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Electrical injury Overview

Summary
Electrical injury may be caused by exposure to high- or low-voltage electricity or lightning. Electronic control
devices (e.g., Tasers) may also cause a mild electrical injury.

Recognition of arrhythmias is an essential element of the initial evaluation of electrical injury.

Most electrical shocks cause no injury.

May cause electrical and thermal burns, and secondary injuries due to a fall, or severe tetany. Pressure wave
injury may occur subsequent to electrical blast.

Survivors of high-voltage electrical injury or lightning strikes can suffer long-term sequelae, and regular
follow-up is essential.

Definition
Electrical injuries may be caused by exposure to natural lightning or electricity in the home or workplace.
Electrical injury includes electrocution, electric shock, burns, and secondary injuries.
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Epidemiology
Between 2020 and 2021, there were 5003 accident and emergency department attendances due to electric
shock in the English National Health Service.[3]

Children aged younger than 6 years are more likely to be injured in a home-related electrical incident than
older children.[4] [5] Men are injured more than women, probably due to the preponderance of male workers
in construction-related industries.

Regional data provide an insight into the global prevalence of electrical injury. In the Calgary Health Region
of Canada, 10 cases of severe electrical injury were reported between 1996 and 2002, resulting in an
annual incidence of 2.4 per 1 million population.[6] All patients were male; 6 died due to severe electrical
trauma, giving rise to a death rate of 1.4 per 1 million population.[6] In Diyarbakir, Türkiye, 126 deaths due
to electrocution were reported between 1996 and 2002. Males (69.9%) were more commonly affected than
females.[7] In a burn centre in Enugu, Nigeria, 24 people presented with severe electrical injuries between
1995 and 2004, with a male to female ratio of 4.8:1.[8] In Tabriz, Iran, a study of people presenting with
severe electrical burns over a 5-year period found that 98% of the 202 people admitted were male.[9] In
Shiraz, Iran, 95.3% of people with severe electrical injury were male.[10] The male predominance in all
studies highlights the need for effective prevention strategies in occupational-related injuries.

In 2021, there were 152 fatal occupational exposures to electricity in the US and 2380 cases of non-fatal
occupational electrical injuries and illnesses involving days away from work.[11] [12]

In the US, there are approximately 28 deaths attributed to lightning a year.[13]

Aetiology
Electrical injuries can occur at home, in the workplace, or outdoors as a result of lightning. Electrical injuries
are arbitrarily divided into high voltage of 1000 V or more and low voltage of less than 1000 V.

Home electricity is usually alternating current (AC). In the US, Canada, and the Caribbean, home voltage
is typically 110 V at 60 Hz, with 220 V used for high-power appliances. In Europe and Australia, household
voltage is typically 220 V to 240 V at 50 Hz.

Direct current (DC) is a constant current and commonly used in industrial settings. In industry, higher voltage
sources are common. As a consequence, workers may be exposed to voltages hundreds of times higher
than found in the typical home.

Lightning is present in all thunderstorms. The National Weather Service (US) estimates that 100,000
thunderstorms occur in the US each year. Cloud-to-ground lightning occurs approximately 30 million times
each year. Lightning can produce 10 million volts or more of DC, although exposure time is generally brief.

The use of electronic control devices has increased worldwide in recent years. These devices deliver a
temporary high-voltage, low-current electrical discharge to override natural muscle-triggering mechanisms. A
single exposure of an electronic control device on healthy individuals can be assumed to be generally safe,
but can have deleterious effects when used in the field, in particular if persons receive multiple exposures,
are intoxicated, show signs of 'excited delirium', or present with medical comorbidities.[14]

There are anecdotal reports of people being electrocuted by smartphones, but there do not appear to be any
substantiated claims. Smartphones work on 5 volts, so electrocution is unlikely. Nevertheless, the charging
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Electrical injury Theory

cable that is plugged into the wall presents the same dangers as any electrical home appliance. Reports
of burns caused by e-cigarettes appear to be related to overheating of batteries, rather than an electrical
injury.[15]

Pathophysiology
The physical laws governing electricity are important for an understanding of the pathophysiology of electrical
injuries.

Transfer of electrical energy into the body is a complex phenomenon that is extremely variable and situation-
dependent, but will follow certain natural laws. Accidental exposure to electricity can produce no injuries or
be instantly fatal.

Electricity flows in circuits that contain voltage, current, and resistance. For practical purposes, there must be
a complete circuit for electricity to flow. The circuit may be completed back to the electrical source itself or by
contact with a ground, a phenomenon called 'earthing'. Any surface that has a lower electrical potential than
the source voltage will act as a ground and complete the circuit.

Ohm's law states that current, voltage, and resistance exist in a proportional relationship, V = IR (V = voltage,
I = current, R = resistance). The tissues of the body are in effect the resistance that determines the current
that will flow through the body. Higher resistance leads to lower current flow; for a current to pass through
the body, the resistance in the human body needs to be less than the surroundings. Tissue resistance will
vary, with dry thick skin presenting the greatest resistance and moist broken skin or mucous membranes
representing the least. For example, a dry finger would have 40,000-1,000,000 ohms of resistance,
whereas a wet finger would have a lower resistance of 4000. The voltage drop across this resistance will
generate heat, so high-resistance tissues will be more likely to suffer a thermal burn whereas areas of lower
resistance, such as nerves and blood vessels, would allow flow through the body affecting internal organs,
especially the heart.

Electricity adversely affects the cardiac conduction system causing arrhythmias, and can cause direct
myocardial damage. High voltage or DC current usually causes asystole, and AC current usually causes
ventricular fibrillation (VF).

If, for example, a worker comes into contact with a voltage source and completes a circuit through both
hands, current will flow through the heart. This situation is potentially more dangerous and arrhythmogenic
than if the circuit completes through the right hand and foot, where the heart will be spared.

The respiratory drive may arrest due to paralysis or tetanic contractions of the respiratory muscles. Skin and
deep burns, neurological sequelae, and electrical vascular injury are also common.[16]

Lightning delivers a very high voltage direct current of short duration. Thus, the actual amount of energy may
be less than with other exposure. As a consequence, victims of lightning exposure rarely sustain extensive
tissue destruction or large cutaneous burns, but have significant damage to the conduction system of the
heart.

DC causes a single muscle contraction, whereas AC causes tetanic muscle contraction. AC shock of the
hands may cause tetanic contractions that prevent the person from letting go, increasing the energy delivered
to the body.
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Classification
Types of electrical injury[1]
1. Electrocution (fatal)

2. Electric shock

3. Burns

4. Electronic control devices (e.g., Taser)

5. Falls caused by contact with electric energy.

Mechanism of electrical injury[1]
1. Electric shock

• Direct contact with electrical energy.

2. Electric arc burn

• Flow of electrons through a gas (such as air) to a victim at ground potential (supplying an alternative
path to air).

• Heat generated by an electrical arc can also cause flash burns.

3. Electric contact burn injury

• May be internal or external.
• Thermal injuries (flash or flame burns) - current does not flow through the body and injuries are usually

confined to the skin.
• High voltage burns may have significant underlying injury with inconspicuous entry and exit wounds.

Types of electrical injury[2]
1. Low voltage

• Less than 1000 volts
• Usually occurs in the home.

2. High voltage

• Greater than 1000 volts
• Usually occurs at work.

Typical injuries[2]
1. Skin

Note: all types of electrical injury may result in partial- to full-thickness wounds, and can affect subcutaneous
tissues.

• Electrothermal burns - entrance and exit wounds
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Electrical injury Theory

• Arc burn
• Flame burns
• Lightning injuries - Lichtenberg figures (fern-like pattern on skin) are pathognomonic.

2. Respiratory

• Respiratory arrest as a consequence of central nervous system inhibition, prolonged paralysis of
respiratory muscles, tetanic contraction of respiratory muscles, or as part of cardiorespiratory arrest.

3. Cardiovascular

• Arrhythmias - VF common in low-voltage AC current shock; asystole common in high-voltage shock
(AC or DC)

• Conduction abnormality - sinus bradycardia and high-degree AV block
• Myocardial damage - direct injury or ischaemia from coronary artery spasm or hypotension.

4. Musculoskeletal

• Bone - severe electrothermal injuries (e.g., periosteal burns, destruction of bone matrix,
osteonecrosis); fractures and dislocation due to falls and forceful tetany

• Muscle - oedema and tissue necrosis resulting in compartment syndrome and rhabdomyolysis.

5. Neurological

• Common manifestations - loss of consciousness, generalised weakness, autonomic dysfunction,
respiratory depression and memory problems

• Keraunoparalysis (lightning paralysis) - reversible, transient paralysis; associated sensory
disturbances and peripheral vasoconstriction

• Hypoxic encephalopathy, intracerebral haemorrhage, and cerebral infarction
• Sensorineural hearing loss and hypoacusis due to ruptured eardrums.

Case history
Case history #1
A 25-year-old man was working on an electrical outlet in his house. His wife heard a loud crackling sound
and upon entering the room her husband was working in, found him slumped on the floor. She turned off
the electricity. Her husband was unresponsive and did not have a pulse.

Case history #2
A 66-year-old male golfer was found on a fairway during a thunderstorm. His clothing appeared scorched
and he was unresponsive with an absent pulse and no respirations.

Other presentations
Most cases of electrical injury have no significant sequelae; however, they may present with multiple
trauma, and, unless witnessed, the electrical injury that caused the trauma may not be readily apparent.
Information from witnesses concerning the injury can be critical, especially if the patient is unconscious.
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Electrical injury Diagnosis

Approach
People may present immediately after the injury or late with cardiac or neurological complications.

People with electrical injury should be evaluated as a multiple trauma patient. Airway, breathing, and
circulation assessment, and spine immobilisation, should be performed as part of a primary survey. Prior
to determining the person’s cardiorespiratory status, the rescuer must first ensure that the danger of further
shock has been removed to allow for a safe environment for assessment.[20]

History
In the case of an immediate injury, the history surrounding the event is critical. It is important to determine
if the patient lost consciousness at any time.

If the patient is alert, a complete description of the event should be obtained. This should include:

• The nature of electrical contact
• High or low voltage, or lightning
• Length of contact
• Time since injury.

If the patient is unconscious, this information is obtained from emergency medical service (EMS)
personnel or witnesses. The possibility of associated injury should be determined by asking where the
patient was found or if they were working off the ground.

Examination
In some cases the physical examination might be entirely normal. Hypothermia should be suspected
when the exact time of injury is unknown, or if the person might have been immobile on the ground for
more than a few minutes. In these cases, measurement of core temperature is important.

The physical examination should include a primary survey for life threatening injuries, followed by a
head-to-toe secondary survey. An injured extremity may have minimal or no external signs of electrical
injury. The percentage of superficial burns may bear no relation to the underlying tissue damage, and the
rule of nine should be used with caution. Deep tissue injury in the extremities can lead to swelling and
subsequent compartment syndrome. This should be suspected and treated accordingly without delay.
The colon and the small intestine are the most frequently injured visceral organs. The development of
abdominal compartment syndrome secondary to an electrical injury can be catastrophic.[21]

Patients may present with an altered mental state. This could be due to a direct effect of electricity on the
brain, a result of anoxia from a cardiac arrhythmia, or as a result of secondary trauma.

Keraunoparalysis (lightning paralysis) is a reversible, transient paralysis that is associated with sensory
disturbances and peripheral vasoconstriction in lightning victims.[19] [22]

Investigation
In many countries, modern EMSs systems and availability of automated external defibrillators may allow
for evaluation and treatment of cardiac dysrhythmias in the pre-hospital setting.

On arrival at hospital, immediate cardiac monitoring is imperative for rhythm analysis and monitoring.
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A 12-lead ECG should be performed immediately. Non-specific ST-T changes are common. Atrial
fibrillation is the most common arrhythmia.[23]

Full blood count, serum electrolytes, liver function tests, urea, creatinine, creatine kinase, and urinalysis
for myoglobin should be performed. In the presence of haemodynamic instability, and where internal
injuries are suspected, cross-matching and coagulation studies should be requested. Troponin should be
preferred as the most specific cardiac injury marker.

If compartment syndrome is suspected, compartment pressures can be measured in the emergency
department. This can be particularly useful for the unconscious person.

A urine toxicology screen for illicit drugs and blood alcohol measurements may be indicated, because
concurrent substance use may have contributed to the accident.[24]

Imaging studies

A chest x-ray for evaluation for flash pulmonary oedema secondary to cardiac dysfunction may be useful.
Other imaging may be necessary depending on secondary injuries. A computed tomography (CT) head
scan should be performed if a head injury is suspected. A magnetic resonance imaging brain scan is
recommended after initial evaluation with CT head for a more complete evaluation of head injury and for a
prognostic role in anoxia coma.[25]

History and exam
Key diagnostic factors
presence of risk factors (common)
• Risk factors for electrical injury include: male sex; age <6 years; and construction industry work.

loss of consciousness (common)
• Underlying causes include direct effect of electricity on the brain, anoxia due to cardiopulmonary

arrest, or head trauma.
• May be multifactorial.

pre-hospital CPR or defibrillation (common)
• Duration of CPR and use of automatic emergency defibrillation should be documented.

tachycardia (common)
• As a result of tachyarrhythmia or response to hypotension.

hypotension (common)
• Blood pressure may be low in response to a specific cardiac arrhythmia.
• Blood loss from internal trauma and severe burns causes hypotension.
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low Glasgow Coma Scale score (common)
• Electricity can have direct effects on the central nervous system.
• A patient's mental status can also be altered by trauma and anoxia secondary to respiratory arrest or

cardiac arrhythmias.

burns (common)
• Extent and nature of any skin burns should be documented.
• Small area burns might indicate a deeper, more extensive burn.

physical injuries (common)
• Secondary injuries such as fractures, contusions, and head injury may be present.
• The colon and the small intestine are the most frequently injured visceral organs.[21]

Other diagnostic factors
diminished peripheral pulses and poor capillary refill (uncommon)
• May indicate hypovolaemic shock or developing compartment syndrome.

low core body temperature (uncommon)
• Hypothermia should be suspected when the exact time of injury is unknown, or if the patient might

have been immobile on the ground for more than a few minutes.

confusion (uncommon)
• Patients may present with an altered mental state. This could be due to a direct effect of electricity on

the brain, a result of anoxia from a cardiac arrhythmia, or as a result of secondary trauma.

paralysis (uncommon)
• Keraunoparalysis (lightning paralysis) is a reversible, transient paralysis that is associated with

sensory disturbances and peripheral vasoconstriction in lightning victims.[19][22]

Risk factors
Strong
age <6 years
• Younger children are more likely to play with or chew on electrical cords, or insert objects into

household electrical outlets.[4] [5]

construction industry workers
• Electricians are at risk for electrical shock. Other construction personnel may come into contact with

live electrical wires and are at higher risk for accidental electrocution.[12] For example, house painters
may accidentally place an aluminium ladder near electrical wires.

male sex
• The construction industry is a male-dominated industry, placing men at risk for injury.
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Weak
participation in outdoor sports
• People participating in outdoor sports may be at higher risk of lightning electrocution.[13]

Investigations
1st test to order

Test Result
ECG

• Should be performed immediately on presentation.
non-specific ST-
T changes; atrial
fibrillation; ventricular
fibrillation; asystole

FBC
• Ordered as baseline.
• Advised if trauma is suspected.
• Low haemoglobin suggests internal bleeding.

normal

electrolytes
• Ordered as baseline.
• Abnormalities such as elevated potassium, creatinine, or urea

suggest shock or rhabdomyolysis.

normal

LFTs
• Ordered as baseline.

normal

coagulation studies
• Ordered as baseline.
• Advised if trauma is suspected.

may be normal or
abnormal

creatine kinase
• If elevated 5 times normal, suggests compartment syndrome with

rhabdomyolysis.

normal; or elevated in the
presence of muscle lysis
or muscle necrosis

urine myoglobin
• Rhabdomyolysis results in the precipitation of myoglobin in the renal

tubules and subsequent risk of nephropathy.[26]

negative; or positive in the
presence of muscle cell
lysis or muscle necrosis

cardiac enzymes (CK-MB and troponin)
• Need to be interpreted with caution.

may be elevated

toxicology screen
• Recommended for all patients admitted with multi-trauma.
• Alcohol may have contributed to the cause of the injury.
• Cocaine use might increase cardiac vulnerability to ventricular

fibrillation.[27]

may be positive for
alcohol or cocaine

chest x-ray
• Suggests flash pulmonary oedema secondary to cardiac dysfunction.

increased alveolar
markings
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Other tests to consider

Test Result
plain x-rays

• Usefulness will depend on the index of suspicion of an injury in the
affected body part.

confirm suspected bony
injuries

head CT
• Indicated if head injury is suspected.

intracerebral
haemorrhage; skull
fracture

head MRI
• CT scanning remains the test of first choice, but MRI can be used

later following stabilisation; MRI is the method of choice for evaluating
the full extent of brain injury.[25] [28]

detailed information
about brain injury

compartment pressure measurements
• Can be measured if compartment syndrome is suspected.
• Differential pressure within 20-30 mmHg of the diastolic pressure

(delta pressure) is considered a strong indicator for early surgical
intervention.[29] Care should be taken when using this criterion for
patients who are receiving vasodilatory medications whose diastolic
blood pressure is low.

• Patients with an intra-abdominal pressure ≥25 mmHg associated
with organ dysfunction or failure should be submitted immediately to
surgical decompression.[21]

variable
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Differentials

Condition Differentiating signs /
symptoms

Differentiating tests

Cardiac arrest • History of cardiac disease
or family history of sudden
cardiac death.

• Elevated cardiac enzymes.
However, elevated
creatine kinase 5 times
normal may suggest
compartment syndrome with
rhabdomyolysis in patient
with electrical injury.

Ventricular arrhythmia • History of cardiac disease,
in particular recent cardiac
ischaemia.

• ECG - abnormal rhythm.

Illicit drug use • History of illicit drug use.
• Track marks.
• Altered mental status.

• Urine toxicology screen for
illicit drugs.

Acute stroke • History of hypertension or
vascular disease.

• Limb hemiparesis, cranial
nerve abnormalities, or
speech changes.

• CT brain - haemorrhage or
areas of ischaemia.

Subarachnoid
haemorrhage

• History of known cerebral
aneurysm or risk factors for
cerebral aneurysm (e.g.,
polycystic kidney disease).

• Severe headache.

• CT brain - subarachnoid
blood.

• Lumbar puncture -
elevated RBC count with
xanthochromia.

Generalised seizures • History of seizures or risk
factors for seizures (e.g.,
alcohol abuse, intracranial
lesion).

• Witnessed tonic-clonic
movement.

• Tongue biting.
• Urinary or faecal

incontinence.

• EEG - epileptiform
discharges.

Criteria
Criteria for admission with electrical injury[23]
1. History of loss of consciousness.

2. ECG abnormalities.

3. Secondary injuries requiring further management (e.g., burns, limb injuries).
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Electrical injury Management

Approach
People with electrical injuries require immediate airway, breathing, and circulation assessment. They should
be treated as a multi-trauma patient with cervical immobilisation at least until the full extent of their injuries
has been quantified.[19] Prior to determining the patient's cardiorespiratory status, the rescuer must first
ensure that the danger of further electrical injury has been removed to allow for a safe environment for
assessment.[20]

Except for cases of sudden cardiac arrest, lightning strikes generally do not result in immediate injuries that
pose a threat to a person's life.[19] This implies that individuals who do not experience cardiac arrest when
emergency responders arrive are unlikely to die within the next hour. Therefore, priority should be given to
administering resuscitation and medical intervention to those who are presumed to be dead initially.[30]

Most patients will have no sequelae from low-voltage electrical injury in the non-industrial setting and may be
discharged following normal ECG and physical examination.

Patients with loss of consciousness, persistent ECG changes, and significant secondary injuries should be
admitted to hospital.[23] Standard supportive care is required.[19]

If the person has been injured by an electronic control device (e.g., Taser), treatment is essentially the same
as for all electrical injuries. Occasionally, the dart used to deliver the shock, or a fall resulting from the shock,
causes additional injury that should be evaluated.[14]

Arrhythmias
People with life-threatening arrhythmias should be treated appropriately with standard ACLS
protocols.[31] [32] People who are at high risk, such as those with ECG changes, loss of consciousness,
and/or high-voltage injuries, will still be advised to undergo 24-hour monitoring.[33] People with ECG
changes should be monitored for a minimum of 6 hours after injury. People with consistent abnormal ECG
readings should be admitted for ongoing monitoring.[34]

People with cardiac arrest and secondary anoxic brain injury may be candidates for targeted temperature
control.[35] [36] Guidelines recommend that comatose adult patients with return of spontaneous
circulation receive targeted temperature control by selecting and maintaining a constant temperature
between 32°C and 37.5°C (89.6°F and 99.5°F) for at least 24 hours.[31] [32][37]

Burns
Cutaneous burns should be placed under cool or lukewarm running water when possible, preferably
for 20 minutes.[38] Plain or mild soap can be used to cleanse minor burn wounds. Wounds can then
be covered with simple, clean dressings, not necessarily sterile. Cling film can be used as a temporary
dressing which is cheap, widely available, and allows subsequent re-examination through the dressing.
Early discussion with the local burns team is required to decide if emergency surgery or transfer is
required.

Purely electrical burns and flame burns derived from the ignition of clothing tend to be deep-dermal to full-
thickness, and are likely to require surgical intervention at some stage. Flash burns derived from electric
arcs are thermal in nature and usually superficial.

Intravenous fluid should be given, but there are no clear guidelines on the amount, as the 'rule of nines'
does not incorporate the underlying tissue damage in electrical injury.[39] Fluid resuscitation is guided by
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blood pressure, pulse rate, urine output, level of consciousness, and central venous pressure monitoring if
appropriate.

Tetanus immunisation history should be checked, with vaccination and tetanus immunoglobulin
considered if the person is not immune.[40]

Extremity injury
Fractures and dislocations should be appropriately managed.

The limb should be assessed for compartment syndrome, and early surgical intervention with fasciotomy/
escharotomy or amputation of a non-viable extremity performed.[29] [41] See Compartment syndrome of
extremities (Management) .

If rhabdomyolysis is present, intravenous fluids should be given at a rate that ensures a urine output of
at least 1 mL/kg/hour. Definitive management for cases of severe rhabdomyolysis might require renal
replacement therapy.[26]

Neurological injuries
Head and spinal injuries should have appropriate neurological care.

Treatment algorithm overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute ( summary )
all patients

1st basic life support, cervical
immobilisation, and transfer to ED

with cardiac arrhythmias plus ACLS protocols

with cardiac arrest plus consider targeted temperature control

with cutaneous burns plus dressing and intravenous fluid

adjunct immunisation

with extremity trauma plus appropriate management of fractures,
dislocations, and compartment syndrome

with rhabdomyolysis plus intravenous fluid to maintain urine output
>1 mL/kg/hour

with neurological injuries plus appropriate management of head and
spinal injuries
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Electrical injury Management

Treatment algorithm
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute
all patients

all patients 1st basic life support, cervical
immobilisation, and transfer to ED

» Prior to determining the patient's
cardiorespiratory status, the rescuer must first
ensure that the danger of further shock has
been removed to allow for a safe environment for
resuscitation.[20]

» Patients with electrical injuries require
immediate airway, breathing, and circulation
assessment. They should be treated as a multi-
trauma patient with cervical immobilisation at
least until the full extent of their injuries has been
quantified.[19]

» Except for cases of sudden cardiac arrest,
lightning strikes generally do not result in
immediate injuries that pose a threat to a
person's life. This implies that patients who do
not experience cardiac arrest when emergency
responders arrive are unlikely to die within the
next hour. Therefore, priority should be given
to administering resuscitation and medical
intervention to those who are presumed to be
dead initially.[30]

» Most patients will have no sequelae from low-
voltage electrical injury in the non-industrial
setting and may be discharged following normal
ECG and physical examination.

» Patients with loss of consciousness, persistent
ECG changes, and significant secondary injuries
should be admitted to hospital.[23] Standard
supportive care is required.[19]

with cardiac arrhythmias plus ACLS protocols

Treatment recommended for ALL patients in
selected patient group

» Prior to determining the patient's
cardiorespiratory status, the rescuer must first
ensure that the danger of further shock has
been removed to allow for a safe environment for
assessment.[20]

» Patients with life-threatening arrhythmias
should be treated appropriately with standard
ACLS protocols.[31] [32]
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Acute
» Patients who are at high risk, such as those
with ECG changes, loss of consciousness, and/
or high-voltage injuries, will still be advised to
undergo 24-hour monitoring.[33]

» Patients with ECG changes should be
monitored for a minimum of 6 hours after injury.
If the ECG is still abnormal, patients should be
admitted for ongoing monitoring.[34]

with cardiac arrest plus consider targeted temperature control

Treatment recommended for ALL patients in
selected patient group

» In patients with cardiac arrest and secondary
anoxic brain injury, targeted temperature control
should be considered.[35] [36]

» Guidelines recommend that comatose adult
patients with return of spontaneous circulation
receive targeted temperature control by selecting
and maintaining a constant temperature between
32°C and 37.5°C (89.6°F and 99.5°F) for at
least 24 hours.[31] [32][37]

with cutaneous burns plus dressing and intravenous fluid

Treatment recommended for ALL patients in
selected patient group

» Cutaneous burns should be placed under
cool or lukewarm running water when possible,
preferably for 20 minutes.[38] Plain or mild soap
can be used to cleanse minor burn wounds.

» Wounds can then be covered with simple,
clean dressings, not necessarily sterile. Cling
film can be used as a temporary dressing
which is cheap, widely available, and allows
subsequent re-examination through the dressing.

» Early discussion with the local burns team
is required to decide if emergency surgery or
transfer is required.

» Intravenous fluid should be given, but there are
no clear guidelines on the amount, as the 'rule of
nines' does not incorporate the underlying tissue
damage in electrical injury.[39]

» Fluid resuscitation is guided by blood pressure,
pulse rate, urine output, level of consciousness,
and central venous pressure monitoring if
appropriate.

adjunct immunisation

Treatment recommended for SOME patients in
selected patient group
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Electrical injury Management

Acute
» Tetanus immunisation history should
be checked, with vaccination and tetanus
immunoglobulin considered if the patient is not
immune.[40]

with extremity trauma plus appropriate management of fractures,
dislocations, and compartment syndrome

Treatment recommended for ALL patients in
selected patient group

» Fractures and dislocations should be
appropriately managed.

» The limb should be assessed for compartment
syndrome, and early surgical intervention
with fasciotomy/escharotomy or amputation
of a non-viable extremity performed.[29] [41]
 See Compartment syndrome of extremities
(Management) .

with rhabdomyolysis plus intravenous fluid to maintain urine output
>1 mL/kg/hour

Treatment recommended for ALL patients in
selected patient group

» If rhabdomyolysis is present, intravenous fluids
should be given at a rate that ensures a urine
output of at least 1 mL/kg/hour.

» Use of mannitol and alkalisation of the urine
is controversial.[42] High volumes of fluid (up to
10 L/day) are the mainstay of treatment, with the
amount of fluid administered depending on the
severity.[26] [43]

» Definitive management for cases of severe
rhabdomyolysis might require renal replacement
therapy.[26]

with neurological injuries plus appropriate management of head and
spinal injuries

Treatment recommended for ALL patients in
selected patient group

» Head and spinal injuries should have
appropriate neurological care.

Primary prevention
Prevention of electrical injuries includes home and work safety programmes, especially for children.[4] [17]
Knowledge of electrical hazards and awareness of potential causes for injury are essential for all workers in
the construction industry.[1]

If lightning or thunder can be seen or heard, risk of electrocution is present and can last for 30 minutes
after the storm has passed. Large enclosed structures are safer than smaller or open buildings. If a storm
is in the area, water, high places, unprotected small buildings, open fields, isolated trees, and metal towers
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should be avoided.[18] Enclosed metal vehicles with the windows rolled up (e.g., school buses) provide good
protection.[19]

Patient discussions
Available online resources include:

• Health and Safety Executive (UK)  [Health and Safety Executive: electrical injuries] (http://
www.hse.gov.uk/electricity/injuries.htm)

• National Institute for Occupational Safety and Health (US)  [CDC/NIOSH: electrical safety] (http://
www.cdc.gov/niosh/topics/electrical)
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Electrical injury Follow up

Monitoring
Monitoring
People who suffer low-voltage injury and minor injuries may be discharged from the accident and
emergency department. No data exists regarding appropriate follow-up intervals and long-term outcomes.

Clinical judgement is important to determine follow-up, as there are no guidelines for routine cardiac,
neurological, or psychiatric ongoing care.
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Complications

Complications Timeframe Likelihood
infection short term medium

A complication of both burns and trauma.

Culture of all wounds or body fluids should be performed as indicated or suspected by symptoms before
beginning treatment if possible. Empirical antibiotic therapy (based on most probable pathogens) should
be given. This should be changed to an appropriate narrow-spectrum antibiotic regimen once a causative
pathogen is identified.

If severe, sepsis can progress to multi-organ failure and shock, with significant mortality.

compartment syndrome short term medium

A complication of both burns and trauma.

Prompt decompression by fasciotomy is mandatory to prevent muscle ischaemia and rhabdomyolysis.

rhabdomyolysis short term medium

A complication of both burns and trauma.

High volumes of fluid (up to 10 L/day) are the mainstay of treatment, with the amount of fluid administered
depending on the severity.[26] [43]

stress-induced ulcers short term medium

A complication of both burns and trauma.

Potential benefits of routine prophylaxis against stress ulcers have not been definitively demonstrated,
although it is commonly done.[47] [48] [49]

persistent cardiac conduction disorders long term low

Sinoatrial and atrioventricular nodes are vulnerable to electrical current injury.[2]

neurological disorders long term low

Memory deficit, peripheral nerve damage, and delayed spinal cord syndromes may occur.[19][44]

Anoxic encephalopathy may occur following prolonged respiratory arrest requiring CPR.[2]

cataracts long term low

Result from electrical injury affecting the head.[19]

psychiatric sequelae variable medium

Depression, anxiety, PTSD, and somatoform disorders have been reported.[50]
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Electrical injury Follow up

Prognosis

Mortality is highest in lightning strikes (17.6%) compared with high voltage (5.3%) and low voltage electrical
injuries (2.8%).[44] Fatal arrhythmias usually occur immediately. The presence of anoxic encephalopathy
determines long-term neurological sequelae. The extent of secondary injuries, especially burns, affects
prognosis.[2] One study found that 24 months post-injury, patients with electrical burns had significantly
lower Physical Health Composite Scale scores compared with patients with burns caused by fire/flame.[45]

A normal ECG seems to predict absence of late arrhythmias.[46]

Long-term follow-up is important. Delayed neurological and psychiatric complications may occur, particularly
after high voltage injuries in which conduction has passed through the central nervous system.[19][44]

Because most people injured by electricity are young and healthy, they tend to do well.[2]
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Treatment guidelines

Europe

European Resuscitation Council guidelines 2021 (https://cprguidelines.eu)
Published by: European Resuscitation Council Last published: 2021

North America

2023 focused update on adult advanced cardiovascular life support:
an update to the American Heart Association guidelines for
cardiopulmonary resuscitation and emergency cardiovascular care (https://
professional.heart.org/en/guidelines-and-statements)
Published by: American Heart Association Last published: 2023

2020 guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care (https://eccguidelines.heart.org/circulation/cpr-ecc-
guidelines)
Published by: American Heart Association Last published: 2020

Practice guidelines for the prevention and treatment of lightning injuries
(https://www.wemjournal.org/article/S1080-6032(14)00274-9/fulltext)
Published by: Wilderness Medical Society Last published: 2014

Cardiopulmonary resuscitation and emergency cardiovascular care: part
10.9: electric shock and lightning strikes (https://www.ahajournals.org/doi/
full/10.1161/CIRCULATIONAHA.105.166571)
Published by: American Heart Association Last published: 2005

Oceania

Rural adult emergency clinical guidelines, (4.1 ed) (http://
www.health.nsw.gov.au/policies/Pages/default.aspx)
Published by: Ministry of Health, New South Wales (Australia) Last published: 2022
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Electrical injury Online resources

Online resources

1. Health and Safety Executive: electrical injuries (http://www.hse.gov.uk/electricity/injuries.htm)  (external
link)

2. CDC/NIOSH: electrical safety (http://www.cdc.gov/niosh/topics/electrical)  (external link)

O
N

LIN
E R

ESO
U

RC
ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

25

http://www.hse.gov.uk/electricity/injuries.htm
http://www.hse.gov.uk/electricity/injuries.htm
http://www.cdc.gov/niosh/topics/electrical
https://bestpractice.bmj.com


Electrical injury References
R

EF
ER

EN
C

ES

Key articles

• Spies C, Trohman RG. Narrative review: Electrocution and life-threatening electrical injuries. Ann
Intern Med. 2006 Oct 3;145(7):531-7. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17015871?
tool=bestpractice.bmj.com)

• Davis C, Engeln A, Johnson EL, et al. Wilderness Medical Society practice guidelines for the
prevention and treatment of lightning injuries: 2014 update. Wilderness Environ Med. 2014
Dec;25(4):S86-95.  Full text (https://www.wemjournal.org/article/S1080-6032(14)00274-9/fulltext)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com)

• American Heart Association. Part 10.9: electric shock and lightning strikes. Circulation. 
2005 Dec 13;112(24):IV-154-5.  Full text (https://www.ahajournals.org/doi/full/10.1161/
CIRCULATIONAHA.105.166571)

• Arnoldo B, Klein M, Gibran, NS. Practice guidelines for the management of electrical injuries. J Burn
Care Res. 2006 Jul-Aug;27(4):439-47. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/16819345?
tool=bestpractice.bmj.com)

References

1. US National Institute for Occupational Safety and Health. Worker deaths by electrocution: a summary
of NIOSH surveillance and investigative findings. May 1998 [internet publication].  Full text (https://
www.cdc.gov/niosh/docs/98-131/pdfs/98-131.pdf)

2. Spies C, Trohman RG. Narrative review: Electrocution and life-threatening electrical injuries. Ann
Intern Med. 2006 Oct 3;145(7):531-7. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17015871?
tool=bestpractice.bmj.com)

3. National Health Service. Hospital accident and emergency activity 2021-22. Sep 2022 [internet
publication].  Full text (https://digital.nhs.uk/data-and-information/publications/statistical/hospital-
accident--emergency-activity/2021-22)

4. Baker MD, Chiaviello C. Household electrical injuries in children. Epidemiology and identification of
avoidable hazards. Am J Dis Child. 1989 Jan;143(1):59-62. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/2910046?tool=bestpractice.bmj.com)

5. Böhrer M, Stewart SA, Hurley KF. Epidemiology of electrical and lightning-related injuries among
Canadian children and youth, 1997-2010: a Canadian hospitals injury reporting and prevention
program (CHIRPP) study. CJEM. 2018 Jul;20(4):586-91.  Full text (https://www.cambridge.org/
core/journals/canadian-journal-of-emergency-medicine/article/epidemiology-of-electrical-and-
lightningrelated-injuries-among-canadian-children-and-youth-19972010-a-canadian-hospitals-injury-
reporting-and-prevention-program-chirpp-study/8DAB9C19DA0C253CAAA8F6E36D737AD6)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/28651662?tool=bestpractice.bmj.com)

26 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

http://www.ncbi.nlm.nih.gov/pubmed/17015871?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17015871?tool=bestpractice.bmj.com
https://www.wemjournal.org/article/S1080-6032(14)00274-9/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.166571
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.166571
http://www.ncbi.nlm.nih.gov/pubmed/16819345?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16819345?tool=bestpractice.bmj.com
https://www.cdc.gov/niosh/docs/98-131/pdfs/98-131.pdf
https://www.cdc.gov/niosh/docs/98-131/pdfs/98-131.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17015871?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17015871?tool=bestpractice.bmj.com
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-accident--emergency-activity/2021-22
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-accident--emergency-activity/2021-22
http://www.ncbi.nlm.nih.gov/pubmed/2910046?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2910046?tool=bestpractice.bmj.com
https://www.cambridge.org/core/journals/canadian-journal-of-emergency-medicine/article/epidemiology-of-electrical-and-lightningrelated-injuries-among-canadian-children-and-youth-19972010-a-canadian-hospitals-injury-reporting-and-prevention-program-chirpp-study/8DAB9C19DA0C253CAAA8F6E36D737AD6
https://www.cambridge.org/core/journals/canadian-journal-of-emergency-medicine/article/epidemiology-of-electrical-and-lightningrelated-injuries-among-canadian-children-and-youth-19972010-a-canadian-hospitals-injury-reporting-and-prevention-program-chirpp-study/8DAB9C19DA0C253CAAA8F6E36D737AD6
https://www.cambridge.org/core/journals/canadian-journal-of-emergency-medicine/article/epidemiology-of-electrical-and-lightningrelated-injuries-among-canadian-children-and-youth-19972010-a-canadian-hospitals-injury-reporting-and-prevention-program-chirpp-study/8DAB9C19DA0C253CAAA8F6E36D737AD6
https://www.cambridge.org/core/journals/canadian-journal-of-emergency-medicine/article/epidemiology-of-electrical-and-lightningrelated-injuries-among-canadian-children-and-youth-19972010-a-canadian-hospitals-injury-reporting-and-prevention-program-chirpp-study/8DAB9C19DA0C253CAAA8F6E36D737AD6
http://www.ncbi.nlm.nih.gov/pubmed/28651662?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28651662?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury References

6. Laupland KB, Kortbeek JB, Findlay C, et al. Population-based study of severe trauma due to
electrocution in the Calgary Health Region, 1996-2002. Can J Surg. 2005 Aug;48(4):289-92.  Full
text (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3211532)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/16149363?tool=bestpractice.bmj.com)

7. Tirasci Y, Goren S, Subasi M, et al. Electrocution-related mortality: a review of 123 deaths in
Diyarbakir, Turkey between 1996 and 2002. Tohoku J Exp Med. 2006;208:141-145.  Full text (https://
www.jstage.jst.go.jp/article/tjem/208/2/208_2_141/_pdf)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/16434837?tool=bestpractice.bmj.com)

8. Opara KO, Chukwuanukwu TO, Ogbonnaya IS, et al. Pattern of severe electrical injuries in a Nigerian
regional burn centre. Niger J Clin Pract. 2006 Dec;9(2):124-7. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/17319343?tool=bestpractice.bmj.com)

9. Maghsoudi H, Adyani Y, Ahmadian N. Electrical and lightning injuries. J Burn Care Res.
2007 Mar-Apr;28(2):255-61. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17351442?
tool=bestpractice.bmj.com)

10. Mohammadi AA, Amini M, Mehrabani D, et al. A survey on 30 months electrical burns in Shiraz
University of Medical Sciences Burn Hospital. Burns. 2008 Feb;34(1):111-3. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/17618054?tool=bestpractice.bmj.com)

11. U.S. Bureau of Labor Statistics. Injuries, illnesses, and fatalities. Dec 2022 [internet publication].  Full
text (https://www.bls.gov/iif/fatal-injuries-tables/fatal-occupational-injuries-table-a-9-2021.htm)

12. National Fire Protection Association. Non fatal electrical injuries at work. May 2022 [internet
publication].  Full text (https://www.nfpa.org/News-and-Research/Data-research-and-tools/Electrical/
Non-Fatal-Electrical-Injuries-at-Work)

13. Centers for Disease Control and Prevention. U.S. Lightning strike deaths. Sep 2022 [internet
publication].  Full text (https://www.cdc.gov/disasters/lightning/victimdata/infographic.html)

14. Pasquier M, Carron PN, Vallotton L, et al. Electronic control device exposure: a review of morbidity
and mortality. Ann Emerg Med. 2011 Aug;58(2):178-88. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/21546120?tool=bestpractice.bmj.com)

15. Hickey S, Goverman J, Friedstat J, et al. Thermal injuries from exploding electronic cigarettes. Burns.
2018 Aug;44(5):1294-1301.  Full text (https://www.doi.org/10.1016/j.burns.2018.02.008)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/29503045?tool=bestpractice.bmj.com)

16. Solem L, Fischer RP, Strate RG. The natural history of electrical injury. J Trauma. 1977
Jul;17(7):487-92. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/875082?tool=bestpractice.bmj.com)

17. Kendrick D, Young B, Mason-Jones AJ, et al. Home safety education and provision of safety
equipment for injury prevention. Cochrane Database Syst Rev. 2012 Sep 12;(9):CD005014.  Full
text (http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005014.pub3/full)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/22972081?tool=bestpractice.bmj.com)

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

27

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3211532
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3211532
http://www.ncbi.nlm.nih.gov/pubmed/16149363?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16149363?tool=bestpractice.bmj.com
https://www.jstage.jst.go.jp/article/tjem/208/2/208_2_141/_pdf
https://www.jstage.jst.go.jp/article/tjem/208/2/208_2_141/_pdf
http://www.ncbi.nlm.nih.gov/pubmed/16434837?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16434837?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17319343?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17319343?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17351442?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17351442?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17618054?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17618054?tool=bestpractice.bmj.com
https://www.bls.gov/iif/fatal-injuries-tables/fatal-occupational-injuries-table-a-9-2021.htm
https://www.bls.gov/iif/fatal-injuries-tables/fatal-occupational-injuries-table-a-9-2021.htm
https://www.nfpa.org/News-and-Research/Data-research-and-tools/Electrical/Non-Fatal-Electrical-Injuries-at-Work
https://www.nfpa.org/News-and-Research/Data-research-and-tools/Electrical/Non-Fatal-Electrical-Injuries-at-Work
https://www.cdc.gov/disasters/lightning/victimdata/infographic.html
http://www.ncbi.nlm.nih.gov/pubmed/21546120?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21546120?tool=bestpractice.bmj.com
https://www.doi.org/10.1016/j.burns.2018.02.008
http://www.ncbi.nlm.nih.gov/pubmed/29503045?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29503045?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/875082?tool=bestpractice.bmj.com
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005014.pub3/full
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005014.pub3/full
http://www.ncbi.nlm.nih.gov/pubmed/22972081?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22972081?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury References
R

EF
ER

EN
C

ES

18. Zafren K, Durrer B, Herry JP, et al. Lightning injuries: prevention and on-site treatment in
mountains and remote areas. Official guidelines of the International Commission for Mountain
Emergency Medicine and the Medical Commission of the International Mountaineering and
Climbing Federation (ICAR and UIAA MEDCOM). Resuscitation. 2005 Jun;65(3):369-72.  Full text
(https://www.doi.org/10.1016/j.resuscitation.2004.12.014)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/15919576?tool=bestpractice.bmj.com)

19. Davis C, Engeln A, Johnson EL, et al. Wilderness Medical Society practice guidelines for the
prevention and treatment of lightning injuries: 2014 update. Wilderness Environ Med. 2014
Dec;25(4):S86-95.  Full text (https://www.wemjournal.org/article/S1080-6032(14)00274-9/fulltext)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com)

20. American Heart Association. Part 10.9: electric shock and lightning strikes. Circulation. 
2005 Dec 13;112(24):IV-154-5.  Full text (https://www.ahajournals.org/doi/full/10.1161/
CIRCULATIONAHA.105.166571)

21. Marques EG, Júnior GA, Neto BF, et al. Visceral injury in electrical shock trauma: proposed guideline
for the management of abdominal electrocution and literature review. Int J Burns Trauma. 2014 Feb
22;4(1):1-6.  Full text (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945822)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/24624308?tool=bestpractice.bmj.com)

22. ten Duis HJ, Klasen HJ, Reenalda PE. Keraunoparalysis, a 'specific' lightning injury. Burns
Incl Therm Inj. 1985;12:54-57. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/4063869?
tool=bestpractice.bmj.com)

23. Arnoldo B, Klein M, Gibran, NS. Practice guidelines for the management of electrical injuries. J Burn
Care Res. 2006 Jul-Aug;27(4):439-47. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/16819345?
tool=bestpractice.bmj.com)

24. Lindstrom R, Bylund PO, Eriksson A. Accidental deaths caused by electricity in Sweden, 1975-2000.
J Forensic Sci. 2006;51:1383-1388. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17199625?
tool=bestpractice.bmj.com)

25. Wijdicks EF, Campeau NG, Miller GM. MR imaging in comatose survivors of cardiac
resuscitation. AJNR Am J Neuroradiol. 2001 Aug 15;22(4):1561-5.  Full text (http://
www.ajnr.org/cgi/reprint/22/8/1561)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/11559506?
tool=bestpractice.bmj.com)

26. Shapiro ML, Baldea A, Luchette FA. Rhabdomyolysis in the Intensive Care Unit. J Intensive Care
Med. 2012 Nov-Dec;27(6):335-42. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/21436168?
tool=bestpractice.bmj.com)

27. Lakkireddy D, Wallick D, Ryschon K, et al. Effects of cocaine intoxication on the threshold for stun
gun induction of ventricular fibrillation. J Am Coll Cardiol. 2006 Aug 15;48(4):805-11.  Full text (https://
www.doi.org/10.1016/j.jacc.2006.03.055)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/16904553?
tool=bestpractice.bmj.com)

28 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

https://www.doi.org/10.1016/j.resuscitation.2004.12.014
https://www.doi.org/10.1016/j.resuscitation.2004.12.014
http://www.ncbi.nlm.nih.gov/pubmed/15919576?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15919576?tool=bestpractice.bmj.com
https://www.wemjournal.org/article/S1080-6032(14)00274-9/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25498265?tool=bestpractice.bmj.com
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.166571
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.105.166571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945822
http://www.ncbi.nlm.nih.gov/pubmed/24624308?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24624308?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/4063869?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/4063869?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16819345?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16819345?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17199625?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17199625?tool=bestpractice.bmj.com
http://www.ajnr.org/cgi/reprint/22/8/1561
http://www.ajnr.org/cgi/reprint/22/8/1561
http://www.ncbi.nlm.nih.gov/pubmed/11559506?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11559506?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21436168?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21436168?tool=bestpractice.bmj.com
https://www.doi.org/10.1016/j.jacc.2006.03.055
https://www.doi.org/10.1016/j.jacc.2006.03.055
http://www.ncbi.nlm.nih.gov/pubmed/16904553?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16904553?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury References

28. Gallagher CN, Hutchinson PJ, Pickard JD. Neuroimaging in trauma. Curr Opin Neurol. 2007
Aug;20(4):403-9. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17620874?tool=bestpractice.bmj.com)

29. Olson SA, Glasgow RR. Acute compartment syndrome in lower extremity musculoskeletal
trauma. J Am Acad Orthop Surg. 2005 Nov;13(7):436-44. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/16272268?tool=bestpractice.bmj.com)

30. van Ruler R, Eikendal T, Kooij FO, et al. A shocking injury: a clinical review of lightning injuries
highlighting pitfalls and a treatment protocol. Injury. 2022 Oct;53(10):3070-7.  Full text (https://
www.injuryjournal.com/article/S0020-1383(22)00586-1/fulltext)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/36038387?tool=bestpractice.bmj.com)

31. American Heart Association. 2020 American Heart Association guidelines for
cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2020 Oct
20;142(16_suppl_2):S366-604.  Full text (https://www.ahajournals.org/toc/circ/142/16_suppl_2)

32. Perman SM, Elmer J, Maciel CB, et al. 2023 American Heart Association focused update on adult
advanced cardiovascular life support: an update to the American Heart Association guidelines
for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2024 Jan
30;149(5):e254-73.  Full text (https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000001194)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/38108133?tool=bestpractice.bmj.com)

33. Ahmed J, Stenkula C, Omar S, et al. Patient outcomes after electrical injury - a retrospective
study. Scand J Trauma Resusc Emerg Med. 2021 Aug 6;29(1):114.  Full text (https://
sjtrem.biomedcentral.com/articles/10.1186/s13049-021-00920-3)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/34362435?tool=bestpractice.bmj.com)

34. Blackwell N, Hayllar J. A three year prospective audit of 212 presentations to the emergency
department after electrical injury with a management protocol. Postgrad Med J. 2002
May;78(919):283-5.  Full text (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1742340/
pdf/v078p00283.pdf)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/12151571?
tool=bestpractice.bmj.com)

35. Froehler MT, Geocadin RG. Hypothermia for neuroprotection after cardiac arrest: Mechanisms,
clinical trials and patient care. J Neurol Sci. 2007 Oct 15;261(1-2):118-26. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/17559883?tool=bestpractice.bmj.com)

36. Nolan JP, Sandroni C, Böttiger BW, et al. European Resuscitation Council and European Society
of Intensive Care Medicine guidelines 2021: post-resuscitation care. Intensive Care Med. 2021
Apr;47(4):369-421.  Full text (https://link.springer.com/article/10.1007/s00134-021-06368-4)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/33765189?tool=bestpractice.bmj.com)

37. Nolan JP, Sandroni C, Böttiger BW, et al. European Resuscitation Council and European Society of
Intensive Care Medicine guidelines 2021: post-resuscitation care. Resuscitation. 2021 Apr;161:220-69.
Full text (https://www.resuscitationjournal.com/article/S0300-9572(21)00065-4/fulltext)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/33773827?tool=bestpractice.bmj.com)

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

29

http://www.ncbi.nlm.nih.gov/pubmed/17620874?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16272268?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16272268?tool=bestpractice.bmj.com
https://www.injuryjournal.com/article/S0020-1383(22)00586-1/fulltext
https://www.injuryjournal.com/article/S0020-1383(22)00586-1/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/36038387?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/36038387?tool=bestpractice.bmj.com
https://www.ahajournals.org/toc/circ/142/16_suppl_2
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000001194
http://www.ncbi.nlm.nih.gov/pubmed/38108133?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/38108133?tool=bestpractice.bmj.com
https://sjtrem.biomedcentral.com/articles/10.1186/s13049-021-00920-3
https://sjtrem.biomedcentral.com/articles/10.1186/s13049-021-00920-3
http://www.ncbi.nlm.nih.gov/pubmed/34362435?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/34362435?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1742340/pdf/v078p00283.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1742340/pdf/v078p00283.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12151571?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/12151571?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17559883?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17559883?tool=bestpractice.bmj.com
https://link.springer.com/article/10.1007/s00134-021-06368-4
http://www.ncbi.nlm.nih.gov/pubmed/33765189?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33765189?tool=bestpractice.bmj.com
https://www.resuscitationjournal.com/article/S0300-9572(21)00065-4/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/33773827?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33773827?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury References
R

EF
ER

EN
C

ES

38. ANZBA. Australian and New Zealand Burn Association. Initial management of severe burns. 2014
[internet publication].  Full text (https://anzba.org.au/care/severe-burns)

39. Culnan DM, Farner K, Bitz GH, et al. Volume resuscitation in patients with high-voltage electrical
injuries. Ann Plast Surg. 2018 Mar;80(3 suppl 2):S113-8. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/29461290?tool=bestpractice.bmj.com)

40. Ministry of Health, NSW. Rural adult emergency clinical guidelines. Apr 2022 [internet publication]. 
Full text (https://www1.health.nsw.gov.au/pds/Pages/doc.aspx?dn=GL2022_004)

41. Nahab F, Wong She R. Evaluation of updated National Burn Service escharotomy guidelines-where
do we cut now? AJOPS. 2023 Mar 29;6(1):1-5.  Full text (https://ajops.com/article/70955-evaluation-of-
updated-national-burn-service-escharotomy-guidelines-where-do-we-cut-now)

42. Brown CV, Rhee P, Chan L, et al. Preventing renal failure in patients with rhabdomyolysis: do
bicarbonate and mannitol make a difference? J Trauma. 2004 Jun;56(6):1191-6. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/15211124?tool=bestpractice.bmj.com)

43. Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl J Med. 2009 Jul
2;361(1):62-72. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/19571284?tool=bestpractice.bmj.com)

44. Arnoldo BD, Purdue GF, Kowalske K, et al. Electrical injuries: a 20-year review. J Burn Care
Rehabil. 2004 Nov-Dec;25(6):479-84. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/15534455?
tool=bestpractice.bmj.com)

45. Stockly OR, Wolfe AE, Espinoza LF, et al. The impact of electrical injuries on long-term outcomes:
A Burn Model System National Database study. Burns. 2020 Mar;46(2):352-9. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/31420267?tool=bestpractice.bmj.com)

46. Bailey B, Gaudreault P, Thivierge RL. Cardiac monitoring of high-risk patients after an electrical injury:
a prospective multicentre study. Emerg Med J. 2007 May;24(5):348-52 [Erratum in: Emerg Med J.
2007 Aug;24(8):605].  Full text (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658483/?tool=pubmed) 
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17452703?tool=bestpractice.bmj.com)

47. Quenot JP, Thiery N, Barbar S. When should stress ulcer prophylaxis be used in the ICU? Curr
Opin Crit Care. 2009 Apr;15(2):139-43. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/19578324?
tool=bestpractice.bmj.com)

48. Barbateskovic M, Marker S, Granholm A, et al. Stress ulcer prophylaxis with proton pump inhibitors
or histamin-2 receptor antagonists in adult intensive care patients: a systematic review with meta-
analysis and trial sequential analysis. Intensive Care Med. 2019 Feb;45(2):143-58. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/30680444?tool=bestpractice.bmj.com)

49. Krag M, Perner A, Wetterslev J, et al. Stress ulcer prophylaxis versus placebo or no prophylaxis in
critically ill patients. A systematic review of randomised clinical trials with meta-analysis and trial
sequential analysis. Intensive Care Med. 2014 Jan;40(1):11-22. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/24141808?tool=bestpractice.bmj.com)

30 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

https://anzba.org.au/care/severe-burns
http://www.ncbi.nlm.nih.gov/pubmed/29461290?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29461290?tool=bestpractice.bmj.com
https://www1.health.nsw.gov.au/pds/Pages/doc.aspx?dn=GL2022_004
https://www1.health.nsw.gov.au/pds/Pages/doc.aspx?dn=GL2022_004
https://ajops.com/article/70955-evaluation-of-updated-national-burn-service-escharotomy-guidelines-where-do-we-cut-now
https://ajops.com/article/70955-evaluation-of-updated-national-burn-service-escharotomy-guidelines-where-do-we-cut-now
http://www.ncbi.nlm.nih.gov/pubmed/15211124?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15211124?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19571284?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15534455?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15534455?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31420267?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31420267?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658483/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pubmed/17452703?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19578324?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19578324?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30680444?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30680444?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24141808?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24141808?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury References

50. Primeau M, Engelstatter GH, Bares KK. Behavioral consequences of lightning and electrical injury.
Semin Neurol. 1995 Apr;15(2):279-85. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/8570930?
tool=bestpractice.bmj.com) R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 13, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2024. All rights reserved.

31

http://www.ncbi.nlm.nih.gov/pubmed/8570930?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8570930?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Electrical injury Disclaimer
D

IS
C

LA
IM

ER

Disclaimer
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patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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