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ightning causes an estimated 50 to 300 deaths
per year and approximately five times as many
nonlethal injuries? however, injuries and
deaths due to lightning are believed to be un-
derreported. This may be due to several factors, includ-
ing a lack of witnesses to the event and attributing a
patient’s symptoms to another etiology.

Lightning can occur in different forms, with streak
lightning being the most common.’ Most frequently,
lightning is negatively charged; positively charged light-
ning is more powerful because of its stronger electrical
field, and it may be associated with a different injury
profile.* This may be due in part to the fact that it lasts
10 times longer and can originate several miles away
from a storm. Burns and blunt trauma secondary to
a splash mechanism may be more likely in victims of
positively charged lightning, since this form of lightning
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\r:'ing-injured patient if there were no
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can originate “out of the blue” Lightning generates in-
tense heat around it, rapidly heating the air to 20,000°C,
which is three times the temperature of the surface of
the sun. This rapid heating generates a supersonic shock
wave that decays to an acoustic wave heard as thunder.

MECHANISMS OF INJURY

Lightning produces injury and death by multiple
mechanisms.® These include its electrical effect, the
effect of the heat produced by the lightning, and the
physical force of the lightning striking the ground or
the individual. A direct strike injury is damage caused
when the lightning bolt directly hits a victim. A splash
mechanism indirectly injures a victim when the light-
ning hits another object, such as a tree, and splashes
onto the victim.” Contact injury occurs when a victim
is directly in contact with an object that has been struck
by lightning. The concussive force of the lightning
strike can lead to significant blunt trauma and specific
lightning-related injuries, including tympanic mem-
brane rupture. The victim can be thrown a great dis-
tance as well, which itself can cause significant trauma.?
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LIGHTNING INJURIES ™

Table. Patterns in High-Voltage Electrical Injury vs Lightning Injury

High-Voltage Electrical Injury

Lightning Injury

Mechanism of injury Direct contact

Multiple mechanisms

Voltage

Hundreds to thousands

Millions

Contact time Can be prolonged

Immediate, brief

Cardiopulmonary effects

Ventricular fibrillation, asystole

Respiratory, cardiac arrest

Nervous system injuries Paresthesias

CNS, PNS injuries; autonomic
dysfunction

Entrance, exit wounds Common Rare
Secondary trauma Less common Common
Eye injuries Less common Common
Tympanic membrane rupture Unusual Common
Myoglobinuria/hemoglobinuria  Very Common Rare

Skin

Fasciotomy commonly required

Fasciotomy rarely required

CNS = central nervous system; PNS = peripheral nervous system.

The Table compares features of high-voltage electri-
cal injury versus those of lightning injury. Lightning
should be considered in terms of its current, not its
voltage. By its very nature, lightning is unidirectional
and flows for a short time only, which is in contrast to
alternating and direct current.’ Because of this, light-
ning typically causes asystole rather than ventricular
fibrillation. However, due to the intrinsic automaticity
of the heart, the victim of a lightning strike is unlikely
to die since cardiac activity will resume spontaneously.
Furthermore, when first examined, the patient may be
in cardiac arrest with ventricular fibrillation. Survival
depends entirely on the length of time from the initial
injury, as successful resuscitation may not be achieved
if the victim has had prolonged myocardial ischemia.
Even if a cardiac rhythm is reestablished from intrinsic
cardiac automaticity, the concurrent “short-circuiting”
of the respiratory electrical center can cause respiratory
arrest, exacerbating the situation.!®!! Due to the short
duration of exposure, lightning strikes (unlike high-
voltage electricity) do not cause significant burns or
muscle breakdown leading to rhabdomyolysis and sub-
sequent renal failure. However, burns—especially those
of lesser severity—are common and are discussed in
further detail on page 11.

INJURY CLASSIFICATION
Injuries from lightning strikes can be arbitrarily clas-
sified as minor, moderate, or severe.!> Minor injuries
include headache, transient amnesia, transient neuro-
logic dysfunction, and tympanic membrane rupture.
Permanent injuries may also be sequelae of the strike.

Moderately injured patients can present to the ED
in lethargic, stuporous, and comatose states. They
frequently have neurologic manifestations, including
extremity paralysis and seizures, and may also have
cardiovascular manifestations of the strike, including
sympathetic instability and asystole with spontaneous
return of a perfusing rhythm. Almost all patients with
moderate injuries have tympanic membrane rupture.
They must also be evaluated for signs of blunt trauma
due to possible concussive damage from the lightning
strike. Most patients with moderate injuries recover
within hours. However, some patients demonstrate
long-term sequelae, including neuropathies and sym-
pathetic nervous system disorders. In addition, most
victims of lightning strikes have evidence of first- or
second-degree burns.

On arrival to the ED, patients with severe injuries are
usually in extremis due to cardiorespiratory arrest, which
can lead to anoxic brain injury. Prognosis is poor.'?
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EFFECTS ON ORGANS AND SYSTEMS

Nervous System

Injury to the central nervous system is caused by elec-
trical current passing through the brain. This can cause
significant damage to neuronal structures, leading to
necrosis of brain tissue and formation of hematomas.
Trauma resulting from the lightning strike’s concus-
sive force can cause multiple other injuries, including
skull fractures, scalp hematomas, and tears within the

Anterograde amnesia and
confusion occur in nearly all
victims of lightning strikes, with
variable symptom duration.

FAST TRACK

dura. Respiratory arrest and subsequent cardiac arrest
can result from neuronal injury within the brain stem.
Seizures are also seen in lightning strike victims, as
are signs of “short-circuiting” of neurons, eg, paresis,
hemiplegia, ataxia, and cranial nerve palsies.!>!*

Anterograde amnesia and confusion occur in nearly
all victims of lightning strikes, with variable symptom
duration (sometimes lasting for days)."” Furthermore,
victims often report severe, unremitting headaches that
can last for months after the event. These patients may
present with findings similar to those of a postcon-
cussive syndrome, including nausea, dizziness or frank
vertigo, and tinnitus along with the headache. These
symptoms can be mistaken for a migraine-type head-
ache, with the exception that the headache induced by
lightning strike typically is generalized in nature.

The peripheral nervous system can also be severely
affected in victims of a lightning strike, with pain and
paresthesias as the most pronounced features. These
symptoms typically are most noticeable in the extremi-
ties through which the current passed and do not nec-
essarily manifest immediately after the injury. Among
patients who have been severely injured by lightning,
approximately two-thirds demonstrate lower extrem-
ity paralysis and one-third have upper extremity pa-
ralysis.!” Due to sympathetic instability and vascular

spasm, the skin of the affected extremities appears
mottled, and these extremities also lack sensation and
evidence of a pulse. These signs and symptoms usually
resolve within several hours.>® However, some patients
have long-term autonomic dystrophy and even develop
reflex sympathetic dystrophy subsequent to a lightning
strike !>16-19

Eyes

Eye injuries occur in more than 50% of individuals
struck by lightning. There are many mechanisms for
eye injury, including direct electrical damage, light
damage, and blunt trauma.” If cataracts develop, this
usually occurs within days following the strike. Auto-
nomic disturbances (eg, Horner syndrome) affecting
the eye are also possible and can be temporary or per-
manent. Fixed and dilated pupils cannot be used in this
context as indicators of serious brain injury.?

Ears

Due to the significant noise and the shock wave inher-
ent in lightning strikes, transient hearing loss is preva-
lent. As mentioned, a common finding is tympanic
membrane rupture, which is seen in 50% of patients.?!
Any evidence of fluid or blood drainage from the ear
canal warrants CT of the head to look for injury to the
skull or brain.

Cardiopulmonary

Cardiopulmonary arrest is the most common cause of
death following a lightning strike; however, the victim
is not likely to die unless the arrest is a direct result of
the strike.!® Secondary cardiac arrest has been reported
and is caused by paralysis of the brain stem respiratory
center, resulting in hypoxia which itself leads to cardiac
arrest. This can occur even if the heart has regained si-
nus function and a perfusing rhythm.!® Other arrhyth-
mias are also common, and these run the gamut from
atrial to ventricular dysrhythmias. ECG is not useful as
a screening tool, as changes indicative of ischemia may
be delayed for as long as 1 week. Most of these changes
resolve relatively quickly, but some, especially prolon-
gation of the QT interval, may require several days to
subside.?* Direct injury to the lungs with pulmonary
contusion and hemorrhage can occur as well.*
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Skin

Due to the nature of lightning, visible entry and exit
wounds are not common in lightning injury. Burns,
however, are very common. Burns to the skin can be
loosely categorized into five groups. The first category
is linear burns (including flash burns); these are first-
and second-degree burns caused by steam on the vic-
tim’s skin. Linear burns are typically 1 to 4 cm wide
and follow areas of moisture accumulation such as the
axillae and the area beneath the breast.>* Punctate
burns, the second category, are discrete circular burns
that are typically closely spaced and vary in size from a
few millimeters to a centimeter in diameter." The sine
qua non of lightning injury is Lichtenberg figures (also
known as lightning flowers), a ferning pattern of burns
to the skin. These are not true burns, as evidenced by
the fact that microscopic evaluation of biopsy samples
reveals no damage to the skin.?**” The fourth type of
burn is thermal, which is caused by the intense heat
of the lightning, which can burn clothing and jewelry,
causing second- and third-degree burns. Included in
this category are contact burns, a subgroup of burns
that occur when metal such as jewelry is heated by
the lightning, causing burns to adjacent skin.*® There

is also a fifth group that encompasses a combination
of these injury patterns.

Kidneys

Due to the short duration of lightning strikes, myoglo-
binuric renal failure is not common since significant
muscle breakdown does not typically occur. This is
in direct contrast to high-voltage electrical injury, in
which it commonly occurs.

OTHER INJURIES

Concussive Force Injuries

Since victims of lightning strike can be thrown several
yards from the site of the strike, evaluation for blunt
trauma is mandatory. Evaluation for bony injuries
should be performed with appropriate radiologic stud-
ies, including CT if indicated.

DIAGNOSIS

It is important to recognize that the diagnosis of a
lightning-injured patient may be difficult, especially if
the patient is unaccompanied. Historical features, in-
cluding witnesses to the event, a storm in the area, and
physical findings, are immensely helpful in establishing
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the clinical picture. The differential diagnosis is broad
and includes cerebrovascular etiologies such as stroke,
hemorrhage, and seizures, as well as cardiovascular
causes such as arrhythmias and myocardial infarction.

Telltale signs of lightning injury include an arboreal-
type burn (ie, Lichtenberg figures), tympanic mem-
brane rupture, and disheveled appearance of the patient
(including clothing that is blasted apart). The patient is
also likely to be confused or amnestic to prior events.

Laboratory and Radiologic Testing
Recommended laboratory tests include electrolyte
measurement, assessment of renal function, complete
blood count, and cardiac enzyme studies, including
creatine kinase and troponin assays. ECG is manda-
tory, as is cardiac monitoring.

The decision to order radiologic evaluation depends
on the patient’s presentation and the physician’s assess-
ment. CT of the head may be warranted in patients
with altered mental status. Further CT scans may be
indicated in patients with evidence of significant blunt
trauma.

MANAGEMENT

The highest priority is to assess and stabilize the patient’s
airway, breathing, and circulation. Cardiopulmonary
resuscitation should be instituted immediately if the
victim is in cardiac arrest. Due to the risk for secondary
cardiac arrest, this should be continued not only until
spontaneous circulation occurs but until spontaneous
respirations occur as well (or until the airway is se-
cured). Following resuscitation and the primary survey,
another careful survey should be performed with the
patient completely undressed; if possible, history from
witnesses and EMS personnel should be obtained. The
patient’s eyes should be examined for reactivity, acuity,
and presence of cataracts; the ears should be evalu-
ated for hearing, tympanic membrane rupture, and
telltale signs of basilar skull fracture, including hemo-
tympanum. Cardiovascular assessment should include
documentation of pulses in all extremities, and the
patient should be continually monitored for evidence
of arrhythmia. The abdomen should be assessed for
evidence of acute traumatic injury. Evaluation for focal
neurologic abnormalities, including sympathetic dys-

function of an affected extremity, should also be per-
formed. The extremities will be cold and clammy and
have decreased sensation and pulses. Finally, with the
patient completely undressed, the skin and extremities
should be examined for any evidence of burn injury.

IV access should be obtained and crystalloid started.
In addition to continuous cardiac monitoring, further
invasive monitoring may be warranted depending on
the patient’s vital signs and overall clinical status. Unless
the patient is truly hypotensive, fluid administration
should not be aggressive, due to the risk for cerebral
edema,' and once the patient has been stabilized, fluids
should be restricted because of this risk. Since lightning
strike alone rarely causes hypotension, significant hy-
potension mandates evaluation for other etiologies of
shock, especially abdominal or chest hemorrhage and
long bone fractures.

DISPOSITION

The disposition of lightning-injured patients depends
on the clinical scenario. Patients with minor injuries
can be observed for several hours in the ED, while
those with severe symptoms should be admitted for
further management. Follow-up should be arranged as
required for those who are discharged.

CONCLUSION

Lightning strike is one of the most common environ-
mental causes of death. It is important to understand
that the mechanism of injury, the resulting injury pat-
tern, and the potential complications associated with
lightning strike are all quite different from those seen
with high-voltage electrical injury. Classic injuries as-
sociated with lightning strikes include tympanic mem-
brane rupture and arboreal burns. Lightning strikes
can result in some delayed effects, including cognitive
and behavioral issues, cataracts, and peripheral ner-
vous system dysfunction. The patient should be in-
formed of the potential for these effects and educated

appropriately. EM
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