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Abstract

Objective—To review low-voltage versus high-voltage electrical burn complications in adults,
and to identify novel areas that are not recognized to improve outcomes.

Methods—An extensive literature search on electrical burn injuries was performed using OVID
Medline, PubMed and EMBASE databases from 1946-2015. Studies relating to outcomes of
electrical injury in the adult population (=18 years of age) were included in the study.

Results—Forty-one single-institution publications with a total of 5485 electrical injury patients
were identified and included in the present study. 18.0% of these patients were low-voltage
injuries (LV1), 38.3% high-voltage injuries (HVI) and 43.7% with voltage not otherwise specified
(NOS). Forty-four percent of studies did not characterize outcomes according to low versus high-
voltage injuries. Reported outcomes include surgical, medical, post-traumatic, and other (long-
term/psychological/rehabilitative), all of which report greater incidence rates in HVI compared to
LVI. Only two studies report on psychological outcomes such as post-traumatic stress disorder.
Mortality from electrical injuries are 2.6% in LVI, 5.2% in HVI and 3.7% in NOS. Coroner’s
reports reveal a ratio of 2.4:1 for deaths caused by low-voltage injury compared to high voltage-
injury.

Conclusions—High-voltage injuries lead to greater morbidity and mortality than low-voltage
injuries. However, the results of the coroner’s reports suggest that immediate mortality from low-
voltage injury may be underestimated. Furthermore, based on the data of this analysis we conclude
that the majority of studies report electrical injury outcomes, however, the majority of them do not
analyze complications by low versus high voltage and often lack long-term psychological and
rehabilitation outcomes post-electrical injury indicating that a variety of central aspects are not
being evaluated or assessed.
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Introduction

Electrical injuries are an uncommon but potentially devastating, and constitute
approximately 0.04-5% of admissions to burn units in developed countries, and up to 27%
in developing countries (1, 2). Classification of electrical injuries are typically divided into
low-voltage (<1000 volts) and high-voltage (>1000 volts), as well as by whether electrical
current flows directly through the body versus a thermal injury caused by electrical flash.
Electrical injuries in the adult population primarily affect males, are most often work-
related, and are the 4t leading cause of traumatic work-related death (3). Both morbidity
and mortality in electrical injuries are relatively high, and have physical as well as
psychological short-term and long-term sequelae (4,5,6). This study aims to provide a
comprehensive overview of reported electrical injury outcomes worldwide, in an attempt to
gain a better understanding of the distribution of morbidity and mortality between low-
voltage and high-voltage electrical injuries. Additionally we wanted to identify areas in
electrically injured patients that are not identified nor studies but affect outcomes.

Methods

An extensive literature search on electrical burn injuries was performed using OVID
Medline, PubMed, EMBASE and Cochrane databases from 1946-2015 September. An
initial search was performed using keywords “Burns, Electric”, “Electrical Injury” and
“Electrical Burn Injury”, and an extended search of related articles and referenced articles
identified additional studies (see Figure 1). Studies relating to outcomes of electrical injury
in the adult population were included in the study that reported on more than one outcome.
Studies relating to lightning electrical injuries alone were excluded. Case reports and case
series were excluded from the study.

Electrical injuries were categorized according to low-voltage (LV - reported as low-voltage <
1000 volts), high-voltage (HV - reported as high-voltage > 1000 volts), or voltage not
otherwise specified (NOS). Each category required more than one study reporting the
outcome to be included in our results to eliminate unrepresentative samples. Statistical
analysis was performed using means and standard deviations. When comparing low-voltage
versus high-voltage electrical injury outcomes reported by study, a p-value of less than 0.05
was considered statistically significant.

Results

A total of 41 publications (1, 2, 4-42) were included in this study, 38 of which were single-
institution adult population reviews, and 3 of which were forensic or coroner’s reviews.

Single-Institution Retrospective Reviews

All of the thirty-eight retrospective reviews were single-institution reviews of burn
admissions and outcomes of electrical burn injury in adults, published between the years of
1969 and 2015. Most of the studies were published from an institution in North America
(42.1%) or Asia (34.2%), with the remainder from Europe (18.4%), Australia (2.6%) or
South America (2.6%).
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There was a total of 5485 electrical injuries reported in these 38 studies, with the majority
number of outcomes reported in patient’s whose electrical injury voltage was not specified
(43.7%). There was a greater number of reported outcomes in high-voltage electrical injury
(38.3%) vs. low-voltage electrical injury (18.0%) — see Table 1.

Low vs. High Voltage Admissions and Morbidity Data—On average, electrical burn
injuries comprised 4.2% of all burns admissions to institutions worldwide. When comparing
the total number of high-voltage electrical injuries (2100), low-voltage electrical injuries
(986) and voltage not otherwise specified (NOS) (2399) reported, the following admissions
data was extrapolated (see Table 2). The average age of all electrical injury patients was 30.9
years, with 93.9% males and 6.1% females. Seventy-five percent of injuries occurred in the
workplace. The average TBSA on admission was 14.0%.

Outcomes data for morbidities include surgical, medical, trauma-related, and other (long-
term/psychological/rehabilitative). See Table 3, 4, 5 and 6 for comparison of these outcomes
for low-voltage vs. high-voltage electrical injuries. ECG changes reported were mostly
arrhythmias, ST changes (non-specific or T wave inversions), atrial/ventricular atopic beats,
alterations in rhythm or rate, and atrial or ventricular fibrillation. Cardiac complications
were seldom reported, but when reported consisted of cardiopulmonary arrest (n=48), acute
myocardial infarctions (n=5), and pericarditis (n=5), and were in the categories of either
high-voltage or voltage not otherwise specified. Elevated CK values were only reported in
two of the studies.

Low vs High Voltage Mortality Data—An overall mortality rate for electrical injuries
was reported at 4.1% (see Table 7 for data comparison by voltage). The most common
causes of death were high TBSA from 50% to over 90%, multi-system organ failure,
septicemia, pneumonia and renal failure.

Forensic Reviews

A total of 1165 autopsies results were reported from the three forensic reviews. Of these,
735 (63.0%) were due to low-voltage electrical injury, 306 (26.3%) were due to high-voltage
electrical injury, 31% of which were lightning injuries, and the remainder 124 deaths
(10.6%) did not specify voltage. The percentage of males was 98.8% and females was 1.2%.
Of the studies included, the place of injury was reported in 20% of the total population, with
the percentage of deaths occurring at work being 51.3% compared to 48.7%. One study
reported deaths as accidental versus other, and reported 69% accidental deaths, 29% suicide
and 2% homicide (25).

Discussions

Electrical burn injuries comprise of less than 5% of all admissions to burn centers
worldwide, however have significant morbidity and mortality associated with them. Our
study revealed that high-voltage electrical injuries generally have significantly greater
morbidity in terms of greater number of surgical procedures required, higher rates of
medical complications, lead to multiple post-traumatic injuries due to falls, and may result in
more long-term psychological and rehabilitative problems. In addition to the overall rates of
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injuries revealed in this study, we have discovered that many of these single-institution
retrospective reviews do not separate outcomes by low-voltage versus high-voltage. An even
greater proportion of studies do not assess psychological outcomes such as rates of post-
traumatic stress disorder (PTSD) or rehabilitative outcomes associated with these highly
morbid injuries involving the musculoskeletal and neurological system.

In addition to several case reports of PTSD following electrical injury (43-45), several
studies using neuropsychological testing following electrical injuries have revealed that
PTSD is a significant problem, which can lead to poor cognitive performance and decreased
ability to return to work (46, 47). The no-let-go phenomenon associated with low-voltage
electrical injury also results in higher rates of PTSD and major depression (48), therefore it
would be important to determine if there are any differences in rates of psychiatric disorders
in low-voltage vs. high-voltage injuries.

Mortality rates for high-voltage electrical injuries are higher than low-voltage injuries for
patients presenting to hospital, however, interestingly mortality rates according to coroner’s
reports are much higher in the low-voltage injury population compared to high-voltage
injury, with a ratio of 2.4:1. This may represent a higher proportion of immediate deaths at
the scene related to low-voltage injury. Approximately one third of high-voltage mortalities
were a result of lightning strike, which often results in immediate death and whose
morbidity was not included in this study:.

There are several limitations to this study. Several of the reported outcomes were only
reported by one or two studies, which may skew the results. In addition, many studies look
at single outcomes such as cardiac complications or increases in certain laboratory values,
which were not included in this review.

With these limitations in mind, this review has provided a compilation of outcomes from
dozens of single-institution burn centers worldwide, analyzed by low-voltage injuries, high-
voltage injuries and electrical injuries with voltage not otherwise specified. This review has
revealed a significant morbidity and mortality with respect to physical, cognitive, psychiatric
and rehabilitative sequelae. With further assessment and knowledge of long-term outcomes
of electrical injury, we can focus on clinical identification and proper management of the
complications faced by electrical injury survivors.
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Table 1

Total number of electrical injuries categorized by voltage specification.

Total # of electrical injuries

n (% of Total)

Total Studies that Identified Low-Voltage, High-Voltage and Not Otherwise Specified Electrical Injuries

LV 986 (18.0%)
HV 2100 (38.3%)
NOS 2399 (43.7%)
Total 5485 (100%)
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Table 2

Page 9

Admissions data by low-voltage, high-voltage and voltage not otherwise specified by total numbers reported.

Low-Voltage High-Voltage Voltage Not Otherwise Specified
Average age (years) 27.8 385 30.1
Percentage Male (%) 85.8 93.1 94.9
Percentage Female (%) 14.2 6.9 51
Injuries at Work (%) 77.0 82.0 70.2
Average TBSA (%) 10.6 17.6 135
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Table 3

Page 10

Surgical outcomes data by low-voltage, high-voltage and voltage not otherwise specified by total numbers

reported (Niotal)-

Low-Voltage High- Voltage Voltage Not Otherwise Specified p-value (LV vs. HV)
Surgical intervention, % (Nota)) t 54.1 (652) 79.6 (608) 66.1 (587) 0.004 "
Fasciotomy/Escharotomy, % (1) T 48 (399) 27.0 (1019) 15.7 (922) 0.2
Amputation, % () T 7.3 (640) 30.2 (1898) 27.2 (1501) 0.02%
Compartment Syndrome, % (M) | - 15.0 (120) - -
Reconstructive Flap, % (o) - 114.8 (684) 12,5 (585) -

*
Statistically significant with p < 0.05

fPercentage of number of total surgical excisions/fasciotomies/amputations/flaps (can be multiple per patient) over total number of electrical injury

admissions in that category (ntotal)-
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Table 4

Page 11

Medical outcomes data by low-voltage, high-voltage and voltage not otherwise specified by total numbers

reported (Niotal)-

Low-Voltage High-Voltage Voltage Not Otherwise Specified

p-value (LV vs. HV)

Average Length of Stay, days (Niotal 10.9 (600) 31.2 (1717) 19.8 (1898) 0.002%
ECG changes, % (z21) - 20.0 (315) 14.6 (941) -
Myoglobinuria, % () - 38.9 (476) 27.3 (362) -
Renal dysfunction, % (.., 0.0 (208) 13.9 (1098) 4.2 (873) 0.4
Infection (non-specific), % (M) - 15.0 (832) 25.5 (553) -

*
Statistically significant with p < 0.05
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Trauma-related outcomes data by low-voltage, high-voltage and voltage not otherwise specified by total

numbers reported (Notal)-

Table 5

Low-Voltage High-Voltage Voltage Not Otherwise Specified
Loss of Consciousness, % (Notal) - 36.8 (456) 22.2 (522)
Traumatic Brain Injury, % (75t — 5.1 (391) 2.7 (442)
Associated Fracture, % (17;p12) - 11.8 (532) 7.9 (544)
Traumatic Intra-Abdominal Injury, % (42 - 2.0 (353) 1.6 (372)
Cerebral dysfunction ™, % (751z) - 1.3 (689) 8.5 (247)

*
Cerebral dysfunction includes seizures, severe cerebral edema, intracranial hemorrhage, and persistent vegetative state
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Table 6

Other outcomes data by low-voltage, high-voltage and voltage not otherwise specified by total numbers
reported.

Low-Voltage High-Voltage Voltage Not Otherwise Specified

Neuropathy, % (M) - 28.0 (193) 17.0 (442)
Cataracts, % (Myza1) - 1.0 (863) 1.9 (855)
Permanent Disability, % () - - 34.5 (493)
PTSD, % (o) ; ] 5.6 (430)

*
Neuropathies include persistent dysesthesias and spinal cord injuries; specific peripheral neuropathies reported include ulnar, medial, radial and
common peroneal neuropathies.

HA
Reported as permanent disability to some degree.
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Table 7

Mortality data by low-voltage, high-voltage and voltage not otherwise specified by total numbers reported.

Low-Voltage (nita)  High-Voltage (Niotar) Voltage Not p-value
Otherwise Specified (LV vs.
(Ntota) HV)
Mortality (%) 2.6 5.2 3.7 0.2
Mortality (n) 23 92 71
Total number electrical burns*(ntmaj) 887 1755 1944
Cause of mortality reported (n, %) 0 (0%) 26 (28%) 51 (72%)
Reported Causes of Mortality *
TBSA >50%, n (%) - 12 (48%) 10 (20%)
Multi-organ failure/ Septicemia, n (%) - 11 (44%) 7 (14%)
Pneumonia, n (%) - 0 (0%) 8 (15%)
ARDS, n (%) - 1(4%) 0 (0%)
Renal Failure/ATN, n (%) - 0 (0%) 14 (27%)
Myocardial infarction/Cardiopulmonary arrest, n (%) - 1(4%) 3 (6%)
Ventricular fibrillation, n (%) - 0 (0%) 9 (18%)
Hepatic failure, n (%) - 1(4%) 0 (0%)

*
Of studies that reported mortality rates.
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