CASE SERIES

Variations in otological presentation of lightning strike
victims: Clinical report of 3 patients
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ABSTRACT

Lightning strike can cause fatal or nonfatal injuries. Some nonfatal injuries are associated with otological symptoms and findings. Con-

ductive hearing loss due to rupture of the tympanic membrane is the most common audiovestibular lesion of lightning strike.Various

forms of sensorineural hearing loss and dizziness have also been reported. Presently described are 3 cases of lightning strike injury. First

patient had mid-frequency hearing loss in right ear and high frequency sensorineural hearing loss in left ear. Second patient had high

frequency sensorineural hearing loss in left ear, and the third had peripheral facial palsy with perilymphatic fistula on same side.This is

the first documented case of mid-frequency hearing loss occurring after lightning strike.
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INTRODUCTION

An array of clinical symptoms, most of which are nonfatal, can
be produced by lightning strike. Audiovestibular involvement
is infrequently reported. Tympanic membrane rupture is most
common otological injury (50-70%) and transient vertigo is
most common documented vestibular symptom caused by
lightning strike.l'? Avulsion of the mastoid bone, burns to the
external auditory canal, tinnitus, basilar skull fracture, ossicular
disruption, perilymphatic fistula, cholesteatoma, and peripher-
al facial nerve palsy have also been reported following lightning
strike.’ Presently described are 2 cases of hearing loss and
| case of peripheral facial palsy with perilymphatic fistula after
lightning strike. To our knowledge, the first patient is the first
documented case of mid-frequency hearing loss after lightning
strike and the third patient is the first documented case of fa-
cial palsy with perilymphatic fistula occurring at the same time.
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CASE REPORT
Case 1l

A 31-year-old male was referred to our hospital following wit-
nessed lightning strike that occurred while patient was sitting
on the ground in wooded area during thunderstorm. Accord-
ing to witness statement, victim was sitting under tree struck
by lightning. The patient lost consciousness for almost 30 min-
utes. When he regained consciousness in the ambulance, he
was confused and had amnesia of event. On arrival at emer-
gency department (2 hours after the incident), the patient was
still confused. First- and second-degree burns were found cov-
ering his back, gluteal region, and neck. Second-degree burns
were mostly located on gluteal region and back (13 bullous
lesions). Linear skin lesions of first-degree burns were noted
on back of neck and right side of occipital region. After confu-
sion receded, patient began to suffer from dizziness, hearing
loss in right ear, and tinnitus in left ear. Otological examination
revealed mild hemotympanum of right ear with bilateral intact
tympanic membranes. Although the patient experienced diz-
ziness, vestibular examination was normal.

Pure tone audiometry test with audiometer (MA 53; Maico
Diagnostic GmbH, Berlin, Germany) of the right ear indicated
mid-frequency hearing loss threshold of 60 dB at 1000 Hz,
50 dB at 2000 Hz, and 30 dB at 4000 Hz. Bone conduction
thresholds showed similar pattern. Pure tone audiometry
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test of the left ear revealed high frequency sensorineural
hearing loss (30 dB at 2000 Hz, 60 dB at 4000 Hz, and 55
dB at 8000 Hz) (Figure la). Soft tissue density/effusion in the
right tympanic cavity was visible on temporal bone computed
tomography (CT) (Brilliance CT 64-slice; Philips Healthcare
N.V,, Best, The Netherlands). Cranial magnetic resonance im-
aging (MRI) was normal.

The patient declined hyperbaric oxygen therapy and received
intravenous (IV) methylprednisolone Img/kg (Prednol; Mus-
tafa Nevzat llag Sanayii A.S., Istanbul, Turkey), piracetam IV
(Nootropil; UCB, S.A., Brussels, Belgium) and vitamin B com-
plex IV (Bemiks 5; Zentiva, N.V., Prague, Czech Republic) for
a week. Despite medication, however, audiometry testing re-
vealed no change in right ear and only partial improvement
(20 dB at 2000 Hz, 40 dB at 4000 Hz, and 50 dB at 8000
Hz) in left ear (Figure Ib). Conservative management was
preferred for mild hemotympanum on right side, and |-week
follow up resulted in complete resolution of hemotympanum.
After cessation of |-week IV medication, intratympanic dexa-
methasone was administered to both ears once a day for 3
days. At conclusion of this treatment, high frequency hear-
ing loss on the left side was recovered. Audiometry revealed
threshold of 50 dB at 2000 Hz on the right; however, other
frequencies were within normal limits (Figure Ic).
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Case 2

A 2l-year-old male was referred to hospital following light-
ning strike. According to the patient, lightning struck tree
that was 9 to 10 meters away from him. After loud noise,
he noted tinnitus and left-side hearing loss a few seconds
later and he was referred to local infirmary within an hour.
He received single dose of methylprednisolone Img/kg in-
travenously. Patient reported feeling some improvement in
hearing loss following medication, but the patient presented
to our department again the next day. Ear examination dem-
onstrated bilateral intact and healthy tympanic membranes.
Pure tone audiometry test performed | day after the incident
revealed high frequency sensorineural hearing loss (40 dB at
4000 Hz and 50 dB at 8000 Hz) in the left ear (Figure 2a). The
patient received methylprednisolone Img/kg IV, piracetam IV,
and vitamin B complex IV for | day at hospital. Audiometry
next day demonstrated normal hearing with resolution of all
symptoms (Figure 2b).

Case 3

A 25-year-old male was admitted to the hospital |5 days after
lightning strike. According to referral letter from local otolar-
yngologist, who had seen the patient in first few hours after
the incident, the patient lost consciousness for 5 hours. After
regaining consciousness, the patient began to suffer from diz-
ziness and hearing loss in his left ear. Spontaneous left—beat-
ing horizontal nystagmus, left-sided grade 4 peripheral facial
palsy, mild hyperemia in left ear drum, and skin lesions of
second-degree burns located on neck and gluteal region were
observed on physical examination (Figure 3a).

On admission, physical examination demonstrated left-sided
grade 3 peripheral facial palsy (Figures 3b-d), normal ear
drums, and no spontaneous nystagmus; however, the patient
still suffered from dizziness and left-sided hearing loss. Pure
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Figure 1. (Case 1) (a) Pure tone audiometry performed few hours
after lightening strike. (b) Pure tone audiometry performed after
initial medical treatment. (c) Pure tone audiometry performed after
intratympanic dexamethasone treatment.
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Figure 2. (Case 2) (a) Pure tone audiometry performed a day af-
ter the incident. (b) Pure tone audiometry performed after medical
treatment.
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™~
Figure 3. (Case 3) (a) Second-degree burns on the back and glu-
teal region. (b) Weak facial function on the left side of the forehead.
(c) Slightly weak eyelid closure on the left. (d) Weak movement of
the left corner of mouth.

tone audiogram revealed mixed hearing loss (with small gap)
in the left ear (Figure 4a). Fistula test yielded positive re-
sponse, especially with positive pressure. Temporal CT and
MRI revealed no pathological finding.

Methylprednisolone I mg/kg was administered for | week and
exploratory tympanotomy was performed with tentative di-
agnosis of left-sided perilymphatic fistula. During exploration
of the middle ear, perilymphatic leak from posterior leg of
the stapes was observed and repaired with tragal cartilage
perichondrium (Figure 5). One month later, low and high
frequency hearing loss remained (Figure 4b). Facial function
improved to normal level in 2 months.
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Figure 4. (Case 3) (a) Pure tone audiometry before surgery. (b)
Pure tone audiometry after exploratory tympanotomy and repair of
perilymphatic leak.
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Figure 5. (Case 3) Repair of perilymphatic leak with perichondrium
of tragal cartilage. Black dashed line: perichondrium of tragal carti-
lage, short black line: left stapedial tendon, white dashed line: the
incus, white arrow: the chorda tympani.

DISCUSSION

Worldwide, it is estimated that there are some 8 million
flashes of lightning per day. Electrical potential of lightning
bolt is approximately 20 million volts with temperature ex-
ceeding 20 000°C. Current flow of lightning strike varies
from 100 to 110.000 amperes.['>4]

Since central audiovestibular system is extremely vulnerable
to effects of lightning, all parts of hearing apparatus may be
affected.l">¢! Tympanic membrane rupture is most frequent
otological damage caused by lightning strike.l'?l Dizziness,
avulsion of the mastoid bone, burns to the external auditory
canal, tinnitus, basilar skull fracture, ossicular disruption, pe-
ripheral facial nerve palsy, and deposit of squamous epithelium
on the promontory are other reported clinical outcomes of
lightning strike.*3”] Middle ear and mastoid effusion, degen-
eration of stria vascularis and organ of Corti, total rupture
of Reissner’'s membrane, microfractures in otic capsule, and
edema of facial nerve were also revealed in autopsy studies.®!

Mechanisms of otological injuries caused by lightning strike
remain controversial. Cylindrical shock wave transmission
from external auditory canal to inner ear, which has enough
force to rupture tympanic membrane and to cause ossicular
disruption, is considered to be mechanism of otological inju-
ries. High frequency hearing loss without middle ear or tym-
panic membrane lesions can be explained by acoustic effects
of lightning.?”1 However, there are cases with intact middle
and external ear developing sensorineural hearing loss, facial
nerve palsy, ossicular disruption, and dizziness that cannot
be explained by any of those mechanisms.®3!% Lightning bolt
may directly damage inner ear, which has no bony structure
in medial part, and may cause temporary occlusion of inter-
nal auditory artery. These are alternative theories to explain
neural damage with intact middle and external ear.l'! Use of
earphones or telephone during thunderstorm has also been
reported as possible risk factor for such ear injury.’!

Sound of strike, which causes acute acoustic trauma, can be
described as unexpected and of short duration but high inten-
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sity. A few cases of high frequency hearing loss after lightning
strike have been reported.l'? High frequency hearing loss in
left ear of our patients was considered to be caused by acute
acoustic trauma. High frequency hearing loss of third patient
persisting after surgery can also be explained by acoustic ef-
fects of lightning.

Mid-frequency sensorineural hearing loss (cookie bite hearing
loss or “U” shaped hearing loss) is uncommon. Most of these
cases have hereditary or idiopathic etiology. A few cases of
vestibular schwannoma have been reported as reason for
mid-frequency hearing loss. To the best of our knowledge,
the first patient described in this report is first documented
case of mid-frequency hearing loss after lightning strike.

Low frequency hearing loss of third patient might be accounted
for by slightly hindered motion of the stapes footplate due to
sealing oval window with the perichondrium of tragal cartilage.

Little is known about mechanism of facial paralysis after light-
ning strike. Temporal bone fractures may cause facial paraly-
sis. High temperature and electrical potential of lightning bolt
can cause facial nerve edema. Finally, excessive stimulation
may cause fatigue in facial nerve function. Relatively quick re-
covery of facial function in Case 3 would seem to support
fatigue theory as result of excessive stimulation of lightning.
Perilymphatic fistula likely resulted from exposure to exces-
sive noise of lightning.

Conclusion

Severity of injury caused by lightning depends on amount of
current carried and its derivative, charge transferred, and en-
ergy transferred. Distance between the victim and point of
lightning strike is also important.

Lightning can cause different clinical symptoms and organ in-
juries, some of which can be fatal. During evaluation of vic-
tims of lightning strike in emergency department, compre-
hensive otological examination must be performed to avoid
delay in detection of audiovestibular injuries.

OLGU SERISI - OZET
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Pathophysiology of audiovestibular damage following lightning
strike is still unclear. Some theories and risk factors have been
proposed as sources of otological injuries; however, none is
yet sufficient to explain all clinical presentations.

Written, informed consent was obtained from the patients
described in this report.
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Yildirim diigmesine bagli olusan farkli otolaringolojik tablolar: Ug hastaya ait klinik rapor
Dr. Erbil Kilig," Dr. Hakan Geng,2 Dr. Umit Aydin,? Dr. Burak Asik,* Dr. Biilent Satar?
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2Isparta Asker Hastanesi, Kulak Burun Bogaz, Bas ve Boyun Cerrahisi Servisi, Isparta

3Gulhane Askeri Tip Akademisi, Kulak Burun Bogaz, Bas ve Boyun Cerrahisi Anabilim Dali, Ankara

“Sirnak Asker Hastanesi, Kulak Burun Bogaz, Bas ve Boyun Cerrahisi Servisi, Sirnak

Yildirim diismesi, 6liimciil veya morbit yaralanmalara sebep olabilir. Bu morbit yaralanmalarin bir kismi otolaringolojik semptom ve bulgularla bir-
liktedir. Yildinm diismesine bagli yaralanmalarda en sik goriilen odyovestibliler lezyon; timpanik membran riiptiiriine bagl iletim tipi isitme kaybidir.
Ayrica gesitli tiplerde sensérindral isitme kaybi ve dizines da gorilebilir. Bu yazida, yildirm dismesine bagli otolaringolojik lezyonu olan tig hastanin
Klinik tablosu sunuldu. llk hastanin sag kulaginda orta-frekans isitme kaybi varken sol kulaginda yiiksek frekans sensorinoral isitme kaybi vardi. Ikinci
hastanin sag kulaginda sadece yiiksek frekans sensorinéral isitme kaybi vardi. Ugiincii hastada ise, yildirim garpmasi sonrasi, periferik fasiyal paralizi
ve ayni tarafta perilenf fistllli tespit edildi. Yildinm ¢arpmasi sonrasinda bir kulaginda orta-frekans isitme kaybi olusan hastamiz, yildirnm ¢arpmasi
sonrasi orta-frekans sensorindral isitme kaybr meydana gelen literatiirde bildirilmis ilk hastadir.

Anahtar sozciikler: Orta-frekans isitme kaybi, periferik fasiyal paralizi; perilenf fistill; yildinm carpmasi; yiiksek frekans isitme kaybi.
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