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Abstract: Victims of electrical burns account for approximately 5% of admissions to major burn centers. The first
case of visceral injury caused by electrical burns was described in 1927 by Simonin, who reported perforation of
the small intestine. Other rare cases were reported over the following years. The colon and small intestine were the
organs most frequently affected. Less frequently involved organs were the heart, esophagus, stomach, pancreas,
liver, gallbladder, lung, and kidney. We highlight the potential fatal visceral injuries after the electrical trauma. This
study provides a review on this topic and proposes a management flowchart that should be adopted by the multi-
disciplinary team to treat these patients. Conclusion: Visceral injuries are rare in electrical burns victims, but it can
be severe and are associated with high rates of morbidity and mortality, sometimes requiring a more interventional

approach.
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Introduction

Victims of electrical burns account for approxi-
mately 5% of admissions to major burn centers
[4, 2]. Traumas due to high-voltage currents
(>1,000V, 50 Hz) are generally associated with
work accidents in which the worker comes into
direct contact with the energy source, or indi-
rectly through conductive materials or equip-
ment [3].

The damage caused by electrical burns is the
result of heat and of the electrical current pass-
ing through tissues, causing coagulative necro-
sis and cell membrane rupture. The resistance
of tissue to the passage of an electrical current
is variable and is lower for nerves and vessels
and higher for fat and bones. An electrical cur-
rent of the same intensity can cause variable
damage depending on the susceptibility of
each individual and the quality of care provided
at the site of the accident [4].

Survivors of electrical burns have injuries at the
entrance and exit site of the electrical current
and potential visceral injuries whose severity is
generally disproportional to the body surface
burned [5, 6]. Visceral lesions are rare, but
potentially severe. They are associated with
high morbidity and mortality and sequelae of
variable magnitude, and often require more
interventional approaches. Therefore, visceral
injuries should always be remembered in the
case of electrical burns and should be man-
aged adequately by a multidisciplinary team.

The first case described of visceral injury
caused by electrical burns was in 1927 by
Simonin, who reported perforation of the small
intestine [7, 8]. Other rare cases were reported
over the following years. The colon and small
intestine were the organs most frequently
affected. Less frequently involved organs were
the heart, esophagus, stomach, pancreas, liver,
gallbladder, lung, and kidney [3, 9-11]. In 1945,
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Figure 1. Sequential computed tomograph scans of
the abdomen showing pancreatic laceration (A: ar-
row), edema of the pancreatic tail (B: arrow), and a
left retroperitoneal hematoma (C: arrow).

Glazer reported three cases of pancreatic
necrosis diagnosed during autopsy of two
patients hit by lightning and one patient after
electrocution [12].

The severity of electrical burns is determined
by the voltage, amperage and type of current
(alternating or continuous), direction of flow,
duration of contact, resistance at the entrance
point, and individual susceptibility. Tissue inju-
ries are caused by a combination of thermal

and non-thermal mechanisms. As it passes
through tissues, electricity generates heat
according to Joule’s law: heat (Joule, J) = 12 (cur-
rent) x R (resistance). The increase in tempera-
ture causes the denaturation of macromole-
cules which is usually irreversible [13]. Also, the
electrical current alters the transmembrane
potential and muscle fibers and nerves are the
most susceptible structures.

Electroporation can induce cell necrosis in the
absence of heat [14-16]. Transmembrane pro-
tein molecules contain polar amino acid resi-
dues that may alter their orientation in response
to the passage of an electrical current. This
effect, known as electro conformational dena-
turation of membrane proteins, is usually irre-
versible and represents another mechanism of
non-thermal injury [17].

Management of electrical burns according to
the Advanced Trauma Life Support (ATLS),
Advanced Burn Life Support (ABLS) and Ad-
vanced Cardiac Life Support (ACLS) guidelines
is fundamental. Ventricular fibrillation is a
known cause of sudden death after electrical
burn injury and cardiac monitoring is therefore
critical during the first 24 h after trauma [18].

Electrical burns and visceral injuries

Although rare, visceral injuries resulting from
electrical burns should be taken into account,
investigated, and treated adequately. Appro-
ximately 15% of these patients have other
associated traumatic injuries resulting from
falls, bodily collisions with objects and tetanic
contractions due to shock, which must not be
neglected [4].

We recently treated in our hospital a rare case
of polytrauma after high-voltage electrical cur-
rent injuries associated with a pancreatic elec-
trocution. The medical report stated cardiopul-
monary arrest caused by ventricular fibrillation
for thirty min, which was reversed after maneu-
vers recommended by the Advanced Cardio-
vascular Life Support (ACLS). Already intubat-
ed, the patient was admitted to the Trauma
Room of the Emergency Unit of Hospital das
Clinicas de Ribeirdo Preto, University of Sao
Paulo (HCRP-USP). The patient had non-circum-
ferential third-degree burns on the hands, pre-
dominantly on the dorsal surface from the right
index to ring finger and on the palmar surface of
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Figure 2. Intraoperative image after exposure of the
pancreas showing the laceration with charred edges
at the body-tail transition.

the left index and middle fingers, and second-
degree burns on the forearms and chest, cor-
responding to 15% of TBSA. The first tests
showed signs of rhabdomyolysis (metabolic aci-
dosis; serum creatinine = 1.8 mg/dl; CPK =
4,188 U/1) and hyperamylasemia (1,087 U/I).
An abdominal computed tomography scan was
suspicious of gastric bleeding, pancreatic lac-
eration (AAST grade Ill), lacerations in the left
kidney (AAST grade lll), left adrenal hemor-
rhage, hemoperitoneum, and a left retroperito-
neal hematoma (Figure 1). The patient was
submitted to exploratory laparotomy by the
general surgical team, which showed a moder-
ate volume of blood in the abdominal cavity, a
perforation with charred borders in the mesen-
tery of the transverse colon without intestinal
ischemia, and a left perirenal hematoma
extending to the left parietocolic gutter. In addi-
tion, there was serosal injury in the posterior
gastric wall and a charred laceration in the dis-
tal third of the pancreas, compromising half of
its transverse diameter (Figure 2). Caudal pan-
createctomy and splenectomy were performed.
A three-way vesical catheter was installed for
intra-abdominal pressure monitoring at inter-
vals of 4 h. A febrile plateau and worsening of
renal function were observed over the next
days that were not correlated with alterations in
intra-abdominal pressure, which ranged from
12 to 20 mmHg. Hemodialysis and antibiotics
were initiated. Renal failure was attributed to
nephrotoxicity resulting from empirical antibi-
otic therapy initiated after the onset of fever.
On day 15 of hospitalization, the patient pre-
sented massive hematemesis and worsening
of hemodynamic parameters. Upper gastroin-

testinal endoscopy revealed esophagitis and
adherent blood clots in the fundus and gastric
body. Twenty days after laparotomy, the abdom-
inal wall was resutured due to evisceration and
examination of the abdominal cavity showed no
relevant findings. Laboratory testing of the
intra-abdominal fluid revealed normal amylase
and culture was positive for Gram-negative
rods. The patient remained hospitalized in the
ICU in serious condition. Amputation of the ring
finger and rotation of a local flap to cover the
right middle finger were indicated, but the
patient’s clinical conditions did not permit the
procedure. The general condition of the patient
worsened and he died one month after admis-
sion. Anatomopathological examination con-
firmed the suspicion of electrical burns in the
pancreas (Figure 3A and 3B).

The present patient was initially evaluated as a
polytraumatized electrical burn victim. The gen-
eral surgery and trauma team opted to perform
an exploratory laparotomy in view of the hemo-
dynamic instability of the patient and visceral
injuries identified by computed tomography,
considering blunt abdominal trauma. Until then,
these injuries could be explained by passage of
the electrical current or biomechanical mecha-
nisms related to trauma. The suspicion of vis-
ceral damage due to electrical current was sup-
ported by the intraoperative findings of carbon-
ization of the mesentery of the transverse colon
and pancreatic laceration, inferring that the
electrical current had entered through the left
hand, passed through the base of the thorax
and upper abdomen, and left through the right
hand. This suspicion was confirmed by anato-
mopathological analysis of a pancreatic frag-
ment obtained by caudal pancreatectomy,
which revealed coagulative necrosis associat-
ed with initial hyperamylasemia.

The clinical and radiologic findings did not per-
mit to establish the true mechanism of injury to
the left kidney due to the association with fall
from a height. There was no need for surgical
exploration since the injury was classified as
AAST grade lll. On the other hand, the develop-
ment of cardiac arrhythmia as a result of ven-
tricular fibrillation suggests heart damage that
may have also been caused by passage of the
electrical current.

Pancreatic involvement in burn patients is
described indirectly in the literature as acute
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Figure 3. A: Gross inspection: note the blackened areas on the surface of the pancreatic parenchyma specimen,
corresponding to coagulative necrosis. B: Microscopic analysis (100x magnification): area of coagulative necrosis in
the upper half of the image compared to normal parenchyma in the lower half.
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Figure 4. Guideline proposal for the management of patients with severe electrical burns. IAP: intra-abdominal pres-
sure; ECG: electrocardiogram; CT: computed tomography; ATLS: Advanced Trauma Life Support; ABLS: Advanced
Burn Life Support; ACLS: Advanced Cardiac Life Support.

pancreatitis. In a retrospective study of adult
patients with major burns, Ryan et al [19] found
that 40% of the patients had hyperamylasemia
and hyperlipasemia which were temporarily
associated with infections, inhalation injury,
trauma, and escharotomy. However, in a thor-
ough search of the Pubmed-Medline database

we found no explicit cases of pancreatic burns
due to electrical current other than the post-
mortem cases reported by Glazer [12].

In a retrospective review of severe complica-

tions in electrical burns that included 1,065
patients and comprised a period of 13 years,
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Haberal et al [9] reported two cases of gastro-
intestinal bleeding and one case of gastric per-
foration. The present patient also had gastroin-
testinal bleeding suggested by the initial
abdominal tomography scan and exteriorized
through hematemesis during hospitalization.
Endoscopy was nonspecific in terms of the eti-
ology of bleeding. Care was taken since that
patient had been admitted in order to prevent
Curling ulcer by adequate clinical management
and intravenous administration of proton pump
inhibitors. However, gastric mucosal injury
caused by the electrical current could not be
ruled out as a possible etiology of gastrointesti-
nal hemorrhage.

Electrical burns and abdominal compartment
syndrome

The development of abdominal compartment
syndrome in patients with major burns is gener-
ally related to the extent of injury and oversup-
ply of the resuscitation fluid volume adminis-
tered. Associated abdominal trauma repre-
sents an additional risk factor for the develop-
ment of this condition. The negative impact of a
progressive increase in intra-abdominal pres-
sure and consequent abdominal compartment
syndrome has been recognized in intensive
care units and surgical units. Surgical decom-
pression continues to be the gold standard for
the rapid and definitive treatment of this condi-
tion. Patients with an intra-abdominal pressure
> 25 mmHg associated with organ dysfunction
or failure should be submitted immediately to
surgical decompression [20, 21].

In view of the impact of medical care on the sur-
vival of abdominal electrical burn victims, we
propose a guideline for the monitoring and
treatment of these patients after initial resusci-
tation (Figure 4).

Conclusion

The adequate treatment of patients with elec-
trical burns requires the availability of an inten-
sive care unit and surgical center, a multidisci-
plinary team including clinicians, intensivists,
nephrologists, plastic surgeons, general sur-
geons, trauma surgeons, and orthopedists, as
well as other professionals involved in the treat-
ment and rehabilitation of these patients such
as qualified nurses and practical nurses, phys-
iotherapists, psychologists, occupational thera-
pists, nutritionists, and nutrition experts.

After initial resuscitation, additional damage
should be prevented in abdominal electrocu-
tion by an early diagnosis of segmental or
abdominal compartment syndrome, and tissue
necrosis. Electrocardiographic, hemodynamic
and intra-abdominal pressure monitoring is
fundamental, as is maintenance of water bal-
ance and adequate management of rhabdomy-
olysis to prevent renal and heart failure.
Potential visceral injuries should always be sus-
pected in polytraumatized patients with electri-
cal burns and detailed analysis of the mecha-
nism of trauma is necessary. Thorough physical
examination combined with imaging methods
and laboratory tests permits the early diagno-
sis of severe injuries, reducing morbidity and
mortality by enabling early intervention. The
path of the electrical current through the body
cannot be determined accurately and can often
only be suggested based on the detection of
abdominal visceral injuries by exploratory lapa-
rotomy or laparoscopy. In the case of pancre-
atic injuries, involvement of the major pancre-
atic duct is the main prognostic factor and
requires immediate surgical treatment to
reduce complications and the length of hospi-
tal stay.

Although rare, abdominal trauma produced by
electrical currents is associated with high mor-
bidity and mortality. This paper proposes a
treatment guideline designed to permit early
intervention, the prevention of additional dam-
age and late complications, and progressive
improvement in the prognosis of these patients.
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