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Abstract

Superior Canal Dehiscence (SCD) is a rare condition described for the first time by Minor in 1998. Bilateral superior
canal dehiscence is even less frequent (0.6% of all SCD).

We present the case of a patient with bilateral superior canal dehiscence associated with sudden sensorineural
hearing loss on one ear. The diagnosis of SCD was based on the symptoms of the patient (intolerance to loud noises,
disequilibrium, hearing loss), based on the CT scan that revealed the bilateral dehiscence and based on the audiogram
and the VEMP (Vestibular Evoked Myogenic Potential) testing with low cVEMP threshold bilaterally. All the data gathered
were consistent with the diagnosis we made.

The particularity of the case consists in the fact that although the patient diagnosis was made according to all
diagnostic criteria available and the CT scan and VEMP testing showed bilateral dehiscence, the symptoms were
installed acutely and were evident only for one ear. In our opinion this can be explained by the fact that the patient had a
more extended dehiscence in the left ear and also suffered a concomitant Sudden Sensorineural Hearing Loss (SSHL)

that required additional testing making possible the correct diagnosis of the condition.
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Introduction

In the beginning of the twentieth century Pietro Tullio was the first
to describe a phenomenon of sensibility to loud sounds in pigeons with
fenestration of the SC [1].

In 1998 Minor et al. draw the attention on a disease produced by
a dehiscence on the superior semicircular canal thus creating a third
window in the labyrinth [2]. This author was the first one who used this
term for the diagnosis of the patients with symptoms such as hearing
loss, vertigo and nystagmus induced by pressure and loud noises and
also chronic disequilibrium.

The existence of the third window in the bony labyrinth explains
the pathophysiology of the disease [3]. This window dissipates the
energy of the sound wave permitting the fluid pressure to divert into
the vestibular portion of the inner ear. Another result of this dehiscence
is the lowered sensitivity to air conducted stimuli coexisting with an
increased sensitivity to bone conducted stimuli. This is the result of the
incoordination in the normal impedance relationship between the oval
and the round window. Another characteristic of the disease is the fact
that the stapedian reflex is not influenced. The result is a conductive
hearing loss associated with a presence of the stapedian reflex [4].

The vestibular symptoms are explained by the modified flow of the
endolymph in the superior canal produced by this additional window.
Concerning the etiology, the superior canal dehiscence is thought to be
caused by congenital malformations [5], head trauma [6] and increased
intracranial pressure. Some authors suggest that the pulsations of the
brain might have a role in the formation of the dehiscence.

Imagistic studies revealed a 5/1000 prevalence of SCD and a
thinning (less than 0.1 mm) in 14/1000 cases. Other authors found a
prevalence of 9% in a study on a consecutive series of temporal bone CT
(Computerized Tomography) scans [7].

The size of the dehiscence seems to be related to symptoms, the
larger the dehiscence the greater the symptoms.

The main signs and symptoms produced by the superior canal
dehiscence are vertigo, disequilibrium, oscillopsia related to sound. The
audiologic signs and symptoms are aural fullness, autophony, amplified
body noises and hearing loss with low frequency air-bone gap, with
normal immittance. The vestibular signs and symptoms are Tullio
phenomenon, oscillopsia, chronic disequilibrium, positional vertigo,
head tilt in response to sound [8,9].

The diagnose of SCD is based on history, audiologic and vestibular
testing but the the “gold standard” is the CT scan showing the absence
of the bone that separates the superior semicircular canal from the floor
of the middle cranial fossa.

VEMP tests can be used to assess the presence of superior
semicircular canal dehiscence [10,11]. These tests are able to detect
whether a dehiscence is causing pathological pressure propagation in
the vestibular labyrinth. The SDC produces larger amplitude VEMP
waves and decrease the threshold used to elicit the specific waves [12,13].
Average cVEMP threshold using air conduction tone burst of 500 Hz in
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a normal ear is around 85-98 nHL while average cVEMP threshold in
an SCD ear is between 61-81 dB nHL.

SCD is a great otologic mimicker, it might be confused with
eustachian tube dysfunction, perylimphatic fistula, otosclerosis,
Meniere’s disease.

Ward et al. [9] proposed diagnostic criteria for SCD (Table 1).
Patients should meet the following conditions:

The treatment of SCD may either be conservative or a surgical, the
latter consisting in plugging the canal or resurfacing, but there are also
described round window procedures [14-16].

From 1998 until now, over 600 cases of SCD have been reported
[9]. Bilateral SCD is even less frequent, 0.6% according to some authors.

Case Study

We present the case of a 41 years old male examined in our hospital
accusing hearing loss on the left ear. The hearing loss was installed 24
hours before the consultation and the patient also reported that prior
to the event he experienced a minor head trauma in the context of
alcohol intake. No other relevant data were considered relevant from
his medical history. The tympanic membrane had a normal appearance.

The audiogram performed at admission showed a mixed type of
hearing loss with lowered thresholds at the left ear involving mainly the
low frequencies that did not exceed 30 dB with only a minor conductive
component (Figure 1).

The tympanogram was a type A, the stapedian reflex was present
in both ears (Figure 2). We must note the fact that the patient had no
vertigo or dizziness during the impedance testing.

The brainstem evoked response audiometry we performed was

within normal limits (Figure 3). Otoaccoustic emissions were present
in both ears. The IRM (Interference Reflection Microscopy) imaging
performed in that period showed no pathologic modifications.

The data gathered were interpreted as a mild sudden sensorineural
hearing loss on account of the normal timpanogram with the intact
stapedian reflex (although we could not explain the conductive
component in the audiogram) and treated accordingly. The patient
received medical therapy with corticosteroids and vasoactive substances
for a period of 10 days. The evolution was good but the hearing on the
left ear did not totally recover. We recommended hyperbaric oxygen
therapy. The patient could not pursue the therapy accusing intense pain
in the left ear.

Two weeks afterwards we continued the treatment with local
intratympanic corticotherapy using dexamethasone. Subsequently the
hearing was almost totally restored. The patient was satisfied with the
result. Three months after this event the patient came to the hospital
accusing important hearing loss on the left ear and tinnitus. The hearing
loss was installed suddenly two days prior to the admission, also after
alcohol intake. The patient could not recall any recent head trauma. He
noticed that loud noises were very annoying for him and that extremely
loud noises made him lose equilibrium. He compared the sensations to
small earthquakes he felt when exposed loud noises.

The audiogram we performed showed a moderate mixed hearing
loss on the left ear (Figure 4). Weber test lateralized on the left ear. The
result of the cVEMP test we performed was consistent with bilateral
superior canal dehiscence, with extremely low cVEMP thresholds in
both ears (Figure 5).

We tried to elicit the Tulio phenomenon by exposing the patient
to loud noises but the VNG recording did not show any abnormal
nystagmus. We ordered a CT of the temporal bone which highlighted

demonstrating a dehiscence

1. High-resolution computed tomography images (< 0.625-mm slice thickness) reformatted in the plane of the superior SCC (Squamous Cell Carcinoma)

2. At least one of the following symptoms consistent with SCDS

A. Bone conduction hyperacusis (in the form of autophony, audible eye movements, audible footsteps, etc.)

B. Sound-induced vertigo

C. Pressure-induced vertigo (via nasal or glottic Valsalva or pressure applied to the external auditory canal)

D. Pulsatile tinnitus

3. At least one of the following diagnostic tests indicating a third mobile window

A. Negative bone conduction thresholds on pure tone audiometry

B. Enhanced VEMP responses (low cervical VEMP thresholds or high ocular VEMP amplitudes)

C. Elevated summating potential to action potential ratio on electrocochleography in the absence of a sensorineural hearing loss

Table 1: Diagnostic criteria for SCD.
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Figure 1: Pure tone audiometry performed at the first presentation showing a mild mixed hearing loss on the left ear.
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Figure 2: Immittance testing showing normal type A tympanogram and the presence of the stapedian reflex bilaterally.
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Figure 3: BERA (Brainstem Evoked Response Audiometry) testing performed at the first presentation, within normal limits.
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important bilateral dehiscence of the superior canal 7-8 mm on the left
ear and 4 mm on the right ear (Figure 6).

The patient did not accept surgery and opted for a conservative
treatment. With the avoidance of all the increments of pressure in
the middle ear or intracranial pressure, the vestibular symptoms
disappeared but the hearing loss did not improve.

Discussion

Superior canal dehiscence seems to be a situation not so frequently

encountered. In a study on 164 ears Masaki found a prevalence of
asymptomatic SCD of 3% [17]. Bilateral SCD is even more rare with
a prevalence of 0.6% among all SCD. The diagnosis of superior canal
dehiscence cannot be established only based on the CT scan because of
the false positive results (80% of cases).

The case we studied can be considered a rare case of bilateral SCD
and it meets all the criteria proposed by Ward et al. but even so, there
are some aspects we cannot totally explain. Starting by discussing
the history of this case, the first thing we thought about is whether
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Figure 4: Pure tone audiogram performed at the second presentation showing moderate mixed hearing loss at the left ear.
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Figure 6: CT of the temporal bone showing bilateral dehiscence of the superior canal.

the minor head trauma had something to do with the symptoms the
patient experienced. There is a possibility that this caused the fracture
of a thin bone covering the superior canal. On the other hand the
patient had no vestibular symptoms at the first presentation. Another
question we had taken into consideration was if the alcohol intake had
arole in producing the signs and symptoms of the disease but we could
not find any connection. The fact that the patient could not continue
the hyperbaric oxygen therapy due to left ear pain might also be an
indicator that there was a bone dehiscence from the first presentation.

The history with the sensations of instability at loud noises and the
hearing loss appeared at the second episode, conducted us to a probable
diagnostic of SCD but the final diagnosis was established through CT
scan. The VEMP testing was consistent with the CT findings showing
high amplitude and low threshold for eliciting cVEMP for both ears.

The finding that was unexpected was the SCD in both ears although
only one ear had symptoms that were consistent with this diagnostic.
The fact that the larger the dehiscence is in the left ear might offer an
explanation.

We should remark the fact that the immittance testing showed type
A tympanogram with present acoustic reflexes bilaterally, also a finding
consistent with this diagnostic. But the Weber test lateralized to the left
ear and the mixed hearing loss should have raised the suspicion that
there is not a sensorineural hearing loss. In this aspect we should also
emphasize the fact that the otoacoustic emissions were present in the
beginning.

In the second episode the hearing loss was still of a mixed type but
a lot more severe compared to the debut and it could not be accounted
in our opinion only by the SCD. We also could not elicit and record at
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the VNG any nystagmus during stimulation with loud sounds and the
posturography was normal.

There are other authors that also reported SCD with conductive
hearing loss without vertigo [18]. We consider that the patient had an
initially asymptomatic bilateral canal dehiscence and in addition he
experienced a sudden sensorineural hearing loss on the left ear that
drew attention to the disease. The hearing loss was evident only on one
side but the dehiscence was bilateral. On the other hand, the cVEMP
testing was consistent with the CT scan findings, showing lowered
thresholds for both ears. This might be explained, on our opinion, by
the fact that the dehiscence was bigger in the left side (7-8 mm). The
concomitance with the SNSHL can be responsible for the course of this
patient’s disease.

Conclusion

The diagnosis of SCD need to be based on a combination of typical
symptoms, CT (Computerized Tomography) scan findings, clinical
findings and laboratory testing (audiogram and VEMP testing).

The gold standard for diagnosis is still the CT scan but VEMP
testing has an important role in determining whether the apparent
dehiscence plays a role in the pathologic pressure transmission in the
inner ear causing the symptoms.

Conservative treatment is an option that can be taken into account.
Although it is not a frequent disease, we should always think at the
possibility that a SCD can exist in symptomatic patients.
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