3 
patients due to fatigue). Positive test by 6WSE was diagnosed in 55 patients (45%). During 
the follow-up periods, there were 41 patients (34%) with primary endpoints (1 death, 2 
hospitalizations due to heart failure and 38 interventions for AS). Th e survival curves are 
shown in the Figure. Conclusions: 6WSE was successfully performed for all moderate or 
severe AS patients with NYHA I or II. Additionally, 6WSE was easy, safe and useful for 
prediction of clinical events for those patients.

P1-143
Association of Tricuspid Regurgitation with Long-Term Outcomes 
in Patients with Pulmonary Hypertension
Jun Mukai, Hidekazu Tanaka, Hiroyuki Sano, Shun Yokota, Nao Shibata, Makiko 
Suto, Hiroki Takada, Fumitaka Soga, Kumiko Dokuni, Yutaka Hatani, Hiroki 
Matsuzoe, Keiko Hatazawa, Eriko Hisamatsu, Kensuke Matsumoto, Ken-ichi 
Hirata. Kobe University Hospital, Kobe, Japan
Background: Th e prognosis of pulmonary hypertension (PH) patients is diffi  cult to 
estimate because various factors are complicatedly involved. It is recently reported 
that tricuspid regurgitation (TR) is highly associated with prognosis in various heart 
diseases, but its association with PH patients remain unclear. Methods: We studied 
111 PH patients with age: 64±16 years, 75% female, left  ventricular ejection fraction: 
68±9%, and mean pulmonary artery pressure (mPAP) by right heart catheterization: 
32±12 mmHg (all≥25mmHg). Mid-term follow-up echocardiography was performed 
7.1 months aft er PH-specifi c treatment. RV function was calculated by averaging the 
three peak speckle-tracking longitudinal strains from RV free-wall (RV free-wall strain). 
According to the current AHA/ACC guideline, the severity of TR was graded as none or 
trace, mild, moderate, or severe. Mid-term improvement TR was defi ned as an increase 
in severity of TR by a grade of 1 or more. Long-term unfavorable outcome events were 
pre-specifi ed as primary end points of death or hospitalization for deteriorating right-
sided heart failure for 50 months. Results: Mid-term TR improvement aft er PH-specifi c 
treatment was observed in 25 patients (23%), and the primary end points occurred 
in 27 patients (24%). Th e Kaplan-Meier curve indicated that patients with more than 
moderate baseline TR showed unfavorable long-term outcomes than those without (log-
rank p=0.008). Furthermore, patients with mid-term improvement TR showed favorable 
long-term outcomes than those without (log-rank p=0.03). For sequential Cox models 
for the prediction of long-term outcomes, a model based on clinical variables including 
age, gender, mPAP, and pulmonary vascular resistance (PVR) (χ2=10.9) was improved by 
addition of RV free-wall strain (χ2=11.4; p=0.02), and further improved by addition of 
the presence of mid-term TR improvement (χ2=12.2, p=0.01), but not baseline more than 
moderate TR (χ2=12.2, p=0.01). Conclusion: TR, especially mid-term TR improvement 
aft er PH-specifi c treatment was associated with long-term outcomes in PH patients. 
Th erefore, the combined assessment of the parameters of RV performance and TR will 
result in more accurate prediction of long-term outcome, and may well have clinical 
implications for better management of PH patients.
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P1-144
The Extent of Mitral Annular Disjunction in Barlow Disease: 
Comparison Between Late Systolic and Holosystolic Prolapse
Misako Toki1, Nobuyuki Kagiyama2, Akihiro Hayashida1, Takahiro Kawamoto1, 
Shingo Aritaka1, Taichi Sakaguchi1, Kiyoshi Yoshida1. 1Th e Sakakibara Heart 
Institute of Okayama, Okayama, Japan, Okayama-city, Japan; 2Division of 
Cardiology, Washington University in St. Louis, St. Louis, MO
Background: Mitral annular disjunction (MAD) is a common anatomic abnormality 
in mitral valve prolapse (MVP).MVP typically occurs as late systolic or holosystolic 
prolapse, which aff ect the amount and severity of mitral regurgitation. Little is known 
regarding the association between the extent of MAD and the duration of MVP in Barlow 
disease. Methods: Twenty-three consecutive patients with Barlow disease were studied 
using real-time 3D transesophageal echocardiography (3DTEE). Patients were divided 
into two groups: 12 patients with late systolic prolapse and 11 patients with holosystolic 
prolapse. Th e circumferential extent and the distance of MAD were quantifi ed using 
3DTEE datasets of the annulus. MAD index was defi ned as the product of MAD arc 
degree and distance. Th e rate of systolic expansion of mitral annulus area was calculated 
as (maximal mitral annulus area in systole - end-diastolic mitral annulus area) / end-
diastolic mitral annulus area. Results: Th e patients with late systolic prolapse had 
signifi cantly greater circumferential extent of MAD (180±39 vs 51±28 degree, P<0.001), 
MAD distance (7.4±3.3 vs 5.0±1.8 mm, P=0.039) and MAD index (1388±690 vs 269±179 
mm•degree, P<0.001) compared with patients with holosystolic prolapse. Th e rate 
of systolic expansion of the mitral annulus was positively correlated with MAD index 
(P=0.038). Conclusions: MAD is highly prevalent in patients with late systolic MVP. Th e 
extent of MAD may aff ect systolic expansion of the mitral annulus and the duration of 
MVP in Barlow disease.

P1-145
The Continuum of Severe Tricuspid Regurgitation: Severe and 
Super Severe?
Kalie Kebed, Karima Addetia, Megan Yamat, Kirk T. Spencer, Lynn Weinert, 
Roberto M. Lang. University of Chicago, Chicago, IL
Background: According to recent valvular regurgitation guidelines, tricuspid 
regurgitation (TR) vena contracta (VC) of >0.7 cm identifi es severe TR. However, VCs 
of >0.7 cm are commonly seen in clinical practice and therefore we hypothesized that 
a category of “super severe” TR may exist that would have greater adverse remodeling 
of right ventricle (RV) and worse prognosis compared to patients with “severe TR”. 
Accordingly, we sought to assess the relationship between tricuspid annulus (TA) 
diameter, RV size and function with mortality over a wide spectrum of severe TR. 
Methods: We studied 105 patients (71±17 years) with severe functional TR (VC >0.7 
cm) defi ned by the average of measurements performed in the RV infl ow and apical 
4-chamber views, including 74 patients with 3D full-volume datasets of the RV (Philips). 
Patients were divided into tertiles of VC (0.70-0.82 cm, 0.82-0.91 cm, ≥0.91 cm). TA, RV 
end-diastolic base (RVEDb), mid (RVEDm) and length (RVEDL) dimensions and RV 
free wall strain (FWS) were measured. 3D RV volumes and EF were measured. Mortality 
data over 6 years was obtained from the electronic medical records. Comparisons 
between groups were performed using ANOVA. Mortality data was compared with 
Fisher’s exact test. Results: Increasing severity of VC width was associated with increased 
TA size, TV tenting, RVEDb, RVEDm, RVEDL dimensions and 3D RV volumes. While, 
RV FWS worsened with increasing VC, 3D RVEF did not. Th ere was a trend towards 
increased mortality with higher VC: 30%, 34%, and 47%, in the three tertiles, respectively 
(p=0.15). Conclusions: Th ere is a continuum within the diagnosis of severe TR associated 
with progressive TA dilatation and more advanced adverse RV remodeling tending 
towards worsening prognosis. Further stratifi cation of severe TR based on further VC 
partitions can identify patients at higher risk for adverse remodeling and may predict 
worse outcomes.

P1-146
Improved Outcomes of Biventricular Repair in Straddling 
Atrioventricular Valves in the Current Era
Hanita Shai, Kimberly Gauvreau, Pedro Del Nido, Sitaram Emani, Stephan 
Sanderes, Tal Geva, Banka Puja. Boston Children‘s Hospital, Boston, MA
Background: Straddling atrioventricular (AV) valves are rare congenital cardiac 
malformations that have been recognized as a limiting factor for successful biventricular 
(BIV) repair. Recent refi nements in surgical techniques have contributed to the successful 
application of biventricular repair in select patients, especially the ones with minor 
straddling, but there is a paucity of data on factors associated with successful biventricular 
repair in the current era. Th e goals of this study, therefore, are to describe the characteristics 
and outcomes of patients with straddling AV valve who undergo a biventricular repair 
and to identify risk factors associated with poor outcomes. Methods: A retrospective 
review identifi ed 38 patients with straddling AV valves who underwent biventricular 
repair surgery between 1985 and 2017. A detailed review of the echocardiograms, 
surgical reports and all pertinent records was undertaken. Results: Th e median age at 
biventricular repair was 9 months (2 days to 165 months). Th ere were 25 (66%) males. 
Twenty-six patients (68%) had straddling tricuspid valve, and 12 (31%) had straddling 
mitral valve. Major straddle was seen in 23 patients (60%). Conotruncal abnormalities 
were common (28 patients, 73%). Aft er repair, there were 6 deaths (16%) within 30 days 
of surgery and no late deaths at a median follow-up among survivors of 3.6 months (6 
days-170 months). Seven patients (18%) required a total of 12 surgical reinterventions, of 
which 4 were AV valve reinterventions. As shown in the fi gure, survival was signifi cantly 
better in patients operated aft er the year 2000 versus before 2000 (p<0.001). Th ere was no 
diff erence in survival between straddling mitral versus tricuspid valves (p=0.25). Younger 
age at repair and smaller weight at repair were associated with moderate or greater AV 
regurgitation at follow-up (p= 0.008 and 0.02, respectively). Conclusions: Although 
mortality rates were previously high, in the current era BIV repair is feasible even with 
major AV straddle with low mortality rates. Younger age and smaller size at repair are 
associated with moderate or greater AV regurgitation at follow up.

P1-147
Revisiting the Relationships Between Bicuspid Aortic Valve and 
Aortopathy: Insights from a Large Community Cohort
Renuka Jain1, Bijoy K. Khandheria2, Denise Ignatowski3, Brianna Johnson3, Susan 
Olet4, Lakshmi Muthukumar3, A. Jamil Tajik1. 1Aurora Cardiovascular Services, 
Aurora St. Luke‘s Medical Center, University of Wisconsin, Milwaukee, WI; 
2Aurora Cardiovascular Services, Aurora St. Luke‘s Medical Center, University 
of Wisconsin School of Medicine and Public Health, Marcus Family Fund for 
Echocardiography (ECHO) Research and Education, Milwaukee, WI; 3Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
Milwaukee, WI; 4Aurora Research Institute, Milwaukee, WI
Background: Bicuspid aortic valve (BAV) is the most common congenital heart defect 
and is frequently associated with aortapathy. Both hemodynamic (aortic dilation 
resulting from shear stress of diseased valve) and genetic (aortic dilation from genetic 
abnormality independent of BAV disease progression) have been postulated to explain 
the relationship between BAV and aortapathy. We evaluated these relationships in a large 
community cohort. Methods: We queried all echocardiograms with diagnosis „bicuspid 
aortic valve“ at Aurora Health Care, an integrated health system with 33 inpatient and 
outpatient echocardiographic laboratories. We reviewed all echocardiograms to confi rm 
diagnosis of BAV. Th e ascending aorta was measured and indexed to body surface 
area. Aortapathy, if present, was defi ned as type 1 (primary aortic root dilation), type 2 
(primary dilation of ascending aorta distal to sinotubular junction) and type 3 (diff use 
dilation of aortic root and ascending aorta). Additional clinical and echocardiographic 



B64  Abstracts Journal of the American Society of Echocardiography
June 2018

Poster Session 1 (P1) Sunday, June 24, 2018

variables were collected. Results: We identifi ed 1257 BAV patients in our community 
cohort, mean age 52 + 16.2 years and 842 (67.0%) were male. Of these, 765 (60.1%) 
had aortapathy. Patients with aortapathy were older (mean 54.8 + 14.7 vs. 52.7 + 18.1 
years, p=.03), had higher body surface area (2.14 + 0.42 vs. 2.0 + 0.31 kg/m2 p=.015), and 
were more likely to be male (OR 1.92 [95% CI 1.51-2.45, p<.001). Aortapathy patients 
were also more likely to have right-left  cusp fusion (80.7% vs. 68.0% p <.001), higher 
aortic velocity (1.41 + 1.2 vs. 1.0 + 1.2 m/sec, p<.001), and more likely to have aortic 
regurgitation (77.5% vs. 69.0% p = .0009). Th ere were no diff erences in presence of raphe, 
presence of aortic stenosis and leafl et calcifi cation between the two groups. All types of 
BAV fusion were noted in all the types of aortapathy. Of note, in our series, 191 patients 
with aortapathy had normal functioning BAV (no aortic stenosis and none/trace AI). 
Conclusions: Aortapathy is frequently present (60.1%) in a large community series of 
BAV patients. Clear clinical and echocardiography characteristics emerge to diff erentiate 
BAV patients with aortapathy. However, the relationships between aortapathy and BAV 
are complex, and likely not explained by any single theory on etiology. Longitudinal 
follow-up of this large community cohort has the potential to add clinical insight into 
mechanisms of BAV aortapathy.

P1-148
Predictor of Persistent Tricuspid Regurgitation After Transcatheter 
Aortic Valve Replacement
Jun Yoshida, Atsushi Hayashi, Satoshi Yamaguchi, Takafumi Nagaura, Hiroki 
Ikenaga, Florian Rader, Robert J. Siegel, Raj Makkar, Takahiro Shiota. Cedars 
Sinai Medical Center, Los Angeles, CA
Background: Persistent tricuspid regurgitation (TR) is considered to increase mortality 
in patients with aortic stenosis undergoing surgical aortic valve replacement. Th e aim of 
this study was to investigate clinical and echocardiographic determinants of persistent 
TR aft er transcatheter aortic valve replacement (TAVR). Methods: We reviewed 1091 
patients who underwent TAVR in our institution between January 2014 and January 
2017. Among them, 100 patients had moderate or more TR before TAVR. Before and 
follow up echocardiography aft er TAVR were analyzed (median follow up period was 386 
days). TR severity was graded based on ASE guideline. Right atrial area, right ventricular 
(RV) areas, RV fractional area change, tricuspid valve (TV) annular dimension, and 
TV tethering height were measured in the apical 4-chamber views. RV systolic pressure 
was calculated using the simplifi ed Bernoulli equation. Results: Among patients with 
signifi cant TR before TAVR, 48 (48%) patients had improved TR, while 52 (52%) patients 
had persistent TR (unchanged in 43 patients (43%) and worsened in 9 patients (9%)). At 
baseline, the prevalence of atrial fi brillation (AF) was higher in persistent TR patients 
compared to improved TR patients (40 vs. 73 %, p = 0.001). Compared to patients with 
improved TR, patients with persistent TR had a larger TV annular dimension, RV areas, 
and right atrial area (p < 0.05 for all), while there was no signifi cant diff erence in RV 
fractional area change, TV tethering height, and systolic RV pressure between 2 groups. 
In univariate analysis, persistent TR aft er TAVR was signifi cantly related to the prevalence 
of AF (Odds ratio = 4.1, p = 0.001), TV annular dimension (Odds ratio = 1.2, p < 0.001), 
and RV end-diastolic area (Odds ratio = 1.1, p = 0.03). In multivariate analysis, the 
prevalence of AF (Odds ratio = 2.9, p = 0.03) and TV annular dimension (Odds ratio = 
1.1, p = 0.02) were the only independent predictors of persistent TR. Receiver operating 
characteristic curve showed that cut-off  value of TV annular dimension of >38mm had 
optimal sensitivity and specifi city in predicting persistent TR aft er TAVR. Conclusion: 
Th e presence of AF and TV annular enlargement in patients with aortic stenosis are the 
independent predictors of persistent TR aft er TAVR.

P1-149    Moderated Poster
Virtual Reality Using 3D Echocardiography to Evaluate Structural 
Heart Disease
Akhil Narang1, Niklas Hitschrich2, David Hitschrich2, Karima Addetia1, Victor 
Mor-Avi1, Roberto M. Lang1, Bernhard Mumm2. 1University of Chicago, Chicago, 
IL; 2TOMTEC Imaging Systems, Unterschleissheim, Germany
Background: 3D echocardiography (3DE) is increasingly utilized in guiding structural 
heart disease interventions involving the mitral valve (MV). 3DE data can be visualized 
using shading and surface/volume rendering to create the appearance of a 3D structure 
on a fl at screen. 3D printing is also increasingly used to create patient specifi c physical 3D 
models for surgical planning, but the printing and post-processing can be time-consuming 
and expensive. Virtual reality (VR) is a new technique that allows true 3D visualization 
and interaction with 3D datasets using commercial VR headsets and controllers. To 
incorporate 3D printing and VR into the evaluation of structural heart disease, the ability 
to provide accurate measurements is important. Th e aim of this study was to determine the 
accuracy of MV measurements made in a VR environment and on a 3D printed models, 
using 3D multiplanar reconstruction (MPR) as the reference standard. Methods: Six 
high-quality 3D transesophageal (TEE) datasets of the MV with varying pathologies were 
converted using a novel, custom soft ware into VR environments with 3D surface models. 
A novel prototype VR environment was developed that allows the user to load, interact 
and measure these models in real time using a VR headset (HTC VIVE). Each 3D MV 
model was also printed using a 3D printer (Statasys Connex3). Blinded measurements of 
MV annular dimensions and area/circumference were performed with VR, 3D printing, 
and MPR at the same phase of the cardiac cycle. Results: All (6/6) 3D TEE datasets were 
successfully converted into 3D models compatible with the VR environment and the 3D 
printing process (Figure). Measurements of the MV annulus, area, and circumference 
using VR and MPR showed excellent inter-technique agreement (Table). Measurements 
made on 3D prints agreed well with MPR but had greater variability. Conclusion: Th is is 
the fi rst study to demonstrate excellent agreement between measurements performed in a 
VR environment using 3DE based models and MPR. Using a VR environment to analyze 
and measure 3DE based models is a promising new tool to plan and guide structural heart 
disease intervention that off ers the advantage of true 3D visualization and interaction. 
Further studies evaluating the role for VR in planning structural heart interventions are 
warranted.

P1-150
Development and Prognostic Validation of Partition Values 
to Grade Right Ventricular Dysfunction Severity With Three-
Dimensional Echocardiography
Denisa Muraru1, Luigi P. Badano2, Yasufumi Nagata3, Elena Surkova4, Kyoto 
Otani5, Davide Genovese1, Yutaka Otsuji3, Danila Azzolina1, Masaaki Takeuchi5. 
1University of Padua School of Medicine, Padua, Italy; 2University of Padua 
School of Medicine, Padova, Italy; 3Second Department of Internal Medicine, 
University of Occupational and Environmental Health, School of Medicine, 
Kitakyushu, Japan; 4Royal Brompton Hospital; Royal Brompton and Harefi eld 
NHS Foundation Trust, London, United Kingdom; 5Department of Laboratory 
and Transfusion Medicine, University of Occupational and Environmental Health 
Hospital, Kitakyushu, Japan
Background: Transthoracic three-dimensional echocardiography (3DE) has been shown 
to be feasible and accurate to measure right ventricular (RV) ejection fraction (EF) when 
compared to cardiac magnetic resonance (CMR). However, RVEF, either measured 
with CMR or 3DE, has always been reported as normal (RVEF> 45%) or abnormal 
(RVEF≤45%) without being able to further stratify RV dysfunction in mildly, moderately 
or severely reduced as we are used to do with the left  ventricle. Methods: We used 3DE to 
measure RVEF in 412 consecutive patients (55±18 years, 65% men) with various cardiac 
conditions who were followed for 3.7±1.4 years to obtain the cut-off  values which defi ned 
mild, moderate and severe reduction of RVEF (derivation cohort). Th en, the prognostic 
power of these cut-off  values was tested in an independent population of 446 patients 
(67±14 years, 58% men) studied at the University of Occupational and Environmental 
Health (Japan) (validation cohort). Results: During follow-up, we recorded 59 deaths 
(14%) in the derivation cohort. We used the K-Adaptive partitioning for survival data 
algorithm to identify 3 groups of patients with signifi cantly diff erent mortality according 
to RVEF: 40.9%<low≤46%, 32.1%<moderate≤40.9%, and high≤ 32.1% RV dysfunction. 
To make the cut-off  values simpler, we approximated them to 45%, 40% and 30%. During 
4.1±1.2 years follow-up, 38 cardiac deaths and 88 MACE (cardiac death, non-fatal 
myocardial infarction, ventricular fi brillation or admission for heart failure) occurred in 
the validation cohort. Th e cut-off  values of RVEF identifi ed in the derivation cohort were 
able to stratify both cardiac death (log-rank= 78.97; p<0.0001) and MACE (log-rank= 
35.15; p<0.0001) in the validation cohort too (Figure). Conclusions: Our results confi rm 
the prognostic power of RVEF in patients with heart diseases and identify the cut-off  
values of RVEF to stratify the risk of cardiac death and MACE. 
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Exercise-Induced Changes in Right Ventricular Mechanical 
Pattern: New Marker of Athlete’s Heart?
Marton Tokodi, Balint K. Lakatos, Orsolya Kiss, Monika Szilagyi, Nora Sydo, 
Mate Babity, Csaba Bognar, Bela Merkely, Attila Kovacs. Heart and Vascular 
Center, Semmelweis University, Budapest, Hungary
Background: Exercise-induced cardiac remodeling, also known as the athlete’s heart, 
is a well-described phenomenon. Although, it usually includes dilation of all four 
cardiac chambers, there is a growing evidence that intense endurance training puts 
disproportionally high burden on the right ventricle (RV). Accordingly, we investigated 
the alterations in RV mechanics of young, elite athletes using 3D echocardiography. 
Methods: Sixty water polo athletes (19±4 years, 30 females, 30 males) and 40 age and 
gender matched untrained, healthy controls were enrolled. Detailed medical history 
and training regime were obtained followed by physical examination, cardiopulmonary 
exercise testing and 3D echocardiography. Aft er reconstruction of the beutel model of 
the RV, 3D RV global longitudinal strain (GLS) and global circumferential strain (GCS) 
were calculated with our custom MATLAB soft ware. We also quantifi ed longitudinal and 
radial ejection fraction (EF) by decomposing the motion of the RV using the ReVISION 
method. Results: All enrolled athletes participated in competitive sport for an average 
of 10 years with a mean training time of 17 hours/week. As expected, left  ventricular 
(LV) and RV end-diastolic volume were higher in athletes (athletes vs control, LV end-
diastolic volume: 176±36 vs 116±19mL, RV end-diastolic volume: 174±37 vs 112±17mL, 
both p<0.001) along with increased LV mass (194±44 vs 113±22g, p<0.001), while both 
LV and RV EF were lower compared to non-trained individuals (LV EF: 57±5 vs 62±3%, 
RV EF: 56±4 vs 61±5, both p<0.001). GLS was found to be similar between the groups 
(-20±3 vs -20±4%), however, GCS was signifi cantly lower in athletes (-19±3 vs -23±5%, 
p<0.001). A prominent functional shift  was observed in the relative contribution of 
longitudinal and radial motion to global RV function in athletes, as longitudinal EF/ total 
EF ratio was signifi cantly higher (0.50±0.07 vs 0.43±0.07 ,p<0.001), whereas radial EF/ 
total EF was lower (0.33±0.08 vs 0.45±0.08, p<0.001) compared to controls. Moreover, 
the degree of this functional shift  correlated with peak oxygen uptake (longitudinal EF 
vs VO2/kg: r=0.30, p=0.024; radial EF vs VO2/kg: r=-0.27, p=0.043). Conclusion: As 
part of the adaptive remodeling seen in athletes, a functional shift  could be observed in 
the contribution of diff erent components to global RV function. Th e increased relative 
contribution of RV longitudinal contractions (along with a decreased radial motion) 
correlated with peak aerobic performance measured by cardiopulmonary exercise test. 
Th is mechanical pattern may be an important marker of athlete’s heart.

P1-152
Stereo Display of Three-Dimensional Echocardiography Improves 
Appreciation of Simple and Complex Cardiac Structures 
Compared to Conventional Non-Stereo Display
Ganesh Kumar Gnanappa1,2, Silvia Alvarez1,2, Andrew Whittle1,2, Kumaradevan 
Punithakumar1,2, Michelle Noga1,2, Nee Scze Khoo1,2. 1Stollery Children Hospital, 
Edmonton, AB, Canada; 2University of Alberta, Edmonton, AB, Canada
Background: Th ree-dimensional echocardiography (3DE) is increasingly utilized as an 
important adjunct to conventional echocardiogram in pre-operative planning for both 
simple and complex cardiac lesions. However, most 3DE are reviewed on two-dimensional 
displays (non-stereo) and negates the encoded true depth spatial data (stereo) in 3DE. 
We hypothesize that 3DE viewed on a stereo display improve understanding of cardiac 
structures and spatial relationships of complex anatomy when compared to conventional 
non-stereo display. Methods: Using proprietary soft ware capable of rendering full volume 
3DE (up to 69 Hz) in high resolution stereo and non-stereo display, we compared the 
experience of 7 users (cardiologists, trainees and surgeons) viewing 10 3DE of alternating 
5 simple and 5 complex cardiac lesions. In Part A, 3DE was randomized to either 1 min 
of stereo followed by 1 min of non-stereo or vice versa. Part B is 90 secs where users are 
able to toggle between stereo and non-stereo display. Th e users subjectively rated their 
experience on Likert scale (1=strongly disagree to 5= strongly agree) on 4 statements 
on each 3DE. Th e study was designed in conjunction with an education researcher to 
minimize biases by randomization, staggered simple and complex 3DE to minimize 
learning eff ect, and use of oppositionally positioned statements. Users were unaware 
of objective data logged such as time spent in each display and the degree of 3DE 
manipulation. Results: Stereo displays were consistently rated better than non-stereo 
in improving appreciation of cardiac anatomy (Likert 4.0±0.4 vs 2.3±0.4, P<0.0001). 
Similar benefi t was equally appreciated between simple and complex 3DE (Likert 4.0±0.4 

vs 4.0±0.5, P=0.91). Users preferentially spent more time in stereo in Part B (58±10 vs 
32±10 s, P<0.0001) and notably longer stereo time was spent in complex 3DE (59.9±9.5 vs 
55±10.9 s, P<0.0001). Manipulation of 3DE as degree of rotation per second (deg/s) was 
greater in Part A non-stereo (55±12 vs 54±16 deg/s, P<0.0001) and greater during Part 
B stereo (67±33 vs 59±18 deg/s, P<0.0001). Manipulation was greater in stereo display 
of complex 3DE in both Part A (58±18 vs 53±15 deg/s, P<0.0001) and Part B (71±24 vs 
63±37 deg/s, P<0.0001). Conclusions: Stereo projections of 3DE improved appreciation 
of cardiac structures and were helpful in simple and complex lesions. Users objectively 
showed a preference for stereo projections when reviewing complex lesions by logging 
greater time and manipulation.

P1-153
3D Echocardiographic Automated Quanti cation of Left 
Ventricular and Left Atrial Time-Volume Curves: Comparison with 
MRI
Akhil Narang1, Valentina Volpato1, Gloria Tamborini2, Laura Fusini2, Mauro 
Pepi2, Neha Goyal1, Neeta Kumari3, David Prater3, Karima Addetia1, Amit R. 
Patel1, Victor Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 
2Centro Cardiologico Monzino, Milan, Italy; 3Philips Healthcare, Andover, MA
Background: Compared to 2D echocardiography (2DE), 3D echocardiography (3DE) has 
been shown to be more accurate and reproducible for determination of left  ventricular 
(LV) and left  atrial (LA) volumes. However, dynamic 3DE LV and LA volumes are 
currently not routinely measured due to the lack of specialized soft ware and the lengthy 
time required for analysis of multiple time frames. Th e fi rst 3DE adaptive analytics 
algorithm for automated simultaneous determination of dynamic LV and LA volumes 
was recently developed. We aimed to test the accuracy of this algorithm by comparing it 
to the reference standard of cardiac MRI (CMR). Methods: Twenty consecutive patients 
(60% female), referred for a clinical CMR, prospectively underwent 3DE (Philips EPIQ 
with an X5-1 transducer) and CMR imaging (Philips 1.5 T scanner) on the same day. 
Single-beat, high-frame rate 3DE data sets were acquired to include both the LV and LA. 
Time-volume curves were automatically derived for both chambers using 3DE automated 
soft ware (Philips HeartModel; left  fi gure) and CMR (frame-by-frame manual tracing in 
short axis slices encompassing the entire chamber). LV and LA systolic and diastolic 
volumes and fi lling/ejection parameters were extracted from the time volume curves and 
compared between modalities. Results: Minor manual correction of the automatically 
detected LV and LA borders was performed in 4/20 and 5/20 cases, respectively. Time 
required for generation of time-volume curves from 3DE (including manual correction) 
was signifi cantly shorter compared to CMR (0.6±0.3 vs 96±14 minutes, P<0.0001). Time-
volume curves obtained from 3DE and CMR were similar in shape and magnitude in 
the majority of patients (right fi gure). Chamber size and function parameters extracted 
from these curves showed excellent agreement with no signifi cant inter-modality 
diff erences (Tables). Conclusion: Automated 3DE soft ware for dynamic LV and LA 
volume measurement allows fast and accurate analysis of ejection and fi lling parameters, 
when compared to CMR without the need for manual correction in the majority of cases. 
Incorporation of this algorithm into clinical workfl ow may provide additional insight into 
abnormalities in cardiac function that are not assessable by current echocardiographic 
techniques.
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variables were collected. Results: We identifi ed 1257 BAV patients in our community 
cohort, mean age 52 + 16.2 years and 842 (67.0%) were male. Of these, 765 (60.1%) 
had aortapathy. Patients with aortapathy were older (mean 54.8 + 14.7 vs. 52.7 + 18.1 
years, p=.03), had higher body surface area (2.14 + 0.42 vs. 2.0 + 0.31 kg/m2 p=.015), and 
were more likely to be male (OR 1.92 [95% CI 1.51-2.45, p<.001). Aortapathy patients 
were also more likely to have right-left  cusp fusion (80.7% vs. 68.0% p <.001), higher 
aortic velocity (1.41 + 1.2 vs. 1.0 + 1.2 m/sec, p<.001), and more likely to have aortic 
regurgitation (77.5% vs. 69.0% p = .0009). Th ere were no diff erences in presence of raphe, 
presence of aortic stenosis and leafl et calcifi cation between the two groups. All types of 
BAV fusion were noted in all the types of aortapathy. Of note, in our series, 191 patients 
with aortapathy had normal functioning BAV (no aortic stenosis and none/trace AI). 
Conclusions: Aortapathy is frequently present (60.1%) in a large community series of 
BAV patients. Clear clinical and echocardiography characteristics emerge to diff erentiate 
BAV patients with aortapathy. However, the relationships between aortapathy and BAV 
are complex, and likely not explained by any single theory on etiology. Longitudinal 
follow-up of this large community cohort has the potential to add clinical insight into 
mechanisms of BAV aortapathy.

P1-148
Predictor of Persistent Tricuspid Regurgitation After Transcatheter 
Aortic Valve Replacement
Jun Yoshida, Atsushi Hayashi, Satoshi Yamaguchi, Takafumi Nagaura, Hiroki 
Ikenaga, Florian Rader, Robert J. Siegel, Raj Makkar, Takahiro Shiota. Cedars 
Sinai Medical Center, Los Angeles, CA
Background: Persistent tricuspid regurgitation (TR) is considered to increase mortality 
in patients with aortic stenosis undergoing surgical aortic valve replacement. Th e aim of 
this study was to investigate clinical and echocardiographic determinants of persistent 
TR aft er transcatheter aortic valve replacement (TAVR). Methods: We reviewed 1091 
patients who underwent TAVR in our institution between January 2014 and January 
2017. Among them, 100 patients had moderate or more TR before TAVR. Before and 
follow up echocardiography aft er TAVR were analyzed (median follow up period was 386 
days). TR severity was graded based on ASE guideline. Right atrial area, right ventricular 
(RV) areas, RV fractional area change, tricuspid valve (TV) annular dimension, and 
TV tethering height were measured in the apical 4-chamber views. RV systolic pressure 
was calculated using the simplifi ed Bernoulli equation. Results: Among patients with 
signifi cant TR before TAVR, 48 (48%) patients had improved TR, while 52 (52%) patients 
had persistent TR (unchanged in 43 patients (43%) and worsened in 9 patients (9%)). At 
baseline, the prevalence of atrial fi brillation (AF) was higher in persistent TR patients 
compared to improved TR patients (40 vs. 73 %, p = 0.001). Compared to patients with 
improved TR, patients with persistent TR had a larger TV annular dimension, RV areas, 
and right atrial area (p < 0.05 for all), while there was no signifi cant diff erence in RV 
fractional area change, TV tethering height, and systolic RV pressure between 2 groups. 
In univariate analysis, persistent TR aft er TAVR was signifi cantly related to the prevalence 
of AF (Odds ratio = 4.1, p = 0.001), TV annular dimension (Odds ratio = 1.2, p < 0.001), 
and RV end-diastolic area (Odds ratio = 1.1, p = 0.03). In multivariate analysis, the 
prevalence of AF (Odds ratio = 2.9, p = 0.03) and TV annular dimension (Odds ratio = 
1.1, p = 0.02) were the only independent predictors of persistent TR. Receiver operating 
characteristic curve showed that cut-off  value of TV annular dimension of >38mm had 
optimal sensitivity and specifi city in predicting persistent TR aft er TAVR. Conclusion: 
Th e presence of AF and TV annular enlargement in patients with aortic stenosis are the 
independent predictors of persistent TR aft er TAVR.

P1-149    Moderated Poster
Virtual Reality Using 3D Echocardiography to Evaluate Structural 
Heart Disease
Akhil Narang1, Niklas Hitschrich2, David Hitschrich2, Karima Addetia1, Victor 
Mor-Avi1, Roberto M. Lang1, Bernhard Mumm2. 1University of Chicago, Chicago, 
IL; 2TOMTEC Imaging Systems, Unterschleissheim, Germany
Background: 3D echocardiography (3DE) is increasingly utilized in guiding structural 
heart disease interventions involving the mitral valve (MV). 3DE data can be visualized 
using shading and surface/volume rendering to create the appearance of a 3D structure 
on a fl at screen. 3D printing is also increasingly used to create patient specifi c physical 3D 
models for surgical planning, but the printing and post-processing can be time-consuming 
and expensive. Virtual reality (VR) is a new technique that allows true 3D visualization 
and interaction with 3D datasets using commercial VR headsets and controllers. To 
incorporate 3D printing and VR into the evaluation of structural heart disease, the ability 
to provide accurate measurements is important. Th e aim of this study was to determine the 
accuracy of MV measurements made in a VR environment and on a 3D printed models, 
using 3D multiplanar reconstruction (MPR) as the reference standard. Methods: Six 
high-quality 3D transesophageal (TEE) datasets of the MV with varying pathologies were 
converted using a novel, custom soft ware into VR environments with 3D surface models. 
A novel prototype VR environment was developed that allows the user to load, interact 
and measure these models in real time using a VR headset (HTC VIVE). Each 3D MV 
model was also printed using a 3D printer (Statasys Connex3). Blinded measurements of 
MV annular dimensions and area/circumference were performed with VR, 3D printing, 
and MPR at the same phase of the cardiac cycle. Results: All (6/6) 3D TEE datasets were 
successfully converted into 3D models compatible with the VR environment and the 3D 
printing process (Figure). Measurements of the MV annulus, area, and circumference 
using VR and MPR showed excellent inter-technique agreement (Table). Measurements 
made on 3D prints agreed well with MPR but had greater variability. Conclusion: Th is is 
the fi rst study to demonstrate excellent agreement between measurements performed in a 
VR environment using 3DE based models and MPR. Using a VR environment to analyze 
and measure 3DE based models is a promising new tool to plan and guide structural heart 
disease intervention that off ers the advantage of true 3D visualization and interaction. 
Further studies evaluating the role for VR in planning structural heart interventions are 
warranted.

P1-150
Development and Prognostic Validation of Partition Values 
to Grade Right Ventricular Dysfunction Severity With Three-
Dimensional Echocardiography
Denisa Muraru1, Luigi P. Badano2, Yasufumi Nagata3, Elena Surkova4, Kyoto 
Otani5, Davide Genovese1, Yutaka Otsuji3, Danila Azzolina1, Masaaki Takeuchi5. 
1University of Padua School of Medicine, Padua, Italy; 2University of Padua 
School of Medicine, Padova, Italy; 3Second Department of Internal Medicine, 
University of Occupational and Environmental Health, School of Medicine, 
Kitakyushu, Japan; 4Royal Brompton Hospital; Royal Brompton and Harefi eld 
NHS Foundation Trust, London, United Kingdom; 5Department of Laboratory 
and Transfusion Medicine, University of Occupational and Environmental Health 
Hospital, Kitakyushu, Japan
Background: Transthoracic three-dimensional echocardiography (3DE) has been shown 
to be feasible and accurate to measure right ventricular (RV) ejection fraction (EF) when 
compared to cardiac magnetic resonance (CMR). However, RVEF, either measured 
with CMR or 3DE, has always been reported as normal (RVEF> 45%) or abnormal 
(RVEF≤45%) without being able to further stratify RV dysfunction in mildly, moderately 
or severely reduced as we are used to do with the left  ventricle. Methods: We used 3DE to 
measure RVEF in 412 consecutive patients (55±18 years, 65% men) with various cardiac 
conditions who were followed for 3.7±1.4 years to obtain the cut-off  values which defi ned 
mild, moderate and severe reduction of RVEF (derivation cohort). Th en, the prognostic 
power of these cut-off  values was tested in an independent population of 446 patients 
(67±14 years, 58% men) studied at the University of Occupational and Environmental 
Health (Japan) (validation cohort). Results: During follow-up, we recorded 59 deaths 
(14%) in the derivation cohort. We used the K-Adaptive partitioning for survival data 
algorithm to identify 3 groups of patients with signifi cantly diff erent mortality according 
to RVEF: 40.9%<low≤46%, 32.1%<moderate≤40.9%, and high≤ 32.1% RV dysfunction. 
To make the cut-off  values simpler, we approximated them to 45%, 40% and 30%. During 
4.1±1.2 years follow-up, 38 cardiac deaths and 88 MACE (cardiac death, non-fatal 
myocardial infarction, ventricular fi brillation or admission for heart failure) occurred in 
the validation cohort. Th e cut-off  values of RVEF identifi ed in the derivation cohort were 
able to stratify both cardiac death (log-rank= 78.97; p<0.0001) and MACE (log-rank= 
35.15; p<0.0001) in the validation cohort too (Figure). Conclusions: Our results confi rm 
the prognostic power of RVEF in patients with heart diseases and identify the cut-off  
values of RVEF to stratify the risk of cardiac death and MACE. 
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Exercise-Induced Changes in Right Ventricular Mechanical 
Pattern: New Marker of Athlete’s Heart?
Marton Tokodi, Balint K. Lakatos, Orsolya Kiss, Monika Szilagyi, Nora Sydo, 
Mate Babity, Csaba Bognar, Bela Merkely, Attila Kovacs. Heart and Vascular 
Center, Semmelweis University, Budapest, Hungary
Background: Exercise-induced cardiac remodeling, also known as the athlete’s heart, 
is a well-described phenomenon. Although, it usually includes dilation of all four 
cardiac chambers, there is a growing evidence that intense endurance training puts 
disproportionally high burden on the right ventricle (RV). Accordingly, we investigated 
the alterations in RV mechanics of young, elite athletes using 3D echocardiography. 
Methods: Sixty water polo athletes (19±4 years, 30 females, 30 males) and 40 age and 
gender matched untrained, healthy controls were enrolled. Detailed medical history 
and training regime were obtained followed by physical examination, cardiopulmonary 
exercise testing and 3D echocardiography. Aft er reconstruction of the beutel model of 
the RV, 3D RV global longitudinal strain (GLS) and global circumferential strain (GCS) 
were calculated with our custom MATLAB soft ware. We also quantifi ed longitudinal and 
radial ejection fraction (EF) by decomposing the motion of the RV using the ReVISION 
method. Results: All enrolled athletes participated in competitive sport for an average 
of 10 years with a mean training time of 17 hours/week. As expected, left  ventricular 
(LV) and RV end-diastolic volume were higher in athletes (athletes vs control, LV end-
diastolic volume: 176±36 vs 116±19mL, RV end-diastolic volume: 174±37 vs 112±17mL, 
both p<0.001) along with increased LV mass (194±44 vs 113±22g, p<0.001), while both 
LV and RV EF were lower compared to non-trained individuals (LV EF: 57±5 vs 62±3%, 
RV EF: 56±4 vs 61±5, both p<0.001). GLS was found to be similar between the groups 
(-20±3 vs -20±4%), however, GCS was signifi cantly lower in athletes (-19±3 vs -23±5%, 
p<0.001). A prominent functional shift  was observed in the relative contribution of 
longitudinal and radial motion to global RV function in athletes, as longitudinal EF/ total 
EF ratio was signifi cantly higher (0.50±0.07 vs 0.43±0.07 ,p<0.001), whereas radial EF/ 
total EF was lower (0.33±0.08 vs 0.45±0.08, p<0.001) compared to controls. Moreover, 
the degree of this functional shift  correlated with peak oxygen uptake (longitudinal EF 
vs VO2/kg: r=0.30, p=0.024; radial EF vs VO2/kg: r=-0.27, p=0.043). Conclusion: As 
part of the adaptive remodeling seen in athletes, a functional shift  could be observed in 
the contribution of diff erent components to global RV function. Th e increased relative 
contribution of RV longitudinal contractions (along with a decreased radial motion) 
correlated with peak aerobic performance measured by cardiopulmonary exercise test. 
Th is mechanical pattern may be an important marker of athlete’s heart.

P1-152
Stereo Display of Three-Dimensional Echocardiography Improves 
Appreciation of Simple and Complex Cardiac Structures 
Compared to Conventional Non-Stereo Display
Ganesh Kumar Gnanappa1,2, Silvia Alvarez1,2, Andrew Whittle1,2, Kumaradevan 
Punithakumar1,2, Michelle Noga1,2, Nee Scze Khoo1,2. 1Stollery Children Hospital, 
Edmonton, AB, Canada; 2University of Alberta, Edmonton, AB, Canada
Background: Th ree-dimensional echocardiography (3DE) is increasingly utilized as an 
important adjunct to conventional echocardiogram in pre-operative planning for both 
simple and complex cardiac lesions. However, most 3DE are reviewed on two-dimensional 
displays (non-stereo) and negates the encoded true depth spatial data (stereo) in 3DE. 
We hypothesize that 3DE viewed on a stereo display improve understanding of cardiac 
structures and spatial relationships of complex anatomy when compared to conventional 
non-stereo display. Methods: Using proprietary soft ware capable of rendering full volume 
3DE (up to 69 Hz) in high resolution stereo and non-stereo display, we compared the 
experience of 7 users (cardiologists, trainees and surgeons) viewing 10 3DE of alternating 
5 simple and 5 complex cardiac lesions. In Part A, 3DE was randomized to either 1 min 
of stereo followed by 1 min of non-stereo or vice versa. Part B is 90 secs where users are 
able to toggle between stereo and non-stereo display. Th e users subjectively rated their 
experience on Likert scale (1=strongly disagree to 5= strongly agree) on 4 statements 
on each 3DE. Th e study was designed in conjunction with an education researcher to 
minimize biases by randomization, staggered simple and complex 3DE to minimize 
learning eff ect, and use of oppositionally positioned statements. Users were unaware 
of objective data logged such as time spent in each display and the degree of 3DE 
manipulation. Results: Stereo displays were consistently rated better than non-stereo 
in improving appreciation of cardiac anatomy (Likert 4.0±0.4 vs 2.3±0.4, P<0.0001). 
Similar benefi t was equally appreciated between simple and complex 3DE (Likert 4.0±0.4 

vs 4.0±0.5, P=0.91). Users preferentially spent more time in stereo in Part B (58±10 vs 
32±10 s, P<0.0001) and notably longer stereo time was spent in complex 3DE (59.9±9.5 vs 
55±10.9 s, P<0.0001). Manipulation of 3DE as degree of rotation per second (deg/s) was 
greater in Part A non-stereo (55±12 vs 54±16 deg/s, P<0.0001) and greater during Part 
B stereo (67±33 vs 59±18 deg/s, P<0.0001). Manipulation was greater in stereo display 
of complex 3DE in both Part A (58±18 vs 53±15 deg/s, P<0.0001) and Part B (71±24 vs 
63±37 deg/s, P<0.0001). Conclusions: Stereo projections of 3DE improved appreciation 
of cardiac structures and were helpful in simple and complex lesions. Users objectively 
showed a preference for stereo projections when reviewing complex lesions by logging 
greater time and manipulation.

P1-153
3D Echocardiographic Automated Quanti cation of Left 
Ventricular and Left Atrial Time-Volume Curves: Comparison with 
MRI
Akhil Narang1, Valentina Volpato1, Gloria Tamborini2, Laura Fusini2, Mauro 
Pepi2, Neha Goyal1, Neeta Kumari3, David Prater3, Karima Addetia1, Amit R. 
Patel1, Victor Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 
2Centro Cardiologico Monzino, Milan, Italy; 3Philips Healthcare, Andover, MA
Background: Compared to 2D echocardiography (2DE), 3D echocardiography (3DE) has 
been shown to be more accurate and reproducible for determination of left  ventricular 
(LV) and left  atrial (LA) volumes. However, dynamic 3DE LV and LA volumes are 
currently not routinely measured due to the lack of specialized soft ware and the lengthy 
time required for analysis of multiple time frames. Th e fi rst 3DE adaptive analytics 
algorithm for automated simultaneous determination of dynamic LV and LA volumes 
was recently developed. We aimed to test the accuracy of this algorithm by comparing it 
to the reference standard of cardiac MRI (CMR). Methods: Twenty consecutive patients 
(60% female), referred for a clinical CMR, prospectively underwent 3DE (Philips EPIQ 
with an X5-1 transducer) and CMR imaging (Philips 1.5 T scanner) on the same day. 
Single-beat, high-frame rate 3DE data sets were acquired to include both the LV and LA. 
Time-volume curves were automatically derived for both chambers using 3DE automated 
soft ware (Philips HeartModel; left  fi gure) and CMR (frame-by-frame manual tracing in 
short axis slices encompassing the entire chamber). LV and LA systolic and diastolic 
volumes and fi lling/ejection parameters were extracted from the time volume curves and 
compared between modalities. Results: Minor manual correction of the automatically 
detected LV and LA borders was performed in 4/20 and 5/20 cases, respectively. Time 
required for generation of time-volume curves from 3DE (including manual correction) 
was signifi cantly shorter compared to CMR (0.6±0.3 vs 96±14 minutes, P<0.0001). Time-
volume curves obtained from 3DE and CMR were similar in shape and magnitude in 
the majority of patients (right fi gure). Chamber size and function parameters extracted 
from these curves showed excellent agreement with no signifi cant inter-modality 
diff erences (Tables). Conclusion: Automated 3DE soft ware for dynamic LV and LA 
volume measurement allows fast and accurate analysis of ejection and fi lling parameters, 
when compared to CMR without the need for manual correction in the majority of cases. 
Incorporation of this algorithm into clinical workfl ow may provide additional insight into 
abnormalities in cardiac function that are not assessable by current echocardiographic 
techniques.
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Change of Mitral Lea et Geometry Causes Functional Mitral 
Regurgitation without Signi cant Mitral Valve Tethering: A Three-
Dimensional Transesophageal Echocardiography Study
Atsushi Hayashi, Hiroki Ikenaga, Jun Yoshida, Takafumi Nagaura, Satoshi 
Yamaguchi, Tetsuo Kamiyama, Florian Rader, Robert James Siegel, Takahiro 
Shiota. Cedars-Sinai Heart Institute, Los Angeles, CA
Background: Mitral valve (MV) tethering plays a central role in the development 
of functional mitral regurgitation (FMR). However, patients with FMR without MV 
tethering were encountered in clinical setting. Chronic atrial fi brillation with left  atrial 
dilatation has been known to cause FMR. Th erefore, we aimed to investigate FMR 
without MV tethering in patients with sinus rhythm using 3-dimensional transesophageal 
echocardiography (3D TEE). Methods: We studied 40 FMR patients with sinus rhythm 
and left  ventricular (LV) dysfunction (ejection fraction <50%) but without signifi cant 
MV tethering, defi ned as a tenting height ≤7.7 mm. Control subjects with normal MV 
(n = 28) had tenting of 4.9 ± 1.4 mm. Th e value of 7.7 mm was derived from the mean 
plus 2 standard deviation. LV volumes were evaluated using biplane disks method. MV 
annular dimensions, MV annular area, MV tenting height and volume, and MV leafl et 
area were evaluated using 3D TEE datasets. Th e ratio of the entire anterior leafl et length to 
straight distance from annular point to coaptation point was also determined to assess the 
change of leafl et geometry, which represented an inappropriate mitral leafl et remodeling 
(Figure 1). Regurgitant orifi ce area (ROA) was measured assuming elliptical shape of the 
fl ow convergence zone by 2D color Doppler. Results: Compared to controls, FMR had 
larger LV volumes, annular area, tenting volume, and leafl et area (P<0.01). Th e ratio of 
leafl et lengths was also greater in FMR patients compared with controls (4.9 ± 2.4 vs. 
2.3 ± 1.7, P <0.01). A wide range of ROA (0.02 to 1.02 cm2) was observed, unrelated to 
LV ejection fraction. ROA was correlated with LV end-diastolic volume and the ratio of 
leafl et lengths (Figure 2). Th e primary determinant of ROA was the ratio of leafl et lengths 
(β = 0.6, P <0.01) aft er adjustment of LV volumes and MV 3D parameters. Conclusion: 
Inappropriate leafl et remodeling contributed to the severity of FMR in patients without 
signifi cant MV tethering or atrial fi brillation, independent from LV remodeling.

P1-155
Geometry of Tricuspid Valve Revisited: Visualization by 
Transesophageal Echocardiography with Trans-Gastric Approach
Kikuko Obase, Takashi Miura, Shunsuke Taguchi, Yutaro Kawaguchi, Yuichi 
Tasaki, Ichiro Matsumaru, Tomohiro Odate, Kazuyoshi Tanigawa, Akira Tsuneto, 
Kiyoyuki Eishi. Nagasaki University Hospital, Nagasaki, Japan
Background: Tricuspid annulus dilates anteriorly and posteriorly, corresponding to the 
free wall of the right ventricle. Th e purpose of this study is to revisit the geometry of 
tricuspid valve in functional tricuspid regurgitation (TR) with using optimal imaging. 
Methods: 17 patients who underwent annuloplasty for functional TR were studied. 
Preoperative 3D volume data of tricuspid valve was acquired by transesophageal 
echocardiography (TEE) with trans-gastric approach. In the analysis, annular plane was 
extracted by MPR method and then A-P line (green line, fi gure) was carefully placed 
along anterior-septal commissure (AScom) to septal-posterior commissure (SPcom) 
direction. Th e commissures was recognized in the optimal MPR annular plane movie 
image and also the aortic valve commissure between non and right coronary cusp was 
referred for the identifi cation of AScom (white arrow) and posterior interventricular 
sulcus (yellow arrow) for SPcom. L-S line was placed perpendicular line to A-P line. Th e 
intersection of the 2 lines was placed on the center of the annulus. 3D analysis soft ware 
(Real View) was used for the reconstruction of the mid systolic confi guration. Results: 

Reconstructed tricuspid annulus and leafl et were shown in the fi gure, displaying the 
A-P line in a horizontal and L-S line in a vertical direction. Leafl ets were colorized 
by bluish for higher points and reddish for lower points from right atrial perspective. 
Red dot indicates the point of AScom. Th e number on each image indicates annular 
perimeter with the standardized perimeter with BSA in a parenthesis (mm). Case 1-6 
and 13 showed typical geometric change as literatures demonstrate. Case 7-11 showed 
more circular annulus than the former ones. In case 14-17, dilatation towards anterior 
rather than posterior direction was observed with relatively smaller perimeter compared 
to the other cases. Conclusions: By using 3D TEE dataset with transgastric approach, 
polymorphic geometry in tricuspid annulus and leafl et could be visualized. Our results 
suggest the valve geometry varies, probably depending on the degree of the annular 
dilatation and also on the morphologic change in the adjacent chambers and vessels. Th is 
fi nding may have clinical implications for selecting a strategy in tricuspid valve repair. 
Further study with large number is need.

P1-156
Predictive Impact of Mitral Apparatus Dynamics on the 
Improvement of Ischemic Mitral Regurgitation after Acute 
Myocardial Infarction: Four-Dimensional Quantitative 
Echocardiographic Study
Toshiyuki Kimura1, Nozomi Watanabe1, Maurice E. Sarano2, Shun Nishino1, 
Shibata Yoshisato1. 1Miyazaki Medical Association Hospital, Miyazaki, Japan; 
2Mayo Clinic, Rochester, MN
Background: Although acute ischemic mitral regurgitation (IMR) is known to worsen 
the short-term and long-term prognosis aft er acute myocardial infarction (AMI), degree 
of acute IMR can improve dramatically aft er percutaneous coronary intervention (PCI). 
We sought to evaluate the predictive value of acute stage mitral valve apparatus geometry 
and dynamics for the reduction of IMR in the remote phase aft er successful primary PCI 
by using real-time transthoracic 3D echocardiography. Methods: We performed 2D and 
3D echocardiography in consecutive 44 fi rst acute MI patients with more than mild IMR 
within 3 days aft er successful primary PCI. 3D echocardiography of LV volumes and 
mitral apparatus dynamics through the cardiac cycle, such as annulus area, leafl et tenting 
length and papillary muscles spatial positions were quantifi ed offl  ine using custom 
soft ware. We compared the 3D geometric and dynamic parameters in the acute phase 
between 1) 20 remained MR group and 2) 24 improved MR group in 6 to 12 months aft er 
MI onset. Results: LV end diastolic volume in the acute phase was similar between the 
remained MR and the improved MR group (139.3±31.8 vs. 134.8±35.2mL, p=0.657). LV 
ejection fraction (LVEF) was preserved in improved MR group compared to the remained 
MR group (49.0±11.2 vs. 56.5±7.0%, p=0.013). Mitral valve annulus area, leafl et tenting 
length and papillary muscles spatial position had no signifi cant diff erence between the 
two groups (all p>0.05) throughout cardiac cycle. In contrast, mitral annulus saddle shape 
was preserved in the improved MR group than the remained MR group (annular height/
intercomissure diameter ratio 13.3±3.9 vs. 16.4±3.6%, p=0.010) and annular area changed 
dynamically through early- to late-systole in the improved MR group (phasic p=0.017) 
despite it was adynamic in remained MR group (phasic p=0.201)(Figure). Conclusions: 
Patients with IMR improvement in the remote phase aft er AMI had more preserved 
LVEF, mitral annulus saddle shape and dynamics during systole in the acute phase of 
MI, compared to those with remained IMR . 4D dynamics of the mitral apparatus can 
be clinically useful predictor of the improvement in acute IMR, and may contribute to 
the clinical decision making including surgical or percutaneous intervention for the IMR 
which conveys the adverse prognosis aft er AMI.
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Change of Mitral Lea et Geometry Causes Functional Mitral 
Regurgitation without Signi cant Mitral Valve Tethering: A Three-
Dimensional Transesophageal Echocardiography Study
Atsushi Hayashi, Hiroki Ikenaga, Jun Yoshida, Takafumi Nagaura, Satoshi 
Yamaguchi, Tetsuo Kamiyama, Florian Rader, Robert James Siegel, Takahiro 
Shiota. Cedars-Sinai Heart Institute, Los Angeles, CA
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tethering were encountered in clinical setting. Chronic atrial fi brillation with left  atrial 
dilatation has been known to cause FMR. Th erefore, we aimed to investigate FMR 
without MV tethering in patients with sinus rhythm using 3-dimensional transesophageal 
echocardiography (3D TEE). Methods: We studied 40 FMR patients with sinus rhythm 
and left  ventricular (LV) dysfunction (ejection fraction <50%) but without signifi cant 
MV tethering, defi ned as a tenting height ≤7.7 mm. Control subjects with normal MV 
(n = 28) had tenting of 4.9 ± 1.4 mm. Th e value of 7.7 mm was derived from the mean 
plus 2 standard deviation. LV volumes were evaluated using biplane disks method. MV 
annular dimensions, MV annular area, MV tenting height and volume, and MV leafl et 
area were evaluated using 3D TEE datasets. Th e ratio of the entire anterior leafl et length to 
straight distance from annular point to coaptation point was also determined to assess the 
change of leafl et geometry, which represented an inappropriate mitral leafl et remodeling 
(Figure 1). Regurgitant orifi ce area (ROA) was measured assuming elliptical shape of the 
fl ow convergence zone by 2D color Doppler. Results: Compared to controls, FMR had 
larger LV volumes, annular area, tenting volume, and leafl et area (P<0.01). Th e ratio of 
leafl et lengths was also greater in FMR patients compared with controls (4.9 ± 2.4 vs. 
2.3 ± 1.7, P <0.01). A wide range of ROA (0.02 to 1.02 cm2) was observed, unrelated to 
LV ejection fraction. ROA was correlated with LV end-diastolic volume and the ratio of 
leafl et lengths (Figure 2). Th e primary determinant of ROA was the ratio of leafl et lengths 
(β = 0.6, P <0.01) aft er adjustment of LV volumes and MV 3D parameters. Conclusion: 
Inappropriate leafl et remodeling contributed to the severity of FMR in patients without 
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Kiyoyuki Eishi. Nagasaki University Hospital, Nagasaki, Japan
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free wall of the right ventricle. Th e purpose of this study is to revisit the geometry of 
tricuspid valve in functional tricuspid regurgitation (TR) with using optimal imaging. 
Methods: 17 patients who underwent annuloplasty for functional TR were studied. 
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extracted by MPR method and then A-P line (green line, fi gure) was carefully placed 
along anterior-septal commissure (AScom) to septal-posterior commissure (SPcom) 
direction. Th e commissures was recognized in the optimal MPR annular plane movie 
image and also the aortic valve commissure between non and right coronary cusp was 
referred for the identifi cation of AScom (white arrow) and posterior interventricular 
sulcus (yellow arrow) for SPcom. L-S line was placed perpendicular line to A-P line. Th e 
intersection of the 2 lines was placed on the center of the annulus. 3D analysis soft ware 
(Real View) was used for the reconstruction of the mid systolic confi guration. Results: 

Reconstructed tricuspid annulus and leafl et were shown in the fi gure, displaying the 
A-P line in a horizontal and L-S line in a vertical direction. Leafl ets were colorized 
by bluish for higher points and reddish for lower points from right atrial perspective. 
Red dot indicates the point of AScom. Th e number on each image indicates annular 
perimeter with the standardized perimeter with BSA in a parenthesis (mm). Case 1-6 
and 13 showed typical geometric change as literatures demonstrate. Case 7-11 showed 
more circular annulus than the former ones. In case 14-17, dilatation towards anterior 
rather than posterior direction was observed with relatively smaller perimeter compared 
to the other cases. Conclusions: By using 3D TEE dataset with transgastric approach, 
polymorphic geometry in tricuspid annulus and leafl et could be visualized. Our results 
suggest the valve geometry varies, probably depending on the degree of the annular 
dilatation and also on the morphologic change in the adjacent chambers and vessels. Th is 
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Predictive Impact of Mitral Apparatus Dynamics on the 
Improvement of Ischemic Mitral Regurgitation after Acute 
Myocardial Infarction: Four-Dimensional Quantitative 
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Toshiyuki Kimura1, Nozomi Watanabe1, Maurice E. Sarano2, Shun Nishino1, 
Shibata Yoshisato1. 1Miyazaki Medical Association Hospital, Miyazaki, Japan; 
2Mayo Clinic, Rochester, MN
Background: Although acute ischemic mitral regurgitation (IMR) is known to worsen 
the short-term and long-term prognosis aft er acute myocardial infarction (AMI), degree 
of acute IMR can improve dramatically aft er percutaneous coronary intervention (PCI). 
We sought to evaluate the predictive value of acute stage mitral valve apparatus geometry 
and dynamics for the reduction of IMR in the remote phase aft er successful primary PCI 
by using real-time transthoracic 3D echocardiography. Methods: We performed 2D and 
3D echocardiography in consecutive 44 fi rst acute MI patients with more than mild IMR 
within 3 days aft er successful primary PCI. 3D echocardiography of LV volumes and 
mitral apparatus dynamics through the cardiac cycle, such as annulus area, leafl et tenting 
length and papillary muscles spatial positions were quantifi ed offl  ine using custom 
soft ware. We compared the 3D geometric and dynamic parameters in the acute phase 
between 1) 20 remained MR group and 2) 24 improved MR group in 6 to 12 months aft er 
MI onset. Results: LV end diastolic volume in the acute phase was similar between the 
remained MR and the improved MR group (139.3±31.8 vs. 134.8±35.2mL, p=0.657). LV 
ejection fraction (LVEF) was preserved in improved MR group compared to the remained 
MR group (49.0±11.2 vs. 56.5±7.0%, p=0.013). Mitral valve annulus area, leafl et tenting 
length and papillary muscles spatial position had no signifi cant diff erence between the 
two groups (all p>0.05) throughout cardiac cycle. In contrast, mitral annulus saddle shape 
was preserved in the improved MR group than the remained MR group (annular height/
intercomissure diameter ratio 13.3±3.9 vs. 16.4±3.6%, p=0.010) and annular area changed 
dynamically through early- to late-systole in the improved MR group (phasic p=0.017) 
despite it was adynamic in remained MR group (phasic p=0.201)(Figure). Conclusions: 
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Left Atrial Appendage Remodeling and Function in Atrial 
Fibrillation: Insight from 2D, 3D, and Doppler Echocardiography
Didem Oguz, Joseph Maalouf, Sorin Pislaru, Vuyisile Nkomo, Paul Friedman, 
David Holmes, Jeremy Th aden. Mayo Clinic, Rochester, MN
Background: Th e left  atrial appendage (LAA) is a common source of systemic embolism 
in patients with atrial fi brillation (AF), but LAA remodeling in the setting of AF 
is not well defi ned. We sought to defi ne LAA remodeling in a group of patients with 
paroxysmal vs persistent AF. Methods: We retrospectively identifi ed 29 patients with 
a history of AF that underwent transesophageal echocardiography for AF catheter 
ablation or LAA occlusion. Quantitative 3D measurements were performed with 
TomTec 4D soft ware (Unterschleissheim, Germany) and 2D-Doppler measurements 
were performed retrospectively using available images. Results: All patients had a 
history of AF; 15 patients were in sinus rhythm at time of the procedure (paroxysmal 
AF) and 14 patients were in AF (persistent AF). Demographics and echocardiographic 
characteristics according to type of AF are shown in the Table. Patients with persistent AF 
had larger ostial LAA area, larger LAA volume, and lower LAA 3D ejection fraction and 
fractional area change as measured by 3D echocardiography. Maximum ostial diameter 
in paroxysmal vs persistent AF were not statistically diff erent by 2D echocardiography. 
Mid-left  atrial appendage fractional area change by 3D echocardiography correlated well 
with peak Doppler ejection velocity (r2=0.73, p<0.0001) and modest correlation was 
observed between 3D volumetric ejection fraction and Doppler ejection velocity (r2=0.32, 
p=0.009). Conclusion: Patients with persistent AF, compared to paroxysmal AF, have 
more signifi cant LAA eccentric remodeling with abnormal systolic function and this was 
appreciated by 3D but not 2D echocardiography. Th is data may have future implications 
in risk stratifi cation for cardioembolism and LAA sizing prior to percutaneous LAA 
occlusion.

P1-158
The Correlation and Difference between Two-Dimensional and 
Three-Dimensional Strain -Comparison in Normal Children
Kazuya Sanada1, Masaki Nii1, Ken Takahashi2, Kiyohiro Takigiku3, Manatomo 
Toyono4, Satoru Iwashima5, Nao Inoue6, Yasuhiko Tanaka1. 1Department of 
Cardiology, Shizuoka Children‘s Hospital, Shizuoka, Japan; 2Department of 
Pediatrics, Juntendo University of Medicine, Tokyo, Japan; 3Department of 
Cardiology, Nagano Children‘s Hospital, Azumino, Japan; 4Department of 
Pediatrics, Akita University Faculty of Medicine, Akita, Japan; 5Department of 
Pediatrics, Chutoen General Medical Center, Kakegawa, Japan; 6Department of 
Pediatric Cardiology, Seirei Hamamatsu General Hospital, Hamamatsu, Japan
Background: Th ree-dimensional speckle tracking echocardiography (3DST) is 
methodologically superior to two-dimensional speckle tracking (2DST), because 3DST is 
free from through-plane artifact, which is one of the major drawbacks of 2DST. However, 
the volume rate of 3DST is usually lower than the frame rate of 2DST, which may make 
underestimation of the magnitude of peak strain. Th ere are paucity of data comparing 
the diff erences of strain of the left  ventricle (LV) between 3D and 2D in normal children. 
Th e objective of this study is to determine the correlation and diff erence between 3D 
and 2D in normal children. Methods: Eighty one normal children (male: 42; female: 
39; age: median (range): 8.9 (4.7-15.7)) were included in this study. Th e full volume 3D 
data of LV were acquired in apical view with 4 heart beats, and the 2D data of LV were 
acquired in parasternal and apical views. Th e LV strain analyses of 3DST and 2DST were 
made off -line using 4D LV-Analysis (TOMTEC) and 2D Cardiac Performance Analysis 
(TOMTEC), respectively. LV end-diastolic volume (LVEDV), LV end-systolic volume, 
and LV-EF were also analyzed in 3D and 2D data set. 3D-global longitudinal strain 
(3D-GLS), global circumferential strain (3D-GCS), global radial strain (3D-GRS), and 
3D-twist were analyzed on 3D full-volume. 2DST data (2D-GLS, 2D-GCS, 2D-GRS, 
and 2D-twist) were also analyzed and compared with respective data of 3DST. Results: 
Th e volume rate of 3DST (33 (20-60)/sec) was signifi cantly lower than the frame rate of 
2DST (apical view: 65 (34-92)/sec (p<0.05); short axis view: 81 (45-118)/sec (p<0.05)). 
LVEDV showed signifi cant correlation between 3D (55.2 ± 15.5 ml) and 2D (triplane)
(56.9 ± 16.3 ml) (r=0.89, p<0.001). Th e correlation between 3D-GLS and 2D-GLS were 
weak (r=0.26, p<0.05), and the magnitude of strain were signifi cantly small in 3D-GLS 
(3D-GLS: -23.9 ± 2.7 %; 2D-GLS: -25.5 ± 2.4 %, p<0.05). However, 3D-GCS and 2D-GCS, 
or 3D-GRS and 2D-GRS showed no signifi cant correlations. Th ere was no signifi cant 
diff erence between 3D-GCS (-28.2 ± 2.7 %) and 2D-GCS (28.2 ± 8.0 %). On the other 
hand, 3D-GRS (42.8 ± 3.2 %) was signifi cantly higher than 2D-GRS (33.0 ± 9.5 %)
(p<0.05). Th ere was no correlation between 3D-twist and 2D-twist, and 3D-twist (10.4 ± 
12.1°) was signifi cantly bigger than 2D-twist (5.1 ± 8.8°)(p<0.05). Conclusion: Although 
there was good correlation of LV volume between 3D and 2D, the strain or twist showed 
weak or no correlation. Because 2D-GCS, 2D-GRS, or 2D-twist is signifi cantly infl uenced 
by translational motion of the heart, they showed no correlation with those of 3D.
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Right Atrial Pressure Estimates by 2D and 3D Inferior Vena 
Cava Measurements are Discordant and In uenced by Vessel 
Morphology
Mohammed Essa, Peter Flueckiger, Alda Bregasi, Robert McNamara, Lissa 
Sugeng, Jeff rey Testani, Ben Lin. Yale School of Medicine, New Haven, CT
Background: Right atrial pressure (RAP) and intravascular volume status are estimated 
by echocardiography with 2D imaging of inferior vena cava (IVC) diameter and 
collapsibility. 3D imaging can avoid misalignment and likely achieve more accurate 
length measurements. We sought to compare the concordance between RAP estimates 
obtained from 2D- and 3D-derived measurements and identify causes of discordance. 
Methods: 200 patients had 2D and 3D subcostal IVC imaging performed before and 
aft er inspiratory sniff . Images were acquired using Philips iE33 and EPIQ7 systems and 
analyzed using QLAB v10.3 (Andover, MA). RAP was categorized as normal, mildly 
elevated, or elevated according to 2015 ASE guidelines. Th e reference 2D diameter limit 
was 2.1 cm and corresponding 3D-derived cross-sectional major axis (2.7 cm) and minor 
axis (1.9 cm) limits were obtained by regression analysis. Collapsibility index (CI) was 
calculated along each 2D and 3D axis direction. Sphericity index (SI) was calculated as 
the ratio of minor to major axis lengths and IVCs were categorized as either spherical (SI 
≥ 0.7) or elliptical (SI < 0.7). Results: 2D IVC diameter was 2.0 ± 0.6 cm, while 3D major 
and minor axes were 2.7 ± 0.7 cm and 1.9 ± 0.6 cm. 2D RAP category concordance with 
3D major and minor axis RAP categories was 43% and 63% (see table). CI was diff erent 
along 3D major (44 ± 19%) and minor axes (52 ± 21%; p< 0.001). Th e discrepancy 
between maximum 2D diameter and 3D major axis length was diff erent for spherical 
(0.4 ± 0.4 cm) compared to elliptical IVCs (1.0 ± 0.6 cm; p<0.001). Conclusions: 
Echocardiographic 3D IVC imaging provided discordant RAP categorization in roughly 
half of the cases compared with standard 2D IVC imaging. Collapsibility diff ers along the 
major and minor axes of the IVC. Vessel sphericity infl uences the discrepancies between 
2D and 3D measurements. Future studies including invasive RAP reference values would 
provide additional information on the accuracy of 3D imaging of IVC dynamics.

P1-160
Can 3D Echocardiography Replace Cardiovascular Magnetic 
Resonance in the Diagnosis of Arrhythmogenic Right Ventricular 
Cardiomyopathy?
Andrea Mazzanti1, Karima Addetia2, Riccardo Maragna3, Megan Yamat2, 
Margherita Gaudenzi Asinelli3, Eleonora Pagan4, Vincenzo Bagnardi4, Silvia 
Priori1, Roberto M. Lang2. 1University of Pavia, Pavia, Italy; 2University of 
Chicago, Chicago, IL; 3ICS Maugeri, IRCCS, Pavia, Italy; 4University of Milan, 
Milan, Italy
Background: Th e Taskforce Criteria (TFC) for the diagnosis of Arrhythmogenic Right 
Ventricular Cardiomyopathy (ARVC) requires the combination of 2D echocardiography 
(2DE) and cardiovascular MRI (CMR) to detect the presence of global and segmental 
right ventricular (RV) abnormalities. Little is known about the diagnostic value of 
3D echocardiography (3DE) in ARVC. Th e aim of this study was to assess whether a 
combination of 2DE and 3DE could substitute 2DE and CMR combination with similar 
diagnostic accuracy in patients with suspected ARVC. Methods: 39 subjects (59% males, 
47±15 years, 41% with desmosomal mutations) with suspected or confi rmed diagnosis 
of ARVC underwent evaluation of the RV with the use of CMR, 2DE and 3DE. 3DE 
and CMR were independently used to obtain RV volumes, ejection fraction and presence 
of segmental RV abnormalities. Th ese studies were blindly classifi ed as meeting none, 
minor or major criteria for ARVC in accordance with the 2010 TFC. Kappa statistics were 
used to assess the concordance between 2DE-CMR and 2DE-3DE diagnostic approaches. 
Results: Using the 2DE-CMR approach, patients were classifi ed as follows: 5 not aff ected, 
8 with possible, 9 with borderline and 17 with defi nite ARVC diagnosis. Th e evaluation 
of TFC criteria with the 2DE-3DE approach yielded a high degree of concordance with 
the standard of care (2DE-CMR approach, k=0.93 with 95% CI: 0.84-1.0) (Figure). 
Th ere was complete agreement between the 2DE-CMR and 2DE-3DE approaches for 

individuals with defi nite ARVC diagnosis (n=17) and in individuals not aff ected by 
ARVC (n=5). Two patients with possible and borderline ARVC diagnosis using the 
2DE-CMR approach were confi rmed as defi nite ARVC with the 2DE-3DE approach. 
Conclusions: Th e use of 2D and 3D echocardiography allows bedside evaluation of 
patients with suspected ARVC, which is diagnostically comparable to that obtained using 
the traditional combination of 2DE-CMR. Th is information is particularly relevant for 
patients who cannot undergo CMR such as patients with ICDs.

P1-161
Three-Dimensional Transesophageal Echocardiography is an 
Attractive Alternative to Cardiac Computed Tomography for Aortic 
Annular Sizing, Systematic Review and Meta-Analysis
Ahmed Elkaryoni1, Navin C. Nanda2, Paramdeep Baweja3, Harris Zamir4, 
Mohammed J. Arisha2, Ahmed Elgebaly5, John Foxworth6, Jill Moormeier1, Rishi 
Sharma1. 1Department of Internal Medicine, University of Missouri Kansas City, 
Kansas City, MO; 2Cardiovascular Disease Division, University of Alabama at 
Birmingham, Birmingham, AL; 3Cardiovascular Disease Division, University 
of Missouri Kansas City, Kansas City, MO; 4University of Missouri Kansas City, 
Kansas City, MO; 5Al-Azhar University, Faculty of Medicine, Cairo, Egypt; 
6University of Missouri Kansas City, Kansas CIty, MO
Background: Transcatheter aortic valve replacement (TAVR) has become an established 
alternative to the surgical approach in high-risk patients with severe inoperable aortic 
stenosis. Determination of the size of the prosthesis is a crucial point of the procedure. As 
a result, accurate cardiac imaging modalities are the cornerstone of successful outcomes 
from TAVR. Th e evolution in the understanding of aortic root geometry has signifi cantly 
changed the prior assumption of the circular aortic annulus and LVOT. Consequently, 
two-dimensional echocardiography became incapable of defi ning the exact prosthesis 
size and paved the way for the three-dimensional (3D) era. Currently, multi-detector 
computed tomography (MDCT) with contrast angiography is the standard pre-TAVR 
imaging technique. Observational studies have been conducted to correlate 3D trans-
esophageal echocardiography (TEE) annular sizing to MDCT annular sizing. Th is pursuit 
of correlation stems from the targeted cohort with multiple comorbidities and renal 
impairment in particular. Methods: We performed a systematic review and meta-analysis 
to assess the correlation and agreement between 3D TEE and MDCT annular sizing. A 
literature search of EMBASE, PubMed, Cochrane Central Register of Controlled Trials 
(CENTRAL), and Scopus was conducted using relevant keywords. We included studies 
that compared the aortic annular sizing between 3D TEE and MDCT. Two authors 
independently screened search results for eligibility. We used the random-eff ect inverse-
variance method to combine the mean diff erences and limits of agreements, and generic 
inverse-variance method to combine Pearson correlation coeffi  cient. Heterogeneity was 
assessed by forest plots and measured by I-square and Chi-square tests. P values less than 
0.05 were considered signifi cant. Results: Th irteen studies were included in our analysis 
(N=1026 patients). Th ere was strong linear correlation between 3D TEE and MDCT 
measurements of aortic annulus area (r =0.84, p <0.001), mean perimeter (r =0. 0.85, 
p <0.001), and mean diameter (r =0.80, p <0.001). Bland-Altman plots showed that 3D 
TEE mean values were smaller than those of MDCT for the aortic annular area (mean 
diff erence was -2.22mm2 with 95% limits of agreement -12.79 to 8.36). However, this 
diff erence is insignifi cant to impact clinical decision making. Conclusion: Measurements 
of the aortic annulus with 3D TEE were comparable to those obtained by MDCT. Th us 
making 3D TEE an attractive alternative for aortic annulus assessment before TAVR, with 
an added advantage of reduced cost, radiation and contrast exposure.

P1-162
Left Ventricular Volumetry in Children - Should Total Blood 
Volume Replace Other Measures as an Adequate Index to Correct 
for Organ Growth?
Stella Glezou1, Hermann Körperich1, Deniz Kececioglu1, Robert DallaPozza2, 
Ulrike Herberg3, Kai Th orsten Laser1. 1HDZ-NRW, Bad Oeynhausen, Germany; 
2Department of Pediatric Cardiology, Ludwig Maximilians University of Munich, 
Germany; 3Department of Pediatric Cardiology, University of Bonn, Germany
Background: For indexation of chamber size measurements in pediatrics many index 
variables have been investigated. Height, weight and formulas including both, such as 
Body surface area (BSA) or Body mass Index (BMI) have been used but there is no gold 
standard defi ned yet. We wanted to test the hypothesis if total blood volume (TBV) is 
a superior index for cardiac growth as it is closely linked to the cardiovascular system. 
Methods: A cohort of 378 healthy subjects (Group I: 0-6 ys, unisex: n=130, Group II 
and III: 7-18 ys, female: n=124, male: n=124) underwent realtime three-dimensional 
echocardiography (RT3DE , IE 33 or Vivid E9, 4-6 subvolumes). Quantifi cation of end-
diastolic, end-systolic and stroke volumes (EDV, ESV, SV) using dedicated soft ware (4D 
LV-Analysis 3.1 soft ware [Tomtec]), indexation for weight, height, BSA, BMI and TBV 
according to Lindemann et al. Evaluation of the index quality using standard deviations 
and coeffi  cients of correlation. Results: LV volumes in comparison to diff erent indexes, 
SD and correlations in descending order: Group I: BSA (SD 22.0-24.2%, r = 0.86-0.89), 
weight (SD 20.2-22.5%, r = 0.85-0.87), TBV (SD 20.5-22.7%, r = 0.86-0.88), height (SD 
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27.9-29.8%, r = 0.84-0.87), BMI (SD 42.2-46.1%, r=-0.12 - -0.2). Group II: BSA (SD 
14.8-17.9%, r = 0.82-0.85), TBV (SD 14.5-17.5%, r =0.81-0.84), weight (SD 17.1-19.6%, 
r = 0.79-0.83), height (SD 20.6-23.4%, r = 0.79-0.83), BMI (SD 23.1-25.8%, r = 0.54-
0.57). Group III: BSA (SD 17.9-21%, r =0.76-0.78), TBV (SD 20.6-21.8%, r =0.76-0.78), 
weight (SD 21.8-23%, r =0.75-0.77), height (SD 22.1-26.6%, r =0.74-0.76), BMI (SD 23.7-
28.3%, r =0.55-0.57). Conclusion: Th ere are diff erences between index variables and LV 
volumes as well as diff erent age groups of healthy individuals. BV correlates well ranking 
behind BSA, which should be used as index to account for cardiac growth when creating 
pediatric reference values.

P1-163
Real World Use of Three-Dimensional Left Ventricular Ejection 
Fraction 
Peter Flueckiger, Roy Arjoon, Ashley Brogan, Robert McNamara, Ben Lin, Lissa 
Sugeng. Yale School of Medicine, New Haven, CT
Background: Th ree-dimensional left  ventricular ejection fraction (3D LVEF) is 
recommended by the American Society of Echocardiography as the most accurate 
and reproducible measurement of left  ventricular function. 3D LVEF on transthoracic 
echocardiogram (TTE) may be underused with variable performance based on patient 
and exam characteristics. We examined the use of and variability in 3D LVEF acquisition 
in an academic medical center echocardiography laboratory. Methods: We retrospectively 
analyzed all complete resting TTE studies between 8/1/2017 to 10/31/2017 (excluding 
exams with microbubble contrast echocardiograms). Patient demographics, exam 
location, exam indication, performing sonographer, and LVEF results were obtained. 
Exams with and without 3D LVEF acquisition were compared. Results: 3D LVEF was 
performed in 943 (49%) of the 1928 complete TTEs included in the analysis; Bi-plane 
LVEF was performed in 46% of exams without 3D LVEF acquisition (1% of remaining 
exams had visual LVEF, 4% had no LVEF performed). Patients with 3D LVEF performed 
had a signifi cantly lower average body mass index (BMI, kg/m2) (27.4 ± 6.1 vs 28.3 ± 
7.3, p = 0.002) and lower average age (years) (56.6 ± 18.2 vs. 62.9 ± 18.5). 3D LVEF use 
signifi cantly varied based on exam/patient location (inpatient vs. outpatient and portable 
vs. non-portable, p<0.001) (Figure 1A). 3D LVEF use signifi cantly varied based on 
performing sonographer (Figure 1B). Patients with an indication of cancer/chemotherapy 
(a population requiring serial/objective LVEF assessment) had signifi cantly higher use of 
3D LVEF (n=187/206 exams, 91%). 3D LVEF was reported to ordering provider 95% of 
the time it was performed and did not signifi cantly vary across exam locations (Figure 
1A). Conclusion: Use of 3D LVEF acquisition varied signifi cantly based on patient 
characteristics (including BMI and age), patient location, and performing sonographer. 
However, when performed, 3D LVEF is almost always reported to provider. An increased 
use of 3D LVEF acquisitions in cancer/chemotherapy patients may represent an ideal real-
world feasibility threshold for 3D LVEF use. Based on these results, initiatives to decrease 
sonographer variability and increase 3D LVEF acquisitions on inpatient/portable exams 
may lead to more consistent 3D LVEF assessment.

P1-164
Automated 3-Dimensional Single Beat Real-Time Volume Color-
Flow Doppler Echocardiography: A Validation Study of Right and 
Left Heart Flows
Kyong-Jin Lee1, Atsuko Kato1,1, Juan Pablo Sandoval1, Dariusz Mroczek1, Helene 
Houle2, Bogdan Georgescu2, Shi-Joon Yoo1, Lee Benson1, Rajiv Chaturvedi1. 
1Hospital for Sick Children, Toronto, ON, Canada; 2Siemens Medical Solutions 
USA Inc, Mountain View, CA
Background: Novel quantifi cation of stroke volume by mitral infl ow and aortic 
outfl ow using automated real-time three-dimensional volume color-fl ow Doppler 
echocardiography (3D-RT-VCFDE) is more accurate than two-dimensional 
echocardiography and has excellent correlation with cardiac magnetic resonance imaging-
based fl ows in adults. Th is technology is applied for the fi rst time to the right heart and in 
children. Methods: 3D-RT-VCFDE was performed in 34 children who provided 61 image 
sets of fl ow through the aortic (AV), mitral (MV), pulmonary (PV) and tricuspid (TV) 
valves. Right heart fl ows were compared with left  heart fl ows. Flows were compared with 
stroke volumes of the right (RV) and left  (LV) ventricles and Qp/Qs determined by the 
Fick method in 31 children with atrial shunts. Results: Th e mean age was 8.0 ± 3.3 years, 
and the mean weight was 27.8 ± 10.0 kg. Th e mean temporal resolution for fl ow analyses 
was ≥ 22 volumes/second. In conditions with no shunt, the correlations were: AV with 
MV fl ows (r=0.98), PV with TV fl ows (r=0.96), RV stroke volume with PV fl ow (r=0.95) 
and with TV fl ow (r=0.93), LV stroke volume with AV fl ow (r=0.87) and with MV fl ow 
(r=0.89). Fick Qp/Qs correlations were: PV/AV ratio (r=0.84), TV/MV ratio (r=0.87) and 
RV/ LV ratio (r=0.70). Conclusions: Stroke volume determined by automated RT-3D-
VCFDE is feasible in children and in the right side of the heart. Th is technique potentially 
provides a non-invasive alternative to historically invasively acquired hemodynamic data 
and to cardiac magnetic resonance imaging.

P1-165
Three Dimensional Real Time Strain Echocardiography in Children 
Following Chemotherapy: A Novel Diagnostic Tool
Gilda Kadiu, Yamuna Sanil, Ahmad M. Charaf-Eddine, Sanjeev Aggarwal. 
Children‘s Hospital of Michigan, Detroit, MI
Background: Although, anthracyclines are effi  cacious in pediatric cancers, their utility 
is limited by progressive cardiotoxicity. Recent studies show impairment of left  ventricle 
(LV) strain using 2D speckle tracking echocardiography. However, changes in various 
planes of myocardial motion, torsion and twist have not been studied. We hypothesized 
that the newer 3D real-time strain echocardiography (3DSE) imaging would detect 
subclinical functional abnormalities in children following anthracycline chemotherapy. 
Objective: To compare LV strain, torsion and twist on 3DSE in asymptomatic children 
with normal shortening fractions following completion of anthracycline chemotherapy 
vs. normal controls. Method: Th is was a retrospective echocardiogram review of 
patients who had received anthracycline chemotherapy for pediatric cancers >1 year 
earlier. Patients who had undergone bone marrow transplant were excluded. Patients 
with chest pain, murmur or syncope and normal echocardiograms acted as controls. 
Echocardiograms (Philips IE33) were read by a single reader blinded to clinical data. 
Full volume data consists of 4 adjacent sub-volumes over four consecutive beats acquired 
during a breath-hold to minimize the artifacts and analyzed offl  ine (Tomtec Inc soft ware). 
During the 3D analysis, 5 planes are displayed and endocardium was traced using a semi 
automatic method with manual adjustments. Global longitudinal and circumferential 
(GLS and GCS) and segmental 3D strain, LV twist, LV torsion, LV ejection fraction, 
and 3D systolic dyssynchrony index (SDI) were generated. Statistical analysis included 
student t-test and Chi-square test to compare groups. Results: Our cohort (n=113) 
included 31 (27%) subjects who had received anthracyclines. Th e groups were similar 
in age at echocardiogram and gender distribution. Th e 3D GLS%, GCS% 3- planes, 
and SDI were signifi cantly abnormal in the anthracycline group but LV torsion and 
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P1-159
Right Atrial Pressure Estimates by 2D and 3D Inferior Vena 
Cava Measurements are Discordant and In uenced by Vessel 
Morphology
Mohammed Essa, Peter Flueckiger, Alda Bregasi, Robert McNamara, Lissa 
Sugeng, Jeff rey Testani, Ben Lin. Yale School of Medicine, New Haven, CT
Background: Right atrial pressure (RAP) and intravascular volume status are estimated 
by echocardiography with 2D imaging of inferior vena cava (IVC) diameter and 
collapsibility. 3D imaging can avoid misalignment and likely achieve more accurate 
length measurements. We sought to compare the concordance between RAP estimates 
obtained from 2D- and 3D-derived measurements and identify causes of discordance. 
Methods: 200 patients had 2D and 3D subcostal IVC imaging performed before and 
aft er inspiratory sniff . Images were acquired using Philips iE33 and EPIQ7 systems and 
analyzed using QLAB v10.3 (Andover, MA). RAP was categorized as normal, mildly 
elevated, or elevated according to 2015 ASE guidelines. Th e reference 2D diameter limit 
was 2.1 cm and corresponding 3D-derived cross-sectional major axis (2.7 cm) and minor 
axis (1.9 cm) limits were obtained by regression analysis. Collapsibility index (CI) was 
calculated along each 2D and 3D axis direction. Sphericity index (SI) was calculated as 
the ratio of minor to major axis lengths and IVCs were categorized as either spherical (SI 
≥ 0.7) or elliptical (SI < 0.7). Results: 2D IVC diameter was 2.0 ± 0.6 cm, while 3D major 
and minor axes were 2.7 ± 0.7 cm and 1.9 ± 0.6 cm. 2D RAP category concordance with 
3D major and minor axis RAP categories was 43% and 63% (see table). CI was diff erent 
along 3D major (44 ± 19%) and minor axes (52 ± 21%; p< 0.001). Th e discrepancy 
between maximum 2D diameter and 3D major axis length was diff erent for spherical 
(0.4 ± 0.4 cm) compared to elliptical IVCs (1.0 ± 0.6 cm; p<0.001). Conclusions: 
Echocardiographic 3D IVC imaging provided discordant RAP categorization in roughly 
half of the cases compared with standard 2D IVC imaging. Collapsibility diff ers along the 
major and minor axes of the IVC. Vessel sphericity infl uences the discrepancies between 
2D and 3D measurements. Future studies including invasive RAP reference values would 
provide additional information on the accuracy of 3D imaging of IVC dynamics.

P1-160
Can 3D Echocardiography Replace Cardiovascular Magnetic 
Resonance in the Diagnosis of Arrhythmogenic Right Ventricular 
Cardiomyopathy?
Andrea Mazzanti1, Karima Addetia2, Riccardo Maragna3, Megan Yamat2, 
Margherita Gaudenzi Asinelli3, Eleonora Pagan4, Vincenzo Bagnardi4, Silvia 
Priori1, Roberto M. Lang2. 1University of Pavia, Pavia, Italy; 2University of 
Chicago, Chicago, IL; 3ICS Maugeri, IRCCS, Pavia, Italy; 4University of Milan, 
Milan, Italy
Background: Th e Taskforce Criteria (TFC) for the diagnosis of Arrhythmogenic Right 
Ventricular Cardiomyopathy (ARVC) requires the combination of 2D echocardiography 
(2DE) and cardiovascular MRI (CMR) to detect the presence of global and segmental 
right ventricular (RV) abnormalities. Little is known about the diagnostic value of 
3D echocardiography (3DE) in ARVC. Th e aim of this study was to assess whether a 
combination of 2DE and 3DE could substitute 2DE and CMR combination with similar 
diagnostic accuracy in patients with suspected ARVC. Methods: 39 subjects (59% males, 
47±15 years, 41% with desmosomal mutations) with suspected or confi rmed diagnosis 
of ARVC underwent evaluation of the RV with the use of CMR, 2DE and 3DE. 3DE 
and CMR were independently used to obtain RV volumes, ejection fraction and presence 
of segmental RV abnormalities. Th ese studies were blindly classifi ed as meeting none, 
minor or major criteria for ARVC in accordance with the 2010 TFC. Kappa statistics were 
used to assess the concordance between 2DE-CMR and 2DE-3DE diagnostic approaches. 
Results: Using the 2DE-CMR approach, patients were classifi ed as follows: 5 not aff ected, 
8 with possible, 9 with borderline and 17 with defi nite ARVC diagnosis. Th e evaluation 
of TFC criteria with the 2DE-3DE approach yielded a high degree of concordance with 
the standard of care (2DE-CMR approach, k=0.93 with 95% CI: 0.84-1.0) (Figure). 
Th ere was complete agreement between the 2DE-CMR and 2DE-3DE approaches for 

individuals with defi nite ARVC diagnosis (n=17) and in individuals not aff ected by 
ARVC (n=5). Two patients with possible and borderline ARVC diagnosis using the 
2DE-CMR approach were confi rmed as defi nite ARVC with the 2DE-3DE approach. 
Conclusions: Th e use of 2D and 3D echocardiography allows bedside evaluation of 
patients with suspected ARVC, which is diagnostically comparable to that obtained using 
the traditional combination of 2DE-CMR. Th is information is particularly relevant for 
patients who cannot undergo CMR such as patients with ICDs.

P1-161
Three-Dimensional Transesophageal Echocardiography is an 
Attractive Alternative to Cardiac Computed Tomography for Aortic 
Annular Sizing, Systematic Review and Meta-Analysis
Ahmed Elkaryoni1, Navin C. Nanda2, Paramdeep Baweja3, Harris Zamir4, 
Mohammed J. Arisha2, Ahmed Elgebaly5, John Foxworth6, Jill Moormeier1, Rishi 
Sharma1. 1Department of Internal Medicine, University of Missouri Kansas City, 
Kansas City, MO; 2Cardiovascular Disease Division, University of Alabama at 
Birmingham, Birmingham, AL; 3Cardiovascular Disease Division, University 
of Missouri Kansas City, Kansas City, MO; 4University of Missouri Kansas City, 
Kansas City, MO; 5Al-Azhar University, Faculty of Medicine, Cairo, Egypt; 
6University of Missouri Kansas City, Kansas CIty, MO
Background: Transcatheter aortic valve replacement (TAVR) has become an established 
alternative to the surgical approach in high-risk patients with severe inoperable aortic 
stenosis. Determination of the size of the prosthesis is a crucial point of the procedure. As 
a result, accurate cardiac imaging modalities are the cornerstone of successful outcomes 
from TAVR. Th e evolution in the understanding of aortic root geometry has signifi cantly 
changed the prior assumption of the circular aortic annulus and LVOT. Consequently, 
two-dimensional echocardiography became incapable of defi ning the exact prosthesis 
size and paved the way for the three-dimensional (3D) era. Currently, multi-detector 
computed tomography (MDCT) with contrast angiography is the standard pre-TAVR 
imaging technique. Observational studies have been conducted to correlate 3D trans-
esophageal echocardiography (TEE) annular sizing to MDCT annular sizing. Th is pursuit 
of correlation stems from the targeted cohort with multiple comorbidities and renal 
impairment in particular. Methods: We performed a systematic review and meta-analysis 
to assess the correlation and agreement between 3D TEE and MDCT annular sizing. A 
literature search of EMBASE, PubMed, Cochrane Central Register of Controlled Trials 
(CENTRAL), and Scopus was conducted using relevant keywords. We included studies 
that compared the aortic annular sizing between 3D TEE and MDCT. Two authors 
independently screened search results for eligibility. We used the random-eff ect inverse-
variance method to combine the mean diff erences and limits of agreements, and generic 
inverse-variance method to combine Pearson correlation coeffi  cient. Heterogeneity was 
assessed by forest plots and measured by I-square and Chi-square tests. P values less than 
0.05 were considered signifi cant. Results: Th irteen studies were included in our analysis 
(N=1026 patients). Th ere was strong linear correlation between 3D TEE and MDCT 
measurements of aortic annulus area (r =0.84, p <0.001), mean perimeter (r =0. 0.85, 
p <0.001), and mean diameter (r =0.80, p <0.001). Bland-Altman plots showed that 3D 
TEE mean values were smaller than those of MDCT for the aortic annular area (mean 
diff erence was -2.22mm2 with 95% limits of agreement -12.79 to 8.36). However, this 
diff erence is insignifi cant to impact clinical decision making. Conclusion: Measurements 
of the aortic annulus with 3D TEE were comparable to those obtained by MDCT. Th us 
making 3D TEE an attractive alternative for aortic annulus assessment before TAVR, with 
an added advantage of reduced cost, radiation and contrast exposure.

P1-162
Left Ventricular Volumetry in Children - Should Total Blood 
Volume Replace Other Measures as an Adequate Index to Correct 
for Organ Growth?
Stella Glezou1, Hermann Körperich1, Deniz Kececioglu1, Robert DallaPozza2, 
Ulrike Herberg3, Kai Th orsten Laser1. 1HDZ-NRW, Bad Oeynhausen, Germany; 
2Department of Pediatric Cardiology, Ludwig Maximilians University of Munich, 
Germany; 3Department of Pediatric Cardiology, University of Bonn, Germany
Background: For indexation of chamber size measurements in pediatrics many index 
variables have been investigated. Height, weight and formulas including both, such as 
Body surface area (BSA) or Body mass Index (BMI) have been used but there is no gold 
standard defi ned yet. We wanted to test the hypothesis if total blood volume (TBV) is 
a superior index for cardiac growth as it is closely linked to the cardiovascular system. 
Methods: A cohort of 378 healthy subjects (Group I: 0-6 ys, unisex: n=130, Group II 
and III: 7-18 ys, female: n=124, male: n=124) underwent realtime three-dimensional 
echocardiography (RT3DE , IE 33 or Vivid E9, 4-6 subvolumes). Quantifi cation of end-
diastolic, end-systolic and stroke volumes (EDV, ESV, SV) using dedicated soft ware (4D 
LV-Analysis 3.1 soft ware [Tomtec]), indexation for weight, height, BSA, BMI and TBV 
according to Lindemann et al. Evaluation of the index quality using standard deviations 
and coeffi  cients of correlation. Results: LV volumes in comparison to diff erent indexes, 
SD and correlations in descending order: Group I: BSA (SD 22.0-24.2%, r = 0.86-0.89), 
weight (SD 20.2-22.5%, r = 0.85-0.87), TBV (SD 20.5-22.7%, r = 0.86-0.88), height (SD 
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27.9-29.8%, r = 0.84-0.87), BMI (SD 42.2-46.1%, r=-0.12 - -0.2). Group II: BSA (SD 
14.8-17.9%, r = 0.82-0.85), TBV (SD 14.5-17.5%, r =0.81-0.84), weight (SD 17.1-19.6%, 
r = 0.79-0.83), height (SD 20.6-23.4%, r = 0.79-0.83), BMI (SD 23.1-25.8%, r = 0.54-
0.57). Group III: BSA (SD 17.9-21%, r =0.76-0.78), TBV (SD 20.6-21.8%, r =0.76-0.78), 
weight (SD 21.8-23%, r =0.75-0.77), height (SD 22.1-26.6%, r =0.74-0.76), BMI (SD 23.7-
28.3%, r =0.55-0.57). Conclusion: Th ere are diff erences between index variables and LV 
volumes as well as diff erent age groups of healthy individuals. BV correlates well ranking 
behind BSA, which should be used as index to account for cardiac growth when creating 
pediatric reference values.

P1-163
Real World Use of Three-Dimensional Left Ventricular Ejection 
Fraction 
Peter Flueckiger, Roy Arjoon, Ashley Brogan, Robert McNamara, Ben Lin, Lissa 
Sugeng. Yale School of Medicine, New Haven, CT
Background: Th ree-dimensional left  ventricular ejection fraction (3D LVEF) is 
recommended by the American Society of Echocardiography as the most accurate 
and reproducible measurement of left  ventricular function. 3D LVEF on transthoracic 
echocardiogram (TTE) may be underused with variable performance based on patient 
and exam characteristics. We examined the use of and variability in 3D LVEF acquisition 
in an academic medical center echocardiography laboratory. Methods: We retrospectively 
analyzed all complete resting TTE studies between 8/1/2017 to 10/31/2017 (excluding 
exams with microbubble contrast echocardiograms). Patient demographics, exam 
location, exam indication, performing sonographer, and LVEF results were obtained. 
Exams with and without 3D LVEF acquisition were compared. Results: 3D LVEF was 
performed in 943 (49%) of the 1928 complete TTEs included in the analysis; Bi-plane 
LVEF was performed in 46% of exams without 3D LVEF acquisition (1% of remaining 
exams had visual LVEF, 4% had no LVEF performed). Patients with 3D LVEF performed 
had a signifi cantly lower average body mass index (BMI, kg/m2) (27.4 ± 6.1 vs 28.3 ± 
7.3, p = 0.002) and lower average age (years) (56.6 ± 18.2 vs. 62.9 ± 18.5). 3D LVEF use 
signifi cantly varied based on exam/patient location (inpatient vs. outpatient and portable 
vs. non-portable, p<0.001) (Figure 1A). 3D LVEF use signifi cantly varied based on 
performing sonographer (Figure 1B). Patients with an indication of cancer/chemotherapy 
(a population requiring serial/objective LVEF assessment) had signifi cantly higher use of 
3D LVEF (n=187/206 exams, 91%). 3D LVEF was reported to ordering provider 95% of 
the time it was performed and did not signifi cantly vary across exam locations (Figure 
1A). Conclusion: Use of 3D LVEF acquisition varied signifi cantly based on patient 
characteristics (including BMI and age), patient location, and performing sonographer. 
However, when performed, 3D LVEF is almost always reported to provider. An increased 
use of 3D LVEF acquisitions in cancer/chemotherapy patients may represent an ideal real-
world feasibility threshold for 3D LVEF use. Based on these results, initiatives to decrease 
sonographer variability and increase 3D LVEF acquisitions on inpatient/portable exams 
may lead to more consistent 3D LVEF assessment.

P1-164
Automated 3-Dimensional Single Beat Real-Time Volume Color-
Flow Doppler Echocardiography: A Validation Study of Right and 
Left Heart Flows
Kyong-Jin Lee1, Atsuko Kato1,1, Juan Pablo Sandoval1, Dariusz Mroczek1, Helene 
Houle2, Bogdan Georgescu2, Shi-Joon Yoo1, Lee Benson1, Rajiv Chaturvedi1. 
1Hospital for Sick Children, Toronto, ON, Canada; 2Siemens Medical Solutions 
USA Inc, Mountain View, CA
Background: Novel quantifi cation of stroke volume by mitral infl ow and aortic 
outfl ow using automated real-time three-dimensional volume color-fl ow Doppler 
echocardiography (3D-RT-VCFDE) is more accurate than two-dimensional 
echocardiography and has excellent correlation with cardiac magnetic resonance imaging-
based fl ows in adults. Th is technology is applied for the fi rst time to the right heart and in 
children. Methods: 3D-RT-VCFDE was performed in 34 children who provided 61 image 
sets of fl ow through the aortic (AV), mitral (MV), pulmonary (PV) and tricuspid (TV) 
valves. Right heart fl ows were compared with left  heart fl ows. Flows were compared with 
stroke volumes of the right (RV) and left  (LV) ventricles and Qp/Qs determined by the 
Fick method in 31 children with atrial shunts. Results: Th e mean age was 8.0 ± 3.3 years, 
and the mean weight was 27.8 ± 10.0 kg. Th e mean temporal resolution for fl ow analyses 
was ≥ 22 volumes/second. In conditions with no shunt, the correlations were: AV with 
MV fl ows (r=0.98), PV with TV fl ows (r=0.96), RV stroke volume with PV fl ow (r=0.95) 
and with TV fl ow (r=0.93), LV stroke volume with AV fl ow (r=0.87) and with MV fl ow 
(r=0.89). Fick Qp/Qs correlations were: PV/AV ratio (r=0.84), TV/MV ratio (r=0.87) and 
RV/ LV ratio (r=0.70). Conclusions: Stroke volume determined by automated RT-3D-
VCFDE is feasible in children and in the right side of the heart. Th is technique potentially 
provides a non-invasive alternative to historically invasively acquired hemodynamic data 
and to cardiac magnetic resonance imaging.

P1-165
Three Dimensional Real Time Strain Echocardiography in Children 
Following Chemotherapy: A Novel Diagnostic Tool
Gilda Kadiu, Yamuna Sanil, Ahmad M. Charaf-Eddine, Sanjeev Aggarwal. 
Children‘s Hospital of Michigan, Detroit, MI
Background: Although, anthracyclines are effi  cacious in pediatric cancers, their utility 
is limited by progressive cardiotoxicity. Recent studies show impairment of left  ventricle 
(LV) strain using 2D speckle tracking echocardiography. However, changes in various 
planes of myocardial motion, torsion and twist have not been studied. We hypothesized 
that the newer 3D real-time strain echocardiography (3DSE) imaging would detect 
subclinical functional abnormalities in children following anthracycline chemotherapy. 
Objective: To compare LV strain, torsion and twist on 3DSE in asymptomatic children 
with normal shortening fractions following completion of anthracycline chemotherapy 
vs. normal controls. Method: Th is was a retrospective echocardiogram review of 
patients who had received anthracycline chemotherapy for pediatric cancers >1 year 
earlier. Patients who had undergone bone marrow transplant were excluded. Patients 
with chest pain, murmur or syncope and normal echocardiograms acted as controls. 
Echocardiograms (Philips IE33) were read by a single reader blinded to clinical data. 
Full volume data consists of 4 adjacent sub-volumes over four consecutive beats acquired 
during a breath-hold to minimize the artifacts and analyzed offl  ine (Tomtec Inc soft ware). 
During the 3D analysis, 5 planes are displayed and endocardium was traced using a semi 
automatic method with manual adjustments. Global longitudinal and circumferential 
(GLS and GCS) and segmental 3D strain, LV twist, LV torsion, LV ejection fraction, 
and 3D systolic dyssynchrony index (SDI) were generated. Statistical analysis included 
student t-test and Chi-square test to compare groups. Results: Our cohort (n=113) 
included 31 (27%) subjects who had received anthracyclines. Th e groups were similar 
in age at echocardiogram and gender distribution. Th e 3D GLS%, GCS% 3- planes, 
and SDI were signifi cantly abnormal in the anthracycline group but LV torsion and 
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twist were comparable to controls. (Table) Conclusions: Even years aft er anthracycline 
chemotherapy, asymptomatic pediatric subjects with normal LV volume have signifi cant 
abnormalities in ejection fraction, 3D global strains and SDI but normal LV torsion and 
twist. Further longitudinal studies of 3DSE are required to assess progression of these 
abnormalities, if any.

Comparison of demographic and echo parameters between chemotherapy and normal group
Echo parameters (mean ± SD) (n%) Chemotherapy (n=31) Normal Controls (n= 82) P value
Age 13.1±3.3 12.1±3.9 0.2
Gender (male) 50 (61%) 21 (68%) 0.33
Ht (cm) 154.5 ± 21.1 151.6 ± 21.5 0.5
Wt (kg) 55.6 ± 24.5 48.6 ± 20.4 0.13
End-diastolic volume (EDV) 89.2 ± 39.2 78.0 ± 28.0 0.09
End-systolic volume (ESV) 38.5 ± 20.9 27.6 ± 11.9 0.001*
Stroke Volume (SV) 50.6 ± 21.7 50.4 ± 17.4 0.95
Ejection Fraction (EF) 57.9 ± 7.3 64.9 ± 5.4 0.000*
3D GLS (%) -18.2 ± 3.0 -22.8 ± 3.1 0.000*
3D GCS (%) -26.6 ± 5.0 -31.2 ± 4.5 0.000*
Twist (degree) 11.2 ± 5.0 9.7 ± 4.3 0.13
Torsion (degree/cm) 1.5 ± 0.8 1.3 ± 0.6 0.16
SDI (%) 4.4 ± 1.7 3.7 ± 1.2 0.02*
3D Strain Global Avg. Peak min (%) -30.5 ± 5.2 -35.9 ± 4.5 0.000*
Long-Strain Global Avg. Peak (%) -17.9 ± 3.0 -22.2 ± 3.2 0.000*
Circum-Strain Global Avg. Peak (%) -26.1 ± 5.0 -30.5 ± 4.6 0.000*
Radial-Strain Global Avg. Peak (%) 36.9 ± 6.0 44.3 ± 5.5 0.000*

P1-166
Right Ventricular Function Assessed by Novel Three Dimensional 
Tricuspid Annular Plane Systolic Excursion Method Improves 
After Transcatheter Aortic Valve Replacement
Alda Bregasi1, Ben A. Lin1, Robert L. McNamara1, Helene Houle2, Lissa Sugeng1. 
1Yale University, New Haven, CT; 2Siemens Healthineers, Mountain View, CA
Background: Right ventricular (RV) function is an important consideration when 
assessing candidacy for both surgical and transcatheter aortic valve replacement (TAVR). 
Th ere have been confl icting reports regarding changes in RV function and hemodynamic 
improvement aft er TAVR. Th e purpose of our study was to examine acute changes aft er 
TAVR using three-dimensional transesophageal echocardiography (3DTEE) with novel 
RV analysis soft ware. Methods: 3DTEE was performed on 20 patients who underwent 
TAVR under general anesthesia. RV 3DTEE images were acquired before and aft er aortic 
valve replacement. Images were acquired using Siemens SC2000 ultrasound systems 
and analyzed using prototype Siemens Unifi edHeart soft ware (Siemens Healthineers, 
Mountain View, CA) to track the tricuspid valve annulus and RV endocardial borders 
throughout the cardiac cycle with automated identifi cation and manual adjustments. 
We obtained RV EF, lateral tricuspid annular plane systolic excursion (TAPSE) and 
3D TAPSE. Lateral TAPSE was obtained from a single point and 3D TAPSE from the 
maximum excursion of all tricuspid annular points. Results: 3D RV analysis was 
successfully performed on all patients. 3D TAPSE was the only parameter measured that 
signifi cantly increased immediately aft er aortic valve deployment (PreTAVR: 8.1±3.3 
mm; PostTAVR: 10.7±4.5 mm; p=0.003). Th e following trends did not reach statistical 
signifi cance. Lateral TAPSE increased aft er TAVR (PreTAVR: 6.9±3.4 mm; PostTAVR: 
8.04±3.7 mm; p=0.07). RV EF increased slightly aft er TAVR (PreTAVR: 41±12%; 
PostTAVR: 43±13%; p=0.47). RV end-diastolic volume decreased aft er TAVR (PreTAVR: 
71±30 ml; PostTAVR: 68±29 ml; p=0.32). RV end-systolic volume decreased aft er TAVR 
(PreTAVR: 43±22 ml; PostTAVR: 39±21 ml; p=0.40). RV stroke volume increased aft er 
TAVR (PreTAVR: 28±12 ml; PostTAVR: 29±14 ml; p=0.76). Conclusion: RV function 
was evaluated by 3D TEE before and immediately aft er TAVR. Using novel RV analysis 
soft ware, 3D RV volumes and EF did not change acutely. While lateral TAPSE values 
did not show a signifi cant increase, 3D TAPSE may be a more sensitive indicator of RV 
function.

 

P1-167
Will TAVI Change the Instant Geometry of Mitral Valve? A Sight 
from Three-Dimensional Transesophageal Echocardiography
Yongle Chen, Weipeng Zhao, Cuizhen Pan, Xianhong Shu. Zhongshan Hospital, 
Fudan University, Shanghai, China
Objective: Transcatheter aortic valve implantation (TAVI) is a thriving procedure for 
severe aortic valve stenosis. Th e instant geometry of mitral valve aft er TAVI procedure 
is not fully studied. In this study, we reconstruct the instant geometry of mitral valve 
and its coupling relationship with aortic valve of by three-dimensional transesophageal 
echocardiography (3D-TEE) in order to investigate the instant structural changes of 
mitral valve aft er TAVI. Methods: Twenty patients who underwent TAVI for severe 
aortic valve stenosis were enrolled. 3D-TEE was performed before TAVI and aft er TAVI 
immediately. Th e instant geometry of mitral valve and the coupling relationship of mitral 
valve and aortic valve were reconstructed by semi-automatic analysis soft ware based 
on the dataset of 3D-TEE. Th e length of anterior and posterior leafl et of mitral valve, 
the non-planar angle of mitral valve annulus, the length of anterior to posterior mitral 
valve annulus, the length of anterior-lateral to posterior-medial length of mitral valve 
annulus, and the angle between aortic valve annulus and anterior-posterior mitral valve 
annulus were acquired and compared before and aft er TAVI. Results: Th e structure of 
mitral valve and its position with aortic valve before TAVI and immediate aft er TAVI 
were successful reconstructed. Th ere were no signifi cant changes in the length of anterior 
leafl et or posterior leafl et of mitral valve before and aft er TAVI. Th e non-planar angle of 
mitral valve annulus was not changed (150.30°±16.02° vs. 151.74°±13.90°, p>0.05). Th e 
anterior to posterior length of mitral valve annulus showed no changes (2.99±0.27cm 
vs. 2.91±0.19cm, p>0.05) while the anterior lateral to posterior medial length of mitral 
valve annulus was shortened aft er TAVI (3.27±0.10cm vs. 2.98±0.20cm, p<0.05). Th e 
angle between aortic valve annulus and anterior-posterior mitral valve annulus was 
not changed aft er TAVI (117.92°±6.33° vs. 117.86°±6.49°, p>0.05). Conclusions: TAVI 
does not change the instant geometry of mitral valve and does not change the coupling 
relationship of mitral valve and aortic valve. By means of 3D-TEE, the geometry of mitral 
valve aft er TAVI can be evaluated accurately and rapidly. However, further studies are 
required for the changes of mitral valve’s geometry and function aft er TAVI in a long 
period of follow-up.

P1-168
Best Three-dimensional Transesophageal Echocardiographic 
Methods for Assessment of Left Ventricular Volumes and Ejection 
Fraction
Rajasekhar R. Mulyala, Manav Bandlamudi, James Nguyen, Simcha Pollack, 
Rena S. Toole, Aasha S. Gopal. St. Francis Hospital, Roslyn, NY
Background: 3D transthoracic echocardiography (3DTTE) has been validated to have 
good agreement with cardiac magnetic resonance for assessment of left  ventricular 
ejection fraction (EF) with good interobserver reproducibility. Despite widespread use 
of 3D transesophageal echocardiography (3DTEE), 3DTEE methods of assessing of LV 
volumes and EF have not been validated against 3DTTE. Objective: Due to the diffi  culty 
associated with tracking endocardial borders from the full-volume (FV) 3DTEE dataset, 
various biplane methods (2DTEE, 3DX-plane, 3DFV) were compared to 3DTTE which 
served as a reference. Methods: A total of 60 consecutive patients (mean age 72 yrs, 40% 
female) were studied prospectively in a single large volume tertiary center. 3DTTE was 
performed just prior to 3DTEE. LV end-diastolic (EDV), end-systolic (ESV), stroke (SV) 
volumes and EF were calculated with Qlab 9, and 3DQ soft ware, with semi-automated 
endocardial contours for 3DTTE and 3DFV. Th e corresponding parameters for 2DTEE 
and 3DX-plane methods were assessed using AGFA with manual endocardial contours. 
Mean diff erences were compared with paired two-tail T-test and limits of agreement 
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were determined with the Bland-Altman analysis. Measures were repeated on all 3DTEE 
studies by a second observer and the Intra-class Correlation Coeffi  cient (ICC) method 
was used to assess interobserver reproducibility. Results: EF by all TEE modalities, 
showed good agreement with 3DTTE. EFs were 50.5±12.3, 53.1±12.2, 52.8±13.3, and 
bias±SD was 1.1±6.8, -1±8.5, -1.4±9.2 for 3DFV, 3DX-plane and 2DTEE respectively, as 
compared to 3DTTE (51.7±12). LV volumes by 3DFV were higher compared to 3DTTE 
(mean diff erences -13.2±26, -9.3±20.7, -3.6±12.5 and P values <0.001, 0.001, 0.027 for 
EDV, ESV, SV respectively). EDV and ESV by 2DTEE and 3DX-plane TEE were not 
statistically diff erent from 3DTTE, but SV was higher (mean diff erences for SV -4.9±17, 
-5±19 and p values 0.031, 0.045 for 3DX- plane and 2DTEE respectively). Th ere was 
excellent interobserver reproducibility with 3DFV (ICC = 0.94, 0.96, 0.98, 0.89 for EF, 
EDV, ESV and SV respectively) Conclusion: 2DTEE, 3DX-plane and 3DFV all show 
strong agreement with 3DTTE for EF assessment but can overestimate SV. Future studies 
should compare 3DV, 3DX-plane, and 2DTEE with CMR to measure the accuracy of 
TEE methods. 

P1-169
Maximal Mitral Annular Area is Variable Between Different Cycle 
Lengths in Atrial Fibrillation
Hilal Olgun Kucuk, Jeremy J. Th aden, Didem Oguz, Vuyisile T. Nkomo, Brandon 
W. Wiley, Sorin V. Pislaru. Mayo Clinic, Rochester, MN
Background: With the evolution of transcatheter mitral therapies assessment of 
mitral annular (MA) dimensions and geometry is becoming important. Advances in 
3-dimensional transesophageal echocardiography (3D-TEE) have enabled accurate 
estimation of MA size and dynamics in various disease states. Despite the frequent 
association between mitral valve disease and atrial fi brillation (Afi b), little if any data exist 
regarding the dynamic MA dimensions in patients with Afi b. Accordingly, we sought to 
determine maximal MA area size and variability in diff erent cycles in patients with Afi b 
and compare these fi ndings with those of control subjects in sinus rhythm. Methods: 
Data obtained from 72 patients undergoing clinically indicated 3D transesophageal 
echocardiographic examination for evaluation of mitral valve disease at Mayo Clinic 
(Rochester, MN). Patients with paced rhythms, prosthetic heart valves and insuffi  cient 
ECG tracings/poor image quality were excluded. Full volume 6 beat loops were analyzed 
offl  ine for assessment of mitral annular area size with TomTec 4D MV Assessment 2.0 
soft ware (TomTec Imaging Systems GmbH, Munich, Germany). Results: Data from 14 
patients with AFib and 14 patients with sinus rhythm were obtained. For each patient 
6 diff erent cycles were analyzed (168 cycles total: 84 Afi b, 84 sinus). In atrial fi brillation 
median absolute diff erence in maximal MA area is 3.44 cm2 (min 0.69 cm2, max 5.21 
cm2), median relative diff erence in maximal MA area is 0.22 (min 0.05 max 0.34). In sinus 
rhythm median absolute diff erence in maximal MA area is 1.04 cm2 (min 0.420 cm2, max 
2.08 cm2), median relative diff erence in maximal MA area is 0.083 (min 0.03, max 0.16) 
(Figure 1). Cycle to cycle median absolute diff erence in maximal MA area and median 
relative diff erence in maximal MA area are greater in Afi b patients (p<0.05 for both 
measurements).Th ere is statistically signifi cant positive correlation between relative cycle 
length and relative maximum MA area in Afi b (r=0.323, p=0.004). No correlation exists 
between sinus cycle length and MA area (p=0.084). Conclusion: Our data suggests that 
maximal mitral annular area shows signifi cant intraindividual cycle to cycle variability in 
atrial fi brillation. Th ere is positive correlation between cycle length and mitral annular 
area.

P1-170
A Preliminary Methodology Study of Producing 3D Printing Left 
Heart Model by Multimodal Medical Image Fusion Technology
Qing Zhou, Sikai Chen, Hongning Song. Renmin Hospital of Wuhan University, 
Wuhan, China
Background: 3D printing heart always chose the CTA as data source, but can not 
accurately refl ec the heart valve anatomy. Th is study aimed to fuse the ultrasonic valve 
images and CT images, obtain 3D printing heart with abundant anatomical information 
and new methods of image processing. Methods: We retrospectively analyzed 13 patients 
with atrial fi brillation and no structural cardiac diseases under cardiac examinations of 
3D-TEE and CTA to obtain DICOM images and processed the data aft erward by using 
soft ware Mmimcs. Th en, we built model for Group A through the cardiac CTA data 
obtained, and for Group B, we leveraged soft ware 3-Matic to align and joint the ultrasonic 
images of valves to the right position of the cardiac CT model. By direct observation, we 
made comparison between the two groups for the data of shapes and the structures of 
the valves that from CT and ultrasonic, and measured the parameters related to valve 
ring, including area (A), circumference (C), maximum diameter (Dmax) and minimum 
diameter (Dmin). We also placed the two images overlapped, then measured the angles 
between the plane of the two valve rings and worked out the absolute diff erence of 
the values measured, performing the correlated analysis. Results: All the 13 patients 
completed the whole experiment. By direct observation on valves, we noticed that valve 
shape from ultrasonic was more clear and complete than that from the CT, the parameters 
of valves between that from CT and that from ultrasonic made no statistic diff erence 
(P> 0.05) and were at high consistency. Th e mean values and standard deviation of 
aortomitral angles in both were 3.15°±0.88°,and 2.87°±0.76° respectively. 3D models 
of two patients were printed and measured, showing the diff erence of each parameter 
between the measured value and the digital model was at 0.1-0.3mm. Conclusion: Th e 
comprehensive data analysis, ultrasonic heart valve with CT image fusion is feasible. 
Ultrasonic valve anatomy shows better, disc ring size and stitching location accurate, 
contribute to improve the 3D printing heart model biofi delity.

P1-171
Comparison of Left Ventricular Function and Volume 
in Transthoracic and Transesophageal 3-Dimensional 
Echocardiography
Ashley Brogan1, Roy Arjoon1, Peter Flueckiger1, Rachel Kaplan1, Robert L. 
McNamara1, Helene Houle2, Ben A. Lin1, Lissa Sugeng1. 1Yale New Haven 
Hospital, New Haven, CT; 2Siemens Healthineers, Mountain Veiw, CA
Background: Assessment of left  ventricular (LV) ejection fraction (EF) and volumes by 
three-dimensional echocardiography (3DE) is more accurate than 2D echocardiography, 
however the comparison of transthoracic (TTE) and transesophageal (TEE) is unknown. 
We hypothesized that EF and LV volumes would be similar but have a better correlation 
at higher volume rates. Methods: Th is prospective study compared LVEF and volumes 
using real time 3DE by TTE and TEE on consecutive patients when possible in a total of 
41 patients. 3D TEE images were acquired using a Siemens SC2000 immediately followed 
by 3D TTE image acquisition. Th e LVEF and volumes were then calculated using the 
Siemens automated multi-beat volume LV analysis (eSie LVATM ) with measurements 
of beat to beat EF, stroke volume (SV) and LV volumes. Adjustments could be made to 
identify endocardial contours for end systole and end diastole. Th e patients were divided 
into a high-volume rate cohort (HVC) of 19 patients defi ned as a volume rate > 15 volume 
per second (VPS) and a low-volume cohort (LVC) of 22 patients who had volume rates 
< 15 VPS. Results: A total of 41 patients (25 males, 16 females) with an average age of 
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twist were comparable to controls. (Table) Conclusions: Even years aft er anthracycline 
chemotherapy, asymptomatic pediatric subjects with normal LV volume have signifi cant 
abnormalities in ejection fraction, 3D global strains and SDI but normal LV torsion and 
twist. Further longitudinal studies of 3DSE are required to assess progression of these 
abnormalities, if any.

Comparison of demographic and echo parameters between chemotherapy and normal group
Echo parameters (mean ± SD) (n%) Chemotherapy (n=31) Normal Controls (n= 82) P value
Age 13.1±3.3 12.1±3.9 0.2
Gender (male) 50 (61%) 21 (68%) 0.33
Ht (cm) 154.5 ± 21.1 151.6 ± 21.5 0.5
Wt (kg) 55.6 ± 24.5 48.6 ± 20.4 0.13
End-diastolic volume (EDV) 89.2 ± 39.2 78.0 ± 28.0 0.09
End-systolic volume (ESV) 38.5 ± 20.9 27.6 ± 11.9 0.001*
Stroke Volume (SV) 50.6 ± 21.7 50.4 ± 17.4 0.95
Ejection Fraction (EF) 57.9 ± 7.3 64.9 ± 5.4 0.000*
3D GLS (%) -18.2 ± 3.0 -22.8 ± 3.1 0.000*
3D GCS (%) -26.6 ± 5.0 -31.2 ± 4.5 0.000*
Twist (degree) 11.2 ± 5.0 9.7 ± 4.3 0.13
Torsion (degree/cm) 1.5 ± 0.8 1.3 ± 0.6 0.16
SDI (%) 4.4 ± 1.7 3.7 ± 1.2 0.02*
3D Strain Global Avg. Peak min (%) -30.5 ± 5.2 -35.9 ± 4.5 0.000*
Long-Strain Global Avg. Peak (%) -17.9 ± 3.0 -22.2 ± 3.2 0.000*
Circum-Strain Global Avg. Peak (%) -26.1 ± 5.0 -30.5 ± 4.6 0.000*
Radial-Strain Global Avg. Peak (%) 36.9 ± 6.0 44.3 ± 5.5 0.000*

P1-166
Right Ventricular Function Assessed by Novel Three Dimensional 
Tricuspid Annular Plane Systolic Excursion Method Improves 
After Transcatheter Aortic Valve Replacement
Alda Bregasi1, Ben A. Lin1, Robert L. McNamara1, Helene Houle2, Lissa Sugeng1. 
1Yale University, New Haven, CT; 2Siemens Healthineers, Mountain View, CA
Background: Right ventricular (RV) function is an important consideration when 
assessing candidacy for both surgical and transcatheter aortic valve replacement (TAVR). 
Th ere have been confl icting reports regarding changes in RV function and hemodynamic 
improvement aft er TAVR. Th e purpose of our study was to examine acute changes aft er 
TAVR using three-dimensional transesophageal echocardiography (3DTEE) with novel 
RV analysis soft ware. Methods: 3DTEE was performed on 20 patients who underwent 
TAVR under general anesthesia. RV 3DTEE images were acquired before and aft er aortic 
valve replacement. Images were acquired using Siemens SC2000 ultrasound systems 
and analyzed using prototype Siemens Unifi edHeart soft ware (Siemens Healthineers, 
Mountain View, CA) to track the tricuspid valve annulus and RV endocardial borders 
throughout the cardiac cycle with automated identifi cation and manual adjustments. 
We obtained RV EF, lateral tricuspid annular plane systolic excursion (TAPSE) and 
3D TAPSE. Lateral TAPSE was obtained from a single point and 3D TAPSE from the 
maximum excursion of all tricuspid annular points. Results: 3D RV analysis was 
successfully performed on all patients. 3D TAPSE was the only parameter measured that 
signifi cantly increased immediately aft er aortic valve deployment (PreTAVR: 8.1±3.3 
mm; PostTAVR: 10.7±4.5 mm; p=0.003). Th e following trends did not reach statistical 
signifi cance. Lateral TAPSE increased aft er TAVR (PreTAVR: 6.9±3.4 mm; PostTAVR: 
8.04±3.7 mm; p=0.07). RV EF increased slightly aft er TAVR (PreTAVR: 41±12%; 
PostTAVR: 43±13%; p=0.47). RV end-diastolic volume decreased aft er TAVR (PreTAVR: 
71±30 ml; PostTAVR: 68±29 ml; p=0.32). RV end-systolic volume decreased aft er TAVR 
(PreTAVR: 43±22 ml; PostTAVR: 39±21 ml; p=0.40). RV stroke volume increased aft er 
TAVR (PreTAVR: 28±12 ml; PostTAVR: 29±14 ml; p=0.76). Conclusion: RV function 
was evaluated by 3D TEE before and immediately aft er TAVR. Using novel RV analysis 
soft ware, 3D RV volumes and EF did not change acutely. While lateral TAPSE values 
did not show a signifi cant increase, 3D TAPSE may be a more sensitive indicator of RV 
function.

 

P1-167
Will TAVI Change the Instant Geometry of Mitral Valve? A Sight 
from Three-Dimensional Transesophageal Echocardiography
Yongle Chen, Weipeng Zhao, Cuizhen Pan, Xianhong Shu. Zhongshan Hospital, 
Fudan University, Shanghai, China
Objective: Transcatheter aortic valve implantation (TAVI) is a thriving procedure for 
severe aortic valve stenosis. Th e instant geometry of mitral valve aft er TAVI procedure 
is not fully studied. In this study, we reconstruct the instant geometry of mitral valve 
and its coupling relationship with aortic valve of by three-dimensional transesophageal 
echocardiography (3D-TEE) in order to investigate the instant structural changes of 
mitral valve aft er TAVI. Methods: Twenty patients who underwent TAVI for severe 
aortic valve stenosis were enrolled. 3D-TEE was performed before TAVI and aft er TAVI 
immediately. Th e instant geometry of mitral valve and the coupling relationship of mitral 
valve and aortic valve were reconstructed by semi-automatic analysis soft ware based 
on the dataset of 3D-TEE. Th e length of anterior and posterior leafl et of mitral valve, 
the non-planar angle of mitral valve annulus, the length of anterior to posterior mitral 
valve annulus, the length of anterior-lateral to posterior-medial length of mitral valve 
annulus, and the angle between aortic valve annulus and anterior-posterior mitral valve 
annulus were acquired and compared before and aft er TAVI. Results: Th e structure of 
mitral valve and its position with aortic valve before TAVI and immediate aft er TAVI 
were successful reconstructed. Th ere were no signifi cant changes in the length of anterior 
leafl et or posterior leafl et of mitral valve before and aft er TAVI. Th e non-planar angle of 
mitral valve annulus was not changed (150.30°±16.02° vs. 151.74°±13.90°, p>0.05). Th e 
anterior to posterior length of mitral valve annulus showed no changes (2.99±0.27cm 
vs. 2.91±0.19cm, p>0.05) while the anterior lateral to posterior medial length of mitral 
valve annulus was shortened aft er TAVI (3.27±0.10cm vs. 2.98±0.20cm, p<0.05). Th e 
angle between aortic valve annulus and anterior-posterior mitral valve annulus was 
not changed aft er TAVI (117.92°±6.33° vs. 117.86°±6.49°, p>0.05). Conclusions: TAVI 
does not change the instant geometry of mitral valve and does not change the coupling 
relationship of mitral valve and aortic valve. By means of 3D-TEE, the geometry of mitral 
valve aft er TAVI can be evaluated accurately and rapidly. However, further studies are 
required for the changes of mitral valve’s geometry and function aft er TAVI in a long 
period of follow-up.

P1-168
Best Three-dimensional Transesophageal Echocardiographic 
Methods for Assessment of Left Ventricular Volumes and Ejection 
Fraction
Rajasekhar R. Mulyala, Manav Bandlamudi, James Nguyen, Simcha Pollack, 
Rena S. Toole, Aasha S. Gopal. St. Francis Hospital, Roslyn, NY
Background: 3D transthoracic echocardiography (3DTTE) has been validated to have 
good agreement with cardiac magnetic resonance for assessment of left  ventricular 
ejection fraction (EF) with good interobserver reproducibility. Despite widespread use 
of 3D transesophageal echocardiography (3DTEE), 3DTEE methods of assessing of LV 
volumes and EF have not been validated against 3DTTE. Objective: Due to the diffi  culty 
associated with tracking endocardial borders from the full-volume (FV) 3DTEE dataset, 
various biplane methods (2DTEE, 3DX-plane, 3DFV) were compared to 3DTTE which 
served as a reference. Methods: A total of 60 consecutive patients (mean age 72 yrs, 40% 
female) were studied prospectively in a single large volume tertiary center. 3DTTE was 
performed just prior to 3DTEE. LV end-diastolic (EDV), end-systolic (ESV), stroke (SV) 
volumes and EF were calculated with Qlab 9, and 3DQ soft ware, with semi-automated 
endocardial contours for 3DTTE and 3DFV. Th e corresponding parameters for 2DTEE 
and 3DX-plane methods were assessed using AGFA with manual endocardial contours. 
Mean diff erences were compared with paired two-tail T-test and limits of agreement 
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were determined with the Bland-Altman analysis. Measures were repeated on all 3DTEE 
studies by a second observer and the Intra-class Correlation Coeffi  cient (ICC) method 
was used to assess interobserver reproducibility. Results: EF by all TEE modalities, 
showed good agreement with 3DTTE. EFs were 50.5±12.3, 53.1±12.2, 52.8±13.3, and 
bias±SD was 1.1±6.8, -1±8.5, -1.4±9.2 for 3DFV, 3DX-plane and 2DTEE respectively, as 
compared to 3DTTE (51.7±12). LV volumes by 3DFV were higher compared to 3DTTE 
(mean diff erences -13.2±26, -9.3±20.7, -3.6±12.5 and P values <0.001, 0.001, 0.027 for 
EDV, ESV, SV respectively). EDV and ESV by 2DTEE and 3DX-plane TEE were not 
statistically diff erent from 3DTTE, but SV was higher (mean diff erences for SV -4.9±17, 
-5±19 and p values 0.031, 0.045 for 3DX- plane and 2DTEE respectively). Th ere was 
excellent interobserver reproducibility with 3DFV (ICC = 0.94, 0.96, 0.98, 0.89 for EF, 
EDV, ESV and SV respectively) Conclusion: 2DTEE, 3DX-plane and 3DFV all show 
strong agreement with 3DTTE for EF assessment but can overestimate SV. Future studies 
should compare 3DV, 3DX-plane, and 2DTEE with CMR to measure the accuracy of 
TEE methods. 

P1-169
Maximal Mitral Annular Area is Variable Between Different Cycle 
Lengths in Atrial Fibrillation
Hilal Olgun Kucuk, Jeremy J. Th aden, Didem Oguz, Vuyisile T. Nkomo, Brandon 
W. Wiley, Sorin V. Pislaru. Mayo Clinic, Rochester, MN
Background: With the evolution of transcatheter mitral therapies assessment of 
mitral annular (MA) dimensions and geometry is becoming important. Advances in 
3-dimensional transesophageal echocardiography (3D-TEE) have enabled accurate 
estimation of MA size and dynamics in various disease states. Despite the frequent 
association between mitral valve disease and atrial fi brillation (Afi b), little if any data exist 
regarding the dynamic MA dimensions in patients with Afi b. Accordingly, we sought to 
determine maximal MA area size and variability in diff erent cycles in patients with Afi b 
and compare these fi ndings with those of control subjects in sinus rhythm. Methods: 
Data obtained from 72 patients undergoing clinically indicated 3D transesophageal 
echocardiographic examination for evaluation of mitral valve disease at Mayo Clinic 
(Rochester, MN). Patients with paced rhythms, prosthetic heart valves and insuffi  cient 
ECG tracings/poor image quality were excluded. Full volume 6 beat loops were analyzed 
offl  ine for assessment of mitral annular area size with TomTec 4D MV Assessment 2.0 
soft ware (TomTec Imaging Systems GmbH, Munich, Germany). Results: Data from 14 
patients with AFib and 14 patients with sinus rhythm were obtained. For each patient 
6 diff erent cycles were analyzed (168 cycles total: 84 Afi b, 84 sinus). In atrial fi brillation 
median absolute diff erence in maximal MA area is 3.44 cm2 (min 0.69 cm2, max 5.21 
cm2), median relative diff erence in maximal MA area is 0.22 (min 0.05 max 0.34). In sinus 
rhythm median absolute diff erence in maximal MA area is 1.04 cm2 (min 0.420 cm2, max 
2.08 cm2), median relative diff erence in maximal MA area is 0.083 (min 0.03, max 0.16) 
(Figure 1). Cycle to cycle median absolute diff erence in maximal MA area and median 
relative diff erence in maximal MA area are greater in Afi b patients (p<0.05 for both 
measurements).Th ere is statistically signifi cant positive correlation between relative cycle 
length and relative maximum MA area in Afi b (r=0.323, p=0.004). No correlation exists 
between sinus cycle length and MA area (p=0.084). Conclusion: Our data suggests that 
maximal mitral annular area shows signifi cant intraindividual cycle to cycle variability in 
atrial fi brillation. Th ere is positive correlation between cycle length and mitral annular 
area.

P1-170
A Preliminary Methodology Study of Producing 3D Printing Left 
Heart Model by Multimodal Medical Image Fusion Technology
Qing Zhou, Sikai Chen, Hongning Song. Renmin Hospital of Wuhan University, 
Wuhan, China
Background: 3D printing heart always chose the CTA as data source, but can not 
accurately refl ec the heart valve anatomy. Th is study aimed to fuse the ultrasonic valve 
images and CT images, obtain 3D printing heart with abundant anatomical information 
and new methods of image processing. Methods: We retrospectively analyzed 13 patients 
with atrial fi brillation and no structural cardiac diseases under cardiac examinations of 
3D-TEE and CTA to obtain DICOM images and processed the data aft erward by using 
soft ware Mmimcs. Th en, we built model for Group A through the cardiac CTA data 
obtained, and for Group B, we leveraged soft ware 3-Matic to align and joint the ultrasonic 
images of valves to the right position of the cardiac CT model. By direct observation, we 
made comparison between the two groups for the data of shapes and the structures of 
the valves that from CT and ultrasonic, and measured the parameters related to valve 
ring, including area (A), circumference (C), maximum diameter (Dmax) and minimum 
diameter (Dmin). We also placed the two images overlapped, then measured the angles 
between the plane of the two valve rings and worked out the absolute diff erence of 
the values measured, performing the correlated analysis. Results: All the 13 patients 
completed the whole experiment. By direct observation on valves, we noticed that valve 
shape from ultrasonic was more clear and complete than that from the CT, the parameters 
of valves between that from CT and that from ultrasonic made no statistic diff erence 
(P> 0.05) and were at high consistency. Th e mean values and standard deviation of 
aortomitral angles in both were 3.15°±0.88°,and 2.87°±0.76° respectively. 3D models 
of two patients were printed and measured, showing the diff erence of each parameter 
between the measured value and the digital model was at 0.1-0.3mm. Conclusion: Th e 
comprehensive data analysis, ultrasonic heart valve with CT image fusion is feasible. 
Ultrasonic valve anatomy shows better, disc ring size and stitching location accurate, 
contribute to improve the 3D printing heart model biofi delity.

P1-171
Comparison of Left Ventricular Function and Volume 
in Transthoracic and Transesophageal 3-Dimensional 
Echocardiography
Ashley Brogan1, Roy Arjoon1, Peter Flueckiger1, Rachel Kaplan1, Robert L. 
McNamara1, Helene Houle2, Ben A. Lin1, Lissa Sugeng1. 1Yale New Haven 
Hospital, New Haven, CT; 2Siemens Healthineers, Mountain Veiw, CA
Background: Assessment of left  ventricular (LV) ejection fraction (EF) and volumes by 
three-dimensional echocardiography (3DE) is more accurate than 2D echocardiography, 
however the comparison of transthoracic (TTE) and transesophageal (TEE) is unknown. 
We hypothesized that EF and LV volumes would be similar but have a better correlation 
at higher volume rates. Methods: Th is prospective study compared LVEF and volumes 
using real time 3DE by TTE and TEE on consecutive patients when possible in a total of 
41 patients. 3D TEE images were acquired using a Siemens SC2000 immediately followed 
by 3D TTE image acquisition. Th e LVEF and volumes were then calculated using the 
Siemens automated multi-beat volume LV analysis (eSie LVATM ) with measurements 
of beat to beat EF, stroke volume (SV) and LV volumes. Adjustments could be made to 
identify endocardial contours for end systole and end diastole. Th e patients were divided 
into a high-volume rate cohort (HVC) of 19 patients defi ned as a volume rate > 15 volume 
per second (VPS) and a low-volume cohort (LVC) of 22 patients who had volume rates 
< 15 VPS. Results: A total of 41 patients (25 males, 16 females) with an average age of 
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62 ± 17.6 years and average BMI of 27.6 ± 6.4). Th e patients in the HVC had an average 
volume rate 23.8 VPS and 17.7 VPS, TTE and TEE, respectively and in the LVC 11.8 VPS 
and 14.6 VPS, respectively. Th e average EF for TTE and TEE were 60.0 ± 7.8% and 59.2 ± 
7.3%, respectively. Th e correlation of 3D LVEF, end diastolic volume (EDV), end systolic 
volume (ESV) and stroke volume (SV) between TTE and TEE for the HVC were excellent 
(r =0.96, 0.85, 0.93, and 0.85); and for the LVC were good (r = 0.7, 0.91, 0.82, and 0.89, 
respectively). Regardless of volume rate, 3D TTE resulted in larger SV, EDV, and ESV 
compared to 3D TEE, with a mean diff erence of 10.9 cc and 10.8 cc for SV, 17.4 cc and 
9.3 cc for EDV, 6.6 cc and 2.2cc for ESV. Th e mean diff erence of LVEF between the HVC 
and LVC for TTE and TEE were 0.27% and 1.3%. Conclusion: Th is is the fi rst study to 
compare LV volumes and LVEF between 3D TTE and 3D TEE. Assuredly, LVEF derived 
by either 3D TTE or TEE have excellent correlation, however, there is underestimation 
of LV volumes.

P1-172
Multiview 3D Fusion Echocardiography Using a Novel Transducer 
and Respiratory Tracking Technique: First Results in Humans
Tyler Lamb1, Kumaradevan Punithakumar1, Abhilash Hareendranathan1, 
Wanhua Su2, Marina Choy1, Michelle Noga1, Pierre Boulanger1, Harald 
Becher1. 1University of Alberta, Edmonton, AB, Canada; 2MacEwan University, 
Edmonton, AB, Canada
Background: 3-dimensional echocardiography (3DE) has been one of the greatest 
innovations in cardiac imaging to date, but limitations inherent to ultrasound physics 
have been a barrier to ongoing technological advancements. While developments in 
ultrasound transducer technology and post-processing techniques have undoubtedly 
bettered 3DE, but they have failed to address inherent weaknesses of 3DE. Th ese include 
a limited volume-of-view (VOV) and suboptimal endocardial defi nition resulting from 
non-perpendicular angles of ultrasound incidence relative to important structures like 
the left  ventricle. Multi-view 3-dimensional fusion echocardiography (M3DFE) off ers a 
solution to this dilemma by fusing 3DE datasets from complementary acoustic windows. 
Methods: Real-time M3DFE datasets were acquired from eleven volunteers during a 
breath-hold maneuver with i) an unmoving transducer capturing a standard apical view, 
ii) slight movement of the transducer to include non-standard apical views, and iii) the 
probe positioned at both parasternal and apical windows. Infrared cameras were used to 
track the 3-dimensional position and orientation of the transducer and chest markers. 
A range of two to fi ve datasets were recorded per breath-hold for each of these three 
groups. Multi-planar reconstruction of both M3DFE and standard apical 3DE datasets 
was performed to generate four- and two- chamber 2-dimensional planes which were 
then analyzed and compared. Subjective assessments included i) successful alignment of 
datasets and ii) endocardial border defi nition (rated on a three-point scale from 0 to 2). 
Objective assessments included i) contrast, ii) contrast-to-noise ratio (CNR), iii) signal-
to-noise ratio (SNR) and iv) % increase in VOV. Endocardial border defi nition, contrast, 
CNR and SNR were assessed for each of the standard six segments for both the apical two- 
and four-chamber planes. Results: At least one successfully aligned M3DFE dataset was 
generated for each of the three transducer position categories for all eleven volunteers. 
Table 1 summarizes the results. 

Table 1: Qualitative and Quantitative Parameters Assessing Image Quality and Volume of View

Contrast CNR SNR
Endocardial 
Border 
Defi nition

ΔVOV 
(%)

mean 
+/- SD

mean +/- 
SD

mean 
+/- SD mean +/- SD mean 

+/- SD
Unmoving Transducer - 
Standard Apical 3DE 55 +/- 14 3.8 +/- 0.7 7.2 +/- 1.6 0.96 +/- 0.27

Unmoving Transducer - M3DFE 79 +/- 17 7.7 +/- 2.4 10.6 +/-2.2 1.30 +/- 0.35 N/A
Unmoving Transducer - Result of 
Paired T-test p < 0.001 p < 0.001 p < 0.001 p < 0.001

Moving Transducer (Non-
standard Apicals) - Standard 
Apical 3DE

58 +/- 12 4.7 +/- 1.7 7.9 +/- 2.0 1.00 +/- 0.21

Moving Transducer (Non-
standard Apicals) - M3DFE 80 +/- 16 7.9 +/- 1.6 10.6 +/- 3.2 1.29 +/- 0.32 33 +/- 25

Moving Transducer (Non-
standard Apicals) - Result of 
Paired T-test

p < 0.001 p < 0.001 p < 0.01 p < 0.001

Moving Transducer (Apical(s) 
+ Parasternal) - Standard Apical 
3DE

60 +/- 18 4.1 +/- 1.4 6.3 +/- 1.2 1.10 +/- 0.17

Moving Transducer (Apical(s) + 
Parasternal) - M3DFE 89 +/- 9 10.3 +/- 2.1 11.8 +/- 4.1 1.45 +/- 0.32 47 +/- 12

Moving Transducer (Apical(s) 
+ Parasternal) - Result of Paired 
T-test

p < 0.001 p < 0.001 p < 0.001 p < 0.01

Conclusion: Th is novel M3DFE technique results in successful fusion of 3DE datasets. 
Compared to standard 3DE datasets, M3DFE datasets demonstrate enhanced VOV and 
improvements in both subjective and objective measures of image quality.

P1-173
2D vs. Novel 3D Assessment of Impella Temporary Mechanical 
Circulatory Support Devices
Alex Qin, Claudius Mahr, Jennifer Beckman, Nahush Mokadam, James N. 
Kirkpatrick. University of Washington, Seattle, WA
Background: Impella devices provide temporary mechanical circulatory support (MCS) 
by means of a catheter consisting of a left  ventricular (LV) inlet, a microaxial pump within 
the catheter, and an outfl ow port in the proximal aorta. Th e recommended position of 
the inlet is 4-4.5cm below the aortic valve annulus. Following initial placement, the 
device is prone to migration, potentially leading to ineff ective support, hemolysis, 
ventricular arrhythmia, or mitral regurgitation. Positioning is typically monitored 
by echocardiography. However, the Impella device has a bend between the infl ow and 
outfl ow ports, and traditional 2D-imaging may not be reliable in assessing the location 
of the device, as single plane 2D windows may not include both the infl ow port and 
the aortic annulus, leading to foreshortening of the cannula and under-measurement 
of the distance. We hypothesized that 3D echocardiography provides more accurate 
characterization of the location of the Impella cannula. Methods: We analyzed 25 
echocardiograms of patients supported with Impella devices, including the 5.0 and CP 
device types, which had analyzable 2D and 3D images. Measurements of the distance from 
the aortic annulus to the infl ow port were made according to recommendations from 2D 
PLAX images. Th ree sets of measurements were made at end systole and at end diastole. 
Full volume 3D datasets acquired from the parasternal window were acquired an analyzed 
using Qlab (Philips, Andover, MD) soft ware to overcome possible foreshortening of the 
Impella cannula. In addition, the 3D dataset was used to measure the angle deviation of 
the cannula from the long axis of the left  ventricular outfl ow tract. Results: Th ere was 
no signifi cant diff erence between 2D and 3D measurements of the aortic annulus to 
infl ow port distance (3.30cm vs. 3.33cm, p=0.45). Th e average measurement discrepancy 
between 2D and 3D techniques was 0.23cm in systole and 0.24cm in diastole. 14/25 (56%) 
of studies had at least one measurement in the range of 3-4.5 cm, with no diff erence 
between 2D and 3D techniques (3.78cm vs. 3.81cm, p=0.44). Diff erences between 2D and 
3D measurements did not correlate with the angle of the device (R=0.09). Conclusion: 
Th ere was no recognizable benefi t of 3D techniques in measuring aortic annulus to 
Impella infl ow port distance, though a larger sample size may be necessary to detect a 
signifi cant diff erence. 3D imaging may have a benefi t in observing other relationships, 
such as the mitral apparatus, and bears ongoing investigation.

P1-174
Which Left Ventricular Out ow Tract Diameter (LVOTd) is Best 
for Assessment of Aortic Valve Area (AVA) in Bicuspid Aortic 
Valves (BAV) by the Continuity Equation (CE) - a 3D Transthoracic 
Echocardiographic Study?
Alex Frampton1, Sudhir Wahi2, Peter Cramp1, Kathy Davies1, Karam Kostner1, 
Adrian Chong1,2. 1Mater Adult Hospital, Brisbane, Queensland, Australia; 
2Princess Alexandra Hospital, Brisbane, Queensland, Australia
Background: Assessment of AVA is critical in determining aortic stenosis severity to 
guide appropriate intervention. Doppler-derived CE is the cornerstone for calculation of 
AVA (AVA = 0.785x(LVOTd)2xLVOTVTI/AVVTI). LVOTd remains the Achilles heel of this 
method with frequent underestimation by 2D imaging and lack of consensus regarding 
anatomic level of measurement (0.5-1cm “apical” in the LVOT (LVOTdApi) vs annulus 
level (LVOTdAnn)). Accurate estimation of AVA in BAVs is more challenging due to the 
elliptical orifi ce and eccentric fl ow pattern. We aimed to defi ne the optimal LVOTd 
(LVOTdApi vs LVOTdAnn by 2D vs 3D) for calculation of the AVA in comparison to the 
reference standard of AVA by 3D planimetry (AVA3D) in BAVs. Methods: A retrospective 
review of all transthoracic echocardiograms (TTE) with a BAV assessed by 3D imaging 
was conducted. 2D-LVOTdApi and 2D-LVOTdAnn were measured from the parasternal 
window. 3D-LVOTd values were derived from 3D measurements of circumference, area 
and average of major-minor dimensions at the “apical” (3D-LVOTdApi-Circ; 3D-LVOTdApi-

Area; 3D-LVOTdApi-Ave) and annulus (3D-LVOTdAnn-Circ; 3D-LVOTdAnn-Area; 3D-LVOTdAnn-Ave) 
levels. Standard LVOTVTI and AVVTI Doppler parameters were recorded for calculation 
of AVA by the CE. 3D planimetry of the BAV orifi ces (AVA3D) was performed. Results: 
52 TTEs were included (39±15years; 42% females). Mean AVA3D was 3.55±1.92cm2. 
Estimated AVAs by CE using 2D-LVOTdApi, 2D-LVOTdAnn, 3D-LVOTdApi-Circ, 3D-LVOTdApi-

Area, 3D-LVOTdApi-Ave, 3D-LVOTdAnn-Circ, 3D-LVOTdAnn-Area, and 3D-LVOTdAnn-Ave were 
2.62±1.46cm2, 3.03±1.74cm2, 3.43±1.96cm2, 3.22±1.84cm2, 3.23±1.88cm2, 3.41±1.92cm2, 
3.23±1.84cm2, and 3.28±1.88cm2. AVA by CE that correlated best with AVA3D were 
obtained using 3D-LVOTdApi-Circ (Intraclass correlation (ICC) 0.989) and 3D-LVOTdAnn-Circ 
(ICC 0.988). Both 2D-LVOTds systematically underestimated the AVA but 2D-LVOTdAnn 
was better than 2D-LVOTApi (ICC 0.873 vs 0.695). Conclusions: LVOTd derived from 
3D circumference measurements (either 3D-LVOTdApi-Circ or 3D-LVOTdAnn-Circ) resulted 
in more accurate estimation of the AVA. 2D-LVOTdAnn provided a better assessment of 
the AVA than 2D-LVOTApi and should be the preferred 2D standard for BAVs.

Poster Session 1 (P1) Sunday, June 24, 2018

P1-175
Different Change of Mitral Valve Geometry after MitraClip Therapy 
between Patients with Atrial Mitral Regurgitation and Functional 
Mitral Regurgitation: Three-Dimensional Transesophageal 
Echocardiography Study
Takafumi Nagaura, Atsushi Hayashi, Satoshi Yamaguchi, Jun Yoshida, Hiroki 
Ikenaga, Tetsuo Kamiyama, Florian Rader, Robert J. Siegel, Saibal Kar, Takahiro 
Shiota. Cedars Sinai, Los Angeles, CA
Background: Th e purpose of this study was to evaluate the impact of MitraClip 
procedure on mitral valve (MV) geometry in patients with atrial mitral regurgitation 
(MR) compared to those with functional MR using intraprocedural real-time three-
dimensional transesophageal echocardiography (3D TEE). Methods: From a total of 
400 patients who underwent MitraClip procedure, we selected 43 patients with normal 
mitral leafl et and chronic atrial fi brillation. We classifi ed them into two groups: atrial 
MR, patients with left  ventricular ejection fraction (LVEF) ≥50% (n=22), and functional 
MR, those with LVEF <50% (n=21). Mitral annular area (MAA), mitral annular anterior-
posterior and anterolateral-posteromedial diameters, and tenting volume were evaluated 
using 3D TEE datasets. Th e change of MV parameters before and aft er procedure was 
also compared between 2 groups. Residual MR severity and MV mean pressure gradient 
aft er procedure and 1 month were assessed. MR severity was graded as follows; mild or 
less=1, moderate=2, moderate-severe=3, severe=4. Results: At baseline, atrial MR had 
larger MAA (1228 Vs. 1054, P<0.05) and smaller tenting volume (1.0 Vs. 3.1, P<0.05) 
compared to functional MR. Th e change of MAA and anterior-posterior diameter were 
larger in atrial MR compared with functional MR (ΔMAA: 93.6 vs. -9.4 mm2; Δanterior-
posterior diameter: 3.6 vs. 0.1, both P<0.01), but there were no diff erences in the 
change of anterolateral-posteromedial diameter and tenting volume between 2 groups 
(Δanterolateral-posteromedial 0.1 vs 0.1 mm, P=0.78 ; Δtenting volume; 0.01 vs. 0.13, 
P=0.49). Residual MR aft er MitraClip was smaller in atrial MR compared to functional 
MR (1.1 vs 1.7, P<0.01). Degree of MR and MV mean pressure gradient at 1 month aft er 
procedure were not changed compared to those at a day aft er procedure in both groups. 
Conclusion: Atrial MR patients experienced signifi cant reduction of anterior-posterior 
diameter resulting in good acute outcome. Both atrial MR and functional MR exhibited 
an immediate reduction in the severity of MR, which persisted for a month.

P1-176
Evaluation of Subclinical Cardiac Dysfunctions in Systemic 
Lupus Erythematosus with Three-Dimensional Speckle Tracking 
Echocardiography
Jing Wang1,2, Wenhui Deng1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: Systemic lupus erythematosus (SLE) can lead to cardiac dysfunctions and left  
ventricular hypertrophy(LVH). Th e purpose of the study was to investigate subclinical 
dysfunction and LV geometry changes in SLE patients using three-dimensional speckle-
tracking echocardiography (3D-STE). We also interrogated the correlations between 
3D-STE parameters and disease activity. Method: Forty patients with SLE (study group) 
and 40 sex- and age-matched healthy (control group) were recruited into the study. 
Disease activity was evaluated for all SLE patients by SLEDAI 2000 (SLEDAI-2K) score 
at the onset of checkup, and further divided into subgroups (group A, group B). Group A 
was comprised patients having SLEDAI scores<10 (inactive or mildly active), and Group 
B was comprised patients having SLEDAI scores ≥10(moderately active or severely 
active). LV global longitudinal strain (GLS), global circumferential strain (GCS), global 
radial strain (GRS), LV end-diastolic volume (LVESV), LV end-systolic volume (LVEDV) 
and LV mass (LVM) were measured by 3D-STE. Results: ①LV GLS, GCS and GRS 

were signifi cantly reduced in SLE patients compared with controls(all P<0.001). LVMI, 
LVEDV and LVESV were increased in SLE patients (all P<0.001). In subgroups, GLS and 
GRS were signifi cance decreased in group B than those of group A (all P<0.001). GLS and 
GRS had signifi cance correlations with SLEDAI scores. SLEDAI scores was independently 
associated with LVH (OR=20.805, P<0.029). Conclusions: 3D-STE is a simple and non-
invasive method to identify the LV subclinical dysfunction in SLE patients. Th e activity of 
SLE is independently associated with LV remodeling and systolic function.

P1-177    Moderated Poster
Functional Tricuspid Regurgitation: Impact of Right Ventricular 
Remodeling on Tricuspid Valve Tethering
Kalie Kebed, Kirk T. Spencer, Megan Yamat, Lynn Weinert, Victor Mor-Avi, 
Roberto M. Lang, Karima Addetia. University of Chicago, Chicago, IL
Background: Functional mitral regurgitation has been associated with left  ventricular 
dilatation, papillary muscle displacement and leafl et tethering. It is assumed that in 
functional tricuspid regurgitation (FTR), similar remodeling occurs in the right ventricle 
(RV), resulting in tricuspid valve (TV) leafl et tethering. However, in severe FTR, the TV 
leafl ets can be either tethered or non-tethered. Understanding the physiology of FTR is 
important, as attention has turned toward the development of devices that alleviate TR. 
We sought to identify the spectrum of RV remodeling in patients with severe FTR and 
its impact on TV tethering. Methods: We studied 74 patients (71±16 years) with severe 
FTR (vena contracta ≥0.7 cm), using 2D and 3D transthoracic echocardiography. Right 
atrial volume, tricuspid annulus (TA) diameter (4-chamber view), RV end-diastolic base 
(RVEDb), mid (RVEDm) and length (RVEDL) dimensions and RV free wall strain (RV 
focused view) were measured. RV volumes and ejection fraction (RVEF) were measured 
from 3D full-volume datasets. History of atrial fi brillation was recorded from the 
electronic medical record. Patients were divided into tertiles of tethering height (<0.78 
cm, n=25; 0.78-1.1 cm, n=27; >1.1 cm, n=22). Intergroup comparisons were performed 
using ANOVA. Chi-squared test was used to test the diff erences in the prevalence of 
atrial fi brillation. Results: Age was inversely associated with worse tethering and there 
was a trend towards higher incidence of atrial fi brillation in the lowest tethering tertile, 
despite smaller right atrial volumes. Increased TV tethering was associated with adverse 
RV remodeling, including larger TV annulus, RV dimensions and volumes. RV free wall 
strain was worse in patients with greater tethering, while 3D RV EF showed no diff erences. 
Conclusions: Th ese results suggest that there is a spectrum of patients with severe FTR. 
On one side are patients with increased TV tenting, TA dimensions, RA and RV cavity 
enlargement and on the other are those with less tenting, smaller TA dimensions and 
RA and RV cavity size. Th ese morphological changes should be taken into account when 
choosing the type of device to improve TR in individual patients.
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62 ± 17.6 years and average BMI of 27.6 ± 6.4). Th e patients in the HVC had an average 
volume rate 23.8 VPS and 17.7 VPS, TTE and TEE, respectively and in the LVC 11.8 VPS 
and 14.6 VPS, respectively. Th e average EF for TTE and TEE were 60.0 ± 7.8% and 59.2 ± 
7.3%, respectively. Th e correlation of 3D LVEF, end diastolic volume (EDV), end systolic 
volume (ESV) and stroke volume (SV) between TTE and TEE for the HVC were excellent 
(r =0.96, 0.85, 0.93, and 0.85); and for the LVC were good (r = 0.7, 0.91, 0.82, and 0.89, 
respectively). Regardless of volume rate, 3D TTE resulted in larger SV, EDV, and ESV 
compared to 3D TEE, with a mean diff erence of 10.9 cc and 10.8 cc for SV, 17.4 cc and 
9.3 cc for EDV, 6.6 cc and 2.2cc for ESV. Th e mean diff erence of LVEF between the HVC 
and LVC for TTE and TEE were 0.27% and 1.3%. Conclusion: Th is is the fi rst study to 
compare LV volumes and LVEF between 3D TTE and 3D TEE. Assuredly, LVEF derived 
by either 3D TTE or TEE have excellent correlation, however, there is underestimation 
of LV volumes.

P1-172
Multiview 3D Fusion Echocardiography Using a Novel Transducer 
and Respiratory Tracking Technique: First Results in Humans
Tyler Lamb1, Kumaradevan Punithakumar1, Abhilash Hareendranathan1, 
Wanhua Su2, Marina Choy1, Michelle Noga1, Pierre Boulanger1, Harald 
Becher1. 1University of Alberta, Edmonton, AB, Canada; 2MacEwan University, 
Edmonton, AB, Canada
Background: 3-dimensional echocardiography (3DE) has been one of the greatest 
innovations in cardiac imaging to date, but limitations inherent to ultrasound physics 
have been a barrier to ongoing technological advancements. While developments in 
ultrasound transducer technology and post-processing techniques have undoubtedly 
bettered 3DE, but they have failed to address inherent weaknesses of 3DE. Th ese include 
a limited volume-of-view (VOV) and suboptimal endocardial defi nition resulting from 
non-perpendicular angles of ultrasound incidence relative to important structures like 
the left  ventricle. Multi-view 3-dimensional fusion echocardiography (M3DFE) off ers a 
solution to this dilemma by fusing 3DE datasets from complementary acoustic windows. 
Methods: Real-time M3DFE datasets were acquired from eleven volunteers during a 
breath-hold maneuver with i) an unmoving transducer capturing a standard apical view, 
ii) slight movement of the transducer to include non-standard apical views, and iii) the 
probe positioned at both parasternal and apical windows. Infrared cameras were used to 
track the 3-dimensional position and orientation of the transducer and chest markers. 
A range of two to fi ve datasets were recorded per breath-hold for each of these three 
groups. Multi-planar reconstruction of both M3DFE and standard apical 3DE datasets 
was performed to generate four- and two- chamber 2-dimensional planes which were 
then analyzed and compared. Subjective assessments included i) successful alignment of 
datasets and ii) endocardial border defi nition (rated on a three-point scale from 0 to 2). 
Objective assessments included i) contrast, ii) contrast-to-noise ratio (CNR), iii) signal-
to-noise ratio (SNR) and iv) % increase in VOV. Endocardial border defi nition, contrast, 
CNR and SNR were assessed for each of the standard six segments for both the apical two- 
and four-chamber planes. Results: At least one successfully aligned M3DFE dataset was 
generated for each of the three transducer position categories for all eleven volunteers. 
Table 1 summarizes the results. 

Table 1: Qualitative and Quantitative Parameters Assessing Image Quality and Volume of View

Contrast CNR SNR
Endocardial 
Border 
Defi nition

ΔVOV 
(%)

mean 
+/- SD

mean +/- 
SD

mean 
+/- SD mean +/- SD mean 

+/- SD
Unmoving Transducer - 
Standard Apical 3DE 55 +/- 14 3.8 +/- 0.7 7.2 +/- 1.6 0.96 +/- 0.27

Unmoving Transducer - M3DFE 79 +/- 17 7.7 +/- 2.4 10.6 +/-2.2 1.30 +/- 0.35 N/A
Unmoving Transducer - Result of 
Paired T-test p < 0.001 p < 0.001 p < 0.001 p < 0.001

Moving Transducer (Non-
standard Apicals) - Standard 
Apical 3DE

58 +/- 12 4.7 +/- 1.7 7.9 +/- 2.0 1.00 +/- 0.21

Moving Transducer (Non-
standard Apicals) - M3DFE 80 +/- 16 7.9 +/- 1.6 10.6 +/- 3.2 1.29 +/- 0.32 33 +/- 25

Moving Transducer (Non-
standard Apicals) - Result of 
Paired T-test

p < 0.001 p < 0.001 p < 0.01 p < 0.001

Moving Transducer (Apical(s) 
+ Parasternal) - Standard Apical 
3DE

60 +/- 18 4.1 +/- 1.4 6.3 +/- 1.2 1.10 +/- 0.17

Moving Transducer (Apical(s) + 
Parasternal) - M3DFE 89 +/- 9 10.3 +/- 2.1 11.8 +/- 4.1 1.45 +/- 0.32 47 +/- 12

Moving Transducer (Apical(s) 
+ Parasternal) - Result of Paired 
T-test

p < 0.001 p < 0.001 p < 0.001 p < 0.01

Conclusion: Th is novel M3DFE technique results in successful fusion of 3DE datasets. 
Compared to standard 3DE datasets, M3DFE datasets demonstrate enhanced VOV and 
improvements in both subjective and objective measures of image quality.

P1-173
2D vs. Novel 3D Assessment of Impella Temporary Mechanical 
Circulatory Support Devices
Alex Qin, Claudius Mahr, Jennifer Beckman, Nahush Mokadam, James N. 
Kirkpatrick. University of Washington, Seattle, WA
Background: Impella devices provide temporary mechanical circulatory support (MCS) 
by means of a catheter consisting of a left  ventricular (LV) inlet, a microaxial pump within 
the catheter, and an outfl ow port in the proximal aorta. Th e recommended position of 
the inlet is 4-4.5cm below the aortic valve annulus. Following initial placement, the 
device is prone to migration, potentially leading to ineff ective support, hemolysis, 
ventricular arrhythmia, or mitral regurgitation. Positioning is typically monitored 
by echocardiography. However, the Impella device has a bend between the infl ow and 
outfl ow ports, and traditional 2D-imaging may not be reliable in assessing the location 
of the device, as single plane 2D windows may not include both the infl ow port and 
the aortic annulus, leading to foreshortening of the cannula and under-measurement 
of the distance. We hypothesized that 3D echocardiography provides more accurate 
characterization of the location of the Impella cannula. Methods: We analyzed 25 
echocardiograms of patients supported with Impella devices, including the 5.0 and CP 
device types, which had analyzable 2D and 3D images. Measurements of the distance from 
the aortic annulus to the infl ow port were made according to recommendations from 2D 
PLAX images. Th ree sets of measurements were made at end systole and at end diastole. 
Full volume 3D datasets acquired from the parasternal window were acquired an analyzed 
using Qlab (Philips, Andover, MD) soft ware to overcome possible foreshortening of the 
Impella cannula. In addition, the 3D dataset was used to measure the angle deviation of 
the cannula from the long axis of the left  ventricular outfl ow tract. Results: Th ere was 
no signifi cant diff erence between 2D and 3D measurements of the aortic annulus to 
infl ow port distance (3.30cm vs. 3.33cm, p=0.45). Th e average measurement discrepancy 
between 2D and 3D techniques was 0.23cm in systole and 0.24cm in diastole. 14/25 (56%) 
of studies had at least one measurement in the range of 3-4.5 cm, with no diff erence 
between 2D and 3D techniques (3.78cm vs. 3.81cm, p=0.44). Diff erences between 2D and 
3D measurements did not correlate with the angle of the device (R=0.09). Conclusion: 
Th ere was no recognizable benefi t of 3D techniques in measuring aortic annulus to 
Impella infl ow port distance, though a larger sample size may be necessary to detect a 
signifi cant diff erence. 3D imaging may have a benefi t in observing other relationships, 
such as the mitral apparatus, and bears ongoing investigation.

P1-174
Which Left Ventricular Out ow Tract Diameter (LVOTd) is Best 
for Assessment of Aortic Valve Area (AVA) in Bicuspid Aortic 
Valves (BAV) by the Continuity Equation (CE) - a 3D Transthoracic 
Echocardiographic Study?
Alex Frampton1, Sudhir Wahi2, Peter Cramp1, Kathy Davies1, Karam Kostner1, 
Adrian Chong1,2. 1Mater Adult Hospital, Brisbane, Queensland, Australia; 
2Princess Alexandra Hospital, Brisbane, Queensland, Australia
Background: Assessment of AVA is critical in determining aortic stenosis severity to 
guide appropriate intervention. Doppler-derived CE is the cornerstone for calculation of 
AVA (AVA = 0.785x(LVOTd)2xLVOTVTI/AVVTI). LVOTd remains the Achilles heel of this 
method with frequent underestimation by 2D imaging and lack of consensus regarding 
anatomic level of measurement (0.5-1cm “apical” in the LVOT (LVOTdApi) vs annulus 
level (LVOTdAnn)). Accurate estimation of AVA in BAVs is more challenging due to the 
elliptical orifi ce and eccentric fl ow pattern. We aimed to defi ne the optimal LVOTd 
(LVOTdApi vs LVOTdAnn by 2D vs 3D) for calculation of the AVA in comparison to the 
reference standard of AVA by 3D planimetry (AVA3D) in BAVs. Methods: A retrospective 
review of all transthoracic echocardiograms (TTE) with a BAV assessed by 3D imaging 
was conducted. 2D-LVOTdApi and 2D-LVOTdAnn were measured from the parasternal 
window. 3D-LVOTd values were derived from 3D measurements of circumference, area 
and average of major-minor dimensions at the “apical” (3D-LVOTdApi-Circ; 3D-LVOTdApi-

Area; 3D-LVOTdApi-Ave) and annulus (3D-LVOTdAnn-Circ; 3D-LVOTdAnn-Area; 3D-LVOTdAnn-Ave) 
levels. Standard LVOTVTI and AVVTI Doppler parameters were recorded for calculation 
of AVA by the CE. 3D planimetry of the BAV orifi ces (AVA3D) was performed. Results: 
52 TTEs were included (39±15years; 42% females). Mean AVA3D was 3.55±1.92cm2. 
Estimated AVAs by CE using 2D-LVOTdApi, 2D-LVOTdAnn, 3D-LVOTdApi-Circ, 3D-LVOTdApi-

Area, 3D-LVOTdApi-Ave, 3D-LVOTdAnn-Circ, 3D-LVOTdAnn-Area, and 3D-LVOTdAnn-Ave were 
2.62±1.46cm2, 3.03±1.74cm2, 3.43±1.96cm2, 3.22±1.84cm2, 3.23±1.88cm2, 3.41±1.92cm2, 
3.23±1.84cm2, and 3.28±1.88cm2. AVA by CE that correlated best with AVA3D were 
obtained using 3D-LVOTdApi-Circ (Intraclass correlation (ICC) 0.989) and 3D-LVOTdAnn-Circ 
(ICC 0.988). Both 2D-LVOTds systematically underestimated the AVA but 2D-LVOTdAnn 
was better than 2D-LVOTApi (ICC 0.873 vs 0.695). Conclusions: LVOTd derived from 
3D circumference measurements (either 3D-LVOTdApi-Circ or 3D-LVOTdAnn-Circ) resulted 
in more accurate estimation of the AVA. 2D-LVOTdAnn provided a better assessment of 
the AVA than 2D-LVOTApi and should be the preferred 2D standard for BAVs.
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P1-175
Different Change of Mitral Valve Geometry after MitraClip Therapy 
between Patients with Atrial Mitral Regurgitation and Functional 
Mitral Regurgitation: Three-Dimensional Transesophageal 
Echocardiography Study
Takafumi Nagaura, Atsushi Hayashi, Satoshi Yamaguchi, Jun Yoshida, Hiroki 
Ikenaga, Tetsuo Kamiyama, Florian Rader, Robert J. Siegel, Saibal Kar, Takahiro 
Shiota. Cedars Sinai, Los Angeles, CA
Background: Th e purpose of this study was to evaluate the impact of MitraClip 
procedure on mitral valve (MV) geometry in patients with atrial mitral regurgitation 
(MR) compared to those with functional MR using intraprocedural real-time three-
dimensional transesophageal echocardiography (3D TEE). Methods: From a total of 
400 patients who underwent MitraClip procedure, we selected 43 patients with normal 
mitral leafl et and chronic atrial fi brillation. We classifi ed them into two groups: atrial 
MR, patients with left  ventricular ejection fraction (LVEF) ≥50% (n=22), and functional 
MR, those with LVEF <50% (n=21). Mitral annular area (MAA), mitral annular anterior-
posterior and anterolateral-posteromedial diameters, and tenting volume were evaluated 
using 3D TEE datasets. Th e change of MV parameters before and aft er procedure was 
also compared between 2 groups. Residual MR severity and MV mean pressure gradient 
aft er procedure and 1 month were assessed. MR severity was graded as follows; mild or 
less=1, moderate=2, moderate-severe=3, severe=4. Results: At baseline, atrial MR had 
larger MAA (1228 Vs. 1054, P<0.05) and smaller tenting volume (1.0 Vs. 3.1, P<0.05) 
compared to functional MR. Th e change of MAA and anterior-posterior diameter were 
larger in atrial MR compared with functional MR (ΔMAA: 93.6 vs. -9.4 mm2; Δanterior-
posterior diameter: 3.6 vs. 0.1, both P<0.01), but there were no diff erences in the 
change of anterolateral-posteromedial diameter and tenting volume between 2 groups 
(Δanterolateral-posteromedial 0.1 vs 0.1 mm, P=0.78 ; Δtenting volume; 0.01 vs. 0.13, 
P=0.49). Residual MR aft er MitraClip was smaller in atrial MR compared to functional 
MR (1.1 vs 1.7, P<0.01). Degree of MR and MV mean pressure gradient at 1 month aft er 
procedure were not changed compared to those at a day aft er procedure in both groups. 
Conclusion: Atrial MR patients experienced signifi cant reduction of anterior-posterior 
diameter resulting in good acute outcome. Both atrial MR and functional MR exhibited 
an immediate reduction in the severity of MR, which persisted for a month.

P1-176
Evaluation of Subclinical Cardiac Dysfunctions in Systemic 
Lupus Erythematosus with Three-Dimensional Speckle Tracking 
Echocardiography
Jing Wang1,2, Wenhui Deng1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: Systemic lupus erythematosus (SLE) can lead to cardiac dysfunctions and left  
ventricular hypertrophy(LVH). Th e purpose of the study was to investigate subclinical 
dysfunction and LV geometry changes in SLE patients using three-dimensional speckle-
tracking echocardiography (3D-STE). We also interrogated the correlations between 
3D-STE parameters and disease activity. Method: Forty patients with SLE (study group) 
and 40 sex- and age-matched healthy (control group) were recruited into the study. 
Disease activity was evaluated for all SLE patients by SLEDAI 2000 (SLEDAI-2K) score 
at the onset of checkup, and further divided into subgroups (group A, group B). Group A 
was comprised patients having SLEDAI scores<10 (inactive or mildly active), and Group 
B was comprised patients having SLEDAI scores ≥10(moderately active or severely 
active). LV global longitudinal strain (GLS), global circumferential strain (GCS), global 
radial strain (GRS), LV end-diastolic volume (LVESV), LV end-systolic volume (LVEDV) 
and LV mass (LVM) were measured by 3D-STE. Results: ①LV GLS, GCS and GRS 

were signifi cantly reduced in SLE patients compared with controls(all P<0.001). LVMI, 
LVEDV and LVESV were increased in SLE patients (all P<0.001). In subgroups, GLS and 
GRS were signifi cance decreased in group B than those of group A (all P<0.001). GLS and 
GRS had signifi cance correlations with SLEDAI scores. SLEDAI scores was independently 
associated with LVH (OR=20.805, P<0.029). Conclusions: 3D-STE is a simple and non-
invasive method to identify the LV subclinical dysfunction in SLE patients. Th e activity of 
SLE is independently associated with LV remodeling and systolic function.

P1-177    Moderated Poster
Functional Tricuspid Regurgitation: Impact of Right Ventricular 
Remodeling on Tricuspid Valve Tethering
Kalie Kebed, Kirk T. Spencer, Megan Yamat, Lynn Weinert, Victor Mor-Avi, 
Roberto M. Lang, Karima Addetia. University of Chicago, Chicago, IL
Background: Functional mitral regurgitation has been associated with left  ventricular 
dilatation, papillary muscle displacement and leafl et tethering. It is assumed that in 
functional tricuspid regurgitation (FTR), similar remodeling occurs in the right ventricle 
(RV), resulting in tricuspid valve (TV) leafl et tethering. However, in severe FTR, the TV 
leafl ets can be either tethered or non-tethered. Understanding the physiology of FTR is 
important, as attention has turned toward the development of devices that alleviate TR. 
We sought to identify the spectrum of RV remodeling in patients with severe FTR and 
its impact on TV tethering. Methods: We studied 74 patients (71±16 years) with severe 
FTR (vena contracta ≥0.7 cm), using 2D and 3D transthoracic echocardiography. Right 
atrial volume, tricuspid annulus (TA) diameter (4-chamber view), RV end-diastolic base 
(RVEDb), mid (RVEDm) and length (RVEDL) dimensions and RV free wall strain (RV 
focused view) were measured. RV volumes and ejection fraction (RVEF) were measured 
from 3D full-volume datasets. History of atrial fi brillation was recorded from the 
electronic medical record. Patients were divided into tertiles of tethering height (<0.78 
cm, n=25; 0.78-1.1 cm, n=27; >1.1 cm, n=22). Intergroup comparisons were performed 
using ANOVA. Chi-squared test was used to test the diff erences in the prevalence of 
atrial fi brillation. Results: Age was inversely associated with worse tethering and there 
was a trend towards higher incidence of atrial fi brillation in the lowest tethering tertile, 
despite smaller right atrial volumes. Increased TV tethering was associated with adverse 
RV remodeling, including larger TV annulus, RV dimensions and volumes. RV free wall 
strain was worse in patients with greater tethering, while 3D RV EF showed no diff erences. 
Conclusions: Th ese results suggest that there is a spectrum of patients with severe FTR. 
On one side are patients with increased TV tenting, TA dimensions, RA and RV cavity 
enlargement and on the other are those with less tenting, smaller TA dimensions and 
RA and RV cavity size. Th ese morphological changes should be taken into account when 
choosing the type of device to improve TR in individual patients.
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P1-178
Prevalence of Respiratory Variation in Left Ventricular Out ow 
Tract Obstruction in Hypertrophic Cardiomyopathy
Daniel R. Harland1, Renuka Jain2, Lindsey R. Kalvin1, M. Fuad Jan2, Bijoy K. 
Khandheria3, A. Jamil Tajik2. 1Aurora Cardiovascular Services, Aurora Sinai/
Aurora St. Luke‘s Medical Centers, Milwaukee, WI; 2Aurora Cardiovascular 
Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, University of Wisconsin 
School of Medicine and Public Health, Milwaukee, WI; 3Aurora Cardiovascular 
Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, University of Wisconsin 
School of Medicine and Public Health, Marcus Family Fund for Echocardiography 
(ECHO) Research and Education, Milwaukee, WI
Background: Left  ventricular outfl ow tract (LVOT) obstruction in patients with 
hypertrophic cardiomyopathy (HCM) is dynamic and sensitive to a number of physiologic 
variables. We have recently reported a counter-intuitive fl uctuation in obstructive HCM, 
wherein LVOT gradients decreased during inspiration. Our observations challenged 
previous understanding of preload-dependent hemodynamics. We sought to assess 
the prevalence of this initial observation in a large HCM referral center. Methods: We 
evaluated patients referred to the HCM Outpatient Clinic at Aurora St. Luke’s Medical 
Center, Milwaukee, WI. Comprehensive transthoracic echocardiogram was performed 
by dedicated sonographers immediately before cardiac consultation. Standard assessment 
of LVOT obstruction and measurement of resting gradients was performed. In patients 
with unprovoked resting LVOT obstruction, simultaneous recording with a respirometer 
was conducted to determine if respiratory variation in LVOT obstruction was present. 
Clinical variables were queried from the electronic health record. Results: From June 
2011 to August 2017, we examined 463 patients with HCM. Of these, 216 (46.6%) 
patients had resting LVOT obstruction (patients were excluded if they demonstrated only 
provocable obstruction). Fift y-three of 216 patients (24.5%) had respiratory variation in 
LVOT obstruction, with peak gradients lowest during inspiration (43.3 mmHg ± 27.7) 
and highest during expiration (64.1 mmHg ± 37.0) (p-value <0.0001). Patients with 
respiratory variation in LVOT obstruction had a mean age of 57±18 years, mean body 
mass index (BMI) of 33.1 ± 6.5 kg/m2, and 16 (30.2%) had a history of sleep-disordered 
breathing. Conclusion: Our study demonstrates a high prevalence of respirophasic 
variation in LVOT obstruction, occurring in 25% of HCM patients with resting LVOT 
obstruction. Th is fi nding is associated with increased BMI and sleep-disordered breathing. 
Th is phenomenon is preload-independent, likely related to reduced transmural pressure-
dependent changes in aft erload. It challenges conventional understanding of preload-
dependent hemodynamics in HCM. Echocardiographers should be aware of this novel 
fi nding as it impacts the reporting of severity of obstruction in HCM.

P1-179
Utility of Doppler Flow Velocity Pro les in Prediction of Blalock-
Taussig-Thomas Shunt Stenosis
Ranjit Philip, Ken Bayle. University of Tennessee, Memphis, TN
Background: Shunt stenosis is a challenging undertaking to evaluate by echocardiography. 
Ultrasound scatter and artifact from shunt material precludes accurate 2D assessment. 
We sought to assess the utility of serial changes in pulse pressure and pulsatility index of 
Doppler velocity profi les across a Blalock-Taussig Th omas (BTT) shunt in the evaluation 
and prediction of shunt stenosis. Methods: Fift y consecutive subjects with complex 
congenital heart disease and a BTT shunt as the sole source of pulmonary blood supply 

were studied (median age 4 (3-11) months). Th ree serial echocardiograms, ie. aft er 1 week 
and 1 month of the BTT shunt surgery and within 1 week of cardiac catheterization were 
used to evaluate Doppler fl ow velocities in the shunt. Th e pulse pressure (peak systolic 
-end diastolic), pulsatility index and resistance index were estimated using the modifi ed 
Bernoulli equation and time averaged velocity of shunt fl ow. Th ese data were compared 
with cardiac catheterization angiographic evaluation of the shunt and clinical oxygen 
saturation trends. Results: Th ere was a positive correlation between (1) the serial Doppler 
estimates for pulsatility index and oxygen saturation. (r= 0.93, SEE = 3mmHg P < 0.001) 
and (2) the Doppler derived pulse pressure and distal angiographic measurements (r=0.9, 
SEE = 5mmHg; P <0.001). Blande Altman analysis documented acceptable limits of 
agreement. In contrast, the caliber of the color jet and the peak systolic gradient had a 
poor correlation with angiographic measurements and the clinical status. Conclusion: 
Th e Doppler derived pulse pressure and pulsatility index can be used reliably to predict 
narrowing of the BT shunt with time when it is the sole source of pulmonary artery fl ow 
in the absence of elevated pulmonary vascular resistance. Th ere was agreement between 
Doppler predicted pulmonary blood fl ow and catheter based calculations. Th ese fi ndings 
may prove a useful tool for interstage monitoring and peri-operative management.

P1-180
Sometimes Two Wrongs DO Make a Right: Opposite Effects of 
Errors in Left Ventricular Out ow Tract Area and Mean Velocity 
Estimation Largely Cancel Out When Calculating Stroke Volume
Hyungkyu Huh, Alex Barker, Menhel Kinno, Michel Markl, James D. Th omas. 
Feinberg School of Medicine, Northwestern University, Chicago, IL
Background: Accurate computation of the eff ective orifi ce area (EOA) to evaluate 
aortic stenosis requires a robust computation of LVOT stroke volume for the continuity 
equation. Th e purpose of this study is to use 3D echocardiography and the LVOT 
fl uid entrance length (from hydrodynamic theory) to accurately compute the LVOTarea 
and eff ective velocity time integral (LVOTVTI). Methods: Data were obtained in 22 
healthy volunteers (age: 42.3±7, 10 males). 3D LVOTarea was measured from the cross-
sectional view where the LVOT diameter is typically measured (Fig.1a). Th e distance 
between the anterior cusp of the mitral valve hinge and LVOT measurement plane 
defi ned the entrance length (Le) to estimate the boundary layer thickness δ, which 
grows with displacement along a pipe. Th e ratio between the velocity time integral of 
the fl at and modifi ed profi le (boundary layer: parabolic, inviscid core: fl at) was used to 
modify LVOTVTI,mod(Fig.1b). Th e EOA was calculated by dividing LVOT stroke volume 
(LVOTarea*LVOTVTI) by the aortic valve velocity time integral. Results: LVOTarea measured 
by 2D Doppler echocardiography was 14% smaller on average than 3D echocardiography 
(bias [limits of agreements]: -0.6 [0.7:-1.8]cm2). In most (19/22) cases the usual 2D LVOT 
diameter was closely aligned to the short axis of the oval LVOT. Th e LVOTVTI was reduced 
by 18% aft er modifi cation (3.4[4.8:2.0]cm). Due to these two compensatory factors, EOA 
calculated by the conventional method was similar aft er modifi cation (P=0.2, 0.1[1.0:-07] 
cm2)(fi g.2). Conclusion: Our results support 3D echocardiography for accurate LVOTarea 
measurement. We considered entrance eff ects to derive realistic velocity profi les and thus 
an accurate LVOTVTI. In healthy volunteers, errors of LVOTarea and LVOTVTI largely cancel 
out with each other when computing EOA, resulting in similar results to the conventional 
and corrected method. Whether this fortuitous cancellation remains in the setting of 
aortic stenosis and septal hypertrophy will require further studies.
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P1-181
Transesophageal Doppler Echocardiography Does Not Accurately 
Predict Mean Left Atrial Pressure: A Validation Study with 
Simultaneous Invasive and Noninvasive Measurement
Saket R. Sanghai, Emily Hsu, Hojune Chung, Kevin C. Floyd, Gerard P. 
Aurigemma, Bryon A. Gentile. University of Massachusetts Medical School, 
Worcester, MA
Background: Doppler echocardiographic parameters are routinely used for non-invasive 
assessment of diastolic function and left  atrial pressure (LAP). However, the historical data 
validating this association is based on pulmonary capillary wedge pressure as a surrogate 
for mean LAP which may not be accurate. We sought to examine the relationship 
between transesophageal echo (TEE) derived Doppler parameters and directly measured 
LA pressure. Methods: Twenty-two subjects undergoing left  atrial appendage occlusion 
underwent Doppler evaluation by TEE and direct mean LAP measurement. Th ere was 
no right to left  shunt at the time of pressure measurements as the catheter occluded 
the foramen ovale. Subjects were divided into groups based on mean LAP (<8mm Hg, 
8-15mm Hg and >15mm Hg) for subgroup analysis. We performed linear regression and 
Bland-Altman analysis to establish a relationship between trans-mitral E velocity, tissue 
Doppler derived e’, E/e’ ratio, deceleration time of E wave (DT), iso-volumic relaxation 
time (IVRT) and pulmonary vein (PV) fl ow. Doppler mean LAP was calculated by 
the Nagueh Formula (1.24 x [E/e’] + 1.9). Results: Th e mean age of the group was 73 
years, 10 (44%) were female. Nine (41%) participants were in sinus rhythm at the time 
of the procedure. Mean LVEF was 58 +/- 8%. An example of a study participant’s TEE 
Doppler evaluation is presented in Figure 1. Mean invasive LA pressure was 17 +/-5.4 
mm Hg whereas mean Doppler derived mLAP was 13.8 +/-4.2 mm Hg. Doppler derived 
E velocity, DT, E/e’, average e’, and IVRT were not associated with mLAP (Figure 2-A, 
B, C). When partitioned into groups based on mLAP, Doppler mLAP and Invasive 
mLAP correlated only in 12(54%) subjects (Figure 2D). PV systolic:diastolic ratio <1 was 

associated with mLAP>15mm Hg (p=0.02). Conclusion: TEE derived pulmonary fl ow 
reversal accurately predicts elevated mLAP>15mm Hg in subjects with AF however, E/e’ 
is not associated with mLAP. Th us, TEE derived E/e’ should not be used for evaluation of 
fi lling pressure in this patient population.

P1-182
Peak Left Atrial Strain as a Single Measure for the Non-Invasive 
Assessment of Left Ventricular Filling Pressures
Amita Singh1, Diego Medvedofsky1, Anuj Mediratta1, Bhavna Balaney1, 
Eric Kruse1, Boguslawa Ciszek1, Atman P. Shah1, John E. Blair1, Francesco 
Maff essanti2, Victor Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, 
IL; 2Università della Svizzera Italiana, Lugano, Switzerland
Background: Echocardiographic assessment of left  ventricular (LV) fi lling pressures 
is performed using a multi-parametric algorithm. Left  atrial (LA) strain was recently 
found to accurately classify the degree of diastolic dysfunction. We hypothesized that 
LA strain could be used as a stand-alone marker and sought to identify and test a 
cutoff , which would accurately detect elevated LV pressures. Methods: We studied 76 
patients with a spectrum of LV function who underwent same-day echocardiogram and 
invasive left -heart catheterization. Speckle tracking was used to measure peak LA strain. 
Th e protocol involved a retrospective derivation group (N=26) and an independent 
prospective validation cohort (N=50) to derive and then test a peak LA strain cutoff  
which would identify pre-A-wave LV end-diastolic pressure (LVEDP)>15 mmHg. Th e 
guidelines-based assessment of fi lling pressures and peak LA strain were compared 
side-by-side against invasive hemodynamic data. Results: In the derivation cohort, 
receiver-operating characteristic analysis showed area under curve of 0.76 and a peak LA 
strain cutoff  <20% was identifi ed as optimal to detect elevated LVEDP. In the validation 
cohort, peak LA strain demonstrated better agreement with the invasive reference than 
the individual components used by the guidelines algorithm, such as LA volume, with 
considerably fewer false positives (Figure, top panels), and also better agreement than 
the multiparametric guidelines algorithm (81 vs. 72%; Figure bottom panels). Th e 
improvement in classifi cation using LA strain compared to the guidelines was more 
pronounced in subjects with normal LV function (91% versus 81%). Conclusion: Th e 
use of a peak LA strain to estimate elevated LV fi lling pressures is more accurate than the 
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P1-178
Prevalence of Respiratory Variation in Left Ventricular Out ow 
Tract Obstruction in Hypertrophic Cardiomyopathy
Daniel R. Harland1, Renuka Jain2, Lindsey R. Kalvin1, M. Fuad Jan2, Bijoy K. 
Khandheria3, A. Jamil Tajik2. 1Aurora Cardiovascular Services, Aurora Sinai/
Aurora St. Luke‘s Medical Centers, Milwaukee, WI; 2Aurora Cardiovascular 
Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, University of Wisconsin 
School of Medicine and Public Health, Milwaukee, WI; 3Aurora Cardiovascular 
Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, University of Wisconsin 
School of Medicine and Public Health, Marcus Family Fund for Echocardiography 
(ECHO) Research and Education, Milwaukee, WI
Background: Left  ventricular outfl ow tract (LVOT) obstruction in patients with 
hypertrophic cardiomyopathy (HCM) is dynamic and sensitive to a number of physiologic 
variables. We have recently reported a counter-intuitive fl uctuation in obstructive HCM, 
wherein LVOT gradients decreased during inspiration. Our observations challenged 
previous understanding of preload-dependent hemodynamics. We sought to assess 
the prevalence of this initial observation in a large HCM referral center. Methods: We 
evaluated patients referred to the HCM Outpatient Clinic at Aurora St. Luke’s Medical 
Center, Milwaukee, WI. Comprehensive transthoracic echocardiogram was performed 
by dedicated sonographers immediately before cardiac consultation. Standard assessment 
of LVOT obstruction and measurement of resting gradients was performed. In patients 
with unprovoked resting LVOT obstruction, simultaneous recording with a respirometer 
was conducted to determine if respiratory variation in LVOT obstruction was present. 
Clinical variables were queried from the electronic health record. Results: From June 
2011 to August 2017, we examined 463 patients with HCM. Of these, 216 (46.6%) 
patients had resting LVOT obstruction (patients were excluded if they demonstrated only 
provocable obstruction). Fift y-three of 216 patients (24.5%) had respiratory variation in 
LVOT obstruction, with peak gradients lowest during inspiration (43.3 mmHg ± 27.7) 
and highest during expiration (64.1 mmHg ± 37.0) (p-value <0.0001). Patients with 
respiratory variation in LVOT obstruction had a mean age of 57±18 years, mean body 
mass index (BMI) of 33.1 ± 6.5 kg/m2, and 16 (30.2%) had a history of sleep-disordered 
breathing. Conclusion: Our study demonstrates a high prevalence of respirophasic 
variation in LVOT obstruction, occurring in 25% of HCM patients with resting LVOT 
obstruction. Th is fi nding is associated with increased BMI and sleep-disordered breathing. 
Th is phenomenon is preload-independent, likely related to reduced transmural pressure-
dependent changes in aft erload. It challenges conventional understanding of preload-
dependent hemodynamics in HCM. Echocardiographers should be aware of this novel 
fi nding as it impacts the reporting of severity of obstruction in HCM.

P1-179
Utility of Doppler Flow Velocity Pro les in Prediction of Blalock-
Taussig-Thomas Shunt Stenosis
Ranjit Philip, Ken Bayle. University of Tennessee, Memphis, TN
Background: Shunt stenosis is a challenging undertaking to evaluate by echocardiography. 
Ultrasound scatter and artifact from shunt material precludes accurate 2D assessment. 
We sought to assess the utility of serial changes in pulse pressure and pulsatility index of 
Doppler velocity profi les across a Blalock-Taussig Th omas (BTT) shunt in the evaluation 
and prediction of shunt stenosis. Methods: Fift y consecutive subjects with complex 
congenital heart disease and a BTT shunt as the sole source of pulmonary blood supply 

were studied (median age 4 (3-11) months). Th ree serial echocardiograms, ie. aft er 1 week 
and 1 month of the BTT shunt surgery and within 1 week of cardiac catheterization were 
used to evaluate Doppler fl ow velocities in the shunt. Th e pulse pressure (peak systolic 
-end diastolic), pulsatility index and resistance index were estimated using the modifi ed 
Bernoulli equation and time averaged velocity of shunt fl ow. Th ese data were compared 
with cardiac catheterization angiographic evaluation of the shunt and clinical oxygen 
saturation trends. Results: Th ere was a positive correlation between (1) the serial Doppler 
estimates for pulsatility index and oxygen saturation. (r= 0.93, SEE = 3mmHg P < 0.001) 
and (2) the Doppler derived pulse pressure and distal angiographic measurements (r=0.9, 
SEE = 5mmHg; P <0.001). Blande Altman analysis documented acceptable limits of 
agreement. In contrast, the caliber of the color jet and the peak systolic gradient had a 
poor correlation with angiographic measurements and the clinical status. Conclusion: 
Th e Doppler derived pulse pressure and pulsatility index can be used reliably to predict 
narrowing of the BT shunt with time when it is the sole source of pulmonary artery fl ow 
in the absence of elevated pulmonary vascular resistance. Th ere was agreement between 
Doppler predicted pulmonary blood fl ow and catheter based calculations. Th ese fi ndings 
may prove a useful tool for interstage monitoring and peri-operative management.

P1-180
Sometimes Two Wrongs DO Make a Right: Opposite Effects of 
Errors in Left Ventricular Out ow Tract Area and Mean Velocity 
Estimation Largely Cancel Out When Calculating Stroke Volume
Hyungkyu Huh, Alex Barker, Menhel Kinno, Michel Markl, James D. Th omas. 
Feinberg School of Medicine, Northwestern University, Chicago, IL
Background: Accurate computation of the eff ective orifi ce area (EOA) to evaluate 
aortic stenosis requires a robust computation of LVOT stroke volume for the continuity 
equation. Th e purpose of this study is to use 3D echocardiography and the LVOT 
fl uid entrance length (from hydrodynamic theory) to accurately compute the LVOTarea 
and eff ective velocity time integral (LVOTVTI). Methods: Data were obtained in 22 
healthy volunteers (age: 42.3±7, 10 males). 3D LVOTarea was measured from the cross-
sectional view where the LVOT diameter is typically measured (Fig.1a). Th e distance 
between the anterior cusp of the mitral valve hinge and LVOT measurement plane 
defi ned the entrance length (Le) to estimate the boundary layer thickness δ, which 
grows with displacement along a pipe. Th e ratio between the velocity time integral of 
the fl at and modifi ed profi le (boundary layer: parabolic, inviscid core: fl at) was used to 
modify LVOTVTI,mod(Fig.1b). Th e EOA was calculated by dividing LVOT stroke volume 
(LVOTarea*LVOTVTI) by the aortic valve velocity time integral. Results: LVOTarea measured 
by 2D Doppler echocardiography was 14% smaller on average than 3D echocardiography 
(bias [limits of agreements]: -0.6 [0.7:-1.8]cm2). In most (19/22) cases the usual 2D LVOT 
diameter was closely aligned to the short axis of the oval LVOT. Th e LVOTVTI was reduced 
by 18% aft er modifi cation (3.4[4.8:2.0]cm). Due to these two compensatory factors, EOA 
calculated by the conventional method was similar aft er modifi cation (P=0.2, 0.1[1.0:-07] 
cm2)(fi g.2). Conclusion: Our results support 3D echocardiography for accurate LVOTarea 
measurement. We considered entrance eff ects to derive realistic velocity profi les and thus 
an accurate LVOTVTI. In healthy volunteers, errors of LVOTarea and LVOTVTI largely cancel 
out with each other when computing EOA, resulting in similar results to the conventional 
and corrected method. Whether this fortuitous cancellation remains in the setting of 
aortic stenosis and septal hypertrophy will require further studies.
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P1-181
Transesophageal Doppler Echocardiography Does Not Accurately 
Predict Mean Left Atrial Pressure: A Validation Study with 
Simultaneous Invasive and Noninvasive Measurement
Saket R. Sanghai, Emily Hsu, Hojune Chung, Kevin C. Floyd, Gerard P. 
Aurigemma, Bryon A. Gentile. University of Massachusetts Medical School, 
Worcester, MA
Background: Doppler echocardiographic parameters are routinely used for non-invasive 
assessment of diastolic function and left  atrial pressure (LAP). However, the historical data 
validating this association is based on pulmonary capillary wedge pressure as a surrogate 
for mean LAP which may not be accurate. We sought to examine the relationship 
between transesophageal echo (TEE) derived Doppler parameters and directly measured 
LA pressure. Methods: Twenty-two subjects undergoing left  atrial appendage occlusion 
underwent Doppler evaluation by TEE and direct mean LAP measurement. Th ere was 
no right to left  shunt at the time of pressure measurements as the catheter occluded 
the foramen ovale. Subjects were divided into groups based on mean LAP (<8mm Hg, 
8-15mm Hg and >15mm Hg) for subgroup analysis. We performed linear regression and 
Bland-Altman analysis to establish a relationship between trans-mitral E velocity, tissue 
Doppler derived e’, E/e’ ratio, deceleration time of E wave (DT), iso-volumic relaxation 
time (IVRT) and pulmonary vein (PV) fl ow. Doppler mean LAP was calculated by 
the Nagueh Formula (1.24 x [E/e’] + 1.9). Results: Th e mean age of the group was 73 
years, 10 (44%) were female. Nine (41%) participants were in sinus rhythm at the time 
of the procedure. Mean LVEF was 58 +/- 8%. An example of a study participant’s TEE 
Doppler evaluation is presented in Figure 1. Mean invasive LA pressure was 17 +/-5.4 
mm Hg whereas mean Doppler derived mLAP was 13.8 +/-4.2 mm Hg. Doppler derived 
E velocity, DT, E/e’, average e’, and IVRT were not associated with mLAP (Figure 2-A, 
B, C). When partitioned into groups based on mLAP, Doppler mLAP and Invasive 
mLAP correlated only in 12(54%) subjects (Figure 2D). PV systolic:diastolic ratio <1 was 

associated with mLAP>15mm Hg (p=0.02). Conclusion: TEE derived pulmonary fl ow 
reversal accurately predicts elevated mLAP>15mm Hg in subjects with AF however, E/e’ 
is not associated with mLAP. Th us, TEE derived E/e’ should not be used for evaluation of 
fi lling pressure in this patient population.

P1-182
Peak Left Atrial Strain as a Single Measure for the Non-Invasive 
Assessment of Left Ventricular Filling Pressures
Amita Singh1, Diego Medvedofsky1, Anuj Mediratta1, Bhavna Balaney1, 
Eric Kruse1, Boguslawa Ciszek1, Atman P. Shah1, John E. Blair1, Francesco 
Maff essanti2, Victor Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, 
IL; 2Università della Svizzera Italiana, Lugano, Switzerland
Background: Echocardiographic assessment of left  ventricular (LV) fi lling pressures 
is performed using a multi-parametric algorithm. Left  atrial (LA) strain was recently 
found to accurately classify the degree of diastolic dysfunction. We hypothesized that 
LA strain could be used as a stand-alone marker and sought to identify and test a 
cutoff , which would accurately detect elevated LV pressures. Methods: We studied 76 
patients with a spectrum of LV function who underwent same-day echocardiogram and 
invasive left -heart catheterization. Speckle tracking was used to measure peak LA strain. 
Th e protocol involved a retrospective derivation group (N=26) and an independent 
prospective validation cohort (N=50) to derive and then test a peak LA strain cutoff  
which would identify pre-A-wave LV end-diastolic pressure (LVEDP)>15 mmHg. Th e 
guidelines-based assessment of fi lling pressures and peak LA strain were compared 
side-by-side against invasive hemodynamic data. Results: In the derivation cohort, 
receiver-operating characteristic analysis showed area under curve of 0.76 and a peak LA 
strain cutoff  <20% was identifi ed as optimal to detect elevated LVEDP. In the validation 
cohort, peak LA strain demonstrated better agreement with the invasive reference than 
the individual components used by the guidelines algorithm, such as LA volume, with 
considerably fewer false positives (Figure, top panels), and also better agreement than 
the multiparametric guidelines algorithm (81 vs. 72%; Figure bottom panels). Th e 
improvement in classifi cation using LA strain compared to the guidelines was more 
pronounced in subjects with normal LV function (91% versus 81%). Conclusion: Th e 
use of a peak LA strain to estimate elevated LV fi lling pressures is more accurate than the 
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current guidelines. Incorporation of LA strain into the non-invasive assessment of LV 
diastolic function may improve the detection of elevated fi lling pressures.

P1-183
Evaluating the Changes of Intra- and Interatrial Mechanical Delay 
with Age in Normal Adults by Dual Doppler Echocardiography
Yanxiang Zhou, Rui-qiang Guo, Jinling Chen, Qing Zhou. Renmin Hospital of 
Wuhan University, China, Wuhan City, China
Background: Th e availability of dual Doppler echocardiography, which facilitates the 
simultaneous recording of Doppler waveforms at 2 diff erent sites during the same beat, 
has enhanced our ability to non-invasively assess single-beat atrial mechanical delay. 
We sought to evaluate the changes of intra- and interatrial mechanical delay with age 
in normal adults by dual Doppler echocrdiography and discuss the feasibility of dual 
Doppler echocrdiography in assessing atrial mechanical delay. Methods: 114 healthy 
volunteers were divided into three groups according to age: group A (18~39 years old, 
n=40), group B (40~59 years old, n=42), group C (60~79 years old, n=32). Th e time 
interval of the onset of a’ wave between mitral annular septal and lateral site was used 
to evaluate intra-left  atrial mechanical delay (T1) by dual Doppler echocrdiography. 
Th e time intervals from the onset of a’ wave at tricuspid annular right ventricular free 
wall site to a’ wave at tricuspid annular septal site and mitral annular lateral site were 
used to evaluate intra-right atrial and interatrial mechanical delay (T2 and T3). With 
traditional Doppler technique, the time intervals from the onset of P wave to the onset 
of a’ wave at the mitral annular lateral site (P-L), the mitral annular septal site (P-S), the 
tricuspid annular right ventricular free wall site (P-RVFW) were measured. Th e time 
diff erences between P-L and P-S, between P-S and P-RVFW, between P-L and P-RVFW 
were t1 (intra-left  atrial mechanical delay), t2 (intra-right atrial mechanical delay), t3 
(interatrial mechanical delay). Results: ① T1, T2, T3 and t1, t2, t3 increased with age 
among group A, B and C (all P<0.05). ② Th e parameters of atrial mechanical delay 
in dual Doppler echocrdiography were concordant with that in traditional Doppler 
technique. And the measurements of two methods were correlated (r=0.78, P<0.01). 
Assessing atrial mechanical delay with dual Doppler echocardiography took less time 
than that with traditional Doppler technique (P<0.05). For inter- and intraobservers, the 
interclass correlation coeffi  cient with dual Doppler echocrdiography was higher and 95% 
confi dence interval range was smaller (P<0.05). Conclusion: Th e intra- and interatrial 
mechanical delay prolongs with age in normal adults. Dual Doppler echocrdiography 
is feasible in evaluating atrial mechanical delay, which can provide more repeatable 
measurements and can be a new prospective and time-saving method to assess atrial 
mechanical delay.

P1-184
Assessment of Left Ventricular Diastolic Function in the Normal 
Healthy Asian Elderly
Yiliang Zheng, Wen Ruan, Wei Ting Foo, See Hooi Ewe, Nadira Binte Hamid, Zee 
Pin Ding. National Heart Centre Singapore, Singapore, Singapore
Background: Age-associated changes in left  ventricular (LV) diastolic function are 
well recognized and diastolic dysfunction is a major cause of heart failure in the 
elderly. Th ere is limited data characterizing the measurements of diastolic function in 
the normal elderly population. Our aim is to study the relationship between aging and 
parameters of LV diastolic function in an elderly healthy Asian population. Methods: 
Retrospective review of transthoracic echocardiogram (TTE) database in National Heart 
Centre Singapore from Jan 2015 to Dec 2016 was performed and included patients with 
symptoms suspected of cardiac etiology. Exclusion criteria included valvular disease, 
abnormal ventricular systolic function, LV hypertrophy, hypertension, diabetes mellitus, 
ischemic heart disease, cerebral vascular accidents, atrial fi brillation, chronic kidney 
disease, chronic obstructive pulmonary disease and connective tissue disease. TTE 
was performed and analyzed according to the American Society of Echocardiography 
(ASE) guidelines. Results: A total of 245 subjects were studied (64±9yo, 63% female) and 

divided into three age groups (table 1). With increased age, mitral infl ow E velocity gets 
smaller (p<0.05) and A velocity gets taller (P<0.01), resulting in reduction in E/A ratio 
(p<0.05); there is lengthening of deceleration time (p<0.05), reduction of tissue Doppler 
septal e’ velocity (p<0.01), and a trend towards an increase in LA volume index. Th ere is 
no signifi cant diff erence between genders except smaller LV volume index with increasing 
age in females (p<0.01). Using the new ASE 2017 guideline to assess LV diastolic function, 
the majority of patients were categorised as normal diastolic function (96%, 95% and 
90% in Group A, B and C). Although the number of indeterminate cases increases with 
age (4%, 5% and 10% in Group A, B and C), none of them had diastolic dysfunction. 
Conclusion: In this healthy, normotensive elderly Asian cohort, sensitive markers for 
age related diastolic function include: mitral infl ow E velocity A velocity, E/A ratio, 
deceleration time, tissue Doppler septal e’ velocity. Th ere is also a trend towards increased 
LA volume with age. Th is is consistent with the Western data. New ASE guideline remains 
a good screening tool for diastolic dysfunction in the elderly Asian population.
Table 1. Echocardiographic parameters based on Age Groups

Group A Group B Group C
50-58yo (n=79) 59-67yo (n=83) 68-91yo (n=83)

Gender: Female (%) 68 64 57
IVSD (mm) 8.3 ± 1.1 8.5 ± 1.4 8.7 ± 1.2
LVIDD (mm) 44.6 ± 4.9 43.8 ± 4.6 44.6 ± 5.3
LVIDS (mm) 27.7 ± 4.0 26.8 ± 4.1 27.2 ± 5.4
LVPWD (mm) 8.1 ± 1.2 8.1 ± 1.2 8.2 ± 1.0
LV mass index (g/m2) 71.4 ± 14.9 74.5 ± 14.8 74.5 ± 16.4
LVEDV index (ml/m2) 46.1±10.2 44.5±10.8 38.5±8.3**††
LVESV index (ml/m2) 18.9±7.5 16.8±4.6 14.7±4.1**
LVEF 2D (%) 61.8 ± 4.5 62.5 ± 4.5 62.4 ± 4.4
Diastolic function assessment
Epeak (cm/s) 76.7 ± 18.9 78.4± 14.8 72.5± 19.2†
Apeak (cm/s) 60.3 ± 17.9 67.4 ± 20.7 78.9 ± 44.0**†
E/A ratio 1.4 ± 0.5 1.3 ± 0.5 1.1 ± 0.9*
D Time (ms) 196.7 ± 36.3 199.4 ± 43.9 219.9 ± 49.5**††
Septal e’ (cm) 9.2± 2.6 8.8 ± 2.9 7.4 ± 2.6**††
Lateral e’ (cm) 11.3 ± 3.4 10.9 ± 3.3 10.1 ± 8.5
Average septal and lateral E/e’ 8.2±3.3 8.7±2.6 9.7±3.5**†
LA Vol index (ml/m2) 23.6 ± 8.5 23.8 ± 6.7 25.1 ± 7.6
TRVmax (ms) 2.2 ± 0.2 2.3 ± 0.3 2.3 ± 0.3
Average septal and lateral E/e’ >14, % 0 0 0
Septal e’ < 7cm, % 18 19 45
Lateral e’ < 10cm, % 29 35 61
Septal e’ < 7 cm or Lateral e’ <10cm, % 32 36 65
TR Vmax >2.8 m/s, % 3 1 4
LA volume index >34ml/m2, % 6 5 11
Normal diastolic function
(< 50% positive, %) 96 95 90

Indeterminate diastolic function
(=50% positive, %) 4 5 10

Diastolic dysfunction
(>50% positive, %) 0 0 0

* comparison between age groups: * p<0.05, **p<0.01, compared to Group A, †p<0.05,‡ p<0.01 
compared to Group B

P1-185
The Clinical Signi cance of Diastolic-Systolic Velocity Ratio 
and Coronary Flow Reserve Detected on Non-Invasive Doppler 
Echocardiography in Patients with Angiographically 50-75% 
Stenosis of Left Anterior Descending Artery
Yasuyuki honda, Yasuhide Asaumi, Shuji Hashimoto, Hayato Nakamura, 
Kanzaki Hideaki, Yu Kataoka, Chisato Izumi, Teruo Noguchi, Satoshi Yasuda. 
National Cerebral and Cardiovascular Center, Osaka, Japan
Background: Coronary fl ow measurements by transthoracic Doppler echocardiography 
is a noninvasive tool to assess coronary stenosis and estimate future coronary events. 
Fractional fl ow reserve (FFR) by pressure wire has been the gold standard to assess 
the functional coronary stenosis. However, the reliability of coronary fl ow parameters 
by non-invasive Doppler echocardiography remains unsettled. Th e aim of this study 
was to identify the variables of signifi cant myocardial ischemia detected on Doppler 
echocardiography at the lesion of left  anterior descending artery (LAD). Methods: From 
January 2012 to December 2017, 144 consecutive patients (mean age 71 ± 9 years; 30 
women) with angiographically intermediate stenosis (between 50% and 75% diameter 
stenosis by visual assessment) at the proximal segment of LAD, who underwent both 
invasive FFR and coronary fl ow measurements by Doppler echocardiography with or 
without adenosine loading (adenosine triphosphate [0.14 mg·kg-1·min-1]) within six 
months were retrospectively analyzed in this study. Results: Th e mean FFR and coronary 
fl ow velocity reserve (CFVR) were 0.76 ± 0.08 and 2.28 ± 0.65, respectively. Among 
these patients, diastolic-systolic peak velocity ratio in hyperemia state (DSVR) could 
be evaluated in 114 of 144 patients (79%). DSVR was signifi cantly higher in patients 
with preserved FFR (FFR ≥ 0.75; 1.68 ± 0.49) compared with those with reduced FFR 
(FFR < 0.75; 1.35 ± 0.52, p = 0.001). Th ere was a better correlation between DSVR and 
FFR (R^2 = 0.114, p < 0.001) than between CFR and FFR (R^2 = 0.049, p = 0.010). 
Receiver operating characteristic (ROC) curves showed DSVR = 1.45 and CFVR = 2.26 
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was the optimal cutoff  value to predict FFR < 0.75. DSVR showed the higher C-statistics 
(0.73, 95% confi dence interval (CI) 0.62-0.82, sensitivity 71%, and specifi city 74%, 
positive predictive value (PPV) 64%, negative predictive value (NPV) 80%, respectively) 
compared to CFVR (0.59, 95%CI 0.48-0.70, sensitivity 73%, and specifi city 53%, PPV 
48%, NPV 74%, respectively; p = 0.03). Conclusions: In patients with intermediate LAD 
stenosis, DSVR had signifi cantly correlated with FFR than CFVR. Reduced DSVR may 
be pathophysiological surrogates for excluding functionally signifi cant stenosis in LAD 
lesions.

P1-186
Pre- and Post-Pericardiocentesis Echo-Doppler Features 
of Effusive-Constrictive Pericarditis Compared to Cardiac 
Tamponade and Constrictive Pericarditis
William R. Miranda, Darrell B. Newman, Larry J. Sinak, Raul E. Espinosa, 
Nandan S. Anavekar, Jae K. Oh. Mayo Clinic, Rochester, MN
Background: Th e echo-Doppler features of constrictive pericarditis (CP) and cardiac 
tamponade have been well studied but the echocardiographic fi ndings in eff usive-
constrictive pericarditis (ECP) are still largely unknown. Moreover, it would be helpful 
if ECP could be predicted non-invasively at the time of pericardiocentesis. Methods: 
We identifi ed 22 patients diagnosed at our institution between 2002 and 2016 who 
had persistent elevation of jugular venous pressure post-pericardiocentesis. We 
compared them to 30 patients with CP and 30 patients with cardiac tamponade who 
had normalization of venous pressure post-pericardiocentesis. All patients were in sinus 
rhythm. Results: Mean age was 57±18 years in the ECP group; 36% were females. Most 
ECP and cardiac tamponade cases were idiopathic (39% and 33%, respectively). Prior 
to pericardiocentesis, medial and lateral e’ velocities were higher in ECP compared to 
tamponade (9.8±3.3 versus 6.2±1.8 cm/s; p=.0007 and 8.5±3.2 versus 5.8±2.7; p=.04 cm/s, 
respectively). Inspiratory (1.23±0.5 versus 0.84±0.2, p=.002) and expiratory (1.41±0.7 
versus 0.94±0.3, p=.01)mitral E/A ratios were higher in ECP compared to tamponade, 
but lower than those observed in CP (inspiratory E/A 1.65±0.8 p=.045 and expiratory 
E/A 1.9±0.8, p=.01). Both ECP and tamponade patients had markedly decreased hepatic 
vein (HV) diastolic forward fl ow velocities. Mean expiratory IVC diameter was higher 
in ECP compared to tamponade (2.6±0.4 versus 2.3±0.5 cm, p=.047), but there were no 
diff erences in inspiratory diameter or IVC collapsibility index. Post-pericardiocentesis, 
mean inspiratory and expiratory E/A ratios increased in both tamponade (0.84±0.3 to 
1.37±0.6, p=.0005 and 0.94±0.3 to 1.63±0.7. p=.0002, respectively) and ECP (1.23±0.5 
to 1.63±0.6, p=.048 and 1.41±0.7 to 1.9±0.7, p=.03, respectively) groups. HV diastolic 
forward fl ow velocities markedly increased in both ECP and tamponade. HV diastolic 
reversal velocities decreased in tamponade but were unchanged in ECP, being signifi cantly 
higher in the latter group (34±9 versus 17±6, p=.0002). A persistently dilated IVC was 
seen more frequently in the ECP (70%) than in the tamponade group (26%, p=.004). 
During median follow-up of 481 days, 3 patients required pericardiectomy for CP; they 
were all in the ECP group (14% of ECP cases). Conclusion: ECP has unique echo-
Doppler features that distinguish it from both CP and tamponade. Our fi ndings suggest 
that ECP could be diagnosed by echocardiography even prior to pericardiocentesis. ECP 
appears to have a good prognosis, particularly in patients presenting acutely.

P1-187
Correlation of Echocardiographic Parameters of Right Atrial 
Pressure with Invasively Measured Mean Right Atrial Pressure: 
Does Anything Work?
Menhel Kinno, James D. Th omas, Kameswari Maganti. Northwestern University, 
Chicago, IL
Introduction: Right atrial pressure (RAP) assessment is an integral part of everyday 
echocardiographic (echo) examination. RAP assessment is important as it provides 
information about volume status and it is incorporated in the calculation of the non-
invasive pulmonary systolic pressure. In this study we are assessing the correlation of the 
echocardiographic parameters of RAP with the invasively derived mean RAP. Methods: 
Study cohort consists of 90 consecutive patients scheduled for clinically indicated right 
heart catheterization for whom a same day echo was performed. Th ose with severe 
tricuspid regurgitation or tricuspid valve repair/replacement, and those who were not 
in sinus rhythm were excluded (n=67 included for the analysis). Echo RAP parameters 
(inferior vena cava (IVC) maximum (max) diameter, IVC compressibility (defi ned as (IVC 
max diameter-IVC minimum diameter)/IVC max diameter), hepatic vein systolic (S) and 
diastolic fl ow (D) velocities, tricuspid annulus e’ velocity, tricuspid infl ow E velocity, and 
tricuspid E/e’ were compared to invasive mean RAP. Univariate linear regression analysis 
was performed fi rst and followed by a stepwise-forward multivariate regression model 
to include the variables that were statistically signifi cant in the initial univariate analysis. 
Results: Average age of the cohort is 53.2±13.4 years with 55.2% males, and 83.6% 
were heart transplant recipients. Invasive mean RAP was 7.69±4.52 mmHg. Univariate 
regression analysis showed signifi cant correlation for only IVC max diameter and IVC 
compressibility with the invasive mean RAP, with coeffi  cient of determination (R2) of 
0.302, p<0.0001, and 0.079, p=0.03, respectively. Otherwise, R2 was not signifi cant for all 
the other variables with 0.003 for E/e’ (p=0.63), 0.1 for hepatic S velocity (p=0.11), and 0.05 
for hepatic D velocity (p=0.23). Aft er performing the multivariate regression model (R2 
for the model is 0.31, p<0.0001), only IVC max diameter stayed signifi cant with p<0.0001 
but the IVC compressibility became non-signifi cant (p=0.56). Conclusion: In our cohort, 
the only echo parameter that correlated with invasive mean RAP was IVC max diameter. 
However, the correlation was only modest at best. Th erefore, the noninvasive assessment 
of RAP is still challenging and the need for more accurate parameters is warranted.

P1-188
Low Stroke Volume “Syndrome” in the Echocardiography 
Laboratory: An Unrecognized Reality
Zhifeng Dong, Pallavi Gomadam, Sujethra Vasu, Min Pu. Wake Forest Baptist 
Health, Winston-Salem, NC
Background: Accurate calculation of stroke volume (SV) by two-dimensional Doppler 
echocardiography is important for the assessment of valvular disease, determination 
of outcome, and choice of appropriate intervention for low-fl ow, low-gradient aortic 
stenosis with normal left  ventricular ejection fraction (LVEF). However, the prevalence 
of low stroke volume (LSV) among patients with normal LV function and without 
valvular disease is unknown. Methods: Th ree hundred consecutive patients with LVEF 
of >55% and normal valvular function were retrospectively analyzed. In accordance 
with routine practice in US echocardiography laboratories, two-dimensional Doppler 
echocardiography (2D echo) was performed and SV were calculated using the continuity 
equation and 2D echo as recommended by the American Society of Echocardiography. 
SV was indexed by body surface area (SVi). Patients were divided into a LSV group ( 
SVi of <35 ml/m2) and normal SV group (NSV, SVi≥35ml/m2). Clinical characteristics 
and 2D Doppler echocardiography parameters were compared between LSV and NSV 
groups. Results: Mean age was 60±17 years (44% males) and LVEF was 60 ± 4% in this 
study population. One hundred sixty-one (54%) of the patients had SVI <35 ml/m2. SVi 
calculated by 2D echo was signifi cantly lower than SVi by Doppler in both LSV (24±9 
vs. 28±5 ml, p<0.01) and NSV (28±9 vs. 44±9 ml, p<0.01) groups. Neither group had 
signifi cant LV hypertrophy. LV outfl ow tract velocity-time integral (VTI) measured by 
pulsed wave Doppler, and aortic valve peak velocity and VTI by continuous wave Doppler 
were signifi cantly lower in the LSV group than NSV group, indicating truly diff erent fl ow 
status. Calculated aortic valve area was smaller in the LSV patients than the NSV patients 
(Table), although mean gradient was also lower in the LSV patients (4.5 ± 2.7 vs. 5.2 ± 3.3 
mmHg). Conclusion: Using the current cutoff  value, LSV syndrome was very common 
in patients who had normal LVEF and normal valves assessed by 2D Doppler echo. Th is 
unrecognized reality poses a great challenge to the quantitative assessment of valvular 
stenosis or regurgitation, particularly for low gradient severe aortic stenosis. Further 
multicenter studies of methodology, standardization and individualized cutoff  values for 
LSV are warranted.

Comparisons between LSV and NSV groups

Septal 
Th ickness 
(mm)

LVOT 
(cm)

2D SVi 
(ml/m2)

Doppler 
SVi (ml/
m2)

LVOT 
VTI 
(cm)

Aortic valve 
velocity 
(cm/s)

Aortic 
valve 
VTI 
(cm)

AVA index 
(cm2/m2)

LSV 11±2 2.0±0.2 24±9 28±5 18±4 154±39 20±7 1.2±0.3
NSV 11±2 2.1±0.2 28±9 44±8 23±5 136±32 30±9 1.6±0.4
P 
value >0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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current guidelines. Incorporation of LA strain into the non-invasive assessment of LV 
diastolic function may improve the detection of elevated fi lling pressures.

P1-183
Evaluating the Changes of Intra- and Interatrial Mechanical Delay 
with Age in Normal Adults by Dual Doppler Echocardiography
Yanxiang Zhou, Rui-qiang Guo, Jinling Chen, Qing Zhou. Renmin Hospital of 
Wuhan University, China, Wuhan City, China
Background: Th e availability of dual Doppler echocardiography, which facilitates the 
simultaneous recording of Doppler waveforms at 2 diff erent sites during the same beat, 
has enhanced our ability to non-invasively assess single-beat atrial mechanical delay. 
We sought to evaluate the changes of intra- and interatrial mechanical delay with age 
in normal adults by dual Doppler echocrdiography and discuss the feasibility of dual 
Doppler echocrdiography in assessing atrial mechanical delay. Methods: 114 healthy 
volunteers were divided into three groups according to age: group A (18~39 years old, 
n=40), group B (40~59 years old, n=42), group C (60~79 years old, n=32). Th e time 
interval of the onset of a’ wave between mitral annular septal and lateral site was used 
to evaluate intra-left  atrial mechanical delay (T1) by dual Doppler echocrdiography. 
Th e time intervals from the onset of a’ wave at tricuspid annular right ventricular free 
wall site to a’ wave at tricuspid annular septal site and mitral annular lateral site were 
used to evaluate intra-right atrial and interatrial mechanical delay (T2 and T3). With 
traditional Doppler technique, the time intervals from the onset of P wave to the onset 
of a’ wave at the mitral annular lateral site (P-L), the mitral annular septal site (P-S), the 
tricuspid annular right ventricular free wall site (P-RVFW) were measured. Th e time 
diff erences between P-L and P-S, between P-S and P-RVFW, between P-L and P-RVFW 
were t1 (intra-left  atrial mechanical delay), t2 (intra-right atrial mechanical delay), t3 
(interatrial mechanical delay). Results: ① T1, T2, T3 and t1, t2, t3 increased with age 
among group A, B and C (all P<0.05). ② Th e parameters of atrial mechanical delay 
in dual Doppler echocrdiography were concordant with that in traditional Doppler 
technique. And the measurements of two methods were correlated (r=0.78, P<0.01). 
Assessing atrial mechanical delay with dual Doppler echocardiography took less time 
than that with traditional Doppler technique (P<0.05). For inter- and intraobservers, the 
interclass correlation coeffi  cient with dual Doppler echocrdiography was higher and 95% 
confi dence interval range was smaller (P<0.05). Conclusion: Th e intra- and interatrial 
mechanical delay prolongs with age in normal adults. Dual Doppler echocrdiography 
is feasible in evaluating atrial mechanical delay, which can provide more repeatable 
measurements and can be a new prospective and time-saving method to assess atrial 
mechanical delay.

P1-184
Assessment of Left Ventricular Diastolic Function in the Normal 
Healthy Asian Elderly
Yiliang Zheng, Wen Ruan, Wei Ting Foo, See Hooi Ewe, Nadira Binte Hamid, Zee 
Pin Ding. National Heart Centre Singapore, Singapore, Singapore
Background: Age-associated changes in left  ventricular (LV) diastolic function are 
well recognized and diastolic dysfunction is a major cause of heart failure in the 
elderly. Th ere is limited data characterizing the measurements of diastolic function in 
the normal elderly population. Our aim is to study the relationship between aging and 
parameters of LV diastolic function in an elderly healthy Asian population. Methods: 
Retrospective review of transthoracic echocardiogram (TTE) database in National Heart 
Centre Singapore from Jan 2015 to Dec 2016 was performed and included patients with 
symptoms suspected of cardiac etiology. Exclusion criteria included valvular disease, 
abnormal ventricular systolic function, LV hypertrophy, hypertension, diabetes mellitus, 
ischemic heart disease, cerebral vascular accidents, atrial fi brillation, chronic kidney 
disease, chronic obstructive pulmonary disease and connective tissue disease. TTE 
was performed and analyzed according to the American Society of Echocardiography 
(ASE) guidelines. Results: A total of 245 subjects were studied (64±9yo, 63% female) and 

divided into three age groups (table 1). With increased age, mitral infl ow E velocity gets 
smaller (p<0.05) and A velocity gets taller (P<0.01), resulting in reduction in E/A ratio 
(p<0.05); there is lengthening of deceleration time (p<0.05), reduction of tissue Doppler 
septal e’ velocity (p<0.01), and a trend towards an increase in LA volume index. Th ere is 
no signifi cant diff erence between genders except smaller LV volume index with increasing 
age in females (p<0.01). Using the new ASE 2017 guideline to assess LV diastolic function, 
the majority of patients were categorised as normal diastolic function (96%, 95% and 
90% in Group A, B and C). Although the number of indeterminate cases increases with 
age (4%, 5% and 10% in Group A, B and C), none of them had diastolic dysfunction. 
Conclusion: In this healthy, normotensive elderly Asian cohort, sensitive markers for 
age related diastolic function include: mitral infl ow E velocity A velocity, E/A ratio, 
deceleration time, tissue Doppler septal e’ velocity. Th ere is also a trend towards increased 
LA volume with age. Th is is consistent with the Western data. New ASE guideline remains 
a good screening tool for diastolic dysfunction in the elderly Asian population.
Table 1. Echocardiographic parameters based on Age Groups

Group A Group B Group C
50-58yo (n=79) 59-67yo (n=83) 68-91yo (n=83)

Gender: Female (%) 68 64 57
IVSD (mm) 8.3 ± 1.1 8.5 ± 1.4 8.7 ± 1.2
LVIDD (mm) 44.6 ± 4.9 43.8 ± 4.6 44.6 ± 5.3
LVIDS (mm) 27.7 ± 4.0 26.8 ± 4.1 27.2 ± 5.4
LVPWD (mm) 8.1 ± 1.2 8.1 ± 1.2 8.2 ± 1.0
LV mass index (g/m2) 71.4 ± 14.9 74.5 ± 14.8 74.5 ± 16.4
LVEDV index (ml/m2) 46.1±10.2 44.5±10.8 38.5±8.3**††
LVESV index (ml/m2) 18.9±7.5 16.8±4.6 14.7±4.1**
LVEF 2D (%) 61.8 ± 4.5 62.5 ± 4.5 62.4 ± 4.4
Diastolic function assessment
Epeak (cm/s) 76.7 ± 18.9 78.4± 14.8 72.5± 19.2†
Apeak (cm/s) 60.3 ± 17.9 67.4 ± 20.7 78.9 ± 44.0**†
E/A ratio 1.4 ± 0.5 1.3 ± 0.5 1.1 ± 0.9*
D Time (ms) 196.7 ± 36.3 199.4 ± 43.9 219.9 ± 49.5**††
Septal e’ (cm) 9.2± 2.6 8.8 ± 2.9 7.4 ± 2.6**††
Lateral e’ (cm) 11.3 ± 3.4 10.9 ± 3.3 10.1 ± 8.5
Average septal and lateral E/e’ 8.2±3.3 8.7±2.6 9.7±3.5**†
LA Vol index (ml/m2) 23.6 ± 8.5 23.8 ± 6.7 25.1 ± 7.6
TRVmax (ms) 2.2 ± 0.2 2.3 ± 0.3 2.3 ± 0.3
Average septal and lateral E/e’ >14, % 0 0 0
Septal e’ < 7cm, % 18 19 45
Lateral e’ < 10cm, % 29 35 61
Septal e’ < 7 cm or Lateral e’ <10cm, % 32 36 65
TR Vmax >2.8 m/s, % 3 1 4
LA volume index >34ml/m2, % 6 5 11
Normal diastolic function
(< 50% positive, %) 96 95 90

Indeterminate diastolic function
(=50% positive, %) 4 5 10

Diastolic dysfunction
(>50% positive, %) 0 0 0

* comparison between age groups: * p<0.05, **p<0.01, compared to Group A, †p<0.05,‡ p<0.01 
compared to Group B

P1-185
The Clinical Signi cance of Diastolic-Systolic Velocity Ratio 
and Coronary Flow Reserve Detected on Non-Invasive Doppler 
Echocardiography in Patients with Angiographically 50-75% 
Stenosis of Left Anterior Descending Artery
Yasuyuki honda, Yasuhide Asaumi, Shuji Hashimoto, Hayato Nakamura, 
Kanzaki Hideaki, Yu Kataoka, Chisato Izumi, Teruo Noguchi, Satoshi Yasuda. 
National Cerebral and Cardiovascular Center, Osaka, Japan
Background: Coronary fl ow measurements by transthoracic Doppler echocardiography 
is a noninvasive tool to assess coronary stenosis and estimate future coronary events. 
Fractional fl ow reserve (FFR) by pressure wire has been the gold standard to assess 
the functional coronary stenosis. However, the reliability of coronary fl ow parameters 
by non-invasive Doppler echocardiography remains unsettled. Th e aim of this study 
was to identify the variables of signifi cant myocardial ischemia detected on Doppler 
echocardiography at the lesion of left  anterior descending artery (LAD). Methods: From 
January 2012 to December 2017, 144 consecutive patients (mean age 71 ± 9 years; 30 
women) with angiographically intermediate stenosis (between 50% and 75% diameter 
stenosis by visual assessment) at the proximal segment of LAD, who underwent both 
invasive FFR and coronary fl ow measurements by Doppler echocardiography with or 
without adenosine loading (adenosine triphosphate [0.14 mg·kg-1·min-1]) within six 
months were retrospectively analyzed in this study. Results: Th e mean FFR and coronary 
fl ow velocity reserve (CFVR) were 0.76 ± 0.08 and 2.28 ± 0.65, respectively. Among 
these patients, diastolic-systolic peak velocity ratio in hyperemia state (DSVR) could 
be evaluated in 114 of 144 patients (79%). DSVR was signifi cantly higher in patients 
with preserved FFR (FFR ≥ 0.75; 1.68 ± 0.49) compared with those with reduced FFR 
(FFR < 0.75; 1.35 ± 0.52, p = 0.001). Th ere was a better correlation between DSVR and 
FFR (R^2 = 0.114, p < 0.001) than between CFR and FFR (R^2 = 0.049, p = 0.010). 
Receiver operating characteristic (ROC) curves showed DSVR = 1.45 and CFVR = 2.26 
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was the optimal cutoff  value to predict FFR < 0.75. DSVR showed the higher C-statistics 
(0.73, 95% confi dence interval (CI) 0.62-0.82, sensitivity 71%, and specifi city 74%, 
positive predictive value (PPV) 64%, negative predictive value (NPV) 80%, respectively) 
compared to CFVR (0.59, 95%CI 0.48-0.70, sensitivity 73%, and specifi city 53%, PPV 
48%, NPV 74%, respectively; p = 0.03). Conclusions: In patients with intermediate LAD 
stenosis, DSVR had signifi cantly correlated with FFR than CFVR. Reduced DSVR may 
be pathophysiological surrogates for excluding functionally signifi cant stenosis in LAD 
lesions.

P1-186
Pre- and Post-Pericardiocentesis Echo-Doppler Features 
of Effusive-Constrictive Pericarditis Compared to Cardiac 
Tamponade and Constrictive Pericarditis
William R. Miranda, Darrell B. Newman, Larry J. Sinak, Raul E. Espinosa, 
Nandan S. Anavekar, Jae K. Oh. Mayo Clinic, Rochester, MN
Background: Th e echo-Doppler features of constrictive pericarditis (CP) and cardiac 
tamponade have been well studied but the echocardiographic fi ndings in eff usive-
constrictive pericarditis (ECP) are still largely unknown. Moreover, it would be helpful 
if ECP could be predicted non-invasively at the time of pericardiocentesis. Methods: 
We identifi ed 22 patients diagnosed at our institution between 2002 and 2016 who 
had persistent elevation of jugular venous pressure post-pericardiocentesis. We 
compared them to 30 patients with CP and 30 patients with cardiac tamponade who 
had normalization of venous pressure post-pericardiocentesis. All patients were in sinus 
rhythm. Results: Mean age was 57±18 years in the ECP group; 36% were females. Most 
ECP and cardiac tamponade cases were idiopathic (39% and 33%, respectively). Prior 
to pericardiocentesis, medial and lateral e’ velocities were higher in ECP compared to 
tamponade (9.8±3.3 versus 6.2±1.8 cm/s; p=.0007 and 8.5±3.2 versus 5.8±2.7; p=.04 cm/s, 
respectively). Inspiratory (1.23±0.5 versus 0.84±0.2, p=.002) and expiratory (1.41±0.7 
versus 0.94±0.3, p=.01)mitral E/A ratios were higher in ECP compared to tamponade, 
but lower than those observed in CP (inspiratory E/A 1.65±0.8 p=.045 and expiratory 
E/A 1.9±0.8, p=.01). Both ECP and tamponade patients had markedly decreased hepatic 
vein (HV) diastolic forward fl ow velocities. Mean expiratory IVC diameter was higher 
in ECP compared to tamponade (2.6±0.4 versus 2.3±0.5 cm, p=.047), but there were no 
diff erences in inspiratory diameter or IVC collapsibility index. Post-pericardiocentesis, 
mean inspiratory and expiratory E/A ratios increased in both tamponade (0.84±0.3 to 
1.37±0.6, p=.0005 and 0.94±0.3 to 1.63±0.7. p=.0002, respectively) and ECP (1.23±0.5 
to 1.63±0.6, p=.048 and 1.41±0.7 to 1.9±0.7, p=.03, respectively) groups. HV diastolic 
forward fl ow velocities markedly increased in both ECP and tamponade. HV diastolic 
reversal velocities decreased in tamponade but were unchanged in ECP, being signifi cantly 
higher in the latter group (34±9 versus 17±6, p=.0002). A persistently dilated IVC was 
seen more frequently in the ECP (70%) than in the tamponade group (26%, p=.004). 
During median follow-up of 481 days, 3 patients required pericardiectomy for CP; they 
were all in the ECP group (14% of ECP cases). Conclusion: ECP has unique echo-
Doppler features that distinguish it from both CP and tamponade. Our fi ndings suggest 
that ECP could be diagnosed by echocardiography even prior to pericardiocentesis. ECP 
appears to have a good prognosis, particularly in patients presenting acutely.

P1-187
Correlation of Echocardiographic Parameters of Right Atrial 
Pressure with Invasively Measured Mean Right Atrial Pressure: 
Does Anything Work?
Menhel Kinno, James D. Th omas, Kameswari Maganti. Northwestern University, 
Chicago, IL
Introduction: Right atrial pressure (RAP) assessment is an integral part of everyday 
echocardiographic (echo) examination. RAP assessment is important as it provides 
information about volume status and it is incorporated in the calculation of the non-
invasive pulmonary systolic pressure. In this study we are assessing the correlation of the 
echocardiographic parameters of RAP with the invasively derived mean RAP. Methods: 
Study cohort consists of 90 consecutive patients scheduled for clinically indicated right 
heart catheterization for whom a same day echo was performed. Th ose with severe 
tricuspid regurgitation or tricuspid valve repair/replacement, and those who were not 
in sinus rhythm were excluded (n=67 included for the analysis). Echo RAP parameters 
(inferior vena cava (IVC) maximum (max) diameter, IVC compressibility (defi ned as (IVC 
max diameter-IVC minimum diameter)/IVC max diameter), hepatic vein systolic (S) and 
diastolic fl ow (D) velocities, tricuspid annulus e’ velocity, tricuspid infl ow E velocity, and 
tricuspid E/e’ were compared to invasive mean RAP. Univariate linear regression analysis 
was performed fi rst and followed by a stepwise-forward multivariate regression model 
to include the variables that were statistically signifi cant in the initial univariate analysis. 
Results: Average age of the cohort is 53.2±13.4 years with 55.2% males, and 83.6% 
were heart transplant recipients. Invasive mean RAP was 7.69±4.52 mmHg. Univariate 
regression analysis showed signifi cant correlation for only IVC max diameter and IVC 
compressibility with the invasive mean RAP, with coeffi  cient of determination (R2) of 
0.302, p<0.0001, and 0.079, p=0.03, respectively. Otherwise, R2 was not signifi cant for all 
the other variables with 0.003 for E/e’ (p=0.63), 0.1 for hepatic S velocity (p=0.11), and 0.05 
for hepatic D velocity (p=0.23). Aft er performing the multivariate regression model (R2 
for the model is 0.31, p<0.0001), only IVC max diameter stayed signifi cant with p<0.0001 
but the IVC compressibility became non-signifi cant (p=0.56). Conclusion: In our cohort, 
the only echo parameter that correlated with invasive mean RAP was IVC max diameter. 
However, the correlation was only modest at best. Th erefore, the noninvasive assessment 
of RAP is still challenging and the need for more accurate parameters is warranted.

P1-188
Low Stroke Volume “Syndrome” in the Echocardiography 
Laboratory: An Unrecognized Reality
Zhifeng Dong, Pallavi Gomadam, Sujethra Vasu, Min Pu. Wake Forest Baptist 
Health, Winston-Salem, NC
Background: Accurate calculation of stroke volume (SV) by two-dimensional Doppler 
echocardiography is important for the assessment of valvular disease, determination 
of outcome, and choice of appropriate intervention for low-fl ow, low-gradient aortic 
stenosis with normal left  ventricular ejection fraction (LVEF). However, the prevalence 
of low stroke volume (LSV) among patients with normal LV function and without 
valvular disease is unknown. Methods: Th ree hundred consecutive patients with LVEF 
of >55% and normal valvular function were retrospectively analyzed. In accordance 
with routine practice in US echocardiography laboratories, two-dimensional Doppler 
echocardiography (2D echo) was performed and SV were calculated using the continuity 
equation and 2D echo as recommended by the American Society of Echocardiography. 
SV was indexed by body surface area (SVi). Patients were divided into a LSV group ( 
SVi of <35 ml/m2) and normal SV group (NSV, SVi≥35ml/m2). Clinical characteristics 
and 2D Doppler echocardiography parameters were compared between LSV and NSV 
groups. Results: Mean age was 60±17 years (44% males) and LVEF was 60 ± 4% in this 
study population. One hundred sixty-one (54%) of the patients had SVI <35 ml/m2. SVi 
calculated by 2D echo was signifi cantly lower than SVi by Doppler in both LSV (24±9 
vs. 28±5 ml, p<0.01) and NSV (28±9 vs. 44±9 ml, p<0.01) groups. Neither group had 
signifi cant LV hypertrophy. LV outfl ow tract velocity-time integral (VTI) measured by 
pulsed wave Doppler, and aortic valve peak velocity and VTI by continuous wave Doppler 
were signifi cantly lower in the LSV group than NSV group, indicating truly diff erent fl ow 
status. Calculated aortic valve area was smaller in the LSV patients than the NSV patients 
(Table), although mean gradient was also lower in the LSV patients (4.5 ± 2.7 vs. 5.2 ± 3.3 
mmHg). Conclusion: Using the current cutoff  value, LSV syndrome was very common 
in patients who had normal LVEF and normal valves assessed by 2D Doppler echo. Th is 
unrecognized reality poses a great challenge to the quantitative assessment of valvular 
stenosis or regurgitation, particularly for low gradient severe aortic stenosis. Further 
multicenter studies of methodology, standardization and individualized cutoff  values for 
LSV are warranted.

Comparisons between LSV and NSV groups
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LSV 11±2 2.0±0.2 24±9 28±5 18±4 154±39 20±7 1.2±0.3
NSV 11±2 2.1±0.2 28±9 44±8 23±5 136±32 30±9 1.6±0.4
P 
value >0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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P1-189
Left Ventricular Suction During Exercise was Associated with 
Exercise Capacity in Patients with Heart Failure Regardless of 
Ejection Fraction
Shingo Tsujinaga1, Hiroyuki Iwano1, Miwa Sarashina1, Taichi Hayashi1, Takashi 
Yokota1, Michito Murayama2, Ayako Ichikawa3, Masahiro Nakabachi3, Shinobu 
Yokoyama3, Hisao Nishino3, Satoshi Yamada1, Toshihisa Anzai1. 1Department of 
Cardiovascular Medicine, Faculty of Medicine and Graduate School of Medicine, 
Hokkaido University, Sapporo, Japan; 2Diagnostic Center for Sonography, 
Hokkaido University Hospital, Sapporo, Japan; 3Division of Clinical Laboratory 
and Transfusion Medicine, Hokkaido University Hospital, Sapporo, Japan
Background: Exercise intolerance is an independent predictor of all-cause mortality 
in heart failure patients regardless of left  ventricular (LV) ejection fraction (EF). In 
normal conditions, LV suction augments early diastolic intra left  ventricular pressure 
diff erence (IVPD) and maintains or even increases diastolic fi lling during exercise, 
resulting in higher exercise capacity. However, the impact of LV suction during exercise 
on exercise capacity in heart failure patients has not been fully elucidated. Methods: Th e 
cardiopulmonary exercise testing and exercise-stress echocardiography were performed 
in 47 heart failure patients (60±16 years old, ischemic etiology 17%) within 7 days. Peak 
oxygen uptake (VO2) was measured by a respiratory gas analysis with an upright bicycle 
ergometer as a parameter of exercise capacity. Apical 4- and 2-chamber views and color 
M-mode Doppler image of LV infl ow were obtained at rest and peak exercise. LV EF 
was measured by the method of disks. Th e early-diastolic IVPD from mitral annulus to 
the LV apex was determined using color M-mode Doppler data to integrate the Euler 
equation as a parameter of LV suction. Results: LV EF was 39±15% at rest in overall heart 
failure patients; 27 patients had a reduced LV EF (<40%, HFrEF), whereas 20 patients 
had a relatively preserved LV EF (≥40%, HFpEF). Peak VO2 was lower in HFrEF than 
in HFpEF (16±5 vs 20±6 mL/min/kg, P<0.05). IVPD at rest was also lower in HFrEF 
than in HFpEF (1.6±1.0 vs 2.6±1.0 mmHg, P<0.05). During exercise, LV EF (HFrEF: 
30±9% to 33±13%, HFpEF: 54±12% to 63±15%) and IVPD (HFrEF: 1.6±1.0 to 3.1±1.4 
mmHg, HFpEF: 2.6±1.0 to 5.2±2.7 mmHg) were signifi cantly increased in both groups 
(P<0.05 for all). In overall patients, IVPD at peak exercise signifi cantly correlated with 
peak VO2 (R=0.70, P<0.01), whereas IVPD at rest did not. LV EF at peak exercise also 
correlated with peak VO2 (R=0.36, P<0.05). In a multivariable analysis, IVPD at peak 
exercise determined peak VO2 independently from LV EF (IVPD: β=0.67, P<0.01; LV EF: 
β=0.03, NS). Moreover, similar fi ndings were observed even in either types of heart failure 
(Table). Conclusion: LV suction at peak exercise was closely associated with whole-body 
exercise capacity in heart failure patients regardless of LV EF.

P1-190
Mechanical Dyssynchrony Parameters and Superresponse to 
Cardiac Resynchronization Therapy in Patients with Congestive 
Heart Failure
Vadim Kuznetsov, Anna Soldatova, Dmitrii Krinochkin, Tatyana Enina. Tyumen 
Cardiology Research Center, Tyumen, Russian Federation
Background: Some patients with congestive heart failure (CHF) have greater improvement 
of cardiac remodeling aft er cardiac resynchronization therapy (CRT) and they are 
identifi ed as super-responders (SR). It remains unclear if echocardiographic cardiac 
dyssynchrony parameters could accurately predict super-response to CRT. Purpose: 
To evaluate potential echocardiographic predictors related to super-response aft er CRT. 
Methods: 59 CRT patients (mean age 52.9±9.0 years, 88% men) with CHF (54% ischemic 
and 46% non-ischemic etiology) and II-III NYHA functional class were enrolled. Aft er 
6 months patients were divided into SR (reduction in left  ventricular end-systolic 
volume (LVESV) ≥30%, n=20) and non-SR (reduction of LVESV <30%, n=39). To assess 
mechanical dyssynchrony we evaluated interventricular mechanical delay, duration of left  
ventricular pre-ejection period (LVPEP) by Doppler ultrasound velocity measurements 
of blood fl ow, the maximum delay between peak systolic velocities of the septal and 
lateral walls of left  ventricle by Doppler tissue imaging. Systolic dyssynchrony index 
was assessed by 3D echocardiography. Results: Both groups demonstrated signifi cant 
improvement of NYHA functional class, reductions of left  ventricular ejection fraction 
and LVESV. All parameters of mechanical dyssynchrony were signifi cantly higher in SR. 
Multiple logistic regression analysis showed that LVPEP was an independent predictor 

for CRT super-response (95% confi dence interval [CI] 1.007-1.055; p=0.011). In ROC 
curve analysis LVPEP demonstrated sensitivity 73.7% and specifi city 75% (AUC 0.753; 
p=0.002) in prediction of response to CRT. Conclusion: In patients with CHF greater 
mechanical dyssynchrony is associated with super-response to CRT. LVPEP can be used 
as an independent predictor of CRT super-response.

P1-191
Paradoxical Low Gradient Aortic Stenosis Reclassi ed Using 
Hybrid Continuity Equation by MultiDectector CT: Insights Into 
Diastolic Function and Post TAVR Outcomes 
Daniel F. Kupsky, Waleed Al-Darzi, Hazem Malas, Gordon Jacobsen, 
Karthikeyan Ananthasubramaniam. Henry Ford Health System, Detroit, MI
Background: Paradoxical low fl ow low gradient aortic stenosis (PLF-AS) is a complex 
clinical entity posing challenges in diagnosis and management. Left  ventricular outfl ow 
tract (LVOT) diameter underestimation is a key reason for inaccuracies in quantitation. 
We investigated the utility of a hybrid modifi ed continuity equation using multidetector 
computed tomography (MDCT) derived LVOT diameter/cross sectional area and 
Doppler echocardiography (DE) to study the impact of reclassifying patients with 
severe PLF-AS. We further analyzed diff erences in diastolic parameters and outcomes 
in reclassifi ed patients post-transcatheter aortic valve replacement (TAVR). Methods: 
Patients being evaluated for TAVR between January 2015 to July 2017 with both DE and 
MDCT data available were retrospectively reviewed. PLF-AS defi ned as valve area (AVA) 
< 1 cm2 by DE, left  ventricular EF ≥ 50%, stroke volume index (SVI) < 35 mL/m2, and 
mean aortic pressure gradient ≤ 40 mmHg by DE. AVA was recalculated substituting 
MDCT LVOT data into the equation. Th e cut off  for severe AS with the hybrid equation 
was set as < 1.2 cm2 as previously reported. Diastolic Parameters and TAVR outcomes 
(NYHA class, mortality and hospital admissions for CHF) were analyzed. Results: 67 
patients were included in the analysis (mean age 79.9 ± 8.6 years, 49% female). Twenty 
four percent (n=16) of patients were ultimately reclassifi ed from severe to moderate AS 
by merging MDCT and DE data. Th ere was a signifi cantly higher number of patients with 
diastolic dysfunction (grade I or higher) (95% vs 75%; p=.03) and restrictive physiology 
(grade 3 diastolic dysfunction) (33% vs. 8%; p=.032) in those who remained in the severe 
AS group using the hybrid equation. NYHA class prior to valve replacement was worse in 
the patients in the severe category (3.05 vs. 2.6; p=0.013). At a mean f/u of 19 months 67% 
(n=45) underwent TAVR (11 reclassifi ed as moderate AS and 34 as severe AS). Th ose who 
remained in the severe AS range had a greater improvement in their SVI (35.5 vs. 26.9 
p<.001) aft er TAVR, and average improvement in NYHA class was signifi cantly better in 
the severe AS group (1.63 vs 1.11 p=0.042 ). Th ere was no signifi cant diff erence between 
the two groups with regards to CHF hospitalization or all-cause mortality. Conclusion: 
Merging MDCT with DE reclassifi es nearly a quarter of patients with severe PLF-AS into 
the moderate category. Patients with severe AS per hybrid equation have more advanced 
DD and had a more signifi cant improvement in NYHA class and SVI. Future studies 
will need to assess if proceeding or deferring interventions can be based on combining 
MDCT and DE.

P1-192
Explore the Application Value of Vector Flow Mapping in 
Assessing the Degrees of Coronary Artery Stenosis
Guo Xu, Shi JiaXin, Wang ZhenZhen, Guo ZiHong, Tian JiaWei. Th e Second 
Affi  liated Hospital of Harbin Medical University, Harbin, China
Background: To quantify the left  ventricular fl ow fi eld characteristics of diff erent phases 
of cardiac cycle in patients with diff erent degrees of coronary artery stenosis by using 
vector fl ow mapping (VFM), and to explore the value of quantitative parameters of 
VFM in diagnosis of degrees of coronary artery stenosis in patients with coronary heart 
disease. Methods: Eighty-fi ve patients with coronary artery stenosis showed by coronary 
angiography served as case group. According to the results of coronary angiography, all 
the patients of case group were divided into three groups : mild stenosis group, moderate 
stenosis group and severe stenosis group. Forty-fi ve healthy adult volunteers selected 
as control group. Th e quantitative parameters, including average energy loss (EL-base, 
EL-mid, EL-apex) and circulation (vortex area, circulation) were measured in the 
diff erent periods of vector fl ow mapping imaging mode. Th e diff erence of parameters 
were evaluated between case group and control group during diff erent periods. E/e′ was 
derived via dual-Doppler imaging technology And correlation was analyzed between 
aEL, circulation and E/e′, separately. Results: ① Compared with the control group, 
aEL in global and regional segment of left  ventricle in the severe stenosis group were 
signifi cantly increased during isovolumetric relaxation period, reduced fi lling period, 
atrial systolic phase and isovolumic contraction period (P<0.05). And the aEL in global 
and regional segment of left  ventricular in the moderate stenosis group were signifi cantly 
increased during reduced fi lling period, atrial systolic phase and isovolumic contraction 
period (P<0.05). And the aEL in global and regional segment of left  ventricular in the 
mild stenosis group were signifi cantly increased during reduced fi lling period (P<0.05). 
② Compared with the control group, the vortex area and circulation intensity in left  
ventricular of the severe stenosis group were signifi cantly increased during isovolumetric 
relaxation period, reduced fi lling period, atrial systolic phase and isovolumic contraction 
period(P<0.05). ③ In case group, aEL had a good correlation with E/e′ at total and 
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partial segment of rapid fi lling phase and atrial systolic phase. And the vortex area and 
circulation intensity had a good correlation with E/e′ during reduced fi lling period 
and atrial systolic phase. Conclusions: VFM can eff ectively evaluate the fl ow fi eld 
characteristics of left  ventricle in patients with coronary heart disease. Th e quantitative 
parameters of VFM can refl ect the extent of coronary artery stenosis to some extent.

P1-193
Differentiating Pre-Capillary and Post-Capillary Pulmonary 
Hypertension by Doppler Echocardiography in a Large Real-World 
Database
Pyi Naing1, Graham S. Hillis2, Gregory Scalia3, Geoff  Strange1, Jim Codde1, David 
Playford1. 1University of Notre Dame, Fremantle, WA, Australia; 2University of 
Western Australia, Perth, WA, Australia; 3University of Queensland, Brisbane, 
Australia
Background: Pulmonary hypertension is common, dangerous and has multiple causes. 
Vasodilator therapy has signifi cantly improved the prognosis of patients with pulmonary 
arterial hypertension, but the diagnosis can be challenging, requiring right heart 
catheterisation (RHC). Diff erentiating pre-capillary pulmonary hypertension (prePH) 
and post-capillary pulmonary hypertension (postPH) and measuring pulmonary 
vascular resistance are key steps for diagnosing pulmonary arterial hypertension. A novel 
echocardiographic parameter, the pulmonary to left  atrial ratio (ePLAR), which is derived 
from the tricuspid regurgitation velocity (TRV) divided by the ratio between the early 
diastolic fi lling velocity and the early mitral annulus velocity (E/e’), i.e., ePLAR=TRV/E/e’, 
has been described as a surrogate for RHC. Th is retrospective cohort study tests the ability 
of ePLAR to diff erentiate prePH and postPH, in a large real world database. Methods: Th e 
data from all RHCs performed within 5 years’ period (January 2010 to February 2015) 
was extracted from the hospital’s database. Th e closest corresponding echocardiograms 
were searched in the national echo database Australia (NEDA) using the identifi ers 
from RHC data. Results: 887 pairs of echos and RHCs were merged and analysed in our 
study. Th e median time diff erence between RHC and echocardiography was 7 (IQR 1-62) 
days. Th e ePLAR was calculable in 184 cases (21%). Median (IQR) ePLAR values were 
signifi cantly diff erent between prePH and postPH groups: 0.35 (0.13-0.50) m/s vs 0.17 
(0.12-0.23) m/s (P=0.003), despite both groups having similar mean pulmonary artery 
pressures. Th e optimal ePLAR cut-off  of 0.28m/s had a positive predictive value of 94% 
for postPH, with sensitivity of 83% and specifi city of 67%. Conclusions: ePLAR helps to 
discriminate postPH from prePH and may be useful in evaluating these patients.

P1-194
Heart Failure with Reduced Ejection Fraction (HFrEF) in Young 
Patients Has Unique Clinical and Sociodemographic Features: An 
Urban and Multiracial Observation
Dan L. Li1, Ignacio Zepeda1, Renato Quispe1, Cynthia Taub2. 1Jacobi Medical 
Center, Department of Internal Medicine, Albert Einstein College of Medicine, 
Bronx, NY; 2Montefi ore Medical Center, Department of Cardiology, Albert 
Einstein College of Medicine, Bronx, NY
Background: Young patients with HFrEF might present distinctive clinical phenotypes 
due to diff erent etiologies and other age-related comorbidities comparing with older 
patients. Studies of HFrEF in young individuals remain scant, especially in racial-
ethnically diverse communities. Methods: Patients with HF diagnosis upon inpatient 
discharge at Montefi ore Medical Center, Bronx, New York between 2000-2016, with an 
EF <40% were included. Patients were divided into three age groups: young (18-39 years), 
middle-age (40-64 years), and elderly (> 64 years). Socioeconomic score (SES) was a 
summary Z-score that combined wealth and income and displayed as above (positive) 
or below (negative) mean SES in New York state. All cause mortality was obtained until 
December 31st, 2017. Clinical characteristics were compared among groups using chi-
square and ANOVA tests. Unadjusted and sex-adjusted Cox proportional models were 
performed to evaluate risk of mortality and 1-year readmission among diff erent age 
groups. Results: A total of 1,032, 8,336 and 13,315 young, middle-age and elderly patients 
were included in the study. Median follow-up was 36 (14-69) months. Young patients 
were predominantly Blacks, and had signifi cantly lower SES compared with middle-age 
and elderly patients. Young individuals had signifi cantly lower proportions of ischemic 
heart disease and atrial fi brillation, but higher proportions of dilated, alcoholic and 
peripartum cardiomyopathies. Th ey had larger left  ventricular chamber size but lower 
pro-NT-BNP levels (Table). Young patients had 78% and 31% lower risk of mortality and 
1-year readmission rates, respectively, than those of elderly groups (p < 0.001) (Figure). 
Conclusion: Young patients with HFrEF have distinct baseline characteristics, racial 
distribution, lower SES and worse LV dilatation but a better survival outcome than 
older patients. Age-specifi c preventive and therapeutic interventions should therefore be 
explored.
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P1-189
Left Ventricular Suction During Exercise was Associated with 
Exercise Capacity in Patients with Heart Failure Regardless of 
Ejection Fraction
Shingo Tsujinaga1, Hiroyuki Iwano1, Miwa Sarashina1, Taichi Hayashi1, Takashi 
Yokota1, Michito Murayama2, Ayako Ichikawa3, Masahiro Nakabachi3, Shinobu 
Yokoyama3, Hisao Nishino3, Satoshi Yamada1, Toshihisa Anzai1. 1Department of 
Cardiovascular Medicine, Faculty of Medicine and Graduate School of Medicine, 
Hokkaido University, Sapporo, Japan; 2Diagnostic Center for Sonography, 
Hokkaido University Hospital, Sapporo, Japan; 3Division of Clinical Laboratory 
and Transfusion Medicine, Hokkaido University Hospital, Sapporo, Japan
Background: Exercise intolerance is an independent predictor of all-cause mortality 
in heart failure patients regardless of left  ventricular (LV) ejection fraction (EF). In 
normal conditions, LV suction augments early diastolic intra left  ventricular pressure 
diff erence (IVPD) and maintains or even increases diastolic fi lling during exercise, 
resulting in higher exercise capacity. However, the impact of LV suction during exercise 
on exercise capacity in heart failure patients has not been fully elucidated. Methods: Th e 
cardiopulmonary exercise testing and exercise-stress echocardiography were performed 
in 47 heart failure patients (60±16 years old, ischemic etiology 17%) within 7 days. Peak 
oxygen uptake (VO2) was measured by a respiratory gas analysis with an upright bicycle 
ergometer as a parameter of exercise capacity. Apical 4- and 2-chamber views and color 
M-mode Doppler image of LV infl ow were obtained at rest and peak exercise. LV EF 
was measured by the method of disks. Th e early-diastolic IVPD from mitral annulus to 
the LV apex was determined using color M-mode Doppler data to integrate the Euler 
equation as a parameter of LV suction. Results: LV EF was 39±15% at rest in overall heart 
failure patients; 27 patients had a reduced LV EF (<40%, HFrEF), whereas 20 patients 
had a relatively preserved LV EF (≥40%, HFpEF). Peak VO2 was lower in HFrEF than 
in HFpEF (16±5 vs 20±6 mL/min/kg, P<0.05). IVPD at rest was also lower in HFrEF 
than in HFpEF (1.6±1.0 vs 2.6±1.0 mmHg, P<0.05). During exercise, LV EF (HFrEF: 
30±9% to 33±13%, HFpEF: 54±12% to 63±15%) and IVPD (HFrEF: 1.6±1.0 to 3.1±1.4 
mmHg, HFpEF: 2.6±1.0 to 5.2±2.7 mmHg) were signifi cantly increased in both groups 
(P<0.05 for all). In overall patients, IVPD at peak exercise signifi cantly correlated with 
peak VO2 (R=0.70, P<0.01), whereas IVPD at rest did not. LV EF at peak exercise also 
correlated with peak VO2 (R=0.36, P<0.05). In a multivariable analysis, IVPD at peak 
exercise determined peak VO2 independently from LV EF (IVPD: β=0.67, P<0.01; LV EF: 
β=0.03, NS). Moreover, similar fi ndings were observed even in either types of heart failure 
(Table). Conclusion: LV suction at peak exercise was closely associated with whole-body 
exercise capacity in heart failure patients regardless of LV EF.

P1-190
Mechanical Dyssynchrony Parameters and Superresponse to 
Cardiac Resynchronization Therapy in Patients with Congestive 
Heart Failure
Vadim Kuznetsov, Anna Soldatova, Dmitrii Krinochkin, Tatyana Enina. Tyumen 
Cardiology Research Center, Tyumen, Russian Federation
Background: Some patients with congestive heart failure (CHF) have greater improvement 
of cardiac remodeling aft er cardiac resynchronization therapy (CRT) and they are 
identifi ed as super-responders (SR). It remains unclear if echocardiographic cardiac 
dyssynchrony parameters could accurately predict super-response to CRT. Purpose: 
To evaluate potential echocardiographic predictors related to super-response aft er CRT. 
Methods: 59 CRT patients (mean age 52.9±9.0 years, 88% men) with CHF (54% ischemic 
and 46% non-ischemic etiology) and II-III NYHA functional class were enrolled. Aft er 
6 months patients were divided into SR (reduction in left  ventricular end-systolic 
volume (LVESV) ≥30%, n=20) and non-SR (reduction of LVESV <30%, n=39). To assess 
mechanical dyssynchrony we evaluated interventricular mechanical delay, duration of left  
ventricular pre-ejection period (LVPEP) by Doppler ultrasound velocity measurements 
of blood fl ow, the maximum delay between peak systolic velocities of the septal and 
lateral walls of left  ventricle by Doppler tissue imaging. Systolic dyssynchrony index 
was assessed by 3D echocardiography. Results: Both groups demonstrated signifi cant 
improvement of NYHA functional class, reductions of left  ventricular ejection fraction 
and LVESV. All parameters of mechanical dyssynchrony were signifi cantly higher in SR. 
Multiple logistic regression analysis showed that LVPEP was an independent predictor 

for CRT super-response (95% confi dence interval [CI] 1.007-1.055; p=0.011). In ROC 
curve analysis LVPEP demonstrated sensitivity 73.7% and specifi city 75% (AUC 0.753; 
p=0.002) in prediction of response to CRT. Conclusion: In patients with CHF greater 
mechanical dyssynchrony is associated with super-response to CRT. LVPEP can be used 
as an independent predictor of CRT super-response.

P1-191
Paradoxical Low Gradient Aortic Stenosis Reclassi ed Using 
Hybrid Continuity Equation by MultiDectector CT: Insights Into 
Diastolic Function and Post TAVR Outcomes 
Daniel F. Kupsky, Waleed Al-Darzi, Hazem Malas, Gordon Jacobsen, 
Karthikeyan Ananthasubramaniam. Henry Ford Health System, Detroit, MI
Background: Paradoxical low fl ow low gradient aortic stenosis (PLF-AS) is a complex 
clinical entity posing challenges in diagnosis and management. Left  ventricular outfl ow 
tract (LVOT) diameter underestimation is a key reason for inaccuracies in quantitation. 
We investigated the utility of a hybrid modifi ed continuity equation using multidetector 
computed tomography (MDCT) derived LVOT diameter/cross sectional area and 
Doppler echocardiography (DE) to study the impact of reclassifying patients with 
severe PLF-AS. We further analyzed diff erences in diastolic parameters and outcomes 
in reclassifi ed patients post-transcatheter aortic valve replacement (TAVR). Methods: 
Patients being evaluated for TAVR between January 2015 to July 2017 with both DE and 
MDCT data available were retrospectively reviewed. PLF-AS defi ned as valve area (AVA) 
< 1 cm2 by DE, left  ventricular EF ≥ 50%, stroke volume index (SVI) < 35 mL/m2, and 
mean aortic pressure gradient ≤ 40 mmHg by DE. AVA was recalculated substituting 
MDCT LVOT data into the equation. Th e cut off  for severe AS with the hybrid equation 
was set as < 1.2 cm2 as previously reported. Diastolic Parameters and TAVR outcomes 
(NYHA class, mortality and hospital admissions for CHF) were analyzed. Results: 67 
patients were included in the analysis (mean age 79.9 ± 8.6 years, 49% female). Twenty 
four percent (n=16) of patients were ultimately reclassifi ed from severe to moderate AS 
by merging MDCT and DE data. Th ere was a signifi cantly higher number of patients with 
diastolic dysfunction (grade I or higher) (95% vs 75%; p=.03) and restrictive physiology 
(grade 3 diastolic dysfunction) (33% vs. 8%; p=.032) in those who remained in the severe 
AS group using the hybrid equation. NYHA class prior to valve replacement was worse in 
the patients in the severe category (3.05 vs. 2.6; p=0.013). At a mean f/u of 19 months 67% 
(n=45) underwent TAVR (11 reclassifi ed as moderate AS and 34 as severe AS). Th ose who 
remained in the severe AS range had a greater improvement in their SVI (35.5 vs. 26.9 
p<.001) aft er TAVR, and average improvement in NYHA class was signifi cantly better in 
the severe AS group (1.63 vs 1.11 p=0.042 ). Th ere was no signifi cant diff erence between 
the two groups with regards to CHF hospitalization or all-cause mortality. Conclusion: 
Merging MDCT with DE reclassifi es nearly a quarter of patients with severe PLF-AS into 
the moderate category. Patients with severe AS per hybrid equation have more advanced 
DD and had a more signifi cant improvement in NYHA class and SVI. Future studies 
will need to assess if proceeding or deferring interventions can be based on combining 
MDCT and DE.

P1-192
Explore the Application Value of Vector Flow Mapping in 
Assessing the Degrees of Coronary Artery Stenosis
Guo Xu, Shi JiaXin, Wang ZhenZhen, Guo ZiHong, Tian JiaWei. Th e Second 
Affi  liated Hospital of Harbin Medical University, Harbin, China
Background: To quantify the left  ventricular fl ow fi eld characteristics of diff erent phases 
of cardiac cycle in patients with diff erent degrees of coronary artery stenosis by using 
vector fl ow mapping (VFM), and to explore the value of quantitative parameters of 
VFM in diagnosis of degrees of coronary artery stenosis in patients with coronary heart 
disease. Methods: Eighty-fi ve patients with coronary artery stenosis showed by coronary 
angiography served as case group. According to the results of coronary angiography, all 
the patients of case group were divided into three groups : mild stenosis group, moderate 
stenosis group and severe stenosis group. Forty-fi ve healthy adult volunteers selected 
as control group. Th e quantitative parameters, including average energy loss (EL-base, 
EL-mid, EL-apex) and circulation (vortex area, circulation) were measured in the 
diff erent periods of vector fl ow mapping imaging mode. Th e diff erence of parameters 
were evaluated between case group and control group during diff erent periods. E/e′ was 
derived via dual-Doppler imaging technology And correlation was analyzed between 
aEL, circulation and E/e′, separately. Results: ① Compared with the control group, 
aEL in global and regional segment of left  ventricle in the severe stenosis group were 
signifi cantly increased during isovolumetric relaxation period, reduced fi lling period, 
atrial systolic phase and isovolumic contraction period (P<0.05). And the aEL in global 
and regional segment of left  ventricular in the moderate stenosis group were signifi cantly 
increased during reduced fi lling period, atrial systolic phase and isovolumic contraction 
period (P<0.05). And the aEL in global and regional segment of left  ventricular in the 
mild stenosis group were signifi cantly increased during reduced fi lling period (P<0.05). 
② Compared with the control group, the vortex area and circulation intensity in left  
ventricular of the severe stenosis group were signifi cantly increased during isovolumetric 
relaxation period, reduced fi lling period, atrial systolic phase and isovolumic contraction 
period(P<0.05). ③ In case group, aEL had a good correlation with E/e′ at total and 
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partial segment of rapid fi lling phase and atrial systolic phase. And the vortex area and 
circulation intensity had a good correlation with E/e′ during reduced fi lling period 
and atrial systolic phase. Conclusions: VFM can eff ectively evaluate the fl ow fi eld 
characteristics of left  ventricle in patients with coronary heart disease. Th e quantitative 
parameters of VFM can refl ect the extent of coronary artery stenosis to some extent.

P1-193
Differentiating Pre-Capillary and Post-Capillary Pulmonary 
Hypertension by Doppler Echocardiography in a Large Real-World 
Database
Pyi Naing1, Graham S. Hillis2, Gregory Scalia3, Geoff  Strange1, Jim Codde1, David 
Playford1. 1University of Notre Dame, Fremantle, WA, Australia; 2University of 
Western Australia, Perth, WA, Australia; 3University of Queensland, Brisbane, 
Australia
Background: Pulmonary hypertension is common, dangerous and has multiple causes. 
Vasodilator therapy has signifi cantly improved the prognosis of patients with pulmonary 
arterial hypertension, but the diagnosis can be challenging, requiring right heart 
catheterisation (RHC). Diff erentiating pre-capillary pulmonary hypertension (prePH) 
and post-capillary pulmonary hypertension (postPH) and measuring pulmonary 
vascular resistance are key steps for diagnosing pulmonary arterial hypertension. A novel 
echocardiographic parameter, the pulmonary to left  atrial ratio (ePLAR), which is derived 
from the tricuspid regurgitation velocity (TRV) divided by the ratio between the early 
diastolic fi lling velocity and the early mitral annulus velocity (E/e’), i.e., ePLAR=TRV/E/e’, 
has been described as a surrogate for RHC. Th is retrospective cohort study tests the ability 
of ePLAR to diff erentiate prePH and postPH, in a large real world database. Methods: Th e 
data from all RHCs performed within 5 years’ period (January 2010 to February 2015) 
was extracted from the hospital’s database. Th e closest corresponding echocardiograms 
were searched in the national echo database Australia (NEDA) using the identifi ers 
from RHC data. Results: 887 pairs of echos and RHCs were merged and analysed in our 
study. Th e median time diff erence between RHC and echocardiography was 7 (IQR 1-62) 
days. Th e ePLAR was calculable in 184 cases (21%). Median (IQR) ePLAR values were 
signifi cantly diff erent between prePH and postPH groups: 0.35 (0.13-0.50) m/s vs 0.17 
(0.12-0.23) m/s (P=0.003), despite both groups having similar mean pulmonary artery 
pressures. Th e optimal ePLAR cut-off  of 0.28m/s had a positive predictive value of 94% 
for postPH, with sensitivity of 83% and specifi city of 67%. Conclusions: ePLAR helps to 
discriminate postPH from prePH and may be useful in evaluating these patients.

P1-194
Heart Failure with Reduced Ejection Fraction (HFrEF) in Young 
Patients Has Unique Clinical and Sociodemographic Features: An 
Urban and Multiracial Observation
Dan L. Li1, Ignacio Zepeda1, Renato Quispe1, Cynthia Taub2. 1Jacobi Medical 
Center, Department of Internal Medicine, Albert Einstein College of Medicine, 
Bronx, NY; 2Montefi ore Medical Center, Department of Cardiology, Albert 
Einstein College of Medicine, Bronx, NY
Background: Young patients with HFrEF might present distinctive clinical phenotypes 
due to diff erent etiologies and other age-related comorbidities comparing with older 
patients. Studies of HFrEF in young individuals remain scant, especially in racial-
ethnically diverse communities. Methods: Patients with HF diagnosis upon inpatient 
discharge at Montefi ore Medical Center, Bronx, New York between 2000-2016, with an 
EF <40% were included. Patients were divided into three age groups: young (18-39 years), 
middle-age (40-64 years), and elderly (> 64 years). Socioeconomic score (SES) was a 
summary Z-score that combined wealth and income and displayed as above (positive) 
or below (negative) mean SES in New York state. All cause mortality was obtained until 
December 31st, 2017. Clinical characteristics were compared among groups using chi-
square and ANOVA tests. Unadjusted and sex-adjusted Cox proportional models were 
performed to evaluate risk of mortality and 1-year readmission among diff erent age 
groups. Results: A total of 1,032, 8,336 and 13,315 young, middle-age and elderly patients 
were included in the study. Median follow-up was 36 (14-69) months. Young patients 
were predominantly Blacks, and had signifi cantly lower SES compared with middle-age 
and elderly patients. Young individuals had signifi cantly lower proportions of ischemic 
heart disease and atrial fi brillation, but higher proportions of dilated, alcoholic and 
peripartum cardiomyopathies. Th ey had larger left  ventricular chamber size but lower 
pro-NT-BNP levels (Table). Young patients had 78% and 31% lower risk of mortality and 
1-year readmission rates, respectively, than those of elderly groups (p < 0.001) (Figure). 
Conclusion: Young patients with HFrEF have distinct baseline characteristics, racial 
distribution, lower SES and worse LV dilatation but a better survival outcome than 
older patients. Age-specifi c preventive and therapeutic interventions should therefore be 
explored.
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P1-195
Increased Risk of Cardiac Death and Myocardial Infarction 
in Renal Transplant Recipients with Pre-Transplant Diastolic 
Dysfunction
Ralph Matar1, Addis Asfaw2, Meron Teshome1, Aviral Vij1, Tania Campagnoli1, 
Nadia El Hangouche1, Javier Gomez1, Rami Doukky1. 1Cook County Health and 
Hospitals System, Chicago, IL; 2Saint Margaret Mercy Hospital, Hammond, IN
Background: Cardiac abnormalities on echocardiography are common in patients with 
end-stage renal disease and has been associated with an increased risk of cardiac events. 
Th e impact of pre-transplant diastolic dysfunction (DD) or high fi lling pressures on 
post-transplant outcome of renal transplant (RT) recipients is unknown. Methods: In a 
retrospective cohort of consecutive RT recipients, transthoracic echocardiograms were 
reviewed for the presence and grade of DD using the latest ASE recommendations for 
the evaluation of left  ventricular DD by an observer blinded to other clinical, imaging, 
and outcome data. Clinical risk was determined using the sum of risk factors (range 0 - 
8) set-forth by AHA/ACCF consensus statement on the assessment of kidney transplant 
candidates (age > 60 y, hypertension, diabetes, smoking, dyslipidemia, cardiovascular 
disease, dialysis > 1 y, left  ventricular hypertrophy). Patients underwent stress myocardial 
perfusion imaging pre-transplant and were followed for major adverse cardiac events 
(MACE), defi ned as cardiac death and myocardial infarction up to 6 years post-
transplant. Kaplan-Meier plots, log-rank test and cox-regression models were used in 
outcome analyses. Results: Among 297 patients analyzed (39% females, mean age 53 
± 12 y), 272 patients had some degree of DD (9%, grade 1; 20%, grade 2; 3%, grade 3 
or 4) and 50 patients (17%) were classifi ed as indeterminate. Among 281 patients with 
available E/e’ ratio, 101 (36%) patients had elevated left  ventricular fi lling pressures 
assessed by averaged septal and lateral E/e’ > 14. A total of 68 MACEs were observed 
during a mean follow-up of 2.9 ± 1.9 y. Th ere was a stepwise increase in MACE risk with 
increasing diastolic dysfunction grade, this association persisted aft er adjusting for sex 
and the sum of AHA/ACCF risk factors (Fig. 1). E/e’ > 14 was associated with a signifi cant 
increase in MACE risk, which remained signifi cant aft er adjusting for age, sex, duration 
of hemodialysis, AHA/ACCF risk factors, stress perfusion imaging, and left  ventricular 
ejection fraction (Fig 2). Conclusion: High fi lling pressure assessed by E/e’ ratio and DD 
grade are independent predictors of MACE risk in RT recipients with a direct correlation 
between DD severity and MACE rates. 

P1-196
Titin Truncation Position Determines Propensity for Dilated 
Cardiomyopathy, Abnormal Ventricular Relaxation and Late 
Diastolic Stiffness: An Echocardiographic Analysis of Four 
Zebra sh Models
Louis W. Wang1, Inken G. Huttner1, Celine F. Santiago1, Kelly A. Smith2, Michael 
P. Feneley3, Diane Fatkin1. 1Victor Chang Cardiac Research Institute, Sydney, 
Australia; 2Institute for Molecular Bioscience, University of Queensland, Brisbane, 
Australia; 3St Vincent‘s Hospital, Sydney, Australia
Background: Truncating variants of the titin gene (TTNtv) are associated with risk 
of dilated cardiomyopathy (DCM), but the prognostic implications for any individual 
heterozygous carrier remains unclear. It has been proposed that DCM is more likely if a 
TTNtv 1) is located in a highly utilized exon present in the majority of cardiac isoforms 
or 2) aff ects the titin A-band. We therefore studied adult zebrafi sh models of diff erent 
titin truncations to evaluate mutation position eff ects on systolic and diastolic function 
in-vivo. Methods: Serial echocardiography was performed at 3, 6, 9 and 12 months on 
male heterozygotes and wildtype siblings (N=9-20/group) from four separate models 
of zebrafi sh titin (ttna) truncation (see Panel A). Th ese mutations, all in highly utilized 
exons, included 1) ttnae005-tv in the Z-line; 2) ttnae105-tv in the distal I-band; 3) ttnahel in 
the proximal A-band, and 4) ttnae201-tv in the mid A-band. Th e fi rst two truncations were 
located upstream, while the latter two were downstream of the internal promoter for the 
C-terminus titin isoform, Cronos, in the distal I-band. Results: Heterozygous mutants 
diff ered in their propensity for chamber dilatation and contractile dysfunction. Th e 
two A-band mutants showed spontaneous ventricular dilatation (Panels B-C), reduced 

ejection fraction (Panel D) and reduced global longitudinal strain (Panel E). Th e I-band 
mutant had an intermediate phenotype consistent with forme fruste DCM. Abnormalities 
during early diastole (e.g. isovolumic relaxation time, Panel F) were present in A-band 
and I-band mutants. Th e late-diastolic peak A-wave velocity to late-diastolic strain rate 
ratio (A/SRa, Panel G) was highest in A-band mutants, followed by the I-band mutant, 
consistent with mutation position dependent eff ects on late-diastolic ventricular stiff ness. 
Th e Z-line mutant did not signifi cantly diff er from wildtypes in relation to the above 
parameters. Conclusion: Severity of the DCM phenotype varied according to mutation 
position in zebrafi sh titin truncation, with the eff ect greatest in A-band mutants. A novel 
fi nding is that titin truncating mutations also display evidence of impaired ventricular 
relaxation and compliance. Th is study has clinical signifi cance regarding the implications 
for tolerance of mechanical stress in human carriers.

P1-197
Impact of Biventricular Imaging Markers on Outcomes in Non 
Compaction Cardiomyopathy: A Machine Learning Study
Camila Rocon1, Mahdi Tabassian2, Jan D‘hooge2, Marcelo Dantas Tavares de 
Melo1, Jose de Arimateia Araujo Filho1, Jose Rodrigues Parga Filho1, Ludhmila 
Abrahao Hajjar1, Roberto Kalil Filho1, Edimar Alcides Bocchi1, Vera Maria Cury 
Salemi1. 1INCOR, Sao Paulo, Brazil; 2University of Leuven, Leuven, Belgium
Aims: Left  ventricular non-compaction cardiomyopathy (LVNC) is a genetic heart 
disease according American Heart Association, which main clinical manifestations 
are heart failure, arrhythmias and embolic events. Its prevalence is increasing due 
improvements in imaging cardiac methods, such as echocardiography (echo) and cardiac 
magnetic resonance imaging (CMRI). However, imaging parameters related to prognosis 
are poorly known. Th e goal of this study was to analyze a large set of echocardiographic 
and CMRI parameters using machine learning techniques, in order to fi nd an association 
between these imaging markers and clinical outcome in a long-term follow-up of LVNC 
patients. Methods: Patients with LVNC diagnosed by echo and CMRI current criteria, 
from a tertiary center, were recruited and they were followed. Combined ‘hard events’ 
(death, cardiac transplantation, heart failure hospitalization, aborted sudden cardiac 
death, complex ventricular arrhythmias, and embolisms) were registered. CMRI 
and echocardiographic parameters were extracted by expert users and subsequently 
analyzed via a supervised machine learning methodology using ‘cross-validation’. Ethical 
committee approved the protocol and all patients gave written informed consent. Results: 
One hundred and eight LVNC patients (38,3 +15,5 years, 48% male) diagnosed by echo 
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and CMRI criteria were recruited for this study and were followed for 5,83 + 3,9 years. 
Forty-seven (43,5%) patients presented at least one hard event. Th e best combination of 
imaging markers was left  ventricular ejection fraction (CMRI), right ventricular end-
systolic volume (CMRI), right ventricular systolic dysfunction (echo), right ventricular 
lower diameter (CMRI) and left  ventricular end-systolic volume (echo), with an accuracy, 
sensitivity and specifi city of 75%, 80%, 72%, respectively (Figure 1). Conclusion: Th e 
combination of echo and CMRI indices improved the stratifi cation of the risk in LVNC 
patients. Also, our fi ndings showed the importance of biventricular assessment to detect 
the severity of this cardiomyopathy.

P1-198
Pre-operative Pulmonary Artery Systolic Pressure by 
Echocardiography and Outcomes in Renal Transplant Recipients
Stephani Wang, Rachel Garcia, Mikhail Torosoff , Steven Fein, Nikolaos 
Chandolias, David Conti, Radmila Lyubarova. Albany Medical Center, Albany, 
NY
Background: Th e association between pulmonary hypertension and renal transplant 
outcomes has not been well studied. We evaluated the relationship between estimated 
pulmonary artery systolic pressure (PASP) by transthoracic echocardiogram (TTE) and 
outcomes in renal transplant recipients. Methods: Th is is a single-center retrospective 
study of 567 consecutive patients who have received renal transplant from January 2008 
to December 2015. Total of 191 patients who have documented PASP estimated by TTE 
prior to renal transplantation were included in the study. Patients were divided in 2 
groups: normal PASP was defi ned as <37 mmHg (n=141) and elevated PASP was ≥37 
mmHg (n=50). Diff erences between the groups were analyzed using t-test, chi-square test 
and analysis of variance for mean values. We examined correlation of PASP and 1-year 
and 2-years renal function outcomes using multivariate, logistic regression analysis. 
Results: Mean age of the total cohort was 51.26±12.42, 36.13% female, 81.15% Caucasian, 
and 12.04% African American. Th ere was no signifi cant diff erence between the groups 
in age, gender, ethnicity and comorbidities. Patients with elevated PASP had higher 
proportion of left  ventricular ejection fraction <50% (7% vs 3.5%, p=0.01). Elevated PASP 
group compared to normal PASP had higher 1-year post-transplant creatinine (1.44 mg/
dL vs 1.23 mg/dL, p=0.01) and lower estimated glomerular fi ltration rate (eGFR) (55.22 
mL/min/1.73m² vs 62.18 mL/min/1.73m², p=0.03). On both univariate and multivariate 
analyses elevated PASP was associated with higher 1-year post-transplant creatinine 
(regression coeffi  cient 0.184, 95% CI 0.02-0.35, p=0.028) and lower eGFR (regression 
coeffi  cient -8.297, 95%CI -14.99 to -1.61, p=0.015). Similarly, higher PASP was associated 
with lower eGFR at 2 years post-transplantation. Conclusions: Renal transplant recipients 
with elevated PASP on pre-operative TTE had lower eGFR at 1-year and 2 years post-
transplant. Preoperative echocardiographic evaluation for pulmonary hypertension could 
be helpful in predicting probability of renal graft  dysfunction.

PASP < 37 mmHg
(n=141)

PASP ≥ 37 mmHg
(n=50) p-value

Mean age ± SD 50.30±12.43 52.21±10.86 0.287
Male (%) 65.25 60.00 0.507
Caucasian (%) 81.56 80.00
African American (%) 10.64 16.00 0.317
Type of transplant - Live (%) 19.86 14.00 0.358
LVEF 
<50% 3.55 7.00 0.009
≥50% 96.45 93.00
Mean PASP (mmHg) ± SD 26.98 ±5.42 52.48±10.86 <0.001
Left  ventricular hypertrophy (%) 24.11 28.00 0.586
Co-morbidities (%)
prior myocardial infarction 8.51 8.00 0.911
Hypertension 85.82 80.00 0.332
Diabetes mellitus 28.37 30.00 0.827
Hypothyroidism 8.51 8.00 0.911
COPD 1.42 0.00 0.397
Smoking 29.79 16.00 0.057
ETOH use 15.60 8.00 0.178
Outcomes
Creatinine at 1-year (mg/dL) 1.25 1.44 0.017
eGFR at 1-year (mL/min/1.73m²) 60.13 52.26 0.019
Creatinine at 2-year (mg/dL) 1.31 1.43 0.095
eGFR at 2-year (mL/min/1.73m²) 60.28 51.04 0.006
Hospital stay (days) ± SD 9.32±5.84 10.24±6.17 0.346

P1-199
Is There a Mortality Bene t in the Use of Intra-Aortic Balloon 
Pumps in Patients with Takotsubo Cardiomyopathy and 
Cardiogenic Shock
Munim A. Khan1, Niranjani Venkateswaran1, Osama T. Niazi2. 1Rutgers NJMS, 
Newark, NJ; 2New York University, New York, NY
Background: Takotsubo cardiomyopathy (TC) is a transient left  ventricular ballooning 
that can lead to cardiogenic shock, which can be treated with an intra-aortic balloon 
pump (IABP). Th e purpose of this study is to determine the mortality benefi t of an IABP 
in patients diagnosed with both TC and cardiogenic shock. Methods: We used the NIS 
database to identify all patients (1676) who were diagnosed with TC and cardiogenic 
shock from 2007 till 2014, using ICD-9 codes 429.83 and 785.51 respectively. We analyzed 
and compared the mortality between 451 patients who received an IABP (ICD-9 code 
37.61) and 1225 patients who did not receive the IABP, to determine if the pump had 
a mortality benefi t in any subset of patients with various baseline characteristics, from 
those included in the NIS database, as well as additional diagnoses including arrhythmias, 
psychiatric conditions, and septic shock, which were indicated as risk factors for TC in 
previous literature. Results: Of the 1676 patients, 1350 were female, and 326 were male 
(p < 0.05). Th e overall mortality was 21%, but was higher in males (27.3%) vs. females 
(19.3%) (p = 0.002) regardless of pump status. 451 patients received the pump (mortality 
18%) and 1225 patients did not receive the pump (mortality 22%). Th e majority of 
patients diagnosed with TC and cardiogenic shock were Caucasian (1183, 70.5%), and 
some common underlying diagnoses included electrolytes abnormalities (64.1%), 
hypertension (49.6%), CHF (32.4%), hyperlipidemia (24.3%), atrial fi brillation (21.2%), 
septic shock (20.5%), diabetes (18.1%), depression (11.5%) and anxiety (9%). With a Chi-
square analysis we found that patients with depression or anxiety, who received an IABP, 
showed mortality benefi ts, with p values of 0.05 and 0.04 respectively, when compared to 
patients who did not get a pump. Patients with atrial fi brillation who received an IABP 
had a mortality benefi t with a p value of 0.06 (i.e. approaching signifi cance) compared to 
those without the IABP. IABP use showed mortality benefi ts in other subsets of patients, 
but the p values were not signifi cant. Conclusion: Th ere are signifi cantly more females 
with TC and cardiogenic shock than males, whereas the mortality is signifi cantly higher 
in males regardless of pump status. We identifi ed two patient groups (depression, anxiety) 
that showed statistically signifi cant mortality benefi ts, and one (atrial fi brillation) with 
a mortality benefi t approaching signifi cance, with the use of an IABP for TC and 
cardiogenic shock.

P1-200
Arrhythmogenic Cardiomyopathy: Which Echocardiographic 
Parameters are Risk Factors for Malignant Arrhythmia?
Karima Addetia1, Andrea Mazzanti2, Megan Yamat1, Riccardo Maragna3, 
Kanako Kishiki1, Aldo Prado4, Margherita Gaudenzi Asinelli5, Roberto M. Lang1, 
Silvia Priori2. 1University of Chicago, Chicago, IL; 2University of Pavia, Pavia, 
Italy; 3ICS Maugeri, IRCCS, Pavia, Italy; 4Centro Privado de Cardiologia Yerba 
Buena, Tucuman, Argentina; 5Gaudenzi Asinelli, Pavia, Italy
Background: Arrhythmogenic cardiomyopathy (ARVC) is a progressive disease 
characterized by fi brous/fatty replacement of the myocardium and sudden death caused 
by ventricular arrhythmias. Although little is known about which 2D transthoracic 
echocardiography (TTE) parameters portend a worse outcome, this modality is oft en 
used to follow disease progression. Additionally, the use of 3D TTE in this context has 
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P1-195
Increased Risk of Cardiac Death and Myocardial Infarction 
in Renal Transplant Recipients with Pre-Transplant Diastolic 
Dysfunction
Ralph Matar1, Addis Asfaw2, Meron Teshome1, Aviral Vij1, Tania Campagnoli1, 
Nadia El Hangouche1, Javier Gomez1, Rami Doukky1. 1Cook County Health and 
Hospitals System, Chicago, IL; 2Saint Margaret Mercy Hospital, Hammond, IN
Background: Cardiac abnormalities on echocardiography are common in patients with 
end-stage renal disease and has been associated with an increased risk of cardiac events. 
Th e impact of pre-transplant diastolic dysfunction (DD) or high fi lling pressures on 
post-transplant outcome of renal transplant (RT) recipients is unknown. Methods: In a 
retrospective cohort of consecutive RT recipients, transthoracic echocardiograms were 
reviewed for the presence and grade of DD using the latest ASE recommendations for 
the evaluation of left  ventricular DD by an observer blinded to other clinical, imaging, 
and outcome data. Clinical risk was determined using the sum of risk factors (range 0 - 
8) set-forth by AHA/ACCF consensus statement on the assessment of kidney transplant 
candidates (age > 60 y, hypertension, diabetes, smoking, dyslipidemia, cardiovascular 
disease, dialysis > 1 y, left  ventricular hypertrophy). Patients underwent stress myocardial 
perfusion imaging pre-transplant and were followed for major adverse cardiac events 
(MACE), defi ned as cardiac death and myocardial infarction up to 6 years post-
transplant. Kaplan-Meier plots, log-rank test and cox-regression models were used in 
outcome analyses. Results: Among 297 patients analyzed (39% females, mean age 53 
± 12 y), 272 patients had some degree of DD (9%, grade 1; 20%, grade 2; 3%, grade 3 
or 4) and 50 patients (17%) were classifi ed as indeterminate. Among 281 patients with 
available E/e’ ratio, 101 (36%) patients had elevated left  ventricular fi lling pressures 
assessed by averaged septal and lateral E/e’ > 14. A total of 68 MACEs were observed 
during a mean follow-up of 2.9 ± 1.9 y. Th ere was a stepwise increase in MACE risk with 
increasing diastolic dysfunction grade, this association persisted aft er adjusting for sex 
and the sum of AHA/ACCF risk factors (Fig. 1). E/e’ > 14 was associated with a signifi cant 
increase in MACE risk, which remained signifi cant aft er adjusting for age, sex, duration 
of hemodialysis, AHA/ACCF risk factors, stress perfusion imaging, and left  ventricular 
ejection fraction (Fig 2). Conclusion: High fi lling pressure assessed by E/e’ ratio and DD 
grade are independent predictors of MACE risk in RT recipients with a direct correlation 
between DD severity and MACE rates. 

P1-196
Titin Truncation Position Determines Propensity for Dilated 
Cardiomyopathy, Abnormal Ventricular Relaxation and Late 
Diastolic Stiffness: An Echocardiographic Analysis of Four 
Zebra sh Models
Louis W. Wang1, Inken G. Huttner1, Celine F. Santiago1, Kelly A. Smith2, Michael 
P. Feneley3, Diane Fatkin1. 1Victor Chang Cardiac Research Institute, Sydney, 
Australia; 2Institute for Molecular Bioscience, University of Queensland, Brisbane, 
Australia; 3St Vincent‘s Hospital, Sydney, Australia
Background: Truncating variants of the titin gene (TTNtv) are associated with risk 
of dilated cardiomyopathy (DCM), but the prognostic implications for any individual 
heterozygous carrier remains unclear. It has been proposed that DCM is more likely if a 
TTNtv 1) is located in a highly utilized exon present in the majority of cardiac isoforms 
or 2) aff ects the titin A-band. We therefore studied adult zebrafi sh models of diff erent 
titin truncations to evaluate mutation position eff ects on systolic and diastolic function 
in-vivo. Methods: Serial echocardiography was performed at 3, 6, 9 and 12 months on 
male heterozygotes and wildtype siblings (N=9-20/group) from four separate models 
of zebrafi sh titin (ttna) truncation (see Panel A). Th ese mutations, all in highly utilized 
exons, included 1) ttnae005-tv in the Z-line; 2) ttnae105-tv in the distal I-band; 3) ttnahel in 
the proximal A-band, and 4) ttnae201-tv in the mid A-band. Th e fi rst two truncations were 
located upstream, while the latter two were downstream of the internal promoter for the 
C-terminus titin isoform, Cronos, in the distal I-band. Results: Heterozygous mutants 
diff ered in their propensity for chamber dilatation and contractile dysfunction. Th e 
two A-band mutants showed spontaneous ventricular dilatation (Panels B-C), reduced 

ejection fraction (Panel D) and reduced global longitudinal strain (Panel E). Th e I-band 
mutant had an intermediate phenotype consistent with forme fruste DCM. Abnormalities 
during early diastole (e.g. isovolumic relaxation time, Panel F) were present in A-band 
and I-band mutants. Th e late-diastolic peak A-wave velocity to late-diastolic strain rate 
ratio (A/SRa, Panel G) was highest in A-band mutants, followed by the I-band mutant, 
consistent with mutation position dependent eff ects on late-diastolic ventricular stiff ness. 
Th e Z-line mutant did not signifi cantly diff er from wildtypes in relation to the above 
parameters. Conclusion: Severity of the DCM phenotype varied according to mutation 
position in zebrafi sh titin truncation, with the eff ect greatest in A-band mutants. A novel 
fi nding is that titin truncating mutations also display evidence of impaired ventricular 
relaxation and compliance. Th is study has clinical signifi cance regarding the implications 
for tolerance of mechanical stress in human carriers.

P1-197
Impact of Biventricular Imaging Markers on Outcomes in Non 
Compaction Cardiomyopathy: A Machine Learning Study
Camila Rocon1, Mahdi Tabassian2, Jan D‘hooge2, Marcelo Dantas Tavares de 
Melo1, Jose de Arimateia Araujo Filho1, Jose Rodrigues Parga Filho1, Ludhmila 
Abrahao Hajjar1, Roberto Kalil Filho1, Edimar Alcides Bocchi1, Vera Maria Cury 
Salemi1. 1INCOR, Sao Paulo, Brazil; 2University of Leuven, Leuven, Belgium
Aims: Left  ventricular non-compaction cardiomyopathy (LVNC) is a genetic heart 
disease according American Heart Association, which main clinical manifestations 
are heart failure, arrhythmias and embolic events. Its prevalence is increasing due 
improvements in imaging cardiac methods, such as echocardiography (echo) and cardiac 
magnetic resonance imaging (CMRI). However, imaging parameters related to prognosis 
are poorly known. Th e goal of this study was to analyze a large set of echocardiographic 
and CMRI parameters using machine learning techniques, in order to fi nd an association 
between these imaging markers and clinical outcome in a long-term follow-up of LVNC 
patients. Methods: Patients with LVNC diagnosed by echo and CMRI current criteria, 
from a tertiary center, were recruited and they were followed. Combined ‘hard events’ 
(death, cardiac transplantation, heart failure hospitalization, aborted sudden cardiac 
death, complex ventricular arrhythmias, and embolisms) were registered. CMRI 
and echocardiographic parameters were extracted by expert users and subsequently 
analyzed via a supervised machine learning methodology using ‘cross-validation’. Ethical 
committee approved the protocol and all patients gave written informed consent. Results: 
One hundred and eight LVNC patients (38,3 +15,5 years, 48% male) diagnosed by echo 
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and CMRI criteria were recruited for this study and were followed for 5,83 + 3,9 years. 
Forty-seven (43,5%) patients presented at least one hard event. Th e best combination of 
imaging markers was left  ventricular ejection fraction (CMRI), right ventricular end-
systolic volume (CMRI), right ventricular systolic dysfunction (echo), right ventricular 
lower diameter (CMRI) and left  ventricular end-systolic volume (echo), with an accuracy, 
sensitivity and specifi city of 75%, 80%, 72%, respectively (Figure 1). Conclusion: Th e 
combination of echo and CMRI indices improved the stratifi cation of the risk in LVNC 
patients. Also, our fi ndings showed the importance of biventricular assessment to detect 
the severity of this cardiomyopathy.

P1-198
Pre-operative Pulmonary Artery Systolic Pressure by 
Echocardiography and Outcomes in Renal Transplant Recipients
Stephani Wang, Rachel Garcia, Mikhail Torosoff , Steven Fein, Nikolaos 
Chandolias, David Conti, Radmila Lyubarova. Albany Medical Center, Albany, 
NY
Background: Th e association between pulmonary hypertension and renal transplant 
outcomes has not been well studied. We evaluated the relationship between estimated 
pulmonary artery systolic pressure (PASP) by transthoracic echocardiogram (TTE) and 
outcomes in renal transplant recipients. Methods: Th is is a single-center retrospective 
study of 567 consecutive patients who have received renal transplant from January 2008 
to December 2015. Total of 191 patients who have documented PASP estimated by TTE 
prior to renal transplantation were included in the study. Patients were divided in 2 
groups: normal PASP was defi ned as <37 mmHg (n=141) and elevated PASP was ≥37 
mmHg (n=50). Diff erences between the groups were analyzed using t-test, chi-square test 
and analysis of variance for mean values. We examined correlation of PASP and 1-year 
and 2-years renal function outcomes using multivariate, logistic regression analysis. 
Results: Mean age of the total cohort was 51.26±12.42, 36.13% female, 81.15% Caucasian, 
and 12.04% African American. Th ere was no signifi cant diff erence between the groups 
in age, gender, ethnicity and comorbidities. Patients with elevated PASP had higher 
proportion of left  ventricular ejection fraction <50% (7% vs 3.5%, p=0.01). Elevated PASP 
group compared to normal PASP had higher 1-year post-transplant creatinine (1.44 mg/
dL vs 1.23 mg/dL, p=0.01) and lower estimated glomerular fi ltration rate (eGFR) (55.22 
mL/min/1.73m² vs 62.18 mL/min/1.73m², p=0.03). On both univariate and multivariate 
analyses elevated PASP was associated with higher 1-year post-transplant creatinine 
(regression coeffi  cient 0.184, 95% CI 0.02-0.35, p=0.028) and lower eGFR (regression 
coeffi  cient -8.297, 95%CI -14.99 to -1.61, p=0.015). Similarly, higher PASP was associated 
with lower eGFR at 2 years post-transplantation. Conclusions: Renal transplant recipients 
with elevated PASP on pre-operative TTE had lower eGFR at 1-year and 2 years post-
transplant. Preoperative echocardiographic evaluation for pulmonary hypertension could 
be helpful in predicting probability of renal graft  dysfunction.

PASP < 37 mmHg
(n=141)

PASP ≥ 37 mmHg
(n=50) p-value

Mean age ± SD 50.30±12.43 52.21±10.86 0.287
Male (%) 65.25 60.00 0.507
Caucasian (%) 81.56 80.00
African American (%) 10.64 16.00 0.317
Type of transplant - Live (%) 19.86 14.00 0.358
LVEF 
<50% 3.55 7.00 0.009
≥50% 96.45 93.00
Mean PASP (mmHg) ± SD 26.98 ±5.42 52.48±10.86 <0.001
Left  ventricular hypertrophy (%) 24.11 28.00 0.586
Co-morbidities (%)
prior myocardial infarction 8.51 8.00 0.911
Hypertension 85.82 80.00 0.332
Diabetes mellitus 28.37 30.00 0.827
Hypothyroidism 8.51 8.00 0.911
COPD 1.42 0.00 0.397
Smoking 29.79 16.00 0.057
ETOH use 15.60 8.00 0.178
Outcomes
Creatinine at 1-year (mg/dL) 1.25 1.44 0.017
eGFR at 1-year (mL/min/1.73m²) 60.13 52.26 0.019
Creatinine at 2-year (mg/dL) 1.31 1.43 0.095
eGFR at 2-year (mL/min/1.73m²) 60.28 51.04 0.006
Hospital stay (days) ± SD 9.32±5.84 10.24±6.17 0.346

P1-199
Is There a Mortality Bene t in the Use of Intra-Aortic Balloon 
Pumps in Patients with Takotsubo Cardiomyopathy and 
Cardiogenic Shock
Munim A. Khan1, Niranjani Venkateswaran1, Osama T. Niazi2. 1Rutgers NJMS, 
Newark, NJ; 2New York University, New York, NY
Background: Takotsubo cardiomyopathy (TC) is a transient left  ventricular ballooning 
that can lead to cardiogenic shock, which can be treated with an intra-aortic balloon 
pump (IABP). Th e purpose of this study is to determine the mortality benefi t of an IABP 
in patients diagnosed with both TC and cardiogenic shock. Methods: We used the NIS 
database to identify all patients (1676) who were diagnosed with TC and cardiogenic 
shock from 2007 till 2014, using ICD-9 codes 429.83 and 785.51 respectively. We analyzed 
and compared the mortality between 451 patients who received an IABP (ICD-9 code 
37.61) and 1225 patients who did not receive the IABP, to determine if the pump had 
a mortality benefi t in any subset of patients with various baseline characteristics, from 
those included in the NIS database, as well as additional diagnoses including arrhythmias, 
psychiatric conditions, and septic shock, which were indicated as risk factors for TC in 
previous literature. Results: Of the 1676 patients, 1350 were female, and 326 were male 
(p < 0.05). Th e overall mortality was 21%, but was higher in males (27.3%) vs. females 
(19.3%) (p = 0.002) regardless of pump status. 451 patients received the pump (mortality 
18%) and 1225 patients did not receive the pump (mortality 22%). Th e majority of 
patients diagnosed with TC and cardiogenic shock were Caucasian (1183, 70.5%), and 
some common underlying diagnoses included electrolytes abnormalities (64.1%), 
hypertension (49.6%), CHF (32.4%), hyperlipidemia (24.3%), atrial fi brillation (21.2%), 
septic shock (20.5%), diabetes (18.1%), depression (11.5%) and anxiety (9%). With a Chi-
square analysis we found that patients with depression or anxiety, who received an IABP, 
showed mortality benefi ts, with p values of 0.05 and 0.04 respectively, when compared to 
patients who did not get a pump. Patients with atrial fi brillation who received an IABP 
had a mortality benefi t with a p value of 0.06 (i.e. approaching signifi cance) compared to 
those without the IABP. IABP use showed mortality benefi ts in other subsets of patients, 
but the p values were not signifi cant. Conclusion: Th ere are signifi cantly more females 
with TC and cardiogenic shock than males, whereas the mortality is signifi cantly higher 
in males regardless of pump status. We identifi ed two patient groups (depression, anxiety) 
that showed statistically signifi cant mortality benefi ts, and one (atrial fi brillation) with 
a mortality benefi t approaching signifi cance, with the use of an IABP for TC and 
cardiogenic shock.

P1-200
Arrhythmogenic Cardiomyopathy: Which Echocardiographic 
Parameters are Risk Factors for Malignant Arrhythmia?
Karima Addetia1, Andrea Mazzanti2, Megan Yamat1, Riccardo Maragna3, 
Kanako Kishiki1, Aldo Prado4, Margherita Gaudenzi Asinelli5, Roberto M. Lang1, 
Silvia Priori2. 1University of Chicago, Chicago, IL; 2University of Pavia, Pavia, 
Italy; 3ICS Maugeri, IRCCS, Pavia, Italy; 4Centro Privado de Cardiologia Yerba 
Buena, Tucuman, Argentina; 5Gaudenzi Asinelli, Pavia, Italy
Background: Arrhythmogenic cardiomyopathy (ARVC) is a progressive disease 
characterized by fi brous/fatty replacement of the myocardium and sudden death caused 
by ventricular arrhythmias. Although little is known about which 2D transthoracic 
echocardiography (TTE) parameters portend a worse outcome, this modality is oft en 
used to follow disease progression. Additionally, the use of 3D TTE in this context has 
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not been explored. Accordingly, we prospectively acquired 2D and 3D TTE studies in 
ARVC patients at varying stages of disease to determine whether any echocardiographic 
parameters are associated with a history of ventricular tachycardia or syncope (VTS). 
Methods: 54 patients (47±14y; 61%male) with ARVC (11 with VTS; 43 without) were 
prospectively enrolled. 2D end-diastolic dimensions of the left  (LVEDD) and right 
(basal, RVEDb and mid RVEDm) ventricles, proximal and distal right ventricular (RV) 
outfl ow tract (RVOTp, RVOTd), 2D right and left  atrial volumes (RAV, LAV), 2D diastolic 
function parameters including (mitral infl ow E/A, deceleration time, DT and the ratio 
between E and the mean lateral and medial mitral annular e’), RV fractional area change 
(FAC), left  ventricular (LV) global longitudinal strain (GLS), RV free-wall strain (FWS), 
pulmonary artery systolic pressure (PASP) and tricuspid regurgitation vena contracta 
width (TRVC) were measured. 3D full-volume datasets of the LV and RV were analyzed 
(Tomtec) to obtain end-diastolic and end-systolic volumes (EDV, ESV) and EF. ARVC 
patients with and without VTS were compared using unpaired t-test. Results: Age was 
not signifi cantly diff erent between ARVC groups. Th ere were more men in the ARVC 
with VTS group. Patients with ARVC with VTS had longer DT, lower FAC, higher PASP 
and larger 3D RV volumes than the group without VTS. 2D RV basal and mid-ventricular 
dimensions as well as RVOTp and RVOTd dimensions tended to be larger in the ARVC 
with VT group (Figure). In contrast, no intergroup diff erences were noted in atrial and 
LV parameters. Conclusions: In patients with ARVC, larger RV size with higher PASP is 
associated with increased risk for VT and syncope. Worsening RV parameters should be 
interpreted as an indicator for increased VTS risk.

P1-201
Identi cation of Patients with Chagas Disease at Risk of 
Worsening Cardiomyopathy Using 2-D Speckle Tracking Strain
Sithu Win1, Monica Miranda-Schaeubinger1, Lola C. Telleria2, Freddy Tinajeros3, 
Jorge Flores2, Paula C. Jimenez2, Caryn Bern4, Ronald GD Saucedo2, Robert 
H. Gilman1, Monica Mukherjee1. 1Johns Hopkins University, Baltimore, MD; 
2Universidad Católica Boliviana ¨San Pablo¨, La Paz, Bolivia, Plurinational State 
of; 3Asociación Benéfi ca PRISMA, San Miguel, Peru; 4University of California, 
San Francisco, San Francisco, CA
Background: Chagas disease is a major cause of morbidity in Latin America where it 
aff ects approximately 8 million people, with highest prevalence in Bolivia. An estimated 
20-30% of those infected go on to develop Chagas cardiomyopathy (CC) and clinical heart 
failure. Th ere is currently a lack of reliable predictors of CC, hindering early identifi cation 
and treatment of patients at highest risk of progression. Methods: Th is prospective 
observational study was conducted at the Hospital San Juan de Dios, the largest public 
hospital of the city of Santa Cruz, Cordilleras Province of Bolivia. Between 2016-2017, 
participants underwent a focused history and physical examination, a 12-lead ECG and a 
2D echocardiogram at baseline and at one-year follow-up. Th irty-one patients who were 
classifi ed as Stage B by their characteristic ECG abnormalities but without structural 
changes by echocardiogram at baseline were selected from the overall cohort. Th ey were 
considered to have progressed if they were Stage C or D as evidenced by moderate to 
severe systolic dysfunction at their subsequent visit. Echocardiograms from both visits 
were analyzed offl  ine for peak averaged and regional left  ventricular global longitudinal 
systolic strain (GLS) using TomTec Image-Arena soft ware. Measurements were compared 
between patients who progressed and did not progress by two-sample t-test, as well as 
the change over time. Results: Of the 31 patients, 8 had progressed to Stage C or D at 
follow-up. Mean age among progressed was 60.5 years and 62.5% female, compared 
with 54.1 years and 78.3% female among non-progressed. At baseline, mean LVEF was 
lower and peak GLS was less negative among those who progressed versus those who did 
not (see table). Th ese diff erences were similar at the follow-up visit. Conclusion: Mild 
abnormalities in GLS and LVEF are detectable in asymptomatic patients with Chagas 
disease who go on to develop symptoms or clinical heart failure. Screening this at-risk 
population for these changes may provide an opportunity for earlier treatment.

Not progressed
(n=23)

Progressed
(n=8) p-value*

Age, years 54.1 +/- 14.7 60.5 +/- 8.7 0.260
Female, % 78.3 62.5 0.380
BMI, kg/m2 29.2 +/- 6.0 31.0 +/- 4.6 0.461
Baseline Echo
LVEF, % 58.6 +/- 9.3 48.3 +/- 9.8 0.017
Avg peak LV GLS, % -23.0 +/- 3.3 -18.0 +/- 4.5 0.003
Follow-up Echo
LVEF, % 60.9 +/- 6.4 47.6 +/- 8.5 <0.001
Avg peak LV GLS, % -23.6 +/- 2.5 -18.4 +/- 3.5 <0.001
Baseline to F/U α
LVEF, % 2.3 +/- 9.3 -0.3 +/- 5.9 0.501
Avg peak LV GLS, % -0.4 +/- 2.7 -0.5 +/- 1.5 0.910
Days between 360 +/- 57 395 +/- 71 0.179
* t-test for continuous and χ2 test for dichotomous variables.

P1-202
Echo Combined with Conventional Chest CT Predicts MACE in 
Septic Patients Better than Echo or CT Alone
Talal Alnabelsi, Mathew Sousa, Vedant Gupta, Rahul Annabathula, Steve Leung, 
Vincent Sorrell. University of Kentucky, Lexington, KY
Background: Sepsis is a common clinical condition with poor outcomes, and myocardial 
dysfunction has had limited predictive value for all-cause mortality on previous studies. 
However, there is limited research on risk stratifi cation of septic patients for MACE (up 
to 25-30% in 1 year). Th is study proposes the use of left  ventricular ejection fraction 
(EF) on echocardiogram and coronary artery calcifi cation (CAC) on non-gated CT scans 
to identify septic patients at highest risk for MACE. Methods: Th is was a retrospective 
cohort study of adult septic patients at a tertiary care center with detectable troponin 
levels, non-gated CT scans that visualized the coronaries, and an echocardiogram. 
Patients with a recent cardiac intervention were excluded. EF ≥ 50% was considered 
normal. CAC was identifi ed as present or absent on CT. Patients were stratifi ed into 4 
groups: normal EF/CAC absent, normal EF/CAC present, low EF/CAC absent, low EF/
CAC present. Th e primary endpoint was a composite of CV death, acute myocardial 
infarction (AMI) or percutaneous coronary intervention (PCI) at 1 year. Th e secondary 
endpoints were all-cause mortality at 1 year, and AMI or PCI at 1 year. Fisher’s exact test 
and Chi2 were used for analysis. Results: 307 septic patients (60 +/- 14 years old, 54% 
male) were included in evaluation of the primary outcome. Overall, 8% (n=24) met the 
primary endpoint at 1 year, and only 1 patient was in the normal EF/CAC absent (n=89) 
group. Using normal EF/CAC absent as a control, patients with a low EF/CAC present 
(n=59) had the highest primary endpoint (22%, p<0.001) as well as higher rates of AMI/
PCI (12% vs 0%, p<0.05), but no increase in all-cause mortality at 1 year (58% vs 48%, 
p=NS). Conclusion: EF on echocardiogram provides a powerful risk stratifi cation tool 
for predicting CV events in septic patients. With the addition of CAC on non-gated CT 
scans, physicians have a novel stratifi cation schema to triage at risk patients who may 
benefi t from additional testing or therapeutic interventions.

P1-203
Impact of the Introduction of the 2016 ASE/EACVI Guidelines on 
the Reporting of Diastolic Function on Echocardiography
Olusegun Sheyin, Tahseen Rahman, Sabe De, David McCarty. Western University 
Canada, London, ON, Canada
Background: In 2016, the American Society of Echocardiography updated its 2009 
diastolic function guidelines to simplify the approach to diastolic function assessment 
and thus increase its utility in daily clinical practice. Th ere is sparse data on the impact 
of the guideline update on the reporting of diastolic function in the literature. Hence, we 
conducted this study to see if this novel approach to diastolic function determination 
infl uences the echocardiography reporting practice at our institution. Methods: We 
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retrospectively reviewed all adult echocardiographic studies performed at our institution 
between July 2015 to March 2017, divided into two 9-month time periods before and aft er 
the guideline update (July 2015-March 2016; and July 2016 to March 2017). We excluded 
studies performed on patients with depressed LVEF or any of the conditions that may 
make diastolic function assessment challenging. We identifi ed data for each of the periods 
and assessed what proportion of the reports had any statement on diastolic function 
assessment. We subsequently determined the accuracy of such reporting according to the 
guidelines in place at each period. Statistical analysis was performed using SPSS version 
24. Results: 5,645 echocardiographic studies were included in this analysis, divided into 
the pre-guideline update cohort (2,648 studies) and the post-guideline update cohort 
(2,997 studies). Th e number of studies that could not be adequately classifi ed using the 
available parameters when guidelines were applied strictly reduced from 79.2% using the 
2009 guidelines to 2.7% with the 2016 guidelines. Th e reporting of diastolic function by 
our echocardiography readers improved from 82.1% pre-update to 88.9% post-update 
(p <0.001). Th ere was also an improvement in accurate classifi cation of normal and 
abnormal diastolic function from 22.7% and 59.4% pre-update to 42.9% and 37.0% post-
update, closer to the gold standard by ASE defi nition of 60.1% and 19.8%, respectively 
(p < 0.001). In addition, there was a statistically signifi cant improvement in the accuracy 
of reporting of diastolic dysfunction grade from 16.6% to 39.4% pre-and post-update, 
respectively (p < 0.001). Conclusions: Th e new diastolic function guidelines allow for 
easier and more accurate classifi cation of diastolic function using fewer parameters. 
Th e proportion of studies for which diastolic function could not be classifi ed reduced 
signifi cantly. Th ere was a statistically signifi cant increase in reporting of diastolic function 
by our echocardiographers and in the accuracy of diastolic function classifi cation.

P1-204
Right Ventricular Strain is an Independent Predictor of Interstitial 
Lung Disease in Systemic Sclerosis
Hidemi Sorimachi1, Tomonari Harada1, Kuniko Yoshida1, Koji Kurosawa1, 
Masaru Obokata1, Masahiko Kurabayashi1, Kasuaki Negishi2. 1Gunma University 
Graduate School of Medicine, Maebashi, Japan; 2Menzies Institute for Medical 
Research, University of Tasmania, Hobart, Australia
Background: Interstitial lung disease (ILD) is the leading cause of death in systemic 
sclerosis (SSc). Th e right ventricular (RV) strain assessment in SSc is useful for the 
detection of RV dysfunction, but little is known whether RV strain can diagnostic 
accuracy for detecting ILD. We aimed to evaluate the relation between ILD AND RV 
function assessed RV strain. Methods: We retrospectively reviewed the records of 173 
SSc patients (62±11 years; 153 females) who underwent echocardiography with speckle 
tracking strain. We measured left  ventricular (LV) global strain (LVGLS), RVGLS, RV 
free wall strain, tricuspid annual plane systolic excursion (TAPSE) AND fractional area 
change (FAC). Results: Chest CT revealed 73 SSc patients with ILD, who had higher 
prevalence of diff use cutaneous SSc AND greater skin score than those without. Th ere 
were no significant diff erences in age, gender, disease duration, AND LVEF between the 
groups. RV GLS AND free wall strain were lower in patients with ILD than in without 
although TAPSE AND FAC were similar between the groups. Furthermore, RV global 
strain≦18.2% predicted ILD with sensitivity 68%, specifi city of 68% (AUC=0.70, 
p<0.001), AND so RV free wall strain≦18.8% did with sensitivity 60%, specifi city of 78% 
(AUC=0.71, p<0.001). On multivariable logistic regression analysis (Table), RV strain 
(global AND free wall) were independent (both p=0.001) AND incremental predictors 
(both p<0.001) for SSc-ILD when added to the model with age, gender, diff use cutaneous 
SSc, skin core, RVSP AND TAPSE. Conclusion: RV strains were independent predictors 
for predicting interstitial lung disease in patient with SSc.

P1-205
Global Longitudinal Strain is Preserved in Pregnant Women With 
Advanced Maternal Age: a Speckle Tracking Echocardiography 
Study
Lili Zhang1, Sarabjeet Suri2, Afi achukwu Onuegbu1, Ali N. Zaidi1, Diana Wolfe1, 
Cynthia C. Taub1. 1Montefi ore Medical Center, Bronx, NY; 2Montefi ore Medical 
Center, Wakefi eld Campus, Bronx, NY
Background: Speckle tracking echocardiography (STE) is a sensitive tool to evaluate 
subtle myocardial deformation. No previous study has examined myocardial alterations 
by STE among pregnant women with advanced maternal age (AMA). We aimed to 
determine if pregnant women of AMA had myocardial changes detectable by STE 
that indicate subclinical myocardial dysfunction. Methods: We included women who 
visited the prenatal clinic at our institution from 2008 to 2015 and had a transthoracic 
echocardiogram during pregnancy. Th e AMA group was defi ned as women of maternal 
age ≥35 years and the control group consisted of women of maternal ages 18-34 years. 
Women with pre-existing diagnoses of any cardiac conditions were excluded. Global 
longitudinal, circumferential, radial strain and strain rate measurements by STE were 
summarized as means and standard deviations. Comparison of strain variables was 
performed using the Student‘s t-test or one-way analysis of variance method. Results: 
We analyzed 103 pregnant women, including 54 women in AMA group and 49 women in 
normal pregnant age group. Mean age of AMA group was 38.8 (± 3.2) years. Mean age of 
the control group was 27.5 (± 4.5) years. Left  ventricular ejection fraction was similar in 
the AMA and control groups (64.2% ± 4.5% versus 63.9% ± 4.4%, P=0.693). Mean global 
longitudinal strain of AMA group was -21.9% ± 3.5%, similar to that of normal pregnant 
age group (-22.1% ± 2.1%, P=0.724). Mean radial strain of AMA group (24.8% ±18.0%) 
was signifi cantly lower than that of normal pregnant age group (36.4% ± 22.5%, P=0.005). 
Circumferential strain was signifi cantly higher in patients with AMA (-26.9% ± 7.1% 
versus -23.8% ± 4.6%, P=0.011). Th ere was no signifi cant diff erence in strain or strain 
rate by trimesters and study groups (Figure 1). Conclusion: Global longitudinal strain 
was preserved in pregnant women with AMA in our cohort, whereas the circumferential 
strain and radial strain of AMA group were signifi cantly diff erent from those of normal 
pregnant age group. Further studies to explore myocardial deformation in pregnant 
women with AMA are warranted.
Figure 1. Global Longitudinal Strain of Normal Pregnant Age Group and Advanced 
Maternal Age Group by Trimesters.

P1-206
In Fetuses with Congenital Lung Masses, Decreased 
Atrioventricular Valve and Ventricular Dimensions are Associated 
with Lesion Size and Clinical Outcome
Christopher Mardy1, Yair J. Blumenfeld2, Alisa A. Arunamata2, Anna I. Girsen2, 
Karl G. Sylvester2, Safwan Halabi2, Erika Rubesova2, Susan R. Hintz2, Th eresa A. 
Tacy2, Shiraz A. Maskatia2. 1Stanford University School of Medicine, Stanford, 
CA; 2Stanford University, Palo Alto, CA
Background: In fetuses with congenital lung masses, congenital pulmonary airway 
malformation volume ratio (CVR) and lesion volume are associated with increased risk 
of neonatal respiratory distress (RD). Little is known about the association between 
cardiac dimensions and lesion size or clinical outcome. Methods: Cases were identifi ed 
from the Fetal and Pregnancy Health database between 2009 and 2016. Blinded observers 
measured atrioventricular valve annulus dimensions (AVVz) and ventricular widths 
(VWz) converted into Z-scores and estimated ratio of aortic to total cardiac output 
(AoCO). Other fetal data obtained include: lesion side, lesion CVR on ultrasound and 
lesion volume on MRI. Neonatal respiratory distress (RD) was defi ned as: intubation, 
ECMO use or surgical intervention prior to discharge. Results: 49 fetuses which had 
echocardiographic, ultrasound, and outcome data available comprised the study cohort. 
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not been explored. Accordingly, we prospectively acquired 2D and 3D TTE studies in 
ARVC patients at varying stages of disease to determine whether any echocardiographic 
parameters are associated with a history of ventricular tachycardia or syncope (VTS). 
Methods: 54 patients (47±14y; 61%male) with ARVC (11 with VTS; 43 without) were 
prospectively enrolled. 2D end-diastolic dimensions of the left  (LVEDD) and right 
(basal, RVEDb and mid RVEDm) ventricles, proximal and distal right ventricular (RV) 
outfl ow tract (RVOTp, RVOTd), 2D right and left  atrial volumes (RAV, LAV), 2D diastolic 
function parameters including (mitral infl ow E/A, deceleration time, DT and the ratio 
between E and the mean lateral and medial mitral annular e’), RV fractional area change 
(FAC), left  ventricular (LV) global longitudinal strain (GLS), RV free-wall strain (FWS), 
pulmonary artery systolic pressure (PASP) and tricuspid regurgitation vena contracta 
width (TRVC) were measured. 3D full-volume datasets of the LV and RV were analyzed 
(Tomtec) to obtain end-diastolic and end-systolic volumes (EDV, ESV) and EF. ARVC 
patients with and without VTS were compared using unpaired t-test. Results: Age was 
not signifi cantly diff erent between ARVC groups. Th ere were more men in the ARVC 
with VTS group. Patients with ARVC with VTS had longer DT, lower FAC, higher PASP 
and larger 3D RV volumes than the group without VTS. 2D RV basal and mid-ventricular 
dimensions as well as RVOTp and RVOTd dimensions tended to be larger in the ARVC 
with VT group (Figure). In contrast, no intergroup diff erences were noted in atrial and 
LV parameters. Conclusions: In patients with ARVC, larger RV size with higher PASP is 
associated with increased risk for VT and syncope. Worsening RV parameters should be 
interpreted as an indicator for increased VTS risk.

P1-201
Identi cation of Patients with Chagas Disease at Risk of 
Worsening Cardiomyopathy Using 2-D Speckle Tracking Strain
Sithu Win1, Monica Miranda-Schaeubinger1, Lola C. Telleria2, Freddy Tinajeros3, 
Jorge Flores2, Paula C. Jimenez2, Caryn Bern4, Ronald GD Saucedo2, Robert 
H. Gilman1, Monica Mukherjee1. 1Johns Hopkins University, Baltimore, MD; 
2Universidad Católica Boliviana ¨San Pablo¨, La Paz, Bolivia, Plurinational State 
of; 3Asociación Benéfi ca PRISMA, San Miguel, Peru; 4University of California, 
San Francisco, San Francisco, CA
Background: Chagas disease is a major cause of morbidity in Latin America where it 
aff ects approximately 8 million people, with highest prevalence in Bolivia. An estimated 
20-30% of those infected go on to develop Chagas cardiomyopathy (CC) and clinical heart 
failure. Th ere is currently a lack of reliable predictors of CC, hindering early identifi cation 
and treatment of patients at highest risk of progression. Methods: Th is prospective 
observational study was conducted at the Hospital San Juan de Dios, the largest public 
hospital of the city of Santa Cruz, Cordilleras Province of Bolivia. Between 2016-2017, 
participants underwent a focused history and physical examination, a 12-lead ECG and a 
2D echocardiogram at baseline and at one-year follow-up. Th irty-one patients who were 
classifi ed as Stage B by their characteristic ECG abnormalities but without structural 
changes by echocardiogram at baseline were selected from the overall cohort. Th ey were 
considered to have progressed if they were Stage C or D as evidenced by moderate to 
severe systolic dysfunction at their subsequent visit. Echocardiograms from both visits 
were analyzed offl  ine for peak averaged and regional left  ventricular global longitudinal 
systolic strain (GLS) using TomTec Image-Arena soft ware. Measurements were compared 
between patients who progressed and did not progress by two-sample t-test, as well as 
the change over time. Results: Of the 31 patients, 8 had progressed to Stage C or D at 
follow-up. Mean age among progressed was 60.5 years and 62.5% female, compared 
with 54.1 years and 78.3% female among non-progressed. At baseline, mean LVEF was 
lower and peak GLS was less negative among those who progressed versus those who did 
not (see table). Th ese diff erences were similar at the follow-up visit. Conclusion: Mild 
abnormalities in GLS and LVEF are detectable in asymptomatic patients with Chagas 
disease who go on to develop symptoms or clinical heart failure. Screening this at-risk 
population for these changes may provide an opportunity for earlier treatment.

Not progressed
(n=23)

Progressed
(n=8) p-value*

Age, years 54.1 +/- 14.7 60.5 +/- 8.7 0.260
Female, % 78.3 62.5 0.380
BMI, kg/m2 29.2 +/- 6.0 31.0 +/- 4.6 0.461
Baseline Echo
LVEF, % 58.6 +/- 9.3 48.3 +/- 9.8 0.017
Avg peak LV GLS, % -23.0 +/- 3.3 -18.0 +/- 4.5 0.003
Follow-up Echo
LVEF, % 60.9 +/- 6.4 47.6 +/- 8.5 <0.001
Avg peak LV GLS, % -23.6 +/- 2.5 -18.4 +/- 3.5 <0.001
Baseline to F/U α
LVEF, % 2.3 +/- 9.3 -0.3 +/- 5.9 0.501
Avg peak LV GLS, % -0.4 +/- 2.7 -0.5 +/- 1.5 0.910
Days between 360 +/- 57 395 +/- 71 0.179
* t-test for continuous and χ2 test for dichotomous variables.

P1-202
Echo Combined with Conventional Chest CT Predicts MACE in 
Septic Patients Better than Echo or CT Alone
Talal Alnabelsi, Mathew Sousa, Vedant Gupta, Rahul Annabathula, Steve Leung, 
Vincent Sorrell. University of Kentucky, Lexington, KY
Background: Sepsis is a common clinical condition with poor outcomes, and myocardial 
dysfunction has had limited predictive value for all-cause mortality on previous studies. 
However, there is limited research on risk stratifi cation of septic patients for MACE (up 
to 25-30% in 1 year). Th is study proposes the use of left  ventricular ejection fraction 
(EF) on echocardiogram and coronary artery calcifi cation (CAC) on non-gated CT scans 
to identify septic patients at highest risk for MACE. Methods: Th is was a retrospective 
cohort study of adult septic patients at a tertiary care center with detectable troponin 
levels, non-gated CT scans that visualized the coronaries, and an echocardiogram. 
Patients with a recent cardiac intervention were excluded. EF ≥ 50% was considered 
normal. CAC was identifi ed as present or absent on CT. Patients were stratifi ed into 4 
groups: normal EF/CAC absent, normal EF/CAC present, low EF/CAC absent, low EF/
CAC present. Th e primary endpoint was a composite of CV death, acute myocardial 
infarction (AMI) or percutaneous coronary intervention (PCI) at 1 year. Th e secondary 
endpoints were all-cause mortality at 1 year, and AMI or PCI at 1 year. Fisher’s exact test 
and Chi2 were used for analysis. Results: 307 septic patients (60 +/- 14 years old, 54% 
male) were included in evaluation of the primary outcome. Overall, 8% (n=24) met the 
primary endpoint at 1 year, and only 1 patient was in the normal EF/CAC absent (n=89) 
group. Using normal EF/CAC absent as a control, patients with a low EF/CAC present 
(n=59) had the highest primary endpoint (22%, p<0.001) as well as higher rates of AMI/
PCI (12% vs 0%, p<0.05), but no increase in all-cause mortality at 1 year (58% vs 48%, 
p=NS). Conclusion: EF on echocardiogram provides a powerful risk stratifi cation tool 
for predicting CV events in septic patients. With the addition of CAC on non-gated CT 
scans, physicians have a novel stratifi cation schema to triage at risk patients who may 
benefi t from additional testing or therapeutic interventions.

P1-203
Impact of the Introduction of the 2016 ASE/EACVI Guidelines on 
the Reporting of Diastolic Function on Echocardiography
Olusegun Sheyin, Tahseen Rahman, Sabe De, David McCarty. Western University 
Canada, London, ON, Canada
Background: In 2016, the American Society of Echocardiography updated its 2009 
diastolic function guidelines to simplify the approach to diastolic function assessment 
and thus increase its utility in daily clinical practice. Th ere is sparse data on the impact 
of the guideline update on the reporting of diastolic function in the literature. Hence, we 
conducted this study to see if this novel approach to diastolic function determination 
infl uences the echocardiography reporting practice at our institution. Methods: We 
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retrospectively reviewed all adult echocardiographic studies performed at our institution 
between July 2015 to March 2017, divided into two 9-month time periods before and aft er 
the guideline update (July 2015-March 2016; and July 2016 to March 2017). We excluded 
studies performed on patients with depressed LVEF or any of the conditions that may 
make diastolic function assessment challenging. We identifi ed data for each of the periods 
and assessed what proportion of the reports had any statement on diastolic function 
assessment. We subsequently determined the accuracy of such reporting according to the 
guidelines in place at each period. Statistical analysis was performed using SPSS version 
24. Results: 5,645 echocardiographic studies were included in this analysis, divided into 
the pre-guideline update cohort (2,648 studies) and the post-guideline update cohort 
(2,997 studies). Th e number of studies that could not be adequately classifi ed using the 
available parameters when guidelines were applied strictly reduced from 79.2% using the 
2009 guidelines to 2.7% with the 2016 guidelines. Th e reporting of diastolic function by 
our echocardiography readers improved from 82.1% pre-update to 88.9% post-update 
(p <0.001). Th ere was also an improvement in accurate classifi cation of normal and 
abnormal diastolic function from 22.7% and 59.4% pre-update to 42.9% and 37.0% post-
update, closer to the gold standard by ASE defi nition of 60.1% and 19.8%, respectively 
(p < 0.001). In addition, there was a statistically signifi cant improvement in the accuracy 
of reporting of diastolic dysfunction grade from 16.6% to 39.4% pre-and post-update, 
respectively (p < 0.001). Conclusions: Th e new diastolic function guidelines allow for 
easier and more accurate classifi cation of diastolic function using fewer parameters. 
Th e proportion of studies for which diastolic function could not be classifi ed reduced 
signifi cantly. Th ere was a statistically signifi cant increase in reporting of diastolic function 
by our echocardiographers and in the accuracy of diastolic function classifi cation.

P1-204
Right Ventricular Strain is an Independent Predictor of Interstitial 
Lung Disease in Systemic Sclerosis
Hidemi Sorimachi1, Tomonari Harada1, Kuniko Yoshida1, Koji Kurosawa1, 
Masaru Obokata1, Masahiko Kurabayashi1, Kasuaki Negishi2. 1Gunma University 
Graduate School of Medicine, Maebashi, Japan; 2Menzies Institute for Medical 
Research, University of Tasmania, Hobart, Australia
Background: Interstitial lung disease (ILD) is the leading cause of death in systemic 
sclerosis (SSc). Th e right ventricular (RV) strain assessment in SSc is useful for the 
detection of RV dysfunction, but little is known whether RV strain can diagnostic 
accuracy for detecting ILD. We aimed to evaluate the relation between ILD AND RV 
function assessed RV strain. Methods: We retrospectively reviewed the records of 173 
SSc patients (62±11 years; 153 females) who underwent echocardiography with speckle 
tracking strain. We measured left  ventricular (LV) global strain (LVGLS), RVGLS, RV 
free wall strain, tricuspid annual plane systolic excursion (TAPSE) AND fractional area 
change (FAC). Results: Chest CT revealed 73 SSc patients with ILD, who had higher 
prevalence of diff use cutaneous SSc AND greater skin score than those without. Th ere 
were no significant diff erences in age, gender, disease duration, AND LVEF between the 
groups. RV GLS AND free wall strain were lower in patients with ILD than in without 
although TAPSE AND FAC were similar between the groups. Furthermore, RV global 
strain≦18.2% predicted ILD with sensitivity 68%, specifi city of 68% (AUC=0.70, 
p<0.001), AND so RV free wall strain≦18.8% did with sensitivity 60%, specifi city of 78% 
(AUC=0.71, p<0.001). On multivariable logistic regression analysis (Table), RV strain 
(global AND free wall) were independent (both p=0.001) AND incremental predictors 
(both p<0.001) for SSc-ILD when added to the model with age, gender, diff use cutaneous 
SSc, skin core, RVSP AND TAPSE. Conclusion: RV strains were independent predictors 
for predicting interstitial lung disease in patient with SSc.

P1-205
Global Longitudinal Strain is Preserved in Pregnant Women With 
Advanced Maternal Age: a Speckle Tracking Echocardiography 
Study
Lili Zhang1, Sarabjeet Suri2, Afi achukwu Onuegbu1, Ali N. Zaidi1, Diana Wolfe1, 
Cynthia C. Taub1. 1Montefi ore Medical Center, Bronx, NY; 2Montefi ore Medical 
Center, Wakefi eld Campus, Bronx, NY
Background: Speckle tracking echocardiography (STE) is a sensitive tool to evaluate 
subtle myocardial deformation. No previous study has examined myocardial alterations 
by STE among pregnant women with advanced maternal age (AMA). We aimed to 
determine if pregnant women of AMA had myocardial changes detectable by STE 
that indicate subclinical myocardial dysfunction. Methods: We included women who 
visited the prenatal clinic at our institution from 2008 to 2015 and had a transthoracic 
echocardiogram during pregnancy. Th e AMA group was defi ned as women of maternal 
age ≥35 years and the control group consisted of women of maternal ages 18-34 years. 
Women with pre-existing diagnoses of any cardiac conditions were excluded. Global 
longitudinal, circumferential, radial strain and strain rate measurements by STE were 
summarized as means and standard deviations. Comparison of strain variables was 
performed using the Student‘s t-test or one-way analysis of variance method. Results: 
We analyzed 103 pregnant women, including 54 women in AMA group and 49 women in 
normal pregnant age group. Mean age of AMA group was 38.8 (± 3.2) years. Mean age of 
the control group was 27.5 (± 4.5) years. Left  ventricular ejection fraction was similar in 
the AMA and control groups (64.2% ± 4.5% versus 63.9% ± 4.4%, P=0.693). Mean global 
longitudinal strain of AMA group was -21.9% ± 3.5%, similar to that of normal pregnant 
age group (-22.1% ± 2.1%, P=0.724). Mean radial strain of AMA group (24.8% ±18.0%) 
was signifi cantly lower than that of normal pregnant age group (36.4% ± 22.5%, P=0.005). 
Circumferential strain was signifi cantly higher in patients with AMA (-26.9% ± 7.1% 
versus -23.8% ± 4.6%, P=0.011). Th ere was no signifi cant diff erence in strain or strain 
rate by trimesters and study groups (Figure 1). Conclusion: Global longitudinal strain 
was preserved in pregnant women with AMA in our cohort, whereas the circumferential 
strain and radial strain of AMA group were signifi cantly diff erent from those of normal 
pregnant age group. Further studies to explore myocardial deformation in pregnant 
women with AMA are warranted.
Figure 1. Global Longitudinal Strain of Normal Pregnant Age Group and Advanced 
Maternal Age Group by Trimesters.

P1-206
In Fetuses with Congenital Lung Masses, Decreased 
Atrioventricular Valve and Ventricular Dimensions are Associated 
with Lesion Size and Clinical Outcome
Christopher Mardy1, Yair J. Blumenfeld2, Alisa A. Arunamata2, Anna I. Girsen2, 
Karl G. Sylvester2, Safwan Halabi2, Erika Rubesova2, Susan R. Hintz2, Th eresa A. 
Tacy2, Shiraz A. Maskatia2. 1Stanford University School of Medicine, Stanford, 
CA; 2Stanford University, Palo Alto, CA
Background: In fetuses with congenital lung masses, congenital pulmonary airway 
malformation volume ratio (CVR) and lesion volume are associated with increased risk 
of neonatal respiratory distress (RD). Little is known about the association between 
cardiac dimensions and lesion size or clinical outcome. Methods: Cases were identifi ed 
from the Fetal and Pregnancy Health database between 2009 and 2016. Blinded observers 
measured atrioventricular valve annulus dimensions (AVVz) and ventricular widths 
(VWz) converted into Z-scores and estimated ratio of aortic to total cardiac output 
(AoCO). Other fetal data obtained include: lesion side, lesion CVR on ultrasound and 
lesion volume on MRI. Neonatal respiratory distress (RD) was defi ned as: intubation, 
ECMO use or surgical intervention prior to discharge. Results: 49 fetuses which had 
echocardiographic, ultrasound, and outcome data available comprised the study cohort. 
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Of these, 45 (92%) had fetal MRI performed within 6 weeks of the echocardiogram. Mean 
gestational age at echocardiogram, ultrasound and MRI were 25.5±4.7, 25.3±5.9 and 
24.7±5.8 weeks, respectively. CVR correlated with ipsilateral AVVz (RS=-0.58, p<0.001), 
ipsilateral VWz (-0.68, p<0.001) and AoCO (RS= -0.29, p=0.040). Lesion volume 
correlated with ipsilateral AVVz (RS= -0.43, p=0.008), and ipsilateral VW (RS= -0.52, 
p=0.001), but not AoCO (RS= -0.20, p=0.252). In left -sided lesions, CVR was associated 
with AVVz, VWz and AoCO (RS= -0.69, -0.86, -0.46 and p<0.001, <0.001, and = 0.010 
respectively). In right-sided lesions, AVVs, VWz, and AoCO did not correlate with CVR. 
Mean AVVz and VWz were below expected for gestational age (table 1). In the entire 
cohort and in left -sided lesions specifi cally, lower AVVz and AoCO were associated with 
RD, while the association between RD and VWz approached signifi cance. In right-sided 
lesions, there was no signifi cant association between RD and AVVz, VWz or AoCO. 
Higher CVR was associated with RD in left - but not right-sided lesions. Th ere was no 
association with lesion side and RD. No fetus had structural heart disease. Conclusions: 
In fetuses with left -sided lung masses, smaller ipsilateral heart structures correlate with 
lesion size and neonatal RD. Compression of left -sided cardiac structures may contribute 
to neonatal RD in this population.

P1-207
Comparison of Left Ventricular Energy Loss between Patients with 
Idiopathic and Secondary Cardiac Hypertrophy
Yang Liu, Zibire Fulati, Mengruo Zhu, Haiyan Chen, Cuizhen Pan, Xianhong 
Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Aims: Patients with hypertrophic cardiomyopathy (HCM) and hypertension (HBP) 
share similar echocardiographic features but have diff erent aft erload status. Th e current 
study aims to evaluate left  ventricular energy loss (LVEL) in patients with HCM and HBP 
using vector fl ow map (VFM). Methods: Twenty-fi ve HCM patients (17 males, 8 females, 
and 55.24±14.53yrs), 21 HBP patients (19 males, 2 females, and 54.44±14.36yrs) and 36 
healthy subjects (15males, 21 females, and 27.52±3.65yrs) were enrolled as HCM group, 
HBP group and control group. HCM group,and HBP group have similar LV mass. All the 
subjects have normal left  ventricular ejection fraction(LVEF). Color Doppler imaging of 
apical four-chamber view, two-chamber view and long-axis view loops were recorded 
for VFM analysis. According to the opening and closing of the aortic valve and mitral 
valve, isovolumic contraction (IVC), isovolumic relaxation (IVR), ejection period (EP) 
and fi lling period (FP) were determined. Total LVEL during IVC, IVR, EP and FP as well 
as peak LVEL during IVC and IVR were quantifi ed. Results: 1.Compared to the control 
group, peak IVR-LVEL was decreased in both patient groups, and HCM group was the 
lowest (p<0.05). EP-LVEL, and peak IVC-LVEL were increased, while FP- LVEL was 
decreased in HCM group (all p<0.05); IVC-LVEL, peak IVC-LVEL , andEP-LVEL were 
increased in HBP group (all p<0.05). 2.Compared with HCM group, HBP group has the 
higher IVC- LVEL, peak IVR-LVEL, IVR-LVEL andFP-LVEL (all p<0.05). Conclusions: 
Patients with cardiac hypertrophy and normal LVEF, have increased systolic LVEL and 
reduced diastolicLVEL. HBP patients have more energy loss than HCM patients. LVEL 
might be a sensitive and valuable parameter to distinguish cardiac hypertrophy of 
diff erent etiology.

P1-208
Disease Stage-Dependent Changes of Cardiac Contractile 
Performance in Patients with Fabry Cardiomyopathy
Dai-Yin Lu, Wen-Chung Yu. Taipei Veterans General Hospital, Taipei, Taiwan
Background: Fabry cardiomyopathy (FC) is characterized by progressive left  ventricular 
hypertrophy, which leads to systolic and diastolic dysfunction. Here we evaluated disease-
stage dependent changes in myocardial contractile performance. Methods: Patients 
carrying Fabry mutated gene were recruited from 2007 to 2016. Th e study comprised 117 
asymptomatic mutation carriers, 57 FC patients on enzyme replacement therapy and 33 
healthy individuals. Standard transthoracic echocardiography, deformation analysis and 
hemodynamic study were performed. Results: A total of 207 patients (mean age 49 ± 16 
years, 45% men) were included. Patients with FC were older, with a higher proportion of 
male sex. Th ey also had more comorbidities and higher wall thickness. Patients with FC 
had the worst diastolic function, as evidenced by the largest left  atrium, lowest E/A and 

highest E/e’ ratio. Th e left  ventricular ejection fraction were similar among three groups, 
but FC patients had higher LV end-diastolic volume as well as stroke volume. Progressive 
deterioration of global longitudinal strain (GLS) was found in carrier and in FC patients 
(control vs. carrier vs. patient = -21.7 ± 4.1 vs. -18.4 ± 3.6 vs. -16.3 ± 4.2, p<0.001) (Figure 
A). A positive correlation was observed between LV mass and GLS (r=0.499, p=0.01). 
On the contrary, the global circumferential strain (GCS) slightly declined in carrier, but 
a high normal value of GCS was found in FC patients (p<0.001) (Figure B). Conclusion: 
Progressive deterioration of GLS was found in patients with Fabry cardiomyopathy, 
even in early asymptomatic stage. Th e increased LV mass was positively correlated with 
deterioration of GLS. On the contrary, the GCS remained the same or slightly improved 
in order to maintain stroke volume.

P1-209
Comparison of Global and Regional Myocardial Strains in 
Patients with Heart Failure with a Preserved Ejection Fraction vs 
Hypertension vs Age-Matched Control
Hyung Yoon Kim1, Sung-Ji Park2, Sung-A Chang2, Seung Woo Park2. 1Chonnam 
National University Hospital, Gwangju, Republic of Korea; 2Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea
Background: With an increasing clinical importance of the treatment of the heart 
failure (HF) with preserved ejection fraction (HFpEF), it is important to be certain of 
the diagnosis of HF. We investigated global and regional left  ventricular (LV) strains 
using echocardiography speckle tracking in patients with HFpEF and compared those 
parameters with that of patients with hypertension and normal subjects. Methods: Peak 
longitudinal, circumferential and radial strains were assessed globally and regionally 
for each study groups with two dimensional echocardiography using speckle-tracking. 
Diastolic strain rate was also determined. Results: Th ere were fi ft y patients in HFpEF 
group, fi ft y-six patients in hypertension group and forty-six age-matched normal subjects. 
In patients with HFpEF, global peak longitudinal, circumferential and radial strain and 
strain rate were reduced compared to both hypertension patients and normal controls 
(-15.5±5.3 vs -17.7±3.1 and -19.9±2.0; -9.7±2.2 vs -19.3±3.1 and -20.5±3.3; 17.7±8.2 vs 
38.4±12.4 and 43.6±11.9, respectively, P <0.001, for all). Furthermore, segmental peak 
longitudinal, circumferential and radial strain and strain rate were signifi cantly lower 
in HFpEF group compared to both hypertension patients and normal controls, in all 
segments except in inferoseptal and inferolateral apical segments. In addition, global and 
segmental peak strain and strain rate were signifi cantly higher in hypertension patients 
compared to normal subjects. Conclusions: In the speckle tracking echocardiography, 
impaired peak global strain and homogeneously reduced segmental strain was observed 
in HFpEF patients compared to the hypertension patients and normal subjects in 
decreasing order. Th is can provide early information on the initiation of LV deformation 
(of HFpEF) in patients with hypertension or normal subjects. 

P1-210
Characterization of Left Ventricular Diastolic Function Difference 
in Patients with Exercise-induced Pulmonary Hypertension due 
to Heart Failure with Preserved Ejection Fraction vs Exercise-
induced Pulmonary Arterial Hypertension
Cameron Benedict1, Oksana A. Shlobin2, Nicole J. Shiao3, Elena Welt1, Manijeh 
Vakilzadeh4, Steven D. Nathan2, Qiong Zhao4. 1Virginia Commonwealth 
University, Richmond, VA; 2Inova Fairfax Hospital, Falls Church, VA; 3Langley 
High School, McLean, VA; 4Inova Heart and Vascular Institute, Falls Church, VA
Background: Pulmonary hypertension (PH) is noted in Heart Failure with Preserved 
Ejection Fraction (HFpEF). Normal pulmonary capillary wedge pressure (PCWP) or left  
ventricular (LV) end-diastolic pressure at rest does not rule out HFpEF in well-diuresed 
patients; thus making early diagnosis diffi  cult. Exercise right heart cath (Ex-RHC) can 
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help diff erentiating exercise-induced HFpEF from exercise-induced pulmonary arterial 
hypertension (PAH). Th e treatment and prognosis of patients with PAH or HFpEF-PH 
diff er greatly. Th e aim of this study is to identify LV diastolic function Echo parameter(s) 
that correlate(s) with early HFpEF-PH. Methods: Th is is a retrospective study reviewing 
Echoes of patients who underwent Ex-RHC between 2014-2016. 125 patients who 
had resting Echoes around the time of Ex-RHC were identifi ed, and 53 had normal 
PA pressure (mPAP ≤ 25 mmHg) at rest. Patients in the following three groups were 
analyzed: A-normal with no exercise-induced PH or HFpEF(postEx mPAP ≤ 30, PCWP 
≤15, postEx PCWP< 25); B- exercise-induced PAH (postEx mPAP>30, PCWP ≤15, 
postEx PCWP< 25); C- exercise-induced HFpEF (postEx mPAP>30, PCWP <15, postEx 
PCWP≥ 25). Other groups had 0 or 1 patients, and were not analyzed. Echo diastolic 
parameters measured included E and e’ velocity, E/A, e’/a’ and E/e’ ratio, isovolumic 
relaxation time (IVRT), pulmonary vein S/D ratio, left  atrial volume index (LAVI). Data 
were analyzed using one-way ANOVA with Newman-Keuls post-test. Results: Among 
the 3 groups analyzed, the E velocity (96.8± 9.1 cm/s), E/A ratio (1.75±0.32), and E/e’ 
ratio (11.6 ± 1.52) were signifi cantly elevated in group C (HFpEF-PH, n=15) compared 
to groups A (normal, n=13) and B (Exercise-induced PAH, n=23). Th e LAVI in group B 
and C (50.5 ± 4.9, 34.7± 4.4 ml/m2) was increased and larger than in group A. Th e rest 
of the parameters were not statistically diff erent among the 3 groups. No patients in the 
groups without exercise-induced PH but with HFpEF at rest or postEx were identifi ed. 
Conclusion: Th is study suggests that in patients with normal resting PA pressure and 
exercise-induced HFpEF, LV diastolic function at rest may demonstrate early changes, 
including increased E velocity, E/A and E/e’ ratio, and LAVI. Th is fi nding could help 
enable early identifi cation and treatment of patients with occult HFpEF.

P1-211
Incidence and Characteristics of Pericardial Complications after 
Transcatheter Aortic Valve Replacement Compared with Surgical 
Aortic Valve Replacement 
Mi-Hyun Kim1, Chi Young Shim2, Geu-Ru Hong2, Seung-Hyun Lee2, Sak Lee2, 
Jae-Kwang Shim2, Young-Guk Ko2, Young-Ran Kwak2, Myeong-Ki Hong2. 
1Danguk University Jeli Hospital, Seoul, Republic of Korea; 2Yonsei University 
College of Medicine, Seoul, Republic of Korea
Backgrounds: Pericardial problems are common aft er open heart valve surgery mainly 
related to an infl ammatory process of pericardium. Since transcatheter aortic valve 
replacement (TAVR) does not open pericardium, it has theoretical advantages in 
terms of pericardial complications (PC) such as pericardial eff usion and postoperative 
constriction compared with surgical aortic valve replacement (SAVR). On the other 
hand, acute pericardial hemorrhages sometimes occur during TAVR. In this study, we 
sought to identify incidence, timing of occurrence, and characteristics of PCs aft er TAVR 
and SAVR. Methods: A total of 240 patients who underwent TAVR (n=91) or SAVR 
(n=149) without any concomitant surgeries from Jan 2012 to Nov 2016 were analyzed. 
PCs were defi ned as pericardial hemorrhage, pericardial eff usion larger than moderate 
degree and signifi cant constrictive physiology on 2D and Doppler echocardiography. PCs 
were classifi ed into three subgroups based on the occurrence timing aft er the procedure 
[acute PC (during the fi rst 48 hours), subacute PC (48 hours~2 weeks), and chronic PC (2 
weeks~6-months)]. Results: PCs were more common in SAVR than TAVR [76 (51.2%) vs. 
9 (10.3%), p<0.001]. Acute PCs mainly due to pericardial hemorrhages tended to be lower 
in SAVR than TAVR (1(1.0%) vs. 6 (6.6 %), p=0.013). As a result of its intrinsic nature of 

SAVR, subacute and chronic PCs mainly due to eff usive constriction were higher in SAVR 
than TAVR [73 (73%) vs. 4 (30%), p<0.001; 26 (26%) vs. 3 (3.3%), p=0.003, respectively]. 
Signifi cant constrictive physiology aft er SAVR disappeared in a half of cases at 12 months 
aft er the surgery, refl ecting its transient nature. Th e average of serum C - reactive protein 
aft er SAVR was higher than that aft er TAVR (130 ± 52 vs. 78 ± 49 mg/L, p<0.001), 
suggestive of robust infl ammatory process in SAVR. Th e average of serum C - reactive 
protein aft er SAVR with PC was slightly higher than that that aft er TAVR with PC, but 
they are not signifi cant diff erent (124 ± 47 vs. 100 ± 49 mg/L, p=0.344). Conclusions: 
Incidence, timing of occurrence and characteristics of PCs were diff erent aft er SAVR 
and TAVR. Understanding for these diff erences and pathophysiologic mechanisms 
of PCs aft er two procedures might improve patients’ care with appropriate evaluation 
and diagnosis of PCs. Further studies are warranted to investigate the clinical outcomes 
related with PCs.

P1-212
Pericardial Effusion: A Reliable Imaging Indicator of Underlying 
In ammation in Recurrent Pericarditis
Beni Verma1, Kimi Sato1,1, Chandra Ala1, Vivek Menon1, Keerat Rai Ahuja1, 
Arnav Kumar2, Christine Jellis1, Deborah Kwon1, Allan Klein1. 1Cleveland Clinic, 
Cleveland, OH; 2Emory University, Atlanta, GA
Background: Pericardial eff usion (Peff ) diagnosed on transthoracic echocardiography 
in acute pericarditis is known to be associated with adverse clinical outcomes. However, 
there is limited data on association of Peff  with recurrent pericarditis (RP) from an 
outpatient database. Hence, we hypothesized that the presence of Peff  is associated with 
worse outcomes in RP. Methods: We identifi ed consecutive RP patients who were treated 
medically from 01/01/2007 untill 12/31/2016. Clinical variables, laboratory markers such 
as Westergren Sedimentation Rate (WSR); ultra-sensitive C-reactive protein (usCRP), 
clinical recurrences and transthoracic echocardiographic fi ndings were recorded. Study 
population was divided into two groups: group A with Peff  and group B without Peff . 
Primary outcome was chest pain and fever at time of echocardiogram. Results: 198 
patients with total of 905 clinic visits (female 52%; mean age 46±14years) were included. 
During median follow-up period of 3.5 years (interquartile range 2.2 to 5.18 years), 88 
(44%) patients had pericardial eff usion and 9 (5%) had constrictive physiology at the 
initial visit. 51 (58%) patients had trivial Peff , 27 (31%) had small and 10 (11%) had 
moderate Peff . Large Peff  or cardiac tamponade was not detected in any patient. 42 
(21%) and 21 (14%) had prior pericardial window and pericardiocentesis respectively. 
Presence of pericardial eff usion showed statistically signifi cant association with chest 
pain (p=0.038) and fever (p=0.0117) at time of presentation. Pericardial rub (p=0.003), 
usCRP (p<0.05), WSR (p=0.0085) and prior episodes of pericarditis (p=0.005) also 
showed signifi cant association. However, Peff  was not associated with total number of 
recurrences during the treatment period (p=0.36) (see Table 1). Conclusion: Our study 
is the fi rst to report the association of Peff  diagnosed on echocardiography with clinical 
symptoms and markers of ongoing infl ammation in patients with RP. Hence, presence of 
Peff  in RP should prompt intensive guideline directed medical therapy under expert care 
to prevent ongoing recurrences.
Variable Group A (n=88) Group B (n=110) p-value
usCRP (mg/L) 14.7 (0.8-16) 3.425 (0.5-4) <0.05
CRP (mg/dl) 2.125 (0.55-3) 0.325 (0.1-0.4) <0.05
WSR (mm/hr) 19.50 (4-24) 6.75 (3-10) 0.0085
Prior episodes of pericarditis 5.8+8.2 6+7 0.005
Total number of recurrences till last clinic visit 10.3+14 9.3+10 0.363
Heart Rate (bpm) 80+16 74+12 <0.05
Systolic Blood Pressure (mmHg) 123+17 118+13 <0.05
Pericardial / Pleuritic Chest Pain 63 (72%) 64 (58%) 0.038
Fever 5 (6%) 0 (0%) 0.0117
Pericardial Rub 1 (0.01%) 1 (0.01%) 0.003

P1-213
Left Ventricular Systolic Dysfunction following Acute Neurological 
Events: Beyond Takotsubo Cardiomyopathy
Jason A. Bonomo1, Yi-Hwa Liu2, Robert L. McNamara2, Lissa Sugeng2, Ben A. 
Lin2. 1Yale School of Medicine, Dept of Internal Medicine, New Haven, CT; 2Yale 
School of Medicine, Section of Cardiovascular Medicine, New Haven, CT
Background: Th e development of Takotsubo cardiomyopathy (CM) in the setting of 
acute cerebrovascular events (ACE), such as stroke and intracerebral hemorrhage, is a 
well-documented phenomenon reportedly occurring in approximately 1% of patients. 
Neurogenic stunned myocardium in ACE has been described as a similar phenomenon 
with diff erent patterns of myocardial involvement compared with Takotsubo CM variants. 
However, the frequencies of neurogenic stunned myocardium and Takotsubo CM remain 
poorly defi ned. In this study, we evaluated the frequency of left  ventricular (LV) systolic 
dysfunction in the setting of ACE. Methods: Transthoracic echocardiograms (TTE) 
performed between May to October 2017 as part of a workup for stroke or intracerebral 
hemorrhage were retrospectively reviewed. Patients without CT or MRI evidence of an 
ACE, i.e. those with transient ischemic attacks, were excluded. Inclusion criteria were CT 
or MRI evidence of ACE and TTE performed during admission. Th e follow-up period 
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Of these, 45 (92%) had fetal MRI performed within 6 weeks of the echocardiogram. Mean 
gestational age at echocardiogram, ultrasound and MRI were 25.5±4.7, 25.3±5.9 and 
24.7±5.8 weeks, respectively. CVR correlated with ipsilateral AVVz (RS=-0.58, p<0.001), 
ipsilateral VWz (-0.68, p<0.001) and AoCO (RS= -0.29, p=0.040). Lesion volume 
correlated with ipsilateral AVVz (RS= -0.43, p=0.008), and ipsilateral VW (RS= -0.52, 
p=0.001), but not AoCO (RS= -0.20, p=0.252). In left -sided lesions, CVR was associated 
with AVVz, VWz and AoCO (RS= -0.69, -0.86, -0.46 and p<0.001, <0.001, and = 0.010 
respectively). In right-sided lesions, AVVs, VWz, and AoCO did not correlate with CVR. 
Mean AVVz and VWz were below expected for gestational age (table 1). In the entire 
cohort and in left -sided lesions specifi cally, lower AVVz and AoCO were associated with 
RD, while the association between RD and VWz approached signifi cance. In right-sided 
lesions, there was no signifi cant association between RD and AVVz, VWz or AoCO. 
Higher CVR was associated with RD in left - but not right-sided lesions. Th ere was no 
association with lesion side and RD. No fetus had structural heart disease. Conclusions: 
In fetuses with left -sided lung masses, smaller ipsilateral heart structures correlate with 
lesion size and neonatal RD. Compression of left -sided cardiac structures may contribute 
to neonatal RD in this population.

P1-207
Comparison of Left Ventricular Energy Loss between Patients with 
Idiopathic and Secondary Cardiac Hypertrophy
Yang Liu, Zibire Fulati, Mengruo Zhu, Haiyan Chen, Cuizhen Pan, Xianhong 
Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Aims: Patients with hypertrophic cardiomyopathy (HCM) and hypertension (HBP) 
share similar echocardiographic features but have diff erent aft erload status. Th e current 
study aims to evaluate left  ventricular energy loss (LVEL) in patients with HCM and HBP 
using vector fl ow map (VFM). Methods: Twenty-fi ve HCM patients (17 males, 8 females, 
and 55.24±14.53yrs), 21 HBP patients (19 males, 2 females, and 54.44±14.36yrs) and 36 
healthy subjects (15males, 21 females, and 27.52±3.65yrs) were enrolled as HCM group, 
HBP group and control group. HCM group,and HBP group have similar LV mass. All the 
subjects have normal left  ventricular ejection fraction(LVEF). Color Doppler imaging of 
apical four-chamber view, two-chamber view and long-axis view loops were recorded 
for VFM analysis. According to the opening and closing of the aortic valve and mitral 
valve, isovolumic contraction (IVC), isovolumic relaxation (IVR), ejection period (EP) 
and fi lling period (FP) were determined. Total LVEL during IVC, IVR, EP and FP as well 
as peak LVEL during IVC and IVR were quantifi ed. Results: 1.Compared to the control 
group, peak IVR-LVEL was decreased in both patient groups, and HCM group was the 
lowest (p<0.05). EP-LVEL, and peak IVC-LVEL were increased, while FP- LVEL was 
decreased in HCM group (all p<0.05); IVC-LVEL, peak IVC-LVEL , andEP-LVEL were 
increased in HBP group (all p<0.05). 2.Compared with HCM group, HBP group has the 
higher IVC- LVEL, peak IVR-LVEL, IVR-LVEL andFP-LVEL (all p<0.05). Conclusions: 
Patients with cardiac hypertrophy and normal LVEF, have increased systolic LVEL and 
reduced diastolicLVEL. HBP patients have more energy loss than HCM patients. LVEL 
might be a sensitive and valuable parameter to distinguish cardiac hypertrophy of 
diff erent etiology.

P1-208
Disease Stage-Dependent Changes of Cardiac Contractile 
Performance in Patients with Fabry Cardiomyopathy
Dai-Yin Lu, Wen-Chung Yu. Taipei Veterans General Hospital, Taipei, Taiwan
Background: Fabry cardiomyopathy (FC) is characterized by progressive left  ventricular 
hypertrophy, which leads to systolic and diastolic dysfunction. Here we evaluated disease-
stage dependent changes in myocardial contractile performance. Methods: Patients 
carrying Fabry mutated gene were recruited from 2007 to 2016. Th e study comprised 117 
asymptomatic mutation carriers, 57 FC patients on enzyme replacement therapy and 33 
healthy individuals. Standard transthoracic echocardiography, deformation analysis and 
hemodynamic study were performed. Results: A total of 207 patients (mean age 49 ± 16 
years, 45% men) were included. Patients with FC were older, with a higher proportion of 
male sex. Th ey also had more comorbidities and higher wall thickness. Patients with FC 
had the worst diastolic function, as evidenced by the largest left  atrium, lowest E/A and 

highest E/e’ ratio. Th e left  ventricular ejection fraction were similar among three groups, 
but FC patients had higher LV end-diastolic volume as well as stroke volume. Progressive 
deterioration of global longitudinal strain (GLS) was found in carrier and in FC patients 
(control vs. carrier vs. patient = -21.7 ± 4.1 vs. -18.4 ± 3.6 vs. -16.3 ± 4.2, p<0.001) (Figure 
A). A positive correlation was observed between LV mass and GLS (r=0.499, p=0.01). 
On the contrary, the global circumferential strain (GCS) slightly declined in carrier, but 
a high normal value of GCS was found in FC patients (p<0.001) (Figure B). Conclusion: 
Progressive deterioration of GLS was found in patients with Fabry cardiomyopathy, 
even in early asymptomatic stage. Th e increased LV mass was positively correlated with 
deterioration of GLS. On the contrary, the GCS remained the same or slightly improved 
in order to maintain stroke volume.

P1-209
Comparison of Global and Regional Myocardial Strains in 
Patients with Heart Failure with a Preserved Ejection Fraction vs 
Hypertension vs Age-Matched Control
Hyung Yoon Kim1, Sung-Ji Park2, Sung-A Chang2, Seung Woo Park2. 1Chonnam 
National University Hospital, Gwangju, Republic of Korea; 2Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea
Background: With an increasing clinical importance of the treatment of the heart 
failure (HF) with preserved ejection fraction (HFpEF), it is important to be certain of 
the diagnosis of HF. We investigated global and regional left  ventricular (LV) strains 
using echocardiography speckle tracking in patients with HFpEF and compared those 
parameters with that of patients with hypertension and normal subjects. Methods: Peak 
longitudinal, circumferential and radial strains were assessed globally and regionally 
for each study groups with two dimensional echocardiography using speckle-tracking. 
Diastolic strain rate was also determined. Results: Th ere were fi ft y patients in HFpEF 
group, fi ft y-six patients in hypertension group and forty-six age-matched normal subjects. 
In patients with HFpEF, global peak longitudinal, circumferential and radial strain and 
strain rate were reduced compared to both hypertension patients and normal controls 
(-15.5±5.3 vs -17.7±3.1 and -19.9±2.0; -9.7±2.2 vs -19.3±3.1 and -20.5±3.3; 17.7±8.2 vs 
38.4±12.4 and 43.6±11.9, respectively, P <0.001, for all). Furthermore, segmental peak 
longitudinal, circumferential and radial strain and strain rate were signifi cantly lower 
in HFpEF group compared to both hypertension patients and normal controls, in all 
segments except in inferoseptal and inferolateral apical segments. In addition, global and 
segmental peak strain and strain rate were signifi cantly higher in hypertension patients 
compared to normal subjects. Conclusions: In the speckle tracking echocardiography, 
impaired peak global strain and homogeneously reduced segmental strain was observed 
in HFpEF patients compared to the hypertension patients and normal subjects in 
decreasing order. Th is can provide early information on the initiation of LV deformation 
(of HFpEF) in patients with hypertension or normal subjects. 

P1-210
Characterization of Left Ventricular Diastolic Function Difference 
in Patients with Exercise-induced Pulmonary Hypertension due 
to Heart Failure with Preserved Ejection Fraction vs Exercise-
induced Pulmonary Arterial Hypertension
Cameron Benedict1, Oksana A. Shlobin2, Nicole J. Shiao3, Elena Welt1, Manijeh 
Vakilzadeh4, Steven D. Nathan2, Qiong Zhao4. 1Virginia Commonwealth 
University, Richmond, VA; 2Inova Fairfax Hospital, Falls Church, VA; 3Langley 
High School, McLean, VA; 4Inova Heart and Vascular Institute, Falls Church, VA
Background: Pulmonary hypertension (PH) is noted in Heart Failure with Preserved 
Ejection Fraction (HFpEF). Normal pulmonary capillary wedge pressure (PCWP) or left  
ventricular (LV) end-diastolic pressure at rest does not rule out HFpEF in well-diuresed 
patients; thus making early diagnosis diffi  cult. Exercise right heart cath (Ex-RHC) can 
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help diff erentiating exercise-induced HFpEF from exercise-induced pulmonary arterial 
hypertension (PAH). Th e treatment and prognosis of patients with PAH or HFpEF-PH 
diff er greatly. Th e aim of this study is to identify LV diastolic function Echo parameter(s) 
that correlate(s) with early HFpEF-PH. Methods: Th is is a retrospective study reviewing 
Echoes of patients who underwent Ex-RHC between 2014-2016. 125 patients who 
had resting Echoes around the time of Ex-RHC were identifi ed, and 53 had normal 
PA pressure (mPAP ≤ 25 mmHg) at rest. Patients in the following three groups were 
analyzed: A-normal with no exercise-induced PH or HFpEF(postEx mPAP ≤ 30, PCWP 
≤15, postEx PCWP< 25); B- exercise-induced PAH (postEx mPAP>30, PCWP ≤15, 
postEx PCWP< 25); C- exercise-induced HFpEF (postEx mPAP>30, PCWP <15, postEx 
PCWP≥ 25). Other groups had 0 or 1 patients, and were not analyzed. Echo diastolic 
parameters measured included E and e’ velocity, E/A, e’/a’ and E/e’ ratio, isovolumic 
relaxation time (IVRT), pulmonary vein S/D ratio, left  atrial volume index (LAVI). Data 
were analyzed using one-way ANOVA with Newman-Keuls post-test. Results: Among 
the 3 groups analyzed, the E velocity (96.8± 9.1 cm/s), E/A ratio (1.75±0.32), and E/e’ 
ratio (11.6 ± 1.52) were signifi cantly elevated in group C (HFpEF-PH, n=15) compared 
to groups A (normal, n=13) and B (Exercise-induced PAH, n=23). Th e LAVI in group B 
and C (50.5 ± 4.9, 34.7± 4.4 ml/m2) was increased and larger than in group A. Th e rest 
of the parameters were not statistically diff erent among the 3 groups. No patients in the 
groups without exercise-induced PH but with HFpEF at rest or postEx were identifi ed. 
Conclusion: Th is study suggests that in patients with normal resting PA pressure and 
exercise-induced HFpEF, LV diastolic function at rest may demonstrate early changes, 
including increased E velocity, E/A and E/e’ ratio, and LAVI. Th is fi nding could help 
enable early identifi cation and treatment of patients with occult HFpEF.

P1-211
Incidence and Characteristics of Pericardial Complications after 
Transcatheter Aortic Valve Replacement Compared with Surgical 
Aortic Valve Replacement 
Mi-Hyun Kim1, Chi Young Shim2, Geu-Ru Hong2, Seung-Hyun Lee2, Sak Lee2, 
Jae-Kwang Shim2, Young-Guk Ko2, Young-Ran Kwak2, Myeong-Ki Hong2. 
1Danguk University Jeli Hospital, Seoul, Republic of Korea; 2Yonsei University 
College of Medicine, Seoul, Republic of Korea
Backgrounds: Pericardial problems are common aft er open heart valve surgery mainly 
related to an infl ammatory process of pericardium. Since transcatheter aortic valve 
replacement (TAVR) does not open pericardium, it has theoretical advantages in 
terms of pericardial complications (PC) such as pericardial eff usion and postoperative 
constriction compared with surgical aortic valve replacement (SAVR). On the other 
hand, acute pericardial hemorrhages sometimes occur during TAVR. In this study, we 
sought to identify incidence, timing of occurrence, and characteristics of PCs aft er TAVR 
and SAVR. Methods: A total of 240 patients who underwent TAVR (n=91) or SAVR 
(n=149) without any concomitant surgeries from Jan 2012 to Nov 2016 were analyzed. 
PCs were defi ned as pericardial hemorrhage, pericardial eff usion larger than moderate 
degree and signifi cant constrictive physiology on 2D and Doppler echocardiography. PCs 
were classifi ed into three subgroups based on the occurrence timing aft er the procedure 
[acute PC (during the fi rst 48 hours), subacute PC (48 hours~2 weeks), and chronic PC (2 
weeks~6-months)]. Results: PCs were more common in SAVR than TAVR [76 (51.2%) vs. 
9 (10.3%), p<0.001]. Acute PCs mainly due to pericardial hemorrhages tended to be lower 
in SAVR than TAVR (1(1.0%) vs. 6 (6.6 %), p=0.013). As a result of its intrinsic nature of 

SAVR, subacute and chronic PCs mainly due to eff usive constriction were higher in SAVR 
than TAVR [73 (73%) vs. 4 (30%), p<0.001; 26 (26%) vs. 3 (3.3%), p=0.003, respectively]. 
Signifi cant constrictive physiology aft er SAVR disappeared in a half of cases at 12 months 
aft er the surgery, refl ecting its transient nature. Th e average of serum C - reactive protein 
aft er SAVR was higher than that aft er TAVR (130 ± 52 vs. 78 ± 49 mg/L, p<0.001), 
suggestive of robust infl ammatory process in SAVR. Th e average of serum C - reactive 
protein aft er SAVR with PC was slightly higher than that that aft er TAVR with PC, but 
they are not signifi cant diff erent (124 ± 47 vs. 100 ± 49 mg/L, p=0.344). Conclusions: 
Incidence, timing of occurrence and characteristics of PCs were diff erent aft er SAVR 
and TAVR. Understanding for these diff erences and pathophysiologic mechanisms 
of PCs aft er two procedures might improve patients’ care with appropriate evaluation 
and diagnosis of PCs. Further studies are warranted to investigate the clinical outcomes 
related with PCs.

P1-212
Pericardial Effusion: A Reliable Imaging Indicator of Underlying 
In ammation in Recurrent Pericarditis
Beni Verma1, Kimi Sato1,1, Chandra Ala1, Vivek Menon1, Keerat Rai Ahuja1, 
Arnav Kumar2, Christine Jellis1, Deborah Kwon1, Allan Klein1. 1Cleveland Clinic, 
Cleveland, OH; 2Emory University, Atlanta, GA
Background: Pericardial eff usion (Peff ) diagnosed on transthoracic echocardiography 
in acute pericarditis is known to be associated with adverse clinical outcomes. However, 
there is limited data on association of Peff  with recurrent pericarditis (RP) from an 
outpatient database. Hence, we hypothesized that the presence of Peff  is associated with 
worse outcomes in RP. Methods: We identifi ed consecutive RP patients who were treated 
medically from 01/01/2007 untill 12/31/2016. Clinical variables, laboratory markers such 
as Westergren Sedimentation Rate (WSR); ultra-sensitive C-reactive protein (usCRP), 
clinical recurrences and transthoracic echocardiographic fi ndings were recorded. Study 
population was divided into two groups: group A with Peff  and group B without Peff . 
Primary outcome was chest pain and fever at time of echocardiogram. Results: 198 
patients with total of 905 clinic visits (female 52%; mean age 46±14years) were included. 
During median follow-up period of 3.5 years (interquartile range 2.2 to 5.18 years), 88 
(44%) patients had pericardial eff usion and 9 (5%) had constrictive physiology at the 
initial visit. 51 (58%) patients had trivial Peff , 27 (31%) had small and 10 (11%) had 
moderate Peff . Large Peff  or cardiac tamponade was not detected in any patient. 42 
(21%) and 21 (14%) had prior pericardial window and pericardiocentesis respectively. 
Presence of pericardial eff usion showed statistically signifi cant association with chest 
pain (p=0.038) and fever (p=0.0117) at time of presentation. Pericardial rub (p=0.003), 
usCRP (p<0.05), WSR (p=0.0085) and prior episodes of pericarditis (p=0.005) also 
showed signifi cant association. However, Peff  was not associated with total number of 
recurrences during the treatment period (p=0.36) (see Table 1). Conclusion: Our study 
is the fi rst to report the association of Peff  diagnosed on echocardiography with clinical 
symptoms and markers of ongoing infl ammation in patients with RP. Hence, presence of 
Peff  in RP should prompt intensive guideline directed medical therapy under expert care 
to prevent ongoing recurrences.
Variable Group A (n=88) Group B (n=110) p-value
usCRP (mg/L) 14.7 (0.8-16) 3.425 (0.5-4) <0.05
CRP (mg/dl) 2.125 (0.55-3) 0.325 (0.1-0.4) <0.05
WSR (mm/hr) 19.50 (4-24) 6.75 (3-10) 0.0085
Prior episodes of pericarditis 5.8+8.2 6+7 0.005
Total number of recurrences till last clinic visit 10.3+14 9.3+10 0.363
Heart Rate (bpm) 80+16 74+12 <0.05
Systolic Blood Pressure (mmHg) 123+17 118+13 <0.05
Pericardial / Pleuritic Chest Pain 63 (72%) 64 (58%) 0.038
Fever 5 (6%) 0 (0%) 0.0117
Pericardial Rub 1 (0.01%) 1 (0.01%) 0.003

P1-213
Left Ventricular Systolic Dysfunction following Acute Neurological 
Events: Beyond Takotsubo Cardiomyopathy
Jason A. Bonomo1, Yi-Hwa Liu2, Robert L. McNamara2, Lissa Sugeng2, Ben A. 
Lin2. 1Yale School of Medicine, Dept of Internal Medicine, New Haven, CT; 2Yale 
School of Medicine, Section of Cardiovascular Medicine, New Haven, CT
Background: Th e development of Takotsubo cardiomyopathy (CM) in the setting of 
acute cerebrovascular events (ACE), such as stroke and intracerebral hemorrhage, is a 
well-documented phenomenon reportedly occurring in approximately 1% of patients. 
Neurogenic stunned myocardium in ACE has been described as a similar phenomenon 
with diff erent patterns of myocardial involvement compared with Takotsubo CM variants. 
However, the frequencies of neurogenic stunned myocardium and Takotsubo CM remain 
poorly defi ned. In this study, we evaluated the frequency of left  ventricular (LV) systolic 
dysfunction in the setting of ACE. Methods: Transthoracic echocardiograms (TTE) 
performed between May to October 2017 as part of a workup for stroke or intracerebral 
hemorrhage were retrospectively reviewed. Patients without CT or MRI evidence of an 
ACE, i.e. those with transient ischemic attacks, were excluded. Inclusion criteria were CT 
or MRI evidence of ACE and TTE performed during admission. Th e follow-up period 
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extended between four to nine months from ACE. In total, 120 patients met inclusion 
criteria. Results: 48% of patients were female. 18 patients (15%) had echocardiographic 
evidence of LV systolic dysfunction. Of these, eight patients (7%) developed transient 
LV systolic dysfunction followed by documentation of complete resolution. Of these, 
two had apical ballooning syndrome, one had mid-ventricular CM, one had global 
hypokinesis, and four had regional wall motion abnormalities (WMA) not matching 
common Takotsubo CM variants. For these eight patients, mean EF at time of ACE 
was 48±14% which improved to 57±4% on repeat TTE. None of them developed acute 
heart failure. All were discharged with a beta blocker, but only three were started on an 
angiotensin converting enzyme inhibitor. Th e 10 additional patients (8%) identifi ed as 
having echocardiographic evidence of LV systolic dysfunction lacked follow-up TTE 
aft er discharge. Conclusions: Th e observed frequency of LV systolic dysfunction in the 
setting of ACE is much higher than what has previously been reported. Importantly, a 
large proportion of these patients did not have close echocardiographic monitoring aft er 
hospital discharge and may not have received optimal cardioprotective therapy.

P1-214
Prognostic Value of Inferior Vena Cava Size by Ultrasound in 
Patients with Heart Failure
Maria C. Paredes1, Fausto Cabezas2, Christopher Moore1, Ben Lin1, Lissa Sugeng1, 
Denise Hersey1, Robert McNamara1. 1Yale University, New Haven, CT; 2Harvard 
University, Boston, MA
Background: Ultrasound of the inferior vena cava (IVC) is frequently used as a 
noninvasive method to assess volume status in patients with heart failure (HF). IVC 
maximum diameter (IVCmax) on admission in patients with HF has been shown to 
predict adverse outcomes. We conducted a systematic review of the value of IVCmax 
on discharge and the change in IVCmax during the hospitalization by ultrasound in 
predicting readmissions and mortality in patients with acute HF. Methods: We searched 
PubMed, EMBASE, and Web of Science for studies published from the inception of the 
database until February 2018. We included studies with a sample size of 20 or more adult 
patients with HF, regardless of ejection fraction, that report on the value of IVC size on 
discharge from the hospital or size change during hospitalization to predict readmission, 
mortality, or both. Results: Of 2261 candidate studies, 4 (n= 48-177 patients) met the 
inclusion criteria (Table 1). IVC maximum diameter (IVCmax) on discharge signifi cantly 
predicted readmissions in 2 studies with an adjusted hazard ratio (HR) of 4.75 (95% 
CI: 1.20-18.72) and an odds ratio (OR) of 10.3. IVCmax at discharge trended toward 
predicting readmissions and mortality in a third study [HR 1.07 (95% CI: 0.96-1.18)]. A 
decrease in IVCmax was shown to be a signifi cant protective factor against readmissions 
in one study with adjusted HR of 0.94 (95% CI: 0.91 - 0.98) per % decrease and against 
mortality in another with adjusted HR of 0.76 (95% CI: 0.5 - 0.98) per mm (Table 2). 
Conclusion: Although the evidence is limited, both IVCmax on discharge and change 
in IVCmax during hospitalization appear to predict adverse events such as mortality and 
readmissions in patients with HF. Research into incorporating serial IVC ultrasound 
assessment into decision-making may improve clinical outcomes in these patients.

P1-215
How Echocardiography Findings Reveal the Differential Diagnosis 
Between Glycogen Storage Cardiomyopathy (PRKAG2) and 
Amyloidosis
Jose Luiz B. Pena1,2, Wander Costa Santos1, Maria Helena Albernaz Siqueira1, 
Isabel Cristina Gomes1, Aline Braga Rodrigues2, Eduardo Back Sternick1. 1Pós 
Graduação Faculdade de Ciências Médicas de Minas Gerais, Brazil, Belo 
Horizonte, MG, Brazil; 2Hospital Felicio Rocho, Belo Horizonte, MG, Brazil
Background: Left  ventricle hypertrophy (LVH) is seen in a variety of systemic and 
genetic diseases. Mutations in the gene for AMP-activated protein kinase (PRKAG2) 
cause an accumulation of cardiac glycogen and LVH that mimics amyloidosis. Th e 
clinical picture of PRKAG2 cardiomyopathy includes sinus bradycardia, AV conduction 
disturbances, ventricular pre-excitation, and tachyarrhythmia. Th e amyloid protein 

deposits in the heart, leading to thick walls and bad prognosis. We aimed to compare echo 
fi ndings in a cohort of patients (Pts) with PRKAG2 cardiomyopathy and amyloidosis. 
Methods: From 25 Pts with genetically proven PRKAG2 (R302Q), 14 without pacemaker 
(PM) were selected (mean age 28.9 ± 12.9y, 36% male) and compared to 20 Pts (mean 
age 64.5 ± 13.4y, 70% male) with biopsy-proven cardiac amyloid (primary/light chain, 
n= 12, transthyretin with mutation n= 5 transthyretin wild type, n= 3). Both groups 
were submitted to echocardiographic examination, including M-mode, 2 and 3D 
measurements, tissue Doppler, and 2D and 3D speckle tracking. All data were reviewed 
offl  ine using dedicated soft ware. Results: Hypertrophy was found in varying degrees 
in 94% of Pts. Mean left  ventricle (LV) septum and LV posterior wall thickness had no 
statistically signifi cant diff erence between both groups (13.1 ± 3.8 mm in PRKAG2 group 
vs. 14.7 ± 3.3 mm in amyloidosis group). No dynamic rest LV outfl ow tract obstruction 
was detected in either group. Ejection fraction was reduced in 2 (14%) Pts with PRKAG2 
and in 12 (60%) Pts with amyloidosis. Diastolic dysfunction occurred in the majority of 
Pts in both groups. However, indirect signs of elevated LV fi lling diastolic pressure were 
found in 3 (21%) of the PRKAG2 group and in 10 (50%) of the amyloidosis group. Global 
longitudinal strain (GLS) by 2D speckle tracking measured -18.2% +-5% in PRKAG2 
group and -10.9 ± 3% in amyloidosis group (p <0.001). All Pts with amyloidosis had 
statistically signifi cant lower GLS, radial, circumferential, and area strain when compared 
to PRKAG2 Pts. Ejection fraction divided by GLS was 3.8 ± 0.8 in PRKAG2 Pts and 5.3 ± 
1.9 in amyloidosis Pts (p = 0.001). 2D speckle tracking longitudinal bull‘s eye patterns were 
diff erent for amyloidosis and PRKAG2, which helped to detect diff erentiation visually. 
Conclusion: Echocardiography is a valuable tool in detecting and diff erentiating diff use 
and focal myocardial abnormalities in PRKAG2 cardiomyopathy and amyloidosis. Th e 
deformation indices are especially revealing because they may be helpful in recognizing 
these LVH diseases, thereby favoring early diagnosis, enhanced treatment, and improved 
outcome.

P1-216
Is Global Longitudinal Strain Associated with the Histopathologic 
Burden of Cardiac Amyloidosis?
Neha Goyal, Priya Mehta, David Chapel, Akhil Narang, Cara Rosenbaum, 
Nitasha Sarswat, Karima Addetia, Victor Mor-Avi, Roberto M. Lang, Aliya N. 
Husain, Amit R. Patel. University of Chicago, Chicago, IL
Background: Th ere are a number of emerging therapies for cardiac amyloid (CA). 
Accordingly, there is a need for imaging-based biomarkers that assess the severity of CA 
to follow treatment response. Although global longitudinal strain (GLS) has been shown 
to be an important tool for the diagnosis and risk stratifi cation of CA, it is not known 
whether diff erences in GLS can be attributed to the severity of CA involvement. Th e aim 
of this study was to evaluate the relationship between GLS and the quantitative burden 
of CA determined by a histopathologic method we recently developed. Methods: We 
retrospectively identifi ed 34 patients (67.5 ± 9 years, 27% female) with CA who had an 
echocardiogram and endomyocardial biopsy (EMB). Of these, 3 patients were excluded 
because of poor quality of images and 5 patients excluded due to history of prior cardiac 
surgery. Amyloid burden was quantifi ed by a microscopic review of multiple EMB samples 
by a cardiac pathologist. Patients were divided into 2 groups: low amyloid burden (<50% 
CA) and high (≥50% CA). Using the American Society of Echocardiography Criteria, 
left  ventricular (LV) end-diastolic volume (EDV), end-systolic volume (ESV), ejection 
fraction (EF), interventricular septal thickness (IVSt), posterior wall thickness (PWt), 
lateral e’ and GLS were measured. Each of these parameters was compared between the 
two CA burden groups using student’s t-test. Results: Of the 26 patients, 27% of patients 
had AL amyloid, 73% had TTR amyloid. Fift een patients had a low burden of CA and 11 
had a high burden of CA. In patients with a high burden of CA: (1) LVEF and lateral e’ 
were lower; (2) IVSt, PWt and LV mass were increased, and (3) GLS was worse (Table). 
Conclusions: We found that several echocardiographic parameters including GLS are 
associated with the histopathologic CA burden, and thus may potentially be useful as 
imaging-biomarkers to detect changes in CA burden in response to treatment.
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P1-217
Assessing the Cause of Pulmonary Hypertension on Echo in the 
Absence of Tricuspid Regurgitation - a National Echo Database of 
Australia Study
Kevin Chung1, Geoff  Strange1, Pyi Naing1, David Celermajer2, Jim Codde1, 
Gregory M. Scalia3, David Playford1. 1Th e University of Notre Dame, Fremantle, 
Australia; 2Th e University of Syndey, Sydney, Australia; 3Th e University of 
Queensland, Brisbane, Australia
Background: PH-LHD is the most common cause of pulmonary hypertension (PH), 
associated with a high risk of death. Echo diagnosis of PH usually relies on a measurable 
TRV, but suffi  cient TR is absent in up to 40% of patients. Using the NEDA, we have 
previously described a method for predicting PH-LHD in the absence of a measurable 
TR velocity. Using age, E’ velocity, E/E’ ratio, E/A and left  atrial volume index (LAVI) we 
created a model to diagnose PH-LHD. Tested in a cohort of 151,767 echos, our model is 
highly accurate in diagnosing PH-LHD. Th e NEDA PH-LHD Constant is ((Con) =-6.649 
+ (0.035 x Age) + (0.072 x E’) + (0.077 x E/E’) + (0.509 x E/A) + (0.03 x LAVI)), and 
the probability of having PH due to left  heart disease = [EXP (Con) /[1+ (EXP(Con))] 
Aim: To validate the NEDA PH-LHD predictive model in patients undergoing right heart 
catheterisation. Methods: We analysed 887 consecutive patients from a West Australian 
tertiary centre who underwent RHC. Th ey were divided into three groups: Group 1- 
those with PH-LHD (mPAP ≥ 25mmHg and PCWP ≥ 15mmHg), Group 2 - those with 
PH not due to LHD (mPAP >25mmHg and PCWP < 15mmHg) and Group 3 - those 
with no PH or LHD (mPAP <25mmHg and PCWP <15mmHg). To validate the NEDA 
PH-LHD model we compared Group 1 vs Group 2 in our fi rst analysis and Group 1 vs 
Group 3 in our second analysis. We then applied these two probability analyses to a ROC 
curve to establish the accuracy of our model in predicting PH-LHD using RHC. Results: 
Age and the severity of PH was similar across groups, irrespective of causality. PVR was 
normal in those without PH, but was increased in patients with PH including those with 
PH-LHD suggesting a degree of pre-capillary PH in these patients. Patients with PH-
LHD had higher left  atrial fi lling pressures (PCWP=24.8+/-7mmHg, E/E’=21+/-10, E/
A=1.7+/-1.1)(p=<0.0001). Figure 1 illustrates that the accuracy of our formula is 80% 
predictive in identifying patients with PH-LHD vs those with PH but no LHD, and 70% 
accurate in predicting PH-LHD when applied to patients with PH-LHD against those 
with no PH or LHD. Conclusion: In the absence of TRV, the NEDA PH-LHD model is 
80% accurate in identifying patients with PH-LHD validated against RHC. Using only 
age and diastolic echo markers, our model is suited as an addition to echo soft ware to 
automatically identify those likely to have PH who need further investigation.

P1-218
Prognosis of Patients with Reverse Stress-Induced 
Cardiomyopathy When Compared to Other Subtypes
Hyun-Jin Kim1, Tae-Young Choi2. 1Chungbuk National University Hospital, 
Cheongju, Republic of Korea; 2Myongji Hospital, Seoul, Republic of Korea
Background: Stress-induced cardiomyopathy (SCM) is characterized by an acute and 
transient left  ventricular dysfunction. Most of the patients with SCM survive and have 
a good prognosis. However, the prognosis according to SCM subtypes is unclear since 
there is limited data for clinical characters and prognostic factors according to the 
subtypes. We investigated the prognosis of patients with SCM according to the subtypes. 
Method: Patients that had a diagnosis of SCM confi rmed by diagnostic coronary 
angiography and transthoracic echocardiography were retrospectively reviewed from 
April 2015 to October 2016. We classifi ed the as two groups. One was the reverse SCM 
group, whose predominate location of the regional left  ventricular dysfunction was in the 
basal LV wall. Th e other group included classic as well as other SCM subtypes. Clinical 
and echocardiographic fi ndings were compared between the two groups. Th e primary 
outcome was that all-cause death during follow-up. Results: Of 52 patients, 39 patients 
were allocated to the classic and other SCM group while 13 patients reverse SCM group. 
Among the 52 patients, six patients (11.5%) died during a mean follow-up period of 8.8 ± 
5.9 months (median 8.5 months). In addition, 5 patients (9.6%) died within 1 month. Th e 
incidence of all cause death was signifi cantly higher in the reverse SCM group compared 
with the classic and other SCM group (30.8% vs. 5.1%, p = 0.029). Th e incidence of 30-day 

all cause death was also signifi cantly higher in the reverse SCM group in comparison to 
the classic and other SCM group (30.8% vs. 2.6%, p = 0.011). In addition, the cumulative 
death free survival rate was signifi cantly lower in the reverse SCM group when compared 
to the classic and other SCM group (69.2% vs. 94.9%, Log Rank p = 0.012). Th is was also 
the case for the cumulative 30-day survival rate (69.2% vs. 97.4%, Log Rank p = 0.003). 
Aft er adjustment for all the possible confounding factors, using the Cox proportional 
hazard regression analysis, reverse type was shown to have a 13.5 fold increased hazard 
for all cause death (odds ratio 13.5, 95% CI 1.599-114.554, p = 0.017). Conclusion: In 
patients with SCM, all-cause death rate was increased in the reverse subtype as compared 
to other types. Reverse SCM has been shown to be a good prognostic factor of death, 
even when taking into account the clinical confounding factors. Patients with SCM need 
focused evaluation of the predominant left  ventricular dysfunction location in order to 
predict prognosis and appropriate treatment.

P1-219
Non-Alcoholic Fatty Liver Disease in Patients without 
Hypertension is Associated with Decreased Left Ventricular 
Dimensions and Mass
Daniel Chun, Th eodore Kolias, David Bach, Troy LaBounty. University of 
Michigan, Ann Arbor, MI
Background: Hypertensive individuals with non-alcoholic fatty liver disease (NAFLD) 
have been reported to have increased left  ventricular (LV) mass. Whether similar fi ndings 
are observed in non-hypertensive individuals is not clear. Methods: We compared left  
heart measurements between adults with and without NAFLD in a cohort of 24,662 
individuals with an echocardiogram, and aft er excluding those with left -sided valve 
disease, myocardial infarction, decreased left  ventricular function, or hypertension. 
Results: Th ere were diff erences between groups in demographics, comorbidities, and 
left  heart dimensions (Table 1). Aft er multivariate adjustment, individuals with NAFLD 
(vs. without) had decreased indexed LV end-diastolic diameter (-1.1mm/m2, 95% CI -0.8 
to -1.4, p<0.001), LV end-systolic diameter (-0.9mm/m2, 95% CI -0.6 to -1.2, p<0.001); 
septal wall thickness (-0.1mm/m2, 95% CI -0.03 to -0.3, p=0.01); LV mass (-2.8gm/
m2, 95% CI -1.0 to -4.9, p=0.01), and aortic root diameter (-0.6mm/m2, 95% CI -0.4 
to -0.9, p<0.001); there was no diff erence in indexed posterior wall thickness (p=0.10) 
or left  atrial diameter (p=0.70). Th ose with NAFLD had lower adjusted peak tricuspid 
regurgitation gradient (-1.9 mmHg, 95% CI -0.2 to -3.6 mmHg, p=0.03). Conclusion: 
Non-hypertensive individuals with NAFLD had decreased LV dimensions and mass, 
and lower tricuspid regurgitation gradients when compared to controls. Th is contrasts 
with prior fi ndings of increased LV mass in hypertensive individuals with NALFD, and 
suggests the absence of hypertension is associated with an absence of cardiac remodeling 
in this population.



Abstracts  B87Journal of the American Society of Echocardiography
Volume 31 Number 6

Poster Session 1 (P1) Sunday, June 24, 2018

extended between four to nine months from ACE. In total, 120 patients met inclusion 
criteria. Results: 48% of patients were female. 18 patients (15%) had echocardiographic 
evidence of LV systolic dysfunction. Of these, eight patients (7%) developed transient 
LV systolic dysfunction followed by documentation of complete resolution. Of these, 
two had apical ballooning syndrome, one had mid-ventricular CM, one had global 
hypokinesis, and four had regional wall motion abnormalities (WMA) not matching 
common Takotsubo CM variants. For these eight patients, mean EF at time of ACE 
was 48±14% which improved to 57±4% on repeat TTE. None of them developed acute 
heart failure. All were discharged with a beta blocker, but only three were started on an 
angiotensin converting enzyme inhibitor. Th e 10 additional patients (8%) identifi ed as 
having echocardiographic evidence of LV systolic dysfunction lacked follow-up TTE 
aft er discharge. Conclusions: Th e observed frequency of LV systolic dysfunction in the 
setting of ACE is much higher than what has previously been reported. Importantly, a 
large proportion of these patients did not have close echocardiographic monitoring aft er 
hospital discharge and may not have received optimal cardioprotective therapy.

P1-214
Prognostic Value of Inferior Vena Cava Size by Ultrasound in 
Patients with Heart Failure
Maria C. Paredes1, Fausto Cabezas2, Christopher Moore1, Ben Lin1, Lissa Sugeng1, 
Denise Hersey1, Robert McNamara1. 1Yale University, New Haven, CT; 2Harvard 
University, Boston, MA
Background: Ultrasound of the inferior vena cava (IVC) is frequently used as a 
noninvasive method to assess volume status in patients with heart failure (HF). IVC 
maximum diameter (IVCmax) on admission in patients with HF has been shown to 
predict adverse outcomes. We conducted a systematic review of the value of IVCmax 
on discharge and the change in IVCmax during the hospitalization by ultrasound in 
predicting readmissions and mortality in patients with acute HF. Methods: We searched 
PubMed, EMBASE, and Web of Science for studies published from the inception of the 
database until February 2018. We included studies with a sample size of 20 or more adult 
patients with HF, regardless of ejection fraction, that report on the value of IVC size on 
discharge from the hospital or size change during hospitalization to predict readmission, 
mortality, or both. Results: Of 2261 candidate studies, 4 (n= 48-177 patients) met the 
inclusion criteria (Table 1). IVC maximum diameter (IVCmax) on discharge signifi cantly 
predicted readmissions in 2 studies with an adjusted hazard ratio (HR) of 4.75 (95% 
CI: 1.20-18.72) and an odds ratio (OR) of 10.3. IVCmax at discharge trended toward 
predicting readmissions and mortality in a third study [HR 1.07 (95% CI: 0.96-1.18)]. A 
decrease in IVCmax was shown to be a signifi cant protective factor against readmissions 
in one study with adjusted HR of 0.94 (95% CI: 0.91 - 0.98) per % decrease and against 
mortality in another with adjusted HR of 0.76 (95% CI: 0.5 - 0.98) per mm (Table 2). 
Conclusion: Although the evidence is limited, both IVCmax on discharge and change 
in IVCmax during hospitalization appear to predict adverse events such as mortality and 
readmissions in patients with HF. Research into incorporating serial IVC ultrasound 
assessment into decision-making may improve clinical outcomes in these patients.

P1-215
How Echocardiography Findings Reveal the Differential Diagnosis 
Between Glycogen Storage Cardiomyopathy (PRKAG2) and 
Amyloidosis
Jose Luiz B. Pena1,2, Wander Costa Santos1, Maria Helena Albernaz Siqueira1, 
Isabel Cristina Gomes1, Aline Braga Rodrigues2, Eduardo Back Sternick1. 1Pós 
Graduação Faculdade de Ciências Médicas de Minas Gerais, Brazil, Belo 
Horizonte, MG, Brazil; 2Hospital Felicio Rocho, Belo Horizonte, MG, Brazil
Background: Left  ventricle hypertrophy (LVH) is seen in a variety of systemic and 
genetic diseases. Mutations in the gene for AMP-activated protein kinase (PRKAG2) 
cause an accumulation of cardiac glycogen and LVH that mimics amyloidosis. Th e 
clinical picture of PRKAG2 cardiomyopathy includes sinus bradycardia, AV conduction 
disturbances, ventricular pre-excitation, and tachyarrhythmia. Th e amyloid protein 

deposits in the heart, leading to thick walls and bad prognosis. We aimed to compare echo 
fi ndings in a cohort of patients (Pts) with PRKAG2 cardiomyopathy and amyloidosis. 
Methods: From 25 Pts with genetically proven PRKAG2 (R302Q), 14 without pacemaker 
(PM) were selected (mean age 28.9 ± 12.9y, 36% male) and compared to 20 Pts (mean 
age 64.5 ± 13.4y, 70% male) with biopsy-proven cardiac amyloid (primary/light chain, 
n= 12, transthyretin with mutation n= 5 transthyretin wild type, n= 3). Both groups 
were submitted to echocardiographic examination, including M-mode, 2 and 3D 
measurements, tissue Doppler, and 2D and 3D speckle tracking. All data were reviewed 
offl  ine using dedicated soft ware. Results: Hypertrophy was found in varying degrees 
in 94% of Pts. Mean left  ventricle (LV) septum and LV posterior wall thickness had no 
statistically signifi cant diff erence between both groups (13.1 ± 3.8 mm in PRKAG2 group 
vs. 14.7 ± 3.3 mm in amyloidosis group). No dynamic rest LV outfl ow tract obstruction 
was detected in either group. Ejection fraction was reduced in 2 (14%) Pts with PRKAG2 
and in 12 (60%) Pts with amyloidosis. Diastolic dysfunction occurred in the majority of 
Pts in both groups. However, indirect signs of elevated LV fi lling diastolic pressure were 
found in 3 (21%) of the PRKAG2 group and in 10 (50%) of the amyloidosis group. Global 
longitudinal strain (GLS) by 2D speckle tracking measured -18.2% +-5% in PRKAG2 
group and -10.9 ± 3% in amyloidosis group (p <0.001). All Pts with amyloidosis had 
statistically signifi cant lower GLS, radial, circumferential, and area strain when compared 
to PRKAG2 Pts. Ejection fraction divided by GLS was 3.8 ± 0.8 in PRKAG2 Pts and 5.3 ± 
1.9 in amyloidosis Pts (p = 0.001). 2D speckle tracking longitudinal bull‘s eye patterns were 
diff erent for amyloidosis and PRKAG2, which helped to detect diff erentiation visually. 
Conclusion: Echocardiography is a valuable tool in detecting and diff erentiating diff use 
and focal myocardial abnormalities in PRKAG2 cardiomyopathy and amyloidosis. Th e 
deformation indices are especially revealing because they may be helpful in recognizing 
these LVH diseases, thereby favoring early diagnosis, enhanced treatment, and improved 
outcome.

P1-216
Is Global Longitudinal Strain Associated with the Histopathologic 
Burden of Cardiac Amyloidosis?
Neha Goyal, Priya Mehta, David Chapel, Akhil Narang, Cara Rosenbaum, 
Nitasha Sarswat, Karima Addetia, Victor Mor-Avi, Roberto M. Lang, Aliya N. 
Husain, Amit R. Patel. University of Chicago, Chicago, IL
Background: Th ere are a number of emerging therapies for cardiac amyloid (CA). 
Accordingly, there is a need for imaging-based biomarkers that assess the severity of CA 
to follow treatment response. Although global longitudinal strain (GLS) has been shown 
to be an important tool for the diagnosis and risk stratifi cation of CA, it is not known 
whether diff erences in GLS can be attributed to the severity of CA involvement. Th e aim 
of this study was to evaluate the relationship between GLS and the quantitative burden 
of CA determined by a histopathologic method we recently developed. Methods: We 
retrospectively identifi ed 34 patients (67.5 ± 9 years, 27% female) with CA who had an 
echocardiogram and endomyocardial biopsy (EMB). Of these, 3 patients were excluded 
because of poor quality of images and 5 patients excluded due to history of prior cardiac 
surgery. Amyloid burden was quantifi ed by a microscopic review of multiple EMB samples 
by a cardiac pathologist. Patients were divided into 2 groups: low amyloid burden (<50% 
CA) and high (≥50% CA). Using the American Society of Echocardiography Criteria, 
left  ventricular (LV) end-diastolic volume (EDV), end-systolic volume (ESV), ejection 
fraction (EF), interventricular septal thickness (IVSt), posterior wall thickness (PWt), 
lateral e’ and GLS were measured. Each of these parameters was compared between the 
two CA burden groups using student’s t-test. Results: Of the 26 patients, 27% of patients 
had AL amyloid, 73% had TTR amyloid. Fift een patients had a low burden of CA and 11 
had a high burden of CA. In patients with a high burden of CA: (1) LVEF and lateral e’ 
were lower; (2) IVSt, PWt and LV mass were increased, and (3) GLS was worse (Table). 
Conclusions: We found that several echocardiographic parameters including GLS are 
associated with the histopathologic CA burden, and thus may potentially be useful as 
imaging-biomarkers to detect changes in CA burden in response to treatment.
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P1-217
Assessing the Cause of Pulmonary Hypertension on Echo in the 
Absence of Tricuspid Regurgitation - a National Echo Database of 
Australia Study
Kevin Chung1, Geoff  Strange1, Pyi Naing1, David Celermajer2, Jim Codde1, 
Gregory M. Scalia3, David Playford1. 1Th e University of Notre Dame, Fremantle, 
Australia; 2Th e University of Syndey, Sydney, Australia; 3Th e University of 
Queensland, Brisbane, Australia
Background: PH-LHD is the most common cause of pulmonary hypertension (PH), 
associated with a high risk of death. Echo diagnosis of PH usually relies on a measurable 
TRV, but suffi  cient TR is absent in up to 40% of patients. Using the NEDA, we have 
previously described a method for predicting PH-LHD in the absence of a measurable 
TR velocity. Using age, E’ velocity, E/E’ ratio, E/A and left  atrial volume index (LAVI) we 
created a model to diagnose PH-LHD. Tested in a cohort of 151,767 echos, our model is 
highly accurate in diagnosing PH-LHD. Th e NEDA PH-LHD Constant is ((Con) =-6.649 
+ (0.035 x Age) + (0.072 x E’) + (0.077 x E/E’) + (0.509 x E/A) + (0.03 x LAVI)), and 
the probability of having PH due to left  heart disease = [EXP (Con) /[1+ (EXP(Con))] 
Aim: To validate the NEDA PH-LHD predictive model in patients undergoing right heart 
catheterisation. Methods: We analysed 887 consecutive patients from a West Australian 
tertiary centre who underwent RHC. Th ey were divided into three groups: Group 1- 
those with PH-LHD (mPAP ≥ 25mmHg and PCWP ≥ 15mmHg), Group 2 - those with 
PH not due to LHD (mPAP >25mmHg and PCWP < 15mmHg) and Group 3 - those 
with no PH or LHD (mPAP <25mmHg and PCWP <15mmHg). To validate the NEDA 
PH-LHD model we compared Group 1 vs Group 2 in our fi rst analysis and Group 1 vs 
Group 3 in our second analysis. We then applied these two probability analyses to a ROC 
curve to establish the accuracy of our model in predicting PH-LHD using RHC. Results: 
Age and the severity of PH was similar across groups, irrespective of causality. PVR was 
normal in those without PH, but was increased in patients with PH including those with 
PH-LHD suggesting a degree of pre-capillary PH in these patients. Patients with PH-
LHD had higher left  atrial fi lling pressures (PCWP=24.8+/-7mmHg, E/E’=21+/-10, E/
A=1.7+/-1.1)(p=<0.0001). Figure 1 illustrates that the accuracy of our formula is 80% 
predictive in identifying patients with PH-LHD vs those with PH but no LHD, and 70% 
accurate in predicting PH-LHD when applied to patients with PH-LHD against those 
with no PH or LHD. Conclusion: In the absence of TRV, the NEDA PH-LHD model is 
80% accurate in identifying patients with PH-LHD validated against RHC. Using only 
age and diastolic echo markers, our model is suited as an addition to echo soft ware to 
automatically identify those likely to have PH who need further investigation.

P1-218
Prognosis of Patients with Reverse Stress-Induced 
Cardiomyopathy When Compared to Other Subtypes
Hyun-Jin Kim1, Tae-Young Choi2. 1Chungbuk National University Hospital, 
Cheongju, Republic of Korea; 2Myongji Hospital, Seoul, Republic of Korea
Background: Stress-induced cardiomyopathy (SCM) is characterized by an acute and 
transient left  ventricular dysfunction. Most of the patients with SCM survive and have 
a good prognosis. However, the prognosis according to SCM subtypes is unclear since 
there is limited data for clinical characters and prognostic factors according to the 
subtypes. We investigated the prognosis of patients with SCM according to the subtypes. 
Method: Patients that had a diagnosis of SCM confi rmed by diagnostic coronary 
angiography and transthoracic echocardiography were retrospectively reviewed from 
April 2015 to October 2016. We classifi ed the as two groups. One was the reverse SCM 
group, whose predominate location of the regional left  ventricular dysfunction was in the 
basal LV wall. Th e other group included classic as well as other SCM subtypes. Clinical 
and echocardiographic fi ndings were compared between the two groups. Th e primary 
outcome was that all-cause death during follow-up. Results: Of 52 patients, 39 patients 
were allocated to the classic and other SCM group while 13 patients reverse SCM group. 
Among the 52 patients, six patients (11.5%) died during a mean follow-up period of 8.8 ± 
5.9 months (median 8.5 months). In addition, 5 patients (9.6%) died within 1 month. Th e 
incidence of all cause death was signifi cantly higher in the reverse SCM group compared 
with the classic and other SCM group (30.8% vs. 5.1%, p = 0.029). Th e incidence of 30-day 

all cause death was also signifi cantly higher in the reverse SCM group in comparison to 
the classic and other SCM group (30.8% vs. 2.6%, p = 0.011). In addition, the cumulative 
death free survival rate was signifi cantly lower in the reverse SCM group when compared 
to the classic and other SCM group (69.2% vs. 94.9%, Log Rank p = 0.012). Th is was also 
the case for the cumulative 30-day survival rate (69.2% vs. 97.4%, Log Rank p = 0.003). 
Aft er adjustment for all the possible confounding factors, using the Cox proportional 
hazard regression analysis, reverse type was shown to have a 13.5 fold increased hazard 
for all cause death (odds ratio 13.5, 95% CI 1.599-114.554, p = 0.017). Conclusion: In 
patients with SCM, all-cause death rate was increased in the reverse subtype as compared 
to other types. Reverse SCM has been shown to be a good prognostic factor of death, 
even when taking into account the clinical confounding factors. Patients with SCM need 
focused evaluation of the predominant left  ventricular dysfunction location in order to 
predict prognosis and appropriate treatment.

P1-219
Non-Alcoholic Fatty Liver Disease in Patients without 
Hypertension is Associated with Decreased Left Ventricular 
Dimensions and Mass
Daniel Chun, Th eodore Kolias, David Bach, Troy LaBounty. University of 
Michigan, Ann Arbor, MI
Background: Hypertensive individuals with non-alcoholic fatty liver disease (NAFLD) 
have been reported to have increased left  ventricular (LV) mass. Whether similar fi ndings 
are observed in non-hypertensive individuals is not clear. Methods: We compared left  
heart measurements between adults with and without NAFLD in a cohort of 24,662 
individuals with an echocardiogram, and aft er excluding those with left -sided valve 
disease, myocardial infarction, decreased left  ventricular function, or hypertension. 
Results: Th ere were diff erences between groups in demographics, comorbidities, and 
left  heart dimensions (Table 1). Aft er multivariate adjustment, individuals with NAFLD 
(vs. without) had decreased indexed LV end-diastolic diameter (-1.1mm/m2, 95% CI -0.8 
to -1.4, p<0.001), LV end-systolic diameter (-0.9mm/m2, 95% CI -0.6 to -1.2, p<0.001); 
septal wall thickness (-0.1mm/m2, 95% CI -0.03 to -0.3, p=0.01); LV mass (-2.8gm/
m2, 95% CI -1.0 to -4.9, p=0.01), and aortic root diameter (-0.6mm/m2, 95% CI -0.4 
to -0.9, p<0.001); there was no diff erence in indexed posterior wall thickness (p=0.10) 
or left  atrial diameter (p=0.70). Th ose with NAFLD had lower adjusted peak tricuspid 
regurgitation gradient (-1.9 mmHg, 95% CI -0.2 to -3.6 mmHg, p=0.03). Conclusion: 
Non-hypertensive individuals with NAFLD had decreased LV dimensions and mass, 
and lower tricuspid regurgitation gradients when compared to controls. Th is contrasts 
with prior fi ndings of increased LV mass in hypertensive individuals with NALFD, and 
suggests the absence of hypertension is associated with an absence of cardiac remodeling 
in this population.
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P1-220
Left Ventricular Shape Components Correlate With Pulmonary 
Arterial Pressure 
Jennifer L. Wagner1, Bruce F. Landeck, II2, Michael V. Di Maria2, Adel K. 
Younoszai2, Andreea Dragulescu3, Dale A. Burkett2, Kendall S. Hunter1. 
1University of Colorado Department of Bioengineering, Anschutz Medical 
Campus, Aurora, CO; 2Th e Heart Institute, Children‘s Hospital Colorado, 
University of Colorado at Denver Anschutz Medical Campus, Aurora, CO; 
3Division of Cardiology, Th e Labatt Family Heart Centre, Th e Hospital for Sick 
Children, University of Toronto, Toronto, ON, Canada
Background: Although cardiac catheterization is the gold standard for diagnosis and 
surveillance of pediatric pulmonary hypertension (PH), it carries signifi cant risks. Robust 
echocardiographic measures to predict mean pulmonary artery pressure (mPAP) could 
allow a non-invasive means to follow PH patients. We hypothesized that a novel method 
of evaluating left  ventricular (LV) shape would correlate with simultaneous invasive 
hemodynamics. Methods: Simultaneous echocardiography and invasive hemodynamics 
were obtained in 28 patients during cardiac catheterization for PH. TomTec Soft ware 
(Unterschleissheim, Germany) was used to trace the LV from the parasternal short-axis 
view. A Fourier transform decomposed LV shape, in each frame, into a series of shape 
components and magnitudes. Magnitudes were normalized to heart size (magnitude/LV 
length as measured on apical 4 chamber view) and averaged across 3 beats to account 
for beat-to-beat variability. Shape component magnitudes were compared against mPAP 
and mean pulmonary-to-systemic arterial pressure ratio (mPAP/mSAP). Correlations 
were assessed using bivariate and multivariate linear regression. Results: Signifi cant 
correlation was observed between the 3rd shape component (a triangular shape) and both 
mPAP in systole and mPAP/mSAP in diastole. Multivariate regression using the 3rd and 
7th shape components displayed a signifi cant correlation with mPAP in systole (R=0.77, 
p<0.0001). Conclusion: LV shape deformation with fl attening of the ventricular septum 
is common in PH. Our novel method of quantifying LV deformation using Fourier 
shape analysis demonstrates the potential to serve as a non-invasive means to safely and 
effi  ciently estimate mPAP. Th is method off ers advantages over eccentricity index (EI), 
such as the ability to precisely and dynamically quantify LV shape. Further analysis of 
LV shape component data, both spatially and temporally, is underway to evaluate the 
accuracy and performance of ventricular shape modeling with respect to other measures 
such as EI.

P1-221
The Utility of Strain in Prediction of Mortality at 1 Year in 
Takotsubo Cardiomyopathy
Jay Voit, Anjan Tibrewala, Lauren Farina, Sasan Raissi, Ben Freed, Nausheen 
Akhter. Northwestern Memorial Hospital, Chicago, IL
Background: Takotsubo Cardiomyopathy (TC) is an acute heart failure syndrome that 
has increasingly recognized morbidity and mortality in select patients. Two-dimensional 
speckle-tracking echocardiography (2DSTE) has demonstrated that abnormal myocardial 
deformation indices persist beyond recovery in left  ventricular ejection fraction (LVEF). 
Th e aim of this study was to evaluate the association of 2DSTE calculated strain and death 
at 1 year. Methods: We retrospectively identifi ed patients with an ICD9/10 diagnosis of TC 
using Northwestern University Enterprise Data Warehouse. Using TOMTEC Arena 2.21 
soft ware, we obtained peak global longitudinal strain (GLS), peak global circumferential 
strain (GCS), and peak global radial strain (GRS) from the presenting echocardiogram 
at time of TC diagnosis. LVEF was also obtained from the echocardiogram report. Th e 
patient outcome of death within 1 year was identifi ed by ICD9/10 codes. Statistical 
analysis was performed using multivariate logistic regression with a p-value of <0.05 
considered signifi cant. Results: We included 77 subjects in our study, mean age 66.5 
years +/- 15.3, 82% female. Seven subjects died at 1 year. Multivariate logistic analysis 
of the above parameters revealed presenting GCS, and not GLS, GRS, or LVEF, to be 
independently associated with death at 1 year (OR: 0.767, p = 0.043). Discussion: In our 
single-center study of patients with TC, only presenting peak GCS was associated with 
death at 1 year. Circumferential strain has an important role in prognostication that has 
yet to be fully explored in TC.

Table 1: Strain and relationship to death at 1 year
Strain Type or EF Odds Ratio P-value
Peak GLS 0.996 0.978
Peak GCS 0.767 0.043
Peak GRS 0.853 0.206
LVEF 0.877 0.326

P1-222
Septal Perforator Doppler Pro les in Hypertrophic 
Cardiomyopathy Patients
Patrycja Galazka, Renuka Jain, Lindsey Kalvin, Fuad Jan, Susan Olet, Bijoy 
Khandheria, Jamil Tajik. Aurora Health Care, Milwaukee, WI
Background: Hypertrophic cardiomyopathy (HCM) is associated with alterations in 
coronary fl ow especially in the smaller vessels secondary to intimal proliferation, medial 
hypertrophy and microvascular fi brosis. Color Doppler allows visualization of arterial 
fl ow within the hypertrophic myocardium. We assessed the feasibility of septal perforator 
artery visualization and characterized the fl ow velocity profi le in HCM patients. Methods: 
We prospectively evaluated 106 HCM patients who were seen at the Aurora Hypertrophic 
Cardiomyopathy Center over a six month period. Using low Nyqist limits, we located 
and recorded septal perforator peak diastolic velocity, slope of the diastolic velocity, end 
diastolic velocity, atrial dip, and systolic fl ow reversal velocity. Other echocardiography 
parameters (left  ventricular (LV) septal thickness, LV ejection fraction, LV global 
longitudinal strain, left  atrial volume index, mitral E and A velocities, LV e’ septal and 
lateral velocities, LV a’ septal and lateral velocities and E/e’ ratios) were collected. All 
patients were in sinus rhythm. Results: We were able to visualize septal perforator color 
fl ow in 95 out of 106 (90%) patients. Spectral Doppler profi le of these perforators was 
recorded in 57 of 95 (60%) patients (Figure Panel A), average septal thickness in these 
patients was 2.4 cm (SD = 0.49). Th ree diff erent patterns of the septal perforator Doppler 
fl ow emerged: 1) systolic and diastolic fl ow with atrial dip in 20 (35%) patients (Figure 
Panel B); 2) systolic and diastolic fl ow without atrial dip in 20 (35%) patients (Figure 
Panel C); 3) diastolic profi le only in 17 (30%) patients (Figure Panel D). Patients who 
had atrial dip profi le had higher diastolic slope of the diastolic velocity profi le (mean 
111.2 cm/s2 vs 65.1 cm/s2 (p=0.0248).Conclusions: We demonstrate the feasibility of 
visualization of septal perforator Doppler fl ow in the vast majority of HCM patients 
with currently available technology. Full spectral septal perforator Doppler profi le was 
possible in 60% of patients. Th e profi le of systolic fl ow reversal (milking eff ect) of systolic 
compression of septal perforators was noted. In addition, we found correlations between 
fl ow velocity profi le and markers of diastolic dysfunction in these patients. Future clinical 
studies are warranted.

P1-223
Diastolic Dysfunction is Common in Systemic Sclerosis and 
Portends a Poor Prognosis
Alicia M. Hinze, Laura K. Hummers, Fredrick M. Wigley, Ami A. Shah, Monica 
M. Mukherjee. Johns Hopkins University, Baltimore, MD
Background: Heart disease in systemic sclerosis (SSc) oft en goes unrecognized until 
severe clinical manifestations are present. Diastolic dysfunction (DD) may identify 
patients at risk for cardiac complications by distinguishing the subset with myocardial 
fi brosis. Th e aims of this study were to 1) determine the prevalence of non-valvular DD 
in SSc according to the 2016 ASE/EACVI guidelines, 2) evaluate the impact of DD on 
survival in patients with SSc, and 3) assess cardiac risk factors for DD in SSc. Methods: 
491 subjects with SSc seen between 11/01/2007 and 10/31/2017 were included. If a subject 
had more than one 2DE in this time period, the most recent technically adequate 2DE was 
included. Subjects were excluded from the study if they had moderate to severe mitral or 
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aortic valve disease, a primary cardiomyopathy, a recent myocardial infarction, or were 
admitted to an intensive care unit. DD presence and grade were determined according to 
the 2016 ASE/EACVI guidelines. Results: DD was present in 14% of SSc subjects (91% 
with grade 2 and 9% with grade 3). Median age was 57 years (IQR 47 - 66). Subjects 
with DD had worse survival, as compared with subjects with no DD or indeterminate 
DD (Figure 1, log-rank test for equality of survival <0.007); these fi ndings persisted 
even aft er adjusting for age on Cox proportional hazards model (HR 2.17, 1.08 - 4.37). 
On multivariable regression analyses examining common risk factors for DD including 
hypertension, renal disease, coronary artery disease (CAD), obesity, diabetes and chronic 
obstructive pulmonary disease, only CAD (16.77, 4.40 - 63.83), obesity (5.62, 2.56 - 12.31) 
and increasing year of age (OR 1.14, 1.10 - 1.18) were signifi cantly associated with DD. 
Th e presence of restrictive lung disease (RLD) (FVC≤65) was also a risk factor for DD, 
aft er adjusting for comorbid disease (OR 2.24, 1.11-4.52). Conclusion: DD is common in 
the SSc and is present at moderate to high grades. RLD was a unique risk factor for DD 
in SSc, as well as more common risk factors of CAD, obesity, and increasing age. Th is 
SSc population was relatively young, suggesting that SSc may represent an accelerated 
model of DD that may be unique to the underlying disease process. Th e presence of DD 
is associated with a poor prognosis, therefore, being aware of DD and its risk factors is 
important in managing a patient with SSc.

POSTER SESSION 2 (P2)
Presented Monday, June 25, 9:00 AM-6:30 PM

Value of Echocardiography (Quality and Cost) / 
Comparative Eff ectiveness 

P2-01 through P2-25

Critical Care Ultrasound / Point of Care Ultrasound 
P2-26 through P2-35

New Technology 
P2-36 through P2-69

Contrast Echocardiography 
P2-70 through P2-77

Intraprocedural Echocardiography 
(Operating Room and Interventional Lab) / TEE 

P2-78 through P2-87

Echocardiography in SOE / Arrhythmias / Atrial Function 
P2-88 through P2-107

Ischemic Heart Disease 
P2-108 through P2-117

Ventricular Function / Myocardial Mechanics 
P2-118 through P2-157

Clinical Cases: Adult Patients 
P2-158 through P2-223

P2-01
Impact of Repeat Echocardiograms on Management Decisions in 
Patients Rehospitalized with Acute Decompensated Heart Failure
Lindsey Aurora, Sarah Gorgis, Chaun Gandolfo, Omar Sadiq, Meredith Mahan, 
Karthikeyan Ananthasubramaniam. Henry Ford Hospital, Detroit, MI
Background: Transthoracic echocardiography (TTE) at the time of acute decompensated 
heart failure (ADHF) may reveal signifi cant structural and hemodynamic abnormalities 
that can classify risk, guide clinical management, and aid resource utilization. TTE is 
considered appropriate for enhancing diagnosis and guiding downstream management. 
However, the clinical impact of routine repeat TTE in uncomplicated ADHF re-
admissions is yet to be established. We studied patients with repeat TTE at the time 
of re-hospitalization for ADHF to determine the clinical impact of TTE. Methods: In 
a single center retrospective study, 413 adult patients with 2 ADHF admissions within 
1 year period were studied. Th ose with clear indications for repeat TTE (myocardial 
infarction, stroke, arrhythmias, hemodynamic instability, or valve disease) were excluded. 
198 patients met inclusion criteria. Two groups were defi ned: those with signifi cant 
interventions (SI: heart catheterizations, other cardiac procedures, nuclear scans, or 
specialty consultations) and minimal interventions (MI: medication or no changes). 
Demographic data, echocardiography parameters, procedures, and medications changes 
were evaluated. Results: Out of 198 patients, 85 patients comprised the SI group and 
113 patients were in the MI group. Non-ischemic cardiomyopathy was the predominant 
etiology of heart failure observed in both groups (p=0.251). BNP on second presentation 
of ADHF was statistically worse than the prior admission (p=0.014). As a result of 
repeat TTE, no signifi cant changes in left  ventricular ejection fraction were observed in 
both groups MI and SI (p=0.131 and p=0.236, respectively). Within the valve disease 
subgroup, those with underlying mitral regurgitation who underwent MI had signifi cant 
improvement of their valvular disease (p=0.005). Th is eff ect was not noted in patients 
who had advanced interventions (p=0.141). Despite SI, those patients with diastolic 
dysfunction trended to worsen despite repeat TTE (p=0.074). Conclusion: Many patients 
undergo repeat TTE routinely in the setting of ADHF. In our results, the predominant 
impact of repeat TTE in re-hospitalized ADHF involved minimal interventions such 
as medication changes, rather than signifi cant interventions including procedures or 
specialty consultations. Echocardiography continues to serve an important role in patient 
management decisions, but clinicians should focus on reserving utilization of repeat 
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P1-220
Left Ventricular Shape Components Correlate With Pulmonary 
Arterial Pressure 
Jennifer L. Wagner1, Bruce F. Landeck, II2, Michael V. Di Maria2, Adel K. 
Younoszai2, Andreea Dragulescu3, Dale A. Burkett2, Kendall S. Hunter1. 
1University of Colorado Department of Bioengineering, Anschutz Medical 
Campus, Aurora, CO; 2Th e Heart Institute, Children‘s Hospital Colorado, 
University of Colorado at Denver Anschutz Medical Campus, Aurora, CO; 
3Division of Cardiology, Th e Labatt Family Heart Centre, Th e Hospital for Sick 
Children, University of Toronto, Toronto, ON, Canada
Background: Although cardiac catheterization is the gold standard for diagnosis and 
surveillance of pediatric pulmonary hypertension (PH), it carries signifi cant risks. Robust 
echocardiographic measures to predict mean pulmonary artery pressure (mPAP) could 
allow a non-invasive means to follow PH patients. We hypothesized that a novel method 
of evaluating left  ventricular (LV) shape would correlate with simultaneous invasive 
hemodynamics. Methods: Simultaneous echocardiography and invasive hemodynamics 
were obtained in 28 patients during cardiac catheterization for PH. TomTec Soft ware 
(Unterschleissheim, Germany) was used to trace the LV from the parasternal short-axis 
view. A Fourier transform decomposed LV shape, in each frame, into a series of shape 
components and magnitudes. Magnitudes were normalized to heart size (magnitude/LV 
length as measured on apical 4 chamber view) and averaged across 3 beats to account 
for beat-to-beat variability. Shape component magnitudes were compared against mPAP 
and mean pulmonary-to-systemic arterial pressure ratio (mPAP/mSAP). Correlations 
were assessed using bivariate and multivariate linear regression. Results: Signifi cant 
correlation was observed between the 3rd shape component (a triangular shape) and both 
mPAP in systole and mPAP/mSAP in diastole. Multivariate regression using the 3rd and 
7th shape components displayed a signifi cant correlation with mPAP in systole (R=0.77, 
p<0.0001). Conclusion: LV shape deformation with fl attening of the ventricular septum 
is common in PH. Our novel method of quantifying LV deformation using Fourier 
shape analysis demonstrates the potential to serve as a non-invasive means to safely and 
effi  ciently estimate mPAP. Th is method off ers advantages over eccentricity index (EI), 
such as the ability to precisely and dynamically quantify LV shape. Further analysis of 
LV shape component data, both spatially and temporally, is underway to evaluate the 
accuracy and performance of ventricular shape modeling with respect to other measures 
such as EI.

P1-221
The Utility of Strain in Prediction of Mortality at 1 Year in 
Takotsubo Cardiomyopathy
Jay Voit, Anjan Tibrewala, Lauren Farina, Sasan Raissi, Ben Freed, Nausheen 
Akhter. Northwestern Memorial Hospital, Chicago, IL
Background: Takotsubo Cardiomyopathy (TC) is an acute heart failure syndrome that 
has increasingly recognized morbidity and mortality in select patients. Two-dimensional 
speckle-tracking echocardiography (2DSTE) has demonstrated that abnormal myocardial 
deformation indices persist beyond recovery in left  ventricular ejection fraction (LVEF). 
Th e aim of this study was to evaluate the association of 2DSTE calculated strain and death 
at 1 year. Methods: We retrospectively identifi ed patients with an ICD9/10 diagnosis of TC 
using Northwestern University Enterprise Data Warehouse. Using TOMTEC Arena 2.21 
soft ware, we obtained peak global longitudinal strain (GLS), peak global circumferential 
strain (GCS), and peak global radial strain (GRS) from the presenting echocardiogram 
at time of TC diagnosis. LVEF was also obtained from the echocardiogram report. Th e 
patient outcome of death within 1 year was identifi ed by ICD9/10 codes. Statistical 
analysis was performed using multivariate logistic regression with a p-value of <0.05 
considered signifi cant. Results: We included 77 subjects in our study, mean age 66.5 
years +/- 15.3, 82% female. Seven subjects died at 1 year. Multivariate logistic analysis 
of the above parameters revealed presenting GCS, and not GLS, GRS, or LVEF, to be 
independently associated with death at 1 year (OR: 0.767, p = 0.043). Discussion: In our 
single-center study of patients with TC, only presenting peak GCS was associated with 
death at 1 year. Circumferential strain has an important role in prognostication that has 
yet to be fully explored in TC.

Table 1: Strain and relationship to death at 1 year
Strain Type or EF Odds Ratio P-value
Peak GLS 0.996 0.978
Peak GCS 0.767 0.043
Peak GRS 0.853 0.206
LVEF 0.877 0.326

P1-222
Septal Perforator Doppler Pro les in Hypertrophic 
Cardiomyopathy Patients
Patrycja Galazka, Renuka Jain, Lindsey Kalvin, Fuad Jan, Susan Olet, Bijoy 
Khandheria, Jamil Tajik. Aurora Health Care, Milwaukee, WI
Background: Hypertrophic cardiomyopathy (HCM) is associated with alterations in 
coronary fl ow especially in the smaller vessels secondary to intimal proliferation, medial 
hypertrophy and microvascular fi brosis. Color Doppler allows visualization of arterial 
fl ow within the hypertrophic myocardium. We assessed the feasibility of septal perforator 
artery visualization and characterized the fl ow velocity profi le in HCM patients. Methods: 
We prospectively evaluated 106 HCM patients who were seen at the Aurora Hypertrophic 
Cardiomyopathy Center over a six month period. Using low Nyqist limits, we located 
and recorded septal perforator peak diastolic velocity, slope of the diastolic velocity, end 
diastolic velocity, atrial dip, and systolic fl ow reversal velocity. Other echocardiography 
parameters (left  ventricular (LV) septal thickness, LV ejection fraction, LV global 
longitudinal strain, left  atrial volume index, mitral E and A velocities, LV e’ septal and 
lateral velocities, LV a’ septal and lateral velocities and E/e’ ratios) were collected. All 
patients were in sinus rhythm. Results: We were able to visualize septal perforator color 
fl ow in 95 out of 106 (90%) patients. Spectral Doppler profi le of these perforators was 
recorded in 57 of 95 (60%) patients (Figure Panel A), average septal thickness in these 
patients was 2.4 cm (SD = 0.49). Th ree diff erent patterns of the septal perforator Doppler 
fl ow emerged: 1) systolic and diastolic fl ow with atrial dip in 20 (35%) patients (Figure 
Panel B); 2) systolic and diastolic fl ow without atrial dip in 20 (35%) patients (Figure 
Panel C); 3) diastolic profi le only in 17 (30%) patients (Figure Panel D). Patients who 
had atrial dip profi le had higher diastolic slope of the diastolic velocity profi le (mean 
111.2 cm/s2 vs 65.1 cm/s2 (p=0.0248).Conclusions: We demonstrate the feasibility of 
visualization of septal perforator Doppler fl ow in the vast majority of HCM patients 
with currently available technology. Full spectral septal perforator Doppler profi le was 
possible in 60% of patients. Th e profi le of systolic fl ow reversal (milking eff ect) of systolic 
compression of septal perforators was noted. In addition, we found correlations between 
fl ow velocity profi le and markers of diastolic dysfunction in these patients. Future clinical 
studies are warranted.

P1-223
Diastolic Dysfunction is Common in Systemic Sclerosis and 
Portends a Poor Prognosis
Alicia M. Hinze, Laura K. Hummers, Fredrick M. Wigley, Ami A. Shah, Monica 
M. Mukherjee. Johns Hopkins University, Baltimore, MD
Background: Heart disease in systemic sclerosis (SSc) oft en goes unrecognized until 
severe clinical manifestations are present. Diastolic dysfunction (DD) may identify 
patients at risk for cardiac complications by distinguishing the subset with myocardial 
fi brosis. Th e aims of this study were to 1) determine the prevalence of non-valvular DD 
in SSc according to the 2016 ASE/EACVI guidelines, 2) evaluate the impact of DD on 
survival in patients with SSc, and 3) assess cardiac risk factors for DD in SSc. Methods: 
491 subjects with SSc seen between 11/01/2007 and 10/31/2017 were included. If a subject 
had more than one 2DE in this time period, the most recent technically adequate 2DE was 
included. Subjects were excluded from the study if they had moderate to severe mitral or 
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aortic valve disease, a primary cardiomyopathy, a recent myocardial infarction, or were 
admitted to an intensive care unit. DD presence and grade were determined according to 
the 2016 ASE/EACVI guidelines. Results: DD was present in 14% of SSc subjects (91% 
with grade 2 and 9% with grade 3). Median age was 57 years (IQR 47 - 66). Subjects 
with DD had worse survival, as compared with subjects with no DD or indeterminate 
DD (Figure 1, log-rank test for equality of survival <0.007); these fi ndings persisted 
even aft er adjusting for age on Cox proportional hazards model (HR 2.17, 1.08 - 4.37). 
On multivariable regression analyses examining common risk factors for DD including 
hypertension, renal disease, coronary artery disease (CAD), obesity, diabetes and chronic 
obstructive pulmonary disease, only CAD (16.77, 4.40 - 63.83), obesity (5.62, 2.56 - 12.31) 
and increasing year of age (OR 1.14, 1.10 - 1.18) were signifi cantly associated with DD. 
Th e presence of restrictive lung disease (RLD) (FVC≤65) was also a risk factor for DD, 
aft er adjusting for comorbid disease (OR 2.24, 1.11-4.52). Conclusion: DD is common in 
the SSc and is present at moderate to high grades. RLD was a unique risk factor for DD 
in SSc, as well as more common risk factors of CAD, obesity, and increasing age. Th is 
SSc population was relatively young, suggesting that SSc may represent an accelerated 
model of DD that may be unique to the underlying disease process. Th e presence of DD 
is associated with a poor prognosis, therefore, being aware of DD and its risk factors is 
important in managing a patient with SSc.
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P2-01
Impact of Repeat Echocardiograms on Management Decisions in 
Patients Rehospitalized with Acute Decompensated Heart Failure
Lindsey Aurora, Sarah Gorgis, Chaun Gandolfo, Omar Sadiq, Meredith Mahan, 
Karthikeyan Ananthasubramaniam. Henry Ford Hospital, Detroit, MI
Background: Transthoracic echocardiography (TTE) at the time of acute decompensated 
heart failure (ADHF) may reveal signifi cant structural and hemodynamic abnormalities 
that can classify risk, guide clinical management, and aid resource utilization. TTE is 
considered appropriate for enhancing diagnosis and guiding downstream management. 
However, the clinical impact of routine repeat TTE in uncomplicated ADHF re-
admissions is yet to be established. We studied patients with repeat TTE at the time 
of re-hospitalization for ADHF to determine the clinical impact of TTE. Methods: In 
a single center retrospective study, 413 adult patients with 2 ADHF admissions within 
1 year period were studied. Th ose with clear indications for repeat TTE (myocardial 
infarction, stroke, arrhythmias, hemodynamic instability, or valve disease) were excluded. 
198 patients met inclusion criteria. Two groups were defi ned: those with signifi cant 
interventions (SI: heart catheterizations, other cardiac procedures, nuclear scans, or 
specialty consultations) and minimal interventions (MI: medication or no changes). 
Demographic data, echocardiography parameters, procedures, and medications changes 
were evaluated. Results: Out of 198 patients, 85 patients comprised the SI group and 
113 patients were in the MI group. Non-ischemic cardiomyopathy was the predominant 
etiology of heart failure observed in both groups (p=0.251). BNP on second presentation 
of ADHF was statistically worse than the prior admission (p=0.014). As a result of 
repeat TTE, no signifi cant changes in left  ventricular ejection fraction were observed in 
both groups MI and SI (p=0.131 and p=0.236, respectively). Within the valve disease 
subgroup, those with underlying mitral regurgitation who underwent MI had signifi cant 
improvement of their valvular disease (p=0.005). Th is eff ect was not noted in patients 
who had advanced interventions (p=0.141). Despite SI, those patients with diastolic 
dysfunction trended to worsen despite repeat TTE (p=0.074). Conclusion: Many patients 
undergo repeat TTE routinely in the setting of ADHF. In our results, the predominant 
impact of repeat TTE in re-hospitalized ADHF involved minimal interventions such 
as medication changes, rather than signifi cant interventions including procedures or 
specialty consultations. Echocardiography continues to serve an important role in patient 
management decisions, but clinicians should focus on reserving utilization of repeat 
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TTE in uncomplicated ADHF readmissions to those not responding to standard medical 
optimization and diuresis.

P2-02
Is Upper Endoscopy Required in Cirrhotic Patients Prior to TEE?
Ellen Liu, Avirup Guha, Michael Dunleavy, Timothy Obarski. Th e Ohio State 
University, Columbus, OH
Background: Transesophageal echocardiogram (TEE) has been shown to be a relatively 
safe procedure with a low complication rate. Patients with liver disease pose a risk to 
invasive procedures such as TEEs given the associated prevalence of esophageal varices 
and coagulopathy that can increase bleeding risk. Th ere are currently no guidelines 
for or studies pertaining to obtaining an upper endoscopy (EGD) prior to TEE in 
cirrhotic patients. Methods: Retrospective analysis of cirrhotic patients >18 years old at 
Th e Ohio State University Medical Center who underwent TEE with or without EGD 
between 1/1/2010 and 12/31/2017 was performed. Patients who underwent EGD within 
one year prior to TEE were included in the study group. Th ose without a documented 
EGD or who underwent EGD greater than one year pre-TEE were included in the 
control group. Patients were followed for 7 days post-TEE for adverse events. Data was 
collected including demographics, medical history, etiology of cirrhosis, TEE safety 
checklist (esophageal and oral pathology related) and laboratory values. All possible TEE 
complications were recorded. Outcomes included adverse events in 24 hours, 7 days and 
death. Demographics and complications were analyzed using Chi-Square test, T-test and 
univariate regression analysis where appropriate. Results: 127 patients were included in 
the study, 30.7% female, mean age 58 ± 11. Th e most common indication for TEE was 
endocarditis with 76/127 patients (59.8%). Overall mortality from TEE itself was 0%. 
In patients who had an EGD >1 year pre-TEE or in those with documented varices by 
EGD, there were no increases in TEE-related complications compared to those patients 
with an EGD within 1 year or those without varices. Th e diff erence in complication 
rate was not signifi cant (p = 0.25). Patients with an EGD within one year had a higher 
rate of known varices, ascites, esophageal abnormalities, renal failure and elevated INR. 
Conclusions: TEE in patients with cirrhosis, documented esophageal varices without 
active bleeding, and EGDs >1 year from the study do not exhibit an increased risk of 
bleeding complications from the TEE. Th is preliminary study suggests that performing 
routine EGDs prior to a TEE in cirrhotic patients to exclude the presence of varices and 
reduce the risk of TEE-related complications may not be warranted.

P2-03
The Impact of IAC-Echo Accreditation on Major and Minor 
Diagnostic Errors in Transthoracic Echocardiogram Interpretation
Jesse X. Yang1, Gene Quinn2,1, Olivia Severdija1, Ulf Neisius1, Connie W. Tsao1, 
Lawrence J. Markson1, Warren J. Manning1. 1Beth Israel Deaconess Medical 
Center, Boston, MA; 2Alaska Heart & Vascular Institute, Anchorage, AK
Background: To standardize TTE and reduce error rates, the ASE has called for quality 
assurance TTE protocols and the Intersocietal Accreditation Commission (IAC) has 
developed standards for IAC-Echo accreditation. However, there are no published data 
examining whether accreditation improves TTE interpretation. We sought to examine 
the rate of major diagnostic errors in TTE interpretations at a large medical center prior 
to and aft er their fi rst IAC accreditation. Methods: Prior reports at our institution are 
reviewed aft er interpretation of each TTE. If the interpretations diff er, the prior images 
are reviewed and agreement/disagreement with the prior interpretation is recorded in 
a database with the latter coded as “minor” or “major” error (fi ndings that would have 
necessitated an acute change in patient care and include ventricular dysfunction, severe 
valve disease, or signifi cant pericardial eff usion). For this study, major errors on studies 
performed aft er 2005 (digital PACS) were independently re-adjudicated by two, blinded 
TTE readers to determine if the disagreement/error was a true major error. Excluding 
studies from 2007 (year of initial IAC-Echo accreditation), major error rates were 
compared before and aft er 2007 using a Chi Square analysis. To control for changes in 
physician staffi  ng, a sub-analysis was done for the 4 providers who read studies prior to 
and aft er 2007. Results: From 2005 to 2016, 39,939 TTE “over-reads” were performed by 
20 diff erent physicians with 169 (0.42%) studies identifi ed as having major errors. Th ere 
was a 74% reduction in major errors aft er IAC accreditation (1.17% vs. 0.32%, RR = 3.58; 
p = <0.001; FIGURE) with a 39% reduction in minor errors (11.7% vs. 7.1%, RR = 1.65; p 
= <0.001). Th ere was no change aft er IAC-Echo reaccreditation (2010, 2013, 2016). Sub-
analysis of data from the 4 providers who read studies before and aft er initial IAC-Echo 
accreditation demonstrated a near 50% reduction in major disagreements (0.66% vs. 
0.34%, RR = 1.94; p= 0.08). Conclusion: Initial IAC-Echo accreditation is associated with 
a marked reduction in major and minor errors in TTE interpretation, with maintained 
low rates pre/post reaccreditation. Th is is the fi rst study to describe error rates in TTE 
interpretation in adult patients and their relationship to IAC-Echo accreditation.

P2-04
Implementation of a Best Practice Alert in the Electronic Medical 
Record Impacts Inpatient Transthoracic Echocardiogram Orders
Adam Fleddermann, Kevin F. Kennedy, Steve Jones, Sarah James, Michael L. 
Main, Bethany A. Austin. St. Luke‘s Mid America Heart Institute, Kansas City, 
MO
Background: Th ere are increasing eff orts nationally and at our institution to reduce 
lower value care, including within the area of imaging studies such as transthoracic 
echocardiography (TTE). Methods: In an eff ort to avoid repeating unnecessary studies 
on inpatients who recently underwent TTE, we implemented a best practice alert 
(BPA) in our electronic health record to notify ordering clinicians that a TTE had been 
performed in the past 6 months. Th e BPA requires the ordering clinician to acknowledge 
the alert and provide a reason for proceeding with the order and provides a link to ASE 
Appropriate Use Criteria. Data on initial use was reviewed aft er approximately 6 months 
(2/16/17 - 9/12/17.) Th is included number of TTE orders removed, number re-ordered 
within the same day, subspecialty of ordering clinician, type of ordering clinician (MD 
vs NP), and length of stay in patients with orders that were confi rmed vs removed. 
Independent T-tests, Chi-Square, and Fisher Exact tests were used for analysis. Results: 
Over 209 days, the BPA triggered 3,226 times with 37% of these TTEs cancelled by the 
ordering clinician. Of the orders cancelled, 556 (47%) went on to have an order replaced 
on the same date. Overall, 20% of the originally ordered echocardiograms remained 
cancelled aft er 24 hours. Th e proportion of removed echo orders decreased over time. 
Th ere were no statistically signifi cant diff erences in the proportion of removed TTE 
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orders between subspecialties or types of clinician (p=0.144.) Th ere was no statistically 
signifi cant diff erence in the length of stay in patients with orders kept (9.2 days) compared 
to orders cancelled (10.5 days). Conclusions: An electronic health record alert triggered 
by an order for an inpatient TTE within 6 months of a prior study eff ectively reduced 
study volume by 20%.

P2-05
Application of Pediatric Appropriate Use Criteria for Initial 
Outpatient Evaluation of Asymptomatic Patients with Abnormal 
Electrocardiograms
Soham Dasgupta1, Michael Kelleman2, Shae Anderson1, Ritu Sachdeva1. 
1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA
Background: In the pediatric Appropriate Use Criteria (AUC), abnormal EKG in an 
asymptomatic patient (indication 52) has been rated as an “Appropriate” indication for 
transthoracic echocardiogram (TTE). Th is indication is not further stratifi ed based on 
the type of EKG abnormality. Th e purpose of this study was to determine the yield of 
abnormal fi ndings on TTEs ordered for indication 52 and the type of EKG abnormalities 
associated with abnormal TTE fi ndings. Methods: All patients (< 18years) from January 
1, 2015-December 31, 2017 who underwent initial outpatient evaluation at our center and 
had a TTE ordered for AUC indication 52 were included. Clinic records were reviewed 
to note the specifi c EKG abnormality and TTE results and determine if the abnormality 
noted on TTE was related to the EKG or an incidental fi nding. Results: Study population 
included 206 patients. Of these 93.7% had a normal TTE (81.6% with no fi ndings and 
12.1% with a patent foramen ovale or peripheral pulmonary artery stenosis). Th irteen 
patients (6.3%) had abnormal fi ndings on TTE. Th e type of EKG abnormalities and TTE 
fi ndings are shown in the Table. Incomplete right bundle branch block (IRBBB) had the 
highest yield of abnormal TTE fi ndings (7/27, 25.9%) with a secundum atrial septal defect 
(ASD) being the most common abnormal fi nding (5/7, 71.4%). Th e odds of an abnormal 
fi nding with IRBBB on EKG were signifi cantly higher compared to other fi ndings (OR 10.1, 
95% CI (3.1-33.0), p<0.001). Th e odds of TTE abnormalities were further increased with 
EKG fi ndings of IRBBB, right axis deviation or right ventricular hypertrophy compared to 
other EKG fi ndings (OR 15.7, 95% CI (3.4-73.4), p<0.001). Left  ventricular hypertrophy 
was the most common EKG abnormality for which TTE was performed but had only one 
incidental abnormality (tiny inaudible patent ductus arteriosus). Conclusions: Th e yield 
of abnormal fi ndings on TTE performed for abnormal EKG in asymptomatic pediatric 
patients is low. EKG abnormalities suggestive of right heart disease including IRBBB, 
right axis deviation and right ventricular hypertrophy were associated with a much 
higher yield of abnormal fi ndings compared to other abnormalities. Future revisions of 
AUC document should consider further stratifi cation of indication 52 by the type of EKG 
abnormality to improve appropriate use of TTE.

Specifi c EKG 
abnormality

Number 
(%)

Number of TTE 
abnormalities

Specifi c TTE 
abnormality

TTE abnormality 
related to indication

IRBBB 27 
(13.1%) 7

Small secundum 
ASD (3)
Moderate secundum 
ASD (2)
Bicuspid aortic valve 
without stenosis (2)

Yes
Yes
No

Right ventricular 
hypertrophy 20 (9.7%) 2

Small secundum ASD
Tiny muscular 
ventricular septal 
defect

Yes
No

Right axis 
deviation 14 (6.8%) 2

Small secundum ASD
Moderate secundum 
ASD

Yes
Yes

Left  ventricular 
hypertrophy

44 
(21.3%) 1 Tiny inaudible patent 

ductus arteriosus No

Ectopic atrial 
rhythm 6 (2.9%) 1 Small secundum ASD Yes

Other 25 
(12.2%) 0

Left  axis deviation 14 (6.8%) 0
ST-T wave changes 11 (5.4%) 0
Bi-ventricular 
hypertrophy 11 (5.4%) 0

Right atrial 
enlargement 11 (5.4%) 0

Premature 
ventricular 
contraction

9 (4.3%) 0

Pre-excitation 8 (3.8%) 0
1st degree atrio-
ventricular block 6 (2.9%) 0

P2-06
Performance of Comprehensive Transesophageal 
Echocardiography: Quality Improvement Through Educational 
Intervention
Tiff any Chen1, Selma Carlson2, Amy Cheney2, Todd Zwink2, Rosario V. Freeman2, 
James N. Kirkpatrick2. 1University of Pennsylvania, Philadelphia, PA; 2University 
of Washington, Seattle, WA
Background: Routine performance of comprehensive transesophageal echocardiography 
(TEE) is recommended by guidelines and required for laboratory accreditation by the 
Intersocietal Accreditation Commission (IAC). Educational intervention improves 
quality in transthoracic echocardiography, but no studies on TEE imaging exist. We 
aimed to evaluate TEE comprehensiveness (TEE-C) in an IAC-accredited lab, identify 
infl uencing factors, and assess the effi  cacy of educational intervention. Methods: Using 
a quantitative scoring system for TEE-C (Table 1), we retrospectively reviewed 186 
consecutive studies performed in our lab by 9 echocardiographers. We then provided 
targeted educational feedback with individual scoresheets and group lectures. In the 3 
months thereaft er, we prospectively assessed TEE-C in 69 studies. Results: Patient and 
study characteristics were similar pre- and post-intervention (Table 2). Inpatient status, 
location, and type of anesthesia did not aff ect TEE-C (Table 3). However, TEE exams to 
primarily assess the left  atrial appendage were less complete (24.8 ± 4.6 vs. 26.3 ± 3.9, p 
= 0.005). Post-intervention, TEE-C improved overall (28.1 ± 3.1 vs. 25.7 ± 4.2, p < 0.001) 
and per individual, but time to perform did not increase (mean 25:21 ± 8:53 minutes). 
Components of TEE-C that improved most were views of the pulmonary artery (51% 
vs. 23%) and ascending aorta (51% vs. 28%). Conclusion: Quality echocardiographic 
lab operations involve routine performance of comprehensive TEE. Our study shows 
that quantitative assessment coupled with educational feedback provides an eff ective 
framework for improving TEE-C. Further studies are needed to evaluate the clinical 
impact of comprehensive TEE performance.
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TTE in uncomplicated ADHF readmissions to those not responding to standard medical 
optimization and diuresis.

P2-02
Is Upper Endoscopy Required in Cirrhotic Patients Prior to TEE?
Ellen Liu, Avirup Guha, Michael Dunleavy, Timothy Obarski. Th e Ohio State 
University, Columbus, OH
Background: Transesophageal echocardiogram (TEE) has been shown to be a relatively 
safe procedure with a low complication rate. Patients with liver disease pose a risk to 
invasive procedures such as TEEs given the associated prevalence of esophageal varices 
and coagulopathy that can increase bleeding risk. Th ere are currently no guidelines 
for or studies pertaining to obtaining an upper endoscopy (EGD) prior to TEE in 
cirrhotic patients. Methods: Retrospective analysis of cirrhotic patients >18 years old at 
Th e Ohio State University Medical Center who underwent TEE with or without EGD 
between 1/1/2010 and 12/31/2017 was performed. Patients who underwent EGD within 
one year prior to TEE were included in the study group. Th ose without a documented 
EGD or who underwent EGD greater than one year pre-TEE were included in the 
control group. Patients were followed for 7 days post-TEE for adverse events. Data was 
collected including demographics, medical history, etiology of cirrhosis, TEE safety 
checklist (esophageal and oral pathology related) and laboratory values. All possible TEE 
complications were recorded. Outcomes included adverse events in 24 hours, 7 days and 
death. Demographics and complications were analyzed using Chi-Square test, T-test and 
univariate regression analysis where appropriate. Results: 127 patients were included in 
the study, 30.7% female, mean age 58 ± 11. Th e most common indication for TEE was 
endocarditis with 76/127 patients (59.8%). Overall mortality from TEE itself was 0%. 
In patients who had an EGD >1 year pre-TEE or in those with documented varices by 
EGD, there were no increases in TEE-related complications compared to those patients 
with an EGD within 1 year or those without varices. Th e diff erence in complication 
rate was not signifi cant (p = 0.25). Patients with an EGD within one year had a higher 
rate of known varices, ascites, esophageal abnormalities, renal failure and elevated INR. 
Conclusions: TEE in patients with cirrhosis, documented esophageal varices without 
active bleeding, and EGDs >1 year from the study do not exhibit an increased risk of 
bleeding complications from the TEE. Th is preliminary study suggests that performing 
routine EGDs prior to a TEE in cirrhotic patients to exclude the presence of varices and 
reduce the risk of TEE-related complications may not be warranted.

P2-03
The Impact of IAC-Echo Accreditation on Major and Minor 
Diagnostic Errors in Transthoracic Echocardiogram Interpretation
Jesse X. Yang1, Gene Quinn2,1, Olivia Severdija1, Ulf Neisius1, Connie W. Tsao1, 
Lawrence J. Markson1, Warren J. Manning1. 1Beth Israel Deaconess Medical 
Center, Boston, MA; 2Alaska Heart & Vascular Institute, Anchorage, AK
Background: To standardize TTE and reduce error rates, the ASE has called for quality 
assurance TTE protocols and the Intersocietal Accreditation Commission (IAC) has 
developed standards for IAC-Echo accreditation. However, there are no published data 
examining whether accreditation improves TTE interpretation. We sought to examine 
the rate of major diagnostic errors in TTE interpretations at a large medical center prior 
to and aft er their fi rst IAC accreditation. Methods: Prior reports at our institution are 
reviewed aft er interpretation of each TTE. If the interpretations diff er, the prior images 
are reviewed and agreement/disagreement with the prior interpretation is recorded in 
a database with the latter coded as “minor” or “major” error (fi ndings that would have 
necessitated an acute change in patient care and include ventricular dysfunction, severe 
valve disease, or signifi cant pericardial eff usion). For this study, major errors on studies 
performed aft er 2005 (digital PACS) were independently re-adjudicated by two, blinded 
TTE readers to determine if the disagreement/error was a true major error. Excluding 
studies from 2007 (year of initial IAC-Echo accreditation), major error rates were 
compared before and aft er 2007 using a Chi Square analysis. To control for changes in 
physician staffi  ng, a sub-analysis was done for the 4 providers who read studies prior to 
and aft er 2007. Results: From 2005 to 2016, 39,939 TTE “over-reads” were performed by 
20 diff erent physicians with 169 (0.42%) studies identifi ed as having major errors. Th ere 
was a 74% reduction in major errors aft er IAC accreditation (1.17% vs. 0.32%, RR = 3.58; 
p = <0.001; FIGURE) with a 39% reduction in minor errors (11.7% vs. 7.1%, RR = 1.65; p 
= <0.001). Th ere was no change aft er IAC-Echo reaccreditation (2010, 2013, 2016). Sub-
analysis of data from the 4 providers who read studies before and aft er initial IAC-Echo 
accreditation demonstrated a near 50% reduction in major disagreements (0.66% vs. 
0.34%, RR = 1.94; p= 0.08). Conclusion: Initial IAC-Echo accreditation is associated with 
a marked reduction in major and minor errors in TTE interpretation, with maintained 
low rates pre/post reaccreditation. Th is is the fi rst study to describe error rates in TTE 
interpretation in adult patients and their relationship to IAC-Echo accreditation.

P2-04
Implementation of a Best Practice Alert in the Electronic Medical 
Record Impacts Inpatient Transthoracic Echocardiogram Orders
Adam Fleddermann, Kevin F. Kennedy, Steve Jones, Sarah James, Michael L. 
Main, Bethany A. Austin. St. Luke‘s Mid America Heart Institute, Kansas City, 
MO
Background: Th ere are increasing eff orts nationally and at our institution to reduce 
lower value care, including within the area of imaging studies such as transthoracic 
echocardiography (TTE). Methods: In an eff ort to avoid repeating unnecessary studies 
on inpatients who recently underwent TTE, we implemented a best practice alert 
(BPA) in our electronic health record to notify ordering clinicians that a TTE had been 
performed in the past 6 months. Th e BPA requires the ordering clinician to acknowledge 
the alert and provide a reason for proceeding with the order and provides a link to ASE 
Appropriate Use Criteria. Data on initial use was reviewed aft er approximately 6 months 
(2/16/17 - 9/12/17.) Th is included number of TTE orders removed, number re-ordered 
within the same day, subspecialty of ordering clinician, type of ordering clinician (MD 
vs NP), and length of stay in patients with orders that were confi rmed vs removed. 
Independent T-tests, Chi-Square, and Fisher Exact tests were used for analysis. Results: 
Over 209 days, the BPA triggered 3,226 times with 37% of these TTEs cancelled by the 
ordering clinician. Of the orders cancelled, 556 (47%) went on to have an order replaced 
on the same date. Overall, 20% of the originally ordered echocardiograms remained 
cancelled aft er 24 hours. Th e proportion of removed echo orders decreased over time. 
Th ere were no statistically signifi cant diff erences in the proportion of removed TTE 
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orders between subspecialties or types of clinician (p=0.144.) Th ere was no statistically 
signifi cant diff erence in the length of stay in patients with orders kept (9.2 days) compared 
to orders cancelled (10.5 days). Conclusions: An electronic health record alert triggered 
by an order for an inpatient TTE within 6 months of a prior study eff ectively reduced 
study volume by 20%.

P2-05
Application of Pediatric Appropriate Use Criteria for Initial 
Outpatient Evaluation of Asymptomatic Patients with Abnormal 
Electrocardiograms
Soham Dasgupta1, Michael Kelleman2, Shae Anderson1, Ritu Sachdeva1. 
1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA
Background: In the pediatric Appropriate Use Criteria (AUC), abnormal EKG in an 
asymptomatic patient (indication 52) has been rated as an “Appropriate” indication for 
transthoracic echocardiogram (TTE). Th is indication is not further stratifi ed based on 
the type of EKG abnormality. Th e purpose of this study was to determine the yield of 
abnormal fi ndings on TTEs ordered for indication 52 and the type of EKG abnormalities 
associated with abnormal TTE fi ndings. Methods: All patients (< 18years) from January 
1, 2015-December 31, 2017 who underwent initial outpatient evaluation at our center and 
had a TTE ordered for AUC indication 52 were included. Clinic records were reviewed 
to note the specifi c EKG abnormality and TTE results and determine if the abnormality 
noted on TTE was related to the EKG or an incidental fi nding. Results: Study population 
included 206 patients. Of these 93.7% had a normal TTE (81.6% with no fi ndings and 
12.1% with a patent foramen ovale or peripheral pulmonary artery stenosis). Th irteen 
patients (6.3%) had abnormal fi ndings on TTE. Th e type of EKG abnormalities and TTE 
fi ndings are shown in the Table. Incomplete right bundle branch block (IRBBB) had the 
highest yield of abnormal TTE fi ndings (7/27, 25.9%) with a secundum atrial septal defect 
(ASD) being the most common abnormal fi nding (5/7, 71.4%). Th e odds of an abnormal 
fi nding with IRBBB on EKG were signifi cantly higher compared to other fi ndings (OR 10.1, 
95% CI (3.1-33.0), p<0.001). Th e odds of TTE abnormalities were further increased with 
EKG fi ndings of IRBBB, right axis deviation or right ventricular hypertrophy compared to 
other EKG fi ndings (OR 15.7, 95% CI (3.4-73.4), p<0.001). Left  ventricular hypertrophy 
was the most common EKG abnormality for which TTE was performed but had only one 
incidental abnormality (tiny inaudible patent ductus arteriosus). Conclusions: Th e yield 
of abnormal fi ndings on TTE performed for abnormal EKG in asymptomatic pediatric 
patients is low. EKG abnormalities suggestive of right heart disease including IRBBB, 
right axis deviation and right ventricular hypertrophy were associated with a much 
higher yield of abnormal fi ndings compared to other abnormalities. Future revisions of 
AUC document should consider further stratifi cation of indication 52 by the type of EKG 
abnormality to improve appropriate use of TTE.

Specifi c EKG 
abnormality

Number 
(%)

Number of TTE 
abnormalities

Specifi c TTE 
abnormality

TTE abnormality 
related to indication

IRBBB 27 
(13.1%) 7

Small secundum 
ASD (3)
Moderate secundum 
ASD (2)
Bicuspid aortic valve 
without stenosis (2)

Yes
Yes
No

Right ventricular 
hypertrophy 20 (9.7%) 2

Small secundum ASD
Tiny muscular 
ventricular septal 
defect

Yes
No

Right axis 
deviation 14 (6.8%) 2

Small secundum ASD
Moderate secundum 
ASD

Yes
Yes

Left  ventricular 
hypertrophy

44 
(21.3%) 1 Tiny inaudible patent 

ductus arteriosus No

Ectopic atrial 
rhythm 6 (2.9%) 1 Small secundum ASD Yes

Other 25 
(12.2%) 0

Left  axis deviation 14 (6.8%) 0
ST-T wave changes 11 (5.4%) 0
Bi-ventricular 
hypertrophy 11 (5.4%) 0

Right atrial 
enlargement 11 (5.4%) 0

Premature 
ventricular 
contraction

9 (4.3%) 0

Pre-excitation 8 (3.8%) 0
1st degree atrio-
ventricular block 6 (2.9%) 0

P2-06
Performance of Comprehensive Transesophageal 
Echocardiography: Quality Improvement Through Educational 
Intervention
Tiff any Chen1, Selma Carlson2, Amy Cheney2, Todd Zwink2, Rosario V. Freeman2, 
James N. Kirkpatrick2. 1University of Pennsylvania, Philadelphia, PA; 2University 
of Washington, Seattle, WA
Background: Routine performance of comprehensive transesophageal echocardiography 
(TEE) is recommended by guidelines and required for laboratory accreditation by the 
Intersocietal Accreditation Commission (IAC). Educational intervention improves 
quality in transthoracic echocardiography, but no studies on TEE imaging exist. We 
aimed to evaluate TEE comprehensiveness (TEE-C) in an IAC-accredited lab, identify 
infl uencing factors, and assess the effi  cacy of educational intervention. Methods: Using 
a quantitative scoring system for TEE-C (Table 1), we retrospectively reviewed 186 
consecutive studies performed in our lab by 9 echocardiographers. We then provided 
targeted educational feedback with individual scoresheets and group lectures. In the 3 
months thereaft er, we prospectively assessed TEE-C in 69 studies. Results: Patient and 
study characteristics were similar pre- and post-intervention (Table 2). Inpatient status, 
location, and type of anesthesia did not aff ect TEE-C (Table 3). However, TEE exams to 
primarily assess the left  atrial appendage were less complete (24.8 ± 4.6 vs. 26.3 ± 3.9, p 
= 0.005). Post-intervention, TEE-C improved overall (28.1 ± 3.1 vs. 25.7 ± 4.2, p < 0.001) 
and per individual, but time to perform did not increase (mean 25:21 ± 8:53 minutes). 
Components of TEE-C that improved most were views of the pulmonary artery (51% 
vs. 23%) and ascending aorta (51% vs. 28%). Conclusion: Quality echocardiographic 
lab operations involve routine performance of comprehensive TEE. Our study shows 
that quantitative assessment coupled with educational feedback provides an eff ective 
framework for improving TEE-C. Further studies are needed to evaluate the clinical 
impact of comprehensive TEE performance.
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Table 1. Components of the 32-point TEE comprehensiveness score.
Score 
component

Total 
points Defi nition

Left  ventricle 4 One point each for mid-esophageal 4-chamber, 2-chamber, and long-
axis views of the LV, as well as 3D full-volume acquisition.

Right ventricle 1 Mid-esophageal 4-chamber view of the RV.

Mitral valve 4 Views of the mitral valve from 2 diff erent imaging planes, color 
Doppler interrogation, and 3D acquisition of mitral valve anatomy.

Aortic valve 4 Short-axis and long-axis views of the aortic valve, color Doppler 
interrogation, and 3D acquisition of aortic valve anatomy.

Tricuspid valve 3 Views of the tricuspid valve from 2 diff erent imaging planes and color 
Doppler interrogation.

Pulmonic valve 2 View of the pulmonic valve anatomy and color Doppler interrogation.
Pulmonary 
artery 1 Long-axis view of the main pulmonary artery up to the bifurcation of 

the right and left  pulmonary arteries.
Left  atrial 
appendage 2 Views of the left  atrial appendage in 2 diff erent imaging planes.

Pulmonary 
veins 2 Pulsed-wave Doppler interrogation of a left -sided and a right-sided 

pulmonary vein.
Interatrial 
septum 2 Bicaval view of interatrial septal anatomy and color Doppler 

interrogation.
Pericardial 
space 1 Mid-esophageal 4-chamber view at adequate depth to evaluate the 

pericardial space for eff usion.

Transgastric 3 Transgastric views of the LV in short-axis, the LV in long-axis, and 
the RV.

Aorta 3 View of the ascending aorta in short-axis and of the transverse and 
descending aorta.

LV = left  ventricle, RV = right ventricle, 3D = three-dimensional.

Table 2. Results and characteristics pre- and post-intervention
Overall Pre Post p-value

Patient characteristics
Age, years 62.8 ± 16.9 63.1 ± 17.1 62.2 ± 16.6 0.540
Male 149 (58.4) 115 (61.8) 34 (49.3) 0.071
BMI, kg/m2 29.6 ± 7.5 29.5 ± 7.8 30.0 ± 6.7 0.505
MAP, mmHg 89.9 ± 17.5 89.2 ± 17.2 91.7 ± 18.0 0.286
Study characteristics
Inpatient 119 (46.7) 86 (47.2) 33 (47.8) 0.821
PACU location 106 (41.6) 82 (44.1) 24 (34.8) 0.181
MAC anesthesia 127 (49.8) 91 (48.9) 36 (52.2) 0.645
LAA indication 105 (41.2) 81 (43.5) 24 (34.8) 0.206
Fellow involved 233 (91.4) 171 (91.9) 62 (89.9) 0.619
Time duration, mins. 25:21 ± 8:53 25:13 ± 9:08 25:39 ± 8:13 0.493
Number of clips 94.4 ± 35.4 90.5 ± 33.4 105.0 ± 38.6 0.015
Comprehensiveness score 26.3 ± 4.1 25.7 ± 4.2 28.1 ± 3.1 < 0.001
Values reported are mean ± SD or n (%). P-values calculated with the Mann-Whitney-Wilcoxon test for 
continuous variables and chi-square test for categorical variables.
BMI = body mass index, MAP = mean arterial pressure, PACU = post-anesthesia care unit, MAC = 
monitored anesthetic care, LAA = left  atrial appendage.

Table 3. Baseline TEE comprehensiveness scores by study characteristic.
n Score p-value

Inpatient status
Inpatient 86 24.9 ± 5.2

0.193
Outpatient 100 26.3 ± 3.0
Location
Echo lab 58 26.1 ± 3.0

0.215
PACU 82 25.3 ± 4.7
EP lab 25 26.4 ± 2.4
ICU 19 25.7 ± 5.7
Cath lab 2 16 ± 5.7
Anesthesia
Moderate sedation 57 25.9 ± 3.2

0.461
MAC 91 25.3 ± 4.7
General 37 26.1 ± 4.4
None 1 22
Indication
LAA 81 24.8 ± 4.6

0.005
Others 105 26.3 ± 3.9
P-values calculated with Mann-Whitney-Wilcoxon test for 2 samples or Kruskal-Wallis test for ≥3 
samples.
PACU = post-anesthesia care unit, EP = electrophysiology, ICU = intensive care unit, cath = cardiac 
catheterization, MAC = monitored anesthetic care, LAA = left  atrial appendage, ASD = atrial septal 
defect.

P2-07
Incremental Prognostic Value of Novel Echocardiographic Markers 
of Aortic Regurgitation in Patients with Continuous Flow Left 
Ventricular Assist Devices
Jeong Rang Park1,2, Peter A. Brady1, Alfredo L. Clavell1, Joseph J. Maleszewski1, 
Vuyisile T. Nkomo1, Sorin V. Pislaru1, John M. Stulak1, Grace Lin1. 1Mayo Clinic, 
Rochester, MN; 2Gyeongsang National University, Jinju, Republic of Korea
Background: Aortic regurgitation (AR) is a potentially serious complication in 
patients with continuous fl ow left  ventricular assist devices (LVAD) but quantifi cation 
by echocardiography is diffi  cult due to the continuous nature of AR. Novel parameters 
utilizing LVAD outfl ow Doppler have been proposed but the reproducibility and 
incremental value beyond traditional techniques is not yet defi ned. We compared 
LVAD outfl ow Doppler quantifi cation of AR to the vena contracta method. Methods: 
Among 254 consecutive patients with LVADs implanted from February 2007 to March 
2017, LVAD outfl ow systolic/diastolic Doppler velocity ratio (S/D ratio) and diastolic 
acceleration were measureable in 204 patients (80%). AR severity was determined by 
vena contracta according to ASE recommendations, measured during early diastole 
and compared with S/D ratio and diastolic acceleration methods. Pre-implant clinical 
characteristics and LVAD settings at discharge were recorded and the impact of de novo 
AR on a combined adverse clinical outcome of heart failure hospitalizations, ventricular 
arrhythmias, aortic valve operation and cardiac death determined by ROC analysis. 
Results: AR was considered none in 30 (15%), trivial/mild in 106 (52%) and moderate 
in 68 (33%). S/D ratio was lower and diastolic acceleration values higher in patients 
with moderate AR. Although diff erences in mean diastolic acceleration were statistically 
signifi cant, there was signifi cant overlap in diastolic acceleration values between moderate 
and <moderate AR groups (41.5 ± 28.5 cm/s2 for no AR group, 34.1 ± 21.5 cm/s2 for 
trivial/mild AR group, and 45.6 ± 28.0 cm/s2 for moderate AR group; p = 0.011). Adverse 
clinical outcomes occurred more frequently in patients with moderate AR than trivial/
mild AR (10 (9.4%) and 29 (27.9%) respectively, p = 0.003). For ROC curve analysis to 
determine risk of adverse clinical outcome, an S/D ratio ≤1.99 and diastolic acceleration 
≥48.67 cm/s2 were chosen as cut-off  values based on 25th percentile and 75th percentiles 
respectively. Th e results of ROC curve analysis were not signifi cant (S/D ratio, AUC 0.534, 
p = 0.558 and diastolic acceleration, AUC 0.517, p = 0.770). In contrast, a vena contracta 
≥3.0 mm signifying moderate AR was signifi cant (AUC 0.659, p = 0.007). Conclusion: 
Novel echocardiographic parameters using outfl ow Doppler images in LVAD patients 
correlate with more traditional measures of AR including vena contracta. However, novel 
parameters did not add incremental prognostic value beyond the vena contracta method 
to assess AR.

P2-08
Integration of the Pediatric Appropriate Use Criteria with 
Electronic Medical Records Ordering System as a Decision 
Support Tool
Soham Dasgupta1, Michael Kelleman2, Courtney McCracken1, Ritu Sachdeva1. 
1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA
Background: Th e pediatric Appropriate Use Criteria (AUC) is aimed at improving 
appropriate utilization of transthoracic echocardiography (TTE) for initial outpatient 
evaluation. We recently incorporated it into the electronic medical record (EMR) ordering 
system to improve clinician access to AUC. We sought to determine the eff ect of this 
integration on the overall appropriateness of TTEs and assess any change in variability 
among physicians. Methods: Data were retrospectively collected from patients (<18 
years) who had initial outpatient TTE ordered prior to release of AUC (Pre-AUC phase) 
from 4/1/14 to 09/28/14. Physicians who saw less than 10 patients during each phase were 
excluded. A single reviewer assigned AUC indications and corresponding ratings upon 
review of clinic records: Appropriate (A), May Be Appropriate (M), or Rarely Appropriate 
(R)] or „Unclassifi able“ (U) if the indication was not available in the AUC document. 
Th e physicians underwent an educational intervention prior to integration of AUC with 
EMR. In the EMR phase (6/1/17 to 12/31/17), the clinic physician assigned the AUC 
indication at the time of ordering TTE. Appropriateness of TTE orders and physician 
variability between the 2 phases were compared. Results: Among the 3,227 patients seen 
by 22 physicians (1164 in pre-AUC phase and 2063 in EMR phase), there was a signifi cant 
increase in the proportion of A, a decrease in R and U and no change in M (Table A). 
When comparing the median appropriateness ratings of physicians between the two 
phases, there was a trend towards improvement in A and decrease in R (Table B). However, 
there remained a wide range of appropriateness ratings among physicians. Conclusion: 
Integration of pediatric AUC with EMR was helpful in improving appropriateness of TTE 
orders by increasing the proportion of TTEs ordered for indications rated A and reducing 
those for R. It also decreased the proportion of indications that were unclassifi able. 
Future studies could explore the factors infl uencing physician variability, so that targeted 
interventions could be implemented to reduce it.
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Table A. Comparison of Appropriateness of TTE orders between Pre-AUC and EMR phase
Appropriateness
of TTE orders

Pre-AUC Phase
N = 1164

EMR Phase
N = 2063 p-value

Appropriate 908 (78.0%) 1707 (82.7%) 0.001
May Be Appropriate 101 (8.7%) 204 (9.9%) 0.259
Rarely Appropriate 90 (7.7%) 75 (3.6%) <0.001
Unclassifi able 65 (5.6%) 77 (3.7%) 0.014
Table B. Comparison of Physician Appropriateness Ratings for TTE Orders 
Appropriateness
of TTE orders

Median 
(range)

Median 
(range) p-value

Appropriate 78.0%
(62.9 – 93.5)

84.2%
(72.2 – 97.1) 0.050

May Be Appropriate 8.3%
(0.0 – 18.8)

9.6%
(0.0 – 19.3) 0.843

Rarely Appropriate 5.4%
(0.0 – 24.4)

3.1%
(0.0 – 9.3) 0.058

Unclassifi able 4.2%
(0.0 – 11.6)

3.0%
(0.0 – 9.1) 0.091

P2-09
Quality Improvement for Evaluation of Left Ventricular Function 
Protocol Decreases Overall Error Rate Among Cardiac 
Sonographers
Carlie Brewer1, Brian Fonseca2, Pei-Ni Jone2. 1Children‘s Hospital Colorado, 
Aurora, CO; 2Pediatric Cardiology, Children‘s Hospital Colorado, University of 
Colorado School of Medicine, Aurora, CO
Background: Echocardiography remains an important tool for the evaluation of left  
ventricular (LV) function over time in patients with cardiomyopathy and those who 
have received potentially cardiotoxic drugs. Our echocardiography laboratory uses a LV 
function protocol to standardize image acquisition and measurements. Th e aim of this 
project was to evaluate the sonographer adherence to the LV function protocol and the 
accuracy of sonographer measurements before and aft er an educational intervention. 
Methods: 14 sonographers participated in this quality improvement study over the 
third quarter of 2016 and fi rst quarter of 2017. Th e study was structured following the 
improvement methodology of plan do study act (PDSA). Five LV function protocol 
studies from each sonographer (70 studies in total) were evaluated by a single experienced 
sonographer both before and aft er the intervention. Each study was evaluated for 29 
components taking into account study completeness, image order, and measurement 
accuracy. Deviation from the imaging protocol or standard measurement practices was 
counted as an error. Th e percent error was calculated as a cumulative percentage of the 
29-components evaluated. Based on the initial data collection an educational session was 
arranged where the baseline data was presented, the imaging protocol reviewed and areas 
for improvement were highlighted. Aft er the educational session, a second review (70 
studies) of LV functions was performed, and the improvement calculated. Results: Th e 
chart below demonstrates the percent error rate in quarter 3, 2016 as compared to quarter 
1, 2017 featuring some of the more signifi cant declines in error rate (Table 1). Th ere was 
improvement aft er the educational session.
Table 1:

2D LV 
FS%

LA 
Volume

MV A 
Vm

MV A 
Dur

LV 
S/D

RV TDI 
MPI

TV Infl ow 
Dopper

Q4 
2016 13% 15% 10% 19% 13% 23% 34%

Q1 
2017 6.40% 4.80% 3.20% 4.80% 4.80% 12.90% 9.60%

LA = left  atrial, LV = left  ventricle, MV = mitral valve, A Vm = a-wave velocity, A Dur = A wave duration; S/D = 
systolic/diastolic, RV = right ventricle, TDI = Tissue Doppler Velocity, MPI = myocardial performance index, TV 
tricuspid valve
Conclusion: Quality improvement project using the PDSA cycle helped 
sonographers follow the LV function protocol and decreased error rate of LV 
function studies performed.

P2-10
Reducing Pediatric Sonographer Variability in Measurement 
of Non-Indexed Left Ventricular Mass: Quality Improvement by 
Implementation of a Focused Educational Intervention
Kimberli Nichols, Kenneth Rudberg, Brian Soriano, Luciana Young, Aarti Bhat. 
Seattle Children‘s Hospital, Seattle, WA
Background: Accurate and reproducible measurements of left  ventricular mass (LVM) 
are critical for initial screening and serial follow up of patients at risk or with ventricular 
hypertrophy. Variability in performing these measurements can have a signifi cant impact 
on clinical decision making. We sought to: 1) assess baseline inter-sonographer variability 
in non-indexed LVM measurement, and 2) determine whether implementation of a 
focused educational intervention would reduce variability. Methods: To determine 
baseline variability, fourteen sonographers at a large pediatric echocardiography 
laboratory independently and retrospectively performed baseline LVM measurements by 
M-mode in the parasternal short axis view at the level of the papillary muscles in a patient 
with hypertrophic cardiomyopathy (HCM). An educational intervention was provided by 
an echocardiography physician and measurement standards were set. Th is was followed 

by 3 biweekly practice and review sessions providing feedback in performing LVM 
measurements in normal patients aft er which repeat evaluation of inter-sonographer 
LVM variability was performed on the same HCM study and in a normal patient. Results:
Initial inter-sonographer LVM variability was 82.7% for the patient with HCM and 
decreased to 35.8% aft er educational intervention. Inter-sonographer LVM variability in 
normal patients was 40.8% aft er intervention and continued to decrease (22.8%) with 
continued practice and review. Th is decrease in variability was sustainable over time, as 
noted by the fi nal measurement of 29.9%.

Conclusions: A simple focused educational intervention with continued practice and 
feedback resulted in decreased inter-sonographer non-indexed LVM measurement 
variability, which was sustainable over time. Th is eff ort may be applied to other 
measurement standards, improving data quality which is critical to patient care and 
management.

P2-11
Serial Fetal Echocardiograms in Non-Hypoplastic Left Heart 
Syndrome Fetuses: Does it Affect Immediate Post-Natal Care
Bernadette Richards, Joyce Cordier, Marc Dutro, Corey Stiver, Cliff ord Cua. 
Nationwide Children‘s Hospital, Columbus, OH
Introduction: Guidelines recommend serial fetal echocardiograms when congenital 
heart disease is diagnosed. Necessity, timing, and frequency of serial echocardiograms 
are based on clinical judgment. Fetuses with single ventricle physiology (fSV), non-
hypoplastic left  heart syndrome, may undergo multiple studies prior to birth. Goal of 
this study was to determine if the need for unexpected, emergent cardiac procedures 
were identifi ed on follow up studies, if there were no concerns on the initial fetal 
echocardiogram. Methods: All fetal echocardiograms performed between 2006 - 2014 on 
fSV were reviewed. fSV were excluded if the initial fetal scan documented an abnormal 
rhythm, pericardial eff usion, obstruction at the atrial or pulmonary vein levels, or >
moderate ventricular dysfunction or atrioventricular valve regurgitation. Post-natal 
echocardiograms were compared to the initial fetal echocardiogram report. Unexpected, 
emergent catheterization or surgical procedures within the fi rst 72 hours of life were 
recorded. Results: Total of 61 fSV studies were reviewed. Eight patients were excluded 
because of concerns on the initial fetal echocardiogram (5 had > moderate regurgitation, 
1 had > moderate dysfunction, 1 had obstruction of the pulmonary veins, and 1 had 3rd

degree heart block), thus 53 fSV were analyzed (13 = heterotaxy, 11 = tricuspid atresia, 8 
= double inlet left  ventricle, 5 = pulmonary atresia/intact ventricular septum, 5 = double 
outlet right ventricle, 2 = unbalanced atrioventricular septal defect, 9 = other). Ten fSV 
had one scan (25.2 + 4.7 weeks), 26 had two scans (29.8 + 3.4 weeks), 13 had 3 scans (32.7 
+ 2.6 weeks), 3 had four scans (33.8 + 3.9 weeks), and 1 had 5 scans (33.29 weeks). One 
patient required emergent central shunt placement at birth due to an absent ductus, but 
the absence of the ductus was documented at the initial fetal echocardiogram. No patient 
underwent an unexpected, emergent catheterization or surgical procedure within the fi rst 
72 hours of life. Conclusion: No fSV underwent an unexpected, emergent catheterization 
or surgical procedure within the fi rst 72 hours of life if the initial fetal echocardiogram 
had no signifi cant concerns. Serial fetal echocardiograms may not be necessary to predict 
the need for an unexpected, emergent procedure. Larger studies are needed in the fSV 
population to determine the cost eff ectiveness of serial fetal echocardiograms if the initial 
scan had no signifi cant concerns.
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Table 1. Components of the 32-point TEE comprehensiveness score.
Score 
component

Total 
points Defi nition

Left  ventricle 4 One point each for mid-esophageal 4-chamber, 2-chamber, and long-
axis views of the LV, as well as 3D full-volume acquisition.

Right ventricle 1 Mid-esophageal 4-chamber view of the RV.

Mitral valve 4 Views of the mitral valve from 2 diff erent imaging planes, color 
Doppler interrogation, and 3D acquisition of mitral valve anatomy.

Aortic valve 4 Short-axis and long-axis views of the aortic valve, color Doppler 
interrogation, and 3D acquisition of aortic valve anatomy.

Tricuspid valve 3 Views of the tricuspid valve from 2 diff erent imaging planes and color 
Doppler interrogation.

Pulmonic valve 2 View of the pulmonic valve anatomy and color Doppler interrogation.
Pulmonary 
artery 1 Long-axis view of the main pulmonary artery up to the bifurcation of 

the right and left  pulmonary arteries.
Left  atrial 
appendage 2 Views of the left  atrial appendage in 2 diff erent imaging planes.

Pulmonary 
veins 2 Pulsed-wave Doppler interrogation of a left -sided and a right-sided 

pulmonary vein.
Interatrial 
septum 2 Bicaval view of interatrial septal anatomy and color Doppler 

interrogation.
Pericardial 
space 1 Mid-esophageal 4-chamber view at adequate depth to evaluate the 

pericardial space for eff usion.

Transgastric 3 Transgastric views of the LV in short-axis, the LV in long-axis, and 
the RV.

Aorta 3 View of the ascending aorta in short-axis and of the transverse and 
descending aorta.

LV = left  ventricle, RV = right ventricle, 3D = three-dimensional.

Table 2. Results and characteristics pre- and post-intervention
Overall Pre Post p-value

Patient characteristics
Age, years 62.8 ± 16.9 63.1 ± 17.1 62.2 ± 16.6 0.540
Male 149 (58.4) 115 (61.8) 34 (49.3) 0.071
BMI, kg/m2 29.6 ± 7.5 29.5 ± 7.8 30.0 ± 6.7 0.505
MAP, mmHg 89.9 ± 17.5 89.2 ± 17.2 91.7 ± 18.0 0.286
Study characteristics
Inpatient 119 (46.7) 86 (47.2) 33 (47.8) 0.821
PACU location 106 (41.6) 82 (44.1) 24 (34.8) 0.181
MAC anesthesia 127 (49.8) 91 (48.9) 36 (52.2) 0.645
LAA indication 105 (41.2) 81 (43.5) 24 (34.8) 0.206
Fellow involved 233 (91.4) 171 (91.9) 62 (89.9) 0.619
Time duration, mins. 25:21 ± 8:53 25:13 ± 9:08 25:39 ± 8:13 0.493
Number of clips 94.4 ± 35.4 90.5 ± 33.4 105.0 ± 38.6 0.015
Comprehensiveness score 26.3 ± 4.1 25.7 ± 4.2 28.1 ± 3.1 < 0.001
Values reported are mean ± SD or n (%). P-values calculated with the Mann-Whitney-Wilcoxon test for 
continuous variables and chi-square test for categorical variables.
BMI = body mass index, MAP = mean arterial pressure, PACU = post-anesthesia care unit, MAC = 
monitored anesthetic care, LAA = left  atrial appendage.

Table 3. Baseline TEE comprehensiveness scores by study characteristic.
n Score p-value

Inpatient status
Inpatient 86 24.9 ± 5.2

0.193
Outpatient 100 26.3 ± 3.0
Location
Echo lab 58 26.1 ± 3.0

0.215
PACU 82 25.3 ± 4.7
EP lab 25 26.4 ± 2.4
ICU 19 25.7 ± 5.7
Cath lab 2 16 ± 5.7
Anesthesia
Moderate sedation 57 25.9 ± 3.2

0.461
MAC 91 25.3 ± 4.7
General 37 26.1 ± 4.4
None 1 22
Indication
LAA 81 24.8 ± 4.6

0.005
Others 105 26.3 ± 3.9
P-values calculated with Mann-Whitney-Wilcoxon test for 2 samples or Kruskal-Wallis test for ≥3 
samples.
PACU = post-anesthesia care unit, EP = electrophysiology, ICU = intensive care unit, cath = cardiac 
catheterization, MAC = monitored anesthetic care, LAA = left  atrial appendage, ASD = atrial septal 
defect.

P2-07
Incremental Prognostic Value of Novel Echocardiographic Markers 
of Aortic Regurgitation in Patients with Continuous Flow Left 
Ventricular Assist Devices
Jeong Rang Park1,2, Peter A. Brady1, Alfredo L. Clavell1, Joseph J. Maleszewski1, 
Vuyisile T. Nkomo1, Sorin V. Pislaru1, John M. Stulak1, Grace Lin1. 1Mayo Clinic, 
Rochester, MN; 2Gyeongsang National University, Jinju, Republic of Korea
Background: Aortic regurgitation (AR) is a potentially serious complication in 
patients with continuous fl ow left  ventricular assist devices (LVAD) but quantifi cation 
by echocardiography is diffi  cult due to the continuous nature of AR. Novel parameters 
utilizing LVAD outfl ow Doppler have been proposed but the reproducibility and 
incremental value beyond traditional techniques is not yet defi ned. We compared 
LVAD outfl ow Doppler quantifi cation of AR to the vena contracta method. Methods: 
Among 254 consecutive patients with LVADs implanted from February 2007 to March 
2017, LVAD outfl ow systolic/diastolic Doppler velocity ratio (S/D ratio) and diastolic 
acceleration were measureable in 204 patients (80%). AR severity was determined by 
vena contracta according to ASE recommendations, measured during early diastole 
and compared with S/D ratio and diastolic acceleration methods. Pre-implant clinical 
characteristics and LVAD settings at discharge were recorded and the impact of de novo 
AR on a combined adverse clinical outcome of heart failure hospitalizations, ventricular 
arrhythmias, aortic valve operation and cardiac death determined by ROC analysis. 
Results: AR was considered none in 30 (15%), trivial/mild in 106 (52%) and moderate 
in 68 (33%). S/D ratio was lower and diastolic acceleration values higher in patients 
with moderate AR. Although diff erences in mean diastolic acceleration were statistically 
signifi cant, there was signifi cant overlap in diastolic acceleration values between moderate 
and <moderate AR groups (41.5 ± 28.5 cm/s2 for no AR group, 34.1 ± 21.5 cm/s2 for 
trivial/mild AR group, and 45.6 ± 28.0 cm/s2 for moderate AR group; p = 0.011). Adverse 
clinical outcomes occurred more frequently in patients with moderate AR than trivial/
mild AR (10 (9.4%) and 29 (27.9%) respectively, p = 0.003). For ROC curve analysis to 
determine risk of adverse clinical outcome, an S/D ratio ≤1.99 and diastolic acceleration 
≥48.67 cm/s2 were chosen as cut-off  values based on 25th percentile and 75th percentiles 
respectively. Th e results of ROC curve analysis were not signifi cant (S/D ratio, AUC 0.534, 
p = 0.558 and diastolic acceleration, AUC 0.517, p = 0.770). In contrast, a vena contracta 
≥3.0 mm signifying moderate AR was signifi cant (AUC 0.659, p = 0.007). Conclusion: 
Novel echocardiographic parameters using outfl ow Doppler images in LVAD patients 
correlate with more traditional measures of AR including vena contracta. However, novel 
parameters did not add incremental prognostic value beyond the vena contracta method 
to assess AR.

P2-08
Integration of the Pediatric Appropriate Use Criteria with 
Electronic Medical Records Ordering System as a Decision 
Support Tool
Soham Dasgupta1, Michael Kelleman2, Courtney McCracken1, Ritu Sachdeva1. 
1Children‘s Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA
Background: Th e pediatric Appropriate Use Criteria (AUC) is aimed at improving 
appropriate utilization of transthoracic echocardiography (TTE) for initial outpatient 
evaluation. We recently incorporated it into the electronic medical record (EMR) ordering 
system to improve clinician access to AUC. We sought to determine the eff ect of this 
integration on the overall appropriateness of TTEs and assess any change in variability 
among physicians. Methods: Data were retrospectively collected from patients (<18 
years) who had initial outpatient TTE ordered prior to release of AUC (Pre-AUC phase) 
from 4/1/14 to 09/28/14. Physicians who saw less than 10 patients during each phase were 
excluded. A single reviewer assigned AUC indications and corresponding ratings upon 
review of clinic records: Appropriate (A), May Be Appropriate (M), or Rarely Appropriate 
(R)] or „Unclassifi able“ (U) if the indication was not available in the AUC document. 
Th e physicians underwent an educational intervention prior to integration of AUC with 
EMR. In the EMR phase (6/1/17 to 12/31/17), the clinic physician assigned the AUC 
indication at the time of ordering TTE. Appropriateness of TTE orders and physician 
variability between the 2 phases were compared. Results: Among the 3,227 patients seen 
by 22 physicians (1164 in pre-AUC phase and 2063 in EMR phase), there was a signifi cant 
increase in the proportion of A, a decrease in R and U and no change in M (Table A). 
When comparing the median appropriateness ratings of physicians between the two 
phases, there was a trend towards improvement in A and decrease in R (Table B). However, 
there remained a wide range of appropriateness ratings among physicians. Conclusion: 
Integration of pediatric AUC with EMR was helpful in improving appropriateness of TTE 
orders by increasing the proportion of TTEs ordered for indications rated A and reducing 
those for R. It also decreased the proportion of indications that were unclassifi able. 
Future studies could explore the factors infl uencing physician variability, so that targeted 
interventions could be implemented to reduce it.
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Table A. Comparison of Appropriateness of TTE orders between Pre-AUC and EMR phase
Appropriateness
of TTE orders

Pre-AUC Phase
N = 1164

EMR Phase
N = 2063 p-value

Appropriate 908 (78.0%) 1707 (82.7%) 0.001
May Be Appropriate 101 (8.7%) 204 (9.9%) 0.259
Rarely Appropriate 90 (7.7%) 75 (3.6%) <0.001
Unclassifi able 65 (5.6%) 77 (3.7%) 0.014
Table B. Comparison of Physician Appropriateness Ratings for TTE Orders 
Appropriateness
of TTE orders

Median 
(range)

Median 
(range) p-value

Appropriate 78.0%
(62.9 – 93.5)

84.2%
(72.2 – 97.1) 0.050

May Be Appropriate 8.3%
(0.0 – 18.8)

9.6%
(0.0 – 19.3) 0.843

Rarely Appropriate 5.4%
(0.0 – 24.4)

3.1%
(0.0 – 9.3) 0.058

Unclassifi able 4.2%
(0.0 – 11.6)

3.0%
(0.0 – 9.1) 0.091

P2-09
Quality Improvement for Evaluation of Left Ventricular Function 
Protocol Decreases Overall Error Rate Among Cardiac 
Sonographers
Carlie Brewer1, Brian Fonseca2, Pei-Ni Jone2. 1Children‘s Hospital Colorado, 
Aurora, CO; 2Pediatric Cardiology, Children‘s Hospital Colorado, University of 
Colorado School of Medicine, Aurora, CO
Background: Echocardiography remains an important tool for the evaluation of left  
ventricular (LV) function over time in patients with cardiomyopathy and those who 
have received potentially cardiotoxic drugs. Our echocardiography laboratory uses a LV 
function protocol to standardize image acquisition and measurements. Th e aim of this 
project was to evaluate the sonographer adherence to the LV function protocol and the 
accuracy of sonographer measurements before and aft er an educational intervention. 
Methods: 14 sonographers participated in this quality improvement study over the 
third quarter of 2016 and fi rst quarter of 2017. Th e study was structured following the 
improvement methodology of plan do study act (PDSA). Five LV function protocol 
studies from each sonographer (70 studies in total) were evaluated by a single experienced 
sonographer both before and aft er the intervention. Each study was evaluated for 29 
components taking into account study completeness, image order, and measurement 
accuracy. Deviation from the imaging protocol or standard measurement practices was 
counted as an error. Th e percent error was calculated as a cumulative percentage of the 
29-components evaluated. Based on the initial data collection an educational session was 
arranged where the baseline data was presented, the imaging protocol reviewed and areas 
for improvement were highlighted. Aft er the educational session, a second review (70 
studies) of LV functions was performed, and the improvement calculated. Results: Th e 
chart below demonstrates the percent error rate in quarter 3, 2016 as compared to quarter 
1, 2017 featuring some of the more signifi cant declines in error rate (Table 1). Th ere was 
improvement aft er the educational session.
Table 1:

2D LV 
FS%

LA 
Volume

MV A 
Vm

MV A 
Dur

LV 
S/D

RV TDI 
MPI

TV Infl ow 
Dopper

Q4 
2016 13% 15% 10% 19% 13% 23% 34%

Q1 
2017 6.40% 4.80% 3.20% 4.80% 4.80% 12.90% 9.60%

LA = left  atrial, LV = left  ventricle, MV = mitral valve, A Vm = a-wave velocity, A Dur = A wave duration; S/D = 
systolic/diastolic, RV = right ventricle, TDI = Tissue Doppler Velocity, MPI = myocardial performance index, TV 
tricuspid valve
Conclusion: Quality improvement project using the PDSA cycle helped 
sonographers follow the LV function protocol and decreased error rate of LV 
function studies performed.

P2-10
Reducing Pediatric Sonographer Variability in Measurement 
of Non-Indexed Left Ventricular Mass: Quality Improvement by 
Implementation of a Focused Educational Intervention
Kimberli Nichols, Kenneth Rudberg, Brian Soriano, Luciana Young, Aarti Bhat. 
Seattle Children‘s Hospital, Seattle, WA
Background: Accurate and reproducible measurements of left  ventricular mass (LVM) 
are critical for initial screening and serial follow up of patients at risk or with ventricular 
hypertrophy. Variability in performing these measurements can have a signifi cant impact 
on clinical decision making. We sought to: 1) assess baseline inter-sonographer variability 
in non-indexed LVM measurement, and 2) determine whether implementation of a 
focused educational intervention would reduce variability. Methods: To determine 
baseline variability, fourteen sonographers at a large pediatric echocardiography 
laboratory independently and retrospectively performed baseline LVM measurements by 
M-mode in the parasternal short axis view at the level of the papillary muscles in a patient 
with hypertrophic cardiomyopathy (HCM). An educational intervention was provided by 
an echocardiography physician and measurement standards were set. Th is was followed 

by 3 biweekly practice and review sessions providing feedback in performing LVM 
measurements in normal patients aft er which repeat evaluation of inter-sonographer 
LVM variability was performed on the same HCM study and in a normal patient. Results:
Initial inter-sonographer LVM variability was 82.7% for the patient with HCM and 
decreased to 35.8% aft er educational intervention. Inter-sonographer LVM variability in 
normal patients was 40.8% aft er intervention and continued to decrease (22.8%) with 
continued practice and review. Th is decrease in variability was sustainable over time, as 
noted by the fi nal measurement of 29.9%.

Conclusions: A simple focused educational intervention with continued practice and 
feedback resulted in decreased inter-sonographer non-indexed LVM measurement 
variability, which was sustainable over time. Th is eff ort may be applied to other 
measurement standards, improving data quality which is critical to patient care and 
management.

P2-11
Serial Fetal Echocardiograms in Non-Hypoplastic Left Heart 
Syndrome Fetuses: Does it Affect Immediate Post-Natal Care
Bernadette Richards, Joyce Cordier, Marc Dutro, Corey Stiver, Cliff ord Cua. 
Nationwide Children‘s Hospital, Columbus, OH
Introduction: Guidelines recommend serial fetal echocardiograms when congenital 
heart disease is diagnosed. Necessity, timing, and frequency of serial echocardiograms 
are based on clinical judgment. Fetuses with single ventricle physiology (fSV), non-
hypoplastic left  heart syndrome, may undergo multiple studies prior to birth. Goal of 
this study was to determine if the need for unexpected, emergent cardiac procedures 
were identifi ed on follow up studies, if there were no concerns on the initial fetal 
echocardiogram. Methods: All fetal echocardiograms performed between 2006 - 2014 on 
fSV were reviewed. fSV were excluded if the initial fetal scan documented an abnormal 
rhythm, pericardial eff usion, obstruction at the atrial or pulmonary vein levels, or >
moderate ventricular dysfunction or atrioventricular valve regurgitation. Post-natal 
echocardiograms were compared to the initial fetal echocardiogram report. Unexpected, 
emergent catheterization or surgical procedures within the fi rst 72 hours of life were 
recorded. Results: Total of 61 fSV studies were reviewed. Eight patients were excluded 
because of concerns on the initial fetal echocardiogram (5 had > moderate regurgitation, 
1 had > moderate dysfunction, 1 had obstruction of the pulmonary veins, and 1 had 3rd

degree heart block), thus 53 fSV were analyzed (13 = heterotaxy, 11 = tricuspid atresia, 8 
= double inlet left  ventricle, 5 = pulmonary atresia/intact ventricular septum, 5 = double 
outlet right ventricle, 2 = unbalanced atrioventricular septal defect, 9 = other). Ten fSV 
had one scan (25.2 + 4.7 weeks), 26 had two scans (29.8 + 3.4 weeks), 13 had 3 scans (32.7 
+ 2.6 weeks), 3 had four scans (33.8 + 3.9 weeks), and 1 had 5 scans (33.29 weeks). One 
patient required emergent central shunt placement at birth due to an absent ductus, but 
the absence of the ductus was documented at the initial fetal echocardiogram. No patient 
underwent an unexpected, emergent catheterization or surgical procedure within the fi rst 
72 hours of life. Conclusion: No fSV underwent an unexpected, emergent catheterization 
or surgical procedure within the fi rst 72 hours of life if the initial fetal echocardiogram 
had no signifi cant concerns. Serial fetal echocardiograms may not be necessary to predict 
the need for an unexpected, emergent procedure. Larger studies are needed in the fSV 
population to determine the cost eff ectiveness of serial fetal echocardiograms if the initial 
scan had no signifi cant concerns.
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P2-12
An Electronic Medical Record Intervention Reduces Inappropriate 
Transthoracic Echocardiogram Orders
Michael P. Henry1, David T. Saxon1, John Herald2, Stacy Frick3, Mohamad A. 
Kenaan4, Th eodore J. Kolias1, Hitinder S. Gurm5, Nicole M. Bhave5. 1University 
of Michigan, Ann Arbor, MI; 2University of California Los Angeles, Los Angeles, 
CA; 3VA Ann Arbor Healthcare System, Ann Arbor, MI; 4Spectrum Health, Grand 
Rapids, MI; 5University of Michigan and VA Ann Arbor Healthcare System, Ann 
Arbor, MI
Background: Transthoracic echocardiogram (TTE) use in the US is increasing at an 
estimated rate of 6-8% per year. Appropriate use criteria (AUC) for echocardiography have 
been developed in an eff ort to reduce inappropriate TTE utilization, though encouraging 
providers to consult AUC in clinical practice remains challenging. We developed an 
electronic medical record (EMR)-based decision-support tool for TTE ordering and 
examined its eff ects on appropriateness of TTE orders. Methods: Th is prospective study 
was performed at the Veterans Aff airs Ann Arbor Healthcare System. Consecutive TTEs 
ordered in inpatient, outpatient, and emergency department settings between October 
and December 2016 were reviewed for appropriateness based on the 2011 AUC. A 
decision-support tool, requiring providers to answer questions regarding TTE indications 
and providing immediate feedback on TTE appropriateness, was then incorporated into 
the EMR. Chart review was performed for TTEs ordered between June and August 
2017 to determine post-intervention appropriateness. TTEs ordered for research, 
compensation and pension, and interventional or procedural protocols were excluded, 
as were TTEs for which insuffi  cient clinical data were available. Data were analyzed using 
2-tailed t-tests. Results: We reviewed 572 pre-intervention and 552 post-intervention 
TTE orders, of which we excluded 56 and 12 orders, respectively. Appropriate TTE orders 
increased from 442/516 (85.6%) pre-intervention to 506/540 (93.7%) post-intervention 
(p=0.003). For inpatients, appropriate orders increased from 220/251 (87.6%) to 242/256 
(94.5%) (p=0.007). For outpatients, appropriate orders increased from 195/237 (82.3%) 
to 250/270 (92.6%) (p <0.001). Overall, inappropriate TTE orders decreased from 34/516 
(6.6%) to 14/540 (2.6%) (p=0.002). Th ere was also a signifi cant reduction in TTE orders 
with uncertain indications from 23/516 (4.5%) to 10/540 (1.9%) (p=0.015). Conclusion: 
Implementation of an EMR-based decision-support tool resulted in a signifi cant increase 
in appropriate TTE orders and decrease in inappropriate TTE orders in both inpatient 
and outpatient settings. Further study is needed to evaluate the durability of these eff ects 
and the generalizability of these fi ndings to other clinical settings.

P2-13
NASA and Pediatric Echo Errors: Echo QA is Not Rocket Science
Tarah J. Popp, Shahryar M. Chowdhury, Jason R. Buckley, Carolyn L. Taylor. 
Medical University of South Carolina, Charleston, SC
Background: A methodic approach to error assessment is important in pediatric 
echocardiography. At the Medical University of South Carolina (MUSC), quarterly echo 
quality assurance (QA) conferences are structured according to the Boston Children’s 
taxonomy (BCH-T) (Benavidez, 2008). In contrast, our pediatric cardiology morbidity 
and mortality conference is organized according to the National Aeronautics and 
Space Administration (NASA) aviation model of “threat and error” (NASA-T) (Hickey, 
2015). Our aim was to adopt a program-wide approach of error assessment and system 
improvement. Methods: We retrospectively reviewed reported echo QA cases at MUSC 
over two years (2/2016 through 2/2018) and applied both BCH-T and NASA-T models 
of error assessment. BCH-T categorizes errors by type (false negative, false positive, 
discrepant), severity (minor, moderate, severe, catastrophic), preventability (yes, no, 
possible), and cause. NASA-T distinguishes threats, errors, unintended states, and 
outcomes. Demographic data including patient age, sex, weight, and body surface area 

(BSA) was collected in addition to circumstantial variables. Results: For BCH-T case 
categorization, 76% (29/38) of errors were false negative, 24% (9/38) discrepant, and 0 
false positive. Severity was 37% (14/38) minor, 53% (20/38) moderate, 8% (3/38) severe, 
and 0 catastrophic. Preventability was 58% (22/38) preventable, 42% (16/38) possible, 
and 0 not. One identifi able cause was found in 50% (19/38), and 50% had more than 
one cause. Th e most common cause was cognitive, followed by patient-related and 
procedural. Applying NASA-T, 34% (13/38) had one identifi able threat, 66% (25/38) more 
than one. Th reats included patient-related factors (size, complex anatomy), inexperienced 
sonographer, and location. One primary error was established in 79% (30/38), while 21% 
(8/38) involved multiple errors. Echo contribution to system error chains was identifi ed 
in 13% (5/38). On multivariable analysis, BSA was the only factor predictive for multiple 
errors (p<0.01). Unintended state involved factors including need for additional imaging, 
delay in diagnosis, or presence of a residual lesion. Outcome was determined to be minor 
in 42% (16/38), moderate in 53% (20/38), major in 3% (1/38), and catastrophic in 0 
cases. Conclusion: In our experience, NASA-T provides an institutional framework for 
discussions of error assessment. We have found this benefi cial for highlighting threats 
and system errors, including those specifi c to MUSC, identifying points for improvement, 
and evaluating for presence of error cycles.

P2-14
Impact of Clinician Engagement on Implementation of the 
Pediatric Echocardiography Appropriate Use Criteria
Markus S. Renno, A. Nicole Lambert, Prince Kannankeril, David P. Johnson, 
David A. Parra. Vanderbilt Children‘s Hospital, Nashville, TN
Background: We sought to determine whether awareness of the pediatric appropriate use 
criteria (AUC) aff ected transthoracic echocardiogram (TTE) ordering by cardiologists; 
evaluate for diff erences in classifi cation of an encounter’s AUC clinical scenario by 
investigator chart review compared with clinicians at the time of the encounter; and assess 
TTE yield by appropriateness rating. Methods: AUC clinical scenario(s) were assigned to 
patients without prior TTE by investigator chart review of visits in 2014 (n=209) and 
2016 (n=199), and by clinician classifi cation in 2016 (n=671). Investigators documented 
TTE utilization and fi ndings. Results: A reduction in TTE utilization from 54% to 33% 
(p<0.001) of “rarely appropriate” (R) encounters between 2014 and 2016, resulted in a 
decrease in overall TTE utilization from 73% to 55% of encounters (p<0.001). Th ere 
was only moderate agreement of AUC appropriateness by investigator chart review 
and clinician classifi cation (κ = 0.533, p<0.001). Abnormal TTE fi ndings were detected 
in 18.7% of R encounters, with 21 of 24 abnormalities being in infants younger than 4 
months presenting with murmur. Conclusions: An overall decrease in TTE utilization for 
R encounters may represent a change in practice from increased awareness of the AUC. 
AUC scenario classifi cation by clinicians at the time of the encounter could be superior 
to chart review. TTE abnormalities may be missed in infants 4 months of age or younger 
when evaluated for murmurs with the AUC.
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P2-15
A Comparative Analysis of British and American Society of 
Echocardiography Recommendations for the Assessment of Left 
Ventricular Diastolic Function
Peter L. Luke, Timothy Irvine, Christopher Eggett, Loakim Spyridopoulos. 
Freeman Hospital, Newcastle Upon Tyne, Tyne and Wear, United Kingdom
Background: Th e echocardiographic assessment of left  ventricular diastolic function 
(LVDF) remains challenging. At present there are two recognised guidelines 
provided by the British Society of Echocardiography (BSE) and American Society of 
Echocardiography/European Association of Cardiovascular Imaging (ASE/EACVI). 
However, to date no direct comparison of these guidelines has been performed to 
establish whether they provide similar diastolic grading. Method: Th ree hundred and 
thirty two patients in sinus rhythm were extracted from our echo database (McKesson 
Cardiology). Eighty seven (26%) patients were excluded due to left  bundle branch block 
(2.1%), no indexed left  atrial volume (18.2%) and annular calcifi cation (5.7%). For each 
patient, LVDF assessment was performed using both guidelines and the results compared. 
Chi-square, Spearman correlation and Kappa score statistical tests were used to evaluate 
the data at a level of p <0.05. Results: Th e most frequent outcome was unclassifi able 
LVDF with signifi cantly more patients being labelled unclassifi ed by BSE (ASE/EACVI 
43.7% vs. BSE 55.5%, p<0.0001). Having excluded unclassifi able patients, no diff erence 
was observed between the two schemes (p=.422) with substantial agreement when 
diff erentiating between normal and abnormal diastolic function (k=.694, p<0.0001). 
Where there was disagreement between the two guidelines, (normal LVDF by one and 
abnormal by the other), the degree of LVDF was never more than grade I. When grading 
subcategories were individually compared there was moderate agreement between 
the two guidelines (k=.581, p<0.0001). Signifi cant correlations were seen between LV 
impairment (r=0.55, p<0.0001), indexed LA volume (r=0.43, p=0.001), E/e’ (r=0.72, 
p<0.0001), tricuspid velocity (r=0.32, p=0.030) and ASE/EACVI grading. Similar 
correlations were seen between E/E’ (r = 0.71, p<0.0001), Indexed LA volume (r=0.43, 
p<0.0001) and BSE diastolic grading. When comparing mean time taken to complete 
each algorithm, the ASE guidelines were marginally quicker to perform (ASE = 28sec 
vs. BSE = 36sec; p<0.0001). Conclusion: In around 50% of patients it was not possible 
to grade LVDF by either guideline. For those patients where grading was possible, there 
was no signifi cant diff erence between BSE and ASE/EACVI guidelines with substantial 
agreement between each scheme when diagnosing normal or abnormal diastolic function 
and moderate agreement when comparing each LVDF subcategory. Th ere was a small but 
signifi cant reduction in time taken to complete the ASE algorithm when compared to the 
BSE diastolic guidelines.

P2-16
Validation of a Simulation-Based Tool For Formative Assessment 
of Echocardiography Skill Competence in Cardiology Trainees
Sherryn Rambihar1, Gillian Nesbitt1, Ryan Brydges1, Matt Lineberry2, Yoon Soo 
Park3, Ara Tekian3. 1University of Toronto, Toronto, ON, Canada; 2University of 
Kansas Medical Centre, Kansas City, KS; 3University of Illinois, Chicago, IL
Background: New CoCATS4 guidelines for echocardiography training endorsed by the 
American Society of Echocardiography recommend assessment of core competencies 
using simulation, direct observation and multisource evaluation. We developed a novel, 
simulation-based echocardiography competence assessment tool (ECAT) of basic 
echocardiography skills. We then collected validity evidence to evaluate our claims 
that the ECAT can be used for formative assessment. Methods: We conducted a mixed 
methods pilot of cardiology trainees (n=5 PGY4; n=5 PGY5; n=4 PGY 6), who were 
oriented to the simulator, and assessed using the ECAT. We video-recorded performance 
and collected participants’ simulated echocardiogram videos, which were assessed by 
four raters in real-time or off -line. Aft er providing participants with video footage and 
rater feedback, we interviewed both participants and raters. For implications evidence, 
we used a simple content analysis to analyze interview data. For scoring evidence, we 
computed internal consistency, and inter-rater reliability metrics. For extrapolation 
evidence, we correlated ECAT scores with participants’ expertise, diagnostic scan quality, 
and a summative exam score. Results: Our analysis of the interview data revealed 
three themes: i) feedback stimulated change, ii) how feedback was delivered impacted 
trainees’ perceived learning, and iii) assessment credibility infl uenced trainees’ reception 
of feedback. For scoring evidence, the inter-rater reliability was ICC=0.56, and an 
exploratory factor analysis demonstrated a two-factor model, for which Cronbach’s alphas 
were 0.96 and 0.87 respectively. For extrapolation evidence, ECAT scores correlated with 
summative exam scores (r=0.66, p=0.02), and were positively associated with level of 
training (p=0.006), previous echocardiography experience (p=0.01), and diagnostic scan 
quality (p=0.0006). Conclusions: Trainees and raters provided specifi c data for refi ning 
the ECAT process, feedback delivery, and technology for improved formative assessment. 
We suggest the evidence for scoring and extrapolation are favorable, supporting use of the 
ECAT in a simulation-based formative assessment. Our study provides practical insights 
for echocardiography educators and those seeking to develop instruments for formative 
assessment.

P2-17
Rationale and Design of the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Tatsuya Miyoshi1, Diego Medvedofsky1, Karima Addetia2, Jose Banchs3, Rhonda 
Price4, Vera H. Rigolin5, James D. Th omas5, Neil J. Weissman1, Roberto M. 
Lang2, Federico M. Asch1. 1Medstar Health Research Institute, Washington, DC; 
2University of Chicago, Chicago, IL; 3MD Anderson Cancer Center, Houston, TX; 
4American Society of Echocardiography, Durham, NC; 5Northwestern Medicine, 
Chicago, IL
Background: Determination of normal echocardiographic values is necessary for the 
diagnosis of pathological conditions. Diff erences in chamber size and function are 
expected across diff erent countries, geographical regions and cultures. Current normative 
values have been predominantly obtained from Caucasian North American and European 
populations and therefore may not be representative of the chamber size and function 
from other races, ethnicities or countries. ASE in collaboration with its International 
Alliance Partners is leading a study to establish and compare normal values worldwide 
for cardiac chamber quantifi cation, including size and function by 2- and 3-dimensional 
echocardiography (2DE, 3DE). In this report, we describe the methodology of the WASE 
normal values study. Methods: WASE study is a worldwide prospective, observational, 
cross-sectional study. A total of 2000 adult individuals free from known cardiac, lung 
and renal disease are being prospectively enrolled at 20 centers in 17 countries. Each 
center will enroll 100 individuals evenly distributed among age groups and gender. 
Basic demographic information collected includes age, gender, height, weight, blood 
pressure, race, ethnicity and nationality. 2DE and 3DE are acquired following a 
standardized acquisition protocol that strictly follows ASE guidelines. All studies are 
being quantitatively analyzed (TOMTEC) at two echocardiographic core laboratories in 
the United States (MedStar and University of Chicago). Results: As of February 1st, 2018, 
988 individuals have been enrolled. Regional principal investigators and their enrolling 
centers are shown in the Figure. Th ree countries have already completed enrollment: 
China, Iran and South Korea. An additional eight countries have enrolled over 50 
subjects each. Enrollment is expected to be completed during 2018 with fi nal results to be 
available in 2019. Conclusions: Normal reference values in conventional and advanced 
echocardiographic parameters across a wide range of ages, diff erent races, ethnicities and 
countries will be available, which will enable the characterization of the similarities and 
diff erences among diverse populations worldwide.

P2-18
Automated Protocols Improve Work ow in Transesophageal 
Echocardiography
Peter Flueckiger1, Arati Gurung2, Rachel Kaplan1, Ashley Brogan1, Roy Arjoon1, 
Robert McNamara1, Ben Lin1, Lissa Sugeng1. 1Yale School of Medicine, New 
Haven, CT; 2Siemens Healthineers, Malvern, PA
Background: Intersocietal Accreditation Commission (IAC) mandates use of specifi c 
and appropriate image acquisition for transesophageal echocardiography (TEE) studies. 
We hypothesized that an automated TEE imaging protocol improves study effi  ciency 
and workfl ow compared with a manual protocol. Methods: Protocols for three TEE 
indications (transcatheter aortic valve replacement (TAVR), mitral regurgitation (MR), 
and atrial fi brillation (AFib)) at a large academic echocardiography lab were used. Image 
acquisition was done twice for each TEE, once each using a manual and automated method 
in random order. Th e same sonographer assisted every acquisition with each operator 
(novice, <3 years experience, n=3; expert, ≥ 3 years experience, n=2). TEE exam duration 
(defi ned by timestamp on fi rst and last image) was acquired and number of sonographer 
keystrokes for each method were counted. Keystrokes were grouped into categories (Fig 
1e). Multivariate analysis of variance was performed for each variable. eSie Protocol on the 
Siemens SC2000 (Mountain View, CA) was used for all TEE exams. Results: 22 patients, 
14 males, ages 31-83 years, average BMI 28.8 kg/m2 (S.D.+/-6.3) were included in analysis. 
44 TEE image protocols were acquired (22 manual and 22 automated comprised of 4 
TAVR, 22 MR, and 18 AFib protocols). eSie TEE protocols signifi cantly reduced the TEE 
exam duration regardless of operator experience level (Fig. 1A). Th e protocol performed 
secondly aft er randomization was shorter regardless of protocol method; however, the 
percentage decrease in duration of the second exam was signifi cantly greater when the 
automated protocol was done secondly (Fig 1B). Th e eSie protocol required less number 
of sonographer keystrokes than manual protocol, regardless of experience level (Fig. 1C) 
or the protocol order (Fig 1D). Automated protocols required signifi cantly fewer number 
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P2-12
An Electronic Medical Record Intervention Reduces Inappropriate 
Transthoracic Echocardiogram Orders
Michael P. Henry1, David T. Saxon1, John Herald2, Stacy Frick3, Mohamad A. 
Kenaan4, Th eodore J. Kolias1, Hitinder S. Gurm5, Nicole M. Bhave5. 1University 
of Michigan, Ann Arbor, MI; 2University of California Los Angeles, Los Angeles, 
CA; 3VA Ann Arbor Healthcare System, Ann Arbor, MI; 4Spectrum Health, Grand 
Rapids, MI; 5University of Michigan and VA Ann Arbor Healthcare System, Ann 
Arbor, MI
Background: Transthoracic echocardiogram (TTE) use in the US is increasing at an 
estimated rate of 6-8% per year. Appropriate use criteria (AUC) for echocardiography have 
been developed in an eff ort to reduce inappropriate TTE utilization, though encouraging 
providers to consult AUC in clinical practice remains challenging. We developed an 
electronic medical record (EMR)-based decision-support tool for TTE ordering and 
examined its eff ects on appropriateness of TTE orders. Methods: Th is prospective study 
was performed at the Veterans Aff airs Ann Arbor Healthcare System. Consecutive TTEs 
ordered in inpatient, outpatient, and emergency department settings between October 
and December 2016 were reviewed for appropriateness based on the 2011 AUC. A 
decision-support tool, requiring providers to answer questions regarding TTE indications 
and providing immediate feedback on TTE appropriateness, was then incorporated into 
the EMR. Chart review was performed for TTEs ordered between June and August 
2017 to determine post-intervention appropriateness. TTEs ordered for research, 
compensation and pension, and interventional or procedural protocols were excluded, 
as were TTEs for which insuffi  cient clinical data were available. Data were analyzed using 
2-tailed t-tests. Results: We reviewed 572 pre-intervention and 552 post-intervention 
TTE orders, of which we excluded 56 and 12 orders, respectively. Appropriate TTE orders 
increased from 442/516 (85.6%) pre-intervention to 506/540 (93.7%) post-intervention 
(p=0.003). For inpatients, appropriate orders increased from 220/251 (87.6%) to 242/256 
(94.5%) (p=0.007). For outpatients, appropriate orders increased from 195/237 (82.3%) 
to 250/270 (92.6%) (p <0.001). Overall, inappropriate TTE orders decreased from 34/516 
(6.6%) to 14/540 (2.6%) (p=0.002). Th ere was also a signifi cant reduction in TTE orders 
with uncertain indications from 23/516 (4.5%) to 10/540 (1.9%) (p=0.015). Conclusion: 
Implementation of an EMR-based decision-support tool resulted in a signifi cant increase 
in appropriate TTE orders and decrease in inappropriate TTE orders in both inpatient 
and outpatient settings. Further study is needed to evaluate the durability of these eff ects 
and the generalizability of these fi ndings to other clinical settings.

P2-13
NASA and Pediatric Echo Errors: Echo QA is Not Rocket Science
Tarah J. Popp, Shahryar M. Chowdhury, Jason R. Buckley, Carolyn L. Taylor. 
Medical University of South Carolina, Charleston, SC
Background: A methodic approach to error assessment is important in pediatric 
echocardiography. At the Medical University of South Carolina (MUSC), quarterly echo 
quality assurance (QA) conferences are structured according to the Boston Children’s 
taxonomy (BCH-T) (Benavidez, 2008). In contrast, our pediatric cardiology morbidity 
and mortality conference is organized according to the National Aeronautics and 
Space Administration (NASA) aviation model of “threat and error” (NASA-T) (Hickey, 
2015). Our aim was to adopt a program-wide approach of error assessment and system 
improvement. Methods: We retrospectively reviewed reported echo QA cases at MUSC 
over two years (2/2016 through 2/2018) and applied both BCH-T and NASA-T models 
of error assessment. BCH-T categorizes errors by type (false negative, false positive, 
discrepant), severity (minor, moderate, severe, catastrophic), preventability (yes, no, 
possible), and cause. NASA-T distinguishes threats, errors, unintended states, and 
outcomes. Demographic data including patient age, sex, weight, and body surface area 

(BSA) was collected in addition to circumstantial variables. Results: For BCH-T case 
categorization, 76% (29/38) of errors were false negative, 24% (9/38) discrepant, and 0 
false positive. Severity was 37% (14/38) minor, 53% (20/38) moderate, 8% (3/38) severe, 
and 0 catastrophic. Preventability was 58% (22/38) preventable, 42% (16/38) possible, 
and 0 not. One identifi able cause was found in 50% (19/38), and 50% had more than 
one cause. Th e most common cause was cognitive, followed by patient-related and 
procedural. Applying NASA-T, 34% (13/38) had one identifi able threat, 66% (25/38) more 
than one. Th reats included patient-related factors (size, complex anatomy), inexperienced 
sonographer, and location. One primary error was established in 79% (30/38), while 21% 
(8/38) involved multiple errors. Echo contribution to system error chains was identifi ed 
in 13% (5/38). On multivariable analysis, BSA was the only factor predictive for multiple 
errors (p<0.01). Unintended state involved factors including need for additional imaging, 
delay in diagnosis, or presence of a residual lesion. Outcome was determined to be minor 
in 42% (16/38), moderate in 53% (20/38), major in 3% (1/38), and catastrophic in 0 
cases. Conclusion: In our experience, NASA-T provides an institutional framework for 
discussions of error assessment. We have found this benefi cial for highlighting threats 
and system errors, including those specifi c to MUSC, identifying points for improvement, 
and evaluating for presence of error cycles.

P2-14
Impact of Clinician Engagement on Implementation of the 
Pediatric Echocardiography Appropriate Use Criteria
Markus S. Renno, A. Nicole Lambert, Prince Kannankeril, David P. Johnson, 
David A. Parra. Vanderbilt Children‘s Hospital, Nashville, TN
Background: We sought to determine whether awareness of the pediatric appropriate use 
criteria (AUC) aff ected transthoracic echocardiogram (TTE) ordering by cardiologists; 
evaluate for diff erences in classifi cation of an encounter’s AUC clinical scenario by 
investigator chart review compared with clinicians at the time of the encounter; and assess 
TTE yield by appropriateness rating. Methods: AUC clinical scenario(s) were assigned to 
patients without prior TTE by investigator chart review of visits in 2014 (n=209) and 
2016 (n=199), and by clinician classifi cation in 2016 (n=671). Investigators documented 
TTE utilization and fi ndings. Results: A reduction in TTE utilization from 54% to 33% 
(p<0.001) of “rarely appropriate” (R) encounters between 2014 and 2016, resulted in a 
decrease in overall TTE utilization from 73% to 55% of encounters (p<0.001). Th ere 
was only moderate agreement of AUC appropriateness by investigator chart review 
and clinician classifi cation (κ = 0.533, p<0.001). Abnormal TTE fi ndings were detected 
in 18.7% of R encounters, with 21 of 24 abnormalities being in infants younger than 4 
months presenting with murmur. Conclusions: An overall decrease in TTE utilization for 
R encounters may represent a change in practice from increased awareness of the AUC. 
AUC scenario classifi cation by clinicians at the time of the encounter could be superior 
to chart review. TTE abnormalities may be missed in infants 4 months of age or younger 
when evaluated for murmurs with the AUC.
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P2-15
A Comparative Analysis of British and American Society of 
Echocardiography Recommendations for the Assessment of Left 
Ventricular Diastolic Function
Peter L. Luke, Timothy Irvine, Christopher Eggett, Loakim Spyridopoulos. 
Freeman Hospital, Newcastle Upon Tyne, Tyne and Wear, United Kingdom
Background: Th e echocardiographic assessment of left  ventricular diastolic function 
(LVDF) remains challenging. At present there are two recognised guidelines 
provided by the British Society of Echocardiography (BSE) and American Society of 
Echocardiography/European Association of Cardiovascular Imaging (ASE/EACVI). 
However, to date no direct comparison of these guidelines has been performed to 
establish whether they provide similar diastolic grading. Method: Th ree hundred and 
thirty two patients in sinus rhythm were extracted from our echo database (McKesson 
Cardiology). Eighty seven (26%) patients were excluded due to left  bundle branch block 
(2.1%), no indexed left  atrial volume (18.2%) and annular calcifi cation (5.7%). For each 
patient, LVDF assessment was performed using both guidelines and the results compared. 
Chi-square, Spearman correlation and Kappa score statistical tests were used to evaluate 
the data at a level of p <0.05. Results: Th e most frequent outcome was unclassifi able 
LVDF with signifi cantly more patients being labelled unclassifi ed by BSE (ASE/EACVI 
43.7% vs. BSE 55.5%, p<0.0001). Having excluded unclassifi able patients, no diff erence 
was observed between the two schemes (p=.422) with substantial agreement when 
diff erentiating between normal and abnormal diastolic function (k=.694, p<0.0001). 
Where there was disagreement between the two guidelines, (normal LVDF by one and 
abnormal by the other), the degree of LVDF was never more than grade I. When grading 
subcategories were individually compared there was moderate agreement between 
the two guidelines (k=.581, p<0.0001). Signifi cant correlations were seen between LV 
impairment (r=0.55, p<0.0001), indexed LA volume (r=0.43, p=0.001), E/e’ (r=0.72, 
p<0.0001), tricuspid velocity (r=0.32, p=0.030) and ASE/EACVI grading. Similar 
correlations were seen between E/E’ (r = 0.71, p<0.0001), Indexed LA volume (r=0.43, 
p<0.0001) and BSE diastolic grading. When comparing mean time taken to complete 
each algorithm, the ASE guidelines were marginally quicker to perform (ASE = 28sec 
vs. BSE = 36sec; p<0.0001). Conclusion: In around 50% of patients it was not possible 
to grade LVDF by either guideline. For those patients where grading was possible, there 
was no signifi cant diff erence between BSE and ASE/EACVI guidelines with substantial 
agreement between each scheme when diagnosing normal or abnormal diastolic function 
and moderate agreement when comparing each LVDF subcategory. Th ere was a small but 
signifi cant reduction in time taken to complete the ASE algorithm when compared to the 
BSE diastolic guidelines.

P2-16
Validation of a Simulation-Based Tool For Formative Assessment 
of Echocardiography Skill Competence in Cardiology Trainees
Sherryn Rambihar1, Gillian Nesbitt1, Ryan Brydges1, Matt Lineberry2, Yoon Soo 
Park3, Ara Tekian3. 1University of Toronto, Toronto, ON, Canada; 2University of 
Kansas Medical Centre, Kansas City, KS; 3University of Illinois, Chicago, IL
Background: New CoCATS4 guidelines for echocardiography training endorsed by the 
American Society of Echocardiography recommend assessment of core competencies 
using simulation, direct observation and multisource evaluation. We developed a novel, 
simulation-based echocardiography competence assessment tool (ECAT) of basic 
echocardiography skills. We then collected validity evidence to evaluate our claims 
that the ECAT can be used for formative assessment. Methods: We conducted a mixed 
methods pilot of cardiology trainees (n=5 PGY4; n=5 PGY5; n=4 PGY 6), who were 
oriented to the simulator, and assessed using the ECAT. We video-recorded performance 
and collected participants’ simulated echocardiogram videos, which were assessed by 
four raters in real-time or off -line. Aft er providing participants with video footage and 
rater feedback, we interviewed both participants and raters. For implications evidence, 
we used a simple content analysis to analyze interview data. For scoring evidence, we 
computed internal consistency, and inter-rater reliability metrics. For extrapolation 
evidence, we correlated ECAT scores with participants’ expertise, diagnostic scan quality, 
and a summative exam score. Results: Our analysis of the interview data revealed 
three themes: i) feedback stimulated change, ii) how feedback was delivered impacted 
trainees’ perceived learning, and iii) assessment credibility infl uenced trainees’ reception 
of feedback. For scoring evidence, the inter-rater reliability was ICC=0.56, and an 
exploratory factor analysis demonstrated a two-factor model, for which Cronbach’s alphas 
were 0.96 and 0.87 respectively. For extrapolation evidence, ECAT scores correlated with 
summative exam scores (r=0.66, p=0.02), and were positively associated with level of 
training (p=0.006), previous echocardiography experience (p=0.01), and diagnostic scan 
quality (p=0.0006). Conclusions: Trainees and raters provided specifi c data for refi ning 
the ECAT process, feedback delivery, and technology for improved formative assessment. 
We suggest the evidence for scoring and extrapolation are favorable, supporting use of the 
ECAT in a simulation-based formative assessment. Our study provides practical insights 
for echocardiography educators and those seeking to develop instruments for formative 
assessment.

P2-17
Rationale and Design of the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Tatsuya Miyoshi1, Diego Medvedofsky1, Karima Addetia2, Jose Banchs3, Rhonda 
Price4, Vera H. Rigolin5, James D. Th omas5, Neil J. Weissman1, Roberto M. 
Lang2, Federico M. Asch1. 1Medstar Health Research Institute, Washington, DC; 
2University of Chicago, Chicago, IL; 3MD Anderson Cancer Center, Houston, TX; 
4American Society of Echocardiography, Durham, NC; 5Northwestern Medicine, 
Chicago, IL
Background: Determination of normal echocardiographic values is necessary for the 
diagnosis of pathological conditions. Diff erences in chamber size and function are 
expected across diff erent countries, geographical regions and cultures. Current normative 
values have been predominantly obtained from Caucasian North American and European 
populations and therefore may not be representative of the chamber size and function 
from other races, ethnicities or countries. ASE in collaboration with its International 
Alliance Partners is leading a study to establish and compare normal values worldwide 
for cardiac chamber quantifi cation, including size and function by 2- and 3-dimensional 
echocardiography (2DE, 3DE). In this report, we describe the methodology of the WASE 
normal values study. Methods: WASE study is a worldwide prospective, observational, 
cross-sectional study. A total of 2000 adult individuals free from known cardiac, lung 
and renal disease are being prospectively enrolled at 20 centers in 17 countries. Each 
center will enroll 100 individuals evenly distributed among age groups and gender. 
Basic demographic information collected includes age, gender, height, weight, blood 
pressure, race, ethnicity and nationality. 2DE and 3DE are acquired following a 
standardized acquisition protocol that strictly follows ASE guidelines. All studies are 
being quantitatively analyzed (TOMTEC) at two echocardiographic core laboratories in 
the United States (MedStar and University of Chicago). Results: As of February 1st, 2018, 
988 individuals have been enrolled. Regional principal investigators and their enrolling 
centers are shown in the Figure. Th ree countries have already completed enrollment: 
China, Iran and South Korea. An additional eight countries have enrolled over 50 
subjects each. Enrollment is expected to be completed during 2018 with fi nal results to be 
available in 2019. Conclusions: Normal reference values in conventional and advanced 
echocardiographic parameters across a wide range of ages, diff erent races, ethnicities and 
countries will be available, which will enable the characterization of the similarities and 
diff erences among diverse populations worldwide.

P2-18
Automated Protocols Improve Work ow in Transesophageal 
Echocardiography
Peter Flueckiger1, Arati Gurung2, Rachel Kaplan1, Ashley Brogan1, Roy Arjoon1, 
Robert McNamara1, Ben Lin1, Lissa Sugeng1. 1Yale School of Medicine, New 
Haven, CT; 2Siemens Healthineers, Malvern, PA
Background: Intersocietal Accreditation Commission (IAC) mandates use of specifi c 
and appropriate image acquisition for transesophageal echocardiography (TEE) studies. 
We hypothesized that an automated TEE imaging protocol improves study effi  ciency 
and workfl ow compared with a manual protocol. Methods: Protocols for three TEE 
indications (transcatheter aortic valve replacement (TAVR), mitral regurgitation (MR), 
and atrial fi brillation (AFib)) at a large academic echocardiography lab were used. Image 
acquisition was done twice for each TEE, once each using a manual and automated method 
in random order. Th e same sonographer assisted every acquisition with each operator 
(novice, <3 years experience, n=3; expert, ≥ 3 years experience, n=2). TEE exam duration 
(defi ned by timestamp on fi rst and last image) was acquired and number of sonographer 
keystrokes for each method were counted. Keystrokes were grouped into categories (Fig 
1e). Multivariate analysis of variance was performed for each variable. eSie Protocol on the 
Siemens SC2000 (Mountain View, CA) was used for all TEE exams. Results: 22 patients, 
14 males, ages 31-83 years, average BMI 28.8 kg/m2 (S.D.+/-6.3) were included in analysis. 
44 TEE image protocols were acquired (22 manual and 22 automated comprised of 4 
TAVR, 22 MR, and 18 AFib protocols). eSie TEE protocols signifi cantly reduced the TEE 
exam duration regardless of operator experience level (Fig. 1A). Th e protocol performed 
secondly aft er randomization was shorter regardless of protocol method; however, the 
percentage decrease in duration of the second exam was signifi cantly greater when the 
automated protocol was done secondly (Fig 1B). Th e eSie protocol required less number 
of sonographer keystrokes than manual protocol, regardless of experience level (Fig. 1C) 
or the protocol order (Fig 1D). Automated protocols required signifi cantly fewer number 
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of angle corrections, gain adjustments, 2D optimizations, imaging plane navigations and 
miscellaneous keystrokes. Image capture (representing total images acquired) was similar 
between automated and manual protocols. (Fig. 1E) Conclusion: Automated protocols 
improve TEE effi  ciency by reducing the study duration and sonographer keystrokes 
regardless of TEE experience and without a diff erence in total number of TEE images 
acquired.

P2-19
2D Echocardiographic Measurements Feasibility for Left and Right 
Ventricular Size and Function in the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Tatsuya Miyoshi1, Diego Medvedofsky1, Seung Woo Park2, Anita Sadeghpour3, 
Mei Zhang4, Karima Addetia5, Rhonda Price6, Neil J. Weissman1, Roberto M. 
Lang5, Federico M. Asch1. 1Medstar Health Research Institute, Washington, DC; 
2Samsung Medical Center, Seoul, Republic of Korea; 3Rajaie Cardiovascular 
Medical and Research Center, Echocardiography Research Center, Tehran, Islamic 
Republic of Iran; 4University of Shandong, Shandong, China; 5University of 
Chicago, Chicago, IL; 6American Society of Echocardiography, Durham, NC
Background: Echocardiography is the imaging technique most frequently used for 
cardiac chamber size and function quantifi cation. Full protocol acquisition and image 
quality determine 2-dimensional echocardiography (2DE) feasibility. Heterogeneity in 
image quality frequently aff ect multicenter clinical trials and clinical management and 
is mostly related to patient’s characteristics and sonographer’s technical skills. We aimed 
to assess 2DE measurements feasibility for left  and right ventricular (LV, RV) size and 
function in the World Alliance of Societies of Echocardiography (WASE) normal values 
study. Methods: WASE study is an ongoing worldwide prospective, observational, cross-
sectional study. Individuals free from known signifi cant cardiac, lung and renal disease 
are being prospectively enrolled in 17 countries. 2DE images are acquired following a 
standardized protocol and training and analyzed by a Core lab following ASE Guidelines. 
LV measurements include: dimensions, volumes, biplane ejection fraction (EF) and 
global longitudinal strain (LS). RV measurements include: end-diastolic dimensions of 
base, mid and length (RVDdb, RVDdm, RVDdl), fractional area change (FAC), tissue 
Doppler imaging (TDI) derived tricuspid annular systolic velocity (S’) and free-wall (FW) 
LS. Parameter feasibility is presented as percentage (measured /total cases analyzed x 100). 
All cases from the 3 countries that have completed enrollment are included. On a per-
echo basis, poor quality was considered when < 60% of variables were measurable, good 
when 60-85% and excellent when > 85%. Results: As of January 2018, 310 2DE studies 
have been analyzed. LV dimensions were feasible in 100%, volumes and EF in 99%, while 
global LS in 95%. RV dimensions and FAC were feasible in 95%, S’ in 86% and FW LS 
in 88%. Feasibility for each parameter was similar in all countries. Overall, 4.8% echoes 
were of poor quality, 3.6% were good and 91.6% excellent. Conclusions: Feasibility of 
measuring 2DE LV and RV size and systolic function parameters in the WASE normal 
values study is high. Overall, the image quality is excellent. Complete protocol acquisition 
and high image quality will allow the performance of this worldwide study, which has the 
potential to describe normal reference values in diff erent races, ethnicities and countries.

P2-20
Inpatient Echocardiography Use and Hospital Outcomes in Acute 
Myocardial Infarction
Quinn R. Pack, Aruna Priya, Tara C. Lagu, Penelope S. Pekow, Joshua Schilling, 
William L. Hiser, Peter K. Lindenauer. Baystate Medical Center, Springfi eld, MA
Background: Th e impact of echocardiography (echo) on outcomes among hospitalized 
patients with acute myocardial infarction (AMI) is poorly understood. Methods: Using 
data from a large consortium of US hospitals from 2014, we examined the association 
between hospital rates of transthoracic echo use and inpatient mortality, hospital length 
of stay, hospital costs, and 3-month readmission. First, we calculated risk-standardized 
echo rates for hospitals treating patients with AMI. Th en, using multivariable hierarchical 
modeling, we evaluated associations between quartiles of hospital risk-standardized echo 
rates and patient outcomes. Results: We included 98,999 admissions from 397 hospitals, 
of which 69,652 (70.4%) had a transthoracic echo performed during the hospitalization. 
Th e median (IQR) risk standardized rate of echo was 72.5% (62.6% to 79.1%). In 
adjusted models that included multiple hospital characteristics, treatments, and patient 
demographics, we found no diff erence in inpatient mortality [OR 95% CI, 1.02 (0.88 to 
1.19)], or 3-month readmission [OR, 95% CI, 1.01 (0.93 to 1.10)] between high use (top 
quartile) and low use (bottom quartile) hospitals. However, hospitals with the highest 
rates of echo had a modestly higher length of stay [+0.23 days (95% CI: 0.04 - 0.41), p = 
0.01] and higher costs, $3,164 (95% CI, $1843 - $4485), p <0.001 per admission compared 
to hospitals in the lowest quartile of use. Conclusions: Higher hospital rates of echo were 
associated with greater hospital costs but without concomitant improvements in clinical 
outcomes. Th ese fi ndings suggest that a more selective approach to the use of echo than 
is currently recommended in guidelines may be warranted among patients with AMI.

P2-21
Impediments to Contrast Use in Echocardiography in Connecticut
Priti Mehla1, Noor Tariq2, Robert L. McNamara2, Njeri Th ande2, Bernardo 
Lombo2, Ben Lin2, Lissa Sugeng2. 1Lenox Hill Hospital, New York, NY; 2Yale New 
Haven Hospital, New Haven, CT
Background: Contrast echocardiography (CE) improves endocardial border delineation 
for wall motion assessment and left  ventricular function and visualization of left  
ventricular thrombus; however, it is not widely used. Our aim was to evaluate current 
contrast practices and understand factors limiting its usage in echocardiography 
laboratories in Connecticut (CT). Methods: An online questionnaire comprising 30 
questions was designed using a web based survey tool (Qualtrics). With an attempt 
to cover both physician and sonographer perspectives, the survey was sent to 33 
echocardiography laboratories (private and academic) throughout CT. Results: Of the 
72 surveys sent, 32 responded from community hospitals, private offi  ces, academic 
hospitals and academic outpatient offi  ces (41%, 28%, 28% and 19% respectively). Th ere 
was equal representation of sonographers and physicians. Although all labs use contrast 
agents, 80% of the respondents use it for less than 10% of the echocardiograms (Figure A). 
For stress echocardiography, 59% of the labs use contrast, of which two-thirds use it for 
<20% of their studies and one-third for >20% (Figure B). Most sonographers (97%) make 
the decision to use contrast during a study. Most labs (81%) do not have a sonographer 
trained to gain intravenous (IV) access, but 70% would like sonographers to be able to 
inject an agent. Th e greatest impediment to contrast imaging is inadequate nursing staff  
support (85%), of which 78% think that the usage would increase if they had nursing 
support. Another impediment was that CE added additional time to the study with 
already inadequate time allocation for individual studies. More than two-thirds of the 
labs seem to have a strategy around increasing the use of contrast agents by 1) Training 
nurses on contrast administration, 2) Training sonographers to get IV access and 
injecting contrast and 3) Implementing policy changes that allow sonographers to inject. 
Of note, the most common method of LV ejection fraction assessment is visual estimation 
(52%), followed by biplane Simpson’s method (37%), while three-dimensional assessment 
is rarely used (4%). Conclusion: CE usage is still low in CT. Additional nursing support, 
training sonographers to obtain IV access and policies to allow sonographers to inject 
contrast would improve contrast usage.
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P2-22
Feasibility and Effectiveness of the Machine Based Built-in 
Protocol for Echocardiographic Evaluation of Patients with Heart 
Failure and/or Cardiomyopathy
Ashley Kiene, Angela Morelli, Elisha McCoy, Vijaya Joshi, Th omas Yohannan, 
Ronak Naik, Govinda Paudel. Th e University of Tennessee Health Science Center, 
Memphis, TN
Background: Specifi c written protocols for imaging cardiac patients are typically 
maintained in echocardiography (echo) laboratories to guide sonographers. But it is 
not a common practice to have the protocol available at bedside during an exam which 
could lead to diagnostic error owing to inadequate study. A machine-based built-in 
protocol (MBP) eliminates the need for sonographers to remember all the elements of 
written protocols and can improve the quality of the studies. Th e objective of this project 
is to assess the adequacy and effi  ciency of echo studies performed using such protocol 
for pediatric heart failure/cardiomyopathy (HF/CMP) patients. Methods: Th is study 
involves the review of echo data of patients presenting in the HF/CMP clinic who had 
their study performed with or without the MBP. Th e MBP was prepared by incorporating 
the elements of an existing written protocol for evaluation of HF/CMP patients into 
the echo machine. Scores were assigned to each element of the protocol based on the 
adequacy of the images and/or measurements, and were added to give a composite score. 
Th e composite score was then expressed as a percentage of the maximum possible score. 
Th e studies with a percentage score >90% were considered adequate. Studies performed 
with and without the MBPs were compared for adequacy and duration of study using 
non-parametric tests (JMP soft ware). Results: Table 1 demonstrates the comparison 
between the studies performed with and without the MPB. Th e studies performed with 
MBP had higher composite score (a measure of adequacy) and higher proportion of 
adequate studies (as defi ned above) compared to those performed without the protocol 
(Table 1). Time required to complete an echocardiogram was similar in both categories 
however the total number of images obtained were lower in studies performed with MBP 
(Table 1). Conclusion: Built-in machine based echo protocol is feasible to use and can 
improve the quality of echo studies for evaluation of HF/CMP by improving the adequacy. 
Th e protocol also proves to be equally effi  cient compared to the conventional practice of 
imaging which is dependent on sonographer’s recollection of written protocols. Built-in 
protocol also reduces the number of images acquired in an echo study by dictating the 
specifi c elements needed for evaluating a patient with HF/CMP.

Table 1 Comparison of studies with and without MBP
Variables Without MBP With MBP P-value
N 32 14
Composite Score 76.5 (12.7) 96.3 (6.4) <0.0001
% of adequate studies 9.38% 92.86% <0.0001
Duration of study (min) 32.2 (21.6) 31.1 (8.25) 0.4306
Total number of images 80.7 (16) 58 (4.2) <0.0001

P2-23
Implementation of Sonographer Driven Organizational Goals 
Improves Study Completeness and Image Quality in the Pediatric 
Echo Lab
Tammy Lane Churchill, Shahryar M. Chowdhury, Ann E. Perkins, Geoff rey A. 
Forbus, Carolyn L. Taylor. Medical University of South Carolina, Charleston, SC
Background: Quality improvement (QI) in the pediatric echocardiography (echo) 
laboratory is an ongoing process that requires group engagement. However, hospital 
organizational goals for staff  may not align with echo specifi c QI eff orts, thus detracting 
from the QI process. To overcome this barrier, we created echo QI related organizational 
goals to improve our lab’s study completeness (SC) and image quality (IQ). Our goal 
was to demonstrate improved SC and IQ at one year aft er initiation of organizational 
goal driven QI intervention. Methods: Study Completeness Score (SCS) was graded 
on a scale of 1-5 starting in July 2015. SCS of 1-3 were considered incomplete and 4-5 
considered complete. A senior sonographer retrospectively scored 70-100 randomly 
selected transthoracic echos billed as complete at each time point. Six months of data 
were collected prior to intervention (time point 1). Th e intervention consisted of lectures 
on the complete protocol, reminder signs placed on each machine, and individual 
feedback. Eighteen months of data divided into six month blocks (time points 2, 3, and 
4) were collected aft er the initial intervention. Image quality score (IQS) was graded on a 
1-5 scale starting in July 2016. IQS of 1-2 were considered unacceptable quality and 3-5 
considered acceptable. Six months of data were collected prior to intervention (time point 
1). Intervention for IQ included lectures on IQ improvement and physics, and individual 
feedback. Twelve months of data divided into six month blocks (time points 2 and 3) were 
collected aft er the initial intervention. Monthly reviews of IQS and SCS at sonographer 
meetings and individual feedback have continued. Results: SCS was measured on 342 
total echos. Th ere were 75% incomplete studies at time point 1, and improved to 49%, 
13% and 6% at time points 2-4, respectively. Changes between time points were all 
statistically signifi cant (p < 0.001) except between points 3 and 4 (p = 0.302). IQS was 
measured on 220 total echos. Th ere were 32% unacceptable studies at time point 1, and 
improved to 24% and 9% at time points 2 and 3, respectively. Th e diff erence between 
time point 1 and 2 was not signifi cant (p = 0.597), but the diff erence between time point 

1 and 3 was signifi cant (p = 0.004). Conclusion: QI eff orts aligned with work related 
organizational goals can improve SC and IQ in the pediatric echo laboratory. SCS showed 
immediate and consistent improvement up to 18 months. Improvement in IQS was 
not seen in the 6 months aft er initial intervention, however, with continued monthly 
education, improvement is IQS was noted in months 6-12 aft er the initial intervention.

P2-24
Implementing a Novel Physician Echo Interpretation Quality Metric
Timothy Woods1, Alyssa Beasley2. 1Univeristy of Tennessee Health Science Center, 
Memphis, TN; 2Methodist LeBonheur Healthcare, Memphis, TN
Background: Objectively measuring physician echo interpretation quality is challenging, 
and we found Intersocietal Accreditation Commission (IAC) certifi cation inadequate to 
maintain physician performance. As a measure of physician interpretation quality, we 
developed and applied the Measurement-Concordance Score (MCS). Methods: Between 
July 2015 and Dec 2017, we randomly selected 15 transthoracic echo studies for review 
on a quarterly basis from our laboratory. Th e completed report is reviewed for physician 
statements of: (1) Left  Ventricular Ejection Fraction (LVEF), (2) Left  Ventricular (LV) size, 
(3) LV mass/wall thickness, and (4) Left  Atrial (LA) size. Th e MCS quality metric requires 
that the report written descriptor (normal, mild, moderate, severe) for each of these 4 
parameters must be concordant with the sonographer measurements, based on scales 
from the most recent ASE Chamber quantifi cation guidelines. If there is concordance 
between the measured value and the report descriptor, the physician is awarded a point. 
Th e maximal number of points for each report is 4. Th e quarterly maximal points that can 
be achieved from 15 reports is 60. Flip charts containing the guideline scales were placed 
at each echo reading station. Physicians are provided group feedback, as well as individual 
performance scores at quarterly IAC meetings. We established our baseline performance 
of the MCS metric prior to initiating this program by randomly selecting 15 studies for 
review from July 2014. Results: Prior to beginning this program with physicians, our 
baseline MCS was 77%. We chose 90% as our goal for this metric. Th rough the process 
of quarterly MCS measurement and performance feedback to physicians, we were able 
to maintain the MCS at 90% or above since starting this program. Conclusions: Th e 
quality of physician echo interpretation is challenging to objectively measure. Confi rming 
physicians are reviewing key sonographer measurements and correctly incorporating 
them into reports is one approach to assessing physician quality. By implementing a time 
effi  cient scoring system that provides regular feedback to physicians, we were able to 
improve the accuracy and consistency in our laboratory’s reporting of LVEF, LV size, LV 
mass/wall thickness, and LA size.

P2-25
Development and Implementation of a Comprehensive Curriculum 
for Pediatric Echocardiography Boot Camp
Tania L. Saroli, Nazia Husain, Peter Koenig. Ann and Robert H. Lurie Children‘s 
Hospital, Chicago, IL
Background: Given the time constraints of fellowship training with an increasing base 
of required knowledge, and decreased training time due to duty hours restrictions, 
training methods resulting in increased training effi  ciency are desirable. Cardiology 
and echocardiography-specifi c “boot camps” are not new to training, but can be refi ned. 
Using Kern’s theory for curriculum development in medical education, and implementing 
various educational techniques, we hypothesized that novice fi rst year Pediatric Cardiology 
fellows could be trained to perform a complete echocardiography scanning protocol in a 
shorter time than prior years and have a superior knowledge base at the completion of the 
boot camp. Methods: A comprehensive echocardiography boot camp was redesigned to 
include pre-boot camp reading material, simulation sessions, didactic lectures, practice 
testing, fl ashcards, reverse classroom sessions, and 3D print modeling. Simulation 
training included review of practical scanning techniques, imaging planes, and clinical 
cases. An evaluation process consisted of pre- and post-session knowledge assessments, 
as well as fi nal competency testing to assess performance of a complete scanning protocol 
on a model patient. A knowledge assessment quiz was also administered to current 
fellows who did not undergo the revised boot camp experience for comparison. Results: 
At the conclusion of boot camp, all three novice Pediatric Cardiology fellows passed the 
proctored competency test, and were able to scan a full complete echo study protocol. In 
addition, they increased their mean score on the knowledge assessment quiz from pre- to 
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of angle corrections, gain adjustments, 2D optimizations, imaging plane navigations and 
miscellaneous keystrokes. Image capture (representing total images acquired) was similar 
between automated and manual protocols. (Fig. 1E) Conclusion: Automated protocols 
improve TEE effi  ciency by reducing the study duration and sonographer keystrokes 
regardless of TEE experience and without a diff erence in total number of TEE images 
acquired.

P2-19
2D Echocardiographic Measurements Feasibility for Left and Right 
Ventricular Size and Function in the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Tatsuya Miyoshi1, Diego Medvedofsky1, Seung Woo Park2, Anita Sadeghpour3, 
Mei Zhang4, Karima Addetia5, Rhonda Price6, Neil J. Weissman1, Roberto M. 
Lang5, Federico M. Asch1. 1Medstar Health Research Institute, Washington, DC; 
2Samsung Medical Center, Seoul, Republic of Korea; 3Rajaie Cardiovascular 
Medical and Research Center, Echocardiography Research Center, Tehran, Islamic 
Republic of Iran; 4University of Shandong, Shandong, China; 5University of 
Chicago, Chicago, IL; 6American Society of Echocardiography, Durham, NC
Background: Echocardiography is the imaging technique most frequently used for 
cardiac chamber size and function quantifi cation. Full protocol acquisition and image 
quality determine 2-dimensional echocardiography (2DE) feasibility. Heterogeneity in 
image quality frequently aff ect multicenter clinical trials and clinical management and 
is mostly related to patient’s characteristics and sonographer’s technical skills. We aimed 
to assess 2DE measurements feasibility for left  and right ventricular (LV, RV) size and 
function in the World Alliance of Societies of Echocardiography (WASE) normal values 
study. Methods: WASE study is an ongoing worldwide prospective, observational, cross-
sectional study. Individuals free from known signifi cant cardiac, lung and renal disease 
are being prospectively enrolled in 17 countries. 2DE images are acquired following a 
standardized protocol and training and analyzed by a Core lab following ASE Guidelines. 
LV measurements include: dimensions, volumes, biplane ejection fraction (EF) and 
global longitudinal strain (LS). RV measurements include: end-diastolic dimensions of 
base, mid and length (RVDdb, RVDdm, RVDdl), fractional area change (FAC), tissue 
Doppler imaging (TDI) derived tricuspid annular systolic velocity (S’) and free-wall (FW) 
LS. Parameter feasibility is presented as percentage (measured /total cases analyzed x 100). 
All cases from the 3 countries that have completed enrollment are included. On a per-
echo basis, poor quality was considered when < 60% of variables were measurable, good 
when 60-85% and excellent when > 85%. Results: As of January 2018, 310 2DE studies 
have been analyzed. LV dimensions were feasible in 100%, volumes and EF in 99%, while 
global LS in 95%. RV dimensions and FAC were feasible in 95%, S’ in 86% and FW LS 
in 88%. Feasibility for each parameter was similar in all countries. Overall, 4.8% echoes 
were of poor quality, 3.6% were good and 91.6% excellent. Conclusions: Feasibility of 
measuring 2DE LV and RV size and systolic function parameters in the WASE normal 
values study is high. Overall, the image quality is excellent. Complete protocol acquisition 
and high image quality will allow the performance of this worldwide study, which has the 
potential to describe normal reference values in diff erent races, ethnicities and countries.

P2-20
Inpatient Echocardiography Use and Hospital Outcomes in Acute 
Myocardial Infarction
Quinn R. Pack, Aruna Priya, Tara C. Lagu, Penelope S. Pekow, Joshua Schilling, 
William L. Hiser, Peter K. Lindenauer. Baystate Medical Center, Springfi eld, MA
Background: Th e impact of echocardiography (echo) on outcomes among hospitalized 
patients with acute myocardial infarction (AMI) is poorly understood. Methods: Using 
data from a large consortium of US hospitals from 2014, we examined the association 
between hospital rates of transthoracic echo use and inpatient mortality, hospital length 
of stay, hospital costs, and 3-month readmission. First, we calculated risk-standardized 
echo rates for hospitals treating patients with AMI. Th en, using multivariable hierarchical 
modeling, we evaluated associations between quartiles of hospital risk-standardized echo 
rates and patient outcomes. Results: We included 98,999 admissions from 397 hospitals, 
of which 69,652 (70.4%) had a transthoracic echo performed during the hospitalization. 
Th e median (IQR) risk standardized rate of echo was 72.5% (62.6% to 79.1%). In 
adjusted models that included multiple hospital characteristics, treatments, and patient 
demographics, we found no diff erence in inpatient mortality [OR 95% CI, 1.02 (0.88 to 
1.19)], or 3-month readmission [OR, 95% CI, 1.01 (0.93 to 1.10)] between high use (top 
quartile) and low use (bottom quartile) hospitals. However, hospitals with the highest 
rates of echo had a modestly higher length of stay [+0.23 days (95% CI: 0.04 - 0.41), p = 
0.01] and higher costs, $3,164 (95% CI, $1843 - $4485), p <0.001 per admission compared 
to hospitals in the lowest quartile of use. Conclusions: Higher hospital rates of echo were 
associated with greater hospital costs but without concomitant improvements in clinical 
outcomes. Th ese fi ndings suggest that a more selective approach to the use of echo than 
is currently recommended in guidelines may be warranted among patients with AMI.

P2-21
Impediments to Contrast Use in Echocardiography in Connecticut
Priti Mehla1, Noor Tariq2, Robert L. McNamara2, Njeri Th ande2, Bernardo 
Lombo2, Ben Lin2, Lissa Sugeng2. 1Lenox Hill Hospital, New York, NY; 2Yale New 
Haven Hospital, New Haven, CT
Background: Contrast echocardiography (CE) improves endocardial border delineation 
for wall motion assessment and left  ventricular function and visualization of left  
ventricular thrombus; however, it is not widely used. Our aim was to evaluate current 
contrast practices and understand factors limiting its usage in echocardiography 
laboratories in Connecticut (CT). Methods: An online questionnaire comprising 30 
questions was designed using a web based survey tool (Qualtrics). With an attempt 
to cover both physician and sonographer perspectives, the survey was sent to 33 
echocardiography laboratories (private and academic) throughout CT. Results: Of the 
72 surveys sent, 32 responded from community hospitals, private offi  ces, academic 
hospitals and academic outpatient offi  ces (41%, 28%, 28% and 19% respectively). Th ere 
was equal representation of sonographers and physicians. Although all labs use contrast 
agents, 80% of the respondents use it for less than 10% of the echocardiograms (Figure A). 
For stress echocardiography, 59% of the labs use contrast, of which two-thirds use it for 
<20% of their studies and one-third for >20% (Figure B). Most sonographers (97%) make 
the decision to use contrast during a study. Most labs (81%) do not have a sonographer 
trained to gain intravenous (IV) access, but 70% would like sonographers to be able to 
inject an agent. Th e greatest impediment to contrast imaging is inadequate nursing staff  
support (85%), of which 78% think that the usage would increase if they had nursing 
support. Another impediment was that CE added additional time to the study with 
already inadequate time allocation for individual studies. More than two-thirds of the 
labs seem to have a strategy around increasing the use of contrast agents by 1) Training 
nurses on contrast administration, 2) Training sonographers to get IV access and 
injecting contrast and 3) Implementing policy changes that allow sonographers to inject. 
Of note, the most common method of LV ejection fraction assessment is visual estimation 
(52%), followed by biplane Simpson’s method (37%), while three-dimensional assessment 
is rarely used (4%). Conclusion: CE usage is still low in CT. Additional nursing support, 
training sonographers to obtain IV access and policies to allow sonographers to inject 
contrast would improve contrast usage.
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P2-22
Feasibility and Effectiveness of the Machine Based Built-in 
Protocol for Echocardiographic Evaluation of Patients with Heart 
Failure and/or Cardiomyopathy
Ashley Kiene, Angela Morelli, Elisha McCoy, Vijaya Joshi, Th omas Yohannan, 
Ronak Naik, Govinda Paudel. Th e University of Tennessee Health Science Center, 
Memphis, TN
Background: Specifi c written protocols for imaging cardiac patients are typically 
maintained in echocardiography (echo) laboratories to guide sonographers. But it is 
not a common practice to have the protocol available at bedside during an exam which 
could lead to diagnostic error owing to inadequate study. A machine-based built-in 
protocol (MBP) eliminates the need for sonographers to remember all the elements of 
written protocols and can improve the quality of the studies. Th e objective of this project 
is to assess the adequacy and effi  ciency of echo studies performed using such protocol 
for pediatric heart failure/cardiomyopathy (HF/CMP) patients. Methods: Th is study 
involves the review of echo data of patients presenting in the HF/CMP clinic who had 
their study performed with or without the MBP. Th e MBP was prepared by incorporating 
the elements of an existing written protocol for evaluation of HF/CMP patients into 
the echo machine. Scores were assigned to each element of the protocol based on the 
adequacy of the images and/or measurements, and were added to give a composite score. 
Th e composite score was then expressed as a percentage of the maximum possible score. 
Th e studies with a percentage score >90% were considered adequate. Studies performed 
with and without the MBPs were compared for adequacy and duration of study using 
non-parametric tests (JMP soft ware). Results: Table 1 demonstrates the comparison 
between the studies performed with and without the MPB. Th e studies performed with 
MBP had higher composite score (a measure of adequacy) and higher proportion of 
adequate studies (as defi ned above) compared to those performed without the protocol 
(Table 1). Time required to complete an echocardiogram was similar in both categories 
however the total number of images obtained were lower in studies performed with MBP 
(Table 1). Conclusion: Built-in machine based echo protocol is feasible to use and can 
improve the quality of echo studies for evaluation of HF/CMP by improving the adequacy. 
Th e protocol also proves to be equally effi  cient compared to the conventional practice of 
imaging which is dependent on sonographer’s recollection of written protocols. Built-in 
protocol also reduces the number of images acquired in an echo study by dictating the 
specifi c elements needed for evaluating a patient with HF/CMP.

Table 1 Comparison of studies with and without MBP
Variables Without MBP With MBP P-value
N 32 14
Composite Score 76.5 (12.7) 96.3 (6.4) <0.0001
% of adequate studies 9.38% 92.86% <0.0001
Duration of study (min) 32.2 (21.6) 31.1 (8.25) 0.4306
Total number of images 80.7 (16) 58 (4.2) <0.0001

P2-23
Implementation of Sonographer Driven Organizational Goals 
Improves Study Completeness and Image Quality in the Pediatric 
Echo Lab
Tammy Lane Churchill, Shahryar M. Chowdhury, Ann E. Perkins, Geoff rey A. 
Forbus, Carolyn L. Taylor. Medical University of South Carolina, Charleston, SC
Background: Quality improvement (QI) in the pediatric echocardiography (echo) 
laboratory is an ongoing process that requires group engagement. However, hospital 
organizational goals for staff  may not align with echo specifi c QI eff orts, thus detracting 
from the QI process. To overcome this barrier, we created echo QI related organizational 
goals to improve our lab’s study completeness (SC) and image quality (IQ). Our goal 
was to demonstrate improved SC and IQ at one year aft er initiation of organizational 
goal driven QI intervention. Methods: Study Completeness Score (SCS) was graded 
on a scale of 1-5 starting in July 2015. SCS of 1-3 were considered incomplete and 4-5 
considered complete. A senior sonographer retrospectively scored 70-100 randomly 
selected transthoracic echos billed as complete at each time point. Six months of data 
were collected prior to intervention (time point 1). Th e intervention consisted of lectures 
on the complete protocol, reminder signs placed on each machine, and individual 
feedback. Eighteen months of data divided into six month blocks (time points 2, 3, and 
4) were collected aft er the initial intervention. Image quality score (IQS) was graded on a 
1-5 scale starting in July 2016. IQS of 1-2 were considered unacceptable quality and 3-5 
considered acceptable. Six months of data were collected prior to intervention (time point 
1). Intervention for IQ included lectures on IQ improvement and physics, and individual 
feedback. Twelve months of data divided into six month blocks (time points 2 and 3) were 
collected aft er the initial intervention. Monthly reviews of IQS and SCS at sonographer 
meetings and individual feedback have continued. Results: SCS was measured on 342 
total echos. Th ere were 75% incomplete studies at time point 1, and improved to 49%, 
13% and 6% at time points 2-4, respectively. Changes between time points were all 
statistically signifi cant (p < 0.001) except between points 3 and 4 (p = 0.302). IQS was 
measured on 220 total echos. Th ere were 32% unacceptable studies at time point 1, and 
improved to 24% and 9% at time points 2 and 3, respectively. Th e diff erence between 
time point 1 and 2 was not signifi cant (p = 0.597), but the diff erence between time point 

1 and 3 was signifi cant (p = 0.004). Conclusion: QI eff orts aligned with work related 
organizational goals can improve SC and IQ in the pediatric echo laboratory. SCS showed 
immediate and consistent improvement up to 18 months. Improvement in IQS was 
not seen in the 6 months aft er initial intervention, however, with continued monthly 
education, improvement is IQS was noted in months 6-12 aft er the initial intervention.

P2-24
Implementing a Novel Physician Echo Interpretation Quality Metric
Timothy Woods1, Alyssa Beasley2. 1Univeristy of Tennessee Health Science Center, 
Memphis, TN; 2Methodist LeBonheur Healthcare, Memphis, TN
Background: Objectively measuring physician echo interpretation quality is challenging, 
and we found Intersocietal Accreditation Commission (IAC) certifi cation inadequate to 
maintain physician performance. As a measure of physician interpretation quality, we 
developed and applied the Measurement-Concordance Score (MCS). Methods: Between 
July 2015 and Dec 2017, we randomly selected 15 transthoracic echo studies for review 
on a quarterly basis from our laboratory. Th e completed report is reviewed for physician 
statements of: (1) Left  Ventricular Ejection Fraction (LVEF), (2) Left  Ventricular (LV) size, 
(3) LV mass/wall thickness, and (4) Left  Atrial (LA) size. Th e MCS quality metric requires 
that the report written descriptor (normal, mild, moderate, severe) for each of these 4 
parameters must be concordant with the sonographer measurements, based on scales 
from the most recent ASE Chamber quantifi cation guidelines. If there is concordance 
between the measured value and the report descriptor, the physician is awarded a point. 
Th e maximal number of points for each report is 4. Th e quarterly maximal points that can 
be achieved from 15 reports is 60. Flip charts containing the guideline scales were placed 
at each echo reading station. Physicians are provided group feedback, as well as individual 
performance scores at quarterly IAC meetings. We established our baseline performance 
of the MCS metric prior to initiating this program by randomly selecting 15 studies for 
review from July 2014. Results: Prior to beginning this program with physicians, our 
baseline MCS was 77%. We chose 90% as our goal for this metric. Th rough the process 
of quarterly MCS measurement and performance feedback to physicians, we were able 
to maintain the MCS at 90% or above since starting this program. Conclusions: Th e 
quality of physician echo interpretation is challenging to objectively measure. Confi rming 
physicians are reviewing key sonographer measurements and correctly incorporating 
them into reports is one approach to assessing physician quality. By implementing a time 
effi  cient scoring system that provides regular feedback to physicians, we were able to 
improve the accuracy and consistency in our laboratory’s reporting of LVEF, LV size, LV 
mass/wall thickness, and LA size.

P2-25
Development and Implementation of a Comprehensive Curriculum 
for Pediatric Echocardiography Boot Camp
Tania L. Saroli, Nazia Husain, Peter Koenig. Ann and Robert H. Lurie Children‘s 
Hospital, Chicago, IL
Background: Given the time constraints of fellowship training with an increasing base 
of required knowledge, and decreased training time due to duty hours restrictions, 
training methods resulting in increased training effi  ciency are desirable. Cardiology 
and echocardiography-specifi c “boot camps” are not new to training, but can be refi ned. 
Using Kern’s theory for curriculum development in medical education, and implementing 
various educational techniques, we hypothesized that novice fi rst year Pediatric Cardiology 
fellows could be trained to perform a complete echocardiography scanning protocol in a 
shorter time than prior years and have a superior knowledge base at the completion of the 
boot camp. Methods: A comprehensive echocardiography boot camp was redesigned to 
include pre-boot camp reading material, simulation sessions, didactic lectures, practice 
testing, fl ashcards, reverse classroom sessions, and 3D print modeling. Simulation 
training included review of practical scanning techniques, imaging planes, and clinical 
cases. An evaluation process consisted of pre- and post-session knowledge assessments, 
as well as fi nal competency testing to assess performance of a complete scanning protocol 
on a model patient. A knowledge assessment quiz was also administered to current 
fellows who did not undergo the revised boot camp experience for comparison. Results: 
At the conclusion of boot camp, all three novice Pediatric Cardiology fellows passed the 
proctored competency test, and were able to scan a full complete echo study protocol. In 
addition, they increased their mean score on the knowledge assessment quiz from pre- to 
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post-boot camp from 76.4 to 83.8% (a 7.4 % increase). Th eir post-boot camp knowledge 
assessment scores were higher than categorical fellows entering their second fellowship 
year (83.8% vs 79.9%), and were closer to those entering third year (86.8%). Faculty 
evaluations at 6-month post boot camp have shown superior imaging performance of the 
fi rst year fellows, with a perceived reduction in the need for sonographer back-up on call 
compared to prior year. Conclusion: Th e development of a comprehensive curriculum-
based boot camp using multiple educational strategies resulted in superior performance 
of novice fi rst year categorical fellows compared to those who did not undergo the boot 
camp the year prior. In terms of imaging skills, there was a marked decrease in time 
needed to achieve the performance of a full complete scan per standard protocol. Th ere 
was an increase in knowledge to a level comparable to current fellows in more advanced 
stages of training.

P2-26
Echocardiographic Detection of LVAD Malfunction using Out ow 
Cannula Velocity Measurements: Does Device Type Matter?
Eric Kruse, Karima Addetia, Victor Mor-Avi, Gabriel Sayer, Takeyoshi Ota, 
Valluvan Jeevanandam, Nir Uriel, Roberto M. Lang. University of Chicago, 
Chicago, IL
Background: Echocardiographic assessment of the left  ventricular assist device (LVAD) 
includes Doppler interrogation of the outfl ow cannula (OTC) to screen for malfunction. 
Th e OTC is anastomosed to the ascending aorta and conducts blood from the LVAD 
pump to the systemic aorta. Elevated Doppler echocardiography-derived peak fl ow 
velocity in the OTC can signal obstructed fl ow or cannula malposition. Recently, a new 
LVAD (HeartMate (HM) III) has been FDA approved. Th ere are no cut-off  values to 
identify abnormally high OTC velocities in this type of LVAD. We sought to establish 
the normal range for OTC velocities for the HMIII and compare them with those for 
the HMII and HeartWare (HVAD). Methods: 61 patients with LVADs (HMII=35; 
HVAD=16; HMIII=10) underwent transthoracic echocardiograms (TTE) with OTC 
assessment from the right parasternal approach. Continuous wave (CW) Doppler peak 
velocity of the LVAD OTC was measured. Of the 61, 55 had normally functioning LVADs 
and were used to generate the normal range of OTC velocity (defi ned as ± 2SD around the 
mean). Results: Mean OTC peak velocity was 1.9±0.4 m/s (HMII), 2.4±0,5m/s (HVAD) 
and 1.3±0.3m/s (HMIII) with upper reference limits of 2.7m/s (HMII), 3.3 m/s (HVAD) 
and 1.8m/s (HMIII). OTC velocities were signifi cantly diff erent between LVAD types 
(p<0.01). Five patients had peak OTC velocities above the respective reference limits 
(Figure, black dots). OTC malfunction was confi rmed in all these patients: Two (HMII) 
had a visible “kink” on CT scan, two (HVAD) had OTC narrowing and 1 (HVAD) had 
OTC thrombosis. One patient with a HMII had OTC velocity within the reference range 
(2.3 m/s) but was diagnosed with OTC malfunction. On cardiac catheterization this 
patient had 50% OTC stenosis. Conclusions: In our cohort of patients with normally 
functioning LVADs mean OTC velocities were highest in HVAD>HMII>HMIII. Th is 
data suggests that a single reference limit may not be applicable to all LVAD devices. 
In order to diagnose OTC malfunction, the reference limits of the specifi c LVAD type 
should be used.

P2-27
Hospitalist Use of Point-Of-Care Cardiac Ultrasound in an Expert-
Collaborative Model: Demonstration of Accuracy and Fiscal 
Viability in an Internal Medicine Residency
Kenneth R. Stevens, III, David J. Shaw, Stan A. Amundson, James N. Phan, 
Maria G. Welsh, Bruce J. Kimura. Scripps Mercy Hospital, San Diego, CA
Background: Although point-of-care ultrasound(POCUS) may improve initial diagnosis 
of the acutely-ill medical patient, barriers to its use include integration, training and 
cost. Using trained residents, we sought to observe the frequency, accuracy, and fi nancial 
impact of cardiac POCUS by an admitting physician carrying a convenient pocket-
sized device(PSD). Methods: At a 300-bed hospital, we teach and monitor the use of 
POCUS as a part of internal medicine residency, which aff orded the observation of use of 
PSDs provided to consecutive residents during a hospitalist rotation from convenience-
sampled shift s (n=1200 admissions). All residents (n=48) had previously undergone 
1-year of training in cardiac limited ultrasound examination (CLUE) and imaged patients 
at their own discretion during the rotation. In an accuracy substudy of 21 consecutive 
residents performing 252 CLUEs, a cardiologist used a PSD to re-image patients who 
had undergone imaging by the resident. Th e self-reported results of the residents were 
compared to the cardiologist’s gold-standard for CLUE signs (LV dysfunction, left  atrial 
enlargement, lung comets and eff usions, and elevated CVP). To evaluate fi nancial impact, 
the reimbursement for the professional component of limited echo was tracked aft er 
submission of consecutive cardiologist-CLUEs. Using the average volume from the usage 
database and average collection (in dollars) per CLUE from the billing data, we projected 
overall monthly return for a “shared” device, assuming a hand-off  model between 3 
hospitalists with 24h continual coverage. Results: In the usage database, over the 285 
eight-hour shift s sampled, 48 residents performed 485 CLUEs on 1200 admissions (4.8 
admissions/shift ; 1.9 CLUEs performed/shift ) for a mean(±SD) usage of 40%±17%. 
Mean resident accuracy was 82%. Residents were most accurate (86%) at detecting LV 
dysfunction, and least accurate (78%) for elevated CVP. For the billing subanalysis, 141 
patients were re-imaged by the cardiologist: 9 had no medical necessity, 132 claims were 
submitted and 122(91%) of those claims were paid. Overall average return was $23.84/
CLUE application. Assuming a 15% billing overhead, a return of $3465/mo was projected 
for a shared device. Conclusion: Trained physicians in a hospitalist role oft en employ 
cardiac POCUS with suffi  cient accuracy and indication during medical admissions, 
using a pocket-sized device. With cardiologist collaboration, hospitalist POCUS could 
have diagnostic errors recognized, recoup remuneration that can off set training and 
equipment costs, and potentially improve patient care.

P2-28
Risk Factors, ECG and Small, Portable Echocardiography in 
Vietnam: A Report from ASE-Vietnam National Heart Institute 
Outreach Events
Hoai T. T. Nguyen1, Le T. T1, Keith A. Collins2, Barry B. Canaday3, Gregory H. 
Tatum4, Susan A. Mayer5, Eric L. Bonno6, Jennifer Mercandetti7, Michelle C. 
Fujioka8, Carol M. Mortier9, Debra A. Herring10, Andrea M. Van Hoever11, David 
Adams12, Liza Y. Sanchez13, Nova Sprague13, Jill Inafuku14, Rachel Quang15, Tu 
Nguyen16, Th anh G. Kirkpatrick17, Rebecca Hahn18, Jose Banchs13, Loi Do Doan1, 
Vinh N. Pham19, James N. Kirkpatrick8. 1Vietnam National Heart Institute, 
Hanoi, Viet Nam; 2Froedtert/Medical College of Wisconsin, Milwaukee, WI; 
3Oregon Institute of Technology, Klamath Falls, OR; 4Duke University Medical 
Center, Durham, NC; 5Johns Hopkins University, Baltimore, MD; 6Greenville 
Health System, Greenville, SC; 7University of Colorado Hospital, Denver, CO; 
8University of Washington, Seattle, WA; 9Los Angeles, CA; 10Alfred Hospital, 
Melbourne, Australia; 11American Society of Echocardiography, Durham, NC; 
12Duke University, Durham, NC; 13University of Texas MD Anderson Cancer 
Center, Houston, TX; 14Tripler Army Medical Center, Honolulu, HI; 15Mid Coast-
Parkview Health, Portland, ME; 16Allergan, Houston, TX; 17Hope Central Clinic, 
Seattle, WA; 18Columbia University, New York, NY; 19Vietnamese Society of 
Echocardiography, Ho Chi Minh City, Viet Nam
Background: Small, portable echocardiography devices can improve access to diagnostic 
technology in resource poor settings, especially in lower and middle income countries 
that face growing incidence, morbidity and mortality from cardiovascular disease. 
Methods: Residents of three underserved health districts in rural Vietnam were invited 
to participate in a 1 day cardiovascular outreach, as part of routine village outreaches 
through the Vietnam National Heart Institute (VNHI), in 2015 and 2017. VNHI clinicians 
performed patient interviews, and blood pressure and ECG recordings, and ASE member 
sonographers (n=11) and one VNHI physician performed echocardiography with 
laptop sized devices (M7, Mindray Corp. Shenzhen, China and Vivid IQ and LOGIQ 
V2s, GE Healthcare, Boston, MA). Findings on echocardiography were pre-specifi ed as 
clinically signifi cant or otherwise. ASE member physicians (n=5) and VNHI physicians 
(n=1) immediately interpreted and transcribed fi ndings that were made available to a 
Vietnamese physician consulting with the participants. Results: 653 participants were 
recruited at one site in Dong Anh district and two sites in Th anh Hoa province in 
northern Vietnam. Age of subjects ranged from 1 month, 20 days to 94 years, with 379 
females (58%). Cardiac risk factors included smoking 85/632 (13.4%), family history of 

Poster Session 2 (P2) Monday, June 25, 2018

heart disease 250/637 (39.2%), hypertension 277/635 (43.6%), diabetes 66/636 (10.4%). 
Blood pressure range was 68-203/45-130mmHg. Th ere were 307/637 (48.2%) subjects 
with blood pressure readings >140/90mmHg, and 51/637 (8.0%) subjects with diabetes 
and blood pressure readings >130/80mmHg. In all subjects without cardiac risk factors 
(N=270), 104 (38.5%) had any echo fi ndings, and 43 (15.9%) had signifi cant echo 
fi ndings. Among subjects >16 years of age and without cardiac risk factors (N = 125), 13 
(10.4%) had signifi cant fi ndings, including severe mitral stenosis (N=1), congenital heart 
disease (ASD or VSD, N=4), and left  ventricular systolic dysfunction (N=8). Th ere were 
583/653 subjects (89.3%) with normal ECGs. In this group, 262/583 (44.9%) had any echo 
fi ndings and 110 (18.9%) had signifi cant echo fi ndings. Conclusions: Risk factors and 
ECG screening failed to identify many subjects with important cardiovascular diagnoses 
in rural, medically underserved areas. Echocardiography with small, portable machines 
detects clinically signifi cant fi ndings in this population and may prove benefi cial as a 
standard component of medical outreaches to village health centers.

P2-29
Normative Growth Curves for Inferior Vena Cava and Abdominal 
Aorta
Abdul H. Khan, Mark Lee, Vijaya Joshi. University of Tennessee Memphis, 
Memphis, TN
Background: Diameter of inferior vena cava (IVC) is aff ected by patient age, size, 
hydration status and other factors aff ecting right atrial as well as abdominal pressure. 
Th e descending aorta, showing less capacitance compared to veins, is less aff ected by 
hydration status. Nomograms for these structures in pediatric population are limited. 
A study was performed to establish echocardiographic nomogram for aorta and IVC 
and describe correlation of aorta, IVC as well as IVC/Aorta ratio to height, weight, 
body surface area and patient age. Th ese may then prove a reference in understanding 
increased right atrial fi lling pressures during childhood. Methods: Retrospective review 
of echocardiograms was performed on 360 children presenting to cardiology department 
between 2014 to 2016 and ranging 0 to 18 years in age. Exclusion criteria included history 
of congenital or acquired heart disease, abnormal echocardiogram, abnormal vital signs, 
pregnancy, reported symptoms of vomiting or diarrhea or any illness thought likely to 
infl uence volume status. Maximum IVC diameter was measured during quiet respiration 
in the sagittal plane distal to the hepatic vein- IVC junction. Th e maximum diameter of 
the infradiaphragmatic aorta was also measured in the sagittal plane. Data was collected 
from 20 patients at each age group cohort of 1-18 years. Patients with suboptimal imaging 
for measurements were excluded. Th e correlations between IVC diameter, aortic diameter 
and IVC/Aorta ratio as a function of age, height, weight and BSA were calculated using 
the Spearman rank correlation coeffi  cient. Results: Th ere was statistically signifi cant 
positive correlation between age and the maximum diameter of IVC (P < .01). Th ere was 
statistically signifi cant correlation between age and aortic diameter (P < .01). IVC/aorta 
ratio does not increase linearly with age. Conclusions: Echocardiographic nomogram 
is developed for pediatric patients for aorta and IVC. Normative growth curves were 
developed for aorta and IVC by age, gender and body surface area. Further studies should 
include larger number of subjects for validation of these observation.

P2-30
Simulator Based Formative Assessment of Skill in Bedside Echo 
for Measuring the Learning Curve in Medical Students
Florence H. Sheehan, David M. Elison, Shannon McConnaughey, Rosario 
Freeman. University of Washington, Seattle, WA
Background: Implementation of competence based medical education requires 
assessment of competence. We applied previously validated metrics of psychomotor 
(technical) and cognitive skill in transthoracic echo to assess the rate at which medical 
students learn bedside echo. Methods: Eighteen 1st and 2nd year students elected to take 
a self-paced, simulator-based course with integrated didactic and hands-on training. 
Didactic integration is a structured, stepwise approach to train on normal cases before 
introduction to pathology. Th e parasternal long axis, parasternal short axis at aortic 
valve, parasternal short axis at mitral valve, and apical 4 chamber views were taught and 
assessed. Students took simulator based tests at baseline (pre), aft er 7 cases (interim), 
and aft er 10 cases (post). Psychomotor (technical) skill is measured in terms of the angle 
error between an acquired image and the plane of the anatomically correct image for the 
view. Cognitive skill is judged from multiple choice questions on image interpretation. 
Th ese metrics provided immediate feedback to students to inform them of their progress 
without requiring constant faculty oversight. Students see original patient images that 
morph in real time as the transducer moves on the mannequin. To assess the rate of 
learning the same case was repeatedly presented at pre, interim and post tests. To assess 
students’ ability to apply their learning, the post test included a case that students had not 
scanned before. Results: Th e learning curve was faster for psychomotor than for cognitive 
skill. Psychomotor skill measured from the angle error averaged over all 4 views improved 
from 50 ± 25° (pre) to 21 ± 13° (interim, p < 0.0001 vs. pre) and remained at that level 
at post on both the repeated case (22 ± 15°) and the new case (23 ± 15°). Students’ skill 
in image interpretation improved from 43 ± 41% (pre) to 79 ± 18% (interim, p<0.005 
vs. pre) and 89 ± 21% (post, p = NS vs. interim) when tested on the same case. However 
the score on the new post case (67 ± 26%), although improved from pre (p<0.05), 

was signifi cantly worse than the repeated case. Conclusions: Th is study describes the 
learning curve for both psychomotor and cognitive skill in diagnostic bedside echo. 
Medical students reached a plateau in image acquisition aft er scanning 7 cases, but image 
interpretation was still defi cient aft er 10 cases. Th e simulator-based metrics described are 
useful for formative assessment of the effi  cacy of curricula and the progress of learners in 
an objective and quantitative manner.

P2-31
Arterial Plaque by Point-of-Care Vascular Ultrasound as a Bedside 
Imaging Biomarker to Predict Signi cant Coronary Artery Disease
Laura-Eve Mantella, Kayla Colledanchise, Milena Bullen, Tina Zhu, Marie-
France Hetu, Devon Cole, Wael Abuzeid, Amer Johri. Queen‘s University, 
Kingston, ON, Canada
Background: Coronary artery disease (CAD) is the leading cause of death in North 
America. Angiography is the clinical standard for the diagnosis of CAD, but its invasive 
and costly nature precludes its use as a screening tool. Carotid plaque height and area, 
measured by ultrasound, have been shown to predict CAD. However, the cost of a formal 
carotid ultrasound examination has limited its use as a cardiac risk screening tool. We 
propose a rapid quantifi cation of carotid plaque using hand-held vascular ultrasound as 
a point-of-care biomarker for cardiovascular risk-stratifi cation. Methods: We performed 
a focused vascular carotid ultrasound in 133 patients referred for coronary angiography 
using hand-held (Vscan, GE Healthcare) and conventional (VividE9, GE Healthcare) 
ultrasound devices. Maximum plaque height (MPH) and total plaque area (TPA) of the 
carotid bulbs were measured using offl  ine soft ware (Figure 1). MPH measurements were 
also taken on the Vscan at the point-of-care. In a subset of 20 patients, inter-rater reliability 
was assessed. All procedures were conducted and interpreted by investigators blinded 
to the angiogram results. Results: Point-of-care and soft ware-based measurements of 
MPH using the Vscan correlated well to conventional ultrasound (r=0.85, p<0.0001; 
r=0.84, p<0.0001). Similarly, Vscan measurements of TPA correlated well to conventional 
ultrasound (r=0.94, p<0.0001). MPH and TPA measured using Vscan soft ware were 
increased in patients with signifi cant CAD (≥50% stenosis) (2.9±0.8 mm vs. 2.2±0.8 
mm, p<0.001; 71±60 mm2 vs. 42±30 mm2, p=0.0002). Point-of-care measurements of 
MPH were also increased in patients with signifi cant CAD (2.8±0.8 mm vs. 2.2±0.7 mm, 
p<0.0001). Th e intraclass correlation coeffi  cients for MPH and TPA by Vscan indicated 
good inter-rater reliability. Conclusion: Th is study demonstrates that a focused carotid 
ultrasound using a hand-held device has the potential to provide an expedited, accurate, 
and cost-eff ective point-of-care imaging biomarker for clinical risk stratifi cation.

Figure 1 MPH and TPA using hand-held and conventional ultrasound systems. 
Measurements of A) MPH taken on the Vscan system at the point-of-care, B) MPH and 
TPA taken on Vscan offl  ine soft ware, and C) MPH and TPA taken using a conventional 
ultrasound offl  ine soft ware.

P2-32
Prognostic Value of Quick-Look Cardiac Ultrasound Signs: 
Evidence-Basis for a Simple Point-of-Care Exam to Re ne Referral 
for Outpatient Echocardiography
Paul J. Han1, Ben T. Tsai2, Julie W. Martin2, William D. Keen2, Jill Waalen3, Bruce 
J. Kimura1. 1Scripps Mercy Hospital, San Diego, CA; 2Kaiser Permanente, San 
Diego, CA; 3Th e Scripps Research Institute, La Jolla, CA
Background: Point-of-care ultrasound (POCUS) techniques can rapidly detect life-
threatening disease, facilitate triage, and direct cost-eff ective downstream testing in 
emergency medicine. However, few outcome data exist in outpatient medicine that 
evaluate specifi c cardiac POCUS techniques, such as those that detect elevated cardiac 
fi lling pressures, for their ability to risk stratify patients and aff ect echo referral. Th erefore, 
we examined standard outpatient echo studies for 2 “quick-look” ultrasound signs 
of left  atrial enlargement and inferior vena cava plethora already contained therein, 
and whether these POCUS signs were associated with mortality. Methods: In a large 
healthcare system, we reviewed the initial echo studies, performed 5.5 years previously, 
and subsequent electronic health records of 240 consecutive outpatients for the presence 
of 2 nonquantitative signs recorded within each study’s standard imaging protocol: 
LAE+, when the left  atrium appeared larger than the overlying aorta in diastole in the 
parasternal long-axis view and, IVC+, when the IVC appeared dilated and its diameter 
did not vary 50% with inspiration in the subcostal view. Associations of LAE+, IVC+ and 
clinical variables (age, gender, coronary disease, hypertension, stroke, COPD, diabetes, 
renal failure, and whether the echo was referred by a cardiologist or noncardiologist) 
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post-boot camp from 76.4 to 83.8% (a 7.4 % increase). Th eir post-boot camp knowledge 
assessment scores were higher than categorical fellows entering their second fellowship 
year (83.8% vs 79.9%), and were closer to those entering third year (86.8%). Faculty 
evaluations at 6-month post boot camp have shown superior imaging performance of the 
fi rst year fellows, with a perceived reduction in the need for sonographer back-up on call 
compared to prior year. Conclusion: Th e development of a comprehensive curriculum-
based boot camp using multiple educational strategies resulted in superior performance 
of novice fi rst year categorical fellows compared to those who did not undergo the boot 
camp the year prior. In terms of imaging skills, there was a marked decrease in time 
needed to achieve the performance of a full complete scan per standard protocol. Th ere 
was an increase in knowledge to a level comparable to current fellows in more advanced 
stages of training.

P2-26
Echocardiographic Detection of LVAD Malfunction using Out ow 
Cannula Velocity Measurements: Does Device Type Matter?
Eric Kruse, Karima Addetia, Victor Mor-Avi, Gabriel Sayer, Takeyoshi Ota, 
Valluvan Jeevanandam, Nir Uriel, Roberto M. Lang. University of Chicago, 
Chicago, IL
Background: Echocardiographic assessment of the left  ventricular assist device (LVAD) 
includes Doppler interrogation of the outfl ow cannula (OTC) to screen for malfunction. 
Th e OTC is anastomosed to the ascending aorta and conducts blood from the LVAD 
pump to the systemic aorta. Elevated Doppler echocardiography-derived peak fl ow 
velocity in the OTC can signal obstructed fl ow or cannula malposition. Recently, a new 
LVAD (HeartMate (HM) III) has been FDA approved. Th ere are no cut-off  values to 
identify abnormally high OTC velocities in this type of LVAD. We sought to establish 
the normal range for OTC velocities for the HMIII and compare them with those for 
the HMII and HeartWare (HVAD). Methods: 61 patients with LVADs (HMII=35; 
HVAD=16; HMIII=10) underwent transthoracic echocardiograms (TTE) with OTC 
assessment from the right parasternal approach. Continuous wave (CW) Doppler peak 
velocity of the LVAD OTC was measured. Of the 61, 55 had normally functioning LVADs 
and were used to generate the normal range of OTC velocity (defi ned as ± 2SD around the 
mean). Results: Mean OTC peak velocity was 1.9±0.4 m/s (HMII), 2.4±0,5m/s (HVAD) 
and 1.3±0.3m/s (HMIII) with upper reference limits of 2.7m/s (HMII), 3.3 m/s (HVAD) 
and 1.8m/s (HMIII). OTC velocities were signifi cantly diff erent between LVAD types 
(p<0.01). Five patients had peak OTC velocities above the respective reference limits 
(Figure, black dots). OTC malfunction was confi rmed in all these patients: Two (HMII) 
had a visible “kink” on CT scan, two (HVAD) had OTC narrowing and 1 (HVAD) had 
OTC thrombosis. One patient with a HMII had OTC velocity within the reference range 
(2.3 m/s) but was diagnosed with OTC malfunction. On cardiac catheterization this 
patient had 50% OTC stenosis. Conclusions: In our cohort of patients with normally 
functioning LVADs mean OTC velocities were highest in HVAD>HMII>HMIII. Th is 
data suggests that a single reference limit may not be applicable to all LVAD devices. 
In order to diagnose OTC malfunction, the reference limits of the specifi c LVAD type 
should be used.

P2-27
Hospitalist Use of Point-Of-Care Cardiac Ultrasound in an Expert-
Collaborative Model: Demonstration of Accuracy and Fiscal 
Viability in an Internal Medicine Residency
Kenneth R. Stevens, III, David J. Shaw, Stan A. Amundson, James N. Phan, 
Maria G. Welsh, Bruce J. Kimura. Scripps Mercy Hospital, San Diego, CA
Background: Although point-of-care ultrasound(POCUS) may improve initial diagnosis 
of the acutely-ill medical patient, barriers to its use include integration, training and 
cost. Using trained residents, we sought to observe the frequency, accuracy, and fi nancial 
impact of cardiac POCUS by an admitting physician carrying a convenient pocket-
sized device(PSD). Methods: At a 300-bed hospital, we teach and monitor the use of 
POCUS as a part of internal medicine residency, which aff orded the observation of use of 
PSDs provided to consecutive residents during a hospitalist rotation from convenience-
sampled shift s (n=1200 admissions). All residents (n=48) had previously undergone 
1-year of training in cardiac limited ultrasound examination (CLUE) and imaged patients 
at their own discretion during the rotation. In an accuracy substudy of 21 consecutive 
residents performing 252 CLUEs, a cardiologist used a PSD to re-image patients who 
had undergone imaging by the resident. Th e self-reported results of the residents were 
compared to the cardiologist’s gold-standard for CLUE signs (LV dysfunction, left  atrial 
enlargement, lung comets and eff usions, and elevated CVP). To evaluate fi nancial impact, 
the reimbursement for the professional component of limited echo was tracked aft er 
submission of consecutive cardiologist-CLUEs. Using the average volume from the usage 
database and average collection (in dollars) per CLUE from the billing data, we projected 
overall monthly return for a “shared” device, assuming a hand-off  model between 3 
hospitalists with 24h continual coverage. Results: In the usage database, over the 285 
eight-hour shift s sampled, 48 residents performed 485 CLUEs on 1200 admissions (4.8 
admissions/shift ; 1.9 CLUEs performed/shift ) for a mean(±SD) usage of 40%±17%. 
Mean resident accuracy was 82%. Residents were most accurate (86%) at detecting LV 
dysfunction, and least accurate (78%) for elevated CVP. For the billing subanalysis, 141 
patients were re-imaged by the cardiologist: 9 had no medical necessity, 132 claims were 
submitted and 122(91%) of those claims were paid. Overall average return was $23.84/
CLUE application. Assuming a 15% billing overhead, a return of $3465/mo was projected 
for a shared device. Conclusion: Trained physicians in a hospitalist role oft en employ 
cardiac POCUS with suffi  cient accuracy and indication during medical admissions, 
using a pocket-sized device. With cardiologist collaboration, hospitalist POCUS could 
have diagnostic errors recognized, recoup remuneration that can off set training and 
equipment costs, and potentially improve patient care.

P2-28
Risk Factors, ECG and Small, Portable Echocardiography in 
Vietnam: A Report from ASE-Vietnam National Heart Institute 
Outreach Events
Hoai T. T. Nguyen1, Le T. T1, Keith A. Collins2, Barry B. Canaday3, Gregory H. 
Tatum4, Susan A. Mayer5, Eric L. Bonno6, Jennifer Mercandetti7, Michelle C. 
Fujioka8, Carol M. Mortier9, Debra A. Herring10, Andrea M. Van Hoever11, David 
Adams12, Liza Y. Sanchez13, Nova Sprague13, Jill Inafuku14, Rachel Quang15, Tu 
Nguyen16, Th anh G. Kirkpatrick17, Rebecca Hahn18, Jose Banchs13, Loi Do Doan1, 
Vinh N. Pham19, James N. Kirkpatrick8. 1Vietnam National Heart Institute, 
Hanoi, Viet Nam; 2Froedtert/Medical College of Wisconsin, Milwaukee, WI; 
3Oregon Institute of Technology, Klamath Falls, OR; 4Duke University Medical 
Center, Durham, NC; 5Johns Hopkins University, Baltimore, MD; 6Greenville 
Health System, Greenville, SC; 7University of Colorado Hospital, Denver, CO; 
8University of Washington, Seattle, WA; 9Los Angeles, CA; 10Alfred Hospital, 
Melbourne, Australia; 11American Society of Echocardiography, Durham, NC; 
12Duke University, Durham, NC; 13University of Texas MD Anderson Cancer 
Center, Houston, TX; 14Tripler Army Medical Center, Honolulu, HI; 15Mid Coast-
Parkview Health, Portland, ME; 16Allergan, Houston, TX; 17Hope Central Clinic, 
Seattle, WA; 18Columbia University, New York, NY; 19Vietnamese Society of 
Echocardiography, Ho Chi Minh City, Viet Nam
Background: Small, portable echocardiography devices can improve access to diagnostic 
technology in resource poor settings, especially in lower and middle income countries 
that face growing incidence, morbidity and mortality from cardiovascular disease. 
Methods: Residents of three underserved health districts in rural Vietnam were invited 
to participate in a 1 day cardiovascular outreach, as part of routine village outreaches 
through the Vietnam National Heart Institute (VNHI), in 2015 and 2017. VNHI clinicians 
performed patient interviews, and blood pressure and ECG recordings, and ASE member 
sonographers (n=11) and one VNHI physician performed echocardiography with 
laptop sized devices (M7, Mindray Corp. Shenzhen, China and Vivid IQ and LOGIQ 
V2s, GE Healthcare, Boston, MA). Findings on echocardiography were pre-specifi ed as 
clinically signifi cant or otherwise. ASE member physicians (n=5) and VNHI physicians 
(n=1) immediately interpreted and transcribed fi ndings that were made available to a 
Vietnamese physician consulting with the participants. Results: 653 participants were 
recruited at one site in Dong Anh district and two sites in Th anh Hoa province in 
northern Vietnam. Age of subjects ranged from 1 month, 20 days to 94 years, with 379 
females (58%). Cardiac risk factors included smoking 85/632 (13.4%), family history of 
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heart disease 250/637 (39.2%), hypertension 277/635 (43.6%), diabetes 66/636 (10.4%). 
Blood pressure range was 68-203/45-130mmHg. Th ere were 307/637 (48.2%) subjects 
with blood pressure readings >140/90mmHg, and 51/637 (8.0%) subjects with diabetes 
and blood pressure readings >130/80mmHg. In all subjects without cardiac risk factors 
(N=270), 104 (38.5%) had any echo fi ndings, and 43 (15.9%) had signifi cant echo 
fi ndings. Among subjects >16 years of age and without cardiac risk factors (N = 125), 13 
(10.4%) had signifi cant fi ndings, including severe mitral stenosis (N=1), congenital heart 
disease (ASD or VSD, N=4), and left  ventricular systolic dysfunction (N=8). Th ere were 
583/653 subjects (89.3%) with normal ECGs. In this group, 262/583 (44.9%) had any echo 
fi ndings and 110 (18.9%) had signifi cant echo fi ndings. Conclusions: Risk factors and 
ECG screening failed to identify many subjects with important cardiovascular diagnoses 
in rural, medically underserved areas. Echocardiography with small, portable machines 
detects clinically signifi cant fi ndings in this population and may prove benefi cial as a 
standard component of medical outreaches to village health centers.

P2-29
Normative Growth Curves for Inferior Vena Cava and Abdominal 
Aorta
Abdul H. Khan, Mark Lee, Vijaya Joshi. University of Tennessee Memphis, 
Memphis, TN
Background: Diameter of inferior vena cava (IVC) is aff ected by patient age, size, 
hydration status and other factors aff ecting right atrial as well as abdominal pressure. 
Th e descending aorta, showing less capacitance compared to veins, is less aff ected by 
hydration status. Nomograms for these structures in pediatric population are limited. 
A study was performed to establish echocardiographic nomogram for aorta and IVC 
and describe correlation of aorta, IVC as well as IVC/Aorta ratio to height, weight, 
body surface area and patient age. Th ese may then prove a reference in understanding 
increased right atrial fi lling pressures during childhood. Methods: Retrospective review 
of echocardiograms was performed on 360 children presenting to cardiology department 
between 2014 to 2016 and ranging 0 to 18 years in age. Exclusion criteria included history 
of congenital or acquired heart disease, abnormal echocardiogram, abnormal vital signs, 
pregnancy, reported symptoms of vomiting or diarrhea or any illness thought likely to 
infl uence volume status. Maximum IVC diameter was measured during quiet respiration 
in the sagittal plane distal to the hepatic vein- IVC junction. Th e maximum diameter of 
the infradiaphragmatic aorta was also measured in the sagittal plane. Data was collected 
from 20 patients at each age group cohort of 1-18 years. Patients with suboptimal imaging 
for measurements were excluded. Th e correlations between IVC diameter, aortic diameter 
and IVC/Aorta ratio as a function of age, height, weight and BSA were calculated using 
the Spearman rank correlation coeffi  cient. Results: Th ere was statistically signifi cant 
positive correlation between age and the maximum diameter of IVC (P < .01). Th ere was 
statistically signifi cant correlation between age and aortic diameter (P < .01). IVC/aorta 
ratio does not increase linearly with age. Conclusions: Echocardiographic nomogram 
is developed for pediatric patients for aorta and IVC. Normative growth curves were 
developed for aorta and IVC by age, gender and body surface area. Further studies should 
include larger number of subjects for validation of these observation.

P2-30
Simulator Based Formative Assessment of Skill in Bedside Echo 
for Measuring the Learning Curve in Medical Students
Florence H. Sheehan, David M. Elison, Shannon McConnaughey, Rosario 
Freeman. University of Washington, Seattle, WA
Background: Implementation of competence based medical education requires 
assessment of competence. We applied previously validated metrics of psychomotor 
(technical) and cognitive skill in transthoracic echo to assess the rate at which medical 
students learn bedside echo. Methods: Eighteen 1st and 2nd year students elected to take 
a self-paced, simulator-based course with integrated didactic and hands-on training. 
Didactic integration is a structured, stepwise approach to train on normal cases before 
introduction to pathology. Th e parasternal long axis, parasternal short axis at aortic 
valve, parasternal short axis at mitral valve, and apical 4 chamber views were taught and 
assessed. Students took simulator based tests at baseline (pre), aft er 7 cases (interim), 
and aft er 10 cases (post). Psychomotor (technical) skill is measured in terms of the angle 
error between an acquired image and the plane of the anatomically correct image for the 
view. Cognitive skill is judged from multiple choice questions on image interpretation. 
Th ese metrics provided immediate feedback to students to inform them of their progress 
without requiring constant faculty oversight. Students see original patient images that 
morph in real time as the transducer moves on the mannequin. To assess the rate of 
learning the same case was repeatedly presented at pre, interim and post tests. To assess 
students’ ability to apply their learning, the post test included a case that students had not 
scanned before. Results: Th e learning curve was faster for psychomotor than for cognitive 
skill. Psychomotor skill measured from the angle error averaged over all 4 views improved 
from 50 ± 25° (pre) to 21 ± 13° (interim, p < 0.0001 vs. pre) and remained at that level 
at post on both the repeated case (22 ± 15°) and the new case (23 ± 15°). Students’ skill 
in image interpretation improved from 43 ± 41% (pre) to 79 ± 18% (interim, p<0.005 
vs. pre) and 89 ± 21% (post, p = NS vs. interim) when tested on the same case. However 
the score on the new post case (67 ± 26%), although improved from pre (p<0.05), 

was signifi cantly worse than the repeated case. Conclusions: Th is study describes the 
learning curve for both psychomotor and cognitive skill in diagnostic bedside echo. 
Medical students reached a plateau in image acquisition aft er scanning 7 cases, but image 
interpretation was still defi cient aft er 10 cases. Th e simulator-based metrics described are 
useful for formative assessment of the effi  cacy of curricula and the progress of learners in 
an objective and quantitative manner.

P2-31
Arterial Plaque by Point-of-Care Vascular Ultrasound as a Bedside 
Imaging Biomarker to Predict Signi cant Coronary Artery Disease
Laura-Eve Mantella, Kayla Colledanchise, Milena Bullen, Tina Zhu, Marie-
France Hetu, Devon Cole, Wael Abuzeid, Amer Johri. Queen‘s University, 
Kingston, ON, Canada
Background: Coronary artery disease (CAD) is the leading cause of death in North 
America. Angiography is the clinical standard for the diagnosis of CAD, but its invasive 
and costly nature precludes its use as a screening tool. Carotid plaque height and area, 
measured by ultrasound, have been shown to predict CAD. However, the cost of a formal 
carotid ultrasound examination has limited its use as a cardiac risk screening tool. We 
propose a rapid quantifi cation of carotid plaque using hand-held vascular ultrasound as 
a point-of-care biomarker for cardiovascular risk-stratifi cation. Methods: We performed 
a focused vascular carotid ultrasound in 133 patients referred for coronary angiography 
using hand-held (Vscan, GE Healthcare) and conventional (VividE9, GE Healthcare) 
ultrasound devices. Maximum plaque height (MPH) and total plaque area (TPA) of the 
carotid bulbs were measured using offl  ine soft ware (Figure 1). MPH measurements were 
also taken on the Vscan at the point-of-care. In a subset of 20 patients, inter-rater reliability 
was assessed. All procedures were conducted and interpreted by investigators blinded 
to the angiogram results. Results: Point-of-care and soft ware-based measurements of 
MPH using the Vscan correlated well to conventional ultrasound (r=0.85, p<0.0001; 
r=0.84, p<0.0001). Similarly, Vscan measurements of TPA correlated well to conventional 
ultrasound (r=0.94, p<0.0001). MPH and TPA measured using Vscan soft ware were 
increased in patients with signifi cant CAD (≥50% stenosis) (2.9±0.8 mm vs. 2.2±0.8 
mm, p<0.001; 71±60 mm2 vs. 42±30 mm2, p=0.0002). Point-of-care measurements of 
MPH were also increased in patients with signifi cant CAD (2.8±0.8 mm vs. 2.2±0.7 mm, 
p<0.0001). Th e intraclass correlation coeffi  cients for MPH and TPA by Vscan indicated 
good inter-rater reliability. Conclusion: Th is study demonstrates that a focused carotid 
ultrasound using a hand-held device has the potential to provide an expedited, accurate, 
and cost-eff ective point-of-care imaging biomarker for clinical risk stratifi cation.

Figure 1 MPH and TPA using hand-held and conventional ultrasound systems. 
Measurements of A) MPH taken on the Vscan system at the point-of-care, B) MPH and 
TPA taken on Vscan offl  ine soft ware, and C) MPH and TPA taken using a conventional 
ultrasound offl  ine soft ware.
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Prognostic Value of Quick-Look Cardiac Ultrasound Signs: 
Evidence-Basis for a Simple Point-of-Care Exam to Re ne Referral 
for Outpatient Echocardiography
Paul J. Han1, Ben T. Tsai2, Julie W. Martin2, William D. Keen2, Jill Waalen3, Bruce 
J. Kimura1. 1Scripps Mercy Hospital, San Diego, CA; 2Kaiser Permanente, San 
Diego, CA; 3Th e Scripps Research Institute, La Jolla, CA
Background: Point-of-care ultrasound (POCUS) techniques can rapidly detect life-
threatening disease, facilitate triage, and direct cost-eff ective downstream testing in 
emergency medicine. However, few outcome data exist in outpatient medicine that 
evaluate specifi c cardiac POCUS techniques, such as those that detect elevated cardiac 
fi lling pressures, for their ability to risk stratify patients and aff ect echo referral. Th erefore, 
we examined standard outpatient echo studies for 2 “quick-look” ultrasound signs 
of left  atrial enlargement and inferior vena cava plethora already contained therein, 
and whether these POCUS signs were associated with mortality. Methods: In a large 
healthcare system, we reviewed the initial echo studies, performed 5.5 years previously, 
and subsequent electronic health records of 240 consecutive outpatients for the presence 
of 2 nonquantitative signs recorded within each study’s standard imaging protocol: 
LAE+, when the left  atrium appeared larger than the overlying aorta in diastole in the 
parasternal long-axis view and, IVC+, when the IVC appeared dilated and its diameter 
did not vary 50% with inspiration in the subcostal view. Associations of LAE+, IVC+ and 
clinical variables (age, gender, coronary disease, hypertension, stroke, COPD, diabetes, 
renal failure, and whether the echo was referred by a cardiologist or noncardiologist) 
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with all-cause mortality were assessed in univariate and multivariable models. Results: 
Patient age was 61.9 (+17.4) years; 48.4% were female. Th e prevalence of LAE+, IVC+, 
and either sign were 43%, 10% and 46%, respectively. Mortality at 5.5 years was 14.6%, 
(35/240) overall, 23% in patients with LAE+ (OR 3.5 [1.6, 7.6]), 25% with IVC+(OR 2.2 
[0.8, 6.0]), and 21% with either sign(OR 3.0 [1.4, 6.4]). In those lacking LAE+, overall 
mortality was 8.0%(11/136) (OR 0.3 [0.2, 0.7]). Aft er adjusting for age, only diabetes (OR 
4.8 [2.0, 11.6]) and LAE+ (OR 2.4 [1.1, 5.4]) remained associated with mortality (p<0.05). 
In this outpatient cohort already referred for echocardiography, the absence of LAE+, 
diabetes and advanced age (≥65 years) identifi ed a sizable subgroup, 81/240 (33% of 
total), with a particularly low, 1.2% (1/81) 5.5-year mortality. Conclusions: A quick-look 
sign of left  atrial enlargement is associated with an increased, 23%, 5.5-year mortality 
and could be employed as an easily-learned POCUS exam to help stratify patient risk 
and refi ne outpatient echo referral. In particular, the lack of the LAE+ sign may be useful 
in decision-making when echo resources are limited or when clinical suspicion is low.

P2-33
Acute Respiratory Distress Syndrome Associated with Elevated 
Pulmonary Vascular Resistance
Alexander Papolos. UCSF, San Francisco, CA
Background: Alveolar infl ammation and non-cardiogenic pulmonary edema that impairs 
gas exchange are the key features of Acute Respiratory Distress Syndrome (ARDS). In 
this disease state, the fraction of each tidal breath that participates in gas exchange is 
reduced, amounting to an increase in pulmonary dead space ventilation. In an eff ort 
to balance alveolar perfusion and ventilation, pulmonary arterial beds vasoconstrict to 
divert deoxygenated blood to healthy alveolar units, a term called hypoxic pulmonary 
vasoconstriction. Previous studies of ARDS have shown that an increase in pulmonary 
dead space ventilation is associated with higher mortality and right ventricular 
dysfunction (Cepkova et al., 2007; Nuckton, 2002). However, no study has characterized 
the relationship between pulmonary dead space, pulmonary vascular resistance (PVR), 
and right ventricular function throughout the clinical course of ARDS. Methods: Th is 
is a prospective observational case series examining the association between pulmonary 
dead space ventilation and PVR in critically ill patients with ARDS requiring mechanical 
ventilation. Subjects underwent serial non-invasive measurement of right ventricular 
function, pulmonary vascular hemodynamics, and pulmonary dead space ventilation 
fraction on days 0, 2, and 5 of enrollment. Th e primary predictor for this analysis was 
the relationship between change in pulmonary dead space and PVR, determined by 
unadjusted linear regression. PVR was derived via the Abbass formula using the ratio of 
the tricuspid regurgitation jet velocity to the right ventricular outfl ow track velocity time 
integral (Abbas, 2013). Pulmonary dead space fraction was calculated by the Enghoff  
modifi cation of the Bohr equation using the partial pressure of mixed-expired and 
arterial CO2. Results: In this analysis of serial observations in our fi rst 18 subjects, there 
was a signifi cant positive correlation between pulmonary dead space fraction and PVR 
(r=0.64, p=0.0013). On average, PVR increased by 0.2 woods units for every 10% increase 
in absolute pulmonary dead space fraction (95% C.I. 0.08-0.29, p=0.001). Conclusions: 
ARDS is associated with increased pulmonary dead space ventilation and a moderate 
increase in pulmonary vascular resistance, which likely contributes to the high incidence 
of ARDS related right ventricular dysfunction. We speculate that this correlation is due to 
hypoxic pulmonary vasoconstriction and/or pulmonary vascular injury. Further research 
to determine the eff ect of ARDS on right ventricular function is warranted.

P2-34
Feasibility of Contrast Enhanced Hand Held Echocardiography in 
the Cardiovascular Critical Care Unit
Gail K. Jones, Erin Boehm, Lidija McGrath, Sriram Ravi, Ryan C. Van Woerkom, 
Stephen B. Heitner. Oregon Health & Science University, Portland, OR
Background: Echocardiography is the cornerstone for cardiovascular imaging in the 
critical care unit. Focused cardiac ultrasound using hand-held echocardiography (HHE) 
devices has been shown to be an eff ective means for the acquisition of critical information 
aiding clinical decision-making. Patients within the cardiovascular intensive care unit 
(CVICU) are among the most technically challenging from an imaging standpoint, 
necessitating contrast echocardiography with left  ventricular opacifi cation (LVO). We 
sought to evaluate the feasibility of using hand-held echocardiography (HHE) with LVO 
in the CVICU. We further hypothesized that cardiology trainees would be suffi  ciently 
skilled in order to obtain diagnostic images. Methods: We conducted a prospective, 
single-center blinded, comparative study in our CVICU. Subjects undergoing a clinically 
indicated, standard-of-care echocardiogram (SCE), where LVO was deemed necessary, 
were consented for participation. Parasternal and apical images, with and without 
LVO, were obtained by a trainee and stored anonymously. Left  ventricular wall motion 
was divided into 7 territories including anterior, anteroseptal, inferoseptal, inferior, 
inferolateral, anterolateral, and the apex. Left  ventricular ejection fraction (LVEF) and 
left  ventricular wall motion were reported by the trainee and separately by a board-
certifi ed cardiologist, both blinded to the SCE results. Th e non-contrast and LVO 
enhanced LVEF from the trainee and the cardiologist were compared using Pearson’s 
correlation coeffi  cient as was the LVO enhanced LVEF to the SCE LVEF. Th e number 
of territories able to be assessed was compared between the non-contrast and the LVO 

enhanced images. Results: 44 subjects were included (27% with cardiogenic shock and 
16% aft er cardiac surgery). Th e most common indication for the SCE was for assessment 
of LVEF (48%). HHE performed very well in novice hands with good agreement between 
the trainees and the cardiologist (r = 0.79 for non-contrast images and 0.84 for LVO 
enhanced HHE). Th ere was excellent correlation with SCE when LVO was added to HHE 
(trainee r = 0.90, cardiologist r = 0.84). More territories were able to be assessed with 
addition of LVO to HHE (72% improved to 91% for trainees, 72% improved to 96% for 
the cardiologist). Conclusion: Despite the technical challenges in CVICU patients, we 
demonstrated that LVO enhanced HHE is a feasible option for the evaluation of LVEF. We 
believe that this technology will enable more rapid availability of diagnostic information 
for these critically ill patients. Further study of LVO enhanced HHE is needed.
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Improving the Ef ciency of Cardiac Ultrasound Training by 
Integrating Scaffolding and Deliberate Practice
Shannon M. McConnaughey, Rosario V. Freeman, Florence H. Sheehan. 
University of Washington Hospitals, Seattle, WA
Background: As the use of focused cardiac ultrasound (FoCUS) spreads, there is a 
growing need for effi  cient, eff ective training in this modality across a variety of graduate 
and postgraduate medical education settings. Methods: We created a simulator-based 
FoCUS curriculum using the principles of instructional scaff olding and deliberate 
practice to help guide the novice’s learning eff orts and moderate the cognitive load of 
this complex learning task. Th e process of acquiring and interpreting cardiac ultrasound 
images was broken into discrete steps, with focused didactic information immediately 
followed by targeted simulator practice for each module. Practice complexity increased 
through successive modules, and learners ultimately applied their skills by completing 
unassisted simulator cases that involved basic cardiac pathology. Immediate visual and 
quantitative feedback was provided by the simulator during practice. Th is scaff olded 
curriculum was then compared to a previously validated, traditional didactic-before-
practice curriculum in a randomized study of cardiothoracic surgery residents and 
cardiac nurse practitioners. Both curricula were simulator-based, entirely self-guided, 
and contained a similar number of practice cases. Pre- and post-training tests assessed 
technical skill in image acquisition using simulator scanning cases and cognitive skill 
in image interpretation using multiple choice questions (MCQ). Results: Twenty-four 
learners were included in this study: 11 in the traditional curriculum group and 13 in the 
scaff olded curriculum group. Compared to the traditional curriculum, the completion 
rate was signifi cantly higher for the scaff olded curriculum (92% vs 45% of learners, 
p<.00001), and the scaff olded curriculum decreased completion time from 9.2 ± 6.5 hrs 
(n=5) to 5.4 ± 2.3 hrs (n=12, p=.08). Although the low completion rate of the traditional 
curriculum precluded statistical comparison of outcomes between groups, achievement 
of cognitive and technical skills was comparable in both curricula (Table 1). Conclusions: 
Compared to a didactic-before-practice approach, a curriculum utilizing scaff olding and 
deliberate practice improves learning effi  ciency and helps more novices achieve basic 
skills in FoCUS image acquisition and interpretation.

Pre- and Post-training skills outcomes. Values are mean ± SD.
Pre-training Post-training P value

Traditional curriculum (n=5)
Cognitive skill (mean % correct on MCQ) 45 ± 17 65 ± 13 .01
Technical skill (mean angle error in degrees) 31 ± 22 22 ± 20 .17
Scaff olded curriculum (n=12)
Cognitive skill (mean % correct on MCQ) 38 ± 20 69 ± 16 .002
Technical skill (mean angle error in degrees) 46 ± 31 24 ± 14 .005
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Safety and Ef cacy of Intra-myocardial Septal Radiofrequency 
Ablation for Hypertrophic Obstructive Cardiomyopathy
Liwen Liu1, Lei Zuo1, Jinzhou Zhang2, Mengyao Zhou1, Bo Xu2, Rebeccca T. 
Hahn3, Martin B. Leon3, Junbo Ge4, Xiaodong Zhou1, Jun Zhang1, Shuping Ge5, 
Lize Xiong6. 1Xijing Hypertrophic Cardiomyopathy Center, Ultrasound, Xijing 
Hospital, Fourth Military Medical University, Xi‘an, China; 2Department of 
Cardiac Surgery, Xijing Hospital, Fourth Military Medical University, Xi‘an, 
China; 3Columbia University Medical Center/New York Presbyterian Hospital, 
New York, NY; 4Shanghai Institute of Cardiovascular Diseases, Zhongshan 
Hospital, Shanghai Medical College of Fudan University, Shanghai, China; 
5Department of Cardiology, St. Christopher‘s Hospital for Children, Drexel 
University College of Medicine, Philadelphia, PA; 6Department of Anesthesiology, 
Xijing Hospital, Fourth Military Medical University, Xi‘an, China
Background: For patients with disabling symptoms due to hypertrophic obstructive 
cardiomyopathy (HOCM), Liwen procedure by percutaneous intra-myocardial septal 
radiofrequency ablation may be a less-invasive therapy option. Th e purpose of this 
study is to evaluate the safety, effi  cacy, and median-term outcomes of Liwen procedure. 
Methods: Fift een consecutive patients with HOCM and drug-refractory symptoms 
underwent the Liwen procedure. Th ese patients were assessed by imaging examination, 
electrocardiographic, and blood biochemistry test examination aft er a median follow-up 
of ≥ 6 months. Results: At six months follow-up, patients had signifi cant improvements 
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in peak left  ventricular outfl ow tract (LVOT) gradients (resting gradient, from 
91.53±26.82 to 12.47±6.96 mm Hg, P<0.001; stress-induced gradient, from 143.57±67.21 
to 31.06±16·6 mm Hg, P<0.001), and interventricular septum (IVS) thickness (anterior 
IVS, from 24.64±4.64 to 14.15±2.38 mm, P<0.001; posterior IVS, from 24.13±4.78 
to 13.79±2.81 mm, P<0.001). Th e reduction in IVS thickness and LVOT gradient was 
associated with improvement in New York Heart Association class (from 2.60±0.51 to 
1.00±0.00, P<0.001), total exercise time (from 6.67±1.63 to 9.60±1.84 min, P<0.001), the 
wave amplitude of Rv5+Sv1 (from 4.62±2.11 to 3.67±1.82 mV, P=0.023) , and pro-BNP 
levels (from 868.34±566.93 to 233.64±217.48 pg/ml, P=0.026). No patient had bundle 
branch block or complete heart block. Conclusions: Liwen procedure is a safe and 
effi  cacious treatment of symptomatic HOCM that leads to a persistent reduction in LVOT 
gradients and sustained functional improvement.
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Analysis of Aortic Stenosis using Arti cial Intelligence
David Playford1, Edward Bordin2, Lyle Talbot2, Razali Mohamad2, Bonita 
Anderson3, Geoff  Strange1. 1University of Notre Dame, Perth, Australia; 2Alerte 
Echo IQ, Perth, Australia; 3Th e Prince Charles Hospital, Brisbane, Australia
Introduction: Echocardiographic (echo) evaluation of aortic stenosis (AS) requires 
measurements from multiple acoustic windows. Left  ventricular outfl ow tract (LVOT) 
measurements are prone to error and variability, and are compounded in the aortic valve 
area (AVA) calculation which relies on multiplying and squaring the LVOT dimension. 
We evaluated whether artifi cial intelligence (AI) could impute the AVA from other 
echocardiographic data, without the need for any LVOT measurements but maintaining 
reproducibility. Method: We hypothesised that an AI model would use the phenotypic 
response of the heart to AS to generate a model to predict the AVA. Using data from 
the National Echo Database Australia (NEDA), we extracted 530,884 echocardiograms 
from 358,661 participants, with over 18,255,238 individual data points. Using a random 
70% subset of the data we produced an AI model using multidimensional clusters, taught 
using the continuity equation and the known cardiac response to AS. Because of the 
real-world nature of the data, missing data was imputed using a multiple imputation 
model to build a complete data set. Results: Using duplicate data and withholding single 
parameters across the data set, the trained model imputed the missing data and showed 
minimal imputation error. Th e trained model was then tested against the remaining 30% 
of the data not previously seen by the AI, and again showed minimal imputation error. We 
then completely removed all LVOT measurements (velocity, gradient and diameter) and 
the AVA from the test set (n=24,748 studies), and asked the AI to predict the LVOT and 
AVA measurements. Severe AS was defi ned as AVA<1cm2. Th e predicted AVA was then 
compared with the calculated AVA. Th e area under the receiver-operating characteristic 
curve (AUCROC) was 0.95, and area under the precision recall curve (AUCPR) was 
0.73. Severe AS was present in 1834 studies (7.4%). Th e model performed equally well in 
impaired ejection fraction (EF<50%, 1391 studies, 10% with severe AS: AUCROC=0.96, 
AUCPR=0.78; EF<35%, 426 studies, 10% with severe AS: AUCROC=0.94, AUCPR=0.76). 
Conclusion: We have developed an AI system that completely removes the need for 
LVOT measurements in evaluation of AS. Our model performs equally in normal and 
impaired left  ventricular (LV) systolic function, including severe LV dysfunction. Benefi ts 
of “smart” echo may include improved effi  ciency, and reduced study duration, cost and 
risk of sonographer injury.
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Acoustically Active Needle and Cannula for Navigation by 
Conventional Color Doppler Ultrasound Imaging
Marek Belohlavek1, Minako Katayama1, Veronica Vaitkus1, Kayvan Shamsa1, 
Jason Grabham2, Bryan Sandweiss2. 1Mayo Clinic, Scottsdale, AZ; 2Phoenix 
Children‘s Hospital, Phoenix, AZ
Background: Fundamental limitations of B-mode ultrasound may compromise its 
ability to guide minimally invasive procedures. In particular, navigation of needles for 
percutaneous vascular entry or placement of a cannula for extracorporeal membrane 
oxygenation can represent a challenge. Our novel approach makes the needle or cannula 
tip acoustically active and, thus, identifi able by an instantaneous color marker in Doppler 
scans. Th e aim was to test acoustical navigation by color Doppler imaging in vivo. 
Methods: We installed 2-mm piezoelectric crystals at tips of a 16-gauge needle and a 
5-mm in diameter cannula (Figure, A and B). Each of the crystals is driven by an external 
waveform generator. Th e vibrating crystal stimulates acoustical interactions with the 
transmitted ultrasound beam and generates a color Doppler marker (Figure, C and D). 
Tests were conducted in approximately 80-kg anesthetized closed- and open-chest adult 
pigs. Th e needle was navigated to the femoral artery. Th e cannula was inserted via the 
carotid artery and navigated to the ascending aorta. A linear array transducer was used 
for needle navigation and set in B-mode to 8 MHz and in color Doppler to 3.5 MHz. A 
phased array transducer was used for navigation of the cannula and set in B-mode to 
1.7/3.4 MHz and in color Doppler to 2.0 MHz. Results: Th e needle was barely visible by 
B-mode imaging during insertion into the femoral artery, but its tip was clearly identifi ed 
and tracked by the color Doppler marker (Figure C). Th e marker guided puncture of 
the artery. Note that blood fl ow patterns by color Doppler were fully preserved during 
acoustical navigation. Th e acoustic cannula tip was guided by its color Doppler marker 
to the ascending aorta (Figure D). In a short-axis view (Figure D, insert), the marker 
unambiguously localized the cannula tip within the aortic lumen. Th e Doppler gain was 
set to -20 dB in this open-chest scan. Such gain setting desirably eliminated depiction of 
blood fl ow patterns in the aorta. Conclusion: Our experimental tests demonstrate that 
color Doppler ultrasound can be used for a new purpose, ie, guidance of an interventional 
instrument, such as a needle or cannula. Acoustically active adaptation of their tips 
enabled unambiguous identifi cation and instantaneous navigation with a conventional 
color Doppler echocardiography system.
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with all-cause mortality were assessed in univariate and multivariable models. Results: 
Patient age was 61.9 (+17.4) years; 48.4% were female. Th e prevalence of LAE+, IVC+, 
and either sign were 43%, 10% and 46%, respectively. Mortality at 5.5 years was 14.6%, 
(35/240) overall, 23% in patients with LAE+ (OR 3.5 [1.6, 7.6]), 25% with IVC+(OR 2.2 
[0.8, 6.0]), and 21% with either sign(OR 3.0 [1.4, 6.4]). In those lacking LAE+, overall 
mortality was 8.0%(11/136) (OR 0.3 [0.2, 0.7]). Aft er adjusting for age, only diabetes (OR 
4.8 [2.0, 11.6]) and LAE+ (OR 2.4 [1.1, 5.4]) remained associated with mortality (p<0.05). 
In this outpatient cohort already referred for echocardiography, the absence of LAE+, 
diabetes and advanced age (≥65 years) identifi ed a sizable subgroup, 81/240 (33% of 
total), with a particularly low, 1.2% (1/81) 5.5-year mortality. Conclusions: A quick-look 
sign of left  atrial enlargement is associated with an increased, 23%, 5.5-year mortality 
and could be employed as an easily-learned POCUS exam to help stratify patient risk 
and refi ne outpatient echo referral. In particular, the lack of the LAE+ sign may be useful 
in decision-making when echo resources are limited or when clinical suspicion is low.

P2-33
Acute Respiratory Distress Syndrome Associated with Elevated 
Pulmonary Vascular Resistance
Alexander Papolos. UCSF, San Francisco, CA
Background: Alveolar infl ammation and non-cardiogenic pulmonary edema that impairs 
gas exchange are the key features of Acute Respiratory Distress Syndrome (ARDS). In 
this disease state, the fraction of each tidal breath that participates in gas exchange is 
reduced, amounting to an increase in pulmonary dead space ventilation. In an eff ort 
to balance alveolar perfusion and ventilation, pulmonary arterial beds vasoconstrict to 
divert deoxygenated blood to healthy alveolar units, a term called hypoxic pulmonary 
vasoconstriction. Previous studies of ARDS have shown that an increase in pulmonary 
dead space ventilation is associated with higher mortality and right ventricular 
dysfunction (Cepkova et al., 2007; Nuckton, 2002). However, no study has characterized 
the relationship between pulmonary dead space, pulmonary vascular resistance (PVR), 
and right ventricular function throughout the clinical course of ARDS. Methods: Th is 
is a prospective observational case series examining the association between pulmonary 
dead space ventilation and PVR in critically ill patients with ARDS requiring mechanical 
ventilation. Subjects underwent serial non-invasive measurement of right ventricular 
function, pulmonary vascular hemodynamics, and pulmonary dead space ventilation 
fraction on days 0, 2, and 5 of enrollment. Th e primary predictor for this analysis was 
the relationship between change in pulmonary dead space and PVR, determined by 
unadjusted linear regression. PVR was derived via the Abbass formula using the ratio of 
the tricuspid regurgitation jet velocity to the right ventricular outfl ow track velocity time 
integral (Abbas, 2013). Pulmonary dead space fraction was calculated by the Enghoff  
modifi cation of the Bohr equation using the partial pressure of mixed-expired and 
arterial CO2. Results: In this analysis of serial observations in our fi rst 18 subjects, there 
was a signifi cant positive correlation between pulmonary dead space fraction and PVR 
(r=0.64, p=0.0013). On average, PVR increased by 0.2 woods units for every 10% increase 
in absolute pulmonary dead space fraction (95% C.I. 0.08-0.29, p=0.001). Conclusions: 
ARDS is associated with increased pulmonary dead space ventilation and a moderate 
increase in pulmonary vascular resistance, which likely contributes to the high incidence 
of ARDS related right ventricular dysfunction. We speculate that this correlation is due to 
hypoxic pulmonary vasoconstriction and/or pulmonary vascular injury. Further research 
to determine the eff ect of ARDS on right ventricular function is warranted.
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Feasibility of Contrast Enhanced Hand Held Echocardiography in 
the Cardiovascular Critical Care Unit
Gail K. Jones, Erin Boehm, Lidija McGrath, Sriram Ravi, Ryan C. Van Woerkom, 
Stephen B. Heitner. Oregon Health & Science University, Portland, OR
Background: Echocardiography is the cornerstone for cardiovascular imaging in the 
critical care unit. Focused cardiac ultrasound using hand-held echocardiography (HHE) 
devices has been shown to be an eff ective means for the acquisition of critical information 
aiding clinical decision-making. Patients within the cardiovascular intensive care unit 
(CVICU) are among the most technically challenging from an imaging standpoint, 
necessitating contrast echocardiography with left  ventricular opacifi cation (LVO). We 
sought to evaluate the feasibility of using hand-held echocardiography (HHE) with LVO 
in the CVICU. We further hypothesized that cardiology trainees would be suffi  ciently 
skilled in order to obtain diagnostic images. Methods: We conducted a prospective, 
single-center blinded, comparative study in our CVICU. Subjects undergoing a clinically 
indicated, standard-of-care echocardiogram (SCE), where LVO was deemed necessary, 
were consented for participation. Parasternal and apical images, with and without 
LVO, were obtained by a trainee and stored anonymously. Left  ventricular wall motion 
was divided into 7 territories including anterior, anteroseptal, inferoseptal, inferior, 
inferolateral, anterolateral, and the apex. Left  ventricular ejection fraction (LVEF) and 
left  ventricular wall motion were reported by the trainee and separately by a board-
certifi ed cardiologist, both blinded to the SCE results. Th e non-contrast and LVO 
enhanced LVEF from the trainee and the cardiologist were compared using Pearson’s 
correlation coeffi  cient as was the LVO enhanced LVEF to the SCE LVEF. Th e number 
of territories able to be assessed was compared between the non-contrast and the LVO 

enhanced images. Results: 44 subjects were included (27% with cardiogenic shock and 
16% aft er cardiac surgery). Th e most common indication for the SCE was for assessment 
of LVEF (48%). HHE performed very well in novice hands with good agreement between 
the trainees and the cardiologist (r = 0.79 for non-contrast images and 0.84 for LVO 
enhanced HHE). Th ere was excellent correlation with SCE when LVO was added to HHE 
(trainee r = 0.90, cardiologist r = 0.84). More territories were able to be assessed with 
addition of LVO to HHE (72% improved to 91% for trainees, 72% improved to 96% for 
the cardiologist). Conclusion: Despite the technical challenges in CVICU patients, we 
demonstrated that LVO enhanced HHE is a feasible option for the evaluation of LVEF. We 
believe that this technology will enable more rapid availability of diagnostic information 
for these critically ill patients. Further study of LVO enhanced HHE is needed.
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Improving the Ef ciency of Cardiac Ultrasound Training by 
Integrating Scaffolding and Deliberate Practice
Shannon M. McConnaughey, Rosario V. Freeman, Florence H. Sheehan. 
University of Washington Hospitals, Seattle, WA
Background: As the use of focused cardiac ultrasound (FoCUS) spreads, there is a 
growing need for effi  cient, eff ective training in this modality across a variety of graduate 
and postgraduate medical education settings. Methods: We created a simulator-based 
FoCUS curriculum using the principles of instructional scaff olding and deliberate 
practice to help guide the novice’s learning eff orts and moderate the cognitive load of 
this complex learning task. Th e process of acquiring and interpreting cardiac ultrasound 
images was broken into discrete steps, with focused didactic information immediately 
followed by targeted simulator practice for each module. Practice complexity increased 
through successive modules, and learners ultimately applied their skills by completing 
unassisted simulator cases that involved basic cardiac pathology. Immediate visual and 
quantitative feedback was provided by the simulator during practice. Th is scaff olded 
curriculum was then compared to a previously validated, traditional didactic-before-
practice curriculum in a randomized study of cardiothoracic surgery residents and 
cardiac nurse practitioners. Both curricula were simulator-based, entirely self-guided, 
and contained a similar number of practice cases. Pre- and post-training tests assessed 
technical skill in image acquisition using simulator scanning cases and cognitive skill 
in image interpretation using multiple choice questions (MCQ). Results: Twenty-four 
learners were included in this study: 11 in the traditional curriculum group and 13 in the 
scaff olded curriculum group. Compared to the traditional curriculum, the completion 
rate was signifi cantly higher for the scaff olded curriculum (92% vs 45% of learners, 
p<.00001), and the scaff olded curriculum decreased completion time from 9.2 ± 6.5 hrs 
(n=5) to 5.4 ± 2.3 hrs (n=12, p=.08). Although the low completion rate of the traditional 
curriculum precluded statistical comparison of outcomes between groups, achievement 
of cognitive and technical skills was comparable in both curricula (Table 1). Conclusions: 
Compared to a didactic-before-practice approach, a curriculum utilizing scaff olding and 
deliberate practice improves learning effi  ciency and helps more novices achieve basic 
skills in FoCUS image acquisition and interpretation.

Pre- and Post-training skills outcomes. Values are mean ± SD.
Pre-training Post-training P value

Traditional curriculum (n=5)
Cognitive skill (mean % correct on MCQ) 45 ± 17 65 ± 13 .01
Technical skill (mean angle error in degrees) 31 ± 22 22 ± 20 .17
Scaff olded curriculum (n=12)
Cognitive skill (mean % correct on MCQ) 38 ± 20 69 ± 16 .002
Technical skill (mean angle error in degrees) 46 ± 31 24 ± 14 .005
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Safety and Ef cacy of Intra-myocardial Septal Radiofrequency 
Ablation for Hypertrophic Obstructive Cardiomyopathy
Liwen Liu1, Lei Zuo1, Jinzhou Zhang2, Mengyao Zhou1, Bo Xu2, Rebeccca T. 
Hahn3, Martin B. Leon3, Junbo Ge4, Xiaodong Zhou1, Jun Zhang1, Shuping Ge5, 
Lize Xiong6. 1Xijing Hypertrophic Cardiomyopathy Center, Ultrasound, Xijing 
Hospital, Fourth Military Medical University, Xi‘an, China; 2Department of 
Cardiac Surgery, Xijing Hospital, Fourth Military Medical University, Xi‘an, 
China; 3Columbia University Medical Center/New York Presbyterian Hospital, 
New York, NY; 4Shanghai Institute of Cardiovascular Diseases, Zhongshan 
Hospital, Shanghai Medical College of Fudan University, Shanghai, China; 
5Department of Cardiology, St. Christopher‘s Hospital for Children, Drexel 
University College of Medicine, Philadelphia, PA; 6Department of Anesthesiology, 
Xijing Hospital, Fourth Military Medical University, Xi‘an, China
Background: For patients with disabling symptoms due to hypertrophic obstructive 
cardiomyopathy (HOCM), Liwen procedure by percutaneous intra-myocardial septal 
radiofrequency ablation may be a less-invasive therapy option. Th e purpose of this 
study is to evaluate the safety, effi  cacy, and median-term outcomes of Liwen procedure. 
Methods: Fift een consecutive patients with HOCM and drug-refractory symptoms 
underwent the Liwen procedure. Th ese patients were assessed by imaging examination, 
electrocardiographic, and blood biochemistry test examination aft er a median follow-up 
of ≥ 6 months. Results: At six months follow-up, patients had signifi cant improvements 

Poster Session 2 (P2) Monday, June 25, 2018

in peak left  ventricular outfl ow tract (LVOT) gradients (resting gradient, from 
91.53±26.82 to 12.47±6.96 mm Hg, P<0.001; stress-induced gradient, from 143.57±67.21 
to 31.06±16·6 mm Hg, P<0.001), and interventricular septum (IVS) thickness (anterior 
IVS, from 24.64±4.64 to 14.15±2.38 mm, P<0.001; posterior IVS, from 24.13±4.78 
to 13.79±2.81 mm, P<0.001). Th e reduction in IVS thickness and LVOT gradient was 
associated with improvement in New York Heart Association class (from 2.60±0.51 to 
1.00±0.00, P<0.001), total exercise time (from 6.67±1.63 to 9.60±1.84 min, P<0.001), the 
wave amplitude of Rv5+Sv1 (from 4.62±2.11 to 3.67±1.82 mV, P=0.023) , and pro-BNP 
levels (from 868.34±566.93 to 233.64±217.48 pg/ml, P=0.026). No patient had bundle 
branch block or complete heart block. Conclusions: Liwen procedure is a safe and 
effi  cacious treatment of symptomatic HOCM that leads to a persistent reduction in LVOT 
gradients and sustained functional improvement.

 

P2-37    Moderated Poster
Analysis of Aortic Stenosis using Arti cial Intelligence
David Playford1, Edward Bordin2, Lyle Talbot2, Razali Mohamad2, Bonita 
Anderson3, Geoff  Strange1. 1University of Notre Dame, Perth, Australia; 2Alerte 
Echo IQ, Perth, Australia; 3Th e Prince Charles Hospital, Brisbane, Australia
Introduction: Echocardiographic (echo) evaluation of aortic stenosis (AS) requires 
measurements from multiple acoustic windows. Left  ventricular outfl ow tract (LVOT) 
measurements are prone to error and variability, and are compounded in the aortic valve 
area (AVA) calculation which relies on multiplying and squaring the LVOT dimension. 
We evaluated whether artifi cial intelligence (AI) could impute the AVA from other 
echocardiographic data, without the need for any LVOT measurements but maintaining 
reproducibility. Method: We hypothesised that an AI model would use the phenotypic 
response of the heart to AS to generate a model to predict the AVA. Using data from 
the National Echo Database Australia (NEDA), we extracted 530,884 echocardiograms 
from 358,661 participants, with over 18,255,238 individual data points. Using a random 
70% subset of the data we produced an AI model using multidimensional clusters, taught 
using the continuity equation and the known cardiac response to AS. Because of the 
real-world nature of the data, missing data was imputed using a multiple imputation 
model to build a complete data set. Results: Using duplicate data and withholding single 
parameters across the data set, the trained model imputed the missing data and showed 
minimal imputation error. Th e trained model was then tested against the remaining 30% 
of the data not previously seen by the AI, and again showed minimal imputation error. We 
then completely removed all LVOT measurements (velocity, gradient and diameter) and 
the AVA from the test set (n=24,748 studies), and asked the AI to predict the LVOT and 
AVA measurements. Severe AS was defi ned as AVA<1cm2. Th e predicted AVA was then 
compared with the calculated AVA. Th e area under the receiver-operating characteristic 
curve (AUCROC) was 0.95, and area under the precision recall curve (AUCPR) was 
0.73. Severe AS was present in 1834 studies (7.4%). Th e model performed equally well in 
impaired ejection fraction (EF<50%, 1391 studies, 10% with severe AS: AUCROC=0.96, 
AUCPR=0.78; EF<35%, 426 studies, 10% with severe AS: AUCROC=0.94, AUCPR=0.76). 
Conclusion: We have developed an AI system that completely removes the need for 
LVOT measurements in evaluation of AS. Our model performs equally in normal and 
impaired left  ventricular (LV) systolic function, including severe LV dysfunction. Benefi ts 
of “smart” echo may include improved effi  ciency, and reduced study duration, cost and 
risk of sonographer injury.

P2-38
Acoustically Active Needle and Cannula for Navigation by 
Conventional Color Doppler Ultrasound Imaging
Marek Belohlavek1, Minako Katayama1, Veronica Vaitkus1, Kayvan Shamsa1, 
Jason Grabham2, Bryan Sandweiss2. 1Mayo Clinic, Scottsdale, AZ; 2Phoenix 
Children‘s Hospital, Phoenix, AZ
Background: Fundamental limitations of B-mode ultrasound may compromise its 
ability to guide minimally invasive procedures. In particular, navigation of needles for 
percutaneous vascular entry or placement of a cannula for extracorporeal membrane 
oxygenation can represent a challenge. Our novel approach makes the needle or cannula 
tip acoustically active and, thus, identifi able by an instantaneous color marker in Doppler 
scans. Th e aim was to test acoustical navigation by color Doppler imaging in vivo. 
Methods: We installed 2-mm piezoelectric crystals at tips of a 16-gauge needle and a 
5-mm in diameter cannula (Figure, A and B). Each of the crystals is driven by an external 
waveform generator. Th e vibrating crystal stimulates acoustical interactions with the 
transmitted ultrasound beam and generates a color Doppler marker (Figure, C and D). 
Tests were conducted in approximately 80-kg anesthetized closed- and open-chest adult 
pigs. Th e needle was navigated to the femoral artery. Th e cannula was inserted via the 
carotid artery and navigated to the ascending aorta. A linear array transducer was used 
for needle navigation and set in B-mode to 8 MHz and in color Doppler to 3.5 MHz. A 
phased array transducer was used for navigation of the cannula and set in B-mode to 
1.7/3.4 MHz and in color Doppler to 2.0 MHz. Results: Th e needle was barely visible by 
B-mode imaging during insertion into the femoral artery, but its tip was clearly identifi ed 
and tracked by the color Doppler marker (Figure C). Th e marker guided puncture of 
the artery. Note that blood fl ow patterns by color Doppler were fully preserved during 
acoustical navigation. Th e acoustic cannula tip was guided by its color Doppler marker 
to the ascending aorta (Figure D). In a short-axis view (Figure D, insert), the marker 
unambiguously localized the cannula tip within the aortic lumen. Th e Doppler gain was 
set to -20 dB in this open-chest scan. Such gain setting desirably eliminated depiction of 
blood fl ow patterns in the aorta. Conclusion: Our experimental tests demonstrate that 
color Doppler ultrasound can be used for a new purpose, ie, guidance of an interventional 
instrument, such as a needle or cannula. Acoustically active adaptation of their tips 
enabled unambiguous identifi cation and instantaneous navigation with a conventional 
color Doppler echocardiography system.
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Automated Diagnosis of Echocardiographic Views Using Deep 
Learning
Gurpreet Singh, Gabriel Maliakal, Subhi J. Al‘Aref, Aeshita Dwivedi, Mohit 
Pandey, Amit Kumar, Manasa Gummalla, Patricia Dunham, Millie J. Gomez, 
Hyuk-Jae Chang, Kranthi K. Kolli, James K. Min. Department of Radiology, New 
York-Presbyterian Hospital and the Weill Cornell Medical College, New York, NY
Background: Echocardiography is the cornerstone for diagnosis of cardiovascular 
pathology. View classifi cation is fundamental to the interpretation of an echocardiogram. 
We sought to automate the image interpretation with an emphasis on the task of 
echocardiographic view classifi cation. Methods: A densely connected convolutional 
network (DenseNet) model was trained on 2D echocardiographic images for all 7 
standard views: parasternal long, parasternal short, apical 4, apical 2, apical 3, subcoastal, 
and suprasternal view. Th e number of echocardiographic DICOM videos and frames were 
of 375 and 16103, 987 and 44401, 247 and 11025, 129 and 5667, 118 and 4995, 197 and 
13235, 16 and 624 respectively. Th e architecture used in this study alleviates the vanishing 
gradient problem and strengthens the feature propagation by having shorter connections 
between layers close to the input and output of the network. Th e image dataset was 
randomly split into training (70%), testing (20%), and validation (10%) sets, with each 
containing images from separate DICOM videos. Th e model performance was evaluated 
using 10-fold cross-validation. Th e ground truth for view classifi cation was established 
by two cardiologists who were board certifi ed in echocardiography. Results: Th e study 
population comprised of echocardiograms from 106 patients (mean age 58 + 18.70 years, 
51% male). Th e confusion matrices for both image and video-wise performance analysis 
on the model are shown in the fi gure. An average video-wise accuracy of 97.92 ± 0.55% 
was achieved, with precision and recall of 95.39 ± 04.50% and 97.17 ± 03.47% respectively. 
Automated view classifi cation using the deep learning algorithm took approximately 0.08 
seconds per image. Conclusions: A deep learning model was developed with an excellent 
diagnostic performance for automated view classifi cation of echocardiographic images, 
with high accuracy, precision, and recall. Such results, when extrapolated to other aspects 
of echocardiographic image analysis, could reduce costs and improve workfl ow effi  ciency 
in healthcare burdened societies. Th is work lays the groundwork for the possibility 
of an automated echocardiogram analysis system as a fi rst-line tool for detection and 
management of cardiac diseases.

P2-40
EQ Mutant Mice: A Novel Animal Model of LV Out ow Track 
Obstruction
Ismayil Ahmet, Edward G. Lakatta. LCS/NIA/NIH, Baltimore, MD
LV Outfl ow Track Obstruction (LVOTO) is a serious aliment which leads to dilated heart 
failure and death. Currently there is no other treatment except surgically removing the 
obstructive mass. Th ere is an urgent need to fi nd a cure for this debilitating disease. Th e 
advances in this fi eld is hindered by the ack of proper experimental models for testing new 
therapeutic innovations. Recently we discovered that, genetically mutating the E4872Q 
gene which regulates ryanodine receptor 2 in cardiomyocytes in mouse (EQ mouse) led 
to a signifi cantly thickening of LV IVS and created an outfl ow track obstruction similar 
to what we observed clinical cases. Echocardiographic examinations on 20 months old 
EQ mice (compared to wild-type siblings) showed: a signifi cant lower HR; a signifi cant 
calcifi cation in LV endocardium and papillary muscles; a signifi cantly increased 
arrhythmia; a signifi cant enlarged IVS that obstructs LV outfl ow tract during early 
systolic phase; a signifi cant myocardial hypertrophy; a signifi cantly enlarged LV chamber 
sizes; a signifi cant enlarged LA which indicates a presence of diastolic dysfunction; and 
a signifi cant lower EF. Th is is the fi rst animal model with all the hallmarks of LVOTO.

 

P2-41
Feasibility of Using 3D Echocardiography to Create Virtual Reality 
Environment
Niklas Hitschrich1, Akhil Narang2, Georg Schummers1, Karima Addetia2, Victor 
Mor-Avi2, Bernhard Mumm1, Roberto M. Lang2. 1TOMTEC Imaging Systems, 
Unterschleissheim, Germany; 2University of Chicago, Chicago, IL
Background: Virtual reality (VR) is a promising new technology that can aid in the 
visualization and understanding of complex anatomy and pathology. While most 
3D reconstructions in medical imaging are viewed using 2D computer screens, VR 
allows true 3D visualization and interaction with datasets using specialized headsets. 
At present, 3D anatomic models used in VR environments are typically created from 
computed tomography (CT) or magnetic resonance imaging (MRI) data. Th e use of 3D 
echocardiography (3DE) to create VR environments has not been described. Th e aim 
of this study was to test the feasibility of using 3DE datasets to generate 3D models and 
to use them in a novel customized VR environment. Methods: 10 pre-selected high 
quality clinical 3D transesophageal echocardiograms (TEE) of various pathologies were 
used for the study (Table). Th e native 3DE DICOM data were segmented and converted 
into 3D surface models. Additionally, a novel prototype VR environment was created 
using a VR development platform (Unity Technologies). Th is VR environment enables 
the user to instantly load, view and interact with the 3D models using a commercially 
available VR headset (VIVE, HTC Co.) (Figure). Feasibility of converting a 3DE dataset 
into a VR compatible 3D model was tested by having two independent blinded reviewers 
identify the major pathology. Results: All of the 10 3DE datasets were successfully 
converted into static (single frame) and dynamic (multi-frame) VR compatible 3D 
models. Time required for conversion of a single static and dynamic dataset was 8±3 and 
12±5 minutes, respectively. Th e converted datasets were characterized by both reviewers 
as highly realistic, and both reviewers found the ability to view from any perspective 
and interact with the 3D models as having a great diagnostic potential. Both reviewers 
correctly diagnosed the major pathology on the VR environment in the majority of cases. 
Conclusions: VR is a novel, exciting tool that allows true 3D visualization of imaging 
datasets in an interactive environment. Th is is the fi rst study to demonstrate the feasibility 
of translating 3DE TEE data into 3D models that can be viewed in a VR environment. 
Further studies to determine the diagnostic potential role of VR in 3DE are needed.
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P2-42
Blood Speckle Imaging: Initial Experience in Pediatric 
Cardiovascular Disease
James C. Wilkinson, John L. Colquitt, Robert W. Loar, Douglas K. Feagin, Ricardo 
H. Pignatelli. Baylor College of Medicine / Texas Children‘s Hospital, Houston, TX
Background: Cardiac fl ow patterns such as vortices and helical formation represent a new 
challenge to interpret the dynamic interaction between blood and the contracting cardiac 
muscle. Conventional color Doppler technology (cD) is limited by its angle dependency 
(limited to radial velocities) and color aliasing. We explore the current application of 
blood speckle imaging (BSI) in pediatric cardiovascular disease (CVD). Methods: BSI is 
based upon the tracking of speckles created by moving blood cells, from one frame to the 
next using a “best match” search algorithm. It allows direct assessment of 2-dimensional 
blood velocity vectors without the use of contrast or mathematical assumptions used in 
cD. Due to the high rate of decorrelation of moving blood speckles, the acquisition frame 
rate must be very high. Th is ultrahigh framerate acquisition is obtained using a plane 
wave imaging technique. Studies were performed on Vivid E95 (GE Healthcare) with 6S 
probe. Using BSI, we prospectively assessed healthy children and a variety of CVD. Th e 
qualitative parameters evaluated were laminar atrioventricular infl ow, vortex formation, 
helical systolic fl ow (HSF) and the eff ect of variable Nyquist limit (Nq) on fl ow patterns. 
Results: Overall, the vast majority of patients had laminar infl ow, vortex formation, and 
HSF, with qualitative variability in the fl ow patterns in patients with CVD (Table 1 for 
demographic and qualitative assessment fi ndings). Lower Nq improved vector detection, 
however there was an observable tendency to increase fl ow artifact and bleeding into 
tissue. Th e assessment of valvar disease and intracardiac shunt fl ow patterns were met 
with varying results. Conclusion: BSI is a novel ultrasound method to qualitatively 
evaluate blood fl ow patterns in pediatric cardiovascular disease and is an emerging area 
for research. Further ability to validate and quantify BSI will be important to develop 
clinical applicability.

P2-43
Does Arti cial Intelligence and Deep Learning Architecture 
System Accurately Measure Left Ventricular Systolic Function?
Achi Ludomirsky1, Itay Kezurer2, Susan Beker1, Yaron Lipman2. 1NYU Langone 
Medical Center, New York, NY; 2Weizmann Institute of Science, Rehovot, Israel
Background: Left  ventricular ejection fraction (LVEF) is the most used measurement 
in the assessment of cardiac function. However, human error and image quality are 
among several factors contributing to inaccuracies of this measurement. Th e purpose of 
this study was to establish the correlation between LVEF measured by expert ultrasound 
cardiac sonographers and by a system based on a deep learning architecture and geometry 
processing algorithms. Methods: We developed a system based on a novel deep learning 
architecture and geometry processing algorithms for building a computational pipeline. 
Input was from a stream of cardiac ultrasound images that automatically calculated the 
ejection fraction of the left  ventricle (LV). Th e system analyzes each image, identifi es 
the viewing direction, segments the left  ventricle, identifi es systolic/diastolic frames 
and reconstructs 3D models of the LV at diff erent times (see Figure 1). It then computes 
robust estimation of the ejection fraction. Echocardiographic images from of 114 patients 
were used. Each case contains cardiac ultrasound clips from two and four-chamber views 
fed to the system as a single stream with no additional data. We created the ground 
truth ejection fraction (EF) value for each case by taking the median of 8 estimators: 
4 expert cardiologists eye-ball estimations, 3 computations using Simpson formula and 
3D reconstructions based on marked LV segmentations of an expert technician, and the 
original medical report. Results: Figure 2 depicts error histograms comparing EF values 
and the ground-truth EF values. We compared the error histogram of our algorithm 
(right) and that of one of the experts (left ). Th e mean and variance of histograms is 
comparable indicating our algorithm is comparable in accuracy to an expert cardiologist. 
Conclusions: An excellent correlation was found between LVEF measured by expert 
Ultrasound cardiac sonographer and the LVEF measured by a system based on a deep 
learning architecture and geometry processing algorithms.

P2-44
Reduction of RRad is a Safe, Stable Positive Inotrope
Bryana M. Levitan, Brooke Ahern, Mihir Shah, Douglas A. Andres, Jonathan 
Satin. University of Kentucky, Lexington, KY
Background: Heart failure with reduced ejection fraction is progressive and irreversible; 
however, treatment options to improve cardiac output are limited. Rad is a protein that 
governs L-type calcium channel gating and reduction in Rad results in increased calcium 
handling. Humans with non-ischemic heart failure have reduced Rad levels. Th us, Rad 
reduction may represent a compensatory mechanism to normalize cardiac function. 
Objective: To test the hypothesis that cardiac specifi c Rad reduction increases calcium 
current that produces a stable increased heart rate with preserved cardiac systolic function. 
Methods: Male and female mice were used to induce knock-out cardiac-restricted Rad 
in adult mice. Echocardiography and isoproterenol stress echocardiography were used 
to evaluate in vivo heart structure and function. Th e echocardiography experimental 
design consisted of a hybrid longitudinal design and population study of gene eff ect. 
Th e experiment followed these mice for 15 months with echo imaging every 3 months. 
A cohort of mice was for heart harvest to test cell physiological mechanisms. Results: 
Echocardiography demonstrates increased cardiac function without ventricular 
hypertrophy or an increase in chamber dimensions. Gain-of-function was noted 7days 
aft er gene knockout induction (EF, 64±3% & 76±3%, baseline & 7d respectively, p 
=0.001, n=16). Th ese positive inotropic eff ects persisted through 15 months. Survival 
was unaff ected. Stress echocardiography demonstrated preserved responsiveness to 
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Automated Diagnosis of Echocardiographic Views Using Deep 
Learning
Gurpreet Singh, Gabriel Maliakal, Subhi J. Al‘Aref, Aeshita Dwivedi, Mohit 
Pandey, Amit Kumar, Manasa Gummalla, Patricia Dunham, Millie J. Gomez, 
Hyuk-Jae Chang, Kranthi K. Kolli, James K. Min. Department of Radiology, New 
York-Presbyterian Hospital and the Weill Cornell Medical College, New York, NY
Background: Echocardiography is the cornerstone for diagnosis of cardiovascular 
pathology. View classifi cation is fundamental to the interpretation of an echocardiogram. 
We sought to automate the image interpretation with an emphasis on the task of 
echocardiographic view classifi cation. Methods: A densely connected convolutional 
network (DenseNet) model was trained on 2D echocardiographic images for all 7 
standard views: parasternal long, parasternal short, apical 4, apical 2, apical 3, subcoastal, 
and suprasternal view. Th e number of echocardiographic DICOM videos and frames were 
of 375 and 16103, 987 and 44401, 247 and 11025, 129 and 5667, 118 and 4995, 197 and 
13235, 16 and 624 respectively. Th e architecture used in this study alleviates the vanishing 
gradient problem and strengthens the feature propagation by having shorter connections 
between layers close to the input and output of the network. Th e image dataset was 
randomly split into training (70%), testing (20%), and validation (10%) sets, with each 
containing images from separate DICOM videos. Th e model performance was evaluated 
using 10-fold cross-validation. Th e ground truth for view classifi cation was established 
by two cardiologists who were board certifi ed in echocardiography. Results: Th e study 
population comprised of echocardiograms from 106 patients (mean age 58 + 18.70 years, 
51% male). Th e confusion matrices for both image and video-wise performance analysis 
on the model are shown in the fi gure. An average video-wise accuracy of 97.92 ± 0.55% 
was achieved, with precision and recall of 95.39 ± 04.50% and 97.17 ± 03.47% respectively. 
Automated view classifi cation using the deep learning algorithm took approximately 0.08 
seconds per image. Conclusions: A deep learning model was developed with an excellent 
diagnostic performance for automated view classifi cation of echocardiographic images, 
with high accuracy, precision, and recall. Such results, when extrapolated to other aspects 
of echocardiographic image analysis, could reduce costs and improve workfl ow effi  ciency 
in healthcare burdened societies. Th is work lays the groundwork for the possibility 
of an automated echocardiogram analysis system as a fi rst-line tool for detection and 
management of cardiac diseases.

P2-40
EQ Mutant Mice: A Novel Animal Model of LV Out ow Track 
Obstruction
Ismayil Ahmet, Edward G. Lakatta. LCS/NIA/NIH, Baltimore, MD
LV Outfl ow Track Obstruction (LVOTO) is a serious aliment which leads to dilated heart 
failure and death. Currently there is no other treatment except surgically removing the 
obstructive mass. Th ere is an urgent need to fi nd a cure for this debilitating disease. Th e 
advances in this fi eld is hindered by the ack of proper experimental models for testing new 
therapeutic innovations. Recently we discovered that, genetically mutating the E4872Q 
gene which regulates ryanodine receptor 2 in cardiomyocytes in mouse (EQ mouse) led 
to a signifi cantly thickening of LV IVS and created an outfl ow track obstruction similar 
to what we observed clinical cases. Echocardiographic examinations on 20 months old 
EQ mice (compared to wild-type siblings) showed: a signifi cant lower HR; a signifi cant 
calcifi cation in LV endocardium and papillary muscles; a signifi cantly increased 
arrhythmia; a signifi cant enlarged IVS that obstructs LV outfl ow tract during early 
systolic phase; a signifi cant myocardial hypertrophy; a signifi cantly enlarged LV chamber 
sizes; a signifi cant enlarged LA which indicates a presence of diastolic dysfunction; and 
a signifi cant lower EF. Th is is the fi rst animal model with all the hallmarks of LVOTO.
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Feasibility of Using 3D Echocardiography to Create Virtual Reality 
Environment
Niklas Hitschrich1, Akhil Narang2, Georg Schummers1, Karima Addetia2, Victor 
Mor-Avi2, Bernhard Mumm1, Roberto M. Lang2. 1TOMTEC Imaging Systems, 
Unterschleissheim, Germany; 2University of Chicago, Chicago, IL
Background: Virtual reality (VR) is a promising new technology that can aid in the 
visualization and understanding of complex anatomy and pathology. While most 
3D reconstructions in medical imaging are viewed using 2D computer screens, VR 
allows true 3D visualization and interaction with datasets using specialized headsets. 
At present, 3D anatomic models used in VR environments are typically created from 
computed tomography (CT) or magnetic resonance imaging (MRI) data. Th e use of 3D 
echocardiography (3DE) to create VR environments has not been described. Th e aim 
of this study was to test the feasibility of using 3DE datasets to generate 3D models and 
to use them in a novel customized VR environment. Methods: 10 pre-selected high 
quality clinical 3D transesophageal echocardiograms (TEE) of various pathologies were 
used for the study (Table). Th e native 3DE DICOM data were segmented and converted 
into 3D surface models. Additionally, a novel prototype VR environment was created 
using a VR development platform (Unity Technologies). Th is VR environment enables 
the user to instantly load, view and interact with the 3D models using a commercially 
available VR headset (VIVE, HTC Co.) (Figure). Feasibility of converting a 3DE dataset 
into a VR compatible 3D model was tested by having two independent blinded reviewers 
identify the major pathology. Results: All of the 10 3DE datasets were successfully 
converted into static (single frame) and dynamic (multi-frame) VR compatible 3D 
models. Time required for conversion of a single static and dynamic dataset was 8±3 and 
12±5 minutes, respectively. Th e converted datasets were characterized by both reviewers 
as highly realistic, and both reviewers found the ability to view from any perspective 
and interact with the 3D models as having a great diagnostic potential. Both reviewers 
correctly diagnosed the major pathology on the VR environment in the majority of cases. 
Conclusions: VR is a novel, exciting tool that allows true 3D visualization of imaging 
datasets in an interactive environment. Th is is the fi rst study to demonstrate the feasibility 
of translating 3DE TEE data into 3D models that can be viewed in a VR environment. 
Further studies to determine the diagnostic potential role of VR in 3DE are needed.
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P2-42
Blood Speckle Imaging: Initial Experience in Pediatric 
Cardiovascular Disease
James C. Wilkinson, John L. Colquitt, Robert W. Loar, Douglas K. Feagin, Ricardo 
H. Pignatelli. Baylor College of Medicine / Texas Children‘s Hospital, Houston, TX
Background: Cardiac fl ow patterns such as vortices and helical formation represent a new 
challenge to interpret the dynamic interaction between blood and the contracting cardiac 
muscle. Conventional color Doppler technology (cD) is limited by its angle dependency 
(limited to radial velocities) and color aliasing. We explore the current application of 
blood speckle imaging (BSI) in pediatric cardiovascular disease (CVD). Methods: BSI is 
based upon the tracking of speckles created by moving blood cells, from one frame to the 
next using a “best match” search algorithm. It allows direct assessment of 2-dimensional 
blood velocity vectors without the use of contrast or mathematical assumptions used in 
cD. Due to the high rate of decorrelation of moving blood speckles, the acquisition frame 
rate must be very high. Th is ultrahigh framerate acquisition is obtained using a plane 
wave imaging technique. Studies were performed on Vivid E95 (GE Healthcare) with 6S 
probe. Using BSI, we prospectively assessed healthy children and a variety of CVD. Th e 
qualitative parameters evaluated were laminar atrioventricular infl ow, vortex formation, 
helical systolic fl ow (HSF) and the eff ect of variable Nyquist limit (Nq) on fl ow patterns. 
Results: Overall, the vast majority of patients had laminar infl ow, vortex formation, and 
HSF, with qualitative variability in the fl ow patterns in patients with CVD (Table 1 for 
demographic and qualitative assessment fi ndings). Lower Nq improved vector detection, 
however there was an observable tendency to increase fl ow artifact and bleeding into 
tissue. Th e assessment of valvar disease and intracardiac shunt fl ow patterns were met 
with varying results. Conclusion: BSI is a novel ultrasound method to qualitatively 
evaluate blood fl ow patterns in pediatric cardiovascular disease and is an emerging area 
for research. Further ability to validate and quantify BSI will be important to develop 
clinical applicability.

P2-43
Does Arti cial Intelligence and Deep Learning Architecture 
System Accurately Measure Left Ventricular Systolic Function?
Achi Ludomirsky1, Itay Kezurer2, Susan Beker1, Yaron Lipman2. 1NYU Langone 
Medical Center, New York, NY; 2Weizmann Institute of Science, Rehovot, Israel
Background: Left  ventricular ejection fraction (LVEF) is the most used measurement 
in the assessment of cardiac function. However, human error and image quality are 
among several factors contributing to inaccuracies of this measurement. Th e purpose of 
this study was to establish the correlation between LVEF measured by expert ultrasound 
cardiac sonographers and by a system based on a deep learning architecture and geometry 
processing algorithms. Methods: We developed a system based on a novel deep learning 
architecture and geometry processing algorithms for building a computational pipeline. 
Input was from a stream of cardiac ultrasound images that automatically calculated the 
ejection fraction of the left  ventricle (LV). Th e system analyzes each image, identifi es 
the viewing direction, segments the left  ventricle, identifi es systolic/diastolic frames 
and reconstructs 3D models of the LV at diff erent times (see Figure 1). It then computes 
robust estimation of the ejection fraction. Echocardiographic images from of 114 patients 
were used. Each case contains cardiac ultrasound clips from two and four-chamber views 
fed to the system as a single stream with no additional data. We created the ground 
truth ejection fraction (EF) value for each case by taking the median of 8 estimators: 
4 expert cardiologists eye-ball estimations, 3 computations using Simpson formula and 
3D reconstructions based on marked LV segmentations of an expert technician, and the 
original medical report. Results: Figure 2 depicts error histograms comparing EF values 
and the ground-truth EF values. We compared the error histogram of our algorithm 
(right) and that of one of the experts (left ). Th e mean and variance of histograms is 
comparable indicating our algorithm is comparable in accuracy to an expert cardiologist. 
Conclusions: An excellent correlation was found between LVEF measured by expert 
Ultrasound cardiac sonographer and the LVEF measured by a system based on a deep 
learning architecture and geometry processing algorithms.

P2-44
Reduction of RRad is a Safe, Stable Positive Inotrope
Bryana M. Levitan, Brooke Ahern, Mihir Shah, Douglas A. Andres, Jonathan 
Satin. University of Kentucky, Lexington, KY
Background: Heart failure with reduced ejection fraction is progressive and irreversible; 
however, treatment options to improve cardiac output are limited. Rad is a protein that 
governs L-type calcium channel gating and reduction in Rad results in increased calcium 
handling. Humans with non-ischemic heart failure have reduced Rad levels. Th us, Rad 
reduction may represent a compensatory mechanism to normalize cardiac function. 
Objective: To test the hypothesis that cardiac specifi c Rad reduction increases calcium 
current that produces a stable increased heart rate with preserved cardiac systolic function. 
Methods: Male and female mice were used to induce knock-out cardiac-restricted Rad 
in adult mice. Echocardiography and isoproterenol stress echocardiography were used 
to evaluate in vivo heart structure and function. Th e echocardiography experimental 
design consisted of a hybrid longitudinal design and population study of gene eff ect. 
Th e experiment followed these mice for 15 months with echo imaging every 3 months. 
A cohort of mice was for heart harvest to test cell physiological mechanisms. Results: 
Echocardiography demonstrates increased cardiac function without ventricular 
hypertrophy or an increase in chamber dimensions. Gain-of-function was noted 7days 
aft er gene knockout induction (EF, 64±3% & 76±3%, baseline & 7d respectively, p 
=0.001, n=16). Th ese positive inotropic eff ects persisted through 15 months. Survival 
was unaff ected. Stress echocardiography demonstrated preserved responsiveness to 
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β-adrenergic stimulation into senescence in cardiac specifi c Rad deletion. At the cellular 
level Ca2+ homeostasis was elevated manifested through increased L-type calcium current, 
increased amplitude of Ca2+ transients and a change in sarcomere length. Discussion: 
Decreased Rad expression in native hearts may be a compensatory mechanism to 
preserve cardiac contractile function in the setting of cardiac stress. Reduction of RRAD 
in adult mice increases calcium homeostasis leading to an underlying stable positive 
inotropic gain of heart function. In contrast to heart failure from calcium overload, Rad-
reduced myocardium retained responsiveness to β-adrenergic stimulation. Conclusion: 
We conclude that reduction of cardiac Rad represents a novel means for positive inotropic 
support.

P2-45
Deep Learning Algorithm for Fully-Automated Left Ventricular 
Ejection Fraction Measurement
Nicolas Poilvert1, Ha Hong1, Nathanael Romano1, David Adams1, Charles 
Cadieu1, Richard Y. Bae2, Randolph P. Martin1,3. 1Bay Labs, Inc., San Francisco, 
CA; 2Abbott Northwestern Hospital, Minneapolis, MN; 3Emory University 
Medical School, Atlanta, GA
Background: Th e modifi ed Simpson’s biplane method of discs is the ASE recommended 
two dimensional echocardiographic method used to measure Left  Ventricular Ejection 
Fraction (EF). Automated approaches to calculate EF have the potential to reduce 
exam time and measurement variability. However, existing automated EF methods 
have limitations: they require manual selection of correct views and clips, and oft en 
produce endocardial border tracings that require manual correction. We developed and 
tested novel soft ware based upon deep neural network technology, EchoMD AutoEF, 
that calculates EF in a fully automated manner. Th e goal of this study was to compare 
the accuracy of the fully automated EF to the standard biplane method. Methods: 405 
digitally archived transthoracic echocardiographic studies with reported biplane EF 
values were included (241 male / 164 female, age 17 to 96, mean 67, median 69). A wide 
range of body mass index (BMI) and EF values were represented, with 33% in BMI > 30 
range and 33% with EF below 35%. Th e soft ware automatically searched through each 
entire patient study and selected optimal apical four chamber and apical two chamber 
clips for EF calculation. Automated EF was compared to the biplane EF and analyzed 
using Bland-Altman analysis and Root Mean Square Deviation (RMSD). Results: Th e 
echocardiographic view and image quality assessment function of the algorithm accepted 
337 (83.2%) of the studies as adequate for EF calculation. Th e analyzed studies showed 
a low bias of 0.29% (-15.95%, 16.53% limits of agreement) (see fi gure). Ejection fraction 
variability of EchoMD AutoEF, measured as RMSD, was 8.29%, signifi cantly smaller 
than reference inter-observer variability of 9.2% (p = 0.002). Conclusion: EchoMD 
AutoEF is an accurate and fully automated method of calculating ejection fraction from 
complete studies without user intervention. It also performs well on obese patients and 
on patients with a range of abnormal EF. It requires no manual clip selection or tracing. 
EchoMD AutoEF signifi cantly reduces the variability of EF measurement compared to 
the interobserver variability of clinical experts.

P2-46
Reduced Mitral Valve Annular Height to Commissural Width 
Ratio in Young Adult Carriers of Genes for Familial Hypertrophic 
Cardiomyopathy 
Nianwei Zhou1, Shengmei Qin2, Lu Tang2, Weipeng Zhao2, Cuizhen Pan2, Zilong 
Qiu3, Xiaolin Wang1, Xianhong Shu2. 1Zhongshan Hospital, Fudan University, 
Shanghai Institute of Medical Imaging, Shanghai, China; 2Zhongshan Hospital, 
Fudan University, Shanghai, China; 3Institute of Neuroscience, State Kay 
Laboratory of Neuroscience, Chinese Academy of Sciences, Shanghai, China
Background: Th e shape of the mitral valve annulus can change with abnormalities of 
cardiac structure and function. Th e mitral valve annular height to commissural width ratio 
(AHCWR) may change before clinical symptoms or impaired cardiac functions occur. 
Th e aim of this study was to determine whether abnormalities in mitral valve AHCWR 
could be associated with the early cardiac abnormalities in young adults who were 
carriers for hypertrophic cardiomyopathy (HCM) gene mutations. Methods: Th e genes 
from 29 probands with known familial HCM and more members of a family pedigree, 
were sequenced by whole-exome sequencing (WES). Genotypes were identifi ed by 
Sanger sequencing in young adult family members aged <30 years, and were divided into 
the following three mutation groups: gene (+) phenotype (+)(n = 29); gene (+) phenotype 
(-) (n = 27); gene (-) phenotype (-) (n = 42). Th ree-dimensional (3-D) echocardiographic 
images were obtained for the family members of all three groups. Results: In the three 
groups studied within the one family, there was no signifi cant diff erence in LVEF. Th e 
interventricular septum (IVS), left  ventricular posterior wall thickness (LVPWT), and Tei 
index of the gene (+) phenotype (+) were signifi cantly diff erent from the other two groups 
(p<0.001). Th e AHCWR of the gene (+) phenotype (-) group was signifi cantly lower than 
that of gene (-) phenotype (-) group (p<0.01). Th ere was no signifi cant diff erence between 
the proband group and the other two groups. Conclusion: Th e mitral valve AHCWR was 
reduced in asymptomatic family members carrying HCM-associated genes. Quantitative 
analysis of 3Dechocardiography for measurement of mitral valve AHCWR may be used 
as a parameter for the early detection of cardiac dysfunction in young adults who are 
carriers of HCM genes.

P2-47
Myocardial Stiffness by Longitudinal Wave Propagation Using 
Finite Element Modeling and Clinical Data
Kent D. Carlson, Sorin V. Pislaru, Dan M. Dragomir Daescu, Orawan 
Anupraiwan, Patricia A. Pellikka, Cristina Pislaru. Mayo Clinic, Rochester, MN
Background: Th e theory of wave propagation in elastic tubes has been recently applied 
to the heart and validated against the gold-standard myocardial stress-strain relationship 
to provide an estimate of myocardial elasticity. Herein, our aims were 1) to reproduce 
this wave in a simplifi ed heart model; 2) to evaluate how wave speed varies with material 
properties and chamber geometry; and 3) to compare results with fi ndings from patients 
with cardiac amyloidosis (CA), who are expected to have alterations in myocardial 
stiff ness. Methods: Simulations were computed in ABAQUS. A simplifi ed 3D heart wall 
model of a human left  ventricle (LV) was modeled as a bullet-shaped geometry (Fig.A). 
Th e chamber tip was anchored with a semi-rigid coil. Gravity was considered negligible. 
A longitudinal wave was generated by applying a displacement boundary condition 
on the basal segment to simulate mitral annulus displacement during late diastole in a 
normal subject. Th e resultant wavefront of local displacements was used to measure wave 
speed (cm). Measurements were repeated at various levels of diameter (D), thickness (h) 
and tissue Young’s elastic modulus (YEM) and compared vs a reference longitudinal wave 
speed (infi nite elastic medium, cL=√YEM/ρ). In the clinical study, 8 patients with cardiac-
biopsy proven CA and 8 normal subjects (matched for age and LV size) had noninvasive 
measurements of longitudinal wave speed in the LV by tissue Doppler (360-460fps, apical 
views). Results: Computer modeling showed that cm closely correlated with the reference 
wave speed (Fig. B) over a wide range of elastic moduli (2 to 60kPa). By varying thickness 
by 33%, diameter by 30% and YEM by 100% (mild disease), cm changed by -2.6%, 0.6% 
and 42%, respectively (Fig. C). In patients with CA, the wave speeds were much larger 
than controls (Fig.D), most likely refl ecting diff erences in tissue properties rather than 
alterations in LV geometry. Conclusion: Longitudinal wave propagation was reproduced 
in a simplifi ed ventricular model. Variations in material properties had the most infl uence 
on wave speed, while geometry played a minor role. Th ese results build confi dence 
in the theory that changes in wave speed in patients with cardiomyopathies refl ect 
predominantly tissue properties that are altered by disease rather than morphologic 
abnormalities.
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P2-48
P-to-P vs R-to-R Gating in Left Atrial Strain: Evidence That They 
can be Interchanged Mathematically
Menhel Kinno, Nausheen Akhter, Vera H. Rigolin, James D. Th omas. 
Northwestern University, Chicago, IL
Background: Left  atrial (LA) strain is a novel approach for the assessment of LA function. 
However, there is controversy about the preferred gating method (P- vs R-wave as the 
reference point), as these methods result in diff erent values. In this study we present and 
test a formula to convert the values of P-wave derived LA booster and reservoir strain to 
R-wave derived ones and vice versa. Methods: As shown in the fi gure, we hypothesized 
that P-derived booster and reservoir strain would be smaller in magnitude than their 
R-derived counterparts, but could be converted by dividing by 1+ conversion strain (the 
P-derived strain at the R-wave). A similar formula was used to convert LA strain from 
R-to-P but instead the conversion strain is at the P-wave. We studied 12 consecutive 
healthy volunteers who underwent comprehensive echo including speckle-tracking 
derived LA strain (GE Healthcare EchoPAC 202). In the apical 4-chamber view, LA 
strain was fi rst measured using the P wave as the reference point (P-P) (Figure). Without 
changing the image frame or endocardial tracing, the gating was moved to assign the 
R-wave as the reference point (R-R). In the second method, the reservoir corresponds 
to the positive peak atrial strain and the booster as the positive strain at the onset of 
P-wave. Paired t-test and bivariate correlation were used for analysis. Results: Directly 
measured P-derived booster and reservoir were signifi cantly diff erent when compared to 
those directly measured by R-R method (11.9±4.2% vs 13.8±4.6%, p=0.01 and 21.9±4.1% 
vs 23.7±4.0%, p=0.0007, respectively). P-to-R converted booster and reservoir strain 
were not diff erent to directly R-R measured ones with a correlation coeffi  cient (R) of 
0.84 (p=0.0007) and 0.91 (p<0.0001), respectively. Similarly R-to-P converted booster and 
reservoir were not diff erent from the directly measured ones with R of 0.79(p=0.002) and 
0.90 (p<0.0001), respectively. Conclusion: Th is conversion formula provides a quick and 
accurate way to interchangeably convert LA booster and reservoir strain when obtained 
using diff erent gating references.

P2-49
Increased Left Ventricular Energy Loss Occurs in the Patients with 
Aortic Stenosis
Jing Wang1,2, Jing Zhang1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: To analysis the left  ventricular vortex parameters and blood energy loss(EL) 
in aortic stenosis (AS) patients using vector fl ow mapping(VFM). Methods: Th e study 
consisted of 37 patients with various degrees of AS; 16 mild to moderate ones (AS1 group 
) , 21 severe ones ( AS2 group ), and 35 age- and gender-matched normals. Using Aloka 
Prosound F75 color Doppler ultrasound diagnostic system to acquire standard dynamic 
apical long axis view color Doppler fl ow images during 3 completed cardiac cycles for 
DAS-RS1 off -line workstation. Based on time-fl ow curve(T-F curve)of left  ventricular and 
the open-close of valve, the diastole period of left  ventricle was divided into the isovolumic 
relaxation phase(P1), rapid fi lling phase(P2), slow fi lling phase(P3), atria contract period 
(P4), and total diastolic phase(P0). Th e systole period of left  ventricle was divided into 
isovolumetric contraction phase (P5), rapid ejecting phase(P6), slow ejecting phase(P7), 
and total systolic phase(P8). To acquire vortex area, vortex circulation and EL of three 
groups in above phases. Results: 1.①Th ree peaks of EL appear in one cardiac cycle in 
P2, P4 and P6 respectively. Besides, the EL in total systole and diastole is equal.②Among 
three groups, Th e EL of AS1 group increased in all phases , but only in P4, P7 and P0 with 
signifi cant diff erences (P<0.05). the EL increased in all phases of AS2 group (P<0.01). 2. 
①Th ere were both signifi cant positive correlations between P0-EL, P8-EL and LVMI 
(r was 0.56, 0.59 / 0.64, 0.65 respectively,P<0.01); ②For AS group, there were positive 
correlation between P0-EL, P8-EL and MPG (r was 0.63, 0.52 respectively,P<0.01) 
. ③For control group and AS group, there were both signifi cant positive correlations 
between P2-EL and E,e’(r was 0.62, 0.54 / 0.58, 0.50 respectively,P<0.01); there were both 
signifi cant positive correlations between P4-EL and A(r was 0.48 / 0.56,P<0.01; there 
were both signifi cant positive correlations between P0-EL, P8-EL and E/e’(P<0.01) and 
negative correlation between P0-EL, P8-EL and LVEF (P<0.01). ④Th ere were positive 
correlation between P2-EL,P3-EL,P4-EL,P5-EL and circulation (P<0.01). Conclusions: 
Left  ventricular energy lossincreased in the patients with aortic stenosis. VFM is expected 
to provide a sensitive indicator for early assessment the cardiac functional in AS patients.

P2-50
Lung Doppler Signals Provide a Novel Method to Monitor Filling 
Pressure in Congestive Heart Failure Patients
Muhammad Ashraf, Chetan Virmani, Lan Hu, Sirish Shrestha, Grace Verzosa, 
Marton Tokodi, Hama Ali, Christopher Bianco, Partho P. Sengupta. WVU, 
Morgantown, WV
Background: Lung Doppler Signals (LDS) have been shown to detect pulsatile mechanical 
waves in pulmonary vessels generated by cardiac activity. We investigated the feasibility 
of LDS in non-invasive assessment of fi lling pressures in hospitalized congestive heart 
failure (CHF) patients. Methods: Total fi ft y-fi ve (n=55) hospitalized CHF patients 
with echo derived elevated fi lling pressures (E/e‘ > 14) were investigated. LDS data was 
acquired within six hours of echo around admission, from over the right chest at three 
levels (apex, mid and base) with a non-imaging pulsed Doppler device consisting of a 
2MHz single element transducer (Viasys Healthcare, Madison, WI, USA) coupled with 
an electrocardiogram. Both Echocardiography and LDS exams were repeated around the 
time of discharge. Recorded LDS were analyzed by a signal processing and algorithm 
package (Transthoracic parametric Doppler, TPD, Echosense Ltd, Haifa, Israel) to 
quantify a set of features including the Diastolic (D) signal duration, the D signal 
symmetry and the fall-slope of the systolic signal. Results: Features selection using a set 
of the eight signifi cant features (p-value < 0.005) were used in a multivariable regression 
machine learning model (Figure B) to obtain the relation of LDS derived features and 
echo derived fi lling pressure in an exploratory cohort of 45 patients. Data from remaining 
10 patients used as a validation cohort and showed similar predictable relationship. 
Conclusions: LDS derived features can be used for predicting LV fi lling pressure and 
may serve as a non-invasive tool for monitoring CHF patients.
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β-adrenergic stimulation into senescence in cardiac specifi c Rad deletion. At the cellular 
level Ca2+ homeostasis was elevated manifested through increased L-type calcium current, 
increased amplitude of Ca2+ transients and a change in sarcomere length. Discussion: 
Decreased Rad expression in native hearts may be a compensatory mechanism to 
preserve cardiac contractile function in the setting of cardiac stress. Reduction of RRAD 
in adult mice increases calcium homeostasis leading to an underlying stable positive 
inotropic gain of heart function. In contrast to heart failure from calcium overload, Rad-
reduced myocardium retained responsiveness to β-adrenergic stimulation. Conclusion: 
We conclude that reduction of cardiac Rad represents a novel means for positive inotropic 
support.

P2-45
Deep Learning Algorithm for Fully-Automated Left Ventricular 
Ejection Fraction Measurement
Nicolas Poilvert1, Ha Hong1, Nathanael Romano1, David Adams1, Charles 
Cadieu1, Richard Y. Bae2, Randolph P. Martin1,3. 1Bay Labs, Inc., San Francisco, 
CA; 2Abbott Northwestern Hospital, Minneapolis, MN; 3Emory University 
Medical School, Atlanta, GA
Background: Th e modifi ed Simpson’s biplane method of discs is the ASE recommended 
two dimensional echocardiographic method used to measure Left  Ventricular Ejection 
Fraction (EF). Automated approaches to calculate EF have the potential to reduce 
exam time and measurement variability. However, existing automated EF methods 
have limitations: they require manual selection of correct views and clips, and oft en 
produce endocardial border tracings that require manual correction. We developed and 
tested novel soft ware based upon deep neural network technology, EchoMD AutoEF, 
that calculates EF in a fully automated manner. Th e goal of this study was to compare 
the accuracy of the fully automated EF to the standard biplane method. Methods: 405 
digitally archived transthoracic echocardiographic studies with reported biplane EF 
values were included (241 male / 164 female, age 17 to 96, mean 67, median 69). A wide 
range of body mass index (BMI) and EF values were represented, with 33% in BMI > 30 
range and 33% with EF below 35%. Th e soft ware automatically searched through each 
entire patient study and selected optimal apical four chamber and apical two chamber 
clips for EF calculation. Automated EF was compared to the biplane EF and analyzed 
using Bland-Altman analysis and Root Mean Square Deviation (RMSD). Results: Th e 
echocardiographic view and image quality assessment function of the algorithm accepted 
337 (83.2%) of the studies as adequate for EF calculation. Th e analyzed studies showed 
a low bias of 0.29% (-15.95%, 16.53% limits of agreement) (see fi gure). Ejection fraction 
variability of EchoMD AutoEF, measured as RMSD, was 8.29%, signifi cantly smaller 
than reference inter-observer variability of 9.2% (p = 0.002). Conclusion: EchoMD 
AutoEF is an accurate and fully automated method of calculating ejection fraction from 
complete studies without user intervention. It also performs well on obese patients and 
on patients with a range of abnormal EF. It requires no manual clip selection or tracing. 
EchoMD AutoEF signifi cantly reduces the variability of EF measurement compared to 
the interobserver variability of clinical experts.

P2-46
Reduced Mitral Valve Annular Height to Commissural Width 
Ratio in Young Adult Carriers of Genes for Familial Hypertrophic 
Cardiomyopathy 
Nianwei Zhou1, Shengmei Qin2, Lu Tang2, Weipeng Zhao2, Cuizhen Pan2, Zilong 
Qiu3, Xiaolin Wang1, Xianhong Shu2. 1Zhongshan Hospital, Fudan University, 
Shanghai Institute of Medical Imaging, Shanghai, China; 2Zhongshan Hospital, 
Fudan University, Shanghai, China; 3Institute of Neuroscience, State Kay 
Laboratory of Neuroscience, Chinese Academy of Sciences, Shanghai, China
Background: Th e shape of the mitral valve annulus can change with abnormalities of 
cardiac structure and function. Th e mitral valve annular height to commissural width ratio 
(AHCWR) may change before clinical symptoms or impaired cardiac functions occur. 
Th e aim of this study was to determine whether abnormalities in mitral valve AHCWR 
could be associated with the early cardiac abnormalities in young adults who were 
carriers for hypertrophic cardiomyopathy (HCM) gene mutations. Methods: Th e genes 
from 29 probands with known familial HCM and more members of a family pedigree, 
were sequenced by whole-exome sequencing (WES). Genotypes were identifi ed by 
Sanger sequencing in young adult family members aged <30 years, and were divided into 
the following three mutation groups: gene (+) phenotype (+)(n = 29); gene (+) phenotype 
(-) (n = 27); gene (-) phenotype (-) (n = 42). Th ree-dimensional (3-D) echocardiographic 
images were obtained for the family members of all three groups. Results: In the three 
groups studied within the one family, there was no signifi cant diff erence in LVEF. Th e 
interventricular septum (IVS), left  ventricular posterior wall thickness (LVPWT), and Tei 
index of the gene (+) phenotype (+) were signifi cantly diff erent from the other two groups 
(p<0.001). Th e AHCWR of the gene (+) phenotype (-) group was signifi cantly lower than 
that of gene (-) phenotype (-) group (p<0.01). Th ere was no signifi cant diff erence between 
the proband group and the other two groups. Conclusion: Th e mitral valve AHCWR was 
reduced in asymptomatic family members carrying HCM-associated genes. Quantitative 
analysis of 3Dechocardiography for measurement of mitral valve AHCWR may be used 
as a parameter for the early detection of cardiac dysfunction in young adults who are 
carriers of HCM genes.

P2-47
Myocardial Stiffness by Longitudinal Wave Propagation Using 
Finite Element Modeling and Clinical Data
Kent D. Carlson, Sorin V. Pislaru, Dan M. Dragomir Daescu, Orawan 
Anupraiwan, Patricia A. Pellikka, Cristina Pislaru. Mayo Clinic, Rochester, MN
Background: Th e theory of wave propagation in elastic tubes has been recently applied 
to the heart and validated against the gold-standard myocardial stress-strain relationship 
to provide an estimate of myocardial elasticity. Herein, our aims were 1) to reproduce 
this wave in a simplifi ed heart model; 2) to evaluate how wave speed varies with material 
properties and chamber geometry; and 3) to compare results with fi ndings from patients 
with cardiac amyloidosis (CA), who are expected to have alterations in myocardial 
stiff ness. Methods: Simulations were computed in ABAQUS. A simplifi ed 3D heart wall 
model of a human left  ventricle (LV) was modeled as a bullet-shaped geometry (Fig.A). 
Th e chamber tip was anchored with a semi-rigid coil. Gravity was considered negligible. 
A longitudinal wave was generated by applying a displacement boundary condition 
on the basal segment to simulate mitral annulus displacement during late diastole in a 
normal subject. Th e resultant wavefront of local displacements was used to measure wave 
speed (cm). Measurements were repeated at various levels of diameter (D), thickness (h) 
and tissue Young’s elastic modulus (YEM) and compared vs a reference longitudinal wave 
speed (infi nite elastic medium, cL=√YEM/ρ). In the clinical study, 8 patients with cardiac-
biopsy proven CA and 8 normal subjects (matched for age and LV size) had noninvasive 
measurements of longitudinal wave speed in the LV by tissue Doppler (360-460fps, apical 
views). Results: Computer modeling showed that cm closely correlated with the reference 
wave speed (Fig. B) over a wide range of elastic moduli (2 to 60kPa). By varying thickness 
by 33%, diameter by 30% and YEM by 100% (mild disease), cm changed by -2.6%, 0.6% 
and 42%, respectively (Fig. C). In patients with CA, the wave speeds were much larger 
than controls (Fig.D), most likely refl ecting diff erences in tissue properties rather than 
alterations in LV geometry. Conclusion: Longitudinal wave propagation was reproduced 
in a simplifi ed ventricular model. Variations in material properties had the most infl uence 
on wave speed, while geometry played a minor role. Th ese results build confi dence 
in the theory that changes in wave speed in patients with cardiomyopathies refl ect 
predominantly tissue properties that are altered by disease rather than morphologic 
abnormalities.

Poster Session 2 (P2) Monday, June 25, 2018

P2-48
P-to-P vs R-to-R Gating in Left Atrial Strain: Evidence That They 
can be Interchanged Mathematically
Menhel Kinno, Nausheen Akhter, Vera H. Rigolin, James D. Th omas. 
Northwestern University, Chicago, IL
Background: Left  atrial (LA) strain is a novel approach for the assessment of LA function. 
However, there is controversy about the preferred gating method (P- vs R-wave as the 
reference point), as these methods result in diff erent values. In this study we present and 
test a formula to convert the values of P-wave derived LA booster and reservoir strain to 
R-wave derived ones and vice versa. Methods: As shown in the fi gure, we hypothesized 
that P-derived booster and reservoir strain would be smaller in magnitude than their 
R-derived counterparts, but could be converted by dividing by 1+ conversion strain (the 
P-derived strain at the R-wave). A similar formula was used to convert LA strain from 
R-to-P but instead the conversion strain is at the P-wave. We studied 12 consecutive 
healthy volunteers who underwent comprehensive echo including speckle-tracking 
derived LA strain (GE Healthcare EchoPAC 202). In the apical 4-chamber view, LA 
strain was fi rst measured using the P wave as the reference point (P-P) (Figure). Without 
changing the image frame or endocardial tracing, the gating was moved to assign the 
R-wave as the reference point (R-R). In the second method, the reservoir corresponds 
to the positive peak atrial strain and the booster as the positive strain at the onset of 
P-wave. Paired t-test and bivariate correlation were used for analysis. Results: Directly 
measured P-derived booster and reservoir were signifi cantly diff erent when compared to 
those directly measured by R-R method (11.9±4.2% vs 13.8±4.6%, p=0.01 and 21.9±4.1% 
vs 23.7±4.0%, p=0.0007, respectively). P-to-R converted booster and reservoir strain 
were not diff erent to directly R-R measured ones with a correlation coeffi  cient (R) of 
0.84 (p=0.0007) and 0.91 (p<0.0001), respectively. Similarly R-to-P converted booster and 
reservoir were not diff erent from the directly measured ones with R of 0.79(p=0.002) and 
0.90 (p<0.0001), respectively. Conclusion: Th is conversion formula provides a quick and 
accurate way to interchangeably convert LA booster and reservoir strain when obtained 
using diff erent gating references.

P2-49
Increased Left Ventricular Energy Loss Occurs in the Patients with 
Aortic Stenosis
Jing Wang1,2, Jing Zhang1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: To analysis the left  ventricular vortex parameters and blood energy loss(EL) 
in aortic stenosis (AS) patients using vector fl ow mapping(VFM). Methods: Th e study 
consisted of 37 patients with various degrees of AS; 16 mild to moderate ones (AS1 group 
) , 21 severe ones ( AS2 group ), and 35 age- and gender-matched normals. Using Aloka 
Prosound F75 color Doppler ultrasound diagnostic system to acquire standard dynamic 
apical long axis view color Doppler fl ow images during 3 completed cardiac cycles for 
DAS-RS1 off -line workstation. Based on time-fl ow curve(T-F curve)of left  ventricular and 
the open-close of valve, the diastole period of left  ventricle was divided into the isovolumic 
relaxation phase(P1), rapid fi lling phase(P2), slow fi lling phase(P3), atria contract period 
(P4), and total diastolic phase(P0). Th e systole period of left  ventricle was divided into 
isovolumetric contraction phase (P5), rapid ejecting phase(P6), slow ejecting phase(P7), 
and total systolic phase(P8). To acquire vortex area, vortex circulation and EL of three 
groups in above phases. Results: 1.①Th ree peaks of EL appear in one cardiac cycle in 
P2, P4 and P6 respectively. Besides, the EL in total systole and diastole is equal.②Among 
three groups, Th e EL of AS1 group increased in all phases , but only in P4, P7 and P0 with 
signifi cant diff erences (P<0.05). the EL increased in all phases of AS2 group (P<0.01). 2. 
①Th ere were both signifi cant positive correlations between P0-EL, P8-EL and LVMI 
(r was 0.56, 0.59 / 0.64, 0.65 respectively,P<0.01); ②For AS group, there were positive 
correlation between P0-EL, P8-EL and MPG (r was 0.63, 0.52 respectively,P<0.01) 
. ③For control group and AS group, there were both signifi cant positive correlations 
between P2-EL and E,e’(r was 0.62, 0.54 / 0.58, 0.50 respectively,P<0.01); there were both 
signifi cant positive correlations between P4-EL and A(r was 0.48 / 0.56,P<0.01; there 
were both signifi cant positive correlations between P0-EL, P8-EL and E/e’(P<0.01) and 
negative correlation between P0-EL, P8-EL and LVEF (P<0.01). ④Th ere were positive 
correlation between P2-EL,P3-EL,P4-EL,P5-EL and circulation (P<0.01). Conclusions: 
Left  ventricular energy lossincreased in the patients with aortic stenosis. VFM is expected 
to provide a sensitive indicator for early assessment the cardiac functional in AS patients.

P2-50
Lung Doppler Signals Provide a Novel Method to Monitor Filling 
Pressure in Congestive Heart Failure Patients
Muhammad Ashraf, Chetan Virmani, Lan Hu, Sirish Shrestha, Grace Verzosa, 
Marton Tokodi, Hama Ali, Christopher Bianco, Partho P. Sengupta. WVU, 
Morgantown, WV
Background: Lung Doppler Signals (LDS) have been shown to detect pulsatile mechanical 
waves in pulmonary vessels generated by cardiac activity. We investigated the feasibility 
of LDS in non-invasive assessment of fi lling pressures in hospitalized congestive heart 
failure (CHF) patients. Methods: Total fi ft y-fi ve (n=55) hospitalized CHF patients 
with echo derived elevated fi lling pressures (E/e‘ > 14) were investigated. LDS data was 
acquired within six hours of echo around admission, from over the right chest at three 
levels (apex, mid and base) with a non-imaging pulsed Doppler device consisting of a 
2MHz single element transducer (Viasys Healthcare, Madison, WI, USA) coupled with 
an electrocardiogram. Both Echocardiography and LDS exams were repeated around the 
time of discharge. Recorded LDS were analyzed by a signal processing and algorithm 
package (Transthoracic parametric Doppler, TPD, Echosense Ltd, Haifa, Israel) to 
quantify a set of features including the Diastolic (D) signal duration, the D signal 
symmetry and the fall-slope of the systolic signal. Results: Features selection using a set 
of the eight signifi cant features (p-value < 0.005) were used in a multivariable regression 
machine learning model (Figure B) to obtain the relation of LDS derived features and 
echo derived fi lling pressure in an exploratory cohort of 45 patients. Data from remaining 
10 patients used as a validation cohort and showed similar predictable relationship. 
Conclusions: LDS derived features can be used for predicting LV fi lling pressure and 
may serve as a non-invasive tool for monitoring CHF patients.
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P2-51
Left Atrial Longitudinal Strain Differences between Diastolic 
Dysfunction Grades in Consecutive Patients with Severe Aortic 
Stenosis before Transcatheter Aortic Valve Replacement 
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Although the 2016 American Society of Echocardiography diastolic 
dysfunction (DD) guidelines have simplifi ed the algorithm compared to the previous 
recommendation, the evaluation is dependent on multivariable assessment and thus 
remain complicated. Left  atrial (LA) longitudinal strain (LS) analysis detects subtle 
changes in chamber function. Peak LA strain is an emerging parameter proven to 
correlate with diastolic function. We aimed to assess peak LA LS according to DD 
grades among patients with severe aortic stenosis (AS) undergoing transcatheter 
aortic valve replacement (TAVR). Methods: We analyzed consecutive patients with 
severe AS that underwent TAVR between 2007-2014, who had an echocardiogram in 
sinus rhythm pre-procedure. Patients with pacemaker were excluded. DD grading was 
determined according to 2016 ASE guidelines (grades I, indeterminate I-II, II and III). 
LA LS by speckle tracking was derived from apical 4-chamber view (TOMTEC). Pearson 
correlation coeffi  cient was obtained for peak LA LS with each of the four parameters 
included in the guidelines: mitral wave E/A and E/e’ velocity ratios, LA volume index 
(LAVI) and tricuspid regurgitation (TR) peak velocity. Receiver operating characteristic 
(ROC) and logistic regression univariate analyses were performed to predict normal 
LA pressure (LAP) defi ned as grade I DD by the guidelines. Results: 250 patients were 
included for this analysis (82±9 years old, 41% male, LV ejection fraction 60±10%). Mean 
peak LA LS for grades I, indeterminate, II and III were respectively: 21.8±5.3% (N=53), 
22.4±5.3% (N=44), 19.2±4.9% (N=130) and 16.6±4.0% (N=44), p<0.01. Th e correlation 
for peak LA strain and each of E/A, E/e’, LAVI and TR peak velocity was poor: E/A ratio 
had the highest correlation (0.31). Th e peak LA LS ROC to predict normal LAP (grade 
I DD) was 0.73 with an Odds Ratio = 1.18, 95% CI 1.08-1.29, (p<0.01). Conclusions: In 
patients with severe AS undergoing TAVR, baseline peak LA LS, a single non-invasive 
echocardiographic parameter, worsened parallel to multiparametric DD grading. Peak 
LA LS should be considered as part of the DD guidelines algorithm to predict normal 
LAP as a single parameter.

P2-52
The Association of Left Ventricular Relative Pressure Gradient by 
Vector Flow Mapping with Global Longitudinal Strain Rate
Yuko Soyama1, Nobuyuki Kagiyama1, Masataka Sugahara2, John Gorcsan, III1. 
1Washington University in St. Louis, Saint Louis, MO; 2University of Pittsburgh, 
Pittsburgh, PA
Background: Th e pressure diff erence inside the left  ventricle (LV) is an indicator of cardiac 
performance. Vector fl ow mapping (VFM) is a novel technique to evaluate fl ow dynamics 
and enables estimation of relative pressure gradient (RPG) non-invasively. Our objective 

was to test the hypothesis that RPG relates to myocardial wall mechanics assessed by 
global longitudinal strain rate. Methods: We studied 39 healthy normal controls and 12 
patients with heart failure and reduced ejection fraction (HFrEF) (LVEF<35%) by VFM 
and speckle tracking strain echocardiography. (PROSOUND F75 Premier CV, Hitachi 
Corp.). RPG was calculated using an internal LV reference from the velocity distribution 
of transformed Navier-Stokes equations using divergence operations. RPG was evaluated 
in 3 sequential cardiac cycles; in mid-systole (MS), isovolumetric relaxation time (IRT) 
and isovolumetric contraction time (ICT). Also, we evaluated global longitudinal strain 
(GLS) and global longitudinal strain rate by the speckle-tracking method. Results: VFM 
analysis were available in all 51 subjects. RPG was signifi cantly lower in HFrEF patients 
than normal controls: (0.29±0.07, 079±0.08, vs 1.04±0.25, 0.17±0.31, 0.32±0.16, p=0.01, 
<0.01, 0.01, respectively). As expected, GLS was signifi cantly lower in HFrEF patients than 
normal controls (-5.29±1.72 vs -18.53±1.36, p<0.01 ). We assessed wall mechanics using 
systolic global longitudinal strain rate, early diastolic strain rate and late diastolic strain 
rate comparing HFrEF patients to normal controls as follows: (-0.34±0.27, 0.79±0.31, 
0.69±0.13 vs -0.91±0.11, 1.14±0.27, 0.55±0.17, p<0.01, <0.01 and 0.03, respectively). 
RPG during IRT was signifi cant correlated with early global strain rate (p=0.02) and 
RPG during ICT was signifi cantly correlated with systolic global strain rate (p<0.01). 
Conclusions: RPG is a novel means to assess internal LV pressure gradient in HFrEF 
patients and normal controls. RPG had signifi cant associations with global longitudinal 
strain rate during specifi c times of the cardiac cycle, with diff erences in HFrEF patients 
from normal controls. RPG has promise as a new method to assess the interaction of 
LV wall mechanics and internal fl ow dynamics, which can be additive to assess cardiac 
performance.

P2-53
Development of Echocardiography Image Recognition Deep 
Learning Neural Network Algorithm to Facilitate Structured 
Echocardiography Reporting
Ralph Matar1, Alexander LeClair2, Amna Zafar3, Jeff rey Soble3, James Wolfer4, 
Rami Doukky1. 1Cook County Health and Hospital System, Chicago, IL; 2Ascend 
Health Information Technology, Lisle, IL; 3Rush University Medical Center, 
Chicago, IL; 4Indiana University South Bend, South Bend, IN
Background: Transthoracic Echocardiography (TTE) digital images have been 
traditionally displayed according to the standardized acquisition sequence. Adaptive 
smart display of relevant images of interest to match structures being interrogated can 
facilitate structured TTE reporting. We sought to train and validate a Deep Learning 
Neural Network (DLNN) to identify standard TTE views. Methods: We randomly 
selected 2021 complete TTE studies from one institution. Studies were acquired by 
7 diff erent registered sonographers utilizing 5 echo machines (GE vivid 9 and E95). 
Discrete DICOM cine and still frame images were extracted to generate 105,048 unique 
image fi les of conventional echo imaging modalities: 2D, M-Mode, fl ow Doppler, 
tissue Doppler, color Doppler, etc. All patient and image identifi ers were electronically 
redacted. Experienced echocardiography technologists tagged each image according to 
a menu of standard view nomenclature. Of the resulting images, 84,093 were used to 
train a DLNN to recognize 61 distinct standard views plus a single class representing 
all other views. Th e remaining 20,955 images were used to validate and optimize DLNN 
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image recognition. Agreement between DLNN and sonographers as gold standard 
was measured. Agreement among sonographers was measured as a reference. Results: 
Aft er training the DLNN on the training image set, we validated the algorithm on the 
validation image set. Average agreement between the DLNN and reference sonographers 
was 86% for all views (P < 0.001). Agreement among sonographers was 82% (P < 0.001). 
Th e likelihood for chance agreement between DLNN and sonographers or among 
sonographers is 1.6%. Standard views identifi ed using DLNN algorithm were successfully 
mapped to corresponding structured reporting elements. Conclusions: We developed 
and validated a DLNN capable of identifying standard TTE views with a high degree of 
accuracy. Image identifi cation using DLNN can be used to facilitate structured reporting 
and side-by-side image comparison between concordant views derived from serial TTE 
studies. Th e developed DLNN algorithm needs to be externally validated against diff erent 
set of sonographers and ultrasound machines.

P2-54
Ef cacy of Shock Wave Therapy for Improving Myocardial Blood 
Flow Reserve in Patients with Refractory Angina: Evaluation by 
Real-Time Myocardial Perfusion Echocardiography
Conrado Ceccon1, Anderson Duque1, Wilson Mathias, Jr.1,2, Luis H. Gowdak1, 
Marta Lima1, Paulo Dourado1, Joana Majeski1, Joao Sbano1,2, Jeane M. Tsutsui1,2. 
1Heart Institute (InCor)- University of São Paulo Medical School, São Paulo, 
Brazil; 2Fleury Medicine and Health, São Paulo, Brazil
Background: Despite all the therapeutic arsenal in the treatment of coronary artery 
disease, the prevalence of refractory angina increases in the population. Cardiac shock 
wave therapy (CSWT) was proposed as an option for the treatment of refractory angina, 
promoting immediate vasodilatory eff ects and, in long term, neoangiogenic eff ects that 
would be responsible for reducing the ischemic load. Th e objective of this study was to 
evaluate the eff ects of CSWT on myocardial perfusion using the Real-time Myocardial 
Perfusion Echocardiography (RTMPE). Methods: We prospectively studied 15 patients 
with refractory angina who underwent CSWT during 9 sessions of treatment of their 
ischemic zone, over a period of 3 months (3 sessions per week, with a minimum interval 
of 48 h between sessions). A total of 32 left  ventricular myocardial segments with 
ischemia by SPECT were treated with CSWT while other 31 ischemic segments did not 
receive therapy by technical limitations. Th e myocardial perfusion was evaluated at rest 
and aft er stress protocol with dipyridamole (0.84 mg/kg) before and 6 months aft er the 
application of CSWT, with quantitative analysis of myocardial fl ow reserve (MFR) by 
RTMPE. Clinical eff ects of CSWT were evaluated through the Canadian Cardiovascular 
Society (CCS) grading of angina pectoris and the Seattle Angina Questionnaire (SAQ). 
Results: Th e ischemic segments treated with CSWT presented a signifi cant increase in 
MFR (from 1.33±0.22 to 1.74±0.29;p<0.001), a benefi t that was not observed in non-
treated ischemic segments (from 1.51±0.29 to 1.54±0.28;p=0.47). Patients demonstrated 
improvement in the global MFR (from 1.78±0.54 to 1.89±0.49; p=0.017). Th ere was 
improvement of CCS (from 3.2± 0.56 to 1.93± 0.70;p<0.05) and in the SAQ score (from 
42.3±12.99 to 71.2±14.29;p<0.05). No major cardiovascular events were recorded during 
the follow-up period. Conclusions: RTMPE was able to identify an increase in the MFR 
in ischemic segments, treated with CSWT. Th e results suggest that CSWT in patients 
with refractory angina is safe and has the potential to improve myocardial ischemia in the 
treated ischemic segments with impact on symptoms and quality of life.

P2-55
Global Wasted Work is Elevated in Dilated Cardiomyopathy with 
Greater Regional Differences in Non-Ischemic Cardiomyopathy: 
A Study Utilizing a New and Novel Non-Invasive Left Ventricular-
Pressure Strain Loop Software
Natalie FA Edwards1, Jonathan Chan1,2, Surendran Sabapathy2, Bonita A. 
Anderson1, Robert Chamberlain1, Gregory M. Scalia1. 1Th e Prince Charles 
Hospital, Brisbane, Australia; 2School of Medicine and Menzies Health Institute 
Queensland, Griffi  th University, Gold Coast, Australia
Background: Left  ventricular (LV) pressure-strain loop is a novel, non-invasive 
quantifi cation of myocardial work (MW). Area within the LV pressure-strain loop 
represents global MW (GWI) (fi gure1A). Constructive work (CW) is calculated from 

myocardial shortening during systole, incorporating lengthening during isovolumic 
relaxation. Wasted work (WW) is calculated from myocardial lengthening during systole, 
incorporating shortening during isovolumic relaxation. Non-ischemic (CMPN-ISC) and 
ischemic cardiomyopathy (CMPISC) heart disease etiology infl uences management, 
prognosis as well as electromechanical correlates in heart failure. Diff erences in GWI 
and regional MW in patients with CMPN-ISC and CMPISC were assessed. Methods: Strain 
analysis was performed immediately prior to coronary angiography. 34 patients met the 
study criteria divided into: 1) Controls (n=10); 2) CMPN-ISC (n=10) (EF<40%; no evidence 
of signifi cant coronary artery disease); 3) CMPISC (n=14) (EF<40%; coronary artery 
stenosis). Th e soft ware normalized a standard LV pressure curve to brachial systolic cuff  
pressure to isovolumic and ejection duration. MW effi  ciency (GWE) was derived from the 
percentage ratio of: CW/(CW=WW). Segmental wasted work between septal and lateral 
segments were compared between CMPN-ISC and CMPISC. Results: GWI and GWE were 
signifi cantly impaired (p<0.05) in both CMP groups. Although not signifi cant, GWI was 
lower in the CMPISC (780mmHg%) vs CMPN-ISC (1054mmHg%). WW was signifi cantly 
higher (p<0.05) in non-ischemic vs CMPISC (259 vs 185 mmHg%). Septal WW was 
signifi cantly higher (p<0.05) in CMPN-ISC (459mmHg%) vs lateral WW (174mmHg%) 
(Figure1C). Th ere was no signifi cant diff erence between septal (198mmHg%) and lateral 
(161mmHg%) WW in CMPISC. Conclusion: Signifi cant deterioration of GWI and GWE 
in both CMP groups demonstrates impaired contractility of cardiomyocytes. Prognostic 
signifi cance, particularly in CMPISC, remains to be determined. Signifi cantly higher 
septal WW in CMPN-ISC demonstrates a higher systolic LV lengthening with segmental 
shortening during isovolumic relaxation (fi gure1B). Th is group of patients may likely 
respond to resynchronization therapy. Global and regional MW constitutes a more 
complete assessment of myocardial function beyond ejection fraction.

P2-56
Shortened Posterior Mitral Lea et in Patients with Atrial 
Fibrillation and Signi cant Mitral Regurgitation
Hiroki Takada, Hidekazu Tanaka, Shun Yokota, Nao Shibata, Jun Mukai, Makiko 
Suto, Fumitaka Soga, Kumiko Dokuni, Yutaka Hatani, Hiroki Matsuzoe, Keiko 
Hatazawa, Eriko Hisamatsu, Kensuke Matsumoto, Ken-ichi Hirata. Division of 
Cardiovascular Medicine, Department of Internal Medicine, Kobe, Japan
Background: Th e underlying mechanism of mitral regurgitation (MR) in atrial 
fi brillation (AF) is considered as isolated annulus dilation by left  atrial (LA) remodeling, 
known as Carpentier’s functional classifi cation Type I. However, the association of 
mitral valve geometry with MR in AF patients remains unclear. Methods: We studied 
96 AF patients with preserved left  ventricular ejection fraction (LVEF) who underwent 
transthoracic and transesophageal echocardiography. Th eir mean age was 66±10 years, 
35% were female, and LVEF was 63±6% (all≥50%). Patients who a major cause of MR 
was Carpentier’s functional classifi cation Type II, IIIa and IIIb were excluded. Mitral 
valve geometry was evaluated with three-dimensional transesophageal echocardiography 
(3D-TEE) (ACUSON SC2000, Siemens). Results: Eleven patients were classifi ed as MR 
group (≥moderate), and remaining 85 were classifi ed as non-MR group (<moderate). In 
three-dimensional mitral valve geometric analysis, mitral annulus area in MR group was 
signifi cantly larger (11.2±1.7cm2 vs. 9.1±1.7cm2, p<0.001), and relative posterior mitral 
leafl et (PML) area (posterior mitral leafl et area / mitral annulus area) was signifi cantly 
smaller (0.51±0.06 vs. 0.58±0.09, p<0.001) compared to non-MR group. Multivariate 
logistic regression analysis showed that relative PML area was independently associated 
with MR as well as LA volume index and mitral annulus area. For sequential logistic 
regression models for the association of MR, a model based on clinical variables including 
age, gender, and LVEF (χ2=4.5) was improved by addition of mitral annulus area (χ2=31.8; 
p<0.001), and further improved by addition of relative PML area (χ2=37.7; p<0.001). 
Conclusions: Our fi ndings suggested that shortened posterior mitral leafl et plays an 
important role for the development of MR in AF patients. Th erefore, the assessment of 
mitral valve geometry by 3D-TEE may well have clinical implications for better surgical 
management of AF patients with signifi cant MR.
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P2-51
Left Atrial Longitudinal Strain Differences between Diastolic 
Dysfunction Grades in Consecutive Patients with Severe Aortic 
Stenosis before Transcatheter Aortic Valve Replacement 
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Although the 2016 American Society of Echocardiography diastolic 
dysfunction (DD) guidelines have simplifi ed the algorithm compared to the previous 
recommendation, the evaluation is dependent on multivariable assessment and thus 
remain complicated. Left  atrial (LA) longitudinal strain (LS) analysis detects subtle 
changes in chamber function. Peak LA strain is an emerging parameter proven to 
correlate with diastolic function. We aimed to assess peak LA LS according to DD 
grades among patients with severe aortic stenosis (AS) undergoing transcatheter 
aortic valve replacement (TAVR). Methods: We analyzed consecutive patients with 
severe AS that underwent TAVR between 2007-2014, who had an echocardiogram in 
sinus rhythm pre-procedure. Patients with pacemaker were excluded. DD grading was 
determined according to 2016 ASE guidelines (grades I, indeterminate I-II, II and III). 
LA LS by speckle tracking was derived from apical 4-chamber view (TOMTEC). Pearson 
correlation coeffi  cient was obtained for peak LA LS with each of the four parameters 
included in the guidelines: mitral wave E/A and E/e’ velocity ratios, LA volume index 
(LAVI) and tricuspid regurgitation (TR) peak velocity. Receiver operating characteristic 
(ROC) and logistic regression univariate analyses were performed to predict normal 
LA pressure (LAP) defi ned as grade I DD by the guidelines. Results: 250 patients were 
included for this analysis (82±9 years old, 41% male, LV ejection fraction 60±10%). Mean 
peak LA LS for grades I, indeterminate, II and III were respectively: 21.8±5.3% (N=53), 
22.4±5.3% (N=44), 19.2±4.9% (N=130) and 16.6±4.0% (N=44), p<0.01. Th e correlation 
for peak LA strain and each of E/A, E/e’, LAVI and TR peak velocity was poor: E/A ratio 
had the highest correlation (0.31). Th e peak LA LS ROC to predict normal LAP (grade 
I DD) was 0.73 with an Odds Ratio = 1.18, 95% CI 1.08-1.29, (p<0.01). Conclusions: In 
patients with severe AS undergoing TAVR, baseline peak LA LS, a single non-invasive 
echocardiographic parameter, worsened parallel to multiparametric DD grading. Peak 
LA LS should be considered as part of the DD guidelines algorithm to predict normal 
LAP as a single parameter.

P2-52
The Association of Left Ventricular Relative Pressure Gradient by 
Vector Flow Mapping with Global Longitudinal Strain Rate
Yuko Soyama1, Nobuyuki Kagiyama1, Masataka Sugahara2, John Gorcsan, III1. 
1Washington University in St. Louis, Saint Louis, MO; 2University of Pittsburgh, 
Pittsburgh, PA
Background: Th e pressure diff erence inside the left  ventricle (LV) is an indicator of cardiac 
performance. Vector fl ow mapping (VFM) is a novel technique to evaluate fl ow dynamics 
and enables estimation of relative pressure gradient (RPG) non-invasively. Our objective 

was to test the hypothesis that RPG relates to myocardial wall mechanics assessed by 
global longitudinal strain rate. Methods: We studied 39 healthy normal controls and 12 
patients with heart failure and reduced ejection fraction (HFrEF) (LVEF<35%) by VFM 
and speckle tracking strain echocardiography. (PROSOUND F75 Premier CV, Hitachi 
Corp.). RPG was calculated using an internal LV reference from the velocity distribution 
of transformed Navier-Stokes equations using divergence operations. RPG was evaluated 
in 3 sequential cardiac cycles; in mid-systole (MS), isovolumetric relaxation time (IRT) 
and isovolumetric contraction time (ICT). Also, we evaluated global longitudinal strain 
(GLS) and global longitudinal strain rate by the speckle-tracking method. Results: VFM 
analysis were available in all 51 subjects. RPG was signifi cantly lower in HFrEF patients 
than normal controls: (0.29±0.07, 079±0.08, vs 1.04±0.25, 0.17±0.31, 0.32±0.16, p=0.01, 
<0.01, 0.01, respectively). As expected, GLS was signifi cantly lower in HFrEF patients than 
normal controls (-5.29±1.72 vs -18.53±1.36, p<0.01 ). We assessed wall mechanics using 
systolic global longitudinal strain rate, early diastolic strain rate and late diastolic strain 
rate comparing HFrEF patients to normal controls as follows: (-0.34±0.27, 0.79±0.31, 
0.69±0.13 vs -0.91±0.11, 1.14±0.27, 0.55±0.17, p<0.01, <0.01 and 0.03, respectively). 
RPG during IRT was signifi cant correlated with early global strain rate (p=0.02) and 
RPG during ICT was signifi cantly correlated with systolic global strain rate (p<0.01). 
Conclusions: RPG is a novel means to assess internal LV pressure gradient in HFrEF 
patients and normal controls. RPG had signifi cant associations with global longitudinal 
strain rate during specifi c times of the cardiac cycle, with diff erences in HFrEF patients 
from normal controls. RPG has promise as a new method to assess the interaction of 
LV wall mechanics and internal fl ow dynamics, which can be additive to assess cardiac 
performance.

P2-53
Development of Echocardiography Image Recognition Deep 
Learning Neural Network Algorithm to Facilitate Structured 
Echocardiography Reporting
Ralph Matar1, Alexander LeClair2, Amna Zafar3, Jeff rey Soble3, James Wolfer4, 
Rami Doukky1. 1Cook County Health and Hospital System, Chicago, IL; 2Ascend 
Health Information Technology, Lisle, IL; 3Rush University Medical Center, 
Chicago, IL; 4Indiana University South Bend, South Bend, IN
Background: Transthoracic Echocardiography (TTE) digital images have been 
traditionally displayed according to the standardized acquisition sequence. Adaptive 
smart display of relevant images of interest to match structures being interrogated can 
facilitate structured TTE reporting. We sought to train and validate a Deep Learning 
Neural Network (DLNN) to identify standard TTE views. Methods: We randomly 
selected 2021 complete TTE studies from one institution. Studies were acquired by 
7 diff erent registered sonographers utilizing 5 echo machines (GE vivid 9 and E95). 
Discrete DICOM cine and still frame images were extracted to generate 105,048 unique 
image fi les of conventional echo imaging modalities: 2D, M-Mode, fl ow Doppler, 
tissue Doppler, color Doppler, etc. All patient and image identifi ers were electronically 
redacted. Experienced echocardiography technologists tagged each image according to 
a menu of standard view nomenclature. Of the resulting images, 84,093 were used to 
train a DLNN to recognize 61 distinct standard views plus a single class representing 
all other views. Th e remaining 20,955 images were used to validate and optimize DLNN 
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image recognition. Agreement between DLNN and sonographers as gold standard 
was measured. Agreement among sonographers was measured as a reference. Results: 
Aft er training the DLNN on the training image set, we validated the algorithm on the 
validation image set. Average agreement between the DLNN and reference sonographers 
was 86% for all views (P < 0.001). Agreement among sonographers was 82% (P < 0.001). 
Th e likelihood for chance agreement between DLNN and sonographers or among 
sonographers is 1.6%. Standard views identifi ed using DLNN algorithm were successfully 
mapped to corresponding structured reporting elements. Conclusions: We developed 
and validated a DLNN capable of identifying standard TTE views with a high degree of 
accuracy. Image identifi cation using DLNN can be used to facilitate structured reporting 
and side-by-side image comparison between concordant views derived from serial TTE 
studies. Th e developed DLNN algorithm needs to be externally validated against diff erent 
set of sonographers and ultrasound machines.

P2-54
Ef cacy of Shock Wave Therapy for Improving Myocardial Blood 
Flow Reserve in Patients with Refractory Angina: Evaluation by 
Real-Time Myocardial Perfusion Echocardiography
Conrado Ceccon1, Anderson Duque1, Wilson Mathias, Jr.1,2, Luis H. Gowdak1, 
Marta Lima1, Paulo Dourado1, Joana Majeski1, Joao Sbano1,2, Jeane M. Tsutsui1,2. 
1Heart Institute (InCor)- University of São Paulo Medical School, São Paulo, 
Brazil; 2Fleury Medicine and Health, São Paulo, Brazil
Background: Despite all the therapeutic arsenal in the treatment of coronary artery 
disease, the prevalence of refractory angina increases in the population. Cardiac shock 
wave therapy (CSWT) was proposed as an option for the treatment of refractory angina, 
promoting immediate vasodilatory eff ects and, in long term, neoangiogenic eff ects that 
would be responsible for reducing the ischemic load. Th e objective of this study was to 
evaluate the eff ects of CSWT on myocardial perfusion using the Real-time Myocardial 
Perfusion Echocardiography (RTMPE). Methods: We prospectively studied 15 patients 
with refractory angina who underwent CSWT during 9 sessions of treatment of their 
ischemic zone, over a period of 3 months (3 sessions per week, with a minimum interval 
of 48 h between sessions). A total of 32 left  ventricular myocardial segments with 
ischemia by SPECT were treated with CSWT while other 31 ischemic segments did not 
receive therapy by technical limitations. Th e myocardial perfusion was evaluated at rest 
and aft er stress protocol with dipyridamole (0.84 mg/kg) before and 6 months aft er the 
application of CSWT, with quantitative analysis of myocardial fl ow reserve (MFR) by 
RTMPE. Clinical eff ects of CSWT were evaluated through the Canadian Cardiovascular 
Society (CCS) grading of angina pectoris and the Seattle Angina Questionnaire (SAQ). 
Results: Th e ischemic segments treated with CSWT presented a signifi cant increase in 
MFR (from 1.33±0.22 to 1.74±0.29;p<0.001), a benefi t that was not observed in non-
treated ischemic segments (from 1.51±0.29 to 1.54±0.28;p=0.47). Patients demonstrated 
improvement in the global MFR (from 1.78±0.54 to 1.89±0.49; p=0.017). Th ere was 
improvement of CCS (from 3.2± 0.56 to 1.93± 0.70;p<0.05) and in the SAQ score (from 
42.3±12.99 to 71.2±14.29;p<0.05). No major cardiovascular events were recorded during 
the follow-up period. Conclusions: RTMPE was able to identify an increase in the MFR 
in ischemic segments, treated with CSWT. Th e results suggest that CSWT in patients 
with refractory angina is safe and has the potential to improve myocardial ischemia in the 
treated ischemic segments with impact on symptoms and quality of life.

P2-55
Global Wasted Work is Elevated in Dilated Cardiomyopathy with 
Greater Regional Differences in Non-Ischemic Cardiomyopathy: 
A Study Utilizing a New and Novel Non-Invasive Left Ventricular-
Pressure Strain Loop Software
Natalie FA Edwards1, Jonathan Chan1,2, Surendran Sabapathy2, Bonita A. 
Anderson1, Robert Chamberlain1, Gregory M. Scalia1. 1Th e Prince Charles 
Hospital, Brisbane, Australia; 2School of Medicine and Menzies Health Institute 
Queensland, Griffi  th University, Gold Coast, Australia
Background: Left  ventricular (LV) pressure-strain loop is a novel, non-invasive 
quantifi cation of myocardial work (MW). Area within the LV pressure-strain loop 
represents global MW (GWI) (fi gure1A). Constructive work (CW) is calculated from 

myocardial shortening during systole, incorporating lengthening during isovolumic 
relaxation. Wasted work (WW) is calculated from myocardial lengthening during systole, 
incorporating shortening during isovolumic relaxation. Non-ischemic (CMPN-ISC) and 
ischemic cardiomyopathy (CMPISC) heart disease etiology infl uences management, 
prognosis as well as electromechanical correlates in heart failure. Diff erences in GWI 
and regional MW in patients with CMPN-ISC and CMPISC were assessed. Methods: Strain 
analysis was performed immediately prior to coronary angiography. 34 patients met the 
study criteria divided into: 1) Controls (n=10); 2) CMPN-ISC (n=10) (EF<40%; no evidence 
of signifi cant coronary artery disease); 3) CMPISC (n=14) (EF<40%; coronary artery 
stenosis). Th e soft ware normalized a standard LV pressure curve to brachial systolic cuff  
pressure to isovolumic and ejection duration. MW effi  ciency (GWE) was derived from the 
percentage ratio of: CW/(CW=WW). Segmental wasted work between septal and lateral 
segments were compared between CMPN-ISC and CMPISC. Results: GWI and GWE were 
signifi cantly impaired (p<0.05) in both CMP groups. Although not signifi cant, GWI was 
lower in the CMPISC (780mmHg%) vs CMPN-ISC (1054mmHg%). WW was signifi cantly 
higher (p<0.05) in non-ischemic vs CMPISC (259 vs 185 mmHg%). Septal WW was 
signifi cantly higher (p<0.05) in CMPN-ISC (459mmHg%) vs lateral WW (174mmHg%) 
(Figure1C). Th ere was no signifi cant diff erence between septal (198mmHg%) and lateral 
(161mmHg%) WW in CMPISC. Conclusion: Signifi cant deterioration of GWI and GWE 
in both CMP groups demonstrates impaired contractility of cardiomyocytes. Prognostic 
signifi cance, particularly in CMPISC, remains to be determined. Signifi cantly higher 
septal WW in CMPN-ISC demonstrates a higher systolic LV lengthening with segmental 
shortening during isovolumic relaxation (fi gure1B). Th is group of patients may likely 
respond to resynchronization therapy. Global and regional MW constitutes a more 
complete assessment of myocardial function beyond ejection fraction.

P2-56
Shortened Posterior Mitral Lea et in Patients with Atrial 
Fibrillation and Signi cant Mitral Regurgitation
Hiroki Takada, Hidekazu Tanaka, Shun Yokota, Nao Shibata, Jun Mukai, Makiko 
Suto, Fumitaka Soga, Kumiko Dokuni, Yutaka Hatani, Hiroki Matsuzoe, Keiko 
Hatazawa, Eriko Hisamatsu, Kensuke Matsumoto, Ken-ichi Hirata. Division of 
Cardiovascular Medicine, Department of Internal Medicine, Kobe, Japan
Background: Th e underlying mechanism of mitral regurgitation (MR) in atrial 
fi brillation (AF) is considered as isolated annulus dilation by left  atrial (LA) remodeling, 
known as Carpentier’s functional classifi cation Type I. However, the association of 
mitral valve geometry with MR in AF patients remains unclear. Methods: We studied 
96 AF patients with preserved left  ventricular ejection fraction (LVEF) who underwent 
transthoracic and transesophageal echocardiography. Th eir mean age was 66±10 years, 
35% were female, and LVEF was 63±6% (all≥50%). Patients who a major cause of MR 
was Carpentier’s functional classifi cation Type II, IIIa and IIIb were excluded. Mitral 
valve geometry was evaluated with three-dimensional transesophageal echocardiography 
(3D-TEE) (ACUSON SC2000, Siemens). Results: Eleven patients were classifi ed as MR 
group (≥moderate), and remaining 85 were classifi ed as non-MR group (<moderate). In 
three-dimensional mitral valve geometric analysis, mitral annulus area in MR group was 
signifi cantly larger (11.2±1.7cm2 vs. 9.1±1.7cm2, p<0.001), and relative posterior mitral 
leafl et (PML) area (posterior mitral leafl et area / mitral annulus area) was signifi cantly 
smaller (0.51±0.06 vs. 0.58±0.09, p<0.001) compared to non-MR group. Multivariate 
logistic regression analysis showed that relative PML area was independently associated 
with MR as well as LA volume index and mitral annulus area. For sequential logistic 
regression models for the association of MR, a model based on clinical variables including 
age, gender, and LVEF (χ2=4.5) was improved by addition of mitral annulus area (χ2=31.8; 
p<0.001), and further improved by addition of relative PML area (χ2=37.7; p<0.001). 
Conclusions: Our fi ndings suggested that shortened posterior mitral leafl et plays an 
important role for the development of MR in AF patients. Th erefore, the assessment of 
mitral valve geometry by 3D-TEE may well have clinical implications for better surgical 
management of AF patients with signifi cant MR.
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P2-57
Mutant Mouse Embryo Phenotyping using Visualsonics Vevo 2100 
Ultra-High Frequency Echocardiography
Deepa Mokshagundam1, Iris Pak2, Danielle Donahue3, Brenda Klaunberg3, Yoh-
suke Mukoyama2, Linda Leatherbury1. 1Children‘s National Medical Center, 
Washington, DC; 2Laboratory of Stem Cell and Neuro-Vascular Biology, Genetics 
and Developmental Biology Center, NHLBI, Bethesda, MD; 3Mouse Imaging 
Facility, NIH, Bethesda, MD
Background: In vivo microimaging of mice has demonstrated the usefulness of this 
technique in studying the genetic basis of cardiac development in mutant mouse embryos. 
However, certain mutations can confer a lethal phenotype for the embryo. Newer 
generations of linear array animal ultrasound machines off er enhanced 2D and doppler 
resolution allowing for in utero study prior to expiration of the embryo. Methods: We 
examined Phox2b mice whose mutant embryos lack sympathetic innervation to the 
heart from E10.5 to E14.5 (1/2 to 2/3 gestation). Mouse anesthesia was provided using 
1%-3% isofl urane delivered via nose cone and titrated to maintain respiratory and heart 
rate within specifi ed parameters. A Visualsonics Vevo 2100 ultra high-frequency linear 
array ultrasound with 30mHz and 40mHz probes was used for image acquisition. Images 
were acquired both free-hand and using a fi xed arm. Results: Using two-dimensional 
B-mode (Figure 1) and M-mode ultrasound, we were able to measure embryo size, heart 
size, anatomic defects, function, ventricular rate, ventricular rhythm, and ventricular 
contractility. Using pulse-wave doppler, we were able to acquire infl ow and outfl ow 
doppler to assess for arrhythmias, AV synchrony, ectopy, and myocardial performance 
index. On 2D cine imaging we have seen echo bright areas of the myocardium. Using 
our protocol, we have seen abnormal embryo size, premature atrial contraction (Figure 
2), atrial bigeminy, supraventricular tachycardia, ventricular tachycardia and abnormal 
ventricular contractility in these mutant mouse embryos. Conclusion: Newer generation 
of linear array animal ultrasound allows for the study of in vivo cardiac development and 
the characterization of multiple parameters of embryonic cardiac function, anatomy, and 
conduction. Our technique has shown promise in studying the cardiac phenotypes at 
sequential stages of mouse development with high-resolution.

P2-58
External Validation of a Deep Learning Neural Network Algorithm 
for Arti cial Intelligence Recognition of Echocardiographic Images
Amna Zafar1, Alexander LeClair2, Ralph Matar3, Jeff rey Soble1, James Wolfer4, 
Rami Doukky3. 1Rush University Medical Center, Chicago, IL; 2Ascend Health 
Information Technology, Lisle, IL; 3Cook County Health and Hospitals System, 
Chicago, IL; 4Indiana University South Bend, South Bend, IN
Background: Transthoracic Echocardiography (TTE) digital images have been 
traditionally displayed according to a standard acquisition sequence. Adaptive smart 
display of relevant images of interest to match structures being interrogated can 
facilitate structured TTE reporting and side-by-side comparison of serial studies. We 
previously trained and validated, in a single institution, a deep learning neural network 
(DLNN) algorithm to recognize standard TTE views, achieving 86% agreement with 
experienced technologists. In the present study, we sought to externally validate the 
DLNN algorithm in a TTE image set from a diff erent institution, acquired by a diff erent 
team of sonographers using a fl eet of ultrasound machines from another manufacturer. 
Methods: We randomly selected 166 complete TTE studies from a diff erent institution 
to serve as an external validation set. Studies were acquired by 9 sonographers using 
Phillips EPIQ7 machines, whereas DLNN algorithm was initially trained using images 
acquired by diff erent sonographers using GE vivid 9 and E95 equipment. Discrete 
DICOM cine and still frame images were extracted from the study to generate 17,688 
unique image fi les of conventional echo imaging modalities: 2D, M-Mode, fl ow Doppler, 
tissue Doppler, color Doppler, etc. Two senior cardiology fellows tagged each image 
according to a menu of standard views. Th e developed DLNN algorithm, trained on 61 
standard views plus a single class representing all other tags, was applied to identify image 
views in the validation image set. Agreement between DLNN and cardiology fellows, as 
a gold standard, was measured. Agreement among cardiology fellows was measured as a 
reference. Results: Th e aggregate agreement between the DLNN and reference cardiology 
fellows was 43% for all views (P < 0.001). Agreement among fellows was 84% (P < 0.001). 
Th e likelihood for chance agreement between DLNN and fellows or among fellows is 
1.6%. Conclusions: We externally validated a DLNN capable of identifying standard 
TTE views with a modest degree of accuracy. Th e study highlights the diffi  culties posed 
by applying DLNN algorithm to identify echo views acquired by diff erent sonographers, 
using diff erent equipment. Logos and image patterns generated by diff erent manufacturers 
or institutions may “confuse” DLNN. Th e study stresses the necessity for training and 
validating multi-center images produced by machines from diff erent manufacturers. 
Further intra-institutional optimization of DLNN algorithm may be necessary.

P2-59
Different Mechanisms of Exercise-Induced Mitral Regurgitation 
Between Degenerative and Functional Mitral Regurgitation: Three-
Dimensional Transesophageal Echocardiography Study
Harada Yu. Hiroshima University Hospital, Hiroshima, Japan
Background: Exercise-induced mitral regurgitation (MR) is an important prognosticator 
regardless of MR etiology. However, diff erent mechanisms of exercise-induced MR 
according to MR subtypes remain unknown. Th e three-dimensional (3D) vena contracta 
area (VCA) can be measured using color 3D transesophageal echocardiography (TEE) 
and has shown to be an accurate parameter to quantify MR, which is validated in both 
circular and elliptical shape of the regurgitant orifi ce. Th e aims of this study were (1) to 
investigate the increase in 3D VCA (Δ3D VCA) by using hand-grip exercise 3D TEE, (2) to 
compare the Δ3D VCA between degenerative and functional MR, and (3) to evaluate the 
mitral valve (MV) geometrical eff ects of hand-grip exercise and its association with Δ3D 
VCA. Methods: Forty symptomatic patients with moderate to severe MR (degenerative, 
n=24; functional, n=16) were prospectively enrolled between May 2017 and February 
2018. Using 3D TEE, anterior-posterior and anterolateral-posteromedial MV annular 
diameters, annular height, averaged tenting height, 3D VCA, and hemodynamic status 
were measured immediately before and aft er 5-minute hand-grip exercise. Th e averaged 
tenting height was determined in 3 anterior-posterior planes in the mid-systolic 
frame. Results: Th ere was no signifi cant diff erence in 3D VCA at rest (41±18 mm2 in 
degenerative vs. 37±14 mm2 in functional, P=0.41). During hand-grip exercise, the 3D 
VCA increased signifi cantly in both MR subgroups, but a larger Δ3D VCA was observed 
in patients with functional MR (17±11 mm2 vs. 6±5 mm2, P<0.001; Figure). In functional 
MR, a signifi cant augmentation in averaged tenting height was observed during hand-
grip exercise (P<0.001). Meanwhile, in degenerative MR, MV annular height decreased 
signifi cantly during hand-grip exercise in correlation with systemic blood pressure 
elevation. Univariable linear regression analysis revealed the association of Δ3D VCA 
with averaged tenting height in functional MR and with peak systolic blood pressure in 
degenerative MR (both P<0.03). Conclusions: Hand-grip exercise alters MV geometry 
and causes an exacerbation of MR. MV geometrical eff ects and their association with 
increased MR severity diff er between degenerative and functional MR. Our results may 
impact the strategy for percutaneous treatment for MR.
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Mutant Mouse Embryo Phenotyping using Visualsonics Vevo 2100 
Ultra-High Frequency Echocardiography
Deepa Mokshagundam1, Iris Pak2, Danielle Donahue3, Brenda Klaunberg3, Yoh-
suke Mukoyama2, Linda Leatherbury1. 1Children‘s National Medical Center, 
Washington, DC; 2Laboratory of Stem Cell and Neuro-Vascular Biology, Genetics 
and Developmental Biology Center, NHLBI, Bethesda, MD; 3Mouse Imaging 
Facility, NIH, Bethesda, MD
Background: In vivo microimaging of mice has demonstrated the usefulness of this 
technique in studying the genetic basis of cardiac development in mutant mouse embryos. 
However, certain mutations can confer a lethal phenotype for the embryo. Newer 
generations of linear array animal ultrasound machines off er enhanced 2D and doppler 
resolution allowing for in utero study prior to expiration of the embryo. Methods: We 
examined Phox2b mice whose mutant embryos lack sympathetic innervation to the 
heart from E10.5 to E14.5 (1/2 to 2/3 gestation). Mouse anesthesia was provided using 
1%-3% isofl urane delivered via nose cone and titrated to maintain respiratory and heart 
rate within specifi ed parameters. A Visualsonics Vevo 2100 ultra high-frequency linear 
array ultrasound with 30mHz and 40mHz probes was used for image acquisition. Images 
were acquired both free-hand and using a fi xed arm. Results: Using two-dimensional 
B-mode (Figure 1) and M-mode ultrasound, we were able to measure embryo size, heart 
size, anatomic defects, function, ventricular rate, ventricular rhythm, and ventricular 
contractility. Using pulse-wave doppler, we were able to acquire infl ow and outfl ow 
doppler to assess for arrhythmias, AV synchrony, ectopy, and myocardial performance 
index. On 2D cine imaging we have seen echo bright areas of the myocardium. Using 
our protocol, we have seen abnormal embryo size, premature atrial contraction (Figure 
2), atrial bigeminy, supraventricular tachycardia, ventricular tachycardia and abnormal 
ventricular contractility in these mutant mouse embryos. Conclusion: Newer generation 
of linear array animal ultrasound allows for the study of in vivo cardiac development and 
the characterization of multiple parameters of embryonic cardiac function, anatomy, and 
conduction. Our technique has shown promise in studying the cardiac phenotypes at 
sequential stages of mouse development with high-resolution.

P2-58
External Validation of a Deep Learning Neural Network Algorithm 
for Arti cial Intelligence Recognition of Echocardiographic Images
Amna Zafar1, Alexander LeClair2, Ralph Matar3, Jeff rey Soble1, James Wolfer4, 
Rami Doukky3. 1Rush University Medical Center, Chicago, IL; 2Ascend Health 
Information Technology, Lisle, IL; 3Cook County Health and Hospitals System, 
Chicago, IL; 4Indiana University South Bend, South Bend, IN
Background: Transthoracic Echocardiography (TTE) digital images have been 
traditionally displayed according to a standard acquisition sequence. Adaptive smart 
display of relevant images of interest to match structures being interrogated can 
facilitate structured TTE reporting and side-by-side comparison of serial studies. We 
previously trained and validated, in a single institution, a deep learning neural network 
(DLNN) algorithm to recognize standard TTE views, achieving 86% agreement with 
experienced technologists. In the present study, we sought to externally validate the 
DLNN algorithm in a TTE image set from a diff erent institution, acquired by a diff erent 
team of sonographers using a fl eet of ultrasound machines from another manufacturer. 
Methods: We randomly selected 166 complete TTE studies from a diff erent institution 
to serve as an external validation set. Studies were acquired by 9 sonographers using 
Phillips EPIQ7 machines, whereas DLNN algorithm was initially trained using images 
acquired by diff erent sonographers using GE vivid 9 and E95 equipment. Discrete 
DICOM cine and still frame images were extracted from the study to generate 17,688 
unique image fi les of conventional echo imaging modalities: 2D, M-Mode, fl ow Doppler, 
tissue Doppler, color Doppler, etc. Two senior cardiology fellows tagged each image 
according to a menu of standard views. Th e developed DLNN algorithm, trained on 61 
standard views plus a single class representing all other tags, was applied to identify image 
views in the validation image set. Agreement between DLNN and cardiology fellows, as 
a gold standard, was measured. Agreement among cardiology fellows was measured as a 
reference. Results: Th e aggregate agreement between the DLNN and reference cardiology 
fellows was 43% for all views (P < 0.001). Agreement among fellows was 84% (P < 0.001). 
Th e likelihood for chance agreement between DLNN and fellows or among fellows is 
1.6%. Conclusions: We externally validated a DLNN capable of identifying standard 
TTE views with a modest degree of accuracy. Th e study highlights the diffi  culties posed 
by applying DLNN algorithm to identify echo views acquired by diff erent sonographers, 
using diff erent equipment. Logos and image patterns generated by diff erent manufacturers 
or institutions may “confuse” DLNN. Th e study stresses the necessity for training and 
validating multi-center images produced by machines from diff erent manufacturers. 
Further intra-institutional optimization of DLNN algorithm may be necessary.

P2-59
Different Mechanisms of Exercise-Induced Mitral Regurgitation 
Between Degenerative and Functional Mitral Regurgitation: Three-
Dimensional Transesophageal Echocardiography Study
Harada Yu. Hiroshima University Hospital, Hiroshima, Japan
Background: Exercise-induced mitral regurgitation (MR) is an important prognosticator 
regardless of MR etiology. However, diff erent mechanisms of exercise-induced MR 
according to MR subtypes remain unknown. Th e three-dimensional (3D) vena contracta 
area (VCA) can be measured using color 3D transesophageal echocardiography (TEE) 
and has shown to be an accurate parameter to quantify MR, which is validated in both 
circular and elliptical shape of the regurgitant orifi ce. Th e aims of this study were (1) to 
investigate the increase in 3D VCA (Δ3D VCA) by using hand-grip exercise 3D TEE, (2) to 
compare the Δ3D VCA between degenerative and functional MR, and (3) to evaluate the 
mitral valve (MV) geometrical eff ects of hand-grip exercise and its association with Δ3D 
VCA. Methods: Forty symptomatic patients with moderate to severe MR (degenerative, 
n=24; functional, n=16) were prospectively enrolled between May 2017 and February 
2018. Using 3D TEE, anterior-posterior and anterolateral-posteromedial MV annular 
diameters, annular height, averaged tenting height, 3D VCA, and hemodynamic status 
were measured immediately before and aft er 5-minute hand-grip exercise. Th e averaged 
tenting height was determined in 3 anterior-posterior planes in the mid-systolic 
frame. Results: Th ere was no signifi cant diff erence in 3D VCA at rest (41±18 mm2 in 
degenerative vs. 37±14 mm2 in functional, P=0.41). During hand-grip exercise, the 3D 
VCA increased signifi cantly in both MR subgroups, but a larger Δ3D VCA was observed 
in patients with functional MR (17±11 mm2 vs. 6±5 mm2, P<0.001; Figure). In functional 
MR, a signifi cant augmentation in averaged tenting height was observed during hand-
grip exercise (P<0.001). Meanwhile, in degenerative MR, MV annular height decreased 
signifi cantly during hand-grip exercise in correlation with systemic blood pressure 
elevation. Univariable linear regression analysis revealed the association of Δ3D VCA 
with averaged tenting height in functional MR and with peak systolic blood pressure in 
degenerative MR (both P<0.03). Conclusions: Hand-grip exercise alters MV geometry 
and causes an exacerbation of MR. MV geometrical eff ects and their association with 
increased MR severity diff er between degenerative and functional MR. Our results may 
impact the strategy for percutaneous treatment for MR.
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P2-60
Right Ventricular Three-Dimensional Speckle-Tracking Strain 
Predicts Outcome in Patients with Left Heart Failure
Yuman Li1,2, Li Zhang1,2, Yihan Chen1,2, Mingxing Xie1,2. 1Department of 
Ultrasound, Union Hospital, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Background: Right ventricular (RV) dysfunction is increasingly recognized in patients 
with left  heart failure and is reported to be associated with poor prognosis. Th e aim of 
this study was to investigate the changes of RV function in left  heart failure by three-
dimensional speckle tracking echocardiography(3D-STE) and investigate the prognostic 
value of RV 3D-STE-derived strain. Methods: 155 patients with left  heart failure and 
32 healthy subjects were included in this study. 155 patients included 44 heart failure 
patients with preserved ejection fraction(HFpEF, LVEF ≥50%), 38 heart failure patients 
with mid-range ejection fraction(HFmrEF, LVEF 40-49%) and 73 heart failure patients 
with reduced ejection fraction(HFrEF, LVEF <40%). RV end diastolic volume index, end 
systolic volume index, ejection fraction (EF) and RV longitudinal strain of free wall were 
determined by 3D-STE. Results: RV end diastolic volume index and end systolic volume 
index were increased, whereas RV longitudinal strain of free wall and RVEFwerereduced 
in patients with heart failure.Furthermore, patients with HFpEF, HFmrEFand 
HFrEFyielded a gradual decrease in RVEF and RV longitudinal strain,and a gradual 
increasein RV volume with worsening LVEF.During theconventional two-dimensional 
and 3D-STEparameters,only RVlongitudinal strain diff erentiate patientswith HFpEF 
fromnormal controls (p<0.05). RV longitudinal strain (hazard ratio: 3.385; p=0.011) was 
independent predictors of unfavorable clinical outcomes. Conclusion: 3D-STE-derived 
RV longitudinal strain may be a sensitive parameter for RV function assessment in 
patients with heart failure and is associated with clinical outcomes.

P2-61
Impaired Right Ventricular Systolic Deformation in Pulmonary 
Hypertension Associated with Outcomes: A Three-Dimensional 
Speckle Tracking Echocardiography Study
Yuman Li1,2, Mengmei Li1,2, Lei Li1,2, Li Zhang1,2, Qing Lv1,2, Jing Wang1,2, Yali 
Yang1,2, Lin He1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union Hospital, 
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, 
China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, China
Background: Right ventricular (RV) dysfunction is a strong predictor of adverse clinical 
outcomes in patients with pulmonary hypertension (PH).Th e value oft hree-dimensional 
speckle tracking echocardioraphy (3D-STE) for RV function assessment has not been 
well established. Th e purposes of our study were to comprehensively assess RV function 
in patients with PH using 3D-STE and investigate whether 3D-STE parameters was 
associated with clinical outcomes. Methods: 60 patients with PH and 25 normal controls 
were studied by both two-dimensional echocardiography and 3D-STE.RV regional 
and global longitudinal strain (LS), circumferential strain (CS), radial strain (RS)were 
calculated by 3D-STE.RV end diastolic volume, end systolic volume and ejection fraction 
were obtained from cardiac magnetic resonance (CMR) imaging. Exercise capacity was 
evaluated by 6-minutes walking test. Results: Patients withmoderate and severe PH had 
increased RV end-diastolic volume and end-systolic volume, and decreased ejection 
fraction using CMR imaging compared with controls; our fi ndings revealed that LS 
showed signifi cant reduction in mild PH patients; in contrast, CS and RSwere decreased 
in moderate and severe PH patients. Patients with severe PH exhibited reduced RV global 
LS, RS and CS compared with patients with mild PH. RV global LS,CS and RS were 
signifi cantly correlated with CMR-derived RVejection fraction(r=0.770; r=0.612; r=0.566, 

respectively), and 6-min walking distance (r=0.673; r=0.438; r=0.465, respectively).RV 
global LS and CS were negatively related to pulmonary vascular resistance(r=-0.678; 
r=-0.601, respectively) and pulmonary artery systolic pressure (r=-0.544; r=-0.408, 
respectively). Only LS improved 6 months aft er medical treatment. RV global LS(hazard 
ratio [HR]: 1.385; 95% confi dence interval [CI]: 0.896 to 2.140; p=0.013), age(HR: 
1.148; 95% CI: 0.962 to 1.368; p=0.015), and RVejection fraction (HR: 0.629; 95% CI: 
0.425 to 0.932; p=0.021)were independent predictors of unfavorable clinical outcomes. 
Conclusion: Patients with PH show decreased 3D-STEparameters that have better 
correlations with CMR-derived RV ejection fraction, hemodynamic parameters and 
exercise capacity than conventional echocardiographic indices, and provide prognostic 
information.

P2-62
Semi-Automated Speckle-Tracking for Quantitative Right 
Ventricular Assessment in Children and Adolescents with 
Tetralogy of Fallot
Joanna Lowisz, Aron McCloud, Rupali Gandhi, Yi Li, David Roberson. Advocate 
Children‘s Hospital, Oak Lawn, IL
Background: Tetralogy of Fallot (TOF) is a congenital heart defect where assessment 
of the right ventricle (RV) is crucial. Th e anterior location of the RV and the 
tripartite anatomy make quantitative assessment diffi  cult. Th e American Society of 
Echocardiography encourages quantitative assessment of the RV, which includes linear 
measurements, end diastolic area (EDA), end systolic area (ESA), fractional area change 
(FAC), tricuspid valve annular peak systolic velocity (S’), and tricuspid annular plane 
systolic excursion (TAPSE). Epsilon EchoInsight® utilizes speckle-tracking to perform 
quantitative measurements. Th is study aimed to evaluate Epsilon EchoInsight® by 
comparing semi-automated and manual measurements. Methods: Pediatric patients with 
TOF were identifi ed. Transthoracic 4 chamber echocardiogram images were analyzed. 
RV measurements were obtained using manual and Epsilon EchoInsight® methods. Th e 
cohort consisted of 4 age groups. Intra and inter-rater reliability were assessed. Bias and 
relative diff erence were used as parameters of assessing measurement agreement. Results: 
Forty-six patients with TOF were included. Semi-automated measurements showed no 
signifi cant diff erence from traditional manual measurements for the youngest and oldest 
groups with regards to RV basal diameter, RV longitudinal dimension, and TAPSE. Th e 
largest diff erence between manual and semi-automated measurements was seen in RV 
ESA and FAC across all age groups with semi-automated measurements reading larger 
for ESA and smaller for FAC. Intra and inter-rater reliabilities were acceptable. Th ere 
was higher inter-rater reliability for the semi-automated method. Conclusion: Epsilon 
EchoInsight® can generate RV measurements with better inter-rater reliability compared 
to manual methods. Th e rapid semi-automated multiple RV function measurements 
obtained in a single heart beat by Epsilon EchoInsight® should allow for more routine 
quantitative assessment of RV function.
Table 1 Manual and Semi-Automated Measurements Agreement

Overall >12-<18 yrs >1-12 yrs >4-12 mo 0-4 mo
N=46 N=10 N=16 N=10 N=10

Bias

Mean 
relative 
diff  
(%)

Bias

Mean 
relative 
diff  
(%)

Bias

Mean 
relative 
diff  
(%)

Bias

Mean 
relative 
diff  
(%)

Bias

Mean 
relative 
diff  
(%)

RV basal 
diameter -0.22 11.35 -0.18 7.71 -0.33 13.26 -0.21 12.70 -0.08 10.59

RV 
midcavitary 
diameter

0.49 19.87 0.73 18.37 0.55 21.64 0.37 20.23 0.29 18.19

RV 
longitudinal 
dimension

-0.06 6.39 -0.05 5.30 0.08 5.07 -0.15 8.65 -0.20 7.31

RV EDA 2.75 21.78 4.54 16.55 3.53 27.18 1.29 16.57 1.17 23.58
RV ESA 4.23 46.82 8.29 44.70 4.42 45.78 2.32 47.21 1.79 50.24
RV FAC -17.48 51.71 -18.77 51.98 -14.10 41.37 -20.43 62.58 -18.65 57.11
S’ -2.08 41.51 -1.61 24.07 -1.86 28.62 -2.56 72.14 -2.44 48.93
TAPSE -0.17 36.00 -0.07 25.96 -0.15 23.67 -0.25 66.57 -0.23 35.17
Bias is reported as mean diff erence (Epsilon - manual readings);
Relative diff erence (%) is reported as (diff erence /mean of two readings)*100



B110  Abstracts Journal of the American Society of Echocardiography
June 2018

Poster Session 2 (P2) Monday, June 25, 2018

Image Epsilon EchoInsight® Tracing

P2-63
Three Dimensional Speckle Tracking Parameters can Predict the 
Response of Cardiac Resynchronization Therapy
Zibire Fulati, HaiYan Chen, Yang Liu, Yingjie Zhao, Xianhong Shu. Zhongshan 
Hospital, Fudan University, Shanghai, China
Objective: Cardiac resynchronization therapy(CRT)can improve cardiac function and 
long-term prognosis in patients with heart failure, but there are still 30% non-responders. 
Th e possible reason is lack of optimal methods and parameters for assessing cardiac 
synchrony and myocardial viability to identify potential responders. A novel three 
dimensional speckle tracking imaging (3DSTI) can evaluate cardiac synchrony and 
myocardial mechanics parameters,our study aims to test the ability of 3DSTI parameters 
in predicting CRT response. Methods: Ligature in the fi rst diagonal branch of coronary 
artery to create ischemic heart failure(IHF), and radiofrequency ablation to induce left  
bundle branch block(LBBB) were performed in 20 Beagle canines. Th e canines were 
divided into four groups: Group A(N=5): IHF+CRT; group B(N=5):IHF; group C(N=5): 
IHF+LBBB+CRT, and group D(N=5): IHF+LBBB. Th ree-dimensional longitudinal 
strain(sl),radical strain(sr),circumferential strain( sc) ,3D strain (s3d)),twist(tw),apical 
rotation(ra), basal rotation(rb) and their standard deviations time to peak values (sl-
SD,sr-SD,sc-SD,s3d-SD,s3d-SD,ra-SD, tw-SD) as synchrony indexes were analyzed 
before aft er and CRT. Aft er CRT, 5% increasing of LVEF, or 10% decreasing of LVESV 
were considered as responders. Results: Sl,sc and sr,but not the synchrony indexes were 
decreased in group A and B. It suggested that myocardial infarction may aff ect myocardial 
deformation more than ventricular asynchrony. S3d, sc, sl, tw and ra-SD in group C and D 
were decreased signifi cantly, indicating that LBBB aff ect not only myocardial deformation 
but also ventricular asynchrony. Aft er CRT, sl, sc, and sr were all improved but none of 
the synchrony index in group A and group c were changed. Th ere were no signifi cant 
diff erences of LVEF, sl,sr before CRT in responders and non-responders. However sc,s3d 
,ra ,tw were higher than non-repsonders, and tw-SD, s3d-SD were longer than non-
repsonsders. s3d before CRT was related to the response of CRT (correlation coeffi  cient 
equals to 0.751,P=0.012).s3d>-23.7ml was defi ned as a cut—off  value before CRT, the 
sensitivity and specifi city of s3d in predicting the response of CRT are 67.1% and 76.7% 
respectively. Conclusions: s3d is an eff ective parameter to predict CRT response with a 
favorable sensitivity and specifi city.

P2-64
Speckle Tracking Echocardiography Evaluate Left Ventricular 
Remodeling and Progression in Patients with Chronic Aortic 
Regurgitation and Predicts Left Ventricular Remodeling during 
Conservative Management and After Surgery
Qingyu Zeng1,2, Li Zhang1,2, Mingxing Xie1,2, Yali Yang1,2, Lei Wang1,2. 
1Department of Ultrasound, Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan, China; 2Hubei Province Key 
Laboratory of Molecular Imaging, Wuhan, China
Objectives: Th e aims of this study were to evaluate the change of geometry and myocardial 
function in patients by three-dimensional speckle tracking echocardiography (3D-STE) 
and to discuss their relationship with the conventional left  ventricular (LV) parameters 
of systolic and diastolic function. Methods: A prospective study was conducted in 41 
healthy volunteers and 133 patients with AR, and the AR groups were divided into three 
subgroups according to the degree of regurgitation. Among the AR patients, 24 randomly 
selected subjects underwent magnetic resonance imaging (MRI) within 48 hours. LV 
volumetric parameters and strain parameters were acquired by 2D-STE, 3D-STE and 
feature tracking magnetic resonance imaging (FT MRI). LV volumetric parameters and 
strain parameters were acquired and the diff erence of these indexes between the control 
and AR groups were explored. Finally, 12 patients who underwent AVR and 10 patients 
who not receive surgical correction with severe regurgitation were carefully evaluated 
by 3D-STE at 3-year follow up. Result: With an increasing degree of regurgitation, 

the measures of LV volumetric indexes and sphericity indexes gradually increased. 
Compared with control group, the measures of global longitudinal strain were lower, but 
apical rotation and Twist were larger in the moderate group. Global longitudinal strain, 
global radial strain, Torsion, apical rotation and Twist were lower in the severe group. 
Multiple linear regression analysis identifi ed global longitudinal strain, global radial 
strain, and apical rotation as predictors of LV ejection fraction in all patients with AR and 
left  atrial dimension, the end-diastolic sphericity index, LV mass index and LV remolding 
index as predictors of LV diastolic fi lling. LV volumetric indexes, sphericity indexes and 
stain improved in patients underwent AVR and deterioration in patients with no surgical 
correction during follow-up. Comparing with FT MRI and 2D-STE, the measures of 
volumetric parameters and strain by 3D-STE were not signifi cant diff erence. Conclusion: 
Th e volumetric parameters and strain parameters may be related to conventional left  
ventricular parameters of systolic and diastolic function in patients with chronic aortic 
regurgitation. LV structural and functional remodeling improved actively in patients who 
underwent AVR and deterioration in patients who not receive surgical correction during 
follow-up.

P2-65
Inter-Reader Concordance from a GLS Training Exercise Persists 
Over a Year of Follow-Up: Lessons from the SUCCOUR Trial Core 
Lab
Tomoko Negishi1, Paaladinesh Th avendiranathan2, Jonathan Deblois3, Martin 
Penicka4, Svend Aakhus5, Goo-Yeong Cho6, Krassimira Hristova7, Bogdan A. 
Popescu8, Dragos Vinereanu8, Sakiko Miyazaki9, Koji Kurosawa10, Masaki 
Izumo11, Kazuaki Negishi1, Th omas H. Marwick12. 1University of Tasmania, 
Menzies Institute for Medical Research, Hobart, Australia; 2University of 
Toronto, Toronto General Hospital, Peter Munk Cardiac Center, Toronto, ON, 
Canada; 3Centre Hospitalier Universitaire de Québec, Québec, QC, Canada; 
4Cardiovascular Center Aalst, Aalst, Belgium; 5Oslo University Hospital, Oslo, 
Norway; 6Seoul National University Bundang Hospital, Seongnam, Republic of 
Korea; 7National Heart Hospital, Sofi a, Bulgaria; 8University of Medicine and 
Pharmacy Carol Davila, Bucharest, Romania; 9Juntendo University Hospital, 
Tokyo, Japan; 10Gunma University, Maebashi, Japan; 11St. Marianna University 
School of Medicine, Kawasaki, Japan; 12Baker IDI Heart & Diabetes Institute, 
Melbourne, Australia
Background: Based on the greater sensitivity and lower variability of global longitudinal 
strain (GLS) than EF, GLS is recommended in cardio-oncology guidelines. Previous work 
has documented that a quality control process improves inter-observer concordance of 
GLS, which exceeds that of EF. However, the stability of this training over time would be 
valuable in both research and practice, and has not been shown. Methods: To standardise 
GLS measurement, we administered a two-stage baseline calibration session with 
tailored feedback to 18 independent strain readers at 17 diff erent sites in a multi-national 
randomised controlled trial. Th is study involved the consistency of GLS between the sites 
and core lab (CL) over 6 month follow-up (6MFU). Coeffi  cient of variance (CV) was 
used to determine concordance. Results: 18 readers had completed the calibration and 
the CV of GLS at 1st and 2nd session were 4.5±3.1% and 3.9±2.9%. In the trial, 71 patients 
(54±13 years, 66 female) were enrolled. Th e time delay between training and initial 
analysis was 20±23 weeks. Baseline GLS of the overall group at CL and sites (-21.1±2.4% 
vs -20.3±1.9%, p=0.16) decreased at 6MFU (-19.8±2.5% vs -19.3±2.6%, p=0.85). Th e 
CV of GLS at baseline and 6MFU were 4.9±3.5% and 4.9±4.5% (p=0.96). In the whole 
period from 1st calibration to the 6MFU, the CV was stable and did not signifi cantly 
change (p=0.19) (Figure). In contrast, the CV of EF at 1st session, baseline & 6MFU were 
8.5±7.2, 4.7±3.3 & 6.1±5.0%, respectively and those tended to exceed that of GLS at each 
time-point (1st Cal: p<0.001, baseline: p=0.78, 6MFU: p=0.07, respectively). Conclusion: 
Consistency of measurement of sequential GLS is critically important in clinical trials as 
well as in practice. Th e results of this study show that the benefi ts of an initial calibration 
process carry over to ongoing follow-up.
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P2-66
Automated Dynamic Measurement of Left Heart Chamber Volumes 
for Quanti cation of Ejection and Filling Parameters
Aldo Prado1, Akhil Narang2, Valentina Volpato2, Neeta Kumari3, David Prater3, 
Karima Addetia2, Amit R. Patel2, Victor Mor-Avi2, Roberto M. Lang2. 1Centro 
Privado de Cardiologia Yerba Buena, Tucuman, Argentina; 2University of 
Chicago, Chicago, IL; 3Philips Healthcare, Andover, MA
Background: Although volumetric analysis of 3D echocardiographic (3DE) datasets 
provides accurate and reproducible measurements of left  ventricular and left  atrial (LV, 
LA) volumes at end-systole and end-diastole, chamber volumes are usually not measured 
throughout the cardiac cycle because of lack of automated tools needed to allow such 
analysis within a reasonable timeframe. To bridge this gap and facilitate analysis of 
dynamic changes in chamber volumes, the recently developed 3DE adaptive analytics 
algorithm was expanded to analyze every frame throughout the cardiac cycle, resulting in 
LV and LA volume-time curves. Our aim was to validate ejection and fi lling parameters 
calculated from these curves by comparing them to those obtained using commercial 
3DE volumetric analysis soft ware. Methods: We prospectively studied 15 randomly 
selected patients who underwent 3DE imaging (Philips EPIQ, X5-1 transducer). Single-
beat, high-frame rate 3DE datasets were acquired to include both LV and LA cavities. 
Time-volume curves were obtained for both chambers using the automated soft ware 
(Philips HeartModel; fi gure, left ) and conventional volumetric analysis (TomTec 4D 
LV Analysis and TomTec LA Function). LV and LA systolic and diastolic volumes and 
ejection and fi lling parameters were compared between the two analysis techniques. 
Results: Minor manual correction of the automatically detected LV and LA borders was 
performed in 4/15 and 4/15 cases, respectively. Time required to generate time-volume 
curves using the automated 3DE analysis (including manual corrections) was 35±17 
sec, considerably shorter than the conventional volumetric analysis (~3-4 minutes per 
patient). Time-volume curves obtained by the two analysis techniques were similar 
in shape and magnitude in the majority of patients (fi gure, right). Chamber size and 
function parameters extracted from these curves showed no signifi cant inter-technique 
diff erences (Table). Conclusion: Automated 3DE soft ware for dynamic LV and LA 
volume measurement allows fast and accurate analysis of ejection and fi lling parameters, 
compared to conventional volumetric analysis. Incorporation of this algorithm into 
clinical workfl ow may provide additional insight into abnormalities in cardiac function 
that are not assessable by current techniques.

P2-67
Identi cation of Local Carotid Artery Abnormalities by 
Comprehensive Ultrasound Imaging in Patients with Metabolic 
Syndrome
Jing Wang1,2, Jie Li1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: Th e aim of this study was to assess the feasibility and accuracy of comprehensive 
ultrasound Imaging in theapplication of local carotid artery abnormalities. Methods: 
Eighty-fi ve patients with MS were divided into three sub-groups, MS with diabetes 
(DMS,n = 29), MS with hypertension (HMS, n = 29), MS with hypertension and diabetes 
(HDMS, n = 27), 24 age and gender- matched healthy volunteers were enrolled as control 
group(CON). In two-dimensional speckle-tracking Imaging (2D-STI), thevalues of 
left  common carotid (LCCA)were measured:localpeak carotid arterial strains (CAS) 
in each of six equal segments (the anterior, left  anterolateral, left  posterolateral, the 
posterior,right anterolateral, right posterolateral wall regions) were analyzed, and 
averages of all segments( i.e.the global average); four time interval from carotid strain 

curve, Predistension time(PDT), Arterial distension Period(ADP), peak CAS time(PST)
and arterial diastolic time(ADT). All the time indices were normalized for cardiac cycle 
length. Conventional E-tracking imaging wasperformed to assess the carotid stiff ness. 
Results: ①Left  ventricular mass index (LVMI) were increased in patients with all MS 
patients when compared with that in controls(P<0.05), the ratio of E/A was decreased 
signifi cantly(P<0.05); IMT was higher in patients with MS(P<0.05).LCCA stiff ness β were 
increased in MS patients when compared with controls, the values were worse in HDMS 
patients(P =0.0001);②In patients with MS, global CAS and the CAS of the posterior 
and right posterolateral segments were lower when compared with those in controls ( 
P=0.0001), CAS was further reduced in patients with HDMS compared with HMS and 
DMS(P=0.02).Global CAS was negatively correlated with β(r = -0.469, P =0.0001), age (r 
=-0.413, P =0.0001);③In patients with MS, time parameters of PST, PDT and ADP were 
prolonged, ADT was shorter (P=0.002);④Th e Bland-Altman analysis showed that the 
coeffi  cient of variation (CV) of inter- and intra-observer of CAS was 5.07% and 5.40%, 
the CV of inter- and intra-observer of β was 7.83% and 8.92%. Conclusions: Carotid 
artery exits abnormal stiff ness increase in patients with MS. CAS will further reduce with 
the progression of MS. Cardiac contraction and stress was delayed and carotid artery 
retraction time was shortened in MS patients.

P2-68
Energy Loss Index by Vector Flow Mapping as a Novel Parameter 
for Assessing Ventricular Ef ciency
Nobuyuki Kagiyama1, Yuko Soyama1, Masataka Sugahara2, John Gorcsan, III1, 
John Gorcsan, III1. 1Washington University in St. Louis, St. Louis, MO; 2University 
of Pittsburgh, Pittsburgh, PA
Background: Vector Flow Mapping (VFM) can measure energy loss (EL) based on 
color Doppler parameters and the speckle tracking technique. EL in left  ventricle (LV) 
is produced by turbulent fl ow caused by increases in blood fl ow. Because stroke volume 
is decreased in patients with heart failure with reduced ejection fraction (HFrEF), we 
hypothesized that an index adjusted by fl ow rate may be an indicator of LV effi  ciency. 
Th e objective of this study was to test the hypothesis that EL index as EL divided by fl ow 
parameters is able to characterize HFrEF as a new marker for LV effi  ciency. Methods: 
Two-dimensional echocardiography including VFM was assessed in 39 healthy subjects 
and in 12 patients with HFrEF (LVEF < 35%). EL was calculated as lost energy per m2 
millisecond using apical long axis views. Th ree peaks of EL during the cardiac cycle were 
assessed; mid-systolic EL, early-diastolic EL and late-diastolic EL and each adjusted by 
fl ow parameters; stroke volume index for ms-EL, transmitral E wave velocity for ed-EL 
and A wave velocity for ld-EL, respectively. Results: VFM was feasible in all 51 subjects. 
In healthy subjects, mid-systolic, early-diastolic and late-diastolic EL were positively 
correlated with stroke volume index (r=0.59, p<0.001), transmitral E wave velocity 
(r=0.59, p<0.001), and A wave velocity (r=0.64, p<0.001), respectively. Th e patients with 
HFrEF had signifi cantly dilated LV (66.1±11.3 vs. 45.8±4.1 mm, p<0.001), lower LVEF 
(24.8±5.3% vs. 66.5±4.7%, p<0.001) and reduced diastolic function (E/e’: 20.0±10.3 vs. 
6.8±1.6, p<0.001) compared with healthy subjects. Although simple ELs failed to show 
the diff erence between the groups in mid-systole and in early-diastole, all of the EL 
indices adjusted by fl ow were signifi cantly diff erent between groups: mid-systolic EL 
index (0.11±0.07 vs. 0.06±0.03 J/ms/ml, p=0.003), early-diastolic EL index (0.03±0.02 
vs. 0.06±0.04 kJ/cm/m2, p=0.007) and late-diastolic EL index (0.06±0.06 vs. 0.02±0.01 
kJ/cm/m2, p=0.001). Conclusions: EL when adjusted by fl ow was able to characterize 
HFrEF better than simple EL alone. EL by VFM has promise as a novel useful parameter 
for assessing ventricular effi  ciency.
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P2-63
Three Dimensional Speckle Tracking Parameters can Predict the 
Response of Cardiac Resynchronization Therapy
Zibire Fulati, HaiYan Chen, Yang Liu, Yingjie Zhao, Xianhong Shu. Zhongshan 
Hospital, Fudan University, Shanghai, China
Objective: Cardiac resynchronization therapy(CRT)can improve cardiac function and 
long-term prognosis in patients with heart failure, but there are still 30% non-responders. 
Th e possible reason is lack of optimal methods and parameters for assessing cardiac 
synchrony and myocardial viability to identify potential responders. A novel three 
dimensional speckle tracking imaging (3DSTI) can evaluate cardiac synchrony and 
myocardial mechanics parameters,our study aims to test the ability of 3DSTI parameters 
in predicting CRT response. Methods: Ligature in the fi rst diagonal branch of coronary 
artery to create ischemic heart failure(IHF), and radiofrequency ablation to induce left  
bundle branch block(LBBB) were performed in 20 Beagle canines. Th e canines were 
divided into four groups: Group A(N=5): IHF+CRT; group B(N=5):IHF; group C(N=5): 
IHF+LBBB+CRT, and group D(N=5): IHF+LBBB. Th ree-dimensional longitudinal 
strain(sl),radical strain(sr),circumferential strain( sc) ,3D strain (s3d)),twist(tw),apical 
rotation(ra), basal rotation(rb) and their standard deviations time to peak values (sl-
SD,sr-SD,sc-SD,s3d-SD,s3d-SD,ra-SD, tw-SD) as synchrony indexes were analyzed 
before aft er and CRT. Aft er CRT, 5% increasing of LVEF, or 10% decreasing of LVESV 
were considered as responders. Results: Sl,sc and sr,but not the synchrony indexes were 
decreased in group A and B. It suggested that myocardial infarction may aff ect myocardial 
deformation more than ventricular asynchrony. S3d, sc, sl, tw and ra-SD in group C and D 
were decreased signifi cantly, indicating that LBBB aff ect not only myocardial deformation 
but also ventricular asynchrony. Aft er CRT, sl, sc, and sr were all improved but none of 
the synchrony index in group A and group c were changed. Th ere were no signifi cant 
diff erences of LVEF, sl,sr before CRT in responders and non-responders. However sc,s3d 
,ra ,tw were higher than non-repsonders, and tw-SD, s3d-SD were longer than non-
repsonsders. s3d before CRT was related to the response of CRT (correlation coeffi  cient 
equals to 0.751,P=0.012).s3d>-23.7ml was defi ned as a cut—off  value before CRT, the 
sensitivity and specifi city of s3d in predicting the response of CRT are 67.1% and 76.7% 
respectively. Conclusions: s3d is an eff ective parameter to predict CRT response with a 
favorable sensitivity and specifi city.

P2-64
Speckle Tracking Echocardiography Evaluate Left Ventricular 
Remodeling and Progression in Patients with Chronic Aortic 
Regurgitation and Predicts Left Ventricular Remodeling during 
Conservative Management and After Surgery
Qingyu Zeng1,2, Li Zhang1,2, Mingxing Xie1,2, Yali Yang1,2, Lei Wang1,2. 
1Department of Ultrasound, Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan, China; 2Hubei Province Key 
Laboratory of Molecular Imaging, Wuhan, China
Objectives: Th e aims of this study were to evaluate the change of geometry and myocardial 
function in patients by three-dimensional speckle tracking echocardiography (3D-STE) 
and to discuss their relationship with the conventional left  ventricular (LV) parameters 
of systolic and diastolic function. Methods: A prospective study was conducted in 41 
healthy volunteers and 133 patients with AR, and the AR groups were divided into three 
subgroups according to the degree of regurgitation. Among the AR patients, 24 randomly 
selected subjects underwent magnetic resonance imaging (MRI) within 48 hours. LV 
volumetric parameters and strain parameters were acquired by 2D-STE, 3D-STE and 
feature tracking magnetic resonance imaging (FT MRI). LV volumetric parameters and 
strain parameters were acquired and the diff erence of these indexes between the control 
and AR groups were explored. Finally, 12 patients who underwent AVR and 10 patients 
who not receive surgical correction with severe regurgitation were carefully evaluated 
by 3D-STE at 3-year follow up. Result: With an increasing degree of regurgitation, 

the measures of LV volumetric indexes and sphericity indexes gradually increased. 
Compared with control group, the measures of global longitudinal strain were lower, but 
apical rotation and Twist were larger in the moderate group. Global longitudinal strain, 
global radial strain, Torsion, apical rotation and Twist were lower in the severe group. 
Multiple linear regression analysis identifi ed global longitudinal strain, global radial 
strain, and apical rotation as predictors of LV ejection fraction in all patients with AR and 
left  atrial dimension, the end-diastolic sphericity index, LV mass index and LV remolding 
index as predictors of LV diastolic fi lling. LV volumetric indexes, sphericity indexes and 
stain improved in patients underwent AVR and deterioration in patients with no surgical 
correction during follow-up. Comparing with FT MRI and 2D-STE, the measures of 
volumetric parameters and strain by 3D-STE were not signifi cant diff erence. Conclusion: 
Th e volumetric parameters and strain parameters may be related to conventional left  
ventricular parameters of systolic and diastolic function in patients with chronic aortic 
regurgitation. LV structural and functional remodeling improved actively in patients who 
underwent AVR and deterioration in patients who not receive surgical correction during 
follow-up.

P2-65
Inter-Reader Concordance from a GLS Training Exercise Persists 
Over a Year of Follow-Up: Lessons from the SUCCOUR Trial Core 
Lab
Tomoko Negishi1, Paaladinesh Th avendiranathan2, Jonathan Deblois3, Martin 
Penicka4, Svend Aakhus5, Goo-Yeong Cho6, Krassimira Hristova7, Bogdan A. 
Popescu8, Dragos Vinereanu8, Sakiko Miyazaki9, Koji Kurosawa10, Masaki 
Izumo11, Kazuaki Negishi1, Th omas H. Marwick12. 1University of Tasmania, 
Menzies Institute for Medical Research, Hobart, Australia; 2University of 
Toronto, Toronto General Hospital, Peter Munk Cardiac Center, Toronto, ON, 
Canada; 3Centre Hospitalier Universitaire de Québec, Québec, QC, Canada; 
4Cardiovascular Center Aalst, Aalst, Belgium; 5Oslo University Hospital, Oslo, 
Norway; 6Seoul National University Bundang Hospital, Seongnam, Republic of 
Korea; 7National Heart Hospital, Sofi a, Bulgaria; 8University of Medicine and 
Pharmacy Carol Davila, Bucharest, Romania; 9Juntendo University Hospital, 
Tokyo, Japan; 10Gunma University, Maebashi, Japan; 11St. Marianna University 
School of Medicine, Kawasaki, Japan; 12Baker IDI Heart & Diabetes Institute, 
Melbourne, Australia
Background: Based on the greater sensitivity and lower variability of global longitudinal 
strain (GLS) than EF, GLS is recommended in cardio-oncology guidelines. Previous work 
has documented that a quality control process improves inter-observer concordance of 
GLS, which exceeds that of EF. However, the stability of this training over time would be 
valuable in both research and practice, and has not been shown. Methods: To standardise 
GLS measurement, we administered a two-stage baseline calibration session with 
tailored feedback to 18 independent strain readers at 17 diff erent sites in a multi-national 
randomised controlled trial. Th is study involved the consistency of GLS between the sites 
and core lab (CL) over 6 month follow-up (6MFU). Coeffi  cient of variance (CV) was 
used to determine concordance. Results: 18 readers had completed the calibration and 
the CV of GLS at 1st and 2nd session were 4.5±3.1% and 3.9±2.9%. In the trial, 71 patients 
(54±13 years, 66 female) were enrolled. Th e time delay between training and initial 
analysis was 20±23 weeks. Baseline GLS of the overall group at CL and sites (-21.1±2.4% 
vs -20.3±1.9%, p=0.16) decreased at 6MFU (-19.8±2.5% vs -19.3±2.6%, p=0.85). Th e 
CV of GLS at baseline and 6MFU were 4.9±3.5% and 4.9±4.5% (p=0.96). In the whole 
period from 1st calibration to the 6MFU, the CV was stable and did not signifi cantly 
change (p=0.19) (Figure). In contrast, the CV of EF at 1st session, baseline & 6MFU were 
8.5±7.2, 4.7±3.3 & 6.1±5.0%, respectively and those tended to exceed that of GLS at each 
time-point (1st Cal: p<0.001, baseline: p=0.78, 6MFU: p=0.07, respectively). Conclusion: 
Consistency of measurement of sequential GLS is critically important in clinical trials as 
well as in practice. Th e results of this study show that the benefi ts of an initial calibration 
process carry over to ongoing follow-up.
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P2-66
Automated Dynamic Measurement of Left Heart Chamber Volumes 
for Quanti cation of Ejection and Filling Parameters
Aldo Prado1, Akhil Narang2, Valentina Volpato2, Neeta Kumari3, David Prater3, 
Karima Addetia2, Amit R. Patel2, Victor Mor-Avi2, Roberto M. Lang2. 1Centro 
Privado de Cardiologia Yerba Buena, Tucuman, Argentina; 2University of 
Chicago, Chicago, IL; 3Philips Healthcare, Andover, MA
Background: Although volumetric analysis of 3D echocardiographic (3DE) datasets 
provides accurate and reproducible measurements of left  ventricular and left  atrial (LV, 
LA) volumes at end-systole and end-diastole, chamber volumes are usually not measured 
throughout the cardiac cycle because of lack of automated tools needed to allow such 
analysis within a reasonable timeframe. To bridge this gap and facilitate analysis of 
dynamic changes in chamber volumes, the recently developed 3DE adaptive analytics 
algorithm was expanded to analyze every frame throughout the cardiac cycle, resulting in 
LV and LA volume-time curves. Our aim was to validate ejection and fi lling parameters 
calculated from these curves by comparing them to those obtained using commercial 
3DE volumetric analysis soft ware. Methods: We prospectively studied 15 randomly 
selected patients who underwent 3DE imaging (Philips EPIQ, X5-1 transducer). Single-
beat, high-frame rate 3DE datasets were acquired to include both LV and LA cavities. 
Time-volume curves were obtained for both chambers using the automated soft ware 
(Philips HeartModel; fi gure, left ) and conventional volumetric analysis (TomTec 4D 
LV Analysis and TomTec LA Function). LV and LA systolic and diastolic volumes and 
ejection and fi lling parameters were compared between the two analysis techniques. 
Results: Minor manual correction of the automatically detected LV and LA borders was 
performed in 4/15 and 4/15 cases, respectively. Time required to generate time-volume 
curves using the automated 3DE analysis (including manual corrections) was 35±17 
sec, considerably shorter than the conventional volumetric analysis (~3-4 minutes per 
patient). Time-volume curves obtained by the two analysis techniques were similar 
in shape and magnitude in the majority of patients (fi gure, right). Chamber size and 
function parameters extracted from these curves showed no signifi cant inter-technique 
diff erences (Table). Conclusion: Automated 3DE soft ware for dynamic LV and LA 
volume measurement allows fast and accurate analysis of ejection and fi lling parameters, 
compared to conventional volumetric analysis. Incorporation of this algorithm into 
clinical workfl ow may provide additional insight into abnormalities in cardiac function 
that are not assessable by current techniques.

P2-67
Identi cation of Local Carotid Artery Abnormalities by 
Comprehensive Ultrasound Imaging in Patients with Metabolic 
Syndrome
Jing Wang1,2, Jie Li1,2, Mingxing Xie1,2. 1Department of Ultrasound, Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology, 
Wuhan, China; 2Hubei Province Key Laboratory of Molecular Imaging, Wuhan, 
China
Objective: Th e aim of this study was to assess the feasibility and accuracy of comprehensive 
ultrasound Imaging in theapplication of local carotid artery abnormalities. Methods: 
Eighty-fi ve patients with MS were divided into three sub-groups, MS with diabetes 
(DMS,n = 29), MS with hypertension (HMS, n = 29), MS with hypertension and diabetes 
(HDMS, n = 27), 24 age and gender- matched healthy volunteers were enrolled as control 
group(CON). In two-dimensional speckle-tracking Imaging (2D-STI), thevalues of 
left  common carotid (LCCA)were measured:localpeak carotid arterial strains (CAS) 
in each of six equal segments (the anterior, left  anterolateral, left  posterolateral, the 
posterior,right anterolateral, right posterolateral wall regions) were analyzed, and 
averages of all segments( i.e.the global average); four time interval from carotid strain 

curve, Predistension time(PDT), Arterial distension Period(ADP), peak CAS time(PST)
and arterial diastolic time(ADT). All the time indices were normalized for cardiac cycle 
length. Conventional E-tracking imaging wasperformed to assess the carotid stiff ness. 
Results: ①Left  ventricular mass index (LVMI) were increased in patients with all MS 
patients when compared with that in controls(P<0.05), the ratio of E/A was decreased 
signifi cantly(P<0.05); IMT was higher in patients with MS(P<0.05).LCCA stiff ness β were 
increased in MS patients when compared with controls, the values were worse in HDMS 
patients(P =0.0001);②In patients with MS, global CAS and the CAS of the posterior 
and right posterolateral segments were lower when compared with those in controls ( 
P=0.0001), CAS was further reduced in patients with HDMS compared with HMS and 
DMS(P=0.02).Global CAS was negatively correlated with β(r = -0.469, P =0.0001), age (r 
=-0.413, P =0.0001);③In patients with MS, time parameters of PST, PDT and ADP were 
prolonged, ADT was shorter (P=0.002);④Th e Bland-Altman analysis showed that the 
coeffi  cient of variation (CV) of inter- and intra-observer of CAS was 5.07% and 5.40%, 
the CV of inter- and intra-observer of β was 7.83% and 8.92%. Conclusions: Carotid 
artery exits abnormal stiff ness increase in patients with MS. CAS will further reduce with 
the progression of MS. Cardiac contraction and stress was delayed and carotid artery 
retraction time was shortened in MS patients.

P2-68
Energy Loss Index by Vector Flow Mapping as a Novel Parameter 
for Assessing Ventricular Ef ciency
Nobuyuki Kagiyama1, Yuko Soyama1, Masataka Sugahara2, John Gorcsan, III1, 
John Gorcsan, III1. 1Washington University in St. Louis, St. Louis, MO; 2University 
of Pittsburgh, Pittsburgh, PA
Background: Vector Flow Mapping (VFM) can measure energy loss (EL) based on 
color Doppler parameters and the speckle tracking technique. EL in left  ventricle (LV) 
is produced by turbulent fl ow caused by increases in blood fl ow. Because stroke volume 
is decreased in patients with heart failure with reduced ejection fraction (HFrEF), we 
hypothesized that an index adjusted by fl ow rate may be an indicator of LV effi  ciency. 
Th e objective of this study was to test the hypothesis that EL index as EL divided by fl ow 
parameters is able to characterize HFrEF as a new marker for LV effi  ciency. Methods: 
Two-dimensional echocardiography including VFM was assessed in 39 healthy subjects 
and in 12 patients with HFrEF (LVEF < 35%). EL was calculated as lost energy per m2 
millisecond using apical long axis views. Th ree peaks of EL during the cardiac cycle were 
assessed; mid-systolic EL, early-diastolic EL and late-diastolic EL and each adjusted by 
fl ow parameters; stroke volume index for ms-EL, transmitral E wave velocity for ed-EL 
and A wave velocity for ld-EL, respectively. Results: VFM was feasible in all 51 subjects. 
In healthy subjects, mid-systolic, early-diastolic and late-diastolic EL were positively 
correlated with stroke volume index (r=0.59, p<0.001), transmitral E wave velocity 
(r=0.59, p<0.001), and A wave velocity (r=0.64, p<0.001), respectively. Th e patients with 
HFrEF had signifi cantly dilated LV (66.1±11.3 vs. 45.8±4.1 mm, p<0.001), lower LVEF 
(24.8±5.3% vs. 66.5±4.7%, p<0.001) and reduced diastolic function (E/e’: 20.0±10.3 vs. 
6.8±1.6, p<0.001) compared with healthy subjects. Although simple ELs failed to show 
the diff erence between the groups in mid-systole and in early-diastole, all of the EL 
indices adjusted by fl ow were signifi cantly diff erent between groups: mid-systolic EL 
index (0.11±0.07 vs. 0.06±0.03 J/ms/ml, p=0.003), early-diastolic EL index (0.03±0.02 
vs. 0.06±0.04 kJ/cm/m2, p=0.007) and late-diastolic EL index (0.06±0.06 vs. 0.02±0.01 
kJ/cm/m2, p=0.001). Conclusions: EL when adjusted by fl ow was able to characterize 
HFrEF better than simple EL alone. EL by VFM has promise as a novel useful parameter 
for assessing ventricular effi  ciency.
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Left Atrial Function is Impaired in Proportion to Severity of Mitral 
Stenosis in Patients with Rheumatic Heart Disease
Anjani D. Golive, Andrea Furlani, Mohammed Makkiya, Afi achukwu Onuegbu, 
Sanyog G. Shitole, Daniel Spevack, Mario Garcia, Cynthia Taub. Montefi ore 
Medical Center, Albert Einstein College of Medicine, Bronx, NY
Background: Our aim of the study is to assess the eff ect of left  atrial myocardial function 
with varying severity of rheumatic mitral stenosis(RMS). We hypothesized that left  
atrial global longitudinal strain (LA GLS) is worse with advanced rheumatic mitral valve 
involvement. Methods: Left  atrial and left  ventricular strain analysis was performed on 
rheumatic heart disease patients using 2D CPA Tom Tec Imaging systems, Germany. 
Apical four chamber view was used to perform measurements of strain analysis. Results: 
Th e mean age of the study population was 62 +/- 14.8 years and average body surface area 
(BSA) was 1.8 +/- 0.2. A total of 120 [Males: n=16 (13.3%), Females: n=104 (86.6%) of 
the cohort] patients were included in the study. We included 40 patients in each group: 
Group 1= Mild mitral stenosis (mean mitral gradient (MMG) : 3.9 +/-1.29), Group 2 = 
Moderate mitral stenosis (MMG: 7.2 +/-2.1), Group 3 = Severe mitral stenosis (MMG: 
14.4 +/-5.6). Mean LA GLS and LV GLS across three groups were noted in the fi gure 
(below). Using multivariate regression analysis aft er adjusting for age, sex and BSA, there 
were statistically signifi cant diff erences for LA GLS, LA end diastolic volume (LA EDV) 
between Group 1 vs. 2 and Group 2 vs. 3 (p <0.05). LV GLS was statistically diff erent 
between Group 2 vs. 3 (p <0.05) (See table). Conclusion: Left  atrial global longitudinal 
strain is worse in patients with advanced mitral stenosis. LA GLS is a sensitive parameter 
for the assessment of atrial function beyond LA ejection fraction (LA EF) and LA 
fractional area change (LA FAC). Serial evaluation of LAGLS and LV GLS may provide 
insight into subclinical progression of disease in patients with rheumatic mitral stenosis. 
Left  ventricular global longitudinal strain is signifi cantly diff erent between moderate and 
severe rheumatic mitral stenosis group which may indicate eff ect of rheumatic disease on 
left  ventricular function with advanced disease.

Multivariate regression analysis adjusted for age, sex and BSA
Groups Variable Diff 95% CI P-value
Mild vs. Moderate mitral stenosis LA GLS -7.9 (-10.3, -5.5) <0.001

LV GLS -1.6 (-3.2, 0.04) 0.056

LA EDV 28.9 (6.7, 51.0) 0.012

LA EF -16 (-19.6, -12.6) <0.001

LA FAC -11.8 (-14.5, -9.0) <0.001

Moderate vs. Severe LA GLS -3.3 (-5.5, -1.0) 0.006

LV GLS -3 (-4.7, -1.3) <0.001

LA EDV 95.7 (38.8, 152.6) 0.001

LA EF -2.6 (-6.9, 1.6) 0.221

LA FAC -2.7 (-5.8, 0.4) 0.088

All analysis were adjusted for age, sex and BSA.

P2-70
Incremental Prognostic Value of Intraplaque Neovascularization 
Detected by Carotid Microbubble Contrast-Enhanced Ultrasound 
(CEUS) in Patients Undergoing Stress Echocardiography
Runqing Huang1, Matthew W. Urban1, J. Kevin DeMarco2, John Huston, III1, 
Waleed Brinjikji1, Th anila A. Macedo1, Eric J. Dailey1, Mary E. Hagen1, Patricia 
A. Pellikka1, Sharon L. Mulvagh1,3. 1Mayo Clinic, Rochester, MN; 2Walter Reed 
National Military Medical Center, Bethesda, MD; 3Dalhousie University, Halifax, 
NS, Canada
Background: Stress echocardiography (SE) is widely used for diagnosis and risk 
stratifi cation of patients with known or suspected coronary artery disease (CAD). 
Microbubble contrast-enhanced ultrasound (CEUS) detects carotid intraplaque 

neovascularization (IPN), known to be associated with cardiovascular events (CVE). We 
hypothesized that combining SE with carotid CEUS in patients with known or suspected 
CAD may provide incremental prognostic information beyond clinical risk factors and 
either test alone. Methods: Patients with known or suspected CAD referred for SE and 
found to have carotid plaques on screening imaging were recruited to undergo CEUS, 
performed(GE Logic E9 9L probe) using low mechanical index (0.17-0.20) imaging 
during Optison infusion [1 mL slow IV bolus, repeated (0.5 mL) as needed]. IPN was 
graded as + (present) and - (absent) according to microbubble location and kinetics. 
Abnormal SE was defi ned as fi xed or new wall motion abnormality. Patients were grouped 
as normal SE and IPN-, normal SE and IPN +, abnormal SE and IPN-, abnormal SE 
and IPN+, and followed clinically for CVEs [mortality, myocardial infarction (MI), 
unstable angina (UA), coronary revascularization (REVASC) and transient ischemic 
attack /stroke (TIA/CVA)]. Results: 185 patients (men 79%; mean age 69±8 years) were 
followed for 93±37 weeks, during which, 32 CVEs occurred (6 deaths, 9 MI, 7 UA, 7 
REVASC, and 3 TIA/CVA). Of patients with CVEs, SE was abnormal in 56%; IPN + was 
in 78%. For clinical data and CVEs stratifi ed by SE and IPN results see Tables 1A and 1B. 
Th e Kaplan-Meier curves of event-free survival are illustrated in Figure 1. Multivariate 
Cox proportional hazard analysis showed that IPN+ and CAD history were signifi cant 
predictors of CVEs [hazard ratio (95% CI):2.23 (1.02-5.60), p= 0.04, 3.52(1.32-12.2), 
p=0.01, respectively]. Conclusion: Th e combined assessment of IPN by CEUS in patients 
with known or suspected CAD undergoing SE has incremental prognostic value for 
cardiovascular events.

P2-71
Echo Contrast Use Reduces Inter-Reader Variability of LVEF 
Measurements in Heart Failure Patients
Noweeda Mirza, Christy Baxter, Lisa Ellmaurer, Ronald Buono, Joan Lusk, 
Michael Hipp, Xuanyi Jin, Tasneem Z. Naqvi. Mayo Clinic, Scottsdale, AZ
Background: Accurate evaluation left  ventricular (LV) size, volumes and ejection fraction 
(EF) is crucial in the management of patients with heart failure (HF) and may require echo 
contrast use for LVEF quantitation. In this multicenter Echo Core Lab study comprising 
of predominantly community based practices (70%), we evaluated the prevalence of 
contrast use, benefi t of contrast on the global study quality and impact of contrast on 
the accuracy between readers for LV diameters, volumes and EF. Methods: Baseline TTE 
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studies of HF patients performed prior to randomization in a cardiac resynchronization 
trial (Abbott) were evaluated in an Echo Core Lab. Sonographers (reader 1) performed 
measurements on de-identifi ed data followed by independent re-evaluation of all data by 
an echo expert cardiologist (reader 2) who performed repeat LV measurements in case of 
disagreement with reader 1. LV end diastolic (EDD) and end systolic (ESD) dimensions 
and volumes (EDV and ESV) were measured to calculate LVEF in 4 chamber (4-ch), 2 
chamber (2-ch) and biplane views. TTE study quality was graded as good, fair & poor. 
Results: Baseline demographics are shown in Table 1. Of a total of 363 studies contrast 
was administered in 37 patients (9%). Despite increased body mass index of patients 
with contrast, TTE study quality was “good” in 70% of contrast studies vs. 42% of non-
contrast studies. EDV and ESV measured using contrast were higher by both readers, 
(EDV: reader 1, p=0.005, reader 2, p=0.0008), (ESV: reader 1, p=0.01, reader 2, p=0.001). 
Concordance (correlation of coeffi  cient “r”) for LVEF values in non-contrast apical 4-ch 
and 2-ch was 0.74 and 0.81 respectively between readers 1 and 2 and improved to 0.8 and 
0.9 respectively with contrast. Th e biplane LVEF „r“ improved from 0.82 without contrast 
to r=0.90 with contrast. Conclusion: Echo contrast is signifi cantly under used in HF 
patients despite therapy decisions utilizing measured LVEF, contrast utilization improved 
study quality and concordance between readers and yielded higher LV volumes.

P2-72
Monitoring of the Left Ventricular Function in Cancer Patients 
Using Contrast Echocardiography: When is a Change in Ejection 
Fraction Signi cant?
Tan Suwatanaviroj1, Weimin He1, Edith Pituskin2, Ian Paterson1, Jonathan Choy1, 
Harald Becher1. 1Mazankowski Alberta Heart Institue, Edmonton, AB, Canada; 
2Cross Cancer Institute, Edmonton, AB, Canada
Background: Contrast echocardiography has been shown to be very accurate and 
reproducible. However, there is limited data on what is the minimum change that can 
be detected in cancer patients undergoing treatment with cardiotoxic drugs who are 
referred for monitoring left  ventricular (LV) function. Objective: To assess variability 
in the measurement of LV volumes and ejection fraction (EF) in 2-dimensional (2D) 
contrast echocardiography and to determine the minimum diff erence between two 
EF measurements that can be deemed signifi cant. Methods: A total of 150 patients 
were divided into three groups according to EF (EF <53%, 53%-60%, and >60%). Each 
group consisted of 50 randomly selected cancer patients who underwent contrast 
echocardiography between July 2010 and May 2014. All patients received an ultrasound 
contrast agent and all studies were performed by an experienced sonographer. Repeated 

measurements of LV volumes and EF were performed offl  ine by a sonographer and a 
cardiologist. Inter-observer variability was assessed by analysis of variance. Measurement 
error was estimated by standard error of measurement and minimum detectable 
diff erence (Figure 1). In order to establish clinically relevant values for the minimum 
detectable diff erence, only numbers without decimals were reported. Results: Th e 95% 
confi dence intervals were low for EF as well as for end-diastolic volume (EDV) and end-
systolic volume (ESV) in all groups (Table 1). Th e minimum detectable diff erence for EF, 
EDV and ESV that could be recognized with 95% confi dence were 4 percentage points, 
7 mL and 4 mL, respectively. Conclusion: Contrast 2D echocardiography is an accurate 
tool for serial measurement of LV function. In patients with normal or mildly reduced EF, 
a minimum change in EF of >4 percentage points on a good quality recording is likely to 
represent a real change in LV function.

Standard error of measurement (SEM) and minimum detectable diff erence (MDD) for LV volumes 
and EF

EF EDV SEM 
(mL)

ESV SEM 
(mL)

EF SEM 
(%)

EDV MDD 
(mL)

ESV MDD 
(mL)

EF MDD 
(%)

<53% 2.5 1.4 1.1 7 4 3
53%-
60% 2.6 1.1 1.3 7 3 4

>60% 2.0 1.2 1.1 6 3 3

P2-73
Therapeutic Flow Augmentation in Muscle in Response to 
Microbubble Cavitation is In uenced by Ultrasound Pulse Duration
O‘Neil R. Mason1, Paul S. Sheeran2, J. Todd Belcik1, Qi Yue1, Jeff  Powers2, James 
Hodovan1, Azzdine Y. Ammi1, Jonathan R. Lindner1. 1Oregon Health & Science 
University, Portland, OR; 2Philips Medical Systems, Bothell, WA
Background: Ultrasound (US) can increase tissue perfusion. Th e presence of gas-fi lled 
microbubble (MB) contrast agents markedly augments this eff ect through shear-dependent 
endothelial signaling during MB cavitation. Long pulses of US at high mechanical index 
(MI) have been shown to produce sustained inertial cavitation of MBs, which could 
further increase the therapeutic eff ect of US for ischemic disease. We hypothesized that 
skeletal muscle fl ow augmentation during MB cavitation would increase with US pulse 
duration. Methods: In wild-type mice, the hindlimb skeletal muscle unilaterally was 
exposed to US for 10 min aft er I.V. injection of 2x108 lipid-shelled MBs. US (1.3 MHz) 
was performed at pulsing interval of 5 sec with a programmable phased-array probe at an 
MI of 1.5 and low line density of 16 lines at 4 degree increments. US was performed using 
short pulse (5 cycle), long pulse (40 cycle), or long multipulse (5 cycle, 8 repetitions in a 
“power Doppler” scheme) exposures. To assess the eff ect of cavitation, low-MI contrast 
enhanced ultrasound (CEU) perfusion imaging, which does not infl uence blood fl ow, 
was performed in the US-exposed limb and the contralateral non-exposed control limb. 
Results: Muscle microvascular blood fl ux rate (β) in the control limbs was similar for US 
given with short, long, and long multi-pulse pulse sequences (0.25 ± 0.08 vs 0.23 ± 0.04 
vs 0.18 ± 0.04 s-1, p>0.99). Th e short 5-cycle pulse length produced a non-signifi cant 1.7-
fold increase in β compared to the control limb (0.25 ± 0.08 vs 0.41±0.09 s-1, p=0.1330). 
Th e long single pulse sequence resulted in a 3.7-fold increase in β (0.23 ± 0.04 vs 0.85 ± 
0.17 s-1, p<0.0001) and the long multipulse sequence produced a 3.2-fold increase (0.18 ± 
0.04 to 0.54 ± 0.22, p<0.0001), compared to control. Th e degree of fl ow in the US-exposed 
limb was signifi cantly greater (p<0.01) with long single pulse US than with short pulse or 
multipulse US sequences. Conclusion: Th e degree of fl ow augmentation that occurs in 
response to MB cavitation during high-MI US is infl uenced by pulse duration and pulse 
segmentation. Th ese data indicate that sustained MB inertial cavitation is likely to be 
most eff ective at producing shear-dependent changes in resistant microvascular tone, and 
that brief duration of therapy (10 min) can produce large increases in muscle perfusion 
that may be helpful in ischemic peripheral artery disease.
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Left Atrial Function is Impaired in Proportion to Severity of Mitral 
Stenosis in Patients with Rheumatic Heart Disease
Anjani D. Golive, Andrea Furlani, Mohammed Makkiya, Afi achukwu Onuegbu, 
Sanyog G. Shitole, Daniel Spevack, Mario Garcia, Cynthia Taub. Montefi ore 
Medical Center, Albert Einstein College of Medicine, Bronx, NY
Background: Our aim of the study is to assess the eff ect of left  atrial myocardial function 
with varying severity of rheumatic mitral stenosis(RMS). We hypothesized that left  
atrial global longitudinal strain (LA GLS) is worse with advanced rheumatic mitral valve 
involvement. Methods: Left  atrial and left  ventricular strain analysis was performed on 
rheumatic heart disease patients using 2D CPA Tom Tec Imaging systems, Germany. 
Apical four chamber view was used to perform measurements of strain analysis. Results: 
Th e mean age of the study population was 62 +/- 14.8 years and average body surface area 
(BSA) was 1.8 +/- 0.2. A total of 120 [Males: n=16 (13.3%), Females: n=104 (86.6%) of 
the cohort] patients were included in the study. We included 40 patients in each group: 
Group 1= Mild mitral stenosis (mean mitral gradient (MMG) : 3.9 +/-1.29), Group 2 = 
Moderate mitral stenosis (MMG: 7.2 +/-2.1), Group 3 = Severe mitral stenosis (MMG: 
14.4 +/-5.6). Mean LA GLS and LV GLS across three groups were noted in the fi gure 
(below). Using multivariate regression analysis aft er adjusting for age, sex and BSA, there 
were statistically signifi cant diff erences for LA GLS, LA end diastolic volume (LA EDV) 
between Group 1 vs. 2 and Group 2 vs. 3 (p <0.05). LV GLS was statistically diff erent 
between Group 2 vs. 3 (p <0.05) (See table). Conclusion: Left  atrial global longitudinal 
strain is worse in patients with advanced mitral stenosis. LA GLS is a sensitive parameter 
for the assessment of atrial function beyond LA ejection fraction (LA EF) and LA 
fractional area change (LA FAC). Serial evaluation of LAGLS and LV GLS may provide 
insight into subclinical progression of disease in patients with rheumatic mitral stenosis. 
Left  ventricular global longitudinal strain is signifi cantly diff erent between moderate and 
severe rheumatic mitral stenosis group which may indicate eff ect of rheumatic disease on 
left  ventricular function with advanced disease.

Multivariate regression analysis adjusted for age, sex and BSA
Groups Variable Diff 95% CI P-value
Mild vs. Moderate mitral stenosis LA GLS -7.9 (-10.3, -5.5) <0.001

LV GLS -1.6 (-3.2, 0.04) 0.056

LA EDV 28.9 (6.7, 51.0) 0.012

LA EF -16 (-19.6, -12.6) <0.001

LA FAC -11.8 (-14.5, -9.0) <0.001

Moderate vs. Severe LA GLS -3.3 (-5.5, -1.0) 0.006

LV GLS -3 (-4.7, -1.3) <0.001

LA EDV 95.7 (38.8, 152.6) 0.001

LA EF -2.6 (-6.9, 1.6) 0.221

LA FAC -2.7 (-5.8, 0.4) 0.088

All analysis were adjusted for age, sex and BSA.

P2-70
Incremental Prognostic Value of Intraplaque Neovascularization 
Detected by Carotid Microbubble Contrast-Enhanced Ultrasound 
(CEUS) in Patients Undergoing Stress Echocardiography
Runqing Huang1, Matthew W. Urban1, J. Kevin DeMarco2, John Huston, III1, 
Waleed Brinjikji1, Th anila A. Macedo1, Eric J. Dailey1, Mary E. Hagen1, Patricia 
A. Pellikka1, Sharon L. Mulvagh1,3. 1Mayo Clinic, Rochester, MN; 2Walter Reed 
National Military Medical Center, Bethesda, MD; 3Dalhousie University, Halifax, 
NS, Canada
Background: Stress echocardiography (SE) is widely used for diagnosis and risk 
stratifi cation of patients with known or suspected coronary artery disease (CAD). 
Microbubble contrast-enhanced ultrasound (CEUS) detects carotid intraplaque 

neovascularization (IPN), known to be associated with cardiovascular events (CVE). We 
hypothesized that combining SE with carotid CEUS in patients with known or suspected 
CAD may provide incremental prognostic information beyond clinical risk factors and 
either test alone. Methods: Patients with known or suspected CAD referred for SE and 
found to have carotid plaques on screening imaging were recruited to undergo CEUS, 
performed(GE Logic E9 9L probe) using low mechanical index (0.17-0.20) imaging 
during Optison infusion [1 mL slow IV bolus, repeated (0.5 mL) as needed]. IPN was 
graded as + (present) and - (absent) according to microbubble location and kinetics. 
Abnormal SE was defi ned as fi xed or new wall motion abnormality. Patients were grouped 
as normal SE and IPN-, normal SE and IPN +, abnormal SE and IPN-, abnormal SE 
and IPN+, and followed clinically for CVEs [mortality, myocardial infarction (MI), 
unstable angina (UA), coronary revascularization (REVASC) and transient ischemic 
attack /stroke (TIA/CVA)]. Results: 185 patients (men 79%; mean age 69±8 years) were 
followed for 93±37 weeks, during which, 32 CVEs occurred (6 deaths, 9 MI, 7 UA, 7 
REVASC, and 3 TIA/CVA). Of patients with CVEs, SE was abnormal in 56%; IPN + was 
in 78%. For clinical data and CVEs stratifi ed by SE and IPN results see Tables 1A and 1B. 
Th e Kaplan-Meier curves of event-free survival are illustrated in Figure 1. Multivariate 
Cox proportional hazard analysis showed that IPN+ and CAD history were signifi cant 
predictors of CVEs [hazard ratio (95% CI):2.23 (1.02-5.60), p= 0.04, 3.52(1.32-12.2), 
p=0.01, respectively]. Conclusion: Th e combined assessment of IPN by CEUS in patients 
with known or suspected CAD undergoing SE has incremental prognostic value for 
cardiovascular events.

P2-71
Echo Contrast Use Reduces Inter-Reader Variability of LVEF 
Measurements in Heart Failure Patients
Noweeda Mirza, Christy Baxter, Lisa Ellmaurer, Ronald Buono, Joan Lusk, 
Michael Hipp, Xuanyi Jin, Tasneem Z. Naqvi. Mayo Clinic, Scottsdale, AZ
Background: Accurate evaluation left  ventricular (LV) size, volumes and ejection fraction 
(EF) is crucial in the management of patients with heart failure (HF) and may require echo 
contrast use for LVEF quantitation. In this multicenter Echo Core Lab study comprising 
of predominantly community based practices (70%), we evaluated the prevalence of 
contrast use, benefi t of contrast on the global study quality and impact of contrast on 
the accuracy between readers for LV diameters, volumes and EF. Methods: Baseline TTE 
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studies of HF patients performed prior to randomization in a cardiac resynchronization 
trial (Abbott) were evaluated in an Echo Core Lab. Sonographers (reader 1) performed 
measurements on de-identifi ed data followed by independent re-evaluation of all data by 
an echo expert cardiologist (reader 2) who performed repeat LV measurements in case of 
disagreement with reader 1. LV end diastolic (EDD) and end systolic (ESD) dimensions 
and volumes (EDV and ESV) were measured to calculate LVEF in 4 chamber (4-ch), 2 
chamber (2-ch) and biplane views. TTE study quality was graded as good, fair & poor. 
Results: Baseline demographics are shown in Table 1. Of a total of 363 studies contrast 
was administered in 37 patients (9%). Despite increased body mass index of patients 
with contrast, TTE study quality was “good” in 70% of contrast studies vs. 42% of non-
contrast studies. EDV and ESV measured using contrast were higher by both readers, 
(EDV: reader 1, p=0.005, reader 2, p=0.0008), (ESV: reader 1, p=0.01, reader 2, p=0.001). 
Concordance (correlation of coeffi  cient “r”) for LVEF values in non-contrast apical 4-ch 
and 2-ch was 0.74 and 0.81 respectively between readers 1 and 2 and improved to 0.8 and 
0.9 respectively with contrast. Th e biplane LVEF „r“ improved from 0.82 without contrast 
to r=0.90 with contrast. Conclusion: Echo contrast is signifi cantly under used in HF 
patients despite therapy decisions utilizing measured LVEF, contrast utilization improved 
study quality and concordance between readers and yielded higher LV volumes.

P2-72
Monitoring of the Left Ventricular Function in Cancer Patients 
Using Contrast Echocardiography: When is a Change in Ejection 
Fraction Signi cant?
Tan Suwatanaviroj1, Weimin He1, Edith Pituskin2, Ian Paterson1, Jonathan Choy1, 
Harald Becher1. 1Mazankowski Alberta Heart Institue, Edmonton, AB, Canada; 
2Cross Cancer Institute, Edmonton, AB, Canada
Background: Contrast echocardiography has been shown to be very accurate and 
reproducible. However, there is limited data on what is the minimum change that can 
be detected in cancer patients undergoing treatment with cardiotoxic drugs who are 
referred for monitoring left  ventricular (LV) function. Objective: To assess variability 
in the measurement of LV volumes and ejection fraction (EF) in 2-dimensional (2D) 
contrast echocardiography and to determine the minimum diff erence between two 
EF measurements that can be deemed signifi cant. Methods: A total of 150 patients 
were divided into three groups according to EF (EF <53%, 53%-60%, and >60%). Each 
group consisted of 50 randomly selected cancer patients who underwent contrast 
echocardiography between July 2010 and May 2014. All patients received an ultrasound 
contrast agent and all studies were performed by an experienced sonographer. Repeated 

measurements of LV volumes and EF were performed offl  ine by a sonographer and a 
cardiologist. Inter-observer variability was assessed by analysis of variance. Measurement 
error was estimated by standard error of measurement and minimum detectable 
diff erence (Figure 1). In order to establish clinically relevant values for the minimum 
detectable diff erence, only numbers without decimals were reported. Results: Th e 95% 
confi dence intervals were low for EF as well as for end-diastolic volume (EDV) and end-
systolic volume (ESV) in all groups (Table 1). Th e minimum detectable diff erence for EF, 
EDV and ESV that could be recognized with 95% confi dence were 4 percentage points, 
7 mL and 4 mL, respectively. Conclusion: Contrast 2D echocardiography is an accurate 
tool for serial measurement of LV function. In patients with normal or mildly reduced EF, 
a minimum change in EF of >4 percentage points on a good quality recording is likely to 
represent a real change in LV function.

Standard error of measurement (SEM) and minimum detectable diff erence (MDD) for LV volumes 
and EF

EF EDV SEM 
(mL)

ESV SEM 
(mL)

EF SEM 
(%)

EDV MDD 
(mL)

ESV MDD 
(mL)

EF MDD 
(%)

<53% 2.5 1.4 1.1 7 4 3
53%-
60% 2.6 1.1 1.3 7 3 4

>60% 2.0 1.2 1.1 6 3 3

P2-73
Therapeutic Flow Augmentation in Muscle in Response to 
Microbubble Cavitation is In uenced by Ultrasound Pulse Duration
O‘Neil R. Mason1, Paul S. Sheeran2, J. Todd Belcik1, Qi Yue1, Jeff  Powers2, James 
Hodovan1, Azzdine Y. Ammi1, Jonathan R. Lindner1. 1Oregon Health & Science 
University, Portland, OR; 2Philips Medical Systems, Bothell, WA
Background: Ultrasound (US) can increase tissue perfusion. Th e presence of gas-fi lled 
microbubble (MB) contrast agents markedly augments this eff ect through shear-dependent 
endothelial signaling during MB cavitation. Long pulses of US at high mechanical index 
(MI) have been shown to produce sustained inertial cavitation of MBs, which could 
further increase the therapeutic eff ect of US for ischemic disease. We hypothesized that 
skeletal muscle fl ow augmentation during MB cavitation would increase with US pulse 
duration. Methods: In wild-type mice, the hindlimb skeletal muscle unilaterally was 
exposed to US for 10 min aft er I.V. injection of 2x108 lipid-shelled MBs. US (1.3 MHz) 
was performed at pulsing interval of 5 sec with a programmable phased-array probe at an 
MI of 1.5 and low line density of 16 lines at 4 degree increments. US was performed using 
short pulse (5 cycle), long pulse (40 cycle), or long multipulse (5 cycle, 8 repetitions in a 
“power Doppler” scheme) exposures. To assess the eff ect of cavitation, low-MI contrast 
enhanced ultrasound (CEU) perfusion imaging, which does not infl uence blood fl ow, 
was performed in the US-exposed limb and the contralateral non-exposed control limb. 
Results: Muscle microvascular blood fl ux rate (β) in the control limbs was similar for US 
given with short, long, and long multi-pulse pulse sequences (0.25 ± 0.08 vs 0.23 ± 0.04 
vs 0.18 ± 0.04 s-1, p>0.99). Th e short 5-cycle pulse length produced a non-signifi cant 1.7-
fold increase in β compared to the control limb (0.25 ± 0.08 vs 0.41±0.09 s-1, p=0.1330). 
Th e long single pulse sequence resulted in a 3.7-fold increase in β (0.23 ± 0.04 vs 0.85 ± 
0.17 s-1, p<0.0001) and the long multipulse sequence produced a 3.2-fold increase (0.18 ± 
0.04 to 0.54 ± 0.22, p<0.0001), compared to control. Th e degree of fl ow in the US-exposed 
limb was signifi cantly greater (p<0.01) with long single pulse US than with short pulse or 
multipulse US sequences. Conclusion: Th e degree of fl ow augmentation that occurs in 
response to MB cavitation during high-MI US is infl uenced by pulse duration and pulse 
segmentation. Th ese data indicate that sustained MB inertial cavitation is likely to be 
most eff ective at producing shear-dependent changes in resistant microvascular tone, and 
that brief duration of therapy (10 min) can produce large increases in muscle perfusion 
that may be helpful in ischemic peripheral artery disease.
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P2-74
Augmentation of Left Ventricular Systolic Function with 
Intravenous Microbubbles and Intermittent High Mechanical 
Index Impulses in Patients with Normal Left Ventricular Systolic 
Function vs. Depressed Left Ventricular Systolic Function 
Compared to Patients Post STEMI
Arif Albulushi, Th omas R. Porter. University of Nebraska Medical Center, 
Omaha, NE
Background: During an intravenous commercially available microbubble infusion, 
intermittent high mechanical index (MI) impulses from a transcutaneous diagnostic 
transducer have been shown to augment skeletal muscle blood fl ow via a purinergic 
signaling pathway. It is unknown what eff ect transthoracic diagnostic high MI impulses 
have on left  ventricular (LV) ventricular systolic function and in those post STEMI patients 
receiving ultrasound enhancing agents (UEAs) and intermittent high MI impulses for 
diagnostic assessments of regional function and left  ventricular ejection fraction (LVEF). 
Methods: We independently measured LV end diastolic (EDV), end systolic (ESV) using 
a Method of Discs algorithm, and computed LVEF before and aft er at least two high 
MI impulses (0.9-1.1 MI; fi ve frames) in the same apical window. Patients with atrial 
or ventricular arrhythmias at any time during the resting measurement period were 
excluded. Patients were sub-divided into those with normal resting LVEF (55% or greater) 
and depressed resting systolic function. All measurements were obtained during either 
3% Defi nity (Lantheus Medical) of following 0.5 ml slow bolus injections of Lumason 
(Bracco Diagnostics). Results: A total of 70 patients referred for resting echocardiograms 
to evaluate LV systolic function were examined (mean age 63+/-10 years; 38 normal 
LVEF, 32 abnormal LVEF in which 18 patients post STEMI were included with). Th ere 
were no diff erences between the two groups with respect to age, gender, or cardiac risk 
factors. LVEF did not change aft er high MI impulses in the normal LVEF group (59+/-4% 
before to 61+/-6% aft er high MI impulses but did increase signifi cantly in the abnormal 
LVEF group (42+/-12% before to 46+/-15% aft er; p=0.0003). Th is was mediated primarily 
by a reduction in LVESV (p=0.004) without aff ecting LVEDV, indicating the high MI 
impulses augmented contractility in this sub-group. Conclusions: During a commercially 
available microbubble administration, intermittent high MI impulses from a diagnostic 
transducer appear to at least transiently augment contractility in patients with depressed 
systolic function whether post STEMI or not. Th e duration of this eff ect and potential for 
therapeutic benefi t needs to be explored.

P2-75
Cardiomyocyte-Targeted and 17β-Estradiol-Loaded Acoustic 
Nanoprobes as a Theranostic Platform for Cardiac Hypertrophy
Xueli Zhao1, Liwen Liu1, Wen Luo1, Jing Hu2, Pan Li3. 1Department of 
Ultrasound, Xijing Hospital, Fourth Military Medical University, Xi‘an, China; 
2Department of StomatoIogy; PLA Army General Hospital, Beijing, China; 
3Second Affi  liated Hospital of Chongqing Medical University & Chongqing Key 
Laboratory of Ultrasound Molecular Imaging, Chongqing, China
Background: Th eranostic perfl uorocarbon nanoprobes have recently attracted attention 
due to their fascinating versatility in integrating diagnostics and therapeutics into a 
single system. Furthermore, although 17β-estradiol (E2) is a potential anti-hypertrophic 
drug, it has severe non-specifi c adverse eff ects in various organs. To overcome these 
limitations, we have developed cardiomyocyte-targeted theranostic nanoprobes to 
achieve concurrent targeted imaging and treatment of cardiac hypertrophy. Methods: 
E2-loaded, primary cardiomyocyte (PCM) specifi c peptide-conjugated nanoprobes with 
perfl uorocarbon (PFP) as a core (PCM-E2/PFPs) were prepared by double emulsifi cation 
evaporation method combined with carbodiimide method. Th en the physical properties, 
the ability of imaging of the nandroplets in vitro and in vivo were assessed upon low-
intensity focused ultrasound (LIFU). Meanwhile the distribution of PCM-E2/PFPs 
in vivo and therapeutic eff ect with LIFU irritated on cardiac hypertrophic rats were 
evaluated. Results: We had successfully synthesized PCM-E2/PFPs and demonstrated 
their stability and homogeneity. In vitro and in vivo studies confi rmed that when exposed 
to LIFU, these versatile PCM-E2/PFPs can be used as an amplifi able imaging contrast 
agent. Furthermore, the signifi cantly accelerated release of E2 enhanced the therapeutic 
effi  cacy of the drug and prevented systemic side eff ects. PCM-E2/PFPs + LIFU treatment 
also signifi cantly increased cardiac targeting and circulation time. Further therapeutic 
evaluations showed that PCM-E2/PFPs + LIFU suppressed cardiac hypertrophy to a 
greater extent compared to other treatments, revealing high effi  ciency in cardiac-targeted 
delivery and eff ective cardioprotection. Conclusion: Our novel theranostic nanoplatform 
could serve as a potential theranostic vector for cardiac diseases.

P2-76
Ultrasound Mediated Microbubble Cavitation Improved Local 
Blood Flow in Acute Rat Limb Ischemia and its Mechanism
Juefei Wu, Shifeng Qiu, Danxia Li, Qian Feng, Yuegang Wang, Jiancheng Xiu, 
Daogang Zha. Southern Medical University, Nanfang Hospital, Guangzhou, 
China
Background: Th e eff ect of ultrasound-mediated microbubble cavitation has been 
demonstrated in animal models that it can increase blood perfusion partly in the irradiated 
area of limbs or myocardial ischemia. A series of relevant studies have demonstrated 
that the mechanism of it was through the molecular pathways such as nitric oxide (NO) 
pathway and ATP pathway. However, most of the previous studies focus on the chronic 
ischemia model. In this study, acute rat hindlimb ischemia model was established in 
order to study the eff ects of intermittent high mechanical index impulses combined 
with intravenous infusion of microbubbles on the perfusion of tissue acute ischemia 
and its underlying mechanism. Methods: A rat model of acute hindlimb ischemia was 
established by unilateral ligation of the external iliac artery. Rats were randomly divided 
into three groups. Exposure to intermittent ultrasound alone group(1.3 MHz, mechanical 
index 1.3) (US alone), microbubbles alone group (2×108 ,IV) (MB alone), or intermittent 
high mechanical index impulses combined with lipid microbubbles infusion group 
(US+MB), each treatment time were 10 minutes. Contrast ultrasound perfusion imaging 
for both hindlimb were performed at the immediate, 5 minutes, 10 minutes, 15 minutes, 
20 minutes and 25 minutes aft er treatment, respectively. By inhibiting endothelial nitric 
oxide synthase (eNOS), the role of NO pathway on increasing blood fl ow partly in 
acute ischemia tissue was evaluated. Results: Th e perfusion of ischemia hindlimb was 
signifi cantly increased in the three groups (P<0.05). Th e perfusion in the US+MB group 
was the most signifi cantly increase and closed to or even restored perfusion (Figure 1). 
Th e acute eff ect of acoustic-assisted perfusion was most signifi cant immediately aft er 
treatment (P<0.05), and lasting for 15 minutes (P<0.05), and almost disappeared aft er 
20 minutes. Inhibitory studies have indicated that NO pathway is a critical mediator of 
fl ow augmentation partly in acute ischemia tissue (P<0.05). Conclusions: Ultrasound-
mediated microbubble cavitation can increase tissue blood perfusion partly in the 
irradiated area of acute ischemia tissue. Th ese eff ects work immediately and can reverse 
hindlimb acute ischemia in rat for 15 minutes. Th e NO pathway is also a critical mediator 
of the acute eff ect of acoustic-assisted perfusion.

P2-77
Using Less De nity® Results in More Optimal Echocardiograms
Lou A. Mitchell, Jamie L. Herrema, Rachel C. Phillion, Rhonda A. Coleman, 
Angela B. Malone, Lenora L. Eberhart, David E. Langholz. Spectrum Health 
Frederik Meijer Heart and Vascular Institute, Grand Rapids, MI
Background: Spectrum Health Cardiovascular Imaging performs over 47,000 
echocardiograms annually. Many utilize the imaging agent Defi nity® to enhance 
interpretation. Quality analysis of these studies found that 36% of Defi nity® exams we 
considered suboptimal due to poor optimization or attenuation. Th e American Society 
of Echocardiography guidelines for contrast usage were reviewed, and a study was 
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implemented to decrease the initial dosage of Defi nity® and devise targeted education 
information. Th e study goals were to determine if smaller doses of Defi nity® and 
education would reduce the percentage of suboptimal studies, augmenting physician 
interpretations, and thus improving patient outcomes. Methods: An education program 
for staff  involved with Defi nity® usage was implemented. According to American Society 
of Echocardiography guidelines sonographers were provided education for machine 
setting optimization. Registered nurses who administer Defi nity® received education 
about the physics of microspheres and how quantity and speed of injection can impact 
image quality. A smaller bolus of Defi nity® was reduced from 2 ml, according to 
manufacturer guidelines, to .5 ml or 1 ml and slower injection to allow for more uniform 
fi lling. Aft er six months, quality analysis was repeated and studies were divided into three 
categories - optimal, acceptable and suboptimal. Additional analysis was reviewed during 
the next six months, tracking continued improvement in image quality. Results: Prior 
to implementation of staff  education, 31% of echoes were considered optimal, 33% were 
considered acceptable and 36% suboptimal. Aft er six months of applying education to 
practice, the fi rst analysis demonstrated 73% optimal studies, 20% acceptable and 7% 
suboptimal. Th e next six months, 67% were optimal, 29% acceptable and 4% suboptimal. 
Th e changes to the Defi nity® administration process resulted in an 80% reduction in 
suboptimal studies and a 100% rise in optimization. Conclusion: Tailored education and 
reducing the dose of Defi nity® given with a slower injection time signifi cantly improved 
the administration and optimization skills of staff . Th ese improvements provide the 
reading physicians with more complete information on which to base clinical decisions.

P2-78
Follow up of Leak Status Post Watchman Device
Paraskevi Koutrolou-Sotiropoulou, Vidhu Anand, Didem Oguz,, Kashish Goel, 
Jeremy J. Th aden, Vuyisile T. Nkomo, Paul A. Friedman, Sorin V. Pislaru, David 
R. Holmes. Mayo Clinic, Rochester, MN
Background: Left  atrial appendage occlusion with the Watchman device is increasingly 
used. Peridevice leak (PDL) is well recognized, but its long-term evolution is unknown. 
We set forth to evaluate the presence and severity of PDL over time and its impact on 
outcomes. Methods: Patients who underwent Watchman implantation from 2004 to 2017 
(N=105, median follow up 1.2 years) were divided in patients with (Group A; N=56) 
and without PDL (Group B, N=49). TEE at implantation and 45 days was available in all 
patients; follow-up TEE at ≥ 1 year in 35/56 (63%) in Group A and 29/49 (59%) in Group 
B. Th e change in leak severity was assessed on digitally stored images; PDL worsening 
was defi ned as an increase ≥ 3 mm. Death, stroke and duration of anticoagulation were 
reviewed from the electronic medical record. Results: Mean age was 79 in both groups, 
64.3% were males in Group A and 63.3% in Group B. PDL was identifi ed on follow up at 
45 days in 25/56 (44.6%); only 7/56 patients had PDL >= 5mm. PDL was unchanged on 
subsequent TEE in 83.9% and worsened in 16.1%. In Group A 83.9% of patients stopped 
anticoagulation at 45 days and in group B 77.6% (Table). Duration of anticoagulation was 
independent to the development of a leak (p=0.208). Death occurred in 4/56 in Group 
A 6/49 in group B (p=0.738). Th ree strokes occurred in Group A within fi rst year post 
implantation; all 3 patients were off  anticoagulation. PDL was large (circumferential) in 
1 patient and small (2mm and 3.5mm respectively) in 2. Th ere were no strokes identifi ed 
in Group B. Conclusions: Majority of peri-device leaks remain stable over time despite 
cessation of anticoagulation in the majority of patients. A small number of patients with 
residual leak experience stroke within the fi rst year while off  anticoagulation. Th e size of 
the leak however does not seem to correlate with the occurrence of stroke.

Table
Group A (n=56) Group B (n=49)

Anticoagulation
Stopped Coumadin at 45 days 47/56 (83.9%) 38/49 (77.6%)
Stopped Coumadin at <45 days 2/56 (3.6%) 4/49 (8.2%)
On Coumadin indefi nitely 0/56 (0%) 1/49 (2%)
Continued Coumadin for >45 days/Coumadin restarted 6/56 (10.7%) 4/49 (8.2%)
No coumadin (only dual antiplatelet agents) 1/56 (1.8%) 2/49 (4.0%)

Events
Death 4/56 (7.1%) 6/49 (12.2%)
(unknown,cancer, respiratory failure)
Stroke 3/56 (5.4%) 0/49 (0%)

P2-79
Acute Hemodynamic Effects and Right Ventricular Functional 
Changes Following MitraClip Implantation
Chen Wei, William Chung, Andrew Berke, Elana Koss, Aasha Gopal, Jane Cao, 
Lin Wang. St. Francis Hospital, Roslyn, NY
Background: Transcatheter mitral valve repair has been established as a new option to 
treat patients with signifi cant mitral regurgitation (MR) and high surgical risk. Th e goal 
of this study was to assess the immediate hemodynamic eff ects and the right ventricular 
functional changes aft er the MitraClip (MC) procedure. Methods: Consecutive sixty-
two patients with moderate to severe or severe MR who received MC implantation in 
a single-center between 2012 to 2017 were included. Right heart catheterization was 
performed before and immediately following MC procedure. Volumetric and functional 
changes were assessed using two-dimensional transthoracic and speckle-tracking 
echocardiography before and one day aft er MC procedure. Results: Th e median age 
was 84 (78-87) years and 47% were men. A majority of the patients had functional class 
NYHA III or IV (82%). Th e baseline left  ventricular ejection fraction (LVEF) was 47 (40-
54)% and MR etiology was degenerative in 87% of patients. Signifi cant reduction in mitral 
regurgitation was achieved by repair in 94% patients and the mean transmitral pressure 
gradient increased from 2.2±1.0mmHg to 4.1±1.9mmHg (p<0.001). Immediately post 
MC implantation, the pulmonary capillary wedge pressure (PCWP) decreased from 
22±7mmHg to 19±6mmHg (p<0.001) and the cardiac index (CI) increased from 3.9±1.9 
to 5.0±1.6 L/min/m2 (p<0.001). Th e right ventricular fractional area change increased 
from 33±12 % to 37±11 % (p=0.004) one day aft er MC. Signifi cant improvement was 
seen in RV global longitudinal strain (-12.7±6% vs. -14.9±5%, p=0.009), which was only 
seen among those with preserved baseline LVEF (-14.7% vs. -17.9%, p=0.003), but not 
those with reduced LVEF (-10.7% vs. -12.1%, p=0.407). Conclusions: Successful MV 
repair with the MitraClip system results in an immediate and signifi cant improvement 
in PCWP, CI, and RV function, particularly in those with preserved baseline LVEF. Long 
term follow up data will be required to assess the prognostic impact of the evolution of 
the right ventricular function.

P2-80
Description of Mitral Valve Repair Technique: Comparison of TEE 
Images and Surgical Field
Satoru Fujii, Michael W.A. Chu, Jian Ray Zhou. Western University, London, ON, 
Canada
Background: Degenerative mitral valve (MV) disease is the most common organic 
MV pathology. Recently, the American correction technique is garnering attention. 
In this technique, functional restoration of the MV is achieved using artifi cial chordae 
and a fl exible annuloplasty ring. In many institutions, the cardiac surgeon base the 
length of neo-chordae on intraoperative anatomic measurements made in the open, 
empty, and arrested heart. At our centre, the cardiac surgeon creates chords based on 
echocardiographic measurements made in the functionally beating heart. In this case 
series, we studied the surgical technique in detail to better understand the key echo 
measurements that support successful repair. Methods: We obtained 2-dimentional 
and 3-dimentional transesophageal (TEE) images of the mitral valve and left  ventricle 
in 6 patients undergoing mitral valve repair. We also collected the corresponding 
surgical repair videos. On echocardiogram we made multiple measurements of the 
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P2-74
Augmentation of Left Ventricular Systolic Function with 
Intravenous Microbubbles and Intermittent High Mechanical 
Index Impulses in Patients with Normal Left Ventricular Systolic 
Function vs. Depressed Left Ventricular Systolic Function 
Compared to Patients Post STEMI
Arif Albulushi, Th omas R. Porter. University of Nebraska Medical Center, 
Omaha, NE
Background: During an intravenous commercially available microbubble infusion, 
intermittent high mechanical index (MI) impulses from a transcutaneous diagnostic 
transducer have been shown to augment skeletal muscle blood fl ow via a purinergic 
signaling pathway. It is unknown what eff ect transthoracic diagnostic high MI impulses 
have on left  ventricular (LV) ventricular systolic function and in those post STEMI patients 
receiving ultrasound enhancing agents (UEAs) and intermittent high MI impulses for 
diagnostic assessments of regional function and left  ventricular ejection fraction (LVEF). 
Methods: We independently measured LV end diastolic (EDV), end systolic (ESV) using 
a Method of Discs algorithm, and computed LVEF before and aft er at least two high 
MI impulses (0.9-1.1 MI; fi ve frames) in the same apical window. Patients with atrial 
or ventricular arrhythmias at any time during the resting measurement period were 
excluded. Patients were sub-divided into those with normal resting LVEF (55% or greater) 
and depressed resting systolic function. All measurements were obtained during either 
3% Defi nity (Lantheus Medical) of following 0.5 ml slow bolus injections of Lumason 
(Bracco Diagnostics). Results: A total of 70 patients referred for resting echocardiograms 
to evaluate LV systolic function were examined (mean age 63+/-10 years; 38 normal 
LVEF, 32 abnormal LVEF in which 18 patients post STEMI were included with). Th ere 
were no diff erences between the two groups with respect to age, gender, or cardiac risk 
factors. LVEF did not change aft er high MI impulses in the normal LVEF group (59+/-4% 
before to 61+/-6% aft er high MI impulses but did increase signifi cantly in the abnormal 
LVEF group (42+/-12% before to 46+/-15% aft er; p=0.0003). Th is was mediated primarily 
by a reduction in LVESV (p=0.004) without aff ecting LVEDV, indicating the high MI 
impulses augmented contractility in this sub-group. Conclusions: During a commercially 
available microbubble administration, intermittent high MI impulses from a diagnostic 
transducer appear to at least transiently augment contractility in patients with depressed 
systolic function whether post STEMI or not. Th e duration of this eff ect and potential for 
therapeutic benefi t needs to be explored.

P2-75
Cardiomyocyte-Targeted and 17β-Estradiol-Loaded Acoustic 
Nanoprobes as a Theranostic Platform for Cardiac Hypertrophy
Xueli Zhao1, Liwen Liu1, Wen Luo1, Jing Hu2, Pan Li3. 1Department of 
Ultrasound, Xijing Hospital, Fourth Military Medical University, Xi‘an, China; 
2Department of StomatoIogy; PLA Army General Hospital, Beijing, China; 
3Second Affi  liated Hospital of Chongqing Medical University & Chongqing Key 
Laboratory of Ultrasound Molecular Imaging, Chongqing, China
Background: Th eranostic perfl uorocarbon nanoprobes have recently attracted attention 
due to their fascinating versatility in integrating diagnostics and therapeutics into a 
single system. Furthermore, although 17β-estradiol (E2) is a potential anti-hypertrophic 
drug, it has severe non-specifi c adverse eff ects in various organs. To overcome these 
limitations, we have developed cardiomyocyte-targeted theranostic nanoprobes to 
achieve concurrent targeted imaging and treatment of cardiac hypertrophy. Methods: 
E2-loaded, primary cardiomyocyte (PCM) specifi c peptide-conjugated nanoprobes with 
perfl uorocarbon (PFP) as a core (PCM-E2/PFPs) were prepared by double emulsifi cation 
evaporation method combined with carbodiimide method. Th en the physical properties, 
the ability of imaging of the nandroplets in vitro and in vivo were assessed upon low-
intensity focused ultrasound (LIFU). Meanwhile the distribution of PCM-E2/PFPs 
in vivo and therapeutic eff ect with LIFU irritated on cardiac hypertrophic rats were 
evaluated. Results: We had successfully synthesized PCM-E2/PFPs and demonstrated 
their stability and homogeneity. In vitro and in vivo studies confi rmed that when exposed 
to LIFU, these versatile PCM-E2/PFPs can be used as an amplifi able imaging contrast 
agent. Furthermore, the signifi cantly accelerated release of E2 enhanced the therapeutic 
effi  cacy of the drug and prevented systemic side eff ects. PCM-E2/PFPs + LIFU treatment 
also signifi cantly increased cardiac targeting and circulation time. Further therapeutic 
evaluations showed that PCM-E2/PFPs + LIFU suppressed cardiac hypertrophy to a 
greater extent compared to other treatments, revealing high effi  ciency in cardiac-targeted 
delivery and eff ective cardioprotection. Conclusion: Our novel theranostic nanoplatform 
could serve as a potential theranostic vector for cardiac diseases.

P2-76
Ultrasound Mediated Microbubble Cavitation Improved Local 
Blood Flow in Acute Rat Limb Ischemia and its Mechanism
Juefei Wu, Shifeng Qiu, Danxia Li, Qian Feng, Yuegang Wang, Jiancheng Xiu, 
Daogang Zha. Southern Medical University, Nanfang Hospital, Guangzhou, 
China
Background: Th e eff ect of ultrasound-mediated microbubble cavitation has been 
demonstrated in animal models that it can increase blood perfusion partly in the irradiated 
area of limbs or myocardial ischemia. A series of relevant studies have demonstrated 
that the mechanism of it was through the molecular pathways such as nitric oxide (NO) 
pathway and ATP pathway. However, most of the previous studies focus on the chronic 
ischemia model. In this study, acute rat hindlimb ischemia model was established in 
order to study the eff ects of intermittent high mechanical index impulses combined 
with intravenous infusion of microbubbles on the perfusion of tissue acute ischemia 
and its underlying mechanism. Methods: A rat model of acute hindlimb ischemia was 
established by unilateral ligation of the external iliac artery. Rats were randomly divided 
into three groups. Exposure to intermittent ultrasound alone group(1.3 MHz, mechanical 
index 1.3) (US alone), microbubbles alone group (2×108 ,IV) (MB alone), or intermittent 
high mechanical index impulses combined with lipid microbubbles infusion group 
(US+MB), each treatment time were 10 minutes. Contrast ultrasound perfusion imaging 
for both hindlimb were performed at the immediate, 5 minutes, 10 minutes, 15 minutes, 
20 minutes and 25 minutes aft er treatment, respectively. By inhibiting endothelial nitric 
oxide synthase (eNOS), the role of NO pathway on increasing blood fl ow partly in 
acute ischemia tissue was evaluated. Results: Th e perfusion of ischemia hindlimb was 
signifi cantly increased in the three groups (P<0.05). Th e perfusion in the US+MB group 
was the most signifi cantly increase and closed to or even restored perfusion (Figure 1). 
Th e acute eff ect of acoustic-assisted perfusion was most signifi cant immediately aft er 
treatment (P<0.05), and lasting for 15 minutes (P<0.05), and almost disappeared aft er 
20 minutes. Inhibitory studies have indicated that NO pathway is a critical mediator of 
fl ow augmentation partly in acute ischemia tissue (P<0.05). Conclusions: Ultrasound-
mediated microbubble cavitation can increase tissue blood perfusion partly in the 
irradiated area of acute ischemia tissue. Th ese eff ects work immediately and can reverse 
hindlimb acute ischemia in rat for 15 minutes. Th e NO pathway is also a critical mediator 
of the acute eff ect of acoustic-assisted perfusion.

P2-77
Using Less De nity® Results in More Optimal Echocardiograms
Lou A. Mitchell, Jamie L. Herrema, Rachel C. Phillion, Rhonda A. Coleman, 
Angela B. Malone, Lenora L. Eberhart, David E. Langholz. Spectrum Health 
Frederik Meijer Heart and Vascular Institute, Grand Rapids, MI
Background: Spectrum Health Cardiovascular Imaging performs over 47,000 
echocardiograms annually. Many utilize the imaging agent Defi nity® to enhance 
interpretation. Quality analysis of these studies found that 36% of Defi nity® exams we 
considered suboptimal due to poor optimization or attenuation. Th e American Society 
of Echocardiography guidelines for contrast usage were reviewed, and a study was 
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implemented to decrease the initial dosage of Defi nity® and devise targeted education 
information. Th e study goals were to determine if smaller doses of Defi nity® and 
education would reduce the percentage of suboptimal studies, augmenting physician 
interpretations, and thus improving patient outcomes. Methods: An education program 
for staff  involved with Defi nity® usage was implemented. According to American Society 
of Echocardiography guidelines sonographers were provided education for machine 
setting optimization. Registered nurses who administer Defi nity® received education 
about the physics of microspheres and how quantity and speed of injection can impact 
image quality. A smaller bolus of Defi nity® was reduced from 2 ml, according to 
manufacturer guidelines, to .5 ml or 1 ml and slower injection to allow for more uniform 
fi lling. Aft er six months, quality analysis was repeated and studies were divided into three 
categories - optimal, acceptable and suboptimal. Additional analysis was reviewed during 
the next six months, tracking continued improvement in image quality. Results: Prior 
to implementation of staff  education, 31% of echoes were considered optimal, 33% were 
considered acceptable and 36% suboptimal. Aft er six months of applying education to 
practice, the fi rst analysis demonstrated 73% optimal studies, 20% acceptable and 7% 
suboptimal. Th e next six months, 67% were optimal, 29% acceptable and 4% suboptimal. 
Th e changes to the Defi nity® administration process resulted in an 80% reduction in 
suboptimal studies and a 100% rise in optimization. Conclusion: Tailored education and 
reducing the dose of Defi nity® given with a slower injection time signifi cantly improved 
the administration and optimization skills of staff . Th ese improvements provide the 
reading physicians with more complete information on which to base clinical decisions.

P2-78
Follow up of Leak Status Post Watchman Device
Paraskevi Koutrolou-Sotiropoulou, Vidhu Anand, Didem Oguz,, Kashish Goel, 
Jeremy J. Th aden, Vuyisile T. Nkomo, Paul A. Friedman, Sorin V. Pislaru, David 
R. Holmes. Mayo Clinic, Rochester, MN
Background: Left  atrial appendage occlusion with the Watchman device is increasingly 
used. Peridevice leak (PDL) is well recognized, but its long-term evolution is unknown. 
We set forth to evaluate the presence and severity of PDL over time and its impact on 
outcomes. Methods: Patients who underwent Watchman implantation from 2004 to 2017 
(N=105, median follow up 1.2 years) were divided in patients with (Group A; N=56) 
and without PDL (Group B, N=49). TEE at implantation and 45 days was available in all 
patients; follow-up TEE at ≥ 1 year in 35/56 (63%) in Group A and 29/49 (59%) in Group 
B. Th e change in leak severity was assessed on digitally stored images; PDL worsening 
was defi ned as an increase ≥ 3 mm. Death, stroke and duration of anticoagulation were 
reviewed from the electronic medical record. Results: Mean age was 79 in both groups, 
64.3% were males in Group A and 63.3% in Group B. PDL was identifi ed on follow up at 
45 days in 25/56 (44.6%); only 7/56 patients had PDL >= 5mm. PDL was unchanged on 
subsequent TEE in 83.9% and worsened in 16.1%. In Group A 83.9% of patients stopped 
anticoagulation at 45 days and in group B 77.6% (Table). Duration of anticoagulation was 
independent to the development of a leak (p=0.208). Death occurred in 4/56 in Group 
A 6/49 in group B (p=0.738). Th ree strokes occurred in Group A within fi rst year post 
implantation; all 3 patients were off  anticoagulation. PDL was large (circumferential) in 
1 patient and small (2mm and 3.5mm respectively) in 2. Th ere were no strokes identifi ed 
in Group B. Conclusions: Majority of peri-device leaks remain stable over time despite 
cessation of anticoagulation in the majority of patients. A small number of patients with 
residual leak experience stroke within the fi rst year while off  anticoagulation. Th e size of 
the leak however does not seem to correlate with the occurrence of stroke.

Table
Group A (n=56) Group B (n=49)

Anticoagulation
Stopped Coumadin at 45 days 47/56 (83.9%) 38/49 (77.6%)
Stopped Coumadin at <45 days 2/56 (3.6%) 4/49 (8.2%)
On Coumadin indefi nitely 0/56 (0%) 1/49 (2%)
Continued Coumadin for >45 days/Coumadin restarted 6/56 (10.7%) 4/49 (8.2%)
No coumadin (only dual antiplatelet agents) 1/56 (1.8%) 2/49 (4.0%)

Events
Death 4/56 (7.1%) 6/49 (12.2%)
(unknown,cancer, respiratory failure)
Stroke 3/56 (5.4%) 0/49 (0%)

P2-79
Acute Hemodynamic Effects and Right Ventricular Functional 
Changes Following MitraClip Implantation
Chen Wei, William Chung, Andrew Berke, Elana Koss, Aasha Gopal, Jane Cao, 
Lin Wang. St. Francis Hospital, Roslyn, NY
Background: Transcatheter mitral valve repair has been established as a new option to 
treat patients with signifi cant mitral regurgitation (MR) and high surgical risk. Th e goal 
of this study was to assess the immediate hemodynamic eff ects and the right ventricular 
functional changes aft er the MitraClip (MC) procedure. Methods: Consecutive sixty-
two patients with moderate to severe or severe MR who received MC implantation in 
a single-center between 2012 to 2017 were included. Right heart catheterization was 
performed before and immediately following MC procedure. Volumetric and functional 
changes were assessed using two-dimensional transthoracic and speckle-tracking 
echocardiography before and one day aft er MC procedure. Results: Th e median age 
was 84 (78-87) years and 47% were men. A majority of the patients had functional class 
NYHA III or IV (82%). Th e baseline left  ventricular ejection fraction (LVEF) was 47 (40-
54)% and MR etiology was degenerative in 87% of patients. Signifi cant reduction in mitral 
regurgitation was achieved by repair in 94% patients and the mean transmitral pressure 
gradient increased from 2.2±1.0mmHg to 4.1±1.9mmHg (p<0.001). Immediately post 
MC implantation, the pulmonary capillary wedge pressure (PCWP) decreased from 
22±7mmHg to 19±6mmHg (p<0.001) and the cardiac index (CI) increased from 3.9±1.9 
to 5.0±1.6 L/min/m2 (p<0.001). Th e right ventricular fractional area change increased 
from 33±12 % to 37±11 % (p=0.004) one day aft er MC. Signifi cant improvement was 
seen in RV global longitudinal strain (-12.7±6% vs. -14.9±5%, p=0.009), which was only 
seen among those with preserved baseline LVEF (-14.7% vs. -17.9%, p=0.003), but not 
those with reduced LVEF (-10.7% vs. -12.1%, p=0.407). Conclusions: Successful MV 
repair with the MitraClip system results in an immediate and signifi cant improvement 
in PCWP, CI, and RV function, particularly in those with preserved baseline LVEF. Long 
term follow up data will be required to assess the prognostic impact of the evolution of 
the right ventricular function.

P2-80
Description of Mitral Valve Repair Technique: Comparison of TEE 
Images and Surgical Field
Satoru Fujii, Michael W.A. Chu, Jian Ray Zhou. Western University, London, ON, 
Canada
Background: Degenerative mitral valve (MV) disease is the most common organic 
MV pathology. Recently, the American correction technique is garnering attention. 
In this technique, functional restoration of the MV is achieved using artifi cial chordae 
and a fl exible annuloplasty ring. In many institutions, the cardiac surgeon base the 
length of neo-chordae on intraoperative anatomic measurements made in the open, 
empty, and arrested heart. At our centre, the cardiac surgeon creates chords based on 
echocardiographic measurements made in the functionally beating heart. In this case 
series, we studied the surgical technique in detail to better understand the key echo 
measurements that support successful repair. Methods: We obtained 2-dimentional 
and 3-dimentional transesophageal (TEE) images of the mitral valve and left  ventricle 
in 6 patients undergoing mitral valve repair. We also collected the corresponding 
surgical repair videos. On echocardiogram we made multiple measurements of the 
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MV apparatus. Th e surgeon then made neo-chordae and implanted them based on the 
echo assessment. Aft er the heart was restarted and volume-loaded, the mitral valve and 
apparatus were re-measured. Subsequently, the surgical repair videos were reviewed with 
the intraoperative TEE images to identify the key echo measurements helpful in guiding 
surgical repair. Results: Based on 6 patients, we found TEE facilitated excellent surgical 
repair and were very accurate in guiding the creation of neo-chords of the appropriate 
length. We also identifi ed several key measurements that guided successful MV repair: 
(1) length of leafl ets, (2) location of prolapse, (3) distance of annular plane to papillary 
muscle, (4) annular dimensions and (4) post-repair coaptation length >8 mm (fi g 1). 
Conclusion: Neochords measured out by echocardiography are more “true to life” 
because the measurements are made in a fi lled heart in the systolic phase of the cardiac 
cycle. Echocardiography-based measurements also allow for neo-chordae creation 
prior to establishment of cardiopulmonary bypass (CPB), allowing for shorter bypass 
times and fewer CPB-related complications. 2D and 3D echocardiography will play an 
increasingly important role in mitral valve repair surgery with the widespread adoption 
of the American mitral valve correction technique.

P2-81
Radiation Doses to Physicians Performing Transesophageal 
Echocardiography During Percutaneous Mitral Valve Clip 
Procedures
Th omas P. Crane1, Michael W. McNamara2, Jeff rey M. Decker2, Stacie 
VanOosterhout2, Abbey Mulder2, Taylor Ten Brock2, William Mehri2, Duane 
Berkompas2, Musa Dahu2, Jessica L. Parker2, Ryan Madder2. 1Michigan State 
University College of Human Medicine, Grand Rapids, MI; 2Spectrum Health 
Butterworth Hospital, Grand Rapids, MI
Background: Th e use of transesophageal echocardiography (TEE) to guide percutaneous 
mitral valve clip procedures requires the TEE physician to stand in close proximity to 
the patient. Consequently, we hypothesized that TEE physicians may receive signifi cantly 
greater radiation doses than interventional physicians during percutaneous mitral 
clip procedures. Methods: Real-time radiation doses were prospectively collected by 
dosimeters worn by interventional physicians and TEE physicians during percutaneous 
mitral clip procedures. Physicians were blinded to the radiation data for the duration 
of the study. Dosimeter data were used to calculate and compare the eff ective dose per 

case for interventional physicians and TEE physicians. Results: During 30 consecutive 
percutaneous mitral valve clip procedures, the median eff ective radiation dose per case 
was 0.8 [0.0, 12.1] μSv among interventional physicians and 10.7 [2.8, 20.9] μSv among 
TEE physicians, representing a 13.4-fold greater radiation dose to TEE physicians 
(p<0.001). Among the 30 cases, the interventional physician received an eff ective dose >20 
μSv in only 2 (6.7%) cases, whereas the TEE physician received an eff ective dose >20 μSv 
in 9 (30.0%) cases (p = 0.02). Conclusions: In the present study, which to our knowledge 
is the fi rst to examine the radiation doses to TEE physicians during percutaneous mitral 
clip procedures, TEE physicians were observed to have a median radiation dose that was 
13-fold greater than those of interventional physicians during the same procedures. Th ese 
fi ndings seemingly indicate a previously unrecognized occupational risk faced by TEE 
physicians in the catheterization laboratory.

P2-82
Interventional Echocardiography Performed in the Cardiac 
Catheterization Laboratory is Associated with Safe Levels of 
Radiation Exposure
Jennifer Betz, Kenneth A. Fetterly, Hilal Kucuk, Patricia A. Pellikka, Joseph F. 
Maalouf, Sorin V. Pislaru, Brandon M. Wiley. Mayo Clinic, Rochester, MN
Background: Th e evolution of percutaneous structural heart interventions combined 
with the advancement of 3D-echocardiography has led to increased utilization of 
real-time echocardiographic guidance to complement traditional fl uoroscopy. As a 
result, sonographers and echocardiographers are spending more time in the cardiac 
catheterization laboratory. Th is project aimed to measure the radiation exposure for 
ultrasound imagers performing imaging guidance with transthoracic echocardiography 
(TTE) or transesophageal echocardiography (TEE) during interventional cardiology 
procedures. Methods: DMC-3000 (Mirion Technologies, USA) radiation dosimeters 
were worn on the front and back of ultrasound imagers during consecutive interventional 
procedures at Mayo Clinic (Rochester, MN) from October 2017 to January 2018. DMC-
3000 continuously records radiation data that can be documented immediately post-
procedure. Imagers adhered to institutional radiation precautions by wearing protective 
lead and using mobile barriers. Results: 137 cases were completed during the assessment 
period (Table 1). Th e majority of structural heart procedures were TAVR using TTE 
guidance (N=45). Mitral valve and atrial appendage procedures used TEE guidance. 
Overall, TEE imaging was associated with a statistically higher radiation exposure 
than TTE (p<0.001). Mitral valve PVL was the procedure with highest mean radiation 
exposure. Aft er eliminating non-structural heart procedures TEE was still associated with 
3-fold higher median radiation exposure (0.018 mGy versus 0.005 mGy, p<0.001). For 
TTE guidance, 92% of the sonographer exposure was recorded by the dosimeter on the 
anterior chest whereas with TEE guidance 56% of the radiation exposure was recorded 
with the dosimeter worn on the back. Th ere was poor correlation between the sonographer 
and patient recorded dose (R2=0.18). Using this data it would take about 500 TTE or 
120 TEE procedures to accumulate the average annual eff ective dose of an interventional 
cardiologist at our institution (~ 1.2 mSv). Discussion: Our data suggests that echo 
guidance is associated with safe levels of radiation exposure. Adequate protective lead 
and optimal positioning of the dosimeter is important; during TEE guidance the majority 
of radiation dose was to the imager’s back.
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P2-83
An Echocardiographic Scoring System to Evaluate the Complexity 
of Mitral Valve Repair - The Future of the Preoperative Work-Up
Elvera L. Baron, Benjamin S. Salter, Himani V. Bhatt. Th e Mount Sinai Hospital, 
New York, NY
Th is study sought to demonstrate that a transesophageal echocardiography (TEE)-
derived mitral valve complexity score correlates with the previously published surgically-
derived complexity score, thereby establishing TEE as a feasible imaging modality for 
stratifi cation of mitral valve repair (MVR) complexity. Methods: A complexity surgical 
scoring system based on anatomical characteristics was previously described (Adams, 
2016). Briefl y, a weighted score was assigned to each valve based on the components 
(Table 1) and subsequently categorized into 3 groups: simple, intermediate, and complex. 
A total of 200 TEE examinations were retrospectively rated by two independent cardiac 
anesthesiologists. Th e valves were scored using the same anatomic variables and then 
correlated with the surgical scores. In addition, 50 of the 200 TEE exams were analyzed 
by both raters. Results: Th e surgical complexity mitral valve score was previously shown 
to correlate with surgical technical complexity (Adams 2016). Th e TEE complexity score 
was calculated for the same patients and demonstrated moderate correlation to the 
surgical scores (Pearson 0.52, Spearman 0.63, and Kappa 0.51). Additionally, preliminary 
analysis suggested that simple and complex TEE scores correlated better to the surgical 
scores than intermediate scores. Finally, the subset of cases tested for interrater variability 
was found to be moderately correlated (Kappa 0.52). Conclusions: Preliminary analysis 
revealed the TEE mitral valve scoring system to be moderately correlated with previously 
published surgical complexity scoring system for degenerative mitral valve disease 
(Adams 2016). Th us, feasibility of the use of TEE-derived mitral valve complexity scores 
to stratify degenerative MVR complexity is suggested. Furthermore, such TEE scoring 
may allow for eff ective stratifi cation of MVR complexity in the preoperative, rather than 
intraoperative, setting. Additional analysis is required to assess for interrater reliability 
and detailed training in the use of the scoring system may be required to reduce variability 
amongst echocardiographers. Finally, prospective studies are needed to validate the use of 
TEE in predicting intraoperative surgical complexity and its practical application in the 
stratifi cation of degenerative MVR.

P2-84
Bleeding Risk of Transesophageal Echocardiogram in Patients 
with Esophageal Varices: A Case Series and Systematic Review
Abiy T. Nigatu, John Erikson Yap, Katherine L. Chuy, Benjamin Go, Rami 
Doukky. John H. Stroger Jr. Hospital of Cook County, Chicago, IL
Background: Th e presence esophageal varices is a relative contraindication to 
transesophageal echocardiography (TEE). We present a single center case series to assess 
the bleeding outcomes of patients who underwent TEE with esophageal varices, followed 
by a systematic review literature addressing the study question. Methods: A single 
center, retrospective review was performed of electronic records from January 2006 to 
December 2016 for all patients who underwent TEE and esophagogastroduodenoscopy 
(EGD) within one year. Patients’ charts were reviewed for presence of esophageal varices. 
TEE related gastrointestinal (GI) bleeding outcomes were tabulated. A systematic review 
of English articles using PubMed and EMBASE was performed for studies published 
between 1971 and 2017. Search terms were TEE, esophageal varices, bleeding and TEE 
complications. Studies that reported bleeding events from TEE, in addition to the present 
case series, were included in a pooled analysis. Results: Case Series: We identifi ed 20 
patients (mean age, 57 ± 11; 80% men) who underwent TEE with a prior or subsequent 
diagnosis of esophageal varices on EGD. Th e median time gap between EGD and TEE 
was 30 days. Out of the 20 patients, 18 were successfully discharged without change 
in hemoglobin level or overt GI bleeding. One patient went to hospice care for end-
stage liver disease, and another had a prolonged in-hospital course without signifi cant 
reduction in hemoglobin. Systematic Review: Seven series (n=962), including our own, 
met the inclusion criteria. Four series investigated patients who underwent TEE for 
hemodynamic monitoring during orthotropic liver transplantation surgery. Infective 
endocarditis work-up was another common indication. Th e severity of liver disease, as 
estimated by the mean model for end-stage liver disease (MELD) score, was 25, with 
a weighted mean platelet count of 77.8 x 103/μL and INR of 1.87. Fourteen patients 
(incidence, 1.45%; 95% CI, 1.41%-1.49%) had a reduction in hemoglobin level or overt 
GI bleeding aft er TEE. Events were primarily driven by one study, the exclusion of which 
resulted in a bleeding risk of 0.56% (95% CI, 0.56%-0.57%). Conclusion: Th e risk of 
bleeding from TEE in patients with esophageal varices appears to be low. Controlled 
studies or large registries may be needed to confi rm this fi nding.

P2-85
Intra-Procedural TEE During TAVR Does not Prolong Length of 
Stay
Leo Marcoff , Konstantinos Koulogiannis, Lillian Aldaia, Robert Kipperman, 
Barry Cohen, John Brown, III, Philippe Genereux, Linda D. Gillam. Morristown 
Medical Center, Morristown, NJ
Background: It is oft en argued that routine use of intra-procedural transesophageal 
echocardiography (TEE) with general anesthesia during transcatheter aortic valve 
replacement (TAVR) unnecessarily prolongs inpatient length of stay and, as a 
consequence, negatively impacts cost of care. However, TEE may facilitate early detection 
of complications, impacting management and ultimately improving patient outcomes. 
Methods: To test the hypothesis that short lengths of stay can be reliably achieved 
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MV apparatus. Th e surgeon then made neo-chordae and implanted them based on the 
echo assessment. Aft er the heart was restarted and volume-loaded, the mitral valve and 
apparatus were re-measured. Subsequently, the surgical repair videos were reviewed with 
the intraoperative TEE images to identify the key echo measurements helpful in guiding 
surgical repair. Results: Based on 6 patients, we found TEE facilitated excellent surgical 
repair and were very accurate in guiding the creation of neo-chords of the appropriate 
length. We also identifi ed several key measurements that guided successful MV repair: 
(1) length of leafl ets, (2) location of prolapse, (3) distance of annular plane to papillary 
muscle, (4) annular dimensions and (4) post-repair coaptation length >8 mm (fi g 1). 
Conclusion: Neochords measured out by echocardiography are more “true to life” 
because the measurements are made in a fi lled heart in the systolic phase of the cardiac 
cycle. Echocardiography-based measurements also allow for neo-chordae creation 
prior to establishment of cardiopulmonary bypass (CPB), allowing for shorter bypass 
times and fewer CPB-related complications. 2D and 3D echocardiography will play an 
increasingly important role in mitral valve repair surgery with the widespread adoption 
of the American mitral valve correction technique.

P2-81
Radiation Doses to Physicians Performing Transesophageal 
Echocardiography During Percutaneous Mitral Valve Clip 
Procedures
Th omas P. Crane1, Michael W. McNamara2, Jeff rey M. Decker2, Stacie 
VanOosterhout2, Abbey Mulder2, Taylor Ten Brock2, William Mehri2, Duane 
Berkompas2, Musa Dahu2, Jessica L. Parker2, Ryan Madder2. 1Michigan State 
University College of Human Medicine, Grand Rapids, MI; 2Spectrum Health 
Butterworth Hospital, Grand Rapids, MI
Background: Th e use of transesophageal echocardiography (TEE) to guide percutaneous 
mitral valve clip procedures requires the TEE physician to stand in close proximity to 
the patient. Consequently, we hypothesized that TEE physicians may receive signifi cantly 
greater radiation doses than interventional physicians during percutaneous mitral 
clip procedures. Methods: Real-time radiation doses were prospectively collected by 
dosimeters worn by interventional physicians and TEE physicians during percutaneous 
mitral clip procedures. Physicians were blinded to the radiation data for the duration 
of the study. Dosimeter data were used to calculate and compare the eff ective dose per 

case for interventional physicians and TEE physicians. Results: During 30 consecutive 
percutaneous mitral valve clip procedures, the median eff ective radiation dose per case 
was 0.8 [0.0, 12.1] μSv among interventional physicians and 10.7 [2.8, 20.9] μSv among 
TEE physicians, representing a 13.4-fold greater radiation dose to TEE physicians 
(p<0.001). Among the 30 cases, the interventional physician received an eff ective dose >20 
μSv in only 2 (6.7%) cases, whereas the TEE physician received an eff ective dose >20 μSv 
in 9 (30.0%) cases (p = 0.02). Conclusions: In the present study, which to our knowledge 
is the fi rst to examine the radiation doses to TEE physicians during percutaneous mitral 
clip procedures, TEE physicians were observed to have a median radiation dose that was 
13-fold greater than those of interventional physicians during the same procedures. Th ese 
fi ndings seemingly indicate a previously unrecognized occupational risk faced by TEE 
physicians in the catheterization laboratory.

P2-82
Interventional Echocardiography Performed in the Cardiac 
Catheterization Laboratory is Associated with Safe Levels of 
Radiation Exposure
Jennifer Betz, Kenneth A. Fetterly, Hilal Kucuk, Patricia A. Pellikka, Joseph F. 
Maalouf, Sorin V. Pislaru, Brandon M. Wiley. Mayo Clinic, Rochester, MN
Background: Th e evolution of percutaneous structural heart interventions combined 
with the advancement of 3D-echocardiography has led to increased utilization of 
real-time echocardiographic guidance to complement traditional fl uoroscopy. As a 
result, sonographers and echocardiographers are spending more time in the cardiac 
catheterization laboratory. Th is project aimed to measure the radiation exposure for 
ultrasound imagers performing imaging guidance with transthoracic echocardiography 
(TTE) or transesophageal echocardiography (TEE) during interventional cardiology 
procedures. Methods: DMC-3000 (Mirion Technologies, USA) radiation dosimeters 
were worn on the front and back of ultrasound imagers during consecutive interventional 
procedures at Mayo Clinic (Rochester, MN) from October 2017 to January 2018. DMC-
3000 continuously records radiation data that can be documented immediately post-
procedure. Imagers adhered to institutional radiation precautions by wearing protective 
lead and using mobile barriers. Results: 137 cases were completed during the assessment 
period (Table 1). Th e majority of structural heart procedures were TAVR using TTE 
guidance (N=45). Mitral valve and atrial appendage procedures used TEE guidance. 
Overall, TEE imaging was associated with a statistically higher radiation exposure 
than TTE (p<0.001). Mitral valve PVL was the procedure with highest mean radiation 
exposure. Aft er eliminating non-structural heart procedures TEE was still associated with 
3-fold higher median radiation exposure (0.018 mGy versus 0.005 mGy, p<0.001). For 
TTE guidance, 92% of the sonographer exposure was recorded by the dosimeter on the 
anterior chest whereas with TEE guidance 56% of the radiation exposure was recorded 
with the dosimeter worn on the back. Th ere was poor correlation between the sonographer 
and patient recorded dose (R2=0.18). Using this data it would take about 500 TTE or 
120 TEE procedures to accumulate the average annual eff ective dose of an interventional 
cardiologist at our institution (~ 1.2 mSv). Discussion: Our data suggests that echo 
guidance is associated with safe levels of radiation exposure. Adequate protective lead 
and optimal positioning of the dosimeter is important; during TEE guidance the majority 
of radiation dose was to the imager’s back.
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P2-83
An Echocardiographic Scoring System to Evaluate the Complexity 
of Mitral Valve Repair - The Future of the Preoperative Work-Up
Elvera L. Baron, Benjamin S. Salter, Himani V. Bhatt. Th e Mount Sinai Hospital, 
New York, NY
Th is study sought to demonstrate that a transesophageal echocardiography (TEE)-
derived mitral valve complexity score correlates with the previously published surgically-
derived complexity score, thereby establishing TEE as a feasible imaging modality for 
stratifi cation of mitral valve repair (MVR) complexity. Methods: A complexity surgical 
scoring system based on anatomical characteristics was previously described (Adams, 
2016). Briefl y, a weighted score was assigned to each valve based on the components 
(Table 1) and subsequently categorized into 3 groups: simple, intermediate, and complex. 
A total of 200 TEE examinations were retrospectively rated by two independent cardiac 
anesthesiologists. Th e valves were scored using the same anatomic variables and then 
correlated with the surgical scores. In addition, 50 of the 200 TEE exams were analyzed 
by both raters. Results: Th e surgical complexity mitral valve score was previously shown 
to correlate with surgical technical complexity (Adams 2016). Th e TEE complexity score 
was calculated for the same patients and demonstrated moderate correlation to the 
surgical scores (Pearson 0.52, Spearman 0.63, and Kappa 0.51). Additionally, preliminary 
analysis suggested that simple and complex TEE scores correlated better to the surgical 
scores than intermediate scores. Finally, the subset of cases tested for interrater variability 
was found to be moderately correlated (Kappa 0.52). Conclusions: Preliminary analysis 
revealed the TEE mitral valve scoring system to be moderately correlated with previously 
published surgical complexity scoring system for degenerative mitral valve disease 
(Adams 2016). Th us, feasibility of the use of TEE-derived mitral valve complexity scores 
to stratify degenerative MVR complexity is suggested. Furthermore, such TEE scoring 
may allow for eff ective stratifi cation of MVR complexity in the preoperative, rather than 
intraoperative, setting. Additional analysis is required to assess for interrater reliability 
and detailed training in the use of the scoring system may be required to reduce variability 
amongst echocardiographers. Finally, prospective studies are needed to validate the use of 
TEE in predicting intraoperative surgical complexity and its practical application in the 
stratifi cation of degenerative MVR.

P2-84
Bleeding Risk of Transesophageal Echocardiogram in Patients 
with Esophageal Varices: A Case Series and Systematic Review
Abiy T. Nigatu, John Erikson Yap, Katherine L. Chuy, Benjamin Go, Rami 
Doukky. John H. Stroger Jr. Hospital of Cook County, Chicago, IL
Background: Th e presence esophageal varices is a relative contraindication to 
transesophageal echocardiography (TEE). We present a single center case series to assess 
the bleeding outcomes of patients who underwent TEE with esophageal varices, followed 
by a systematic review literature addressing the study question. Methods: A single 
center, retrospective review was performed of electronic records from January 2006 to 
December 2016 for all patients who underwent TEE and esophagogastroduodenoscopy 
(EGD) within one year. Patients’ charts were reviewed for presence of esophageal varices. 
TEE related gastrointestinal (GI) bleeding outcomes were tabulated. A systematic review 
of English articles using PubMed and EMBASE was performed for studies published 
between 1971 and 2017. Search terms were TEE, esophageal varices, bleeding and TEE 
complications. Studies that reported bleeding events from TEE, in addition to the present 
case series, were included in a pooled analysis. Results: Case Series: We identifi ed 20 
patients (mean age, 57 ± 11; 80% men) who underwent TEE with a prior or subsequent 
diagnosis of esophageal varices on EGD. Th e median time gap between EGD and TEE 
was 30 days. Out of the 20 patients, 18 were successfully discharged without change 
in hemoglobin level or overt GI bleeding. One patient went to hospice care for end-
stage liver disease, and another had a prolonged in-hospital course without signifi cant 
reduction in hemoglobin. Systematic Review: Seven series (n=962), including our own, 
met the inclusion criteria. Four series investigated patients who underwent TEE for 
hemodynamic monitoring during orthotropic liver transplantation surgery. Infective 
endocarditis work-up was another common indication. Th e severity of liver disease, as 
estimated by the mean model for end-stage liver disease (MELD) score, was 25, with 
a weighted mean platelet count of 77.8 x 103/μL and INR of 1.87. Fourteen patients 
(incidence, 1.45%; 95% CI, 1.41%-1.49%) had a reduction in hemoglobin level or overt 
GI bleeding aft er TEE. Events were primarily driven by one study, the exclusion of which 
resulted in a bleeding risk of 0.56% (95% CI, 0.56%-0.57%). Conclusion: Th e risk of 
bleeding from TEE in patients with esophageal varices appears to be low. Controlled 
studies or large registries may be needed to confi rm this fi nding.

P2-85
Intra-Procedural TEE During TAVR Does not Prolong Length of 
Stay
Leo Marcoff , Konstantinos Koulogiannis, Lillian Aldaia, Robert Kipperman, 
Barry Cohen, John Brown, III, Philippe Genereux, Linda D. Gillam. Morristown 
Medical Center, Morristown, NJ
Background: It is oft en argued that routine use of intra-procedural transesophageal 
echocardiography (TEE) with general anesthesia during transcatheter aortic valve 
replacement (TAVR) unnecessarily prolongs inpatient length of stay and, as a 
consequence, negatively impacts cost of care. However, TEE may facilitate early detection 
of complications, impacting management and ultimately improving patient outcomes. 
Methods: To test the hypothesis that short lengths of stay can be reliably achieved 
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with an approach that routinely uses intra-procedural TEE and general anesthesia in 
the context of TAVR care pathways that emphasize early ambulation, we performed a 
retrospective review of 396 consecutive commercial TAVR patients from Sept 1, 2016 
to September 30, 2017 in which general anesthesia and TEE were performed in all 
patients for whom there was no esophageal pathology or other contraindication to TEE 
(99.2%). Other aspects of the care pathway included early endotracheal extubation in 
the operating room, avoidance of urinary catheters and early ambulation. Results: Th ere 
were 396 pts, aged 82±9y, 51% women. Median length of stay was 2 days (mean 1.9 days). 
Th e majority of patient (69%) were discharged home, mortality at 30 d was 0.7% and 
30 d readmissions were 11% vs. national averages of 52%, 1.8% and18% respectively. 
62% of patients were out of bed within 8 hours of their procedure. Th ere were no TEE 
complications. TEE observations impacting management included confi rmation of 
annular sizing, assessment for need to pre-dilate, detection of morphologic features 
which would necessitate coronary protection, detection/quantitation of new/worsening 
aortic and mitral regurgitation and their pathophysiology, confi rmation of correct valve 
position prior to deployment, monitoring shift ing calcifi c nodules distorting annular and 
aortic root anatomy and posing risk of rupture, early detection of annular rupture or 
peri-aortic hematoma, assessment of ventricular function, and detection/quantitation of 
paravalvular regurgitation. Conclusions: In the context of a program that emphasizes 
early extubation, early ambulation and avoidance of urinary catheters, intra-procedural 
TEE is not associated with excessive length of stay and may contribute to favorable 
outcomes in TAVR including mortality and readmission rates that are below national 
benchmarks.

P2-86
Radiation Exposure to Sonographers During Transesophageal 
Echocardiography-Assisted Fluoroscopically-Guided Structural 
Heart Interventions
Emily M. Pardington1, Th omas Crane1, Sheetal Maragiri1, Erica Osip1, David 
Benavides1, Abbey Mulder2, Taylor Ten Brock2, Stacie VanOosterhout2, 
Musa Dahu2, Duane Berkompas2, William Merhi2, Jeff rey Decker2, Michael 
McNamara2, Jessica Parker2, Ryan D. Madder2. 1Michigan State University, 
College of Human Medicine, Grand Rapids, MI; 2Frederik Meijer Heart and 
Vascular Institute, Spectrum Health, Grand Rapids, MI
Background: Chronic exposure to occupational radiation has been associated with 
adverse health eff ects among interventional cardiologists. Radiation exposure to 
sonographers is becoming increasingly common as their participation in transesophageal 
echocardiography-assisted fl uoroscopically-guided procedures (TEEFPs) expands. Th e 
level of exposure to sonographers during TEEFPs has not been adequately studied. Th e 
present study was performed to document the radiation doses received by sonographers 
during structural heart interventions and to compare the doses to those received by 
interventional cardiologists during the same procedures. Methods: We collected real-
time radiation exposure data on sonographers and interventional cardiologists during 
percutaneous left  atrial appendage closures (PLAACs) and percutaneous mitral valve 
clip procedures (PMVCPs) performed at a single center. Physicians and sonographers 
were blinded to the radiation data for the duration of the study. Dosimeter data were 
used to calculate and compare the eff ective dose per case for sonographers and 
interventional cardiologists. Results: During 30 consecutive PLAACs, the median 
eff ective dose per case was 0.2 [0.0-0.2] μSv among sonographers and 3.6 [1.4-6.5] μSv 
among interventional cardiologists, representing an 18-fold greater radiation dose to 
interventional cardiologists (p<0.001). During 30 consecutive PMVCPs, the median 
eff ective dose per case was 0.0 [0.0-0.2] μSv among sonographers and 0.9 [0.1-12.2] μSv 
among interventional cardiologists, representing a signifi cantly greater radiation dose to 
interventional cardiologists (p = 0.02). Th e eff ective radiation doses among sonographers 
and interventional cardiologists are shown in the Figure. Conclusion: Th e present fi ndings 
indicate that radiation doses received by sonographers during TEEFPs are generally low 
and signifi cantly less than the radiation doses received by interventional cardiologists. 
While the low radiation doses observed among sonographers are encouraging with 
respect to radiation safety, continued vigilance to chronic radiation exposure is needed as 
sonographers become increasingly involved with these procedures.

P2-87
Comparison of 3-Dimensional and 2-Dimensional Transseptal 
Puncture Height Measurement: A Pilot Study
Edwin Ho, Jeremy Edwards, Neil Fam, Howard Leong-Poi, Kim Connelly. St. 
Michael‘s Hospital, Toronto, ON, Canada
Background: Transcatheter procedures involving access to the left  atrium require a 
transseptal (TS) puncture. Puncture height over the mitral valve annulus is typically 
measured with 2-dimensional (2D) transesophageal echocardiography (TEE) but 
3-dimensional (3D) measurements have not yet been validated. Methods: Procedural 
TEEs for MitraClip mitral valve repair at St. Michael’s Hospital (Toronto, Canada) from 
January 1, 2017 to December 31, 2017 were reviewed. During the procedure, 2D height 
was measured fi rst and used for decision making regarding the puncture. Following this, 
a 3D dataset was obtained and height was measured on a crop plane that intersected 
the TS needle and mitral annulus at a point perpendicular to the mitral annular plane. 
Th is was generated with two sequential “2 click” crops on the General Electric Vivid 
E95 system with a 6VT-D TEE probe. Th e diff erence between paired measurements 
was assessed using a sign test. Results: 12 studies with both 2D and 3D TS height 
measurements were analyzed. Average deviation of the 3D measurement compared to 
the 2D was 1.7 +/- 1.1 mm (p = 0.012). Mean and median TS height measurements in 
2D were 40.5 +/- 3.7 mm and 41 mm, respectively; in 3D were 42 +/- 4 mm and 42 mm, 
respectively. Conclusions: 3D TS height measurements were statistically signifi cantly 
longer compared to 2D measurements in this pilot study where an appropriate 3D crop 
plane was generated. However, the absolute diff erence in measurement is small and not 
likely clinically relevant for procedural decision making. Use of 3D measurements may be 
a useful alternative when accurate 2D measurements are not possible, or are in doubt and 
require verifi cation. Further studies are needed to evaluate if 3D measurements are more 
accurate than 2D in the setting of challenging anatomy, such as with a small left  atrium, 
large aortic root, or abnormalities in the interatrial septum, especially if a standardized 
method is used to maximize 3D measurement accuracy.

P2-88
Using Left Atrial Strain to Diagnose Heart Failure with Preserved 
Ejection Fraction
Yogesh Reddy, Masaru Obokata, Barry A. Borlaug. Mayo Clinic, Rochester, MN
Background: Left  atrial (LA) function as measured by LA strain is impaired in heart 
failure with preserved ejection fraction (HFpEF). We sought to evaluate whether using 
LA strain improved echocardiographic diagnosis of invasively confi rmed HFpEF. 
Methods: Consecutive patients who had image quality suitable for measuring LA 
strain at rest, underwent gold standard invasive cardiopulmonary exercise testing to 
diagnose HFpEF (rest pulmonary capillary wedge pressure (PCWP)≥15mmHg and/or 
exercise≥25mmHg). Atrial reservoir strain was measured in all patients, with conduit 
and booster strain measured only in patients in sinus rhythm. Results: A total of 363 out 
of 431 patients had measurable LA strain (HFpEF-238, control-125). LA reservoir strain 
was impaired in HFpEF compared to controls (29 ± 16 vs 40 ± 13%,p<0.0001) as was 
conduit strain (18 ± 10 vs 22 ± 10%,p=0.0001). LA reservoir strain was the single most 
predictive echocardiographic measure of HFpEF (AUC 0.719, p<0.0001) with superior 
performance to E/e’ (AUC diff erence +0.117, p<0.0001), left  atrial enlargement (AUC 
diff erence +0.090, p=0.001), tricuspid regurgitation velocity>2.8 m/s (AUC diff erence 
+0.082, p=0.0085), LV hypertrophy (+0.0159, p<0.0001) and global longitudinal LV 
strain (AUC diff erence +0.0198, p<0.0001). Indexing LA reservoir strain to estimated LA 
pressure (E/e’) as a measure of LA compliance further improved diagnostic performance 
compared to using only LA reservoir strain, AUC 0.772, p<0.0001 [AUC diff erence 
+0.053, p=0.003]. Conclusions: LA reservoir strain provides the highest diagnostic 
accuracy of any single echocardiographic measure to diagnose HFpEF. Indexing LA 
reservoir strain to E/e’ further improved diagnostic accuracy.
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In Patients with Heart Failure, Left Atrial Volume Surpasses Serum 
Brain Natriuretic Peptide as a Predictor of Readmission
Scott L. Purga, Mikhail T. Torosoff , Edward F. Philbin, III, Steven A. Fein. Albany 
Medical Center, Albany, NY
Background: Increased levels of brain natriuretic peptide (BNP) and left  atrial 
enlargement have been independently associated with higher readmission rates in 
patients with heart failure (HF). We compared readmission rates in HF patients stratifi ed 
by BNP levels and LA volume (LAV). Methods: Th is was a retrospective, single center 
study of 531 patients admitted with HF, 50% of whom had heart failure with reduced 
ejection fraction, over a 24-month interval. Patients with isolated pre-capillary pulmonary 
hypertension, heart transplant, left  ventricular assist device, and end-stage renal disease 
were excluded. LAV was obtained by routine transthoracic echocardiography during 
index admission. Patients were stratifi ed according to LAV, using LAV <60 mL; LAV 60-
90 mL; and LAV > 90 mL. Patients were also grouped by pre-discharge serum BNP, using 
levels of < 200 pg/mL; 200-400 pg/mL; >400 pg/mL. HF readmission was assessed at 
1-, 6-, and 12-month intervals. Results: LAV >90 mL increased risk of readmission at 
1 month (HR 13.8, 95% CI 5.3-35.9; p<0.001), 6 months (HR 38.7, 95% CI 17.5-85.4; 
p<0.001) and 12 months (HR 25.6, 95% CI 13.1-50.0; p<0.001). An LAV of 60-90 mL 
also signifi cantly increased risk of readmission at 6 months (HR 4.1, 95% CI 1.9-8.9; p < 
0.001) and 12 months (HR 3.4, CI 1.8-6.4; p < 0.001), but not at 1 month. BNP of > 400, 
but not 200-400, signifi cantly increased risk of readmission at 1 month (HR 6.9, CI 1.6-
28.8; p = 0.009), 6 months (HR 3.0, CI 1.5-6.1; p = 0.002), and 12 months (HR 2.9, CI 1.5-
5.6; p=0.001). However, when adjusted for age, gender, hypertension, body mass index, 
coronary artery disease, hypertension, atrial fi brillation, glomerular fi ltration rate, left  
ventricular function, right ventricular function, and mitral regurgitation, elevated BNP 
was no longer associated with HF readmission, while increased LAV remained a strong 
predictor of HF readmission: LAV of 60-90 mL increased risk of 6-month (HR 4.2, 95% 
CI 1.9-9.5; p=0.005) and 12-month (HR 3.4, 95% CI 1.8-6.7; p<0.001), but not 1-month 
readmission (HR 2.1, 95% CI 0.76-6.1; p=0.15). Furthermore, LAV >90 mL signifi cantly 
increased risk of 1-month (HR 13.3, 95% CI 4.9-36.3; p<0.001), 6-month (HR 42.9, 95% 
CI 18.5-99.5; p<0.001), and 12-month readmission (HR 26.7, 95% CI 13.1-54.4; p<0.001). 
Conclusions: In this cohort of HF patients, aft er adjustment for relevant clinical and 
echocardiographic parameters, LAV was independently associated with increased HF 
readmission rates at 1, 6, and 12 months. When accounting for the same parameters, 
including LAV, pre-discharge serum BNP was no longer predictive of HF readmission.

P2-90
Prognostic Value of Septal Flash for Reduction of Left Ventricular 
Systolic Function on Isolated Left Bundle-Branch Block with 
Preserved Ejection Fraction Using Two-Dimensional Speckle-
Tracking Echocardiography
Yonghuai Wang1, Guangyuan Li1, Chunyan Ma1, Zhengyu Guan1, Xuanyi Jin2, 
Yang Li1, Yan Zhang1, Shuang Liu1, Jun Yang1. 1First Hospital of China Medical 
University, Shenyang, China; 2Mayo Clinic, Arizona, AZ
Background: Isolated complete left  bundle branch block (cLBBB) patients may have 
diff erent prognoses. It is signifi cantly important to evaluate isolated cLBBB patients who 
are at risk for developing heart failure by early detection of left  ventricular (LV) systolic 
function. Th e septal left ward motion, which is followed by a counter motion during early 
systole, is known as septal fl ash (SF) in cLBBB patients. Th is study aimed to determine the 
prognostic value of SF for reduction of LV global systolic function using two-dimensional 
speckle-tracking echocardiography (2D STE) in isolated cLBBB patients with preserved 
LV ejection fraction. Methods: Forty-one isolated cLBBB patients with preserved LV 
ejection fraction were studied and followed for 2 years. LV global longitudinal strain 
(GLS) using 2D STE was measured to assess LV global systolic function. Th e presence 
of SF was defi ned using 2D STE (Fig 1). Results: Multivariate logistic regression analysis 
identifi ed the presence of SF as an independent factor predicting LV GLS > −20% in 
isolated cLBBB patients (odds ratio, 1.37; 95% confi dence interval, 1.10-1.71; p = 0.005). 
Accordingly, cLBBB patients with SF had signifi cantly lower LV GLS than patients without 
SF and controls (−17.31 ± 1.95, −19.89 ± 2.42 and −21.82 ± 1.23, p < 0.001). LV GLS in 
cLBBB patients with SF further decreased over time, whereas LV GLS did not decrease in 
patients without SF. Th e presence of SF was shown to be an independent factor predicting 
the reduction of LV global systolic function (a relative reduction in LV GLS >15% from 
baseline to 2-year follow-up) (odds ratio, 1.30; 95% confi dence interval, 1.04-1.63; p = 
0.02). Conclusions: SF was shown to be independently associated with decreased LV GLS 
in isolated cLBBB patients with preserved LV ejection fraction. Isolated cLBBB patients 
with SF should receive special attention and undergo regular follow-up. Th e assessment 
of SF by 2D STE may be an easy and eff ective way to predict reduction of LV global 
systolic function in isolated cLBBB patients. Th is is a preliminary study and some larger 
and longer prospective studies are necessary to verify these results.

P2-91
Thromboembolic Risk Post Cardioversion in Patients with Atrial 
Fibrillation and Left Atrial Appendage Sludge on Transesophageal 
Echocardiogram
Ahmed Bafadel, Chandra Ala, Beni Verma, Jarmanjeet Singh, Kimi Sato, Allan 
Klein. Cleveland Clinic, Cleveland, OH
Background: In patients with Atrial fi brillation (AF) who are planned for sinus rhythm 
restoration by direct current (DC) cardioversion or pulmonary vein isolation (PVI), 
studies have shown increased risk of thromboembolic (TE) events with presence of 
thrombus in left  atrial appendage (LAA), hence, to be considered as a contraindication. 
Although, fi nding LAA sludge increases the long-term risk of TE events, short-term risk 
of TE events post cardioversion is still undefi ned. Methods: Th is is a retrospective study of 
a total of 240 patients with AF who underwent transesophageal echocardiography (TEE) 
to rule out LAA thrombus prior to DC cardioversion or PVI. LAA sludge was defi ned as a 
dynamic, layered echodensity without a discrete mass, visualized throughout the cardiac 
cycle. Primary outcomes, include TE events and all-cause mortality, were assessed for 30 
days post cardioversion. Patients with valvular AF (including mitral valve replacement 
or repair, moderate to severe mitral stenosis) were excluded. By two independent TEE 
readers, patients with confi rmed LAA sludge (n = 133 [55%]) were included in the 
analysis. Patients with AF without evidence of spontaneous echocardiographic contrast 
or thrombus were included as controls (n = 107 [45%]). Results: In 133 patients with 
confi rmed LAA sludge on TEE, 61 patients underwent DC cardioversion. In the remaining 
72 patients, cardioversion was cancelled by the managing physicians. Cardioversion was 
successful in restoring sinus rhythm in 54 patients (89%), however, 16 patients (31%) 
had recurrence of AF at 8-week follow up. Compared to the control group, patients with 
sludge showed signifi cantly higher CHADSs-VASc score (4.6±2.1 vs. 2.3± 1.7). Th ey also 
showed signifi cant LA enlargement (65% vs. 16%), reduced LAA emptying velocity (18±6 
vs. 44± 18 cm/s), LV reduced ejection fraction (38 ± 15 vs. 50 ± 12). Within 30 days 
post cardioversion, no TE events were detected in both sludge and control groups, while 
30 days all-cause mortality rate was 5% compared to 2% respectively. Conclusion: With 
half of the LAA sludge patients have received cardioversion, we found lack of consensus 
in practice in considering LAA sludge as a risk factor for TE to prevent cardioversion. 
Despite no diff erence in TE event rate detected, further studies are required to confi rm 
these fi ndings.
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with an approach that routinely uses intra-procedural TEE and general anesthesia in 
the context of TAVR care pathways that emphasize early ambulation, we performed a 
retrospective review of 396 consecutive commercial TAVR patients from Sept 1, 2016 
to September 30, 2017 in which general anesthesia and TEE were performed in all 
patients for whom there was no esophageal pathology or other contraindication to TEE 
(99.2%). Other aspects of the care pathway included early endotracheal extubation in 
the operating room, avoidance of urinary catheters and early ambulation. Results: Th ere 
were 396 pts, aged 82±9y, 51% women. Median length of stay was 2 days (mean 1.9 days). 
Th e majority of patient (69%) were discharged home, mortality at 30 d was 0.7% and 
30 d readmissions were 11% vs. national averages of 52%, 1.8% and18% respectively. 
62% of patients were out of bed within 8 hours of their procedure. Th ere were no TEE 
complications. TEE observations impacting management included confi rmation of 
annular sizing, assessment for need to pre-dilate, detection of morphologic features 
which would necessitate coronary protection, detection/quantitation of new/worsening 
aortic and mitral regurgitation and their pathophysiology, confi rmation of correct valve 
position prior to deployment, monitoring shift ing calcifi c nodules distorting annular and 
aortic root anatomy and posing risk of rupture, early detection of annular rupture or 
peri-aortic hematoma, assessment of ventricular function, and detection/quantitation of 
paravalvular regurgitation. Conclusions: In the context of a program that emphasizes 
early extubation, early ambulation and avoidance of urinary catheters, intra-procedural 
TEE is not associated with excessive length of stay and may contribute to favorable 
outcomes in TAVR including mortality and readmission rates that are below national 
benchmarks.

P2-86
Radiation Exposure to Sonographers During Transesophageal 
Echocardiography-Assisted Fluoroscopically-Guided Structural 
Heart Interventions
Emily M. Pardington1, Th omas Crane1, Sheetal Maragiri1, Erica Osip1, David 
Benavides1, Abbey Mulder2, Taylor Ten Brock2, Stacie VanOosterhout2, 
Musa Dahu2, Duane Berkompas2, William Merhi2, Jeff rey Decker2, Michael 
McNamara2, Jessica Parker2, Ryan D. Madder2. 1Michigan State University, 
College of Human Medicine, Grand Rapids, MI; 2Frederik Meijer Heart and 
Vascular Institute, Spectrum Health, Grand Rapids, MI
Background: Chronic exposure to occupational radiation has been associated with 
adverse health eff ects among interventional cardiologists. Radiation exposure to 
sonographers is becoming increasingly common as their participation in transesophageal 
echocardiography-assisted fl uoroscopically-guided procedures (TEEFPs) expands. Th e 
level of exposure to sonographers during TEEFPs has not been adequately studied. Th e 
present study was performed to document the radiation doses received by sonographers 
during structural heart interventions and to compare the doses to those received by 
interventional cardiologists during the same procedures. Methods: We collected real-
time radiation exposure data on sonographers and interventional cardiologists during 
percutaneous left  atrial appendage closures (PLAACs) and percutaneous mitral valve 
clip procedures (PMVCPs) performed at a single center. Physicians and sonographers 
were blinded to the radiation data for the duration of the study. Dosimeter data were 
used to calculate and compare the eff ective dose per case for sonographers and 
interventional cardiologists. Results: During 30 consecutive PLAACs, the median 
eff ective dose per case was 0.2 [0.0-0.2] μSv among sonographers and 3.6 [1.4-6.5] μSv 
among interventional cardiologists, representing an 18-fold greater radiation dose to 
interventional cardiologists (p<0.001). During 30 consecutive PMVCPs, the median 
eff ective dose per case was 0.0 [0.0-0.2] μSv among sonographers and 0.9 [0.1-12.2] μSv 
among interventional cardiologists, representing a signifi cantly greater radiation dose to 
interventional cardiologists (p = 0.02). Th e eff ective radiation doses among sonographers 
and interventional cardiologists are shown in the Figure. Conclusion: Th e present fi ndings 
indicate that radiation doses received by sonographers during TEEFPs are generally low 
and signifi cantly less than the radiation doses received by interventional cardiologists. 
While the low radiation doses observed among sonographers are encouraging with 
respect to radiation safety, continued vigilance to chronic radiation exposure is needed as 
sonographers become increasingly involved with these procedures.

P2-87
Comparison of 3-Dimensional and 2-Dimensional Transseptal 
Puncture Height Measurement: A Pilot Study
Edwin Ho, Jeremy Edwards, Neil Fam, Howard Leong-Poi, Kim Connelly. St. 
Michael‘s Hospital, Toronto, ON, Canada
Background: Transcatheter procedures involving access to the left  atrium require a 
transseptal (TS) puncture. Puncture height over the mitral valve annulus is typically 
measured with 2-dimensional (2D) transesophageal echocardiography (TEE) but 
3-dimensional (3D) measurements have not yet been validated. Methods: Procedural 
TEEs for MitraClip mitral valve repair at St. Michael’s Hospital (Toronto, Canada) from 
January 1, 2017 to December 31, 2017 were reviewed. During the procedure, 2D height 
was measured fi rst and used for decision making regarding the puncture. Following this, 
a 3D dataset was obtained and height was measured on a crop plane that intersected 
the TS needle and mitral annulus at a point perpendicular to the mitral annular plane. 
Th is was generated with two sequential “2 click” crops on the General Electric Vivid 
E95 system with a 6VT-D TEE probe. Th e diff erence between paired measurements 
was assessed using a sign test. Results: 12 studies with both 2D and 3D TS height 
measurements were analyzed. Average deviation of the 3D measurement compared to 
the 2D was 1.7 +/- 1.1 mm (p = 0.012). Mean and median TS height measurements in 
2D were 40.5 +/- 3.7 mm and 41 mm, respectively; in 3D were 42 +/- 4 mm and 42 mm, 
respectively. Conclusions: 3D TS height measurements were statistically signifi cantly 
longer compared to 2D measurements in this pilot study where an appropriate 3D crop 
plane was generated. However, the absolute diff erence in measurement is small and not 
likely clinically relevant for procedural decision making. Use of 3D measurements may be 
a useful alternative when accurate 2D measurements are not possible, or are in doubt and 
require verifi cation. Further studies are needed to evaluate if 3D measurements are more 
accurate than 2D in the setting of challenging anatomy, such as with a small left  atrium, 
large aortic root, or abnormalities in the interatrial septum, especially if a standardized 
method is used to maximize 3D measurement accuracy.

P2-88
Using Left Atrial Strain to Diagnose Heart Failure with Preserved 
Ejection Fraction
Yogesh Reddy, Masaru Obokata, Barry A. Borlaug. Mayo Clinic, Rochester, MN
Background: Left  atrial (LA) function as measured by LA strain is impaired in heart 
failure with preserved ejection fraction (HFpEF). We sought to evaluate whether using 
LA strain improved echocardiographic diagnosis of invasively confi rmed HFpEF. 
Methods: Consecutive patients who had image quality suitable for measuring LA 
strain at rest, underwent gold standard invasive cardiopulmonary exercise testing to 
diagnose HFpEF (rest pulmonary capillary wedge pressure (PCWP)≥15mmHg and/or 
exercise≥25mmHg). Atrial reservoir strain was measured in all patients, with conduit 
and booster strain measured only in patients in sinus rhythm. Results: A total of 363 out 
of 431 patients had measurable LA strain (HFpEF-238, control-125). LA reservoir strain 
was impaired in HFpEF compared to controls (29 ± 16 vs 40 ± 13%,p<0.0001) as was 
conduit strain (18 ± 10 vs 22 ± 10%,p=0.0001). LA reservoir strain was the single most 
predictive echocardiographic measure of HFpEF (AUC 0.719, p<0.0001) with superior 
performance to E/e’ (AUC diff erence +0.117, p<0.0001), left  atrial enlargement (AUC 
diff erence +0.090, p=0.001), tricuspid regurgitation velocity>2.8 m/s (AUC diff erence 
+0.082, p=0.0085), LV hypertrophy (+0.0159, p<0.0001) and global longitudinal LV 
strain (AUC diff erence +0.0198, p<0.0001). Indexing LA reservoir strain to estimated LA 
pressure (E/e’) as a measure of LA compliance further improved diagnostic performance 
compared to using only LA reservoir strain, AUC 0.772, p<0.0001 [AUC diff erence 
+0.053, p=0.003]. Conclusions: LA reservoir strain provides the highest diagnostic 
accuracy of any single echocardiographic measure to diagnose HFpEF. Indexing LA 
reservoir strain to E/e’ further improved diagnostic accuracy.
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In Patients with Heart Failure, Left Atrial Volume Surpasses Serum 
Brain Natriuretic Peptide as a Predictor of Readmission
Scott L. Purga, Mikhail T. Torosoff , Edward F. Philbin, III, Steven A. Fein. Albany 
Medical Center, Albany, NY
Background: Increased levels of brain natriuretic peptide (BNP) and left  atrial 
enlargement have been independently associated with higher readmission rates in 
patients with heart failure (HF). We compared readmission rates in HF patients stratifi ed 
by BNP levels and LA volume (LAV). Methods: Th is was a retrospective, single center 
study of 531 patients admitted with HF, 50% of whom had heart failure with reduced 
ejection fraction, over a 24-month interval. Patients with isolated pre-capillary pulmonary 
hypertension, heart transplant, left  ventricular assist device, and end-stage renal disease 
were excluded. LAV was obtained by routine transthoracic echocardiography during 
index admission. Patients were stratifi ed according to LAV, using LAV <60 mL; LAV 60-
90 mL; and LAV > 90 mL. Patients were also grouped by pre-discharge serum BNP, using 
levels of < 200 pg/mL; 200-400 pg/mL; >400 pg/mL. HF readmission was assessed at 
1-, 6-, and 12-month intervals. Results: LAV >90 mL increased risk of readmission at 
1 month (HR 13.8, 95% CI 5.3-35.9; p<0.001), 6 months (HR 38.7, 95% CI 17.5-85.4; 
p<0.001) and 12 months (HR 25.6, 95% CI 13.1-50.0; p<0.001). An LAV of 60-90 mL 
also signifi cantly increased risk of readmission at 6 months (HR 4.1, 95% CI 1.9-8.9; p < 
0.001) and 12 months (HR 3.4, CI 1.8-6.4; p < 0.001), but not at 1 month. BNP of > 400, 
but not 200-400, signifi cantly increased risk of readmission at 1 month (HR 6.9, CI 1.6-
28.8; p = 0.009), 6 months (HR 3.0, CI 1.5-6.1; p = 0.002), and 12 months (HR 2.9, CI 1.5-
5.6; p=0.001). However, when adjusted for age, gender, hypertension, body mass index, 
coronary artery disease, hypertension, atrial fi brillation, glomerular fi ltration rate, left  
ventricular function, right ventricular function, and mitral regurgitation, elevated BNP 
was no longer associated with HF readmission, while increased LAV remained a strong 
predictor of HF readmission: LAV of 60-90 mL increased risk of 6-month (HR 4.2, 95% 
CI 1.9-9.5; p=0.005) and 12-month (HR 3.4, 95% CI 1.8-6.7; p<0.001), but not 1-month 
readmission (HR 2.1, 95% CI 0.76-6.1; p=0.15). Furthermore, LAV >90 mL signifi cantly 
increased risk of 1-month (HR 13.3, 95% CI 4.9-36.3; p<0.001), 6-month (HR 42.9, 95% 
CI 18.5-99.5; p<0.001), and 12-month readmission (HR 26.7, 95% CI 13.1-54.4; p<0.001). 
Conclusions: In this cohort of HF patients, aft er adjustment for relevant clinical and 
echocardiographic parameters, LAV was independently associated with increased HF 
readmission rates at 1, 6, and 12 months. When accounting for the same parameters, 
including LAV, pre-discharge serum BNP was no longer predictive of HF readmission.

P2-90
Prognostic Value of Septal Flash for Reduction of Left Ventricular 
Systolic Function on Isolated Left Bundle-Branch Block with 
Preserved Ejection Fraction Using Two-Dimensional Speckle-
Tracking Echocardiography
Yonghuai Wang1, Guangyuan Li1, Chunyan Ma1, Zhengyu Guan1, Xuanyi Jin2, 
Yang Li1, Yan Zhang1, Shuang Liu1, Jun Yang1. 1First Hospital of China Medical 
University, Shenyang, China; 2Mayo Clinic, Arizona, AZ
Background: Isolated complete left  bundle branch block (cLBBB) patients may have 
diff erent prognoses. It is signifi cantly important to evaluate isolated cLBBB patients who 
are at risk for developing heart failure by early detection of left  ventricular (LV) systolic 
function. Th e septal left ward motion, which is followed by a counter motion during early 
systole, is known as septal fl ash (SF) in cLBBB patients. Th is study aimed to determine the 
prognostic value of SF for reduction of LV global systolic function using two-dimensional 
speckle-tracking echocardiography (2D STE) in isolated cLBBB patients with preserved 
LV ejection fraction. Methods: Forty-one isolated cLBBB patients with preserved LV 
ejection fraction were studied and followed for 2 years. LV global longitudinal strain 
(GLS) using 2D STE was measured to assess LV global systolic function. Th e presence 
of SF was defi ned using 2D STE (Fig 1). Results: Multivariate logistic regression analysis 
identifi ed the presence of SF as an independent factor predicting LV GLS > −20% in 
isolated cLBBB patients (odds ratio, 1.37; 95% confi dence interval, 1.10-1.71; p = 0.005). 
Accordingly, cLBBB patients with SF had signifi cantly lower LV GLS than patients without 
SF and controls (−17.31 ± 1.95, −19.89 ± 2.42 and −21.82 ± 1.23, p < 0.001). LV GLS in 
cLBBB patients with SF further decreased over time, whereas LV GLS did not decrease in 
patients without SF. Th e presence of SF was shown to be an independent factor predicting 
the reduction of LV global systolic function (a relative reduction in LV GLS >15% from 
baseline to 2-year follow-up) (odds ratio, 1.30; 95% confi dence interval, 1.04-1.63; p = 
0.02). Conclusions: SF was shown to be independently associated with decreased LV GLS 
in isolated cLBBB patients with preserved LV ejection fraction. Isolated cLBBB patients 
with SF should receive special attention and undergo regular follow-up. Th e assessment 
of SF by 2D STE may be an easy and eff ective way to predict reduction of LV global 
systolic function in isolated cLBBB patients. Th is is a preliminary study and some larger 
and longer prospective studies are necessary to verify these results.

P2-91
Thromboembolic Risk Post Cardioversion in Patients with Atrial 
Fibrillation and Left Atrial Appendage Sludge on Transesophageal 
Echocardiogram
Ahmed Bafadel, Chandra Ala, Beni Verma, Jarmanjeet Singh, Kimi Sato, Allan 
Klein. Cleveland Clinic, Cleveland, OH
Background: In patients with Atrial fi brillation (AF) who are planned for sinus rhythm 
restoration by direct current (DC) cardioversion or pulmonary vein isolation (PVI), 
studies have shown increased risk of thromboembolic (TE) events with presence of 
thrombus in left  atrial appendage (LAA), hence, to be considered as a contraindication. 
Although, fi nding LAA sludge increases the long-term risk of TE events, short-term risk 
of TE events post cardioversion is still undefi ned. Methods: Th is is a retrospective study of 
a total of 240 patients with AF who underwent transesophageal echocardiography (TEE) 
to rule out LAA thrombus prior to DC cardioversion or PVI. LAA sludge was defi ned as a 
dynamic, layered echodensity without a discrete mass, visualized throughout the cardiac 
cycle. Primary outcomes, include TE events and all-cause mortality, were assessed for 30 
days post cardioversion. Patients with valvular AF (including mitral valve replacement 
or repair, moderate to severe mitral stenosis) were excluded. By two independent TEE 
readers, patients with confi rmed LAA sludge (n = 133 [55%]) were included in the 
analysis. Patients with AF without evidence of spontaneous echocardiographic contrast 
or thrombus were included as controls (n = 107 [45%]). Results: In 133 patients with 
confi rmed LAA sludge on TEE, 61 patients underwent DC cardioversion. In the remaining 
72 patients, cardioversion was cancelled by the managing physicians. Cardioversion was 
successful in restoring sinus rhythm in 54 patients (89%), however, 16 patients (31%) 
had recurrence of AF at 8-week follow up. Compared to the control group, patients with 
sludge showed signifi cantly higher CHADSs-VASc score (4.6±2.1 vs. 2.3± 1.7). Th ey also 
showed signifi cant LA enlargement (65% vs. 16%), reduced LAA emptying velocity (18±6 
vs. 44± 18 cm/s), LV reduced ejection fraction (38 ± 15 vs. 50 ± 12). Within 30 days 
post cardioversion, no TE events were detected in both sludge and control groups, while 
30 days all-cause mortality rate was 5% compared to 2% respectively. Conclusion: With 
half of the LAA sludge patients have received cardioversion, we found lack of consensus 
in practice in considering LAA sludge as a risk factor for TE to prevent cardioversion. 
Despite no diff erence in TE event rate detected, further studies are required to confi rm 
these fi ndings.
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P2-92
Left Atrial Strain and Left Atrial Mechanical Function Predict 
Recurrence of Atrial Arrhythmia After Catheter Ablation for Atrial 
Fibrillation
Manasawee Indrabhinduwat1,2, Hilma Hólm1, Peter A. Brady1, Fletcher A. Miller1, 
Naser M. Ammash1, Sorin V. Pislaru1, Vuyisile T. Nkomo1, Ratnasari Padang1, 
Grace Lin1. 1Mayo Clinic, Rochester, MN; 2Bhumibol Adulyadej Hospital, 
Bangkok, Th ailand
Background: Abnormal left  atrial (LA) structure and function are known to increase the 
risk of recurrent atrial arrhythmia (AA) aft er catheter ablation (CA), specifi c measures 
of LA function associated with recurrence are very important. We hypothesized that 
reduced LA strain and LA mechanical function may help predict recurrence of AA aft er 
catheter ablation for atrial fi brillation (AF). Methods: Patients who underwent CA for 
the fi rst time for AF between April 2009 and May 2011 were included. Transthoracic 
echocardiogram was performed at baseline (pre-CA), 24 hours and 3 months post-CA. 
Peak negative longitudinal strain during LA contraction in late diastole (LAa strain) was 
measured at the inferior wall in patients with sinus rhythm (87, 144 and 140 patients 
at baseline, 24 hours and 3 months post-CA, respectively). LA mechanical function 
included LA volume index, LA emptying fraction, mitral infl ow pulsed wave Doppler 
(E and A velocity) and pulmonary vein pulsed wave Doppler (S, D and A velocities). 
Recurrence of AA (included AF, Atrial Flutter and Atrial Tachycardia) was documented 
by electrocardiogram or Holter monitoring. Th e primary outcome was recurrence of AA 
occur aft er 3 months post-CA. Cox proportional hazard model was used to investigate the 
relationship between LA function and recurrence of AA. Results: A total of 157 patients 
(76% men, age 61±10 years) with more than 3 months post-CA follow-up were identifi ed 
(mean follow-up 36±33 months). Of these, 78 patients had confi rmed recurrence of AA 
(median time to recurrence 25 months). LAa strain at baseline, 24 hours and 3 months 
post-CA were -17%, -10.9% and -15.4% in recurrent group (p<0.0001) and -17.7%, -13.4% 
and -16.5% in nonrecurrent group (p<0.0001). A greater reduction (less negative) in LAa 
strain at 24 hours aft er CA was associated with recurrent AA (mean -10.9% vs. -13.4%; 
HR=1.11, p=0.002). Recurrence of AA was also associated with higher baseline peak 
early diastolic (E) mitral infl ow velocity (mean velocities 0.79 m/s vs. 0.72 m/s; HR=3.58, 
p=0.03), higher baseline peak diastolic (D) pulmonary vein fl ow (mean velocities 0.55 m/s 
vs. 0.48 m/s; HR=5.36, p=0.03), higher 24 hour post-CA peak diastolic (D) pulmonary 
vein fl ow (mean velocities 0.66 m/s vs. 0.56 m/s; HR=5.82, p=0.008) and lower 3-months 
LA emptying fraction (mean 35% vs. 40%; HR=0.96, p=0.0009). Conclusions: Reduced 
LAa strain and worse diastolic dysfunction at baseline and following CA may be useful 
in predicting AA recurrence. Inferior wall LAa strain measurement is quick and practical 
and could be helpful in risk stratifi cation of patients aft er CA for AF.

P2-93
Pathophysiologic Mechanism of Acute Kidney Injury in Patients 
with Acute Atrial Fibrillation
Sri Harsha Patlolla, Eddie L. Greene, Hon-Chi Lee, Bernard J Gersh, Charanjit 
S Rihal, David O Hodge, Sorin V Pislaru, Waldemar E Wysokinski, Paul A 
Friedman, Rowlens M Melduni. Mayo Clinic, Rochester, MN
Background: Atrial fi brillation (AF) is characterized by a loss of atrial mechanical 
activity, which impairs ventricular fi lling, potentially increasing the risk of compromised 
end-organ perfusion. Th e pathophysiologic mechanism of acute kidney injury in 
patients with new-onset atrial fi brillation remains elusive. We hypothesize that patients 
with new-onset AF have impaired left  ventricular fi lling and impaired renal function. 
Methods: A population-based case-control study was conducted in 503 patients from 
Olmsted County, MN with incident AF diagnosed between 1994-2010, matched with 503 
controls with no history of AF by age and sex. Both the cases and controls had normal 
creatinine levels prior to AF diagnosis (index date). Both groups had Echocardiogram 
at baseline and aft er the index date. We analyzed the associations of acute kidney injury 
and echocardiographic measures of ventricular fi lling and cardiac output with new-onset 
AF. Results: Th e mean age of the study population was 75.9±11.0 years. Th e overall 
baseline serum creatinine (ScR) was 0.9±0.16 mg/dl. Prior to the index date, the cases 
had an elevated E/e‘ ratio (15.7±9.0 vs 13.1±6.1, P=.001) and lower ejection fraction 
(LVEF) (58.0±12.9 vs 60.4±9.7, P=.001) compared to the controls. Th e prevalence of 
acute kidney injury was higher among AF cases (23.8 % v 8.9 %, P<0.001) than non-
AF controls aft er the index date. Patients with incident AF had lower cardiac index 
(2.9±0.7 vs 3.1±0.7 L/min/m2, P=.003) compared with controls. ScR increased by 20% 
in AF cases compared to 8% in controls, P<.001. Cardiac index decreased by 20% in AF 
cases vs 2% in controls, P=.01. On using multivariable logistic regression analysis, aft er 
adjusting for age, BMI, HTN, CHF, use of beta blockers, Ca+2 channel blockers, diuretics 
and other potential confounders, clinical variables associated with acute kidney injury 
were reduced LVEF, OR 1.03, 95% CI (1.01-1.07) and elevated E/e’ ratio, OR 1.03, 95% 
CI (0.99-1.07). Conclusions: New-onset AF is associated with a meaningful reduction 
in renal function, which can be attributed to the decrease in cardiac output due to the 
impaired left  ventricular fi lling.

P2-94
Effect of Mitral Regurgitation on the Prevalence of Left Atrial 
Appendage Thrombus and Subsequent Stroke in Patients 
Undergoing Transesophageal-Guided Cardioversion for Non-
valvular Atrial Fibrillation
Athittaya Techawantochandej, Abhishek J. Deshmukh, Vuyisile T. Nkomo, 
Hon-Chi Lee, Sri Harsha Patlolla, Yogesh N. Reddy, Eddie L. Greene, Jae K. Oh, 
Rowlens M. Melduni. Mayo Clinic, Rochester, MN
Background: Although prior research in patients with rheumatic heart disease and 
atrial fi brillation (AF) has shown a reverse relationship between the severity of mitral 
regurgitation (MR) and the prevalence of left  atrial appendage thrombus (LAAT), 
the impact of MR on thromboembolic risk in patients with non-valvular AF (NVAF) 
is unknown. Th e objective of this study was to investigate the eff ect of MR severity on 
the prevalence of LAAT and subsequent stroke in patients undergoing transesophageal 
(TEE)-guided electrical cardioversion (ECV) for NVAF. Methods: 3214 AF patients who 
underwent TEE-guided ECV from January 2011 to January 2015 were retrospectively 
analyzed to determine the relationship between MR severity and the prevalence of left  
atrial appendage thrombus (LAAT) and subsequent stroke. MR severity was assessed 
by Doppler echocardiography and classifi ed as mild, moderate or severe. Multivariable 
regression models were used to identify independent predictors of LAA thrombus 
(logistic) and ischemic stroke (Cox). Results: Among the 3214 patients studied, 2376 
(73.9%) had mild MR, 680 (21.2%) had moderate MR and 158 (4.9%) had severe MR. Th e 
overall prevalence of LAAT was 1.43%. Anticoagulation status did not diff er among the 
groups; the mean INR’s were 1.92±0.88, 1.87±0.86, and 1.81±0.90, respectively (p=.29). 
CHA2DS2-Vasc scores and the prevalence of heart failure were increasingly higher with 
greater severity of MR (3.02±1.6, 3.53±1.5, 3.78±1.5, respectively; p<.001) and (39.7%, 
48.5%, 69%, respectively; p<.001). Conversely, LVEF and LAAEV were progressively 
lower with greater severity of MR (52.3±13.3, 49.3±14.5, 44.9±17.5, respectively; p<.001 
and 38.0±21.2, 32.2±18.0, 26. 9±14.3, respectively; p<.001). Th ere was a non-statistically 
signifi cant trend toward a higher prevalence of LAAT in patients with greater severity 
of MR (1.2%, 1.9%, 3.2% p=.06). Stepwise multivariable regression analysis showed 
no association of MR (moderate or severe) with LAAT (OR 1.01, 95% CI 0.47-2.14 
and OR 1.24, 95% CI 0.40-3.87, respectively). Independent predictors of LAAT were 
hypertension, reduced LVEF, and reduced LAAEV. Aft er a mean follow-up of 3.4±2 years, 
adjusted Cox regression analysis showed no association of MR (moderate or severe) with 
ischemic stroke. Independent predictors of stroke were CHA2DS2-VASc score, LAAT, 
and reduced LAAEV. Conclusion: Severity of MR was not associated with increased 
incidence of LAAT. Hypertension reduced LVEF and reduced LAAEV were independent 
predictors of LAAT.
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P2-95
Prognostic Signi cance of Patent Foramen Ovale in Patients 
Undergoing Transesophageal Echocardiography-Guided Electrical 
Cardioversion for Atrial Fibrillation
Rowlens M. Melduni, Samuel J. Asirvatham, Waldemar E. Wysokinski, Bernard 
J. Gersh, Sri Harsha Patlolla, Paul A. Friedman, Athittaya Techawantochandej, 
Naser M. Ammash, Jae K. Oh, Hon-Chi Lee. Mayo Clinic, Rochester, MN
Background: Previous studies have postulated a causal role for patent foramen ovale 
(PFO) in the etiology of embolic stroke. Although atrial fi brillation (AF) is known to 
be associated with increased risk of stroke compared with patients without AF, outcome 
diff erences between patients with AF and PFO are unknown. Th is study aimed to measure 
the diff erences, if any, in AF recurrence and ischemic stroke between patients with PFO 
compared with those without. Methods: We analyzed prospectively collected data on 
3,329 patients undergoing their fi rst successful transesophageal echocardiography (TEE)-
guided electrical cardioversion (ECV) for persistent AF between May 2000 and March 
2012. PFO with shunting at the atrial level was identifi ed by color Doppler and agitated 
saline contrast study. Patients were excluded if they had a history of congenital heart 
disease, ≥moderate mitral regurgitation or stenosis, valve surgery or no documented 
assessment of interatrial shunting (n=1078). All patients were followed up aft er ECV 
for fi rst documentation of recurrent AF, or ischemic stroke. Cox regression models were 
used to compare AF recurrence and cerebrovascular events between groups. Results: 
Th e mean age was 68.3±12.4 years and 69.5% were men. Of 2251 patients studied, 
400 (18.6%) had PFO. Patients with PFO had higher mean peak left  atrial appendage 
velocity (LAAEV) (40.1±22.4 vs 37.9±21.2 cm/s, P=.04), and a non-signifi cant increase 
in the frequency of obstructive sleep apnea (OSA) (22.2% vs 17.7%, P=.06) Otherwise, 
baseline characteristics including age, sex, body mass index, CHA2DS2-VASc score, 
duration of AF, left  atrial (LA) size, and left  ventricular ejection fraction were similar 
between the 2 groups (p=NS). During the follow-up period (6.4±4.3 years), 1631 (72.5%) 
patients developed AF recurrence, and 164 (7.3%) had ischemic stroke. Multivariable 
Cox regression analysis, adjusting for CHA2DS2-VASc score, OSA, LA size, LAAEV, 
and warfarin at discharge, revealed no signifi cant association between PFO and AF 
recurrence, HR 1.03, 95% CI (0.89-1.20), or ischemic stroke HR 0.73 95% CI (0.43-1.22). 
Independent predictors of stroke were CHA2DS2-VASc score HR 1.31, 95% CI (1.16-1.48) 
and LAAEV, HR 1.07, 95% CI (1.02-1.13). LAAEV was the only signifi cant predictor 
of AF recurrence HR 1.06, 95% CI (1.03-1.09). Conclusion: Th e presence of PFO was 
not independently associated with increased risk of ischemic stroke or AF recurrence 
following cardioversion for NVAF. More studies are needed to further examine the 
impact of directionality of interatrial fl ow on clinical outcomes in this patient population.

P2-96
Differences in Atrial Strain Relative to Atrial Size in Athletes 
Attending the National Basketball Association Draft Combine 
Baljash S. Cheema1, Menhel Kinno1, Sumeet S. Mitter2, Juliet Ryan1, Sasan 
R. Raissi1, William M. Schultz1, Kristoff  A. Olson1, Vera H. Rigolin1, James D. 
Th omas1, Jyothy J. Puthumana1. 1Northwestern University Feinberg School of 
Medicine, McGaw Medical Center, Chicago, IL; 2Mount Sinai, New York, NY
Background: Atrial dilatation is common amongst elite athletes but is of unclear clinical 
signifi cance. Deformational analysis utilizing speckle-tracking echocardiography 
(STE) has emerged as a novel technique to assess atrial mechanics and function. We 
hypothesized that atrial dilation is associated with alterations in atrial strain parameters. 
Methods: From 2010-2016, male athletes at the National Basketball Association Draft  
Combine underwent comprehensive echocardiography, and STE was utilized to measure 
left  atrial (LA) strain in 183 individuals and right atrial (RA) strain in 40 individuals 
with GE Health Care’s EchoPac Soft ware. Th e P-wave was used as the reference point on 
the EKG to calculate atrial booster, conduit, and reservoir STE-derived strain. Left  atrial 
volume index (LAVI) of < 34 ml/m2 was considered normal versus ≥ 34 ml/m2 enlarged, 
whereas a right atrial volume index (RAVI) of ≥ 39 ml/m2 (two standard deviations above 
the mean) was used as the cut-off  for the RA. Independent samples t-tests were used 
to assess for diff erences in strain relative to atrial size and compare LA and RA strain. 
Strain is reported as a mean with one standard deviation. Results: LAVI was normal in 
102 (56%) and dilated in 81 (44%) individuals, whereas RAVI was normal in 25 (63%) 
and dilated in 15 (37%) of individuals. Mean LA conduit and reservoir strain were 
signifi cantly reduced in those with LA dilation compared to those without. No signifi cant 
diff erence was seen in mean LA booster strain or any measure of mean RA strain relative 
to atrial size (see Table 1). All measures of mean LA strain were higher than mean RA 
strain (see Table 2). Conclusions: In our cohort of elite basketball players, LA dilation 
was associated with decreased mean LA reservoir and conduit strain. RA dilation did not 
result in diff erences in the mean RA strain. Mean LA strain was signifi cantly higher than 
mean RA strain. Prospective follow-up is needed to elucidate any clinical consequences 
of these diff erences in deformation.

P2-97
Relationship Between Electrocardiographic Characteristics and 
Left Ventricular Systolic Dysfunction in Isolated Left Bundle 
Branch-block Patientswith Preserved Ejection Fraction
Guangyuan Li1, Yonghuai Wang1, Chunyan Ma1, Zhengyu Guan1, Xuanyi Jin2, 
Yang Li1, Yan Zhang1, Shuang Liu1, Jun Yang1. 1Department of Cardiovascular 
Ultrasound, First Hospital of China Medical University, Shenyang, China; 
2Department of Cardiology, Mayo Clinic, Arizona, Armenia
Background: Isolated complete left  bundle branch block (cLBBB) individuals, without 
any evidence of heart disease, also may have diminish cardiac performance. Clinicians 
urgently need to fi nd an easy way to detect left  ventricular (LV) systolic dysfunction of 
cLBBB. Electrocardiogram (ECG) is a common and eff ective method for clinical diagnosis 
of cLBBB, but the relationship between ECG characteristics and LV systolic dysfunction 
in isolated cLBBB patients is unclear. Our aim is to evaluate the relationship between 
specifi c ECG characteristics and LV systolic dysfunction in isolated cLBBB patients using 
two-dimensional speckle-tracking echocardiography (2D STE). Methods: Fift y isolated 
cLBBB patients with preserved LV ejection fraction were selected using standard 12-lead 
ECG. Concordant or discordant T wave of cLBBB was defi ned as a positive or negative T 
wave in leads V5, V6 or D1. Residual conduction of cLBBB were defi ned as an r wave in 
V1≧1 mm and/or a q wave in aVL≧1 mm. LV global longitudinal strain was measured 
using 2D STE to assess LV global systolic function. LV longitudinal systolic dysfunction 
was defi ned as LV global longitudinal strain > −20%. Results: Th ere were 29 cLBBB 
patients with LV longitudinal systolic dysfunction, and they have longer QRS duration 
(158 ± 11 vs. 149 ± 11, p = 0.006), higher presence of discordant T wave (62.1% vs. 28.6%, 
p = 0.03), lower presence of residual conduction in cLBBB (31.0% vs. 61.9%, p = 0.04) 
(Table 1). Th e QRS duration (OR=1.08, 95% CI: 1.01~1.16, p=0.02), discordant T wave 
(OR=1.42, 95% CI: 1.03~16.72, p=0.04) and the absence of residual conduction (OR=1.37, 
95% CI: 1.01~15.52, p=0.04) were independent factors for predicting GLS > −20% in 
isolated cLBBB patients. Th e QRS duration of 153 ms was found to be the cut-off  value to 
identify reduced LV longitudinal systolic function with the sensitivity and specifi city of 
72.4% and 76.2%. Discordant T wave and the absence of residual conduction in cLBBB 
predicts reduced LV longitudinal systolic function with the sensitivity and specifi city of 
62.1% and 71.4%, 72.4% and 57.1%, respectively. Conclusion: LV longitudinal systolic 
function decreased in some of isolated cLBBB patients with preserved LV ejection 
fraction. QRS duration, discordant T wave, the absence of residual conduction of cLBBB 
shown to be independently associated with decreased LV longitudinal systolic function. 
ECG characteristics might be an easy and eff ective predictor for the deterioration of LV 
systolic function.

P2-98
Right Atrial Function Changes in Tetralogy of Fallot
Ashish Patel, Divya Shakti. Batson Children‘s Hospital, University of Mississippi 
Medical Center, Jackson, MS
Background: Th ere is limited information on right atrial (RA) function in the congenital 
heart defects. RA volume and function may give insight into the right ventricle (RV) 
diastolic function. We sought to assess RA function in tetralogy of Fallot (TOF) patients 
prior to and aft er complete surgical repair. Methods: Infants with TOF prior to complete 
repair were included for retrospective chart review and offl  ine analysis of 2-dimensional 
echocardiograms (echo) before and aft er surgical repair. Patients were excluded if they 
had a signifi cant arrhythmias, ≥ mild tricuspid regurgitation or stenosis, > a small atrial 
septal defect, sub-optimal echo images for RA measurements. RA phasic volumes and 
stroke volumes were calculated. All volumes were indexed to body surface area. Results: 
Th ere were 40 infants with TOF (45% females), of which 70% had pulmonary stenosis, 
30% pulmonary atresia. Roughly 85% and 60% had 3, or more, echo available pre- and 
postoperatively. Table 1 (attached) shows the patient characteristics and phasic RA 
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P2-92
Left Atrial Strain and Left Atrial Mechanical Function Predict 
Recurrence of Atrial Arrhythmia After Catheter Ablation for Atrial 
Fibrillation
Manasawee Indrabhinduwat1,2, Hilma Hólm1, Peter A. Brady1, Fletcher A. Miller1, 
Naser M. Ammash1, Sorin V. Pislaru1, Vuyisile T. Nkomo1, Ratnasari Padang1, 
Grace Lin1. 1Mayo Clinic, Rochester, MN; 2Bhumibol Adulyadej Hospital, 
Bangkok, Th ailand
Background: Abnormal left  atrial (LA) structure and function are known to increase the 
risk of recurrent atrial arrhythmia (AA) aft er catheter ablation (CA), specifi c measures 
of LA function associated with recurrence are very important. We hypothesized that 
reduced LA strain and LA mechanical function may help predict recurrence of AA aft er 
catheter ablation for atrial fi brillation (AF). Methods: Patients who underwent CA for 
the fi rst time for AF between April 2009 and May 2011 were included. Transthoracic 
echocardiogram was performed at baseline (pre-CA), 24 hours and 3 months post-CA. 
Peak negative longitudinal strain during LA contraction in late diastole (LAa strain) was 
measured at the inferior wall in patients with sinus rhythm (87, 144 and 140 patients 
at baseline, 24 hours and 3 months post-CA, respectively). LA mechanical function 
included LA volume index, LA emptying fraction, mitral infl ow pulsed wave Doppler 
(E and A velocity) and pulmonary vein pulsed wave Doppler (S, D and A velocities). 
Recurrence of AA (included AF, Atrial Flutter and Atrial Tachycardia) was documented 
by electrocardiogram or Holter monitoring. Th e primary outcome was recurrence of AA 
occur aft er 3 months post-CA. Cox proportional hazard model was used to investigate the 
relationship between LA function and recurrence of AA. Results: A total of 157 patients 
(76% men, age 61±10 years) with more than 3 months post-CA follow-up were identifi ed 
(mean follow-up 36±33 months). Of these, 78 patients had confi rmed recurrence of AA 
(median time to recurrence 25 months). LAa strain at baseline, 24 hours and 3 months 
post-CA were -17%, -10.9% and -15.4% in recurrent group (p<0.0001) and -17.7%, -13.4% 
and -16.5% in nonrecurrent group (p<0.0001). A greater reduction (less negative) in LAa 
strain at 24 hours aft er CA was associated with recurrent AA (mean -10.9% vs. -13.4%; 
HR=1.11, p=0.002). Recurrence of AA was also associated with higher baseline peak 
early diastolic (E) mitral infl ow velocity (mean velocities 0.79 m/s vs. 0.72 m/s; HR=3.58, 
p=0.03), higher baseline peak diastolic (D) pulmonary vein fl ow (mean velocities 0.55 m/s 
vs. 0.48 m/s; HR=5.36, p=0.03), higher 24 hour post-CA peak diastolic (D) pulmonary 
vein fl ow (mean velocities 0.66 m/s vs. 0.56 m/s; HR=5.82, p=0.008) and lower 3-months 
LA emptying fraction (mean 35% vs. 40%; HR=0.96, p=0.0009). Conclusions: Reduced 
LAa strain and worse diastolic dysfunction at baseline and following CA may be useful 
in predicting AA recurrence. Inferior wall LAa strain measurement is quick and practical 
and could be helpful in risk stratifi cation of patients aft er CA for AF.

P2-93
Pathophysiologic Mechanism of Acute Kidney Injury in Patients 
with Acute Atrial Fibrillation
Sri Harsha Patlolla, Eddie L. Greene, Hon-Chi Lee, Bernard J Gersh, Charanjit 
S Rihal, David O Hodge, Sorin V Pislaru, Waldemar E Wysokinski, Paul A 
Friedman, Rowlens M Melduni. Mayo Clinic, Rochester, MN
Background: Atrial fi brillation (AF) is characterized by a loss of atrial mechanical 
activity, which impairs ventricular fi lling, potentially increasing the risk of compromised 
end-organ perfusion. Th e pathophysiologic mechanism of acute kidney injury in 
patients with new-onset atrial fi brillation remains elusive. We hypothesize that patients 
with new-onset AF have impaired left  ventricular fi lling and impaired renal function. 
Methods: A population-based case-control study was conducted in 503 patients from 
Olmsted County, MN with incident AF diagnosed between 1994-2010, matched with 503 
controls with no history of AF by age and sex. Both the cases and controls had normal 
creatinine levels prior to AF diagnosis (index date). Both groups had Echocardiogram 
at baseline and aft er the index date. We analyzed the associations of acute kidney injury 
and echocardiographic measures of ventricular fi lling and cardiac output with new-onset 
AF. Results: Th e mean age of the study population was 75.9±11.0 years. Th e overall 
baseline serum creatinine (ScR) was 0.9±0.16 mg/dl. Prior to the index date, the cases 
had an elevated E/e‘ ratio (15.7±9.0 vs 13.1±6.1, P=.001) and lower ejection fraction 
(LVEF) (58.0±12.9 vs 60.4±9.7, P=.001) compared to the controls. Th e prevalence of 
acute kidney injury was higher among AF cases (23.8 % v 8.9 %, P<0.001) than non-
AF controls aft er the index date. Patients with incident AF had lower cardiac index 
(2.9±0.7 vs 3.1±0.7 L/min/m2, P=.003) compared with controls. ScR increased by 20% 
in AF cases compared to 8% in controls, P<.001. Cardiac index decreased by 20% in AF 
cases vs 2% in controls, P=.01. On using multivariable logistic regression analysis, aft er 
adjusting for age, BMI, HTN, CHF, use of beta blockers, Ca+2 channel blockers, diuretics 
and other potential confounders, clinical variables associated with acute kidney injury 
were reduced LVEF, OR 1.03, 95% CI (1.01-1.07) and elevated E/e’ ratio, OR 1.03, 95% 
CI (0.99-1.07). Conclusions: New-onset AF is associated with a meaningful reduction 
in renal function, which can be attributed to the decrease in cardiac output due to the 
impaired left  ventricular fi lling.

P2-94
Effect of Mitral Regurgitation on the Prevalence of Left Atrial 
Appendage Thrombus and Subsequent Stroke in Patients 
Undergoing Transesophageal-Guided Cardioversion for Non-
valvular Atrial Fibrillation
Athittaya Techawantochandej, Abhishek J. Deshmukh, Vuyisile T. Nkomo, 
Hon-Chi Lee, Sri Harsha Patlolla, Yogesh N. Reddy, Eddie L. Greene, Jae K. Oh, 
Rowlens M. Melduni. Mayo Clinic, Rochester, MN
Background: Although prior research in patients with rheumatic heart disease and 
atrial fi brillation (AF) has shown a reverse relationship between the severity of mitral 
regurgitation (MR) and the prevalence of left  atrial appendage thrombus (LAAT), 
the impact of MR on thromboembolic risk in patients with non-valvular AF (NVAF) 
is unknown. Th e objective of this study was to investigate the eff ect of MR severity on 
the prevalence of LAAT and subsequent stroke in patients undergoing transesophageal 
(TEE)-guided electrical cardioversion (ECV) for NVAF. Methods: 3214 AF patients who 
underwent TEE-guided ECV from January 2011 to January 2015 were retrospectively 
analyzed to determine the relationship between MR severity and the prevalence of left  
atrial appendage thrombus (LAAT) and subsequent stroke. MR severity was assessed 
by Doppler echocardiography and classifi ed as mild, moderate or severe. Multivariable 
regression models were used to identify independent predictors of LAA thrombus 
(logistic) and ischemic stroke (Cox). Results: Among the 3214 patients studied, 2376 
(73.9%) had mild MR, 680 (21.2%) had moderate MR and 158 (4.9%) had severe MR. Th e 
overall prevalence of LAAT was 1.43%. Anticoagulation status did not diff er among the 
groups; the mean INR’s were 1.92±0.88, 1.87±0.86, and 1.81±0.90, respectively (p=.29). 
CHA2DS2-Vasc scores and the prevalence of heart failure were increasingly higher with 
greater severity of MR (3.02±1.6, 3.53±1.5, 3.78±1.5, respectively; p<.001) and (39.7%, 
48.5%, 69%, respectively; p<.001). Conversely, LVEF and LAAEV were progressively 
lower with greater severity of MR (52.3±13.3, 49.3±14.5, 44.9±17.5, respectively; p<.001 
and 38.0±21.2, 32.2±18.0, 26. 9±14.3, respectively; p<.001). Th ere was a non-statistically 
signifi cant trend toward a higher prevalence of LAAT in patients with greater severity 
of MR (1.2%, 1.9%, 3.2% p=.06). Stepwise multivariable regression analysis showed 
no association of MR (moderate or severe) with LAAT (OR 1.01, 95% CI 0.47-2.14 
and OR 1.24, 95% CI 0.40-3.87, respectively). Independent predictors of LAAT were 
hypertension, reduced LVEF, and reduced LAAEV. Aft er a mean follow-up of 3.4±2 years, 
adjusted Cox regression analysis showed no association of MR (moderate or severe) with 
ischemic stroke. Independent predictors of stroke were CHA2DS2-VASc score, LAAT, 
and reduced LAAEV. Conclusion: Severity of MR was not associated with increased 
incidence of LAAT. Hypertension reduced LVEF and reduced LAAEV were independent 
predictors of LAAT.
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P2-95
Prognostic Signi cance of Patent Foramen Ovale in Patients 
Undergoing Transesophageal Echocardiography-Guided Electrical 
Cardioversion for Atrial Fibrillation
Rowlens M. Melduni, Samuel J. Asirvatham, Waldemar E. Wysokinski, Bernard 
J. Gersh, Sri Harsha Patlolla, Paul A. Friedman, Athittaya Techawantochandej, 
Naser M. Ammash, Jae K. Oh, Hon-Chi Lee. Mayo Clinic, Rochester, MN
Background: Previous studies have postulated a causal role for patent foramen ovale 
(PFO) in the etiology of embolic stroke. Although atrial fi brillation (AF) is known to 
be associated with increased risk of stroke compared with patients without AF, outcome 
diff erences between patients with AF and PFO are unknown. Th is study aimed to measure 
the diff erences, if any, in AF recurrence and ischemic stroke between patients with PFO 
compared with those without. Methods: We analyzed prospectively collected data on 
3,329 patients undergoing their fi rst successful transesophageal echocardiography (TEE)-
guided electrical cardioversion (ECV) for persistent AF between May 2000 and March 
2012. PFO with shunting at the atrial level was identifi ed by color Doppler and agitated 
saline contrast study. Patients were excluded if they had a history of congenital heart 
disease, ≥moderate mitral regurgitation or stenosis, valve surgery or no documented 
assessment of interatrial shunting (n=1078). All patients were followed up aft er ECV 
for fi rst documentation of recurrent AF, or ischemic stroke. Cox regression models were 
used to compare AF recurrence and cerebrovascular events between groups. Results: 
Th e mean age was 68.3±12.4 years and 69.5% were men. Of 2251 patients studied, 
400 (18.6%) had PFO. Patients with PFO had higher mean peak left  atrial appendage 
velocity (LAAEV) (40.1±22.4 vs 37.9±21.2 cm/s, P=.04), and a non-signifi cant increase 
in the frequency of obstructive sleep apnea (OSA) (22.2% vs 17.7%, P=.06) Otherwise, 
baseline characteristics including age, sex, body mass index, CHA2DS2-VASc score, 
duration of AF, left  atrial (LA) size, and left  ventricular ejection fraction were similar 
between the 2 groups (p=NS). During the follow-up period (6.4±4.3 years), 1631 (72.5%) 
patients developed AF recurrence, and 164 (7.3%) had ischemic stroke. Multivariable 
Cox regression analysis, adjusting for CHA2DS2-VASc score, OSA, LA size, LAAEV, 
and warfarin at discharge, revealed no signifi cant association between PFO and AF 
recurrence, HR 1.03, 95% CI (0.89-1.20), or ischemic stroke HR 0.73 95% CI (0.43-1.22). 
Independent predictors of stroke were CHA2DS2-VASc score HR 1.31, 95% CI (1.16-1.48) 
and LAAEV, HR 1.07, 95% CI (1.02-1.13). LAAEV was the only signifi cant predictor 
of AF recurrence HR 1.06, 95% CI (1.03-1.09). Conclusion: Th e presence of PFO was 
not independently associated with increased risk of ischemic stroke or AF recurrence 
following cardioversion for NVAF. More studies are needed to further examine the 
impact of directionality of interatrial fl ow on clinical outcomes in this patient population.

P2-96
Differences in Atrial Strain Relative to Atrial Size in Athletes 
Attending the National Basketball Association Draft Combine 
Baljash S. Cheema1, Menhel Kinno1, Sumeet S. Mitter2, Juliet Ryan1, Sasan 
R. Raissi1, William M. Schultz1, Kristoff  A. Olson1, Vera H. Rigolin1, James D. 
Th omas1, Jyothy J. Puthumana1. 1Northwestern University Feinberg School of 
Medicine, McGaw Medical Center, Chicago, IL; 2Mount Sinai, New York, NY
Background: Atrial dilatation is common amongst elite athletes but is of unclear clinical 
signifi cance. Deformational analysis utilizing speckle-tracking echocardiography 
(STE) has emerged as a novel technique to assess atrial mechanics and function. We 
hypothesized that atrial dilation is associated with alterations in atrial strain parameters. 
Methods: From 2010-2016, male athletes at the National Basketball Association Draft  
Combine underwent comprehensive echocardiography, and STE was utilized to measure 
left  atrial (LA) strain in 183 individuals and right atrial (RA) strain in 40 individuals 
with GE Health Care’s EchoPac Soft ware. Th e P-wave was used as the reference point on 
the EKG to calculate atrial booster, conduit, and reservoir STE-derived strain. Left  atrial 
volume index (LAVI) of < 34 ml/m2 was considered normal versus ≥ 34 ml/m2 enlarged, 
whereas a right atrial volume index (RAVI) of ≥ 39 ml/m2 (two standard deviations above 
the mean) was used as the cut-off  for the RA. Independent samples t-tests were used 
to assess for diff erences in strain relative to atrial size and compare LA and RA strain. 
Strain is reported as a mean with one standard deviation. Results: LAVI was normal in 
102 (56%) and dilated in 81 (44%) individuals, whereas RAVI was normal in 25 (63%) 
and dilated in 15 (37%) of individuals. Mean LA conduit and reservoir strain were 
signifi cantly reduced in those with LA dilation compared to those without. No signifi cant 
diff erence was seen in mean LA booster strain or any measure of mean RA strain relative 
to atrial size (see Table 1). All measures of mean LA strain were higher than mean RA 
strain (see Table 2). Conclusions: In our cohort of elite basketball players, LA dilation 
was associated with decreased mean LA reservoir and conduit strain. RA dilation did not 
result in diff erences in the mean RA strain. Mean LA strain was signifi cantly higher than 
mean RA strain. Prospective follow-up is needed to elucidate any clinical consequences 
of these diff erences in deformation.

P2-97
Relationship Between Electrocardiographic Characteristics and 
Left Ventricular Systolic Dysfunction in Isolated Left Bundle 
Branch-block Patientswith Preserved Ejection Fraction
Guangyuan Li1, Yonghuai Wang1, Chunyan Ma1, Zhengyu Guan1, Xuanyi Jin2, 
Yang Li1, Yan Zhang1, Shuang Liu1, Jun Yang1. 1Department of Cardiovascular 
Ultrasound, First Hospital of China Medical University, Shenyang, China; 
2Department of Cardiology, Mayo Clinic, Arizona, Armenia
Background: Isolated complete left  bundle branch block (cLBBB) individuals, without 
any evidence of heart disease, also may have diminish cardiac performance. Clinicians 
urgently need to fi nd an easy way to detect left  ventricular (LV) systolic dysfunction of 
cLBBB. Electrocardiogram (ECG) is a common and eff ective method for clinical diagnosis 
of cLBBB, but the relationship between ECG characteristics and LV systolic dysfunction 
in isolated cLBBB patients is unclear. Our aim is to evaluate the relationship between 
specifi c ECG characteristics and LV systolic dysfunction in isolated cLBBB patients using 
two-dimensional speckle-tracking echocardiography (2D STE). Methods: Fift y isolated 
cLBBB patients with preserved LV ejection fraction were selected using standard 12-lead 
ECG. Concordant or discordant T wave of cLBBB was defi ned as a positive or negative T 
wave in leads V5, V6 or D1. Residual conduction of cLBBB were defi ned as an r wave in 
V1≧1 mm and/or a q wave in aVL≧1 mm. LV global longitudinal strain was measured 
using 2D STE to assess LV global systolic function. LV longitudinal systolic dysfunction 
was defi ned as LV global longitudinal strain > −20%. Results: Th ere were 29 cLBBB 
patients with LV longitudinal systolic dysfunction, and they have longer QRS duration 
(158 ± 11 vs. 149 ± 11, p = 0.006), higher presence of discordant T wave (62.1% vs. 28.6%, 
p = 0.03), lower presence of residual conduction in cLBBB (31.0% vs. 61.9%, p = 0.04) 
(Table 1). Th e QRS duration (OR=1.08, 95% CI: 1.01~1.16, p=0.02), discordant T wave 
(OR=1.42, 95% CI: 1.03~16.72, p=0.04) and the absence of residual conduction (OR=1.37, 
95% CI: 1.01~15.52, p=0.04) were independent factors for predicting GLS > −20% in 
isolated cLBBB patients. Th e QRS duration of 153 ms was found to be the cut-off  value to 
identify reduced LV longitudinal systolic function with the sensitivity and specifi city of 
72.4% and 76.2%. Discordant T wave and the absence of residual conduction in cLBBB 
predicts reduced LV longitudinal systolic function with the sensitivity and specifi city of 
62.1% and 71.4%, 72.4% and 57.1%, respectively. Conclusion: LV longitudinal systolic 
function decreased in some of isolated cLBBB patients with preserved LV ejection 
fraction. QRS duration, discordant T wave, the absence of residual conduction of cLBBB 
shown to be independently associated with decreased LV longitudinal systolic function. 
ECG characteristics might be an easy and eff ective predictor for the deterioration of LV 
systolic function.

P2-98
Right Atrial Function Changes in Tetralogy of Fallot
Ashish Patel, Divya Shakti. Batson Children‘s Hospital, University of Mississippi 
Medical Center, Jackson, MS
Background: Th ere is limited information on right atrial (RA) function in the congenital 
heart defects. RA volume and function may give insight into the right ventricle (RV) 
diastolic function. We sought to assess RA function in tetralogy of Fallot (TOF) patients 
prior to and aft er complete surgical repair. Methods: Infants with TOF prior to complete 
repair were included for retrospective chart review and offl  ine analysis of 2-dimensional 
echocardiograms (echo) before and aft er surgical repair. Patients were excluded if they 
had a signifi cant arrhythmias, ≥ mild tricuspid regurgitation or stenosis, > a small atrial 
septal defect, sub-optimal echo images for RA measurements. RA phasic volumes and 
stroke volumes were calculated. All volumes were indexed to body surface area. Results: 
Th ere were 40 infants with TOF (45% females), of which 70% had pulmonary stenosis, 
30% pulmonary atresia. Roughly 85% and 60% had 3, or more, echo available pre- and 
postoperatively. Table 1 (attached) shows the patient characteristics and phasic RA 
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volumes. Th e indexed RA phasic volumes were in normal range in initial echo prior to 
surgery. We used normal index RA phasic volumes published by European Society of 
Echocardiography. Th ere was increasing trend of indexed RA phasic volume on follow up 
echo immediately before TOF repair. Th ese phasic volumes continued to remain elevated 
aft er complete surgical repair (Table 1). Trends in RA stroke volumes for all available 
echos before and aft er surgery were modeled using a population-averaged model with 
an exchangeable within-panel correlation structure (Figure 2), showing no statistical 
signifi cant diff erence aft er surgery. But there was statistical signifi cance noted in RA 
ejection fraction. Please see attached image for statistical analysis and results of the study. 
Conclusion: Th e indexed RA phasic volumes in children with TOF are normal initially 
and increases before TOF repair and it continued to increased aft er TOF repair. Th e 
increase RA phasic volumes suggest RV diastolic dysfunction similar to the fi ndings of 
LA phasic volumes and left  ventricular diastolic dysfunction. Our fi ndings indicate slow 
worsening RV diastolic function in patients with TOF aft er surgical repair. RA volume 
and function can be novel marker to diagnose and monitor right ventricular diastolic 
dysfunction.

P2-99
Association of Left Atrial Function by Echocardiography in 
Patients Following Catheter Ablation of Atrial Fibrillation: 
Comparing Functional Indices and Strain to Predict Clinical 
Outcomes
Carolyn Enders1, Hong Zheng2, Dwight Bibby3, Shudhanshu Alishetti1, Cindy 
Wang1, Cindy Swears1, Yuping Dai1, Guadalupe Miranda1, Jie Yang4, Elaine Yan1, 
Ruba Al Sabouni1, Eli Morris1, Richard Hongo1, Steve Hao1, Andrea Natale1, 
Salwa Beheiry1, Richard Shaw1, Nelson Schiller1, Andrew Rosenblatt1. 1California 
Pacifi c Medical Center, San Francisco, CA; 2North East Medical Services, San 
Francisco, CA; 3University of California, San Francisco, San Francisco, CA; 
4Highland Hospital, Oakland, CA
Background: Atrial fi brillation (AF) ablation is successful without recurrence in over 
70% of patients aft er a year. Measuring the impact of ablation on LA function may 
provide insight into the mechanistic underpinning of recurrence and provide a means of 
documenting recovery. Our objective was to quantify LA strain (LAS), LA function index 
(LAFI), and diastolic function as more advanced methods of measuring LA function 
change cause by AF ablation, and to better predict which patients may remain in normal 
sinus rhythm following their ablation. Methods: In a prospective study, 50 patients with 
symptomatic paroxysmal (18) or persistent AF (32), scheduled for fi rst-time AF ablation, 
underwent echocardiographic measures of the LA before ablation and immediately post 
ablation (within 48 hours). Th e Toshiba America Medical echocardiographic system 
was used to measure 2-D and 3-D LA parameters, including LAS, LA ejection fraction 
(LAEF), LA volumes, mitral infl ow Doppler (E and A velocity, deceleration time), and 

Left  ventricular outfl ow tract velocity time integral (LVOT VTI). 2-D LA function index 
(LAFI) was calculated as ((LAEF x LVOTVTI)/LA end systolic volume index). 48 patients 
had clinical outcomes, followed for a mean of 10.1 + 4 months. Th ere were 15 patients 
who had follow up echocardiograms with the same LA function parameters. Results: 
Of the 48 patients followed clinically, 39 (72.9%) were in normal sinus rhythm at their 
latest follow up (mean 10.1 + 4 months) and 13 (27.1%) had a repeat ablation (mean 
8.8 + 4 months). Persistent AF at baseline was more likely (81.5% vs 12.5%, p=0.002) to 
result in recurrence of AF. Of the LA function parameters, lower LA emptying fraction, as 
calculated in LAFI was associated with increased AF recurrence (0.40 vs 0.49; p=0.039). 
Lower LAFI pre-ablation was more strongly associated with increased AF recurrence 
(0.1958 vs 0.3580; p=0.005). In the post-ablation study, lower LAFI was associated with 
increased AF recurrence (0.2271 vs 0.3119; p=0.054). Shorter deceleration time was 
associated with increased AF recurrence (169 vs 199; p=0.049). Conclusion: Preablation 
LAFI was the strongest predictor of recurrence of AF and was more predictive than 
persistent versus paroxysmal AF at baseline. LAS was not predictive of recurrence, but 
strain warrants reexamination when refi nements such as 3D strain are available.

P2-100
Left Atrial Sphericity Index Characterizes Left Atrial Function
Emily R. Cedarbaum, Dwight Bibby, Qizhi Fang, Nelson B. Schiller. University of 
California, San Francisco, San Francisco, CA
Background: Left  ventricular sphericity has been used as a descriptor of global left  
ventricular function and remodeling. Th ere are few studies investigating left  atrial (LA) 
sphericity in settings other than atrial fi brillation. We hypothesize that LA sphericity 
falls within a narrow range of values in healthy subjects and that increased LA sphericity 
is a measure of impaired LA function. Methods: Two-dimensional LA sphericity was 
measured in end-diastole and end-systole in 123 healthy subjects (mean age 44±15) and 
in 18 subjects with cryptogenic stroke (mean age 58±13). Measurements were performed 
using a GE Vivid E9 system with EchoPAC soft ware. LA sphericity index (LASph) was 
calculated as (ESV or EDV)/[(LA diameter3 x π)/6]. LASph was compared to age, sex, LA 
function index, LA emptying fraction, and exercise tolerance. Results: In healthy subjects, 
LASph was not associated with age, sex, or exercise tolerance. Systolic & diastolic LASph 
was signifi cantly associated with LA function index (p=0.0001 for diastole, p=0.001 for 
systole) and LA emptying fraction (p=0.0456 for diastole, p=0.001 for systole). Th is 
correlation was stronger for systolic LASph than for diastolic LASph. Systolic LASph was 
signifi cantly greater in patients with cryptogenic stroke compared to healthy patients, but 
there was no signifi cant diff erence in LA emptying fraction or LA function index between 
these groups (Table 1). Conclusion: LA sphericity index is a measure of LA shape that 
may be a useful descriptor of LA function. Patients with a history of cryptogenic stroke 
have signifi cantly greater LASph than healthy patients. Th is study establishes the normal 
range for LASph and suggests that abnormalities in LASph are found in association 
with patients with cryptogenic stroke. Th ese changes may precede diff erences in other 
descriptors of LA function.
Table 1: Measures of LA function in patients with and without cryptogenic stroke

Healthy patients (n=123) Cryptogenic stroke (n=18) p-value
Age (years) 44 ± 15 58 ± 13 0.0003
Male 65 (53%) 10 (56%) 0.05
LA Function Index 0.52 ± 0.15 0.46 ± 0.15 0.181

LA Emptying Fraction (%) 61 ± 8 54 ± 10 0.181

LASph End-Systole 0.25 ± 0.07 0.32 ± 0.07 0.0031

LASph End-Diastole 0.51 ± 0.13 0.52 ± 0.13 0.61

1adjusted for age & gender

P2-101
Assessment of Global Myocardial Deformation in Fetal 
Tachyarrhythmias
Geetha Challapudi, Rukmini Komarlu. Cleveland Clinic Children‘s Hospital, 
Cleveland, OH
Background: Two-dimensional speckle-tracking echocardiography (2D-STE) is a 
newer diagnostic imaging modality that allows assessment of myocardial deformation. 
Th e published correlations of global and regional strain and strain rate data with 
advancing pregnancy are based on cross-sectional data (e.g., gestational age (GA) range 
13-40 weeks). 2D-STE is an angle independent technique for assessment of myocardial 
deformation, which has allowed detection of preclinical myocardial dysfunction in 
children and adults. We sought to analyze if fetal left  ventricular strain could be used 
as a tool to monitor eff ects of therapy and help determine timing of delivery in fetuses 
with sustained tachyarrhythmia. Methods: We retrospectively analyzed fetuses with 
tachyarrhythmia in the fetal cardiology clinic at Cleveland Clinic Foundation from 
1/2000 to 1/2017. Fetuses with isolated ectopy and structural heart disease were excluded; 
Strain analysis was performed retrospectively using VVI Soft ware; this was correlated 
with timing of tachyarrhythmia, initiation of therapy and disease progression in the fetus. 
Type of tachyarrhythmia, anti- arrhythmic therapy, GA, cardiovascular profi le score and 
postnatal outcomes were recorded. Results: A total of 11 fetuses with tachyarrhythmias 
were identifi ed with GA between 21 to 36 weeks at time of onset of arrhythmia. 
Arrhythmias identifi ed included: AVRT (45%), atrial tachycardia (36%) and atrial fl utter 
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(18%). Of 11 fetuses, 5 had anti arrhythmic therapy given to mothers while 4 converted 
spontaneously and 2 delivered at outside institutions. 2D STE measurements were found 
to be signifi cantly reduced with the fetus in tachyarrhythmia (GLV 0.52+/-0.58cm/sec; 
strain -3.58+/- 4.97%; SR -0.67+/- 0.84/sec); and improved with return to sinus rhythm 
(GLV 1.29+/-1.29cm/sec, strain -8.86+/-8.5%; SR -1.35+/-1.42/sec) reaching statistical 
signifi cance. Conclusion: Our study is the fi rst to evaluate myocardial deformation in 
fetal tachy-arrhythmias. We note that 2D STE analysis is a useful adjunctive benefi cial 
tool to assess myocardial function in fetal arrhythmia. Th erapy and return to sinus rhythm 
appeared to result in improved deformation parameters. It will also aid in predicting the 
potential outcomes of the fetuses and timing of delivery.

P2-102
Relationship Between the Thrombus on Device and Selection of 
Anticoagulant Drugs after Left Arial Appendage Closure
Zhiqing Qiao1, Heng Ge1, Ziyong Hao1, Lisheng Jiang1, Zheng Li1, Xinhua Wang1, 
Xuedong Shen1, Ben He2. 1Renji Hospital, Shanghai Jiao Tong University School of 
Medicine, Shanghai, China; 2Shanghai Chest Hospital, Shanghai, China
Background: Left  atrial appendage closure (LAAC) is the latest interventional procedure 
for prevention of stroke in patients with atrial fi brillation. However, we found that 
some patients suff ered from thrombus on the device during follow-up aft er two 
months of LAAC. Further observation showed that most of patients with thrombus 
were administered dabigatran aft er LAAC. Th e aim of this study was to clarify the 
relationship between the thrombosis and selection of the anticoagulant drugs aft er 
LAAC. Methods: Study population included 98 patients (62 males, mean age 68.3 ± 9.7 
years) with atrial fi brillation who had been successfully implanted with LAAC devices in 
our hospital. Continuous anticoagulation was administered for 2 months aft er LAAC. 
Forty-eight patients were treated with warfarin (INR range 2-3), 39 patients treated 
with 110 mg dabigatran twice-daily, and 11 patients treated with 20 mg rivaroxaban 
once-daily. Th ere was no signifi cant diff erence in CHA2DS2-VASc scores and HAS-
BLED scores before LAAC among these three groups. Two-dimensional and three-
dimensional transesophageal echocardiography (TEE) underwent at the end of 2-month 
anticoagulation. Results: Th ere were 7 patients (7%) with thrombus on the top of LAAC 
device detected by TEE aft er two-month anticoagulation. Th e thrombus looked like a 
pile of cow dung on the crown and fi rmly stuck to the crown. One patient (2%) with 
thrombus received warfarin and 6 patients (15%) with thrombus received dabigatran. 
None of patient with thrombus received rivaroxaban. Th e thrombosis was signifi cantly 
related to the selection of anticoagulant drugs (p = 0.035) by one-way ANOVA analysis. 
Dabigatran group was associated with nearly 10- folds compared to other two groups 
in the prevalence of postoperative thrombosis (odds = 9.4, p = 0.037) by binary logistic 
regression analysis. However, the incidence of thrombosis was no signifi cant correlation 
with gender, age, atrial fi brillation classifi cation, CHA2DS2-VASc score, HAS-BLED 
score, preoperative BNP measurement, left  atrial size, left  ventricular ejection fraction, 
history of diabetes, hypertension, stroke, renal insuffi  ciency (p> 0.05 in all). Conclusion: 
Th e selection of anticoagulant drugs is critical for patients with atrial fi brillation aft er 
LAAC. Th e prevalence of thrombosis in patients administered dabigatran 110mg was 
associated with nearly 10-folds than the patients with warfarin or rivaroxaban. It is likely 
to increase the dosage of dabigatran or choose other anticoagulant drugs to avoid device 
thrombosis aft er LAAC.

P2-103
Left Atrium Changes in Patients with Maintenance Hemodialysis: 
Assessment via Real-Time Three-Dimensional Echocardiography
Minmin Sun, Xuesen Cao, Yao Guo, Xiao Tan, Lili Dong, Cuizhen Pan, Xianhong 
Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Purpose: Previous studies have shown that increased left  atrium (LA) volume predicts 
mortality in patients undergoing maintenance hemodialysis (MHD). We used real-time 
three-dimensional echocardiography (RT-3DE) to evaluate the long-term and immediate 
changes of LA function in MHD patients. Methods: Echocardiography was performed 
on 112 consecutively enrolled individuals, including 37 controls and 75 MHD patients. 
Conventional echocardiographic parameters and RT-3DE parameters of left  atrium were 
obtained. Among them, twenty-eight patients were analyzed before and immediately 
aft er one hemodialysis session. LA maximum, minimum and pre-atrial contraction 
volumes (LAV-max, LAV-min, LAV-preA) were measured and LA reservoir, conduit 
and booster pump function were assessed. Results: Compared to the control group, 
MHD patients had markedly enlarged LA volumes (LAV-max: 38.1±10.5ml/m2 VS 
26.9±7.8 ml/m2, LAV-min:15.2±4.7ml/m2 VS 9.9±3.0 ml/m2, LAV-preA: 29.3±9.2ml/m2 
VS 16.8±5.1ml/m2, all p<0.001). Additionally, LA reservoir and conduit function were 
repaired, while the booster pump function was enhanced: LA global ejection fraction 
(LAEF): 60.3±4.7% VS 63.1±5.2%; LA passive EF(LAPEF): 23.1±10.6% VS 37.0±8.4%; 
LA active EF(LAAEF) : 47.6±7.7% VS 40.8±7.5%, all p<0.01. Aft er one session of 
hemodialysis, LA volumes were decreased signifi cantly (LAV-max: from 35.8±9.8ml/m2 
to 32.0±10.4ml/m2; LAV-min: from 14.3±4.5ml/m2 to 12.0±4.8 ml/m2; LAV-preA: from 
27.6±8.0ml/m2 to 24.5±9.0 ml/m2, all p<0.05). Th e LA booster pump function (LAAEF) 
was enhanced and the conduit function (LAPEF) remained unchanged, hence LAEF was 
increased signifi cantly (LAAEF: from 48.0±7.7% to 51.0±6.0%, p=0.045; LAPEF: from 
22.6±10.8% to 23.9±11.0%, p=0.461; LAEF: from 60.4±5.2% to 63.0±4.9%, p=0.004). In 
the MHD cohort, LA volumes were positively correlated with the serum concentration 
of NT-proBNP (r=0.406 for LAV-max, r=0.420 for LAV-min and r=0.415 for LAV-
preA, all p<0.05). Conclusions: MHD patients endure LA enlargement and functional 
impairments. Aft er one session of HD, LA booster pump function was enhanced as a 
compensatory mechanism for volume reduction. RT-3DE may have potential in the LA 
evaluation in MHD patients.

P2-104
Stroke in Mitral Valve Prolapse: Risk Factors and Left Atrial 
Function in Cryptogenic Versus Non-Cryptogenic Ischemic 
Subtypes
Lisa J. Lim, Leticia Blazquez Arroyo, Qingyang Yuan, Dwight Bibby, Qizhi Fang, 
Nelson B. Schiller, Francesca N. Delling. UCSF, San Francisco, CA
Background and Purpose: Mitral valve prolapse (MVP) has been associated with an 
increased risk of ischemic stroke. Older age, thicker mitral leafl ets, and signifi cant mitral 
regurgitation (MR) leading to atrial fi brillation have been traditionally considered risk 
factors for ischemic stroke in MVP. However, specifi c risk factors for MVP-stroke subtypes 
are not well defi ned. Th e aim of this study is to evaluate clinical and echocardiographic 
parameters, including left  atrial (LA) function, in MVP with cryptogenic (C) versus non-
cryptogenic (NC) stroke. Methods: MVPs (defi ned as leafl et displacement > 2 mm) were 
identifi ed in consecutive echocardiograms obtained aft er a stroke from January 2013 to 
December 2016. Age/gender matched MVPs without stroke and healthy controls without 
MVP were also identifi ed. We analyzed LA end-systolic/diastolic volume index, emptying 
fraction (LAEF), function index (LAFI), and global longitudinal strain (LA GLS) in all 
MVPs and controls. We also measured left  ventricular (LV) volume indexes, mass index, 
EF, degree of MR and leafl et thickness. Results: We identifi ed a total of 30 MVP with 
stroke (11 with C- and 19 with NC-stroke), 20 MVPs without a stroke and 16 controls. 
MVPs without stroke had lower BMI, less hypertension but more MR (≥ moderate in 45% 
versus 17%), more abnormal LA function (lower LAEF, LAFI) and larger LV volumes/
mass (all p < 0.05) when compared to MVPs with NC-stroke. Leafl et thickness was overall 
mild (< 3 mm) and similar in the 2 groups. Within the MVP stroke group, NC-stroke 
had higher BMI, more hypertension and more atrial fi brillation compared to C-stroke. 
In the variables tested, patients with C-stroke did not diff er from controls. Conclusions: 
MVP-related MR may be protective against stroke despite abnormal LA function. Risk of 
NC-stroke in MVP is related to common stroke risk factors rather than leafl et thickening. 
Th e etiology of C-stroke in MVP warrants further studies.

P2-105
In uence of EKG Gating on Atrial Strain and Variability of the 
Measure in Athletes Attending the National Basketball Association 
Draft Combine
Baljash S. Cheema1, Menhel Kinno1, Sumeet S. Mitter2, Juliet Ryan1, Sasan 
R. Raissi1, William M. Schultz1, Kristoff  A. Olson1, Vera H. Rigolin1, Jyothy J. 
Puthumana1, James D. Th omas1. 1Northwestern University Feinberg School of 
Medicine, McGaw Medical Center, Chicago, IL; 2Mount Sinai, New York, NY
Background: Atrial strain has emerged as a novel parameter in the assessment of atrial 
function and remodeling. Controversy exists over the preferred method of EKG gating, 



Abstracts  B123Journal of the American Society of Echocardiography
Volume 31 Number 6

Poster Session 2 (P2) Monday, June 25, 2018

volumes. Th e indexed RA phasic volumes were in normal range in initial echo prior to 
surgery. We used normal index RA phasic volumes published by European Society of 
Echocardiography. Th ere was increasing trend of indexed RA phasic volume on follow up 
echo immediately before TOF repair. Th ese phasic volumes continued to remain elevated 
aft er complete surgical repair (Table 1). Trends in RA stroke volumes for all available 
echos before and aft er surgery were modeled using a population-averaged model with 
an exchangeable within-panel correlation structure (Figure 2), showing no statistical 
signifi cant diff erence aft er surgery. But there was statistical signifi cance noted in RA 
ejection fraction. Please see attached image for statistical analysis and results of the study. 
Conclusion: Th e indexed RA phasic volumes in children with TOF are normal initially 
and increases before TOF repair and it continued to increased aft er TOF repair. Th e 
increase RA phasic volumes suggest RV diastolic dysfunction similar to the fi ndings of 
LA phasic volumes and left  ventricular diastolic dysfunction. Our fi ndings indicate slow 
worsening RV diastolic function in patients with TOF aft er surgical repair. RA volume 
and function can be novel marker to diagnose and monitor right ventricular diastolic 
dysfunction.

P2-99
Association of Left Atrial Function by Echocardiography in 
Patients Following Catheter Ablation of Atrial Fibrillation: 
Comparing Functional Indices and Strain to Predict Clinical 
Outcomes
Carolyn Enders1, Hong Zheng2, Dwight Bibby3, Shudhanshu Alishetti1, Cindy 
Wang1, Cindy Swears1, Yuping Dai1, Guadalupe Miranda1, Jie Yang4, Elaine Yan1, 
Ruba Al Sabouni1, Eli Morris1, Richard Hongo1, Steve Hao1, Andrea Natale1, 
Salwa Beheiry1, Richard Shaw1, Nelson Schiller1, Andrew Rosenblatt1. 1California 
Pacifi c Medical Center, San Francisco, CA; 2North East Medical Services, San 
Francisco, CA; 3University of California, San Francisco, San Francisco, CA; 
4Highland Hospital, Oakland, CA
Background: Atrial fi brillation (AF) ablation is successful without recurrence in over 
70% of patients aft er a year. Measuring the impact of ablation on LA function may 
provide insight into the mechanistic underpinning of recurrence and provide a means of 
documenting recovery. Our objective was to quantify LA strain (LAS), LA function index 
(LAFI), and diastolic function as more advanced methods of measuring LA function 
change cause by AF ablation, and to better predict which patients may remain in normal 
sinus rhythm following their ablation. Methods: In a prospective study, 50 patients with 
symptomatic paroxysmal (18) or persistent AF (32), scheduled for fi rst-time AF ablation, 
underwent echocardiographic measures of the LA before ablation and immediately post 
ablation (within 48 hours). Th e Toshiba America Medical echocardiographic system 
was used to measure 2-D and 3-D LA parameters, including LAS, LA ejection fraction 
(LAEF), LA volumes, mitral infl ow Doppler (E and A velocity, deceleration time), and 

Left  ventricular outfl ow tract velocity time integral (LVOT VTI). 2-D LA function index 
(LAFI) was calculated as ((LAEF x LVOTVTI)/LA end systolic volume index). 48 patients 
had clinical outcomes, followed for a mean of 10.1 + 4 months. Th ere were 15 patients 
who had follow up echocardiograms with the same LA function parameters. Results: 
Of the 48 patients followed clinically, 39 (72.9%) were in normal sinus rhythm at their 
latest follow up (mean 10.1 + 4 months) and 13 (27.1%) had a repeat ablation (mean 
8.8 + 4 months). Persistent AF at baseline was more likely (81.5% vs 12.5%, p=0.002) to 
result in recurrence of AF. Of the LA function parameters, lower LA emptying fraction, as 
calculated in LAFI was associated with increased AF recurrence (0.40 vs 0.49; p=0.039). 
Lower LAFI pre-ablation was more strongly associated with increased AF recurrence 
(0.1958 vs 0.3580; p=0.005). In the post-ablation study, lower LAFI was associated with 
increased AF recurrence (0.2271 vs 0.3119; p=0.054). Shorter deceleration time was 
associated with increased AF recurrence (169 vs 199; p=0.049). Conclusion: Preablation 
LAFI was the strongest predictor of recurrence of AF and was more predictive than 
persistent versus paroxysmal AF at baseline. LAS was not predictive of recurrence, but 
strain warrants reexamination when refi nements such as 3D strain are available.

P2-100
Left Atrial Sphericity Index Characterizes Left Atrial Function
Emily R. Cedarbaum, Dwight Bibby, Qizhi Fang, Nelson B. Schiller. University of 
California, San Francisco, San Francisco, CA
Background: Left  ventricular sphericity has been used as a descriptor of global left  
ventricular function and remodeling. Th ere are few studies investigating left  atrial (LA) 
sphericity in settings other than atrial fi brillation. We hypothesize that LA sphericity 
falls within a narrow range of values in healthy subjects and that increased LA sphericity 
is a measure of impaired LA function. Methods: Two-dimensional LA sphericity was 
measured in end-diastole and end-systole in 123 healthy subjects (mean age 44±15) and 
in 18 subjects with cryptogenic stroke (mean age 58±13). Measurements were performed 
using a GE Vivid E9 system with EchoPAC soft ware. LA sphericity index (LASph) was 
calculated as (ESV or EDV)/[(LA diameter3 x π)/6]. LASph was compared to age, sex, LA 
function index, LA emptying fraction, and exercise tolerance. Results: In healthy subjects, 
LASph was not associated with age, sex, or exercise tolerance. Systolic & diastolic LASph 
was signifi cantly associated with LA function index (p=0.0001 for diastole, p=0.001 for 
systole) and LA emptying fraction (p=0.0456 for diastole, p=0.001 for systole). Th is 
correlation was stronger for systolic LASph than for diastolic LASph. Systolic LASph was 
signifi cantly greater in patients with cryptogenic stroke compared to healthy patients, but 
there was no signifi cant diff erence in LA emptying fraction or LA function index between 
these groups (Table 1). Conclusion: LA sphericity index is a measure of LA shape that 
may be a useful descriptor of LA function. Patients with a history of cryptogenic stroke 
have signifi cantly greater LASph than healthy patients. Th is study establishes the normal 
range for LASph and suggests that abnormalities in LASph are found in association 
with patients with cryptogenic stroke. Th ese changes may precede diff erences in other 
descriptors of LA function.
Table 1: Measures of LA function in patients with and without cryptogenic stroke

Healthy patients (n=123) Cryptogenic stroke (n=18) p-value
Age (years) 44 ± 15 58 ± 13 0.0003
Male 65 (53%) 10 (56%) 0.05
LA Function Index 0.52 ± 0.15 0.46 ± 0.15 0.181

LA Emptying Fraction (%) 61 ± 8 54 ± 10 0.181

LASph End-Systole 0.25 ± 0.07 0.32 ± 0.07 0.0031

LASph End-Diastole 0.51 ± 0.13 0.52 ± 0.13 0.61

1adjusted for age & gender

P2-101
Assessment of Global Myocardial Deformation in Fetal 
Tachyarrhythmias
Geetha Challapudi, Rukmini Komarlu. Cleveland Clinic Children‘s Hospital, 
Cleveland, OH
Background: Two-dimensional speckle-tracking echocardiography (2D-STE) is a 
newer diagnostic imaging modality that allows assessment of myocardial deformation. 
Th e published correlations of global and regional strain and strain rate data with 
advancing pregnancy are based on cross-sectional data (e.g., gestational age (GA) range 
13-40 weeks). 2D-STE is an angle independent technique for assessment of myocardial 
deformation, which has allowed detection of preclinical myocardial dysfunction in 
children and adults. We sought to analyze if fetal left  ventricular strain could be used 
as a tool to monitor eff ects of therapy and help determine timing of delivery in fetuses 
with sustained tachyarrhythmia. Methods: We retrospectively analyzed fetuses with 
tachyarrhythmia in the fetal cardiology clinic at Cleveland Clinic Foundation from 
1/2000 to 1/2017. Fetuses with isolated ectopy and structural heart disease were excluded; 
Strain analysis was performed retrospectively using VVI Soft ware; this was correlated 
with timing of tachyarrhythmia, initiation of therapy and disease progression in the fetus. 
Type of tachyarrhythmia, anti- arrhythmic therapy, GA, cardiovascular profi le score and 
postnatal outcomes were recorded. Results: A total of 11 fetuses with tachyarrhythmias 
were identifi ed with GA between 21 to 36 weeks at time of onset of arrhythmia. 
Arrhythmias identifi ed included: AVRT (45%), atrial tachycardia (36%) and atrial fl utter 
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(18%). Of 11 fetuses, 5 had anti arrhythmic therapy given to mothers while 4 converted 
spontaneously and 2 delivered at outside institutions. 2D STE measurements were found 
to be signifi cantly reduced with the fetus in tachyarrhythmia (GLV 0.52+/-0.58cm/sec; 
strain -3.58+/- 4.97%; SR -0.67+/- 0.84/sec); and improved with return to sinus rhythm 
(GLV 1.29+/-1.29cm/sec, strain -8.86+/-8.5%; SR -1.35+/-1.42/sec) reaching statistical 
signifi cance. Conclusion: Our study is the fi rst to evaluate myocardial deformation in 
fetal tachy-arrhythmias. We note that 2D STE analysis is a useful adjunctive benefi cial 
tool to assess myocardial function in fetal arrhythmia. Th erapy and return to sinus rhythm 
appeared to result in improved deformation parameters. It will also aid in predicting the 
potential outcomes of the fetuses and timing of delivery.

P2-102
Relationship Between the Thrombus on Device and Selection of 
Anticoagulant Drugs after Left Arial Appendage Closure
Zhiqing Qiao1, Heng Ge1, Ziyong Hao1, Lisheng Jiang1, Zheng Li1, Xinhua Wang1, 
Xuedong Shen1, Ben He2. 1Renji Hospital, Shanghai Jiao Tong University School of 
Medicine, Shanghai, China; 2Shanghai Chest Hospital, Shanghai, China
Background: Left  atrial appendage closure (LAAC) is the latest interventional procedure 
for prevention of stroke in patients with atrial fi brillation. However, we found that 
some patients suff ered from thrombus on the device during follow-up aft er two 
months of LAAC. Further observation showed that most of patients with thrombus 
were administered dabigatran aft er LAAC. Th e aim of this study was to clarify the 
relationship between the thrombosis and selection of the anticoagulant drugs aft er 
LAAC. Methods: Study population included 98 patients (62 males, mean age 68.3 ± 9.7 
years) with atrial fi brillation who had been successfully implanted with LAAC devices in 
our hospital. Continuous anticoagulation was administered for 2 months aft er LAAC. 
Forty-eight patients were treated with warfarin (INR range 2-3), 39 patients treated 
with 110 mg dabigatran twice-daily, and 11 patients treated with 20 mg rivaroxaban 
once-daily. Th ere was no signifi cant diff erence in CHA2DS2-VASc scores and HAS-
BLED scores before LAAC among these three groups. Two-dimensional and three-
dimensional transesophageal echocardiography (TEE) underwent at the end of 2-month 
anticoagulation. Results: Th ere were 7 patients (7%) with thrombus on the top of LAAC 
device detected by TEE aft er two-month anticoagulation. Th e thrombus looked like a 
pile of cow dung on the crown and fi rmly stuck to the crown. One patient (2%) with 
thrombus received warfarin and 6 patients (15%) with thrombus received dabigatran. 
None of patient with thrombus received rivaroxaban. Th e thrombosis was signifi cantly 
related to the selection of anticoagulant drugs (p = 0.035) by one-way ANOVA analysis. 
Dabigatran group was associated with nearly 10- folds compared to other two groups 
in the prevalence of postoperative thrombosis (odds = 9.4, p = 0.037) by binary logistic 
regression analysis. However, the incidence of thrombosis was no signifi cant correlation 
with gender, age, atrial fi brillation classifi cation, CHA2DS2-VASc score, HAS-BLED 
score, preoperative BNP measurement, left  atrial size, left  ventricular ejection fraction, 
history of diabetes, hypertension, stroke, renal insuffi  ciency (p> 0.05 in all). Conclusion: 
Th e selection of anticoagulant drugs is critical for patients with atrial fi brillation aft er 
LAAC. Th e prevalence of thrombosis in patients administered dabigatran 110mg was 
associated with nearly 10-folds than the patients with warfarin or rivaroxaban. It is likely 
to increase the dosage of dabigatran or choose other anticoagulant drugs to avoid device 
thrombosis aft er LAAC.

P2-103
Left Atrium Changes in Patients with Maintenance Hemodialysis: 
Assessment via Real-Time Three-Dimensional Echocardiography
Minmin Sun, Xuesen Cao, Yao Guo, Xiao Tan, Lili Dong, Cuizhen Pan, Xianhong 
Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Purpose: Previous studies have shown that increased left  atrium (LA) volume predicts 
mortality in patients undergoing maintenance hemodialysis (MHD). We used real-time 
three-dimensional echocardiography (RT-3DE) to evaluate the long-term and immediate 
changes of LA function in MHD patients. Methods: Echocardiography was performed 
on 112 consecutively enrolled individuals, including 37 controls and 75 MHD patients. 
Conventional echocardiographic parameters and RT-3DE parameters of left  atrium were 
obtained. Among them, twenty-eight patients were analyzed before and immediately 
aft er one hemodialysis session. LA maximum, minimum and pre-atrial contraction 
volumes (LAV-max, LAV-min, LAV-preA) were measured and LA reservoir, conduit 
and booster pump function were assessed. Results: Compared to the control group, 
MHD patients had markedly enlarged LA volumes (LAV-max: 38.1±10.5ml/m2 VS 
26.9±7.8 ml/m2, LAV-min:15.2±4.7ml/m2 VS 9.9±3.0 ml/m2, LAV-preA: 29.3±9.2ml/m2 
VS 16.8±5.1ml/m2, all p<0.001). Additionally, LA reservoir and conduit function were 
repaired, while the booster pump function was enhanced: LA global ejection fraction 
(LAEF): 60.3±4.7% VS 63.1±5.2%; LA passive EF(LAPEF): 23.1±10.6% VS 37.0±8.4%; 
LA active EF(LAAEF) : 47.6±7.7% VS 40.8±7.5%, all p<0.01. Aft er one session of 
hemodialysis, LA volumes were decreased signifi cantly (LAV-max: from 35.8±9.8ml/m2 
to 32.0±10.4ml/m2; LAV-min: from 14.3±4.5ml/m2 to 12.0±4.8 ml/m2; LAV-preA: from 
27.6±8.0ml/m2 to 24.5±9.0 ml/m2, all p<0.05). Th e LA booster pump function (LAAEF) 
was enhanced and the conduit function (LAPEF) remained unchanged, hence LAEF was 
increased signifi cantly (LAAEF: from 48.0±7.7% to 51.0±6.0%, p=0.045; LAPEF: from 
22.6±10.8% to 23.9±11.0%, p=0.461; LAEF: from 60.4±5.2% to 63.0±4.9%, p=0.004). In 
the MHD cohort, LA volumes were positively correlated with the serum concentration 
of NT-proBNP (r=0.406 for LAV-max, r=0.420 for LAV-min and r=0.415 for LAV-
preA, all p<0.05). Conclusions: MHD patients endure LA enlargement and functional 
impairments. Aft er one session of HD, LA booster pump function was enhanced as a 
compensatory mechanism for volume reduction. RT-3DE may have potential in the LA 
evaluation in MHD patients.

P2-104
Stroke in Mitral Valve Prolapse: Risk Factors and Left Atrial 
Function in Cryptogenic Versus Non-Cryptogenic Ischemic 
Subtypes
Lisa J. Lim, Leticia Blazquez Arroyo, Qingyang Yuan, Dwight Bibby, Qizhi Fang, 
Nelson B. Schiller, Francesca N. Delling. UCSF, San Francisco, CA
Background and Purpose: Mitral valve prolapse (MVP) has been associated with an 
increased risk of ischemic stroke. Older age, thicker mitral leafl ets, and signifi cant mitral 
regurgitation (MR) leading to atrial fi brillation have been traditionally considered risk 
factors for ischemic stroke in MVP. However, specifi c risk factors for MVP-stroke subtypes 
are not well defi ned. Th e aim of this study is to evaluate clinical and echocardiographic 
parameters, including left  atrial (LA) function, in MVP with cryptogenic (C) versus non-
cryptogenic (NC) stroke. Methods: MVPs (defi ned as leafl et displacement > 2 mm) were 
identifi ed in consecutive echocardiograms obtained aft er a stroke from January 2013 to 
December 2016. Age/gender matched MVPs without stroke and healthy controls without 
MVP were also identifi ed. We analyzed LA end-systolic/diastolic volume index, emptying 
fraction (LAEF), function index (LAFI), and global longitudinal strain (LA GLS) in all 
MVPs and controls. We also measured left  ventricular (LV) volume indexes, mass index, 
EF, degree of MR and leafl et thickness. Results: We identifi ed a total of 30 MVP with 
stroke (11 with C- and 19 with NC-stroke), 20 MVPs without a stroke and 16 controls. 
MVPs without stroke had lower BMI, less hypertension but more MR (≥ moderate in 45% 
versus 17%), more abnormal LA function (lower LAEF, LAFI) and larger LV volumes/
mass (all p < 0.05) when compared to MVPs with NC-stroke. Leafl et thickness was overall 
mild (< 3 mm) and similar in the 2 groups. Within the MVP stroke group, NC-stroke 
had higher BMI, more hypertension and more atrial fi brillation compared to C-stroke. 
In the variables tested, patients with C-stroke did not diff er from controls. Conclusions: 
MVP-related MR may be protective against stroke despite abnormal LA function. Risk of 
NC-stroke in MVP is related to common stroke risk factors rather than leafl et thickening. 
Th e etiology of C-stroke in MVP warrants further studies.

P2-105
In uence of EKG Gating on Atrial Strain and Variability of the 
Measure in Athletes Attending the National Basketball Association 
Draft Combine
Baljash S. Cheema1, Menhel Kinno1, Sumeet S. Mitter2, Juliet Ryan1, Sasan 
R. Raissi1, William M. Schultz1, Kristoff  A. Olson1, Vera H. Rigolin1, Jyothy J. 
Puthumana1, James D. Th omas1. 1Northwestern University Feinberg School of 
Medicine, McGaw Medical Center, Chicago, IL; 2Mount Sinai, New York, NY
Background: Atrial strain has emerged as a novel parameter in the assessment of atrial 
function and remodeling. Controversy exists over the preferred method of EKG gating, 
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as well as the reliability of the measure between individuals and over time. Methods: 
From 2015-2016, male athletes at the National Basketball Association Draft  Combine 
underwent comprehensive echocardiography, and speckle-tracking echocardiography 
(STE) was used to measure left  atrial (LA) in 43 athletes and right atrial (RA) strain in 
40 athletes with GE Health Care’s EchoPac Soft ware. Booster, conduit, and reservoir 
strain were measured using P-P and R-R EKG gating. Inter-observer and intra-observer 
variability was assessed on 40% of the sample (18 athletes) using LA strain gated P-P. 
Diff erences in mean strain and inter-observer and intra-observer variability was assessed 
using paired samples t-tests. Strain is reported as a mean with one standard deviation. 
Results: Mean LA booster strain was signifi cantly higher with R-R gating relative to P-P 
gating, while mean LA conduit strain was higher with P-P gating relative to R-R gating. 
Th ere was no diff erence in mean LA reservoir strain. Mean RA booster and reservoir 
strain were higher with R-R gating relative to P-P, with no diff erence in mean conduit 
strain (Figure 1, Table 1). Th ere was a signifi cant diff erence in mean LA conduit and 
reservoir but not booster strain amongst our two observers, with no diff erence in mean 
LA strain when measured by the same observer on two occasions (Table 2). Conclusions: 
Atrial strain diff ers based on EGK gating, with booster strain varying the most in our 
sample. We found signifi cant inter-observer variability in LA strain, without signifi cant 
intra-observer variability.

 

P2-106
Is Transesophageal Echocardiographic Evaluation Prior to 
Cardioversion or Ablation Necessary in the Era of Non-vitamin K 
Antagonist Oral Anticoagulants?
Noreen Kelly, Shreya Shrestha, Danita Sanborn, Michael Picard. Massachusetts 
General Hospital, Boston, MA
Background: Non-vitamin K antagonist oral anticoagulants (NOACs) have a rapid onset 
of action, fi xed dosing, and limited drug and food interactions allowing patients to be 
therapeutically anticoagulated within minutes of taking the medication. In contrast, it is 
oft en diffi  cult for patients on warfarin to maintain a therapeutic international normalized 
ratio (INR) because of warfarin’s delayed onset of action and numerous drug and food 
interactions. Because of the favorable pharmacokinetic profi le of NOACs, we hypothesized 
that, in comparison to patients with a subtherapeutic INR, those who missed one or more 
NOAC doses in the three weeks prior to cardioversion or ablation would have a lower 
incidence of left  atrial appendage (LAA) thrombus on transesophageal echocardiography 
(TEE). Methods: We reviewed the electronic health records of all patients who had a TEE 

prior to cardioversion or ablation at Massachusetts General Hospital from November 14, 
2016 to March 31, 2017. Patient demographics, medical history, medication history, TEE 
results, and 30-day event rates (transient ischemic attack (TIA), stroke (CVA), myocardial 
infarction (MI), and other ischemic events) were recorded. Results: A total of 216 TEEs 
were performed of which 93 (43%) were performed because of a suspected subtherapeutic 
INR or missed NOAC dose. 41 (44%) patients were anticoagulated with warfarin and 52 
(56%) patients were anticoagulated with a NOAC. Th e majority (70%) of patients were 
male. Th e average age was 70 ± 9 with an average CHA2DS2-VASc score of 4. Th ere was 
no signifi cant diff erence in peak LAA emptying velocity between the warfarin group 
and NOAC group (warfarin: 36.0 cm/sec ± 16.6; NOAC: 37.2 cm/sec ± 13.1, p=.719). 
Th ere was no signifi cant diff erence between the two groups in the number of patients 
with spontaneous echo contrast (p=.147). None of the patients who reported missing 
one or more NOAC doses were found to have a LAA thrombus. Two (5%) patients who 
were anticoagulated with warfarin were found to have a LAA thrombus. Both patients 
with LAA thrombi had confi rmed subtherapeutic INRs and a history of mitral valve 
replacement. No patients in either group had a TIA, CVA, MI, or other ischemic event at 
30 days post-cardioversion or ablation. Conclusion: In this retrospective chart review, no 
patients who missed one or more NOAC doses in the three weeks prior to cardioversion 
or ablation were found to have a LAA thrombus. If this result is reproducible in a larger 
prospective study, it has the potential to change clinical practice, decrease unnecessary 
procedures, and reduce healthcare costs.

P2-107
Novel Oral Anti-Coagulant Therapy is Safe and Ef cacious in the 
Treatment of Intra-Cardiac Thrombi
Edin Sadic1, Francisco Alvarado1, Aarti Patel2. 1University of South Florida 
Internal Medicine Residency, Tampa, FL; 2University of South Florida 
Department of Cardiovascular Sciences, Tampa, FL
Data regarding use of novel oral anticoagulants (NOACs) for the treatment of left  
atrial (LA), left  atrial appendage (LAA), and left  ventricle (LV) intra-cardiac thrombi is 
particularly scarce. Current guidelines recommend the use of the vitamin K antagonist 
(VKA) Warfarin. Th is retrospective analysis investigated the safety and effi  cacy of 
NOACs in the successful resolution of intra-cardiac thrombi. Seventy-three consecutive 
patients with intracardiac thrombus identifi ed by Transesophageal echocardiogram were 
evaluated. Th rombus-related patient outcome data was then retrospectively collected, 
which included choice of anticoagulant (warfarin, dabigatran, rivaroxaban, edoxaban, 
apixaban), demographic data (age, gender), initial TEE fi ndings, follow-up TEE outcomes, 
and incidence of adverse events such as, major bleeding, myocardial infarction (MI), 
cardiac hospitalization, stroke/transient ischemic attack (TIA), and death. Clinical and 
baseline data were analyzed at baseline, follow up TEE exam, and 6 months post initial 
exam. Of patients in our study, 43 (58.9%) had successful resolution of intra-cardiac 
thrombi on follow-up TEE. Nineteen (44.2%) of the 43 patients with resolution were 
treated with warfarin, while 24 (55.8%) were treated with a NOAC. Observed thrombus 
resolution rate overall was 50% for the VKA group and 68.5% for the NOAC group. 91.7% 
of those patients on 300mg Dabigatran, 57.1% of those on 10mg Apixaban, and 55.6% 
of those on 20mg of Rivaroxaban had successful resolution of thrombi. Of patients with 
resolved thrombi, ten (23%) were female. Mean age in the VKA group was 71 and 69 in 
the NOAC group. Mean follow-up TEE time interval was 85.3 days for the VKA group 
and 104 days for the NOAC group. Th ere was one (5%) incident of cardiac hospitalization 
in the VKA group, and three (12.5%) incidents of cardiac hospitalization in the NOAC 
group - one with each NOAC type. No other adverse events were documented on chart 
review at 6 months. Our analysis suggests that NOAC therapy may equal, or even surpass, 
guideline recommended warfarin therapy in regards to safety and effi  cacy of intra-cardiac 
thrombus resolution. Th ese fi ndings indicate that NOACs may be a non-inferior option 
for the treatment of LA, LAA, and LV thrombi in the future. Further investigation is 
encouraging given NOACs’ rapid onset, short half-life, fi xed dosing, and few interactions 
when compared to warfarin. Additional studies are needed to further elucidate our study 
fi ndings.

P2-108
Impact of Left Ventricular Remodeling, Tissue Properties and 
Mitral Regurgitation Severity on Left Atrial Myocardial Function 
in Ischemic Mitral Regurgitation Assessed via Speckle Tracking 
Echocardiography
Maria Jose Romero-Castro, Brian Yum, Meridith P. Pollie, Maria Chiara 
Palumbo, Evelyn Horn, Richard B. Devereux, Jonathan W. Weinsaft , Jiwon Kim. 
Weill Cornell Medical Center, New York, NY
Background: Ischemic mitral regurgitation (iMR) provides a nidus for left  atrial 
dysfunction (LADYS), which can now be quantifi ed via echo derived strain. Impact of left  
ventricular (LV) tissue properties, function and volumetric remodeling on LA strain is 
unknown. Methods: Echo and stress cardiac magnetic resonance (CMR) were performed 
prospectively in iMR patients. Transthoracic echo quantifi ed MR, LV and LA function 
(2 and 4C reservoir strain, EF, fractional area change [FAC]): LADYS was defi ned via 
established strain criteria (2C global longitudinal strain<23%). Stress CMR provided a 
reference for LV tissue ischemia and infarction. Results: 107 iMR patients (82% M; 68±10 
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yo) were studied; 63% had LADYS. LADYS pts had greater MR (vena contracta [VC]: 0.4±0.1 
vs 0.3±0.1cm; p<0.001 | regurgitant fraction [RF]: 38±15 vs 31±13%; p=0.02), larger LA 
size (echo: 50±15 vs 33±9ml/m2; p<0.001 | CMR: 66±19 vs 49±14ml/m2; p<0.001), and 
lower LVEF (echo: 38±14 vs 51±13%; p<0.001 | CMR: 38±14 vs 51±13%; p<0.001) [Table]. 
Global LV tissue properties based on ischemia (14±10 vs 12±9% LV myocardium; p=0.6) 
and MI size (11±10 vs 10±9%; p=0.4) were similar between groups, as were corresponding 
regional LV indices (p=NS). LA 2C and 4C strain strongly correlated LA FAC and EF 
(r>0.90, p<0.001). In multivariable regression, LA strain was associated with MR severity 
(OR -0.3 per cm VC [CI (-38.8) - (-6.5)], p=0.007) and LVEF per 10% decrement (OR 0.7 
[CI 1.7-4.3], p<0.001). LA strain decreased stepwise in relation to both MR and LVEF 
(Figure), and was 1.6-fold lower in pts with advanced (≥moderate) MR (25±11 vs 16±8%; 
p<0.001). Whereas all echo LA variables diff ered between pts with and without advanced 
MR (all p<0.001), magnitude of diff erence was ~1.5-fold greater for 2C (relative Δ58%) 
and 4C strain (Δ48%) than for FAC (Δ36%, Δ41%) and EF (Δ33%, Δ36%) in co-localized 
views. Conclusions: Among iMR patients, impaired LA strain is common and strongly 
associated with adverse LV remodeling and MR severity independent of LV infarct size 
and ischemia burden.

Imaging Characteristics
Overall (n=107) LAdys +* (n=67) LAdys - (n=40) p

CARDIAC MAGNETIC RESONANCE
LA area (cm2) 28.8 ± 7.2 30.1 ± 7.1 24.2 ± 6.2 <0.001
LA volume (ml/m2) 59.5 ± 19.1 65.8 ± 19.3 49.2 ± 13.7 <0.001
LV ejection fraction (%) 42.9 ± 15.2 37.8 ± 14.2 51.3 ± 12.8 <0.001
LV end-diastolic volume (ml) 201.7 ± 63.9 211.5 ± 68.4 185.6 ± 52.9 0.004
LV end-systolic volume (ml) 121.6 ± 61.8 138.2 ± 65.2 94.2 ± 44.3 <0.001
LV infarct size (%LV) 10.7 ± 9.7 11.3 ± 10.0 9.6 ± 9.0 0.4
Global ischemia burden (%LV) 13.1 ± 9.4 13.6 ± 10.1 12.4 ± 8.6 0.6
ECHOCARDIOGRAPHY
LA dimension (cm) 4.4 ± 0.7 4.5 ± 0.8 4.2 ± 0.6 <0.001
LA area (cm2) 24.3 ± 6.4 26.4 ± 6.2 20.8 ± 5.0 <0.001
LA volume (ml/m2) 43.6 ± 15.4 49.8 ± 15.1 33.2 ± 9.2 <0.001
LA end-diastolic volume (ml) 77.3 ± 39.9 93.5 ± 40.8 50.1 ± 17.4 <0.001
LA end-systolic volume (ml) 130.9 ± 45.0 139.2 ± 47.3 116.9 ± 37.5 0.001
LA ejection fraction (%) 42.7 ± 14.7 34.2 ± 10.4 56.8 ± 8.7 <0.001
LA fractional area change (%) 30.9 ± 11.6 23.8 ± 7.7 42.6 ± 6.4 <0.001
LA 4C GLS (%) 18.9 ± 9.8 13.9 ± 6.8 27.4 ± 8.1 <0.001
LA 2C GLS (%) 21.5 ± 10.8 14.3 ± 5.3 33.2 ± 6.2 <0.001
LV ejection fraction (%) 42.0 ± 15.2 36.9 ± 14.0 50.7 ± 13.3 <0.001
LV end-diastolic volume (ml) 5.9 ± 0.6 5.9 ± 0.6 5.7 ± 13.3 0.03
LV end-systolic volume (ml) 4.7 ± 0.8 4.9 ± 0.9 4.2 ± 0.7 <0.001
MR severity grade (1-4) 1.6 ± 0.8 1.8 ± 0.9 1.3 ± 0.6 0.001
MR vena contracta (cm) 0.3 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 <0.001
MR regurgitant fraction (%) 35.9 ± 14.4 38.4 ± 14.5 31.4 ± 13.3 0.02

P2-109
Minimal Left Atrial Volume and Prognosis Following Myocardial 
Infarction
Sandhir B. Prasad1, Tony Stanton, 41522, Kristyan Guppy-Coles1, Rathika 
Krishnasamy1, James Armstrong1, John Atherton1, Liza Th omas1. 1Royal Brisbane 
and Women‘s Hospital, Brisbane, Australia; 2Royal Brisbane and Women‘s 
Hospital, Carindale, Australia
Background: Th e prognostic value of minimal left  atrial volume indexed to body size 
following myocardial infarction (MI) has not been studied previously. Th e aim of this 
study was to determine the relative prognostic value of minimal left  atrial volume index 
(LAVImin) compared to maximum left  atrial volume index (LAVImax) following a fi rst-
ever MI. Methods: Consecutive patients admitted to a single tertiary referral centre 
with a fi rst-ever non-ST-elevation-MI (NSTEMI) or ST-elevation-MI (STEMI) between 

Jaunuary 2013 and December 2014 were included. A comprehensive echocardiogram 
was performed early post- admission. LAVImax and LAVImin were determined using 
Simpson’s biplane method from 2D apical windows. LAVmin >18mls/m2 and LAVImax 
>34mls/m2 were considered enlarged. Outcomes data were obtained from a statewide 
death registry. Th e primary endpoint was composite MACE (death/MI/heart failure) 
with all-cause mortality as a secondary endpoint. Nested Cox models were constructed 
to test the incremental value of LAVI to clinical variables and left  ventricular ejection 
fraction (LVEF). Results: During the study period, 558 patients presented with a fi rst-
ever MI; aft er exclusions 392 were included in the study group. At a median follow-up 
of 24 months, there were 53 MACE events (13.5%) and 31 deaths (7.9%). On Kaplan 
Meir analysis, both LAVmin (log-rank χ² 11.5, p=0.001) and LAVImax (log-rank χ² 
7.4, p=0.007) were associated with increased MACE. On Cox proportional hazards 
multivariate analysis, LAVImin (HR 2.42[95%CI 1.28-4.57],p=0.007) but not LAVImax 
(HR1.72[95%CI 0.94-3.18], p=0.084) was an independent predictor of MACE. Similarly, 
for all-cause mortality, on Cox proportional hazards multivariate analysis, LAVImin (HR 
3.02[95%CI 1.21-7.52], p=0.018) but not LAVImax (HR 1.71[95%CI0.78-3.73],p=0.177) 
was an independent predictor. Using nested Cox models, the addition of LAVImin, but 
not LAVImax, to signifi cant clinical variables and LVEF produced a signifi cant increment 
in model power for both MACE and all-cause mortality. Conclusion: LAVImin is an 
independent predictor of outcomes following MI, and may be superior to LAVImax in 
this regard. Larger studies are needed to confi rm the latter fi nding.

P2-110
Regional Longitudinal Strain May Help to Reveal the Microvascular 
Dysfunction After Primary Percutaneous Coronary Intervention in 
Patient with ST-Segment Elevation Myocardial Infarction
Jiawei Tian, Chong Liu. Harbin Medical University, Harbin, China
Background: Microvascular function is useful for predicting long-term prognosis in 
patients with ST-segment elevation myocardial infarction (STEMI). Th is study sought 
to investigate the relationship between regional myocardial function and the degree of 
microvascular dysfunction. Methods: Forty-seven consecutive patients with STEMI were 
recruited. Th e culprit lesions of all individuals were in left  anterior descending coronary 
artery (LAD) qualifi ed by coronary angiography. Microvascular dysfunction was assessed 
by index of microcirculatory resistance (IMR), along with fractional fl ow reserve. Using 
the results of IMR, we divided them into 22 patients with severe ( ≥ 40) and 25 patients 
without or slightly microvascular dysfunction ( < 40). Echocardiographic examinations 
were taken at before and 1-month follow-up aft er primary percutaneous coronary 
intervention (PCI). Store the images of apical 2-, 3-, 4- chamber views for the subsequent 
analysis. Longitudinal strains were evaluated in all the patients using two dimensional 
speckle tracking echocardiography (2D-STE). Th en we compared the diff erences of all the 
strain parameters between the two groups. Regional longitudinal strain in LAD territory 
(RLS-LAD) was calculated as the mean peak systolic longitudinal strain of segments 
subtended by the LAD. Results: Th e values of RLS-LAD were similar between two groups 
before PCI. However, the patients with severe microvascular dysfunction had relatively 
lower values of RLS-LAD at 1-month follow-up aft er PCI, and the diff erences between 
the two groups were signifi cant (-10.7 ± 2.7 vs. -15.8 ± 3. 5 %, P < 0.05). Th e RLS-LAD 
showed good performance in detecting patients with severe microvascular dysfunction, 
with area under the receiver operating characteristic curve of 0.92. A RLS-LAD cutoff  
value of -12.3 % showed optimal sensitivity and specifi city (90.0/82.0%). Conclusion: In 
patients with STEMI, regional longitudinal strain acquired by 2D-STE might enable to 
detect patients with severe microvascular dysfunction, which could provide additional 
help for further therapy.

P2-111
Morbidity in Takotsubo Cardiomyopathy: Echocardiographic 
Predictors of Clinical Outcomes in a Detailed Cohort
Adil Wani1, Zach Singsank1, Susan Olet2, Renuka Jain3, Bijoy K. Khandheria4. 
1Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical 
Centers, Milwaukee, WI; 2Aurora Research Institute, Milwaukee, WI; 3Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Milwaukee, WI; 
4Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Marcus Family 
Fund for Echocardiography (ECHO) Research and Education, Milwaukee, WI
Background: Once considered a benign clinical disorder, Takotsubo cardiomyopathy 
(TCM) has been demonstrated in large registries to confer similar cardiovascular 
outcomes as acute coronary syndrome (ACS). Methods: We queried the electronic 
medical record for TCM patients from January 2012 - December 2014 in our integrated 
health system. Diagnosis was confi rmed by reviewing, in detail, the clinical data, 
coronary angiography, and echocardiography. Th e cohort was compared to a matched 
ACS population cohort. Baseline characteristics, in-hospital and clinical outcomes were 
collected up to 1 year. Results: Th ere were 207 patients with TCM in the study period, 
179 (86.5%) were female, mean age 66.5 ± 13.3 years. Th e most common morphology 
on echocardiogram was apical in 135 (65%) cases, mid-ventricular in 58 (28%), basal 
in 8 (4%), and focal in 6 (3%) cases. In-hospital mortality (4.3% vs 1.4%, p 0.027) and 
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as well as the reliability of the measure between individuals and over time. Methods: 
From 2015-2016, male athletes at the National Basketball Association Draft  Combine 
underwent comprehensive echocardiography, and speckle-tracking echocardiography 
(STE) was used to measure left  atrial (LA) in 43 athletes and right atrial (RA) strain in 
40 athletes with GE Health Care’s EchoPac Soft ware. Booster, conduit, and reservoir 
strain were measured using P-P and R-R EKG gating. Inter-observer and intra-observer 
variability was assessed on 40% of the sample (18 athletes) using LA strain gated P-P. 
Diff erences in mean strain and inter-observer and intra-observer variability was assessed 
using paired samples t-tests. Strain is reported as a mean with one standard deviation. 
Results: Mean LA booster strain was signifi cantly higher with R-R gating relative to P-P 
gating, while mean LA conduit strain was higher with P-P gating relative to R-R gating. 
Th ere was no diff erence in mean LA reservoir strain. Mean RA booster and reservoir 
strain were higher with R-R gating relative to P-P, with no diff erence in mean conduit 
strain (Figure 1, Table 1). Th ere was a signifi cant diff erence in mean LA conduit and 
reservoir but not booster strain amongst our two observers, with no diff erence in mean 
LA strain when measured by the same observer on two occasions (Table 2). Conclusions: 
Atrial strain diff ers based on EGK gating, with booster strain varying the most in our 
sample. We found signifi cant inter-observer variability in LA strain, without signifi cant 
intra-observer variability.

 

P2-106
Is Transesophageal Echocardiographic Evaluation Prior to 
Cardioversion or Ablation Necessary in the Era of Non-vitamin K 
Antagonist Oral Anticoagulants?
Noreen Kelly, Shreya Shrestha, Danita Sanborn, Michael Picard. Massachusetts 
General Hospital, Boston, MA
Background: Non-vitamin K antagonist oral anticoagulants (NOACs) have a rapid onset 
of action, fi xed dosing, and limited drug and food interactions allowing patients to be 
therapeutically anticoagulated within minutes of taking the medication. In contrast, it is 
oft en diffi  cult for patients on warfarin to maintain a therapeutic international normalized 
ratio (INR) because of warfarin’s delayed onset of action and numerous drug and food 
interactions. Because of the favorable pharmacokinetic profi le of NOACs, we hypothesized 
that, in comparison to patients with a subtherapeutic INR, those who missed one or more 
NOAC doses in the three weeks prior to cardioversion or ablation would have a lower 
incidence of left  atrial appendage (LAA) thrombus on transesophageal echocardiography 
(TEE). Methods: We reviewed the electronic health records of all patients who had a TEE 

prior to cardioversion or ablation at Massachusetts General Hospital from November 14, 
2016 to March 31, 2017. Patient demographics, medical history, medication history, TEE 
results, and 30-day event rates (transient ischemic attack (TIA), stroke (CVA), myocardial 
infarction (MI), and other ischemic events) were recorded. Results: A total of 216 TEEs 
were performed of which 93 (43%) were performed because of a suspected subtherapeutic 
INR or missed NOAC dose. 41 (44%) patients were anticoagulated with warfarin and 52 
(56%) patients were anticoagulated with a NOAC. Th e majority (70%) of patients were 
male. Th e average age was 70 ± 9 with an average CHA2DS2-VASc score of 4. Th ere was 
no signifi cant diff erence in peak LAA emptying velocity between the warfarin group 
and NOAC group (warfarin: 36.0 cm/sec ± 16.6; NOAC: 37.2 cm/sec ± 13.1, p=.719). 
Th ere was no signifi cant diff erence between the two groups in the number of patients 
with spontaneous echo contrast (p=.147). None of the patients who reported missing 
one or more NOAC doses were found to have a LAA thrombus. Two (5%) patients who 
were anticoagulated with warfarin were found to have a LAA thrombus. Both patients 
with LAA thrombi had confi rmed subtherapeutic INRs and a history of mitral valve 
replacement. No patients in either group had a TIA, CVA, MI, or other ischemic event at 
30 days post-cardioversion or ablation. Conclusion: In this retrospective chart review, no 
patients who missed one or more NOAC doses in the three weeks prior to cardioversion 
or ablation were found to have a LAA thrombus. If this result is reproducible in a larger 
prospective study, it has the potential to change clinical practice, decrease unnecessary 
procedures, and reduce healthcare costs.

P2-107
Novel Oral Anti-Coagulant Therapy is Safe and Ef cacious in the 
Treatment of Intra-Cardiac Thrombi
Edin Sadic1, Francisco Alvarado1, Aarti Patel2. 1University of South Florida 
Internal Medicine Residency, Tampa, FL; 2University of South Florida 
Department of Cardiovascular Sciences, Tampa, FL
Data regarding use of novel oral anticoagulants (NOACs) for the treatment of left  
atrial (LA), left  atrial appendage (LAA), and left  ventricle (LV) intra-cardiac thrombi is 
particularly scarce. Current guidelines recommend the use of the vitamin K antagonist 
(VKA) Warfarin. Th is retrospective analysis investigated the safety and effi  cacy of 
NOACs in the successful resolution of intra-cardiac thrombi. Seventy-three consecutive 
patients with intracardiac thrombus identifi ed by Transesophageal echocardiogram were 
evaluated. Th rombus-related patient outcome data was then retrospectively collected, 
which included choice of anticoagulant (warfarin, dabigatran, rivaroxaban, edoxaban, 
apixaban), demographic data (age, gender), initial TEE fi ndings, follow-up TEE outcomes, 
and incidence of adverse events such as, major bleeding, myocardial infarction (MI), 
cardiac hospitalization, stroke/transient ischemic attack (TIA), and death. Clinical and 
baseline data were analyzed at baseline, follow up TEE exam, and 6 months post initial 
exam. Of patients in our study, 43 (58.9%) had successful resolution of intra-cardiac 
thrombi on follow-up TEE. Nineteen (44.2%) of the 43 patients with resolution were 
treated with warfarin, while 24 (55.8%) were treated with a NOAC. Observed thrombus 
resolution rate overall was 50% for the VKA group and 68.5% for the NOAC group. 91.7% 
of those patients on 300mg Dabigatran, 57.1% of those on 10mg Apixaban, and 55.6% 
of those on 20mg of Rivaroxaban had successful resolution of thrombi. Of patients with 
resolved thrombi, ten (23%) were female. Mean age in the VKA group was 71 and 69 in 
the NOAC group. Mean follow-up TEE time interval was 85.3 days for the VKA group 
and 104 days for the NOAC group. Th ere was one (5%) incident of cardiac hospitalization 
in the VKA group, and three (12.5%) incidents of cardiac hospitalization in the NOAC 
group - one with each NOAC type. No other adverse events were documented on chart 
review at 6 months. Our analysis suggests that NOAC therapy may equal, or even surpass, 
guideline recommended warfarin therapy in regards to safety and effi  cacy of intra-cardiac 
thrombus resolution. Th ese fi ndings indicate that NOACs may be a non-inferior option 
for the treatment of LA, LAA, and LV thrombi in the future. Further investigation is 
encouraging given NOACs’ rapid onset, short half-life, fi xed dosing, and few interactions 
when compared to warfarin. Additional studies are needed to further elucidate our study 
fi ndings.

P2-108
Impact of Left Ventricular Remodeling, Tissue Properties and 
Mitral Regurgitation Severity on Left Atrial Myocardial Function 
in Ischemic Mitral Regurgitation Assessed via Speckle Tracking 
Echocardiography
Maria Jose Romero-Castro, Brian Yum, Meridith P. Pollie, Maria Chiara 
Palumbo, Evelyn Horn, Richard B. Devereux, Jonathan W. Weinsaft , Jiwon Kim. 
Weill Cornell Medical Center, New York, NY
Background: Ischemic mitral regurgitation (iMR) provides a nidus for left  atrial 
dysfunction (LADYS), which can now be quantifi ed via echo derived strain. Impact of left  
ventricular (LV) tissue properties, function and volumetric remodeling on LA strain is 
unknown. Methods: Echo and stress cardiac magnetic resonance (CMR) were performed 
prospectively in iMR patients. Transthoracic echo quantifi ed MR, LV and LA function 
(2 and 4C reservoir strain, EF, fractional area change [FAC]): LADYS was defi ned via 
established strain criteria (2C global longitudinal strain<23%). Stress CMR provided a 
reference for LV tissue ischemia and infarction. Results: 107 iMR patients (82% M; 68±10 
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yo) were studied; 63% had LADYS. LADYS pts had greater MR (vena contracta [VC]: 0.4±0.1 
vs 0.3±0.1cm; p<0.001 | regurgitant fraction [RF]: 38±15 vs 31±13%; p=0.02), larger LA 
size (echo: 50±15 vs 33±9ml/m2; p<0.001 | CMR: 66±19 vs 49±14ml/m2; p<0.001), and 
lower LVEF (echo: 38±14 vs 51±13%; p<0.001 | CMR: 38±14 vs 51±13%; p<0.001) [Table]. 
Global LV tissue properties based on ischemia (14±10 vs 12±9% LV myocardium; p=0.6) 
and MI size (11±10 vs 10±9%; p=0.4) were similar between groups, as were corresponding 
regional LV indices (p=NS). LA 2C and 4C strain strongly correlated LA FAC and EF 
(r>0.90, p<0.001). In multivariable regression, LA strain was associated with MR severity 
(OR -0.3 per cm VC [CI (-38.8) - (-6.5)], p=0.007) and LVEF per 10% decrement (OR 0.7 
[CI 1.7-4.3], p<0.001). LA strain decreased stepwise in relation to both MR and LVEF 
(Figure), and was 1.6-fold lower in pts with advanced (≥moderate) MR (25±11 vs 16±8%; 
p<0.001). Whereas all echo LA variables diff ered between pts with and without advanced 
MR (all p<0.001), magnitude of diff erence was ~1.5-fold greater for 2C (relative Δ58%) 
and 4C strain (Δ48%) than for FAC (Δ36%, Δ41%) and EF (Δ33%, Δ36%) in co-localized 
views. Conclusions: Among iMR patients, impaired LA strain is common and strongly 
associated with adverse LV remodeling and MR severity independent of LV infarct size 
and ischemia burden.

Imaging Characteristics
Overall (n=107) LAdys +* (n=67) LAdys - (n=40) p

CARDIAC MAGNETIC RESONANCE
LA area (cm2) 28.8 ± 7.2 30.1 ± 7.1 24.2 ± 6.2 <0.001
LA volume (ml/m2) 59.5 ± 19.1 65.8 ± 19.3 49.2 ± 13.7 <0.001
LV ejection fraction (%) 42.9 ± 15.2 37.8 ± 14.2 51.3 ± 12.8 <0.001
LV end-diastolic volume (ml) 201.7 ± 63.9 211.5 ± 68.4 185.6 ± 52.9 0.004
LV end-systolic volume (ml) 121.6 ± 61.8 138.2 ± 65.2 94.2 ± 44.3 <0.001
LV infarct size (%LV) 10.7 ± 9.7 11.3 ± 10.0 9.6 ± 9.0 0.4
Global ischemia burden (%LV) 13.1 ± 9.4 13.6 ± 10.1 12.4 ± 8.6 0.6
ECHOCARDIOGRAPHY
LA dimension (cm) 4.4 ± 0.7 4.5 ± 0.8 4.2 ± 0.6 <0.001
LA area (cm2) 24.3 ± 6.4 26.4 ± 6.2 20.8 ± 5.0 <0.001
LA volume (ml/m2) 43.6 ± 15.4 49.8 ± 15.1 33.2 ± 9.2 <0.001
LA end-diastolic volume (ml) 77.3 ± 39.9 93.5 ± 40.8 50.1 ± 17.4 <0.001
LA end-systolic volume (ml) 130.9 ± 45.0 139.2 ± 47.3 116.9 ± 37.5 0.001
LA ejection fraction (%) 42.7 ± 14.7 34.2 ± 10.4 56.8 ± 8.7 <0.001
LA fractional area change (%) 30.9 ± 11.6 23.8 ± 7.7 42.6 ± 6.4 <0.001
LA 4C GLS (%) 18.9 ± 9.8 13.9 ± 6.8 27.4 ± 8.1 <0.001
LA 2C GLS (%) 21.5 ± 10.8 14.3 ± 5.3 33.2 ± 6.2 <0.001
LV ejection fraction (%) 42.0 ± 15.2 36.9 ± 14.0 50.7 ± 13.3 <0.001
LV end-diastolic volume (ml) 5.9 ± 0.6 5.9 ± 0.6 5.7 ± 13.3 0.03
LV end-systolic volume (ml) 4.7 ± 0.8 4.9 ± 0.9 4.2 ± 0.7 <0.001
MR severity grade (1-4) 1.6 ± 0.8 1.8 ± 0.9 1.3 ± 0.6 0.001
MR vena contracta (cm) 0.3 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 <0.001
MR regurgitant fraction (%) 35.9 ± 14.4 38.4 ± 14.5 31.4 ± 13.3 0.02

P2-109
Minimal Left Atrial Volume and Prognosis Following Myocardial 
Infarction
Sandhir B. Prasad1, Tony Stanton, 41522, Kristyan Guppy-Coles1, Rathika 
Krishnasamy1, James Armstrong1, John Atherton1, Liza Th omas1. 1Royal Brisbane 
and Women‘s Hospital, Brisbane, Australia; 2Royal Brisbane and Women‘s 
Hospital, Carindale, Australia
Background: Th e prognostic value of minimal left  atrial volume indexed to body size 
following myocardial infarction (MI) has not been studied previously. Th e aim of this 
study was to determine the relative prognostic value of minimal left  atrial volume index 
(LAVImin) compared to maximum left  atrial volume index (LAVImax) following a fi rst-
ever MI. Methods: Consecutive patients admitted to a single tertiary referral centre 
with a fi rst-ever non-ST-elevation-MI (NSTEMI) or ST-elevation-MI (STEMI) between 

Jaunuary 2013 and December 2014 were included. A comprehensive echocardiogram 
was performed early post- admission. LAVImax and LAVImin were determined using 
Simpson’s biplane method from 2D apical windows. LAVmin >18mls/m2 and LAVImax 
>34mls/m2 were considered enlarged. Outcomes data were obtained from a statewide 
death registry. Th e primary endpoint was composite MACE (death/MI/heart failure) 
with all-cause mortality as a secondary endpoint. Nested Cox models were constructed 
to test the incremental value of LAVI to clinical variables and left  ventricular ejection 
fraction (LVEF). Results: During the study period, 558 patients presented with a fi rst-
ever MI; aft er exclusions 392 were included in the study group. At a median follow-up 
of 24 months, there were 53 MACE events (13.5%) and 31 deaths (7.9%). On Kaplan 
Meir analysis, both LAVmin (log-rank χ² 11.5, p=0.001) and LAVImax (log-rank χ² 
7.4, p=0.007) were associated with increased MACE. On Cox proportional hazards 
multivariate analysis, LAVImin (HR 2.42[95%CI 1.28-4.57],p=0.007) but not LAVImax 
(HR1.72[95%CI 0.94-3.18], p=0.084) was an independent predictor of MACE. Similarly, 
for all-cause mortality, on Cox proportional hazards multivariate analysis, LAVImin (HR 
3.02[95%CI 1.21-7.52], p=0.018) but not LAVImax (HR 1.71[95%CI0.78-3.73],p=0.177) 
was an independent predictor. Using nested Cox models, the addition of LAVImin, but 
not LAVImax, to signifi cant clinical variables and LVEF produced a signifi cant increment 
in model power for both MACE and all-cause mortality. Conclusion: LAVImin is an 
independent predictor of outcomes following MI, and may be superior to LAVImax in 
this regard. Larger studies are needed to confi rm the latter fi nding.

P2-110
Regional Longitudinal Strain May Help to Reveal the Microvascular 
Dysfunction After Primary Percutaneous Coronary Intervention in 
Patient with ST-Segment Elevation Myocardial Infarction
Jiawei Tian, Chong Liu. Harbin Medical University, Harbin, China
Background: Microvascular function is useful for predicting long-term prognosis in 
patients with ST-segment elevation myocardial infarction (STEMI). Th is study sought 
to investigate the relationship between regional myocardial function and the degree of 
microvascular dysfunction. Methods: Forty-seven consecutive patients with STEMI were 
recruited. Th e culprit lesions of all individuals were in left  anterior descending coronary 
artery (LAD) qualifi ed by coronary angiography. Microvascular dysfunction was assessed 
by index of microcirculatory resistance (IMR), along with fractional fl ow reserve. Using 
the results of IMR, we divided them into 22 patients with severe ( ≥ 40) and 25 patients 
without or slightly microvascular dysfunction ( < 40). Echocardiographic examinations 
were taken at before and 1-month follow-up aft er primary percutaneous coronary 
intervention (PCI). Store the images of apical 2-, 3-, 4- chamber views for the subsequent 
analysis. Longitudinal strains were evaluated in all the patients using two dimensional 
speckle tracking echocardiography (2D-STE). Th en we compared the diff erences of all the 
strain parameters between the two groups. Regional longitudinal strain in LAD territory 
(RLS-LAD) was calculated as the mean peak systolic longitudinal strain of segments 
subtended by the LAD. Results: Th e values of RLS-LAD were similar between two groups 
before PCI. However, the patients with severe microvascular dysfunction had relatively 
lower values of RLS-LAD at 1-month follow-up aft er PCI, and the diff erences between 
the two groups were signifi cant (-10.7 ± 2.7 vs. -15.8 ± 3. 5 %, P < 0.05). Th e RLS-LAD 
showed good performance in detecting patients with severe microvascular dysfunction, 
with area under the receiver operating characteristic curve of 0.92. A RLS-LAD cutoff  
value of -12.3 % showed optimal sensitivity and specifi city (90.0/82.0%). Conclusion: In 
patients with STEMI, regional longitudinal strain acquired by 2D-STE might enable to 
detect patients with severe microvascular dysfunction, which could provide additional 
help for further therapy.

P2-111
Morbidity in Takotsubo Cardiomyopathy: Echocardiographic 
Predictors of Clinical Outcomes in a Detailed Cohort
Adil Wani1, Zach Singsank1, Susan Olet2, Renuka Jain3, Bijoy K. Khandheria4. 
1Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical 
Centers, Milwaukee, WI; 2Aurora Research Institute, Milwaukee, WI; 3Aurora 
Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Milwaukee, WI; 
4Aurora Cardiovascular Services, Aurora Sinai/Aurora St. Luke‘s Medical Centers, 
University of Wisconsin School of Medicine and Public Health, Marcus Family 
Fund for Echocardiography (ECHO) Research and Education, Milwaukee, WI
Background: Once considered a benign clinical disorder, Takotsubo cardiomyopathy 
(TCM) has been demonstrated in large registries to confer similar cardiovascular 
outcomes as acute coronary syndrome (ACS). Methods: We queried the electronic 
medical record for TCM patients from January 2012 - December 2014 in our integrated 
health system. Diagnosis was confi rmed by reviewing, in detail, the clinical data, 
coronary angiography, and echocardiography. Th e cohort was compared to a matched 
ACS population cohort. Baseline characteristics, in-hospital and clinical outcomes were 
collected up to 1 year. Results: Th ere were 207 patients with TCM in the study period, 
179 (86.5%) were female, mean age 66.5 ± 13.3 years. Th e most common morphology 
on echocardiogram was apical in 135 (65%) cases, mid-ventricular in 58 (28%), basal 
in 8 (4%), and focal in 6 (3%) cases. In-hospital mortality (4.3% vs 1.4%, p 0.027) and 
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major adverse cardiac events (MACE) (57.0% vs 36.7%, p<0.001) were higher in TCM 
than ACS patients. At 1 year, there was no diff erence in mortality, but higher 1-year 
MACE for TCM patients (30.9% vs 23.2%, p<0.038). Th ere were no statistical diff erences 
in-hospital MACE between morphologies (apical n=45 (33%) vs. non-apical (n=19 
(26.5%) p=0.303). On multivariate analysis, predictors of hospital MACE were driven 
by clinical characteristics (pulmonary disease, secondary TCM, admitting diagnosis of 
infection) and not by TCM morphology. Th e only echocardiographic characteristic that 
predicted MACE was LV ejection fraction < 45% (Odds Ratio 2.89 [95% CI 1.2 - 7.2] 
p=0.026). Th ere were 9 (4.3%) cases of recurrent TCM, of which 4 patients developed 
a diff erent morphology of TCM at second presentation. TCM patients prescribed beta-
blockers on discharge had signifi cantly lower readmission, 1-year MACE, and mortality. 
Conclusions: TCM patients had a high rate of in-hospital and follow-up clinical events, 
and certain clinical characteristics predicted worse prognosis, regardless of morphology 
on echocardiography. Th e only echocardiographic characteristics that predicted in 
hospital MACE was LVEF < 45%.

P2-112
Detection of Exercise-Induced Abnormalities of Myocardial 
Deformation in Patients with Unrepaired Anomalous Aortic Origin 
of the Right Coronary Artery
Edem Binka, Scott Wood, W. Reid Th ompson. Johns Hopkins Hospital, Division 
of Pediatric Cardiology, Baltimore, MD
Background: Congenital coronary artery anomalies are rare but may have signifi cant 
clinical repercussions including sudden death. Th e management of asymptomatic patients 
with anomalous aortic origin of the right coronary artery (AAORCA) is controversial 
and evidence-based risk stratifi cation recommendations are lacking. Specifi cally, the role 
of stress imaging in patients with AAORCA to evaluate risk is unclear. Based on data 
in adults with right coronary atherosclerotic disease, we hypothesized that at least some 
patients with AAORCA may have exercise-inducible abnormalities in regional myocardial 
deformation detectable by echocardiography. Methods: 21 patients with unrepaired 
AAORCA and 11 controls who had treadmill exercise stress echocardiography (ESE) 
were studied. Regional wall motion, assessed by visual inspection, and tissue velocity 
imaging were evaluated at baseline and during recovery. Time to peak left  ventricular 
(LV) systolic longitudinal strain corrected for heart rate (TPSc) for the inferior wall was 
calculated and the post to pre exercise ratio (TPScR) was obtained. A secondary analysis 
evaluated LV inferior wall TPScR from 12 patients who had ESE following surgery for 
AAORCA. Patients were compared to controls using the 1-tailed Student‘s t test, with the 
level of signifi cance set at P < .05. Results: No regional wall motion or ECG abnormalities 
were noted at rest or aft er peak exercise in patients or controls. TPS following exercise 
was delayed compared to baseline in the inferior wall of some patients with unrepaired 
AAORCA (Figure 1). Mean TPScR was signifi cantly higher for patients than controls 
(0.99 +0.40 vs. 0.76 +0.18, p = 0.047). Th ere was no signifi cant diff erence in inferior wall 
TPScR between repaired patients and controls (p = 0.23). Conclusion: In patients with 
unrepaired AAORCA, time to peak strain following exercise is prolonged in segments 
supplied by the right coronary artery, presumably due to induced ischemia not detectable 
by wall motion analysis or ECG changes. Th is is the fi rst demonstration of an exercise-
induced abnormality of ventricular function in AAORCA. Further work is needed to 
ascertain the potential role of this fi nding in risk assessment.

P2-113
Two-Dimensional Area-Length Method Better Estimates Actual 
Left Ventricular Weight Compared to M-mode Linear Method in 
Swine Models of Ischemic Heart Disease
Satoshi Miyashita, Shin Watanabe, Olympia Bikou, Kenneth Fish, Roger J. Hajjar, 
Kiyotake Ishikawa. Cardiovascular Research Center, Icahn School of Medicine at 
Mount Sinai, New York, NY
Background: Left  Ventricular (LV) mass is an essential risk factor and a strong predictor 
of cardiovascular diseases. M-mode and two-dimensional echocardiography (2DE) off er 
fast and cost-effi  cient estimation of LV mass. However, their accuracy against actual LV 
weight in diseased heart has not been systematically evaluated. Th e aim of this study 
was to examine agreement and correlation of the LV mass estimated by M-mode-based 
linear method and 2DE-based area-length method against actual LV weight. Methods: 
Yorkshire swine underwent induction of various etiologies of sub-acute and chronic heart 

failure including ischemic heart disease (IHD), volume-overload, and pressure-overload. 
LV mass was measured by M-mode-based linear method as well as 2DE-based area-
length method and were compared to the actual LV weight measured at autopsy. Simple 
linear regression and the Bland-Altman analysis were performed. Impact of myocardial 
infarction was evaluated by separately analyzing those with and without IHD. Results: 
Twenty-seven pigs without any cardiac diseases, 32 pigs with non-IHD heart failure, and 
195 pigs with IHD were included in the analysis (total n = 254). A strong positive linear 
relationship to the LV weight was found with area-length method (r = 0.82, p < 0.001), 
whereas moderate linear relationship was found with linear method in overall population 
(r = 0.68, p < 0.001). Th ere was a statistically signifi cant diff erence between the two 
correlation coeffi  cients (p = 0.0003). While both methods demonstrated similar strong 
linear relationships to the LV weight in pigs without IHD, area-length method exhibited 
superior correlation and agreement in pigs with IHD. Th e Bland-Altman analysis 
revealed signifi cant overestimation using linear method as the LV weight increased. 
Conclusion: Both linear and area-length methods provide good estimation of LV weights 
in pig models of heart diseases. Area-length method off ers better estimation compared to 
the linear method in pigs with IHD.

P2-114
Echocardiographic Indices of Regional Deformation Predict 
Left Ventricular Thrombus following Anterior Wall ST-Segment 
Elevation Myocardial Infarction
Afi achukwu Onuegbu1, Evann Eisenberg1, Tatsiana Aleksandrovich2, Daniel 
Daniel Spevack1. 1Montefi ore Medical Center, Bronx, NY; 2Jacobi Medical Center, 
Bronx, NY
Background: Left  Ventricular (LV) thrombus formation oft en occurs between 24 hours 
and 2 weeks aft er anterior wall ST-segment elevation myocardial infarction (AW-STEMI). 
Speckle tracking imaging (STI) parameters have been used to quantify LV contractility by 
assessing global and regional LV strain. We sought to test if STI derived strain parameters 
were associated with LV thrombus aft er reperfusion therapy for AW-STEMI. Methods: 
From the Montefi ore Medical Center cardiology database we identifi ed 74 subjects who 
had AW-STEMI and had transthoracic echocardiography (TTE) performed within 24 
hours of reperfusion therapy between 2008 - 2014. TTE were reviewed for the presence 
of LV thrombus and the studies were re-analyzed for STI regional and global strain 
parameters using Cardiac Performance Analysis - Tomtec soft ware. Results: Study 
subjects were age 59 ± 13 years and 31% were female. Th ose with LV thrombus (n=16) 
more frequently had chest pain for >24 hours (44% versus 16%, p < 0.02), lower ejection 
fraction (31 ± 6% versus 35 ± 6%, p = 0.03), and more frequently had aneurysmal apex 
(22% versus 0%, p < 0.01) than those without LV thrombus. Global longitudinal strain 
was worse (less negative) among patients with LV thrombus (-2.3 ± 4.4% versus -5.1 ± 
3.9%, p = 0.04). Regional strain was shown to be worse in the mid anterior (-8.0 ± 3.7 
versus -10.6 ± 4.4, p = 0.05) and mid anteroseptal walls (-7.7 ± 3.02 versus -10.9 ± 4.2, p = 
0.01) in subjects that had LV thrombus. No diff erences were noted in the subjective wall 
motion score for the LV apical segments (3.2 ± 0.5 versus 3.0 ± 0.5, p = 0.12) and the non-
apical segments (14.2 ± 4.9 versus 14.3 ± 4.6, p = 0.94) between those with and without LV 
thrombus respectively. Conclusion: In subjects with LV thrombus following AW-STEMI, 
STI strain indices detected subtle reductions in the mid anterior and mid anteroseptal 
segments that were not perceived by subjective assessment of wall motion. Routine use 
of these parameters in subjects with AW-STEMI may therefore improve prediction of 
thrombus development.
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Table of Results
LV thrombus Non LV thrombus P value

Global longitudinal strain (%) -2.3 ± 4.4 -5.1 ± 3.9 0.04
mid anterior strain (%) -8.0 ± 3.7 -10.6 ± 4.4 0.05
mid anteroseptal strain (%) -7.7 ± 3.02 -10.9 ± 4.2 0.01
LV apical wall motion score 3.2 ± 0.5 3.0 ± 0.5 0.12
LV Non-apical wall motion score 14.2 ± 4.9 14.3 ± 4.6 0.94

P2-115
Tako-tsubo Syndrome in Acute Myocardial Infarction: Tako-Effect
Juan Lei1, Megha Dogra2, Kan Liu2. 1Sun Yat-sen Memorial Hospital of Sun 
Yat-sen University, Guangzhou, China; 2State University of New York, Upstate 
Medical University, Syracuse, NY
Background: Tako-tsubo syndrome (TTS) is a transitional left  ventricular dysfunction 
which is commonly confused with acute myocardial infarction (AMI). Th e diagnosis of 
TTS in the setting of AMI with signifi cant coronary stenosis is debatable. Th e purpose 
of this study is to evaluate the systolic and diastolic ventricular functions, hemodynamic 
consequences, short-term (30 days) and long term (1 and 5 years) cardiovascular 
outcomes in AMI with and without TTS. Methods: Between 11/01/2012 and 01/31/2016, 
111 patients with left  anterior descending artery stenosis causing anterior ST-elevation 
MI were studied. Th ey were classifi ed into 2 groups: Patients with MI and TTS-like 
contractile dysfunction and regional wall motion abnormality that extend beyond the 
territory of the culprit artery (we name it Tako-eff ect) (31 patients) and patients with MI 
without Tako-eff ect (80 patients). Patients with MI and Tako-eff ect were also compared 
to 66 consecutive matched patients with TTS without signifi cant coronary artery stenosis. 
Results: Tako-eff ect patients had signifi cantly lower left  ventricular ejection fraction 
(38.5 ± 6.8% vs. 47.7 ± 8.7%, P = 0.000), and signifi cantly higher Tei-index (0.54 ± 0.17 
vs. 0.37 ± 0.15, P = 0.000) compared to non Tako-eff ect patients. In contrast, they have 
no signifi cant diff erence in the left  ventricular fi lling pressures and right ventricular 
functional parameters. Also, there was no signifi cant diff erence in the short term 
outcomes including hypotension, cardiogenic shock and 30-days mortality between both 
groups. Th e long term follow up (1 year and 5 years) showed higher major adverse cardiac 
events rate in the Tako-eff ect group mainly driven by the rate of MI and ischemia-driven 
target lesion revascularization [20 patients (64.5%) vs 34 patients (42.5%), P = 0.037]. 
Tako-eff ect group also had increased re-hospitalization rate [21 patients (67.7%) vs 36 
patients (45.0%), P = 0.031]. Patients with MI and Tako-eff ect had similar LV systolic 
and diastolic functions and right ventricular functional parameters compared to patients 
with TTS without signifi cant coronary artery stenosis. Conclusions: Patients with acute 
anterior ST-elevation MI may develop concomitant TTS. Patient with MI and Tako-eff ect 
have similar short term but worse long term cardiovascular outcomes compared to Non 
Tako-eff ect patients.

P2-116
Inconclusive Cardiac Stress Echocardiography and The Utility of 
The Double Product in Predicting Outcomes: Early Results
Asaad Nakhle, Charles Hammond, Christopher Giles, Maryam Alimirah, 
Ramandeep Mand, Mahmoud Ali, Meredith Mahan, Karthikeyan 
Ananthasubramaniam. Henry Ford Hospital, Detroit, MI
Background: Stress echocardiography (SE) is one of the frequently used methods in 
assessing for coronary ischemia in patients with chest pain. Inconclusive SE, defi ned as 
the inability to achieve > 85% of maximal predicted heart rate (MPHR), poses a challenge 
for clinicians. Th e aim of our study is to evaluate patients with submaximal SE and see 
if the value of the double product (DP) could further delineate long term risk better in 
this patient population. Methods: Six hundred and forty fi ve patients who underwent 
either chemical or treadmill SE between Jan-June 2013 who had submaximal (< 85%) 
MPHR were retrospectively reviewed. Demographics, medical history, and cardiac stress 
testing reports were collected. Th en, 4 years adverse outcomes, defi ned as a development 
of systolic heart failure, myocardial infarction, and death were documented and analyzed, 
and additional downstream testing (repeat stress testing, myocardial perfusion imaging, 
or coronary angiography) were collected. Results: Mean age was 59.6 years, and 55% were 
males. Caucasians represented 47%, and 46% were African Americans (AA). History 
of myocardial infarction and heart failure was reported in 33% and 19%, respectively. 
Composite outcome was found in 132 (20%) of all patients. Patients with adverse events 
were older (64.1, vs. 58.5, P<0.001), males (65.9% males vs. 34.1% females, P 0.004), 
Caucasian (54.6% Caucasians, vs. 39.4% AA, P 0.044), and with higher incidence 
of CAD, and CHF. Th e univariate odds ratio for the relationship between DP and the 
composite outcome indicated that for every 1,000-unit increase in DP, the odds of an 
adverse outcome decrease by 9.1% ([5.5% - 12.6%], P<0.001). Conclusion: Inconclusive 
SE currently poses a dilemma and many times leads to further testing to reach conclusive 
decisions for presence or absence of CAD Our study showed that younger, AA females, 
with no history of CAD or CHF, who were able to achieve a higher value of DP, have a 
favorable long term outcome with less subsequent adverse events or death aft er 4 years.
Th us patients with these characteristics with a negative submaximal SE could be triaged 
for observation with additional evaluation reserved if they continue to have symptoms. 
Although traditionally a DP of 24,000 is considered adequate workload DP response may 

vary for pharmacologic versus exercise stress testing, and thus may help stratify patients 
when viewed as a continuum.

P2-117
Echocardiographic Findings in 102 Centenarians
Bhavin Dumaswala, Kunal Bhagatwala, Komal Dumaswala, Jamshid Shirani. St. 
Luke’s University Health Network, Bethlehem, PA
Background: Number of centenarians has been on the rise. In 2015, 72,000 centenarians 
lived in the United States and this number is expected to surpass 1 million by 2050. 
Cardiovascular disease (CVD) remains the most common cause of death in this 
population. However, studies of CVD in this population are relatively scarce and there is 
evidence that CVD is underreported in the oldest old. Th e goal of this study was to explore 
the morphologic and functional cardiac abnormalities in centenarians as evaluated by 
echocardiography. Methods: We retrospectively reviewed the echocardiograms of 102 
consecutive centenarians aged 100 to 105 (mean 100.4 ± 1.4) years at the time of referral 
[85% women, 87% hypertensive, 17% diabetic, 25% hyperlipidemic, body surface area 
1.2-2.1 (1.6 ± 0.2) m2, body mass index 15.1-41.7 (24.9±4.5) kg/m2, 33% overweight, 
12% obese] referred to our laboratory for echocardiography between 2010 and 2017. 
Results: Th e following CVD were present by history: heart failure 56%, coronary 
artery disease 23% (prior PCI 7%, prior CABG 2%), peripheral arterial disease 7% and 
cerebrovascular accident 24%. Electrocardiographic atrial fi brillation was present in 32%. 
Echocardiographic abnormalities included left  ventricular (LV) dilation (1%), concentric 
remodeling (47%), LV hypertrophy (46%) including 18% with severe LV hypertrophy, 
regional wall motion abnormality (21%), decreased LV ejection fraction (21%), abnormal 
(other than age-appropriate) indices of diastolic function (50%), left  atrial (LA) dilation 
(60%), right ventricular dilation (17%), tricuspid regurgitation peak velocity ≥3 m/sec 
(49%), and pericardial eff usion (9%). Mild, moderate and severe aortic stenosis was 
present in 14%, 12%, and 16%, respectively. Mild or moderate calcifi c mitral stenosis was 
noted in 9%. Signifi cant (>mild) regurgitation was noted in mitral (37%), aortic (13%) 
and tricuspid (40%) valves. Conclusion: Structural and functional cardiac abnormalities 
are commonly noted among centenarians referred for echocardiography. Overall, at least 
one echocardiographic abnormality was noted in 99% of the centenarians studied.

P2-118
A Comparison of Long-Term Mortality Prediction Using Two 
Methods of EF Assessment from the National Echo Database 
Australia (NEDA)
Atefeh Haghi1, Simon Stewart2, David Playford1, David Celermajer3, Greg Scalia4, 
Marcus Ilton5, Geoff rey Strange1. 1University of Notre Dame, Perth, Australia; 
2University of Adelaide, Adelaide, Australia; 3University of Sydney, Sydney, 
Australia; 4University of Queensland, Queensland, Australia; 5Royal Darwin 
Hospital, Darwin, Australia
Background: Echocardiography (echo) is well established in the evaluation of Left  
Ventricular Ejection Fraction (LVEF). Traditional methods rely on geometric assumptions 
not valid in all patients, whereas other measures suff er from challenges in image quality 
that may undermine their anatomic and geometric superiority. We evaluated the 
prognostic impact of two established methodologies for calculating LVEF: Basal long axis 
2D Teicholz method (Teich) and the Apical Biplane Method of Disks (MOD). 
Methods: NEDA contains echo measurement data (years 1997 -2017 inclusive) from 
laboratories (N=10) across Australia (>530,000 echos) with linkage to the National 
Death Index (NDI). Data from 352,844 individuals (186,820 men, 60.8±18.0 years and 
166,024 women, 60.9±19.2 years) had a mean follow up of 5.4 years per person and 63,142 
fatal events. We compared Teich (with linked echo and survival data in 145,785 cases) 
and MOD (102,850 cases) in predicting all-cause mortality at various time points (1-
year and 5-year) across the full distribution of LVEF values. Th is included all cases, and 
those with the lowest quintile of LVEF (≤55%). Results: In age- and sex-adjusted Cox-
Proportional Hazard Models, both methods performed well in delineating the risk of 
all-cause mortality for all cases. Th e Teich method performed slightly better: Adjusted 
HR for mortality in the lowest versus highest quintile of LVEF was 1.89 (95% CI 1.80 
to 1.98) for MOD vs 2.00 (95% CI 1.93 to 2.07) for Teich (p<0.001 for all outputs). Th e 
sensitivity and specifi city of age- and sex-adjusted multiple logistic regression models 
using Teich were superior in predicting all-cause mortality. For example, the sensitivity 
and specifi city of the model using Teich to predict 5-year mortality in 14,175 cases was 
72.2% and 78.5%, respectively (adjusted odds ratio for the lowest versus highest quintile 
of LVEF being 2.63, 95% CI 2.29 to 3.00; p<0.001). Th is compared to a sensitivity and 
specifi city 66.5% and 75.9%, respectively (equivalent adjusted odds ratio 2.16, 95% CI 
1.86 to 2.59; p<0.001) derived from 15,192 cases with MOD. Conclusion: LVEF (on an 
age- and sex-adjusted basis) is a powerful predictor of short-to long-term mortality with a 
steep gradient of increasing risk in those individuals with a LVEF <55%. However, in like-
for-like comparisons, within a large population, Teich appears to be a stronger correlate of 
mortality both within the entire spectrum of LVEF values and, specifi cally, among those 
with impaired EF. For an individual patient, the best method for EF assessment may be 
dependent on initial image quality.
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major adverse cardiac events (MACE) (57.0% vs 36.7%, p<0.001) were higher in TCM 
than ACS patients. At 1 year, there was no diff erence in mortality, but higher 1-year 
MACE for TCM patients (30.9% vs 23.2%, p<0.038). Th ere were no statistical diff erences 
in-hospital MACE between morphologies (apical n=45 (33%) vs. non-apical (n=19 
(26.5%) p=0.303). On multivariate analysis, predictors of hospital MACE were driven 
by clinical characteristics (pulmonary disease, secondary TCM, admitting diagnosis of 
infection) and not by TCM morphology. Th e only echocardiographic characteristic that 
predicted MACE was LV ejection fraction < 45% (Odds Ratio 2.89 [95% CI 1.2 - 7.2] 
p=0.026). Th ere were 9 (4.3%) cases of recurrent TCM, of which 4 patients developed 
a diff erent morphology of TCM at second presentation. TCM patients prescribed beta-
blockers on discharge had signifi cantly lower readmission, 1-year MACE, and mortality. 
Conclusions: TCM patients had a high rate of in-hospital and follow-up clinical events, 
and certain clinical characteristics predicted worse prognosis, regardless of morphology 
on echocardiography. Th e only echocardiographic characteristics that predicted in 
hospital MACE was LVEF < 45%.

P2-112
Detection of Exercise-Induced Abnormalities of Myocardial 
Deformation in Patients with Unrepaired Anomalous Aortic Origin 
of the Right Coronary Artery
Edem Binka, Scott Wood, W. Reid Th ompson. Johns Hopkins Hospital, Division 
of Pediatric Cardiology, Baltimore, MD
Background: Congenital coronary artery anomalies are rare but may have signifi cant 
clinical repercussions including sudden death. Th e management of asymptomatic patients 
with anomalous aortic origin of the right coronary artery (AAORCA) is controversial 
and evidence-based risk stratifi cation recommendations are lacking. Specifi cally, the role 
of stress imaging in patients with AAORCA to evaluate risk is unclear. Based on data 
in adults with right coronary atherosclerotic disease, we hypothesized that at least some 
patients with AAORCA may have exercise-inducible abnormalities in regional myocardial 
deformation detectable by echocardiography. Methods: 21 patients with unrepaired 
AAORCA and 11 controls who had treadmill exercise stress echocardiography (ESE) 
were studied. Regional wall motion, assessed by visual inspection, and tissue velocity 
imaging were evaluated at baseline and during recovery. Time to peak left  ventricular 
(LV) systolic longitudinal strain corrected for heart rate (TPSc) for the inferior wall was 
calculated and the post to pre exercise ratio (TPScR) was obtained. A secondary analysis 
evaluated LV inferior wall TPScR from 12 patients who had ESE following surgery for 
AAORCA. Patients were compared to controls using the 1-tailed Student‘s t test, with the 
level of signifi cance set at P < .05. Results: No regional wall motion or ECG abnormalities 
were noted at rest or aft er peak exercise in patients or controls. TPS following exercise 
was delayed compared to baseline in the inferior wall of some patients with unrepaired 
AAORCA (Figure 1). Mean TPScR was signifi cantly higher for patients than controls 
(0.99 +0.40 vs. 0.76 +0.18, p = 0.047). Th ere was no signifi cant diff erence in inferior wall 
TPScR between repaired patients and controls (p = 0.23). Conclusion: In patients with 
unrepaired AAORCA, time to peak strain following exercise is prolonged in segments 
supplied by the right coronary artery, presumably due to induced ischemia not detectable 
by wall motion analysis or ECG changes. Th is is the fi rst demonstration of an exercise-
induced abnormality of ventricular function in AAORCA. Further work is needed to 
ascertain the potential role of this fi nding in risk assessment.

P2-113
Two-Dimensional Area-Length Method Better Estimates Actual 
Left Ventricular Weight Compared to M-mode Linear Method in 
Swine Models of Ischemic Heart Disease
Satoshi Miyashita, Shin Watanabe, Olympia Bikou, Kenneth Fish, Roger J. Hajjar, 
Kiyotake Ishikawa. Cardiovascular Research Center, Icahn School of Medicine at 
Mount Sinai, New York, NY
Background: Left  Ventricular (LV) mass is an essential risk factor and a strong predictor 
of cardiovascular diseases. M-mode and two-dimensional echocardiography (2DE) off er 
fast and cost-effi  cient estimation of LV mass. However, their accuracy against actual LV 
weight in diseased heart has not been systematically evaluated. Th e aim of this study 
was to examine agreement and correlation of the LV mass estimated by M-mode-based 
linear method and 2DE-based area-length method against actual LV weight. Methods: 
Yorkshire swine underwent induction of various etiologies of sub-acute and chronic heart 

failure including ischemic heart disease (IHD), volume-overload, and pressure-overload. 
LV mass was measured by M-mode-based linear method as well as 2DE-based area-
length method and were compared to the actual LV weight measured at autopsy. Simple 
linear regression and the Bland-Altman analysis were performed. Impact of myocardial 
infarction was evaluated by separately analyzing those with and without IHD. Results: 
Twenty-seven pigs without any cardiac diseases, 32 pigs with non-IHD heart failure, and 
195 pigs with IHD were included in the analysis (total n = 254). A strong positive linear 
relationship to the LV weight was found with area-length method (r = 0.82, p < 0.001), 
whereas moderate linear relationship was found with linear method in overall population 
(r = 0.68, p < 0.001). Th ere was a statistically signifi cant diff erence between the two 
correlation coeffi  cients (p = 0.0003). While both methods demonstrated similar strong 
linear relationships to the LV weight in pigs without IHD, area-length method exhibited 
superior correlation and agreement in pigs with IHD. Th e Bland-Altman analysis 
revealed signifi cant overestimation using linear method as the LV weight increased. 
Conclusion: Both linear and area-length methods provide good estimation of LV weights 
in pig models of heart diseases. Area-length method off ers better estimation compared to 
the linear method in pigs with IHD.

P2-114
Echocardiographic Indices of Regional Deformation Predict 
Left Ventricular Thrombus following Anterior Wall ST-Segment 
Elevation Myocardial Infarction
Afi achukwu Onuegbu1, Evann Eisenberg1, Tatsiana Aleksandrovich2, Daniel 
Daniel Spevack1. 1Montefi ore Medical Center, Bronx, NY; 2Jacobi Medical Center, 
Bronx, NY
Background: Left  Ventricular (LV) thrombus formation oft en occurs between 24 hours 
and 2 weeks aft er anterior wall ST-segment elevation myocardial infarction (AW-STEMI). 
Speckle tracking imaging (STI) parameters have been used to quantify LV contractility by 
assessing global and regional LV strain. We sought to test if STI derived strain parameters 
were associated with LV thrombus aft er reperfusion therapy for AW-STEMI. Methods: 
From the Montefi ore Medical Center cardiology database we identifi ed 74 subjects who 
had AW-STEMI and had transthoracic echocardiography (TTE) performed within 24 
hours of reperfusion therapy between 2008 - 2014. TTE were reviewed for the presence 
of LV thrombus and the studies were re-analyzed for STI regional and global strain 
parameters using Cardiac Performance Analysis - Tomtec soft ware. Results: Study 
subjects were age 59 ± 13 years and 31% were female. Th ose with LV thrombus (n=16) 
more frequently had chest pain for >24 hours (44% versus 16%, p < 0.02), lower ejection 
fraction (31 ± 6% versus 35 ± 6%, p = 0.03), and more frequently had aneurysmal apex 
(22% versus 0%, p < 0.01) than those without LV thrombus. Global longitudinal strain 
was worse (less negative) among patients with LV thrombus (-2.3 ± 4.4% versus -5.1 ± 
3.9%, p = 0.04). Regional strain was shown to be worse in the mid anterior (-8.0 ± 3.7 
versus -10.6 ± 4.4, p = 0.05) and mid anteroseptal walls (-7.7 ± 3.02 versus -10.9 ± 4.2, p = 
0.01) in subjects that had LV thrombus. No diff erences were noted in the subjective wall 
motion score for the LV apical segments (3.2 ± 0.5 versus 3.0 ± 0.5, p = 0.12) and the non-
apical segments (14.2 ± 4.9 versus 14.3 ± 4.6, p = 0.94) between those with and without LV 
thrombus respectively. Conclusion: In subjects with LV thrombus following AW-STEMI, 
STI strain indices detected subtle reductions in the mid anterior and mid anteroseptal 
segments that were not perceived by subjective assessment of wall motion. Routine use 
of these parameters in subjects with AW-STEMI may therefore improve prediction of 
thrombus development.
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Table of Results
LV thrombus Non LV thrombus P value

Global longitudinal strain (%) -2.3 ± 4.4 -5.1 ± 3.9 0.04
mid anterior strain (%) -8.0 ± 3.7 -10.6 ± 4.4 0.05
mid anteroseptal strain (%) -7.7 ± 3.02 -10.9 ± 4.2 0.01
LV apical wall motion score 3.2 ± 0.5 3.0 ± 0.5 0.12
LV Non-apical wall motion score 14.2 ± 4.9 14.3 ± 4.6 0.94

P2-115
Tako-tsubo Syndrome in Acute Myocardial Infarction: Tako-Effect
Juan Lei1, Megha Dogra2, Kan Liu2. 1Sun Yat-sen Memorial Hospital of Sun 
Yat-sen University, Guangzhou, China; 2State University of New York, Upstate 
Medical University, Syracuse, NY
Background: Tako-tsubo syndrome (TTS) is a transitional left  ventricular dysfunction 
which is commonly confused with acute myocardial infarction (AMI). Th e diagnosis of 
TTS in the setting of AMI with signifi cant coronary stenosis is debatable. Th e purpose 
of this study is to evaluate the systolic and diastolic ventricular functions, hemodynamic 
consequences, short-term (30 days) and long term (1 and 5 years) cardiovascular 
outcomes in AMI with and without TTS. Methods: Between 11/01/2012 and 01/31/2016, 
111 patients with left  anterior descending artery stenosis causing anterior ST-elevation 
MI were studied. Th ey were classifi ed into 2 groups: Patients with MI and TTS-like 
contractile dysfunction and regional wall motion abnormality that extend beyond the 
territory of the culprit artery (we name it Tako-eff ect) (31 patients) and patients with MI 
without Tako-eff ect (80 patients). Patients with MI and Tako-eff ect were also compared 
to 66 consecutive matched patients with TTS without signifi cant coronary artery stenosis. 
Results: Tako-eff ect patients had signifi cantly lower left  ventricular ejection fraction 
(38.5 ± 6.8% vs. 47.7 ± 8.7%, P = 0.000), and signifi cantly higher Tei-index (0.54 ± 0.17 
vs. 0.37 ± 0.15, P = 0.000) compared to non Tako-eff ect patients. In contrast, they have 
no signifi cant diff erence in the left  ventricular fi lling pressures and right ventricular 
functional parameters. Also, there was no signifi cant diff erence in the short term 
outcomes including hypotension, cardiogenic shock and 30-days mortality between both 
groups. Th e long term follow up (1 year and 5 years) showed higher major adverse cardiac 
events rate in the Tako-eff ect group mainly driven by the rate of MI and ischemia-driven 
target lesion revascularization [20 patients (64.5%) vs 34 patients (42.5%), P = 0.037]. 
Tako-eff ect group also had increased re-hospitalization rate [21 patients (67.7%) vs 36 
patients (45.0%), P = 0.031]. Patients with MI and Tako-eff ect had similar LV systolic 
and diastolic functions and right ventricular functional parameters compared to patients 
with TTS without signifi cant coronary artery stenosis. Conclusions: Patients with acute 
anterior ST-elevation MI may develop concomitant TTS. Patient with MI and Tako-eff ect 
have similar short term but worse long term cardiovascular outcomes compared to Non 
Tako-eff ect patients.

P2-116
Inconclusive Cardiac Stress Echocardiography and The Utility of 
The Double Product in Predicting Outcomes: Early Results
Asaad Nakhle, Charles Hammond, Christopher Giles, Maryam Alimirah, 
Ramandeep Mand, Mahmoud Ali, Meredith Mahan, Karthikeyan 
Ananthasubramaniam. Henry Ford Hospital, Detroit, MI
Background: Stress echocardiography (SE) is one of the frequently used methods in 
assessing for coronary ischemia in patients with chest pain. Inconclusive SE, defi ned as 
the inability to achieve > 85% of maximal predicted heart rate (MPHR), poses a challenge 
for clinicians. Th e aim of our study is to evaluate patients with submaximal SE and see 
if the value of the double product (DP) could further delineate long term risk better in 
this patient population. Methods: Six hundred and forty fi ve patients who underwent 
either chemical or treadmill SE between Jan-June 2013 who had submaximal (< 85%) 
MPHR were retrospectively reviewed. Demographics, medical history, and cardiac stress 
testing reports were collected. Th en, 4 years adverse outcomes, defi ned as a development 
of systolic heart failure, myocardial infarction, and death were documented and analyzed, 
and additional downstream testing (repeat stress testing, myocardial perfusion imaging, 
or coronary angiography) were collected. Results: Mean age was 59.6 years, and 55% were 
males. Caucasians represented 47%, and 46% were African Americans (AA). History 
of myocardial infarction and heart failure was reported in 33% and 19%, respectively. 
Composite outcome was found in 132 (20%) of all patients. Patients with adverse events 
were older (64.1, vs. 58.5, P<0.001), males (65.9% males vs. 34.1% females, P 0.004), 
Caucasian (54.6% Caucasians, vs. 39.4% AA, P 0.044), and with higher incidence 
of CAD, and CHF. Th e univariate odds ratio for the relationship between DP and the 
composite outcome indicated that for every 1,000-unit increase in DP, the odds of an 
adverse outcome decrease by 9.1% ([5.5% - 12.6%], P<0.001). Conclusion: Inconclusive 
SE currently poses a dilemma and many times leads to further testing to reach conclusive 
decisions for presence or absence of CAD Our study showed that younger, AA females, 
with no history of CAD or CHF, who were able to achieve a higher value of DP, have a 
favorable long term outcome with less subsequent adverse events or death aft er 4 years.
Th us patients with these characteristics with a negative submaximal SE could be triaged 
for observation with additional evaluation reserved if they continue to have symptoms. 
Although traditionally a DP of 24,000 is considered adequate workload DP response may 

vary for pharmacologic versus exercise stress testing, and thus may help stratify patients 
when viewed as a continuum.

P2-117
Echocardiographic Findings in 102 Centenarians
Bhavin Dumaswala, Kunal Bhagatwala, Komal Dumaswala, Jamshid Shirani. St. 
Luke’s University Health Network, Bethlehem, PA
Background: Number of centenarians has been on the rise. In 2015, 72,000 centenarians 
lived in the United States and this number is expected to surpass 1 million by 2050. 
Cardiovascular disease (CVD) remains the most common cause of death in this 
population. However, studies of CVD in this population are relatively scarce and there is 
evidence that CVD is underreported in the oldest old. Th e goal of this study was to explore 
the morphologic and functional cardiac abnormalities in centenarians as evaluated by 
echocardiography. Methods: We retrospectively reviewed the echocardiograms of 102 
consecutive centenarians aged 100 to 105 (mean 100.4 ± 1.4) years at the time of referral 
[85% women, 87% hypertensive, 17% diabetic, 25% hyperlipidemic, body surface area 
1.2-2.1 (1.6 ± 0.2) m2, body mass index 15.1-41.7 (24.9±4.5) kg/m2, 33% overweight, 
12% obese] referred to our laboratory for echocardiography between 2010 and 2017. 
Results: Th e following CVD were present by history: heart failure 56%, coronary 
artery disease 23% (prior PCI 7%, prior CABG 2%), peripheral arterial disease 7% and 
cerebrovascular accident 24%. Electrocardiographic atrial fi brillation was present in 32%. 
Echocardiographic abnormalities included left  ventricular (LV) dilation (1%), concentric 
remodeling (47%), LV hypertrophy (46%) including 18% with severe LV hypertrophy, 
regional wall motion abnormality (21%), decreased LV ejection fraction (21%), abnormal 
(other than age-appropriate) indices of diastolic function (50%), left  atrial (LA) dilation 
(60%), right ventricular dilation (17%), tricuspid regurgitation peak velocity ≥3 m/sec 
(49%), and pericardial eff usion (9%). Mild, moderate and severe aortic stenosis was 
present in 14%, 12%, and 16%, respectively. Mild or moderate calcifi c mitral stenosis was 
noted in 9%. Signifi cant (>mild) regurgitation was noted in mitral (37%), aortic (13%) 
and tricuspid (40%) valves. Conclusion: Structural and functional cardiac abnormalities 
are commonly noted among centenarians referred for echocardiography. Overall, at least 
one echocardiographic abnormality was noted in 99% of the centenarians studied.

P2-118
A Comparison of Long-Term Mortality Prediction Using Two 
Methods of EF Assessment from the National Echo Database 
Australia (NEDA)
Atefeh Haghi1, Simon Stewart2, David Playford1, David Celermajer3, Greg Scalia4, 
Marcus Ilton5, Geoff rey Strange1. 1University of Notre Dame, Perth, Australia; 
2University of Adelaide, Adelaide, Australia; 3University of Sydney, Sydney, 
Australia; 4University of Queensland, Queensland, Australia; 5Royal Darwin 
Hospital, Darwin, Australia
Background: Echocardiography (echo) is well established in the evaluation of Left  
Ventricular Ejection Fraction (LVEF). Traditional methods rely on geometric assumptions 
not valid in all patients, whereas other measures suff er from challenges in image quality 
that may undermine their anatomic and geometric superiority. We evaluated the 
prognostic impact of two established methodologies for calculating LVEF: Basal long axis 
2D Teicholz method (Teich) and the Apical Biplane Method of Disks (MOD). 
Methods: NEDA contains echo measurement data (years 1997 -2017 inclusive) from 
laboratories (N=10) across Australia (>530,000 echos) with linkage to the National 
Death Index (NDI). Data from 352,844 individuals (186,820 men, 60.8±18.0 years and 
166,024 women, 60.9±19.2 years) had a mean follow up of 5.4 years per person and 63,142 
fatal events. We compared Teich (with linked echo and survival data in 145,785 cases) 
and MOD (102,850 cases) in predicting all-cause mortality at various time points (1-
year and 5-year) across the full distribution of LVEF values. Th is included all cases, and 
those with the lowest quintile of LVEF (≤55%). Results: In age- and sex-adjusted Cox-
Proportional Hazard Models, both methods performed well in delineating the risk of 
all-cause mortality for all cases. Th e Teich method performed slightly better: Adjusted 
HR for mortality in the lowest versus highest quintile of LVEF was 1.89 (95% CI 1.80 
to 1.98) for MOD vs 2.00 (95% CI 1.93 to 2.07) for Teich (p<0.001 for all outputs). Th e 
sensitivity and specifi city of age- and sex-adjusted multiple logistic regression models 
using Teich were superior in predicting all-cause mortality. For example, the sensitivity 
and specifi city of the model using Teich to predict 5-year mortality in 14,175 cases was 
72.2% and 78.5%, respectively (adjusted odds ratio for the lowest versus highest quintile 
of LVEF being 2.63, 95% CI 2.29 to 3.00; p<0.001). Th is compared to a sensitivity and 
specifi city 66.5% and 75.9%, respectively (equivalent adjusted odds ratio 2.16, 95% CI 
1.86 to 2.59; p<0.001) derived from 15,192 cases with MOD. Conclusion: LVEF (on an 
age- and sex-adjusted basis) is a powerful predictor of short-to long-term mortality with a 
steep gradient of increasing risk in those individuals with a LVEF <55%. However, in like-
for-like comparisons, within a large population, Teich appears to be a stronger correlate of 
mortality both within the entire spectrum of LVEF values and, specifi cally, among those 
with impaired EF. For an individual patient, the best method for EF assessment may be 
dependent on initial image quality.
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P2-119
RV Function and Afterload. Is the Sum Greater than the Parts?
Leah M. Wright1, Nathan Dwyer2, Sudhir Wahi3, Tom Marwick1. 1Baker Heart 
and Diabetes Institute, Melbourne, Australia; 2Royal Hobart Hospital, Hobart, 
Australia; 3Princess Alexandra Hospital, Brisbane, Australia
Introduction: RV free wall strain (RVFWS) has shown promise as a strong outcome 
marker in PAH. However, RV function is aft erload-dependent, and RV to PA coupling 
can be measured with echocardiography by calculating the ratio of systolic function 
to pulmonary pressure (PASP). TAPSE/PASP ratio has an evidence base for predicting 
outcome in pre and post capillary hypertension. We sought to determine if the RV 
function to pressure ratio markers add signifi cantly to prediction of outcome, above 
that of the individual outcome variables. Our hypothesis was TAPSE/PASP would be 
a greater predictor than PASP and TAPSE alone. Methods: 95 pts (73%F 63±14) with 
invasively diagnosed PAH underwent echocardiography and were followed for 118±50 
months, over which time, 29 died. Velocity vector imaging was used to measure RVFWS, 
TAPSE was measured as the displacement of the tricuspid annulus over systole, PASP was 
estimated from the TR max velocity jet combined with the RAP from IVC size. Kaplan-
Meier curves were used to express survival, with log rank testing of bivariate variables 
predictive ability. Cox regression was used to identify the independent association of these 
parameters with outcome, with model strength assessed with Harrell’s C statistic. ROC 
curves were created, with Youden index used to identify the cut off  values for predictors. 
Results: RVFWS (HR 0.89(0.83; 0.95)p=0.001) and PASP (HR 1.02(1.0;1.03)p=0.05) 
were signifi cantly associated with death, with TAPSE (HR 0.47(0.21-1.03),p=0.06) of 
borderline signifi cance. TAPSE/PASP was signifi cant (HR 0.09(0.1;0.70)p=0.02) as 
was RVFWS/PASP (HR 0.04(0.004;0.39),p=0.006. ROC AUC showed markers to have 
mild-moderate discriminative ability (Figure 1) . C-statistics showed a small increase in 
predictive ability from TAPSE (0.59) and PASP (0.62) to the TAPSE/PASP ratio (0.65), 
with this not shown with the RVFWS (0.68) to RVFWS/PASP (0.68) ratio. Th e Youden 
index calculated for TAPSE/PASP (0.003) and RVFWS/PASP (0.001) were signifi cant for 
predicting outcome. Conclusion: Th e combined variable of TAPSE/PASP showed a small 
increase in predictive ability above TAPSE and PASP alone. RVFWS/PASP and TAPSE/
PASP showed good discrimination for predicting outcome.

P2-120
Left Ventricular Diastolic Function Predicts Outcomes in Patients 
with Heart Failure - A Comparison Between 2009 and 2016 
American Society of Echocardiography Recommendations
Yuta Torii1, Kenya Kusunose2, Hirotsugu Yamada3, Hiromitsu Seno2, Yoshihito 
Saijo2, Mika Bando3, Susumu Nishio1, Rie Amano1, Yukina Hirata1, Masataka 
Sata2. 1Ultrasound Examination Center, Tokushima University Hospital, 
Tokushima, Japan; 2Department of Cardiovascular Medicine, Tokushima 
University Hospital, Tokushima, Japan; 3Department of Community Medicine 
for Cardiology, Tokushima University Graduate School of Biomedical Sciences, 
Tokushima, Japan
Background: Heart failure (HF) represents a major health problem worldwide, especially 
in an aging society. Echocardiography has an important role in the management of 
heart failure. Th e practical gold standard of grading of diastolic dysfunction (DD) 
is echocardiography. However, the long-term predictive value of the new proposed 
algorithm in the updated 2016 guidelines of the American Society of Echocardiography 
to assess DD has not been validated. Th e aim of this study was to compare the predictive 
value of the 2009 and 2016 DD grading system on cardiovascular outcomes in patients 
with heart failure with reduced and preserved ejection fraction (HFrEF and HFpEF). 
Methods: We did a retrospective cohort study between January 2013 and October 
2017. We enrolled 192 hospitalized HF patients who patients were divided into HFrEF 
(EF<45%, n=99) and HFpEF (EF ≥45%, n=93). Th e primary endpoint was readmission 
for heart failure (HF). Results: Th ere were 57 hospital readmissions during 23±16 months 
of follow-up. Th e Kappa score between 2009 and 2016 guidelines was 0.66. In the HFrEF 
cohort, Grade II/III DD by 2009 and 2016 guidelines were similarly associated with the 
endpoint (2009 guideline; Chi-square, 5.68: p =0.02, 2016 guideline; Chi-square, 6.29: 
p =0.01). In the HFpEF cohort, only the Grade II/III DD of the 2016 guideline was 
signifi cantly correlated with the endpoint (Chi-square, 7.50: p < 0.01). Conclusions: Th e 
grading of DD at discharge predicted readmission for HF. 2016 DD grading algorithm 
can be useful for the assessment of readmission risk in patients with HFpEF and HFrEF.

P2-121
Diagnostic Performance of Echocardiographic Linear 
Fractional Shortening for Quanti cation of Right Ventricular 
Systolic Function as Compared to Traditional and 2D-Strain 
Assessment—A Cardiac Magnetic Resonance Validation Study
Antonino Di Franco, Jonathan W. Weinsaft , Angel Chan, Samantha R. Goldburg, 
Jonathan Y. Siden, Richard B. Devereux, Jiwon Kim, Aparna Srinivasan. 
Greenberg Cardiology Division, Department of Medicine, Weill Cornell Medical 
College, New York City, NY
Background: Little is known about echo-based linear fractional shortening (FS) for 
detection of right ventricular dysfunction (RVdys); in particular, no data are available 
comparing RV FS with RV 2D speckle tracking strain assessment. Methods: Th e 
population comprised left  ventricular dysfunction patients with and without RVdys 
(EF<50%) on cardiac magnetic resonance (CMR): Echo included standard RV indices 
(FAC, TAPSE, RV-S´), as well as FS in parasternal long-axis (RV outfl ow tract [RVOT]) 
and apical four-chamber views (RV width, RV length; Fig. 1A) and RV global longitudinal 
strain (RV-GLS) via speckle tracking in apical 4-chamber view. Results: We studied 
168 patients undergoing echo and CMR (3±3 days); FAC (46±9 vs 28±11%), TAPSE 
(1.9±0.4 vs 1.5±0.3cm), RV-S´ (11.4±2.3 vs 10.0±2.6cm/sec) and RV-GLS (20.8±4.1 vs 
11.8±4.1%) were lower among RVdys patients (all p≤.001), as were FS indices (RVOT 
32±8 vs 17±10 | RV width 40±11 vs 22±12 | RV length 16±5 vs 9±4%; all p<.001). FS 
indices yielded similar magnitude of correlation with CMR RVEF (r=.73-.56) as did RV-
GLS (r=.71) (Fig. 1B) and FAC (r=.70), which were higher than TAPSE (r=.47) and S´ 
(r=.31; all p<.001). FS indices decreased stepwise vs CMR RVEF tertiles, as did RV-GLS 
(all p<.001). In multivariate analysis, FS measured in the RVOT (regression coeffi  cient 
0.51 [CI 0.37-0.65]), RV width (0.30 [0.19-0.41]), and RV length (0.45 [0.20-0.71]; all 
p≤.001) were independently associated with CMR RVEF. Among FS indices, RVOT 
measurements yielded the highest diagnostic performance for CMR-defi ned RVdys 
(AUC: 0.87 [CI 0.80-0.94]), approaching that of RV-GLS (AUC: 0.94 [CI 0.91-0.98]; both 
p<.001) (Fig. 2). Conclusion: RV linear FS provides RV functional indices that parallel 
CMR RVEF. In particular, FS measured in parasternal long-axis RVOT yields good 
diagnostic performance as compared to RV-GLS, supporting the use of easily obtainable 
linear indices for RV functional assessment when more time-consuming techniques like 
RV-GLS are not available or not possible to be applied.
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P2-122
Gender Differences in the Association of Carotid Arterial Resistive 
Index with Left Ventricular Diastolic Function
Amano Rie1, Kusunose Kenya2, Yamada Hirotsugu3, Hiromitsu Seno2, Saijo 
Yoshihito2, Bando Mika3, Nishio Susumu1, Torii Yuta1, Hirata Yukina1, Sata 
Masataka2. 1Ultrasound Examination Center, Tokushima University Hospital, 
Tokushima, Japan; 2Department of Cardiovascular Medicine, Tokushima 
University Hospital, Tokushima, Japan; 3Department of Community Medicine 
for Cardiology, Tokushima University Graduate School of Biomedical Sciences, 
Tokushima, Japan
Background: Previous reports showed that carotid arterial resistive index (RI) was 
associated with the degree of generalized atherosclerosis and a sensitive marker of 
vascular dysfunction. Th e relationship between atherosclerosis and left  ventricular (LV) 
diastolic function has been previously reported. Recently, there has been increasing 
recognition of the gender diff erences in LV diastolic function. Th us, the aim of this study 
was to assess the gender diff erences in relationship between LV diastolic function and 
carotid arterial RI. Methods: A total of 515 subjects (304 male and 211 female; mean 
age 69 years) were recruited from our vascular laboratory database from January 2017 
to December 2017. Carotid ultrasonography and transthoracic echocardiography were 
performed on all subjects. RIs in common carotid artery (CCA) were measured, and their 
relationships with LV diastolic function (E/e’ ratio) were assessed aft er adjustment for 
covariates. Results: Th ere was no diff erence of cardiovascular etiologies between male 
and female groups. Th e mean RI in CCA was 0.78±0.06 and E/e’ was 10.1±4.9. Th e 
relationship between RI in CCA and LV diastolic function (E/e’) was shown in Figure. A 
direct linear association was seen between increasing degrees of RI in CCA and worsen 
diastolic function especially in female. Aft er multiple linear regression analysis, higher 
RI remained independently related to higher E/e’ only in female (p <0.05). Conclusion: 
Th ese fi ndings demonstrate that carotid arterial resistance closely related to LV diastolic 
function in female. Th e gender-dependent relation between carotid arterial resistance 
and LV diastolic function may be an insight of mechanism in gender diff erence of heart 
failure.

P2-123
Left Ventricular Strain and Synchrony in Children: Reference 
Values Derived from a Large Normal Pediatric Cohort
Adi Adar, Sunil Ghelani, Lynn A. Sleeper, Minmin Lu, Edward Marcus, Steven D. 
Colan, David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Left  ventricular strain and synchrony have clinical importance in 
congenital and acquired heart diseases in adults and children. However, normal values 
for these values are lacking in large pediatric cohorts, particularly using the most popular 
pediatric echocardiographic platform. Th erefore we aimed to determine normal values of 
strain and synchrony parameters in children and young adults using Philips equipment. 
Methods: High frame rate 2D transthoracic echo images were retrospectively analyzed. 
Included subjects were less than 21 years old with structurally and functionally normal 
hearts, and no other abnormalities with cardiovascular impact. Philips QLAB v10.5 was 
used to measure global and segmental longitudinal (LS) and circumferential (CS) strain 
and synchrony based on apical 4, 2, and 3-chamber (AP 4, 2, 3) and mid-wall short-axis 
(SAX-M) views. Synchrony measures included time-to-peak strain standard deviation, 
maximal wall delay, and cross-correlation mean segmental delay; these were compared 
both in native form and with heart rate correction (divided by √RR). Results: Data 
were included from 312 subjects (40% female, mean age 10.2±5.8y, age range 3d-20.5y). 
Overall, mean strain values were: AP4 -24.4%; AP2 -24.2%; AP3 -24.6%; SAX-M -25.8%. 
All components of global and segmental LS became less negative with increasing age and 
BSA (p<0.001 for all); global CS did not vary signifi cantly with age or BSA (Figure 1). 
Most parameters of longitudinal, but not circumferential, synchrony varied signifi cantly 
with age (Table 1); aft er HR correction, however, most of these diff erences were no longer 
present. Conclusion: We present ranges of pediatric strain and synchrony parameters 
in a normal pediatric cohort based upon the Philips platform. Global and segmental LS 
become less negative with age, while CS does not. Age-related diff erences in parameters 
of ventricular synchrony became less pronounced with HR-correction.
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P2-119
RV Function and Afterload. Is the Sum Greater than the Parts?
Leah M. Wright1, Nathan Dwyer2, Sudhir Wahi3, Tom Marwick1. 1Baker Heart 
and Diabetes Institute, Melbourne, Australia; 2Royal Hobart Hospital, Hobart, 
Australia; 3Princess Alexandra Hospital, Brisbane, Australia
Introduction: RV free wall strain (RVFWS) has shown promise as a strong outcome 
marker in PAH. However, RV function is aft erload-dependent, and RV to PA coupling 
can be measured with echocardiography by calculating the ratio of systolic function 
to pulmonary pressure (PASP). TAPSE/PASP ratio has an evidence base for predicting 
outcome in pre and post capillary hypertension. We sought to determine if the RV 
function to pressure ratio markers add signifi cantly to prediction of outcome, above 
that of the individual outcome variables. Our hypothesis was TAPSE/PASP would be 
a greater predictor than PASP and TAPSE alone. Methods: 95 pts (73%F 63±14) with 
invasively diagnosed PAH underwent echocardiography and were followed for 118±50 
months, over which time, 29 died. Velocity vector imaging was used to measure RVFWS, 
TAPSE was measured as the displacement of the tricuspid annulus over systole, PASP was 
estimated from the TR max velocity jet combined with the RAP from IVC size. Kaplan-
Meier curves were used to express survival, with log rank testing of bivariate variables 
predictive ability. Cox regression was used to identify the independent association of these 
parameters with outcome, with model strength assessed with Harrell’s C statistic. ROC 
curves were created, with Youden index used to identify the cut off  values for predictors. 
Results: RVFWS (HR 0.89(0.83; 0.95)p=0.001) and PASP (HR 1.02(1.0;1.03)p=0.05) 
were signifi cantly associated with death, with TAPSE (HR 0.47(0.21-1.03),p=0.06) of 
borderline signifi cance. TAPSE/PASP was signifi cant (HR 0.09(0.1;0.70)p=0.02) as 
was RVFWS/PASP (HR 0.04(0.004;0.39),p=0.006. ROC AUC showed markers to have 
mild-moderate discriminative ability (Figure 1) . C-statistics showed a small increase in 
predictive ability from TAPSE (0.59) and PASP (0.62) to the TAPSE/PASP ratio (0.65), 
with this not shown with the RVFWS (0.68) to RVFWS/PASP (0.68) ratio. Th e Youden 
index calculated for TAPSE/PASP (0.003) and RVFWS/PASP (0.001) were signifi cant for 
predicting outcome. Conclusion: Th e combined variable of TAPSE/PASP showed a small 
increase in predictive ability above TAPSE and PASP alone. RVFWS/PASP and TAPSE/
PASP showed good discrimination for predicting outcome.

P2-120
Left Ventricular Diastolic Function Predicts Outcomes in Patients 
with Heart Failure - A Comparison Between 2009 and 2016 
American Society of Echocardiography Recommendations
Yuta Torii1, Kenya Kusunose2, Hirotsugu Yamada3, Hiromitsu Seno2, Yoshihito 
Saijo2, Mika Bando3, Susumu Nishio1, Rie Amano1, Yukina Hirata1, Masataka 
Sata2. 1Ultrasound Examination Center, Tokushima University Hospital, 
Tokushima, Japan; 2Department of Cardiovascular Medicine, Tokushima 
University Hospital, Tokushima, Japan; 3Department of Community Medicine 
for Cardiology, Tokushima University Graduate School of Biomedical Sciences, 
Tokushima, Japan
Background: Heart failure (HF) represents a major health problem worldwide, especially 
in an aging society. Echocardiography has an important role in the management of 
heart failure. Th e practical gold standard of grading of diastolic dysfunction (DD) 
is echocardiography. However, the long-term predictive value of the new proposed 
algorithm in the updated 2016 guidelines of the American Society of Echocardiography 
to assess DD has not been validated. Th e aim of this study was to compare the predictive 
value of the 2009 and 2016 DD grading system on cardiovascular outcomes in patients 
with heart failure with reduced and preserved ejection fraction (HFrEF and HFpEF). 
Methods: We did a retrospective cohort study between January 2013 and October 
2017. We enrolled 192 hospitalized HF patients who patients were divided into HFrEF 
(EF<45%, n=99) and HFpEF (EF ≥45%, n=93). Th e primary endpoint was readmission 
for heart failure (HF). Results: Th ere were 57 hospital readmissions during 23±16 months 
of follow-up. Th e Kappa score between 2009 and 2016 guidelines was 0.66. In the HFrEF 
cohort, Grade II/III DD by 2009 and 2016 guidelines were similarly associated with the 
endpoint (2009 guideline; Chi-square, 5.68: p =0.02, 2016 guideline; Chi-square, 6.29: 
p =0.01). In the HFpEF cohort, only the Grade II/III DD of the 2016 guideline was 
signifi cantly correlated with the endpoint (Chi-square, 7.50: p < 0.01). Conclusions: Th e 
grading of DD at discharge predicted readmission for HF. 2016 DD grading algorithm 
can be useful for the assessment of readmission risk in patients with HFpEF and HFrEF.

P2-121
Diagnostic Performance of Echocardiographic Linear 
Fractional Shortening for Quanti cation of Right Ventricular 
Systolic Function as Compared to Traditional and 2D-Strain 
Assessment—A Cardiac Magnetic Resonance Validation Study
Antonino Di Franco, Jonathan W. Weinsaft , Angel Chan, Samantha R. Goldburg, 
Jonathan Y. Siden, Richard B. Devereux, Jiwon Kim, Aparna Srinivasan. 
Greenberg Cardiology Division, Department of Medicine, Weill Cornell Medical 
College, New York City, NY
Background: Little is known about echo-based linear fractional shortening (FS) for 
detection of right ventricular dysfunction (RVdys); in particular, no data are available 
comparing RV FS with RV 2D speckle tracking strain assessment. Methods: Th e 
population comprised left  ventricular dysfunction patients with and without RVdys 
(EF<50%) on cardiac magnetic resonance (CMR): Echo included standard RV indices 
(FAC, TAPSE, RV-S´), as well as FS in parasternal long-axis (RV outfl ow tract [RVOT]) 
and apical four-chamber views (RV width, RV length; Fig. 1A) and RV global longitudinal 
strain (RV-GLS) via speckle tracking in apical 4-chamber view. Results: We studied 
168 patients undergoing echo and CMR (3±3 days); FAC (46±9 vs 28±11%), TAPSE 
(1.9±0.4 vs 1.5±0.3cm), RV-S´ (11.4±2.3 vs 10.0±2.6cm/sec) and RV-GLS (20.8±4.1 vs 
11.8±4.1%) were lower among RVdys patients (all p≤.001), as were FS indices (RVOT 
32±8 vs 17±10 | RV width 40±11 vs 22±12 | RV length 16±5 vs 9±4%; all p<.001). FS 
indices yielded similar magnitude of correlation with CMR RVEF (r=.73-.56) as did RV-
GLS (r=.71) (Fig. 1B) and FAC (r=.70), which were higher than TAPSE (r=.47) and S´ 
(r=.31; all p<.001). FS indices decreased stepwise vs CMR RVEF tertiles, as did RV-GLS 
(all p<.001). In multivariate analysis, FS measured in the RVOT (regression coeffi  cient 
0.51 [CI 0.37-0.65]), RV width (0.30 [0.19-0.41]), and RV length (0.45 [0.20-0.71]; all 
p≤.001) were independently associated with CMR RVEF. Among FS indices, RVOT 
measurements yielded the highest diagnostic performance for CMR-defi ned RVdys 
(AUC: 0.87 [CI 0.80-0.94]), approaching that of RV-GLS (AUC: 0.94 [CI 0.91-0.98]; both 
p<.001) (Fig. 2). Conclusion: RV linear FS provides RV functional indices that parallel 
CMR RVEF. In particular, FS measured in parasternal long-axis RVOT yields good 
diagnostic performance as compared to RV-GLS, supporting the use of easily obtainable 
linear indices for RV functional assessment when more time-consuming techniques like 
RV-GLS are not available or not possible to be applied.
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P2-122
Gender Differences in the Association of Carotid Arterial Resistive 
Index with Left Ventricular Diastolic Function
Amano Rie1, Kusunose Kenya2, Yamada Hirotsugu3, Hiromitsu Seno2, Saijo 
Yoshihito2, Bando Mika3, Nishio Susumu1, Torii Yuta1, Hirata Yukina1, Sata 
Masataka2. 1Ultrasound Examination Center, Tokushima University Hospital, 
Tokushima, Japan; 2Department of Cardiovascular Medicine, Tokushima 
University Hospital, Tokushima, Japan; 3Department of Community Medicine 
for Cardiology, Tokushima University Graduate School of Biomedical Sciences, 
Tokushima, Japan
Background: Previous reports showed that carotid arterial resistive index (RI) was 
associated with the degree of generalized atherosclerosis and a sensitive marker of 
vascular dysfunction. Th e relationship between atherosclerosis and left  ventricular (LV) 
diastolic function has been previously reported. Recently, there has been increasing 
recognition of the gender diff erences in LV diastolic function. Th us, the aim of this study 
was to assess the gender diff erences in relationship between LV diastolic function and 
carotid arterial RI. Methods: A total of 515 subjects (304 male and 211 female; mean 
age 69 years) were recruited from our vascular laboratory database from January 2017 
to December 2017. Carotid ultrasonography and transthoracic echocardiography were 
performed on all subjects. RIs in common carotid artery (CCA) were measured, and their 
relationships with LV diastolic function (E/e’ ratio) were assessed aft er adjustment for 
covariates. Results: Th ere was no diff erence of cardiovascular etiologies between male 
and female groups. Th e mean RI in CCA was 0.78±0.06 and E/e’ was 10.1±4.9. Th e 
relationship between RI in CCA and LV diastolic function (E/e’) was shown in Figure. A 
direct linear association was seen between increasing degrees of RI in CCA and worsen 
diastolic function especially in female. Aft er multiple linear regression analysis, higher 
RI remained independently related to higher E/e’ only in female (p <0.05). Conclusion: 
Th ese fi ndings demonstrate that carotid arterial resistance closely related to LV diastolic 
function in female. Th e gender-dependent relation between carotid arterial resistance 
and LV diastolic function may be an insight of mechanism in gender diff erence of heart 
failure.

P2-123
Left Ventricular Strain and Synchrony in Children: Reference 
Values Derived from a Large Normal Pediatric Cohort
Adi Adar, Sunil Ghelani, Lynn A. Sleeper, Minmin Lu, Edward Marcus, Steven D. 
Colan, David M. Harrild. Boston Children‘s Hospital, Boston, MA
Background: Left  ventricular strain and synchrony have clinical importance in 
congenital and acquired heart diseases in adults and children. However, normal values 
for these values are lacking in large pediatric cohorts, particularly using the most popular 
pediatric echocardiographic platform. Th erefore we aimed to determine normal values of 
strain and synchrony parameters in children and young adults using Philips equipment. 
Methods: High frame rate 2D transthoracic echo images were retrospectively analyzed. 
Included subjects were less than 21 years old with structurally and functionally normal 
hearts, and no other abnormalities with cardiovascular impact. Philips QLAB v10.5 was 
used to measure global and segmental longitudinal (LS) and circumferential (CS) strain 
and synchrony based on apical 4, 2, and 3-chamber (AP 4, 2, 3) and mid-wall short-axis 
(SAX-M) views. Synchrony measures included time-to-peak strain standard deviation, 
maximal wall delay, and cross-correlation mean segmental delay; these were compared 
both in native form and with heart rate correction (divided by √RR). Results: Data 
were included from 312 subjects (40% female, mean age 10.2±5.8y, age range 3d-20.5y). 
Overall, mean strain values were: AP4 -24.4%; AP2 -24.2%; AP3 -24.6%; SAX-M -25.8%. 
All components of global and segmental LS became less negative with increasing age and 
BSA (p<0.001 for all); global CS did not vary signifi cantly with age or BSA (Figure 1). 
Most parameters of longitudinal, but not circumferential, synchrony varied signifi cantly 
with age (Table 1); aft er HR correction, however, most of these diff erences were no longer 
present. Conclusion: We present ranges of pediatric strain and synchrony parameters 
in a normal pediatric cohort based upon the Philips platform. Global and segmental LS 
become less negative with age, while CS does not. Age-related diff erences in parameters 
of ventricular synchrony became less pronounced with HR-correction.
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P2-124
miRNAs Associated with CTGF in a Murine Model with Banding 
and Debanding of the Ascending Aorta; Two-Dimensional Strain 
Echocardiography Study
Cho Jung Sun1, Jongho Lee1, Eun Joo Cho2. 1Daejeon St. Mary Hospital, Dae-jeon, 
Republic of Korea; 2St. Paul’s Hospital, Seoul, Republic of Korea
Background: Th e ascending aortic banding model can be used as an aortic stenosis model, 
and the debanding model can be used for reverse cardiac remodeling. Connective tissue 
growth factor(CTGF) is a profi brotic factor implicated in myocardial fi brosis of pressure 
overload mediated. In this study, we evaluated miRNAs targeting CTGF using pressure 
overload and reverse cardiac remodeling models. Methods: Minimally invasive ascending 
aortic banding was performed in 24 SD rats (male, 7 weeks old). Eight rats were assigned 
to the banding group and were sacrifi ced aft er 6 weeks. Eight rats were assigned to the 
debanding group, in which the aortic bands were removed aft er 28 days; these rats were 
sacrifi ced 2 weeks aft er band removal. We investigated the expression of CTGF, TGFβ1, 
and MMP2 using ELISA and examined miRNAs targeting CTGF using real-time qPCR in 
myocardial tissues of all subjects. Echocardiographic examinations were performed twice 
on all subjects, at baseline and six weeks aft er banding and 14 days aft er the debanding 
procedure. Results: Concentric hypertrophy resulted from the banding operation on the 
ascending aorta and was relieved aft er the debanding operation. CTGF expression was 
signifi cantly higher in the banding group than that in the sham and debanding groups. 
Th e relative expression levels of miRNA-26b was higher in the debanding group than 
those in the banding group. Th e three-layered global circumferential strain and radial 
strain did not diff er signifi cantly among the groups. However, compared with the GLS in 
the sham group, the GLS in the banding and debanding groups was signifi cantly increased. 
Compared with the GLS in the banding group, the GLS in the debanding group was not 
signifi cantly improved(-18.7±1.0 vs. -15.2±2.3 vs. -15.5±2.7, p=0.008 for GLS), possibly 
because myocardial fi brosis was not signifi cantly improved in the debanding group. 
Conclusion: Th e ascending aortic banding and subsequent debanding model can be used 
for reverse cardiac remodeling due to concentric LVH aft er a banding operation and the 
relief of concentricity aft er a debanding operation. CTGF, which plays an important role 
in myocardial fi brosis, decreased aft er the debanding operation. miRNA-26b could play 
roles in CTGF suppression in the reverse cardiac remodeling model.

P2-125
Right Ventricular Remodeling and Prognosis in Pulmonary Arterial 
Hypertension
Karima Addetia1, Kanako Kishiki1, Kalie Kebed1, Francesco Maff essanti2, Mardi 
Gomberg-Maitland1, Stephanie A. Besser1, Megan Yamat1, Lynn Weinert1, Victor 
Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 2Università della 
Svizzera Italiana, Lugano, Switzerland
Background: Pulmonary arterial hypertension (PAH) causes signifi cant changes in 
right ventricular (RV) shape, which may be associated with an adverse prognosis. No 
tools are currently available to assess RV shape. We hypothesized that surface analysis 
of the right ventricle using 3D echocardiography (3DE) with a parametric display of 
regional curvature indices would allow quantifi cation of regional RV shape. Accordingly, 
we developed 3D analysis soft ware to quantify regional RV shape and designed a 
study to determine whether alterations in shape are associated with mortality in PAH. 
Methods: 98 patients with PAH (54±15 years; 83% women) underwent transthoracic 
3DE (Philips). 3D RV endocardial surfaces were obtained (TomTec) at end-diastole and 
end-systole (ED, ES) to measure RV volumes (EDV, ESV) and ejection fraction (EF) and 
analyzed to calculate mean curvature indices in 4 segments: infl ow and outfl ow tracts 
(RVIT, RVOT), apex and body (divided into free-wall and septal regions). Mortality was 
determined using the Social Security Death Index. Diff erences in regional curvature 
indices between survivors and non-survivors were studied using independent t-test. Cox 
regression was used to determine if one or more curvature indices were associated with 
mortality. Results: 39 deaths occurred during follow-up (34±27mo). RV volumes were 
smaller and EF higher in survivors (EDV=213±72mL, ESV=129±64mL and EF=41±12% 
vs. 303±105mL, 205±88mL and 33±12%, respectively, in non-survivors; p<0.01). Inter-
group comparisons showed that the septum was minimally convex, bulging into the left  
ventricle, similarly in both groups. Th e RVOT and RVIT were equally rounded in both 
groups. Th e body free-wall tended to be more convex in survivors without reaching 
signifi cance. Th e apical free-wall, however, was signifi cantly more pointed in survivors 
(Fig). Changes in RV shape between systole and diastole were more prominent in the 
survivor group, suggesting preservation of RV compliance (Table). Cox regression 
revealed that a decrease in apical free-wall curvature by 1 unit increases the odds of death 
4-fold (HR=4.5[1.3,15.6], p=0.02). Conclusions: 3DE-based analysis of RV regional 
curvature provides prognostic information in patients with PAH: a rounded RV apex is 
associated with increased mortality.

P2-126
Comparative Left Ventricular Systolic Motion Pattern of Patients 
with Left Bundle Branch Block Pattern
Jing Yao1,2, Di Xu1,3, Yanjuan Zhang1, Chun Chen1, Yan Chen1, Huan Tang1, Yang 
Dai1, Beibei Ge1. 1Th e First Affi  liated Hospital of Nanjing Medical University, 
Nanjing, China; 2Cardiovascular Research Foundation, New York, NY; 3Nanjing 
Medical University, Nanjing, China
Background: Th e electrical activation pattern in right ventricular apex pacing(RVAP), 
type B Wolff -Parkinson-White syndrome (WPW-B), premature ventricular complexes 
originating from right ventricular outfl ow tract (RVOT-PVCs) is similar to that of 
complete left  bundle branch block (CLBBB). However, no data are available on the left  
ventricle (LV) motion pattern comparison in the patients with previously mentioned left  
bundle branch block (LBBB) pattern. Methods: 2D Speckle tracking was used to evaluate 
peak value and time to peak value of LV torsion, LV apex rotation, and LV base rotation 
in patients with RVAP (n=45), CLBBB with normal LV ejection fraction (n=28), WPW-B 
(n=38), RVOT-PVCs (n=42) and healthy controls (n=50). Th e time to peak value was 
expressed in a percentage relative to the R-R internal. Apical-basal rotation delay was 
calculated as the index of LV dyssynchrony. Results: Compared with the control group, 
LV motion pattern was altered in all of the patients, including the reduction of peak value 
of LV torsion, or apical/basal rotation, and dyssynchrony of LV apical-basal rotation 
(fi gure 1). Patients with RVAP and CLBBB had similar LV motion pattern, with reduced 
peak value of LV apex rotation and LV torsion. Patients with WPW-B demonstrated the 
opposite trend in the reduction of peak value of rotation, which is more dominant in basal 
layer. Th e most predominantly impairment in the peak value of LV torsion/rotation was 
found in patients with RVOT-PVCs (fi gure 2). Compared with the control group, apical-
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basal rotation delay was more prolonged in patients with CLBBB , followed by those with 
WPW-B, RVAP, and RVOT-PVCs, respectively. Conclusions: LV motion pattern was 
diff erent among patients with LBBB pattern. CLBBB and RVAP demonstrated similar 
trends in the reduction of LV torsion/rotation, especially pronounced in the apical layer. 
While WPW-B showed more dominant reduction in the basal layer, and RVOT-PVCs in 
both layers. In addition, CLBBB showed the most pronounced LV apical-basal rotation 
dyssynchrony.

P2-127
Right Ventricular Function and Bene cial Effects of Cardiac 
Rehabilitation in Patients with Chronic Heart Failure
Kenya Kusunose, Hiromitsu Seno, Hirotsugu Yamada, Susumu Nishio, Yuta 
Torii, Yukina Hirata, Yoshihito Saijo, Takayuki Ise, Koji Yamaguchi, Shusuke 
Yagi, Takeshi Soeki, Tetsuzo Wakatsuki, Masataka Sata. Tokushima University, 
Tokushima, Japan
Background: It has been recognized that a comprehensive cardiac rehabilitation (CR) 
program improves mortality in addition to functional cardiac capacity and symptoms 
in patients with chronic heart failure (CHF). On the other hand, the magnitude of the 
improvement in exercise capacity aft er CR diff ers among individuals. Recently, our 
laboratory developed preload stress echocardiography using leg positive pressure (LPP) 
to assess cardiac function during preload augmentation. We hypothesized that these 
more sensitive echocardiographic parameters, including right ventricular (RV) function 
during LPP, could be used to better predict the improvement in exercise capacity. Th e 

aim of this study was to assess the determinants of exercise capacity improvement aft er 
CR using preload stress echocardiography. Methods: We prospectively enrolled 41 CHF 
patients (age 62±11 years; 68% male) who had received optimized medical treatment in 
a CR program for 5 months. We performed preload echocardiographic studies during 
LPP. Cardiopulmonary exercise testing was performed before and aft er the CR program 
to assess exercise capacity. Results: Overall, the CR program signifi cantly increased 
peak VO2 from 14.5±4.6 mL/kg/min to 17.3±6.6 mL/kg/min (p <0.01). Signifi cant 
improvement in peak VO2 (>10%) aft er CR was observed in 24 patients, and peak VO2 
did not signifi cantly improve in 17 patients. In a multivariable logistic regression model, 
the signifi cant predictor of improvement in exercise capacity was RV strain during 
LPP (hazard ratio: 3.96 per 1 SD; p =0.01). A RV strain value of -16% during LPP had 
good sensitivity of 0.79 (95% CI 0.58-0.93) and specifi city of 0.71 (95% CI 0.44-0.90) to 
identify patients with improvement in peak VO2. Conclusions: RV strain during preload 
augmentation was a good predictor of improvement in VO2 in CHF. Preload stress 
echocardiography is a useful method for identifying a subgroup that will have benefi cial 
eff ects with CR.

P2-128
Applicability of Current Reference Values in Different 
Countries: Early Report from the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Diego Medvedofsky1, Tatsuya Miyoshi1, Seung Woo Park2, Anita Sadeghpour3, 
Mei Zhang4, Wendy Tsang5, Karima Addetia6, Rhonda Price7, Neil J. Weissman1, 
Roberto M. Lang6, Federico M. Asch1. 1MedStar Health Research Institute, 
Washington, DC; 2Samsung Medical Center, Seoul, Republic of Korea; 3Rajaie 
Cardiovascular Medical and Research Center, Echocardiography Research Center, 
Tehran, Islamic Republic of Iran; 4University of Shandong, Shandong Sheng, 
China; 5Toronto General Hospital, Toronto, ON, Canada; 6University of Chicago, 
Chicago, IL; 7American Society of Echocardiography, Morrisville, NC
Background: ASE chamber quantifi cation guidelines provide recommendation for 
normal values for a variety of parameters. While used worldwide, these values were 
predominantly obtained from Caucasian North American and European populations. We 
hypothesize normal ranges presented in the Guidelines may not represent chamber size 
and function in other countries. Accordingly, the ASE in collaboration with its Alliance 
Partners is leading the World Alliance of Societies of Echocardiography (WASE) study 
to establish and compare normal echocardiographic values across races, ethnicities and 
countries worldwide. In this interim analysis, we report 2D echocardiography (2DE) left  
ventricular (LV) and atrial (LA) size and LV function of the countries that completed 
enrollment, and compared measurements with the reference values recommended by 
ASE 2015 guidelines. Methods: WASE is an on-going multinational, observational, 
cross-sectional study. Individuals free from known signifi cant cardiac, lung and renal 
disease are being prospectively enrolled. China, Iran and South Korea completed 
enrolling 100 individuals evenly distributed among age groups and gender. Th e following 
parameters were acquired following the standard ASE protocol: LV ejection fraction, 
global longitudinal strain, end-diastolic volume and diameter, and LA volume. All 
measurements were analyzed (TOMTEC) at a Core laboratory following ASE Guidelines. 
Results are being compared with the ASE guidelines normal range values. Results: As of 
January, 2018, three countries have completed enrollment into the WASE study: China, 
Iran and South Korea, totalizing 300 individuals. Th e mean ± 2SD for each country, 
and their comparison against ASE guidelines normal range is shown in Figure. While 
the majority of patients fell within the Guidelines normal range for all parameters, 
some fell outside this range. Parameters with 5-10% and >10% of cases falling outside 
of the guidelines range are marked in the fi gure (* and ** respectively). Conclusions: 
Populations from China, Iran and South Korea in the WASE study have remarkable 
similarities to the normal ranges recommended in the ASE guidelines. However, small 
diff erences with the guidelines and between countries are noted, which need to be further 
investigated and reported with the completion of the study
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P2-124
miRNAs Associated with CTGF in a Murine Model with Banding 
and Debanding of the Ascending Aorta; Two-Dimensional Strain 
Echocardiography Study
Cho Jung Sun1, Jongho Lee1, Eun Joo Cho2. 1Daejeon St. Mary Hospital, Dae-jeon, 
Republic of Korea; 2St. Paul’s Hospital, Seoul, Republic of Korea
Background: Th e ascending aortic banding model can be used as an aortic stenosis model, 
and the debanding model can be used for reverse cardiac remodeling. Connective tissue 
growth factor(CTGF) is a profi brotic factor implicated in myocardial fi brosis of pressure 
overload mediated. In this study, we evaluated miRNAs targeting CTGF using pressure 
overload and reverse cardiac remodeling models. Methods: Minimally invasive ascending 
aortic banding was performed in 24 SD rats (male, 7 weeks old). Eight rats were assigned 
to the banding group and were sacrifi ced aft er 6 weeks. Eight rats were assigned to the 
debanding group, in which the aortic bands were removed aft er 28 days; these rats were 
sacrifi ced 2 weeks aft er band removal. We investigated the expression of CTGF, TGFβ1, 
and MMP2 using ELISA and examined miRNAs targeting CTGF using real-time qPCR in 
myocardial tissues of all subjects. Echocardiographic examinations were performed twice 
on all subjects, at baseline and six weeks aft er banding and 14 days aft er the debanding 
procedure. Results: Concentric hypertrophy resulted from the banding operation on the 
ascending aorta and was relieved aft er the debanding operation. CTGF expression was 
signifi cantly higher in the banding group than that in the sham and debanding groups. 
Th e relative expression levels of miRNA-26b was higher in the debanding group than 
those in the banding group. Th e three-layered global circumferential strain and radial 
strain did not diff er signifi cantly among the groups. However, compared with the GLS in 
the sham group, the GLS in the banding and debanding groups was signifi cantly increased. 
Compared with the GLS in the banding group, the GLS in the debanding group was not 
signifi cantly improved(-18.7±1.0 vs. -15.2±2.3 vs. -15.5±2.7, p=0.008 for GLS), possibly 
because myocardial fi brosis was not signifi cantly improved in the debanding group. 
Conclusion: Th e ascending aortic banding and subsequent debanding model can be used 
for reverse cardiac remodeling due to concentric LVH aft er a banding operation and the 
relief of concentricity aft er a debanding operation. CTGF, which plays an important role 
in myocardial fi brosis, decreased aft er the debanding operation. miRNA-26b could play 
roles in CTGF suppression in the reverse cardiac remodeling model.

P2-125
Right Ventricular Remodeling and Prognosis in Pulmonary Arterial 
Hypertension
Karima Addetia1, Kanako Kishiki1, Kalie Kebed1, Francesco Maff essanti2, Mardi 
Gomberg-Maitland1, Stephanie A. Besser1, Megan Yamat1, Lynn Weinert1, Victor 
Mor-Avi1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 2Università della 
Svizzera Italiana, Lugano, Switzerland
Background: Pulmonary arterial hypertension (PAH) causes signifi cant changes in 
right ventricular (RV) shape, which may be associated with an adverse prognosis. No 
tools are currently available to assess RV shape. We hypothesized that surface analysis 
of the right ventricle using 3D echocardiography (3DE) with a parametric display of 
regional curvature indices would allow quantifi cation of regional RV shape. Accordingly, 
we developed 3D analysis soft ware to quantify regional RV shape and designed a 
study to determine whether alterations in shape are associated with mortality in PAH. 
Methods: 98 patients with PAH (54±15 years; 83% women) underwent transthoracic 
3DE (Philips). 3D RV endocardial surfaces were obtained (TomTec) at end-diastole and 
end-systole (ED, ES) to measure RV volumes (EDV, ESV) and ejection fraction (EF) and 
analyzed to calculate mean curvature indices in 4 segments: infl ow and outfl ow tracts 
(RVIT, RVOT), apex and body (divided into free-wall and septal regions). Mortality was 
determined using the Social Security Death Index. Diff erences in regional curvature 
indices between survivors and non-survivors were studied using independent t-test. Cox 
regression was used to determine if one or more curvature indices were associated with 
mortality. Results: 39 deaths occurred during follow-up (34±27mo). RV volumes were 
smaller and EF higher in survivors (EDV=213±72mL, ESV=129±64mL and EF=41±12% 
vs. 303±105mL, 205±88mL and 33±12%, respectively, in non-survivors; p<0.01). Inter-
group comparisons showed that the septum was minimally convex, bulging into the left  
ventricle, similarly in both groups. Th e RVOT and RVIT were equally rounded in both 
groups. Th e body free-wall tended to be more convex in survivors without reaching 
signifi cance. Th e apical free-wall, however, was signifi cantly more pointed in survivors 
(Fig). Changes in RV shape between systole and diastole were more prominent in the 
survivor group, suggesting preservation of RV compliance (Table). Cox regression 
revealed that a decrease in apical free-wall curvature by 1 unit increases the odds of death 
4-fold (HR=4.5[1.3,15.6], p=0.02). Conclusions: 3DE-based analysis of RV regional 
curvature provides prognostic information in patients with PAH: a rounded RV apex is 
associated with increased mortality.

P2-126
Comparative Left Ventricular Systolic Motion Pattern of Patients 
with Left Bundle Branch Block Pattern
Jing Yao1,2, Di Xu1,3, Yanjuan Zhang1, Chun Chen1, Yan Chen1, Huan Tang1, Yang 
Dai1, Beibei Ge1. 1Th e First Affi  liated Hospital of Nanjing Medical University, 
Nanjing, China; 2Cardiovascular Research Foundation, New York, NY; 3Nanjing 
Medical University, Nanjing, China
Background: Th e electrical activation pattern in right ventricular apex pacing(RVAP), 
type B Wolff -Parkinson-White syndrome (WPW-B), premature ventricular complexes 
originating from right ventricular outfl ow tract (RVOT-PVCs) is similar to that of 
complete left  bundle branch block (CLBBB). However, no data are available on the left  
ventricle (LV) motion pattern comparison in the patients with previously mentioned left  
bundle branch block (LBBB) pattern. Methods: 2D Speckle tracking was used to evaluate 
peak value and time to peak value of LV torsion, LV apex rotation, and LV base rotation 
in patients with RVAP (n=45), CLBBB with normal LV ejection fraction (n=28), WPW-B 
(n=38), RVOT-PVCs (n=42) and healthy controls (n=50). Th e time to peak value was 
expressed in a percentage relative to the R-R internal. Apical-basal rotation delay was 
calculated as the index of LV dyssynchrony. Results: Compared with the control group, 
LV motion pattern was altered in all of the patients, including the reduction of peak value 
of LV torsion, or apical/basal rotation, and dyssynchrony of LV apical-basal rotation 
(fi gure 1). Patients with RVAP and CLBBB had similar LV motion pattern, with reduced 
peak value of LV apex rotation and LV torsion. Patients with WPW-B demonstrated the 
opposite trend in the reduction of peak value of rotation, which is more dominant in basal 
layer. Th e most predominantly impairment in the peak value of LV torsion/rotation was 
found in patients with RVOT-PVCs (fi gure 2). Compared with the control group, apical-
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basal rotation delay was more prolonged in patients with CLBBB , followed by those with 
WPW-B, RVAP, and RVOT-PVCs, respectively. Conclusions: LV motion pattern was 
diff erent among patients with LBBB pattern. CLBBB and RVAP demonstrated similar 
trends in the reduction of LV torsion/rotation, especially pronounced in the apical layer. 
While WPW-B showed more dominant reduction in the basal layer, and RVOT-PVCs in 
both layers. In addition, CLBBB showed the most pronounced LV apical-basal rotation 
dyssynchrony.

P2-127
Right Ventricular Function and Bene cial Effects of Cardiac 
Rehabilitation in Patients with Chronic Heart Failure
Kenya Kusunose, Hiromitsu Seno, Hirotsugu Yamada, Susumu Nishio, Yuta 
Torii, Yukina Hirata, Yoshihito Saijo, Takayuki Ise, Koji Yamaguchi, Shusuke 
Yagi, Takeshi Soeki, Tetsuzo Wakatsuki, Masataka Sata. Tokushima University, 
Tokushima, Japan
Background: It has been recognized that a comprehensive cardiac rehabilitation (CR) 
program improves mortality in addition to functional cardiac capacity and symptoms 
in patients with chronic heart failure (CHF). On the other hand, the magnitude of the 
improvement in exercise capacity aft er CR diff ers among individuals. Recently, our 
laboratory developed preload stress echocardiography using leg positive pressure (LPP) 
to assess cardiac function during preload augmentation. We hypothesized that these 
more sensitive echocardiographic parameters, including right ventricular (RV) function 
during LPP, could be used to better predict the improvement in exercise capacity. Th e 

aim of this study was to assess the determinants of exercise capacity improvement aft er 
CR using preload stress echocardiography. Methods: We prospectively enrolled 41 CHF 
patients (age 62±11 years; 68% male) who had received optimized medical treatment in 
a CR program for 5 months. We performed preload echocardiographic studies during 
LPP. Cardiopulmonary exercise testing was performed before and aft er the CR program 
to assess exercise capacity. Results: Overall, the CR program signifi cantly increased 
peak VO2 from 14.5±4.6 mL/kg/min to 17.3±6.6 mL/kg/min (p <0.01). Signifi cant 
improvement in peak VO2 (>10%) aft er CR was observed in 24 patients, and peak VO2 
did not signifi cantly improve in 17 patients. In a multivariable logistic regression model, 
the signifi cant predictor of improvement in exercise capacity was RV strain during 
LPP (hazard ratio: 3.96 per 1 SD; p =0.01). A RV strain value of -16% during LPP had 
good sensitivity of 0.79 (95% CI 0.58-0.93) and specifi city of 0.71 (95% CI 0.44-0.90) to 
identify patients with improvement in peak VO2. Conclusions: RV strain during preload 
augmentation was a good predictor of improvement in VO2 in CHF. Preload stress 
echocardiography is a useful method for identifying a subgroup that will have benefi cial 
eff ects with CR.

P2-128
Applicability of Current Reference Values in Different 
Countries: Early Report from the World Alliance of Societies of 
Echocardiography (WASE) Normal Values Study
Diego Medvedofsky1, Tatsuya Miyoshi1, Seung Woo Park2, Anita Sadeghpour3, 
Mei Zhang4, Wendy Tsang5, Karima Addetia6, Rhonda Price7, Neil J. Weissman1, 
Roberto M. Lang6, Federico M. Asch1. 1MedStar Health Research Institute, 
Washington, DC; 2Samsung Medical Center, Seoul, Republic of Korea; 3Rajaie 
Cardiovascular Medical and Research Center, Echocardiography Research Center, 
Tehran, Islamic Republic of Iran; 4University of Shandong, Shandong Sheng, 
China; 5Toronto General Hospital, Toronto, ON, Canada; 6University of Chicago, 
Chicago, IL; 7American Society of Echocardiography, Morrisville, NC
Background: ASE chamber quantifi cation guidelines provide recommendation for 
normal values for a variety of parameters. While used worldwide, these values were 
predominantly obtained from Caucasian North American and European populations. We 
hypothesize normal ranges presented in the Guidelines may not represent chamber size 
and function in other countries. Accordingly, the ASE in collaboration with its Alliance 
Partners is leading the World Alliance of Societies of Echocardiography (WASE) study 
to establish and compare normal echocardiographic values across races, ethnicities and 
countries worldwide. In this interim analysis, we report 2D echocardiography (2DE) left  
ventricular (LV) and atrial (LA) size and LV function of the countries that completed 
enrollment, and compared measurements with the reference values recommended by 
ASE 2015 guidelines. Methods: WASE is an on-going multinational, observational, 
cross-sectional study. Individuals free from known signifi cant cardiac, lung and renal 
disease are being prospectively enrolled. China, Iran and South Korea completed 
enrolling 100 individuals evenly distributed among age groups and gender. Th e following 
parameters were acquired following the standard ASE protocol: LV ejection fraction, 
global longitudinal strain, end-diastolic volume and diameter, and LA volume. All 
measurements were analyzed (TOMTEC) at a Core laboratory following ASE Guidelines. 
Results are being compared with the ASE guidelines normal range values. Results: As of 
January, 2018, three countries have completed enrollment into the WASE study: China, 
Iran and South Korea, totalizing 300 individuals. Th e mean ± 2SD for each country, 
and their comparison against ASE guidelines normal range is shown in Figure. While 
the majority of patients fell within the Guidelines normal range for all parameters, 
some fell outside this range. Parameters with 5-10% and >10% of cases falling outside 
of the guidelines range are marked in the fi gure (* and ** respectively). Conclusions: 
Populations from China, Iran and South Korea in the WASE study have remarkable 
similarities to the normal ranges recommended in the ASE guidelines. However, small 
diff erences with the guidelines and between countries are noted, which need to be further 
investigated and reported with the completion of the study
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P2-129
Longitudinal Changes in Echocardiographic Measures of 
Ventricular Function after Fontan
Matthew J. Campbell, Michael D. Quartermain, Laura M. Mercer-Rosa, Meryl 
S. Cohen, Valerie DeMatteo, Jenna M. Difrancesco, David J. Goldberg. Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: While numerous indices have been developed in an attempt to quantify 
ventricular function in single ventricle patients aft er Fontan, there is little data on how these 
parameters change over time. Methods: A retrospective observational study of individuals 
who underwent Fontan operation at Children’s Hospital of Philadelphia (CHOP) in 2006 
was performed. To be eligible for inclusion, patients were required to have undergone a 
minimum of four echocardiograms at CHOP with a minimum of six months between 
each study. Patients were excluded if echocardiograms did not include apical 4-chamber 
imaging or Doppler assessments of the ventricular infl ow and outfl ow. Measurements of 
fractional area change (FAC), tricuspid annular planar systolic excursion (TAPSE), and 
myocardial performance index (MPI) were made offl  ine. A composite outcome of protein 
losing enteropathy (PLE) or death was created and change in function was compared 
between those who did and those who did not meet the outcome. Results: Th ere were 
a total of 141 echocardiograms from 2006-2017 in 18 unique patients (67% male, 50% 
hypoplastic left  heart syndrome). Th ree of the 18 patients met the composite outcome (2 
PLE and one death). Th e aggregate mean values for all assessed parameters were worse 
than what would be expected for a healthy age-matched population without heart disease. 
All parameters worsened over time, however the changes were not statistically signifi cant. 
(Table 1). Th ere was no diff erence in the rate of change of ventricular function in those 
who met the composite endpoint versus those who did not. Conclusion: Although 
measures of ventricular function aft er Fontan operation were consistently diff erent from 
what would be expected in a population without congenital heart disease, there were no 
signifi cant change to these measures over a decade of follow-up. Similarly, no diff erence 
was noted between those who reached the composite endpoint of PLE or death relative 
to those who did not. Th is study demonstrated that failure of the Fontan circulation is 
multifactorial, and may occur without decline in systolic ventricular function. Future 
work that generates disease specifi c values for patients with Fontan operation would be 
useful to allow for a better assessment of ventricular performance in children with this 
unique physiology.

Table 1. Echocardiographic Measures of Ventricular Function Over Time

Mean 
(Standard 
Deviation)

Rate of Change 
per Year 
since Fontan 
Operation (95% 
CI)

P-value

Eff ect of Composite Outcome 
on Rate of Change per Year 
since Fontan Operation 
(95% CI)

P-value

FAC (%) 34.1(6.3) -0.087 (-0.0041, 
0.0024) 0.22 0.35 (-0.012, 0.019) 0.66

TAPSE 
Z-score -8.89 (1.83) -0.052 (-0.14, 

0.031) 0.61 0.12 (-0.12, 0.37) 0.32

MPI by 
Doppler of 
infl ow

0.47 (0.15) 0.039 (-0.0035, 
0.011) 0.3 -.0061 (-0.027, 0.015) 0.57

MPI by 
tissue 
Doppler

0.56 (0.143) 0.011 (-0.00089, 
0.023) 0.07 0.028 (-0.0074, 0.063) 0.12

P2-130
Does Strain Imaging Reduce Variability in Echocardiographic 
Interpretation of Right Ventricular Systolic Function? A Cardiac 
Magnetic Resonance Imaging Correlation Study
Bo Xu1, Richard Grimm1, Christine Jellis1, Milind Y. Desai1, Dermot Phelan1, 
Patrick Collier1, Maran Th amilarasan1, L. Leonardo Rodriguez1, Scott D. Flamm2, 
Serge C. Harb1, Zoran B. Popovic1. 1Section of Cardiovascular Imaging, Heart and 
Vascular Institute, Cleveland Clinic, Cleveland, OH; 2Cardiovascular Imaging 
Laboratory, Imaging Institute, and Heart and Vascular Institute, Cleveland, OH
Background: It is unknown whether right ventricular (RV) global longitudinal (GLS) 
and free wall (FWS) strains reduce variability in echocardiographic interpretation of RV 
systolic function. Methods: Readers of varying expertise (staff , fellows, sonographers) 
assessed RV systolic function. In session one, 20 readers graded RV function of 19 cases, 
using conventional measures. Aft er education, in session two, the same cases were re-
assessed, with the addition of RV strains. In session three, 18 readers graded RV function 
of 20 new cases, with knowledge of RV strains. Computer simulations were performed to 
obtain 230 random teams. RV ejection fraction (RVEF) by cardiac magnetic resonance 
(CMR) was the reference standard. Results: Th e mean RVEFs by CMR were 46±11% 
(range: 21-60%; n = 19; fi rst two sessions), and 40±11% (range: 21-59%; n = 20; third 
session). Correlation between RV GLS and CMR-derived RVEF was moderate: Spearman’s 
rho: 0.70, n = 19, p < 0.001 (fi rst two sessions); 0.55, n = 20, p < 0.05 (third session). RV 
strain parameters infl uenced echocardiographic interpretation, with a net reclassifi cation 
index of 8.0±3.6% (p = 0.014). Th e variability between echocardiographic interpretation 
and CMR was minimal, when RVEF was either normal or severely reduced. Th e greatest 
variability in echocardiographic interpretation occurred, when RVEF was mild to 
moderately reduced (p<0.0001 for a quadratic component of a polynomial regression). 
Addition of strain parameters (second and third sessions) ameliorated, but did not 
eradicate, the variability in echocardiographic interpretation of RV systolic function for 
these cases. Conclusion: RV strain parameters showed moderate correlations with CMR-
derived RVEF. Th e greatest variability in echocardiographic interpretation of RV systolic 
function occurred for cases with mild to moderately reduced RVEF by CMR. Addition of 
strain parameters ameliorated, but did not eradicate, the variability in echocardiographic 
interpretation of RV systolic function for these cases.

P2-131
Left Ventricular Wall Stress as a Reliable Predictor of Heart Failure 
Outcomes
Hassan Khan1, Kalaimani Elango1, Wassim Mosleh1, Natdanai Punnanithinont1, 
Tanvi Shah1, Cale O’Keeff e1, Sharma Kattel1, Amit Jain2, Umesh Sharma1. 
1University at Buff alo, Buff alo, NY; 2Th e University of Tennessee Health Science 
Center, Memphis, TN
Background: Heart failure (HF) is associated with signifi cant morbidity and mortality. 
Th e echocardiogram is the most commonly used imaging modality for the diagnosis and 
surveillance of HF. Th ere are insuffi  cient data for left  ventricular wall stress (LVWS) as a 
reliable predictor of HF outcomes. In this study, we explore the relationship between LVWS 
and clinical outcomes of HF. Methods: We prospectively studied 103 patients (age≥18 yrs) 
who presented with clinical symptoms of HF. LVWS was calculated according to Laplace’s 
equation from mid-cavity parasternal short axis view of a transthoracic Echocardiogram. 
Th e primary outcome was the composite endpoint of major adverse cardiovascular events 
(MACE), defi ned as cardiac mortality, recurrent myocardial infarction, revascularization, 
or stroke within 1-yr. Length of hospitalization (LOH) was also recorded. Analysis was 
done in the group as a whole and then in 4 subgroups such as HF with reduced ejection 
fraction (EF) ≤ 40% (HFrEF), HF with preserved ejection fraction > 40% (HFpEF), and 
presence or absence of history of coronary artery disease (CAD) irrespective of the type 
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of HF. A logistic regression model was used between ESWS and other factors such as 
age, history of diabetes, hypertension, atrial fi brillation, smoking, diuretic use, peak 
troponin and EF in the CAD subgroup to look for independent predictors of MACE. 
Results: Th ere were no diff erences in both end-systolic wall stress (ESWS) and end-
diastolic wall stress (EDWS) between MACE-positive and negative patients in the group 
as a whole and also in subgroups such as HFrEF, HFpEF, and non-CAD. However, in 
the CAD subgroup (n=55), ESWS was signifi cantly higher in MACE-positive patients 
(118±91) compared to MACE-negative patients (66±29), whereas no diff erence was 
observed in EDWS. ESWS was an independent predictor of MACE with an odds ratio 
(OR)=1.027, p=0.02 and then ESWS and age were combined independent predictors 
of MACE with an OR=1.034, p=0.004 and OR=1.145, p=0.02, respectively. In addition, 
EDWS was positively correlated with LOH in the whole group (r=0.217, p<0.05) and in 
the subgroups such as HFrEF (r=0.351; p=0.03) and CAD (r=0.346, p=0.002) but not in 
the other two subgroups. EDWS was the single most independent predictor for LOH in 
the stepwise linear regression method with a t-score of 2.27 in HFrEF (p=0.03) and 2.37 
in the CAD subgroup (p=0.02). Conclusion: LVWS could be a reliable prognostic tool 
in risk stratifying HF patients, especially with known CAD. Further studies in the larger 
clinical sample are needed to further understand the relationship of LVWS and clinical 
outcomes of HF. 

P2-132
Echocardiographic Non-Response to Cardiac Resynchronization 
Therapy: Are They Real Non-Responders?
Anna Soldatova, Vadim Kuznetsov, Sergey Dyachkov, Tatyana Enina, Dmitrii 
Krinochkin. Tyumen Cardiology Research Center, Tyumen, Russian Federation
Background: In patients with congestive heart failure (CHF) treated with cardiac 
resynchronization therapy (CRT) a reduction in left  ventricular (LV) end-systolic 
volume (ESV) of ≥15% is a commonly used criterion of the response. Some patients 
have signifi cant clinical improvement, decrease in NYHA functional class, good long-
term survival, however they demonstrate suboptimal cardiac remodeling aft er CRT and 
they are identifi ed as nonresponders. Th e aim: was to evaluate clinical, morphological, 
functional features and mortality in patients with suboptimal CRT response. Materials 
and methods: 109 patients (83.5% men) with NYHA functional class II-IV (mean age 54.6 
± 9.9 years). At baseline, 1, 3 months and each 6 months aft er implantation we evaluated 
clinical, electrocardiographic and echocardiographic parameters. According to the best 
decrease of LV ESV (mean follow-up period 34.8±16.7 months) patients were classifi ed 
as non-progressors (n=18; decrease in LV ESV 0-14%), responders (n=41; decrease in LV 
ESV 15-29%) and super-responders (SR) (n=50; reduction in LV ESV ≥ 30%). Results:
At baseline groups were matched for main clinical characteristics, the proportion of 
atrial fi brillation, width of the QRS complex, and the presence of left  bundle-branch 
block (LBBB). Echocardiographic parameters didn’t diff er between groups. All groups 
demonstrated signifi cant reverse remodeling of the LV, increase in LV ejection fraction 
(EF), increase in 6-minute walking distance. SR demonstrated the best improvement of 
clinical and functional parameters aft er CRT. However we found similar improvement 
in LV EF, LV ESV, NYHA functional class between responders and non-progressors and 
in dynamics mean values of these parameters were similar. Th e survival rates were 100% 
in SR, 80% in responders and 88.9% in non-progressors (Log-rank test p=0.004). When 
compared between groups survival rates in responders and non-progressors didn’t diff er 
signifi cantly (Log-Rank test p=0.213). Conclusion: Patients with reduction in LV ESV 
0-14% demonstrate similar improvement in clinical status and LV EF and similar survival 
rates as compared with those exhibiting reduction in LV ESV 15-30%. Non-progressors 
demonstrate similar survival as responders in long-term period. Taking into account 
the natural course of CHF we consider that functional stabilisation and absence of CHF 
progression in patients with LV ESV reduction 0-14% is a variant of good response and 
these patients should not be identifi ed as non-responders. Th us the only use of percentage 
change in LV ESV to defi ne CRT response is not always correct.

P2-133
3D Echocardiographic Semi-Automated Quanti cation of Left 
Ventricular Mass
Valentina Volpato1, Akhil Narang1, Neha Goyal1, David Prater2, Neeta Kumari2, 
Gloria Tamborini3, Laura Fusini3, Manuela Muratori3, Mauro Pepi3, Karima 
Addetia1, Amit R. Patel1, Victor Mor-Avi1, Roberto M. Lang1. 1University of 
Chicago, Chicago, IL; 2Philips Healthcare, Andover, MA; 3Centro Cardiologico 
Monzino, Milan, Italy
Background: Abnormal left  ventricular (LV) mass is a predictor of adverse cardiovascular 
events. LV mass determined from 2D echocardiography (2DE) is limited by geometric 
assumptions of LV shape. Although 3D echocardiography (3DE) circumvents this 
limitation by allowing direct mass measurement without assumptions about LV shape 
and hypertrophy distribution, it is seldom used in clinical practice due to lengthy 
analysis time. A recently developed 3DE adaptive analytics algorithm (Philips Heart 
Model), allows automated determination of 3D LV mass. We hypothesized that this new 
automated algorithm would be more accurate than 2DE when compared to the reference 
standard of cardiac magnetic resonance (CMR). Methods: Twenty consecutive patients 
referred for a CMR were prospectively enrolled. Each patient underwent 2DE and 3DE 

(Philips EPIQ, X5-1 transducer) and CMR imaging (Philips 1.5T scanner) on the same 
day. LV mass was quantifi ed at end-diastole using the 2DE area-length method, 3DE 
automated soft ware, and by manual tracing of the endo- and epicardial borders at end-
diastole in the CMR short-axis stack (Circle Cardiovascular Imaging). Linear regression 
and Bland-Altman analyses were used to compare 2DE and 3DE measurements of LV 
mass against the CMR reference. Results: Th ere was no signifi cant diff erence between LV 
mass measured from automated 3DE analysis and CMR, as refl ected by high correlation 
(r=0.92), minimal bias (5g) and relatively narrow limits of agreement (LOA ±38g) (Fig, 
left ). LV mass calculated from 2DE showed worse agreement with CMR, as refl ected 
by a lower correlation (r=0.76), greater bias (22g) and wider LOA (±70g) (Fig, right). 
With the automated 3DE soft ware, minor manual corrections of the endocardial borders 
were needed in 4/20 patients; however, correction of the epicardial borders was needed 
in the majority of cases (17/20). Conclusions: 3DE analysis of LV mass using the novel 
automated soft ware was more accurate than conventional 2DE methodology, when 
compared to the reference standard of CMR. Th e use of semi-automated 3DE analysis to 
quantify LV mass should be incorporated into clinical practice.

P2-134
Impact of Left Ventricular Apical Function on Early Diastolic 
Suction During Exercise in Patients with Heart Failure
Hiroyuki Iwano1, Shingo Tsujinaga1, Miwa Sarashina1, Taichi Hayashi1, Takashi 
Yokota1, Michito Murayama2, Ayako Ichikawa3, Nakabachi Masahiro3, Shinobu 
Yokoyama3, Hisao Nishino3, Satoshi Yamada1, Toshihisa Anzai1. 1Hokkaido 
University Graduate School of Medicine, Sapporo, Japan; 2Diagnostic Center for 
Sonography, Hokkaido University Hospital, Sapporo, Japan; 3Hokkaido University 
Hospital, Sapporo, Japan
Background: During exercise, early-diastolic pressure fall in the left  ventricular (LV) 
apex augments LV suction, which is an important determinant of exercise capacity in 
healthy subjects. However, the contribution of LV apical function to LV suction and 
exercise capacity in heart failure patients has not been fully elucidated. We hypothesized 
that LV suction at peak exercise is closely linked to exercise capacity, and moreover, this 
LV suction could be generated by LV apical function in these patients. Methods: Th e 
cardiopulmonary exercise testing and exercise-stress echocardiography were performed 
in 47 heart failure patients (dilated cardiomyopathy 32%, ischemic heart disease 17%, 
hypertensive heart disease 17%, hypertrophic cardiomyopathy 11%, others 28%). Apical 
4- and 2-chamber views and color M-mode Doppler image of LV infl ow were obtained 
at baseline and peak exercise. LV ejection fraction (EF) was measured by the method 
of disks. LV apical endocardial area was measured at end diastole and end systole and 
apical fractional area change (ApFAC) was calculated. Th e early-diastolic intraventricular 
pressure diff erence (IVPD) from mitral annulus to the LV apex was determined using 
color M-mode Doppler to integrate the Euler equation as a parameter of LV suction. 
Results: During exercise, LV EF signifi cantly increased (39±16% to 45±20%, P<0.01) 
whereas ApFAC did not (38±21% to 42±24%, NS). IVPD increased from 2.0±1.1 to 
3.9±2.2 mmHg by the exercise (P<0.01). Although IVPD at rest did not correlate with 
peak oxygen uptake (VO2), IVPD at peak exercise signifi cantly correlated with peak VO2
(R=0.70, P<0.01). At peak exercise, LV EF weakly correlated with IVPD (R=0.48, P<0.01). 
In contrast, ApFAC at peak exercise had a closer correlation with IVPD (R=0.67, P<0.01). 
Conclusion: Early-diastolic LV suction at peak exercise was closely associated with 
exercise capacity in heart failure patients. In addition, this LV suction could be infl uenced 
by LV apical function.
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Longitudinal Changes in Echocardiographic Measures of 
Ventricular Function after Fontan
Matthew J. Campbell, Michael D. Quartermain, Laura M. Mercer-Rosa, Meryl 
S. Cohen, Valerie DeMatteo, Jenna M. Difrancesco, David J. Goldberg. Children‘s 
Hospital of Philadelphia, Philadelphia, PA
Background: While numerous indices have been developed in an attempt to quantify 
ventricular function in single ventricle patients aft er Fontan, there is little data on how these 
parameters change over time. Methods: A retrospective observational study of individuals 
who underwent Fontan operation at Children’s Hospital of Philadelphia (CHOP) in 2006 
was performed. To be eligible for inclusion, patients were required to have undergone a 
minimum of four echocardiograms at CHOP with a minimum of six months between 
each study. Patients were excluded if echocardiograms did not include apical 4-chamber 
imaging or Doppler assessments of the ventricular infl ow and outfl ow. Measurements of 
fractional area change (FAC), tricuspid annular planar systolic excursion (TAPSE), and 
myocardial performance index (MPI) were made offl  ine. A composite outcome of protein 
losing enteropathy (PLE) or death was created and change in function was compared 
between those who did and those who did not meet the outcome. Results: Th ere were 
a total of 141 echocardiograms from 2006-2017 in 18 unique patients (67% male, 50% 
hypoplastic left  heart syndrome). Th ree of the 18 patients met the composite outcome (2 
PLE and one death). Th e aggregate mean values for all assessed parameters were worse 
than what would be expected for a healthy age-matched population without heart disease. 
All parameters worsened over time, however the changes were not statistically signifi cant. 
(Table 1). Th ere was no diff erence in the rate of change of ventricular function in those 
who met the composite endpoint versus those who did not. Conclusion: Although 
measures of ventricular function aft er Fontan operation were consistently diff erent from 
what would be expected in a population without congenital heart disease, there were no 
signifi cant change to these measures over a decade of follow-up. Similarly, no diff erence 
was noted between those who reached the composite endpoint of PLE or death relative 
to those who did not. Th is study demonstrated that failure of the Fontan circulation is 
multifactorial, and may occur without decline in systolic ventricular function. Future 
work that generates disease specifi c values for patients with Fontan operation would be 
useful to allow for a better assessment of ventricular performance in children with this 
unique physiology.

Table 1. Echocardiographic Measures of Ventricular Function Over Time

Mean 
(Standard 
Deviation)

Rate of Change 
per Year 
since Fontan 
Operation (95% 
CI)

P-value

Eff ect of Composite Outcome 
on Rate of Change per Year 
since Fontan Operation 
(95% CI)

P-value

FAC (%) 34.1(6.3) -0.087 (-0.0041, 
0.0024) 0.22 0.35 (-0.012, 0.019) 0.66

TAPSE 
Z-score -8.89 (1.83) -0.052 (-0.14, 

0.031) 0.61 0.12 (-0.12, 0.37) 0.32

MPI by 
Doppler of 
infl ow

0.47 (0.15) 0.039 (-0.0035, 
0.011) 0.3 -.0061 (-0.027, 0.015) 0.57

MPI by 
tissue 
Doppler

0.56 (0.143) 0.011 (-0.00089, 
0.023) 0.07 0.028 (-0.0074, 0.063) 0.12

P2-130
Does Strain Imaging Reduce Variability in Echocardiographic 
Interpretation of Right Ventricular Systolic Function? A Cardiac 
Magnetic Resonance Imaging Correlation Study
Bo Xu1, Richard Grimm1, Christine Jellis1, Milind Y. Desai1, Dermot Phelan1, 
Patrick Collier1, Maran Th amilarasan1, L. Leonardo Rodriguez1, Scott D. Flamm2, 
Serge C. Harb1, Zoran B. Popovic1. 1Section of Cardiovascular Imaging, Heart and 
Vascular Institute, Cleveland Clinic, Cleveland, OH; 2Cardiovascular Imaging 
Laboratory, Imaging Institute, and Heart and Vascular Institute, Cleveland, OH
Background: It is unknown whether right ventricular (RV) global longitudinal (GLS) 
and free wall (FWS) strains reduce variability in echocardiographic interpretation of RV 
systolic function. Methods: Readers of varying expertise (staff , fellows, sonographers) 
assessed RV systolic function. In session one, 20 readers graded RV function of 19 cases, 
using conventional measures. Aft er education, in session two, the same cases were re-
assessed, with the addition of RV strains. In session three, 18 readers graded RV function 
of 20 new cases, with knowledge of RV strains. Computer simulations were performed to 
obtain 230 random teams. RV ejection fraction (RVEF) by cardiac magnetic resonance 
(CMR) was the reference standard. Results: Th e mean RVEFs by CMR were 46±11% 
(range: 21-60%; n = 19; fi rst two sessions), and 40±11% (range: 21-59%; n = 20; third 
session). Correlation between RV GLS and CMR-derived RVEF was moderate: Spearman’s 
rho: 0.70, n = 19, p < 0.001 (fi rst two sessions); 0.55, n = 20, p < 0.05 (third session). RV 
strain parameters infl uenced echocardiographic interpretation, with a net reclassifi cation 
index of 8.0±3.6% (p = 0.014). Th e variability between echocardiographic interpretation 
and CMR was minimal, when RVEF was either normal or severely reduced. Th e greatest 
variability in echocardiographic interpretation occurred, when RVEF was mild to 
moderately reduced (p<0.0001 for a quadratic component of a polynomial regression). 
Addition of strain parameters (second and third sessions) ameliorated, but did not 
eradicate, the variability in echocardiographic interpretation of RV systolic function for 
these cases. Conclusion: RV strain parameters showed moderate correlations with CMR-
derived RVEF. Th e greatest variability in echocardiographic interpretation of RV systolic 
function occurred for cases with mild to moderately reduced RVEF by CMR. Addition of 
strain parameters ameliorated, but did not eradicate, the variability in echocardiographic 
interpretation of RV systolic function for these cases.

P2-131
Left Ventricular Wall Stress as a Reliable Predictor of Heart Failure 
Outcomes
Hassan Khan1, Kalaimani Elango1, Wassim Mosleh1, Natdanai Punnanithinont1, 
Tanvi Shah1, Cale O’Keeff e1, Sharma Kattel1, Amit Jain2, Umesh Sharma1. 
1University at Buff alo, Buff alo, NY; 2Th e University of Tennessee Health Science 
Center, Memphis, TN
Background: Heart failure (HF) is associated with signifi cant morbidity and mortality. 
Th e echocardiogram is the most commonly used imaging modality for the diagnosis and 
surveillance of HF. Th ere are insuffi  cient data for left  ventricular wall stress (LVWS) as a 
reliable predictor of HF outcomes. In this study, we explore the relationship between LVWS 
and clinical outcomes of HF. Methods: We prospectively studied 103 patients (age≥18 yrs) 
who presented with clinical symptoms of HF. LVWS was calculated according to Laplace’s 
equation from mid-cavity parasternal short axis view of a transthoracic Echocardiogram. 
Th e primary outcome was the composite endpoint of major adverse cardiovascular events 
(MACE), defi ned as cardiac mortality, recurrent myocardial infarction, revascularization, 
or stroke within 1-yr. Length of hospitalization (LOH) was also recorded. Analysis was 
done in the group as a whole and then in 4 subgroups such as HF with reduced ejection 
fraction (EF) ≤ 40% (HFrEF), HF with preserved ejection fraction > 40% (HFpEF), and 
presence or absence of history of coronary artery disease (CAD) irrespective of the type 
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of HF. A logistic regression model was used between ESWS and other factors such as 
age, history of diabetes, hypertension, atrial fi brillation, smoking, diuretic use, peak 
troponin and EF in the CAD subgroup to look for independent predictors of MACE. 
Results: Th ere were no diff erences in both end-systolic wall stress (ESWS) and end-
diastolic wall stress (EDWS) between MACE-positive and negative patients in the group 
as a whole and also in subgroups such as HFrEF, HFpEF, and non-CAD. However, in 
the CAD subgroup (n=55), ESWS was signifi cantly higher in MACE-positive patients 
(118±91) compared to MACE-negative patients (66±29), whereas no diff erence was 
observed in EDWS. ESWS was an independent predictor of MACE with an odds ratio 
(OR)=1.027, p=0.02 and then ESWS and age were combined independent predictors 
of MACE with an OR=1.034, p=0.004 and OR=1.145, p=0.02, respectively. In addition, 
EDWS was positively correlated with LOH in the whole group (r=0.217, p<0.05) and in 
the subgroups such as HFrEF (r=0.351; p=0.03) and CAD (r=0.346, p=0.002) but not in 
the other two subgroups. EDWS was the single most independent predictor for LOH in 
the stepwise linear regression method with a t-score of 2.27 in HFrEF (p=0.03) and 2.37 
in the CAD subgroup (p=0.02). Conclusion: LVWS could be a reliable prognostic tool 
in risk stratifying HF patients, especially with known CAD. Further studies in the larger 
clinical sample are needed to further understand the relationship of LVWS and clinical 
outcomes of HF. 

P2-132
Echocardiographic Non-Response to Cardiac Resynchronization 
Therapy: Are They Real Non-Responders?
Anna Soldatova, Vadim Kuznetsov, Sergey Dyachkov, Tatyana Enina, Dmitrii 
Krinochkin. Tyumen Cardiology Research Center, Tyumen, Russian Federation
Background: In patients with congestive heart failure (CHF) treated with cardiac 
resynchronization therapy (CRT) a reduction in left  ventricular (LV) end-systolic 
volume (ESV) of ≥15% is a commonly used criterion of the response. Some patients 
have signifi cant clinical improvement, decrease in NYHA functional class, good long-
term survival, however they demonstrate suboptimal cardiac remodeling aft er CRT and 
they are identifi ed as nonresponders. Th e aim: was to evaluate clinical, morphological, 
functional features and mortality in patients with suboptimal CRT response. Materials 
and methods: 109 patients (83.5% men) with NYHA functional class II-IV (mean age 54.6 
± 9.9 years). At baseline, 1, 3 months and each 6 months aft er implantation we evaluated 
clinical, electrocardiographic and echocardiographic parameters. According to the best 
decrease of LV ESV (mean follow-up period 34.8±16.7 months) patients were classifi ed 
as non-progressors (n=18; decrease in LV ESV 0-14%), responders (n=41; decrease in LV 
ESV 15-29%) and super-responders (SR) (n=50; reduction in LV ESV ≥ 30%). Results:
At baseline groups were matched for main clinical characteristics, the proportion of 
atrial fi brillation, width of the QRS complex, and the presence of left  bundle-branch 
block (LBBB). Echocardiographic parameters didn’t diff er between groups. All groups 
demonstrated signifi cant reverse remodeling of the LV, increase in LV ejection fraction 
(EF), increase in 6-minute walking distance. SR demonstrated the best improvement of 
clinical and functional parameters aft er CRT. However we found similar improvement 
in LV EF, LV ESV, NYHA functional class between responders and non-progressors and 
in dynamics mean values of these parameters were similar. Th e survival rates were 100% 
in SR, 80% in responders and 88.9% in non-progressors (Log-rank test p=0.004). When 
compared between groups survival rates in responders and non-progressors didn’t diff er 
signifi cantly (Log-Rank test p=0.213). Conclusion: Patients with reduction in LV ESV 
0-14% demonstrate similar improvement in clinical status and LV EF and similar survival 
rates as compared with those exhibiting reduction in LV ESV 15-30%. Non-progressors 
demonstrate similar survival as responders in long-term period. Taking into account 
the natural course of CHF we consider that functional stabilisation and absence of CHF 
progression in patients with LV ESV reduction 0-14% is a variant of good response and 
these patients should not be identifi ed as non-responders. Th us the only use of percentage 
change in LV ESV to defi ne CRT response is not always correct.

P2-133
3D Echocardiographic Semi-Automated Quanti cation of Left 
Ventricular Mass
Valentina Volpato1, Akhil Narang1, Neha Goyal1, David Prater2, Neeta Kumari2, 
Gloria Tamborini3, Laura Fusini3, Manuela Muratori3, Mauro Pepi3, Karima 
Addetia1, Amit R. Patel1, Victor Mor-Avi1, Roberto M. Lang1. 1University of 
Chicago, Chicago, IL; 2Philips Healthcare, Andover, MA; 3Centro Cardiologico 
Monzino, Milan, Italy
Background: Abnormal left  ventricular (LV) mass is a predictor of adverse cardiovascular 
events. LV mass determined from 2D echocardiography (2DE) is limited by geometric 
assumptions of LV shape. Although 3D echocardiography (3DE) circumvents this 
limitation by allowing direct mass measurement without assumptions about LV shape 
and hypertrophy distribution, it is seldom used in clinical practice due to lengthy 
analysis time. A recently developed 3DE adaptive analytics algorithm (Philips Heart 
Model), allows automated determination of 3D LV mass. We hypothesized that this new 
automated algorithm would be more accurate than 2DE when compared to the reference 
standard of cardiac magnetic resonance (CMR). Methods: Twenty consecutive patients 
referred for a CMR were prospectively enrolled. Each patient underwent 2DE and 3DE 

(Philips EPIQ, X5-1 transducer) and CMR imaging (Philips 1.5T scanner) on the same 
day. LV mass was quantifi ed at end-diastole using the 2DE area-length method, 3DE 
automated soft ware, and by manual tracing of the endo- and epicardial borders at end-
diastole in the CMR short-axis stack (Circle Cardiovascular Imaging). Linear regression 
and Bland-Altman analyses were used to compare 2DE and 3DE measurements of LV 
mass against the CMR reference. Results: Th ere was no signifi cant diff erence between LV 
mass measured from automated 3DE analysis and CMR, as refl ected by high correlation 
(r=0.92), minimal bias (5g) and relatively narrow limits of agreement (LOA ±38g) (Fig, 
left ). LV mass calculated from 2DE showed worse agreement with CMR, as refl ected 
by a lower correlation (r=0.76), greater bias (22g) and wider LOA (±70g) (Fig, right). 
With the automated 3DE soft ware, minor manual corrections of the endocardial borders 
were needed in 4/20 patients; however, correction of the epicardial borders was needed 
in the majority of cases (17/20). Conclusions: 3DE analysis of LV mass using the novel 
automated soft ware was more accurate than conventional 2DE methodology, when 
compared to the reference standard of CMR. Th e use of semi-automated 3DE analysis to 
quantify LV mass should be incorporated into clinical practice.

P2-134
Impact of Left Ventricular Apical Function on Early Diastolic 
Suction During Exercise in Patients with Heart Failure
Hiroyuki Iwano1, Shingo Tsujinaga1, Miwa Sarashina1, Taichi Hayashi1, Takashi 
Yokota1, Michito Murayama2, Ayako Ichikawa3, Nakabachi Masahiro3, Shinobu 
Yokoyama3, Hisao Nishino3, Satoshi Yamada1, Toshihisa Anzai1. 1Hokkaido 
University Graduate School of Medicine, Sapporo, Japan; 2Diagnostic Center for 
Sonography, Hokkaido University Hospital, Sapporo, Japan; 3Hokkaido University 
Hospital, Sapporo, Japan
Background: During exercise, early-diastolic pressure fall in the left  ventricular (LV) 
apex augments LV suction, which is an important determinant of exercise capacity in 
healthy subjects. However, the contribution of LV apical function to LV suction and 
exercise capacity in heart failure patients has not been fully elucidated. We hypothesized 
that LV suction at peak exercise is closely linked to exercise capacity, and moreover, this 
LV suction could be generated by LV apical function in these patients. Methods: Th e 
cardiopulmonary exercise testing and exercise-stress echocardiography were performed 
in 47 heart failure patients (dilated cardiomyopathy 32%, ischemic heart disease 17%, 
hypertensive heart disease 17%, hypertrophic cardiomyopathy 11%, others 28%). Apical 
4- and 2-chamber views and color M-mode Doppler image of LV infl ow were obtained 
at baseline and peak exercise. LV ejection fraction (EF) was measured by the method 
of disks. LV apical endocardial area was measured at end diastole and end systole and 
apical fractional area change (ApFAC) was calculated. Th e early-diastolic intraventricular 
pressure diff erence (IVPD) from mitral annulus to the LV apex was determined using 
color M-mode Doppler to integrate the Euler equation as a parameter of LV suction. 
Results: During exercise, LV EF signifi cantly increased (39±16% to 45±20%, P<0.01) 
whereas ApFAC did not (38±21% to 42±24%, NS). IVPD increased from 2.0±1.1 to 
3.9±2.2 mmHg by the exercise (P<0.01). Although IVPD at rest did not correlate with 
peak oxygen uptake (VO2), IVPD at peak exercise signifi cantly correlated with peak VO2
(R=0.70, P<0.01). At peak exercise, LV EF weakly correlated with IVPD (R=0.48, P<0.01). 
In contrast, ApFAC at peak exercise had a closer correlation with IVPD (R=0.67, P<0.01). 
Conclusion: Early-diastolic LV suction at peak exercise was closely associated with 
exercise capacity in heart failure patients. In addition, this LV suction could be infl uenced 
by LV apical function.
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P2-135
Right Ventricular Strain Assessment After Tricuspid Valve 
Annuloplasty 
Rachel Phillion, Marcin J. Malinowski, Tomasz Jazwiec, Lou A. Mitchell, 
Rhonda A. Coleman, Angela B. Malone, Lenora L. Eberhart, David E. Langholz. 
Spectrum Health Frederik Meijer Heart and Vascular Institute, Grand Rapids, MI
Background: Standard for treatment of severe tricuspid valve regurgitation is surgical 
repair with various types of annuloplasty rings. Traditionally, the echocardiographic 
assessment of tricuspid regurgitation pre and post ring repair has been performed 
with 2 dimensional measurements. However, right ventricular (RV) longitudinal strain 
may be reliable for RV assessment aft er annuloplasty. Th is study assesses the feasibility 
of measuring RV strain aft er tricuspid annuloplasty with three diff erent types of rings. 
Methods: Twenty eight ovine subjects (61.3±6.2 kg) underwent sternotomy for a tricuspid 
valve annuloplasty ring. Of these rings, 10 animals received a Contour 3D rigid ring, 8 
received a Duran Ancore® fl exible ring, and 10 received a Tri-Ad Adams hybrid ring. 
Epicardial echocardiography was utilized to acquire images at baseline before surgery, 
aft er annuloplasty ring implantation and during inotropic stimulation with calcium. 
Images were analyzed on General Electric EchoPAC Image Vault Soft ware. Post processed 
measurements included: Global Right Ventricular Peak Systolic Strain (GRVPSS), Right 
Ventricular Free Wall Peak Systolic Strain (RVFWPSS), Tricuspid Annular Plan Systolic 
Excursion (TAPSE), and Right Ventricular Fractional Area Change (RVFAC). Th e data 
was analyzed with a two-way repeated measure ANOVA and reported as least squared 
means ±SEM. Results: Th ere was no diff erence in echocardiographic fi ndings between 
the types of the ring implanted. Overall, GRVPSS value increased aft er implantation of 
the ring (-15.2±.6% vs. -10.4 ±.6%; p<.05; baseline vs. ring respectively) and decreased 
aft er calcium stimulation (-13.4±.7%; p<.05 vs. ring). Th ere was an increase in RVFWPSS 
aft er ring placement (-19.1±1.1% vs. -15.9±1.5%; p<.05; baseline vs. ring) and no 
signifi cant change with calcium (-14.0±1.2%; p>.05 vs. ring). TAPSE followed the same 
trend as RVFWPSS (1.3±.05cm vs. 1.0±.05cm vs. 1.1±6cm; p<.05; baseline vs. ring vs. 
calcium respectively). RVFAC decreased from baseline (50.6±1.4%) to ring implantation 
(44.5±1.4%; p<.05) and returned to baseline values aft er calcium (48±1.6%; p>.05 vs. 
baseline). Conclusions: It’s feasible to perform global RV and RV free wall strain aft er 
tricuspid annuloplasty. Implantation of the annuloplasty ring increases GRVPSS value, 
independently of the type of ring used. Seeing that GRVPSS increases aft er calcium 
injection and RVFWPSS does not, it could be theorized that the RV septum compensates 
for decreased right ventricular free wall function. Follow-up studies are recommended.

P2-136
The Interaction of Left Ventricular Energy Loss by Vector Flow 
Mapping to Cardiac Deformation
Yuko Soyama1, Nobuyuki Kagiyama1, Masataka Sugahara2, John Gorcsan, III1. 
1Washington University in St. Louis, St. Louis, MO; 2University of Pittsburgh, 
Pittsuburgh, PA
Background: Vector fl ow mapping (VFM) is a novel technique to evaluate cardiac 
fl ow dynamics noninvasively. Deformation by speckle tracking strain has emerged as a 
useful technique to assess left  ventricular (LV) function. However, the relationship of LV 
effi  ciency refl ected by VFM energy loss and global strain data are unclear. Our objective 
was to evaluate the relationship of global longitudinal strain (GLS) to LV energy loss by 
VFM. Methods: We studied 51 subjects: 39 normal controls and 12 patients with heart 
failure with reduced ejection fraction (HFrEF) (LVEF< 35%) by VFM and conventional 
echo methods (PROSOUND F75 Premier CV, Hitachi Corp.). Energy loss from vortex 
formation in the LV was analyzed from VFM color Doppler in the apical long axis view. 
Strain data were obtained from speckle tracking imaging from standard apical views. 
Results: VFM and GLS data were available in all subjects. Energy loss in mid systole 
was signifi cantly correlated with stroke volume (SV), LV end diastolic volume index 
(LVEDVI) and global longitudinal strain (GLS) (p=0.01, <0.01, 0.005, respectively). 
Energy loss in early diastole was correlated with E wave velocity, LVEDVI and early 
diastole GLS rate (p=0.010, 0.049,0.037, respectively). Also, energy loss in end-diastole 
was correlated with A wave velocity, LA volume, and end-diastolic GLS rate (p=0.017, 
<0.01, 0.002, respectively). Conclusions: Energy loss by VFM is a new means to assess 
LV effi  ciency which may be combined with strain imaging. Calculations of energy loss in 
HFrEF patients and normal controls were related to fl ow parameters, chamber size, and 
cardiac function by strain imaging. Th e interaction of LV strain and energy loss by VFM 
has promise to refi ne noninvasive quantifi cation of cardiac function.

P2-137
3D Global Longitudinal Strain Can Identify Patients with Mildly to 
Moderately Reduced Ejection Fraction at Higher Cardiovascular 
Risk
Diego Medvedofsky1, Francesco Maff essanti2, Lynn Weinert1, David M. Tehrani1, 
Akhil Narang1, Karima Addetia1, Anuj Mediratta1, Stephanie Besser1, Elad Maor3, 
Amit R. Patel1, Kirk T. Spencer1, Victor Mor-Avi1, Roberto M. Lang1. 1University 
of Chicago, Chicago, IL; 2Università della Svizzera Italiana, Lugano, Switzerland; 
3Sheba Medical Center, Tel Aviv, Israel
Background: Severely reduced left  ventricular (LV) ejection fraction (EF) derived from 
2D echocardiographic (2DE) images is known to be associated with increased mortality 
and is used to guide therapeutic choices. While ASE guidelines defi ne this group of 
patients by a 2D LV EF cutoff  of <30%, some patients with mildly to moderately reduced 
LV EF might also be at risk. Previous studies have shown that 2DE-derived global 
longitudinal strain (GLS) is more sensitive than 2D LV EF to detect abnormal LV function 
and accordingly may identify patients with mildly to moderately reduced LV EF who are 
at a similar cardiovascular (CV) risk level to those with severely reduced LV EF. Recently, 
3D echocardiographic (3DE) measurements of EF and GLS were found to be more 
reliable and reproducible, because of their independence of imaging plane and geometric 
assumptions. We hypothesized that these 3DE parameters of LV function may also have 
better predictive value than the 2DE indices. We aimed at testing the ability of 2DE- 
and 3DE-derived EF and GLS to identify patients with mildly to moderately reduced 
LV EF who are at a higher CV risk. Methods: We retrospectively studied 103 inpatients 
(age 61±16) with 2DE-derived LV EF between 30-50% who underwent transthoracic 
echocardiography during 2006-2010 period, and had good quality 2DE and 3DE images. 
Mortality data through 2016 were collected. Both 2DE and 3DE images were analyzed to 
measure LV EF and GLS. Kaplan Meier survival curves were generated by splitting the 
study group into two subgroups using the median of each parameter as the cutoff . Results: 
Of the 103 patients, 32 (31%) died of CV related deaths. Kaplan Meier curves showed that 
2D LV EF median (found at a cutoff  of 42.7%) was unable to diff erentiate patients at 
higher CV mortality risk, 2D GLS (median: -13.0%) and 3D EF (median: 41.1%) showed 
only a trend, but 3D GLS (median: -13.5%) was the only parameter to identify patients at 
higher CV mortality risk (Figure). Conclusions: 3D GLS is able to identify patients with 
mildly to moderately reduced LV EF who are at higher CV mortality risk. Incorporation 
of 3D GLS into clinical decisions has the potential to improve survival in the subgroup 
of patients with mildly to moderately reduced LV EF who may benefi t from therapeutic 
interventions that are not indicated according to the current guidelines.
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P2-138
The Takotsubo Meridian and Lateral Hinge-Point Angle: Novel 
Measurements to De ne Myocardial Deformation in Takotsubo 
Cardiomyopathy
Elliott M. Goodwin, Rachel P. Goodwin, Gregory J. Sinner, Vincent L. Sorrell. 
University of Kentucky, Lexington, KY
Background: Takotsubo Cardiomyopathy (TC) is characterized by transient systolic 
dysfunction of the distal left  ventricular (LV) segments in the absence of obstructive 
coronary artery disease (CAD). Diff erentiating TC from acute coronary syndrome 
(ACS) solely by echocardiography remains challenging and typically necessitates invasive 
coronary angiography (ICA). We hypothesized that patients with TC will have subtle 
echocardiographic diff erences that have not been described previously. Methods: Th is is 
a retrospective review of 52 patients diagnosed with TC. Quantitative echocardiographic 
measurements were performed by two independent researchers using Xcelera imaging 
soft ware (Philips Medical Systems, Version R4.1L1-SP1). Novel measurements (Figure) 
were obtained using QLAB soft ware (Version 10.3). Patients who underwent ICA to 
rule out obstructive CAD (Group 1) were compared to those without angiography but 
with echocardiographic evidence of apical ballooning (Group 2). All Group 2 patients 
had follow-up echocardiograms confi rming resolution of LV wall motion abnormalities. 
Results: Contemporary echocardiographic measurements were similar between groups 
(Table). Of the novel measurements, the “lateral hinge-point angle” was greater among 
patients in Group 2 compared to those in Group 1 (108.5° vs. 95.7°, p=0.002). Conclusion: 
Th e angle defi ned by the Takotsubo meridian and lateral hinge-point is greater in patients 
who did not undergo ICA, suggesting that echocardiographers may unknowingly utilize 
this measurement when diagnosing TC. Novel measurements such as this may aid in 
the development of a completely non-invasive approach to diff erentiating TC from a left  
anterior descending artery infarction.
Table. Comparison of echocardiographic measurements between Group 1 and 2.

Variable Baseline Measurements % Change From Baseline
Group 1 
(N=33)

Group 2 
(N=19) P-value* Group 1 

(N=33)
Group 2 
(N=19) P-value*

Heart rate (bpm) 88.2 93.7 0.386 -6.4% -14.2% 0.483
Stroke volume (ml) 44.4 47.2 0.673 34.9% 52.6% 0.368
Cardiac output (L/
min) 3.8 4.3 0.414 23.3% 18.5% 0.748

End-diastolic volume 
(ml) Ɨ 101.5 107.9 0.432 -14.3% -16.5% 0.855

End-systolic volume 
(ml) Ɨ 54.8 61.4 0.252 -35.6% -36.6% 0.937

Ejection fraction 
(ml) Ɨ 46.3 43.8 0.306 39.7% 38.2% 0.877

A4C longitudinal 
strain (%)Ɨ -11.2 -10.5 0.421 83.0% 92.0% 0.703

A2C longitudinal 
strain (%)Ɨ -9.8 -10.0 0.863 53.8% 107.9% 0.172

A3C longitudinal 
strain (%)Ɨ -10.1 -8.7 0.187 112.4% 133.7% 0.560

Global longitudinal 
strain (%)Ɨ -10.4 -9.7 0.446 88.4% 102.3% 0.550

SAX Strain - basal 
wall (%)Ɨ -10.7 -10.7 0.767 74.9% 85.8% 0.649

SAX strain - mid-
wall (%)Ɨ -8.8 -8.8 0.244 76.7% 104.8% 0.448

*Continuous variables expressed as mean; P-value represents between-group 
differences
Ɨ Obtained using QLAB software; A4C = apical 4-chamber, A2C = apical 
2-chamber, A3C = apical 3-chamber, SAX = short axis

P2-139
QRS Duration Associate with the Reduction of Left Ventricular 
Twist in Isolated Complete Left Bundle-Branch Block with 
Preserved Ejection Fraction Using Two-Dimensional Speckle-
Tracking Echocardiography
Lanting Zhao1, Dongdong Li1, Yonghuai Wang1, Guangyuan Li1, Pingping 
Meng1, Xuanyi Jin2, Shuang Liu1, Jun Yang1, Chunyan Ma1. 1Department 
of Cardiovascular Ultrasound, First Hospital of China Medical University, 
Shenyang, China; 2Department of Cardiology, Mayo Clinic, Arizona, AZ
Background: Left  ventricular (LV) twist is a wringing motion of the heart, which was 
caused by the two counter-directional rotational movements of base and apex resulting 
from opposing arrangement of the LV subepicardial and subendocardial myocardial fi bres. 
It has been revealed that LV twist plays an important role in pumping blood. Complete 
left  bundle-branch block (cLBBB) may lead to LV dyssynchronous uncoordinated 
myocardial contraction. However, whether the LV dyssynchrony simultaneously aff ects 
LV twist by the changes of the sequence of LV rotation mechanics remains uncertain. 
Th e purpose of this study was to assess LV rotation and twist in isolated cLBBB patients 
with preserved LV eject fraction and explore the risk factors for the reduction of LV 
twist using two-dimensional speckle-tracking echocardiography (2D STE). Methods: 
Th irty-nine isolated cLBBB patients with preserved LV eject fraction and 33 healthy 
individuals matched by age and gender were studied. Apical rocking and septal fl ash 
were visually assessed by echocardiography. We assessed LV rotation and twist, global 
longitudinal systolic function (global strain) and synchronous (including intra-ventricle 
and inter-ventricle) using 2D STE. Results: Th ere was no diff erence in baseline clinical 
characteristics between LBBB and control groups. LV mean apical rotation, basal rotation, 
and twist were decreased in isolated cLBBB patients than in controls (4.14° ± 2.36° vs. 
8.12° ± 3.48°, −5.44° ± 3.67° vs. −8.17° ± 3.25°, 7.14° ± 3.60° vs. 13.69° ± 3.75° p = 0.001, 
all). Of the 39 isolated cLBBB patients, 16 (30.6 %) had a LV twist systolic dysfunction 
(LV twist < 5.3°). Multivariate logistic regression analysis identifi ed QRS duration (odds 
ratio, 1.11; 95% confi dence interval, 1.03-1.21; p = 0.008) as an independent risk factor 
predicting LV twist systolic dysfunction, aft er adjusting for the related factors, such as 
age, sex, apical rocking, septal fl ash, global strain, intra-ventricular synchronous and 
inter-ventricular synchronous. Th e LV twist correlated negatively with basal rotation in 
isolated cLBBB patients (r = −0.39, p = 0.01), but did not correlate with apical rotation (r 
= 0.21, p = 0.21). Conclusions: Th e cLBBB may induce the reduction of LV twist mainly 
by diminishing the LV basal rotation. And QRS duration independently associated with 
the reduction of LV twist in isolated cLBBB patients with preserved LV eject fraction.

P2-140
Left Atrial Strain is A New Marker of Neurocardiac Injury Predictive 
of Pulmonary Edema in Patients with Subarachnoid Hemorrhage
Nobuyuki Kagiyama1, Yuko Soyama1, Elizabeth A. Crago2, Th eodore F. 
Lagattuta2, Khalil M. Yousef2, Marilyn T. Hravnak2, John Gorcsan, III1. 
1Washington University in St. Louis, St. Louis, MO; 2University of Pittsburgh, 
Pittsburgh, PA
Background: Subarachnoid hemorrhage (SAH) has been reported to cause neuro-
cardiac injury to a variable degree. However, eff ects of SAH on left  atrial (LA) function 
are unknown. We tested the hypothesis that LA function by strain imaging is a marker 
for neurocardiac injury associated with pulmonary edema. Methods: We prospectively 
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P2-135
Right Ventricular Strain Assessment After Tricuspid Valve 
Annuloplasty 
Rachel Phillion, Marcin J. Malinowski, Tomasz Jazwiec, Lou A. Mitchell, 
Rhonda A. Coleman, Angela B. Malone, Lenora L. Eberhart, David E. Langholz. 
Spectrum Health Frederik Meijer Heart and Vascular Institute, Grand Rapids, MI
Background: Standard for treatment of severe tricuspid valve regurgitation is surgical 
repair with various types of annuloplasty rings. Traditionally, the echocardiographic 
assessment of tricuspid regurgitation pre and post ring repair has been performed 
with 2 dimensional measurements. However, right ventricular (RV) longitudinal strain 
may be reliable for RV assessment aft er annuloplasty. Th is study assesses the feasibility 
of measuring RV strain aft er tricuspid annuloplasty with three diff erent types of rings. 
Methods: Twenty eight ovine subjects (61.3±6.2 kg) underwent sternotomy for a tricuspid 
valve annuloplasty ring. Of these rings, 10 animals received a Contour 3D rigid ring, 8 
received a Duran Ancore® fl exible ring, and 10 received a Tri-Ad Adams hybrid ring. 
Epicardial echocardiography was utilized to acquire images at baseline before surgery, 
aft er annuloplasty ring implantation and during inotropic stimulation with calcium. 
Images were analyzed on General Electric EchoPAC Image Vault Soft ware. Post processed 
measurements included: Global Right Ventricular Peak Systolic Strain (GRVPSS), Right 
Ventricular Free Wall Peak Systolic Strain (RVFWPSS), Tricuspid Annular Plan Systolic 
Excursion (TAPSE), and Right Ventricular Fractional Area Change (RVFAC). Th e data 
was analyzed with a two-way repeated measure ANOVA and reported as least squared 
means ±SEM. Results: Th ere was no diff erence in echocardiographic fi ndings between 
the types of the ring implanted. Overall, GRVPSS value increased aft er implantation of 
the ring (-15.2±.6% vs. -10.4 ±.6%; p<.05; baseline vs. ring respectively) and decreased 
aft er calcium stimulation (-13.4±.7%; p<.05 vs. ring). Th ere was an increase in RVFWPSS 
aft er ring placement (-19.1±1.1% vs. -15.9±1.5%; p<.05; baseline vs. ring) and no 
signifi cant change with calcium (-14.0±1.2%; p>.05 vs. ring). TAPSE followed the same 
trend as RVFWPSS (1.3±.05cm vs. 1.0±.05cm vs. 1.1±6cm; p<.05; baseline vs. ring vs. 
calcium respectively). RVFAC decreased from baseline (50.6±1.4%) to ring implantation 
(44.5±1.4%; p<.05) and returned to baseline values aft er calcium (48±1.6%; p>.05 vs. 
baseline). Conclusions: It’s feasible to perform global RV and RV free wall strain aft er 
tricuspid annuloplasty. Implantation of the annuloplasty ring increases GRVPSS value, 
independently of the type of ring used. Seeing that GRVPSS increases aft er calcium 
injection and RVFWPSS does not, it could be theorized that the RV septum compensates 
for decreased right ventricular free wall function. Follow-up studies are recommended.

P2-136
The Interaction of Left Ventricular Energy Loss by Vector Flow 
Mapping to Cardiac Deformation
Yuko Soyama1, Nobuyuki Kagiyama1, Masataka Sugahara2, John Gorcsan, III1. 
1Washington University in St. Louis, St. Louis, MO; 2University of Pittsburgh, 
Pittsuburgh, PA
Background: Vector fl ow mapping (VFM) is a novel technique to evaluate cardiac 
fl ow dynamics noninvasively. Deformation by speckle tracking strain has emerged as a 
useful technique to assess left  ventricular (LV) function. However, the relationship of LV 
effi  ciency refl ected by VFM energy loss and global strain data are unclear. Our objective 
was to evaluate the relationship of global longitudinal strain (GLS) to LV energy loss by 
VFM. Methods: We studied 51 subjects: 39 normal controls and 12 patients with heart 
failure with reduced ejection fraction (HFrEF) (LVEF< 35%) by VFM and conventional 
echo methods (PROSOUND F75 Premier CV, Hitachi Corp.). Energy loss from vortex 
formation in the LV was analyzed from VFM color Doppler in the apical long axis view. 
Strain data were obtained from speckle tracking imaging from standard apical views. 
Results: VFM and GLS data were available in all subjects. Energy loss in mid systole 
was signifi cantly correlated with stroke volume (SV), LV end diastolic volume index 
(LVEDVI) and global longitudinal strain (GLS) (p=0.01, <0.01, 0.005, respectively). 
Energy loss in early diastole was correlated with E wave velocity, LVEDVI and early 
diastole GLS rate (p=0.010, 0.049,0.037, respectively). Also, energy loss in end-diastole 
was correlated with A wave velocity, LA volume, and end-diastolic GLS rate (p=0.017, 
<0.01, 0.002, respectively). Conclusions: Energy loss by VFM is a new means to assess 
LV effi  ciency which may be combined with strain imaging. Calculations of energy loss in 
HFrEF patients and normal controls were related to fl ow parameters, chamber size, and 
cardiac function by strain imaging. Th e interaction of LV strain and energy loss by VFM 
has promise to refi ne noninvasive quantifi cation of cardiac function.

P2-137
3D Global Longitudinal Strain Can Identify Patients with Mildly to 
Moderately Reduced Ejection Fraction at Higher Cardiovascular 
Risk
Diego Medvedofsky1, Francesco Maff essanti2, Lynn Weinert1, David M. Tehrani1, 
Akhil Narang1, Karima Addetia1, Anuj Mediratta1, Stephanie Besser1, Elad Maor3, 
Amit R. Patel1, Kirk T. Spencer1, Victor Mor-Avi1, Roberto M. Lang1. 1University 
of Chicago, Chicago, IL; 2Università della Svizzera Italiana, Lugano, Switzerland; 
3Sheba Medical Center, Tel Aviv, Israel
Background: Severely reduced left  ventricular (LV) ejection fraction (EF) derived from 
2D echocardiographic (2DE) images is known to be associated with increased mortality 
and is used to guide therapeutic choices. While ASE guidelines defi ne this group of 
patients by a 2D LV EF cutoff  of <30%, some patients with mildly to moderately reduced 
LV EF might also be at risk. Previous studies have shown that 2DE-derived global 
longitudinal strain (GLS) is more sensitive than 2D LV EF to detect abnormal LV function 
and accordingly may identify patients with mildly to moderately reduced LV EF who are 
at a similar cardiovascular (CV) risk level to those with severely reduced LV EF. Recently, 
3D echocardiographic (3DE) measurements of EF and GLS were found to be more 
reliable and reproducible, because of their independence of imaging plane and geometric 
assumptions. We hypothesized that these 3DE parameters of LV function may also have 
better predictive value than the 2DE indices. We aimed at testing the ability of 2DE- 
and 3DE-derived EF and GLS to identify patients with mildly to moderately reduced 
LV EF who are at a higher CV risk. Methods: We retrospectively studied 103 inpatients 
(age 61±16) with 2DE-derived LV EF between 30-50% who underwent transthoracic 
echocardiography during 2006-2010 period, and had good quality 2DE and 3DE images. 
Mortality data through 2016 were collected. Both 2DE and 3DE images were analyzed to 
measure LV EF and GLS. Kaplan Meier survival curves were generated by splitting the 
study group into two subgroups using the median of each parameter as the cutoff . Results: 
Of the 103 patients, 32 (31%) died of CV related deaths. Kaplan Meier curves showed that 
2D LV EF median (found at a cutoff  of 42.7%) was unable to diff erentiate patients at 
higher CV mortality risk, 2D GLS (median: -13.0%) and 3D EF (median: 41.1%) showed 
only a trend, but 3D GLS (median: -13.5%) was the only parameter to identify patients at 
higher CV mortality risk (Figure). Conclusions: 3D GLS is able to identify patients with 
mildly to moderately reduced LV EF who are at higher CV mortality risk. Incorporation 
of 3D GLS into clinical decisions has the potential to improve survival in the subgroup 
of patients with mildly to moderately reduced LV EF who may benefi t from therapeutic 
interventions that are not indicated according to the current guidelines.
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P2-138
The Takotsubo Meridian and Lateral Hinge-Point Angle: Novel 
Measurements to De ne Myocardial Deformation in Takotsubo 
Cardiomyopathy
Elliott M. Goodwin, Rachel P. Goodwin, Gregory J. Sinner, Vincent L. Sorrell. 
University of Kentucky, Lexington, KY
Background: Takotsubo Cardiomyopathy (TC) is characterized by transient systolic 
dysfunction of the distal left  ventricular (LV) segments in the absence of obstructive 
coronary artery disease (CAD). Diff erentiating TC from acute coronary syndrome 
(ACS) solely by echocardiography remains challenging and typically necessitates invasive 
coronary angiography (ICA). We hypothesized that patients with TC will have subtle 
echocardiographic diff erences that have not been described previously. Methods: Th is is 
a retrospective review of 52 patients diagnosed with TC. Quantitative echocardiographic 
measurements were performed by two independent researchers using Xcelera imaging 
soft ware (Philips Medical Systems, Version R4.1L1-SP1). Novel measurements (Figure) 
were obtained using QLAB soft ware (Version 10.3). Patients who underwent ICA to 
rule out obstructive CAD (Group 1) were compared to those without angiography but 
with echocardiographic evidence of apical ballooning (Group 2). All Group 2 patients 
had follow-up echocardiograms confi rming resolution of LV wall motion abnormalities. 
Results: Contemporary echocardiographic measurements were similar between groups 
(Table). Of the novel measurements, the “lateral hinge-point angle” was greater among 
patients in Group 2 compared to those in Group 1 (108.5° vs. 95.7°, p=0.002). Conclusion: 
Th e angle defi ned by the Takotsubo meridian and lateral hinge-point is greater in patients 
who did not undergo ICA, suggesting that echocardiographers may unknowingly utilize 
this measurement when diagnosing TC. Novel measurements such as this may aid in 
the development of a completely non-invasive approach to diff erentiating TC from a left  
anterior descending artery infarction.
Table. Comparison of echocardiographic measurements between Group 1 and 2.

Variable Baseline Measurements % Change From Baseline
Group 1 
(N=33)

Group 2 
(N=19) P-value* Group 1 

(N=33)
Group 2 
(N=19) P-value*

Heart rate (bpm) 88.2 93.7 0.386 -6.4% -14.2% 0.483
Stroke volume (ml) 44.4 47.2 0.673 34.9% 52.6% 0.368
Cardiac output (L/
min) 3.8 4.3 0.414 23.3% 18.5% 0.748

End-diastolic volume 
(ml) Ɨ 101.5 107.9 0.432 -14.3% -16.5% 0.855

End-systolic volume 
(ml) Ɨ 54.8 61.4 0.252 -35.6% -36.6% 0.937

Ejection fraction 
(ml) Ɨ 46.3 43.8 0.306 39.7% 38.2% 0.877

A4C longitudinal 
strain (%)Ɨ -11.2 -10.5 0.421 83.0% 92.0% 0.703

A2C longitudinal 
strain (%)Ɨ -9.8 -10.0 0.863 53.8% 107.9% 0.172

A3C longitudinal 
strain (%)Ɨ -10.1 -8.7 0.187 112.4% 133.7% 0.560

Global longitudinal 
strain (%)Ɨ -10.4 -9.7 0.446 88.4% 102.3% 0.550

SAX Strain - basal 
wall (%)Ɨ -10.7 -10.7 0.767 74.9% 85.8% 0.649

SAX strain - mid-
wall (%)Ɨ -8.8 -8.8 0.244 76.7% 104.8% 0.448

*Continuous variables expressed as mean; P-value represents between-group 
differences
Ɨ Obtained using QLAB software; A4C = apical 4-chamber, A2C = apical 
2-chamber, A3C = apical 3-chamber, SAX = short axis

P2-139
QRS Duration Associate with the Reduction of Left Ventricular 
Twist in Isolated Complete Left Bundle-Branch Block with 
Preserved Ejection Fraction Using Two-Dimensional Speckle-
Tracking Echocardiography
Lanting Zhao1, Dongdong Li1, Yonghuai Wang1, Guangyuan Li1, Pingping 
Meng1, Xuanyi Jin2, Shuang Liu1, Jun Yang1, Chunyan Ma1. 1Department 
of Cardiovascular Ultrasound, First Hospital of China Medical University, 
Shenyang, China; 2Department of Cardiology, Mayo Clinic, Arizona, AZ
Background: Left  ventricular (LV) twist is a wringing motion of the heart, which was 
caused by the two counter-directional rotational movements of base and apex resulting 
from opposing arrangement of the LV subepicardial and subendocardial myocardial fi bres. 
It has been revealed that LV twist plays an important role in pumping blood. Complete 
left  bundle-branch block (cLBBB) may lead to LV dyssynchronous uncoordinated 
myocardial contraction. However, whether the LV dyssynchrony simultaneously aff ects 
LV twist by the changes of the sequence of LV rotation mechanics remains uncertain. 
Th e purpose of this study was to assess LV rotation and twist in isolated cLBBB patients 
with preserved LV eject fraction and explore the risk factors for the reduction of LV 
twist using two-dimensional speckle-tracking echocardiography (2D STE). Methods: 
Th irty-nine isolated cLBBB patients with preserved LV eject fraction and 33 healthy 
individuals matched by age and gender were studied. Apical rocking and septal fl ash 
were visually assessed by echocardiography. We assessed LV rotation and twist, global 
longitudinal systolic function (global strain) and synchronous (including intra-ventricle 
and inter-ventricle) using 2D STE. Results: Th ere was no diff erence in baseline clinical 
characteristics between LBBB and control groups. LV mean apical rotation, basal rotation, 
and twist were decreased in isolated cLBBB patients than in controls (4.14° ± 2.36° vs. 
8.12° ± 3.48°, −5.44° ± 3.67° vs. −8.17° ± 3.25°, 7.14° ± 3.60° vs. 13.69° ± 3.75° p = 0.001, 
all). Of the 39 isolated cLBBB patients, 16 (30.6 %) had a LV twist systolic dysfunction 
(LV twist < 5.3°). Multivariate logistic regression analysis identifi ed QRS duration (odds 
ratio, 1.11; 95% confi dence interval, 1.03-1.21; p = 0.008) as an independent risk factor 
predicting LV twist systolic dysfunction, aft er adjusting for the related factors, such as 
age, sex, apical rocking, septal fl ash, global strain, intra-ventricular synchronous and 
inter-ventricular synchronous. Th e LV twist correlated negatively with basal rotation in 
isolated cLBBB patients (r = −0.39, p = 0.01), but did not correlate with apical rotation (r 
= 0.21, p = 0.21). Conclusions: Th e cLBBB may induce the reduction of LV twist mainly 
by diminishing the LV basal rotation. And QRS duration independently associated with 
the reduction of LV twist in isolated cLBBB patients with preserved LV eject fraction.

P2-140
Left Atrial Strain is A New Marker of Neurocardiac Injury Predictive 
of Pulmonary Edema in Patients with Subarachnoid Hemorrhage
Nobuyuki Kagiyama1, Yuko Soyama1, Elizabeth A. Crago2, Th eodore F. 
Lagattuta2, Khalil M. Yousef2, Marilyn T. Hravnak2, John Gorcsan, III1. 
1Washington University in St. Louis, St. Louis, MO; 2University of Pittsburgh, 
Pittsburgh, PA
Background: Subarachnoid hemorrhage (SAH) has been reported to cause neuro-
cardiac injury to a variable degree. However, eff ects of SAH on left  atrial (LA) function 
are unknown. We tested the hypothesis that LA function by strain imaging is a marker 
for neurocardiac injury associated with pulmonary edema. Methods: We prospectively 
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studied 86 patients with acute SAH (52±11 years old, 72% female) with echocardiography 
in the acute phase (2.7±1.4 days from admission) (R01NR04221). LA function was 
assessed using speckle tracking strain imaging. Peak atrial longitudinal strain was 
obtained from apical 4- and 2- chamber views. Clinical severity of SAH was assessed by 
the Hunt-Hess grade. Troponin I and pulmonary edema by chest X-ray were assessed 
daily. Results: Patients were divided into 2 groups above and below median peak LA 
strain 36.2% [IQR 27.5 - 43.7%]. Patients in the lower peak LA strain group (≤ 36.2%) 
had signifi cantly higher troponin I levels (0.26 [0.01 - 2.88] vs. 0.01 [0.01 - 0.13] ng/
ml, p < 0.001) and slightly but signifi cantly lower left  ventricular ejection fractions 
(LVEF; 58±13% vs. 65±5%, p = 0.002). LA volume index was also higher in the lower 
LA strain group (LAVI; 47±15 vs. 40±16 ml/m2). Th e incidence of pulmonary edema 
was signifi cantly higher in patients with low peak LA strain (62.1% vs. 29.6%, p=0.018). 
Multivariable analysis showed lower peak LA strain was signifi cantly associated with 
pulmonary edema (odds ratio 1.06 per 1% decrease, p = 0.043), even aft er adjusting for 
age, clinical severity of SAH, LVEF, and LAVI. Adding peak LA strain to a multivariable 
model improved the C-statistics and net reclassifi cation improvement showed signifi cant 
benefi t of adding peak LA strain (p=0.045). Conclusions: In patients with acute SAH, 
lower peak LA strain was signifi cantly associated with higher troponin levels and 
pulmonary edema. LA strain is a new marker of neuro-cardiac injury in SAH associated 
with clinical outcomes.

P2-141
Effect of Mechanical Unloading on Ventricular Systolic Function 
in Children Supported on Continuous Flow Left Ventricular Assist 
Device
Swati Choudhry1, Hari P. Tunuguntla1, Susan W. Denfi eld1, Douglas K. Feagin1, 
Iki Adachi2, Barbara A. Elias2, William J. Dreyer1, Philip T. Levy3, Ricardo H. 
Pignatelli1. 1Section of Pediatric Cardiology, Texas Children’s Hospital, Baylor 
College of Medicine, Houston, TX; 2Michael E. DeBakey Department of Surgery, 
Division of Congenital Heart Surgery, Texas Children’s Hospital, Baylor College 
of Medicine, Houston, TX; 3Department of Pediatric Cardiology, Washington 
University School of Medicine, Saint Louis, MO
Background: Continuous-fl ow left  ventricular assist device (LVAD) support as a bridge to 
heart transplant (HT) is a lifesaving therapy in end-stage heart failure patients. Emerging 
data in adults suggest that mechanical unloading of the left  ventricle (LV) with LVAD can 
result in myocardial remodeling and improvement in cardiac function. Myocardial strain 
is a measure of tissue deformation, and speckle tracking echocardiography (STE) derived 
strain is a reliable non-invasive method to characterize right ventricle (RV) and LV systolic 
function in children. We evaluated RV and LV systolic function trends over 3-months 
using STE in children who underwent LVAD surgery. Methods: Eleven out of 34 patients 
who underwent LVAD placement had technically adequate STE imaging performed 
(HeartWare [8]; HeartMate II [3]; study period: 1/2013 to 02/2017). Echocardiograms 
were retrospectively reviewed before and within 3-months aft er LVAD implantation. 
Results: Th e diagnoses of the 11 patients [median age 10 years (IQR, 7.4, 15) and weight 
25 kg (24, 70)] were congenital complete heart block (1), congenital heart disease (1), 
and dilated cardiomyopathy (9). Th e median time between LVAD implantation, and 
follow-up echo post LVAD was 70 days (IQR [39, 83]). Th e ejection fraction improved 
from 20% (14, 23) to 39% (35, 56) aft er LVAD (P < 0.001). LV longitudinal strain (LS) 
improved from -8.1% (-4.9, -12.1) to -13.7% (-10.9, -18.1) aft er LVAD (P = 0.006). Th ere 
was a trend in LV circumferential strain improvement at both the mitral valve (base) and 
papillary muscle (mid-ventricle) levels (Table). RV fractional area change improved from 
32% (26, 35) to 36% (35, 44) aft er LVAD (P<0.001). Th e pulmonary artery acceleration 
time improved from 88 (80, 92) to 110 (96, 114) aft er LVAD (P<0.001). RVLS improved 
from −9.3% (-7.7, -10.9) to -15.8% (-12.4, -18.0) aft er LVAD, (P= 0.003). On follow up, 
6 patients underwent HT; LVAD was successfully explanted in 4 patients; and 1 patient 
remains on LVAD support (3.3 years). Conclusions: LVAD associated mechanical 
unloading improves RV and LV systolic function in children over time. Speckle-tracking 

echocardiography off ers a complimentary noninvasive technique for monitoring right 
and left  ventricular function in pediatric advanced heart failure patients on LVAD 
support.

P2-142
Variability in 2D Echo Assessment of LV Size and Functional 
Indices in an Academic Pediatric Echo Lab
David E. Saudek, Sara Shreve, Jessica Stelter, Evelyn Kuhn, Peter Frommelt. 
Children‘s Hospital of Wisconsin, Milwaukee, WI
Background: Variation in 2D echo measurements between providers may impact 
clinical decision-making but has not been well studied in pediatric patients. Methods: 
All sonographers, cardiology fellows, and attending echocardiographers employed in 
a pediatric echo lab made blinded measures of the aortic root and left  heart chambers 
from parasternal long axis, short axis, and apical images. Measures were made on high 
quality de-identifi ed 2-D images from a single normal study (T1). A teaching session 
then reviewed measurement techniques in an eff ort to decrease variation. Providers then 
blindly repeated measures from the same study (T2). ANOVA assessed diff erences in 
measures between provider types. Paired t-test was used to assess changes in measures 
from T1 to T2. Results: Measures were performed by 12 sonographers, 10 fellows, and 
11 attending physicians. Measurements yielded normal z-scores in 98.2%. Coeffi  cient of 
variation was highest for calculated volumes and LV wall thickness (>14%) and did not 
decrease at T2 (Table 1). Variation was lowest for aortic root measurements (2.8-5.3%). 
Fractional shortening (FS) <27% was calculated in 15% and ejection fraction (EF) <55% 
in 27%. At T2, FS was abnormal in 25% and EF abnormal in 17%. Measurements diff ered 
by provider type only for LV diastolic volume at T2 (p=0.01). Signifi cant changes from T1 
to T2 include increased ascending aorta (1.98 v 1.99 cm, p= 0.02) and LVIDs (2.40 v 2.45 
cm, p= 0.02) in aggregate measurement. Sonographers measured decreased LV systolic 
volume (15.97 v 14.48 ml, p=0.03) and increased ascending aorta (1.97 v 1.99 cm, p<0.01) 
and EF (60% v 64%, p=0.02). Conclusion: 2D echo measures of chamber volumes and LV 
wall thickness in a single normal study with optimal imaging show signifi cant variation 
between providers in an experienced pediatric lab. Review of proper technique in making 
measurements did not decrease variation. Th is study highlights the subjective nature of 
these measures raising questions about their reliability in clinical practice.
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P2-143
Inter- and Intra-Observer Variability in Layer-Speci c Strain 
Analysis: A Feasibility Study
Angela B. Malone1, Adnan Kassier2, Nabin K. Shrestha1, Rachel C. Phillion1, 
Lou A. Mitchell1, Rhonda A. Coleman1, Lenora L. Eberhart1, Stefan M. Jovinge1, 
David E. Langholz1. 1Spectrum Health Heart and Vascular Institute, Grand 
Rapids, MI; 2Spectrum Health/ Michigan State University, Grand Rapids, MI
Background: Global longitudinal strain (GLS) by speckle tracking echocardiography 
(STE) is utilized in many laboratories for quantifi cation of left  ventricular function. 
Variability of STE in tracking GLS between observers is a challenge, although multiple 
studies report inter- and intra-observer reproducibility measurements of GLS to be 
superior or at least comparable to those of ejection fraction. Algorithms exist to measure 
layer-specifi c strain, separating the fi bers into endocardial (ENDO), mid-myocardial 
(MID) and epicardial (EPI) layers. A multilayer analysis of myocardial deformation 
enables discrimination of transmural diff erences owing to several disease processes 
including hypertension, myocardial ischemia or necrosis. Th is study determined inter- 
and intra-observer variability in measuring layer-specifi c strain, with a hypothesis that 
inter-observer variability would be greater than intra-observer variability. Methods: 
Ten sonographers experienced in performing GLS comprised the INTER group. Each 
performed layer-specifi c strain analysis in General Electric EchoPAC 201 on the same 
images. Th e INTRA group was one sonographer performing the measurements 10 
times, manually placing points and adjusting the tracings. Th e AUTO group was the 
same sonographer placing points and the computer setting the tracings 10 times. 
Sonographers performed the analysis according to an instructional document. Data was 
analyzed using R soft ware. Bartlett’s test was used to test whether there is actual variability 
between sonographers in the measurements of diff erent layer-specifi c segments. Results: 
AUTO variability was smaller than INTRA and INTER in all regions. However, it was 
only statistically signifi cantly smaller than INTER variability in EPI and MID regions. 
Th e variability of INTRA seems smaller than that of INTER, but was not statistically 
signifi cant. Conclusion: Th is small pilot study failed to demonstrate a statistically 
signifi cant diff erence between INTER and INTRA groups. It may be feasible to perform 
layered GLS by a group of well-trained observers rather than one dedicated observer. In 
addition, given the contemporary analysis tools on commercially available echo systems, 
sonographer experience seems to be less of a variable in standardization of GLS data 
acquisition.

P2-144
Acute Effect of Multipoint Left Ventricular Pacing in Patients 
Receiving Cardiac Resynchronization Therapy
Mengruo Zhu, Haiyan Chen, ZibireFulati Fulati, Yang Liu, Yangang Su, 
Xianhong Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Objectives: Multipoint pacing (MPP), as a novel means of cardiac resynchronization 
therapy (CRT), is supposed to improve left  ventricle (LV) function by capturing a larger 
LV tissue area, resulting in uniform wave front propagation throughout the ventricles. 
Th e aim of this study was to evaluate the acute eff ect of MPP on LV hemodynamics and 
dyssynchrony, in comparison with conventional CRT. Methods: Ten patients with non-
ischemic dilated cardiomyopathy (mean age 61.7±9.6 years; NYHA III; QRS duration 
164.8±22.5 ms; LV ejection fraction 25%±6%) were include. Aft er the implantation 
procedure, an acute pacing protocol was performed, including routine bipolar ventricular 
pacing (Biv, RV+ LV distal site pacing), selective single-point ventricular pacing (Qiv, 
RV+LV latest excitation site pacing) and MPP (RV +LV earliest and latest excitation 
sites pacing) with a quadripolar LV lead (Quartet, St.Jude Medical, Inc). Th ere was 
a 10-min washing interval between each pacing modality. Electrocardiography and 
echocardiography was performed at baseline and three pacing interventions. Th e 
evaluation index includes QRS duration, LV end diastolic volume (LVEDV), end 
systolic volume (LVESV) and ejection fraction (LVEF), global longitudinal strain (GLS) 
and standard deviation of time to peak longitudinal strain (PSD) of 16 segments using 
Triplane speckle tracking imaging, interventricular mechanical delay (IVMD) and Yu 
index. Results: Compared with baseline, a signifi cant reduction of LVESV and IVMD, 
and improvement of LVEF can be observed in all three pacing modalities (P < 0.05). 
Th ere was a gradually increasing tendency in LVEF (baseline vs. Biv vs. Qiv vs. MPP, 
24.7±5.9 vs. 30.7±10.3 vs. 31.8±11.0 vs. 33.8±10.9 %) and GLS (baseline vs. Biv vs. Qiv 
vs. MPP, -5.9±2.5 vs. -6.0±2.6 vs. -6.7±3.1 vs. -7.0±3.2 %). A similar decreasing tendency 
was also revealed in LVESV (baseline vs. Biv vs. Qiv vs. MPP, 215.4±133.4 vs. 192.0±143.0 
vs. 173.8±137.4 vs. 171.3±145.8 mL), PSD (baseline vs. Biv vs. Qiv vs. MPP, 122.6±37.1 
vs. 105.0±28.4 vs. 82.3±19.2 vs. 86.8±35.2 ms) and QRS width (baseline vs. Biv vs. Qiv 
vs. MPP, 164.8±22.5 vs. 156.9±18.9 vs. 157.3±18.9 vs. 154.7±25.1 ms). Although they 
did not reach statistical signifi cance among the three pacing modalities. Conclusions: 
Th ese preliminary results suggest that all three pacing modalities resulted in signifi cant 
improvement of LV myocardial contractility and dyssynchrony. MPP tends to be superior 
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studied 86 patients with acute SAH (52±11 years old, 72% female) with echocardiography 
in the acute phase (2.7±1.4 days from admission) (R01NR04221). LA function was 
assessed using speckle tracking strain imaging. Peak atrial longitudinal strain was 
obtained from apical 4- and 2- chamber views. Clinical severity of SAH was assessed by 
the Hunt-Hess grade. Troponin I and pulmonary edema by chest X-ray were assessed 
daily. Results: Patients were divided into 2 groups above and below median peak LA 
strain 36.2% [IQR 27.5 - 43.7%]. Patients in the lower peak LA strain group (≤ 36.2%) 
had signifi cantly higher troponin I levels (0.26 [0.01 - 2.88] vs. 0.01 [0.01 - 0.13] ng/
ml, p < 0.001) and slightly but signifi cantly lower left  ventricular ejection fractions 
(LVEF; 58±13% vs. 65±5%, p = 0.002). LA volume index was also higher in the lower 
LA strain group (LAVI; 47±15 vs. 40±16 ml/m2). Th e incidence of pulmonary edema 
was signifi cantly higher in patients with low peak LA strain (62.1% vs. 29.6%, p=0.018). 
Multivariable analysis showed lower peak LA strain was signifi cantly associated with 
pulmonary edema (odds ratio 1.06 per 1% decrease, p = 0.043), even aft er adjusting for 
age, clinical severity of SAH, LVEF, and LAVI. Adding peak LA strain to a multivariable 
model improved the C-statistics and net reclassifi cation improvement showed signifi cant 
benefi t of adding peak LA strain (p=0.045). Conclusions: In patients with acute SAH, 
lower peak LA strain was signifi cantly associated with higher troponin levels and 
pulmonary edema. LA strain is a new marker of neuro-cardiac injury in SAH associated 
with clinical outcomes.

P2-141
Effect of Mechanical Unloading on Ventricular Systolic Function 
in Children Supported on Continuous Flow Left Ventricular Assist 
Device
Swati Choudhry1, Hari P. Tunuguntla1, Susan W. Denfi eld1, Douglas K. Feagin1, 
Iki Adachi2, Barbara A. Elias2, William J. Dreyer1, Philip T. Levy3, Ricardo H. 
Pignatelli1. 1Section of Pediatric Cardiology, Texas Children’s Hospital, Baylor 
College of Medicine, Houston, TX; 2Michael E. DeBakey Department of Surgery, 
Division of Congenital Heart Surgery, Texas Children’s Hospital, Baylor College 
of Medicine, Houston, TX; 3Department of Pediatric Cardiology, Washington 
University School of Medicine, Saint Louis, MO
Background: Continuous-fl ow left  ventricular assist device (LVAD) support as a bridge to 
heart transplant (HT) is a lifesaving therapy in end-stage heart failure patients. Emerging 
data in adults suggest that mechanical unloading of the left  ventricle (LV) with LVAD can 
result in myocardial remodeling and improvement in cardiac function. Myocardial strain 
is a measure of tissue deformation, and speckle tracking echocardiography (STE) derived 
strain is a reliable non-invasive method to characterize right ventricle (RV) and LV systolic 
function in children. We evaluated RV and LV systolic function trends over 3-months 
using STE in children who underwent LVAD surgery. Methods: Eleven out of 34 patients 
who underwent LVAD placement had technically adequate STE imaging performed 
(HeartWare [8]; HeartMate II [3]; study period: 1/2013 to 02/2017). Echocardiograms 
were retrospectively reviewed before and within 3-months aft er LVAD implantation. 
Results: Th e diagnoses of the 11 patients [median age 10 years (IQR, 7.4, 15) and weight 
25 kg (24, 70)] were congenital complete heart block (1), congenital heart disease (1), 
and dilated cardiomyopathy (9). Th e median time between LVAD implantation, and 
follow-up echo post LVAD was 70 days (IQR [39, 83]). Th e ejection fraction improved 
from 20% (14, 23) to 39% (35, 56) aft er LVAD (P < 0.001). LV longitudinal strain (LS) 
improved from -8.1% (-4.9, -12.1) to -13.7% (-10.9, -18.1) aft er LVAD (P = 0.006). Th ere 
was a trend in LV circumferential strain improvement at both the mitral valve (base) and 
papillary muscle (mid-ventricle) levels (Table). RV fractional area change improved from 
32% (26, 35) to 36% (35, 44) aft er LVAD (P<0.001). Th e pulmonary artery acceleration 
time improved from 88 (80, 92) to 110 (96, 114) aft er LVAD (P<0.001). RVLS improved 
from −9.3% (-7.7, -10.9) to -15.8% (-12.4, -18.0) aft er LVAD, (P= 0.003). On follow up, 
6 patients underwent HT; LVAD was successfully explanted in 4 patients; and 1 patient 
remains on LVAD support (3.3 years). Conclusions: LVAD associated mechanical 
unloading improves RV and LV systolic function in children over time. Speckle-tracking 

echocardiography off ers a complimentary noninvasive technique for monitoring right 
and left  ventricular function in pediatric advanced heart failure patients on LVAD 
support.

P2-142
Variability in 2D Echo Assessment of LV Size and Functional 
Indices in an Academic Pediatric Echo Lab
David E. Saudek, Sara Shreve, Jessica Stelter, Evelyn Kuhn, Peter Frommelt. 
Children‘s Hospital of Wisconsin, Milwaukee, WI
Background: Variation in 2D echo measurements between providers may impact 
clinical decision-making but has not been well studied in pediatric patients. Methods: 
All sonographers, cardiology fellows, and attending echocardiographers employed in 
a pediatric echo lab made blinded measures of the aortic root and left  heart chambers 
from parasternal long axis, short axis, and apical images. Measures were made on high 
quality de-identifi ed 2-D images from a single normal study (T1). A teaching session 
then reviewed measurement techniques in an eff ort to decrease variation. Providers then 
blindly repeated measures from the same study (T2). ANOVA assessed diff erences in 
measures between provider types. Paired t-test was used to assess changes in measures 
from T1 to T2. Results: Measures were performed by 12 sonographers, 10 fellows, and 
11 attending physicians. Measurements yielded normal z-scores in 98.2%. Coeffi  cient of 
variation was highest for calculated volumes and LV wall thickness (>14%) and did not 
decrease at T2 (Table 1). Variation was lowest for aortic root measurements (2.8-5.3%). 
Fractional shortening (FS) <27% was calculated in 15% and ejection fraction (EF) <55% 
in 27%. At T2, FS was abnormal in 25% and EF abnormal in 17%. Measurements diff ered 
by provider type only for LV diastolic volume at T2 (p=0.01). Signifi cant changes from T1 
to T2 include increased ascending aorta (1.98 v 1.99 cm, p= 0.02) and LVIDs (2.40 v 2.45 
cm, p= 0.02) in aggregate measurement. Sonographers measured decreased LV systolic 
volume (15.97 v 14.48 ml, p=0.03) and increased ascending aorta (1.97 v 1.99 cm, p<0.01) 
and EF (60% v 64%, p=0.02). Conclusion: 2D echo measures of chamber volumes and LV 
wall thickness in a single normal study with optimal imaging show signifi cant variation 
between providers in an experienced pediatric lab. Review of proper technique in making 
measurements did not decrease variation. Th is study highlights the subjective nature of 
these measures raising questions about their reliability in clinical practice.
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P2-143
Inter- and Intra-Observer Variability in Layer-Speci c Strain 
Analysis: A Feasibility Study
Angela B. Malone1, Adnan Kassier2, Nabin K. Shrestha1, Rachel C. Phillion1, 
Lou A. Mitchell1, Rhonda A. Coleman1, Lenora L. Eberhart1, Stefan M. Jovinge1, 
David E. Langholz1. 1Spectrum Health Heart and Vascular Institute, Grand 
Rapids, MI; 2Spectrum Health/ Michigan State University, Grand Rapids, MI
Background: Global longitudinal strain (GLS) by speckle tracking echocardiography 
(STE) is utilized in many laboratories for quantifi cation of left  ventricular function. 
Variability of STE in tracking GLS between observers is a challenge, although multiple 
studies report inter- and intra-observer reproducibility measurements of GLS to be 
superior or at least comparable to those of ejection fraction. Algorithms exist to measure 
layer-specifi c strain, separating the fi bers into endocardial (ENDO), mid-myocardial 
(MID) and epicardial (EPI) layers. A multilayer analysis of myocardial deformation 
enables discrimination of transmural diff erences owing to several disease processes 
including hypertension, myocardial ischemia or necrosis. Th is study determined inter- 
and intra-observer variability in measuring layer-specifi c strain, with a hypothesis that 
inter-observer variability would be greater than intra-observer variability. Methods: 
Ten sonographers experienced in performing GLS comprised the INTER group. Each 
performed layer-specifi c strain analysis in General Electric EchoPAC 201 on the same 
images. Th e INTRA group was one sonographer performing the measurements 10 
times, manually placing points and adjusting the tracings. Th e AUTO group was the 
same sonographer placing points and the computer setting the tracings 10 times. 
Sonographers performed the analysis according to an instructional document. Data was 
analyzed using R soft ware. Bartlett’s test was used to test whether there is actual variability 
between sonographers in the measurements of diff erent layer-specifi c segments. Results: 
AUTO variability was smaller than INTRA and INTER in all regions. However, it was 
only statistically signifi cantly smaller than INTER variability in EPI and MID regions. 
Th e variability of INTRA seems smaller than that of INTER, but was not statistically 
signifi cant. Conclusion: Th is small pilot study failed to demonstrate a statistically 
signifi cant diff erence between INTER and INTRA groups. It may be feasible to perform 
layered GLS by a group of well-trained observers rather than one dedicated observer. In 
addition, given the contemporary analysis tools on commercially available echo systems, 
sonographer experience seems to be less of a variable in standardization of GLS data 
acquisition.

P2-144
Acute Effect of Multipoint Left Ventricular Pacing in Patients 
Receiving Cardiac Resynchronization Therapy
Mengruo Zhu, Haiyan Chen, ZibireFulati Fulati, Yang Liu, Yangang Su, 
Xianhong Shu. Zhongshan Hospital, Fudan University, Shanghai, China
Objectives: Multipoint pacing (MPP), as a novel means of cardiac resynchronization 
therapy (CRT), is supposed to improve left  ventricle (LV) function by capturing a larger 
LV tissue area, resulting in uniform wave front propagation throughout the ventricles. 
Th e aim of this study was to evaluate the acute eff ect of MPP on LV hemodynamics and 
dyssynchrony, in comparison with conventional CRT. Methods: Ten patients with non-
ischemic dilated cardiomyopathy (mean age 61.7±9.6 years; NYHA III; QRS duration 
164.8±22.5 ms; LV ejection fraction 25%±6%) were include. Aft er the implantation 
procedure, an acute pacing protocol was performed, including routine bipolar ventricular 
pacing (Biv, RV+ LV distal site pacing), selective single-point ventricular pacing (Qiv, 
RV+LV latest excitation site pacing) and MPP (RV +LV earliest and latest excitation 
sites pacing) with a quadripolar LV lead (Quartet, St.Jude Medical, Inc). Th ere was 
a 10-min washing interval between each pacing modality. Electrocardiography and 
echocardiography was performed at baseline and three pacing interventions. Th e 
evaluation index includes QRS duration, LV end diastolic volume (LVEDV), end 
systolic volume (LVESV) and ejection fraction (LVEF), global longitudinal strain (GLS) 
and standard deviation of time to peak longitudinal strain (PSD) of 16 segments using 
Triplane speckle tracking imaging, interventricular mechanical delay (IVMD) and Yu 
index. Results: Compared with baseline, a signifi cant reduction of LVESV and IVMD, 
and improvement of LVEF can be observed in all three pacing modalities (P < 0.05). 
Th ere was a gradually increasing tendency in LVEF (baseline vs. Biv vs. Qiv vs. MPP, 
24.7±5.9 vs. 30.7±10.3 vs. 31.8±11.0 vs. 33.8±10.9 %) and GLS (baseline vs. Biv vs. Qiv 
vs. MPP, -5.9±2.5 vs. -6.0±2.6 vs. -6.7±3.1 vs. -7.0±3.2 %). A similar decreasing tendency 
was also revealed in LVESV (baseline vs. Biv vs. Qiv vs. MPP, 215.4±133.4 vs. 192.0±143.0 
vs. 173.8±137.4 vs. 171.3±145.8 mL), PSD (baseline vs. Biv vs. Qiv vs. MPP, 122.6±37.1 
vs. 105.0±28.4 vs. 82.3±19.2 vs. 86.8±35.2 ms) and QRS width (baseline vs. Biv vs. Qiv 
vs. MPP, 164.8±22.5 vs. 156.9±18.9 vs. 157.3±18.9 vs. 154.7±25.1 ms). Although they 
did not reach statistical signifi cance among the three pacing modalities. Conclusions: 
Th ese preliminary results suggest that all three pacing modalities resulted in signifi cant 
improvement of LV myocardial contractility and dyssynchrony. MPP tends to be superior 
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to Biv and Qiv in improving acute hemodynamic response. More studies with large 
samples and longer follow up are needed for further clarifi cation.

P2-145
Acute Echocardiographic and Biomarker Changes in Recreational 
Half-Marathon Runners
Shantanu P. Sengupta1, Dhananjay Raje1, Sourabh Shedge2, Nitin Burkule2. 
1Sengupta Hospital & Research Institute, Nagpur, India; 2Jupiter Hospital, Th ane, 
India
Background: Although the acute changes in cardiac function on echocardiography 
and acute cardiac injury by biomarker assessment are well characterized in elite ultra-
endurance white and Afro-Caribbean athletes, a similar information for recreational 
middle aged, South East Asian runners during a half marathon is not adequately available. 
Th e South East Asian subjects are also known to have premature coronary atherosclerosis 
and higher prevalence of metabolic syndrome. Methods: Transthoracic echocardiography 
and serum N-terminal pro-brain natriuretic peptide (NT-proBNP) level estimation was 
performed 48 hour prior to, immediately aft er (within 2 hours) and 48 hours aft er the 
completion of half marathon in 24 male recreational marathon runners [age 40.57 ±7.36 
years]. 2D Echocardiography, Doppler and Speckle tracking Echocardiography were 
used to characterize the changes in myocardial mechanics. Results: Th e salient fi ndings 
are summarized in the table. Th ere was a signifi cant increase in Right ventricular (RV) 
free wall global longitudinal strain (GLS) immediate post marathon which persisted 
for 48 hrs. Th is was associated with signifi cant increase in NT-proBNP immediate post 
Marathon which persisted for 48 hours. Although, there was no change in left  ventricular 
ejection fraction LVEF, LVGLS or LV global radial strain (GRS), there was signifi cant 
fall in LV global circumferential strain (GCS) immediate post-marathon with recovery 
to baseline by 48 hours. Interestingly, there was signifi cant increase in LV end systolic 
dimension and left  atrial (LA) volume immediate post Marathon which persisted for 48 
hours. Conclusion: South East Asian recreational half Marathon runners, immediately 
post marathon, show increase in RV free wall GLS, reduction in LV GCS and increase in 
LV end systolic dimension and LA volume with concomitant rise in BNP. Th ese changes 
persisted for 48-hour post Marathon except for LV-GCS.

Parameter Pre-
marathon

Immediate Post 
marathon(2hrs)

Post-marathon 
(48 hrs) P-value

Heart rate (beats /minute) 72.96+7.35 75.42+8.55 74.46+6.53 0.425
Left  ventricular end diastolic 
dimension (cm) 4.32+0.52 4.43+0.52 4.28+0.65 0.562

Left  ventricular end systolic 
dimension (cm) 2.91+0.49 3.18+0.53 3.71+1.20 0.015

Left  ventricular end-diastolic 
volume (ml) 88.75+20.19 87.29+20.88 87.88+25.9 0.957

N-terminal pro-brain 
natriuretic peptide (pg/ml) 34.75+26.25 58.92+26.97 40.04+29.15 0.009

Left  atrial volume (ml) 30.38+10.34 49.04+16.01 43.21+14.54 <0.0001
Left  ventricular end-diastolic 
volume (ml) 88.75+20.19 87.29+20.88 87.88+25.9 0.957

Left  ventricular ejection 
fraction (%) 57.92+6.62 56.25+9.43 55.92+6.5 0.453

Mitral infl ow early diastolic 
velocity (m/s) (E) 0.88+0.22 0.85+0.13 0.79+0.17 0.151

Lateral mitral annular early 
diastolic velocity (m/s) (e’) 0.16+0.13 0.11+0.02 0.11+0.02

0.091
Lateral mitral annular early 
diastolic velocity (m/s) (e’) 0.13+0.02 0.12+0.03 0.13+0.02 0.601

Mitral E/e’ 6.60+1.78 7.40+2.17 6.67+1.66 0.199
Left  ventricular global 
longitudinal strain (%) -17.83+3.16 -17.67+3.75 -16.75+3.12 0.381

Left  ventricular global 
circumferential strain (%) -18.05+4.01 -16.36+2.55 -18.42+1.82 0.05

Left  ventricular global radial 
strain (%) 34.31+3.11 34.57+2.79 33.88+3.17 0.305

TAPSE (cm) 2.13+0.3 2.13+0.33 2.28+0.25 0.145
Right ventricular S’ (m/s) 0.12+0.02 0.12+0.02 0.13+0.02 0.05
Right ventricular global 
longitudinal strain (%) 22.63+4.22 25.21+4.85 26.75+2.77 0.002

P2-146
Diastolic Function is Independently Associated with Aortic 
Calci cation in Patients with Preserved Ejection Fraction
Hidemi Sorimachi1,2, Kuniko Yoshida1, Masaru Obokata1, Koji Kurosawa1, 
Masahiko Kurabayashi1, Kazuaki Negishi2. 1Gunma University Graduate School 
of Medicine, Maebashi, Japan; 2Menzies Institute for Medical Research, University 
of Tasmania, Hobart, Australia
Background: Aortic calcifi cation is an independent predictor of cardiovascular morbidity 
AND mortality, irrespective of traditional coronary risk factors. However, the mechanism 
underlying the relationship between aortic calcifi cation and cardiovascular events remains 
unknown. We aimed to determine whether there are any independent associations 
between the degree of aortic calcifi cation AND clinical factors or left  ventricular (LV) 

function. Methods: We retrospectively reviewed the records of 543 patients (median 
age, 74 years; 327 males) who underwent clinically-indicated computed tomography 
AND echocardiography at our hospital between October 2012 and July 2014. Th e 
calcifi cation volume at the aortic wall was assessed as any area >1 mm³ with attenuation 
≥200 Hounsfi eld units. Results: Th e median aortic calcifi cation volume was 10.9 mL 
(25th and 75th percentile, 2.9, 22.2). On univariable linear regression, aortic calcifi cation 
volume was associated with age, hypertension, diabetes mellitus, ischemic heart disease, 
hemodialysis, AND smoking. Regarding blood pressure (BP), pulse pressure and systolic 
BP were associated with aortic calcifi cation, while diastolic BP was not. Regarding 
aortic stiff ness, calcifi cation was associated with arterial elastance AND total arterial 
compliance. Regarding cardiac function, signifi cant association was found for diastolic 
functional parameters (E/A ratio, deceleration time, e’, E/e’, ANDAND left  atrial volume 
index [LAVI]) but not for ejection fraction. On multivariable linear regression, age, 
diabetes mellitus, ischemic heart disease, smoking, e’, AND LAVI remained independent 
predictors of aortic calcifi cation. Conclusions: LV diastolic function was independently 
associated with aortic calcifi cation volume, suggesting that aortic calcifi cation may result 
in an adverse cardiovascular prognosis through deteriorated LV diastolic function.

P2-147
Heart Failure with Mid-Range Ejection Fraction: Are Left 
Ventricular or Left Atrial Strain Associated with Increased 
Mortality?
Jeremy Stone1, Luis Eduardo Enriquez Rodriguez2, Akhil Narang1, Kirk T. 
Spencer1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 2Hospital Clinico 
Universitario San Carlos, Madrid, Spain
Background: Patients with heart failure with mid-range ejection fraction (HFmEF), 
defi ned as those with left  ventricular ejection fraction (LVEF) between 40 and 50% 
and clinical heart failure, are a category recently introduced by the European Society of 
Cardiology. However, risk stratifi cation of patients with HFmEF is not well established. 
Left  ventricular (LV) and left  atrial (LA) global longitudinal strain (GLS) are known to 
be useful in risk stratifying patients with heart failure and reduced LVEF. Accordingly, 
we hypothesized that these parameters may also be useful in the HFmEF population. 
Th is study aimed at evaluating the association between LV and LA GLS with all-cause 
mortality in HFmEF patients. Methods: We retrospectively studied transthoracic 
echocardiograms (TTEs) of 944 patients with LVEF 40-50%. Chart review was performed 
to determine if these patients met the diagnosis of HFmrEF, determined by history of 
clinical heart failure or abnormal NT-proBNP level (>300 pg/mL). Exclusion criteria 
included atrial fi brillation, severe arrhythmia, or a paced rhythm, moderate or severe 
valve disease, prosthetic valves, greater than mild pericardial eff usion, and patients with 
cancer on chemotherapy. Patients who fi t the criteria were then divided into an all-cause 
mortality group and a surviving group, based on survival during the following 5-year 
period. Propensity matching based on age, body mass index (BMI), LVEF, and LA volume 
index (LAVI) was able to match 21 patients in the mortality group with survivors. LV 
GLS and LA GLS were calculated using Q Lab (Philips). Matched analysis was performed 
using paired T-tests. Results: Th ere was no signifi cant diff erence in LV GLS between the 
two groups (-13.0% ± 2.7% versus -13.3 ± 3.2%, p=0.38). Th ere were also no signifi cant 
inter-group diff erences in LA GLS (20.9 ± 10.2 versus 16.5 ± 8.9, p=0.17). Conclusions: 
HFmrEF is a group of patients that is challenging to risk stratify. LV GLS and LA GLS 
were not found to be signifi cantly associated with 5-year all-cause mortality in patients 
with HFmrEF. Further investigations are needed to fi nd which patients with HFmrEF are 
at increased risk.
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P2-148
Postnatal Evolution of Left Ventricular Rotational Mechanics in 
Preterm Infants
Gloria C. Lehmann1, Philip T. Levy1, Swati Choudhry2, Hongji Gu1, Aaron 
Hamvas3, Gautam Singh1. 1Washington University in St. Louis, Saint Louis, MO; 
2Baylor College of Medicine, Houston, TX; 3Northwestern University Feinberg 
School of Medicine, Chicago, IL
Background: Premature birth impacts myocardial development and maturation of the 
left  ventricle (LV). Th e aims of this study were to characterize maturational changes in LV 
rotational mechanics and establish reference values for LV twist and torsion in preterm 
infants through 1 year corrected age (CA). Methods: 118 preterm infants (<29 weeks, 
<1500 grams at birth) were prospectively enrolled at birth and followed to 1 year CA 
through the Prematurity and Respiratory Outcomes Program (U01 HL10179). Utilizing 
two dimensional speckle tracking echocardiography at 32 and 36 weeks postmenstrual 
age (PMA) and 1 year CA, LV basal rotation, apical rotation, twist and torsion (twist 
normalized against LV length) were acquired in the parasternal short axis view at 
appropriate levels and analyzed offl  ine with customized soft ware (GE EchoPac). A mixed 
random eff ects model with repeated measures analysis, controlling for gestational age and 
bronchopulmonary dysplasia (BPD), was used to determine change in LV torsion over 
time. Subgroup analysis was performed to determine if LV rotational mechanics change 
over time in infants with and without BPD. Results: LV torsion signifi cantly decreases 
(p<0.001) from 32 weeks PMA to 1 year CA (Table). Th e initial counterclockwise rotation 
and subsequent clockwise basal rotation are prominently present from early age and 
increase signifi cantly (p<0.001) over time. In comparison, the initial clockwise apical 
rotation increases (p<0.05) but the counterclockwise apical rotation does not change 
over time. Twist remains unchanged (p=0.2) while the torsion signifi cantly decreases. 
Both infants with and without BPD exhibit similar changes in LV torsion over time 
(Figure). Conclusion: Preterm infants exhibit changes in counterclockwise and clockwise 
LV rotation with decreasing torsion through 1 year CA. Th is study establishes reference 
values of LV rotational mechanics in preterm infants and describes postnatal maturational 
changes that may be clinically applicable for evaluation of LV function.

P2-149
Dobutamine Alters Normal Pattern of Mechanical Activity of the 
Heart: A High Resolution Speckle-Tracking Based Motion Analysis
Muhammad Ashraf1, Kacie Amacher2, Ran Chen2, Meihua Zhu2, David J. Sahn2, 
Partho P. Sengupta1. 1WVU, Morgantown, WV; 2OHSU, Portland, OR
Background: Dobutamine is frequently used in stress testing We studied the impact 
of dobutamine on cardiac mechanics. Methods: Seven adult pigs underwent midline 
sternotomy under anesthesia to allow acquisition of very high frame rate images directly 
from the heart surface. Left  ventricular (LV) pressure volume curves were obtained by 
Millar conductance catheters and apical short axis views acquired with a 10S probe on 
a Vivid 7 Dimension ultrasound system at >120 frames/second. Aft er baseline image 
acquisition, pigs were subjected to escalating doses of dobutamine. Images for each state 

were obtained and analyzed. Results: At baseline, contraction initiated and peaked sooner 
in septal segments of LV apex with a delay of up to 10-12% of R-R‘ interval time between 
peaks of systolic contraction in the septum and the lateral wall segments (P10mcg/kg), 
with > 25% increase in heart rate the sequential pattern of contraction was lost, with 20-
25% reduction in rotation as compared to baseline. Changes in LV rotation showed direct 
correlation with peak dP/dt. Conclusions: At higher doses, dobutamine alters cardiac 
rotation by changing the sequential contractile action of myocardial segments.

P2-150
Comprehensive (18 segment) RV Global Longitudinal Strain 
Assessment Compared to Apical 4 Chamber RV Strain 
Assessment - The Inter-Method Agreement and Feasibility in 
Normal Population 
Xuanyi Jin, Tasneem Z. Naqvi. Mayo Clinic, Scottsdale, AZ
Background: Two dimensional speckle tracking echocardiography (2D STE) derived 
right ventricle (RV) global longitudinal strain (GLS) has emerged as an important 
predictor of clinical outcome in heart failure. RV focused apical-4 chamber (4-ch) view 
is currently the only recommended view for RV strain measurement, and there is no 
agreement on inclusion of septum for RV GLS measurement. In this retrospective study, 
we measured RV strain using an RV 18-segment model in 3 apical RV views (RV GLSavg/3) 

,4-ch (A), 2-ch (B) and 3-ch (C) (Figure 1) and in focused apical RV 4-ch view (RV 
GLSavg/4ch) to determine the feasibility and agreement between the 2 methods in normal 
population. Methods: Consecutive 69 transthoracic echocardiography studies of normal 
adults performed over a 3-month period were retrospectively identifi ed from echo 
database to select 49 patients with no prior cardiovascular disease and with availability 
of all 3 apical RV views. 2D STE was performed off -line using Epsilon Imaging soft ware 
from imported DICOM fi les. Clinical data was collected from medical charts. Results: 
Th e feasibility of RV GLS in all 3 apical RV views was 94.2% and in RV focused 4-ch view 
was 96.0%. Absolute value of RV GLS derived from 3 apical RV views (RV GLSavg/3) and 
RV focused 4-ch view (RV GLSavg/4ch) including septum were -29.3±2.9, and -29.55±2.4% 
and excluding septum were -33.4±3.7 and -32.1±2.7% respectively. For RV GLS 
measurement from 3 apical RV views, agreement with RV focused 4-ch view was better 
including septum (0.832) than excluding septum (0.676). Bland-Altman analysis (Figure 
2) showed good agreement between RV GLSavg/3 and RV GLSavg/4ch including or excluding 
septum (RV GLSavg/3: mean bias, 0.25; RV GLSFW/3: mean bias, -1.3). Conclusion: In 
normal population, 18-segment RV strain analysis from 3 apical RV views is feasible 
and comparable to 4-ch derived RV strain. It may provide a promising alternative for 
patients with heart failure or those with increased RV aft erload states who require a more 
comprehensive RV strain analysis.
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to Biv and Qiv in improving acute hemodynamic response. More studies with large 
samples and longer follow up are needed for further clarifi cation.

P2-145
Acute Echocardiographic and Biomarker Changes in Recreational 
Half-Marathon Runners
Shantanu P. Sengupta1, Dhananjay Raje1, Sourabh Shedge2, Nitin Burkule2. 
1Sengupta Hospital & Research Institute, Nagpur, India; 2Jupiter Hospital, Th ane, 
India
Background: Although the acute changes in cardiac function on echocardiography 
and acute cardiac injury by biomarker assessment are well characterized in elite ultra-
endurance white and Afro-Caribbean athletes, a similar information for recreational 
middle aged, South East Asian runners during a half marathon is not adequately available. 
Th e South East Asian subjects are also known to have premature coronary atherosclerosis 
and higher prevalence of metabolic syndrome. Methods: Transthoracic echocardiography 
and serum N-terminal pro-brain natriuretic peptide (NT-proBNP) level estimation was 
performed 48 hour prior to, immediately aft er (within 2 hours) and 48 hours aft er the 
completion of half marathon in 24 male recreational marathon runners [age 40.57 ±7.36 
years]. 2D Echocardiography, Doppler and Speckle tracking Echocardiography were 
used to characterize the changes in myocardial mechanics. Results: Th e salient fi ndings 
are summarized in the table. Th ere was a signifi cant increase in Right ventricular (RV) 
free wall global longitudinal strain (GLS) immediate post marathon which persisted 
for 48 hrs. Th is was associated with signifi cant increase in NT-proBNP immediate post 
Marathon which persisted for 48 hours. Although, there was no change in left  ventricular 
ejection fraction LVEF, LVGLS or LV global radial strain (GRS), there was signifi cant 
fall in LV global circumferential strain (GCS) immediate post-marathon with recovery 
to baseline by 48 hours. Interestingly, there was signifi cant increase in LV end systolic 
dimension and left  atrial (LA) volume immediate post Marathon which persisted for 48 
hours. Conclusion: South East Asian recreational half Marathon runners, immediately 
post marathon, show increase in RV free wall GLS, reduction in LV GCS and increase in 
LV end systolic dimension and LA volume with concomitant rise in BNP. Th ese changes 
persisted for 48-hour post Marathon except for LV-GCS.

Parameter Pre-
marathon

Immediate Post 
marathon(2hrs)

Post-marathon 
(48 hrs) P-value

Heart rate (beats /minute) 72.96+7.35 75.42+8.55 74.46+6.53 0.425
Left  ventricular end diastolic 
dimension (cm) 4.32+0.52 4.43+0.52 4.28+0.65 0.562

Left  ventricular end systolic 
dimension (cm) 2.91+0.49 3.18+0.53 3.71+1.20 0.015

Left  ventricular end-diastolic 
volume (ml) 88.75+20.19 87.29+20.88 87.88+25.9 0.957

N-terminal pro-brain 
natriuretic peptide (pg/ml) 34.75+26.25 58.92+26.97 40.04+29.15 0.009

Left  atrial volume (ml) 30.38+10.34 49.04+16.01 43.21+14.54 <0.0001
Left  ventricular end-diastolic 
volume (ml) 88.75+20.19 87.29+20.88 87.88+25.9 0.957

Left  ventricular ejection 
fraction (%) 57.92+6.62 56.25+9.43 55.92+6.5 0.453

Mitral infl ow early diastolic 
velocity (m/s) (E) 0.88+0.22 0.85+0.13 0.79+0.17 0.151

Lateral mitral annular early 
diastolic velocity (m/s) (e’) 0.16+0.13 0.11+0.02 0.11+0.02

0.091
Lateral mitral annular early 
diastolic velocity (m/s) (e’) 0.13+0.02 0.12+0.03 0.13+0.02 0.601

Mitral E/e’ 6.60+1.78 7.40+2.17 6.67+1.66 0.199
Left  ventricular global 
longitudinal strain (%) -17.83+3.16 -17.67+3.75 -16.75+3.12 0.381

Left  ventricular global 
circumferential strain (%) -18.05+4.01 -16.36+2.55 -18.42+1.82 0.05

Left  ventricular global radial 
strain (%) 34.31+3.11 34.57+2.79 33.88+3.17 0.305

TAPSE (cm) 2.13+0.3 2.13+0.33 2.28+0.25 0.145
Right ventricular S’ (m/s) 0.12+0.02 0.12+0.02 0.13+0.02 0.05
Right ventricular global 
longitudinal strain (%) 22.63+4.22 25.21+4.85 26.75+2.77 0.002

P2-146
Diastolic Function is Independently Associated with Aortic 
Calci cation in Patients with Preserved Ejection Fraction
Hidemi Sorimachi1,2, Kuniko Yoshida1, Masaru Obokata1, Koji Kurosawa1, 
Masahiko Kurabayashi1, Kazuaki Negishi2. 1Gunma University Graduate School 
of Medicine, Maebashi, Japan; 2Menzies Institute for Medical Research, University 
of Tasmania, Hobart, Australia
Background: Aortic calcifi cation is an independent predictor of cardiovascular morbidity 
AND mortality, irrespective of traditional coronary risk factors. However, the mechanism 
underlying the relationship between aortic calcifi cation and cardiovascular events remains 
unknown. We aimed to determine whether there are any independent associations 
between the degree of aortic calcifi cation AND clinical factors or left  ventricular (LV) 

function. Methods: We retrospectively reviewed the records of 543 patients (median 
age, 74 years; 327 males) who underwent clinically-indicated computed tomography 
AND echocardiography at our hospital between October 2012 and July 2014. Th e 
calcifi cation volume at the aortic wall was assessed as any area >1 mm³ with attenuation 
≥200 Hounsfi eld units. Results: Th e median aortic calcifi cation volume was 10.9 mL 
(25th and 75th percentile, 2.9, 22.2). On univariable linear regression, aortic calcifi cation 
volume was associated with age, hypertension, diabetes mellitus, ischemic heart disease, 
hemodialysis, AND smoking. Regarding blood pressure (BP), pulse pressure and systolic 
BP were associated with aortic calcifi cation, while diastolic BP was not. Regarding 
aortic stiff ness, calcifi cation was associated with arterial elastance AND total arterial 
compliance. Regarding cardiac function, signifi cant association was found for diastolic 
functional parameters (E/A ratio, deceleration time, e’, E/e’, ANDAND left  atrial volume 
index [LAVI]) but not for ejection fraction. On multivariable linear regression, age, 
diabetes mellitus, ischemic heart disease, smoking, e’, AND LAVI remained independent 
predictors of aortic calcifi cation. Conclusions: LV diastolic function was independently 
associated with aortic calcifi cation volume, suggesting that aortic calcifi cation may result 
in an adverse cardiovascular prognosis through deteriorated LV diastolic function.

P2-147
Heart Failure with Mid-Range Ejection Fraction: Are Left 
Ventricular or Left Atrial Strain Associated with Increased 
Mortality?
Jeremy Stone1, Luis Eduardo Enriquez Rodriguez2, Akhil Narang1, Kirk T. 
Spencer1, Roberto M. Lang1. 1University of Chicago, Chicago, IL; 2Hospital Clinico 
Universitario San Carlos, Madrid, Spain
Background: Patients with heart failure with mid-range ejection fraction (HFmEF), 
defi ned as those with left  ventricular ejection fraction (LVEF) between 40 and 50% 
and clinical heart failure, are a category recently introduced by the European Society of 
Cardiology. However, risk stratifi cation of patients with HFmEF is not well established. 
Left  ventricular (LV) and left  atrial (LA) global longitudinal strain (GLS) are known to 
be useful in risk stratifying patients with heart failure and reduced LVEF. Accordingly, 
we hypothesized that these parameters may also be useful in the HFmEF population. 
Th is study aimed at evaluating the association between LV and LA GLS with all-cause 
mortality in HFmEF patients. Methods: We retrospectively studied transthoracic 
echocardiograms (TTEs) of 944 patients with LVEF 40-50%. Chart review was performed 
to determine if these patients met the diagnosis of HFmrEF, determined by history of 
clinical heart failure or abnormal NT-proBNP level (>300 pg/mL). Exclusion criteria 
included atrial fi brillation, severe arrhythmia, or a paced rhythm, moderate or severe 
valve disease, prosthetic valves, greater than mild pericardial eff usion, and patients with 
cancer on chemotherapy. Patients who fi t the criteria were then divided into an all-cause 
mortality group and a surviving group, based on survival during the following 5-year 
period. Propensity matching based on age, body mass index (BMI), LVEF, and LA volume 
index (LAVI) was able to match 21 patients in the mortality group with survivors. LV 
GLS and LA GLS were calculated using Q Lab (Philips). Matched analysis was performed 
using paired T-tests. Results: Th ere was no signifi cant diff erence in LV GLS between the 
two groups (-13.0% ± 2.7% versus -13.3 ± 3.2%, p=0.38). Th ere were also no signifi cant 
inter-group diff erences in LA GLS (20.9 ± 10.2 versus 16.5 ± 8.9, p=0.17). Conclusions: 
HFmrEF is a group of patients that is challenging to risk stratify. LV GLS and LA GLS 
were not found to be signifi cantly associated with 5-year all-cause mortality in patients 
with HFmrEF. Further investigations are needed to fi nd which patients with HFmrEF are 
at increased risk.
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P2-148
Postnatal Evolution of Left Ventricular Rotational Mechanics in 
Preterm Infants
Gloria C. Lehmann1, Philip T. Levy1, Swati Choudhry2, Hongji Gu1, Aaron 
Hamvas3, Gautam Singh1. 1Washington University in St. Louis, Saint Louis, MO; 
2Baylor College of Medicine, Houston, TX; 3Northwestern University Feinberg 
School of Medicine, Chicago, IL
Background: Premature birth impacts myocardial development and maturation of the 
left  ventricle (LV). Th e aims of this study were to characterize maturational changes in LV 
rotational mechanics and establish reference values for LV twist and torsion in preterm 
infants through 1 year corrected age (CA). Methods: 118 preterm infants (<29 weeks, 
<1500 grams at birth) were prospectively enrolled at birth and followed to 1 year CA 
through the Prematurity and Respiratory Outcomes Program (U01 HL10179). Utilizing 
two dimensional speckle tracking echocardiography at 32 and 36 weeks postmenstrual 
age (PMA) and 1 year CA, LV basal rotation, apical rotation, twist and torsion (twist 
normalized against LV length) were acquired in the parasternal short axis view at 
appropriate levels and analyzed offl  ine with customized soft ware (GE EchoPac). A mixed 
random eff ects model with repeated measures analysis, controlling for gestational age and 
bronchopulmonary dysplasia (BPD), was used to determine change in LV torsion over 
time. Subgroup analysis was performed to determine if LV rotational mechanics change 
over time in infants with and without BPD. Results: LV torsion signifi cantly decreases 
(p<0.001) from 32 weeks PMA to 1 year CA (Table). Th e initial counterclockwise rotation 
and subsequent clockwise basal rotation are prominently present from early age and 
increase signifi cantly (p<0.001) over time. In comparison, the initial clockwise apical 
rotation increases (p<0.05) but the counterclockwise apical rotation does not change 
over time. Twist remains unchanged (p=0.2) while the torsion signifi cantly decreases. 
Both infants with and without BPD exhibit similar changes in LV torsion over time 
(Figure). Conclusion: Preterm infants exhibit changes in counterclockwise and clockwise 
LV rotation with decreasing torsion through 1 year CA. Th is study establishes reference 
values of LV rotational mechanics in preterm infants and describes postnatal maturational 
changes that may be clinically applicable for evaluation of LV function.

P2-149
Dobutamine Alters Normal Pattern of Mechanical Activity of the 
Heart: A High Resolution Speckle-Tracking Based Motion Analysis
Muhammad Ashraf1, Kacie Amacher2, Ran Chen2, Meihua Zhu2, David J. Sahn2, 
Partho P. Sengupta1. 1WVU, Morgantown, WV; 2OHSU, Portland, OR
Background: Dobutamine is frequently used in stress testing We studied the impact 
of dobutamine on cardiac mechanics. Methods: Seven adult pigs underwent midline 
sternotomy under anesthesia to allow acquisition of very high frame rate images directly 
from the heart surface. Left  ventricular (LV) pressure volume curves were obtained by 
Millar conductance catheters and apical short axis views acquired with a 10S probe on 
a Vivid 7 Dimension ultrasound system at >120 frames/second. Aft er baseline image 
acquisition, pigs were subjected to escalating doses of dobutamine. Images for each state 

were obtained and analyzed. Results: At baseline, contraction initiated and peaked sooner 
in septal segments of LV apex with a delay of up to 10-12% of R-R‘ interval time between 
peaks of systolic contraction in the septum and the lateral wall segments (P10mcg/kg), 
with > 25% increase in heart rate the sequential pattern of contraction was lost, with 20-
25% reduction in rotation as compared to baseline. Changes in LV rotation showed direct 
correlation with peak dP/dt. Conclusions: At higher doses, dobutamine alters cardiac 
rotation by changing the sequential contractile action of myocardial segments.

P2-150
Comprehensive (18 segment) RV Global Longitudinal Strain 
Assessment Compared to Apical 4 Chamber RV Strain 
Assessment - The Inter-Method Agreement and Feasibility in 
Normal Population 
Xuanyi Jin, Tasneem Z. Naqvi. Mayo Clinic, Scottsdale, AZ
Background: Two dimensional speckle tracking echocardiography (2D STE) derived 
right ventricle (RV) global longitudinal strain (GLS) has emerged as an important 
predictor of clinical outcome in heart failure. RV focused apical-4 chamber (4-ch) view 
is currently the only recommended view for RV strain measurement, and there is no 
agreement on inclusion of septum for RV GLS measurement. In this retrospective study, 
we measured RV strain using an RV 18-segment model in 3 apical RV views (RV GLSavg/3) 

,4-ch (A), 2-ch (B) and 3-ch (C) (Figure 1) and in focused apical RV 4-ch view (RV 
GLSavg/4ch) to determine the feasibility and agreement between the 2 methods in normal 
population. Methods: Consecutive 69 transthoracic echocardiography studies of normal 
adults performed over a 3-month period were retrospectively identifi ed from echo 
database to select 49 patients with no prior cardiovascular disease and with availability 
of all 3 apical RV views. 2D STE was performed off -line using Epsilon Imaging soft ware 
from imported DICOM fi les. Clinical data was collected from medical charts. Results: 
Th e feasibility of RV GLS in all 3 apical RV views was 94.2% and in RV focused 4-ch view 
was 96.0%. Absolute value of RV GLS derived from 3 apical RV views (RV GLSavg/3) and 
RV focused 4-ch view (RV GLSavg/4ch) including septum were -29.3±2.9, and -29.55±2.4% 
and excluding septum were -33.4±3.7 and -32.1±2.7% respectively. For RV GLS 
measurement from 3 apical RV views, agreement with RV focused 4-ch view was better 
including septum (0.832) than excluding septum (0.676). Bland-Altman analysis (Figure 
2) showed good agreement between RV GLSavg/3 and RV GLSavg/4ch including or excluding 
septum (RV GLSavg/3: mean bias, 0.25; RV GLSFW/3: mean bias, -1.3). Conclusion: In 
normal population, 18-segment RV strain analysis from 3 apical RV views is feasible 
and comparable to 4-ch derived RV strain. It may provide a promising alternative for 
patients with heart failure or those with increased RV aft erload states who require a more 
comprehensive RV strain analysis.
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P2-151
Left Ventricular Global and Regional Longitudinal Strain as a 
Predictor of 1-Year All-Cause Mortality in Patients with Aortic 
Stenosis Undergoing Transcatheter Aortic Valve Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Left  ventricular (LV) global longitudinal strain (LS) has been proven to 
be of clinical value for diagnosis and patients’ prognosis. Data is limited on the value of 
LV LS in patients with severe aortic stenosis (AS) undergoing transcatheter aortic valve 
replacement (TAVR). Accordingly, we aimed to determine the prognostic value of LV 
global and regional LS as predictors of 1-year all-cause mortality aft er TAVR. Methods:
We retrospectively analyzed consecutive patients with AS in sinus rhythm who underwent 
TAVR between 2007 and 2014. LV global LS was derived from speckle tracking analyses 
(TOMTEC) from apical 2-, 3- and 4- chamber views. Regional analysis comparisons were 
performed both following the LV axis (base, mid and apical segments), as well as the 6 
walls defi ned by ASE guidelines: anterior (AN), antero-lateral (AL), infero-lateral (IL), 
inferior (IN), infero-septal (IS), antero-septal (AS). Cox regression analyses for LV global 
and regional LS were performed to predict 1-year all-cause mortality and subgroups 
were created by their median to generate Kaplan Meier (KM) curves. Results: From a 
total of 613 consecutive patients, 359 (59%) were included for LV LS analysis (14% were 
excluded due to atrial fi brillation, 12% with pacemaker, 7% with bad quality images, and 
8% with no available echo). Mean age was 83±8 years old, 43% were male and LV ejection 
fraction was 61±12%. Baseline measurements were as follows: global LS -20.31±4.7%, 
basal segments -19.0±4.4%, mid segments -19.4±4.3%, apical segments -24.9±7.5, AN 
wall -21.3±5.2%, AL -22.2±5.4%, IL -22.2±5.8%, IN -21.0±5.7%, IS -20.0±5.3% and AS 
-18.8±5.1%. Signifi cant regional diff erences were found between the base and apex, and 
among the 6 walls (P<0.01). Cox regression analysis showed that only LV antero-septal 
wall LS had a trend as a predictor of all-cause mortality at 1-year (HR 1.04, 95% CI 0.99-
1.09, p=0.09). KM curves showed that patients with worse LV antero-septal wall LS 
(above median of -19.0, i.e. less negative values) had higher all-cause mortality at 1 year 
(Figure). Conclusions: In a real world TAVR population, LV regional LS might detect 
patients with higher all-cause 1-year mortality risk. Further investigation is needed about 
TAVR eff ect in LV LS.

P2-152
Determining a Normal Reference Range of Left Ventricular Global 
Longitudinal Strain Measurements Using a State of the Art Philips 
EPIQ 7 Echocardiography System
Alexandria Miller1, Christopher Hanson2, Th eodore J. Kolias1. 1University of 
Michigan Health System, Ann Arbor, MI; 2University of Virginia Health System, 
Charlottesville, VA
Background: Strain echocardiography (STE) is a newer and more sensitive tool that has 
shown promise in the evaluation of myocardial function. In particular, global longitudinal 
strain (GLS) measurements have been shown to identify early myocardial dysfunction 
and aid in myocardial disease prognosis. Widespread use of GLS in clinical practice has 
been limited by inter-vendor variability. In our study, we aim to defi ne a normal reference 
range of left  ventricular GLS values in patients with presumably normal myocardium 
using a specifi c ultrasound soft ware system. Methods: We performed a retrospective study 
based on chart review of patients with presumably normal myocardium who underwent 
transthoracic echocardiography (TTE) with 2D speckle tracking echocardiography using 
the Philips EPIQ 7 Ultrasound System from November 2013 to October 2015. Each of 
the patients had left  ventricular GLS determined as part of their clinical echocardiogram 
interpretation with the result included on the clinical echo report. Results: 135 patients 
(average age 47 ±13.4, male 34.1%) were included in the study out of 1864 patients at 
University of Michigan Health System who had a TTE including measurement of GLS 
using the Philips EPIQ 7 ultrasound system. Inclusion criteria for the study included age 
greater than 18 years old, absence of known cardiovascular disease or cardiovascular risk 
factors, and EF greater than 50% without any evidence diastolic dysfunction. Th e mean 
GLS for the group was -21.0 ± 2.6% with a lower limit of normal for the group of -15.8%. 
When separated out by gender, the mean GLS value for males was -20.1% ± 2.8% and 
for females was -21.5% ± 2.4%, respectively. Th ere was a signifi cant diff erence in GLS 
between females and males with no correlation noted between GLS and age. Conclusion:
Th is study provides a normal baseline and reference range of values for left  ventricular 
GLS measurements using the Philips EPIQ 7 ultrasound system in patients with no 
known underlying structural heart disease. Th ese GLS values could be used as a reference 
range for future patient care and could also aid in the monitoring for subclinical changes 
in myocardial function.

P2-153
Longitudinal Strain in Layer-Speci c Myocardium in Early and 
Late Preeclampsia
Juan Cong, Yong Lee, Wugang Wang, Xiuxiu Fu, Zhibin Wang, Rong Li. Th e 
Affi  liated Hospital of Qingdao University, Qingdao, China
Aims: Early- and late-onset preeclampsia (PE) are thought to be diff erent disease entities. 
Using the layer-specifi c strain, we compare the longitudinal strain (LS) in each of the 
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three myocardial layers in the patients with early and late PE to detect possible diff erences 
in the layer-specifi c myocardial deformation. Methods: Forty-fi ve patients with early-
PE (PE1 group), 44 patients with late-onset PE (PE2 group), and 86 normotensive 
pregnant women were included. Layer-specifi c LS were assessed in endocardium, mid-
myocardium, and epicardium by 2-dimensional speckle-tracking echocardiography. 
Results: Compared to the control subjects, the LS of all the three analyzed myocardial 
layers showed a signifi cant decline in PE patients. Lower myocardial deformation in the 
endocardial to mid-myocardial and epicardial layers were present in women with early-
onset PE compared to late-onset PE. Th e endocardial-to-epicardial LS gradient was higher 
in early-onset PE women than late-onset PE group. Conclusions: More damage occurred 
in each of the three myocardial layers in early-onset PE versus late-onset PE. Compared 
to late-onset PE, more decreased of LS occurred in the endocardium which contributed to 
the increased endocardial-to-epicardial LS gradient in early-onset PE group. 

Table1 Clinical and Hemodynamic Characteristics in Normotensive and Preeclamptic Pregnancy

Variable N1 N2 PE1 PE2 N1 vs. 
PE1

N2 vs. 
PE2

PE1 
vs.PE2

Number 44 42 45 44 n.s. n.s. n.s.

Age(y) 29.90 ± 
6.15

31.03 ± 
5.56

32.05 ± 
6.42

31.88 ± 
5.71 n.s. n.s. n.s.

GA(w) 28.20 ± 
3.93

37.39 ± 
2.89

28.94 ± 
3.66

36.43 ± 
2.23 n.s. n.s. <0.001

BMI(kg/m2) 23.57 ± 
2.26

25.36 ± 
2.15

28.01 ± 
3.95

30.13 ± 
3.20 <0.001 <0.001 n.s.

HR(bpm) 89.79 ± 
10.89

83.62 ± 
13.56

75.25 ± 
12.35

82.70 ± 
10.95 <0.001 n.s. n.s.

SBP(mmHg) 104.12 ± 
6.62

106.20 ± 
7.94

152.81 ± 
16.05

144.83 ± 
13.53 <0.001 <0.001 <0.001

DBP(mmHg) 68.17 ± 
7.15

71.08 ± 
6.81

102.44 ± 
13.67

98.59 ± 
12.79 <0.001 <0.001 n.s.

RWT 0.30 ± 
0.03

0.31 ± 
0.03 0.39 ± 0.08 0.39 ± 0.09 <0.001 <0.001 n.s

EDVi(ml/m2) 49.89 ± 
9.61

49.27 ± 
8.65

60.34 ± 
11.31

53.80 ± 
8.34 <0.001 <0.05 <0.001

LVMi(ml/m2) 62.31 ± 
8.70

65.42 ± 
7.62

84.09 ± 
10.24

75.29 ± 
10.13 <0.001 <0.001 <0.05

SpI 0.28 ± 
0.04

0.28 ± 
0.08 0.38 ± 0.06 0.37 ± 0.10 <0.001 <0.001 n.s

EF(%) 65.54 ± 
4.32

64.78 ± 
4.62

61.64 ± 
5.54

63.77 ± 
4.76 <0.01 n.s. n.s

LAd(mm) 25.27 ± 
5.72

26.54 ± 
6.19

33.90 ± 
5.86

31.59 ± 
6.41 <0.001 <0.05 n.s

E/e 0.12 ± 
0.03

0.12 ± 
0.06 0.19 ± 0.05 0.16 ± 0.10 <0.01 <0.05 <0.05

Table 2 LV Th ree-layer Longitudinal Strain in Normotensive and Preeclamptic Pregnancy

Longitudinal Strain 
(%) N1 N2 PE1 PE2 N1 vs. 

PE1
N2 vs. 
PE2

PE1 
vs.PE2

GLS-endo 23.97 ± 
2.98

22.09 ± 
2.16

16.60 ± 
2.40

18.56 ± 
3.20 <0.001 <0.001 <0.05

GLS-mid 21.03 ± 
2.81

18.94 ± 
2.77

14.25 ± 
3.01

17.06 ± 
2.80 <0.001 <0.01 <0.001

GLS-epi 18.61 ± 
2.83

16.51 ± 
2.57

12.31 ± 
2.45

14.94 ± 
2.47 <0.001 <0.01 <0.001

GLS-Avg 21.21 ± 
2.80

19.18 ± 
2.81

14.39 ± 
2.92

16.89 ± 
2.63 <0.001 <0.001 <0.01

P value (between 
layers) <0.001 <0.001 <0.001 <0.01

GLS indicates the global longitudinal strain at the basal, mid-ventricular and apical levels

Table 3 Th e Endocardial-to-epicardial Gradient of Longitudinal Strain in Normotensive and Preeclamptic 
Pregnancy

Endocardial-to-epicardial 
gradient(%) N1 N2 PE1 PE2 N1 vs. 

PE1
N2 vs. 
PE2

PE1 
vs.PE2

GLS 11.51 ± 
3.13

13.17 ± 
2.54

25.84 ± 
2.97

19.50 ± 
2.55 <0.001 <0.01 <0.001

Basal level 6.66 ± 
1.57

7.49± 
2.02

11.66 ± 
2.18

10.76 ± 
3.17 <0.001 <0.05 n.s

Mid-ventricular level 16.83 ± 
2.40

15.70 ± 
2.76

18.78 ± 
2.58

13.96 ± 
2.80 <0.05 <0.05 <0.05

Apical level 36.26 ± 
3.28

41.03 ± 
3.30

40.83 ± 
2.76

31.65 ± 
3.02 <0.01 <0.001 <0.001

P2-154
Arterial Stiffness Adversely Effects Ventricular-Vascular 
Interaction in Pediatric Cardiac Transplant Recipients
Ritu Sachdeva1, Brian Schlosser2, Courtney E. McCracken1, William T. Mahle1, 
William L. Border1. 1Emory University and Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA; 2Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA
Background: Th e interaction of the ventricle with the arterial system is a central 
determinant of cardiovascular performance. Cardiac transplant recipients may have 

vascular dysfunction due to exposure to various risk factors, but there are limited data 
available for that. We sought to determine the vascular changes and ventricular-vascular 
interaction in pediatric cardiac transplant recipients. Methods: A cross-sectional, 
prospective observational study was conducted. Transplant recipients (age 10-21 
yrs), who received a heart more than 3 months ago and did not have any clinical or 
echocardiographic evidence for rejection, and healthy volunteers from the community 
were enrolled. Arterial stiff ness was measured in the aorta by pulse-wave velocity (PWV) 
and augmentation index adjusted for heart rate (AIx) using a tonometer and in the carotid 
arteries using a vascular ultrasound to measure the carotid distensibility (% change). Th e 
ratio of non-invasive estimation of arterial elastance (Ea) to left  ventricular end-systolic 
elastance (Ees) was used to calculate the arterial-ventricular coupling index (Ea/Ees). 
Results: Study population included 10 cardiac transplant recipients and 26 controls. A 
comparison of patient characteristics, echocardiographic and vascular measures is shown 
in the Table. Th e ejection fraction was similar in transplant recipients versus controls 
(63% (59-78) vs 64.2% (57, 71) respectively, p = 0.880). PWV and AIx were signifi cantly 
increased in transplant recipients and the carotid distensibility was reduced (Table). Ea/
Ees was worse in transplant recipients compared to controls. Th ere was a signifi cant 
positive correlation between Ea/Ees and AIx (r = 0.45; 95% CI (0.11, 0.68); p =0.01), 
and there was a signifi cant negative correlation between Ea/Ees and carotid distensibility 
(rs = -0.35; 95% CI (-0.60, -0.01); p = 0.038). Conclusion: Pediatric cardiac transplant 
recipients have stiff er arteries and abnormal ventricular-vascular interaction compared to 
healthy children. Increased AIx and reduced carotid distensibility correlates with worse 
ventricular-vascular coupling. Th ese data suggest the need for further investigation to 
defi ne any modifi able risk factors associated with the abnormal ventricular-vascular 
interaction in transplant recipients.

P2-155
Right Ventricular Free Wall Longitudinal Strain as a Single 
Parameter to Determine Systolic Function in Elderly Population 
with Severe Aortic Stenosis
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Although right ventricular (RV) systolic function (SF) has been shown 
to predict outcomes, its echocardiographic assessment is troublesome and depends 
on multiple parameters: fractional area change (FAC), tricuspid annular plane systolic 
excursion (TAPSE) and myocardial velocity (S’). RV free wall longitudinal strain (FW-
LS) is a novel, sensitive echocardiographic parameter to evaluate SF. Its application in a 
population with severe aortic stenosis (AS) is not known. We aimed to assess FW LS to 
detect RV SF in a transcatheter aortic valve replacement (TAVR) population. Methods: 
We retrospectively analyzed consecutive patients with severe AS who underwent TAVR 
between 2007-2014 and had available 1-3 months pre- and 1-year post-procedural 
echocardiography in sinus rhythm. Patients with pacemaker were excluded. Conventional 
RV SF indices (TAPSE, S’, FAC) were measured (Philips) and FW-LS was derived from 
speckle tracking analyses (TOMTEC). Th e standard reference was determined as 
normal or impaired RV SF according to the presence of at least 50% of the following: 
TAPSE<1.7cm, S’<9.5cm/s, FAC<35%. Logistic regression analysis was performed to 
predict impaired RV SF. Results: 15% of the patients were excluded due to image quality 
for FW-LS analysis. 146 patients were included for analysis. TAPSE was available in 75%, 
S’ in 94% and FAC in 100% of these cases. By conventional RV parameters, 80% had 
normal RV SF while 20% had impaired RV SF. Baseline measurements were as follows for 
impaired/normal subgroups: TAPSE 1.3±0.3/2.2±0.4 cm, S’ 8.2±1.5/11.9±2.3 cm/s, FAC 
35±11/50±9%, FW-LS -21.3±6.4/-25.7±6.0% (p<0.05 for all). At 1 year post-TAVR, no 
signifi cant change was seen for FW-LS compared to baseline measurements in either the 
impaired (-24.0±6.3%) or normal subgroups (-27.6±5.3%), with p<0.01 between them. In 
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P2-151
Left Ventricular Global and Regional Longitudinal Strain as a 
Predictor of 1-Year All-Cause Mortality in Patients with Aortic 
Stenosis Undergoing Transcatheter Aortic Valve Replacement
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Left  ventricular (LV) global longitudinal strain (LS) has been proven to 
be of clinical value for diagnosis and patients’ prognosis. Data is limited on the value of 
LV LS in patients with severe aortic stenosis (AS) undergoing transcatheter aortic valve 
replacement (TAVR). Accordingly, we aimed to determine the prognostic value of LV 
global and regional LS as predictors of 1-year all-cause mortality aft er TAVR. Methods:
We retrospectively analyzed consecutive patients with AS in sinus rhythm who underwent 
TAVR between 2007 and 2014. LV global LS was derived from speckle tracking analyses 
(TOMTEC) from apical 2-, 3- and 4- chamber views. Regional analysis comparisons were 
performed both following the LV axis (base, mid and apical segments), as well as the 6 
walls defi ned by ASE guidelines: anterior (AN), antero-lateral (AL), infero-lateral (IL), 
inferior (IN), infero-septal (IS), antero-septal (AS). Cox regression analyses for LV global 
and regional LS were performed to predict 1-year all-cause mortality and subgroups 
were created by their median to generate Kaplan Meier (KM) curves. Results: From a 
total of 613 consecutive patients, 359 (59%) were included for LV LS analysis (14% were 
excluded due to atrial fi brillation, 12% with pacemaker, 7% with bad quality images, and 
8% with no available echo). Mean age was 83±8 years old, 43% were male and LV ejection 
fraction was 61±12%. Baseline measurements were as follows: global LS -20.31±4.7%, 
basal segments -19.0±4.4%, mid segments -19.4±4.3%, apical segments -24.9±7.5, AN 
wall -21.3±5.2%, AL -22.2±5.4%, IL -22.2±5.8%, IN -21.0±5.7%, IS -20.0±5.3% and AS 
-18.8±5.1%. Signifi cant regional diff erences were found between the base and apex, and 
among the 6 walls (P<0.01). Cox regression analysis showed that only LV antero-septal 
wall LS had a trend as a predictor of all-cause mortality at 1-year (HR 1.04, 95% CI 0.99-
1.09, p=0.09). KM curves showed that patients with worse LV antero-septal wall LS 
(above median of -19.0, i.e. less negative values) had higher all-cause mortality at 1 year 
(Figure). Conclusions: In a real world TAVR population, LV regional LS might detect 
patients with higher all-cause 1-year mortality risk. Further investigation is needed about 
TAVR eff ect in LV LS.

P2-152
Determining a Normal Reference Range of Left Ventricular Global 
Longitudinal Strain Measurements Using a State of the Art Philips 
EPIQ 7 Echocardiography System
Alexandria Miller1, Christopher Hanson2, Th eodore J. Kolias1. 1University of 
Michigan Health System, Ann Arbor, MI; 2University of Virginia Health System, 
Charlottesville, VA
Background: Strain echocardiography (STE) is a newer and more sensitive tool that has 
shown promise in the evaluation of myocardial function. In particular, global longitudinal 
strain (GLS) measurements have been shown to identify early myocardial dysfunction 
and aid in myocardial disease prognosis. Widespread use of GLS in clinical practice has 
been limited by inter-vendor variability. In our study, we aim to defi ne a normal reference 
range of left  ventricular GLS values in patients with presumably normal myocardium 
using a specifi c ultrasound soft ware system. Methods: We performed a retrospective study 
based on chart review of patients with presumably normal myocardium who underwent 
transthoracic echocardiography (TTE) with 2D speckle tracking echocardiography using 
the Philips EPIQ 7 Ultrasound System from November 2013 to October 2015. Each of 
the patients had left  ventricular GLS determined as part of their clinical echocardiogram 
interpretation with the result included on the clinical echo report. Results: 135 patients 
(average age 47 ±13.4, male 34.1%) were included in the study out of 1864 patients at 
University of Michigan Health System who had a TTE including measurement of GLS 
using the Philips EPIQ 7 ultrasound system. Inclusion criteria for the study included age 
greater than 18 years old, absence of known cardiovascular disease or cardiovascular risk 
factors, and EF greater than 50% without any evidence diastolic dysfunction. Th e mean 
GLS for the group was -21.0 ± 2.6% with a lower limit of normal for the group of -15.8%. 
When separated out by gender, the mean GLS value for males was -20.1% ± 2.8% and 
for females was -21.5% ± 2.4%, respectively. Th ere was a signifi cant diff erence in GLS 
between females and males with no correlation noted between GLS and age. Conclusion:
Th is study provides a normal baseline and reference range of values for left  ventricular 
GLS measurements using the Philips EPIQ 7 ultrasound system in patients with no 
known underlying structural heart disease. Th ese GLS values could be used as a reference 
range for future patient care and could also aid in the monitoring for subclinical changes 
in myocardial function.

P2-153
Longitudinal Strain in Layer-Speci c Myocardium in Early and 
Late Preeclampsia
Juan Cong, Yong Lee, Wugang Wang, Xiuxiu Fu, Zhibin Wang, Rong Li. Th e 
Affi  liated Hospital of Qingdao University, Qingdao, China
Aims: Early- and late-onset preeclampsia (PE) are thought to be diff erent disease entities. 
Using the layer-specifi c strain, we compare the longitudinal strain (LS) in each of the 
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three myocardial layers in the patients with early and late PE to detect possible diff erences 
in the layer-specifi c myocardial deformation. Methods: Forty-fi ve patients with early-
PE (PE1 group), 44 patients with late-onset PE (PE2 group), and 86 normotensive 
pregnant women were included. Layer-specifi c LS were assessed in endocardium, mid-
myocardium, and epicardium by 2-dimensional speckle-tracking echocardiography. 
Results: Compared to the control subjects, the LS of all the three analyzed myocardial 
layers showed a signifi cant decline in PE patients. Lower myocardial deformation in the 
endocardial to mid-myocardial and epicardial layers were present in women with early-
onset PE compared to late-onset PE. Th e endocardial-to-epicardial LS gradient was higher 
in early-onset PE women than late-onset PE group. Conclusions: More damage occurred 
in each of the three myocardial layers in early-onset PE versus late-onset PE. Compared 
to late-onset PE, more decreased of LS occurred in the endocardium which contributed to 
the increased endocardial-to-epicardial LS gradient in early-onset PE group. 

Table1 Clinical and Hemodynamic Characteristics in Normotensive and Preeclamptic Pregnancy

Variable N1 N2 PE1 PE2 N1 vs. 
PE1

N2 vs. 
PE2

PE1 
vs.PE2

Number 44 42 45 44 n.s. n.s. n.s.

Age(y) 29.90 ± 
6.15

31.03 ± 
5.56

32.05 ± 
6.42

31.88 ± 
5.71 n.s. n.s. n.s.

GA(w) 28.20 ± 
3.93

37.39 ± 
2.89

28.94 ± 
3.66

36.43 ± 
2.23 n.s. n.s. <0.001

BMI(kg/m2) 23.57 ± 
2.26

25.36 ± 
2.15

28.01 ± 
3.95

30.13 ± 
3.20 <0.001 <0.001 n.s.

HR(bpm) 89.79 ± 
10.89

83.62 ± 
13.56

75.25 ± 
12.35

82.70 ± 
10.95 <0.001 n.s. n.s.

SBP(mmHg) 104.12 ± 
6.62

106.20 ± 
7.94

152.81 ± 
16.05

144.83 ± 
13.53 <0.001 <0.001 <0.001

DBP(mmHg) 68.17 ± 
7.15

71.08 ± 
6.81

102.44 ± 
13.67

98.59 ± 
12.79 <0.001 <0.001 n.s.

RWT 0.30 ± 
0.03

0.31 ± 
0.03 0.39 ± 0.08 0.39 ± 0.09 <0.001 <0.001 n.s

EDVi(ml/m2) 49.89 ± 
9.61

49.27 ± 
8.65

60.34 ± 
11.31

53.80 ± 
8.34 <0.001 <0.05 <0.001

LVMi(ml/m2) 62.31 ± 
8.70

65.42 ± 
7.62

84.09 ± 
10.24

75.29 ± 
10.13 <0.001 <0.001 <0.05

SpI 0.28 ± 
0.04

0.28 ± 
0.08 0.38 ± 0.06 0.37 ± 0.10 <0.001 <0.001 n.s

EF(%) 65.54 ± 
4.32

64.78 ± 
4.62

61.64 ± 
5.54

63.77 ± 
4.76 <0.01 n.s. n.s

LAd(mm) 25.27 ± 
5.72

26.54 ± 
6.19

33.90 ± 
5.86

31.59 ± 
6.41 <0.001 <0.05 n.s

E/e 0.12 ± 
0.03

0.12 ± 
0.06 0.19 ± 0.05 0.16 ± 0.10 <0.01 <0.05 <0.05

Table 2 LV Th ree-layer Longitudinal Strain in Normotensive and Preeclamptic Pregnancy

Longitudinal Strain 
(%) N1 N2 PE1 PE2 N1 vs. 

PE1
N2 vs. 
PE2

PE1 
vs.PE2

GLS-endo 23.97 ± 
2.98

22.09 ± 
2.16

16.60 ± 
2.40

18.56 ± 
3.20 <0.001 <0.001 <0.05

GLS-mid 21.03 ± 
2.81

18.94 ± 
2.77

14.25 ± 
3.01

17.06 ± 
2.80 <0.001 <0.01 <0.001

GLS-epi 18.61 ± 
2.83

16.51 ± 
2.57

12.31 ± 
2.45

14.94 ± 
2.47 <0.001 <0.01 <0.001

GLS-Avg 21.21 ± 
2.80

19.18 ± 
2.81

14.39 ± 
2.92

16.89 ± 
2.63 <0.001 <0.001 <0.01

P value (between 
layers) <0.001 <0.001 <0.001 <0.01

GLS indicates the global longitudinal strain at the basal, mid-ventricular and apical levels

Table 3 Th e Endocardial-to-epicardial Gradient of Longitudinal Strain in Normotensive and Preeclamptic 
Pregnancy

Endocardial-to-epicardial 
gradient(%) N1 N2 PE1 PE2 N1 vs. 

PE1
N2 vs. 
PE2

PE1 
vs.PE2

GLS 11.51 ± 
3.13

13.17 ± 
2.54

25.84 ± 
2.97

19.50 ± 
2.55 <0.001 <0.01 <0.001

Basal level 6.66 ± 
1.57

7.49± 
2.02

11.66 ± 
2.18

10.76 ± 
3.17 <0.001 <0.05 n.s

Mid-ventricular level 16.83 ± 
2.40

15.70 ± 
2.76

18.78 ± 
2.58

13.96 ± 
2.80 <0.05 <0.05 <0.05

Apical level 36.26 ± 
3.28

41.03 ± 
3.30

40.83 ± 
2.76

31.65 ± 
3.02 <0.01 <0.001 <0.001

P2-154
Arterial Stiffness Adversely Effects Ventricular-Vascular 
Interaction in Pediatric Cardiac Transplant Recipients
Ritu Sachdeva1, Brian Schlosser2, Courtney E. McCracken1, William T. Mahle1, 
William L. Border1. 1Emory University and Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA; 2Children‘s Healthcare of Atlanta, 
Sibley Heart Center Cardiology, Atlanta, GA
Background: Th e interaction of the ventricle with the arterial system is a central 
determinant of cardiovascular performance. Cardiac transplant recipients may have 

vascular dysfunction due to exposure to various risk factors, but there are limited data 
available for that. We sought to determine the vascular changes and ventricular-vascular 
interaction in pediatric cardiac transplant recipients. Methods: A cross-sectional, 
prospective observational study was conducted. Transplant recipients (age 10-21 
yrs), who received a heart more than 3 months ago and did not have any clinical or 
echocardiographic evidence for rejection, and healthy volunteers from the community 
were enrolled. Arterial stiff ness was measured in the aorta by pulse-wave velocity (PWV) 
and augmentation index adjusted for heart rate (AIx) using a tonometer and in the carotid 
arteries using a vascular ultrasound to measure the carotid distensibility (% change). Th e 
ratio of non-invasive estimation of arterial elastance (Ea) to left  ventricular end-systolic 
elastance (Ees) was used to calculate the arterial-ventricular coupling index (Ea/Ees). 
Results: Study population included 10 cardiac transplant recipients and 26 controls. A 
comparison of patient characteristics, echocardiographic and vascular measures is shown 
in the Table. Th e ejection fraction was similar in transplant recipients versus controls 
(63% (59-78) vs 64.2% (57, 71) respectively, p = 0.880). PWV and AIx were signifi cantly 
increased in transplant recipients and the carotid distensibility was reduced (Table). Ea/
Ees was worse in transplant recipients compared to controls. Th ere was a signifi cant 
positive correlation between Ea/Ees and AIx (r = 0.45; 95% CI (0.11, 0.68); p =0.01), 
and there was a signifi cant negative correlation between Ea/Ees and carotid distensibility 
(rs = -0.35; 95% CI (-0.60, -0.01); p = 0.038). Conclusion: Pediatric cardiac transplant 
recipients have stiff er arteries and abnormal ventricular-vascular interaction compared to 
healthy children. Increased AIx and reduced carotid distensibility correlates with worse 
ventricular-vascular coupling. Th ese data suggest the need for further investigation to 
defi ne any modifi able risk factors associated with the abnormal ventricular-vascular 
interaction in transplant recipients.

P2-155
Right Ventricular Free Wall Longitudinal Strain as a Single 
Parameter to Determine Systolic Function in Elderly Population 
with Severe Aortic Stenosis
Diego Medvedofsky1, Tatsuya Miyoshi1, Edward Koifman2, Toby Rogers2, Gai 
Jiaxiang2, Itsik Ben-Dor2, Lowell Satler2, Rebecca Torguson2, Ron Waksman2, 
Federico M. Asch1. 1MedStar Health Research Institute, Washington, DC; 
2MedStar Washington Hospital Center, Washington, DC
Background: Although right ventricular (RV) systolic function (SF) has been shown 
to predict outcomes, its echocardiographic assessment is troublesome and depends 
on multiple parameters: fractional area change (FAC), tricuspid annular plane systolic 
excursion (TAPSE) and myocardial velocity (S’). RV free wall longitudinal strain (FW-
LS) is a novel, sensitive echocardiographic parameter to evaluate SF. Its application in a 
population with severe aortic stenosis (AS) is not known. We aimed to assess FW LS to 
detect RV SF in a transcatheter aortic valve replacement (TAVR) population. Methods: 
We retrospectively analyzed consecutive patients with severe AS who underwent TAVR 
between 2007-2014 and had available 1-3 months pre- and 1-year post-procedural 
echocardiography in sinus rhythm. Patients with pacemaker were excluded. Conventional 
RV SF indices (TAPSE, S’, FAC) were measured (Philips) and FW-LS was derived from 
speckle tracking analyses (TOMTEC). Th e standard reference was determined as 
normal or impaired RV SF according to the presence of at least 50% of the following: 
TAPSE<1.7cm, S’<9.5cm/s, FAC<35%. Logistic regression analysis was performed to 
predict impaired RV SF. Results: 15% of the patients were excluded due to image quality 
for FW-LS analysis. 146 patients were included for analysis. TAPSE was available in 75%, 
S’ in 94% and FAC in 100% of these cases. By conventional RV parameters, 80% had 
normal RV SF while 20% had impaired RV SF. Baseline measurements were as follows for 
impaired/normal subgroups: TAPSE 1.3±0.3/2.2±0.4 cm, S’ 8.2±1.5/11.9±2.3 cm/s, FAC 
35±11/50±9%, FW-LS -21.3±6.4/-25.7±6.0% (p<0.05 for all). At 1 year post-TAVR, no 
signifi cant change was seen for FW-LS compared to baseline measurements in either the 
impaired (-24.0±6.3%) or normal subgroups (-27.6±5.3%), with p<0.01 between them. In 
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a univariate logistic regression analysis, RV FW-LS was able to predict impaired SF (Odds 
Ratio 1.12, 95% CI 1.06-1.19, p<0.01). Conclusions: In a real-world TAVR population, 
RV FW-LS is a highly feasible single echocardiographic parameter which may assess RV 
SF by itself. Each single unit of RV FW-LS was associated with a 12% risk of impaired RV 
SF. Interestingly, RV FW-LS did not change signifi cantly aft er 1 year follow up in either 
the RV impaired or normal subgroups. RV FW-LS should be considered for routine use 
in TAVR population to assess RV SF and predict impaired RV function.

P2-156
Comprehensive Assessment of Right Ventricular Systolic 
Function from the Subcostal Compared to the Apical View in 
Normal and Heart Failure Population - A Feasibility Study 
Xuanyi Jin, Tasneem Z. Naqvi. Mayo Clinic, Scottsdale, AZ
Background: Right ventricle (RV) is gaining increasing attention in patients with 
heart failure (HF). Systolic RV dysfunction is an independent predictor of morbidity 
and mortality in patient with HF. Apical RV images may be challenging in normal 
and especially HF population in real clinical practice. In this retrospective study we 
evaluated the feasibility of assessing RV systolic function in the subcostal view (SC) 
compared to those derived from the apical four chamber view (4-ch) in both normal 
and HF population. Methods: Out of 72 consecutive patients, 62 patients who had good 
quality RV images in a 30 day period on TTE were retrospectively selected from Echo lab 
database. 38 normal TTE studies were performed in normal healthy adults and 24 studies 
in patients with ischemic or non-ischemic cardiomyopathy. Tricuspid annular plane 
systolic excursion (TAPSE), fraction area change (FAC), RV peak longitudinal strain 
(RV GLS) and RV-arterial coupling parameters were measured in apical four-chamber 
(4-ch) and subcostal view (SC), respectively. PASP was calculated from TR signal and 
IVC. Feasibility and head-to-head comparison of all these RV functional parameters in 
both 4-ch and SC view was evaluated. Results: Th e values, correlation and feasibility 
of RV functional parameters in the 4-ch and SC views in normal and HF population 
are shown in Table 1. Correlation was better in HF population compared with those in 
normal control. Bland-Altman analysis (Figure 1) showed good agreement between all 
corresponding measurements derived from both echocardiographic views in HF as well 
as normal control, respectively and overall. Conclusion: SC window could be an eligible 
alternative for RV function assessment in normal and HF population. Further data is 
needed for validation and prognostic role of RV assessment in SC view.

P2-157
Adaptive Changes in Right Ventricular Function Following 
Orthotopic Heart Transplantation in Children: A 2 Dimensional 
Speckle Analysis
Rini Sahewalla, Swati Sehgal, Jennifer Blake, Sanjeev Aggarwal. Children‘s 
Hospital of Michigan, Detroit, MI
Background: Data are lacking on the evolution of right ventricular dysfunction noted 
in >50% of children following heart transplant. We aimed to evaluate right ventricular 
function longitudinally using speckle tracking echocardiography over one year following 
pediatric heart transplant. Our hypothesis was that, there would be progressive 
normalization of function in the initial year following heart transplant among children 
without allograft  rejection. Methods: Th is single center observational study involved 
patients <18 years old of either gender who underwent heart transplant. Patients with 
clinical or biopsy-proven rejection were excluded. Echocardiograms at one month and 
one year following transplant were compared for right ventricular end systolic global 
longitudinal myocardial (RVGLSmyo) and endocardial (RVGLSendo) strain. RV was 
divided into two segments and peaks of free wall (RVFWpeak), and septal (RVSpeak) 
strain from apical four-chamber view were analyzed offl  ine (Tomtec soft ware) by a 
single reader. Other parameters included: RV myocardial performance index, ratio of 
RV systolic and diastolic duration, systolic duration time indexed to heart rate, ratio of 
tricuspid valve velocity to velocity time integral of the RV outfl ow at pulmonary valve 
and RV fractional area change. Paired t test was used to assess changes over time. Results: 
Of the 77 screened patients, 21 met inclusion criteria. Th ere were 12 (57%) females 
with a mean ± SD age of 2.8 ± 3.8 (median 1.2) years. Indications for transplant were 
cardiomyopathy in 11 (52%), congenital heart disease in 8 (38%) and intracardiac tumor 
in 2 (10%) patients. Segmental peak longitudinal strains, and RVFWpeak signifi cantly 
improved at one year post transplant, compared to 1-month, while improvement in 
RVGLSendo approached signifi cance (p=0.05). Other RV echo parameters were similar 
at both time points. Conclusion: RV segmental strain measures on speckle tracking were 
impaired in the initial month following heart transplant but, in the absence of rejection, 
improved signifi cantly over the fi rst year, whereas the traditional RV function measures 
did not change over time. Speckle tracking echocardiography for RV function assessment 
may have utility in surveillance following heart transplant.
Parameters
Mean ± SD or n (%)

Echo 1
(1 month)

Echo 2
(1year)

Time from Transplant to Echo 33.5±4.30 
(days)

12.4±0.58 
(months)

RVGLSmyo -15.56±4.32 -17.4±3.16
RVGLSendo -19.58±5.67** -22.6±4.23**
RVFWpeak -19.6±4.78*** -22.7±4.57***
RVSpeak -18.46±7.09 -21.74±4.45
RVAVRpeak -18.96±5.63*** -22.16±4.08***
RV myocardial performance index 0.18±0.07 0.19±0.17
Systolic to diastolic duration ratio 1.20±0.18 1.20±0.14
Systolic duration to systolic + diastolic duration ratio 0.54±0.03 0.54±0.03
Tricuspid regurgitant velocity to velocity time integral of 
pulmonary valve ratio 0.12±0.03 0.13±0.03

RV fractional area change 43.07±12.89 39.81±11.08
*** p value < 0.05, **p value = 0.05




