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ABSTRACT

BACKGROUND: Electrical burns are the third most common cause of burn injuries, after scald and flame burns. In spite of de-
creasing mortality rates as advancements are made in treatment modalities and medical equipment, significant complications and 
socioeconomic consequences still accompany electrical burns. Analyzed in the present study were data from patients hospitalized 
for electrical burns between 2008 and 2012 in the Samsun Training and Research Hospital, the only burn care center in the Black Sea 
region of Turkey.

METHODS: Data from 94 patients (84 males, 10 females) hospitalized for electrical burns between 2008 and 2012 were retrospec-
tively evaluated. Patient age, gender, occupation, presence of coexisting trauma, burn degree, burned percentage of total body surface 
area (TBSA), voltage of the electric current (low or high), medical cost (per day and total), and infection rates were analyzed.

RESULTS: Mean patient age was 26.4±13.2 years. Ten patients were female (10.6%) and 84 were male (89.4%). High-voltage burns 
were sustained by 47 patients (50%) and low-voltage burns by 42 (44.7%); the remaining 5 were flash burns. Mean burned TBSA was 
21.8±19.8% in high-voltage injuries and 11.9±6.9% in low-voltage injuries. Seven patients had accompanying soft tissue lacerations, 
major bone fractures, or epidural hematomas. Findings of infection were encountered in 31 patients (32.9%), and appropriate treat-
ments were initiated according to culture results. Mean duration of hospitalization was 21.3±19.8 days in patients with high-voltage 
burns and 8.6±6.2 days in patients with low-voltage burns. Mean hospital stay was 2.5-fold longer, and total medical costs were 4-fold 
higher in patients with high-voltage burns.

CONCLUSION: Young adult males who were injured in industrial accidents constituted the majority of high-voltage burn patients. 
Incidence of these injuries may be reduced by improvements in training regarding the safe use of electrical devices, and correct instal-
lation and safe maintenance of power grids, as well as by a review of occupational safety regulations.
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significant functional and cosmetic problems.[1–5] An electric 
current can reach deep tissues, and cause deep and extensive 
injuries. Depending on voltage magnitude, injury may be sus-
tained in nerve, bone, and tendon tissue, as well as that of 
the skin.[3,6–8] The primary mechanism of tissue injury is the 
direct effect of the electric current. However, electrical injury 
can arise from both thermal and non-thermal mechanisms, 
and other injuries can accompany electrical burns. Tissue in-
jury is determined by the magnitude of the electric current, 
the duration of exposure, and by tissue resistance. Electrical 
burns are traditionally classified as high-voltage (>1000V) or 
low-voltage (<1000V).[1,9] Flash arc and lightning burns remain 
outside the traditional classification scheme, and are usually 
considered high-voltage burns. 

These injuries are most prevalent in young adult males, and 
cause loss of working hours.[1,3,6,7,10] Importantly, these injuries 
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INTRODUCTION

Electrical injuries are the third most common cause of burns 
after scald and flame burns. In spite of advances in treatment 
modalities and the resulting decrease in mortality rates, elec-
trical burns may lead to socioeconomic burden, as well as 
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can be avoided with proper education, safety regulations, and 
a safe, effective electricity delivery network.

The aim of the present study was to retrospectively analyze 
cases of electrical injury treated within a 5-year period at the 
Samsun Training and Research Hospital, the only burn care 
center in the Black Sea region of Turkey.

MATERIALS AND METHODS

Data from patients admitted to the center for electrical burn 
injuries between 2008 and 2012 were retrospectively ana-
lyzed. All patients were admitted upon sustaining the injury, 
though those referred from other centers were also included.

Burn degree and total body surface area (TBSA) were as-
sessed prior to admission. Each patient was examined for 
cardiac rhythm and renal function (fluid intake/output, myo-
globinuria, blood urea nitrogen, and serum creatinine levels). 
Accompanying trauma or coexisting disease were also evalu-
ated during initial management. Proper fluid resuscitation 
was administered according to the Parkland formula (via 2 
venous routes in patients with burned TBSA <30%, and via 
central venous line in patients with burned TBSA >30%; an 
arterial line was provided to monitor need for endotracheal 
intubation). Urine output of >30 cc/hour indicated sufficient 
fluid replacement. Relevant cultures were obtained, and in-
travenous antibiotics were empirically initiated when signs of 
infection (hypotension, hypo- or hyperglycemia, alterations 
in mental state, or fever) were observed. Non-steroidal anti-
inflammatory drugs were orally or intravenously administered 
for routine pain relief, and opioids were used as second-line 
drugs. Wound dressing changes were made daily. Wound de-
bridement, tangential excision, and grafting were performed 
when necessary. Patients were closely observed for signs of 
compartment syndrome, and escharotomy or fasciotomy was 
performed as needed.

Demographics, length of hospital stay, injury mechanism, ac-
companying trauma, coexisting illnesses, voltage classification 
of the exposed electrical current (low or high), site of in-
let and outlet current, burned TBSA, culture results of burn 
wounds, surgical interventions, and medical costs per patient 
were evaluated.

RESULTS

Data from 94 patients (84 males and 10 females) were evalu-
ated retrospectively. Patient age ranged from 47 months to 
72 years. Mean age was 18.8±8.7 years for female patients 
and 27.4±12.8 years for male patients. Age and gender data 
are shown in Figure 1. 

Causes of electrical injuries were industrial accidents (n=47), 
contact with unattended open electrical wires (n=21), acci-
dents related to climbing utility poles (n=13), lightning (n=4), 

attempted suicide (n=1), and others (n=8). Patients who 
sustained industrial injuries were electricity supply workers 
(n=17), construction workers (n=13), painters (n=7), farm-
ers (n=4), roof maintenance workers (n=3), and junk dealers 
(n=3) (Figure 2). Four patients (4.2%) died during the study 
period. Of these patients, 3 died of acute renal failure, and 1 
died of sepsis and multiple organ failure. 

Injuries were classified as low-voltage burns (n=42; 44.7%), 
high-voltage burns (n=47; 50%), or flash burns caused by 
lightning (n=5; 5.3%). Minimum burned TBSA was 2% for 
low-voltage burns, 7% for high-voltage burns, and 5% for 
flash burns. Maximum burned TBSA was 20% for low-volt-
age burns, 80% for high-voltage burns, and 70% for flash 
burns. Mean burned TBSA was 11.9±6.9%, 21.8±19.8%, and 
23.4±26.3% per classification, respectively.

Length of hospital stay was 2–30 days (with a mean of 8.6±6.2 
days) for low-voltage burns. Patients with high-voltage burns 
were admitted for 3–116 days (with a mean of 21.3±19.8 
days). Patients with flash burns were admitted for 4–20 days 
(with a mean 13.2±14.6 days). 

Figure 1. Gender and age distribution of patients with electrical 
burns.
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Figure 2. Occupational distribution of patients with electrical injuri-
es sustained in industrial accidents.
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Two patients had coexisting epilepsy, 1 of whom had mental 
retardation and made contact with an electrical wire with 
the intention of committing suicide. This patient had second-
degree skin burn over 12% of TBSA and spent 8 days in ad-
mission. Following treatment he was discharged, without the 
need for surgical intervention. The other epileptic patient 
was an 11-year-old male with 2nd- and 3rd-degree burns over 
15% of TBSA. The patient required debridement and grafting 
before being discharged on the 16th day of admission. Two 
patients had gastric ulcer, only 1 of whom had undergone 
surgical treatment. A female patient in the sixth month of 
pregnancy was hospitalized for 2 days and discharged after an 
uneventful course of treatment. During the follow-up period, 
no complication was observed in the mother or fetus. Two 
patients had coronary artery disease, and treatment was un-
eventfully completed.

Seven patients (7.4%) presented with trauma accompanying 
the electrical injury, all of which were caused by falls from 
height. These patients had sustained high-voltage electrical 
injury. Accompanying trauma was intracranial injury in 2 pa-
tients, soft tissue injury in 2, bone fracture in 2, and intra-
abdominal injury in 1 patient.

Findings suggestive of infection (fever, hypotension, hypo- or 
hyperglycemia, or alterations in mental state) were observed 
in 31 patients (32.9%). Culture results identified 10 bacterial 
types, with 19 subtypes. Empirical antimicrobial treatment 
was initiated immediately, followed by drug replacement 
based on culture results, as necessary. Positive cultures grew 
mainly gram-negative cocci, primarily enterobacteriaceae, fol-
lowed by gram-positive cocci, predominantly staphylococci 
and enterococci. Microorganisms identified were Staphylo-
coccus spp. (n=16), Acinetobacter spp. (n=11), Pseudomonas 
spp. (n=11), Enterococcus spp. (n=5), Escherichia coli (n=3), 
Enterobacter spp. (n=2), Klebsiella spp. (n=2), Pantoea spp. 
(n=2), Proteus spp. (n=1), and Serratia spp. (n=1) (Figure 3).

Upper extremities were found to be more frequently injured 
than lower extremities. Injury sites were: the right upper ex-
tremity (in 58 patients), left upper extremity (in 47), right 
lower extremity (in 39), left lower extremity (in 28), thoracic 
wall (in 22), posterior trunk (in 18), abdomen (in 15), face (in 
12), neck (in 7), and the genital region (in 4) (Figure 4).

During the early phase of management, 35 patients (37%) re-
quired surgical wound debridement, 24 of whom required 2 
or more additional debridements. Reconstruction with skin 
graft was performed in 32 patients, while 9 patients required 
the use of various flaps to cover wounds. Eight patients un-
derwent amputation during the early phase. Fasciotomy was 
performed in 3 cases of suspected compartment syndrome. 
Z-plasty was performed in 3 patients, all of whom required 
surgical revision due to skin graft complication. Tenolysis was 
performed in 1 patient, and surgical revision was performed 
to treat scar formation in 1 patient.

Average cost per patient was 1,208.55 TL in cases of low-
voltage electrical burns, and average cost per hospital day 
was 139.23 TL. Average cost per patient with high-voltage 
burn injury was 4,765.13 TL, and per day cost was 224.44 TL.

DISCUSSION
Electrical burns, the result of exposure to supraphysiologic 
electric currents, are among the most devastating tissue in-
juries. Electrical burns occur less frequently than scald or 
flame burns, but have higher associated rates of mortal-
ity and morbidity, particularly in cases of high voltage. The 
mechanism of tissue damage is generally related to puncture 
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Figure 3. Isolated microorganisms.
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and denaturation of cell membranes caused by the direct 
electrical forces.

Electrical burns are more frequently sustained in Turkey, 
compared to the global average.[11] They are most frequent-
ly sustained by young male adults in industrial accidents. Al 
et al. reported that 76.4 % of electric burns are sustained by 
adult males, 23.6 % by females.[11] Haberal et al. similarly 
reported that 82% of electric burns are sustained by adult 
males and 18% by females.[12] In the present study, 89% of 
patients were male, 11% female, and results were comparable 
with the literature with a plethora of male subjects.

In a study performed in Turkey, the authors reported that 
rates of the high- and low-voltage electricity burns were 
54.5% and 45.5%, respectively.[13] Similarly, the rate of high-
voltage burns in the present study was 50%, and the rate of 
low-voltage burns 44.7% (while the rate of flash burns was 
5.3%). High-voltage electricity burns cause more serious tis-
sue damage due to the high amounts of energy exerted.[14,15]

Mean patient age was reported as 30.2 or 25 years in a major-
ity of studies.[13,16,17] Mean age in the present study was 18.8 
years in females and 27.4 years in males. It was presently de-
termined that mean TBSA was 11.9% in cases of low-voltage 
burns, and 21.8% in those of high voltage. It was also found 
that these burns are most commonly sustained by young male 
adults, and can lead to significant loss in employment.[1,3,6,7,10]

Hospitalization was longer for patients with high-voltage 
burns. Duration of hospital stay for patients with low-voltage 
and high-voltage burns was presently determined as 8.6±6.2 
days and 21.3±19.8 days, respectively. Greater energy is ex-
pended in high-voltage burns, and tissues are more deeply 
penetrated, creating wider burn surface areas, and resulting in 
longer periods of hospitalization and higher treatment costs. 

Cancio et al. reported that 25% of electricity burns accom-
panied by traumas were caused by falls from heights.[18] In 
the present study, 7 patients (7.4%) sustained concomitant 
trauma in this way, a rate lower than that reported. Patients 
may have been primarily treated for their otherwise life-
threatening conditions elsewhere before they were referred 
to the present burn center, accounting for the low rate. 

Hammond et al. reported that 3% of electricity burns caused 
death.[19] The rate in Turkey has been reported as 4.7%. The 
present rate of mortality was 4.25%. While the most fre-
quently reported cause of electrical burn-related mortality 
was sepsis, 3 patients in the present study died from acute 
renal failure, and 1 patient died from sepsis.[20] This discrep-
ancy may be attributed to either inadequate hydration at the 
early stages prior to referral or delay in referral to emergency 
services. Attempted suicide is a rare cause of electricity burn.
[21,22] However, in the present study, 1 patient with epilepsy 
and mental retardation attempted suicide by electric shock.

Wound infections and complications frequently accompany 
electrical burns. Estahbanati et al. reported that the agents 
that most commonly caused these infections were Pseudo-
monas aeruginosa (57%), Acinetobacter spp. (17%), Esch-
erichia coli (12%) and Staphylococcus aureus (8%).[23] In the 
present study, Staphylococcus spp. (n=16), Acinetobacter 
spp. (n=11), Pseudomonas spp. (n=11), Enterococcus spp. 
(n=5), Escherichia coli (n=3), Enterobacter spp. (n=2), Kleb-
siella spp. (n=2), Pantoea spp. (n=2), Proteus spp. (n=1), and 
Serratia spp. (n=1) were grown from cultures. It has been 
emphasized that local and intravenous antibiotics designed to 
target a specific agent are essential in the treatment of wound 
infection and sepsis. The most common cause of death in 
the present study was acute renal failure, though sepsis is 
the most frequently reported cause of electrical burn-related 
mortality. Consequently, it should be noted that intravenous 
fluid resuscitation and close observation of patients is essen-
tial in the treatment of burn injury.

Cost is another factor in the treatment of electrical burn in-
juries. Cases of high-voltage injury were found to incur costs 
more than twice as high as those of low-voltage injury. Aver-
age total cost per patient was 1,208.55 TL in cases of low-
voltage electrical burns, and average cost per hospital day was 
139.23 TL. Medical costs of the 46 patients with high-voltage 
electrical burns ranged from 120.89 TL to 15,033.00 TL. Total 
medical cost per high-voltage burn patient averaged 4,765.13 
TL, and average cost per day was 224.44 TL. It is believed that 
these high costs can be attributed to longer hospital stays, 
higher number of surgical procedures, and more extensive 
surgeries required by patients with high-voltage electrical in-
juries.

In conclusion, although treatment modalities have evolved 
and awareness among the public has increased, electrical burn 
injuries still cause significant mid- and long-term morbidity. 
Increasing awareness of electrical safety, the construction of 
safer electrical distribution networks, and the implementa-
tion of more effective means of occupational safety may serve 
to reduce the number of these devastating and occasionally 
fatal injuries.
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Elektrik yanıkları: Beş yıllık geriye dönük değerlendirme
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AMAÇ: Elektrik yanığı; haşlanma ve alev yanıklarından sonraki en sık üçüncü yanık şeklidir. Tedavi olanaklarındaki gelişmeler sayesinde düşme 
görülen mortalite oranlarına rağmen elektrik yanıkları halen ciddi komplikasyonlara ve sosyoekonomik sonuçlara neden olan yaralanmalardır. Bu 
çalışmada 2008–2012 yılları arasında Samsun Eğitim Araştırma Hastanesi Yanık Merkezi’nde yatarak tedavi gören hastalara ait verilerin geriye dönük 
analizi sunuldu.
GEREÇ VE YÖNTEM: 2008–2012 yılları arasında elektrik yanığı ile yatırılan ve gerekli tedaviler uygulanan toplam 94 (84 erkek, 10 kadın) hasta 
incelendi. Hasta demografik bilgileri, yanık derecesi, toplam alanı, voltaj türü (yüksek/alçak), tedavi maliyeti, tedavi yöntemleri, enfeksiyon oranları 
ve eşlik eden travmalar açısından değerlendirildi.
BULGULAR: Hastalarda ortalama yaş 26.4±13.2 olarak bulundu, 47 hastada (%50) yüksek voltaj yanığı, 42 hasta düşük voltaj yanığı ve beş hasta 
ark yanığı mevcuttu. Toplam yanık alanı yüksek voltajda %21.8 (±19.8), düşük voltajda %11.9 (±6.9) olarak bulundu. Yedi hastada eşlik eden travma 
mevcuttu. Otuz bir hastada (%32.9) enfeksiyon bulguları gelişti ve uygun tedavi başlandı. Yüksek voltaj ve düşük voltaj yaralanmalarının toplam 
hastanede kalma ve tedavi maliyetleri arasında anlamlı fark mevcuttu.
TARTIŞMA: Yaptığımız geriye dönük araştırmada yüksek voltaj yaralanmalarının büyük çoğunluğunu sanayi yaralanmaları olduğunu ve olguların 
tümünün genç erkek yetişkinlerden oluştuğunu gözlemledik. Çalışanların iş güvenliklerinin artırılmasını sağlayan önlemlerin yanı sıra elektrik dağıtım 
şebekelerinin güvenliğinin pekiştirilmesi ve elektrik kullanımı konusundaki güvenlik bilincinin artırılması bu önemli yaralanmaların sıklığını ve şiddetini 
azaltacaktır.
Anahtar sözcükler: Analiz; elektrik yanıkları, geriye dönük.

Ulus Travma Acil Cerrahi Derg 2016;22(3):278–282     doi: 10.5505/tjtes.2015.55491

  ORİJİNAL ÇALIŞMA - ÖZET

Ulus Travma Acil Cerrahi Derg, May 2016, Vol. 22, No. 3282

http://dx.doi.org/10.1016/j.burns.2010.12.005
http://dx.doi.org/10.1016/j.burns.2012.04.012
http://dx.doi.org/10.1016/j.burns.2009.01.014
http://dx.doi.org/10.1016/j.burns.2011.10.012
http://dx.doi.org/10.5999/aps.2012.39.2.138
http://dx.doi.org/10.1097/BCR.0b013e318184815d
http://dx.doi.org/10.1097/SAP.0b013e3181f3e60f
http://dx.doi.org/10.1016/0305-4179(95)00044-C
http://dx.doi.org/10.5505/tjtes.2011.15483
http://dx.doi.org/10.1055/s-2008-1041048
http://dx.doi.org/10.1055/s-2008-1041032
http://dx.doi.org/10.1016/j.burns.2004.05.008
http://dx.doi.org/10.1136/pmj.78.919.283
http://dx.doi.org/10.1097/01.BCR.0000169893.25351.A9
http://dx.doi.org/10.1097/00007611-198811000-00004
http://dx.doi.org/10.1046/j.1440-1754.2003.00070.x
http://dx.doi.org/10.1016/S0305-4179(02)00024-4

