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Case report

An uncommon “third
window” in retrofenestral
otosclerosis
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Abstract

Otosclerosis is an otologic disease characterized by disordered resorption and deposition of the otic capsule bone. It can lead to progressive conductive, mixed
or sensorineural Hearing Loss (HL). In rare cases, it manifests itself with a tendency for massive bone resorption with subsequent formation of cavities (“cavitating
otosclerosis”). Cavities can sometimes realize communication between the Cerebrospinal Fluid (CSF) at the Internal Auditory Canal (IAC) and the cochlear duct. In these
uncommon cases, a “third-window” phenomenon may be established as a concomitant cause of conductive HL. Therefore, the feasibility of stapes surgery should be
evaluated, without underestimating the risk of gusher complications.

In this report, we discuss the case of a female patient affected by cavitating otosclerosis realizing a connection between IAC and cochlear duct, with mixed hearing

loss.

Abbreviations

HL: Hearing Loss; SNHL: Sensorineural Hearing Loss;
IAC: Internal Auditory Canal, OW: Oval Window; RW: Round
Windows; ABG: Air-Bone Gap; CSF: CerebroSpinal Fluid; CT:
Computed Tomography; cVEMPS: Cervical Vestibular-Evoked
Myogenic Potentials Camps; BC: Bone Conduction; CBCT: Cone
Beam CT; SSC: Superior Semicircular Canal; MRI: Magnetic
Resonance Imaging; SCD: Superior Semicircular Canal
Dehiscence

Introduction

Otosclerosis is a disease characterized by progressive
hearing loss caused by pathologic remodeling of the bony
labyrinth, especially the otic capsule. It can cause conductive
or mixed Hearing Loss (HL); more rarely it can evolve as a pure
Sensorineural HL (SNHL).

Otosclerosis begins with an “otospongiotic” phase: normal
lamellar otic capsule bone around vessels is resorbed, creating
perivascular spaces. Then, new woven bone is deposited in the
“otosclerotic” phase [1].

Classically, otosclerosis is classified according to the
remodeled foci location into fenestral and retrofenestral.
Fenestral otosclerosis, most frequent (74%), is associated
with an increased bone turnover in the lateral wall of the otic
capsule, especially at the fissula ante fenestram, which leads to
stapes fixation, resulting in conductive HL [2]. Retrofenestral
otosclerosis is located more medially in the otic capsule; it
involves the cochlear endosteum causing SNHL or mixed HL
(3].

The otosclerotic foci can also involve the anterior wall of the
Internal Auditory Canal (IAC) in 19% of cases [4]. Some authors
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have reported rare cases of advanced otosclerosis extending
to the IAC forming a cavity. This specific form of advanced
otosclerosis has been named ‘‘cavitating otosclerosis’’ [5].

Within the bony labyrinth, there are incompressible fluids
that nevertheless communicate with the middle ear and the
cranial cavity through different openings: cochlear aqueduct,
vestibular aqueduct and Oval and Round Windows (OW, RW). In
particular, RW and OW are mobile windows: upon movement of
the ossicular chain and stapedial footplate, a solicitation on the
OW is triggered, resulting in a fluid stream to the RW. This low
impedance flow produces movement of the basilar membrane
and induces a potential difference in the hair cells, generating
the sound sensation. The presence of a “third” pathological
window induces leakage of sound energy away from the cochlea
leading to a conductive or mixed HL. A pathological “third-
window” can be observed in case of dehiscence of semicircular
canals, large vestibular aqueduct syndrome, dehiscence
between the cochlea and carotid canal or between cochlea and
IAC, DFN-3 (X-Linked Deafness with Stapes Gusher) [6].

These situations may preclude successful closure of the
ABG after stapes surgery (7] or can lead to the complication
of “gusher”. This is considered a tragic event during stapes
surgery when a sudden and profuse flow of perilymph and
CSF occurs immediately upon opening OW. An abnormal
communication between the perilymphatic and subarachnoid
spaces is the cause of this phenomenon [8]. CSF escape from
the labyrinth may lead to severe hearing loss, tinnitus, or
vestibular dysfunction [8]. Just 28% of patients preserve
preoperative hearing after the gusher while 31% worsen to
some extent and 25% experience profound or total HL [8].

The pericochlear otosclerotic cavitation connected to the
IAC can also cause a “third window” phenomenon when it
communicates with the cochlear duct: sound energy penetrates
the inner ear via the ossicular chain and OW, but is carried away
from the basilar membrane and is decompressed in this newly
formed space; the result of such sound energy dissipation is a
conductive HL [5,9].

Computed Tomography (CT) images are crucial in cavitating
otosclerosis recognition to prevent CSF leaks and incorrect
positioning of cochlear implant electrodes [9].

Case report

A 57-year-old female has referred us for stapes surgery
because of a bilateral and progressive HL. She complained
of hearing difficulty and mild tinnitus in her right ear. No
fullness, dizziness, or vertigo was reported.

At pure tone audiometry a mixed bilateral HL was found,
mild on the left and moderate-to-severe on the right ear
(Figure 1). Type-A tympanograms were bilaterally recorded
while acoustic reflexes were bilaterally absent.

The patient underwent vestibular evaluation through
bedside examination and instrumental exams. At v-HIT
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Figure 1: Pure tone audiometry.

(video-Head Impulse Test) no abnormal findings or asymmetry
between the two sides were found. Air-conducted cVEMPs
(Cervical Vestibular-Evoked Myogenic Potentials) were absent
at maximum stimulation intensity.

In consideration of the interaural asymmetric Bone
Conduction (BC) threshold a comprehensive radiological
evaluation was requested.

At high-resolution cone beam, CT (CBCT, 150-micron
slice thickness) in the right ear was observed in an area of
bony reabsorption compatible with an otosclerotic focus
in the prefenestral site, at the level of the ante-fenestram
fissula that reaches the anterior stapes joint. Another area of
bony demineralization was detected in the pericochlear area
(“double ring” sign). The area of osteodystrophy formed a
cavity in continuity with a large diverticulum arising from the
anterior wall of the IAC (anteroposterior diameter of 8 mm and
transverse diameter of 3 mm). It encircled the basal turn of
the cochlea and reached anteriorly the horizontal tract of the
carotid canal and posteriorly the niche of the RW. On the left
ear, similar features were observed with a large cavity around
cochlear turns communicating with a diverticulum of the IAC
(anteroposterior diameter of 6 mm and transverse diameter
of 3 mm). On this side, focal dehiscence of the superior
Semicircular Canal (SSC) was also present (Figures 2,3).

Magnetic resonance imaging (MRI) was then required to
verify the content of the pericochlear cavities. A heavily-T2-
weighted sequence (MRI cisternography) shows a cavity, filled
by hyperintense signal, extending from around the cochlea to
the IAC; the cavity communicates with the cochlear lumen.
These cavities show the same signal on the MRI cisternography,
both contain fluid with the same signal characteristics of the
CSF. The cavities communicate with the anterior labyrinth in
the region of RW and in some points of the cochlear basal turn.

Figures 4,5 show MR scans in the axial plane, T2-weighted
sequences.

Considering the image findings, it was decided not to
perform the planned surgery on the right ear and to recommend
a hearing aid evaluation. Audiological follow-up was also

recommended.
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Figure 2: CBCT scans of petrous bone in the axial plane.

A) Black arrows: the origin of the diverticula from the anterior IAC walls; white
asterisk: otosclerotic focus at fissula ante fenestram; black asterisk: otosclerotic
focus around the cochlea (“double ring” sign).

B) Black arrows: IAC diverticulum cavities

C) Black arrows: A fusion between the IAC diverticulum and cavity around the
cochleas

D) Black arrow: Point of contact between otosclerotic cavity and right RW niche.

Figure 3: CBCT scans of petrous bone in the coronal plane.

A) Black arrows: The origin of the diverticula from the anterior wall of the IAC.
B) Black arrows: The per cochlear cavities in continuity with cochlear turns.
C) White circle: Focal dehiscence of the left SSC.

Figure 4: MR scans of petrous bone in the axial plane, MR cisternography. (Curved
arrows: IAC diverticula/otosclerotic cavities; straight arrow: Basal turn of the
cochlea).
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Figure 5: MR scans of petrous bone in the coronal plane, MR cisternography. (Black
curved arrow: Opening of the right diverticulum on IAC floor; Straight white arrows:
Basal turns of cochleas; Curved white arrows: diverticula/cavities fusing with the
basal turn of the cochlea.

Discussion

Thediagnosisofotosclerosisisconfirmedhistopathologically
or after stapedotomy or stapedectomy. From a practical point
of view, however, the diagnosis is based on coherent features
of clinical history, physical examination, pure tone, and
impedance audiometry. The systematic use of preoperative CT
is recommended [10], but it is still controversial. The sensitivity
of CT in diagnosing otosclerosis, in fact, varies widely, ranging
from 34% to 95% [10].

Typical findings on CT include hypodensity within the
otic capsule and demineralization of the area outlining the
cochlea (“double ring” sign). However, in our patient, the
retrofenestral otosclerosis has created not only more than
a rarefied bone but a really large space containing CSF. This
area communicates with IAC via a diverticulum and constitutes
cavitating otosclerosis. However, the special aspect of this
case is that the cavity communicated with the cochlear duct as
clearly evidenced by MRI.

The changes induced by this type of otosclerosis may account
for the mixed-type HL on the right ear. The SNHL component
is probably related to the contact of the osteosclerotic
reaction with the cochlear endosteum: collagen deposition is
established across the spiral ligament (hyalinization) resulting
in atrophy of the adjacent vascular stria and disturbance of the
potassium ion recycling mechanism and alteration of endo-
cochlear potential [1]. Instead, the conductive component of
HL can be caused by a stapes joint alteration or imbalance for
an osteosclerotic focus in the area of the fissula ante fenestram
at least on the right side, but also by the “third window”
phenomenon.

The presence of a pathologic “third window” should be
considered in the differential diagnosis of conductive HL in an
apparently healthy middle ear. This condition shows up with
a low-frequency air-bone gap (ABG) with supranormal BC
thresholds. These features suggest a middle ear disease such as
otosclerosis. Alerting against this hypothesis, however, is the
frequent presence of stapedial reflexes and VEMPs. Imaging
studies are crucial to verify alternative diagnoses [6].

The peculiarity of the case described here is that both
conditions were simultaneously present i.e., fenestral
otosclerosis and the “third window” associated with the
cavitary component of retrofenestral localizations of this

disease.
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Probably, the placement of a stapedial prosthesis would
have partially closed the ABG: only the stapedial fixation would
be solved. Instead, a significant gap would have remained
because of the “third window” persistence.

Shim Ye, etal. conducted a study to investigate the prognostic
effects of stapes surgery in cavitating otosclerosis (described as
a focal hypodense notch connecting to the anterior wall of the
IAC). Audiological outcomes were compared between patients
with IAC diverticulum (IAC group) and patients without it
(non-IAC group). The principal findings of this study were as
follows: “the IAC group showed significantly poorer postoperative
audiological outcome with regard to air and BC thresholds as well
as air-bone gap closure compared to the non-IAC group” [7].
According to the Authors, the cause lies in the “third window”
effect, as reported also by Makarem, et al. [5].

None of Shim Ye’s patients had gusher intraoperatively (7]
but the Authors only dealt with patients with small diverticula,
without true communication with the cochlear lumen.

Instead, the most relevant aspect in our case would have
been the risk of gusher associated with the surgery due to the
abnormal continuity between the CSF and the perilymphatic
compartment.

In support of this hypothesis, two cases are reported in
the medical literature: both showed on CT scans area of bone
dehiscence between the bottom of the IAC and the basal turn
of the cochlea; both of them had an important gusher at the
time of stapedectomy or cochleostomy [11]. This report can be
conceptually assimilated to the cavitating otosclerosis present
in the patient described here.

On the left ear of our patient, furthermore, a conductive HL
can be also supported by superior semicircular canal dehiscence
(SCD). SCD is the most frequent and most studied cause of the
“third window” phenomenon,; it is defined as Minor’s syndrome
[12]. It is characterized by potential communication between
the lumen of the SSC with the cranial cavity due to the lack of a
bony roof of the canal. Symptoms are conductive HL associated
or not with vertigo. Generally, pure tone audiometry shows
an ABG for low and medium frequencies (< 2000 Hz) [6]. The
otosclerotic radiological images of the left ear are comparable
to those of the right, although the audiometric thresholds are
very different. In fact, the left ear shows a better BC threshold
and a smaller ABG. SCD probably has minimal influence on the
audiometric examination and fenestral otosclerotic damage
is instead the cause of HL. The left ear will probably develop
mixed HL because of the similarity of the radiological images
between the two sides.

Our patient was also tested for cVEMPs, but no responses
were bilaterally detected at the highest stimulation intensity.
This test records on sternocleidomastoid muscle a vestibular
and myogenic response induced by sounds and mainly reflects
the function of the saccule and its afferents.

This finding can be related to otosclerotic damage on the
saccular cells because of their proximity to the areas most
often affected by bone remodelling [13]; some authors have
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also hypothesized in degeneration of vestibular nerve fibers
or even modifications of the biochemical composition of
the endolymph by the release of proteolytic enzymes from
the osteosclerotic process [14,15]. All these alterations may
therefore explain the absence of a saccular response to the test.

Conclusion

Retrofenestral otosclerosis can cause localized or diffuse
bone rarefaction; only in rare cases, it can form real cavities.
When these cavities make a clear connection between the
cochlear duct and CSF, they can lead to a “third window” effect
and can cause gusher complications during stapes surgery for
the communication between subarachnoid and perilymphatic
spaces.

In patients with a suspected clinical diagnosis of
otosclerosis, but with impaired BC, CT and MRI should be
considered in the preoperative evaluation to prevent surgical
failure or serious complications.
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