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Emergency Department’s

Case of the Month

Questions and Answers

1.How does electricity affect the
body?
The severity of an electrical injury is 
proportional to the intensity of the cur-
rent. According to Ohm’s law, current is 
proportional to the source voltage and
inversely proportional to the resistance of the

conductor: I = V/R (Table 1). Although the
source voltage is a constant, the resistance of
the conductor (in this case body tissue) varies
considerably. 
Skin is the primary resistor of the body,

and current must overcome external resist-
ance at the source contact point before dis-
tributing among internal tissues. External
resistance varies considerably, from as low as
1,200 Ω for wet skin, to over 100,000 Ω for
heavily calloused skin.1,2 High resistance at
the skin results in greater thermal injury to
source and ground contact points, as energy
is expended for the current to overcome the
resistance: P = I2(R) (Table 1). 
Internal body resistance is between 500

and 1,000 Ω.2 Nerves, designed to carry elec-
trical signals, and muscles and blood vessels,
with their high water content, offer the lowest
resistance. Fat, tendon, and bone offer the
highest resistance and tend to heat up and
coagulate before conducting electricity.3

However, it has been postulated that the
human body acts more as a volume conduc-
tor than as a circuit with multiple resistors.4

2.What types of injuries should be
expected?
There are both direct and indirect injuries to
consider following electrical contact, and the
nature of the injuries will be determined by
several factors (Table 2). 
Directly, damage is caused by electrical

current passing through tissue. Current does
not necessarily travel in a straight line from
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Cory’s Case
Cory is a 24-year-old male who presents to the ED
following an electrical injury. Cory had one hand on a
forklift that was unloading pallets when it 
inadvertently hit a metal fence that was charged with
live current. He was wearing steel-toed boots at the
time. 

On arrival to the emergency department, he 
complains of paresthesias in his right arm and pain in
his right hand and right foot. He denies chest pain,
and has not lost consciousness at any time.

On exam, his vital signs are within normal limits, and
his ECG shows sinus rhythm. The distal ends of the
fingers of his right hand are insensate and the skin
appears to be sloughing. There are third degree burns
to the medial aspect of his right foot that indicate the
ground contact point. 

Read on for more on Cory.

Table 1

Electrical Formulae
• Current: I = V/R • Power: P = I2(R)

I = Current in amperes (A)
V = Source voltage in volts (V)
R = Resistance in ohms (Ω)
P = Thermal power (heat) in watts (W)
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entry to exit point, and, depending on the path
the current takes through the body, almost any
organ can be affected. Vigilance must be
maintained as this organ system damage is
often subtle and discovered symptomatically. 
Indirectly, injury results from either trau-

matic falls or severe muscular contraction
induced by the electric current, which can be
strong enough to cause compression frac-
tures.5 Approximately 15% of electrical burn
victims also sustain traumatic injuries. Direct
current (DC) sources tend to cause a single
large muscular contraction, often propelling
victims upon contact. Due to their cyclic
nature, alternating current (AC) sources cause
tetanic muscular contraction leading to longer
duration of contact and potential for muscu-
loskeletal injuries, such as fractures and dislo-
cations (Table 3). In Canada, homes have low
voltage sources on AC systems, and industri-
al high voltage (> 1,000 volts) sources can be
either DC or AC systems. 
Thermal injuries can be caused by a num-

ber of mechanisms. Burns can be caused

from ignited clothes or surroundings, from
electrical arc when high voltage current pass-
es through the air (temperatures up to
5,000°C),2 or from heating of body tissue as it
resists the passage of current.1 In the latter
case, deep tissue retains more heat and often
will sustain more severe injury. Accordingly,
physicians should maintain suspicion of com-
partment syndrome. 

3.How should this patient be
approached in the ED?
Initially, the management of these patients
should follow standard Advanced Trauma
Life Support guidelines. Next, fluid replace-
ment is standard in resuscitation of the ther-
mally injured patient. However, in the case of
electrical burns, where surface injuries repre-
sent a minority of the injured tissue, the com-
monly used Parkland formula is inaccurate.
Alternatively, a more appropriate goal of
resuscitation is targeting a urine output of at
least 0.5 cc/kg/hour with Ringer’s lactate.2

Changes can be made hourly with increments
of 10 to 20% while avoiding bolus adminis-
tration, as this can increase third space losses
in burn patients.2 The goal is to avoid rhab-
domyolysis-induced acute renal failure sec-
ondary to myoglobin released from injured
muscle cells. Adjuncts, such as mannitol and
urine alkalinization, have been proposed, but
their use remains controversial.1,6 Although
detection of myoglobin in the serum or urine
is pathognomonic for rhabdomyolysis, crea-
tine kinase (CK) is a more useful marker for
monitoring due to its longer half-life. 
An ECG should be performed for all

patients who sustain an electrical injury (of
any voltage). Electrical injuries can affect the
heart by either causing dysrhythmias, or
direct necrosis of the myocardium.2

Nonspecific ST-T changes are the most 
common ECG abnormalities, and atrial 

Case of the Month

Table 2

Factors Determinining Electrical Injury
• Source voltage • Resistance of tissue
• Current • Duration of contact
• Type of current • Pathway of current 

Table 3

Pathophysiologic Effect of Current (mA)2,8

Current Physiologic Effect
Intensity 
1–4 Tingling sensation
4 “Let go” current of average child
7 “Let go” current of average woman
8 “Let go” current of average man
10–20 Skeletal muscle tetany
20–50 Respiratory arrest from thoracic 

muscle tetany
50–100 Ventricular fibrillation
2,000 Asystole
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fibrillation is the most common dysrhyth-
mia. Electrical current can also cause ventric-
ular fibrillation or asystole. Asymptomatic
patients with a normal ECG, who have sus-
tained a low voltage injury, can be discharged
from the ED if they have no history of loss of
consciousness or any other complaints. Any
patient with documented dysrhythmia, loss of
consciousness, or evidence of ischemia
should be admitted for observation. There is
currently insufficient evidence to confirm
safe discharge of patients with a normal ECG
in the setting of a high voltage electrical
injury.7 Discretion falls on the physician in
these cases, and the safest plan would be to
observe the patient for at least several hours.
Insufficient evidence exists regarding the use
of troponin as a marker of cardiac damage in
electrical injuries (although CK and CK-MB
have been discredited). Thus, the focus
should be placed on the history, physical
examination, and ECG.
Patients with electrical injuries are at risk

for deep tissue damage and compartment
syndrome. Pressures can rise within 48 hours,
and physicians must be attuned to this possi-
bility. Indications for immediate surgery
include progressive neurologic dysfunction,
vascular compromise, increased compart-
ment pressure, and systemic clinical deterio-
ration from suspected ongoing myonecrosis.
In the absence of these factors, surgical
debridement can be safely delayed for three
to five days post injury.7

4.What kind of complications can
arise?
Manifestations of electrical injury are largely
dependent on the pathway of current through
the body. Cardiac injury can results in
arrhythmias and death. Damage to the nerv-
ous system can cause acute cranial nerve

deficits and seizures. Muscle necrosis can
result in renal failure and compartment syn-
drome. Other viscera may be affected by
either direct or ischemic injury. Cataracts
may present as a long-term complication;
however, they are more common with light-
ning exposure.2 Management of these com-
plications should be determined symptomati-
cally, or in the setting of further indications
present in the history (e.g., cardiorespiratory
arrest).
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Back to Cory
Cory is admitted to the plastic surgery service for
cardiac monitoring and burn management. There are
no arrhythmias or ECG changes. His CK peaks at
2,400 U/L and then declines. Three days post-injury,
he is taken to the operating room for escharotomy
and split-thickness skin grafting to the burn on his
foot. The skin graft takes completely, and his hand
wounds are managed with dressings. He is 
discharged home nine days after the accident. 
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