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CLINICAL VIGNETTE

In this era of double blinded, statistically valid rescarch, there remains a place for
empiric or even anecdotal observation, This scction of the Jowrnal creates avehicle for
the communication of such observation.

Content should be regarded as interesting or thought provoking or as a novel
“discovery” that is not presented as valid science, statistically ov otherwise, The opinions
and observations arce those of the author, Any recommencdation as to standavd of care
or treatment guidelines ts neither explicit nor implied,

[t is owr hope that this section will stimulate dindogue and an exchange of
experience. The perspective ol tobservation™ should not be displaced,

The Inelitors

AIR-BONE GAP IN PATIENTS WITH X-LINKED
STAPES GUSHER SYNDROME

Ad I' M. Snik, Ph.D., Godfried C.J.H. Hombergen, M.Se., Emmanuel AN Mylanus, N, Ph.DD.,
and Cor W.R.J. Gremers, M.D., Ph.D.

ABSTRACT

It is often possible to elicit the stapedius reflex in patients sutfering from recessive
X-linked progressive mixed dealness syndrome with stapes pusher, The presence of an
air—bone gap in the audiogram and the ability to elicit the stapedius reflox are
conflicting. Measurements were performed on lwo palienls who woere suffering ron
this syndrome, to establish whether the hearing loss was ol the mixed or purely
sensorineural type. It was argued that, owing o congenital malformations, the audio-
vestibular system might act as a more than normally efficient transducer, to convert skull
vibrations into inner ear fluid motions, leading to bone conduction thresholds thatl are
better than expected. The results of tone and speech audiometry, stapetius roflox
measurements, and brainstem evoked response audiometry in this study showoed o
pattern similar to that generally seen in patients with purely sensorineural hearing loss,
This supports the hypothesis that the air-bone gap in the audiogram does not have the
usual significance of a conductive hearing loss component.

A stapes gusher is o dreaded complication of

stapes surgery, ! Therefore it is important to recog-
nize the potenual presence of this complication in
advance. In some patients, opening the stapes foot-
plate can result in perilymph gushing: the so-called
stapes gusher, Surgical exploration has shown that
perilymph is supplied to the vestibuluum via the inter-
nal auditory canal (IAC) (cerebrospinal {luid), and
that insertion of a tamponade into the IAG stops the
stapes gusher.!

[nvestigations on the pedigree of o Lonily o
which several members haed acstapes gusher showeed
that they were suflering [rom o recessive Xelinkeed
progressive mixed dealness svodrome® Ta date, in
this Gamily, nine males (rom three generasions arce
known to be suffering from this syndrome. Two of
them underwent surgery, resutting inastapes gusher,
Polytomography and comptted tomography (€71
showed characteristic malformations ol the aundio-
vestibuldar system in all nine patients? Audionieny
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consistently supported the presence ol an air-bone
gap, which indicated a middle ear component in the
hearing loss of these patients. ‘S’urpl'i‘;iugly if the
degree of hearing loss was not too great, 1t was possi-
ble to elicit a btdp(,dlllb reflex: eight of the nine pa-
tients were tested, in five of them an evident stapedius
reflex was found.? Although stapedius reflexes have
occasionally been documented in patients with cer-
tain types of middle ear disorders,” it is an unlikely
combination,

Because a stapedius reflex can be elicited, the
presence of a conductive hearing loss component
may be questioned. Additional support for the hy-
pothesis that the hearing loss is purely of the sensort-
neural type was found in a previous report in which
the speech recognition of some patients with this
syndrome was founct to be poor, at least poorer than
expected on the basis of mixed hearing loss. More

specifically, maximum speech recognition scores of

between 30% and 70% were found in two patients
who had an average hearing loss of 75-90 dB HL with
a sensorineural component of 50-65 dB HL.

[How can the presence of an air-bone gap in the
audiogram of these patients be explained? It may be
indirectly related to the reported congenital anatomic
malformations of the audiovestibular system, more
specifically, the degree of asymmetry between the
scala tympani and the scala vestibuli. As described by
Tonndorf,” stimulation of the cochlea via hone con-
duction is strongly influenced by this degree of asym-
metry; therefore, the conilicting results concerning

the presence ol a stapedius reflex and the presence
of an air-bone gap may be ascribed to the (mal-
formed) audiovestibular system, which acts in these
patients as a more than normally efficient transducer,
to convert skull vibrations into cochlear fluid mo-
tions. As a result, the bone conduction thresholds are
better than would be expected, leading to an air-
bone gap in the audiogram that does not have the
usual significance of a conductive component in the
hearing loss. T'o find out whether or not the hearing
loss was purely of the sensorineural type, audiometric

tests were pcr[’()m“wd on two of the alfected males of

this family suffering from the X-linked progressive
mixed deafness syndrome with stapes gusher, These
incluced tone and speech audiometry, the determi-
nation ol loudness discomlort levels, tympanometry,
and stapedius reflex measurements, Auditory brain-
stem response (ABR) was included because absence
of a total wave delay in the ABR recordings would
support the present hypothesis.”

MATERIAL AND METHODS

Pure-tone audiometry was performed using
standard procedures and equipment (Interacoustics
AG b audiometer, calibrated according to ISO 889)
(Interacoustics, Assens, Denmark). For the specch
performance—imtensity curve or speech audiogram,

standard Dutch PB word lists were used consisting of
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10 monosyllables each. Phoneme scores were ob-
tained. The presentation level is expressed in dect-
bels above the speech reception threshold (SRT) for
subjects with normal hearing. The maximum presen-
tation level with the present set-up was 100 dB SRT.

Acoustic impedance and contralateral stapedius
reflex measurements were performed with a clinical
acoustic impedance meter (Amplaid 720, Amplaid,
Milan, [taly). The test signals for the reflex measure-
ments were pure tones of (.5, 1, 2, and 4 kHz at levels
ranging from 80 to 120 dB HI.

For the ABR measurement, silver-silver chloride
clectrodes were attached to the forchead and the
ipsilateral and contralateral mastoids, The ground
clectrode was placed on the patient’s arm. Responses
to 1024 stimuli were filtered (100-3000 Hz), averaged,
and stored (Medelec ER94a, Medelee, Surrey, Eng-
land). The stimuli, generated by the Medelec AS 10,
were delivered by headphones (TDIH-39P with MX
41 /AR cushion, Telephonics, Huntington, New
York). They consisted of either condensation or rare-
faction clicks of 0.1 ms duration. The repetition rate
of the clicks was 15 per second and the stimulus level
was either 80 or 90 dB nI1l.. For each test condition,
the measurements were repeated at least once. The
ABR latencies were compared to normative popula-
tion values, which were gathered in a previous nor-
malization study. Normative values at stimulus inten-
sities of 50, 70, 80, and 90 dB nHL were available:
intermediate latencies were calculated by linear in-
terpolation. Both patients underwent GT.

Patients

Patient JK was a 88-year-old affected member of
the family with the X-linked progrmqive mixced ceal-
ness syndrome with stapes gusher. At 3.5 years of age,
he was diagnosed as having a hearing loss of” the
mixed type, because of the air=bonce gap that was
foundl., The average air conduction threshold at 0.5,
L, and 2 kllz pure-tone average (PTA) of either car
was BO dB and the average hone conduction thresh-
old at the same frequencies was 30 dB. Hearing aids
were fitted. AU 14 years of age, he underwent stapes
surgery on the right car. 'The operation could not be
completed because of a stapes gusher, Alter surgery,
a LO-dB increase was found i the air conduction as
well as the bone conduction thresholds. Fifteen years
later, the right car was found to bhe deal after a trallic
AC (‘1(101}1 with head injuries.

In Figure |, the actual tone and speech audio-
grams are presented. Mixed hearing loss was found
in the left ear, with PTA ol 80 B L. The right car
was found to be deal: above B00 Hz, no air conduc-
tion or bone conduction thresholds could be ob-
tained up to the maximum stimulation levels of the
audiometer (the left ear was masked using (he insert
arphone). Tympanometry revealed a reduced mid-
dle car pressure of =140 daPain the left car and =180
dala in the right car, Compliance was within the
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Figure 1. Tone and speech audiograms of patient JK. T refers to the loudness discomlont level,
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normal range, The contralateral stapechus reflex ol
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Lhe left car could not be chcited, owing to the deal
right ear. The SR'T in the left ear was found to be m
pgood agreement with the PTA, and a maximum pho-
neme score ol 100% was obtained. The size of the
air=bone gap in the frequency region of the ABR
click (i.c., the average air-bone gap at 2 and 4 klz)
amounted to 20 dB. Loudness discomfort levels were
[ound at several frequencies.

The ABR showed no reproducible responses in
the deal right car but good reproducible responses
in the left car (Fig. 2). The latencies of waves 1, 111,
and V were found to be within the normal range
(mean =2 SD) for all the measurement conditions:
rarefaction and condensation clicks at 30 and 90 dB
nHL (Fig. 3).

In accordance with previous findings,? CT showed
small cochlea and lateral dilatation of the internal
acoustic meatus.

Patient FI? was a 31-year-old cousin of patient JK,
suffering from the X-linked progressive deafness syn-
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drome with stapes gusher. He did not undergo sur-
gery, Hearing loss of approximately H0 dDB was diag-
nosed when he was 3.8 years ol age. In the following
years, the hearing loss tncereased o alevel of 756 dB
on both sides. He had been using binaural hearing
aids since the dingnosis,

In Figure 4 the actual tone and speech audio-
grauns of this patient are presented. Symmetrical
hearing loss was notecd, with an air-bone gap in both
cars, and PTA of 82 dB HI. Tympanometry revealaed
normal middle car pressure and compliance. The
contralateral stapedius reflex could be celicited al
several test frequencies at levels exceeding 100 dB3
HL.. In both ears, the SR'T was in fair agreement with
the PTA, and the maximum phoneme score (at the
maximun output level of 100 dB SRT) was 100% [or
the right car and 70% for the left car, The average
air=bone gap at 2 and 4 kIz was 26 B for the lelt ear
and 22.5 dB for the right car. No loudness discomfort
levels were found up to 120 JdB HIL. The ABR record-
mgs showed reproducible and normal responses for
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Figure 2. ABR recordings of patient JK, obtained with
rarefaction clicks at 90 dB nHL, showing the first and the
verification recordings of the right ear (upper curves) and
the left ear (lower curves).
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Figure 3. ABR latencies of waves I, lll, and V of the patients for stimulation by rarefaction clicks (lefty and
condensation clicks (right). The full lines represent the normative values for males, the broken lines indicate + 2 SD. The
patients” ABR latencies are presented wice, once at the actual sllmulallcm Iovol (ASL, 80 or 90 ¢IB nHL) and once at the

7 ......... s et s e N et e e APt 1 SR PAAS
. ¢ - “ ! - ‘_ e
"  $ - ' ' P
| 1l
()
= 3
‘)
)
S
2! ,
v -
, "~ 4 o y
}

hoth ears (Fig. ). The latencies were within the
normal range for both ears and m all stimulus condi-
tions (see Iig. 3).

Computed tomography showed the characteris-
tic malformations of the audiovestibular system.

DISCUSSION

Both patients were suffering from the X-linked
progressive mixed dealness syndrome with stapes
gusher. In patient JK, an air—-bone gap was found, but
not a stapedius reflex, This was not surprising be-
cause stimulation of the right ear was impossible
owing to deafness, and stimulation of the left ear
could not elicit a reflex in the right ear, because the
stapes tendon hac been cut during surgery. Patient
I'P had the conflicting findings of an air—bone gap
and the presence of a stapedius reflex. The ability to
celicit the stapedius rellex showed recruitment, as
generally found in cochlear lesions. The stapedius
reflex thresholds were found at approximately 30 dB
SL. This is in agreement with the value expected in
sensorineural hearing loss that exceeds 70 dB HL."

To gather more evidence in favor of the hypothe-
sis, the ABR measurement was performed. If' the
ai—bone gap 1s attributable to a conductive compo-
nent, the ABR latencies have to be prolonged, de-
pending on the width of the air-bone gap.”* Unfor-

o0 &85 60 65 70 75 80 85 90
Stimulus |level (dBnHL)

ASL minus the air-bone gap (corrected stimulation level, or CSL; range, 55-70 dB nkL). The symbols refor to (#) right

and (M) left ear, patient FP; () left ear, patient JK.

244



RIGHT

1000 2000 4000 8000 Hz

4B o -------
-. HNNEEEN
20

120
| | [ [ []]

% 100 — — o
80 [ -1___%__@{_

]

5 |

20

0 20 40 60 80 100

120

|| ] [

CLINICAL VIGNETTE

LEFT

125 250 500

AL ]

0 20 40 60 80 100

Figure 4. Tone and speech audiograms of palient FP. R, refers to the stapedius reflex thresholds obtained with

contralateral stimulation.

tunately, the air—=bone gap i1s most pronounced m the
low frequency region. In the frequency region pre-
dominantly stimulated by the clicks normally usecl
during ABR testing (2—4 kHz region!?), the air-bone
gap 1s small (around 20 dB).

The wave I, I, and V latencies of the ABR re-
cordings of both patients at 80 and 90 dB nlll,
presented in Figure 3, were found to be within the
normal range. I[f an air—=bone gap exists in the fre-
quency region of the ABR clicks (2-4 kHz region),
the latencies should not be compared to the normal
latencies at the accwual stimulus level (ASL), but to the
normal latencies at the stimulation level of the coch-
lea, namely, the ASL minus the air-bone gap [the
so-called corrected stimulus level (CSL)].7 There-
fore, the same latencies are presented twice in Figure
3, once at the ASL and once at the GSL. It can be seen
that almost all the latencies at the GSL were below
the mean normal values, and several of the latencies
were outside the 2 SD region. Table I presents the
(signed) differences between the measured and nor-

mal latencies [or waves I, I, and 'V, averaged across
the subjects, stimulus intensity, and polarity, These
differences are presented twice, once calculated at
the ASL and once at the GSL The difference at the
ASL. deviated nonsignificantly from zervo for all three
waves, At the GS1L, the difference deviated signifi-
cautly from zero (t test, < .01) for all three waves,
This means that the latencies most closely matehed
those expected when there was no correction {or an
air—=bone gap. Thercelore, the present ABR resulds
support the hypothesis that the hearing loss s purely
of the sensorincural type,

The presence of an air=bone gap in the audio-
gram may be idirectly related to anatomie malfor-
mations of the cochlea and vestibulum as indicated
previously, One of the modes of stimulation of the
cochlea in bone conduction is the compressional
response caused by vibrations of the cochlear shell,
as desceribed by Toondorf® The compressional re-
sponse is strongly mfluenced by the mobility of the
cochlear windows and the degree of asymmetry be-
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Figure 5. ABR recordings of patient FP obtained with
rarefaction clicks at 90 dB nHL, showing the first and the
verification recordings of the right ear (upper curves) anc
the left ear (lower curves).

tween the scala tympani and the scala vestibuli, in-
cluding the vestibulum. In patients with a stapes
gusher, the vestibulum is often dilatated,'* and the
cochlea is smaller than normal. This means that the
system is more asymmetric than normal and, in terms
of Tonndorf’s theory, will act as a more ellicient
transducer of skull vibrations imto cochlear [Tuid mo-
tions. As mentioned, the mobility of the two cochlear
windows and of the so-called third window also plays
an important part in the compressional response. !
The third window represents the aqueducts and vas-
cular and neural channels of the cochlea, In the
patients with the X-linked progressive mixed deaf-
ness syndrome with stapes gusher, the third window
1$ larger than normal (which causes the gusher dur-
g stapes surgery). Because blockage of the third
window leads to higher bone conduction thresh-
olds,'" it is supposed that a larger than normal third
window may give rise to lower bone conduction
thresholds. In conclusion, the conflicting results con-
cerning the presence ol a stapedius reflex and the
presence ol an an—bone gap, as generally found in
patients with the X-linked syndrome with stapes
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Table 1. Average (signed) Ditferences between
the ABR Latencies and Normative Values*

D:fference m Latenaes (ms) of Waves

I 11 V
Observations G 11 12
Stimulus level
ASL 0.05 +£0.11 0.05x0.16 -0.07 +£0.17
CSL ~0.19 +0.04" -0.19 +£0.19" ~0.34 + 0.201

EAssuming that the inner ear is stimulated at (a) the actual stimu-
lation level (ASL) and (b) the correcled stimulus level (CSL: ASL
minus the air-bone gap).

1 <.01; 1 < .001

pusher, may be ascribed to anatomic malformations
of the audiovestibular system that act as a more than
normally efficient transducer ol skull vibrations into
cochlear fluid motons. As a result, the bone conduc-
tion thresholds might be better than expected, caus-
ing an air-bone gap in the audiogram that might not
have the usual slg,m[l(‘dncc of a physically conductive
component in the hearing loss.
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