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SUMMARY. This descriptive cross-sectional study aimed to evaluate electrocardiography (ECG) changes
in patients with electrical burn injury and determine their predictive extent during hospitalization. The study
population consisted of all patients with electrical injury admitted to Velayat Hospital, Rasht, Iran, during
2007-2019. The ECG information of all patients assessed by a cardiologist in terms of dysrhythmic and is-
chemic changes at the time of admission, demographic information including age, gender, voltage, the sever-
ity and path of the current, and degree of burn were recorded in the relevant checklist. The data were analyzed
using the SPSS software version 18 (IBM, USA). Out of 192 studied patients, 183 (95%) were male, and
the mean age of patients was 32 years. The ECGs of 167 patients were normal (86%), 13 cases had arrhyth-
mia (6.7%), and 12 individuals had ischemia (6.2%). Arrhythmic and ischemic abnormalities in the ECGs
of patients had no predictive value during hospitalization (P<0.05). Heart injury caused by electrical injury
may be deadly in some cases, and it can be complicated to save the patient. Moreover, the predictive value
of ECG in predicting the consequences and duration of hospitalization is weak.

Keywords: burn, electrical injuries, electrocardiography

RESUME. Cette étude cas-témoin avait pour but d’évaluer les changements électrocardiographiques (ECG)
observés chez des électrisés et leur valeur prédictive d’anomalies survenant durant I’hospitalisation. Elle
concernait tous les électrisés admis a I’hépital Velayat de Rasht (Iran) entre 2007 et 2019. Les données
ECG (rythmiques et ischémiques) ont été analysées par un cardiologue. Nous avions en outre relevé I’dge,
le sexe, le voltage, le trajet supposé du courant et les caractéristiques des briilures, analysés ensuite avec
SSPS 18 (IBM, USA). Cent quatre- vingt- trois (95%) des 192 patients étaient des hommes, dgés en moyenne
de 35 ans. Cent soixante- sept (86%) ECG étaient normaux, 13 (6,7%) étaient arythmiques et 12 (6,2%)
ischémiques, ces anomalies n’étant pas prédictives d’une récidive durant I’hospitalisation (p<0,05). Les
conséquences myocardiques d’une électrisation peuvent étre mortelles et il est parfois difficile de sauver le
patient. Cependant, I’ECG initial ne renseigne pas sur les anomalies subséquentes éventuelles.
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Introduction

Nowadays, life is not possible without electricity,
and consequently the damages stemming from it are
inevitable. About 4% of 40,000 inpatients admitted
annually to the burn centers of the United States are
due to electrical injuries. This type of injury is the
most extensively destructive burn injury and the lead-
ing cause of amputation due to burning.! Injury can
occur both thermally and non-thermally because of
the direct effect of electricity on cells. The severity of
the injury depends on several factors, including volt-
age, ampere, current type, current path, contact dura-
tion, contact point resistance, and extrance. The most
critical factor is voltage, divided into the two main
groups of high voltage >1000 and low voltage <1000.

In low voltage cases, injury is usually limited,
while in high voltage cases, severe injury is common
and is like an iceberg, as injury to the skin is only
the tip of the iceberg.!? The path is important in heart
injuries, which are more common in the transverse
type (transthoracic) path, with entry from an upper
limb and exit from the other upper limb.? Fifty per-
cent of high voltage electrical injuries are accompa-
nied by loss of consciousness.*

There are four types of electrical injury, namely
actual injury due to current passage, injury due to ex-
posure to an electric arc, injury due to a spark catching
fire (flame), and thunderbolt.> In acute patient care,
the three following points are particularly important:
“Which patients need cardiac electrocardiography
(ECG) monitoring, and for how long?”; “Which pa-
tients are at risk of limb compartment syndrome and
may need surgery?” and “What should the amount of
fluid therapy be in cases where there is more damage
to deep tissues and myoglobinuria and in cases where
there is less damage to superficial tissues?” Numerous
studies have shown cardiac abnormalities, including
dysrhythmia and myocardial injury following electri-
cal injuries.»?%1% Therefore, an initial ECG is neces-
sary to examine these patients."*%”

The most common cause of death after an electric
injury is heart problems, and the most common ECG
abnormalities are nonspecific ST changes and dys-
rhythmias.®” According to some studies, the most
prevalent dysrhythmias are sinus tachycardia, sinus
bradycardia, and atrial fibrillation in some cases.! The
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most frequent cardiac arrhythmia that leads to death
is atrial fibrillation. There is also direct myocardial in-
jury, which is more similar to myocardial injury due
to trauma (bruise) and less similar to the ischemic
type resulting in myocardial infarction (MI).">57

Nowadays, indications for ECG monitoring are
loss of consciousness, ECG abnormality or evidence
of ischemia, dysrhythmia recorded before and after
hospitalization in the emergency ward, cardiopul-
monary resuscitation, and patients with other normal
indications. Since the establishment of Velayat Super
Specialty Accident and Burn Center in 2007 as the
only public burn center in Gilan province, northern
Iran, no study has evaluated the consequences of
electric injury in electrically injured patients admit-
ted to the mentioned center. Therefore, the present
study aimed to investigate ECG changes following
an electrical injury at the beginning of hospitaliza-
tion and determine their relationship with the con-
sequence during hospitalization.

Patients and methods

The present cross-sectional descriptive study was
performed on all patients with electrical injury ad-
mitted to Velayat Hospital in Rasht, Iran, during
2007-2019. All patients admitted to Velayat Super
Specialty Accident and Burn Center due to electrical
injury were included in the study. Theoretically, ab-
normal amounts of potassium can cause both rhyth-
mic and ST changes. In addition, severe injury to
soft tissue in electrical burns can be associated with
increased serum potassium levels. Therefore, the
potassium levels of inpatients were also checked.

The main exclusion criterion was decreased con-
sciousness based on the Glasgow Coma Score of
lower than 14 reported in the patient file before ar-
riving at the emergency ward of Velayat Hospital.
Other exclusion criteria entailed having a history of
any ischemic heart disease or cardiac arrhythmias
before the accident, not having an ECG at the time
of admission, incomplete information in the file, and
severe soft tissue injury.

We collected information related to the age, gen-
der, voltage, hospitalization duration and ECG of all
patients at admission for dysrhythmic and ischemic
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changes, examined by a cardiologist using the hos-
pital information system. The code of ethics for the
present investigation was received from the Ethics
Committee of Guilan University of Medical Sci-
ences (IR.GUMS.REC.1399.313). The researchers
adhered to the Helsinki Declaration, and the col-
lected data were anonymous and remained confiden-
tial to the researcher.

All data were entered into the SPSS software ver-
sion 18 and were analyzed statistically. Mean, stan-
dard deviation, frequency and relative frequency
were used to describe the data. Moreover, to deter-
mine the predictive power of ECG at the time of ad-
mission, the logistic regression model with a
dependent variable of mortality as an outcome and
the Poisson regression model with an outcome vari-
able of hospitalization duration and monitoring were
used. After regression analysis, the graph and re-
ceiver operating characteristic (ROC) index for each
of the computational regression models was calcu-
lated and plotted to determine predictive power.

Ethical approval

Ethical approval was received from the Ethics
Committee of Guilan University of Medical Sciences
with the ethics code of IR.GUMS.REC.1399.313.

Results

This cross-sectional descriptive study was per-
formed on 192 patients with electrical injury admit-
ted to Velayat Hospital in Rasht during 2007-2019
to evaluate their ECG characteristics. In this study
demographic variables including age and gender, as
well as ECGs of all patients at the time of admission,
were collected, in terms of dysrhythmic and is-
chemic changes. Out of 206 patients admitted during
2007-2019, four, three, and seven cases were ex-
cluded from the study due to a history of loss of con-
sciousness before hospitalization, a previous history
of heart disease, and the absence or impairment of
ECG at the time of admission or lack of sufficient
information in their files, respectively.

We observed that 183 patients (95%) were male,
and the mean age of patients was 32 years with a
range of 1-72 years (Fig. 1). Among the individuals,
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74.07% had academic education. Most of the elec-
trical injuries (36.11%) occurred in summer (Table
I). The electrical current voltage was high (more
than 1000 volts) in 144 patients (75%) and low (less
than 1000 volts) in 48 patients (25%). The electricity
entrance in 173 (90.1%), 13 (6.7%), 4 (2.1%), and 2
(1%) individuals was the upper limbs, lower limbs,
head and neck, and trunk, respectively. The electric-
ity outlet included the trunk, lower limbs, upper
limbs, as well as head and neck. It was one of the
upper limbs in 43 cases (22.4%), one of the lower
limbs in 54 patients (28.1%), and unknown in 95 in-
dividuals (49.4%). The potassium level in all pa-
tients was in the normal range (3.5-4.5 mmol/L).
The ECGs of 167 patients were normal (86%), 13
cases had arrhythmia (6.7%), and 12 patients had is-
chemia (6.2%). In most individuals of both genders,
the ECGs of patients with electrical injury were nor-
mal (Table II).

1-10 11-20 21.30 3140 41.50 51-80 61.70 71-80

Fig. 1 - Age group distribution in electrical burns

Table I - Baseline characteristics of individuals with electrical injury

Variable Percent
Academic education 74.7
Level of education Student 3.7
Illiterate 22.22
Electrical Officer 5.56
Electricity thief 0.93
Job
Electrician 25
Other 68.52
Spring 31.48
Summer 36.11
Season
Autumn 23.15
Winter 9.26




Table II - Characteristics of ECGs of patients with electrical injury

by gender

ECG

Normal

Dysrhythmic

Ischemic

Total

Male

(96%) 159

13(100%)

11(91.6%)

183

Female

(4%) 8

0

1(8.3%)

Total

167

13

12

192

The mean duration of hospitalization in patients
with normal ECG, arrhythmic ECG, and ischemic
ECG was 0.66+7.36 (CI=22.6-8.09), 2.3+7.07
(CI=11.2-67.53), and 3.1+8.2 (CI=2.63-14.1) days,
respectively. Therefore, the mean duration of hospi-
talization in patients with ischemic ECG was longer
than in other cases. The mean degree of burn in pa-
tients was 2.7 and 2.6, with no statistically signifi-
cant difference between the two groups (P>0.05).
The mean percentage of burn was higher in patients
with normal ECG than in those with dysrhythmia
and ischemic changes (Table III).

Table III - Degree of burn by ECG

Mean Std. Err. [95% Conf. Interval]
i oma B |28 oot e
S ammicrce | 27 016 e
P emicCe. | 28 018 e
Y emrce | 103 oot e
T hemic BCG ° e e

In the regression model, the degree of burn was
significantly correlated with arrhythmic and is-
chemic abnormalities in patients (P=0.04). In con-
trast, voltage and percentage of burn did not affect
the cardiac status of patients (P>0.05) (Table IV).
Fig. 2 shows the ROC index for the predictive power
of ECG for the consequences and hospitalization du-
ration of patients. It indicates the weak predictive
power of ECG for predicting the consequences and
hospitalization duration of patients.
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Area under ROC curve = 0.4829

Fig. 2 - The predictive power of ECG in the consequences and dura-
tion of hospitalization

Table IV - Multivariate regression model in predicting ECG status

ECG Coef. Std. Err. z P>[z| [95% Conf. Interval]
TBSA 0.31 0.37 0.8 0.405 0.42 1.05
Burn degree -0.08 0.04 -2.03 0.043 0.16  00.002
Voltage 0.74 0.5 1.35 0.176 00.33 1.8
Discussion

The present study was performed on patients with
electrical injury admitted to Velayat Hospital in
Rasht during 2007-2019 to investigate their ECG
characteristics. The highest prevalence of burn was
in the age range of 20-30 years. Most patients devel-
oped burns with high-voltage electricity (more than
1000 volts). The order of electricity entrance preva-
lence was upper and lower limbs, head and neck, and
trunk. It was found that in most patients the ECG
was normal.

Burns are considered one of the most severe
health problems throughout the world." Electrical
burn is the most destructive type of burn, usually af-
fecting both the skin and deep tissues.'? This type of
burn mainly influences young working men and is
the most common cause of amputation in burn
wards. In addition to power line operators, workers
at construction and crane companies are also at par-
ticular risk. Electrical burns have several acute and
chronic manifestations that are not seen with other
thermal injuries, such as cataracts and spinal cord
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deficiency that appear later. Illnesses, duration of
hospitalization, and the number of surgeries based
on burn size are much more than expected.®

In burns due to electrical current, several factors
damage the injured person, including the passage of
electrical current through the body, electric arc, burn
caused by sparks, and clothes catching fire.®'41° In
this study, patients who were injured by any of the
aforementioned mechanisms were assessed. Electri-
cal injury is mainly caused by accidents in the work-
place. In a study by Rezaei et al., the most common
cause of burns was workplace accidents. In patients
with high-voltage electrical burns, 60% of cases
were due to climbing the electric post, and in low-
voltage burns, 50% were electrical technicians.
Many children also developed burns because of the
rising electricity-connected main pipe, which has not
been mentioned in other studies and seems specific
to the studied area.'®

In patients with electrical injuries, the duration of
hospitalization is longer than for other burns, and es-
pecially it is considerably longer in high-voltage
electrical injuries. In the present study, the duration
of hospitalization in both groups with normal ECG
and ischemic arrhythmia was 7 days, without a sta-
tistically significant difference, while in the study by
Mehsoodi et al. the mean duration of hospitalization
was 13.9 days.® Rezaei et al. reported the mean du-
ration of hospitalization was 15.2 days, with 16.5
days in high-voltage burns and 11.2 days in low-
voltage cases. Hospitalization duration was not sig-
nificantly different between the latter two groups.!®
The duration of hospitalization in the current study
was shorter than in other similar investigations, re-
sulting from the normal ECGs of most of the patients
in the present research.

Electrical injuries are much more common in
young men in the community. In the present study,
the mean age of patients was 32 years, and 95%
were men. In other studies, the mean age of inpa-
tients was 27.5 years, and 98.5% were male.”'>!” Ac-
cording to Rezaei et al., 97% of the cases with
electrical injuries were men with a mean age of 26
years.'® We observed that the mean age of patients
was high, but the proportion of men was similar to
previous studies.

136

Although most patients in our study had normal
ECG, numerous investigations have shown cardiac
abnormalities, including dysrhythmia and myocar-
dial injury following electrical injuries.>>%1% As a
result, an initial ECG is necessary to examine
these patients."*®” Hosinger et al. revealed that the
levels of creatine kinase and its MB form do not
help predict cardiac complications in those with
normal ECG.' In contrast, other studies have
demonstrated that the increased levels of these en-
zymes are associated with a higher mortality rate.
Regarding troponin, the studies are incomplete.!>’
Myocardial injury and dysrhythmia occur very
soon after electrical injury, and the most common
cause of death following an electrical injury is car-
diac arrhythmia. The most common ECG abnor-
malities are nonspecific ST changes and
dysrhythmias."®” The results of the present study
indicated normal ECG in both genders with elec-
trical injury. In addition, we found that most ar-
rhythmias and ischemia cases were caused by the
passage of electric current through the upper limbs
and the exit of electric current from the upper
limbs and trunk. Although the mean hospitaliza-
tion duration in normal and abnormal ECG condi-
tions was not significantly different in this study,
the duration of hospitalization in ischemic ECG
patients was longer than in other cases. In the pres-
ent investigation, the mean degree of the burn was
2.6, and there was no statistically significant dif-
ference between patients with ischemic and ar-
rhythmic ECGs and those with normal ECGs.
However, the mean percentage of burns in patients
with normal ECG was higher than in arrhythmic
and ischemic patients.

Degree of burn was significantly related to ar-
rhythmic and ischemic ECG abnormalities. In con-
trast, voltage and percentage of burns did not affect
cardiac status. Consequently, arrhythmic and is-
chemic abnormalities in the ECGs of patients did
not influence their duration of hospitalization. Bertt
Arnoldo et al. found that ECG was necessary for
the initial examination, the most common abnor-
mality was nonspecific ST-T changes, and the most
prevalent dysrhythmia was atrial fibrillation.” Bar-
reny et al. and Arrowsmith et al. reported that all
cardiac dysrhythmias occurred during admission to



the emergency ward or in the early hours after ad-
mission.'®

In another study, David et al., in patients with
electric injury, observed two cases of arrhythmia
with clinical manifestations in cardiac monitoring
as AF and regular supraventricular tachycardia im-
proved with the vagal maneuver. The ECG was in-
terpreted before and during hospitalization by two
separate cardiologists without knowing the type of
study. They stated that most cardiac arrhythmias
were detected after an electrical accident in pa-
tients by ECG at the time of admission and con-
cluded that cardiac monitoring of individuals with
normal ECG was unnecessary.! Furthermore,
Searte et al. reported brief cardiac arrhythmias
(sinus tachycardia-sinus bradycardia and isolated
extra systole) in patients, and no arrhythmia re-
quired intervention.!°

Conclusion

Electrical burn injury is one of the problems of
today’s society and is accompanied by deep and ex-
tensive tissue damage. Consequently, this group of
patients should be managed appropriately in terms
of initial treatment measures and the required sur-
geries to minimize complications. On the other
hand, heart problems that are caused by electrical
burns can sometimes lead to death, and in some
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cases it will be challenging to save the patient.
Therefore, providing excellent and appropriate in-
formation through mass media can effectively re-
duce the number of patients and the resultant
complications.

In this study, there was no significant difference
between cardiac complications and the outcomes
of patients with electrical injury between groups
with normal ECG, dysrhythmia, or ischemia at the
time of admission. As a result, paying attention to
the ECG at the time of admission may not help de-
termine the way and duration of cardiac monitor-
ing in patients with electrical injury. In other
words, the ECG at admission does not change the
treatment plans for patients, and further investiga-
tion is required. It is recommended that future
studies evaluate the impact of electrical burn in-
jury on ECG changes, as well as the relationship
between pre-hospital factors or the effect of factors
preventing the occurrence of such accidents, which
can be helpful in appropriate prevention or treat-
ment.

According to the results of the present study,
ECG at admission has no predictive value for car-
diac complications. Therefore, the design and timing
of cardiac monitoring based on it cannot be logical
and principled. It should be noted that the current
protocols for monitoring patients with electrical in-
jury based on ECG at the time of admission should
be revised.
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