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Abstract: Third window lesions are defined as abnormal communications of the inner ear
with adjacent spaces, namely the middle ear or cranial cavity. These lesions can occur at
multiple anatomic locations, including the superior, posterior, and lateral semicircular canals;
vestibule and vestibular aqueduct; and scala vestibuli of the cochlea. Semicircular canal
dehiscence (SCD) is the most common condition wherein the temporal bone adjacent to the
vestibular apparatus thins or is interrupted completely. Normally, there are two mobile
windows: the oval window and round window. SCD results in a third mobile window in
the inner ear, which causes an abnormal transmission of acoustic energy (“third-window
effect”) towards the vestibular end-organs and causes symptoms. Superior SCD is a well-
described pathological condition with potentially debilitating symptoms, instead the dehis-
cence of the posterior canal is very rare. The diagnosis is difficult and often delayed because
the symptoms can be absent or aspecific and confused with other diseases: vestibular
disorders, cerebrovascular diseases, trauma, and tumors. We report a rare case about a
“double” third window syndrome of twin sisters due to a bone defect of two different
semicircular canals. A 34-year-old woman presented to the Otology Department of
University Hospital with a worsening of tinnitus, autophony and vertigo. She had been
treated for 3 years as if affected to Meniére disease. An audiometric exam revealed a right
mixed hearing loss with 2040 dB air bone gap from 250 to 4000 Hz. Vestibular examina-
tions are unchanged compared to the past exams. But Valsalva maneuver induced patholo-
gical oscillopsia, vertigo and torsional up-beating nystagmus. Clinical manifestations may be
like other diseases, such as Meniére disease or perilymphatic fistula, confounding the
diagnosis. Moreover, the appearance of the same symptoms in the patient’s twin sister,
confirmed by the radiological investigation, suggested the familiarity for semicircular canal
dehiscence. Audiometric and vestibular examinations are important even if diagnosis is
impossible without radiological investigation. Indeed, we describe the history, clinical profile
and management of twin sisters who had similar symptoms (worsening vertigo induced by
pressure, autophony, tinnitus and hearing loss) and different bony labyrinth defects. Surgical
management resulted in complete resolution in imbalance 3 months after the surgery. This
surprising case of homozygous twin sisters suggests that there may be a genetic aspect to the
disease.
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Introduction
Third window abnormalities are bony defects of the inner ear that enable abnormal
communication with the middle ear and/or cranial cavity. Sound conduction relies
on the presence of two physiologic windows between the fluid-filled inner ear and
air-filled middle ear.
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Third window lesions can occur at multiple anatomic
locations, including the superior, posterior, and lateral
semicircular canals; vestibule and vestibular aqueduct;
and scala vestibuli of the cochlea.

The most common example is semicircular canal
dehiscence (SCD): it refers to extreme thinning and/or
loss of the bony roof of the semicircular canal. The con-
dition is idiopathic, although both congenital and acquired
causes have been proposed: inflammation, neoplasia, sur-
gery, congenital malformations, bone rarefaction/under-
pneumatization, barotrauma or direct mechanical trauma,
and cerebrospinal fluid (CSF)/vascular pulsations (high-
riding jugular bulb).

The most common SCD is superior semicircular canal
dehiscence (SSCD): it was first identified by Minor in
1998" and consists of a defect of the upper external bone
wall of the canal with resultant exposure of the membra-
nous labyrinth to intracranial cavity. SCD usually may
involve lateral canal representing the sequelae of advanced
chronic otitis.

Posterior semi-circular canal dehiscence (PSCD) is a
much rarer entity (0.5%) but it can be observed in isolation
or in combination with SSCD. The posterior semicircular
canal can dehisce into the posterior fossa dura via a bony
defect, or through communication with a high-riding jugu-
lar bulb.

Cochlear dehiscence refers to a deficiency of bone
overlying the cochlea. In order for third window
mechanics to occur, the scala vestibuli side of the cochlea
must be involved.

Defects in the bony labyrinth enable dissipation of
acoustic energy away from the cochleovestibular system
into middle ear, dura mater, and/or vascular structures,
altering perceptions of sound and balance.” Clinically,
patients with third window pathology present with sterco-
typical symptoms of vestibular activation, including direc-
tional vertigo, nystagmus,

oscillopsia, dizziness,

imbalance, and/or nausea. The symptoms may change or
worsen over the time, confounding the diagnosis.**
Patients with SSCD typically present vertigo and oscillop-
sia induced by loud noises, such as traffic or shouting
(Tullio phenomenon), by changes in pressure in the exter-
nal ear canal or by Valsalva manoeuvres, as can occur with
nose-blowing, or lifting of heavy objects (Hennebert sign)
and nystagmus in vertical-torsional plane.”® Other symp-
toms of SCD are conductive hearing loss secondary to a
“facilitated” bone conduction, autophony produced by
dural oscillation, pulsatile tinnitus due to vascular

vibrations, aural fullness.*”* Symptoms and signs asso-
ciated with a defect involving posterior semicircular canal
has been recently described and they are most likely asso-
ciated with a high-riding jugular bulb and fibrous
dysplasia.” "

While SSCD has been well-described in the literature,
there are few cases of PSCD reported. We present a rare
case of PSCD that caused floating and “pseudo-conduc-
tive” hearing loss and vertigo in a young woman. Due to
their nuanced characteristics, the symptoms were for a
long time confused and treated as Meniére disease.
Obviously, the co-occurrence of SCD in both twin sisters
strengthens the hypothesis that genetic factors may play a
key role.

Case Description

A 34-year-old Caucasian female presented to the Otology
Department of University Hospital for a worsening of
tinnitus, autophony and vertigo.

She developed the first symptoms about three years
before (hearing loss, aural fullness, persistent tinnitus in
right ear, disequilibrium, and vertigo) and she was treated
as having Meniére disease. The symptoms were aggravated
by a variation of atmospheric pressure and loud sounds.
Vertigo and tinnitus could also be induced by the Valsalva
maneuver. There was no history of cranial trauma.

When she came to the hospital, clinical examination
revealed normal eardrums bilaterally. No evidence of
Video-head
impulse test and caloric responses were normal. Pure

spontancous and positional nystagmus.
tone audiometry showed right mixed hearing loss with
2040 dB air bone gap from 250 to 4000 Hz (Figure 1).
The tympanometry findings were normal on both sides.
Valsalva maneuver induced oscillopsia, vertigo and tor-
sional upbeating nystagmus. cVEMP (cervical vestibular
evoked myogenic potential) responses to air conduction
stimulation at 500 Hz clicks were recorded with surface
electrodes over the ipsilateral sternocleidomastoid muscle
and base of the neck with the same ground electrode on
the midline forehead. Patients are asked to turn their head
in the opposite direction of the tested ear to flex the
ipsilateral sternocleidomastoid muscle. cVEMP testing
revealed a lowered threshold and an increased amplitude
on the right side compared to the left (Figure 2). High
resolution temporal bone computed tomography showed a
high right jugular bulb which caused an area of PSCD. No
dehiscence was evident on the superior canal or on either
side (Figure 3).
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Figure | Conductive hearing loss on the right side. (A) Preoperative audiogram. (B) Postoperative audiogram after 2 months.
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Figure 2 Cervical vestibular evoked myogenic potential (VEMPc) threshold test. Right side pre-operative test (A). Left side pre-operative test (B).

Due to continued daily discomfort, mostly noise-
induced vertigo that interfered with her work and life,
the young patient underwent surgical intervention two
weeks after the diagnosis.

After explaining about the possibilities of further hearing
loss, facial paresis and persistence of vestibular symptoms,
the patient signed a written consent to surgical procedures
and to the use of data and images for teaching or research
purposes. The posterior semicircular canal was approached
through the mastoid bone. A transmastoid approach was
taken to allow the decompression of the high-riding jugular
bulb. The jugular bulb was decompressed using bipolar
cautery and bone wax. The dehiscent posterior semicircular
canal was plugged with muscle and autologous cartilage.

The patient’s hospital course was uncomplicated, and
she was discharged on the first postoperative day. On
clinical follow up, three months after surgery, the patient
described the resolution of loud sounds-induced vertigo,
dizziness induced by a variation of atmospheric pressure
and significant improvement of the tinnitus. Post-operative
audiometry showed normal discrimination scores, resolu-
tion of the air-bone gap and pure tone average unchanged
from the preoperative exam. c-VEMPs revealed an
increased threshold and a decreased amplitude.

After about three months from the recovery, the
patient’s twin sister also started to complain of intermittent
vertigo, autophony, hearing loss and mild tinnitus of the
left ear. Auditory and vestibular features to those seen in
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Figure 3 Computed tomography (CT) of the temporal bone (thickness 0.75 mm).
Coronal CT image confirms the absence of a bony separation of the right jugular
bulb (asterisk) and the posterior semicircular canal (arrow) (C = cochlea). (A) Axial
cuts showing dehiscence between the the jugular bulb (asterisk) and the posterior
semicircular canal (arrow) (B).

her sister led her ENT specialist to request audiological,
vestibular, and radiological examinations (CT scan). And
surprisingly the patient had SSCD even if the symptoms
were less pronounced than her sister's. An updated audio-
metric assessment showed significant mixed hearing loss
in the left ear. The diagnosis of SSCD has been confirmed
by cVEMP registration that shows a pathologically
increased amplitude and a decreased threshold. Watchful
waiting is the solution because the symptoms do not com-
promise their quality of life, unlike the aforementioned
first sister.

Discussion

Semicircular canal dehiscence syndrome has been increas-
ingly recognized since the description by Minor et al,'
who reported on dehiscence of the SSCD. It is also
referred to as third window syndrome (TWS), which con-
sists of sound- and/or pressure-induced vertigo, oscillop-
sia, or disequilibrium.*"'" Diagnoses of TWS are aided by
vestibular evoked myogenic potential (VEMP) testing,
which might show reduced cervical VEMP (cVEMP)

thresholds or increased ocular VEMP (oVEMP)
amplitudes.

Absent bone separating the superior semicircular canal
from the middle fossa on computed tomography (CT)
corroborates the diagnosis.'*

The aetiology of SCD is not understood entirely. Each
canal has its own triggering or favouring factors. Lateral
SCD has been mostly caused by chronic otitis media and
cholesteatoma or surgical procedures such as mastoidectomy.
SSCD is associated with increased intracranial pressure. A
high-riding jugular bulb is the most common cause of PSCD,
the other ones are fibrous dysplasia and apex cholesteatoma.-
"' PSCD is rarer than SSCD, but the precise incidence
remains unknown.'*'? Congenital and acquired events may
contribute to SCD: one hypothesis is that patients are born
with thin or absent overlying of the superior semicircular
canal and a “second event” (eg, skull base trauma, a Valsalva
maneuver, intense acoustic exposure) causes an abrupt injury
to the arcuate eminence. Another hypothesis is that dural
pulsations over the arcuate eminence result in progressive
loss of bone over the superior canal.'>™”

In a recent systematic review, Lee et al'® analyzed the
incidence of PSCD in the general population and summar-
ized different PSCD, including alternatives to the classic
TWS. PSCD is a rare phenomenon that might also present
with dizziness and hearing loss inconsistent with third-
window symptomatology. In this review, two hundred
and five studies were found, and 58 studies were included.
In the 47 total patients, sound-induced vertigo, mixed
hearing loss, and tinnitus were the most common present-
ing symptom. The incidence in pediatric patients ranged
from 1.3% to 43%. Jugular bulb abnormalities were com-
mon. In this study,'® the authors reported a case series
about patients with PSCD diagnosed on imaging: only
one patient had typical TWS and supra-threshold hearing,
and four without TWS who experienced dizziness and
hearing loss (HL).

Erdogan et al'® examined the CT scan of 410 adult
patients with middle ear pathology (otitis media, choles-
teatoma, etc.) and symptoms unrelated to the inner ear:
only four patients (prevalence 1.2%) had PSCD, three of
whom demonstrated bilateral dehiscence.

While less common than SSCD, PSCD is reported to
have a similar TWS complex, but can also be
asymptomatic.'®

The clinical presentation can be mistaken for more

common otological pathologies; therefore, the diagnosis
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is difficult and delayed as in our case. For example, the
hearing loss is generally conductive, or less frequently
sensorineural or mixed, and if associated with vertigo,
fullness and tinnitus, the clinical presentation is very simi-
lar to Meniére disease. Also in our case, the patient was
treated for a long time as having Meniere disease. But
analysing the clinical history of the patient, the intermit-
tent course of her symptoms (aural fullness, tinnitus in
right ear, disequilibrium, and vertigo) was often triggered
to atmospheric pressure variations: even a simple plane
flight was enough to trigger or worsen the symptoms. In
the last period, the patient had become intolerant to loud
sounds and even daily actions (for example, lifting a
weight, taking a plane, going to high altitude) had become
disabling. It is therefore no coincidence that the Valsalva
maneuver induced oscillopsia, vertigo and up-beating nys-
tagmus: none of these signs are typical of Meniére disease.
Therefore, clinical history and neurological evaluation are
mandatory for diagnosis.

When conductive hearing loss is associated to dizzi-
ness, third-window lesions should be considered in the
differential diagnosis especially in cases of patients with
intact tympanic membrane and healthy middle ear. VEMP
helps to distinguish the air-bone gap due to the ossicular
pathology from that due to dehiscence of the canal: in the
case of SCD there is a diminished threshold in dB and a
greater amplitude of the muscular contraction.
Furthermore, the stapedial reflex is normal in the case of
SCD, instead it is absent or altered in cases of middle ear
pathology.

SCD signs and symptoms in members of the same family
were similar. In our report, the first twin sister presented with
more severe symptoms (hearing loss, aural fullness, persis-
tent tinnitus in right ear, disequilibrium, and vertigo) which
were aggravated by a variation of atmospheric pressure and
loud sounds. Her twin sister had started experiencing the
same symptoms but in a milder form and this led to suspicion
of SCD. The finding of a bone defect of the semicircular
canals in both twin sisters is suggestive.

Probably, it could be not entirely coincidental that twin
sisters have different intensity of symptoms as two different
semicircular canals are involved. The twin sisters have simi-
lar skull base topography: the first sister has a riding jugular
bulb and posterior SCD, the second has superior SCD.

Niesten et al*® observed that skull base tomography
and anatomic SCD defects were similar among first-degree
relatives but all patients share the dehiscence or “near
dehiscence” of the same semicircular canal, the superior

canal. The authors of a case series suggested another
interesting observation: symptoms seemed to be more
pronounced in older patients (mothers) compared with
their younger counterparts (daughters). Similarly, the sis-
ters in our case also developed their symptoms almost
simultaneously, probably because they are twin sisters.

In a retrospective case series, Heidenreich et al
included 7 cases of superior semicircular canal dehiscence
across 3 different families, one of which consisted of
monozygotic adult twins, each of whom was diagnosed
with unilateral superior SCD.?' This series is differentiated
from prior reports of familial superior SCD because it lent
additional support to a

developmental etiology.

122 accord-

Heidenreich refutes the hypothesis of Shutt et a
ing to whom patients with radiographic superior canal
dehiscence were more likely to have had a higher mean
BMI (calculated as weight in kilograms divided by height
in meters squared).?’ Obesity alone does not explain the
occurrence of superior canal dehiscence syndrome. But,
the presence of symptomatic SCD among first-degree
relatives and similar skull base topography suggests that
genetics may play a role in the etiology of SCD.

Undoubtedly, in our report the co-occurrence of SCD
in both twin sisters reinforces the hypothesis that genetic
factors may play a key role. However, it would be very
interesting to study the two sisters from a genetic point of
view to evaluate the cochlin (COCH) gene mutation (C-to-
T base change in exon 3 at the DFNA9 locus) or any
DFNA9 mutations. COCH is the most highly expressed
protein in the inner ear and may be responsible for either
structural integrity or antimicrobial activity.”"

Obviously, the diagnostic confirmation is radiological
since the conductive hearing loss in patients with intact
tympanum could mimic otosclerosis or other middle ear
diseases. Temporal computed tomography (CT) scans and
magnetic resonance (MR) confirm the bone dehiscence
overlying. CT is of great importance in the exclusion of
other diseases, prevention of unnecessary surgeries such as
stapedectomy and ossiculoplasty and evaluation of tem-
poral region anatomy, defect size, and localization if sur-
gery is planned.”® However, because not all SCD cases are
symptomatic, it is recommended that the diagnosis should
be made by evaluation of physical examination and audio-
logical tests together with cross-sectional imaging.**

On the CT scans, dehiscence of the semicircular canals was
defined by absence of high attenuation bone coverage in at
least two planes, conversely it was indicated by the absence of
low-signal bone margins on the MR images.>*** The contrast
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between bone and soft tissue obtained by a bone dedicated
window shows a perfect definition of bone structure.

According to a recent study,”® when a superior semi-
circular canal roof is evaluated by standard planes (axial,
coronal, sagittal) in routine temporal CT images, false-
positive and false-negative diagnoses can be made.
Indeed, creating the Poschl plane increases the sensitivity
and specificity of CT for diagnosis.

Several authors recommend that MR imaging (1.5T or
3T, T2-weighted, thickness slices 0.5 mm) be conducted
primarily because it does not contain ionizing radiation;
moreover, with a sensitivity and negative predictive value
of 100%, it can conclusively exclude SSCD or PSCD.*"**

Surgical treatment of PSCD is rarely reported. We
described the successful treatment of PSCD: jugular
decompression and plugging of dehiscence. Usually,
PSCD, due to a high jugular bulb, can be managed con-
servatively (watchful waiting), especially when there is
hearing loss only: our patients experienced an important
severity of symptoms due to misdiagnosis, including tin-
nitus, pressure-induced vertigo, autophony, causing signif-
icant disability. Finally, another aspect not to be
underestimated is anxiety: it is a common comorbidity in
many vestibular disorders, including SCD and should also

be screened for and treated to the best extent possible.””

Conclusion

Bony dehiscence of the labyrinth causes an abnormal
pressure gradient in the inner ear fluids, leading to pressure
or sound induced vertigo (“third mobile window” phenom-
enon). PSCD is rarer than SSCD and symptoms are like
other diseases, such as Meniére disease.

Audiometric and vestibular examination are important
even if diagnosis is impossible without radiological find-
ings. CT has an important role both in the preoperative
evaluation and postoperative follow-up.

Plugging without exposure of the dehiscent area has been a
helpful and safe method for definitive treatment of this pathol-
ogy. Furthermore, it is recommended intervening when the
symptoms compromise with a normal life. SCD signs and
symptoms in members of the same family are similar: the
co-occurrence in twin sisters is a confirm of this concept. We
believe our report contributes to evidence in support of a
potential genetic basis for SCD even if additional genetic
studies are needed to explain this condition.

Ethics Statement

The patients provided written informed consent for pub-
lication of their case reports and accompanying images.
This study was conducted in accordance with the
Declaration of Helsinki and was accepted by the Ethics
Committee of Azienda Ospedaliera Universitaria Senese.

Disclosure
The authors report no conflicts of interest in this work.
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