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Abstract

Background: Prediction and potential prevention of sudden
cardiac death (SCD) due to malignant ventricular arrhythmia
(MVA) represent an obvious unmet medical need. We esti-
mated the prognostic relevance of numerous biomarkers as-
sociated with future MVA development in patients with cor-
onary artery disease (CAD) over 2 years of follow-up. Meth-
ods: Patients with stable documented CAD (n = 97) with a
mean age of 61 + 10 years were prospectively enrolled in a
single-center observational cohort study. Heart failure was
diagnosed in 68% of the patients (NYHA class lI-lll). The
mean left ventricular ejection fraction (LVEF) was 50 + 13%,
while 20% of patients had LVEF <35%. Sixty-two patients un-
derwent myocardial revascularization during the follow-up
(mean 25 + 11 months). Clinical characteristics (age, gender,
diabetes, history of coronary disease and arrhythmias, prior
interventions and antecedent medications), noninvasive
electrophysiological markers [microvolt T-wave alterations,

signal-averaged electrocardiography, QT interval duration
and alteration, and heart rate turbulence (HRT) and HR vari-
ability], laboratory indices [serum creatinine and creatinine
clearance, brain natriuretic peptide (BNP), NT-proBNP, and
C-reactive protein and troponin T levels] were assessed with
regard to the MVA prognosis. Results: MVA was diagnosed
in 11 patients during the prospective follow-up. Prior percu-
taneous coronary intervention (p < 0.05), MVA or syncope
(p < 0.05), on-pump coronary artery bypass grafting during
follow-up (p < 0.01), LVEF <47% (p < 0.01), a left atrium size
>4.7 cm (p < 0.05), left atrium index (p = 0.01), filtered QRS
duration (p < 0.05), abnormal HRT (x? = 6.2, p = 0.01) or tur-
bulence slope (x2=9.5, p < 0.01), BNP =158 pg/ml (p < 0.01)
and NT-proBNP >787 pg/ml (x> = 4.4, p < 0.05) were signifi-
cantly associated with MVA risk by univariate analysis. How-
ever, only prior MVA or syncope [odds ratio (OR) 11.1; 95%
confidence interval (Cl) 2.8-44.4; p < 0.01], abnormal HRT
(OR13.6;95% Cl 2.8-66.1; p < 0.01) and plasma BNP (OR 14.3;
95% Cl 3.2-65.0; p < 0.01) remained independent predictors
of MVA occurrence by multivariate Cox regression analysis.
Conclusion: Prior syncope or MVA, HRT and elevated plasma
BNP were independent MVA predictors, advocating for the
prospective screening of high-risk CAD patients for potential
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Introduction

Sudden cardiac death (SCD) is one of the most com-
mon causes of mortality in the Western world. In fact, in
the USA alone, about 325,000-350,000 SCDs occur annu-
ally [1], representing a stunning range of 50-100 fatalities
per 100,000 population [2]. According to the latest data,
the SCD rate ranges from 1.4/100,000 person-years in
women to up to 6.68/100,000 person-years in men [3]. In
Russia, the estimated annual incidence of SCD is approx-
imately 200,000-250,000 cases, and is probably heavily
underestimated [4]. The most common cause of SCD is
ventricular tachyarrhythmia due to coronary artery dis-
ease (CAD), particularly following acute coronary syn-
drome. Alarming data were presented in the AHA ‘Heart
disease and stroke statistics — a 2016 update’ report, sug-
gesting that Russia tops the mortality rate for coronary
atherosclerosis, with the SCD rates several times higher
than in Europe or the USA [5].

Malignant ventricular arrhythmia (MVA) is the leading
cause of SCD. Ironically, despite obvious progress in emer-
gency care over the past decade, the survival rate after
MVA episodes is still woefully small, even in developed
countries [6]. Currently, the most effective way of prevent-
ing SCD is by means of an implantable cardioverter-defi-
brillator (ICD), common in high-risk patients [7]. How-
ever, these devices, apparently, are helpful only in selected
patients, usually before the first episode of MVA [2].

Currently, some evidence suggests that certain indices
may serve as predictors of SCD, including noninvasive
parameters of cardiac electrical instability, biomarkers of
inflammation, myocardial damage and overload and cer-
tain imaging variables [8]. However, current guidelines
acknowledge only prior myocardial infarction (MI) that
has occurred at least 6 weeks earlier and heart failure [left-
ventricular ejection fraction (LVEF) <35%; NYHA class
II-1IL, after >3 months on optimal medical treatment] as
the 2 established predictors of SCD (class I, level of evi-
dence A) [3, 9]. Despite the fact that an ICD reduces mor-
tality in patients with a low LVEF [10, 11], the search for
better predictive biomarkers is still underway. Finding
such predictors represents an utmost priority and an ur-
gent medical need [12].

Methods

Patients

The study was designed as a prospective, single-center observa-
tional cohort assessment. It included 108 consecutive CAD patients
admitted to the Bakoulev Center for Cardiovascular Surgery, Mos-

Predictors of Malignant Arrhythmias

cow, Russia, from 2009 to 2011. The study design was approved by
the ethics committee, and all patients provided a written informed
consent. Inclusion criteria were: coronary heart disease as docu-
mented by coronary angiography performed during the previous
<2 years and regular contact with the clinic for follow-up visits.
Exclusion criteria were: acute coronary syndromes, congenital
heart disease, severe acquired valvular disease, ventricular pre-
excitation syndromes, congenital long/short QT syndromes or ac-
quired prolongation of QT interval (>500 ms on standard ECG).

Follow-Up and End Points

Follow-up information was obtained via telephone or hospital
visits at least every 6 months. The combined end point was defined
as the development of MVA including SCD, successful resuscita-
tion, ICD discharge or transient syncope. In the case of death, the
cause was verified by autopsy. All patients underwent standard
echocardiography with measurement of LV end-systolic and end-
diastolic dimension and volume, LVEF, mitral regurgitation, re-
gional myocardial contractility and left atrium size. In the event of
out-of-hospital death, detailed information about the circum-
stances of the death was collected from the relatives. SCD was
defined as a nontraumatic, unexpected death within 1 h of acute
symptoms without prior worsening [3]. Autopsy, confirming the
cardiac reason for the death was performed in several cases.

24-Hour Ambulatory ECG

The analysis included episodes of transient syncope without
ECG registration that occurred with witnesses. All enrolled pa-
tients underwent 24-hour ambulatory ECG with 3- and 12-lead
monitors (ASTROCARD, Meditech, Moscow, Russia). Heart rate
turbulence (HRT) was calculated using ECGs containing 3-5 con-
secutive sinus RR intervals prior to a ventricular premature beat
(VPB) and 15-20 RR intervals following a VPB. The following RR
intervals were excluded: <300 ms, >2,000 ms and when there was
a difference of >200 ms between the preceding sinus intervals or
>20% of the average of 5 consecutive sinus intervals. VPB was ap-
propriate for analysis if it exhibited a minimum prematurity of
20% of the RR interval or a post-extra-systole interval of at least
20% longer than the mean RR interval. Turbulence onset (TO),
reflecting the initial phase of sinus rhythm acceleration, and tur-
bulence slope (TS), representing the compensatory deceleration
phase, were also estimated and analyzed. TO was defined accord-
ing to the formula:

TO = [(RR1 + RRz) - (RRZ) + RRI’)]/(RRZ) + RR]’) x 100,

where RR,’ and RR,’ represent the 2 RR intervals before VPB and
RR; and RR; represent the first 2 RR intervals following VPB. TS
was defined as the maximum positive slope of a regression line as-
sessed over any 5 consecutive RR intervals after a VPB. Measure-
ments of HRT were estimated automatically for every VPB and
were presented as an average value with a standard deviation (SD)
for day, night and 24-hour periods. TO 20% and/or TS <2.5 ms/
RRinterval were defined as abnormal [13]. In addition to HRT, the
following measurements were made: microvolt T-wave alternans
(MTWA), high-resolution ECG variables [late ventricular poten-
tials, filtered QRS (fQRS) duration, high-frequency low-amplitude
(HFLA) signal and filtered P-wave duration (fP)], corrected QT
interval and its circadian dynamics and HR variability with SD of
normal-normal (NN) RR intervals (SDNN), SD of average NN in-
tervals (SDANN) and proportion of NN50 (pNN50). MTWA was
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defined as positive when present for at least 1 min withan HR <110
bpm, alternan amplitude >1.9 pV and alternan ratio (signal-to-
noise ratio) — K-score 23 in the vector magnitude lead, any or-
thogonal lead or 2 consecutive standard leads (MTWA+). TWA
was defined as being negative if the criteria for a positive test were
not registered while the HR was >80 bpm (TWA-). All other cas-
es of MTWA were considered indeterminate. Both negative and
indeterminate results were defined as nonnegative [14]. The fol-
lowing values of high-resolution ECG variables were considered
abnormal: f{QRS >114 ms, HFLA >38 ms and root mean square <20
(V [15]. Daily mean corrected QT duration was estimated auto-
matically for each lead. The relation of the QT interval and RR
interval is described using a linear regression formula:

QT =B+ axRR,

where the coefficient a reflects the slope of a graph of the linear
regression. Two parameters were included this analysis: the high-
est coefficient a of all leads (o max) and the difference between the
maximum and minimum « values (Da), which reflects the sever-
ity of the spatial dispersion of the RR interval dependence on the
QT interval. Both parameters were calculated separately for the
day and night periods [14].

Biochemical Markers

Venous blood samples for laboratory indices were drawn by
sterile venipuncture into EDTA tubes before echocardiography af-
ter 10 min of supine rest. Blood samples were immediately centri-
fuged for 15 min at 3,000 rpm. Separated plasma samples were
processed for brain natriuretic peptide (BNP) measurements by
immunoassay using ARCHITECT i1000SR analyzer (Abbott,
Skokie, Ill., USA). Creatinine and C-reactive protein were assessed
by turbidimetric method using the IMMAGE 800 analyzer (Beck-
man Coulter, Fullerton, Calif., USA) and NT-proBNP and tropo-
nin T with the Elecsys 2010 analyzer (Roche Hitachi, Rotkreuz,
Switzerland). Creatinine clearance was calculated applying the
MDRD formula.

Statistical Analysis

Continuous variables are shown as mean + SD and for categor-
ical data, frequencies and percentages were used. The difference
between 2 groups for continuous variables was assessed with the
Student t test and the Mann-Whitney U test was used for nonpara-
metric variables. Differences between groups were analyzed for
statistical significance with the x* test with the Yates correction for
continuity or the Fisher exact test for small samples. p < 0.05 was
considered statistically significant. The odds ratio (OR), hazard
ratio (HR) of MV A and 95% confidence interval (CI) were calcu-
lated according to standard formulas. Receiver operating charac-
teristic (ROC) curve analysis was performed to determine the cut-
off values for continuous variables. The quality of the chosen mod-
el was evaluated depending on the area under the curve (AUC):
0.9-1.0 (excellent), 0.8-0.9 (very good), 0.7-0.8 (good), 0.6-0.7
(average) and <0.6 (unsatisfactory). Survival curves for all vari-
ables significantly associated with end points were analyzed using
the Kaplan-Meier method and the log-rank test was applied for
significance. All variables significantly associated with arrhythmic
events according to univariate analysis were included in the mul-
tivariate Cox regression analysis to identify independent predic-
tors. All analyses were carried out with SPSS v21.0 (SPSS, Chicago,
1L, USA).

38 Cardiology 2016;135:36-42
DOI: 10.1159/000445881

Table 1. Demographics, clinical characteristics, interventions and
outcomes dependent on MV A development

Parameters MVA No MVA  pvalue
(n=11) (n=86)

Age, years 62.0£9.6 60.6+x13.5 0.68
Females 2 (18) 10 (12) 0.59
Prior MI 8(73)  61(71)  0.90
Prior MVA or syncope 5 (45) 8(9) 0.02*
Angina class 21+12 22+13 0.82
Heart failure, NYHA class 1.7+¢1.2  22*1.1 0.62
Permanent atrial fibrillation 4 (36) 12 (14) 0.14
Left bundle-branch block 3(27) 22 (26) 0.91
Diabetes mellitus 3(27) 14 (16) 0.43
Medication/prior myocardial revascularization
Amiodarone 5 (45) 16 (19) 0.09
Other antiarrhythmic agents 1(9) 2(2) 0.45
Beta-blockers 8 (73) 63 (73) 0.97
ACE inhibitors 7 (64) 56 (65) 0.92
Diuretics 7 (64) 28 (33) 0.053
Spironolactone 2 (18) 33 (38) 0.12
Statins 6(55)  60(70)  0.34
Prior CABG 2 (18) 10 (12) 0.59
Prior PCI 6 (55) 18 (21) 0.034*
Myocardial revascularization during follow-up
On-pump CABG 0 (0) 11(13) <0.001*
Off-pump CABG 2 (18) 17 (20) 0.90
PCI 1(9) 24 (28) 0.06
Outcomes

Stent thrombosis 1(9) 1(1) 0.62

Syncope 2 (18) 0 (0)

Total mortality 6 (55) 9 (10) 0.005*

Cardiovascular mortality 6 (55) 2(2) <0.01*

Sudden cardiac death 3(27) 0(0)

Values are expressed as n (%) or mean + SD. * p < 0.05.

Results

Patients

The demographics, major clinical characteristics, in-
terventions and major outcomes of the study groups de-
pendent on MVA are presented in table 1. There were a
few differences between groups including significantly
more prior malignant arrhythmias in the MVA group
and more frequent percutaneous coronary interventions
(PCIs) during the follow-up. However, the most preva-
lent feature distinguishing MV A prognosis was the lack
of on-pump coronary artery bypass grafting (CABG) in
the MVA group so prominent in the cohort with favor-
able outcomes. Most patients (61%) developed heart fail-
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Table 2. Laboratory biomarkers

Marker MVA No MVA p value
(n=11) (n=86)
Echocardiography
LVED size, cm 6.3+1.2 5.9+0.9 0.11
LVED size/BSA, cm/m? 3.1£0.5 3.0£0.5 0.35
LVED volume, ml 194.5+72.1 168.6+59.5 0.19
LVED volume/BSA, ml/m? 96.3+£37.7 85.0+£30.8 0.27
LVEF, % 42.7+13.0 50.9+13.0 0.053
LVEF <35% 4 (36) 15 (17) 0.226
LA size, cm 52+1.2 4.5+0.6 0.002*
LA size/BSA, cm/m? 2.6+0.8 2.3+0.3 0.013*
Mitral regurgitation, degrees 1.6+0.7 1.3+0.6 0.115
Holter monitoring
Mean HR, bpm 72.2%+15.5 66.5+8.8 0.07
High-grade VPB (3-4 beats)? 8 (73) 44 (51) 0.14
Noninvasive electrophysiology
Positive MTWA 4 (36) 36 (42) 0.73
Negative MTWA 2 (18) 27 (31) 0.30
Indeterminate MTWA 2 (18) 7 (8) 0.26
Mean corrected QT interval, ms 434.6+57.5 414.1+44.0 0.20
Late ventricular potentials 6 (55) 26 (30) 0.13
fQRS duration, ms 152.0+45.7 124.8+34.7 0.033*
SDNN, ms 114.9+32.5 126.9+£36.6 0.75
Abnormal TO 4 (36) 18 (21) 0.31
Abnormal TS 3(27) 3(4) 0.08
Abnormal HRT 2 (18) 2(2) 0.18
Biochemistry
Creatinine, pmol/l 110.8+33.5 103.5+31.8 0.55
Creatinine clearance, ml/min/1.73 m? 69.8+27.2 72.7+£18.0 0.68
BNP, pg/ml 1,013.7+£617.8 180.8+267.8 <0.001%*
NT-proBNP, pg/ml 3,058.0+1,614.2 833.9+£565.5 0.003*
C-reactive protein, mg/dl 0.6+0.7 0.6+0.9 0.70
Troponin T >0.01 ng/ml 2 (18) 11 (13) 0.66

Values are expressed as n (%) or mean + SD. * p < 0.05. BSA = Body surface area; ED = end-diastolic; LA =
left atrium. * According to Lown and Wolf [16].

ure (NYHA II-III). The mean LVEF was 50 + 13% and
20% of patients had LVEF <35%. Use of amiodarone, spi-
ronlactone and persistent atrial fibrillation were more
common in the MVA group, although these differences
did not reach significance (table 1). Among prior inter-
ventions, PCI, but not CABG, was associated with a high-
er risk for MVA. In contrast, on-pump CABG during fol-
low-up did not occur in the MV A group.

As expected, hard outcomes were rare. However, car-
diovascular and total mortality were significantly more
prevalent in patients with MVA. During the follow-up,
15/97 patients died. Cardiac mortality was reported in 8

Predictors of Malignant Arrhythmias

patients, 3 of whom died suddenly without prior worsen-
ing. Importantly, the mortality in the MVA group was
as high as 55%. The other causes of death were bleeding
(n = 2), mesenteric thrombosis (n = 1) and acute heart
failure (n = 1) or were unknown (n = 3). The cumulative
distribution of laboratory indices dependent on MV A oc-
currence is presented in table 2. According to the 24-hour
ambulatory ECG monitoring at enrollment, 54% of the
patients had high-grade VPB as classified by Lown and
Wolf [16]. The MTWA test was positive in 41%, negative
in 30% and undetermined in 29%. Late ventricular poten-
tials were observed in 33% of cases. Pathological HRT (i.e.
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Fig. 1. Outcome distribution of HRT mea-
surements.

a combination of pathological TO and TS) was reported
in 4% of patients. In 23% of the cases, TO was different
from the normal values (table 2). It should be noted that
the HRT test was successfully performed in only 64% of
patients. In the remaining patients, the calculations were
limited by the presence of permanent atrial fibrillation,
pacemaker rhythm or VPB absence (fig. 1).

Predictors of Arrhythmic Events during Follow-Up

According to univariate analysis, the following mark-
ers were significantly associated with MV A during fol-
low-up: a history of malignant arrhythmias or syncope
(p = 0.02), prior PCI (p = 0.03), LVEF <47% (p = 0.01),
left atrium size >4.7 cm (p = 0.03), left atrium index (p =
0.01), fQRS duration (p = 0.03), HRT (p = 0.01), abnor-
mal TS (p = 0.002), BNP >158 pg/ml (p = 0.003) and NT-
proBNP >787 pg/ml (p = 0.04). The details are outlined
in table 2. The MTWA test, HRT, late ventricular poten-
tials, QT interval duration and circadian dynamics as well
as most biochemical indices (creatinine clearance and
levels of creatinine, C-reactive protein and troponin T)
had no significant predictive value for MVA develop-
ment. According to the multivariate Cox analysis, the re-
maining independent predictors of malignant arrhyth-
mic events were an abnormal HRT test (p = 0.01) and a
plasma BNP level 2158 pg/ml (p = 0.01).

Discussion

The search for reliable predictors for MV A with a high
SCD risk required the identification of suitable candi-
dates for ICD therapy and the implementation of new,
affordable, noninvasive diagnostic tools. The utilization
of ICD therapy for SCD prevention is well justified by
randomized evidence yielded from several large random-
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ized trials (e.g. AVID, CASH and CIDS) [16]. In our
study, patients who had prior malignant arrhythmia or
syncope also exhibited a high risk of repeated life-threat-
ening arrhythmias. Since all our patients underwent ICD
intervention for secondary SCD prevention, previous
ICD per se was associated with the very high rate for sec-
ond MVA development (OR 39.1; 95% CI 5.0-304.7; p <
0.0001). Besides previous episodes of MV A and syncope,
we identified 2 independent predictors of catastrophic ar-
rhythmic events: an abnormal HRT and an elevation of
plasma BNP to >158 pg/ml. The prognostic model which
includes atleast one of these predictors has sufficient neg-
ative predictive value to identify patients at low risk of
MVA. The HRT effectively reflects HR disturbances as a
response to blood pressure fluctuations. The normal VPB
followed by dramatic shortening of RR intervals (the first
2-4 beats after VPB) is probably due to a decrease in
blood pressure, following further RR gradual extension
for the next 5-20 cardiac cycles. Our data are in agree-
ment with the results of contemporary trials, suggesting
that abnormal HRT impacts cardiac mortality and life-
threatening arrhythmias in post-MI patients [15]. The
significance of abnormal HRT among the other factors of
autonomic dysfunction, such as baroreceptor sensitivity
or HR variability in patients with recent MI (<28 days),
has been shown in the ATRAMI study (Autonomic Tone
and Reflexes after Myocardial Infarction) [13, 16]. In fact,
TS and its combination with TO significantly increase the
risk of fatal and nonfatal MVA (RR: 4.1 and 6.9, respec-
tively; p < 0.0001 for both).

Several other trials (REFINE, CARISMA and ISAR-
Risk) observed the recovery of the autonomic regulation
of HR after MI and also demonstrated the prognostic val-
ue of HRT in life-threatening arrhythmic events during
long-term follow-up after MI [17-20]. Also, in agreement
with the index report, some strong evidence has suggest-
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ed that T-wave alterations (based on the modified moving
average method, MMA-TWA) and HRT were both inde-
pendent predictors of cardiac mortality and fatal arrhyth-
mic events in post-MI patients [21, 22]. Thus, the adverse
effects of derangements in autonomic heart rhythm regu-
lation in post-MI patients represent a real threat [23]. Im-
portantly, 68% of the patients in our report experienced
prior MI. This fact explains the limited role of other heart
rhythm autonomic control indices such as circadian HR
and QT interval variability regarding prognosis in our
study. However, HRT had a definite impact on MVA de-
velopment according to the multivariate Cox regression
analysis (p < 0.01).

We also tried to identify the best suitable biochemical
markers to distinguish future MVA risks in order to tar-
get potential SCD prevention. Among the variety of
markers, only BNP holds predictive value for MVA de-
velopment. Importantly, BNP is the most explored neu-
rohumoral marker consistently linked to the prediction
of serious arrhythmic events. According to a large meta-
analysis of >4,500 patients, elevated levels of BNP were
associated with SCD risks in a wide range of MVA pa-
tients [24]. The elevation of BNP in patients without an
ICD predicts a 4-fold increase in the risk of SCD and a
>4.5-fold increase in the case of concomitant CAD. In
patients with an ICD, an elevated BNP predicts a 2-fold
increase in the risk of appropriate shocks. In another
meta-analysis of 6 studies which included 3,543 patients,
the cut-off values of natriuretic peptides for MVA and
SCD prediction varied greatly across studies: from 187 to
265 pg/ml for BNP and from 130 to 4,500 pg/ml for NT-
proBNP [24]. This clearly indicates that BNP is a more
reproducible marker and also corresponds well with our
study. Finally, in another report on 94 patients with isch-
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