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Abstract

Background: Ventricular premature contractions (VPCs) may trigger lethal ventricular arrhythmias in patients with
structural heart disease. However, this role of VPCs in healthy people remains controversial once that not enough clinical
trials are available. Recently, some myocardial repolarization markers, such as Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios,
have been reported to be useful for predicting lethal ventricular arrhythmias in various clinical disorders without structural
heart disease.

Objective: In this study, we aimed to investigate the relation between VPC frequent and myocardial repolarization
markers in individuals without structural heart disease.

Methods: Thisstudyincluded 100patientswhohad complaints of dizzinessandpalpitations. Twelve-leadelectrocardiography
and 24-hour ambulatory Holter recordings were obtained from all patients. VPC burden was calculated as the total
number of VPCs divided by the number of all QRS complexes in the total recording time. P-values < 0.05 were
considered significant.

Results: Tp-e interval and Tp-e/QTc ratio were significantly higher in patients with higher VPC burden than in patients with
lower VPC burden, and a positive correlation was found between these markers and VPC burden. Tp-e (8 = 1.318, p = 0.043)
and Tp-e/QTc (B = -405.136, p = 0.024) in the lead V5 were identified as independent predictors of increased VPC burden.

Conclusions: Tp-e interval and Tp-e/QTc ratio increased in patients with high VPC number. Our study showed that VPCs may
have a negative effect on myocardial repolarization. This interaction may lead to an increased risk of malignant arrhythmias.
(Arq Bras Cardiol. 2018; 110(6):534-541)

Keywords: Ventricular Premature Complexes; Arrhythmias, Cardiac; Electrocardiography / methods; Cardiovascular
Diseases; Obesity; Ventricular Dysfunction, Left.

ventricular dilation and/or dysfunction,** diastolic dysfunction,®
and malignant ventricular arrhythmias in patients with structural
heart disease.® However, whether frequent VPCs are associated

Introduction

Ventricular premature contractions (VPCs) are commonly

seen in the electrocardiography (ECG) of patients with
hypertension, obesity, and structural heart disease. Some studies
reported VPCs to occur in about 4% of the general population.’?
As some patients may be asymptomatic, many patients suffer
from VPC-related symptoms, such as palpitation, dizziness,
dyspnea, and chest pain. In addition to these symptoms,
frequent VPCs may cause more serious disorders. Recent studies
on adults with frequent VPCs (> 20,000/24 h) have reported left
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with malignant arrhythmias in individuals without structural
heart disease remains uncertain.

T wave is commonly used in assessing myocardial
repolarization. Increased transmural dispersion of myocardial
repolarization in a normal heart is associated with their
tendency toward cardiac arrhythmias. Recently, some
myocardial repolarization markers, such as QT interval
(QT), corrected QT (QTc), QT dispersion (QTd), Tp-e
interval (Tp-e), and Tp-e/QT ratio have been found to be
useful in predicting life-threatening cardiac arrhythmias in
several clinical disorders without structural heart disease.
Some studies showed that increased Tp-e, Tp-e/QT, and
Tp-e/QTc were related to the elevated risk of occurrence
of malignant ventricular arrhythmias.”® In this study,
we investigated the relation between VPC burden and
myocardial repolarization by using some ECG markers in
individuals without structural heart disease.
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Methods

Study population

One hundred patients with at least 1 VPC in the 12-lead
ECG with diagnosis of dizziness, syncope, and palpitation
without structural heart disease admitted to the Cardiology
Department of our university hospital, between July 2016
and March 2017, were enrolled for this cross-sectional study.
Twenty-four-hour ambulatory Holter recordings were obtained
from all patients. VPC burden was calculated as the total
number of VPCs divided by the number of all QRS complexes
in the total recording time. A frequency of < 1% VPCs/24 h
was denoted as “rare-group 1 (n = 32)”, 1-5% VPCs/24 h
was denoted as “occasional-group 2 (n = 36)”, and > 5%
VPCs/24 h was denoted as “frequent-group 3 (n = 32)".
The exclusion criteria for all groups were non-reliable T
waves on the ECG, atrial fibrillation, bundle branch block,
moderate or severe valvular heart diseases, thyroid disorders,
cardiomyopathies, congenital heart diseases, malignancy,
pulmonary hypertension, electrolyte disturbances, acute
coronary syndromes, heart failure, history of myocardial
infarction, history of coronary artery bypass grafting, implanted
permanent pacemaker, and LV segmental motion defect in the
echocardiographic exam. The local ethics committee approval
and informed consent from all patients were obtained.

Electrocardiography and Holter Recordings

Twelve-lead ECGs were obtained at rest at 10 mm/mV
amplitude and 25 mm/sec (Cardiofax V; Nihon Kohden Corp.,
Tokyo, Japan) rate, with the patient in the supine position.
All ECGs were transferred to a computer through a scanner
and then used for X 300% magnification using the Paint
software. Holter recordings were performed by using Lifecard
CF recorders (Del-Mar Reynolds). Patients were warned not
to smoke and not to consume coffee and/or alcohol during
the Holter recording. Measurements were performed on
the computer by two cardiologists who were blinded to the
clinical data of each patient. Ventricular tachycardia (VT) was
defined as the line-up of at least three or more consecutive
VPCs. The ventricular couplet (Vc) was defined as a sequential
ordering of two VPCs.

RR interval, QRS duration, QT, and QTd were measured
in all derivations. QT was defined as the time from the start
of the QRS to the point at which the T wave returns to the
isoelectric line. The average value of at least two readings was
calculated for each lead. QTc was calculated by using Bazett's
formula:® QTc = QT/VR — R interval. QTd was defined as the
difference between the longest and the shortest QT interval
of the 12leads. Subjects with U waves in their ECGs were
excluded from the study. In the measurement of Tp-e interval,
the tail and tangent methods can be used, but the former is
a better predictor of mortality than the latter.”® Thus, the tail
method was used in this study. The tail method was defined as
the interval from the peak to the end of the T wave to the point
where the wave reached the isoelectric line.” Measurement of
the Tp-e interval was obtained from leads V2 and V5, which
were corrected for heart rate (cTp-e)."" The Tp-e/QT and
Tp-e/QTc ratios were calculated from these measurements.
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Echocardiographic examination

All echocardiography examinations (General Electric Vivid
S5, Milwaukee, WI, USA) were performed by an experienced
cardiologist in all subjects using a 2.5-3.5 MHz transducer
in the left decubitus position. Two-dimensional and pulsed
Doppler measurements were obtained using the criteria of
the American Society of Echocardiography and the European
Association of Cardiovascular Imaging.'? Left ventricular
ejection fraction (LVEF) was assessed using Simpson’s method.

Statistical analysis

All tests were performed by using PASW Statistics (SPSS
18.0 for Windows, Inc., Chicago, IL, USA). Shapiro-Wilk test
was used to test for normal distribution. Continuous variables
were described as the mean (+ standard deviation), and
categorical variables were described as frequency (percentage).
All continuous parameters were compared among groups by
using one-way ANOVA. The post hoc Tukey’s test was used
for significant intergroup differences. Categorical factors were
compared among groups using the x? test for independence.
Correlations between two variables were performed by
Pearson’s correlation. Multiple linear regression analysis was
used to evaluate the association between an increased VPC
burden and independent variables that differed significantly in
Pearson’s correlation analyses (p < 0.1). A multivariate logistic
regression analysis was performed to demonstrate the effect of
presence of CAD on ECG parameters. P-values < 0.05 were
considered significant.

Results

The baseline demographics and laboratory characteristics
of the three groups are summarized in Table 1. No significant
difference was found among the three groups in terms
of any baseline demographic or laboratory characteristic.
Some baseline and ambulatory ECG parameters among the
groups are shown in Table 2.

According to the comparison of the ECG parameters among
the three groups in lead V2, QT interval was significantly
longer in groups 2 and 3 than in group 1. Tp-e interval in
group 3 was significantly longer than those in groups 1 and 2.
The Tp-e/QTc ratio significantly increased in groups 2 and 3 in
comparison with group 1. When the groups were compared,
no significant difference was found in QTc interval and
Tp-e/QT ratio (Table 2).

In the comparison of ECG parameters among the three
groups in lead V5, QT interval was significantly longer in
group 3 than in group 1. Tp-e interval was significantly longer in
group 3 than in groups 1 and 2. Tp-e/QTc ratio was significantly
increased in the group 3 when compared to the groupT.
When the groups were compared, no significant difference was
found in QTc interval and Tp-e/QYT ratio (Table 2).

Atotal of 28 patients had coronary artery disease (CAD) (7, 10,
and 11 patients in groups 1, 2, and 3, respectively). Non-critical
lesions that did not cause significant narrowing were evident in
the angiographic reports. The presence of CAD was greater in
group 3 than in groups 1 and 2, but statistical significance was
not observed (p = 0.538). In the multivariate logistic regression
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Table 1 - Baseline characteristics, laboratory and echocardiographic parameters of the study population

Variables Group 1 (n=32) Group 2 (n = 36) Group 3 (n=32) p*

Age, years 49.60 + 16.50 51.40 +17.00 52.10 +12.90 0.805
Female sex, n (%) 16.00 (50.00) 19.00 (52.80) 14.00 (43.8) 0.752
Body mass index, kg/m? 24.10+2.50 23.60 + 3.60 2340 +4.40 0.657
Hypertension, n (%) 8.00 (25.00) 12.00 (33.30) 10.00 (31.3) 0.743
Diabetes Mellitus, n (%) 1.00 (3.10) 4.00 (11.10) 5.00 (15.6) 0.240
Coronary Artery Disease, n (%) 7.00 (21.90) 10.00 (27.80) 11.00 (34.4) 0.538
Smoking, n (%) 6.00 (18.80) 5.00 (13.90) 7.00 (21.9) 0.687
Systolic Blood Pressure (mmHg) 125.40 + 15.40 125.10 £14.30 122.80 +14.00 0.737
Diastolic Blood Pressure (mmHg) 78.70 £7.50 77.50 £8.10 76.70 £ 8.90 0.638
Left Ventricle Ejection Fraction, (%) 62.80 +3.70 61.30 £4.20 60.90 +4.70 0.167
Interventricular Septum, (mm) 9.80 £0.70 10.20 £ 0.80 10.00 £ 0.80 0.460
Creatinine, mg/d| 0.82+0.22 0.85+0.22 0.83 £0.21 0.816
Neutrophil to Lymphocyte Ratio 1.90 £ 0.57 2.36 +1.05 2.26 £1.67 0.267
Hemoglobin, gr/dl 14.60 + 1.60 14.00 £ 1.40 14.20 +1.80 0.345
B-blockers, n (%) 15.00 (46.90) 16.00 (44.40) 11.00 (34.4) 0.559
Angiotensin-converting Enzyme Inhibitors, n (%) 8.00 (25.00) 9.00 (25.00) 6.00(18.8) 0.787
Angiotensin Receptor Blockers, n (%) 4.00 (12.50) 5.00 (13.90) 4,00 (12.5) 0.981
Number of patients with Vc, n (%) 9.00 (28.10) 21.00 (58.30) 21.00 (65.6) 0.006
Number of patients with VT, n (%) 3.00 (9.40) 11.00 (30.60) 12.00 (37.5) 0.028

Ve: ventricular couplet; VT: ventricular tachycardia. Data are presented as mean + SD, or n (%). Statistically significant p values shown in bold. *ANOVA and * tests

were performed to study differences among the three groups.

analysis, CAD had no effect on ECG parameters. Vc was observed
in 51 patients (9, 21, and 21 patients in groups 1, 2, and 3,
respectively) and VT in 26 patients (3, 11, and 12 patients in
groups 1, 2, and 3, respectively). The QTd duration of group 3
was significantly longer than those in groups 1 and 2 (p = 0.001,
p = 0.015, respectively).

According to Pearson’s correlation test, positive correlations
were observed between VPC burden and Tp-e (in leads V2 and
V5) and Tp-e/QTc (in leads V2 and V5) (r = 0.476, p < 0.001;
r=0.395,p = < 0.00Tand r = 0.296, p = 0.003; r = 0.256,
p = 0.010, respectively) (Table 3, Figure 1). Table 3 shows the
results of the multiple linear regression analyses performed
to identify the ECG parameters affecting VPC burden.
Thus, Tp-e interval (3 = 1.318, p = 0.043) and Tp-e/QTc
ratio (B = -405.136, p = 0.024) in lead V5 were independent
predictors of VPC burden.

Discussion

In this study, we demonstrated that Tp-e interval and
Tp-e/QTc ratios were significantly higher in patients with higher
VPC burden than in those with lesser VPC burden and that
a positive correlation was observed between these markers
and VPC frequency. However, we did not find a relationship
between Tp-e/QT ratio and VPC burden. Tp-e interval and
Tp-e/QTc ratio in lead V5 were identified as independent
predictors of increased VPC burden. The prolongation of

the duration of myocardial repolarization in patients with
increased VPC burden is important because this condition may
be related to the increased risk of life-threatening arrhythmia.
According to our results, myocardial repolarization parameters
deteriorated with increasing VPC frequency. Therefore, we
concluded that both VPC frequency and stage of myocardial
repolarization were affected by similar causes.

Idiopathic VPCs, generally regarded as a benign condition
in healthy individuals without structural heart disease, are
formed by the spread of an early stimulus originating from
an ectopic focus. VPCs may cause serious complications,
such as angina, syncope, or heart failure, when the ectopic
beat number increases.”'® Although VPCs are known to be
benign in individuals with a structurally normal heart, they
have been shown to cause malignant arrhythmias in some
cases. However, the clinical significance of VPC frequency
in these individuals remains unclear once adequate human
studies have not been performed.’” Tilz et al.” found that
ventricular fibrillation (VF) was triggered by VPCs after an
implantable cardioverter-defibrillator was used on a 29-year-old
patient, who was resuscitated following sudden cardiac death.
All examinations, including echocardiography, angiography,
ajmaline test, and myocardial biopsy, were normal. At the same
time, some cases demonstrated that polymorphic VT and
idiopathic VF were induced because specific VPCs with
short coupling intervals could promote intracellular calcium
overload.’? In a study examining the records of 21 patients
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Table 2 - Baseline and ambulatory Holter electrocardiography parameters of the study population

p values (groups)*

Variables Group 1(n=32) Group 2 (n = 36) Group 3 (n=32) Tve2 Tves 2ve3
Maximum Heart Rate (beats/min) 123.60 + 17.10 120.40 + 20.10 116.80 £ 13.20 0.720 0.259 0.671

Minimum Heart Rate (beats/min) 58.90 +7.40 54.90 +8.60 57.10+7.30 0.097 0.638 0.481

Average Heart Rate (beats/min) 73.40 +13.40 72.40 + 14.60 73.90 £ 12.00 0.940 0.980 0.855
Number of VPCs (median/24 h) 543.00 + 288.00 2779 + 1041 8358 + 2911 <0.001 <0.001 <0.001
Number of VPCs (median/h) 22.80 £ 1240 117.50 + 46.30 358.00 + 125.20 <0.001 <0.001 <0.001
Percent of VPC number (24 h) 0.50 +0.23 2.76 +1.03 7.90+2.72 <0.001 <0.001 <0.001
Lead V2

QT (ms) 358.00 + 22.80 378.10 + 35.50 387.00 + 25.30 0.013 <0.001 0.419
QTc (ms) 414.30 +32.20 410.50 + 27.00 427.30 + 33.80 0.867 0.222 0.071

Tp-e (ms) 94.30 £ 9.40 100.50 +9.70 106.50 + 7.90 0.016 <0.001 0.023
cTp-e (ms) 108.60 + 14.80 110.00 £ 16.30 117.70 £ 11.50 0.923 0.038 0.079
Tp-e/QT 0.26 +0.02 0.27 £0.03 0.28 +£0.02 0.854 0.239 0.493
Tp-e/QTc 0.23 £0.02 0.24 +0.03 0.25+0.03 0.007 0.001 0.689
Lead V5

QT (ms) 363.70 + 26.20 380.50 +41.50 389.30 + 20.50 0.075 0.004 0.485
QTc (ms) 421.00 + 37.00 413.00 £ 29.30 429.70 £29.10 0.554 0.524 0.084
Tp-e (ms) 91.30 £9.20 94.00 £12.20 101.10 + 8.80 0.519 0.001 0.015
cTp-e (ms) 106.50 + 15.10 102.3 £13.9 112.0 £ 14.0 0.453 0.280 0.018
Tp-e/QT 0.25+0.02 0.25+0.03 0.26 +0.03 0.895 0.372 0.163
Tp-e/QTc 0.22 £0.02 0.23£0.03 0.24 +£0.03 0.244 0.021 0.465
QTd (ms) 23.30 + 6.40 26.3£13.1 343+134 0.537 0.001 0.015

QTc: corrected QT; QTd: QT dispersion; Tp-e: T wave peak-to-end interval; cTp-e: corrected Tp-e; ms: millisecond; VPC: ventricular premature contraction; Data are
presented as mean + SD. Statistically significant p values shown in bold; *ANOVA test was performed to study differences among the three groups. The post hoc
Tukey’s test was performed after ANOVA to study between groups differences for group 1 vs. group 2, group 1 vs. group 3 and group 2 ve. group 3.

who experienced cardiac arrest during ambulatory ECG
recording, heart rate and VPC frequency increased before
the onset of VE?' Savelieva et al.?? found significant QT
turbulence after VPC in individuals with a structurally healthy
heart. Although these data provide information on the cause
of malignant arrhythmias for VPC, they do not provide enough
information about the importance of VPC frequency.

Several mechanisms have been proposed to explain the
relationship between VPC and life-threatening arrhythmias.
VPC may play a key role in the initiation of malignant cardiac
arrhythmias. Various factors such as increased sympathetic
tonus, altered hemodynamic status, or electrolyte imbalances
(e.g., the hypokalemia and hypercalcemia), which all disrupt
the stability of the myocardium, may cause a transition from
VPC to malignant arrhythmia."” Increased sympathetic tonus
due to anxiety or physiological stress may cause the release of
catecholamines such as adrenaline. This condition causes the
flow of calcium from an extracellular space into the myocyte
cells by increasing the production of cyclic AMP (cAMP). The
contraction force of the myocytes increases, and the myocyte
is depolarized rapidly. For this reason, myocytes become more
sensitive than normal and may depolarize spontaneously
without sino-atrial node depolarization. Therefore, VPC

Arq Bras Cardiol. 2018; 110(6):534-541

formation and frequency may increase.??* Armaganijan
et al.” reported the relationship of sympathetic activation
with patients with ventricular arrhythmias and suggested the
effectiveness of renal sympathetic denervation by catheter to
reduce arrhythmic burden.

Another factor that increases the frequency of VPC is
excessive caffeine consumption. Caffeine, a phosphodiesterase
inhibitor, is also a central stimulant that can enhance
sympathetic activity. It can increase intracellular calcium
concentration by inhibiting the enzyme that catalyzes the
breakdown of cAMP. Animal studies showed that caffeine
administration at high doses could induce and increase the
frequency of VPCs.262

Prolongation in the dispersion of myocardial
repolarization predisposes the malignant ventricular
arrhythmia and has prognostic importance in terms of
sudden cardiac death (SCD). Prolongation of QT and
QTd durations may be associated with polymorphic
ventricular tachycardia, Torsades de pointes, and SCD.*%
Recently, some myocardial repolarization markers, such
as Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios, have
been reported to be useful in predicting lethal ventricular
arrhythmias in various clinical disorders without structural
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Table 3 - Relationship between ventricular premature contractions (VPC) burden and clinical and electrocardiographic parameters

VPC burden

Variables

Pearson correlation coefficient p Beta regression coefficient p
Age -0.026 0.797 - -
Female sex 0.089 0.380 - -
CAD 0.065 0.520 - -
QTd 0.256 0.010 0.035 0.190
Lead V2
QT 0.362 <0.001 0.067 0.749
QTc 0.243 0.015 0.148 0.382
Tp-e 0.476 <0.001 -0.665 0.260
Tp-e/QT 0.171 0.088 -48.643 0.734
Tp-e/QTc 0.296 0.003 -366.464 0.059
Lead V5
QT 0.292 0.003 -0.151 0.449
QTc 0.173 0.085 -0.154 0,309
Tp-e 0.395 <0.001 1.318 0.043
Tp-e/QT 0.185 0.066 -100.943 0.585
Tp-e/QTc 0.256 0.010 -405.136 0.024

QTe: corrected QT; QTd: QT dispersion; Tp-e: T wave peak-to-end interval; VPC: ventricular premature contraction. Pearson’s correlation and linear regression analyses.
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Tp-e: T wave peak-to-end interval; VPC: ventricular premature contraction.
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heart disease.”?%3! Tp-e interval is considered a new
marker of increased risk of SCD. Yamaguchi et al.>? showed
that Tp-e interval is more significant than QTd or QTc in
predicting Torsade de Pointes in patients with acquired
long QT syndrome. At the same time, an increase in Tp-e
interval and Tp-e/QT ratios was shown to be associated with
Brugada syndrome.® Tp-e/QT and Tp-e/QTc ratios were
found to be relatively more constant than other markers
because they were not affected by changes in heart rate
and body weight.’

Although we found an increase in Tp-e interval and Tp-e/QTc
ratios as VPC frequency increased, the slight increase
observed in Tp-e/QT ratio was not statistically significant.
Yayla et al.** assessed the myocardial repolarization parameters
before and after RFA in patients with a VPC burden of more
than 5% on a 24 h Holter recording. After the successful
procedure, Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio
significantly decreased more than before RFA (all p < 0.001).
In accordance with this data, the higher detection of Tp-e
interval in patients with increased VPC frequency suggests
that the risk of malignant arrhythmias might be higher in these
patients. In our study, malignant arrhythmias, such as Vc and
VT, were seen more in group 3 patients, thus supporting our
predictions. This important link can be used to closely follow
up on and manage their treatment of patients with increased
VPC frequency.

Study limitations

Our study has several major limitations. First, our study
was single centered and included a small number of patients.
Therefore, statistical power was limited. The results should be
verified in a larger prospective cohort study. Second, because
we did not have other ambulatory Holter measures, such as
heart rate variability and heart rate turbulence, we could
not exclude the effect of these measurements on the VPC
frequency. Third, we did not have data on cardiac event
rates for this study because we could not follow up on
the patients prospectively for future arrhythmic events.
Fourth, we aimed to record a relatively young patient
profile to exclude occult CAD in our study. However, we
abandoned this goal because of the limited number of
patients. Further comprehensive studies should be conducted

Arq Bras Cardiol. 2018; 110(6):534-541

with a larger number of patients and a longer follow-up time
to increase the consistency of our results.

Conclusions

In conclusion, Tp-e interval and Tp-e/QTc ratios increased
in patients with high VPC number. Our study showed
that VPCs could have a negative effect on myocardial
repolarization. This interaction could lead to an increased risk
of malignant arrhythmias.
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