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Abstract
Objective: Prolonged T-peak to T-end (Tp-e), a ventricular repolarization parameter,
has been related with ventricular arrhythmias (VAs). Novel electrocardiogram (ECG)
parameters of ventricular repolarization have received considerable attention recently.
In this study, we sought to investigate ventricular repolarization indexes such as the Tp-e
and corrected Tp-e (Tp-ec) intervals, Tp-e/QT, Tp-e/QTc, and Tp-ec/QT ratios in patients
with electrical injuries (EIs). Methods: Thirty-six patients diagnosed with EIs and 35
age- and sex-matched healthy control patients were included. Admission ECGs of the EI
patients were compared with those of the healthy controls. QT and QTc intervals were
measured, and the Tp-e and Tp-ec intervals, Tp-e/QT, Tp-ec/QT, and Tp-e/QTc ratios
were then calculated from a 12-lead surface ECG. Results: The QT, Tp-e, Tp-e/QT, Tp-
e/QTc, Tp-ec/QT were not significantly different between the control group and the EI
group (p > 0.05). However, the mean QTc interval was significantly higher in the EI
group compared to the control group (412.81 ± 25.46 vs 396.31 ± 26.47 ms; p:0.009).
Furthermore, the Tp-ec and Tp-ec/QT of the EI subgroup with elevated troponin levels
significantly differed from those of the EI patients with normal troponin levels (p:0.033
and p:0.016, respectively). Conclusions: This retrospective study indicated that patients
with EIs tend to have a prolonged QTc interval. Additionally, Tp-ec and Tp-ec/QT,
which reportedly designate the tendency for VAs, were significantly higher in the EI
patients with elevated troponin I levels than the EI patients with normal troponin levels,
suggesting that patients with myocardial injury may be prone to VAs.
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1. Introduction

Electric currents may cause many kinds of wounds, especially
burn-related injuries of the skin and muscle that likely occur in
conjunction with other types of injuries of the heart and vital
organs. Electrical injuries (EIs) are a notable problem in devel-
oping countries, often caused by electrical devices at work or at
home. EIs have been separated into low-voltage (< 1000 V) or
high-voltage (> 1000 V) injuries, depending on the power and
type of the current. The injuries caused vary according to the
voltage of the electrical current, the conductivity of the body,
the direction of the current through the body, and the duration
of exposure to the current [1]. While burns on the skin may
occur in contact areas, some serious injuries of the other vital
organs are not discernible. Clinically complicated manifesta-
tions of cardiac, neurogenic, and gastrointestinal systems may
also be seen as a consequence of EIs [2, 3]. Cardiac arrhythmia
is a common cause of death from electric shocks, caused
by injury to the myocardium, sinoatrial and atrioventricular
nodes, electrical conduction pathways, and coronary arteries.

Electrical currents may lead to death, particularly by affecting
myocardial depolarization and repolarization [3, 4].

Myocardial electrical activity basically consists of two
phases: depolarization and repolarization. Ventricular
repolarization, which represents a complex period of
myocardial electrical activity, is figured on the surface
electrocardiogram (ECG) as the interval between the start
of the QRS complex and the end of the T or U wave (QT).
The QT interval and its heart rate-based corrected form, the
QTc interval, have been used for monitoring repolarization
[5]. However, QT and QTc intervals have been considered to
be crude markers of ventricular repolarization. Thus, novel
repolarization markers have been described—namely, T-wave
peak to end (Tp-e), Tp-e/QT, and Tp-e/QTc. Some studies
have recently noted that ventricular repolarization indexes
that include the Tp-e interval and the Tp-e/QT ratio are
useful markers for detecting malignant cardiac arrhythmias
in patients with several clinical manifestations, excluding
structural heart disease [6–8]. The Tp-e interval has a powerful
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FIGURE 1. Schematic illustration of the tangent method to define the end of different T-wave forms. Adapted figure
reproduced from Postema et al. with permission [16].
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predictive value for prolonged ventricular repolarization and
specifically indicates an increased dispersion of ventricular
repolarization. As such, an increased Tp-e interval duration
increases the risk of malignant ventricular arrhythmias (VAs);
furthermore, the Tp-e interval shows a higher correlation
with the distribution of ventricular repolarization than the QT
and QTc intervals [9, 10]. Although EIs are known to cause
myocardial injury and cardiac arrhythmias, there are scarce
data about the outcomes of EIs on novel electrocardiographic
repolarization parameters.
The objective of this study was to (1) analyze the ven-

tricular repolarization parameters, including the Tp-e interval,
Tp-e/QT, Tp-e/QTc ratios, and heart rate-dependent corrected
forms, (2) to compare the Tp-ec and Tp-ec/QT ratios in patients
with EIs to healthy subjects, and (3) to create a subgroup
analyses of patients with EIs according to their troponin levels.

2. Methods

We enrolled 60 consecutive EI patients who presented within
the first 2 hours of an EI and who were hospitalized between
January 2014 and December 2019 at the Başkent University
Ankara Training and Research Hospital. We excluded patients
who were under 18 years of age or referred to the emergency
room beyond the first 2 hours of receiving an EI; those with a
prior history of coronary artery disease, congenital or acquired
heart disease, moderate-severe valvular heart disease, severe
renal failure, or chronic obstructive pulmonary disease; and
those with a prior history of using an antiarrhythmic drug.
Patients with complete bundle branch block patterns, atrial
fibrillations, pacemaker rhythms, congenitally arrhythmic syn-
dromes, atrioventricular arrhythmias, or traces of electrocar-
diographic noises that precluded a calculation of the studied
repolarization parameters on ECGs were also excluded. We
eventually enrolled in the study 36 EI patients with a median
age of 28 years, and 35 age- and sex-matched healthy subjects
were included as the control group. We recorded demographic
and clinical characteristics, the voltage level of the electrical
current causing the injury, the laboratory parameters (blood
urea nitrogen, creatinine, serum electrolytes, total blood count)
on admission, and the third-hour troponin I level. The accepted
parameters of a myocardial injury caused by electrical current
included those that exceeded the upper limit of our standard
laboratory high-specific troponin I level of 0.02 ng/mL. A
12-lead surface ECG was taken from each EI patient at the
emergency unit within two hours of admission using a GE
Healthcare MAC 2000 (General Electric, Milwaukee) ECG
recorder with a paper speed of 25 mm/s and voltage of 10
mm/mV. Using the 12-lead surface ECG, we calculated the QT
interval, QTc interval (i.e., the corrected QT interval, modified
depending on heart rate by the standard Bazett Formula), Tp-
e interval, Tp-ec interval, Tp-e/QT ratio, Tp-e/QTc ratio, and
Tp-ec/QT ratio. QT measurements were made in all leads, and
the longest QT value was accepted, as recommended in the
“AHA/ACCF/HRS Recommendations for the Standardization
and Interpretation of the Electrocardiogram” [11]. All ECG
measurements were made two times by the same cardiologist,
blinded to patient identity and condition, and by averaging
three consecutive beats. The Intraclass Correlation of Coef-

ficient (ICC) method was used for QT and Tp-e intervals to
assess the intra-observer variability, and the median ICC of the
QT and Tp-e were found to be 0.997 (95% confidence interval
0.995-0.998, p < 0.001) and 0.989 (95% CI, 0.982-0.993, p <
0.001), respectively.
Prolonged QTc was defined as ≥ 450 ms for adult males

and ≥ 460 ms for adult females. In published studies, the
Tp-e has been measured using various methods, including
manual methods such as the tangent method in V2 and V5,
II, the average of measurements in V1–V6, the average of
measurements in V4–V6, the maximum Tp-e among V1–V6,
and the maximum Tp-e among all leads and the automated
method of using the 12-lead surface ECG. We used a typical
manual tangent method using precordial V2 and V5 leads as
the baseline of the ECG, and T-wave edges were apparently
detectable on these two leads to calculate Tp-e; we chose the
lead with longest value of Tp-e. It is an even more obscure
undertaking to define the end of a T wave when there is
a biphasic, notched, or multiphasic T-wave or a coexisting,
faint U-wave form [12], and there are two different ways of
calculating the Tp-e interval: namely, the tangent method
and the tail method. The existing guidelines recommend the
tangent method for T-end assessments, as it is more predictive
for mortality rate than the tail method [13–15]. Therefore,
the tangent method was used in the present study and was
performed manually using a magnifying glass and calipers
from the leads V2 and V5, where the Tp-e interval was defined
as the time from the peak of the T-wave to its end at a point
where it intersects the isoelectric line and the tangent to the
downslope of the T-wave (Fig. 1). The Tp-e/QT ratio and the
other repolarization parameters were then calculated [15, 16].
To increase its specificity, the heart rate-dependent correction
of the Tp-e (Tp-ec) was calculated using Bazett’s formula (Tp-
e/
√
RR) [15].

2.1 Statistical analysis

Statistical analyses were conducted using SPSS 21.0 software
(SPSS Inc., IBM, USA). Descriptive statistics included the
mean ± SD and the median (interquartile range (IQR)) for
parametric variables as well as the number and percentage
for categorical variables. Quantitative variables were tested
for normality of distribution using the Kolmogorov-Smirnov
test. The Mann-Whitney U-test was used to compare the
quantitative variables, depending on their normality of distri-
bution. The Chi-square test was used to assess categorical vari-
ables. To investigate the association between non-normally
distributed variables, the Spearman test was used. A p value<
0.05 was accepted as statistically significant.

3. Results

From January 2014 to December 2019, 36 of the 60 EI patients
who were referred to the emergency department were found el-
igible for enrollment in this study. Twelve EI patients (33.3%)
were female, and 24 EI patients (66.7%) were male. Of the
12 control subjects, (34.2%) were male, and 23 (65.8%) were
female. The median age of the EI patients was 28 (IQR 18 -
64) years, while the median age of the healthy controls was 29
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TABLE 1. Comparison of general demographic, clinical, biochemical data between subjects
with and without electrical injury.

Variable EI patients (n = 36) Healthy Control Group (n = 35) p value
Age (Years) 28 (18 - 64) 29 (20 - 61) 0.342
Sex (male) 24 (66.6%) 23 (65.7%) 0.434
Hypertension 1 (2.8%) 1 (2.9%) 0.511
Smoking 11 (30.6%) 10 (28.6%) 0.531
Diabetes Mellitus 1 (2.8%) 0 0.507
Na (mmol/L) 138.3 ± 2.4 138.5 ± 1.4 0.616
K (mmol/L) 4.0 (3.6 - 5.3) 4.1 (3.6 - 4.6) 0.125
Mg (mg/dl) 2.03 ± 0.26 2.04 ± 0.18 0.930
Ca (mg/dL) 9.08 ± 0.45 9.1 ± 0.21 0.690
Hemoglobin (g/dL) 14.75 ± 2.22 14.9 ± 1.3 0.796
WBC (103/µl) 9.3(5.5 - 33.5) 7.4(4.6 - 11.0) < 0.05
Heart Rate (/min) 82.47 ± 15.27 75.46 ± 11.39 < 0.05 (0.032)
QT (ms) 356.42 ± 30.72 352.23 ± 24.44 0.527
QTc (ms) 412.81 ± 25.46 396.31 ± 26.47 < 0.05 (0.009)
Tp-e (ms) 77.99 ± 12.69 76.01 ± 10.83 0.481
Tp-ec (ms) 91.05 ± 16.80 84.91 ± 11.85 0.079
Tp-e/QT 0.220 ± 0.041 0.215 ± 0.031 0.623
Tp-ec/QT 0.258 ± 0.062 0.240 ± 0.036 0.138
Tp-e/QTc 0.190 ± 0.034 0.191 ± 0.031 0.816

(IQR 20 - 61) years. The basal laboratory findings and clinical
characteristics of the EI patients and the healthy controls are
given in Table 1, and the comparison of general demographic,
clinical, and biochemical data between EI patients with and
without troponin I elevation are given in Table 2. There was
no significant difference between EI patients and the healthy
controls in terms of demographic and clinical characteristics
(p > 0.05). Twenty-eight EI patients were injured by low-
voltage electricity, and no surgical operation or additional
treatment was needed for 26 of the patients, but additional
medical treatment was required for the remaining 2 patients
of this group. A total of 8 EI patients had operations involving
skin grafting as a result of high-voltage electrical burn injuries.
The range of troponin I levels of all EI patients was between 0
ng/mL and 9.14 ng/mL; this range was between 0.032 ng/mL
and 9.14 ng/mL for the EI subgroup of high-voltage burn
patients. Moreover, a quite significant and positive correlation
was observed between the troponin level and the voltage height
in the EI group (r:0.736; p < 0.001).
The QT, Tp-e, Tp-e/QT, Tp-e/QTc, and Tp-ec/QT values

were not significantly different between the healthy control
group and the EI group (p> 0.05) (Table 1); of the EI patients,
only 1 female patient was detected with prolonged QTc (464
msn), according to our definition. However, the mean QTc
interval and heart rate was significantly higher in the EI group
compared to the healthy group (412.81 ± 25.46 vs 396.31 ±
26.47; p:0.009 and 82.47 ± 15.27 vs 75.46 ± 11.39; p:0.032,
respectively). The white blood cell count was significantly
higher in the EI group compared to the healthy control group.
There was no significant difference between the EI subgroup

with normal troponin I levels and the EI subgroupwith elevated
troponin I levels with respect to heart rate and the studied
repolarization indexes, namely QT, QTc, Tp-e, Tp-e/QT, and
Tp-e/QTc (p:0.237, p:0.322, p:0.119, p:0.083, p:0.331, and
p:0.133, respectively). However, the Tp-ec and the Tp-ec/QT
ratio were significantly higher in the EI subgroup with elevated
troponin levels than in the EI subgroup with normal troponin
levels (p:0.033 and p:0.016, respectively) (Table 2). Further,
the EI subgroup with high troponin levels had a significantly
higher white blood cell count than the EI subgroup with normal
troponin levels.

4. Discussion

This study demonstrated that the QTc interval was significantly
prolonged in EI patients compared to the healthy control sub-
jects. Additionally, the Tp-ec and Tp-ec/QT ratio were notably
increased in the EI subgroup with elevated troponin I levels
compared to the EI subgroup with normal troponin I levels.
EIs are still a major problem worldwide [17]. Various types

of VAs can be observed as a result of an EI, ranging from
premature ventricular contractions to malignant ventricular
tachycardia or ventricular fibrillation. Several hypotheses have
sought to explain the underlying mechanism of VAs in EIs, in-
cluding from damage to the myocardial cell membrane and ion
channels, electrolyte imbalance resulting from repolarization
abnormalities in cases with increased intracellular potassium
and calcium levels, and the direct detriment on the cardiac
conduction system by an electrical current [18]. Previous sub-
stantive studies have reported seeing nonspecific ST/T wave
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TABLE 2. Comparison of general demographic, clinical, biochemical data between electrical injury patients
with and without troponin I elevation.

Variable Elevated Troponin I (n = 10) Normal Troponin I (n = 26) p value
Age (Years) 36.5 25 0.041
Sex (male) 9 (90%) 15 (57.6%) 0.069
Hypertension 1(10%) 0 0.484
Smoking 4 (40%) 7 (26.9%) 0.353
Diabetes Mellitus 1 (10%) 0 0.722
Na (mmol/L) 138 138 0.794
K (mmol/L) 4 3.95 0.958
Mg (mg/dL) 1.93 2.07 0.109
Ca (mg/dL) 8.8 9.2 0.087
Hemoglobin (g/dL) 15.1 14.6 0.664
WBC (103/µl) 12.565 7.345 0.001
Heart Rate (/min) 95.5 77 0.134
QT (ms) 355.5 359 0.241
QTc (ms) 418.5 415.5 0.337
Tp-e (ms) 83.53 78.45 0.126
Tp-ec (ms) 97 87.25 0.031
Tp-e/QT 0.231 0.215 0.087
Tp-ec/QT 0.281 0.244 0.015
Tp-e/QTc 0.196 0.193 0.337

changes, bundle branch blocks, first degree atrioventricular
block, and sinus bradycardia or tachycardia in EIs [19].
EIs can cause VAs due, particularly, to changes in ventricu-

lar repolarization. The Tp-e interval, Tp-e/QT, and Tp-e/QTc
ratios are novel repolarization indexes that can be calculated
from a 12-lead surface ECG and reportedly reflect the total
distribution of repolarization [16, 20]. Any increase in these
parameters has been linked to malignant VAs [21–25].
Although there are several studies about the Tp-e interval,

novel ventricular repolarization indexes including Tp-e, Tp-
e/QT, and Tp-e/QTc have been inadequately investigated in
EI patients. This is one of the rare studies about ventricular
repolarization in EI patients that uses the Tp-ec as a novel
ECGmarker of repolarization (calculated by correcting the Tp-
e interval by heart rate using Bazett’s formula) and the Tp-
ec/QT ratio.
In our study, the Tp-ec and Tp-ec/QT ratio increased sig-

nificantly in the EI subgroup with elevated troponin I levels
compared to the EI subgroup with normal troponin I levels.
EIs may affect the myocardium and electrical pathways of the
heart. Troponin elevation caused by myocyte death may occur
in EIs, depending on the voltage and, especially, the direction
of the electrical current through the human body. Troponin
elevation is seen variably in different series, ranging from 0 to
72.9% [19, 26, 27]. However, no data have so far supported the
idea that troponin elevation can predict arrhythmias after an EI
[19, 28]. Moreover, the arrhythmogenic effects of an EI are
not necessarily fixed to occur due to myocardial necrosis, and
arrhythmic complications may well occur before myocardial
injury due to the alterations of the electrical impulse and ion

channels of the heart affected by the electrical current. This
hypothesis is supported by the histopathological observation
of the subjects with EIs, proving that the EI causes myofibril
degeneration leading to heterogeneity of the conduction system
of the heart [18]. Of note, our study demonstrated that EI
patients with elevated troponins had altered novel repolariza-
tion indexes and thus may be prone to lethal VAs. In our
study, there were 10 patients with elevated troponin I levels on
admission, most probably through direct myocardial injury by
high-voltage electrical current. We noted that novel repolariza-
tion indexes were more significantly affected among patients
with EIs and elevated troponins, suggesting that the direct
myocardial involvement of an EI, and the resulting elevation of
troponins, predisposes patients to repolarization abnormalities
to a greater degree than patients without myocardial injury
and troponin elevation. This may suggest that myocardial
necrosis with an altered myocardial architecture that results in
homogeneous repolarization may potentially cause fatal VAs.
This subject should be clarified by future prospective studies.

4.1 Limitations

Our study has several limitations. The major limitation of this
retrospective study is that it was conducted in a single center
with a small sample size. It would be better to design this study
as a prospective study and follow up with patients to compare
their latest ECGs after an EI with their initial data or to use a
Holter during the hospital stay. Also, we used a magnifying
glass to manually measure ECG parameters, Tp-e, and Tp-ec;
the use of an automated measurement method might have been
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more effective to reduce intra-observer variability. Moreover,
it would be better to compare the EI patients in relation to the
level of voltage they experience because there was a lack of
difference between the EI group and the healthy subjects in
some of the ECG parameters, likely due to the predominance
of the EI patients with low-voltage experiences.

5. Conclusion

The QTc was found to be significantly more prolonged in
patients with EIs than in the control subjects, suggesting my-
ocardial repolarization may also be prolonged in EI patients.
Novel repolarization indexes (i.e., Tp-ec and Tp-ec/QT) were
more significantly prolonged in EI patients with elevated tro-
ponin I levels than those without, suggesting that an injured
myocardium may predispose patients to altered myocardial
repolarization. Further, larger-scale prospective studies with
long-term follow up are necessary to determine the prognostic
importance of these repolarization parameters for the predic-
tion of VAs in patients with EI.
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