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TRADITIONAL AND NEW ELECTROCARDIOGRAPHIC PREDICTORS OF NON-SUSTAINED  
POLYMORPHIC VENTRICULAR TACHYCARDIA CAUSED BY DRUG-INDUCED LONG QT SYNDROME 

L.V.Kalatsei, V.A.Snezhitskiy
Grodno State Medical University, Belarus, Grodno, 80 Gorkogo str.

Aim. To identify electrocardiographic (ECG) predictors of drug-induced non-sustained polymorphic ventricular 
tachycardia (PVT).

Material and methods. The study included 110 patients with ischemic heart disease and /or arterial hypertension 
and cardiac arrhythmias who were taking class III antiarrhythmic drugs (amiodarone or sotalol). According to the presence 
or absence of the drug-induced QT interval prolongation (Bazett) (greater than 450 ms in men and greater than 470 ms in 
women), the patients were divided into 2 groups: «LQTS» (n=64) and «Non LQTS» (n=46). According to the presence or 
absence of non-sustained PVT, patients with drug-induced LQTS were additionally divided into the «PVT» (n=17) and 
«Non PVT» (n=47) groups. All patients underwent clinical, laboratory and instrumental examinations, which included 
taking anamnesis, physical examination, echocardiography, Holter monitoring, general clinical laboratory examinations, 
12-lead ECG recording before and while taking antiarrhythmic drugs. 

Results. In the «LQTS» group of patients, PVT was significantly more common than in the «non LQTS» group 
(p=0.017). When analyzing the baseline ECG parameters recorded before the initiation of antiarrhythmic therapy, no sig-
nificant differences were found between the groups except for a greater QT interval dispersion in the group of patients with 
LQTS and non-sustained PVT compared with patients without LQTS (p=0.03). While receiving antiarrhythmic therapy, 
patients with LQTS and non-sustained PVT had a longer duration of the QT interval (p<0.05), as well as the duration 
of the corrected QT and JT intervals (p<0.001) compared with group of patients without LQTS and subgroup without 
non-sustained PVT. The values ​​of the parameters of the balance of depolarization and repolarization of the ventricular 
myocardium (iCEB and iCEBc) were significantly higher in patients with LQTS and non-sustained PVT (p<0.001). Based 
on the results of the analysis of contingency tables, the most effective predictor of non-sustained PVT was an iCEBc value 
≥5.81 (OR=7.294, 95% CI [4,245-11,532]). According to the results of one-way ROC-analysis, the iCEBc value ≥5.81 
demonstrated high sensitivity (94.1%) and specificity (84.9%), as well as a fairly high area under the ROC-curve (0.901). 

Conclusions. Our results indicate that the value of the corrected index of the cardioelectrophysiological balance 
≥5.81 can be used in the prediction of non-sustained PVT in patients with QT interval prolongation induced by amiodarone 
and sotalol in addition to the existing ECG parameters. 
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Long QT syndrome (LQTS) is a potentially 
life-threatening channelopathy associated with QT inter-
val prolongation on a 12-lead ECG, syncope, and a high 
risk of sudden cardiac death (SCD) due to the develop-
ment of polymorphic ventricular tachycardia (PVT), in-
cluding torsades de pointes [1-3]. According to its etiolo-
gy, LQTS can be both congenital and acquired. The most 
common cause of acquired LQTS is the use of drugs that 
prolong the QT interval, especially antiarrhythmic drugs 

of IA and III class according to the M. Vaughan-Williams 
classification [4-6].

Risk stratification of SCD in drug-induced LQTS 
remains challenging. To date, there is no comprehensive, 
easily measured and widely available indicator that would 
have a sufficiently high ability to predict life-threatening 
ventricular arrhythmias in this category of patients.

QT interval prolongation on a 12-lead ECG, regard-
less of the reasons that caused it, is a generally accepted 
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risk factor and an independent predictor of life-threatening 
arrhythmias and SCD [5, 7]. However, QT interval dura-
tion characterizes only the total duration of depolarization 
and repolarization of the ventricular myocardium, without 
considering the peculiarities of the balance of these two 
components and the degree of their heterogeneity, and sig-
nificantly depends on the heart rate.

Currently, it is proposed to use several other electro-
cardiographic markers in SCD risk stratification [7-13]. 
Thus, the duration and heterogeneity of the repolarization 
process, in addition to the QT interval duration, are charac-

terized by such indicators as QT interval dispersion, JT in-
terval dispersion, T wave alternation, T peak - T end interval 
duration and its dispersion, as well as the T peak-T end/QT 
ratio. Among the indicators reflecting the features of myo-
cardial depolarization are the QRS complex duration and 
fragmentation, as well as the spatial QRS-T angle [7, 11]. 

A separate group consists of electrocardiographic pa-
rameters that characterize the balance between ventricular 
depolarization and repolarization, which include the index 
of cardioelectrophysiological balance (iCEB), defined as the 
duration of the QT interval divided by the duration of the 

QRS complex, and the corrected 
index of cardioelectrophysiologi
cal balance (iCEBc), which is 
calculated using the corrected QT 
interval (QTc) duration [8].

The index of cardioelectro-
physiological balance can serve 
as an equivalent of the cardiac 
wavelength λ, mathematically 
expressed as the product of the 
effective refractory period (ERP) 
and the conduction velocity. 
Studies conducted on prepara-
tions of rabbit left ventricular 
myocardium demonstrated that 
QT interval is associated with 
ERP duration; and changes in 
the duration of the QRS com-
plex coincide with changes in 
the conduction velocity [8]. Re-
sults obtained in studies on ani-
mal models suggested that iCEB 
and iCEBc can act as potential 
predictors of ventricular arrhyth-
mias, including those caused 
by drugs, and, consequently, 
drug-induced PVT [8, 9].

The aim of this study is to 
evaluate the values of tradition-
ally used and new ECG markers 
characterizing the depolarization 
and repolarization of the ventric-
ular myocardium in patients tak-
ing class III antiarrhythmic drugs 
according to the classification of 
M. Vaughan-Williams, with and 
without drug-induced LQTS and 
to identify electrocardiograph-
ic predictors of drug-induced 
non-sustained PVT. 

MATERIAL AND  
METHODS

To achieve this goal, 110 
patients were examined based 
on the Grodno Regional Clinical 
Cardiology Center, mainly with 
coronary artery disease (CAD), 
hypertension and cardiac ar-
rhythmias. Patients with atrial 

Parameters «LQTS» 
group (n=64)

«Non LQTS» 
group (n=46) p 1/2

Male sex, n (%) 27 (42.1%) 27 (58.7%) 0.544
Age, years (M±SD) 57.2±9.4 56.1±9.2 0.687
BMI, kg/m2 (M±SD) 29.8±4.6 29.5±4.8 0.739
Smoking, n (%) 13 (20.3%) 11 (23.9%) 0.482
SCD family history, n (%) 6 (9.3%) 4 (8.7%) 0.952
Hypertension
No hypertension, n (%) 8 (12.5%) 4 (8.7%) 0.729
Stage 1, n (%) 10 (15.6%) 14 (30.4%) 0.176
Stage 2, n (%) 44 (68.8%) 26 (56.5%) 0.271
Stage 3, n (%) 2 (3.1%) 2 (4.3%) 0.907
CAD
No CAD, n (%) 9 (14.1%) 8 (17.4%) 0.652
Coronary artery atherosclerosis, n (%) 8 (14.5%) 3 (7.9%) 0.686
Vasospastic angina 6 (10.9%) 6 (15.8%) 0.733
CCS Grade 1, n (%) 14 (25.4%) 13 (34.2%) 0,559
CCS Grade 2, n (%) 26 (47.3%) 14 (36.8%) 0,359
CCS Grade 3, n (%) 3 (5.4%) 2 (4.3%) 0,977
CCS Grade 4, n (%) - - -
Myocardial infarction history, n (%) 10 (15.6%) 7 (15.2%) 0.972
HF NYHA Class 0, n (%) 3 (5.4%) 5 (10.9%) 0.566
HF NYHA Class I, n (%) 35 (54.7%) 20 (43.5%) 0.314
HF NYHA Class II, n (%) 21 (32.8%) 17 (37%) 0.706
HF NYHA Class III, n (%) 5 (7.8%) 4 (8.7%) 0.776
HF NYHA Class IV, n (%) - - -
Paroxysmal AF, n (%) (%) 18 (28.1%) 10 (21.7%) 0.563
Persistent AF, n (%) 19 (29.7%) 17 (36.9%) 0.508
Frequent PVCs, n (%) 21 (32.8%) 15 (32.6%) 0.987
Non-sustained monomorphic VT history, n (%) 19 (29.7%) 16 (34.8%) 0.642
Frequent supraventricular extrasystoles, n (%) 5 (7.8%) 4 (8.7%) 0.776
Obesity, n (%)
Diabetes mellitus, n (%) 26 (40.6%) 19 (41.3%) 0.949
Thyroid pathology, n (%) 6 (10.9%) 2 (4.3%) 0.644

Note: LQTS - long QT interval syndrome; BMI - body mass index; SCD - sud-
den cardiac death; CAD - coronary heart disease; CCS - Canadian Cardiovascular 
Society; MI - myocardial infarction; HF - heart failure; NYHA - New York Heart 
Association; AF - atrial fibrillation, VT - ventricular tachycardia, PVC - premature 
ventricular contraction.

Table 1. 
Clinical characteristics of the patient groups
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fibrillation (AF) were referred to the hospital 
for electrical cardioversion or to select anti-
arrhythmic therapy. Patients with ventricular 
arrhythmias were hospitalized to clarify the 
diagnosis and determine strategies for further 
treatment. All patients received class III antiar-
rhythmic drugs (amiodarone or sotalol).

Patients were divided into two groups de-
pending on the presence or absence of the QT 
interval prolongation in response to antiarrhyth-
mic therapy. The first group («LQTS») consisted 
of 64 patients, among them 37 (57.9%) women 
and 27 (42.1%) men, mean age 57.1±9.4 years, 
who had drug-induced prolongation of QTc 
interval (Bazett) (greater than 450 ms in men 
and 470 ms in women) while taking class III 
antiarrhythmic drugs. The second group («non-
LQTS») included 46 patients, among them 19 
(41.3%) women and 27 (58.7%) men, mean 
age - 56.1 ± 9.2 years, without drug-induced 
prolongation of QTc interval.

Parameters «LQTS with PVT» group 
(n=17)

«LQTS without PVT» 
group (n=47)

«Non LQTS» group 
(n=46)

LA antero-posterior diameter, mm 38.6 [36; 40) 39.7 [37; 43) 40.1 [38; 42)
LV end-diastolic diameter, mm 52.8 [48; 56) 53.5 [49; 55) 53.6 [50; 56)
LV end-systolic diameter, mm 35.7 [32; 37) 35.8 (33; 38) 36.4 (33; 38)
LVEF (М-mode), % 60.8 [58; 67) 59.0 (56; 65) 60.0 (56; 65)

Note: LA - left atrium; LV - left ventricle; LVEF - left ventricular ejection fraction; PVT - polymorhic ventricular tachycardia.

Table 3. 
Comparative analysis of echocardiographic parameters of patients (Me (25%; 75%))

«LQTS» 
group (n=64)

«Non LQTS» 
group (n=46) p

Beta-blockers, n (%) 8 (12.5%) 4 (8.7%) 0.729
ACE inhibitors, n (%) 39 (61%) 33 (71.7%) 0.327
Angiotensin II receptor blockers 40 (62.5%) 25 (54.3%) 0.463
Statins, n (%) 16 (25%) 10 (21.7%) 0.769
Antiplatelet agents, n (%) 58 (90.6%) 40 (87%) 0.738
Anticoagulants, n (%) 25 (39%) 16 (34.8%) 0.701
Amiodarone, n (%) 37 (57.8%) 26 (56.5%) 0.909
Sotalol, n (%) 42 (65.6%) 32 (69.6%) 0.719
Furosemide, n (%) 22 (34.4%) 14 (30.4%) 0.724
Torasemide, n (%) 6 (10.9%) 1 (2.2%) 0.507
Indapamide, n (%) 4 (6.3%) 1 (2.2%) 0.708
Hydrochlorothiazide, n (%) 9 (14.1%) 5 (10.9%) 0.772

Table 2. 
Drug therapy characteristics

Note: ACE - angiotensin converting enzyme

Parameters «LQTS with PVT» 
group (n=17)

 «LQTS without PVT» 
group (n=47)

«Non LQTS» group 
(n=46)

Mean heart rate, b.p.m. 64.3 (60; 67) 62.1 (56; 69) 62.6 (56; 70)
Repolarization markers
QT interval duration, ms 389.2 (370; 407) 399.9 (377; 427) 390.5 (370; 406)
QTc interval duration (Bazett), ms 405.1 (395; 417) 404.1 (392; 418) 396.1 (384; 408)
QT interval dispersion, ms 38.5 (30; 44) 32.9 (20; 43) 33.4 (30; 40)
JTc interval duration (Bazett), ms 319.1 (309; 334)* 314.1 (303; 330) 307.9 (293; 322)
JT interval dispersion, ms 32.1 (25; 40) 28.5 (18; 38) 29.5 (24; 37)
T peak - T end duration, ms 75 (67; 83) 77.4 (68; 86) 78.4 (67; 89)
T peak - T end dispersion, ms 21,5 (20; 22) 18.6 (10; 20) 19.2 (10; 28)
T peak - T end / QT ratio 0.19 (0,18; 0,21) 0.19 (0,18; 0,21) 0.20 (0,18; 0,22)
Depolarization markers
QRS duration, ms 85.3 (80; 90) 90 (80; 100) 88.2 (80; 90)
QRS fragmentation, n (%) 4 (23,5%) 5 (10%) 3 (6%)
Repolarization and depolarization balance markers
Index of CB (QT/QRS) 4.80 (4.44; 5.25) 4.61 (4,22; 4.89) 4,58 (4.33; 4.85)
Corrected index of CB (QT/QRS) 4.80 (4.17; 5.16) 4.54 (4.11; 4.89) 4,52 (4.23; 4.81)

Table 4. 
Electrocardiographic parameters before antiarrhythmic therapy initiation (Me (25%; 75%))

Note: Here and below b.p.m. - beats per minute; QTc - corrected QT interval; JTc - corrected JT interval; CB - cardioelec-
trophysiological balance; * - p<0.05 value compared to the «Non LQTS» group.
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Exclusion criteria from the study were: QTc inter-
val greater than 450 ms in men and 470 ms in women 
before antiarrhythmic therapy initiation; genotyped con-
genital LQTS; Schwartz score more than 3 points; tak-
ing any drugs other than Class III antiarrhythmic drugs 
with a confirmed or probable risk of torsades de pointes, 
listed in the «CredibleMeds» database [14]; recent acute 
myocardial infarction, coronary artery bypass graft-
ing, or coronary angioplasty (less than 3 months before 
enrollment in the study); left ventricular hypertrophy 
(Sokolov-Lyon index> 35mm); an increase in the dura-
tion of the QRS complex ≥100 ms; permanent and long-
term persistent form of AF; 24 hours after restoration 
of sinus rhythm in patients with AF; disorders of atrio-
ventricular conduction; uncorrected pathology of the 

endocrine system (hyperthyroidism, hypothyroidism, 
hyperparathyroidism); nervous system pathology (sub-
arachnoid hemorrhage, trauma, infections, tumors); 
decompensated diabetes mellitus; active inflammatory 
process of any localization of infectious, autoimmune 
or other etiology.

Depending on the presence or absence of non-sus-
tained PVT according to Holter monitoring while tak-
ing antiarrhythmic therapy, patients with drug-induced 
LQTS were additionally divided into 2 groups: «LQTS 
with PVT» (17 patients) and «LQTS without PVT» (47 
patients). The average duration of an episode of non-sus-
tained PVT was 7.3±4.1 seconds, the average number of 
episodes per day was 2.7±2.3, and the average heart rate 
was 245±32 beats per minute.

All patients underwent 
clinical, laboratory and instru-
mental studies, including history 
taking, physical examinations, 
12-lead ECG recording, Holter 
monitoring, and general clinical 
laboratory studies.

An electrocardiographic 
study was performed in patients 
initially - before the antiarrhyth-
mic therapy initiation, and then 
during the administration of 
antiarrhythmic therapy. Before 
the initial ECG study, all antiar-
rhythmic drugs were withdrawn 
in patients, including beta-block-
ers, considering their half-life 
periods. We took into account 

Figure 1. Tukey’s range plots of average daily dosages of amiodarone (left) and 
sotalol (right) in patient groups.

Parameters «LQTS with PVT» 
group (n=17)

 «LQTS without 
PVT» group (n=47)

«Non LQTS» 
group (n=46)

Mean heart rate, b.p.m. 65.1 (60; 70) 64.5 (58; 69) 60.6 (55; 65)
Repolarization markers
QT interval duration, ms 492.1 (457; 537)#* 461.7 (448; 482)* 416.7 (396; 433)
QTc interval duration (Bazett), ms 509.7 (479; 542)#* 475.6 (458; 489)* 412.6 (397; 429)
QT interval dispersion, ms 83.6 (59; 98)* 70.1 (59; 82)* 60.6 (50; 71)
JTc interval duration (Bazett), ms 427.9 (395; 462)#* 389.2 (373; 402)* 323.2 (307; 338)
JT interval dispersion, ms 77.2 (52; 90)* 65.7 (54; 75)* 56.7 (46; 66)
T peak-T end duration, ms 131.4 (113;147)* 123.5 (113; 137)* 97.9 (90; 107)
T peak-T end dispersion, ms 35.3 (30; 40)* 31.8 (20; 40)* 20 (10; 27.5)
T peak-T end/QT ratio 0.26 (0.25;0.29)* 0.27 (0.25; 0.29)* 0.23 (0.22; 0.25)
Depolarization markers
QRS duration, ms 82.3 (80; 90) 86.2 (80; 90) 85.4 (80; 90)
QRS fragmentation, n (%) 7 (41.2%)#* 7 (14%) 3 (6%)
Repolarization and depolarization balance markers
Index of CB (QT/QRS) 6.26 (5.88; 6,86)#* 5.55 (5.22; 5.67)* 4.85 (4.44; 5.20)
Corrected index of CB (QT/QRS) 6.24 (5.99; 6.55)#* 5.57 (5.13; 5.85)* 4.67 (4.33; 4.93)

Note: # - p<0.05 value compared to the “LQTS without PVT” group, * - p<0.05 value compared to the “non LQTS” 
group.

Table 5. 
Electrocardiographic parameters while taking antiarrhythmic therapy (Me (25%; 75%))
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the ECG markers recorded before the development of PVT 
(«LQTS with PVT» group) or at the first signs of drug-in-
duced LQTS («LQTS without PVT» group), or indicators 
registered on the sixth day of taking antiarrhythmic therapy 
(«non-LQTS» group).

An ECG study was performed using a 12-channel 
digital electrocardiograph for recording and analyzing 
ECG at rest «Intecard-3» («Cardian», Belarus). ECGs 
were standardized at a normal speed of 50 millimeters per 
second with an amplitude of 10 mm/mV. Determination 
of the duration of the waves and intervals was carried out 
manually using 12 standard ECG leads, with a record of at 
least five complete cardiac cycles. The definition of the end 
of the T wave was carried out using the slope method, at 
the intersection of the baseline with a tangent drawn from 
the top of the T wave along its descending part. Calcula-
tion of the QTc interval was carried out according to the 
Bazett formula. A QTc interval was considered prolonged 
if it was greater than 450 ms in men and greater than 470 
ms in women. 

Indicators of electrical instability of the ventricu
lar myocardium (QT interval dispersion, JT interval 
dispersion, QRS complex fragmentation) were deter-
mined automatically using a computer program for the 
diagnosis and prediction of life-threatening cardiac 
arrhythmias «Intecard-7.3» («Cardian», Belarus). The 
analysis was performed on 10-second ECG recordings 
in 12 leads, followed by manual correction of automatic 
measurements. 

Statistical analysis was performed using the STATIS-
TICA 10.0 software package with a preliminary check for 
normal distribution using a distribution histogram. Quanti-
tative data, the distribution of which was not normal, were 
given as a median, 25% and 75% quartiles. Since most of 
the quantitative characteristics did not obey the normal 
distribution law, non-parametric methods were used for 
comparison. The Mann-Whitney test was used to assess 
differences in quantitative traits between two independent 
groups. At a significance level of p less than 0.05, it was 
believed that the studied indicator in the compared groups 
had statistically significant differences. Correlation analy-
sis between dichotomous values was carried out using the 
Russell-Rao similarity index, and between dichotomous 
and interval values using a point-biserial correlation coef-
ficient. To compare the diagnostic value of indicators that 
showed statistically significant differences between groups, 
ROC curves of sensitivity and specificity were constructed.

The study was performed in accordance with Good 
Clinical Practice standards and the principles of the Decla-
ration of Helsinki. Written informed consent was obtained 
from all participants prior to inclusion in the study. 

RESULTS

The clinical characteristics of the patient groups are 
presented in Table 1, 2. The main cardiovascular disease 
in patients with LQTS was CAD, which was detected in 
55 (85.9%) patients. Of these, heart failure (HF) symp-
toms with I-III functional class (FC) were diagnosed in 47 

Figure 2. Histograms of the ratio of electrocardiographic parameters of patients of the studied groups before 
prescription (green columns) and during administration (red columns) of Class III antiarrhythmic drugs.
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(85.4%) patients, most of them with II FC - 26 (47.2%). 
Ten (15.6%) patients had a history of myocardial infarc-
tion. Most patients (87.5%) had Stage I-III arterial hy-
pertension, with normal blood pressure levels against the 
background of optimal drug therapy. Paroxysmal AF was 
detected in 18 patients (28.1%), persistent AF - in 19 pa-
tients (29.7%), paroxysms of non-sustained monomorphic 
VT were noted in 19 (29.7%) patients.

Concomitant pathology was mainly represented by 
obesity of I-III degree in 26 (40.6%) patients, chronic gas-
tritis in 40 (62.5%) patients and the lower extremity vari-
cose vein disease in 21 (32.8%) patients. Diabetes melli-
tus was detected in 6 (10.9%) patients, thyroid pathology 
(nodular goiter) was detected in 8 (12.5%) patients, and all 
of them were euthyroid. Among other diseases registered 
there were chronic pyelonephritis - 17 (26.5%), chronic 
obstructive pulmonary disease - 11 (17.2%), urolithiasis - 
6 (10.9%), gout and psoriasis - 2 patients each (3.1%).

Patients received optimal medical therapy for CAD, 
hypertension, and HF. Fourty (62.5%) patients were taking 
angiotensin-converting enzyme inhibitors, 16 (25%) - an-
giotensin II receptor blockers, beta-blockers - 39 (61%), 
statins - 58 (90.6%), oral anticoagulants - 37 (57, 8%) and 
antiplatelet agents - 25 (39%).

All patients of the studied groups received Class 
III antiarrhythmic therapy: amiodarone or sotalol. In the 
«LQTS» group, amiodarone was prescribed to 42 (65.6%) 
patients, and sotalol - to 22 (34.4%) patients, which did not 
significantly differ from the «Non LQTS» group, where 32 
patients (69.6%) received amiodarone and 14 (30.4%) - so-
talol (p=0.724).

Patients with and without non-sustained PVT in-
duced by LQTS did not have significant differences in gen-
der, age, underlying disease, HF FC, history of myocardial 
infarction, and non-cardiac comorbidities at the time of 
inclusion in the study. It should be noted that before the 
initiation of antiarrhythmic therapy paroxysms of non-sus-
tained monomorphic VT was recorded in 5 (29.4%) pa-

tients in the «LQTS with PVT» group, and in 14 (29.8%) 
patients in the «LQTS without PVT» group (p=0.986). 
There were no paroxysms of non-sustained PVT before the 
initiation of antiarrhythmic therapy in all patients included 
in the study. In the «LQTS with PVT» group, amiodarone 
was prescribed to 10 (58.8%) patients, and sotalol - to 7 
(41.2%) patients, which did not significantly differ from 
the «LQTS without PVT», in which 32 patients (68.1%) 
received amiodarone (p=0.573), and 15 (31.9%) received 
sotalol (p=0.563).

A comparative analysis of echocardiographic parame
ters in the studied groups of patients is presented in Table 3. 
Patients of all three groups had no differences in the dimen-
sion of the left ventricle and left atrium and were compara-
ble in terms of left ventricle ejection fraction (p>0.05).

While analyzing ECG parameters recorded before 
the start of antiarrhythmic therapy (Table 4), we found no 
statistically significant differences between all three groups 
of patients, except for a longer duration of the corrected 
JT (JTc) interval in patients with LQTS and non-sustained 
PVT compared with patients without LQTS (p=0.03). The 
duration of QTc in the studied patients was comparable and 
stayed within normal limits.

The total duration of Class III antiarrhythmic thera-
py in patients with LQTS was 3.40±1.35 days, which sig-
nificantly differed from patients without LQTS (7.82±1.6 
days, p<0.001), which can be explained by the abolition 
of the QT prolonging drug when registering QT interval 
prolongation on the ECG. In patients with LQTS and 
non-sustained PVT, there was a tendency to take class III 
antiarrhythmic drugs for a shorter period (2.88±1.22 days 
vs. 3.58±1.36 days in patients without PVT, p=0.053). 
The average daily doses of antiarrhythmic drugs used in 
all groups of patients were comparable and stayed within 
normal ranges (Fig. 1).

The values of electrocardiographic parameters re-
corded in patients of the studied groups while taking Class 
III antiarrhythmic drugs are presented in table 5.

The statistical analysis showed signi
ficant differences in the values of most elec-
trocardiographic parameters in patients with 
and without drug-induced LQTS. When com-
paring the markers characterizing ventricular 
myocardium repolarization, it was found that 
patients with non-sustained PVT had a signifi-
cantly longer QT interval duration (p=0.03), 
as well as QTc and JTc intervals (p<0.001) 
compared with patients of «LQTS with PVT» 
group. Attention was drawn to the trend to-
wards greater values of the QT and JT inter-
vals dispersion, however, not reaching the 
criteria of statistical significance. In patients 
with LQTS and PVT, there was also a trend 
towards greater values of the T peak-T end in-
terval dispersion compared with patients with-
out non-sustained PVT (p=0.06), however, the 
values of T peak-T end duration and T peak-T 
end/QT ratio were comparable.

The values of ventricular myocardial 
depolarization markers in the studied patients 
also had no significant difference, except for 

Parameters
NSPVT 

R p
History and clinical values 
Female sex 0.254 <0.001
Diuretic intake 0.423 <0.001
History of monomorphic VT 0.320 <0.001
Electrocardiographic parameters while taking antiarrhythmic therapy
QT interval duration, ms 0.444 <0.001
Corrected QT interval duration (Bazett), ms 0.528 <0.001
Corrected JT interval duration (Bazett), ms 0.554 <0.001
QT interval dispersion, ms 0.344 <0.001
JT interval dispersion, ms 0.326 0.004
QRS fragmentation, n (%) 0.423 <0.001
Index of CB (QT/QRS) 0.524 <0.001
Corrected index of CB (QT/QRS) 0.529 <0.001

Note: NSPVT - non-sustained polymorphic ventricular tachycardia.

Table 6. 
Results of correlation analysis
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QRS fragmentation, which was significantly more common 
in patients with LQTS and non-sustained PVT compared 
with the «LQTS without PVT» group (41.2% vs. 14.9%, 
p=0.04). The values of the balance of depolarization and 
repolarization of the ventricular myocardium (iCEB and 
iCEBc) were significantly higher in patients with LQTS 
and non-sustained PVT compared with the subgroup with 
the «LQTS without PVT» group (p<0.001).

We carried out a comparative analysis of the values 
of electrocardiographic parameters separately for sub-
groups of patients taking amiodarone and sotalol. Patients 
with non-sustained PVT who were taking amiodarone had 
a significantly longer duration of QTc and JTc intervals, T 
peak-T end interval, as well as iCEB and iCEBc (p<0.001) 
compared with other groups of patients. Differences in the 
values of the QRS complex duration, QRS fragmentation 
and T peak - T end dispersion were not significant. In pa-
tients with PVT taking sotalol, unidirectional changes with 
the «amiodarone» subgroup were found. At the same time, 
the studied ECG parameters in the «amiodarone» and «so-
talol» subgroups had no significant differences. Therefore, 
further statistical analysis was performed in pooled groups.

When conducting a comparative analysis of the values 
of electrocardiographic parameters in patients of the studied 
groups before and after antiarrhythmic therapy initiation, 
significant differences were observed in the growth dynam-
ics of most of them (Fig. 2). When conducting a correlation 
analysis, a statistically significant correlation was revealed 
between the development of non-sustained PVT and seve
ral electrocardiographic, clinical, and anamnestic parame-
ters (Table 6). It should be noted that the highest correla-
tion coefficient was observed for the corrected JT interval 
(R=0.554). Positive correlations were established between 
the development of non-sustained PVT and QRS fragmen-
tation (R=0.423), iCEB (R=0.524), and iCEBc (R=0.529) 
values, as well as concomitant diuretic use (R=0.423).

When conducting a one-way ROC analysis, thresh-
old values of electrocardiographic parameters associated 
with the development of non-sustained PVT were identi-
fied (Table 7).

Corrected JT interval ≥388.3 ms demonstrated the 
largest area under the ROC-curve (0.908) of all studied 
electrocardiographic parameters. QT interval dispersion 
≥87 ms had the highest specificity (93%), but the lowest 
sensitivity (47.1%). iCEBc ≥5.81 showed the highest sen-
sitivity (94.1%), as well as rather a high specificity (84.9%) 
and area under the ROC curve (0.901).

The prognostic significance of the studied electrocar-
diographic parameters about the development of drug-in-
duced PVT is presented in Table 8. According to the 
contingency tables analysis, an iCEBc value greater than 
5.81 was the most informative predictor of non-sustained 
PVT (odds ratio (OR) 7.294, 95% confidence interval (CI) 
[4,245-11,532]).

DISCUSSION

In recent years, many studies have been devoted to 
SCD risk stratification in drug-induced LQTS [10, 12, 17-
20]. Prolongation of the corrected QT interval is most of-
ten associated with the risk of drug-induced non-sustained 
PVT. Moreover, QTc prolongation is one of the diagnostic 
criteria of congenital LQTS [11]. QTc prolongation great-
er than 500 ms is associated with the risk of syncope and 
SCD in patients with both congenital and acquired LQTS 
[12-13]. In the study by A.Sauer et al. drug-induced QTc 
interval prolongation was an independent predictor of SCD 
(OR 5.53; 95% CI [3.20-9.57]) [13]. Increased QT interval 
dispersion has been associated with SCD in large popu-
lation-based studies [15, 16], but their direct association 
with the non-sustained PVT development has not been 
confirmed. In a recent study by A. Friedman et al., it was 
found that the QT interval dispersion when taking thera-
peutic doses of amiodarone was significantly higher than 
when taking sotalol and dofetilide (p=0.006), but it was 
not associated with an increased risk of torsades de pointes 
[17]. The results of our study demonstrated statistically 
significant differences in the values of QT and QTc inter-
vals duration in the studied groups of patients, however, 
there were no significant differences in the values of QT 
interval dispersion.

The relationship of QRS fragmentation with torsades 
de pointes was studied by Haraoka K et al. [18]. There were 
no differences in the presence of structural heart disease 
between groups of patients with and without torsades de 
pointes, but QRS fragmentation was more common in the 
group of patients with torsades de pointes (81% vs. 21%) 
(p<0, 01) [18]. These data are consistent with our results 
(41.2% in the «LQTS with PVT» group and 14.9% in the 
«LQTS without PVT» group, p=0.04).

JT interval duration as a marker of ventricular repo-
larization is important, first, in patients with intraventricu-
lar conduction abnormalities (such as bundle branch block 
or a high percentage of ventricular pacing). QT interval 
duration in this category of patients is increased due to 

Parameters TV AUC CI 95% Se, % Sp, % PPV, % NPV, %
Corrected QT interval duration, ms 474.7 0.884 [0.77-0.99] 82.3 80.6 44.8 95.1
Corrected JT interval duration, ms 388.3 0.908 [0.81-1.0] 88.2 79.6 49.7 96.6
QT interval dispersion, ms 87 0.683 [0.53-0.83] 47.1 93 57.1 91.2
JT interval dispersion, ms 84 0.681 [0.53-0.83] 52.9 86 42.8 91.7
iCEB (QT/QRS) 5.75 0.889 [0.78-0.99] 88.2 87.1 57.7 97.6
iCEBc (QTc/QRS) 5.81 0.901 [0.80-1.0] 94.1 84.9 57.1 98.7

Note: TV - threshold value; AUC - area under the curve; CI - confidence interval; Se - sensitivity; Sp - specificity; PPV - 
positive predictive value; NPV - negative predictive value.

Table 7. 
Results of one-way ROC analysis
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the widened QRS complexes and prolongation of depola
rization, but it should not automatically classify them as a 
group with high arrhythmic risk [11].

In a study by Zulqarnain M et al., which included 
more than 8025 participants, the effect of QT and JT in-
tervals duration on the overall mortality was investigated 
[19]. JT interval prolongation was associated with an in-
creased risk of death to a greater extent (OR 4.75, 95% 
CI [1.86-12.11]) than QT interval prolongation (OR 1.50, 
95% CI [1.03, 2.17]) [19]. In our study, the JTc interval 
duration greater than 388.3 ms had the largest area under 
the ROC curve (0.908) of all studied electrocardiographic 
parameters. This marker also demonstrated a high predic-
tive ability about the development of non-sustained PVT 
(OR 3.567, 95% CI [2.404-5.295]).

Literature data on the prognostic significance of 
transmural dispersion of repolarization markers (T peak-T 
end interval duration and its dispersion) are quite contra-
dictory. A meta-analysis of three studies that included 144 
patients with drug-induced LQTS caused by antiarrhyth-
mic drugs did not reveal statistically significant differenc-
es between the T peak-T end interval duration in patients 
with and without torsades de pointes (p=0.12) [20]. How-
ever, the T peak-T end/QT ratio was greater in patients 
with PVT (p<0.001) [20]. In another study, which in-
cluded 143 patients with drug-induced QT interval pro-
longation and atrioventricular conduction disorders, on 
the contrary, there were significant intergroup differences 
in the QTc interval (p=0.02) and T peak-T end interval 
(p<0.001), but there were no differences in the T peak-T 
end/QT ratio (p=0.27) [21]. In our study, transmural dis-
persion of repolarization markers significantly differed 
between groups of patients with and without LQTS but 
did not demonstrate prognostic value in non-sustained 
PVT risk assessment.

Electrocardiographic indicators that characterize the 
balance between ventricular depolarization and repolari
zation (iCEB and iCEBc) seem promising for ventricular 
arrhythmias risk prediction. Several studies [8, 9, 22] have 
demonstrated the relationship between the heart wave-
length λ, mathematically expressed as the product of ERP 
and conduction velocity, and life-threatening ventricular 
arrhythmias. Research by H. Liu et al. showed that QT in-
terval is associated with ERP duration, and changes in the 
QRS complex duration coincide with changes in conduc-
tion velocity [8].

Liu H et al [8] also demonstrated that the admini
stration of potassium channel blocker dofetilide leads 
to an increase in QT interval, T peak-T end and iCEB, 
causing PVT in rabbit heart wedge. Robyns T et al. [9] 
found that sotalol increased iCEB, while flecainide de-
creased iCEB in patients with paroxysmal supraven-
tricular arrhythmias. In addition, in the same study, the 
authors compared iCEB values in 70 genotype-positive 
congenital LQTS patients with 65 genotype-negative 
family members. Their data demonstrated that iCEB and 
iCEBc were significantly greater in LQTS compared 
with genotype-negative family members.

Study by Ardahanli I et al reported a statistically sig-
nificant increase in iCEB (p=0.013) and iCEBc (p=0.023) 
values in patients with COVID-19 infection taking hy-
droxychloroquine and azithromycin for 5 days, in absence 
of significant changes in QT and QTc intervals (p=0.22) 
[23]. Afsin A et al studied the effect of amiodarone intake 
on iCEB and iCEBc values in patients with paroxysmal AF 
compared with the control group and found that iCEB va
lues in both groups were comparable (4.4±0.6 vs. 4.2±0.4; 
p>0.05), and iCEBc values had statistically significant dif-
ferences (4.8±0.6 vs. 4.3±0.6; p=0.001) [24].

In our study, iCEB and iCEBc values and their growth 
were significantly greater in the «LQTS with PVT» group 
(p<0.001). Moreover, iCEBc value greater than 5.81 was 
the most informative predictor of the drug-induced PVT 
(OR 7.294, 95% CI [4,245-11,532]) of all the studied pa-
rameters. According to the results of one-way ROC analy
sis, iCEBc ≥5.81 showed the highest sensitivity (94.1%), 
as well as rather high specificity (84.9%) and area under 
the ROC curve (0.901).

Our study had some limitations. First, a relatively 
small sample of patients with drug-induced LQTS was 
studied, and only patients treated with Class III antiar-
rhythmic drugs (amiodarone and sotalol) were included. 
Secondly, QRS complex, QT interval, and T peak - T 
end interval duration may change due to left ventricular 
remodeling in HF, hypertension, and other concomitant 
diseases. These factors limited the direct assessment 
of the antiarrhythmic therapy effect. Also, the reliabil-
ity of the obtained values of iCEB and iCEBc was not 
evaluated during the invasive electrophysiological study 
with the ERP measurement of calculation of the cardiac 
wavelength λ.

CONCLUSION

Patients with LQTS and non-sustained 
PVT had greater values of the corrected QT 
and JT intervals duration, QT and JT intervals 
dispersion, as well as the index of cardioelec-
trophysiological balance and the corrected in-
dex of cardioelectrophysiological balance com-
pared with other groups of patients.

The most informative predictor of 
non-sustained PVT is the value of the corrected 
cardioelectrophysiological balance index ≥5.81 
(OR 7.294, 95% CI [4.245-11.532]). According 
to the results of a one-way ROC analysis, the 
value of the corrected cardioelectrophysiologi-
cal balance index ≥5.81 demonstrated high sen-

Parameters OR 95% CI
Corrected QT interval duration > 474,67 ms 4.444 2.647-7.461
Corrected JT interval duration > 376,67 ms 3.567 2.404-5.295
iCEBc (QTc/QRS) > 5,81 6.459 4.171-10.343
iCEB (QT/QRS) > 5,75 7.294 4.245-11.532
QT interval dispersion > 87 ms 4.706 2.609-10.210
JT interval dispersion > 76 ms 4.412 2.202-8.837

Note: OR - odds ratio; CI - confidence interval.

Table 8. 
Prognostic significance of electrocardiographic parameters in rela-
tion to the development of non-sustained polymorphic ventricular 
tachycardia
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sitivity (94.1%) and specificity (84.9%), as well as a high 
area under the ROC curve (0.901).

According to our results, the cardioelectrophysiologi-
cal balance index value ≥5.81 can be used to predict non-sus-
tained PVT in patients with drug-induced LQTS induced by 

amiodarone and sotalol in addition to existing electrocardio-
graphic parameters. Considering the small size of the study 
sample, the possibility of using this marker requires testing 
on a larger group of patients, considering ongoing pharma-
cological therapy and structural heart disease.

REFERENCES

1.	 Tester DJ, Ackerman MJ. Genetics of Long QT syn-
drome. Methodist DeBakey Cardiovascular Journal. 
2014;10(1): 29-33. https://doi.org/10.14797/mdcj-10-1-29. 
2.	 Rohatgi RK, Sugrue A, Bos JM, et al. Contemporary out-
comes in patients with Long QT Syndrome. J Am Coll Car­
diol. 2017;70(4): 453-462. doi: 10.1016/j.jacc.2017.05.046.
3.	 Bokerija OL, Sanakoev MK. Long QT syndrome. An­
nals of Arrhythmology. 2015;208(2): 114-27. (In Russ.) 
https://doi.org/10.15275/annaritmol.2015.
4.	 Golovina GA, Zafiraki VK, Kosmacheva ED. Drug-in-
duced long QT syndrome. Journal of Arrhythmology. 
2020;27(3): 42-52. (In Russ.)
5.	 Kalatsei LV, Snezhitskiy VA. Methodological approach-
es to measuring and estimating the duration of QT interval 
of a standard electrocardiogram. Journal of the Grodno State 
Medical University. 2019;17(1): 99-105. (In Russ.) https://doi.
org/10.25298/2221-8785-2019-17-1-99-105.
6.	 Ostroumova OD, Goloborodova IV. Drug-induced long 
QT interval: prevalence, risk factors, treatment and preven-
tion. Consilium Medicum. 2019;21(3): 62-67. (In Russ.) 
https://doi.org/10.26442/20751753.2019.5.190415. 
7.	 Tse G, Yan BP. Traditional and novel electrocardio-
graphic conduction and repolarization markers of sudden 
cardiac death. Europace. 2017;19(5): 712-721. http://doi.
org/10.1093/europace/euw280. 
8.	 Lu HR, Yan GX, Gallacher DJ. A new biomarker-index 
of cardiac electrophysiological balance (iCEB)-plays an 
important role in drug‐induced cardiac arrhythmias: be-
yond QT‐prolongation and torsades de pointes (TdPs). J 
Pharmacol Toxicol Methods. 2013;68: 250-259. http://doi.
org/10.1016/j.vascn.2013.01.003. 
9.	Robyns T, Lu HR, Gallacher DJ, et al. Evaluation of 
Index of Cardio-Electrophysiological Balance (iCEB) 
as a New Biomarker for the Identification of Patients 
at Increased Arrhythmic Risk. Ann Noninvasive Elec­
trocardiol. 2016;21(3): 294-304. http://doi.org/10.1111/
anec.12309/
10.	 Arunachalam K, Lakshmanan S, Maan A, Kumar N, 
Dominic P. Impact of Drug Induced Long QT Syndrome: A 
Systematic Review. J Clin Med Res. 2018;10(5): 384-390. 
http://doi.org/10.14740/jocmr3338w 
11.	 Priori SG, Blomström-Lundqvist C, Mazzanti A, et al. 
2015 ESC Guidelines for the management of patients with 
ventricular arrhythmias and the prevention of sudden car-
diac death: The Task Force for the Management of Patients 
with Ventricular Arrhythmias and the Prevention of Sud-
den Cardiac Death of the European Society of Cardiology 
(ESC). Eur Heart J. 2015;36(41): 2793-2867. http://doi.
org/10.1093/eurheartj/ehv316.

12.	 Sauer AJ, Moss AJ, McNitt S, et al. Long QT syndrome 
in adults. Journal of the American College of Cardiology. 
2007;49: 329-337. http://doi.org/10.1016/j.jacc.2006.08.057. 
13.	 Sauer AJ, Newton-Cheh C. Clinical and genet-
ic determinants of torsade de pointes risk. Circulation. 
2012;125(13): 1684-1694. http://doi.org/10.1161/CIRCU-
LATIONAHA.111.080887.
14.	 CredibleMeds [Electronic resource]. - Available from: 
https://crediblemeds.org. (accessed 02.12.2021).
15.	 Straus SM, Kors JA, De Bruin ML, et al. Prolonged 
QTc interval and risk of sudden cardiac death in a popula-
tion of older adults. J Am Coll Cardiol. 2006;47: 362-367. 
http://doi.org/10.1016/j.jacc.2005.08.067.
16.	 Shah RR. Drug-induced QT dispersion: Does it predict the 
risk of torsade de pointes? J Electrocardiol. 2005;38: 10-18. 
17.	 Friedman A, Miles J, Liebelt J, et al. QT Dispersion 
and Drug-Induced Torsade de Pointes. Cureus. 2021;13(1): 
e12895. http://doi.org/10.7759/cureus.12895
18.	 Нaraoka K, Morita H, Saito Y, et al. Fragmented QRS 
is associated with torsades de pointes in patients with ac-
quired long QT syndrome. Heart Rhythm. 2010;7(12): 
1808-14. http://doi.org/10.1016/j.hrthm.2010.09.008. 
19.	 Zulqarnain MA, Qureshi WT, O’Neal WT, et al. Risk of 
Mortality Associated With QT and JT Intervals at Different 
Levels of QRS Duration (from the Third National Health and 
Nutrition Examination Survey). Am J Cardiol. 2015;116(1): 
74-78. http://doi.org/10.1016/j.amjcard.2015.03.03.
20.	 Tse G, Gong M, Meng L, et al. Predictive Value of T 
peak - T end Indices for Adverse Outcomes in Acquired QT 
Prolongation: A Meta-Analysis. Front Physiol. 2018;9: 
1226. http://doi.org/10.3389/fphys.2018.01226
21.	 Topilski I, Rogowski O, Rosso R, et al. The morphol-
ogy of the QT interval predicts torsade de pointes during 
acquired bradyarrhythmias. J Am Coll Cardiol. 2007;49: 
320-328. http://doi.org/10.1016/j.jacc.2006.08.058.
22.	 Askin L, Tanrıverdi O. Evaluation of index of car-
dio-electrophysiological balance in patients with coronary 
slow flow. Acta Cardiol. 2021;5: 1-5. http://doi.org/10.108
0/00015385.2021.1945232. 
23.	 Ardahanli I, Asoglu R, Kobat M, et al. A new index in 
the follow-up of arrhythmia of Coronavirus Disease-2019 
(COVID-19) patients receiving Hydroxychloroquine and 
Azithromycin therapy; index of cardiac electrophysiologi-
cal balance. Cumhuriyet Medical Journal. 2021;43(1): 1-7. 
http://doi.org/10.7197/cmj.870158.
24.	 Afsin A, Asoglu R, Kobat M, et al. Evaluation of Index 
of Cardio-Electrophysiological Balance in Patients With 
Atrial Fibrillation on Antiarrhythmic-Drug Therapy. Car­
diology Research North America. 2021;12: 37-46. 


