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Introduction

The concept of the third mobile labyrinthine window (TMW) was for the first time
used by Cawthorne to describe the principle of semicircular canal (SC) fenestration
in patients with advanced otosclerosis [1]. Minor et al. [2] and Smullen et al. [3]
described the first clinical observations of superior semicircular canal dehiscence
(SSCD) as a distinctive clinical form of spontaneous (or primary) third window
abnormality. Merchant et al. further issued the hypothesis regarding the mechanism
of this type of conductive hearing loss of the inner ear [4]. Since the 2000s, we have
witnessed the progressive appearance of TMW variants with similar clinical and
audiological features [5]. The broader concept of otic capsule dehiscence syndrome
proposed by Wackym et al. refers to all pathologies of the TMW spectrum whose
symptoms, clinical signs, and audiometric aspects correspond to bony defects of the
otic capsule confirmed by tomodensitometry [6]. On an anatomical-radiological
basis, a classification of TMW subtypes based on anatomical and radiological
aspects has recently been proposed [7]. It also includes some intralabyrinthine
pathologies that mimic the clinical presentation of a “classical” TMW.

In the classification mentioned above, type II otic capsule dehiscence corre-
sponds to an abnormal contact between the membranous labyrinth and a vascular
structure (venous or, less frequently, arterial structure) facilitated by the lack of
bony otic capsule. In these TMW variants, the pathomechanism is not yet fully
understood. Nonetheless, it can be assumed that non-physiological audio-vestibular
stimulation is mainly produced by the pulsating energy of the vascular wall trans-
mitted through the TMW interface to the membranous labyrinth. Obviously, this
stimulation would be greater in the case of moderate or intense physical effort as the
acceleration of the heart rate and increased cardiac output promotes the appearance
of vertigo and tinnitus. This also explains the recurrent presence of pulsatile tinnitus
in these variants [8]. When in contact with the perilymphatic space, the vibrations
generated by the vascular wall can generate symptoms of different intensities, which
depend on the location, surface, and the importance of any mass effect exerted by
the vessel on the labyrinthine structure [9]. Other symptoms, including hearing loss,
are due to the acoustic energy shunt carried by the vibrating perilymphatic fluid to
the zone of minimal resistance generated by the dehiscence, as seen in the classic
description of the TMW mechanism.

Three subvariants of labyrinthine-vascular dehiscence will be considered here,
as they are accessible for endovascular management.

— The most common symptomatic labyrinthine-vascular TMW subvariant found in
our practice involves the vestibular aqueduct (VA) and a high-riding jugular bulb
(HRJB). HRJB is an irregular outpouching or protrusion of the vessel that may
project into the middle ear cavity, mastoid cavity, or medially toward the petrous
apex. The jugular bulb is localized in the upper part of the internal jugular vein
and is in close relation with anatomic structures such as the inner ear, carotid
artery, and the cranial nerves that pass through the jugular foramen. Jugular bulb
abnormalities (JBAs) affect up to 15% of the general population [10] but only
very few of these patients are symptomatic. JBAs include high-riding jugular
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bulb (HRJIB), located higher than the basal turn of the cochlea or more than
2 mm from the floor of the internal auditory canal [11], and jugular bulb diver-
ticulum defined as an irregular outpouching issued from the bulb [12]. Venous
hypertension and/or turbulent venous flow in the Internal Jugular Vein (IJV) has
been suggested as a possible etiologic factor for venous diverticulum with ero-
sion of the overlying bone causing dehiscence through the otic capsule and adja-
cent structures [13]. Based on various anatomic observations, Couloigner et al.
postulated that high jugular bulbs could induce Méniere’s disease by a direct or
indirect effect on the endolymphatic duct and/or sac, producing a decrease in
endolymph resorption [14].

— The second most frequent symptomatic labyrinthine-vascular dehiscence variant
involves a HRJB and the posterior semicircular canal (PSC). It should be noted
that symptomatic JBAs could be underdiagnosed, and no consensual manage-
ment has been established. When the symptoms are well tolerated, a “wait-and-
see” policy can be adopted [10]. Otherwise, some invasive surgical techniques
have been used, such as ligation [15], embolization of the IJV, or surgical lower-
ing of the HRJB [14]. This carries out a high risk of facial palsy, sensorineural
hearing loss, jugular hemorrhage, or thrombosis [16]. Alternatively, an endovas-
cular stent-assisted coil implantation has recently been described [17]. The endo-
vascular stent-assisted coil placement technique has been recognized as a safe
and effective technique for many years in the treatment of unruptured wide-neck
intracranial aneurysms [18]. A similar endovascular technique has been used in
the jugular bulb to treat pulsatile tinnitus [19, 20].

— The less frequent labyrinthine-vascular dehiscence (or type II TMW) involves
the SSC and the superior petrous sinus (SPS). SSCD by the SPS accounts for 4%
to 9% of ears in symptomatic SSCD [21]. Until recently, a surgical procedure
like the one proposed in SSCD described by Minor was considered as the only
effective method for disabling SPS [22, 23]. Middle cranial fossa or transmastoid
approaches are used [24, 25] to reach the dehiscence, and techniques such as
plugging, capping or both methods combined can be used to treat this variant.
Resurfacing and/or plugging via a middle fossa craniotomy in patients with
SSCD by SPS implies mobilizing the SPS which may cause bleeding, thrombo-
sis or complications related to the surgical approach [22, 25, 26]. Recently, an
innovative endovascular treatment was proposed [27]. Its principle is to reinforce
the vascular wall in contact with the membranous SSC by placing a stent at that
level. This procedure aims at reducing the minimal resistance at the dehiscence
level, the hypothesis being that the stent rigidifies the SPS walls, minimizing the
venous pulsation transmission to the inner ear end organs.

Preliminary Otoneurological and Radiological Investigations

Otoneurological assessment of SSCD classically includes pure tone audiometry
showing low-frequency negative bone conduction thresholds on the dehiscent side,
and enhanced vestibular-evoked myogenic potentials (VEMPs) responses in air
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Dehiscence

Dehiscence

Fig. 16.1 High-riding jugular bulb (HRJB) in contact with a dehiscence of the otic capsule. (a)
Dehiscence between right IJV and the homonym VA. (b) Dehiscence between right IJV and the
PSC. 1JV internal jugular vein, VA vestibular aqueduct, PSC posterior semicircular canal

conduction [28]. For other TMWs such as dehiscence related to an IJV interface and
labyrinthine structures, there are no recommendations although a similar assess-
ment seems well advised.

Commonly, a CT scan of the temporal bone in infra millimetric sections is the
gold standard to detect the bony defect [29, 30]. In case of dehiscence involving the
jugular bulb, axial slice images are performed, centered on the IJV often associated
with a HRJB position (Fig. 16.1a, b). This variant is often observed on the right side,
for hemodynamic reasons [31].

In case of dehiscence involving the SPS, a “classic” SSCD image is detected in
the plane of this canal (Poschl plane). However, this image is often more medially
located than in a SSCD of the labyrinthine-meningeal interface and has the shape of
a “cookie bite” [21] (Fig. 16.2a). We observe the SPS opacification after injection,
in the venous phase. MRI of the petrosal bone and inner ear structures has the
advantage of being able to improve the diagnosis, and to identify the vascular struc-
ture causing the dehiscence [9]. Particularly, 3D T1 weighted sequences can show
SPS opacification, and high-resolution labyrinthine sequence 3D T2 could help
show the membranous labyrinth morphology and patency [9].

Fusion imaging between HRCT Poschl plane or 3D T2 and 3D T1 weighted
enhanced sequence could help in visualizing the TW’s interface (dimensions of the
SPS, interface surface, or contact surfaces between vestibular membrane (s) and the
walls of the SPS, and an eventual compression effect on the membranous SSC) [9]
(Fig. 16.2b, ¢).

The importance of combining the standard HRCT with 3T MRI to allow a better
visualization of the membranous SSC, and an eventual mass-effect by the adjacent
SPS at the dehiscence level, has already been described [9].

Before any endovascular procedure, it is essential to check the neuro-vascular
anatomy as well as the risk of bleeding. If an endovascular management is chosen
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Fig. 16.2 (a) high-resolution computed tomography (HRCT) Poschl plane. “Cookie bite” aspect,
SSCD by SPS (length measured at 1.7 mm). (b) Fusion between HRCT and 3D T1 weighted
enhanced sequence. (c¢) Fusion between 3D T1 weighted enhanced and T2 HR sequences.
Compression effect on the SSC (arrow). SSCD superior semicircular canal dehiscence, SPS supe-
rior petrosal sinus

to treat a dehiscence between an HRBJ and the VA or between the HRBJ and a PSC,
an evaluation of the IJV in the venous phase of an arteriography carried out by
selective catheterization of the ipsilateral internal carotid artery is systematically
performed, generally one week before the treatment.

In the case of an SSCD by SPS, the shape and size of the cavernous sinus and the
inferior petrosal sinus are assessed to assure retrograde access to the SPS. To avoid
possible negative hemodynamic consequences in the venous cerebral circulation in
case of SPS thrombosis, alternative accessible retrograde drainage of the SPV
through the IJV should be checked beforehand. In addition, if significant anatomic
variations of the petrosal venous system (inferior or superior petrosal sinus narrow-
ing or hypoplasia) are found during the preliminary evaluation, stenting of the SPS
is not recommended.

Obviously, as for any invasive procedure, the patient must take the decision after
being informed of the risks and benefits of the procedure.

Standardized quality of life questionnaires should be used to assess the daily
discomfort. The Dizziness Handicap Inventory (DHI) scale in three functional
stages proposed by Jacobson and Newman [32] and the Tinnitus Handicap Inventory
(THI) scale, classifying tinnitus according to the impact on daily life, [33] seem
useful in SSCD [9, 34].

Surgical Treatment

Invasive surgical techniques have been properly described previously. These tech-
niques include ligation, embolization of the jugular vein, or surgical lowering of the
HRBJ [18]. The later latter technique requires a deep mastoidectomy with drilling
close to the facial nerve, inner ear, and jugular bulb to lower the vein and reconstruct
the bony labyrinth with bone dust or cartilage [14, 16].
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Endovascular Management

The aim of endovascular management consists in limiting the transmission of vibra-
tions from the vascular wall to the labyrinthine end organs. The TW variants men-
tioned above can benefit nowadays from alternative endovascular options. These
appear to be more conservative than classical surgery, which in some cases may
involve sacrificing the venous structures at the origin of possible disturbances of the
normal venous return to the base of the skull. In addition, endovascular treatment
techniques appear to have an advantage over “classical” surgical techniques because
these techniques do not involve manipulating the membranous labyrinth during
endovascular procedures. Thus, the risk of hearing or vestibular impairment is esti-
mated to be lower. In fact, the very principle of the endovascular procedure, which
aims only to strengthen the vascular resistance at the interface of the dehiscence of
the otic capsule, guarantees the preservation of the vestibular function. Thus, in
principle, the endovascular procedure is completely opposite to the plugging surgi-
cal treatment techniques that propose the anatomical exclusion of SSC involved in
non-physiological vestibular stimulation.

Vestibular Aqueduct: Jugular Bulb Dehiscence

The decision to perform endovascular treatment is mutually agreed upon by head
and neck surgeons and the neuro-interventional team and is suggested to the patient
as an alternative to surgery. Clinicians need to look for signs of Méniere’s-like syn-
drome due to VA compression by JBA [35] as Méniere’s syndrome may require a
specific treatment, including surgical endolymphatic sac surgery [36].

In case of symptoms due to TW, stent-assisted coil implantation of the JBAs is
minimally invasive, preserves venous cerebral blood flow, and gives immediate
positive results for pulsatile tinnitus and vertigo [17].

The treatment itself takes place under general anesthesia in a neuro-angiographic
suite, after a bolus of heparin. A venous access is performed uni or bilaterally, after
femoral venous puncture or direct jugular approach for microcatheter insertion. The
guiding catheter is slipped in the jugular vein and two microcatheters are used, one
guided in the transverse sinus upstream to the dehiscence to introduce the stent and
the other in the outpouching to block it with coils (“jailing technique”).

Technically the dehiscence is managed as an aneurysm supplanting the vein,
whose treatment is obstruction by placing coils within it, under the protection of a
stent forcing the coils to remain in place. The venous sinus thus remains permeable.
A stent is deployed to cover the outpouching from top to bottom (Fig. 16.3a, b). If
stent deployment is incomplete, it is expanded by stent angioplasty with the use of
the same guidewire and a monorail dilation balloon. It is important to perform these
stent angioplasties over the jugular foramen to avoid possible compression of the
cranial nerves contained in the pars nervosa. Finally, the outpouching is packed with
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MICROGUIDE

Fig. 16.3 Endovascular procedure for dehiscence of the jugular gulf with the VA. (a) Radiography.
Coils and stents in place in the right IJV. (b) Schematic representation of the jailing technique. ZJV
internal jugular vein. Endolymphatic sac and duct (vestibular aqueduct - VA) are displayed in green
and brown respectively

Fig. 16.4 (a) right axial petrosal bone high-resolution computed tomography (HRCT). VA in
contact with HRJB (black arrow). (b) Fusion between HRCT and 3D T1 weighted enhanced
sequence of the right petrosal bone—coronal. (¢) CT—control post treatment: metallic artifact
image due to the coils in contact with the right bony labyrinthine structure

detachable bare coils or hydrocoils through the microcatheter (Fig. 16.3a, b). The
number of coils depends on the size and filling of the JBA.

At the end of the procedure, the microcatheter is gently removed from the out-
pouching without disturbing the stent position.

The management of antiplatelet therapy varies; frequently, one antiplatelet drug
(clopidogrel) is given for one week before the implantation and is maintained for
several months (usually for six months). Some prefer to prescribe two antiplatelet
drugs, such as clopidogrel and aspirin.

An immediate postprocedural angiogram can show the placement of the mate-
rial, with neither coil migration nor interruption of normal venous flow. When per-
formed, postoperative CT scan allows the opportunity to see the coils (metallic
artifact) in contact with the dehiscence (see Fig. 16.4 for pre-(a, b) and post-
endovascular procedure aspects (c)).
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Posterior Semicircular Canal: Jugular Bulb Dehiscence

Although the authors have not yet had any case of this type of dehiscence under
clinical observation for which such a treatment could be chosen, we estimate that a
similar technique as described above can be successfully applied in this variant.

Dehiscence of the SSCD Involving the Superior Petrous
Sinus (SPS)

The first endovascular treatment reported for this variant consisted in stenting the
SPS [27]. A standard femoral vein puncture was made under general anesthesia and
500 mg of IV aspirin was injected per procedure. A six French guiding catheter with
guide wire was moved forward into the right inferior petrosal sinus, guided by digi-
tal subtraction imaging. After accessing the right cavernous sinus, a venogram with
retrograde opacification confirmed the presence of a complete petrosal venous sys-
tem (Fig. 16.5a) Alternatively, the access to the SPS could be made homolaterally to
the pathology by catheterization of the SPS abutment in the transverse sinus if the
obtuse angle between the two venous structures is sufficiently accessible for naviga-
tion. Therefore, the angle formed by SPS with the transverse sinus should be evalu-
ated before choosing the access via the inferior petrosal sinus and cavernous sinus.
A single catheter in the SPS will allow the introduction of a stent which has a metal
cover and sufficient rigidity to isolate the third window; the stent is placed distally
to the cavernous sinus avoiding the obstruction of the superior petrosal vein (SPV)
junction to the SPS (Fig. 16.5b). Its size must be chosen with caution, in order to
avoid migration or, on the contrary, to avoid labyrinth compression. At the end of
the procedure, a venogram showed the patency of both SPS and SPV (Fig. 16.5¢).
Then, the guidewire and microcatheter are gently withdrawn.

Another case of endovascularly treated SSCD by SPS has been reported in the
literature, using a technique inspired by the one described above. The authors

Fig. 16.5 Venogram—frontal views. (a) Normal configuration of SPS (white arrow) and SPV
(black arrow) before stenting. (b) Stents fitted in the SPS (white arrow). (¢) Venogram at 5 months
showing the patency of the SPS (white arrow). SPS superior petrosal sinus. SPV superior
petrosal vein
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preferred a coiled SPS thrombosis, a method justified by the presence of a large
arachnoid granulation, visualized by angio-MRI. This endovascular procedure was
facilitated by the configuration of the deep petrosal venous system. The preopera-
tive anatomic workup had estimated that sacrificing the SPS would leave sufficient
alternative venous routes to drain the cavernous sinus and jugular bulb [37].

Post-Treatment Findings

Postoperative clinical assessment often reveals immediate relief of the pulsatile tinni-
tus. Despite the good results we have obtained and although we have no complications
in our small series, these techniques still present a theoretical risk of coil migration and
stent thrombosis. The risk of stent thrombosis extrapolated from larger series of venous
stents in the transverse sinus seems to be limited. Ahmed et al. reported 52 cases of
bilateral transverse sinus stent placement for idiopathic intracranial hypertension with-
out any stent thrombosis or thromboembolic complications [38]. Apart from this, it is
known that the peripetrosal sinuses are created by the reflections of the meningeal and
periosteal layers of the dura mater, being relatively tense, lined with endothelial cells,
which would theoretically limit the risk of thrombosis [39].

A short hospitalization of two days is preferable for anticoagulant treatment sur-
veillance. As the technique uses coils, the same antiplatelet management as
described above is recommended after embolization. The rationale for double anti-
aggregation in the case of venous stents is not always justified in the absence of a
personal history of venous thrombosis. Follow-up angiography at one year may be
performed to evaluate the permeability of the stent with stable exclusion of the JBA.

Conclusion

In selected patients, first-line endovascular treatment for vestibular-vascular dehiscence
emerges as a new, elegant, and apparently safe alternative to existing surgical tech-
niques. Its principle relies on strengthening the endovascular of the third mobile inter-
face to avoid the transfer of acoustic and/or vibratory energy from the vascular structure
to the sensory organs of the inner ear. In addition to classical audiological, vestibular
and radiological examinations to diagnose a TMW, additional angio-MRI should be
performed in these variants to verify the integrity of the peripetrosal venous
circulation.

Obviously our series is still small, our experience being limited to not more than 20
endovascularly treated patients. Therefore, before concluding on the effectiveness and
especially the safety of this method, more patients with disabling symptoms should
first benefit from it and be followed up enough to assess the real benefit/risk ratio.
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