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Purpose

This guideline provides clinical practice guidelines for clinicians involved in the emergency management of
children with electrocution and electrical injury.

Scope

This work instruction applies to all staff involved in the care and management of children with electrocution or
an electrical injury

Introduction

Electrical injuries in children are almost always accidental. Most electrical injuries occur in the home.
Incidence is increased among children younger than six years, often because of contact with electric cords
(60-70%) or outlets (10-15%)*2 ; older children generally suffer high-voltage injuries from power lines while
climbing trees or utility poles?®. The incidence of electrical injuries decreases through the teenage years.
There is an approximately 2:1 male to female ratio in childhood*®.

Electrocution occurs when current passes through a person and disrupts normal electrical function of cells.

Patients with electrical injuries represent a special challenge because they encompass a wide spectrum of
presentations; thus, the patients require a detailed physical assessment and should be managed in line with
APLS and ATLS algorithms.
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Injuries due to electricity occur by three mechanisms:

e Direct Injury from electric current (e.g. cardiac ischemia/arrhythmia, compartment syndromes,
rhabdomyolysis, peripheral nerve injury)

¢ Injury from conversion of electrical energy to thermal energy (burns)

¢ Mechanical effects of electric current (violent muscle contraction which may lead to fractures/dislocations,
falls resulting in possible trauma)

The tissue damage inflicted by most electrical currents can be primarily attributed to the thermal energy (or
heat) generated by the current. Tissues with higher resistance tend to heat up and coagulate. Skin, bone,
and fat have high resistances, while nerves and blood vessels have lower resistances.

The classic injury pattern develops when the body becomes part of a circuit and is usually associated with
entrance and exit wounds. The skin findings can significantly underestimate the degree of internal
thermal injury. Careful clinical assessment, recognizing that surface findings may underestimate the extent
of tissue damage or necrosis should be used to guide management.

Extent of damage done is determined by:
Amount of electrical current flow:

High voltage (>1000V) vs low (<1000V)

Type of current (AC v DC):

e AC (most common in Australian homes), is more dangerous, causes tetanic muscle contraction and
‘lock-on’ effect

e DC s less dangerous, patient tends to be thrown away from source
Current path:

e Trans-thoracic (hand to hand), has a high mortality (>60%) due to increased spinal cord and
myocardial damage

e Vertical (hand to foot), mortality >20% due to cardiac arrhythmias

e Straddle (foot to foot) low mortality <5%
Which tissues did it flow through?

e Moist tissue (mouth) or wet skin increases conduction and therefore results in a more severe injury
Duration:

Prolonged contact increases severity of injury

Cardiac

The overall estimate of arrhythmia following electrical injury is approximately 15 percent; most of these are
benign and occur within the first few hours of hospital admission®°. However, acute electrical cardiac injury
can result in sudden cardiac arrest due to asystole (usually with DC current or lightning) or ventricular
fibrillation (AC current) prior to hospitalisation®.
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Ventricular fibrillation is the most common fatal arrhythmia, occurring in up to 60 percent of patients in whom
the electrical current pathway travels from one hand to the other''2, Spontaneous return of sinus rhythm has
been noted after asystole in cases of electrical injury, but because respiratory paralysis lasts longer, the
rhythm may degenerate to ventricular fibrillation due to hypoxia. Atrial dysrhythmias, first and second-degree
heart block, and bundle branch blocks have been noted as well®*!!. Changes in the ST segment and T wave,
as well as conduction disturbances, generally resolve without specific treatment.

Damage to the myocardium is uncommon. Rare cardiac manifestations include coronary spasm and
myocardial rupture due to coagulation necrosis*8,

Renal

Rhabdomyolysis may result from massive tissue necrosis and can be complicated by pigment-induced acute
kidney injury. In addition, hypovolemia due to extravascular extravasation of fluid can lead to prerenal failure
and acute tubular necrosis.

Neurologic

Damage to both the central and peripheral nervous systems can occur after electrical injury. Manifestations
may include loss of consciousness, weakness or paralysis, respiratory depression, autonomic dysfunction,
and memory disturbances!®?°, Sensory and motor findings due to peripheral nerve damage are common.
The deficits may be “patchy” with the sensory deficits not corresponding to the motor findings. The clinical
manifestations may be delayed for days to months after the injury.

Skin

Superficial, partial-thickness, and full-thickness thermal burns can occur following electrical injury. Burns are
most common at the site of electrical contact and at places in contact with the ground at the time of injury.
The degree of external injury cannot be used to determine the extent of internal damage, especially with low-
voltage injuries. Seemingly minor surface burns may coexist with massive muscle coagulation and
necrosis, as well as internal organ injury.

A unique type of burn seen with electrical injury is the “kissing burn”. This occurs at flexor creases, where
the flexor surfaces adjacent to a joint touch. It is important to recognize this type of injury because it is often
associated with extensive underlying tissue damage?®'22.

Oral burns can occur in young children from sucking or chewing on extension cords. Delayed severe
haemorrhage from the labial artery (a branch of the facial artery, arising near the angle of the mouth) may
occur when the eschar separates in up to 10% of patients and up to 2 weeks after the injury?24,

Musculoskeletal

The areas of greatest thermal injury are often the deep tissue surrounding long bones, potentially resulting in
periosteal burns, destruction of bone matrix, and osteonecrosis®.

In addition to burn-related injuries, bones can fracture from falls, blast injuries, or under the stress of
repetitive tetanic muscle contractions. It is reasonable to obtain imaging studies of the cervical spine to
assess for fracture in patients with significant electrical injuries or an altered mental status.

Deep electro-thermal injury can result in tissue necrosis and oedema and the development of acute
compartment syndrome, leading to rhabdomyolysis and/or visceral injury.
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Eyes

Cataracts, hyphema, vitreous haemorrhage, and optic nerve injury can occur.

Ears

Ruptured tympanic membranes?.

Other injuries

Vascular injury can result from an acute compartment syndrome or the electrical coagulation of small blood
vessels. Delayed arterial thrombosis as well as aneurysm formation and rupture have been reported!?26-28,

Damage to internal organs, including the lungs, stomach, small intestine, and colon, is uncommon, but when
occur it can be complicated by fistula formation, perforation, secondary polymicrobial infection, sepsis, and
death?®:%0,

Lightning

Lightning injuries, are a small subset of electrical injuries*3l. Approximately 30 percent of those struck by
lightning die and the survivors may have permanent disabilities®32. Two-thirds of lightning-associated deaths
occur within one hour of injury and are generally due to a fatal arrhythmia or respiratory failure3334,

Patients hit by lightning may present with pupils that are fixed and dilated or asymmetric due to autonomic
dysfunction. As a result, fixed, dilated, or asymmetric pupils should not be used as a reason to stop
resuscitation®.

The incidence of superficial surface burns is high in victims of lightning injury, but deep burns are unusual®.
The low incidence of deep burns is in part due to the short duration of contact and the "flashover effect",
which occurs when the current travels on the skin surface and is discharged to the ground. This can result in
the formation of branching cutaneous “feather” lesions, also called Lichtenberg figures, which fade rapidly but
are pathognomonic of lightning injury®; thus, those with lightning injuries typically require less fluid
resuscitation than patients with thermal burns.

Complications of lightning strikes can include hypoxic encephalopathy, intracerebral haemorrhage, cerebral
infarction, and spinal fractures have been reported®’*8. Keraunoparalysis is a temporary paralysis specific to
lightning injuries that is characterized by blue, mottled, and pulseless extremities (lower more commonly than
upper). These findings are often resolve within hours but can be permanent®. Cataracts, hyphema, vitreous
haemorrhage, and optic nerve injury can also occur following lightning injury32°.

In addition, up to 80 percent of patients struck by lightning sustain ruptured tympanic membranes 254041,

Electrical weapons

Electrical weapons, including the stun gun and the Taser deliver bursts of high-voltage, low-amperage direct
current*?. Reviews and studies including a study of electrical weapons use against minors found no evidence
that they cause “dangerous laboratory abnormalities, physiologic changes, or immediate or delayed cardiac
ischemia or arrhythmias” when exposure lasts 15 seconds or less*®. Significant injuries are rare, but may
include cutaneous burns, lacerations, rhabdomyolysis, testicular torsion, ocular injury, and miscarriage*>4+.
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People can also be injured if they fall after being “stunned”. Prolonged observation and diagnostic testing
are not necessary in patients who are otherwise asymptomatic and alert following such an exposure to these
weapons*34°,

Patients presenting following a significant electrical exposure are susceptible to a wide range of injuries,
including those sustained from falling or being thrown, and should be carefully examined, with particular
attention paid to the organ systems most often affected. Some injuries may not be apparent initially and
frequent reassessment is essential.

Important areas to assess include the following:
e Airway, breathing, and circulation
o Cardiovascular function: assess cardiac rhythm; examine pulses

e Skin: Inspect for burns; look for blisters, charred skin, and other lesions; pay attention to skin creases,
areas around joints, and the mouth (particularly in young children)

¢ Neurologic function: assess mental status, pupillary function, strength and motor function, and sensation
¢ Ophthalmologic: assess visual acuity; inspect the eyes, including a funduscopic examination
e Ear, nose, and throat: inspect the tympanic membranes; assess hearing

e Musculoskeletal: inspect and palpate for signs of injury (eg, fracture, acute compartment syndrome), and
be certain to examine the spine

Cardiopulmonary resuscitation

Prolonged CPR should be undertaken following electrical injury regardless of the initial rhythm, since
good outcomes have been noted even among patients with asystole!**6, Usual triage priorities are reversed
if multiple victims are present: patients without signs of life are treated first'. The treatment for particular
arrhythmias is unchanged®.

Patients can have spontaneous cardiac activity but paralysis of the respiratory muscles. Prompt restoration of
gas exchange via a secure airway may prevent secondary cardiac and neurologic dysfunction or death.

As noted before, lightning injury can result in clinical signs typically associated with severe brain injury which
may not accurately reflect the patient’s neurologic status. Therefore, prolonged CPR may be indicated and
clinical judgement should be used to determine the appropriate duration of resuscitative efforts.

Trauma resuscitation and neurologic evaluation

The patient who suffers a serious electrical burn or lightning strike has sustained significant trauma.
Appropriate trauma resuscitation should be performed, beginning with a rapid assessment of the airway and
cardiopulmonary status. Coexisting smoke inhalation or airway burns must be excluded. Cervical spine
immobilisation and clearance are necessary and tetanus prophylaxis should be administered. Coma or
neurologic deficit, including alterations in mental status, should prompt brain and spine imaging. A careful
secondary survey is needed once the initial resuscitation is complete.
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Cardiac injury

The survivor of a high-energy (>1000 V) injury should be evaluated with and electrocardiogram (ECG) and
have cardiac and hemodynamic monitoring due to the high incidence of arrhythmia and autonomic
dysfunction, especially if there have been arrhythmias in the field or emergency department, loss of
consciousness, or if the initial ECG is abnormal®*

Serum CK-MB measurements and ECG changes are poor measures of myocardial injury following electrical
trauma?l. The diagnostic and prognostic value of cardiac troponin has not been formally studied in this
setting. However, some researchers believe that troponin-l levels and echocardiography can detect
myocardial injury after electric shock*’. Consultation with a cardiologist is advised.

Fluid resuscitation and myoglobinuria

Patients with soft tissue injuries from a severe electrical exposure often require aggressive IV fluid
replacement, especially if there are signs of muscle necrosis; Parkland and similar formulas used for fluid
resuscitation following thermal burns should not be used in victims of electrical injuries, since surface burns
may grossly underestimate the extent of injury. Given the risk of hyperkalemia, IV fluids containing potassium
should be avoided.

Acute hypotension should prompt a search for thoracic or intraabdominal bleeding secondary to blunt
trauma. Large fluid shifts can occur following electrical injury, and clinicians should pay close attention to
volume status and electrolytes throughout the course of management. Physiologic measures, including heart
rate, blood pressure, and urine output, are useful in guiding resuscitation. Urine output should be maintained
at approximately 1 to 1.5 mL/kg per hour until the urine is clear of myoglobin®2148; However, in patients who
develop acute kidney injury and are oliguric or anuric, care must be taken to avoid massive fluid overload
from excessive fluid administration.

Serum electrolyte concentrations, particularly potassium, should be measured approximately every two to
four hours early during management, depending upon the prior value, renal function, and clinical status.

The combination of aggressive fluid repletion and restrictive surface burns can lead to the development of
increased intraabdominal pressure and the abdominal compartment syndrome.

Skin wounds

Wounds are treated in a similar manner to flame or other thermal burns. Patients with burns may require
treatment with fasciotomy. Appropriate dressing and topical antibacterial prophylaxis is indicated for non-
superficial burns and should be applied after consultation with the local burn team. The value of prophylaxis
with intravenous antibiotics is controversial*?.

Gastrointestinal injury

Gastrointestinal injury is uncommon, but persistent ileus, abdominal pain, or tenderness should prompt
abdominal imaging and surgical consultation®. Injury to abdominal organs can occur as a result of vascular
injury and may require laparotomy. Symptoms and signs of injury may be delayed.

Patients have a greater chance of developing gastric ulcers following electrical burns (Curling’s ulcers)®484°,
Therefore, it is prudent to provide prophylactic therapy, particularly in patients with severe burns and those
who cannot or are not permitted to take food by mouth.
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Miscellaneous

After stabilisation, careful otologic examinations may reveal injuries that are amenable to delayed repair348:59,
Ophthalmologic evaluation is warranted because of the potential for delayed development of cataracts®.
Cataracts generally develop several days after injury, though there may be a lag of up to two years*®5?,

Otherwise healthy children who are exposed to common household electric current (low-voltage, no water
contact) and who are asymptomatic in the ED with normal physical examination and have no evidence of
LOC, arrhythmia or cardiac arrest in the field may be safely discharged®?. An initial ECG is recommended
for all patients if it hasn’t been done prior to arrival.

Patients with mild persistent symptoms or minor cutaneous burns should undergo ECG and urinalysis, and if
normal they should be observed for 4-6 hours (from injury) and discharged with appropriate follow-up based
upon the severity of their wounds and any comorbidities.

Otherwise, the following studies are recommended:

¢ Urinalysis - To evaluate for myoglobinuria (positive for blood but no red blood cells)

e Basic serum electrolytes (including potassium and calcium) with renal function studies
e Creatine phosphokinase (CK, to detect muscle injury)

e Full blood count

¢ Radiographic studies of any region in which injury is suspected.

e The value of serum troponin to assess cardiac injury is uncertain and should be discussed with a
cardiologist.

Repeated studies as clinically indicated.
Injured patients should be admitted to an intensive care setting or a surgical ward.

When exposure to high-voltage (>1000 V) is suspected, 24 hours of cardiac monitoring is prudent
despite the apparent absence of injury. Additional indications for monitoring include documented loss of
consciousness or arrhythmia in a patient exposed to lower-voltage.

Key Stakeholders who reviewed this version
e QCH Emergency Department Senior Medical Officers
o Director Paediatric Emergency Department

e Divisional Director Critical Care
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Alternating current

Advanced paediatric life support
Advanced trauma life support
Cardiopulmonary resuscitation
Direct current
Electrocardiogram

Emergency department
Intravenous

Loss of consciousness

Paediatric intensive care unit
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Management in line with APLS/ATLS
algorithms
Initial ECG (if not done earlier)
Full History & Physical Examination
Assess Tetanus status
Good pain management as indicated

Consider Activation of local trauma team

Y

Patient asymptomatic &
No alarming history* &
No Alarming signs on physical
examination** & Normal ECG (no
arrhythmia or evidence of ischemia)

Yes

‘-Nol

Patient has only mild persistent
symptoms or minor cutaneous
burns. ECG, history and physical
examination otherwise normal (No
alarming signs * **)

v

Discharge
home

No Yes
Y

v

*Alarming information in history of current
injury:
‘loss of consciousness,
‘ECG with documented arrhythmia or signs of
ischemia by prior to ED arrival
-high-energy injury (>1000 V)
-suspected lightning injury
-prolonged contact (more than a few seconds)
with an electrical source

** Alarming signs on physical examination:
-entry and exit wounds
-kissing burn
-oral/labial burns
-signs of smoke inhalation

m

If burns or other signs of internal
Injury give proper fluid
resuscitation***
ECG,Urinalysis,Bloods****
Radiology studies as needed.
Early involvement of surgical,

Complete Urinalysis &
ECG (if not done yet
in ED)

*** |Jrine output should be approximately 1-1.5
mL/kg per hour until the urine is clear of
myoglobin. Do not use Parkland formula. Avoid
IV fluids containing potassium.

\_,/_\

\J

ortho, cardiac and PICU
consultation as indicated.

Normal? (no arrhythmia,
no evidence of ischemia,
no hemoglobinuria)

+**_aboratory tests ior significant
electrocution:
-FBC, Chem20, CK
Note: The role of serum troponin is ucertain
and should be discussed with cardiology

No 1 Yes

\/\

\J

monitoring

setting or a surgical

AT least 24 hours of cardiac
give proper fluid resuscitation if
indicated ***
Admission to an intensive care

indicated by the type of injury.

y

™

Observed for 4-6 hours
and discharged with
appropriate follow-up

ward as
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