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Abstract

Objective: Lightning injuries can cause a variety of injuries
including “integumentary system, cardiac system, central
nervous system, eyes and ears’; in which some of them may
cause death. In this study, it was aimed to evaluate crime
scene findings, autopsy findings and histopathological
findings by presenting 9 cases that died due to lightning
strike.

Material and Method: Nine cases (0.3%) included this study
were obtained from the screening of a total 24,755 cases that
were performed autopsy at the Council of Forensic Medicine,
Istanbul between 2007 - 2012. All cases’ age, gender, crime
scene, circumstances during the event, witness statement,
skin lession, autopsy findings, histopathological findings
were evaluated.

Results: Three (33.3%) cases were female and six (66.7%)
cases were male, and the mean age was 39.66+13.36 (min:
18, max: 56). Fatal lightning strike occurred between April
and September, but mostly in May. At autopsy, an external
examination was revealed an electrical exit wound in 4
cases, burn areas on the skin in five cases, a Lichtenberg
figure on the skin in two cases, and a burn in the hair surface
in four cases.

Conclusion: Nonspecific findings are frequently detected in
autopsies performed due to lightning strikes. However, crime
scene investigation and the testimony of the witness may be
the crucial indicative evidence for forensic investigators in
getting an accurate diagnosis in cases of suspected lightning
strikes. In addition, examining the clothes worn by victims
provides important clues in diagnosis.
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Amac:Yildirnm yaralanmalari, “6rtU sistemi, kalp sistemi, merkezi
sinir sistemi, gozler ve kulaklar” dahil olmak Uzere bazilari
6lime neden olabilen ¢esitli yaralanmalara neden olabilir.
Bu calismada yildinm ¢arpmasi sonucu 6len dokuz olgunun
sunularak, olay yeri bulgulari, otopsi bulgulari ve histopatolojik
bulgularin degerlendiriimesi amaglanmustir.

Gereg ve Yontem: Calismaya dahil edilen dokuz olgu (%0,3)
2007 - 2012 yillar arasinda Istanbul Adli Tip Kurumu'nda otopsi
yapilan toplam 24.755 olgunun dosyalarinin retrospektif
taranmasindan elde edildi. Tum olgularin yasi, cinsiyeti, olay
yeri, olay sirasindaki kosullar, tanik ifadesi, deri lezyonlari, otopsi
bulgulari, histopatolojik bulgular degerlendirildi.

Bulgular: Olgularin Gc¢t (%33,3) kadin, alti (%66,7) olgu erkekti
ve ortalama yas 39,66+13,36 (min: 18, maks: 56) idi. Olimcil
yildirnm dtsmesi Nisan ve EylUl aylari arasinda, ancak cogunlukla
Mayis ayinda meydana geldi. Otopside 4 vakada elektriksel
cikis yarasi, bes vakada ciltte yanik alanlari, iki vakada ciltte
Lichtenberg figlrt ve dort vakada sacta yanik tespit edildi.

Sonug: Yildirm dismesi nedeniyle yapilan otopsilerde spesifik
olmayan bulgular siklikla saptanmaktadir. Bununla birlikte
olay yeri incelemesi ve tanik ifadeleri bu olgularda dogru tani
koymada adli arastirmacilar icin énemli argtmanlardir. Ayrica
kisinin giydigi kiyafetlerin incelenmesi de tani koymada dnemli
ipuclari saglayabilir.

Anahtar Kelimeler: Yildirnim carpmasi, 6ltm, otopsi, adli tip
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INTRODUCTION

Lightning, following a zigzag way as branches when goes
downward, is the electrical potential discharge between the
cloud and the earth.!" Lightning can emit more than 1 million
volts of energy, thus more than 200,000 amperes of current
may occur.? The air surrounding the lightning can heat up
to 25,000 to 30,000 °C. However, it does not always cause
serious injury, as lightning contact is very short (2 msec).”
Lightning-related worldwide mortality rate is estimated to
be 0.2-1.7 deaths/million people.”? The idea that lightning
will only strike during a storm is a myth. In fact, the most
risky interval that a fatal injury due to ligtning strike may
occur is the interval preceding the storm. Moreover, as the
ligtning can travel horizontally as far as 10 miles and more,
it may ocur when the weather is still sunny.®’ Another myth
is that ligtning strike is always lethal. On the contrary, the
literature shows that the mortality rate is 10-30% due to
lightning strikes.?**! The electric current in lightning strike is
direct current (DC) and the amount of DC current transmitted
due to lightning strike is far higher than that produced by
alternative current (AC)." There are seven different ways
in which lightning can interact with human body: “direct
strike, side flash (splash), touch (contact) voltage, step
voltage (ground strike, stride potential, ground current),
subsequent stroke, connecting leaders and shock waves"!®
Lightning incidents may cause a variety of injuries including
“integumentary system, cardiac system, central nervous
system, eyes and ears’, in which some of them may cause
death."® In this study, it was aimed to evaluate crime scene
findings, autopsy findings and histopathological findings of
cases that died due to lightning strike in istanbul.

MATERIAL AND METHOD

The study was carried out with the permission of Bolu Abant
Izzet Baysal University Clinical Researches Ethics Committee
Approval Date: 17/10/2020, Decision No: 423. All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

In Istanbul, a population of more than 18 million, all forensic
autopsies are performed in the Morgue Department of The
Ministry of Justice Council of Forensic Medicine. All referred
judicial cases undergo autopsy at the Morgue Department.
In this study, the achive files of 24,755 autopsy cases
between the dates 1t January, 2007 and 31 December, 2012
which had been referred to the istanbul Morgue Department
of The Ministry of Justice Council of Forensic Medicine
for determining the cause of death were retrospectively
analyzed and the cases that had defined been to be lightning
related deaths were included in the study and reviewed in a
detailed way. The demographical, judicial and clinical data
of the cases included in the study were evaluated through
the parameters of age, gender, crime scene, circumstances
during the incident, witness statement, skin lession, autopsy
findings and histopathological findings. SPSS 21.0 (Armonk,

NY) statistics program was used for data analysis of the
study. Descriptive statistics were presented with frequency,
percentage, mean (mean), standard deviation (SD), minimum
(min), maximum (max) values.

RESULTS

Screening of a total 24,755 cases revealed nine cases
(0.3%) of lightning strike deaths. Three (33.3%) cases were
female and six (66.7%)cases were male, and the mean age
was 39.66+13.36 (min: 18, max: 56). It was determined
that six (66.7%) cases were engaged in farming in the
field, two (22.2%) cases had been having a picnic in the
picnic area, and one (11.1%) case had been hunting in
the forest during the ligtning strike incident (Table 1).
Three cases in the field were on the tractor in the event
of lightning strike. In seven cases, it was found that there
were witness who saw a lightning strike at the scene (Table
1). These fatal lightning strikes occured between April and
September, but mostly in May (Table 1). At autopsy, an
external examination was revealed an electrical entry-exit
wound in four cases (Figure 1), burn areas on the skin in
five cases (Figure 2), a Lichtenberg figure on the skin in two
cases (Figure 3), and burn in the hair surface in four cases
(Figure 4) (Table 2). At autopsy, As an internal examination
was revealed nonspecific findings in all cases, including
widespread subpleural petechial hemorrhage at the lungs
in eight cases (Figure 5), subepicardial hemorrhage in two
cases, petechial hemorrhage on the heart in two cases,
lung parenchyma and visceral pleura tears in one case,
focal subarachnoidal hemorrhage in one case (Table 3).
In all cases, intraalveolar fresh bleeding was detected in
histopathological examination of the lungs (Table 3). In five
cases, cutaneous changes compatible with electrical flow
and heat affect (intraepidermal - subepidarmal seperation,
elongation in the basal layer in spinal cells in the epidermis,
fusiform shape, diffuse homogenization in the collagenous
fibers of the dermis) were detected on histopathological
examination of the skin (Table 3).

Table 1. Personality and environmental features of victims who died due

to lightning strikes.

Circumstance

Case Age Gender DuEing the Crimescene Month Sr\a’iter:::?\t
vent

1 48 Woman Farmer Field 8 +
2 19 Man Farmer Tractor trailer 7 +
3 45 Woman Farmer Field 4 +
4 56 Man Farmer Tractor 6

5 46 Woman Picnicker Picnic area 9 4
6 45 Man Picnicker Picnic area 5 +
7 33 Man Farmer Field 5

8 18 Man Farmer Tractor 5 +
9 47 Man Hunter Woodland 9 +
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Table 2. External findings at autopsy in victims who died due to lightning

strikes.

Case Elecgric Entry - Electrical Lichtenberg Singed
Exit Wound Burn Figures Hairs
1 - - - -
2 - - - -
3 - - Es -
4 + + - +
5 - + - +
6 + + - +
7 + + - -
8 + - - -
9 - + + +

Table 3. Autopsy and histopathological findings in victims who died due to

lightning strikes.

Case Autopsy Histopatholoqical Histopatholo?ical Other
Findings Lung Sign Skin Sign Findings
1 + + - -
Subepicardial
2 i & . hemorrhage
3 + + - -
Subepicardial
& + + + hemorrhage
5 + + + -
6 + + + -
Petechial
bleeding in the
heart, Focal
g + + + subarachnoidal
hemorrhage in
the brain
8 3 3 +
Petechial
9 + + - bleeding in the
heart

"Intraalveolar fresh bleeding, Cutaneous changes compatible with electrical flow and heat affect
(intraepidermal - subepidarmal seperation, elongation in the basal layer in spinal cells in the
epidermis, fusiform shape, diffuse homogenization in the collagenous fibers in the dermis)

Figure 3. Lichtenberg figures on thighs, hips, and abdomen in Case 3.

Figure 1. The electric entry wound on the scalp in the parietooccipital region
and exit wound on the inner side of the right ankle in Case 7.

Figure 4. Burn in the hair surface in Case 6.
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Figure 5. Linear subpleural petechial hemorrhages in the lung consistent
with the passage of electric current

DISCUSSION

General Knowledges of Lightning

Approximately 10-30% of lightning injuries may result in
death."s Seven different ways in which lightning can interact
with human body are “direct strike, side flash (splash), touch
(contact) voltage, step voltage (ground strike, stride potential,
ground current), subsequent stroke, connecting leaders
and shock waves"® Various injuries can occur through these
mechanisms. Direct strike is generally seen in less than 5%
of cases and is often fatal.” Side flash (splash) injuries can be
seen as a result of the lightning current jumps to a less resistant
individual through a nearby object (the most common
example; a tree) due to the potential differences.>'*" Touch
(contact) injuries occur when the person is in contact with
the object struck by lightning.>'® Step voltage (stride voltage,
ground current) injuries can be seen in cases where the
lightning targets “the ground or any object in contact with
the ground” near the person.” Here lightning current enters
the body through one foot and leaves through the other." An
upward connecting leader is also explained as a current rising
from the ground after a lightning strike, which struck the head
or other upper body parts. Tympanic membrane perforation
and blunt traumatic injuries can also be determined due to
shock waves generated by lightning.>'" Occasionally, after the
first lightning near the person, the second strike can directly
target the person, in which case the lightning can injure the
person with both “step voltage” due to the first strike and with
direct affect due to the subsequent one.!

Gender

The percentage of males that died due to lightning strikes in
the United States between 2006 and 2016 was 91%."? All of
the cases exposed to the lightning strike presented by Nagesh
et al were male and under the age of 35 (9). 55.5% of the
cases exposed to lightning strikes within 10 years at a Swiss
Trauma Center were reported to be male, and 44.5% female.
31 |n a study involving 47 cases died by lightning strike, 70.2%

of the cases were male.'"¥ Likewise, 79% of the deaths due
to lightning strikes in South Africa were male.' In a study
conducted in the east of Turkey, 90.1% (1/11) of the cases
died due to lightning strikes were reported to be male."® In
addition, it was stated that 87.5% of the cases in Eskisehir were
male.'” In the present study, three (33.3%) cases were female
and six (66.7%) cases were male.

Age

In the study of 47 cases died as a result of lightning strike, 33 of
the cases were reported to be in 11-30 age range.™ In South
Africa, the average age of the cases that died due to lightning
strikes was 36.°! In another study involving 54 cases in New
Mexico, the mean age was reported to be 34.1'® |n the study
of Hekimoglu and et al., the average age of cases died due to
lightning strike was 23.5. The mean age of the cases in the
present study was 39.66+13.36 (min: 18, max: 56).

Scene

In the United States, approximately two-thirds of deaths due
to lightning strikes between 2006 and 2016 occurred during
outdoor leisure activities (fishing, camping, beach, boat tour
etc.).' In a study conducted in New Mexico was reported that
27.8% of cases died a result of lightning strikes while working
in a job ( working in the field, grazing sheep, etc.), and a
larger part (72.2%) in non-working activities (sport outdoors,
fishing, camping, boating, etc.).' In the study of 47 cases
died by lightning strike, 48.9% of the cases were reported to
be farmers.'" In the study of Hekimoglu et al., was reported
that 36.4% of cases were soldier and 36.4% were farmer."® In
the present study, during the event, it was determined that
six (66.7%) cases were engaged in farming in the field, two
(22.2%) cases had been having a picnic, and one (11.1%) case
had been hunting in the forest.

It has been shown that close proximity to metal objects such
as bicycles, trains and motor vehicles during a lightning
incidents.'® It is claimed that approximately 10% of lightning
strikes are related to motor vehicles.'® The most likely places
exposed to lightning strikes in car are “antenna, windshield
and bonnet”!" Pfortmueller et al. reported that two out of
nine cases injured by lightning while driving."¥! Three cases
we presented were on the tractor in a field when the lightning
strike.

Session

Lightning strikes have been reported to occur frequently in
wet seasons in Malawi.?® Gadge and Shrigiriwar reported
that deaths due to lightning strikes occured mostly in June,
July and August."™ In New Mexico, 63% of 54 cases died as a
result of lightning strikes were attacked in the summer.'® In
the study of Hekimoglu et al,, five cases (45.5%) died in the
summer and five cases died in the autumn.l'® In the study
of Turan et al,, all deaths were in summer.2" In the present
study, fatal lightning strike incidents were between April and
September, but mostly in May.
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Witness Testimony

In cases found death due to lightning strikes, the testimony
of the witness is one of the most important proofs that
facilitates the decision in medicolegal investigations. In some
studies conducted in Turkey, all cases have the testimony of
the witness.'®?" In the present study, there was a witness
who had saw a lightning strike at the scene in seven of nine
cases. Moreover, although there was no external examination
finding in the first and second cases, it was determined by the
testimony of the witness that death due to a lightning strike
occurred.

Skin Lesions

Linear burns, spot burns, singed hair, thermal burns and
their combination can be seen due to lightning strikes.
451 It is estimated that linear burns between 1 and 4 cm in
diameter are caused by evaporation of sweat due to thermal
overloading on body surface. Linear burns, usually seen as
first or second degree burn; often detected on the chest,
armpit and under the breast.**! Multiple and closely spaced
full layer spot burns, usually smaller than 1 cm, can be seen
on the tiptoes and edges of the plantar surface, as the “tip
toe sign”*?2 In singed hair findings, epidermis and dermis
layers are often normal, but there is a singed appearance
on the body surface hair.¥ Thermal burns occur due to
overheating of metal objects such as necklaces and bracelets
by the lightning.*?3! At postmortem cases, “skin burns, signed
hair, torn clothes, melting of metal objects worn on the
body such as belt buckles - jacket zipper - necklace, burnt
cigarette box in the pocket” can be considered in diagnosis.
no18l |n addition, lightning - related entry and exit lesions
can also be seen on the skin.?* Pfortmueller et al. reported
three of nine cases were injured as a result of lightning
strike had skin findings, one of those three cases had mild
skin lesions, while the other two had entry and exit lesions
together with second and third degree burn areas." In the
study involving 47 cases died by lightning strike, burns on
the skin in 80.8% of the cases and singed hair in 42.5% of
the cases were detected.'"” In the autopsy study of lightning
strikes in South Africa, thermal burns in 89.5% of cases (28%
first degree, 73% second degree, 47% third degree), singed
hair in 68% of cases and tears in clothes in 26% of cases
were determined.™ In New Mexico study, it was shown that
16 cases had an entrance wound and 20 cases had an exit
wound."® In the study of Hekimoglu et al. linear burns in six
cases (54.5%), punctate burns in four cases (36.4%), burns
due to melting metal object in three cases (27.3%), thermal
burns in two cases (18.2%) and burns due to the direct effect
of lightning in three cases (27.3%) have been found."® Turan
et al. showed that 71% singed hair, 63% traumatic lesions,
57% thermal burns and 14% electrothermal lesions were
observed in seven cases died as a result of lightning strikes.
21 |n another study, 85.7% of the cases (6/7) had skin burns
of varying degrees and 42.8% of cases (3/7) had electrical
entry and exit lesions.'”? In the present study at autopsy,

an external examination was revealed an electrical entry-
exit wound in four cases (Figure 1), burn areas of varying
degrees on the skin in five cases (Figure 2), and burn in the
hair surface in four cases (Figure 4) (Table 2). Also, in five
cases, cutaneous changes compatible with electrical flow
and heat affect (intraepidermal - subepidarmal seperation,
elongation in the basal layer in spinal cells of the epidermis,
fusiform shape, diffuse homogenization in the collagenous
fibers of the dermis) were detected on histopathological
examination of the skin.

“Lichtenberg figures” are considered pathognomonic for
lightning strikes, but they often develop in the first hours
after the lightning strike and disappear within 24 hours.”??
Also, it is rarely detected in autopsy in postmortem cases.
0311t is estimated that “Lichtenberg figures” may occur due
to erythrocyte flow to the superficial skin layer in capillaries
through the electrical deterioration and electric flux density
on the skin.” Blumenthal reported that none of the 38 cases
who died due to lightning strike had a lichtenberg figure at
autopsy.”™ In New Mexico study, only 11.1% (6/54) of the
cases were reported to have “Lichtenberg figure”™® In the
postmortem studies from Turkey, “Lichtenberg figures” were
observed in between 29% and 63.6% of the cases died due to
lightning strikes!'®'”2" while in the present study it is observed
in two cases (%22.2) (Figure 3).

Cardiac effects

Among the proposed mechanisms for the effects of
lightning strike on the heart; there are “induction of coronary
artery spasm, catecholamine storm, direct thermal damage,
ischemia secondary to arrhythmia and coronary artery
ischemia due to widespread vascular damage”? A strong
continuous contraction develops due to the simultaneous
depolarization of the whole myocardium.?”” The most
common cause of death due to lightning strike is asystolic
cardiac arrest or ventricular fibrillation.®! For ventricular
fibrillation, lightning must occur just in time at the peak
of the T wave, so asystole is predicted to be more frequent
than ventricular fibrillation.?®! However, secondary cardiac
arrest may also develop as a result of deep hypoxia due to
paralysis of respiratory muscles or inhibition of respiratory
centers.*! “Ventricular fibrillation, asystole, hypertension,
tachycardia, nonspecific ST and T wave changes, prolonged
QT interval, premature ventricular contractions” can be
seen due to lightning strikes.” In addition, severe stunned
myocardium and acute myocardial infarction can rarely be
seen due to lightning strikes.*® Postmortem macroscopic
heart alterations due to lightning strike are fairly seldom.!®!
Soft tissue bleeding in front of pericardium at autopsy was
reported in only one (4.7%) of 21 cases died due to lightning
strikes in New Mexico.® In the present study, macroscopic
cardiac damage was observed as subepicardial hemorrhage
in two cases(22.2%) and petechial bleeding in two cases
(22.2%).
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Lungs Effects

Petechial hemorrhages can be seen on the pleural and
epicardial surfaces as postmortem findings due to lightning
strike.? In addition, macroscopically intense pulmonary
edema and congestion, histopathologically intense
pulmonary edema and hemorrhage can also be seen.?3%
Burns in the chest area, lung and heart contusions can be
occured especially such as necklaces worn on the chest area.
231 Aspiration bronchopneumonia, diffuse alveolar damage
and pulmonary edema were detected at autopsy in 6 of
21 cases (28.5%) died due to lightning strikes.!"® Akkaya et
al. detected lung contusion in 85.7% (6/7) of the autopsy
cases.” In two of the three cases presented by Dogan et
al, detected lung contusion findings.®"” Eight out of nine
cases we presented had widespread subpleural petechial
hemorrhage (Figure 5) and lung parenchyma and visceral
pleura tears in one case. Also, in all cases, intraalveolar fresh
bleeding was detected in histopathological examination of
the lungs.

Brain Effects

It's important to discuss also the nervous system injuries due
to the lightning strikes. Keroneuroparalysis is a transient
condition due to lightning strikes in survivors characterized by
limb paralysis, sensory paralysis, pulseless, pallor or cyanosis,
motor or sensory loss.22 The nervous system, has been reported
the most commond injury area due to lightning strikes in
Switzerland."® Epidural and subdural hemorrhage, respiratory
center paralysis, intraventricular hemorrhage, petechiae
and dural tears may be seen due to lightning current.” Bone
fractures, brain hemorrhage and internal organ injuries can
be revealed as a result of burst effect of lightning.**! Bilateral
or unilateral basal ganglia bleeding due to lightning strikes
may also be seen.”*# In the postmortem study of Pincus et al,
was reported cerebral edema, subarachnoid, subgaleal and
periosteal hemorrhage may be seen due to lightning strikes."®
In the study of Hekimoglu et al., craniocerebral trauma findings
were detected in two of the victims.'® Likewise, Akkaya et
al. detected contusion in the barin in three of the autopsy
cases.'” In the present study, brain damage was observed as
subarachnoid hemorrhage in only one out of nine cases.

CONCLUSION

As a result, nonspecific findings are frequently detected
in autopsies performed due to lightning strikes. However,
crime scene investigation and the testimony of the
witness may be the crucial indicative evidence for forensic
investigators in getting an accurate diagnosis in cases of
suspected lightning strikes cases. In addition, examining
the clothes worn by victims provides important clues in
differential diagnosis.
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