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Abstract
Background: High‑voltage electric injury may induce lesion in different organs. 
In addition to the local tissue damage, electrical injuries may lead to neurological 
deficits, musculoskeletal damage, and cardiovascular injury. Severe vascular 
damage may occur making the blood vessels involved prone to thrombosis and 
spontaneous rupture.
Case Description: Here, we present the case of a 39‑year‑old male who 
suffered an electrical burn with high tension wire causing intracranial 
bleeding. He presented with an electrical burn in the parietal area  (entry 
zone) and the left forearm (exit zone). The head tomography scan revealed an 
intraparenchimatous bleeding in the left parietal area. In this case, the electric 
way was the scalp, cranial bone, blood vessels and brain, upper limb muscle, 
and skin. The damage was different according to the dielectric property in each 
tissue. The injury was in the scalp, cerebral blood vessel, skeletal muscle, and 
upper limb skin. The main damage was in brain’s blood vessels because of 
the dielectric and geometric features that lead to bleeding, high temperature, 
and gas delivering.
Conclusion: This is a report of a patient with an electric brain injury that can be 
useful to elucidate the behavior of the high voltage electrical current flow into the 
nervous system.
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BACKGROUND

High‑voltage electric injury may induce lesions in 
different organs.[10] In addition to the local tissue damage, 
electrical injuries may lead to neurological deficits, 
musculoskeletal damage, and cardiovascular injury. Severe 
vascular damage may occur making the blood vessels 
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involved prone to thrombosis and spontaneous rupture. 
There are some reports regarding the rupture of arteries 
secondary to high‑voltage electric injuries including 
brachial, radial, ulnar, internal mammary, obturator and 
common carotid.[11]

Neurological damage is a common complication. The 
reported neurological complications include cerebral 
injury, spinal cord lesions, peripheral nerve injuries, and 
motor neuropathies depending on the injury site.[9]

Here, we describe a patient who underwent high‑voltage 
cranial electrical injury and brain hemorrhage.

CASE DESCRIPTION

Our case is about a 39‑year‑old male, who suffered an 
electrical burn with high tension wires that caused an 
intraparenchimal bleeding. The patient was working on the 
ceiling of a house when he received an electrical discharge 
on his head. A  high voltage wire touched his head, after 
which, he lost awareness without recovery. He received 
primary care by paramedic personal, who found the patient 
with 6 points on the Glasgow Coma Scale (GCS). He was 
sedated with advanced airway manage and was sent to our 
medical center. He arrived under the effect of sedation, 
with the Ramsay scale of 6, therefore, he continued under 
sedation and with mechanical‑assisted ventilation.

On physical examination, he presented an electrical 
burn in the parietal area  (entry zone) with a diameter of 
approximately 8  cm  [Figure  1], along with an electrical 
burn in the left forearm  (exit zone)  [Figure  2]. He was 
isometric with 3‑mm sized pupils. In the laboratory 
analysis, we found high CPK levels  (CPK 12307), 
secondary to rhabdomyolysis.

The head tomography scan revealed an intraparenchimatous 
bleeding in the left parietal area, under the entry zone, 

with gas density inside the hemorrhage [Figure  3]; the 
calculated volume was about 60 cm3 with deviation of the 
midline elements. He underwent surgical drainage through 
enlarged single burr‑hole.[6]

The control tomography scan showed the subtotal 
evacuation of the hemorrhage and the recovery of midline 
structures [Figure 4].

After surgery, he stayed in the intensive care unit  (ICU) 
for 5  days where he presented renal failure secondary 
to rhabdomyolysis. During the ICU monitoring, he had 
satisfactory evolution. He was extubated and discharged 
to our hospitalization service, where he stayed for 5 days 
to complete antibiotic treatment. He was discharged 
from our hospital with 15 points in the GCS and the skin 
lesions in epithelialization phase.

The clinical effects of electric injury may be classified 
into immediate and late manifestations. The immediate 
manifestations include cardiac and respiratory arrest, 
loss of consciousness, motor and sensory disturbances, 
amnesia, and confusion. The late manifestations may be 
divided into focal and nonfocal deficits and may occur 
days to months after the electric injury. Focal deficits 
include cerebral  (hemiplegia, aphasia), spinal  (transverse 
myelitis, progressive muscular atrophy, amyotrophic 
lateral sclerosis), and peripheral nerve  (neuropathies, 
radiculopathies) manifestations. Nonfocal symptoms 
such as psychoneurotic behavior, personality changes, 
confusion, amnesia, and headache are common, and 
their occurrence is not restricted to cases in which the 
brain lies in the electric current pathway. Abnormal 
electroencephalograms  (EEGs) have been documented in 
cases in which the brain is outside the current pathway.[3,5,7]

Although the exact mechanism of nerve injury has not 
been explained, both direct injury by electrical current 
and/or a vascular cause receive the most attention.[9]

Figure 1: Entry zone Figure 2: Exit zone
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Four theories have been considered to explain the 
histopathological findings of electric injury. (1) The 
electrostatic theory suggests that, if the victim is not 
grounded, electric charges build up in the body, producing 
electrostatic effects. Particles with similar charges repel 
each other, resulting in a sudden expansive force of the 
body tissues that raises waves of decompression under 
the skin. This may account for the tissue rupture seen 
in autopsy, however, it does not explain the unilateral 
predominance of clinical effects or abnormalities 
beyond the current pathway. (2) The vascular theory 
suggests vasoconstriction as the mechanism of the acute 
manifestations. Initial injuries and subsequent vascular 
thrombosis may account for the delayed manifestations. 
Animal studies have shown that pial vessels constrict 
when exposed to electric stimulation. (3) The mechanical 
theory suggests that the injury is caused by a violent 
jarring of the tissue because of the electrical current. 
(4) The heat theory suggests thermal injury to the brain 
tissue as the mechanism of the pathological findings. 
Cerebrospinal fluid temperatures as high as 145°F have 
been recorded 5 hours after legal electrocution.[7]

Electrical injury results in direct damage of the tissue 
because of the electric current and subsequent heat 
generation. The amount of direct damage depends 
primarily on the intensity of the current. Ohm’s law 
states that this current is proportional to the voltage 
and inversely proportional to the resistance of the tissue. 
Although we would expect the current density to be 
higher in nerves and blood vessels because of the low 
resistance, the tissues act as a volume conductor, with the 
composite resistance of all the tissue components.

The heat that is generated by the passage of the current 
can be quantified with Joule’s law, which states that heat 
is proportional to square of the voltage and inversely 
proportional to the resistance of the conductor.

Although the resistance and voltage are important for 
determining the current and the heat generated, other 
factors that determine the clinical injury include the 
duration of contact with the conductor and the pathway 
of the current’s flow. Heat generation due to the passing 

current causes direct damage to the tissues. Robson et al. 
demonstrated that electrical injuries result in elevated 
levels of thromboxane A2. The high thromboxane A2 
levels contribute to progressive tissue necrosis by causing 
vasoconstriction and thrombosis in the microcirculation. 
Partial or complete vessel occlusion may occur at the 
time of the injury, especially in smaller nutrient arteries, 
and delayed arterial thrombosis may also occur. Electrical 
injury to blood vessels causes varying degrees of damage to 
different layers of the vessel. Wang et al. examined aorta 
and pulmonary artery endothelial cells from electrocution 
victims and found that cell membrane perforations were 
present within 24 hours of the electrical injury, whereas 
after 24 hours, the endothelium disintegrated. Jaffe et al. 
found that electrical injury caused a complete loss of 
endothelial cells. The muscle fibers of the media were 
more sensitive to electric current, whereas the adventitia 
showed little change. The vessels lost their elasticity, and 
fusiform aneurysms were common.[11]

Human body can transport electric current, but in an 
electric shock situation, similar to the case presented 
here, current distribution through the body depends 
specifically on each person as well as on the circumstances 
of the electric shock. Although dielectric properties of 
tissue have been described, particular circumstances 
play a major role in electrical injury, i.e., skin resistance, 
voltage breakdown of skin, contact area with source 
voltage, distance between points of contact, and of 
course source voltage. According to our patient’s set of 
images, we can try to study the current distribution and 
possibly the tissue injury in the first centimeters depth, 
from the contact point in his head. First, let us consider 
the dielectric properties of tissue shown in Table 1.

In a macroscopic approach, these properties can be used 
to analyze the different tissue behavior as a resistive 
element of current transport; hence, we can present a 
biological system injury which will have circuit properties 
of both serial and parallel circuits.

Figure  3: Presurgery head tomography. Intraparenquimatous 
hemorrhage with gas density (arrows)

Figure 4: Post‑surgery head tomography
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Therefore, the electric power  (P  =  I2  ×  R, from 
Ohm’s law) is a helpful measurement to compare the role 
of each resistive element in this biological circuit system, 
taking into account specific dielectric and geometrical 
properties we can estimate power deposition.

According to power values shown in Table  2, most 
heat generation would be expected to occur in tissue 
with the highest resistive value if we use Joule’s law, 
H  =  I2  ×  R × t, current I is constant in every node of 
the circuit by conservation of electric charge. This is in 
skin and blood vessel tissue.[1,2,4,8]

In our case, the injury must be secondary to mixed 
sources, mainly the heat generation hypothesis, 
i.e.  the electric current passing through different 
tissue resistance damages the vascular tissue, that 
was the bleeding source, and the heat generation was 
capable to disrupt the chemical interaction between 
the oxygen and the hemoglobin. The high temperature 
leaves the accumulation of gas density in to the 
hematoma [Figure 3].

In this case, the electric route was the scalp, cranial bone, 
blood vessels and brain, upper limb muscle, and skin. The 
damage was different according to the dielectric property 

of each tissue. The injury was in the scalp, cerebral blood 
vessel, skeletal muscle, and upper limb skin.

The main damage was in the brain’s blood vessels 
because of the dielectric and geometric features, leading 
to bleeding, high temperature, and gas delivering (maybe 
oxygen or carbon dioxide, delivered from the 
hemoglobin). It is remarkable to mention that although 
the blood vessel and brain tissue had similar calorific 
capacity, the blood vessel has higher resistance and it 
leads to higher temperature than the brain tissue.

CONCLUSION

This is a report of a patient with electric brain injury 
that can be useful to elucidate the behavior of the high 
voltage electrical current flow into the nervous system.
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Table 1: Electrical conductivity measured in several human 
tissues[1,4]

Tissue Conductivity 
σ (S/m)

Resistivity 
ρ (1/σ)

R=ρ L/A 
(Ohms)*

Skin Dry 0.0002 5000.00 11900
Bone Cortical 0.0201 49.86 320
Bone Cancellous 0.0808 12.37 394
Brain Gray Matter 0.0801 12.48 1190
Brain White Matter 0.0550 18.19 1740
Blood Vessel 0.2648 3.78 6011

Table 2: Power dissipated by resistors

Tissue P (mW)

With skin Without skin

Skin Dry 370 ‑
Bone Cortical 10 49
Bone Cancellous 12 61
Brain Gray Matter 37 183
Brain White Matter 55 272
Blood Vessel 186 923


