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Abstract

Although cochlear implantation is considered a safe method of rehabilitation lor profoundly deaf
individuals, a number of these patients suffer complications after surgery. To evaluate post-operative
complications aflter cochlear implantation, a retrospective chart review was performed for 112 patients
who had undergone implantation in the Maastricht Aeademic Hospital, Minor complications were
defined as those that could be overcome by medical or audiological management. These oceurred in 36
patients (32 per cont) and all were managed successfully. Major complications were defined as deviee
extrusion and those requiring further surgery, and these were identified in four patients (3.6 per cent),
These complications included wound infection and device failure mediated by middle-car pathology. In
cases of chronie otitis media, we recommend petformance of cochlear implantation as a slaged
procedure. In order to reduce the post-operative incidence of acute otitis media, we recommend
adenoidectomy, placement of ventilation tubes and early antibiotic treatment,

Intresduction

Over the past three decades, cochlear implantation
has come 10 be accepted as a safe and effective
method of audiological rehabilitation for profoundly
hearing-impaired  deaf adults and childeen who
derive  insufficient  benelit  from  conventional
heitring aids, Several previous studies have reported
improvement of hearing in the majority of cochlear
implant wsers. Post-operative audiomelric outcome
have ranged from litle improvement to open sl
speech  discrimmation. The factors described in
previous  studies  as influencing  outcome  have
related to the duration of deafness, neuronal survival
and central processing and cognitive abilities, s well
as to factors inherent in the device, cspecially the
extent of insertion. programming strategies and
hmitations of stimulation frequency.’

I 2000, the department of Otorhinolaryngology-
Head amd Neck surgery of the Maastricht University
Hospital established its adult and paediatric cochlear
implant programme. The first patient was inplanted
in September 2000, and over a five year period 112
patients underwent successiul cochlear implantation,
Four patients were identificd with a major compli-
cation, an incidence of 3.6 per cent { 4/112) Major
complications have been defined in prior studies as
electiode  failure, problems  requiring  revision
surgery  and  other  complications  (such  as
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haemorrhage. permanent facial palsy and persislent
perilymph leak).”" Our major complication rate
compared well with recently  published studics,
which reported rates of between 5 and 6 per cont.”
Minor complications  comprised  those maniged
conservalively by ecither medical or audiological
imterventions (e.g. tinnitus, vertigo and nom-auditory
stimulation ).~ We found a minor complication inci-
dence of 32 per cent (36/112). This figure is in
keeping with those reported by previous studies,
which have ranged from 4.1 10 47.5 per cent.® #

To achieve optimal hearing revalidation following
cochlear implantation, carelul patient selection is
necessary. In this process, patients are informed of
the possible benefits of the procedure. versus the
possibility of intra- and post-operative complications
and, especially, the risk of re-operation being
required due to device failure, To optimize such
counselling, we evaluated post-operative compli-
catiems in the first 80 adults and 32 children who
had undergone cochlear implantation in the Maas-
tricht Academic Hospital between September 2000
and June 2005,

Materials and methods
A retrospective chart review was performed, identi-
lying surgical and medical complications in 80 adult
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TABLE N

PERCENTAGE OF FIS MUTATION-FOSTTIVE PATIENTS BETWEES
PENDREED SYNDROME AND DNLCATED VESTIBEULAK AQUEDLC]
POPLILATIONS FROM THE LITERATURE

Study Population n Homosygosily '
am
hterorygosity

for 105

miutations
Everett et gl.™ (1997) Pps 3 3 10K
Wan Hauwe o wl” (1998) FDS 14 14 100
Eopp edal {!WJ} "% 1 1 11T
Laopez-Rizas er m" ey PS4 4 T4}
Masmoudi of al = (2000) PDS 2 2 10}
Blons of rr.f UU[]—'H PDs 32 s Hls
Lietal’ H*i"-?‘ij LW 1 1 1063
Ulsaumi e ad,' [ 1999) IVa 6 4 G
Scott e al,'” (200) LvaA 3 3 100
Frgaealn e ql ™ (2000) TVA 1 | LK}
Camphbell et al.'™ (2001 Lva 23 Y 39
Bogarei u‘r:f s (2004) LVA. 15 A 33
I"r}m ef al. ™ (2005} LvaA 39 11 i

PLXS = patients with pendred syndrome; TVA -
Large vestibular aguedict

patients with

This regular trend may be interrupted by episodes
of wd-ﬂ'.,n hearing loss followed by a partial or Lotal
recovery.” A history of eranial trauma was nol
dctect-.d m our population, similar (o previous
reports. Consideration of the mechanism by
which cranial trawma might cause auditory deterio-
ration has raised speculation concerning the possible
role of cerebrospinal fluid pressure  fluctuations,
transmitted directly to the mner ear via the widely
patent vestibular agueduct and resulting in cochlea
membrane rupture.’

Filty three per cent of our patients with dilatation
af the aqueduct were found to harbour one or two
mutations in the 08 gene. This figure is comparable
with, although higher than that of previous reports.
Previous studics have given a vanable vield of
molccular analyses in patients  presenting with
cither deafness and an enlarged vestibular aqueduct,
or Pendred syndrome {Table 11170 13182239 0 (he
10 nucleotide changes abserved in our series, six
have been ulmld} ;upurlui the l-’ﬂJQ V1381,
G209V, LS978Y and  HI2ZAR™YY missense
mutations. and the IVSE +1G = A splice site
mutation alfecting an acceptor site. Interestingly,
the two prevalent mutations deseribed in 17 and 12
families from the literature (L 2?(::[‘ and T416P)
were not observed in our series.™" The four new
mutations obscrved in our series were: a splice sile
mutation in intron & (I¥S56 + 104G = A) a four base
pair insertion m position 2177; and two missense
mutations resulting in an essential amino-acul tran-
sitiom atl the level of exons 10 and 11 (A411T and

LA45TY. For the latter mutanon, o different nucleo-
tide change resulting i in the same substitution has
already been reported.'™

Conclusion

Ohur results suggest that PDS mutations aceount for a
large praportion of the large vestibular aqueduct

FOOLRTMANS, W MANCILLA, C LIGNY of af,

syndrome cases detected by systematic investigation
of deal patiemts, using inner-ear imaging. We
provide additional evidence supporting consider-
ation of this syndrome as a progressive disorder and
highlighting the need for carcful assessment of inner-
car morphology at diagnosis. Four novel mutations
{lwo missense, an insertion and a splice  site
mutation} provide further evidence for heterogen-
eity. We were unable 1o confirm 1L236P and T416P
as majer recurrent mutations, Their high prevalence
may be limited 1o the North Amencan population by
it lounder effect,

Electromie resource for Online Mendelian Inheri-
tanee i Man: http:/ Swww nebionlmanih.goy
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Three of the lifteen paticnts complained of vertigo
during follow up (Table I). Of these paticnts, the
monozyeotic twins had episodes associated with left-
sided neck stilfness and vomiting. These bouts of
dizginess relapsed every three to four months, For
one twin, vestihular tests, including the Hallpike
test and electronystagmography, were normal. For
her sister, electronystagmography  indicated right
canal paresis (46 per cent) withowt directional
preponderance. Another child had similar crises,
with prostration of seven o nine hours’ duration
and vomiting, every two to three months,

Radiological imaging showed bilateral malfor-
mations of the aqueduct in 14 paticnts,

Large vestibular aqueduct syndrome was isolated
in live of the fifteen patients (Table I). Inner-car
associaled malformations comprised an enlarged
vestibule in 13729 inner ears (45 per cent), dysplastic
cochlea i 9729 (31 per cent) and an enlarged semi-
cireular canal in 6,29 (21 per cent).

'I']'u, patient with Pendred syndrome wias diagnosed
by a perchlorate discharge test and had balateral
cntara-.d aqueduct and  vestibule with  dysplastic
cochlea. In the patient with congenital hypothyroid-
ism, hilateral large vestibular agueduct and dilatation
of the left cochlea were observed (data not shown),

Complete sequencing of POS was performed in
fourteen patients. Bight of them had nucleotide
chanoes in the £S5 esene. Six patients had 1wo
mutated alleles and two were found 1o be heleroey-
sous, Ten different sequence changes were abserved:
seven missense mulations (E290: VIEEF, G209V
AL L4451 15975 and HT23R), an nseriion
(CTAT in position 2177-2178) and two splice sile
mutations (G/A 1T IVSband G/ A | IVES)( Table T).

Iiscussion
In the present series, lilteen patients (9 per cent)
were found to have a dilatation of the vestibular

315

aqueduct, out of 167 investigated for presumed con-
genital deafness. This pmponion is hightr !is'm'L
than those published in two previous reports. ™ In
study of one cighty one patients with hearing, loss,
Okumura found 7 per cent with large vestibular
aqueduct syndrome.” In Fahy and colleagues’ study
of 170 children, asscssed by MRIT within a paediatric
cochlear implant programme. only 4 per cent N
iddentilied with karge vestibular aquuduu syndrome.”
However, this is six limes higher than the 13 per
cent of patients observed 1o have large vestibular
agqueduct syndrome in a retrospective study ol 3700
temporal bone X-ray polytomographs carried oul
by Valvassort and Clemis,” and nine times higher
than the 1 per eent of patients with large vestibular
agueduct syndrome observed inoa study ol two thou-
sand six hundered and eighty three paticnts with
cochleovestibular complaints.” The  discrepancies
between the findings of the three latter studies are
readily explained by the fact that patients were
recruiled from a normal hearing population.

The congenital nature of dealness was sugpested in
the majority of our patients (12/15); with an onset of
sympioms prior to three vears of age, similar to Tong
and colleagues” findings, '™

Equally, our awdiological lindines, with relatively
less allected low  [requencies and an interaural
avierage dillerence ul 16 B, are consistent with those
of previous reports.” Dizziness is also a well known
component of large vestibular aqueduct syndrome.
Jackler and de la Cruz reported a rate of 29 per cent
in the seventeen paticats they studicd.” whilst dizziness
was a complaint in 20 per cent of our patients.

IF we now consider the type of heanng loss
ohserved in our series, we find a mixed loss n
eleven/twelve (Y2 per Lu]ll‘]l patients, similar (o 1hn
findings of Govaerls e afl.” and Nakashima et al.™
In our series, there was bilateral involvement in 93
per cent (14,/13) of patients, which 15 i accordance
with figures of 72-491 per cent found in the litera-
S1We observed a higher percentage of assoc

lure.
ated inner-car malformations (65.5 per cent) than
the 33 per cent reported by Tong e of.'” Enlargement
of the vestibule was prominent in our scrics (45 per
cent){ Table 1), compared with the 314 per cent
reported by Okumura e a2l who found abnormal-
ities of the lateral semicircular canal (478 per cent)
and cochlea (26,1 per cent) to be the most [reguent,
DENBA is a progressive disorder, and we thus found
anaverage loss of 3.3d1 per year, which is in the same
range (4-35% dB) as the findings of Govacris ef af -
Jaekler and de la Crue’ and Au and Gibson. '™

e This study investigated fiftcen patients with
deafness in association with dilated vestibular
agueduct

e Hearing loss was vsoally mild to moderaie and
sensorineural in character, with a progressive
course and lrequent verligo

* Mutations of PDS were found in 53 per cent of
patients
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TABLE I
CLINICAL CHARACTERISTICS OF PATIENTS WITH LARGE VESTIRULAR AQUEDC)

Patient  Gender  Hearing Bilateral loner-car Thyrodd Perchlorate Vertign?  Cochlear LR mutation
oss onsct EVA? associated hornwones'  discharge implan-
malformation? test Lation?
| g Congenital  Yes Mo N M1 Yos Yos nhl
2 M Congenital  Yes M Normal NI Mo Mo LU0V 38T
3 M Congenital - Yes SCD-VD Normal N No Yeu VIISE /AT
1 F Congenital — Yes Mo Normal MN13 M Mo E290,: 2157
2178 ins CTAT!
A M Congenital — Yes M-V Normal M1 Wi T nhl
(] I Postlingual — Yes L NIy N Yis M ikl
T F Congenital  Yes M Normal M1 Yes i nhl
B M Congenital  Yes Mo NI NI Moy Mo nhl
0 M Unspecificd  Yes SCT-Y1D NI ND e Noy NI
10 F Comgenital  Yes UMV Normal Abnormal Mo Yes ViS4 1 !
G= AL 5 W
I M Congenital Ko VI Normal N N Yes nhi
12 M Congenital - Yes Vi Normal M1 N Yos MR/ 1T 23R
13 F Comganital - Yes VIS0 N M Mo N G209 fohl
14 F Comgenital - Yos M Lovw M Ny Ny VS 6410 =A'f
IWE S |1 G=i
15 F Unspecificd  Yes Nay MNormal Mormal M Mo H723R /nhl

fSerum eomeentration. "New mutation. LVA = Jarge vestibular agueduct; F = female: NID = oot domg; ohl = nihil; M = male;
SO = semicivcular canal dilatation; YD = vestibular dilatation: CM = cochlear malformation

the right car and 105 dB in the left car. For four chil-
dren and the single adult, the difference was =20 dl3,

The average hearing loss (same frequencies) was
calculated for cleven patients with a follow-up period
of over two years. In an early case of cochlear implan-
tation, the auditive Tollow up was performed in the
unimplanted ear. For the patient presenting with a uni-
lateral large vestibular agqueduct, the hearing loss was
caleulated only For the malformed car.

The average loss of hearing caleulated among the
nine patients with follow up of more than two years
wis 2.5 dB/year for the better ear (Figure 2) and

Age (vears)
T & 3 4 & & 7T & % Wm W WU
Ft

i i i | i } } i i i i 4 .

2
4

2 2 &8 8

Hearing threshold (dB)
= 2 8 &8
&

(=1

3

Furi 2

Hearing in the best ear for nine children with over twi vears

Follow upr. The lines represent the best ear's hearing thresholds

Caveraee 300, 1000, 200 He)d for cach child over time. The

broken line is the average anditory loss in the best ear for
these mie clhaldeen.

37 dBfyear for the poorer ear (Figure 3). In cleven
patients, the progressive level of hearing loss { [rom
2300 tor 4000 He) at the time of diagnosis and then
three years later was determined (Figure 4). A
hearing loss was observed at all frequencies: 7 dB
at 250 He, 14 B at 500 17z, 11 dB at 1000 e, 12 B
al 2000 Hz and 9 dB at 4000 Hz.

Free thyroxine and thyroid-stimulating hormone
{(TSH) serum concentrations were normal in ten
patients. Ome paticnt had congenital hy pothyroidism,
A perchlorate discharge test carricd oul in a patient
without thyroid enlarpement amd normal  thyroid
hermones was normal. One patient with a cuthyroid
goitre had an abnormal perchlorate discharge tes,
with a 30 per cent reduction of thyroid radioactivity,
compalible with Pendred syndrome (Table 1),

Age (years)
2 F K 8§ '@ ® B F M W M

i
i
e
L

i

Heuring threshold (13

s, 3

Same parmmeters for the waorse car,
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{dependent on the type of PO8 sene mutation) might
induce a deafness-only clinical picture, whereas a
complete loss of activity would h-._ associated with
the full bBlown Pendred syndrome.'

In large vestibular agueduct syndrome, the precise
mechanism by which  progressive  sensorineural
hearing loss occurs s unknown. Various actinlogical
theories have been proposed, namely: nercased
intraluminal pri._wuru umi[:h-'mph.ilu_ site reflux and
perilymphatic fistula,”

Increased intraluminal pressure has been advo-
cated based on MRI findings that show dilatation of
the endolymphatic sac and duct, with the occasional
bﬂl‘l} ‘moth-¢aten” appearance of their surround-
ings.” However. endalymphatic hydrops is usually
abserved in the apical region of the cochlea. Conse-
gquently, one should expect an involvement of the
lowe Trequencies, exactly the opposite of what s
observed in vive”

Some authors have suggested that the congenitally
weakened inner-ear membranes rupture, resulling in
mixed perilvmph and endolymph. They speculate
that a larae vestibular aqueduet may be a coinciden-
tal radiological linding, when actually & membranous
imner-ear mallormation is the underlyving cause of the
hearing loss."

Hyperosmolar endolvmphatic sac content reflux
into the cochlea is also thought to result in damage
to the cochlear neuroepithelium.” Likewise, perilvm-
phatic fistula has been considered as a possible cause
of sudden hearing loss in affected patients. Belenky
el al. provided imaging support Tor this mechanism,
with round  window  anomalies  being  abserved
during surgery in some paticnts with large vestibular
agueduct.

Surgical attempts at shunting endolymph through
a subarachnoid bypass or perlorming Lnn![:llwuphalm
sae ocelusion have both proved unsuccessful.” In
cases of profound deafness, cochlear implantation
remains an option.”*"

This paper reports 15 cases of large vestibular
aqueduct, with emphasis on the clinical, andiological
and  genctic findings, In  particular, four new
mutations are described.

Materials and methods

Between 1983 and 2004, 167 radiological investi-
gations were carried out lor hearing loss at the
Centre Comprendre et Parler national hearnng reha-
hilitation centre, Brussels, Filteen cases of larpe ves-
tibular aguedoct were found (9 per eent). Fourteen
ol these have been Tollowed longitudinally by us
from infancy. The lifteenth patient began her follow
up at the age of 23 wears. The filteen paticnts
belong to 13 unrelated Tamilics (lwo monozygotic
twins, two remole cousins). At the time of study,
the average age of the lourteen children was le_hi
years and two months (range, three vears and four
months to 13 years). At the time of writing, the
adull patient was 43 vears old. The sex ratio was
seven males lo eight females. The mean follow up
of the fifteen patients was five vears five months
{range, ning months to 15 years).

313
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Connputedl 1U|nug.m[:1h sean illustrating enlargement of the
vestibular aguedoct (armomw ).

All patients underwent CT of the petrous temporal
bone (Figure 1) seven also underwent a MRI of
the inner car. Audiological tests were performed
with a Madsen OB 822 awdiometer (GN Otometrics,
Taastrup, Denmark) in a soundproof room. In the
fourtcen children, the first audiometry was per-
formed at an average ape of three years four
months (range, 24 10 81 months). The adult patient
received her first audiometry at the age of 23 years.
serial audiograms were performed yearly, and the
average hearing level was exprossed as the average
score ol three frequencies (300, 10N, 20000 He),
Some patients also underwent ¢lectrocardiogram,
click-evoked olo-acoustic emissions recordings. audi-
tory brainstem response testing, ophthalmological
examination and blood chemistey (data not shown),
Two patients underwent a perchlorate discharge test,

Two hundred micrograms of deoxyribonucleic
acid, extracted from peripheral leukocyvtes using the
salting-out method, were analysed. Scquencing of
the 21 exons of PIXS was performed alter polymerase
chain reaction amplification, according to standard
methods and using the primers reporied in litera-
ture. Amplification products were visually con-
firmed by agarose eel elecirophoresis. Bidirectional
seruencing reactions were analysed on an ABL 377
sequencer [Applicd  Biosvstems,  Foster  City,
California, LISA),

Results

Table 1 shows the clinical data Tor the filteen paticnts.
Hearing loss was congenital in twelve patients, post-
lingual in one patient (alter four years) and unspeci-
fieel in two patients (diagnosed at five and six years).
A conductive component (= 200dB) with normal tym-
panometry was present for at least two frequencies
{of 250, 500, 1000 and 2000 Hz) in cleven patients.
In ong patient, there was no conductive component
present. Heanng loss was alateral inoall fifteen
patients, and only one patient (o child) had a
unilateral large vestibular aqueduct. At the time of
diagnosis, thirteen children  with  bilateral  large
vestibular  agueduct  had  an average  hearing
threshold (300, 1000 and 2000 1z) in the better car
of 63 dB (range 28-87) and in the poorer ear of
72 dB (range 35-108). A hearing asymmelry ol
6 dB was thercfore observed. Tor the adull
paticnt, the average hearing threshold was 73 dB3 in
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Clinical findings and DS mutations in 15 patients with
hearing loss and dilatation of the vestibular aqueduct

I Courmaass. ¥ Manoiita, O Licyy, P Hiperer®, A L Massgacut, L Van Marpercea®

Ahstract

Following svstematic skull imaging of hundred and sixty seven individuals attending a medical referral
centre for the deaf in Brussels, Belgium, fifleen patients (9 per cent) aged between two and 25 wears
were diagnosed with dilatation of the vestibular agueduct. Careful audiological study, with a baseline
assessment then longitudinal follow up, indicated mild to profound deafness with a progressive course
{i.e. an average loss of 33 dB per year) and frequent dizziness. Sequencing of POS was performed in
all individuals, Alterations of this gene (either homorygous, heterozygous or compound heterozygous
base changes) were found in 53 per cent of patients with a large vestibular agueduct, Four new
mutalions (wo missense, a splice site and a four base pair insertion) were deseribed. We were unable
Lo confirm acorrelation between homozygosily, heterozvgosity and a Pendred or dealfness-only phenetype.

Main Article

Key words: Vestibmlar Aqueduct; Sensorineural Hearing Loss: PDS Protein, Human genetics

Introduction

The large vestibular agueduct syndrome  {online
mendelian inheritance in man accession number
A3545) was defined by Valvassori and Clemis in
1978." Although it appears to be an anatomical
deseription, it actually represents the association of
hearing loss and an enlargement of the vestibular
agueduct.™?

The vestibular agueduct is an § mm long bone
channel in the petrous temporal bone, which orig-
imates from the medial wall of the vestibule and
extends towards the cerebellar aspect of the petrous
pyramid, It contains a vein, an artery and an endo-
Iymphatic duct ended by a sac.”

At the fourth week of gestalion, the vestibular
aqueduct appears as a diverticulum from the primor-
dianl otoeyst. It enlarges and reaches iis largest siee
at approximately the fifth week of gestation, There-
after, it gradually deereases i volume. It has been
proposed that arrested development aroumd  the
fifth week results in a large vestibular aqueduct.?

The diagnosis of large vestibular agqueduct s
usually made by radiological examination. On com-
puted tomography (CT) scanning, a vestibular ague-
duct with a diameter larger than 1.5 mm at a point
midway between the endolymphatic sac and the
vestibule is considered abnormal.’ On magnetic
resomance  imaging  (MRI), a large  vestibular
aqueduct corresponds o an agueduct diameler
excecding that of the postenor senncircular duet.”

A large vestibular agueduct is generally observed
on both sides amd is often associated with other maltor-
mations of the inner car, such as an enlarged veshibule
or semicircular canal or an underdeveloped cochlea.™"

Clinically. hearing loss is vanable, ranging [rom
mild to profound, and is generally bilateral. In rare
mnstances, the large vestibular agueduct syndrome 1%
found in the absence of hearing loss.” The sensori-
neural hearing loss often shows a sloping audiometric
profile (with marked impairment for high frequen-
cies). Oceasionally, a mixed hearing loss ogeurs.”
The auditory course uswilly waxes and wanes bul
eventually results in severe hearing impairment. In
the process, sudden hearing loss is common and tran-
sienl recovery frequent. Hearing Nuctuations may
also oceur as a conscquence of minor head trauma.”

A large vestibular agueduct may be an isolated
occurrence but is also found as a component of
syndromes. such as Pendred  syndrome” (OMIM
274600} or branchio-oto-renal dysplasia” (OMIM
1136500, Pendred svndrome was lirst deseribed in
1896, It is an autosomal recessive disorder resulting
in sensorineural deafness and  goitre, caused by
mutations in £S5 (OMIM 274600)."" Mutations
in POS can also cause DN (DEN is an abbrevi-
ation lor dealness, B means autosomal recessive
and 4 means that it is the fourth such entity
described) (OMIM 600791), a type ol autosomal
recessive, non-syndromic heanng loss.'"'7 1t has
been hypothesised that residual pendrin activity

From the Centre Comprendie et Parler, Brussels, the *Centre de Géndtique Humaine, Tnstitn de Pathologie et de Génétigue, Lover-
wal, amd the TENT Drepartment. Hopital Universitaire des Lnfants Reine Fabiola, Université Libre de Bruxelles, Brussels, Belgium.
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ERT REQUIREMENTS FOR RECREATHONAL SCUBA Y ING

(11) Have vou ever had any other discase of the
brain or nervous system (including strokes o
multiple sclerosis)?

(12) Have you ever had any back or spinal surgery?

(13) Have vouany history of mental or psvchological
illness of any kind, fear of small spaces, crowds
or panic attacks?

(14) Have you any history of aleohol or drug abusg
in the past live vears?

(15) Do ovou have diabetles?

(16) Are vou currently taking any prescribed medi-
cation (excepl the contraceptive pill)?

(17) Are vou currently receiving medical care or
have you consulted the doctor in the last
yvear other than for trivial infection or minor
injury?

(18) Have you ever been refused a diving medical
certificate or life insurance or been offered
special terms?

(19) Have yvou ever had, or been treated for, decom-
pression illness?

Appendix 3. ENT medical standards, British Suly
Aqua Club Medical Section®

Disgualifving factors

Perforated cardrum in new entrants
Chronie vestibular discase in new entrants

Altowalile faciors

Perforated cardrum known to have been present
during several years of diving

Healed perforation, including “paper thin® scars

Unilateral nasal block

Sinusitis if not adversely affected by diving

ther poinis

Valsalva test of drom maobility should be carried
oul and, if doubtful, a practieal diving test in a
poal should be advised. For this purpose, any wax
abscuring a good view of the drum should be
removed.

Dealness: At the discretion of the medical referee,
the candidate may be restricted 1o diving with a i
COmMpanion,

Sinusitis may benefit from diving!
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Appendix 4. Ear, nose and throat guidelines, South

Pacific Underwater Medicine Society®

(1) Both tympanic membranes should be seen 1o be
intact and mobile. The eustachian tubes must be
patent,

{2) Any evidence of chronic outer- or middle-ear
discharge may be cause for rejection,

{3) Any evidenee of chronie or recurrent sinusitis,
catarrh or severe allergic conditions of the
respiratory tract may be cause for rejection.

(4) Any history of middle-car surgery (including
tvmpanoplasty) should be referred for diving
speetalist opinion before any decision is made.

(3) Audiometry: Baseline audiometric examinations
should be done. The audiogram shall be con-
ducted at 300, 1000, 2000, 4000, 6000 and
8000 Hz. An abnormal audiogram should he
noted in the diver's logbook. It there are any
significant abnormalities in either audiometry
or labyrinthine function, the paticnt should bhe
referred to a diving specialist. Hearing loss is
ned necessarily a contramdication to diving,

Note: The middle cars and sinuses will develop
problems on descent unless the pressure in these
spaces cquals ambient. There is no way of ¢stabli-
shing the pateney ol sinus ostia by ¢linical examin-
ation. However, patency of the custachian tubes,
and so the ability to equalize the middle-ear press-
ures, can be established. Observation of the tympanic
membranes while the patient holds his {or her) nose,
shuts the mouth and Bows (Valsalva manoeuvre)
will show entry of air to the middle ear by movement
of the drum.
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