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Evaluation of Tp-e/QTc Ratio in Determining the Risk of 
Arrhythmia in Electric Shocks in Children

Çocuk Acile Başvuran Elektrik Çarpmalarinda Aritmi Riskini 
Belirlemede Tp-e/QTc Süresi

Introduction: Patients who have electrical accidents can apply 
to hospital with clinical signs ranging from simple skin burns to 
serious organ injuries. Our aim in this study is to evaluate whether 
QT, QTc interval and QT/QTc, Tp-e/QT, Tp-e/QTc ratios can be a 
marker for determine the risk of arrhythmias in children in cases of 
electric shock injuries that can be fatal.

Material and Method: In our study, 36 patients who were 
admitted to pediatric emergency with an electric shock between 
July 2018 and September 2019 and followed up in our clinic were 
included. As a control group, 25 healthy patients were included in 
the study. The files of the patients were examined retrospectively 
ECG (electrocardiogram) findings in leads DII and V5 were recorded. 

Results: Thirty-six (41%) patients who were admitted to our study 
due to electrical shock and followed up in our pediatric emergency 
were included. Sinus tachycardia was observed in two patients and 
no arrhythmias were detected in others. There was no statistically 
significant difference between the two groups between QT, QTc 
interval and QT/QTc, Tp-e/QT and Tp-e/QTc ratios measured in 
DII and V5 leads on ECG (p> 0.05). Also there was no statistically 
significant difference between ECG findings of genders(p> 0.05). 

Conclusion: Electric shock can cause life-threatening situations 
by causing fatal arrhythmia. Although ECG findings are used to 
determine cardiac arrhythmia, it should be shown whether QT, QTc 
interval and Tp-e/QT, Tp-e/QTc ratios are significant arrhythmogenic 
markers by prospective studies in more specific age groups.
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ÖzAbstract

Sinem Sarı Gökay1, Şener Çınıçev1

Amaç: Elektrik kazaları basit cilt yanıklarından ciddi organ 
yaralanmalarına kadar değişen klinik bulgu ile gelebilmektedir. Bu 
çalışmadaki amacımız aritmiye neden olarak ölümcül olabilecek 
elektrik çarpmasına bağlı yaralanmalarda QT, QTc sürelerinin ve QT/QTc, 
Tp-e/QT, Tp-e/QTc oranlarının çocuklarda aritmi riskini belirleyebilecek 
bir belirteç olup olmadığını değerlendirmektir. 

Gereç ve Yöntem: Çalışmamızda Temmuz 2018 ve Eylül 2019 tarihleri 
arasında elektrik çarpması şikayeti ile başvuran ve çocuk acilimizde 
takip edilen 36 hasta alındı. Kontrol grubu olarak da sağlıklı 25 hasta 
çalışmaya alındı. Hastaların dosyaları retrospektif olarak incelenerek  
DII ve V5 derivasyonlarında  EKG (elektrokardiyogram) bulguları 
kaydedilmiştir.

Bulgular: Çalışmamıza elektrik çapması nedeni ile başvuran ve 
çocuk acilimizde takip edilen 36(%41) hasta alındı. İki hastada sinus 
taşikardisi görüldü diğerlerinde aritmi saptanmadı. EKG' de DII ve V5 
derivasyonlarında ölçülen QT, QTc süreleri ve QT/QTc, Tp-e/QT ve Tp-e/
QTc oranları arasında her iki grup arasında istatistiksel olarak anlamlı 
farklılık yoktu (p>0.05).Erkek kız gruplarına bakıldığında da cinsiyet 
ve EKG'deki QT, QTc süreleri ve QT/QTc, Tp-e/QT ve Tp-e/QTc oranları 
arasında istatistiksel olarak anlamlı bir farklılık saptanmadı(p>0.05) 

Sonuç: Elektrik çarpması malign aritmiye sebep olarak hayatı tehdit 
eden durumlara sebep olabilir. Kardiyak aritmiyi belirlemede EKG 
bulguları kullanılmakla birlikte daha çok sayıda belirli yaş gruplarında 
prospektif yapılacak çalışmalarla QT, QTc sürelerinin ve Tp-e/QT, 
Tp-e/QTc oranlarının anlamlı aritmojenik bir belirteç olup olmadığı 
gösterilmelidir.

Anahtar Kelimeler: Tp-e/QTc, elektrik yaralanması, çocuk
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INTRODUCTION
Injuries due to electric shock continue to be a problem for 
all countries in the world because of the widespread use of 
electricity. Although electric shock injuries occur in every group 
of age, they often develop as a result of home accidents in the 
childhood age group. Electrical accidents can come with clinical 
signs ranging from simple skin burns to serious organ injuries. 
Home accidents cause simple injuries, while high-voltage injury 
can result in multiple organ damage and death.[1,2]

Cardiac rhythm disturbances can occur after electric shocks, 
often the first few hours of admission to the hospital. Among 
high voltage accidents, asystole is more common in lightning 
shock of ventricular fibrillation. In addition, patients may have 
ST-T changes, supraventricular tachycardia, atrioventricular 
extrasystoles, right bundle branch block or complete heart 
block.[3-5]

Although the first serious effects on the heart occur 
immediately after exposure, the necessity and/or ideal follow-
up time for post-injury monitored follow-up, especially 
of patients presenting with low-voltage electric shock, is 
controversial.[2,3,6,7]

The first thing to do to evaluate arrhythmias after electric shock 
is to perform ECG monitoring. In recent studies in adults, it has 
been shown that the Tp-e interval can be used to determine 
the total (transmural, apicobal and global) repolarization 
distribution in ECG. It is also stated that increased Tp-e interval 
may be a useful predictor in ventricular tachyarrhythmias 
and cardiovascular mortality. There are studies describing 
Tp-e and Tp-e/QTc rates as predictors and mortality in 
ventricular arrhythmias, long QT syndrome, sudden cardiac 
death, hypertrophic cardiomyopathy, myocardial infarction. 
It is also thought that the Tp-e/QT ratio may be a more 
accurate measurement than other heart rate-independent 
measurements (QT, QTc and Tp-e interval).[8-10]

In the literature, there are very few studies on the rate of Tp-e/
QTc in children, but there is no study on electric shock in 
children. Our aim in this study is to evaluate whether QT, QTc 
interval and QT/QTc, Tp-e/QT, Tp-e/QTc ratios can determine 
the risk of arrhythmias in children in cases of electric shock 
injuries that can be fatal.

MATERIAL AND METHOD
In our study, 36 patients who were admitted to Adana 
City Training and Research Hospital Pediatric Emergency 
Department between July 2018- September 2019. As a control 
group, 25 healthy patients were included in the study. Approval 
was obtained from the Adana City Training and Research 
Hospital Ethics Committee for the study (11-09-2019/39-551). 
The files of the patients were examined retrospectively and age, 
gender, clinical findings and physical examination findings, vital 
signs, treatment and results, ECG (electrocardiogram) findings, 
QT, QTc interval and Tp-e, Tp-e/QT and Tp-e/QTc ratios in leads 
DII and V5 were recorded. Patients with underlying disease and 
inaccurate results were excluded from the study.

The Tp-e/QT and Tp-e/QTc ratios were calculated by measuring 
the interval from the peak of the T wave to the end of the 
Tp-e interval from the ECGs of the patients, measuring the QT 
interval from the beginning of the QRS complex to the end of 
the T wave, and adjusting it according to the corrected QTc 
Bazett formula [QTc = QTd√ (R-R interval)].
Statistical analysis
IBM SPSS Statistics Version 20.0 package program was used for 
statistical analysis of the data. Categorical measurements were 
summarized as numbers and percentages, while numerical 
measurements were summarized as mean and standard 
deviation, summarized as mean and standard deviation and as 
median and minimum-maximum where appropriate. Whether 
numerical measurements provide the normal distribution 
assumption was tested with the Kolmogorov Smirnov test. 
A t test was used to compare normally distributed data, and 
the Mann-Whitney U test was used to compare data without 
a normal distribution. Statistical significance level was taken as 
0.05 in all tests. SPSS reference: IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.

RESULTS
Thirty-six (41%) patients who were admitted to our study due 
to electrical shock and followed up in our pediatric emergency 
department were included. The control group was 25 healthy 
children(59%). The mean age of the patients was 99.17±62.03 
and the control group was 98.76±71.8 months. The number of 
female patients was 11 (30.6%) and the control group was 12 
(48%) . There was no statistically significant difference between 
the patient and the control group in terms of age and gender 
(p>0.05). All of the patients were followed up in the pediatric 
emergency observation and discharged with recovery (Table 1). 
All patients were monitored in the pediatric emergency service 
and followed up for 24 hours with hydration and symptomatic 
treatment, and were discharged with recovery. Two patients 
had sinus tachycardia and other patients had no arrhythmia.

Table 1. Epidemiological features of patients
Patients 

(n:36) (%)
Control 

(n:25) (%)
Gender                     

Girl 11 (30.6) 12 (48)
Boy 25 (69.4) 13 (52)
Age (Months) 99.17±62.03 98.76±71.83

Clinic
No symptoms 13 (36.1)
Burned limbs 19 (52.8)
Burn + Central nervous system symptoms 4 (11.1)
Cardiovascular system symptoms 2 (5.5)

Treatment
Hydration 36 (100)
Observation 36 (100)
Other 19 (52.7%)

Hospitalization
Pediatric Emergency Service 36 (100)

Result
Recovery 36 (100)
Exitus 0 (0)
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The laboratory values in the patient group were CK 209 (76-
3971), CK-MB 4.35 (1.1-107) ng/mL and troponin values were 
2 (0-6) ng/mL. Other laboratory values of the patients are 
summarized in Table 2.

In ECG of patients in DII derivation; QT interval 0.31±0.03 s, 
QTc interval 0.40±0.02 s, QT/QTc interval 0.78±0.08, Tp-e/
QT interval 0.22±0,04 and Tp-e/QTc ratio was 0.18±0.03. In 
ECG of control group in DII derivation; QT interval 0.30±0.04 
s, QTc interval 0.40±0.03 s, QT/QTc ratio 0.76±0.09 , Tp-e/QT 
ratio 0.22±0.04 and Tp-e/QTc ratio was 0.16±0.03. In the ECG 
of patients, in the V5 derivation the QT interval was 0.31±0.03 
s, QTc interval 0.40±0.03 s, QT/QTc ratio 0.79±0.08 , Tp-e/QT 
ratio 0.23±0.04 and Tp-e/QTc ratio 0.18±0.03. In ECG of control 
group in V5 derivation QT interval was 0.30±0.03 s, QTc interval 
0.39±0.02 s, QT/QTc ratio 0.76±0.09 , Tp-e/QT ratio 0.24±0.04 
and Tp-e/QTc ratio 0.17±0.02. There was no statistically 
significant difference between the two groups in the time 
measured in leads DII and V5 on the ECG (p> 0.05) (Table 3). 
There was no statistically significant difference between QT, 
QTc interval, QT/QTc, Tp-e/QT and Tp-e/QTc ratio and gender 
(p> 0.05) (Table 4).

DISCUSSION
Electric shock is rare but important because of its very serious 
vital effects.[11] Mortality rate due to electric shock, especially 
cardiac arrest and arrhythmias, is 3-15%.[12-14] Although 
electric shock is a high risk for arrhythmia, arrhythmic 
complications due to the low number of cases in studies; 
guidelines on evaluation and treatment contain limited 
information.[2] Ventricular fibrillation, which is fatal at the 
time of electric shock, may develop, and the most common 
arrhythmias at the time of admission to the hospital after 
electric shock are sinus tachycardia, bradycardia, and atrial-
ventricular arrhythmias.[1,15]

The effect of electrical injury on myocardial cells and its 
electrocardiographic effects are unclear. Although the 
pathogenesis of cardiac effects is not fully understood, it is 
thought to be multifactorial. In electrical injury, primarily the 
electrical pathway in the heart and ion channels are affected. 
Therefore, complications of arrhythmia can be detected 
before myocardial damage occurs. It is stated in the literature 
that ECG changes occur at lower currents.[16-18]

Gokdemir et al. detected the sinus tachycardia as the most 
common arrhythmia in their studies on 36 patients with 
low voltage electric shocks and reported that they did not 
develop secondary arrhythmia in their patients.[19] In their 
study, Kramer et al.[15] detected arrhythmia in 7% of 84 patients 
aged 0-17. Celik et al.[20] followed 24-hour cardiac monitoring 
during their study with 38 patients and Bailey et al.[21] in 
their study with 141 patients, they showed that secondary 
arrhythmia did not develop. In the study in which Claudet et 
al. evaluated 48 pediatric patients with low voltage, 8 patients 
had sinus tachycardia, right bundle branch block and t wave 
changes in ECG.[6] ECG findings improved in all patients and no 
late arrhythmia was detected. Pawlik et al. did not encounter 
malignant arrhythmia in their study and their mortality was 
0%.[22] Searle et al. In their study, they did not detect 0% 
mortality and life-threatening arrhythmia in their studies.[1] 
Similar to the literature in our study, sinus tachycardia was 
observed in 2 of our patients, malignant arrhythmia was not 
observed in other patients during the observation and all our 
patients were discharged with recovery. 

Table 2. Laboratory results of patients presenting with electric shock

Patient (n:36) median (min-max)

WBC(103 μL) 9.4  (4.1-16.5)

Hemoglobin (g/dL) 12.6 (9-16.3)

Hematocrit (%) 36.4 (29.3-46.4)

Platelets (103 μL) 306 (207-584)

Glucose (mg/dL) 100 (11-168)

BUN (mg/dL) 23 (11-38)

Creatinine (mg/dL) 0.36 (0.2-1) 

SGOT(U/L) 33.3 (19-94)

SGPT(U/L) 15.15 (5-32)

Sodium (mmol/L) 138 (134-141)

Potassium (mmol/L) 4 (3.2-4.8)

Calcium (mg/dL) 9.8 (8.3-10.7)

CK 209  (76-3971)

CK-MB (ng/mL) 4.35 (1.1-107)

Troponin-I (ng/mL) 2 (0-6)

Table 3. Comparison of electrocardiographic results

ECG Patient (mean±SD) Control p

QT DII (s) 0.31±0.03 0.30±0.04 0.396

QTc DII (s) 0.40±0.02 0.40±0.03 0.956

QT/QTc (s) 0,78±0.08 0.76±0.09 0.323

Tp-e/QT DII 0.22±0.04 0.22±0.04 0.540

Tp-e/QTc DII 0.18±0.03 0.16±0.03 0.130

QT V5 (s) 0.31±0.03 0.30±0.03 0.186

QTc V5 (s) 0.40±0.03 0.39±0.02 0.794

QT/QTcV5 (s) 0,79±0.08 0,76±0.09 0.157

Tp-e/QT V5 0.23±0.04 0.24±0.04 0.457

Tp-e/QTc V5 0.18±0.03 0.17±0.02 0.380

Table 4. Comparison of electrocardiography results by gender groups

ECG Female (mean±SD) Male p

QT DII (s) 0.31±0.04 0.31±0.03 0.728

QTc DII (s) 0.40±0.02 0.40±0.02 0.990

QT/QTc (s) 0.77±0.09 0.77±0.08 0.899

Tp-e/QT DII 0.22±0.04 0.22±0.04 0.298

Tp-e/QTc DII 0.17±0.03 0.17±0.03 0.260

QT V5 (s) 0.31±0.03 0.31±0.03 0.923

QTc V5 (s) 0.39±0.02 0.40±0.03 0.184

QT/QTcV5 (s) 0.78±0.09 0.78±0.09 0.775

Tp-e/QT V5 0.23±0.04 0.23±0.04 0.749

Tp-e/QTc V5 0.18±0.03 0.18±0.03 0.803
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Electrocardiography is an important diagnostic tool for 
detecting arrhythmias. While it is necessary to evaluate with 
ECG in patients with electric shock, the effects of electric 
shock on ECG parameters have not been investigated in the 
literature.[16]

There are studies in the literature showing that QTc, Tp-e 
interval and Tp-e/QT and Tp-e/QTc ratios are arrhythmogenic 
markers associated with cardiovascular mortality and 
morbidity.[23] Although studies in the literature in children 
are limited, there are no studies on Tp-e and Tp-e/QT 
interval in ECG related to electric shock in children. Karataş 
et al. in their study of electric shock in adults, QTc, QTD, Tp-e 
interval, Tp-e/QT ratio and Tp-e/QTc ratio were significantly 
longer compared to patients' admission and control ECGs.
[16] 
Türe et al.[23] In their study with children who had dilated 
cardiomyopathy and exitus, they found a statistically 
significant difference in QT, QTc and Tp-e interval. In studies 
on mitral valve prolapse and ECG findings in children, the 
interval of QT, QTc, Tp-e and the ratios of Tp-e/QT and Tp-e/
QTc were significantly increased.[23] Turker et al.[25] did not 
detect a significant difference in QT and QTc interval in 
mitral valve prolapsus patients with ventricular arrhythmia.
In our study, we used the ECG findings in leads DII and V5, as 
the left precordial leads were shown to reflect the best values 
in demonstrating transmural repolarization.[26] In our study, 
there were no statistically significant differences between 
ECG and QT, QTc interval, QT/QTc, Tp-e/QT and Tp-e/QTc 
ratios measured in DII and V5 leads (p>0.05). There was no 
statistically significant difference between QT, QTc interval, 
QT/QTc, Tp-e/QT and Tp-e/QTc ratios by gender (p>0.05). We 
think that we did not find a significant difference in terms 
of time, since the number of patients was low, the control 
ECG of the patient group was not included in the study, and 
the patient age distribution was in a wide range such as 0-18 
years. 
Electric shock is generally more common in children and 
boys in the form of home accidents.[6,19] In our study, the 
average age of our patients was 99.17±62.03 months, and 
similar to the literature, electric shock was more common in 
male. 
Recent studies of electrical burns in children have shown 
that creatine kinase and CK-MB are a weak marker in 
demonstrating myocardial damage, and therefore these 
studies have suggested that they should not be used to show 
cardiac damage caused by electric shock. The effectiveness 
of the height of the troponin level in showing myocardial 
damage due to electric shock is uncertain.[20,22,27] Pilecky et al. 
in their study, they observed that troponin and CK-MB were 
not useful in risk assessment after electrical shock. Similarly, 
in our study, no significant high values were found in CK, CK-
MB and troponin values.[2] 

CONCLUSION
As a result, electric shock can cause life-threatening situations 
by causing arrhythmia. There are limited reports of arrhythmias 
due to electric shock in children in the literature. Although 
ECG findings are used in determining cardiac arrhythmia, it 
should be shown whether QT, QTc, Tp-e interval and Tp-e/QT, 
Tp-e/QTc ratios are significant arrhythmogenic markers with 
more prospective studies in certain age groups.
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