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Shocking Injuries: Knowing  
the Risks and Management  

for Electrical Injuries
Approximately 5,000 patients present to the emergency department (ED) 

each year for evaluation and treatment of electrical injuries.1 The objective of this 
article is to discuss the different classifications of electrical exposures and describe 
the recommended initial evaluation, diagnostic workup, and treatment. In addi-
tion, it also will discuss special situations, such as lightning exposures, pediatric 
exposures, and electrical exposures during pregnancy.

— Ann M. Dietrich, MD, Editor

Introduction 
Electrical exposures can be categorized in several different ways. They 

often are separated based on the source of the injury: alternating cur-
rent (AC) or direct current (DC). Injuries may occur in a household, 
recreational, or occupational setting, and a trimodal age distribution of 
injury has been described. The first peak is in the pediatric age group, 
often from household appliances.2 The second peak is during the teen-
age years, often from risky behavior near power lines or other sources. 
By far, the most significant injuries occur in the occupational environ-
ment in the adult population, which makes up the third peak.3 Most 
homes and workplaces use AC as the electrical supply, whereas batteries, 
automobiles, and power lines generally use DC. Injuries generally are 
worse with AC exposures than with DC exposures at an equal voltage. 
This is because low-frequency AC tends to cause tetany, which makes it 
difficult for the individual to release the current source and prolongs the 
length of exposure. For this reason, AC is about three to five times more 
damaging than DC of equal voltage and current. See Table 1 for a com-
parison of AC and DC injuries. 

Electrical injuries also can be characterized based on the source, such 
as a low-voltage source, a high-voltage source, a flash burn (no current 
passes through the affected person), or lightning.2,3 Clinically, the most 
common classification is low vs. high voltage, a distinction that can 
affect the medical workup and disposition significantly. Traditionally, 
high voltage is considered more than 1,000 volts and low voltage is 
considered lower than 1,000 volts. However, some systems are now 
considering > 600 volts as the threshold for high voltage. High-voltage 
injuries make up approximately 38% to 50% of all electrical injuries; 
low-voltage injuries comprise approximately 20% to 44.7% of injuries; 
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EXECUTIVE SUMMARY
 z Alternating current is about three to five times more damag-

ing than direct current of equal voltage and current.

 z Patients with electrical injuries should be treated first as 
trauma patients.

 z The two most dangerous electrical pathways are from hand to 
hand (most dangerous; potentially affecting the heart and the 
spinal cord) and from hand to foot (potentially affecting the 
cardiovascular system).

 z The severity of burn wounds caused by the electrical current 
does not accurately predict the severity of the injury. Tissues 
such as nerves, blood vessels, mucous membranes, and mus-
cles have the least resistance and, therefore, are most likely to 
be damaged during electrical exposure.

 z Electricity has significant effects on the muscle tissues and 
may result in rhabdomyolysis, which may be assessed by a 
creatine kinase (CK) level. The CK levels correlate with the 
length of stay and the incidence of serious complications, 
such as amputation and need for skin grafting.

 z Patients who have had contact with power lines or a high-
voltage injury are at higher risk for developing compart-
ment syndrome. During the examination and treatment of 
these patients, it is important to evaluate all extremities and 
joints through their full range of motion and perform serial 
neurovascular checks. If there is concern for compartment 
syndrome, the compartment pressures should be checked in 
these areas.

 z Oral electrical burns resulting from children putting electrical 
cords into their mouths typically include injuries involving the 
lip commissures and can extend into the gums and tongue. In 
addition, saliva can be a thermic conductor, generating tem-
peratures up to 2,500° C to 3,000° C and leading to thermal 
burn injuries. The injuries can range from superficial burns to 
serious injuries requiring multiple surgeries to gain cosmetic 
effect. Burns affecting the tongue and lip movement can 
cause functional impairment of speech requiring speech  
rehabilitation.

and flash burns make up about 33% 
to 45.5% depending on the study.3 
In general, workplace injuries tend 
to involve high-voltage exposures. 
Up to 75% of high-voltage burns 
were work-related, and more than 
50% of these were from contact with 
powerlines.4,5 As would be expected, 
higher voltage generally leads to 
more severe injuries. This is because 
of deeper penetration of the current, 
which can lead to muscle necrosis 
and the potential need for fasci-
otomy or amputation.3,6 

Pathophysiology 
Injuries from electricity occur as a 

result of the effects of the electrical 
current, electroporation, the thermal 
energy produced, and falls.

Current is the most important 
determinant of tissue damage from 
electrical injuries. Joule’s law states 
that thermal energy is the prod-
uct of the current multiplied by 
the resistance and time of current 
flow.7,8 (See Figure 1.) It is thought 
that a higher-voltage electrocu-
tion produces a larger current and, 
therefore, a more devastating injury.7 
Nerves and blood vessels are good 
conductors of electricity because of 
their low resistance and can sustain 
a widespread injury.8 Current cross-
ing the chest can interfere with the 

neurological signals to the respira-
tory and cardiac systems, causing 
apnea or asystole. Injuries to the 
nerves can cause paresthesia and 
paralysis, while injury to the blood 
vessels can cause coagulation. 

Electroporation is defined as the 
electrical current disrupting the cell 
membranes by producing pores with-
out significant thermal energy.8,9 This 
releases the contents of the cell and 
disrupts ion channels. If the cell is 
unable to repair the membrane, it will 
die. Disruption of the intimal layer 
of blood vessels from this mechanism 
can result in delayed bleeding or 
development of thrombosis. Because 
this most commonly happens in small 
vascular branches of muscles, it can 
result in the development of a per-
ceived delayed “tissue necrosis.” Long 
traveling neurons are also at high risk 
of injury as a result of this mecha-
nism and additionally can be affected 
by disruption of vascular supply to 
them.10 Structures such as bones, fat, 
and tendons that have the highest 
resistance produce large amounts of 
thermal energy. This causes coagula-
tion of the surrounding muscles, 
which can be present even without 
external manifestations.8,11

After the initial electrocution, 
patients may experience injuries sec-
ondary to trauma, most commonly 

falls. These injuries occur often in 
power line workers who fall from a 
height after the electrocution.  

General Approach to 
Patients With Electrical 
Injuries

In general, prehospital triage of 
patients with electrical burns should 
be directed toward a burn center or 
trauma center, especially for cases that 
involve the face, hands, eyes, ears, or 
genitalia.12 High-voltage injuries in 
particular have a high risk for com-
plications and would benefit from the 
specialized resources available at a 
burn/trauma center.6 

History
When obtaining a history from 

emergency medical services, the 
patient, or family members, it is 
important to ask where the event took 
place and what was the source of the 
electrocution. If the source of electric-
ity is known, it is important to ask 
about the voltage amount. It is also 
important to ask about the duration 
of the event and whether the patient 
was propelled away from the initial 
contact site. Lastly, note whether any 
loss of consciousness, dysrhythmias, 
difficulty breathing, muscle tender-
ness, or neurologic deficits occurred. 
(See Table 2.)
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Physical Examination
Patients with electrical injuries 

should be treated first as trauma 
patients. Spinal motion restriction 
should be maintained until spinal 
injury is excluded. A primary survey is 
critical. A respiratory arrest can occur 
from the electrical shock itself. This is 
because of the effects of the current on 
the respiratory center in the medulla 
or from tetany of the diaphragm and 
respiratory muscles causing tempo-
rary paralysis.13 If there are signs of 
progressive airway swelling, as with 
other burns, have a low threshold to 
intubate in the prehospital setting or 
initially on ED arrival. 

If a dysrhythmia occurs, it will 
occur immediately after the electrical 
exposure in most cases. The majority 
of dysrhythmias are supraventricular, 
but exposure to high-voltage cur-
rent is more likely to cause asystole 
or ventricular dysrhythmias.14 If a 

patient with an automated implant-
able cardioverter defibrillator or 
pacemaker has been affected by an 
electrical injury, the patient should be 
placed on continuous cardiac moni-
toring, and pads should be placed for 
potential external pacing. Later in the 
evaluation of these patients, the device 
should be interrogated because elec-
trocution can damage the functional-
ity of these devices.13

Examine the patient’s pupils for size 
and reactivity; fixed and dilated pupils 
may occur secondary to the effects of 
electricity on the autonomic nervous 
system and do not necessarily reflect 
anoxic brain injury. Therefore, this 
physical exam finding should not lead 
to termination of resuscitation.13 

The likely pathway of the cur-
rent may be determined by carefully 
examining the entrance and exit 
wounds. The most common entrance 
wound is through the hand and the 

most common exit wound is through 
the foot. A pathway through the 
body from hand to hand is the most 
dangerous because it is likely to 
affect the heart and the spinal cord. 
A pathway from the hand to the foot 
also potentially can affect the cardio-
vascular system, although this occurs 
less frequently than with the hand-
to-hand pathway. Straddle injuries in 
which entrance and exit wounds both 
occur on the feet have a much lower 
mortality than the two pathways 
mentioned previously.15,16 Discrete 
exit wounds are found more com-
monly with DC injuries than with 
AC injuries. 

It is also important to remember 
that the severity of burn wounds 
caused by the electrical current does 
not accurately predict the deeper 
damage that has occurred, in contrast 
to typical fire burns.13 In general, 
increased resistance of a tissue is 

Figure 1. Joules Law  
of Thermal Energy

Q = I2 Rt

Where Q is in Joules, I is in Amps, R is 
in ohms, and t is in seconds 

Table 1. Types of Electricity and Their Typical Characteristics

Location of Injury Wound Appearance Treatment Considerations

Alternating Current Home or office Large exit wound • Airway, breathing, circulation
• Intravenous fluids
• Tetanus vaccine
• Due to tetanic contractions, patient at 

risk for rhabdomyolysis/myoglobinuria

Direct Current Automobiles, batteries, 
powerlines

Discrete entrance and exit 
wounds

• Airway, breathing, circulation
• Intravenous fluids
• Tetanus vaccine
• Take special care to evaluate for other 

trauma
• Serial examinations because of high 

risk of underlying soft tissue and 
muscular injuries

Table 2. Questions to Ask Patients With Electrical Injuries

• What was the source of the electricity?
• What was the source voltage amount?
• What was the location of contact?
• What was the duration of contact?
• Was the patient propelled from the initial contact site?
• Did the patient have loss of consciousness?
• Did the patient initially have an arrhythmia?
• Does the patient have any airway swelling or difficulty breathing?
• Does the patient have any specific areas of muscle tenderness?
• Does the patient have any specific areas of numbness or weakness?
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associated with increased thermal 
injury. Tissues such as the nerves, 
blood vessels, mucous membranes, 
and muscles have the least resistance 
and, therefore, are most likely to 
be damaged during electrical expo-
sure. In contrast, bone, fat, and skin 
have high resistance and, therefore, 
are poor conductors of the electri-
cal current. Of note, because of dry 
skin’s high resistance, thermal burns 
can occur when electricity travels 
throughout it. Wet skin has less resis-
tance than dry skin and dissipates 
energy quickly to deeper tissues, 
which results in decreased surface 
burns but greater injury to deeper 
tissues.17 High-voltage injuries 
generally cause deeper tissue inju-
ries because of the thermal energy 
produced.6  

Once the patient is stabilized, take 
an AMPLE history (allergies, medi-
cation, past medical history, last oral 
intake, events of injury) and assess if 
there are any specific areas of concern 
to the patient, taking special care 
to note areas of pain, numbness, or 
weakness.

Treatment of Patients 
With Electrical Injuries

All patients with high-voltage 
exposures should be evaluated with 
laboratory studies, an electrocardio-
gram (ECG), and imaging, as needed, 

to assess for any trauma they may 
have sustained. 

Cardiovascular

The most common ECG arrhyth-
mias are sinus tachycardia and 
premature ventricular contractions. 
However, atrial fibrillation, ven-
tricular fibrillation, and ventricular 
tachycardia also have been reported.13 
Many of these dysrhythmias will 
be present initially after the incit-
ing event. Patients with exposure to 
high-voltage electricity or those with 
low-voltage electricity associated 
with chest pain, syncope, or palpita-
tions should be placed on continuous 
cardiac monitoring to observe for any 
abnormalities.18 

Direct damage to the heart muscle 
also can occur from the electrical 
injury and coronary vasospasm, pro-
ducing a risk for myocardial infarc-
tion, which may present atypically 
without chest pain.13 The ECG may 
show the classic ST elevations or Q 
waves in these cases. A troponin is 
useful in cases involving chest pain 
or a suspicious abnormality on the 
ECG. However, more widespread use 
of troponin for general monitoring in 
electrical injuries has not been studied 
sufficiently.13 

Vascular damage can be associated 
with high-voltage electrical injuries 
and primarily affects small vessels. 

This damage can lead to medial 
necrosis with aneurysm formation. 
If there is any concern for aneu-
rysm based on the patient’s history 
or exam, a computed tomography 
(CT) angiography or magnetic 
resonance (MR) angiography can be 
ordered, depending on institution 
availability.13

Skin and Musculoskeletal 

In general, external burns should 
be cleansed and covered with a clean 
dressing.12 Patients also should have 
receive tetanus immunizations if open 
wounds or external burns are present.12 
Because of the effects of electricity on 
the muscle tissues, it is important to 
assess for signs of rhabdomyolysis by 
obtaining a creatine kinase (CK) level. 
The CK levels correlate with length of 
stay and incidence of serious complica-
tions, such as amputation and need for 
skin grafting.6 Patients with elevated 
levels should be treated with adequate 
fluid resuscitation. Intravenous fluids 
should be given to produce a urine 
output of at least 0.5 mL/kg/hour 
up to 2 mL/kg/hour. Unfortunately, 
standard burn formulas, such as the 
Parkland formula, do not adequately 
represent the fluid resuscitation needed 
for an electrical injury patient. This is 
because deep burns caused by electri-
cal injuries may not be apparent on 
the skin surface and, therefore, the 

Table 3. Unique Features of Electrical Injuries

History Physical Exam Management

Low Voltage • In-home exposure • Special considerations 
include oral burns

• If injuries are minor and electrocardiogram 
is normal, may discharge

High Voltage • Occupational 
exposure more likely

• Power line contact

• More severe internal 
injuries

• May have additional 
traumatic injuries from 
falls/being thrown

• Admit all high-voltage injury patients for 
cardiac monitoring

Lightning • Armed forces
• Wilderness enthusiasts

• Special considerations 
include Lichtenberg 
figures and 
keraunoparalysis

• In a multi-casualty circumstance, exercise 
reverse triage: Treat the apparently lifeless 
victims first

• Rhabdomyolysis is rare in these patients
• Post-traumatic stress disorder (PTSD) 

is very common; arrange appropriate 
follow-up and warn family of these 
potential symptoms
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burn percentage is underestimated.8 
If myoglobin levels remain high, the 
administration of mannitol should be 
discussed in collaboration with a burn 
specialist.6 Administration of bicarbon-
ate to alkalinize the urine and prevent 
the toxic breakdown of myoglobin has 
been a proposed treatment for cases 
of rhabdomyolysis; however, no large 
randomized trials have shown a clear 
benefit.19

Patients who have had contact with 
power lines or a high-voltage injury 
are at higher risk for developing 
compartment syndrome. During the 
examination and treatment of these 
patients, it is important to evaluate 
all extremities and joints through 
their full range of motion and per-
form serial neurovascular checks. If 
there is concern for compartment 
syndrome, the compartment pres-
sures should be checked in these 
areas.5 If pressures are found to be 
rising, patients benefit from early 
fasciotomies and potential surgical 
debridement of the tissue. 

Disposition
Most patients with minor electrical 

injuries will be able to be discharged 
home. Asymptomatic patients with 
low-voltage injuries and a normal 
ECG can be discharged safely with 
primary care follow-up. Patients who 
have had a low-voltage injury associ-
ated with loss of consciousness or 
ECG changes should be observed 
with continuous cardiac monitoring 
for 24 hours.18 A few recent stud-
ies have shown no increased risk for 
dysrhythmias if they are not present 
originally. Therefore, 24-hour cardiac 
monitoring may not be required if the 
patient had a normal ECG and car-
diac rhythm on arrival.20-24

All patients with exposure to high-
voltage electricity should be admitted. 
Regardless of voltage type, all patients 
with burns involving the face or geni-
tals, circumferential limb burns, and 
large percent body surface area burns 
should be transferred to the local burn 
center. As previously noted, patients 
with signs of compartment injury or 
deep tissue injury should be evalu-
ated by a surgeon for early surgical 
debridement. (See Table 3.)

Long-Term Effects
Electrical injuries can have a 

delayed effect on patients. Some 
patients will develop ascending 
paralysis, transverse myelitis, cataracts, 
and even amyotrophic lateral sclerosis 
(ALS) later in their clinical course.7 It 
is critical to send patients home with 
strict return precautions for any new 
neurological symptoms. In addition, 
cataract formation occurs in 5% to 
20% of patients who have had an elec-
trical injury. Therefore, it is important 
to refer patients for ophthalmology 
follow-up.18 

As providers, it is important to rec-
ognize that this is a traumatic event 
for patients. A study of 311 French 
workers who sustained high-voltage 
electrical injuries showed that a 
number of patients had psychologi-
cal sequalae from their experience, 
including post-traumatic stress dis-
order (PTSD). Provide resources for 
psychological support.25 

Oral Pediatric Burns
Children who chew on electrical 

cords represent a distinct group of 
electrical injuries. (See Figure 2.) These 
incidences occur mostly when chil-
dren are between the ages of 6 months 
and 3 years and start to explore their 
surroundings. The incidence of these 

types of injuries has decreased because 
of improved product safety standards. 
It is now estimated that oral electrical 
burns represent 0.001% of all pediatric 
injuries.26  

The extent of injury depends on 
the duration of contact, electrical 
voltage, and location. Many of these 
patients will present with injuries 
involving the lip commissures and 
that can extend into the gums and 
tongue.27 In addition, patients can 
have thermal burn injuries from 
saliva being a thermic conductor 
with temperatures generated up to 
2,500° C to 3,000° C.28 Therefore, 
burns can range from superficial 
injuries to serious injuries requiring 
multiple surgeries to gain cosmetic 
effect. Burns affecting the tongue 
and lip movement can cause func-
tional impairment of speech requiring 
speech rehabilitation.26 

In the ED, chlorhexidine or baci-
tracin can be applied to the wound for 
comfort. However, because the extent 
of these injuries requires multidisci-
plinary treatment, children present-
ing with any facial electrical or burn 
injuries should be transferred to the 
nearest pediatric burn center.26 These 
patients often require oral splinting 
for cosmetic reasons and often need 
plastic surgery follow-up, although 

Figure 2. Oral Commissure Burn

Image courtesy of Ann Dietrich, MD
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there is no universal agreement on 
optimal management. In addition, 
one to two weeks after the initial 
injury, the eschar starts to slough 
off due to enzyme dissolution. This 
potentially can cause labial artery 
hemorrhage, although over the last 10 
years, these types of injuries have been 
documented rarely.28,29 Apply pressure 
to the area to help stop the bleed-
ing. Very rarely would the amount of 
bleeding require an intervention. 

Lightning Injuries
Lightning strike injuries are a rare 

and specific type of electrical injury. 
(See Tables 3 and 4.) The incidence 
is estimated at nine out of every 
10 million people.30 In the United 
States, the National Weather Service 
reported an average of 234 injuries 
from lightning strikes each year from 
2004 to 2013.31,32 There is an esti-
mated 32% mortality from lightning 
injuries, generally occurring imme-
diately after exposure from cardiac 
or respiratory arrest.1,33 Agricultural 
workers and construction workers 
are at highest risk, as are as outdoor 
enthusiasts and active members of the 
military.30,31,34

Lightning can be thought of as 
a very brief, high-intensity, direct 
current. Mechanisms of injury in 
lightning events include direct 
strike injury (which accounts for 

approximately 5% of strike events), 
contact injury (the patient is touching 
an object that is struck), and injury 
from side flash or from ground cur-
rent (in which the current first hits 
another object or the ground at a 
nearby point and then travels around 
the patient).30,33 

Initial Evaluation
Nearly all people who are struck by 

lightning will survive if they do not 
succumb to an immediate cardiac or 
respiratory arrest. Therefore, reverse 
triage should be practiced in response 
to a multi-victim lightning strike 
scenario.35 First attend to patients 
who are without vital signs because 
their cardiac or respiratory arrest 
may be reversible. Arrests after light-
ning strikes can be cardiac from the 
depolarization of the electric shock 
or respiratory from inhibition of the 
respiratory center in the medulla. 
Often, it is a combination of the two. 
Because the heart recovers its auto-
maticity prior to the medulla’s recov-
ery, it is possible for the patient to 
have a secondary respiratory arrest.35 
Lightning strike victims also may 
have dilated and unreactive pupils as 
a result of the electrical effects on the 
pupils. Therefore, in patients struck 
by lightning, unreactive pupils are 
not an accurate indicator of brain 
function.1 

Lightning can cause a range of inju-
ries. Since the duration of exposure is 
so short, if the victim is dry, the cur-
rent is likely to pass over rather than 
through the patient, and deep burns 
and underlying tissue damage rarely 
are seen. Superficial thermal burns 
may occur from moisture vaporiza-
tion on the skin itself.33 Patients who 
are wearing metal jewelry also may 
be affected by thermal burns in these 
areas. One well-known effect of light-
ning on skin moisture vaporization 
is sudden explosion. This can result 
in the patient being found without 
any clothes or shoes on at the scene. 
Therefore, patients also should be 
examined for signs of secondary blunt 
injuries from being thrown or falling 
after the blast.

As opposed to other electrical inju-
ries, lightning injuries rarely exhibit 
entry and exit wounds on physi-
cal exam. Because of the very short 
length of exposure with lightning 
injuries, tetanic muscle contractions 
are not seen. A characteristic feature 
of a lightning injury is Lichtenberg 
figures, which also are called “feather-
ing” or “ferning” lesions based on their 
appearance.33 (See Figure 3.) These 
lesions technically are not burns but 
are caused by transient extravasation 
of blood in the subcutaneous areas 
where discoloration then occurs. 
These figures usually present within 

Table 4. Neurologic Sequelae From Lightning Strikes

Condition Description and 
Symptoms

Cause Timing Treatment

Keraunoparalysis Transient paralysis after a 
lightning strike; involves 
weakness and sensory 
loss in extremities; most 
commonly affects lower 
extremities

Thought to be caused 
by overstimulation 
of the autonomic 
nervous system 

Transient; should not 
last more than 24 
hours

Usually resolves without 
treatment

Complex regional 
pain syndrome

Pain, sweating, edema, 
sensitivity after trauma

Believed to be 
caused by autonomic 
nervous system 
dysfunction

Often delayed; occurs 
hours to days after 
trauma; not transient

Rehabilitation, such as 
physical and occupational 
therapy; medications 
such as sympathetic 
antagonists, adrenergic 
agents, anticonvulsants, 
steroids, and tricyclic 
antidepressants may be 
useful
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one hour and usually last for a mat-
ter of days followed by spontaneous 
resolution. Lichtenberg figures do 
not require any special treatment.33,35 
Other findings may include loss of 
vision and loss of hearing (due to 
sensorineural hearing loss or ruptured 
tympanic membrane).31,35,36

Neurologic Sequelae
The nerves are the most conductive 

surface in the body and, thus, patients 
affected by lightning are prone to 
neurologic damage. This damage can 
range from brief to permanent and 
debilitating. Confusion, headache, 
seizure, or loss of consciousness may 
occur immediately and may be tran-
sient.35 A specific neurologic injury 
that can occur is keraunoparalysis or 
“Charcot’s paralysis.”37,38 (See Table 
4.) This transient paralysis after a 
lightning strike is thought to be 
due to overstimulation of the auto-
nomic nervous system from transient 
excessive catecholamine release and 
extreme vasoconstriction. It is the 
most common immediate neurologic 
sequela of a lightning strike.35,37,38 
Keraunoparalysis often involves both 

weakness and sensory loss in the 
extremities. The condition affects the 
lower extremities most commonly 
and also can be associated with a 
transient loss of pulses and cyanosis.37 
When initially checking for a pulse 
in patients who have been affected by 
lightning strikes, providers should be 
sure to check for central pulses so as 
not to assume incorrectly that there 
is no pulse in these patients.35 This 
phenomenon usually resolves without 
treatment over the course of several 
hours. It should not last more than 
24 hours, and specific treatment is 
not needed.37

Complex regional pain syndrome 
also is a possible neurologic sequela. 
(See Table 4.) It is believed to be 
caused by autonomic nervous system 
dysfunction; however, this syndrome 
can be delayed and is not usually 
encountered on initial presentation.38 
Patients present with pain, sweating, 
edema, and sensitivity hours to days 
after a trauma. Nerve conduction 
studies generally are not diagnostic; 
therefore, this is a clinical diagnosis. 
Unlike keraunoparalysis, the symp-
toms generally are not transient and 

should be treated. Rehabilitation with 
physical and occupational therapy 
should be arranged. Sympathetic 
antagonists, adrenergic agents, anti-
convulsants, steroids, and tricyclic 
antidepressants also may be useful.38

Medical Workup  
and Treatment

Providers should order an ECG 
on any lightning strike victim who 
presents with chest pain, shortness 
of breath, or a high-risk feature such 
as a severe burn, evidence of trauma, 
loss of consciousness, suspected 
direct strike, focal neurologic strike, 
or pregnancy.35 ECG abnormalities 
include prolonged QT interval, atrio-
ventricular block, sinus bradycardia, 
right bundle branch block, and other 
nonspecific ST changes.31 Most ECG 
changes resolve within three days, 
but pericarditis can be a late find-
ing if a patient presents again weeks 
or months after a lightning strike.35 
After a lightning strike, troponin test-
ing has not been found to correlate 
with positive coronary angiography 
and, therefore, has limited clinical 
utility.35

As with other electrical burns, 
baseline laboratory testing, includ-
ing myoglobin and CK levels, should 
be ordered. Because of the extremely 
short exposure, rhabdomyolysis is very 
rare in patients who experience light-
ning strikes. These patients do not 
need aggressive fluid resuscitation that 
other electrical injuries may require. 
In general, they should be admitted 
for 24 hours of cardiac monitoring, 
especially if they experienced a direct 
strike or if they have any positive 
ECG findings or screening tests.35

Follow-Up and Prevention
In addition to the various complica-

tions common to other electrical inju-
ries, patients who have been struck 
by lightning often experience PTSD 
or extreme fear of thunder and light-
ning. They should be given adequate 
follow-up information and their fam-
ily should be advised to look for any 
symptoms of PTSD. Additionally, 
patients should be advised to return 
if they experience any chest pain or 
shortness of breath because delayed 

Figure 3. Lichtenberg Figures

Image courtesy of David Effron, MD, Associate Professor, Case Western Reserve University, Attending 
Physician, Department of Emergency Medicine, MetroHealth Medical Center, Cleveland, OH
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cardiac injuries such as pericarditis 
and/or cardiomyopathies have been 
identified in some cases.35 Sometimes 
delayed neurologic sequelae, such as 
progressive myelopathy causing weak-
ness and sensory loss months after the 
lightning strike, also can occur as well 
as cataracts and behavioral changes.

The National Weather Service states 
that the best treatment for lightning 
injuries is prevention. If one hears 
thunder, there is a risk of lightning. In 
thunderstorms avoid ridgelines, sum-
mits, metal objects, or tall objects such 
as isolated trees to prevent a lightning 
strike. Wait 30 minutes after the 
last sound of thunder to resume any 
outdoor activity. People who are in a 
wilderness setting and unable to go 
indoors should assume the lightning 
position: Sit or crouch with knees 
close together. People in a group 
should separate from each other by  
20 feet or more.35 

Pregnant Patients 
Electrical exposure of the pregnant 

individual is a unique situation that 
raises concern for the well-being of 
the fetus. The rate of miscarriage fol-
lowing electrical exposures has been 
reported between 6% and 73%.14,35,39 
It is postulated that the fetus is at 
greater risk because it is surrounded 
by amniotic fluid, which is a highly 
conductive substance.35 Another risk 
is the trauma of an electrical injury 
causing uterine rupture or prema-
ture rupture of membranes and labor 
induction.35 When caring for a preg-
nant patient with electrical injury, 
consultation with obstetrics and fetal 
heart monitoring would be appropri-
ate if the gestation is greater than 20 
weeks.13,35 If gestation is less than 20 
weeks, the patient should be evaluated 

the same, but fetal monitoring is not 
necessary because the pregnancy is 
not considered viable.35 

Lightning injuries in pregnant 
individuals are a rare occurrence. As 
of 2016, a review of the medical lit-
erature produced 14 case reports of 
pregnant patients struck by lightning. 
Of these, five reported intrauterine 
fetal demises, one died shortly after 
birth, one had long-term neurologic 
morbidity, and the remaining seven 
had no known reported sequelae.40-46 
A lightning strike in the third tri-
mester carries the greatest risk of 
morbidity and mortality for both 
mother and fetus. As in other seri-
ous traumas to a pregnant patient, 
optimizing care of the mother often 
is the best way to improve fetal 
outcomes.

Conclusion
Although the overall incidence 

of electric burns is low, there can be 
significant morbidity, mortality, and 
healthcare-related costs associated with 
this injury pattern. Potential compli-
cations of electrical injuries include 
rhabdomyolysis, compartment syn-
drome, gangrene due to intravascular 
thrombosis, dysrhythmias, infections, 
cataracts (especially if the current path-
way involved the head and/or neck), 
seizures, memory loss, and peripheral 
nerve damage. Prompt recognition and 
treatment of the potentially life- and 
limb-threatening sequelae may reduce 
the morbidity and mortality associated 
with electrical burns. 
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CME/CE Questions
1. What is the most common cause of 

death in a lightning strike injury?
a. Cardiac dysrhythmia/asystole 
b. Intracranial bleed
c. Overwhelming sepsis
d. Pneumothorax

2. Which of the following differenti-
ates direct current injuries from 
alternating current injuries?
a. Alternating current is more likely 

to throw the patient from the 
source.

b. Direct current is found primarily 
in households. 

c. Direct current often is found in 
power lines and generally is of 
higher voltage. 

d. Lightning is classified as alter-
nating current.

3. Which of the following is a com-
plication of pediatric oral burns one 
week after the initial injury?
a. Labial artery hemorrhage 
b. Increased burning sensation 

around the mouth
c. Hardening of the initial eschar
d. Angioedema

4. What is the definition of 
electroporation?
a. Current passing through the 

chest and interrupting cardiac 
signaling

b. Electrical current disrupting cell 
membranes by producing pores 

c. Transformation of the electrical 
power into thermal energy

d. Energy produced from an exit 
wound of an electrocution victim

5. Which of the following diagnoses 
is considered a potential long-term 
effect from electrical injuries?
a. Double vision
b. Gastroesophageal reflux
c. Urinary incontinence
d. Cataract formation 

6. Which tissue produces the largest 
amount of thermal energy?
a. Bone 
b. Liver
c. Skin
d. Blood vessels

7. In which situation might it be 
appropriate to triage to a local emer-
gency department rather than to a 
burn center?
a. Burn injuries are present only on 

the hands.
b. There are no perceived skin burns 

and a clear history of minimal 
voltage contact. 

c. Thirty percent of the body sur-
face area thermal burns are  
present.

d. The patient has facial burn only.
8. A 32-year-old man was found with 

his shoes off on top of a bluff after 
a rainstorm. According to a friend 
who has burns externally and com-
plains of chest pain, they were struck 
by lightning. You find that the man’s 
pupils are fixed and dilated and he 
does not have a pulse. What is the 
next course of action?
a. Start CPR and transport. 
b. Treat the friend first because he 

has a better chance of survival.
c. Perform compression-only CPR.
d. Call time of death because his 

pupils are already fixed and 
dilated.

9. What is keraunoparalysis?
a. It occurs when a patient is 

immediately and permanently 
paralyzed from the neck down 
after an AC electrical exposure.

b. It occurs when a patient is 
immediately and permanently 
paralyzed from the waist down 
after a lightning injury.

c. It is transient paralysis caused by 
spinal cord traumatic shock.

d. It is transient paralysis caused by 
extreme vasoconstriction. 
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