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Abstract
Electrocutions are a particular type of trauma, usually affecting young active people, leading to high morbidity 

and mortality rates in extensive injured patients. Those patients require complex, multidisciplinary treatment 
in specialized burn centers. 

We conducted a three-year retrospective study in the Burn Unit of the Clinical Emergency Hospital Bucharest, 
Romania, aiming to identify different factors that characterize electrical injuries, with the goal to improve our 
clinical practice, in order to decrease overall complications, the morbidity and mortality rates and obtain an 
optimal functional prognosis for those severely injured patients. Patient-related and injury-related parameters 
were analyzed, and particularities observed in our burn unit were noted. 

A clear understanding of the physiopathology of those injuries and their complications is essential for 
providing an optimal therapeutic strategy. Rapid initiation of systemic supportive measures, accurate diagnostic 
and an adequate surgical treatment, correctly conducted, are essential for improving the vital and functional 
prognostic of patients who suffer electric injuries.
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INTRODUCTION 
Electrocutions are a particular type of trauma, di-

vided clinically into two types: high voltage lesions and 
low voltage lesions. The threshold between the two 
types of lesions is 1000 V. Low voltage electrical injuries 
are similar to thermic burns and usually present full 
dermal thickness and subdermal cutaneous lesions 
[1,2].

High voltage electrical injuries may determine vari-
ous degrees of cutaneous burns, associated with hid-
den and ample profound cutaneous lesions, also called 
“iceberg tip” lesion. This type of injury determines pro-
gressive tissular necrosis, which surpasses the ampli-

tude and localization of cutaneous lesions. The lesions 
are similar to crush-type traumas, due to both thermal 
injuries, as well as micro- and macrovascular local 
changes. Although the lesion is localized, the metabolic 
immediate effect is directly proportionate to the affect-
ed tissues quantity and initial vascularization status of 
respective tissues [1-5].

Electrical injuries can be divided by type into four 
categories: true electrical injury, lightning injury, flame, 
and flash. The latter, usually results in superficial burns, 
due to an arc flash, the patient suffering no electrical 
injury, with no current passing through the skin. Flame 
injuries may determine clothing ignition, in addition to 
passage or not of electrical current. As far as lightning 
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injuries are concerned, high voltage electrical current 
passes throughout the patient’s body in a short period 
of time. Lastly, patients become part of the current cir-
cuit when suffering a true electrical injury, hence the 
presence of entry and exit wounds [2,6].

For high voltage injuries, the lesions can be fatal in-
stantly. Nevertheless, the damage associated with 
electrocutions can result in multiple tissues or organs 
dysfunction, affecting different types of tissues both 
superficial and profound [2]. Table 1 illustrates specific 
injuries that may occur in electrocutions [3].

TABLE 1. Tissues affected by electrical burns [3]

Damaged 
tissue

Injury type

Skin Thermal injury
Muscular 
system

Necrosis
Compartment syndrome

Osteo-skeletal Fractures
Sprains
Joint dislocation

Cardio-vascular Vascular necrosis
Vascular thrombosis
ST elevation (most common EKG change)
Dysrhythmias
– Supraventricular dysrhythmias

Atrial fibrillation (most common
dysrhythmia)
Sinus tachycardia
Atrial extrasystoles

– Ventricular fibrillation (most common
cause of fatality)
Bradycardia
Cardiac ischemia and myocardial infarction

GI tract Intestinal necrosis
Renal system Myoglobinuria 

Acute tubular necrosis
Acute renal failure following rhabdomyolysis

Ocular system Cataract

The prompt surgical treatment, correctly conduct-
ed, is essential for improving the vital and functional 
prognostic of patients who suffer electric injuries [3].

MATERIAL AND METHODS
We conducted a three-year retrospective cross-sec-

tional study in the Burn Unit of the Clinical Emergency 
Hospital, Bucharest, Romania, between May 2016 and 
May 2019, where a single lot of 23 patients was gath-
ered. Criteria for study admission were based up mech-
anism of action, with inclusion of patients who suffered 
electric burns either high or low voltage electric inju-
ries, excluding patients with scald, contact, fire, chemi-
cal or radiation burns. Multiple parameters were ob-
served for each patient: demographic characteristics, 
lesion characteristics, encountered complications and 
patient outcome. In order to gather the data, we used 

the Burn Unit’s both digital archives (eHealth program, 
HIPOCRATE) and physical archives. Formal consent was 
obtained from all patients belonging to this study. Anal-
ysis of data was performed using statistics software: 
Microsoft Excel and IBM SPSS.

RESULTS
23 electrocutions occurred during a three-year peri-

od in our unit. All of them were men. Total burn pa-
tients were 269, meaning 8.5% were electrocutions. 10 
(43%) patients who suffered electrical injuries died and 
2 (9%) of them were transferred to other burn units in 
other countries. Almost half of the patients survived 
(48%). Regarding home environment, 14 (61%) patients 
presented urban origins, the rest of 9 (39%) having ru-
ral origins.

We observed the modality of hospital admission: 13 
(57%) patients were referred to our burn care unit from 
other hospitals, while 10 (43%) patients presented di-
rectly to our emergency department. Notably, 21 out 
of 23 patients (91.3%) patients belong to the active age 
population, falling within the working age range, while 
the other two were elderly patients (>80 years of age) 
(Fig. 1).

Total body surface area (TBSA) burns percentage is 
evenly distributed amongst all categories in patients 
who suffered electric burns, notably, the most repre-
sented surface range was 61-70% (Fig. 2).

Most of the patients, 20 out of 23 (87%), presented 
with 3rd degree burns after electrocution. Only three 
(13%) patients suffered from more superficial skin le-
sions. In addition, almost one third of the patients pre-
sented an airway injury, another negative prognostic 
factor on the patient’s outcome. All anatomical seg-
ments were affected in electrocutions, with emphasis 
on the upper body area consisting of cephalic extremi-
ty, thorax and upper limbs (a combined 61% of all body) 
(Fig. 3).

Survival predictability was reliable, achieved 
through usage of the ABSI (abbreviated burn severity 
index) score (Fig. 4).

There were 11 flash-type etiological electrical inju-
ries, out of which 3 were true electrocution combined 
with flash injuries, all of them being included in the 
high voltage category. Out of the 8 flame-type injury 
there was 1 injury consisting of both true electrocution 
and flame made, also included in the high voltage cate-
gory. None of the patients suffered a lightning injury 
(Fig. 5).

Almost half (12 cases) of the electrical burns oc-
curred in a workplace set environment. Two thirds of 
the patients admitted with electrical burns required 
mechanical ventilation. The minim number of mechan-
ical ventilation hours was 7 hours, while the maximum 
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FIGURE 1. Patients distribution by age groups

FIGURE 2. TBSA distribution

FIGURE 3. Burn areas affected by electrical injuries

FIGURE 4. Correlation between the ABSI score and mortality



Romanian JouRnal of medical PRactice – Vol. XVi, no. 3 (80), 2021

390

A B

was 7,200 hours. The average number of mechanical 
ventilation hours were 427, with a standard deviation 
of 1,452, which indicated non-clustered data results 
with a widespread distribution.

Mean hospitalization days were 34 days, with a 
standard deviation of 60. The shortest admitted period 
was 1 day and the largest was 303 days. More than a 
third (39%) of all patients developed a complication. 
More than half of them (55%) presented infectious 

complications, followed by neurological complications, 
cardiovascular, renal and gastrointestinal. Pneumonia 
was the most common finding amongst the infectious 
complications, followed by urinary tract infections, 
wound infection and gastrointestinal tract infection. 
One patient developed both infectious and neurologi-
cal complications, while another both infectious and 
gastrointestinal complication (Fig. 6).

.

FIGURE 5. Type of electric injury

FIGURE 6. Electrical burns complications

FIGURE 7. Emergency surgical interventions
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Only 3 (13%) patients presented with comorbidi-
ties, one patient presented elevated blood pressure, 
another patient presented type II diabetes and elevat-
ed blood pressure, while the latter presented elevated 
blood pressure, neoplasia and stable angina pectoralis.

Two thirds of the patients required emergency sur-
gical intervention, 14 (60%) needing immediate fasciot-
omy, 2 (9%) needing amputations. Out of all fascioto-
mies, 14 were performed in the upper limb, while 4 
were performed in the lower limb and 2 in the trunk 
and abdomen (Fig. 7).

DISCUSSION 
Electrical injuries are uncommon but are recognize 

as the most devastating type of burn injuries, with high 
morbidity and mortality, determining severe damage 
of both the skin and deep tissues, leading to large ne-
crosis areas. Those patients require complex, multidis-
ciplinary treatment in specialized burn units [7,8].

Through this study we tried to identify different fac-
tors that characterize electrical injuries, with the goal 
to standardize and improve our clinical protocols in or-
der to decrease overall complications, the morbidity 
and mortality rates and obtain an optimal functional 
prognosis for those severely injured patients. Pa-
tient-related and injury-related parameters were ana-
lyzed and particularities observed in our burn unit were 
noted. 

National Burn Repository (NBR) of the American 
Burn Association (ABA) reports for 2016 stated that 
486,000 patients presented burn injuries requiring 
medical treatment, 40,000 required hospitalizations 
with a survival rate of 96.8%. Electrical injuries repre-
sented the admission cause for 4% of those patients 
[9].

In our study group of 269 patients admitted in our 
Burn Unit on the three years period, we observed that 
8.5 of the cases suffered electrical injuries, an inci-
dence two-fold higher than data usually reported by 
other centers.

All our patients were males, 91.3% of them belong-
ing to the working active age population, half of the 
electrical injuries occurring in a workplace set environ-
ment. Electrical injuries occur in both young and labor 
active male individuals, as resulted from our study. 
Those findings are concordant with available literature 
data [7].

More than half of the patients were admitted in our 
burn unit after being transferred from other hospitals, 
sometimes requiring long-distance transport. This as-
pect may lead to inappropriate emergency treatment, 
delays fluid resuscitation and adequate surgical treat-
ment, posing also transport related-risk and higher in-
fectious risk. 

Regarding the etiology, three quarters of cases pre-
sented high voltage electric injuries. 

In this study, electrical injuries associated also ex-
tensive burns, with two thirds of the patients having 
over 30% TBSA burns, attesting a poor prognostic. 13 of 
23 patients presented burn injuries over 40% TBSA. 
Morbidity and mortality risk increased with TBSA in a 
linear manner, burns over 40% TBSA in adult patients 
determining high risk for severe complications and 
higher mortality rate, even in the setting of high-quali-
ty standard of care [10].

Most of the patients, 20 out of 23 (87%), presented 
with full thickness burns after electrocution. Only three 
(13%) patients suffered more superficial burn lesions. 
Presence of third-degree burn is an important severity 
factor. Correct surgical treatment with early excision 
and grafting of the full thickness burn wounds is man-
datory to reduce risk of complications and improve pa-
tient outcome [11].

We emphasize the importance of surgical treatment 
in management of electrical injuries cases, in order to 
reduce morbidity and mortality and promote and ade-
quate recovery of those patients.

Emergency protocols contains the following maneu-
vers. Firstly, excision of constituted areas of necrosis 
from both entry and exit wounds is performed, as well 
as skin ischemic areas that appeared after passage of 
electrical current or thermic burns, following electrical 
arch or burning clothes. After thorough excision, the 
next steps are either: Decompression incisions at the 
level of necrosed areas and third-degree burns, as well 
as at the level of the limbs where a compartment syn-
drome is suspected, either fasciotomies and fasciecto-
mies of the limbs, usually at the level of the forearms, 
hands and calves, excision of devitalized muscles, or 
necessity amputations in case of extremity carboniza-
tion or in case of constituted ischemia. 

Post-emergency surgical treatment includes daily 
dressing of the wounds, excision of septic tissues 
post-necrosis or post-deepening of the burns, excision 
of the areas where ischemia aggravated or where ne-
crosis developed, even necessity amputations in case 
of major arterial source lesion, without possible of cov-
erage with quality biological materials. Lastly, recon-
structive surgery is performed to cover post-excision 
defect through either skin grafts, local or distant flaps.

In this study, 69% patients required emergency sur-
gical intervention, 14 (60%) needing immediate fasciot-
omy, 2 (9%) needing amputations. For 14 patients, fas-
ciotomies were performed in the upper limb, while 4 
were performed in the lower limb and 2 in the trunk 
and abdomen. More often, fasciotomies of the hand 
and forearm were performed than arm and forearm.

In our patients, we observed extensive involvement 
of functional areas, leading to more demanding surgi-
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cal strategies and necessity for long term patient follow 
up to improve functional prognostic of the patients. 

Presence of inhalation injuries in burn trauma is 
correlated with high morbidity and mortality rates. The 
inhalation injury is evaluated using fiber-optic bron-
choscopy, being reported a direct correlation between 
the inhalation injury severity observed at bronchosco-
py and patient’s mortality [12-14]. One third of our pa-
tients with electrical injuries also associated inhalation 
injuries, leading to poor prognosis for those cases. 

Two thirds of the patients admitted in our unit with 
electrical burns required mechanical ventilation. The 
minim number of mechanical ventilation hours was 7 
hours, while the maximum was 7,200 hours. The aver-
age number of mechanical ventilation hours were 427. 
A prolonged duration of mechanical ventilation deter-
mines a poor prognosis for the patient, causing multi-
ple complications. Patients with extensive burns need-
ing mechanical ventilation for long term and requiring 
multiple surgical procedures are candidates for trache-
ostomy procedure [15,16].

We observed very high mortality levels in our group, 
therefore we analyzed the correlation between ob-
served mortality and mortality predicted trough ABSI 
(abbreviated burn severity index) score correlates with 
expected mortality in our patients. ABSI score is an im-
portant predictor of mortality in burned patient’s pop-
ulation, maintaining its scientific value for almost four 
decades, since it was introduced by Tobiasen in 1982 
[17,18]. We must take into consideration each severity 
factor encountered in the patients to adjust the thera-
peutic strategy. 

It is well known that electrical injuries associate se-
vere systemic complications. 

Cardiac arrest appears during either first-time pres-
entation or at the end of a long and complicated admis-
sion case. Continuous cardiovascular monitorization is 
mandatory in electrocution cases due to high risk of 
cardiac complications [19].

Many of the complications are similar to those of 
the burns, crush syndromes, including infection, myosi-
tis, myoglobinuria. Relevant incidence of acute kidney 
failure due to myoglobinuria has decreased, given the 
aggressive liquid reanimation and adequate surgical 
treatment. Fasciotomies are necessary to prevent com-
partment syndromes and acute nerve compression. 
Devitalized tissue aggressive debridement and major 
amputations are usual needed in cases with severe, ex-
tensive tissue destruction, in order to prevent reperfu-
sion complications and death [3,4,20].

Neurological complications, usually high-voltage 
electrical injuries associated with such as loss of con-

sciousness, peripheral or central nerve lesions and de-
layed lesions of the spinal cord were reported [21]. 
Long term complications neuropsychiatric complica-
tions include posttraumatic stress disorder, depression, 
anxiety, memory and attention impairment [22].

Stress ulcer, known as Curling ulcer, may developed 
in severely burned patients [23]. In electrocution cases, 
abdominal lesions due to ischemia, vascular lesions or 
blunt force trauma can be initially overlooked in.

Infectious complications are a common occurrence 
in burn unit’s patients. The most frequent cause of hos-
pital mortality is represented by pneumonia, sepsis, 
and multiple organ insufficiency [24].

In our group, we noticed that 9 of 23 all patients 
developed complications, more than half of them be-
ing infectious, followed by neurological complications, 
cardiovascular, renal and gastrointestinal. Pneumonia 
was the most common finding amongst the infectious 
complications, followed by urinary tract infections, 
wound infection, and gastrointestinal tract infection. 
One patient developed both infectious and neurologi-
cal complications, while another both infectious and 
gastrointestinal complication.

The patient severely affected by electrical injuries 
represents a challenge for the plastic surgeon, besides 
live saving, the main desideratum being the fastest and 
most complete recovery of this type of patient. Unfor-
tunately, not infrequently, due to the complexity of the 
lesions, significant sequelae persist and varying de-
grees of disability, requiring long term rehabilitation 
support for social reintegration. 

CONCLUSIONS
Electrocutions are a particular type of trauma, usu-

ally affecting young active people, leading to high mor-
bidity and mortality rates in extensive injured patients. 
Those patients require complex, multidisciplinary 
treatment in specialized burn units. Rapid initiation of 
systemic supportive measures, accurate diagnostic and 
an adequate surgical treatment, correctly conducted, 
are essential for improving the vital and functional 
prognostic of patients who suffer electric injuries. A 
clear understanding of the physiopathology of those 
injuries and their complications is essential for provid-
ing an optimal therapeutic strategy. It is not uncom-
mon that electrical injuries victims to have poor func-
tional recovery, requiring long term follow-up and 
integration in sustained rehabilitation programs. 
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