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Electricalinjuries, although relatively uncommon, are inevitably
encountered by most emergency physicians. Aduit electrical injuries
usually occur in an occupational setting, whereas children are primarily
injured in the household setting. The spectrum of electrical injury is very
broad, ranging from minimal injury o severe multiorgan imvolvement,
with both occult and delayed complications, to death.

Electrical injuries can present with a variety of problems, including
cardiac or respratory arrest, coma, blunt trauma, and severe bums of
several types. It is important to establish the type of exposure (high or low
wvoltage), duration of contact,and falls or other trauma.



outline



P = ()Rt and ( I=VR)

P thermal power (heat), in Joules
| current, in amperes

R resistance, in chms
ttime, in seconds

V potential, in voits



Factors Detern trical Injury



One of thefactors affecting the nature and severity of
electricalinjury is the type of circuitinvolved, either
directcurrent (DC) or alternating current(AC).

High-voltage DC contact tends to cause a single
source. This resuits in a shorter duration of exposure
but increases the likelihood of traumatic biunt injury.
Brief contact witha DC source can also result in
disturbances in cardiac rhythm, depending on the
phase of the cardiac cycle affected,



AC exposure to the same voltage tends to be three
times more dangerous than DC. Continuous muscle
contraction, or tetany, can occur when the muscle
fibers are stimulated at between 40 and 110 times
per second.



Resistance is the tendency of a material to resist the flow of electric
currentitis specific for a given tissue, depending on its moisture
content, temperature, and otherphysical properties.

The higherthe resistance of a tissue to the flow of current, the
greaterthe potential for transformation of electrical energyto
thermal energy.

Nerves, muscle and blood vessels, because of their high electrolyte
and watercontent, have a lowresistance and are good conductors.

Bone, tendon, and fat, which all contain a large amount of inert
matix, have a very high resistance and tend to heat up and
coaguiate ratherthan transmit current.

The othertissues of the body are intermediate in resistance (eg dry
skin)



Current, expressed in amperes, is a measure of the amount
of energy that flows through an object.
Amperageis dependent on the source voltage and the resistance of

the conductor. (RememberI=V/R)
The voltage of the source is known but the resistance varies

The physical effectvary with differentamperage.

Current Intensity
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Probahle Effect

Tingling sensation; almost not perceptible

Maximum current a person can grasp and “let go”

“Let-go” current for an average man

“Let-go” current for an average woman

“Let-go” current for an average child

Tetany of skeletal muscles

Paralysis of respiralory muscles; respiralory arrest
Threshold for ventricular Nbrillation

Asyslole

Comman household circuil breakers

Maximal intensity of household current (U,5,)

the maxamum
curentatwhicha
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the curent and
thenrelease it
before muscle
tetanymakes
letting go
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The longer the duration of contactwith high-voltage current, the
greater the electro thermal heating and degree of tissue destruction.

>

With lightening injury
The extremely shortduration and extraordinanily high voltage and
amperageof lightningboth resultin a very shortflow of curent
intemally, withlittle, if any, skin breakdown and almost immediiate
flashover of current around the body.



Voltage is a measure of the difference in electrical
potential between two points and is determined by the
electrical source. Electrical njuries are conventionally
divided into high or low voltage using 500 or1000 V as
the most common cutpoint

The higher the voitage the more is tissue distraction



The pathway thata current takes determines the tissues atrisk, the type
of injury seen, and the degree of conversion of electrical energy to heat.
This is true whether high, low; or lightning voitages are being
considered.

Current passing through the heart or thorax can cause cardiac
dysrhythmias and direct myocardial damage. Current passing through
the brain can resultin respiratory amrest, seizures, and paralysis.
Current in praximity to the eyes cancause cataracts



Electrical Injury

Electrical Injury
The primary electrical injury is burns. Secondary blunt
traumaresuits fromfalls or being thromn fromthe
electrical source by an intense contractionof muscles.
Electrical burns can be classified into four different
types.



Direct contact

Electrothermal heating
Lowwolitage dimited to the affected area
High woltage : bum any where along the current path

Indirect contact

An electrical arc is a current spark formed between two objects of differing
potential that are not in contact witheach other; usually a highly charge source and
a ground. Because the temperature of an electrical arc is approximately 2500°C,
itis most destructive indirect injury. it causes very deep thermal bums atthe point
where it contacts the skin. In arcing circumstances, bums maybe caused by the
heat of the arc itself, electrothermal heating due to current flow;, or by flames that
result from theignition of clothing.

Ignition of clothing causes direct bums from flames.

: When heat from a nearby electrical arc causes thermal bums but current

does not actually enter the body



Lightning injury may occur by five mechanismsa
Direct strike

It has been substantiated experimentally that lightning strilkes
near the head may enter orifices such as the eyes, ears, and mouth to flow
intemally.This may help explain the eye and ear symptoms and signs that
are reported with ightning injury.
Contact

: Side flash or splash occurs as lighthing jumps fromits
primary strike objectto a nearby person on its way to ground
Step woltage, a differencein electrical

potential betweena person’s feet, may occuras lighthing current spreads
radially through the ground. A person is a far betterconductor of electricity
thantheearth.

Blunt injury from lightning can occurfromtwomechanisms.
First, the person may be thrown a considerable distance by the sudden,
massive contractioncaused by current passing through the body. Second,
an explosive or implosive force of lightning.



Respiratory amest secondaryto directinjury .

Asystole (more ikely if DC orhigh V)
Arrhythmias (more likely AC) (~15% pts)
Myocardial necrosis (thermal effect)
Anoxic injury secondary to respiratory amrest

Direct effectsinciude LOC, autonomicdysfunction, amnesia, temp
paralysis (keraunoparalysis ( (clear within hours))

Spinal Cord injury secondaryto spine fracture secondaryto muscle
contractions

Peripheral motorisensory losses (long-term sequel)



(~57% lowV fatalities; ~96% high V fatalities)*

Superficial, partial or full thicknessthermal bums

Degree of externalinjury canunderestimateinternal injury &viceversa. One
should not attempt to predict the amountof underlying tissue damagefrom the
amountof cutaneous nvolvement

Necrosis secondaryto severe contractionor thermal njury
Compartment syndrome secondaryto edemafrom deep injury &3rd spacing

Osteonecrosis secondary to thermal njury
Fracture secondary to muscle contractionor blunttrauma



Pigmentinduced renal faiure
Hypowolemia secondary to 3rd spacingcan lead to prerenal

Injury rare, most commonly“‘Curler's ulcers’( uicerfrombum)

Cataractscandevelop up to 2 years after
Hearing loss from 8thnerve npry

Damage to any organ system secondary o blunttauma
Damage to any organ system secondary to vascular damage



Lightning

High Voltage

Low Vollage

Vollage, V
Lurrent, A
Duration

Type of current

vardiac arrest (cause)
fespiralory areest (cause)

Muscle contraction
Bums
Khabdomyolysis
Blunt injury (cause)
Mortahty (acute)

30 % 10°

> 200,000
[stantaneous

I

Asystole

Direct CNS Injury

Single

Rare, superficia
[Incommon

Blast effect, shock wave
Very high

>0

<00

Brief

IC or AC

Ventricular fibrillation

Indirect trauma or telanic contractions of
respiralory muscles

[IC: single; AC: tetanic

Common, deep

\ery common

Muscle contraction, fall

Moderale

G, direct currents AC, altemnating current; CNS, central nenvous system.

A0 (<240

<Al

Prolonged

MUS“)’ A

Ventricular fibrillation

Tetanic contractions of respiratory muscles’

Telanic

Usually superficia
Common

Fall (uncommon)
oW







Management _
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Thorough evaluation for fractures

Serial evaluations of imbs for compartment syndrome requiring
emergent decompression

Even in absence of compartment syndrome, persistentacidura or
myoglobinuria may require imb amputation

Early debridementand later reconstruction
Antibiots hyleuds (cont ial)



Fluid resuscitationkey, as 3rd spacing common &myoglobinuria
secondary to rhabdomyolysis cancause ARF

Urinary akalinization
Mannitol &frusamide
Urine outputmaintained at1-1.5 mlkghr
Ph of blood maintained at7.4 by sodium carbonate

Ulcer prophylaxis, as gastric uicers(Curling’s ulcers) candevelop
lleus uncommon, but should prompt evaluationfor otherinjury
Sernial evaluation of iver, pancreatic, &renal function for
traumatic/anoxicfischemic injury
Careful managementof fluid and electrolytes to avoid acidosis and
compartment syndromes



All patients requwe :
ECG
Cardiac enzymes

CT scan for victims
status

of neurological

Liver & pan
CKlevel (
Radiologic
I
I



Prognosis

Highly variable, def
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High voltage injury to chest




High-voltage
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