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INTRODUCTION
Recent recognition of the right ventricle (RV) as a key player in 
cardiac physiology and pathophysiology underpins the critical 
importance of an accurate assessment of its size, geometry, 
and function. Over the last two decades RV performance has 
been demonstrated to be an important independent predic-
tor of morbidity and mortality in patients with congenital 
heart disease, heart failure, pulmonary hypertension, dilated 
cardiomyopathy, coronary artery disease, left ventricular (LV) 
dysfunction, respiratory distress syndrome, sepsis, heart trans-
plant, implanted LV assist devices, and even in the population 
free of cardiovascular diseases [1, 2]. 

The precise evaluation of the RV by echocardiography is 
challenging due to its unfavourable location within the thoracic 
cavity, complex three-dimensional (3D) anatomy, and limited 
number of well-defined anatomical landmarks. At present, 
echocardiography remains a cornerstone in RV assessment, 
being a widely available, safe, fast, and relatively inexpen-
sive modality suitable for various clinical settings including 
acute conditions and intraoperative monitoring. However, 
two-dimensional echocardiography (2DE) has a number of 
important limitations, and under specific conditions it cor-
relates poorly with measurements obtained with cardiac 
magnetic resonance (CMR), which is considered the standard 
reference imaging modality for the evaluation of the RV. The 
introduction of new echocardiographic techniques including 
two-dimensional speckle-tracking echocardiography (2DSTE) 
and three-dimensional echocardiography (3DE) helped to 
achieve a level of accuracy in the assessment of the RV com-
parable to that obtained by CMR [3]. 

The following review summarises currently available 
echocardiographic parameters proposed to assess the RV size, 
function, and mechanics, their advantages, limitations, and 
pitfalls in the various clinical settings, with an emphasis on the 
relative merits of newer echocardiographic techniques and 
a practical approach to echo data acquisition and analysis. 

RIGHT VENTRICULAR ANATOMY  
AND (PATHO-)PHYSIOLOGY

The following specific morphological and physiological features 
of the RV should be considered for a better understanding of 
the existing challenges and pitfalls in RV imaging:

 — The RV has a characteristic 3D anatomical structure, being 
‘wrapped’ around the LV with a triangular shape in the 
frontal plane and a crescent shape in the transversal plane 
(Fig. 1). Anatomically, the RV is separated into: (i) the inflow 
tract comprising the tricuspid valve, chordae tendineae, and 
papillary muscles; (ii) the outflow tract with smooth walls; 
and (iii) the muscular trabeculated apex. This usually pre-
cludes imaging all the parts of the RV in a single 2DE view [4]. 

 — The RV is located just behind the sternum, anterior to 
the LV apex (Fig. 2). Such a position hampers adequate 
assessment of the RV including acquisition of complete 
3D datasets and affects the image quality [5].  

 — The RV is significantly more trabeculated than the LV which 
hinders accurate endocardial delineation and thus accuracy 
and reproducibility of RV quantitative analysis algorithms [6].

 — The RV has a thin free wall (RV mass is around one sixth 
the mass of the LV) [7] meaning that high spatial resolution 
is essential for tissue characterisation in non-hypertrophic 
RV myocardium.

 — Three mechanisms contribute to RV pump function: (i) 
shortening of the longitudinal axis with traction of the 
tricuspid valve towards the apex; (ii) inward movement 
of the RV free wall; and (iii) bulging of the interventricular 
septum (IVS) into the RV during the LV contraction and 
stretching the free wall of the RV over the septum [4]. For 
a comprehensive evaluation of RV systolic function and 
mechanics, an imaging modality should be capable of as-
sessing the relative contribution of these three components. 

 — Despite significant embryological, morphological, and 
physiological differences, a close relationship exists 
between RV and LV function [7, 8]. Noting that around 
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one-third of the pressure generated in the RV is deter-
mined by LV contraction, any imaging modality should 
provide accurate information about LV functional status, 
IVS motion, and interventricular dyssynchrony.

STANDARD ECHOCARDIOGRAPHIC VIEWS  
OF THE RIGHT VENTRICLE

Six standardised 2DE views should be obtained for a com-
prehensive assessment of the different segments of the RV 

(Fig. 3) [9]. Additional non-standard views may be required 
for accurate evaluation of specific regions of interest depend-
ing on the clinical situation and diagnostic task. In case of 
discrepancies among the parameters of RV structure and 
function obtained from the different views, the interpreting 
physician should consider and integrate all the information 
contained within the echocardiographic study in order to 
perform a global assessment of the RV. 3DE is free from 
2DE limitations and allows assessment of all three structural 
components of the RV (inflow, outflow, and apex) in a single 
dataset, providing information on the RV geometry, volumes, 
and function without using geometrical assumptions about 
RV cavity shape.

QUALITATIVE ASSESSMENT
A qualitative evaluation of the RV includes the assessment of 
its shape, position, and motion of the IVS, visual estimation 
of the RV size (in comparison with LV), and assessment of 
wall motion abnormalities. The crescent shape of the RV 
in the normal heart alters in overload conditions due to 
flattening of the IVS (Fig. 4). The LV takes the shape of the 
letter ‘D’, which may be a sign of RV volume overload if 
the flattening of the septum is present only during diastole, 
or RV pressure overload if the septum flattening persists 
during systole. At the advanced stage of the disease, an 
altered shape of the RV may be maintained during the 
entire cardiac cycle. The eccentricity index (EI) had been 
suggested for quantitative assessment of changes in LV shape 
(Fig. 4). Normal individuals have a value of one, both dur-
ing systole and diastole indicative of the circular shape of 
the LV in transverse sections. An EI higher than one at end 
diastole is highly suggestive for RV volume overload, and 

Figure 1. Anatomical specimens of the right ventricle (RV); A. Section through the right atrium (RA), RV, and tricuspid valve 
(TV). Note the triangular shape of the RV in the frontal plane and its three parts: (i) the inflow tract comprising the leaflets of 
TV, widely separated papillary muscles, and chordae tendineae having accessory attachments to the interventricular septum (IVS) 
and moderator band; (ii) the muscular trabeculated apex; (iii) and the outflow tract with smooth walls and leaflets of pulmonary 
valve (PV); B. Transversal section of the ventricles. Note the crescent shape of the RV, thin RV free wall, and trabeculated cavity. 
(Courtesy of Dr. Cristina Basso); LV — left ventricle; RVOT — right ventricular outflow tract

Figure 2. Computed tomography three-dimensional recon-
struction of the heart within the chest as “electronic cast” 
obtained by making soft tissues completely transparent and 
increasing the opacity of intracavitary contrast. This modality 
shows the spatial relationships between right ventricle (RV) 
and other anatomical structures within the thoracic cavity.  
(Courtesy of Dr. Francesco Faletra); LV — left ventricle; PA 
— pulmonary artery; St — sternum
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at end systole or during the whole cardiac cycle — for RV 
pressure overload [6].

Visual assessment of the RV size may be performed from 
the apical four-chamber view using an approximation that the 
area of normal RV should not exceed two-thirds of the LV. 
It is worth noting that this assumption may be misleading in 
patients with LV dilatation.

Evaluation of the RV walls’ structure and motion is 
clinically important since some pathological conditions are 
characterised by specific patterns of RV regional contrac-
tion. Localised RV dyskinesia or aneurysm is an important 
diagnostic criterion for arrhythmogenic RV cardiomyopathy 
(Fig. 5) [10]. Hypokinesia of the RV free wall combined with 
the normal contraction of the RV apex (McConnell sign) in 
the presence of RV pressure overload is a typical finding in 
patients with acute pulmonary embolism [11]. RV wall motion 
abnormalities can also be seen in patients with RV myocardial 
infarction, chronic pulmonary hypertension, and congenital 
heart disease. However, identification of wall motion abnor-
malities only on the basis of visual echocardiographic assess-
ment may be inaccurate [3]. 

QUANTITATIVE ASSESSMENT
Right ventricular size

Assessment of RV size by 2DE relies on several dimensions 
obtained at end-diastole from different echocardiographic 
views (Table 1). Current guidelines show how to perform 
the recommended RV linear and area measurements, with 
RV outflow tract (RVOT) distal diameter being the most re-
producible [9, 12]. Despite being easily obtainable and fast, 
RV diameters may vary significantly with minor rotation or 
tilting the transducer (Fig. 6) and should be performed only in 
standard recommended views [12, 13]. The RV areas should 
be obtained by manual tracing of the RV endocardial border 
at end diastole and end systole. It is important to ensure that 
the entire RV including the apex and the free wall is encom-
passed in the imaging sector during both systole and diastole. 
While tracing the RV area, the trabeculae must be included 
in the RV cavity. Normal values for RV 2D linear and area 
dimensions are listed in Table 1.

The lack of precise anatomic landmarks to define the 
RV standard views may lead to an under- or overestima-
tion of RV size. Care should be taken to obtain the true 

Figure 3. Recommended echocardiographic views for the assessment of the right ventricle (RV); A. Parasternal long-axis view 
demonstrating the RV anterior wall and proximal part of the right ventricular outflow tract (RVOT); B. Parasternal long-axis view 
of RV inflow visualising anterior and inferior walls of the RV, RV inflow tract, and two leaflets of the tricuspid valve (TV) (a — an-
terior leaflet of TV; p — posterior leaflet of TV; s — septal leaflet of TV); C. Parasternal short-axis view of RVOT and pulmonary 
artery (PA) showing basal part of RV anterior wall, RVOT, two leaflets of the TV, pulmonary valve (PV), and PA; D. Parasternal 
short-axis view at the level of papillary muscles used for the evaluation of the RV crescent shape, calculation of the eccentricity 
index, and assessment of the interventricular septum motion; E. RV–focused apical four-chamber view used to assess the inflow 
and apical part of the RV, RV lateral wall, interventricular septum, and leaflets of the TV (septal and posterior in the vast majo-
rity of patients); F. Subcostal four-chamber view visualising the RV inferior wall; AV — aortic valve; LA — left atrium; LV — left 
ventricle; MV — mitral valve; RA — right atrium
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Figure 4. Assessment of the right ventricular (RV) shape and interventricular septum (IVS) motion in parasternal short-axis view at 
the level of papillary muscles. Stop-frame two-dimensional echocardiography images from a patient with an isolated RV volume 
overload due to severe tricuspid regurgitation (A, B) and from a patient with pressure overload due to primary pulmonary hyper-
tension (C, D). In patients with RV volume overload the leftward septal shift and flattening are observed during diastole with  
left ventricle (LV) taking the shape of the letter ‘D’ (A), whereas a circular profile of LV cavity is maintained during systole (B).  
In patients with RV pressure overload the septal flattening and deformation of the LV are maintained also during systole (C, D). 
Eccentricity index allows the quantitation of the LV shape changes by dividing LV antero-posterior diameter (AP) by septo-lateral 
diameter (SL), during both systole and diastole. An eccentricity index (EI) value  greater than one at end diastole is a strong  
indicator of RV volume overload (A). At end systole or during the whole cardiac cycle it suggests the RV pressure overload

Figure 5. Localised deformation of the basal segment of the 
right ventricular (RV) lateral wall (arrow) seen in the apical 
RV-focused four-chamber view both in diastole (A) and systole 
(B), due to RV aneurysm in a patient with arrhythmogenic RV 
cardiomyopathy
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Table 1. Normal values for the right ventricle (RV) linear and area dimensions [18]

Dimension Normal  

values

Abnormality 

threshold

Echocardiographic imaging

RV basal diameter [mm] 33 ± 4 > 41

RV mid diameter [mm] 27 ± 4 > 35

RVOT proximal diameter [mm] 28 ± 3.5 > 35

RVOT distal diameter [mm] 22 ± 2.5 > 27

RV EDA [cm2]

Men 

Women 

17 ± 3.5

14 ± 3

> 24

> 20

RV EDA indexed to BSA [cm2/m2]

Men 

Women

8.8 ± 1.9

8.0 ± 1.75

> 12.6

> 11.5

RV ESA [cm2]

Men 

Women

9 ± 3

7 ± 2

> 15

> 11

RV ESA indexed to BSA [cm2/m2]

Men 

Women

4.7 ± 1.35

4.0 ± 1.2

> 7.4

> 6.4

RV wall thickness (mm) 3 ± 1 > 5

BSA — body surface area; EDA — end-diastolic area; ESA — end-systolic area; RVD1 — right ventricular basal diameter; RVD2 — right ventricular 
mid diameter; RVOT — right ventricular outflow tract 

RV-focused four-chamber image with the LV apex at the 
centre of the scanning sector, while displaying the largest 
basal RV diameter and thus avoiding foreshortening. The 
accuracy of RV measurements may be compromised also 
when the RV free wall is not well defined. Adjusting the gain 
settings and compression is essential to achieve good image 
quality. 2DE assessment of the RV appears to be even less 
accurate in patients with dilated RV, which is common in 
many pathological settings [14]. Some RV dimensions are of 
special importance in particular conditions, i.e. the proximal 
RVOT diameter is useful in the diagnosis of arrhythmogenic 
RV cardiomyopathy, and the distal RVOT is required for the 
calculation of Qp/Qs in the presence of intracardiac shunts 
(Table 1) [9]. In addition to linear and area measurements, 
RV wall thickness is another parameter routinely measured 

by 2DE when assessing the RV geometry. This is particularly 
important in patients with RV pressure overload, biventricular 
hypertrophic cardiomyopathies, and storage diseases. It is 
recommended to use the zoomed image of the RV free wall 
form subcostal four-chamber view for measurements of its 
thickness at end diastole in the subtricuspid region because 
of its higher reproducibility (Fig. 3, Table 1) [9]. 

Some segments of the RV, such as the outflow tract 
(contributing up to 25–30% of the RV volume) could be 
overlooked when using standard 2D transthoracic echocar-
diography. Transoesophageal echocardiography (TEE) with the 
mid-oesophageal inflow-outflow view can evaluate RVOT 
with higher precision [9]. TEE is essential in the peri- and intra-
operative settings and allows a continuous monitoring of right 
heart function during non-cardiac surgery [15]. In addition 
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Figure 6. Due to the crescent shape of the right ventricular, minor alterations of the two-dimensional echocardiography apical 
four-chamber plane orientation shown on the short-axis slices (blue, yellow, and red lines in the central panel) obtained from 
transversal cut planes of a three-dimensional data set of the right ventricle (RV) seen from the ventricular perspective (left panel) 
result in significant changes of the RV basal linear dimensions (right panels); LV — left ventricle; RVD1 — right ventricular basal 
diameter; RVOT — right ventricular outflow tract

to standard TEE views a series of five deep transgastric views 
have been proposed to obtain additional information on the 
RV inflow tract, free wall, outflow tract, and the right-sided 
valves [16]. The current guidelines for the 28-view compre-
hensive TEE examination incorporate some of these views in 
order to optimise RV visualisation [17].

Unlike 2DE, 3DE allows multiplane imaging and full 
volume datasets derived from either a single beat capture or 
consecutive multibeat narrow angle volumes stitched together 
with higher temporal and spatial resolution. The 3DE dataset 
can be analysed using dedicated software packages to obtain 
the mapping of the RV endocardial surface and the measure-
ments of the RV volumes (Fig. 7). 3DE measurements are 
closely correlated (but slightly underestimate) with RV volumes 
measured by CMR both in children and adults [18–21], and 
by volumetric thermodilution during cardiac catheterisation 
[22]. Normative data for 3DE RV volumes and ejection frac-
tion (EF) including age-, body size-, and sex-specific reference 
values based on large cohort studies of healthy volunteers 
have recently become available (Table 2) [23, 24]. Recent 
chamber quantification guidelines for the first time included 
recommendations for 3D analysis of the RV specifying RV 

end-diastolic volume of 87 mL/m2 in men and 74 mL/m2 in 
women, and RV end-systolic volume of 44 mL/m2 in men 
and 36 mL/m2 in women as the upper normal range limits 
(Table 3) [12]. 

Three-dimensional echocardiography, however, has 
specific limitations. 3D volumetric analysis of the RV is highly 
dependent on image quality, especially on the stage of identifi-
cation of the endocardial surface in the coronal view required 
by existing software packages (Fig. 7C). A new methodology 
for a volumetric analysis of the RV, eliminating the need for 
extraction of coronal views from a 3D data set, was recently 
implemented. It proved to be fast and highly reproducible on 
a large cohort of patients with different RV size and function, 
and its results correlate well with the CMR [25, 26]. Other 
important limitations of the technique include, possible drop-
out of the RV anterior wall, incomplete visualisation in case of 
severe dilation, the need for regular heart rate, and patients’ 
cooperation. Nevertheless, specific advantages of 3DE over 
other modern imaging modalities, including its portability, 
absence of ionising radiation, and the ability to examine pa-
tients with pacemakers and defibrillators, make 3DE one of 
the most versatile and important techniques to assess the RV. 
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Figure 7. Display modes of a three-dimensional (3D) data set of the right ventricle (RV) obtained from the RV-focused apical 
four-chamber view using full-volume multi-beat acquisition (four to six consecutive beats) with adjusted depth and volume width 
to encompass the entire RV; A. Volume rendering demonstrating the RV anatomy; B. Multi (twelve)-slice mode including three 
longitudinal (0°, 60°, and 120°) and nine transversal equidistant tomographic views between the apex and the base of the RV, 
mainly used for regional wall motion and RV shape analysis; C. Semiautomatic identification of the RV endocardial surface in the 
RV short-axis, four-chamber, and coronal views; D. Surface rendered 3D model of the RV (green model) combining the wire-
-frame (white cage) display of the end-diastolic volume. Surface-rendered dynamic model changes its size and shape throughout 
the cardiac cycle enabling the visual assessment of the RV dynamics and quantitation of RV volumes and ejection fraction;  
EDV — end-diastolic volume; EF — ejection fraction; ESV — end-systolic volume; IVS — interventricular septum; LV — left 
ventricle; MB — moderator band; PV — pulmonic valve; RA — right atrium; RVLS — right ventricular longitudinal strain; SV 
— stroke volume; TV — tricuspid valve

Table 2. Principal studies of three-dimensional echocardiography (3DE) reference values for the right ventricle (RV) volumes and 
ejection fraction in adult healthy volunteers

Maffessanti F., 2013 [24] Tamborini G., 2010 [23]

Male Female Male Female

Population size 247 260 119 126

Population type Healthy adult volunteers Healthy adult volunteers

Age [years] 45 ± 16 48 ± 17

End-diastolic volume [mL] 107 (74, 163) 81 (58, 120) 99 ± 14 74 ± 14

EDVi [mL/m2] 52 ± 8 46 ± 8

End-systolic volume [mL] 44 (22, 80) 30 (15, 52) 35 ± 7 23 ± 7

ESVi [mL/m2] 18 ± 4 14 ± 4

Ejection fraction [%] 60 (45, 75) 63 (49, 79) 64 ± 8 69 ± 8

Study limitations • No comparison between RV parameters obtained by 3DE and CMR.

• The RV values in patients ≥ 70 years (males in particular) should be interpreted with caution,  
given the small size of this age group.

Data are expressed as mean ± standard deviation or median (5th, 95th percentile); CMR — cardiac magnetic resonance; EDVi — index of end-
-diastolic volume; ESVi — index of end-systolic volume
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RIGHT VENTRICULAR FUNCTION
Right ventricular systolic function

The RVEF is an independent predictor of cardiovascular mor-
bidity and mortality in various conditions [2, 27]. The assess-
ment of RVEF using 2DE is no longer recommended due to its 
inaccuracy [9, 12]. In the absence of a single reliable measure 
of the RV systolic function using conventional echocardiogra-
phy, a number of surrogate echocardiographic parameters (RV 
fractional area change, tricuspid annular plane systolic excur-
sion, peak S wave velocity of the lateral tricuspid annulus by 
tissue Doppler imaging [TDI], and RV myocardial performance 
index) have been proposed for clinical use (Table 4). However, 
it is worth stressing that only RVEF provides an adequate as-
sessment of true global RV pump function, and 3DE remains 
the only echocardiographic technique capable of a reliable 
calculation of RVEF from end-diastolic and end-systolic vol-
ume measurements (Fig. 7D). Recent studies have confirmed 
that 3DE measurements of the RVEF are accurate, reproduc-
ible, and correlate well with CMR both in adults and children 
[20, 21, 27, 28]. In the most recent meta-analysis aimed at 
exploring the accuracy of different imaging modalities (2DE, 
3DE, radionuclide ventriculography, computed tomography 
[CT], gated single-photon emission CT, and invasive cardiac 
cineventriculography) for RVEF using CMR as a reference 
method, 3DE has proven to be the most reliable technique, 
overestimating the RVEF by only 1.16% with the lowest limits 
of agreement (form –0.59 to 2.92%) [29]. Importantly, due 
to the architecture of the RV, RVEF is particularly sensitive to 
RV loading conditions and cannot be considered a reliable 
parameter of RV myocardial contractility in patients with 
significant RV volume- or pressure overload. The reference 
values of 3DE RVEF have recently been obtained on large 
cohorts of healthy volunteers (Table 2) [23, 24], and reports 
on performance in disease conditions are accumulating [30]. 
Importantly, recent guidelines suggest that in laboratories with 
appropriate 3D platforms and experience 3DE-derived RVEF 
should be considered a method of choice for quantifying RV 

systolic function, with the abnormality threshold < 45% (Table 
3) [12]. Guideline documents regarding 3DE image acquisition 
and display have been published [31].

Right ventricular diastolic function
Although the evaluation of RV diastolic function is rarely 
considered a part of routine echo examination, it can provide 
valuable diagnostic information. During acute RV pressure 
overload, RV diastolic function is not affected, whereas 
chronic RV pressure overload impacts RV diastolic dysfunc-
tion, resulting in prolonged diastolic relaxation time and 
increased RV diastolic stiffness [32]. The assessment of RV 
diastolic function includes the evaluation of the RV inflow 
by pulsed wave Doppler sampling at the tips of the tricuspid 
valve leaflets; measuring the TDI velocities of the tricuspid 
annulus at RV free wall; evaluation of right atrial, inferior 
vena cava, and hepatic vein size and function. Although 
preload-dependent, the tricuspid E/e’ ratio is a good marker 
of RV diastolic dysfunction in pulmonary hypertension and 
an indicator of RV filling pressure; E/e’ values > 6 have 
a sensitivity of 79% and a specificity of 73% for the detection 
of right atrial pressure > 10 mm Hg. The following grading 
of RV diastolic dysfunction has been suggested: tricuspid 
E/A < 0.8 suggests impaired relaxation, a tricuspid E/A of 
0.8 to 2.1 with an E/e’ > 6 or diastolic flow predominance 
in the hepatic veins suggests pseudonormal filling, and a tri-
cuspid E/A > 2.1 with a deceleration time < 120 ms suggests 
restrictive filling [9]. 

The data about the impact of RV diastolic dysfunction 
on patients’ outcome are scarce. It was demonstrated that 
patients with left-sided heart failure and RV diastolic dysfunc-
tion defined by abnormal filling profiles have an increased 
risk of unstable angina and hospital readmissions due to heart 
failure deterioration [33].

Right ventricular mechanics
Being extremely load dependent, RVEF is a partial indicator of 
the RV systolic function, which is the result of complex myo-
cardial mechanics as discussed in the paragraph dedicated to 
RV anatomy and physiology. Myocardial deformation imaging 
is a relatively novel echocardiographic technique that allows 
the evaluation of RV myocardial mechanics. The clinical 
and prognostic value of the RV strain was demonstrated in 
patients with pulmonary hypertension, heart failure and LV 
assist devices, congenital heart diseases, storage diseases, 
and cardiomyopathies with high risk of malignant ventricular 
arrhythmias [34–36]. Echocardiographic assessment of RV 
myocardial deformation can be performed using either TDI 
or 2DSTE techniques (Fig. 8) [37]. The correlation between 
Doppler-derived and 2DSTE-derived RV longitudinal strain 
appears to be moderate; however, both techniques are con-
sidered feasible and accurate enough to differentiate between 
physiological and pathological conditions [38].

Table 3. Normal values for the right ventricle volumes and 
ejection fraction obtained by three-dimensional echocardio-
graphy [18]

Dimension Normal 

values 

Abnor-

mality 

threshold

Index of end-diastolic volume [mL/m2]

Men

Women 

61 ± 13

53 ± 10.5

> 87

> 74

Index of end-systolic volume [mL/m2]

Men

Women 

27 ± 8.5

22 ± 7

> 44

> 36

Ejection fraction [%] 58 ± 6.5 < 45
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on 116 subjects free from cardiopulmonary disease and/or 
risk factors, the mean free wall longitudinal systolic RV strain 
value was –26 ± 4%, which is in agreement with the value of 
–27 ± 2% obtained in a meta-analysis of 10 studies involving 
486 healthy individuals [39]. There is a need in normative 
values of longitudinal strain for separate segments of the RV 
because the information on a regional strain impairment may 
play an important role in diagnosis of specific RV pathology, 
such as arrhythmogenic RV cardiomyopathy. In addition to 
the lack of reference values, the major limitations of 2DSTE 
longitudinal strain of the RV include the loss of speckles due 
to excessive motion of RV lateral wall, inter-vendor variabil-
ity, and the lack of standardisation in the measurement and 
reporting of strain parameters [39, 40].

Although “global” RV longitudinal strain is supposed to 
represent the longitudinal deformation of the whole RV, none 
of the currently available algorithms is capable of providing 
such information. The term “global” RV longitudinal strain 
is commonly used for average values calculated from three 
segments of the RV free wall and three segments of the IVS 
from apical four-chamber view, even though the contribu-
tion of other walls and RVOT is neglected. Inconsistent use 
of this term in some studies (denoting average strain of six 
segments [41], or three RV free wall segments alone [42]) may 
be misleading because these methodologies return different 
results. Many studies reported only free wall RV longitudinal 
strain, therefore providing information on a very limited part of 
the RV and its contribution to systolic performance. Similarly, 
there is no consensus whether RV strain should be obtained 
as the mean strain from the averaged strain curve of all seg-
ments or the mean peak systolic strain calculated by averag-
ing the peak segmental values. In a recent study of healthy 
individuals, the authors recommended use of a six-segment 
approach on the apical four-chamber RV-focused view as 
a more robust analysis method, and computation of the RV 
free wall longitudinal strain by averaging the peak segmental 
values displayed by the software [43]. Reference values for RV 
strain with and without including the IVS are listed in Table 5.

The determination of circumferential shortening re-
quires short-axis views of RV, which are hardly obtainable 
by 2DE, and data on its potential role in clinical manage-
ment is limited. The possibility of obtaining the RV free wall 
circumferential strain from the subcostal LV short-axis view 
was demonstrated in a group of children with RV pressure 
overload. It provided better information about RV function, 
and correlated significantly more with RVEF and RV systolic 
pressure obtained by cardiac catheterisation than global RV 
longitudinal strain [44]. 

The development of 3DE enabled the echocardiographic 
assessment of RV mechanics in various directions (i.e. lon-
gitudinal, circumferential and area strain, a combination 
of longitudinal and circumferential shortening), similar to 
CMR. Good inter- and intra-observer reproducibility was 

Figure 8. Peak systolic longitudinal strain (LS) of the right 
ventricular (RV) free wall and interventricular septum obtained 
with two-dimensional speckle-tracking analysis; A. Parametric 
colour-coded display of end-systolic strain; B. Regional end-
-systolic strain; C. Strain-time curves. Coloured curves show the 
segmental strain change during the cardiac cycle, and white 
dotted line shows the global RV strain changes during the 
cardiac cycle; D. Anatomical M-mode colour-coded display of 
segmental strain variations during the cardiac cycle

Although strain calculations from TDI do not rely on spe-
cific geometrical assumptions, a number of issues, including 
angle-dependence of the Doppler technique, thin myocardial 
wall with large systolic longitudinal and transversal excursion, 
need for high frame rates, and drifting of the strain curve, as 
well as the influence of age and heart rate, significantly af-
fect the accuracy and reproducibility of strain and strain rate 
measurements with TDI. Conversely, 2DSTE is an angle-in-
dependent technique but it relies more on the image quality 
than on TDI. Both techniques are mostly limited to the apical 
four-chamber view and evaluate only RV longitudinal strain. 

The normative data for the RV strain were mostly ob-
tained from small cohorts of adults representing the control 
groups in pathologic studies [9]. In the most up-to-date 
version of the chamber quantification guidelines an abnor-
mality threshold for the RV free-wall longitudinal strain was 
set at –20% [12]. In a recent prospective study performed 

A

C

B
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demonstrated in a heterogeneous group of patients for all 
the measurements of 3D RV mechanics (correlation coef-
ficients 0.7–0.9) [45]. Area strain correlated with RVEF and 
was a strong predictor of death, suggesting the superiority of 
3DE–derived area strain over other deformation parameters 
[46]. Whether 3DE-derived strain has an added value in 
routine assessment of RV remains unclear, given the fact that 
only small populations have been investigated to date and 
normal values are yet to be established. 

RIGHT VENTRICULAR DYSSYNCHRONY
In addition to quantification of regional RV systolic function 
and myocardial mechanics, strain and strain-rate can be used 
for the assessment of RV dyssynchrony, a new promising ap-
proach to the evaluation of RV dysfunction in patients with 
different cardiac conditions. Interventricular and RV intra-
ventricular dyssynchrony have been described in pulmonary 
artery hypertension showing strong correlation of RV dyssyn-
chrony indexes with the extent of RV dysfunction, pulmonary 
artery pressure, and adverse RV remodelling [47, 48]. Due 
to the complexity of the RV geometry the assessment of its 
dyssynchrony is only feasible by measuring IVS — RV free 
wall delay obtained by TDI or 2DSTE algorithms (Fig. 9). The 
cut-off values to identify RV intraventricular dyssynchrony 
were described in a small cohort of healthy individuals and 
calculated as the standard deviation of the time to peak-sys-
tolic strain for the mid and basal RV segments corrected to 
the R-R interval. Using the upper 95% limit of normal range 
a cutoff value of 18 ms was introduced as a criterion for RV 
dyssynchrony [49]. It was also demonstrated that being an 
independent predictor of unfavourable prognosis in patients 
with pulmonary hypertension, RV dyssynchrony might regress 
as a result of effective therapy. For better understanding of the 
role of RV dyssynchrony as a biomarker of treatment success 

and predictor of survival, these findings should be confirmed 
in larger studies. 

Figure 9. Measurement of the right ventricular (RV) dyssyn-
chrony; A. Tissue Doppler pulsed-wave Doppler algorithm 
for assessment of RV dyssynchrony based on the difference 
between time-to-peak strain of the basal segments of inter-
ventricular septum (IVS) and free wall of the RV in apical four-
-chamber view (arrows indicate peak systolic strain); B. Peak 
systolic longitudinal strain of the RV free wall and IVS obtained 
with two-dimensional speckle-tracking. The coloured lines re-
present the time-interval between QRS onset and peak systolic 
strain for each RV segment for dyssynchrony measurement. 
Arrows indicate the peak systolic strain of basal lateral (yellow 
curve) and basal septal (red curve) segments; AVC — aortic 
valve closure

Table 5. Reference values of the right ventricular longitudinal strain (RVLS) in the overall study population and separated by gender [68]

Strain parameters Overall Men Women P* 

Global six segments RVLS 

Average (%) –25.7 [–23.5; –28.1] –24.5 [–22.6; –26.3] –26.6 [–24.5; –28.5] < 0.001

Free wall three segments RVLS 

Average (%) –30.6 [–27.7; –33.0] –29.3 [–27.0; –31.9] –31.8 [–29.3; –33.9] < 0.001

Basal (%) 

Mid (%) 

Apex (%)

–30.0 [–26.0; –35.0]^ 

–34.0 [–30.0; –37.8] 

–28.5 [–25.0; –32.0]^ 

–28.0 [–25.0; –33.0]^ 

–32.0 [–29.0; –35.0] 

–27.0 [–25.0; –30.0]^ 

–31.0 [–27.0; –37.0]^

–35.0 [–32.0; –40.0] 

–30.0 [–26.0; –33.0]^ 

0.002 

0.001 

< 0.001 

Septal three segment RVLS 

Average (%) –20.0 [–18.0, –22.0] –19.0 [–17.3; –21.7] –20.3 [–18.9; –22.4] 0.012

Basal (%) 

Mid (%) 

Apex (%)

–20.0 [–18.0; –22.0]^ 

–20.0 [–19.0; –22.0] 

–20.0 [–17.00; –23.0]^ 

–19.0 [–17.0; –22.0]^ 

–20.0 [–18.0; –22.0] 

–19.0 [–15.0; –23.0]^ 

–20.0 [–18.0; –23.0]^ 

–21.0 [–19.0; –23.0] 

–20.0 [–17.0; –24.0]^ 

0.002 

0.001 

0.017 

Data represent median [I, III quartile]; *Men vs. women; ^p < 0.05 for mid vs. basal or mid vs. apex
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RIGHT VENTRICULAR SHAPE
Unlike the LV, data on RV remodelling and shape alterations 
are scarce. The complex shape of the RV cannot be simpli-
fied to a spherical or bullet-like morphology, which is why its 
assessment is challenging even in normal individuals. From 
a mechanical perspective, the RV wall stress was shown to 
be a major factor in RV failure development [50]. However, 
for a long time there was no evidence supporting poor out-
comes or increased mortality in patients with adverse RV 
shape changes independent of that predicted by size and 
functional parameters. 

A methodology that allows the assessment of 3DE-derived 
global and regional RV shape indices based on analysis of the 
RV curvature was recently developed and tested in normal 
subjects and in patients with pulmonary arterial hyperten-
sion (Fig. 10) [51]. It was demonstrated that in patients with 
pressure overload the RVOT is more round and both body 
and apical portions of the septum are more convex, bulging 
into the LV at both end-diastole and end-systole, with a more 
flattened apical free wall. The curvature of the RV inflow 
tract was a more robust predictor of death than RVEF, RV 
volumes, or other regional curvature indices. This promising 

methodology could potentially be used for a more effective 
assessment of the RV and might be useful as a biomarker of 
a treatment response. Future studies are needed to provide 
more data on the diagnostic and prognostic role of the RV 
shape in different clinical settings. 

CONCLUSIONS 
Right ventricular function and mechanics have proven to be 
important indicators of overall cardiac function and strong 
predictors of cardiovascular morbidity and mortality. However, 
accurate evaluation of the RV geometry and performance 
with conventional echocardiography remains challenging 
due to existing limitations of this imaging modality. Recent 
developments in echocardiographic imaging techniques 
such as 3DE and speckle-tracking enable more accurate, 
reproducible, and safe assessment of the RV morphology and 
functions. Combined results and collective evidence gener-
ated using different echocardiographic techniques will provide 
deeper insights into the pathology of this intriguing cardiac 
chamber, ultimately translating into more accurate diagnosis 
and better clinical management of cardiovascular patients. 

Conflict of interest: none declared

Figure 10. Three-dimensional (3D) echocardiography-based analysis of right ventricular (RV) shape. To quantify RV shape the 3D 
endocardial surface of RV was divided into six regions. For each node in a given region, two values were analytically derived:  
1) the maximum curvature k1 — the inverse of the radius of the smallest circle fitting the surface at that particular node (r1) and 
2) the curvature k2 — the inverse radius of the fitting circle (r2) in the perpendicular direction. The mean 3D curvature k was 
obtained by averaging the two values k1 and k2 for each point of the mesh. Each node was normalised by the curvature of the 
sphere having the same volume as the whole ventricle. This last step accounts for changes in curvature due to changes in RV 
volume. For the purpose of curvature visualisation, the 3D endocardial surface was colour-coded to depict local 3D curvature 
values; zero = flat surface. Positive signifies convexity and negative signifies concavity. (Courtesy of Dr. Karima Addettia)
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