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INNER EAR BAROTRAUMA -
A REPORT OF 31 CASES

Ol Molvaer
Norwegian Underwater Technology Center (NUTEC)

The occurrence of inner ear barotrauma with or without
peri lymphatic fistula, and with transient or permanent
injury to the cochlea and/or the vestibular apparatus has
been discussed in thisjournal previously.1.2:3 |n addition
to the 25 cases published by this author,2 31 more cases
have been collected since 1980.

Case reports
1 A 32year oldmaleprofessional diver with previous

normal hearing needed 12 minutes to descend to 30 msw
due to bilateral equalization problems that were most
pronounced ontheright side. Atthebottom hefelt dlightly
dizzy and hegot theimpressionthat thevolumewasturned
down in the right ear phone. After ten minutes at the
bottom he started aslow ascent and stopped both at 6 msw
and 3msw. Immediately after getting onboard the boat he
experienced vertigo and was unable to walk straight. As
soon ashegot hisband mask of f herealized that thehearing
in hisright ear was markedly reduced.

Hesaw aphysi cianwhofoundslight barotraumatic changes
inbothtympanicmembranesand thediver got decongestant
nose drops (oximetazolini chloride) and an oral
decongestant (phenylpropanolamini chloride). Hishearing
wasnot examined in spiteof having aplugged sensationin
hisright ear. The next morning he did not hear hisalarm
clock becausehisleft ear lay onthepillow. Hesaw adiving
physician who had an audiogram taken (Figure |) and
administered hyperbaric oxygen (HBO) (USN table 5).
Duringthetreatment hefelt subjectively better but after the
treatment his hearing was still reduced and he had ringing
in the right ear. A bithermal caloric vestibular test with
electronystagmography (ENG) was normal. He received
another HBO sessionand wasput to bed. L ater hishearing
deteriorated dramatically so he was admitted to hospital
for surgery four daysafter theincident, but nolabyrinthine
fistulacouldbefound. Nevertheless, hishearinggradually
improved, but he has a marked, permanent high tone
sensori-neural lossand constant ringingintheear. Hehad
no alternative education and ran into severe economic
trouble. After a successful test dive in adry chamber he
was allowed to return to his profession three months after
the incident with some limitations added to his licence.

2. A 19year old maleNavy scubastudent experienced
pressure equalization difficultiesto hismiddle earsdueto
acommon coldinthe 10 msw lock of the submarineescape
training tower. While performing a forceful Valsalva
manoeuvre hefelt pain in hisright ear and became dizzy.
Afterwards both tympanic membranes showed signs of
barotrauma, his audiogram was normal, but the ENG
disclosed a right canal paresis during bithermal caloric
testing of the vestibular system.

3. A 23 year old male commercial diver had trouble
clearing his left ear in an open sea dive and experienced
spinning vertigo and ringing in the ear. The ringing
continued for six months, and he acquired a permanent,

FIGURE 1

In case one, screening at 20 dB level prior to the dive was
normal.
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0—O0: The day after the incident

X—X: Day three after the incident

—e: Two and a half months after the incident
FIGURE 2

The hearing in Case Three - seven years after the
incident.
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sensori-neura high tone loss (Figure 2).

4, A 26 year old female sport scuba diver had, as
always, problems with the pressure egualization to her
middle earsduring an open diveto 20 msw for 15 minutes.
During descent she felt pain in her ears, most on the left
side, and performed forceful Valsalvamanoeuvres. Back
onboard the boat she felt unsteady and had to take abroad
stance to keep her balance. Her left ear felt plugged with
reduced hearing and she had continuous ringing in the
sameear. The next day she saw aphysician who referred
her to an ENT out-patient clinic where marked
barotraumatic changes were found in both ears and an



audiogram demonstrated a pronounced sensori-neural
hearing lossfor all test frequenciesin the left ear. Above
2 kHz no hearing was detectable (Figure 3). The speech
reception threshold (SRT) corresponded to the pure tone
audiogram. Two days later abithermal caloric vestibular
test with ENG demonstrated a left anal paresis. She
abstained from further diving, and when last seen five
months later she was not dizzy, had no plugged sensation
in the ear, the tinnitus (ringing) was reduced and a pure
toneaudiogram demonstrated markedly improved hearing.

FIGURE 3
The hearing in case 4.
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5. A 16 year old male sport scubadiver performed an
open seadivein spite of having acommon cold. He had
equalization trouble and performed forceful Valsalva
manoeuvres. He experienced ringing in his right ear,
which felt plugged, and he felt dizzy. Since the cochlear
symptoms continued he, two weeks later, saw aphysician
who gave him penicillin and referred him to an ENT out-
patient clinic. Thetympanic membraneswerethennormal,
but pure tone audiometry revealed a grossly elevated
hearing threshold for all tests frequenciesin hisright ear,
and SRT demonstrated adiscrimination lossof 60%. Two
monthslater the hearing hadimproved markedly and there
was no longer any discrimination loss. Two and a half
years later he was rejected as an applicant for the Navy
Academy due to the hearing impairment that by then had
againincreased. At 8kHz no hearing could be detected at
al (>120dB) (Figure 4).

6. A female sport scuba diver performed, on her 29th
birthday, an open seadiveto 19 msw. Prior tothedive she
had normal hearing but afterwards she experienced pain
andringingin her right ear and wasdizzy. Threedayslater
shesaw aphysicianwho found signsof marked barotrauma
in her right tympanic membrane and also asevere hearing
lossinthesameear (Figure5). Shewasgivendecongestant
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nosedrops. Oneweek after the dive she attended an ENT
out-patient clinicwhereacaloric vestibular test with ENG
showed slight directional preponderanceto theright. One
week later she was admitted to hospital where also a
transient, positional nystagmustotheright wasdetectedin
theright ear down position. The middle ear was explored
surgically and an oval window fistula was detected and
closed. Unfortunately the constant tinnitus continued, but
both her pure tone hearing and SRT was somewhat
improved (20% discrimination 10ss), also subjectively.

FIGURE 4

The hearing in case 5.
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0—0: Two weeks after the dive
X--X: Two months later
—e: Two and a half years later

FIGURE 5

The hearing in case 6.
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7. A 26 year old male engineer experienced spinning
vertigoafter playing underwater rugby (breath-hold diving)
for one half hour in a4 metre deep pool. Hewasunableto
fix hisgazewhichflickered back andforth, hewasnauseated
and hisgait wasunsteady. Hewas seen by aphysicianand
admittedtothehospital ENT department thenext morning,
wherehereceivedan |V drip (500 cc of normal saline). He
wasdischarged symptom freethenext evening. Hehad not
experienced any cochlear symptoms, and a control six
weekslater showed normal hearingand vestibular function.

8. A 20 year old male Navy diver made a breath-hold
diveto 18.5 metresin a submarine escape training tower.
During ascent his right ear would not vent properly and
upon surfacing the ear felt plugged, the hearing was
reduced and he experienced tinnitus. Prior to the dive an
audiometric screening at 20 dB level was normal. Three
days after the dive an audiogram showed a pronounced
hearing lossin the middle and high frequencies (Figure 6)
and hewasthe next day put to bedinthe Navy hospital. He
had experienced no vestibular symptoms. His hearing
improved gradually, and two and a half months after the
dive an audiometric screening at 20 dB level was normal
exceptforadropto65dB at 8kHz. Tinnitusdecreasedand
he was allowed to start diving again. Besides his Navy
diving hedived in acivilian scubaclub. After four open
sea scuba dives, two of them to 50 msw, his hearing was
still stable.

FIGURE 6

The hearing in case 8.
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9. A 22 year old mae Navy diver, who usually had
problems with pressure equalization to his ears in the
initial phase of descent, became so eager to chase afish
during an open sea scuba dive that he ignored normal
equalization procedures. During the fast descent he felt
painin hisright ear, and after coming onboard the boat he
had ringingintheear, which periodically felt plugged, and
hewasdizzy. Hedid not seeaphysician until aweek after
the dive, and since the cochlear symptoms would not

completely clear he was seen by an ENT specialist six
monthslater. Vestibular testswerethennormal, but hestill
hadintermittent tinnitusand sometimesapl ugged sensation
in the ear, and a pure tone audiogram showed a sensori-
neural high tone loss (Figure 7). Prior to the dive an
audiometric screening at 20 dB-level was normal.

FIGURE 7

The hearing in case 9 six months post dive.
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10. A 41year old male sport scubadiver had hisusual
trouble with pressure equalization to his left ear when
performing three repetitive open seascubadives. First he
went to 10 metres for a couple of minutes. After five
minutes at the surface he descended to 18 metres for 35
minutes. After acouple of minutes at the surface he went
toeight metresfor 15minutes. When coming ashorehefelt
so unsteady he had to hold on to something to prevent
falling, and he recognized tinnitus and reduced hearing in
hisleft ear. Hedid not seeaphysician until 18 hours|later
andreferral toadiving physician wasdelayed another day.
A severe hearing loss was demonstrated (Figure 8) and he
was recompressed according to USN treatment table 6,
however without any appreciable effect on his symptoms.

Five daysafter thedivehewasseeninan ENT out-patient
clinic where the hearing loss was verified. He was
subsequently examined by several physicians who did
more extensive audiological and vestibular tests without
detecting any new evidence. Threeweeksafter thedivehe
had a Stellate ganglion block and received vasodilating
medication (Nicotinic acid tablets). This treatment
aleviated his balance upset, but had no effect on his
cochlear function. His vertigo returned, however, but
brain stem evoked response audiometry (ERA) failed to
reveal any central lesion. Eventually, two monthsafter the
dive, the ear was explored surgicaly, but no labyrinthine
fistulawas found. His vertigo fluctuated, but eventually
disappeared. Histinnitus aso fluctuated, but his hearing
losswas permanent and bothered himin conversationwith
several people simultaneously.



FIGURE 8

The hearing in case 10
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11. A 33year old man felt dizzy after adive and had
ringingin hisright ear. Anaudiogramrevealedahightone
loss which was increased after another dive and became
permanent (Figure 9).

FIGURE 9

The hearing in case 11
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12.  A1l6yearoldfemalesportdiver performedanopen
sea scuba dive to 30 metres. She had problems with the
pressure equalization to one of her middle ears due to a
slight common cold. She experienced vertigo at the
bottom and had problems fixing her gaze. She then
ascended slowly, well within the no decompression stop
limit, but was unable to climb the ladder to the boat
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unaided. Sheexperienced spinning vertigoand ringingin
her right ear and was unabletowalk straight or to keep her
balance, and vomited 14 times. The next day she still had
spinning vertigo, but was able to walk unaided. She
eventually saw aphysician who found one of her tympanic
membranes red. In spite of admitting that he bad no
experiencewith diving casualtieshedid not seek adviceor
refer her to a specialist. Several weeks later she dived
again, and again experienced vertigo. After that she
stopped diving but still had constant tinnitus. Not until
nearly four months after the first mentioned dive was she
admitted to an ENT specialist. Her only complaint then
wasthetinnitus. Caloric vestibular testswere normal, but
pure tone audiometry revealed a sensori-neura high tone
lossin her right ear (Figure 10).

FIGURE 10

The hearing in case 12 four months post dive
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13. A 19year old male sportsdiver student performed
anopen seascubadiveto 10 mdepth. He performed avery
forceful Valsalva manoeuvre during descent and
experienced severe, spinning vertigo during ascent after a
few minutes at depth. He also felt pain in both ears and
became nauseated. When coming onshore he was unable
to stand and vomited repeatedly. Hewasrecompressedin
a chamber without any effect on his symptoms, which
actually became worse during decompression. He was
thenputtobedinan ENT department. Upon admission he
was very ill with barotrauma of both middle ears
(haematotympanum) and abrisk nystagmuswhich subsided
after bedrest. Audiometry twodaysafter thedivedisclosed
asensori-neural hightonein hisright ear (Figure 11). He
wasdismissed from hospital, subjectively well, after three

days.

14. A 26yearoldmale(foreign) Navy diver performed
an uneventful chamber dive to 50 msw on air. The day
after the hearing in hisleft ear deteriorated seriously, and
three days later he felt unsteady, he was unable to walk
straight and bumped into things. He also experienced a
high pitched tinnitus in his left ear. He did not see a
physician until aweek after thediveand wasreferredtoan
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ENT specialist who found normal tympanic membranes,
but audiometry showed a pronounced sensori-neural
hearinglossinhisleft ear (Figure12). At8kHzthehearing
was not measurable with the available equipment (ie. the
loss exceeded 110 dB). A caloric vestibular test showed
lessreactivity ontheleft sideasinaslight canal paresis. He
preferred to go back to his homeland for treatment (bed
rest, Rheomacrodex |V, medical treatment) and hishearing
improved significantly. Decompression sicknesscould be
a differential diagnosisin this case. One can not either
completely ruleout the possibility of the pure coincidence
of a spontaneous hearing loss and the dive.

FIGURE 11

The hearing in case 13 two days post dive.
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FIGURE 12

The hearing in case 14.
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15. A 23 year old male sport diving student made an
open sea scubadiveto 8 metres. He had difficultieswith
thepressureequalizationto hisears, especially thel eft, and
performed forceful VVa salvamanoeuvres. Hefelt painin
hisleft ear during descent and ringing in the ear as soon as
he took off his gear after surfacing. He had no vestibular
symptoms. Since the tinnitus continued, he saw an ENT
specialisttwodaysafter thedive. Thetympanicmembranes
werenormal, aswasabithermal, caloricvestibular test, but
pure tone audiometry revealed a sensori-neural high tone
lossin his left ear (Figure 13). Prior to the dive he had,
audiometrically verified, normal hearing. Onemonth after
thedivethehearing had improved slightly, but thetinnitus
was unchanged.

FIGURE 13

The hearing in case 15
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16. A 25 year old mae Air Force helicopter pilot
performed escape training from a capsized helicopter
simulator in the upside down position in a pool at
approximately three metres depth. He was under water
holding his breath for approximately 30 seconds, and was
unable to equalize the pressure to his middle ears.
Afterwards he felt pain in his left ear which aso felt
plugged. He also experienced tinnitus and slight vertigo.
Aspirin aleviated the pain, but even after a week the
vertigo was bothersome and the tinnitus lasted for two
weeks. A couple of weeks after the incident he was seen
inanENT out-patient clinicwherehistympanicmembranes
werefound normal. A transient positioning nystagmusto
theleft onhead rotationtotheright wasrecognized, but hot
water (44°C) stimulation gave symmetric response.
Unfortunately cold water stimulation was not performed
nor audiometry. After a few weeks the pilot became
symptom free. | think the cause of his cochleo-vestibular
symptoms was inner ear barotrauma.

17. A 19yearoldmaleprofessional diver,whodoubled
as a sport scuba instructor, performed ten consecutive
open sea dives to 10 metres, each of approximately nine
minutes duration, in order to familiarize student divers



with openseadiving. Thetenth ascent wasrather fast, and
at three metresdepth he suddenly experienced asharppain
in his left ear. He loosened the line to the student who
surfaced while he himself returned to the bottom. There
the pain was somewhat relieved, but hefelt slightly dizzy.
After a few minutes he ascended slowly without any
changein the symptoms, but he had to sit down as soon as
he came ashore due to vertigo.

He was aso dightly nauseated. Later he felt a tender
swelling behind the left ear and describes crepitation on
pressing against it. The skin over the swelling was red.
The ear felt plugged and subjectively his hearing was
reduced on that side. The next day he saw an ENT
specialist who examined him otologically and
otoneurologically. There was a slight elevation of the
hearing threshold as compared to a recording taken six
months previously. Thelosswas sensori-neural. (Figure
14. Bone conduction has been omitted for clarity).
Bithermal caloric vestibular tests reveadled a left sided
canal paresis. A chest x-ray wasnegative. Hewasreported
sick for two weeksand put to bed with elevated head. The
only medication was aspirin. Hewas not alowed to dive
until after acontrol two months later. He then felt fit and
healthy and the vestibular control test suggested an
overcompensation of a peripheral injury on the left side.
After asupervised pressurechamber test hewasallowedto
resume diving.

Three and ahalf months later he performed two repetitive
open sea dives to 12 metres for nine minutes and to
approximately 27 metres for 20 minutes (in the “wrong”
sequence: shallowest first) in spite of having a common
cold. The first dive was unremarkable, but during the
second descent he felt pain in his sinuses and his left ear

FIGURE 14
The hearing in case 17
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cleared less easily than the right. On the bottom he
experienced spinning vertigo, and after surfacing he felt
nauseated and vomited once. Thenext day hevomitedfour
times and saw a physician familiar with diving. He
received decongestant nose drops and tablets plus anti-
vertiginoustabletsand was put to bed. Threedayslater he
still felt slightly dizzy and vestibular testing showed aleft
canal paresis, lightly worsethan after thefirst injury. He
had no cochlear symptoms and an audiogram was closeto
the pre-diverecording. Hewas prohibited from diving for
six weeks and advised not to dive during respiratory tract
infections.

18. A 20year old male Navy scubadiver experienced
barotraumaof hisleft ear whilewearing afull facemaskin
an open seadive. In connection with the injury he felt a
dlight ringing in the ear. Prior to the dive his pure tone
audiogram was normal, but a routine control five months
later revealed asensori-neural hightonelossintheaffected
ear, where he still experienced a high pitched tinnitus
whileinsilent surroundings (Figure 15). Threeyearslater
hewasaccepted asastudent at theNorwegian Government
Diver Training School inorder togetintocommercial deep
diving, in spite of the fact that his reported high tone
hearing loss was permanent. The hearing in hisright ear
was normal, though.

FIGURE 15

The hearing in case 18.
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19. A 22 year old man attending a course in sport scuba
diving asaleisuretimeactivity during hismilitary service
performed an open seadiveto 15 metresfor eight minutes.
As usua he had equalization problems and performed
forceful Valsalva manoeuvres. He did not experience
anything peculiar until he came into the silence of his
bedroom nine hours &fter the dive when he recognized a
high pitched ringingin hisleft ear. Thetinnitusfluctuated
for somedays, but eventually became constant. Ninedays
after the dive hefinished his compul sory military service.
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A medical examination in that connection revealed an
elevation of thehearingthresholdin hisleft ear ascompared
to the audiogram taken when he entered the military
services, but even then the 20 dB level screening had
revealed a, probably noiseinduced, high tonenotch inthe
audiogram from his left ear. He was referred to an ENT
specialist who confirmed the hearing loss as sensori-
neural, but except for that found normal ears, including
vestibular function as tested with bithermal stimulation
andENG. Atthat timebedrest wastried, but seven months
later the hearing had deteriorated significantly at 3 kHz
(Figure 16).

FIGURE 16

The hearing in case 19.
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20. A 37 year old male engineer using diving in his
work for underwater inspectionand non-destructivetesting
(NDT) performed an open sea dive to 15 metres depth in
spite of having a common cold. He had equaization
problemsand thushad to performequalization manoeuvres
forcefully and more frequently than usual. After thedive
his left ear felt plugged and the hearing in that ear was
much reduced. He saw alocal physician who reassured
him, and when he saw an ENT specialist six months later
asensori-neural hearing lossin theleft ear was confirmed
(Figure 17).

21. A 29year oldmale Navy physician performed a90
metredry chamber diveonair. Hehad difficultieswiththe
pressure equalization to his ears and performed Valsalva
manoeuvres repeatedly. Prior to the dive he had no
cochlear symptomsand an audiometric screening at 15dB
level was normal. After the dive hisleft ear felt plugged
with reduced hearing and tinnitus, and an audiogram
demonstrated amost unusual patternwith apredominantly
low tone sensori-neural loss, indicating a lesion in the
apical part of the cochlea (Figure 18). Hestill hastinnitus
and hearing lossin that ear 16 years after the incident.

FIGURE 17

The hearing in case 20 six months post dive.
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FIGURE 18

The hearing in case 21 immediately after the dive. Pre
dive screening at 15 dB level was normal.
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22. A 28 year old male commercial diver lost
consciousnessat 45 metresdepthinthe seawearing aband
mask and breathing nitrox. The reason for the loss of
consciousness was probably oxygen poisoning. He was
taken to the surface and recompressed in achamber where
he woke up at 50 metres depth without any cochlear
symptoms. During the decompression hisright ear would
not vent properly and becamepainful. Healso experienced
tinnitus in that ear. Prior to the dive an audiogram
demonstrated normal hearing, while a control six months
after the dive disclosed a sensori-neura high tone loss
(Figure 19). He then still had tinnitus.

During adive several years before the described incident
he had pressure equalization problems to his ears and
experiencedtinnitusinboth earsfor amonth after thedive.
That episode resulted in a permanent, sensori-neural high
tonelossin hisleft ear (Figure 20).



FIGURE 19

The hearing in the right ear of case 22
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23. A 24year old malescubadiving student performed
abreath-hold diveto 7 metresin the sea. He had pressure
equalization trouble, and since he was wearing too little
lead he had to use his arms to swim down and was thus
unable to perform equalization manoeuvres. A painful

FIGURE 20

The hearing in the | eft ear of case 22 several years after
adifferent dive.
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pressure differential built upin hisears. Threehoursafter
the dive he became dizzy. The next morning he felt fine
and did a scuba dive to 12 metres. He descended slowly
and managed to equalizethepressureto hisears. A couple
of hours after the dive he again felt dizzy.

Thenext morning heagainwasfineand performed another
scubadiveto 12 metres. Hehad someequalizationtrouble

29

and experienced vertigo immediately after the dive of the
same nautical nature as on the two previous days, but
stronger. The symptoms fluctuated for the next couple of
days, so he saw a physician who referred him to an ENT
specialist on the third day after the last dive. Throughout
hehad had no cochlear symptoms. Barotraumatic changes
wereobservedinbothtympanic membranes, but abithermal
caoric test and ENG did not at that time detect any
vestibular injury. Neverthelessthe fluctuating symptoms
continued and interfered significantly with his university
studies. Thiswastill the case two months after the dive,
whichisthelast availableinformationonthiscase. Eleven
yearsbefore he had experienced vertigo and intoleranceto
high sound levels after head trauma. It isdifficult in this
caseto pinpoint apossiblelesionto theinner ear, but there
seemed to be adefinite connection between thediving and
the symptoms, and the barotraumatic changes in the
tympanic membranes were unmistakable and thus
suggestiveof inner ear injury asthecauseof hissymptoms.

24. A 36 year old male sport scuba diver performed
approximately seven divesto amaximum of 15 metresin
theseawithin an hour. Beforethe dive he had no cochlear
symptoms, but the morning after he woke up with a high
pitched tinnitusin hisright ear. Sincethat did not clear, he
saw a physician a couple of days later, and the next day
recompressionto 50 metresinachamber wastried without
effect on hissymptoms. Hewasseenregularly by anENT
specialistfor months, but even eight yearsafter theincident
he still had constant tinnitus and sensori-neural high tone
loss(Figure21). Inthiscasetherelationto diving could be
just coincidence since spontaneous hearing loss of this
kind occursnow andthen. A redlisticdifferential diagnosis
in this case is aso decompression sickness.

25. A 27 year old male Navy diver performed
approximately 20 consecutive breath-hold divesto about
sevenmetresasaninstructor inasubmarineescapetraining
tank. Hedid not care much about pressure equalization to
his ears, and after a while he experienced a plugged

FIGURE 21

The hearing in case 24 eight years after the incident.
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sensation, reduced hearingandtinnitusinhisright ear, plus
vertigo. Nevertheless he continued until the class was
through, but afterwards he was unable to walk straight.
Oneyear previously hehad experienced similar phenomena
from hisleft ear after he had swum 50 metres underwater,
but in that case al symptoms cleared gradually. He now
expected the same course and thus postponed hisvisit to a
physician until the next day.

He was then immediately referred to an ENT specialist
who found spontaneous nystagmusof the second degreeto
the left, indicating the right sided canal paresis. The
patient complained of pul sationand constant tinnitusinthe
ear, and anaudiogramreveal edanupto 20 dB deterioration
of hishightonehearing ontheright sidewherethe hearing
already was substantially reduced in the high tone range,
probably duetogun-fire(Figure22). Nosignof middleear
barotrauma was found. He was put to bed and gradually
improved. Fivedayslater hehad novertigo, nor nystagmus,
and the hearing had improved both subjectively and by
audiometric evaluation, at 4 kHz as much as50 dB. The
high tone loss was back at pre-dive level, but caloric
vestibular testsand ENG now indicated astronger cupul o-
ocular caloric response on the right than on the left side.
Six months after theincident the diver was symptom free,
the hearing had stabilized at pre-divelevel, and bithermal
caloricvestibular testswith ENG showed symmetrical and
normal responses. Hewasthen allowed to resume diving
provided that he did not dive during common colds and
that hewasvery conscientiouswiththepressureequalization
to his ears. He was also advised not to take the surface
position during submarine escape training runs.

Three weeks later he violated all the above mentioned
precautions and performed 45 breathhold dives from the
surface to approximately seven metres, in spite of having
acommoncold. Afterwardsheexperienced severevertigo
and nausea. Hewas pale and could not walk straight. He

FIGURE 22

The hearing in case 25
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felt aforceful pulsationinhisright ear and slight, periodic
tinnitus, but no subjectivehearingimpairment. When seen
by an ENT specialist the next day hisonly complaint was
the pulsation in his right ear. There was no significant
change in hearing and no nystagmus. It was speculated
that he might have aweak spot in one of the labyrinthine
windows where a fistula would open when the pressure
differentia reached acertain level. He was reported sick
for aweek and taken off diving for acouple of months. A
bithermal caloric vestibular test with ENG was then
symmetrical and normal.

26. A 23 year old male sport scuba diver with
approximately five years diving experience performed an
open seadiveto 25 metresfor 25 minutes. Asusua hehad
pressure equalization trouble to his ears, mostly in the
right, and performed V al salvamanoeuvres. During ascent
he experienced pain inthe back of hisneck and head. Ten
to 15minutesafter coming onboardtheboat heexperienced
spinning vertigo and had to hold on to something to keep
his balance even while sitting. The symptoms increased,
he was unable to fix his gaze and vomited all the time.
When he came ashore 20 minutes later he saw a local
physician in general practice who referred him to the
neurology department in the local hospital where
electroencephalography (EEG), and skull X-ray were
negative.

He was the next day transported by helicopter while
breathing oxygen to the nearest Navy base where he was
recompressed after a prolonged US Navy Table 6.
Subjectively the treatment had no effect. Neverthelesshe
recovered gradually, but was unable to walk straight for
one week after the dive. He had no cochlear symptoms.
When seen by an ENT specialist two monthslater hewas
symptomfree, but woul d still experiencesomeunsteadiness
in certain situations, such aswhen heading the ball during
football games. He had not been diving sincetheincident.
Otological and otoneurological examination was
unremarkable, except for asensori-neural hightonelossin
his |eft ear that was present prior to the dive, which was
probably caused by gunfire. He recalled having had
tinnitus for a couple of days after hunting some time
before. Bithermal caloric vestibular testswith ENG were
normal.

27. A 45year old male marine biologist, previously a
Navy diver, now a sport scuba diver, performed
approximately ten scubadivesto 5 msw for atotal duration
of approximately half an hour. Hehadto performVa salva
manoeuvresto equalize. Immediately on coming onshore
heexperienced vertigoand unsteadinessand hewasdlightly
nauseated. He also had aconstant tinnitusin hisright ear.
When seen by an ENT specialist oneand ahalf hourslater
he walked unsteadily, would grasp onto objects to secure
hisbalance and tended to keep hisneck in afixed position.
In spite of thisovert symptomatol ogy nothing objectively
could be found on otological and otoneurological
examination. Evenabithermal caloric vestibular test with
ENG was judged to be within normal limits (even though
adlight right-sided canal paresis could not be completely
ruled out). Theonly differenceintheaudiogram compared
to one done ayear previously wasamarginal 10 dB drop
at 8 kHz (from ten to twenty dB). He was put to bed and
thetinnitusdisappeared the sameevening. Hekept hisbed



for afew days but had fluctuating tinnitus for periods and
fluctuating nauseafor approximately threeweeks. Hewas
symptom free when seen six weeks after theincident. A
caloric test wasthen completely normal. Hethenrecalled
that he had been dizzy after a similar dive seven years
previously and also nauseated after that type of divingfour
years earlier. Maybe a case with such sparse objective
signsshould not be classified asinner ear barotrauma, but
| believe that more sensitive test methods might have
proved the diagnosis.

28. A 19 year old man practised underwater rugby
(breath-hold diving) in afour metre deep pool. After the
game his left ear felt plugged and he had tinnitus for six
months. When seen by a physician some days after the
incident blood and fluid was found in the |eft middle ear.
His audiogram was normal when reporting for military
serviceprior totheincident, but when entering themilitary
servicesafter thediveahightonelosswasfound in hisleft
ear. Thesensori-neural losswasconfirmedfour yearslater
(Figure 23).

29. A 25 year old male scuba diver with six year's
experience had for acouple of months experienced severe
spinning vertigo for fiveto ten minutes after diving. Once
it caused him to swimin acircleto theleft when trying to
swim ashore. Eventually, after adiveto four metresdepth

FIGURE 23

The hearing in case 29 four years after the dive.

Left
-10

0

p. .-
10 v \'"a G

20 S
30

+
|
\

\
|
|

50
60
70
80
90
100

H.L (dB re 1SO 389)

-
Y

125 250 500 1k 2k 4k 8k
Frequency (Hz)

he was unableto stand up when coming ashore. Hefell to
theground, was unabletofix hisgaze, wasvery nauseated
and al but vomited. He had no cochlear symptoms. The
symptomssubsided in acouple of hours, but when seen by
an ENT specidlist two months later a bithermal caloric
vestibular test withENG reveal ed acentrally compensated
left-sided canal injury. Except for that, an otological
examination was normal, including audiometry. At that
timehewassymptomfree. Inner ear barotrauma, possibly
with atransient peri lymphatic fistula, could explain the
described symptoms.

30. A 29 year old male sport scuba diver with nine
years experience participated in breathhold underwater
rugby and descended repeatedly to five metres depth
without caring about pressure equalization to hisears. In
the middle of the game his |eft ear suddenly felt plugged

31

and he experienced a continuous, high pitched tinnitus.
There was no vertigo. He had experienced middle ear
barotraumaon the same side twice before and thought this
was the same thing. But his hearing deteriorated
substantially inthe courseof thefollowingtwodays. Then
the condition started to improve and he did not see a
physician until a week after the incident and was
immediately referred to an ENT specialist who found his
hearing significantly reduced compared to pre-dive
audiograms (Figure 24). Hewas admitted in hospital and
put to bed in the ENT department where his hearing
continued to improve, so he was released after a week.
Threeweeksafter theincident theimprovement seemedto
have halted, and more than four months after the incident
the hearing threshold was still significantly higher than
prior to the incident. Even ayear later he had constant
tinnitusand some problemswith holding aconversationin
background noise. Nevertheless he wanted to take up
diving again. His marked pre-dive hearing loss was
probably caused by noise exposurein mechanical industry
where he had worked without using ear protectors.

31. A 30year old male sport scubadiver performed an
open seadive to 26 metres for 26 minutes. The dive was
unremarkable and he had no pressure equalization trouble
to his ears. Four hours after the dive his right ear felt
plugged, and the next day an ENT speciaist found a

FIGURE 24

The hearing in case 30.
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sensori-neural low tone lossin that ear (Figure 25). The
day thereafter he also experienced tinnitusin hisright ear
and the next day (3rd day after the dive) he received
hyperbaric oxygen therapy (HBO) (USN Table 6) which
had no subjective effect, while the audiogram showed
someimprovement. Thenext day hegot moreHBO (USN
Table 5) which traded his tinnitus for slight vertigo, but
againtheaudiogramindicated improved hearing. Theday
after his ear felt plugged again after alot of shouting asa
coach for a volleyball team, and the tinnitus was back.
Two days later the hearing had normalized subjectively
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and audiometrically and hehad nomoretinnitusor vertigo.
This man was diving a lot so one may argue that the
described symptoms occurred in time relation to a dive
only by chance and that there was no causative relation,
especialy since he had no egualization trouble. Thus it
could have been an early manifestation of Meniere’'s

FIGURE 25

The hearing in case 31.
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disease (hydrops labyrinthi), completely unrelated to the
dive, or precipitated by it. Decompressionsickness(DCS)
is unlikely, but cannot completely be ruled out. On the
other hand, diving can cause considerable pressure
differentialsintheearsbeforeadiver caresabout equalizing,
especidly if heisdistracted or busy with other tasks. So
evenif it may be speculative think that also thiscase can
be classified asinner ear barotrauma.

DISCUSSION

Even though information about dive depth is missing in
five of the cases, we can conclude that this injury most
often occursat shallow depth, not surprisingly sincethatis
wheremost of thedivingistaking place, and alsowherethe
relative pressure/volume differences are greatest. As
might be expected, the majority of the cases (45.2%) were
sport scuba divers, who also perform the majority of the
diving in shallow waters. Commercial divers comprised
16.1% of thetotal and Navy scuba divers 6.5%. Therest
were divided between breath-hold and chamber diving,
andinonecasetheinformationwasmissing. 1n61% of the
cases the incident happened during air scuba diving, but
dataweremissingintwo cases. Thesex difference, 90.3%
male and 9.7% female cases, probably more reflects the
composition of thediving community rather than anything

about sex difference in susceptibility.

The delay before the diver sought medical advice varied
from hours to “indefinitely”, which means that the diver
did not seek advicebut wasfound by chanceduringroutine
examinations months after the incident. More than 70%
reported problems with pressure equalization to the ears
and close to 20% admitted to have dived in spite of a
common cold when the incident occurred. Close to 26%
reported to have performed forceful Valsalvamanoeuvres
(but data were missing in approximately 13%).

No consistent way of therapy canbetracedinthismaterial.
More than 35% received no therapy at all, and data are
missing in three cases. In the rest, severa types of
treatment weretried; bed rest, medication, 1V fluid, HBO,
Stellate ganglion block and ear surgery.

The lay off time before diving again varies considerably
andinformationismissinginseveral cases, butinonly four
cases is positive information available that they stopped
diving permanently. Approximately 65% experienced
permanent cochlear injury, leading in one casetorejection
by theNaval Academy. Inacommercial diver theincident
caused severe economic problems. Ten of the caseswere
only cochlear (tworight, seven left and onebilateral), five
only vestibular (one on each side and three probably
bilateral) and 16 both cochlear and vestibul ar (tenright, six
left). Thus13wereonly right-sided 14 only | eft-sided and
four bilateral. Only three of the ears were explored
surgically (tworight, oneleft) and in only one of themwas
afistulafound, in the right oval window.

SUMMARY

Barotrauma of the inner ear in 31 cases (35 ears) is
reported. Inner ear barotraumais no rarity, but is under-
reported. It most often occursinshallow water. Permanent
cochlear injury is common, which can serioudy affect a
person’ schoiceof professionand causesocia and economic
problems. Of those who resumed diving some had
recurrences while others were stable throughout the
observation period.
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