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ABSTRACT

Objectives To date, no research has investigated the
association between cardiac complication and electrical
injury; hence, we aimed to assess the consequences and
relating factors of cardiac complications from electrical
injuries in South Korea.

Design Retrospective single-centre study.

Participants 721 patients who had electrical injury—
related admission during 2007—2017. An electronic
medical record system was used to extract records of
patients admitted for electrical injury treatment.

Results Cardiac complications included abnormal
parameters of myocardial damage, abnormal regional

wall motion detected via echocardiogram, dysrhythmia
(eg, bradycardia, atrial flutter/fibrillation) and ventricular
tachycardia or fibrillation. Overall, 107 patients (14.8%)
experienced cardiac complications. The average admission
duration and intensive care unit stay duration were
significantly longer in patients with cardiac complications
than in those without them (75.0+45.3 vs 56.6+48.0 days
and 19.3+24.1 vs 10.4+15.5 days, respectively, p<0.01
for both). Of the total cardiac cases, 72.9% had Troponin |
elevation, 3.7% had regional wall motion abnormality, and
5.6% had atrial flutter/fibrillation. Overall, seven patients
from the cardiac complication group and three patients
from the control group died (p=0.01). All deaths occurred
within 32 days, and the most common cause of death was
septic shock. Total body surface area (TBSA) was only
positively related factor to cardiac complications.
Conclusion This study is the first in South Korea to reveal
that electrical accident patients with cardiac complications
experience poorer in-hospital prognosis, and TBSA was
the only risk factor of cardiac complications. And initial
treatment for infection and inflammations could be
important in electrical injury.

INTRODUCTION

Electrical injury represents one of the most
severe public health problems in both devel-
oping and developed countries and occurs
in both home and workplace settings.'® Elec-
trical injuries can occur when an electrical
current passes through the human body.”
Electrical injuries can be caused by a wide

Strengths and limitations of this study

» This article is the first domestic report of electrical
injuries and cardiac complications related to elec-
trical injuries.

» Our study documented that cardiac complications
associated with poor prognosis and prolonged hos-
pitalisation and that total body surface area were
relevant factors of cardiac complications.

» This study showed that to control infection and in-
flammation at acute phase was important to man-
age the patients with major injury.

» This study is a single centre, retrospective design
and did not include all aged patients, despite the fact
that electrical injuries to children often occur with a
low voltage in the home.

range of factors, and the spectrum of
resulting injuries is similarly heterogeneous,
ranging from small skin burns to life-threat-
ening injury.' >* The reported mortality asso-
ciated with electrical injuries ranges from
1% to 9.1%.2° For example, in the United
States, 4400 people are injured by electrical
sources annually, and 9.1% of these individ-
uals die.* The cardiac complications related
to electrical injuries include arrhythmias and
myocardial tissue injuries, and the reported
incidence of cardiac complications varies
from 8% to 40%.”® ® Arrhythmias such as
sinus tachycardia and ventricular premature
beats are more common than myocardial
injuries.”

In South Korea, Han et al reported that
the incidence rate of electrical injury was
9.6%.° However, domestic reports of elec-
trical injuries remain lacking. Furthermore,
cardiac complications of electrical injuries
have never been reported in South Korea.
The Hallym Burn Center at Hangang Sacred
Heart Hospital is the largest burn centre in
South Korea and serves as a regional referral
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centre. For this reason, burn patients come from all over
the country to receive care at this centre. Therefore, we
chose The Hallym Burn Center to conduct this single-
centre retrospective study, which examines the features
of cardiac complications associated with electrical injury
in South Korea.

METHODS

Study population

We extracted patient data from Hallym University
Hangang Sacred Heart Hospital’s electronic medical
record system for patients who were admitted for elec-
trical injury treatment between 2007 and 2017. We retro-
spectively examined all cases. Patients who were aged 219
years and who were admitted owing to an electrical burn
were considered for inclusion in this study. Patients with
spark burns (eg, current does not enter or exit the body),
patients aged <18 years, patients who were readmitted
for treatment with a skin graft after their electrical injury,
patients who underwent percutaneous coronary interven-
tion or coronary artery bypass graft (CABG) before their
electrical injury or patients who were previously treated
for arrhythmia were excluded. Documentation on the
patients’ baseline clinical characteristics, as well as their
medication status at discharge were collected from their
electronic medical records and reviewed. If there was no
follow-up data within 6 months, we called the patients
to explain the study protocol and obtained the patient’s
consent. At the same time, we confirmed whether the
patients survived or not.

Definitions of cardiac complications

Cardiac complications were defined as (1) abnormal
parameters of myocardial damage, such as a creatine
kinase-MB isoenzyme and creatine kinase level fraction
(CK-MB/CK) ratio of >3 or Troponin I level of >0.15ng/
mL, (2) abnormal regional wall motion detected via
echocardiogram, (3) newly detected dysrhythmias found
via initial ECG, such as bradycardia, including sinus node
dysfunction and atrioventricular block and paroxysmal
atrial flutter/fibrillation and (4) sudden detected ventric-
ular tachycardia or fibrillation after electrical injury.”®'*~*
Among the patients with electrical injuries, patients who
did not meet the above definitions for cardiac compli-
cations were recruited for the control group (without
cardiac injury/complications).

Data analyses

Differences between the cardiac complication group and
the control group were analysed via Student’s t-test. We
analysed categorical variables with the y* test and Fish-
er’s exact test. The observed rates of death and all-cause
mortality were estimated using the Kaplan-Meier method.
Group-wise differences were assessed with the log-rank
test. To analyse correlation between total body surface
area (TBSA) and haematologic, chemistry profile,
Pearson test was performed. The potential risk factors

imported into the logistic regression equation and anal-
ysed. P<0.05 was considered statistically significant. The
OR and 95% CI were calculated. Statistical analyses were
performed using R programming V.3.5.1 (The R Founda-
tion for Statistical Computing, Vienna, Austria; http://
www.R-project.org). A two-sided p value <0.05 was consid-
ered to be statistically significant.

Patients and public involvement

No patients were involved in developing the research ques-
tion or the outcome measures, nor were they involved in
planning the design, recruitment to and conduct of the
study. However, we had plan to introduce the results of
the research to the Korean society.

RESULTS

Incidence and baseline characteristics

From January 2007 to December 2017, 1261 of 22918
total burn-related patients were admitted due to electrical
injuries (5.5%). Of the 1261 patients, 331 were injured
by spark burns and, according to exclusion criteria, were
excluded from further analyses. Of the remaining 930
patients, we excluded 119 patient who were aged <18
years, 78 patients who were readmitted for treatment with
a skin graft after electrical injury, eight who underwent
percutaneous coronary intervention or CABG previously,
three who were treated for arrhythmia prior to their elec-
trical injury and one patient who declined to participate
fully. Remaining 721 patients were included in the final
analyses (figure 1). Annual number of patients with elec-
trical injuries ranged from a minimum of 54 in 2014 to a
maximum of 85 in 2010 (online supplementary appendix
figure SIA). Their mean age was 43.2 years, with individ-
uals in their 30s (25.6%), 40s (38.6%) and 50s (28.5%)
accounting for the majority of participants (online
supplementary table S1 and figure S1B).

Overall, 702 of 721 patients (97.4%) were male, and
363 patients (50.3%) were non-smokers. A total of 513
patients (71.2%) were injured by high-voltage shocks, and
365 patients (50.6%) were initially admitted to the inten-
sive care unit (ICU) (online supplementary appendix
table S1). The most common path of electricity was from
arm to arm (for further detail, see online supplementary
appendix table S2).

Cardiac complications in patients with electrical injuries

Of the 721 patients examined, 107 (14.8%) were classified
into the cardiac complication group. The control groups
included those who did not suffer any cardiac complica-
tions as a consequence of their electrical injury. There
was no significant difference in the baseline character-
istics between cardiac complication group and control
group (table 1). Although the rate of patient injury
from high voltage was not statistically different between
the groups (p=0.12), the ICU admission rate was higher
in the cardiac complication group than in the control
group (74.8% vs 46.4%, p<0.01; table 2). Additionally,
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Total burn injury patients from

2007 to 2017
(n=22918)
1
Electrical injuries
from 2007 to 2017
(n=1261) -
Spark burn injury
from 2007 to 2017
(n=331)
Electrical injury from 2007 to 2017
(n=930)

Exclusion

-Under 18 years(n=119)
-Re-admission for graft(n=78)

Exclusion -Previous PCi(n=8)
Disagree to use data{n=1) -Arrhyythmia history(n=3)
'
Total
(n=721)
Cardiac Complication Criteria

(1) Abnormal parameters of myocardial damage: creatine kinase and creatine kinase, M8
fraction ratio > 3 or Trogonin | > 0.15 ng/mlL
{2) Regional wall motion abnormality on echocardiogram
{3) Dysrhythmia : bradyarrhythmia including sinus node dysfunction and atrioventricular block, strial
flutter ffibrillation, premature ventricular beats and ventricular tachycardia or fibrillation

Cardiac complication Group
{n=107)

Figure 1

total body surface area (TBSA) was significantly higher
in the cardiac complication group than in the control
group (24.4£19.3% vs 20.2+18.0%, p<0.01; table 2). The
severity and relative number of grade 3 burns were signifi-
cantly higher in the cardiac complication group than in
the control group (p<0.01). However, the rate of grade 4
burns was found to be higher in the control group than in
the cardiac complication group (8.4% vs 11.7%, p<0.01;
table 2). Total admission duration and ICU stay duration
were significantly longer in the cardiac complication
group than in the control group (figure 2A,B, p<0.01).
The rates of surgical interventions including amputation,
escharotomy, fasciotomy and skin grafts were greater in
the cardiac complication group than in the control group.
Additionally, the cardiac complication group underwent
more than three times the number of surgeries received
by the control group, although this difference was not
statistically significant (table 2).

Non-Cardiac complication
{control) Group
(n=614)

Study flowchart. PCI, percutaneous coronary intervention.

Eighty patients (74.8%) in the cardiac complications
group showed Troponin I elevation on their first day
of treatment. A regional wall motion abnormality was
detected in four patients via echocardiogram. However,
cardiac markers for these patients were within the normal
range. Atrial fibrillation was observed in five patients, and
atrial flutter was observed in one patient. Atrial fibrilla-
tion and flutter were detected for the first time in five
patients and one patient, respectively. However, no one
detected bradycardia in ECG (online supplementary
appendix table S3).

Death in patients with electrical injury

Of the total 721 patients examined, 10 (1.4%) patients
died (figure 2C). All deaths occurred within 32 days of
treatment (figure 2C, online supplementary appendix
table S4). Of the total deaths, seven patients experienced
cardiac complications, four patients died due to septic
shock, and two patients died as a result of burn shock.
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Table 1 Baseline characteristics

Cardiac injury,

Characteristics N=107 Control, N=614
Age 45.0+11.1 42.9+10.3
Men, n (%) 103 (96.3) 599 (97.6)
Body weight (kg)  69.6+9.1kg 69.3+10.6
Height (cm) 172+6.4 171+6.1
BMI (kg/m?) 23.5+2.7 23.7+3.1
Smoking, n (%)

Never smoking 58 (564.2) 305 (49.7)
Smoking 49 (45.8) 309 (50.3)
HTN, n (%) 12 (11.2) 61 (9.9)
CAD, n (%) 1(0.9) 4(0.7)
DM, n (%) 6 (5.6) 24 (3.9
CKD or ESRD, n 0(0) 1(0.2)
(%)

Aspirin, n (%) 1(0.9) 14 (2.3)
ACEi or ARB, n (%) 6 (5.6) 37 (6.0)
B-blocker, n (%) 0 (0) 11 (1.8)
Statin, n (%) 0(0) 11 (1.8)
Metformin, n (%) 4 (3.78) 13 (2.1)

ACEi, angiotensin-converting enzyme inhibitors; ARBs, angiotensin
receptor blockers; BMI, body mass index; CAD, coronary artery
disease; CKD, chronic kidney disease; DM, diabetes mellitus;
ESRD, end-stage renal disease; HTN, hypertension.

One patient experienced sudden cardiac arrest while
being transported to the operating room.

In the cardiac complication group, significant differ-
ences were not seen in the survival rate in subgroup anal-
ysis of TBSA (p=0.07) and voltage difference (p=0.38),
even though the major burn group and high voltage
group were reduced (online supplementary appendix
figure S2).

Risk factors of cardiac complications

We also examined potential risk factors for cardiac
complications related to electrical injury. Patient charac-
teristics, such as body mass index (BMI), smoking history,
hypertension and diabetes were associated with cardiac
complications; however, the associations were not statisti-
cally significant. In addition, the injury-related factors of
voltage, TBSA, left-side of entrance and exit and entrance
and exit via arm showed positive associations, but only
TBSA was significantly associated with cardiac complica-
tion. (figure 3)

Analysis of correlation factors

We analysed the relationships between factors, such
as high voltage, admission duration and ICU duration,
TBSA, white blood cell (WBC) count, erythrocyte sedi-
mentation ratio, C reactive protein, CK, CK-MB isoen-
zyme, CK/CK-MB ratio, Troponin I and survival duration
in the patients with electrical injuries. TBSA was positively

Table 2 Comparison of burn and admission characteristics
between the cardiac complication and control groups

Cardiac
complication Control
Variables (n=107) (n=614) p value
High voltage, n 87 (81.3) 426 (69.4) 0.12
(%)
ICU admission, 80 (74.8) 285 (46.4) <0.01
n (%)
TBSA percentage 24.4+19.3 20.2+18.0 <0.01
Severity*, n (%)
Minor 35 (32.7) 238 (38.8) <0.01
Moderate 21 (19.6) 127 (20.7) <0.01
Severe 51 (47.7) 249 (40.6) <0.01
Burn grade, n (%)
2 8 (7.5) 126 (20.5) <0.01
3 90 (84.1) 416 (67.8) <0.01
4 9 (8.4) 72 (11.7) <0.01
Admission 75.0+45.3 56.6+48.0 <0.01
duration (days)
ICU 19.3+24.1 10.4+15.5 <0.01
duration (days)
Amputation, n (%) 19 (17.8) 61 (9.9) 0.04
Escharotomy, n 33 (30.8) 93 (15.1) <0.01
(%)
Fasciotomy, n (%) 6 (5.6) 30 (4.9) 0.75

Skin graft, n (%) 87 (81.3)
Total Op count, n (%)

447 (72.8) 0.03

1 24 (22.4) 174 (28.3) 0.58
2 20 (18.7) 118 (19.2) 0.89
3 16 (15.0) 76 (12.4) 0.78
>4 34 (31.8) 111 (18.1) 0.28

*Severity adapted American Burn Association: hospital and
prehospital resources for optimal care of patients with burn injury:
guidelines for development and operation of burn centres.?

ICU, intensive care unit; Op, operation; TBSA, total body surface
area.

correlated with WBC count and ICU stay duration.
The relationship between TBSA and ICU stay duration
increased in the control group (r=0.54, p<0.01). However,
in the cardiac complication group, the ICU duration was
correlated with survival duration (r=0.57, p<0.01), and
TBSA was associated with WBC count elevation (r=0.45,
p<0.01; online supplementary appendix figure S3).

DISCUSSION

In the present study, we reviewed 721 patients with elec-
trical injuries who were treated at a single centre to inves-
tigate the manifestations of cardiac injury in adults with
electrical injuries. Our study demonstrated that cardiac
complications occurred in 14.8% of these individuals,
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Figure 2 Group-wise admission characteristics. (A) Admission duration for the cardiac complication and control groups. (B)
ICU duration for the cardiac complication and control groups. (C) Kaplan-Meier graph for the cardiac complication and control

groups. ICU, intensive care unit.

a rate within the previously reported range (14%-
54%)."" "' Moreover, we examined the prognoses
associated with these cases of post-burn cardiac compli-
cation. The rate, duration and ICU length of stay were
all higher in the cardiac complication group compared
with the control group. Ten of the 721 patients examined
died from septic shock (seven patients), burn shock (two
patients) and sudden cardiac arrest (one patient). All
deaths occurred within the 32 days following admission,
and no additional electrical injury patient died within the
6-month follow-up period (figure 2C, online supplemen-
tary appendix table S2). In addition, our study showed
OR

Variables 95% C..

BMI 103 [089,117]

Voltage [0.37,420]

TBSA® 1.04 [1.01,1.07]

Entrance Arm 129 [021,255]

0.80

Foot [0.04,507]

Entrance side Left 111 [0.44,277]

Right 0.89 [0.36,2.24]

Exit 1.57

Arm [0.67,4.11]

Foot 064  [025153]

Exit side Left 151 [0.61,3.89]

Right 065  [0.25 164]

Smoking 1.05 [0.64,3.16]

Hypertension [0.38,3.91]

DM 1.05

[0.05,7.92]

* p<0.01

Figure 3 Association among patients’ characteristics, injury
characteristics and cardiac complications. BMI, body mass
index; DM, diabetes mellitus; TBSA, total body surface area.

that TBSA was related to cardiac complication with an OR
of 1.04 (95% CI 1.01 to 1.07; p<0.01; figure 3).

Electrical injuries can result from various sources, such
as both high-voltage and low-voltage sources, lightning
and electrical arcs or sparks.® Electrical injury-related
symptoms are diverse and range from minor complica-
tions after small skin burns to life-threatening compli-
cations after more severe injury (described in detail in
online supplementary appendix figure $4)." ** Arrhythmia
and myocardial tissue injuries are the two major cardiac
complications associated with electrical shock.” In
previous studies, sinus tachycardia was known as the most
common arrhythmic cardiac complication associated with
electrical injuries. The mechanism by which electrically
induced cardiac arrhythmias occur is not fully understood;
however, endometrial biopsies reveal patchy myocardial
fibrosis and increased numbers of Na® and K" pumps in
affected tissue, as well as changes to membrane potential,
which could trigger excess excitability after an injury.'®
However, sinus tachycardia is associated with normal vari-
ation and various conditions, including haemodynamic
instability, emotional change and infection."”' There-
fore, a careful approach and criteria might be necessary
for determining whether sinus tachycardia is related to
electrical injury or some other conditions. Myocardial
damage can be caused by the direct effects of electric
current, which results in electrothermal conversion and
electroporation.” Usually, symptoms such as chest pain
and chest discomfort are absent. Although we considered
that elevated parameters of myocardial damage, such as
CK-MB isoenzyme and Troponin levels, could indicate
cardiac complications related to electrical injuries on the
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basis of several reports, more researches are needed.

Therefore, diagnosing myocardial damage as a complica-
tion of electrical injury still depends on an ECG.” **

Almost all patients with electrical injuries are young and
healthy, and some studies have reported that in cases of
low-voltage injury but without a history of consciousness
loss, initial cardiac arrest or an abnormal ECG at admis-
sion, the risk of arrhythmia is considerably low.” ® %
Nevertheless, fatal arrhythmias could occur immedi-
ately following electrical shock and could lead to sudden
cardiac death.*** Although there is no consensus on the
most effective cardiac monitoring duration, most authors
suggest monitoring for at least 24 hours after the injury or
after arrhythmia resolution.'* Despite the lack of evidence
for increased risk, patients with a prior history of heart
disease should be carefully monitored.”® The reported
mortality rates associated with electrical injuries also
vary greatly but remain generally low. As in the present
report, Sun et al reported an inpatient mortality rate of
1.6% in a Western area of China.”> Cheng et al reported
a 6% mortality rate in Taiwan, and Al et al reported that
mortality rate owing to electrical injuries in Turkey was
9.1%.%% In this study, mortality rate was 1.4% and, similar
to Acosta et al.’s report, the most common cause of death
was septic shock.” We focused on the positive relation-
ship between TBSA and WBC count why septic shock
was the most common cause of death. Our study showed
that all patients died by septic shock were in major burn
injury (online supplementary appendix table S4). On
that account, we assumed that cardiac complications can
be accompanied with a large percentage of TBSA, which
can more significantly impair the skin’s ability to function
as a barrier. Patients with cardiac complications could
be vulnerable to inflammation and infection and may
become septic easily, which can lead to death. Therefore,
like patients with other types of burn, it may be important
to treat infection and inflammation in patients with
electrical injury, particularly in the patients with cardiac
complications associated with electrical injury. Moreover,
it is important that patients are treated well in the early
phase of ICU care to prolong the survival duration in
patients with cardiac complications related to electrical
injury.

Study limitations

This present study has several limitations that warrant
consideration. First, its single-centre, retrospective
design poses some inherent limitations including selec-
tion bias and unknown confounding factors that could
not be controlled for owing to which the generalisation
of the results of this study to the broader population
may be restricted. Second, we defined cardiac complica-
tions on the basis of electronic medical records and not
direct examination. Consequently, we were unable to
collect additional information on medical interventions
or other adverse reactions to electrical injury during the
follow-up period. Third, we excluded patients aged <18
years, despite the fact that electrical injuries to children

often occur with a low voltage in the home. Therefore,
had children been included, our outcomes likely would
have been different.

CONCLUSIONS

This retrospective single-centre study is the first to report
the incidence of electrical injury-related cardiac compli-
cations in South Korea. Here, we documented that resul-
tant cardiac complications are associated with a poor
prognosis, and TBSA is only significant relevant factor of
cardiac complications. In addition, proper treatment for
infection and inflammations at the early phase could be
important in the patients with electrical injury, especially
those with cardiac complications. In the future, prospec-
tive registry studies including patients of all ages are
needed to more carefully examine how various compli-
cations are related to electrical injury, establish more
accurate risk factors and detailed diagnostic criteria for
electrical injury-related cardiac complications and deter-
mine its best possible treatment procedure.
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