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Abstract 

Meteorologists and others interested in lightning have, 
in the past, concentrated their concerns on cataloging and 
preventing lightning fatalities. However, disability from 
lightning-strike injuries is a far greater problem. While 
lightning has been exceeded only by flash floods as a 
storm killer for the last thirty years, it causes fatal injury 
to only about 9-10% of those it strikes. While death is dev­
astating, the family eventually can go on. Far more perva­
sive changes to the family may occur if the survivor is dis­
abled. 

Survivors tend to be young, otherwise healthy, produc­
tive working people often with families to support. Many 
survivors are unable to return to work or to resume their 
previous lives necessitating many changes in the family 
structure, economic level, and dreams and plans for their 
future. 

The primary areas of disability involve neurocognitive 
functioning, which manifests itself as deficits in short­
term memory, processing of new information, personality 
changes, easy fatigability, and decreased work capacity. 
Chronic pain syndromes, sleep difficulties, dizziness, and 
severe headaches are also often reported. Those who 
attempt to return to work often find they are unable to 
carry out their former functions and after a few weeks, 
when coworkers get weary of 'covering' for them, they 
either are put on disability (if they are lucky) or fired. 
Survivors often find themselves isolated because friends, 
family and physicians do not recognize their disability or 
feel they are 'faking'. 

1. Introduction 

Lightning has been one of the main storm killers for 
the last century (Lopez and Holle 1998; and see Table 1). 
Lopez and Holle have documented the social and demo­
graphic changes in the mortality as well as the changes 
in the ratio of those killed to those injured but surviving 
(Holle et al. 1999; Lopez and Holle 1998). The deaths 
have decreased from 6 per million reporting population 
early in the century to 0.3 to 0.5 per million in the last 
decade (Lopez and Holle 1998). They attribute this to bet­
ter warning systems, population shifts to the urban areas 
and away from the higher risk rural areas and lifestyles, 
improved construction of homes, and from improvement 
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in medical care as well as it being more ready available 
in the urban setting. In the last thirty years, lightning 
has been the number 2 storm killer <National Weather 
Service 2001). 

2. Scope of Problem 

Although the National Weather Service (NWS) uses 
Storm Data as its official report of the lightning injuries 
and deaths, the reports are taken from newspaper clip­
pings and necessarily exclude those whose injuries are 
not published in the newspaper, resulting in under­
reporting. While it may be surprising to some, it is not 
uncommon for survivors to delay medical care until days 
after their injury when it becomes apparent that their 
symptoms are not going away or may be worsening. 
Obviously, their accounts will not show up in the press 
clippings or NOAA/NWS Storm Data. 

Even those who seek medical care are admitted to the 
hospital less than one third of the time so that they will 
not be counted in hospital admission data banks main­
tained by most states (Cherington et al. 1999). Studies 
done during the 1990's that compared Colorado's state 
data banks of emergency medical visits, hospital admis­
sions, and death certificates with Storm Data for the 
same periods, showed that deaths are under-reported by 
as much as 11-28% and nonfatal injuries by as much as 
42-49% in Colorado (Cherington et al. 1999; Lopez et al. 
1993). 

In the first organized study oflighting injuries, Cooper 
(1980) demonstrated that lightning injury was fatal 
about 30% ofthe time. Andrews (1993), analyzing similar 
data for his dissertation, found similar numbers (20%) by 
using slightly different calculations. Both studies tend to 
overestimate the fatality rate as they are taken from a 
compilation of retrospective published case reports, 
which are usually biased towards the more severe and 
unusual injuries in order to be acceptable for publication. 
Cherington et al. (1999) have confirmed what most 
experts have felt to be a more likely rate of fatality of 9-
10% based on 100 injuries they tracked with nine fatali­
ties suffered. 

Using Cherington et al. (1999) and Lopez et al. (1993) 
findings, it is possible to project from the most recent thir­
ty-year numbers (NWS 2001) what may be a more real­
istic number of injuries and fatalities (Table 2). 
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a. Causes of death 

The only cause of immediate death from lightning is 
cardiac arrest or the complications of a cardiac arrest 
(Cooper 1980). Delayed causes include suicide due to 
depression that can come as a result of the disabilities 
and life changes that can accompany lightning-strike 
injuries (Cooper et a1. 2001; Lightning Strike and 
Electric Shock Survivors, International, Inc., 1996, 
2000). 

b. Causes of disability 

Lightning causes primarily a neurological injury. 
The primary causes of disability are from injuries to 
the nervous system such as: neurocognitive deficits 
from brain injury (Cooper et a1. 2001; Primeau et a1. 
1995; Pliskin et a1. 1998; Heilbronner and Pliskin 
1999), sympathetic nervous system damage and 
peripheral nervous system injuries regarding sensing 
pain, temperature, etc. (Cooper et a1. 2001). 

An analogy that is useful to imagine is of a comput­
er that has had a lightning shock pass through it. The 
outside of the case will usually appear unharmed (as 
the person does externally), the boards and circuits 
within will appear normal to the eye if the case is 
removed (as CT's, MRI's and EEG's are with people as 
well) but the 'software', the processing of information, 
no longer works when the machine is booted up. So it 
is with people where the neural circuits that they 
relied on for the basic activities of living such as mem­
ory, learning, organization of tasks, personality, sleep 
patterns, concentration and attention to task are 
scrambled as well. Lightning injury tends to be . a 
frontal lobe injury, which is where personality resides. 
One patient related it as being like, 'the office manag­
er of my brain quit.' These deficits have a distinct pat­
tern that has been well characterized with neurocog­
nitive testing (Primeau et a1. 1995; Pliskin et a1. 1998; 
Heilbronner and Pliskin 1999). 

Some patients, usually after a few months, will 
develop an absence type of seizure activity where they 

Table 1. Annual severe weather fatalities based on data from 
1971-2000 (NWS 2001) 

Floods 
Lightning 
Tornadoes 
Hurricanes 

127 
73 
68 
16 

Table 2. Annual fatal and nonfatal injuries from lightning based 
on data from 1971 -2000 (NWS 2001) and estimates from under­
reporting based on Cherington et al. (1999) and Lopez et al. 
(1993). 

Documented Annual Average deaths 73 
Annual estimated deaths (+28% under-reporting) 93 
Annual Estimated Nonfatal Injuries (fatalities x 9) 837 
Annual Estimated Total Injuries 930 
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stare off into space or may even be capable of doing 
automatic activity without remembering. These are 
frontal lobe effects as well and not readily picked up on 
EEG's. 

A few patients will complain of palpitations or diffi­
culties with their blood pressure. It is unclear ifthis is 
due to direct damage or from nervous system injury 
since the sympathetic nervous system controls the 
autonomic (automatic) functions. Clinically, there is no 
question that there is damage to the sympathetic ner­
vous systeIp and brains tern both from the acute pre­
sentation as well as from chronic problems that some 
victims develop of dizziness, sleep disturbances, and 
other problems. Some develop a particular kind of 
intense pain syndrome connected with sympathetic 
nervous system injury which is difficult to manage and 
nearly impossible to cure. 

3. Lightning Injury Is Not Like High Voltage Electrical 
Injury 

High voltage electrical injury can cause devastating 
deep injuries with destruction of entire extremities. A 
'common sense' conclusion would be that lightning, 
with its tremendously high energies, would cause sim­
ilar injuries. However, lightning doesn't read electrical 
engineering treatises or lightning protection code 
books so that 'common sense' conclusions about light­
ning's effects, particularly the medical effects, are 
more often wrong than right (Cooper et a1. 2001). 

While lightning is certainly an electrical phenome­
non and should follow the same laws of physics as 
other electrical events, several characteristics of light­
ning including the very rapid rise and fall times make 
lightning's flow through and around the human body 
poorly understood. However, physical and neurological 
effects have been well characterized (Andrews and 
Darveniza 1989; Andrews et a1. 1989, 1992; Andrews 
1993; Cherington et a1. 1992, 1995; Cooper 1992a, 
1992b, 1994, 1995A; Cooper et a1. 1992). 

As little as 3-5% of lightning injuries will resemble 
high voltage injuries and burns (Cooper 1995a, 1995b; 
Cooper et a1. 2001). To produce a burn, a heat source 
must be in contact with the skin long enough to cause 
skin breakdown. We theorize that the very short expo­
sure time (usually on the order of a few microseconds) 
is one of the factors that causes the energy that the 
body actually experiences to be much less than atmos­
pheric measurements of lightning's energy would pre­
dict and certainly too short for substantial skin burns 
to occur. There is good evidence that a great deal, if not 
most, of the lightning energy courses around the body 
in an effect called 'flashover' so that the body experi­
ences little internal flow of the energy. Experimental 
evidence from animal studies suggests that some of 
the energy may enter through the orifices of the body 
(eyes, ears, nose, mouth) leading to some internal flow 
(Andrews 1993). 

Burns that occur with lightning are generally quite 
minor and superficial and sometimes secondary to the 
flow of current around the body turning sweat or rain­
water into steam. This conversion to steam and result-
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ing vapor 'explosion' can cause clothing and shoes to be 
blown off the individual in addition to causing streak­
ing burns or blisters from the steam itself depending 
on the length of time it is held in contact with the skin 
by clothing or other objects. Metal worn by the victim 
can also be heated and cause secondary thermal hot 
metal burns similar to coming in contact with a hot 
iron, leaving an imprint that often mirrors the shape 
of the metal. An odd finding that occurs with no other 
trauma than lightning is the 'keraunographic mark­
ings' or Lichtenberg Figures that appear as a fern-like 
pattern on skin. It is a brownish skin marking that is 
not a true burn and usually passes within a few min­
utes to hours after the strike (Andrews et al. 1992; 
Cooper et al. 2001). 

4. Impact on the Individual and the Family 

Death from lightning, however anguishing to the 
family at the time, will eventually be accepted and the 
family will go on. However, disability of the breadwin­
ner, the homemaker or a child may be much more dev­
astating to the family. 

Often the individual who attempts to return to work 
finds that their short-term memory is affected and 
that they may not be able to process new information 
to the extent they used to. They are not able to under­
stand or retain instructions, organize their work, or 
'multitask.' They suffer easy fatigability and are not 
able to work an entire day. Their co-workers and 
employer may initially give them some slack and 
'cover' for them. However, after awhile, it becomes evi­
dent that they will not be able to continue in their 
employment position. If the injury was work related 
(over a third of injuries are; Lopez et al. 1993) and the 
individual is lucky, they may receive workers compen­
sation and disability benefits. For the common worker 
who often does not maintain separate disability cover­
age, this compensation is often at a rate that is far 
below what the individual and their family received 
when the person was employed, leading to impoverish­
ment of the family. 

More often, the worker is fired and receives no ben­
efits. The worker may need to employ an attorney to 
negotiate for benefits with variable success in finding 
an attorney who will believe in the victims claims. 
Some attorneys may 'churn' cases, settling for amounts 
that are inadequate to buy a new car, much less sup­
port a family for years especially when attorney fees 
and court costs are subtracted. In most states, the 
workers compensation settlement will cover only the 
worker's medical expenses, minus the attorney's fee. 

If the victim was injured in a non-work related 
activity, initial applications for social security (SS) are 
often rejected. Simkins, an attorney who has befriend­
ed the Lightning Strike and Electric Shock Survivors, 
International, support group reported in a 1996 lec­
ture that SS routinely denies 90%+ of initial claims in 
a simple attempt to cut down its paperwork; only 
about 30-40% of people appeal the initial denial. 

The child who is injured may exhibit personality 
changes, which may manifest as behavior problems, 
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often covering the learning deficits that they have 
developed. For the younger patient, parents have diffi­
culty getting schools to understand or accept that 
lightning may cause brain injury and learning disabil­
ity. It becomes difficult to obtain the rehabilitation and 
extra educational resources required by federal law for 
learning disabled individuals, particularly in school 
districts with limited resources. 

For the adolescent survivor with brain injury, parents 
and schools may have difficulty separating injury-relat­
ed personality changes and behavior problems from the 
normal clianges in behavior, sleep patterns, and family 
relationships that may occur in teenagers. Added to the 
'normal' rebellion and nonverbal nature that some ado­
lescents develop it becomes a difficult problem for all 
involved when the brain-injured teenager reacts to 
hislher frustrations with anger and self-isolation. 

Self-isolation is a problem even with adults. The 
survivor often encounters a resistant medical profes­
sion who sees their complaints as attempts to receive 
undeserved compensation or pain medications. Most of 
the injuries (neurocognitive, pain, frontal lobe 
seizures) are not easily documented or quantified with 
standard medical tests. They do not show up on CT 
scans, MRIs, EEGs or EMGs for various technical rea­
sons. The unrelenting post-traumatic headaches are 
not amenable to the normal pain medications. 

Socially, the survivor's former friends may no longer 
invite them along because, for example, they get lost in 
the fields hunting or they don't know how to keep score 
at bowling anymore. The personality change, self-iso­
lation and depression of the individual may be seen as 
the cause rather than the affect of the person's dis­
ability. Family members may insist that the person 
just snap out of it'. 

Some adult victims with more severe injuries may 
be unable to be left unsupervised. The spouse or 
guardian may not be able to continue to work because 
of fear that the injured person will leave the stove on 
and burn down the house, wander away from the 
home, or do other socially inappropriate things. The 
change in family dynamics, financial pressures from 
unemployment or inadequate compensation, and 
increased burden to the caretakers bring a tremen­
dous amount of pressure to the family, sometimes 
causing breakups or even suicides (Cooper et al. 2001; 
Lightning Strike and Electric Shock Survivors, 
International, Inc., 1996, 2000). 

5. Conclusion 

While the death of any individual from lightning is 
regrettable, in reality, the disability suffered by many 
lightning survivors is a much bigger problem. Whether 
it is the breadwinner of the family, the homemaker or 
a child that is disabled, it can be devastating to the 
family. Their dreams for the future change and much 
of the family's plans and daily activities must be cen­
tered around the disabled person who may not be 
capable of returning to work or the child who is unable 
to pursue their education to become the independent 
and productive citizen their parents had hoped. 

j 
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Prevention of injury, survived or not, should be the 
goal. Education of broadcasters and other operational 
meteorologists about the importance of warning the 
public of severe weather in their daily broadcasts, per­
haps revision of lightning and severe weather warning 
practices by the National Weather Service, inclusion of 
lightning safety guidelines by parks, recreational facil­
ities, schools and organized sports events, and educa­
tion of the public of the risks of lighting injury will all 
help to prevent injuries. 
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