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6. A DEAF D VER

| nt roducti on

In 1969 a di ver devel oped a total sensorineural deafness follow ng
a conpression in a chanber. The aetiological significance of the
conpression was not clear, as the deafness was noted only after a

time delay of a day or nore. The depth and duration of the
reconpressi on chanber ‘dive’ was such that deconpression sickness
was not considered a possible cause. This case, and others

subsequently to be descri bed, | ed the aut hor and his col | eagues into
an investigation into the possible effects of diving on auditory
acuity.

Summary of the Literature

Many ot ol ogi sts have interested thenselves in the auditory damage
whi ch can occur under hyperbaric conditions. Boot (1913) coined the
phrase “cai sson workers’ deafness” to describe the auditory |oss
whi ch may be acute of chronic, tenporary or pernmanent. He state that
t he nost characteristic synptomwas a | oss of a consi derabl e portion
of t he upper range of hearing. Unfortunately there was no significant
di scussion on the differential diagnosis of this disorder, only a
comment on its occurrence. It was therefore basically a report of
historical interest only, proposing an occupational disease.
Deaf ness associ ated w th di vi ng has been reported frequently in the
literature, and at | east two aeti ol ogi es have been denonstrated. A
noi se i nduced deafness is not unexpected, and Summtt and Rei ners
(1971) have indicated the extrene levels likely to be experienced
in helmet divers and reconpression chanbers. In these cases one
anticipates either tenporary or permanent threshold shifts of the
sensorineural type, consistent wth noise induced deafness.
Deconpressi on si ckness has been | ong known as a cause of inner ear
damage, and Harris (1969) reported cases of deafness due to
deconpressi on sickness, sonme of which responded to reconpression
t her apy.

A great deal of theliterature was not soclear inits inplications.
Shilling and Everley (1942) denonstrated that permanent | oss of
auditory acuity of diversis little greater than would be expected
of others of their age. They conceded a greater hearing loss in a
m scel | aneous group of divers who were also subjected to noise
factors. Hai nes and Harris (1946) highlighted their seem ngly
contradictory statenents on the effects of pressure changes with
diving on auditory acuity. They poi nted out that sone aut hors cl ai ned
ahightoneloss, othersalowtoneloss, sone statedthat the deaf ness
may be severe and permanent, and others that the auditory acuity was
regained within a matter of hours. They also stressed that an
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audi ogramdenonstrating i npaired acuity did not necessarily refl ect

a causal relationship with the diving conditions, unless a previ ous
audi ogram had been perforned. They stressed the conmon effects of
noi se, gunfire, bl ast, disease, etc. They di scredited previous work
on these grounds, and perfornmed their own prospective study. They
stated that al nost no serious or significant effect on acuity was
found unl ess the mddle ear was filled wth bl ood unm xed with air,

and t hat deaf ness was a result nore of danpeni ng of the ossicles than
of pat hol ogi cal changes. They denonstrated m ni mal changes both in
asynptomati ¢ subjects and those suffering fromgrades of m ddl e ear
bar ot rauma. Tayl or (1959) described one case of permanent

sensori neural deafness presumably associated with diving. Unfor-
tunately the absence of pre- and post-incident audiograns for
conparison left the conclusions open to the doubts expressed by
Hai nes and Harris years previously. Raw ings (1959) consi dered the
possibility of insidious conductive deafness occurring in nava

divers follow ng repeated barotraunmatic incidents. Four cases of

permanent hearing loss with tinnitus were cited, however, these were
refuted by Coles and Knight (1961). The l|atter authors conducted
a smal | survey on divers and concl uded that sensorineural deafness
in this group could be explained on the basis of previous exposure
to loud noise, particularly gunfire. They reported that a review
of theliteratureuptill 1960 reveal ed si ngl e cases of sensori neural

deaf ness, but that pre-incident audiograns were not available to
support the contention that sensori neural deafness couldresult from
bar ot r auna.

During the foll ow ng decade anpl e evi dence was submtted to verify
the existence of a specific isolated disease entity resulting in
partial or total sensorineural deafness in divers associated with
t he performance of the Val sal va manoeuvre. MFie (1964) descri bed
three cases i n whi ch heari ng danage appeared to occur due to diving.
I n one case auditory | oss was denonstrated, and was t hen aggravat ed
follow ng subsequent diving exposures. He also denonstrated
I nvol venent of vestibul ar function. Unfortunately McFie didnot give
adequat e deconpression i nformati on about two of his cases. Eiche
and Landes (1970) al so reported two cases of sensorineural hearing
| oss caused by skin diving, however as these did not have any pre-
I nci dent audi ograns, they contributed nothing to the controversy,
and were thus subjected to the sane criticismas had been |evied
agai nst previ ous workers.

1970- 1972 Research Reports

Ednonds (1970), working at the RAN School of Underwater Medi cine,
descri bed seven cases of sensorineural deafness, two total and five
partial, in divers who experienced difficulty in performng the
Val sal va manoeuvre on the side affected, during descent. The major
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characteristic of this series was that pre- and post-incident
audi ograns were available, and there was a clear aetiological
rel ati onshi p noted between excessive force required in performng
the Val sal va manoeuvre during descent. The two cases of total
deaf ness devel oped progressively inthe first fewdays foll ow ng t he
diving incident. Mbst of the cases were associated with tinnitus
continuous fromthe time of theincident, and sone had a denonstrabl e
vesti bul ar dysfuncti on.

The question that arose as to whether these cases represented an
| sol at ed di sease entity, associatedw ththis particul ar occupati on,
or whet her they represented the extrene of a whol e range of hearing
damage associated with diving, ie. was the heari ng damage associ at ed
with diving and Val salva nanoeuvres. If the first of these
possibilities is correct, then one would expect that only certain
divers would show any tendency to this form of sensorineural
deaf ness, whereas the vast mpjority of the divers would remain
unaffected. |If the second possibility is correct, and an anal ogy
tothisisthenoiseinduced sensorineural deaf ness | oss of nmany ot her
occupations, then a | arge nunber of divers who performthe Val sal va
manoeuvre, would be affected to a variable degree. |In the latter
case, sone woul d be expected to be severely affected, just as sone
noi se i nduced deaf ness can be severe. Toclarify this position G ay
and Ednonds (1970) carried out a prospective study to assess the
common effects of diving on the auditory acuity. These experinents
were conducted to denonstrate the follow ng:

a. The effects of repeated Val sal va nanoeuvres on the auditory

acuity;

b. the comon effects of m ddl e ear barotraunma of descent on audi tory
acuity;

c. the endurance of any of the changes noted in experinents a. and
b .

d. the auditory acuity of divers wthout specific otol ogical
di sorders, conpared to a control popul ation

These results denonstrated that unless one develops mddle ear
barotrauma there i s unli kely to be any appreci abl e change i n heari ng
acuity due to diving. If mddle ear barotrauma does occur then the
hearing | oss extends through the 500-8000 cps range, and alt hough
It is statistically significant, it is quantitatively very small

This hearing |l oss i s reversed over the ensuring one to three weeks.
The tenporary and m | d i npai rnment of hearing associated with aural
barotrauma is conductive in type with a possible sensorineural
conponent . It was decided that the exceptional cases of
sensori neural deafness following mddle ear barotrauna of descent
with forceful Val sal va nanoeuvres, is likely to be a di sease entity
per se, and that there is no evidence fromthe above experi nents t hat
such a change is either comon or cumulative frommany small such
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i nci dents.

The hearing loss which is associated with other aspects of diving
eg. deconpression sickness, exposure to |oud noise (conpressors,
reconpr essi on chanber environnents, etc.) and the tenporary 5-10 dB
| oss with perforation of thetynpani c nenbrane, have all tobeclearly
differentiated fromthe above di scussi on on hearing | oss associ at ed
with forceful Valsalva manoeuvres during the diver’s descent.

Once it had been deci ded that this hearing | oss was a specific di sease
entity affecting only certain susceptible individuals, conjecture
was made regarding the possible aetiology. Sonme cases in the
literature had beentreated with vasodil ators such as nicotinic acid
, inthe belief that the cause is a vasospasm O her cases had been
attributed to haenorrhage within the internal ear, a pressure wave
directly damaging the auditory and/or vestibular end organs,
exceptional manifestations of deconpression sickness, a manifesta-
tion of mddl e ear barotrauma of descent, etc.

Freeman and Ednonds (1972) postul ated the sequence of events as
follows. Divers during descent require to equalise the pressures
with in the mddle ear cavity. Any delay in this, eg. due to
difficulty in performng this Val sal va manoeuvre, will result in an
I nward novenent of the tynpanic nenbrane and the handle of the
mal | eus, which in turn noves the foot plate of the stapes and the
oval w ndow. The diver notes pain as the mddle ear volune
di m ni shes, and then attenpts a nore forceful Val sal va manoeuvre.
In the event of this being successful there is a sudden and dranmatic
i ncrease i n both gas pressure and gas vol une of the mddle ear, with
a forceful novenent of thetynpani c nenbrane and handl e of the mal | eus
out war ds, agai n novi ng the foot of the stapes and the round wi ndow.
It was postulated that the pressure wave so resulting wuld cause
t he hearing and vesti bul ar damage, although the precise nature of
t hi s damage was not el abor at ed.

Pul l en (1972) is preparing for presentation as series of four cases
of sensorineural deafness which were explored surgically, and in
three of these a rupture of the round wi ndow was noted. It is of
interest to note that one of these cases did occur in a diver, and
Freeman, bei ng aware of these devel opnents, reconmended that future
cases of sensorineural deafness apparently related to the forceful
Val sal va manoeuvres with diving, shoul d be explored to exclude this
condition which is able to be i nproved with reconstructive surgery.
Preparations were nade in the expectation that such a case woul d
occur, in both Sydney and Mel bourne, and duri ng t he June of 1972 such
a case did present. A commando had been diving in 30 feet of water,
and experienced considerable pain and difficulty in clearing both
ears, but had continued to dive forcefully performng Val salva
manoeuvres. He noted tinnitus, and al so experienced ear pain and
vertigo during ascent. The tynpanic nenbranes showed the effects
of the barotrauma, and t he di ver progressively becane nore deaf, with
a sensorineural pattern, over the subsequent fewdays. As both ears
were affected, it was consi dered necessary that explorative surgery
be perforned and thi s was carried out, follow ng routine audi onetric
and vesti bul ar function assessnents, by Dr John Tonkin. Damage to
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t he round wi ndow was wi t nessed, together with an outpouring of fluid
into the mddle ear fromthis opening. The round wi ndow was packed
and subsequent audi ograns denonstrated a very consi derabl e i nprove-
ment in hearing. A sim/lar operative procedure was perfornmed sone
days |l ater by Dr John Tonkin and Dr Peter Freenman, on the patient’s

ot her ear.

DI SCUSSI ON

The inmplications of the literature review, leading on to the
experinments performed and finally the surgical verification of the
di sease entity require understanding by all nedical officers
i nvol ved with divers. 1t has becone axi omatic that audi ogranms nust
be performed on all divers prior to exposing them to hyperbaric
conditions. Wthout these pre-incident audi ograns assessnent of
heari ng damage woul d be nost difficult, especially as it predom -
nantly i nvol ves t he hi gh range frequencies inthe |l ess serious cases.
It becones even nore inportant to stress that forceful Valsalva
manoeuvres not be perfornmedif thereis any difficulty with descent,
as an alternative the diver should ascent and discontinue diving
until the Val sal va manoeuvres are nore easily perforned. It is
necessary that all hearing abnornmalities be referred to personne

experiencedinthisfield, sothat confusion does not occur with ot her
di sorders associated with diving eg. otitis nmedia, mddle ear
barotrauma of descent, haenotynpanum etc. Li ai son between the
di ving nmedi cal officer and an otol ogi cal specialist experienced in
i nternal ear surgery is essential. The diving nedical officer wll
have experience with the differential diagnosis, and will also be
abl e to advi se on general managenent eg. he will be aware that any
normal air transport of the patient is absolutely contraindicated
because of the subat nospheri c pressure changes whi ch nust occur with
this transport. The value of a surgeon experienced in this
experinental field is axiomatic. |Information fromPullen’ s cases
suggests that a recurrence is possible following activities which
may increase intraaural pressures - and divers are very likely to
perform routine Val sal va manoeuvres, alnost by habit. For this
reason careful supervision of the patient post-operatively is
advi sabl e.

CONCLUSI ON

The devel opnent of our know edge of hearing loss in divers has
proceeded to such a stage that many of the causes can be clearly
di agnosed, and effective treatnment instituted. The inclusion of a
new cause, and perhaps the nost common, is worthy of note and it is
proposed that this be nanmed ‘perforation of the round wi ndow , and
repl ace the | ess specific term nol ogy of ‘internal ear barotrauna’
The inmportance of reconstructive surgery is stressed.

Car|l Ednonds





