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On 23 Decenber 1979 a 23 year ol d man went
swinming in alake. He had no snorkel or SCUBA
equi pnent. He duck-dived to the bottom of the
| ake (10 feet - 3metres). He stayed onthe bottom
by hol ding on to arock. Suddenly he noticed al ow
pitched tinnitus in his left ear. He was not
trying to Val salva at the tine. Wen heleft the
wat er the tinnitus di sappeared.

Soon after this he had attacks of | eft sided
tinni tus whenever he stooped down or turned his
head to the right. On 28 Decenber 1979 he
devel oped, in addition, attacks of vertigo
lasting a few m nutes whenever he stooped down.
At no stage did he notice any hearing | oss.

He attended t he casual ty department at the
Royal Victorian Eye and Ear Hospital on 28
February 1980 conpl ai ni ng of postural tinnitus
and postural vertigo for 2 nonths. On clinical
exam nation he had a hearing deficit on the | eft
side. An audi ogramreveal ed a 25 Db sensori neur al
hearing | oss at 400 Hz. O herw se he was normal ,
and in particular was fistula negative and
Ronmber g negati ve.

Thirteen days later (12 March 1980) his
audi ogram was unchanged when he was operated
upon. A perilynph fistula was di scovered at the
anterior-superior margin of the oval wi ndow. The
surroundi ng nusoca was scarified and the fistula
plugged with ear |obe fat.

Post - operatively the positional vertigo
di sappeared. The origi nal | owpitched positional
tinnitus di mnished.

H's first post-operative audiogram (17
March 1980) showed a slightly increased sen-
sorineural deafness at 3000 and 4000 Hz. At this
exam nation his ear was noted to be bl eeding. A
repeat audi ogramthe next day showed a |l arge air-
bone gap, and increased sensorineural deafness.
Until this episode of bl eeding fromhis ear there
was little change in his hearing. Presunmably the
haenorrhage di sl odged the fat graft andinflicted
damage on his inner ear.

Fol I ow up audi ograns have shown a steady
reduction in the air bone gap (conductive
elenent) and sone inprovement in the sen-
sorineural deaf ness.

DI SCUSSI ON

a. Di agnosi s.

This case confirms the points namde by
Mol vaer.l Especially it is necessary to take a
careful history when the patient presents with
aural synptoms such as tinnitus. Tinnitus is a
comon presenting conplaint of perilynph fis-
tula. Vertigo often foll ows by several days and
hearing |l oss is often understated.

b. Mechani sm of Injury

Inorder torupture anenbrane the pressure
must be markedly different on the two sides. A
raised pressureinthefluidintheinner ear with

a normal middle ear air pressure fulfils this

condition. This pressure rise is achieved by:

a. rai sing the CSF pressure and transmtting
the pressure rise to the perilynph.

b. by conmpressing the CSF (so raising its

pressure) by inplosion of the stapes into
the oval wi ndow

In either case there can now occur a true
explosive fistula, one due to a higher inside
pressure.

The likely explanation for the perilynph
fistulae of breathhold divers is that there is
excessive inward nmovenent of the stapes due to
excessive inward novenent of the ear drumas a
result of the rapid risein anmbient pressures in
a diver who does not clear his ears (equalise
mddl e ear pressures with anbient) as he de-
scends. This could either rupture the nenbrane
round the foot plate or stress the round wi ndow
beyond its elastic limts. In either case
creating a fistula. In sone divers the ear-drum
ruptures before danmage is done to the inner ear
wi ndows.

Goodhi | 12,3 postul ates explosive and im
pl osive routes for the causation of perilynph
fistulae. The expl osive force being CSFtransfer
through the cochlear aqueduct, and perhaps
through the internal auditory neatus and | am na
cribrosa. This explains the perilynph fistul ae
occurring when effort and hypertension cause a
CSF pressure rise. His inplosive route (which
i ncl udes Val sal va manoeuvres) is | ess cl ear as he
inplies that the fistulae are due to the sudden
rise in mddle ear pressure, wthout specifying
the nechanical effects in the middle ear which
danage the wi ndows.

A menbr ane supported on one side by fluid
is unlikely to be deformed by any rise in air
pressure on its outer side since water is
virtual 'y i nconpressi bl e at physi ol ogi cal pres-
sures. Anyriseinnmniddleear pressure nust press
equal Iy on oval and round wi ndows unl ess t he ear
drumnoves in response to the rise in pressure.
Goodhill’s diagram 37-8 3 show ng inplosive
routes is nechanically wong. Nor mal st apes
nmovenent produces normal round wi ndow novenent .
Excessi ve conpression of the perilynmph by stapes
novenent at the oval window will result in a
pressure rise at the round window and at the
perilynph - CSF transfer points. If the cochlear
aqueduct, lamina cribrosa and internal auditory
meat us can transfer some fl ui d away fromt he i nner
ear the pressureriseintheinner ear will remain
bel ow that required to deformthe round w ndow
beyond its limts. However the mechanical
nmovenent of the stapes nmmy overstress the
f oot pl at e menbrane, sorupturingit andrelieving
the pressure in the inner ear before the round
wi ndow nenbrane fails.

It has been postulated4 that with a
forceful Val sal va manoeuvre occurring suddenly
the ear-drum is blown outwards pulling the
ossi cl es suddenly outwards. The stapes is then
exerting a negative pressure on the inner ear and
as aresult the round wi ndow i s sucked i n beyond
its elastic limts. Alternatively the oval
wi ndowmi ght crack first so causing an oval wi ndow
fistula. It is difficult to imagine that there
woul d be enough novenent of the ear-drum which
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has been forced i n by unopposed water pressure,
in a diver under water for this to happen. It
seens qui te possibleinair and coul d expl ainthe
hearing |oss associated with an oval w ndow
fistula reported by Friedman and Sasaki S during
positive pressure resuscitation. However, this
mechani smis not inplosive. The only inplosive
injuryisthat of the di ver who does not cl ear his
ears (equal i se mi ddl e ear pressures with anbi ent)
as he descends rapidly.

The reason now advanced for the Val sal va
induced fistulae in divers is that they are
expl osi ve due to the acconpanyi ng CSF pressure
rise.

A further nmechani smoccurs i n SCUBA di vers
during the ascent phase of the dive. A case was
described by Mannerheinf where the diver sus-
tai ned both aperilynmphfistulaandaruptured ear
drumduring ascent. Not satisfiedw th a perfect
recovery of his hearingfollow nggel foampacki ng
of his round w ndow niche he repeated the
performance sone nonths | ater. Duringthe second
oper ati on phot ogr aphs wer e t aken showi ng a st eady
dripthroughasplit intheroundw ndownenbrane.
Agai n packing with gel foamresulted in a resto-
ration of normal hearing.

The |i kel y mechani smon bot h occasi ons was
that he failed to clear his ears adequately on
descent. The pressure inbalance resulted in
transudation of fluid,7 which probably clotted
and bl ocked t he Eust achi an tube. Ascent resulted
in pain, as reduction of anbient pressure
resulted in the nmiddle ear having a higher
pressure than its surroundings. As aresult the
ear-drumwas forced outwards. Depending on the
rel ative strengths of the nenbranes the drumor
one of the windows ruptures first. |f a w ndow
goes first the drumw Il follow. However if the
drum goes first the inner ear nenbranes are
protected by the return of the stapes to its
nornmal position.

Goodhil 12,3 reviewed 76 cases of presuned
perilymph fistulae including 17 who were not
expl ored so cannot be confirned as having had a
fistula. |In 59 explorations, 47 fistulae were
found. 24 of the patients hadfistul ae of t he oval
wi ndow al one, 19 had fistul ae both of oval and
round wi ndows and only 4 had fi stul ae of the round
wi ndow al one. He did not give a breakdown into
i mpl osi ve and expl osi ve aeti ol ogi es, nor did he
mention how many suffered their damage while
diving. The left ear was affected twi ce as often
as the right.

C. Qperative Techni que.

Goodhi |l recommends the use of tragal
perichondium The fistula was patched with fat
in our case. The initial results were good but
the events following the bleed in the 5th post
operative day suggest that the fistula was still
unhealed at that time. In our experience two
cases where the | eaks were patched with crushed
gel foam had pronpt cessation of the |eak, and
st eady i nprovenent i n hearing fromthetine of the
operation. As these fistulae are linear tears
(whi ch heal fromside to side once the edges are

approxi mated) the inportant thing is to provide
a firmsplint to hold the edges together and so
al | ow healing by stopping the |eak.

CLASSI FI CATI ON

In view of the above we offer a nore
physi ol ogi cal classification.

Type 1

Due to raised CSF pressure transmitted to
the i nner ear (Goodhill’'s Expl osive). Acting by
bul gi ng t he wi ndow nenbr anes beyond their el astic
limts.

Type 2

Due t 0 an excessi ve outwar d novenent of the
eardrumand ossi cl es creating a negative pressure
in the inner ear (wongly called inplosive by
Goodhill). Found in SCUBA divers during ascent
and with positive pressure ventilation.

Type 3

Due t o an excessi ve i nward excur si on of t he
ear drum and ossicles creating a positive
pressure in the inner ear. (Correctly called
i mpl osi ve by Goodhill). Thi s nmechani smrequires:

a. a rapidly rising anbi ent pressure,

b. failuretoequalisethe m ddl e ear pressure
w th anbi ent,
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