
Review

Lightning injury: A review§

Amber E. Ritenour a,b, Melinda J. Morton a, John G. McManus a,
David J. Barillo a, Leopoldo C. Cancio a,*
aU.S. Army Institute of Surgical Research, Fort Sam Houston, TX 78234, United States
bBrooke Army Medical Center, Fort Sam Houston, TX 78234, United States

Contents

1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585

2. Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 586

3. Lightning physics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

4. Clinical presentation and care. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

4.1. Cardiopulmonary support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

4.2. Skin lesions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 589

4.3. Muscle injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 589

4.4. Central nervous system abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 590

4.5. Opthalmologic and otologic findings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 590

5. Prevention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 591

6. Resources. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 591

7. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 591

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 592

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 592

1. Introduction

Injuries secondary to lightning strike are rare, and feature an

unusual presentation, high mortality, and significant long-

term morbidity. The American Burn Association recommends

referral to a burn center for victims of lightning strike; thus,

burn-care providers should be familiar with the character-

istics and treatment of these injuries. This paper will review

the epidemiology, physics, clinical presentation, management
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Lightning is an uncommon but potentially devastating cause of injury in patients presenting

to burn centers. These injuries feature unusual symptoms, high mortality, and significant

long-term morbidity. This paper will review the epidemiology, physics, clinical presenta-

tion, management principles, and prevention of lightning injuries.
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principles, and prevention of lightning injuries for burn-care

providers.

2. Epidemiology

Lightning strikes the earth more than 100 times each second or

8 million times per day. About 50,000 thunderstorms occur

each day that may result in fires and injury (Okafor, 2005

#17708) [91]. Worldwide, lightning strike density is highest in

Africa, where some regions experience more than 50 lightning

strikes/km2 each year [1]. The risk of being struck by lightning

is a function of strike and population densities, as well as

terrain features that may protect or expose occupants of a

geographical area.

Lightning is the second leading cause of weather-related

death in much of the world. The epidemiology of lightning

injury, much of which has been published in the meteor-

ological rather than the medical literature, is well described

only for certain areas of the world [2,3]. Furthermore, under-

reporting significantly affects the data. For example, Cher-

ington found underreporting of injuries by 49% (51 vs. 100

cases) and of deaths by 11% (8 vs. 9) for the U.S. state of

Colorado during 1993–1995, when comparing the National

Oceanic and Atmospheric Administration (NOAA) Storm Data

database (based mainly on newspaper reports) to medical and

death-certificate databases [4]. Worldwide mortality due to

lightning is estimated to be 0.2–1.7 deaths/million people [5,6].

A South African study noted a higher rate of 6.3 deaths/million

inhabitants for the Highveld, a region consisting predomi-

nantly of urban poor [7]. For an average person in the U.S., the

lifetime risk is roughly 1 in 3000 of being struck and 1 in 35,000

of being killed by lightning [8]. Lightning-related mortality

data are summarized in Table 1.

There are important regional, seasonal, and temporal

differences in the risk of lightning injury. In the U.S., the

largest number of deaths occurs in two southern states with

coastlines along the Gulf of Mexico: Texas and Florida [2,6,9].

In the case of Florida, the large number reflects factors such as

a high annual number of thunderstorm days and a high

ground-flash density. Many victims in that state are injured in

or near water [9]. On the other hand, during 1968–1985, the

highest number of deaths per inhabitants in the U.S. was

reported for the rural Rocky Mountain state of Wyoming, at

1.96 million�1, and New Mexico at 1.70, whereas the national

average was 0.61 million�1 [10].

Lightning injuries peak during the summer months

throughout much of the world. The month of July consistently

features the largest number of casualties in the U.S. [2]. In

India, the peak months are the monsoon season of June–

September [11]. The opposite pattern is noted south of the

equator in Australia [12,13] and South Africa [7]. In Singapore,

an equatorial country, two peaks are observed in April and

November [14]. Most injuries take place in the afternoon (1200–

1800 h local time) [2,7].

There have been significant changes over time in the risk of

lightning injury and death in those countries with long-term

data. Despite rising population, the number of lightning

deaths in the U.S. decreased from 377 during 1891–1894, to

239 during 1991–1994 [15]. From the 1950s until the 1990s, there

was a slight decrease in the per person risk of lightning injury

or death [16]. A likely explanation for this finding is a decrease

in the number of individuals involved in farming, and an

increase in the proportion of the population living in an urban

setting. Similar long-term decreases in the number of light-

ning injuries and fatalities were observed in England and

Wales over the period 1852–1990. In that region, the mean

annual number of lightning deaths decreased from 20.5 for

1852–1859, to 4.2 for 1980–1999. This occurred despite a

doubling of the population, implying an eightfold decrease in

the risk of death [17].

Has improved medical care, to include emergency medical

services systems, changed the survival prospects of patients

struck by lightning? One paper based on the U.S. Storm Data

database concluded that the ratio of injuries to deaths

increased from two in 1959 to about seven in 1994; of course,

changes in reporting cannot be excluded [16]. Although the

annual number of injuries in the U.S. is typically cited as 300

and the annual number of deaths as 100 [10,16], the National

Weather Service of the U.S. currently estimates about

70 deaths/year in the U.S., and a 10% mortality rate [18]. A

recent query of the National Trauma Data Bank (NTDB Version

5) revealed 95 cases and 9 deaths for a similar mortality rate

(9.5%) [8]. In one report, the U.S. military reported 350 injuries

but only 1 death during 1998–2001; however, 44 casualties

were injured in a single event [19].

Lightning injuries and deaths occur most often in indivi-

duals who work outside or participate in outdoor recreational

activities. Thus, men are five times more likely to be struck by

lightning than are women [20], and military personnel appear

to be at particular risk. Young people (ages 10–29 years) are at

greatest risk in several series [9,10,13,14]. In one U.S. series,

25% of lightning deaths were work-related; the leading

occupations involved were farming and construction [21].

Over time, some regions have noted a decrease in outdoor-

work-related injuries, and an increase in outdoor-recreation-

related injuries [16,17]. However, it is noteworthy that 32% of

injuries in the above-mentioned NTDB review occurred

indoors [8]. Improvements in building design likely reduced

the number of indoors injuries between the 1890s and 1990s

[15]. These improvements have included not only the wide-

spread implementation of Benjamin Franklin’s 1752 inven-

tion, the lightning rod [22], but also improvements in

grounding due to installation of plumbing, telephone lines,

and electric wiring [15]. Lightning injury has been reported in

individuals riding bicycles, motorcycles, or boats [23]. Light-

Table 1 – Summary of recent lightning-related mortality
for several countries

Country Year(s) Deaths/year Reference

Australia 1957–1969 2.9 [13]

Canada 1991–1995 5.4 [82]

Germany 1991–1993 6.3 [46]

England and Wales 1980s 4.2 [17]

Singapore 1956–1979 3.3 [14]

South Africa (Highveld) 1997–2000 9.5 [7]

Switzerland 1988–1992 2.4 [46]

U.S. 1968–1985 106 [10]
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ning has also struck aircraft in flight, resulting in fatalities;

structural improvements have made aircraft safer from

lightning over the years [24].

3. Lightning physics

Lightning is generated when the voltage difference between a

cloud and the ground or another object exceeds 2 million V/m.

At this point, arcing occurs. Factors that determine the site and

severity of electric trauma include the magnitude of energy

delivered; voltage; resistance to current flow; type of current;

duration of contact with the current source; and current

pathway. The electric current involved in lightning strikes is

direct current (DC), as opposed to the alternating current (AC)

that is responsible for the majority of household and industrial

electric injuries. The amount of DC current delivered by a

lightning strike, on the order of 30,000–50,000 A, is far greater

than that produced by AC electricity. The duration of exposure

is generally much shorter, approximately 10–100 ms. This

current causes the release of a tremendous amount of heat,

raising temperatures to approximately 30,000 K. This brief

temperature effect causes a ‘‘thermoacoustic blast wave,’’ or

thunder. The overpressure generated by thunder at the source

may approach 100 atm [25–27].

The various interactions of lightning with the body produce

a mortality rate of 10–30% and a 76% risk of long-term sequelae

in survivors [28]. Lightning may cause injury in several ways

[29,30]:

� Direct strike: Casualties may sustain a direct strike, which is

often fatal.

� Contact injury occurs when lightning strikes an object, such

as a car or metal pole, which the victim is touching.

� Side flash involves current splashing from a nearby object or

person onto the victim.

� Ground current: When lightning strikes the ground near a

victim, ground current passes from the strike point, through

the ground, and into the victim.

� Upward streamer: In a case report, passage of lightning from

the victim upwards, as a weak upward streamer, has been

described [29].

� Blast injury: Finally, lightning’s blast effect (thunder) may

cause either primary or tertiary blast injury. Primary blast

injury is often manifested as ruptured tympanic mem-

branes, whereas tertiary blast injury may present as blunt

trauma when the victim falls or is thrown.

When an individual is struck by lightning, the primary

current arc travels outside the body, a phenomenon known as

‘‘flashover.’’ Some authors hypothesize that this phenomenon

is protective, causing the current to flow over, rather than

through, the body [31,32]. However, this immense current

likely generates large magnetic fields perpendicular to the

body surface, which in turn induce secondary electric currents

within the body. These secondary currents may cause cardiac

arrest and other internal injuries [25]. In fact, induced

magnetic currents may explain those cases in which cardiac

arrest occurs following lightning strike in the absence of any

other signs of injury [33]. When lightning hits the ground,

current spreads out from the contact point such that if a

casualty is standing nearby with feet apart, the potential

difference between the feet may be in the range of 1500 V [25].

Lightning injuries are thus more severe when a person’s feet

are apart than when they are close together [34]. When

lightning directly strikes a victim’s upper body, a very large

potential difference between the upper and lower body is

established. A brief, large current flow will result. The duration

is generally not sufficient to cause Joule heating, as in high-

voltage electric injuries, but it is sufficient to damage muscle

and nerve cells by other mechanisms such as electroporation.

Electroporation, also known as electropermeabilization,

features reorganization of lipids in the cell membrane into

‘‘pores’’ as a result of an imposed transmembrane potential

(Fig. 1). This results in a large increase in membrane

permeability that significantly augments the work necessary

to maintain transmembrane concentration gradients. When

cellular metabolic energy stores become depleted, ATP-driven

ion pumps can no longer compensate for the rapid diffusion of

ions through the damaged cell membrane. At this point, if the

membrane does not seal itself, cell death occurs. Skeletal

muscle and nerve cells are especially susceptible to electro-

poration because of their size: cell length is directly propor-

tional to transmembrane potential in these cell types. Some

authors suggest that the delayed presentation of neurological

sequelae following lightning injury is due largely to the effects

of electroporation over time [25].

Ball lightning is an unusual form of lightning which

deserves brief comment. Ball lightning is seen during lightning

storms as a moving, floating ball ranging in size from that of a

golf ball to that of a basketball. A variety of theories have been

proposed to explain ball lightning. Since it is a low-energy

phenomenon, it rarely causes death; but in case reports it has

been associated with long-term neurological sequelae [35–37].

4. Clinical presentation and care

Lightning causes death in 10–30% of casualties, and results in

permanent disability in the majority of survivors. Many vital

structures may be affected. Persons struck by lightning usually

show evidence of multiorgan derangement, with the most

dramatic effects involving the central nervous and cardiovas-

cular systems.

4.1. Cardiopulmonary support

In several reports, the majority of deaths from lightning injury

appear to be either immediate [7], or, alternatively, the result

of immediate cardiopulmonary arrest followed by unsuccess-

ful resuscitation [9]. The primary cause of death following

lightning strike is asystolic cardiac arrest or ventricular

fibrillation [6,34,38,39]. Lightning causes a massive DC ‘‘coun-

tershock’’, which simultaneously depolarizes the entire

myocardium. At the same time, respiratory arrest may occur

due to chest muscle paralysis and suppression of medullary

respiratory centers. Even if cardiac automaticity enables

spontaneous recovery of electrical activity following the

lightning strike, respiratory arrest may cause secondary

hypoxic cardiac arrest [39,40]. Cooper found that cranial burns
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or leg burns were predictive of increased mortality. Also, she

noted that death was unlikely in the absence of immediate

arrest [41].

Lightning injury is also associated with massive catecho-

lamine release through an unknown mechanism, which may

be manifested (in patients who do not arrest) by hypertension,

tachycardia, non-specific EKG changes, and contraction-band

myocardial necrosis. Myocardial infarction, however, is

unusual [42]. Blunt trauma may explain cases of myocardial

contusion in lightning trauma patients.

Patients who have experienced a lightning strike should be

treated as if they had sustained high-energy blunt trauma.

First responders should rapidly assess airway, breathing, and

circulation, and should strongly consider full spine immobi-

lization. The American Heart Association (AHA) and the

European Resuscitation Council have published recommen-

dations for the immediate cardiopulmonary resuscitation of

lightning victims; the usual Basic Life Support (BLS), Advanced

Cardiac Life Support (ACLS), and defibrillation techniques are

recommended [38–40,43]. In addition, respiratory arrest – due

to respiratory center suppression and thoracic muscle spasm –

may persist even after return of circulation, and ventilation

must be supported. Lightning patients may respond to

resuscitation even when they appear dead, and even when

the interval between injury and resuscitation is prolonged.

Thus, the AHA recommends ‘‘vigorous resuscitative measur-

es. . .even for those who appear dead on initial evaluation.’’

This policy is supported by several facts: there are reports of

excellent recovery after lightning-induced cardiac arrest; the

amount and duration of charge are unknown; and most

victims are young and without heart disease [40]. Some

patients may have no post-arrest morbidity if promptly

resuscitated [44].

Lightning may strike several people at once, creating a

mass-casualty situation [44–46]. The largest such single

incident occurred in Michigan in 1975, injuring 90 of 500

persons at a campground [47]. A counterintuitive approach to

triage of multiple lightning victims was proposed by Taussig

[48]. According to this concept, patients who are apparently

dead should be resuscitated first. This is based on the

observation that such casualties respond well to cardiopul-

monary resuscitation, and may only require respiratory

support [30].

Patients with lightning injuries may require fluid resusci-

tation, particularly if hypotension and/or rhabdomyolysis are

present. The fluid resuscitation requirements of these patients

Fig. 1 – Electroporation. Computer simulation of electropore formation in a phospholipid (DOPC) bilayer, with an applied

electrical field of 0.5 V/nm in the presence of 1 M NaCl at (A) 5330 picoseconds (ps), (B) 5450 ps, (C) 5500 ps, and (D) 5700 ps.

The lipid headgroups are shown in yellow, the chains in cyan, chloride ions space-filling in green, sodium ions in cyan;

water is shown as dark blue and white space-filling in the interface region and the pore, and as dark blue bonds elsewhere.

The potential is positive at the top of each photograph relative to the bottom. Reprinted with permission from Tieleman

[80], licensee BioMed Central Ltd. (Open Access Article). Available at www.biomedcentral.com/1471-2091/5/10 [accessed

October 2007]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

the article.)
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are ill-defined, but may be proportionate to the amount of

underlying muscle damage, if any—in a manner analogous to

that of high-voltage electric injury [49]. Such underlying tissue

damage is less common following lightning injury than

following high-voltage electric injury, however. The presence

of hypotension should also prompt a search for sources of

bleeding secondary to blunt trauma, such as intra-abdominal

injury [46,50–52].

4.2. Skin lesions

There are four types of skin lesions that can result from

lightning strike: linear, punctate, ‘‘feathering,’’ and thermal.

Linear burns preferentially follow areas of high sweat

concentration, such as under the breasts and arms, and down

the middle of the chest (Fig. 2). They are generally small, from 1

to 4 cm in diameter. They may be present initially, or develop

over several hours, and are thought to be due to vaporization

of water on the skin’s surface [53].

Punctate burns are small, multiple, closely spaced circular

burns. Some may be full-thickness, but because of their small

size (generally less than 1 cm) they rarely require grafting. The

‘‘tip-toe sign’’ is one example of a punctate burn; it consists of

small circular full-thickness burns of the tips of the toes and

the sides of the soles of the feet [7,44].

‘‘Feathering’’ lesions do not represent a thermal injury, and

the epidermis and dermis are normal. Lichtenberg figures, also

known as keraunographic markings (Fig. 3), are one example

of this type of lesion. Lichtenberg figures are pathognomonic

for lightning, but are often not present. They have been

described as fern-like, branching, arborizing, serpiginous, or

fractal. Upon pathophysiologic examination they consist of

extravasation of blood in the subcutaneous tissues [54].

Lichtenberg figures are evanescent, lasting several hours,

and usually disappear without known residual effect. No

specific treatment is required [55].

Thermal injury may occur if the patient is wearing metal

objects (e.g. zippers), or if clothing ignites [53].

Patients with lightning injury rarely suffer from extensive

tissue destruction or large cutaneous burns. Thus, lightning

burns – in contrast to other electric injuries – should generally

be treated expectantly. They are usually superficial, and tend

to heal quickly [56]. The burns caused by lightning are typically

small, i.e. less than 20% of the total body surface area, and

confined to the skin. In one series of victims of lightning strike,

although 89% sustained cutaneous injuries, only 5% of these

were full-thickness [41]. Standard wound care procedures

should be employed for lightning-associated cutaneous burns

[25,57,58].

The superficial nature of most lightning burns should not,

however, be taken as evidence that an individual lacks more

serious injury; the most profound and lasting injuries

associated with lightning exposure are often neurologic and

cardiac in nature. In a minority of patients, fatal lightning

injury may occur in the absence of burns or other obvious

external or internal injury. This finding has been attributed to

the induction of current by strong magnetic fields, sufficient to

cause cardiac arrest [25,41].

4.3. Muscle injury

Extremities may appear cool, blue, or pulseless due to transient

vasospasm [59]; this phenomenon may also feature kerauno-

paralysis (see below). Emergent fasciotomy and debridement

should be considered for patients with elevated compartment

pressures or other clear evidence of intramuscular compart-

ment syndrome [53]. However, steady improvement of the cool

extremity, with subsequent return of pulses, is the more likely

outcome. Although extensive muscle damage following light-

ning strike is unusual, patients with myoglobinuria should be

Fig. 3 – Keraunographic marking (Lichtenberg figure) on

shoulder and chest. Reprinted with permission from

Bartholome et al. [81].

Fig. 2 – Linear streak on back and buttocks of a 14-year-old

male treated at the U.S. Army Institute of Surgical

Research after a lightning struck his house.
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treated as for high-voltage electric injury, with aggressive fluid

resuscitation and consideration of mannitol if pigment does not

clear [49].

4.4. Central nervous system abnormalities

Central nervous system (CNS) injury is common in lightning

victims. The neurological effects of lightning injury have been

classified by Cherington [60]. These four groups of CNS injury

include: Immediate and Transient, Immediate and Prolonged/

Permanent, Possible Delayed Neurological Syndromes, and

Trauma from Falls or Blast.

Group 1 neurological effects (Immediate and Transient) are

very common, and include loss of consciousness in 75%;

confusion, amnesia, and headaches; paresthesias in 80%;

weakness in 80%; and keraunoparalysis [60,61]. Keraunopar-

alysis (Charcot’s paralysis) is a neurological disorder specific to

lightning victims which features transient paralysis, often

predominantly affecting the lower extremities, and accom-

panied by loss of sensation; it lasts one to several hours and

then resolves. It is hypothesized that keraunoparalysis is a

result of intense catecholamine release because of the

accompanying pallor, intense vasoconstriction, and hyperten-

sion often seen in these patients. Certainly, patients with

neurologic deficits should be assumed to have spinal injury

rather than keraunoparalysis, until proven otherwise by

diagnostic imaging [34].

Group 2 neurological effects (Immediate and Prolonged/

Permanent) feature the sequelae of significant neurological

injury, and include hypoxic ischemic neuropathy; intracranial

hemorrhage (to include subarachnoid and intracerebral hemor-

rhage); post-arrest cerebral infarction, especially of watershed

areas; and cerebellar syndromes. Spinal and peripheral nerve

injuries are uncommon, in contrast to high-voltage electric

injury [49].

Group 3 neurological effects (Possible Delayed Neurological

Syndromes) are those which may be related to lightning, but

which present in delayed fashion. These include motor

neuron diseases and movement disorders.

Finally, Group 4 injuries (Trauma from Falls or Blast)

include subdural and epidural hematomas and subarachnoid

hemorrhage.

In addition, lightning injury may be associated with long-

term neuropsychological impairment. Common complaints

include fatigue, lack of energy, poor concentration, irritability,

and emotional lability. Post-traumatic stress disorder is

another common complaint, occurring in about 30% of

patients after lightning injury [62]. Cognitive testing may

reveal memory, attention, and visual-reaction-time abnorm-

alities. Some patients will meet criteria for depression. Of

course, these effects may cause significant vocational and

interpersonal difficulty [63], and early neuropsychiatric inter-

vention is recommended.

On CT or MRI, cerebral edema is a common finding.

Neuropathological findings associated with CNS injuries in

groups 2–4 can be seen on CT and MRI and are summarized in

Table 2.

4.5. Opthalmologic and otologic findings

Considering the blast overpressures generated by lightning

strike, it is not surprising that patients frequently present with

tympanic membrane rupture, and more rarely with more

severe otologic injuries such as sensorineural deafness or

vestibular injury. In fact, lightning transmission through a

telephone network may occur. If the casualty is using the

telephone during such an event, a 150–160 dB shock wave may

be generated, causing tympanic membrane rupture which is

frequently unilateral. A 1989 report indicated that 60 patients

annually in Australia are injured by lightning while using the

telephone [64]. Tympanic membrane rupture, which is present

in 50% of lightning strike survivors [65], should be identified

with early consultation of otolaryngology and immediate

otomicroscopy, aseptic aspiration toilet, and determination of

Table 2 – Summary of recent case reports of CT/MRI findings in patients after lightning injury

Age/sex Presentation Study Findings Outcome Reference

20/M Unconscious CT Subarachnoid hemorrhage

basal ganglia

Died [83]

11/M Unconscious, hemiplegia CT Hematoma, basal ganglia Improved [84]

45/M Unconscious, apneic CT Cerebral edema Improved [85]

15/M Cardiopulmonary arrest CT Subdural hematoma Improved [86]

15/M Left hemiplegia MRI Parietal infarction Improved [87]

33/M Ataxia MRI Cerebellar atrophy Improved [87]

38/M Cardiac arrest MRI Hypoxic brain injury Died [87]

46/M Ataxia, dysarthria, difficulty obeying commands,

attention deficit

MRI Multiple small foci of hyperintensity

in the supratentorial white matter

Improved [88]

48/M LUE paresthesia and finger-to-nose ataxia,

attention deficit, frontal lobe function

MRI Multiple small hyperintense lesions

consistent with demyelination in the

periventricular area and cerebellar

hemisphere

Stable [37]

58/M Unconscious, transient quadriplegia, paresthesia

and weakness of hands/fingers, foot

MRI Hyperintense lesions within the

posterolateral C1–C3 spinal cord,

degenerative changes at C3–C4

consistent with delayed myelopathy

Improved [89]

Adapted, in part, from Cherington, with permission [90].
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the need for eversion or repair of perforation edges [66,67].

Conservative therapy is generally recommended in small or

simple perforations, with surgery being reserved for more

severe injuries. Bed rest with elevation of the head to decrease

cerebrospinal fluid pressure may decrease leakage of peri-

lymph [68]. Occasional cases of bilateral perilymphatic fistulas

from a lightning strike have been reported [65,68]. Other

neuro-otologic findings have included transient vertigo,

tinnitus, basilar skull fracture, and burns to the external

auditory canal [69].

A wide variety of eye injuries can be caused by lightning

strike. The most common of these is ‘‘lightning cataract.’’ As

with high-voltage electric injury, presentation of cataracts

may be delayed. A recent case report described cataracts that

did not appear in one lightning victim until 4 years after the

lightning strike; this is likely due to the fact that initial

changes are in the periphery and often missed in the acute

setting [70]. Proposed mechanisms for cataract formation

include passage of electric current through the lens, heat,

vasoconstriction, and blunt trauma. Prompt ophthalmology

consultation is indicated for all survivors of lightning strike.

Some authors have used intravenous steroids for the

treatment of optic-nerve injury in these patients. Other

ophthalmologic sequelae of lightning injury include corneal

burns, intraocular hemorrhage or thrombosis, uveitis, chor-

oidoretinitis, iridocyclitis, hyphema, and orbital fractures. It

is important to bear in mind that dilated or non-reactive

pupils are not considered a reliable sign of brain death in the

early post-injury period [71–73].

5. Prevention

Clearly, prevention of these highly lethal injuries is paramount.

A high level of precaution for individuals working or engaging in

recreational activities outdoors during the thunderstorm

season must be observed. Travel guides and weather-related

websites are good resources for determining the timing and

duration of rainy seasons for various locations worldwide.

Although lightning is associated with cumulonimbus rain

clouds, it may precede the rainstorm and has been known to

strike with blue skies overhead (a ‘‘bolt from the blue’’) [6,74,75].

No rain was falling during 21% of lightning deaths in the Florida

study for which weather data were available [9]. Lightning may

also occur, infrequently, during snowstorms. A harbinger of

lightning during a snowstorm is the appearance of graupel, also

known as soft hail or snow pellets [76].

When thunder is heard, personnel should seek shelter in a

building or enclosed vehicle. (The latter protect not because of

insulation by rubber tires, but because the metal exterior acts

like a Faraday cage, conducting current around the vehicle

[23].) Trees or tall objects, high ground, water, open spaces,

and metal objects should be avoided [77]. In particular, some

individuals increase their risk of injury by erroneously seeking

shelter under isolated trees during thunderstorms [9,47]. A

remarkable 60% of Florida lightning injuries occurred when

the victim was holding something metallic [9]. Ungrounded

buildings such as shacks and huts should be avoided [14].

Indoors during a thunderstorm, appliances should be turned

off and the telephone should not be used [5,64].

During outdoor activities, the ‘‘30–30 rule’’ describes the

following two precautions. A flash-to-thunder interval of less

than 30 s places personnel at risk for lightning strike;

personnel should stay in shelter for 30 min after the last

lightning and thunder are noted. There is a relatively safe

triangle near walls, no closer than 1 m to the wall, and no

farther from the wall than the wall’s height. When stranded in

the open, it is best to crouch with the feet and knees together;

do not lie flat. An impending hit may be signaled by a crackling

sound, a visible glow (St. Elmo’s Fire), a tingling sensation,

and/or hair standing on end. This should prompt one to crouch

immediately with feet together [31].

Several popular myths exist about lightning. They include:

� ‘‘Lightning never strikes the same place twice’’.

� ‘‘It is dangerous to touch a lightning victim’’.

� ‘‘Lightning always hits the highest object’’.

All of these myths are false [31].

6. Resources

Resources for survivors of lightning injury include Lightning

Strike and Electric Shock Survivors, International (http://

www.lightning-strike.org/), which has been helpful for many

survivors and their families with long-term sequelae [78].

Additional information is available from the Lightning Data

Center at St. Anthony Hospitals, Denver, CO, USA (http://

www.stanthonyhosp.org/), the National Oceanic and Atmo-

spheric Administration (NOAA) of the U.S. government (http://

www.noaa.gov/), and the Lightning Injury Research Program

at the University of Illinois at Chicago (http://www.uic.edu/

labs/lightninginjury/index.html). For the United Kingdom, the

Tornado and Storm Research Organisation can be accessed

(http://www.torro.org.uk/TORRO/index.php). Vaisala Inc.

(Tuczon, AZ) operates the U.S. National Lightning Detection

Network and the Canadian Lightning Detection Network.

These consist of a network of lightning sensors, providing both

real-time notification of thunderstorm activity and retro-

spective data on lightning strikes (http://www.vaisala.com/

weather/products/lightning).

7. Conclusion

In summary, patients with lightning injury, like those with

high-voltage electric injury, should be considered to have

sustained high-energy blunt trauma with certain additional

unique features. Airway and cardiopulmonary status must be

stabilized and maintained, and patients may require spinal

precautions. They should be thoroughly evaluated for blunt

trauma, as if they had sustained a high-speed motor-vehicle

crash. Large-bore IV access should be obtained, and fluid

resuscitation should begin in patients who are hypotensive.

Treatment is generally conservative, but some patients

require urgent fasciotomy. In the long term, skin grafting

may be required. They should be evaluated for tympanic

membrane rupture and other blast injuries. They also merit

cardiac monitoring. Early ophthalmologic consultation is
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mandatory. Long-term neuropsychological follow-up is justi-

fied. Because of the high mortality and complexity of lightning

injury, its rarity, and its long-term sequelae, these patients

should be cared for by a multidisciplinary Burn Center team

[79].
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