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Introduction

Electrical burns are still a major problem in our society.
Although their incidence is rather low, they are considered one
of the most devastating injuries, due to their high morbidity
and mortality.1 Moreover, high costs are usually implied, re-
lated to the long term hospitalization usually required, the need
for multiple surgical procedures and eventually the functional
sequels that might result from the original injury.2

The mechanism of injury is complex, being a result of the
combination of diverse thermal and non-thermal processes. An
electric current can reach deep tissues, causing deep and ex-

tensive injuries. Depending on voltage magnitude, injury may
be sustained in nerve, bone and tendon tissue, as well as in
skin.3 Electrical injuries are typically divided into high voltage
(³1000V), low voltage (<1000V), “flash burn” (without pas-
sage of current through the patient) and burns caused by light-
ning.4,5

The burden of electrical burn injuries is different among
developed and developing countries. According to multiple re-
ports, it is more prevalent in developing countries.1,2 Statistics
show that prevalence is higher among men, and it most com-
monly affects the young population and the working classes –
the main human resources of countries.2,3,6 Preventive meas-
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ures, namely education on electric current danger and hazards,
as well as safety measures in workplaces are probably the most
effective methods to reduce the incidence of electrical injury.

In this retrospective study, we reviewed the medical
records of patients admitted to the Burn Unit affiliated to Cen-
tro Hospitalar e Universitário de Coimbra (CHUC), the biggest
burn centre in Portugal, over a 10-year period. The aim of this
study was to analyse specific aspects of electrical injuries and,
with the information gathered, obtain data to delineate an effi-
cient prevention strategy.

Materials and methods

A retrospective analysis of medical records of all the pa-
tients admitted to our Unit with electrical burns, from 1st Jan-
uary 2006 to 31st December 2015, was undertaken. Incomplete
records, records from patients who abandoned hospital against
medical advice and from those admitted for later reconstructive
surgery were excluded.

Demographic data, mechanism of injury and electric cur-
rent voltage, total burn surface area (TBSA), location and depth
of burns, acute complications, ventilation status, surgical in-
terventions and length of hospital stay (LOS) were analysed.
We reviewed the frequency of amputations and classified them
as minor or major. Minor amputations were performed at the
digit level, while major amputations were performed above the
ankle or the wrist. We also analysed the variety and frequency
of reconstructive flap surgery. The patients were assigned to
one of three groups according to the mechanism of injury:
high-voltage, low-voltage or flash burn. 

All continuous variables were presented as mean±standard
deviation (SD), and the frequencies of categorical variables as
percentages. Statistical data were analysed with the Mann-
Whitney U and Chi-square tests, as appropriate. A P
value<0.05 was considered statistically significant.

Results

During the study period, 1695 burn patients were admitted
to our Unit; 99 subjects (5.84%) suffered electrical burns. 97%
(n=96) of these patients were male. The mean age was
38.3±13.7years. Age and gender data are shown in Fig. 1. 

The mechanism of injury was occupational in 75 cases
(75.8%), household related in 8 cases (8.1%), self-inflicted in
2 cases (2.0%) and involved individuals who were stealing
copper in 10 cases (10.1%). Mean TBSA was 11.9%±13.2%.

The mortality rate in this group of patients was null. 
Upper extremities were found to be more frequently in-

jured than lower extremities, with hand involvement in 60.6%
of the cases (Fig. 2).

Injuries were classified as low-voltage burns (n=24), high-
voltage burns (n=30) and flash burns (n=45). There were no
records of lightning burns during the study period. 

Flash burns accounted for 45.5% of the electrical burns
that required hospital admissions. 97.8% (n=44) of these pa-
tients were male. Mean age was 40.6±13.0 years and mean
TBSA was 7.8%±4.4%. Mean LOS was 8.2±6.5 days, which
was the shortest hospital stay observed among the three groups.
There were no reports of acute complications, such as arrhyth-
mia, acute renal failure or compartmental syndrome. With re-
gards to treatment in this group, 13.3% of these patients needed
at least one surgical procedure but there was no need for am-
putations or reconstructive surgery with flaps. 

Table I depicts the differences between high and low volt-
age groups of patients. TBSA, mean LOS and serum creatinine
kinase (CK) levels were significantly higher in patients with
high-voltage injury in comparison to low-voltage injury. The
incidence of escharotomy/ fasciotomy and flap surgeries was
also significantly higher in the high-voltage group. Although
there was a higher incidence of amputations in this group
(16.7% vs. 12.5%), the difference was not statistically signifi-

Fig. 1 - Gender and age distribution of patients with electrical burns.

Fig. 2 - Distribution of burns according to body area.

Low-voltage High-voltage P
(n=24) (n=30)

Sex (male:female) 23:1 29:1
Age 37.96±16.33 35.20±12.06 0.454
TBSA 10.85±14.80 18.97±17.43 0.014
CK levels 6619±14643 22672±25672 <0.001
LOS 17.63±13.89 39.17±31.22 0.002
Mechanical ventilation 12.5% 30% 0.113
Surgery 91.7% 100% 0.193
0 8.3% 0%
1 45.8% 16.7%
2 or more 45.8% 83.3%
Acute complications (1) 8.3% 16.7% 0.314
Escharotomy/ fasciotomy 8.3% 30% 0.049
Flap surgery 8.3% 43.3% 0.004
Amputation 12.5% 16.7% 0.487
(1) Acute complications - arrhythmia, acute renal failure or compartmental syndrome

Table I - Comparison between high-voltage and low-voltage groups
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cant. Regarding major amputations, there were no reports in
the low-voltage group. On the other hand, in the high-voltage
group there were 2 major amputations (Table II). Data regard-
ing reconstructive flap surgery is shown in Table III. 
We would like to point out a rather interesting finding re-

garding our epidemiological data which relates to electrical
burns resulting from illicit activities, namely copper theft; this
group comprises 10.1% of our study population. All of the in-
dividuals were male, 90% of whom had drug addiction prob-
lems, with a mean age of 35.80±9.33 years. Mean TBSA was
17.75%±13.27% and mean LOS was 38.30±28.69 days. Sur-
gical treatment was given to all the patients: one procedure was
sufficient in only 1 case (10%), while the others underwent 2
or more surgical procedures. Escharotomies/ fasciotomies were
performed in 50% of these patients. A total of 4 flaps were per-
formed in 4 of these patients (40%) and one minor extremity
amputation was required.

Discussion

Electrical burns occur less frequently than scald or flame
burns, but are still a cause of important morbidity, particularly
in cases of high-voltage injury.3,7 Electrical trauma was respon-
sible for 5.8% of the admissions to our Burn Unit. Reports from
other studies show that the incidence of electrical burns varies
from 4.5% in Brazil to 21% in Turkey.8,9 In this study, 97% of
electrical burn injuries occurred in men and the mean age was
35 years, which is in accordance with data reported in the liter-
ature.1,2,4,5,7,10 Most of our patients were young active males, with
injuries occurring as occupational hazards. Consequently, elec-
trical injury should be considered a potentially debilitating fac-
tor for the working-age population. Nevertheless, a relevant

group in our study relates to electrical burns as a result of copper
theft. This might be explained by our difficult socio-economic
climate over the past few years, associated with an upward trend
in copper prices.7 This incidence may be underestimated in our
data since many patients do not report the truth about their ac-
cidents due to the fear of being arrested. As seen from our re-
sults, burn injury due to theft of copper comes with great cost
to both the patient (usually young men) and to society.
Based on other reports, low-voltage injuries comprise 20%

to 44.7% of all electrical injuries, and high-voltage injuries
38% to 50%.3-5 In our study, low-voltage burns accounted for
24.2% of injuries. On the other hand, high-voltage burns ac-
counted for 30.3% of our study population, a slightly lower
value compared to those encountered by other authors.3-5 Flash
burns represented 45.5% of electrical injuries, being the major
cause of electrical burns in our study. These results are in ac-
cordance with reports from Arnoldo et al.5 However, contra-
dictory results were shown by other studies3-4 which reported
flash burns as the third cause of electrical burns, after low- and
high-voltage injuries. This high prevalence of flash burns may
be explained by insufficient training in workplaces as well as
poor adherence to safety measures since most of these occurred
as work-related accidents.
This study, like others,4,5,11 identified the high-voltage in-

jury group as potentially the most debilitating, since it is more
often associated with deep muscle necrosis, hence requiring
fasciotomy and, in the more severe cases, amputation.
CK serum levels may provide a prognostic parameter for

the clinical outcome of patients with electrical burns.12,13 Aren-
holz et al.12 have demonstrated that significantly elevated CK
values are associated with longer LOS and a greater risk of skin
grafting or amputation. Later, Kopp et al.13 added that, in the
high-voltage group, patients with higher levels of CK were
most likely to develop serious complications. In our study, CK
serum levels were significantly higher in the high-voltage
group. Our results also showed that these patients had longer
hospitalization, a significantly higher incidence of escharo-
tomy/ fasciotomy and a higher incidence of acute complica-
tions and amputation.
Tharim et al.14 studied the demographic characteristics,

motif and outcomes of the amputations in patients who suffered
burn injury. Their results showed a higher amputation rate in
those with electrical burns. Amputation rate in our population
was 8.1%. Although there was no statistical significance, the
amputation rate in the high-voltage group was higher than in
the low-voltage group, which confirms other studies’ find-
ings.10,15 Electrical flash burn damages skin but it usually does
not involve deep tissues.10 Though some surgical procedures
were performed in this group, there was no need for amputa-
tion.
Regarding reconstruction, simple surgical procedures,

such as skin grafts or artificial dermis are useful on more su-
perficial injuries. Regional or free flaps are useful if the injury
is severe. Local flaps are primarily used to correct small de-
fects,15 such as those in the low-voltage group. In the high-volt-
age group, local and distant flaps were primarily used, but free
flaps were also used for wide and complex defects with deep
structure exposure.15 In our study, free flaps were only per-
formed in the high-voltage group.
The overall mortality rate from electrical burns has been

reported to be somewhere in between 0% and 21.7%.16,17 All
99 patients treated at our Burn Unit during this 10-year period

Amputated structure Low-voltage High-voltage
(n=24) (n=30)

Toes 1 2
Fingers 2 -
Finger + metacarpal bone - 2
Forearm (above elbow joint) (1) - 1
Leg (above the knee joint) (1) - 1
(1) These amputations were performed in the same patient, both bilateral

Table II - Summary of amputations required

Low-voltage High-voltage
(n=24) (n=30)

Local flaps 2 10
Abdominal flap - 2
Limberg flap - 1
Transposition flap - 1
Posterior interosseous artery flap - 1
Perforator flap (radial artery) - 1
Kite flap - 1
Heterodigital island flap - 1
Cross-finger flap 2 -
Gastrocnemius muscular flap - 1
Reverse sural island flap - 1
Free flaps - 3
ALT flap - 3
Total 2 (8.3) 13 (43.3%)

Table III - Summary of reconstructive procedures - flap surgeries 
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survived. We consider that the overall in-hospital survival of
100% may be at least partially explained by the early transfer
of patients to our Burn Unit, aggressive fluid resuscitation, con-
tinuous hemodynamic and metabolic support, and early aggres-
sive surgical intervention. Another reason might be the
exclusion of those patients who died before arriving at the hos-
pital. 

One of the limitations of our work is that follow-up was
not performed in order to obtain information about the delayed
complications and adverse effects of electrical burn injury on
quality of life.

Conclusion

Although their incidence is rather low, electrical burns
may lead to an important socioeconomic burden due to their
high morbidity. The high prevalence of electrical burns in
young males and workers emphasizes the need to review oc-
cupational safety regulations. Educational efforts regarding
potential hazards of electricity and reinforcing compliance
with safety measures are essential for avoiding these in-
juries.
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