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Abstract

Purpose The internal auditory canal (IAC) plays a key role in lateral skull base surgery. Although several approaches to the
TAC have been proposed, endoscope-assisted transcanal corridors to the IAC have rarely been studied. We sought to provide
a step-by-step description of the transcanal transpromontorial approach to the IAC and analyze anatomic relationships that
might enhance predictability and safety of this approach.

Methods Ten cadaveric specimens were dissected and the extended transcanal transpromontorial approach to the IAC was
established. Various morphometric measurements and anatomic landmarks were reviewed and analyzed.

Results The proposed technique proved feasible and safe in all specimens. There was no inadvertent injury to the jugular bulb
or internal carotid artery. The chorda tympani, a key landmark for the mastoid segment of the facial nerve, was identified in all
dissections. The spherical recess of the vestibule and middle turn of cochlea are important landmarks for identification of the
labyrinthine segment of the facial nerve. Identification of all boundaries of the working area is also essential for safe access.
Among various morphometric measurements, the modiolus-IAC angle (~ 150°) proved particularly consistent; given its ease
of use and low variability, we believe it could serve as a landmark for identification and subsequent dissection of the IAC.
Conclusions The extended transcanal transpromontorial approach to the IAC is feasible and safe. Relying on anatomic land-
marks to ensure preservation of the involved neurovascular structures is essential for a successful approach. The modiolus-
IAC angle is a consistent, reproducible landmark for IAC identification and dissection.

Keywords Endoscopic ear surgery - Internal auditory canal - Temporal bone - Vestibular schwannoma - Transcanal
approach - Transcanal transpromontorial approach

Introduction

The internal auditory canal (IAC) is central to the practice
of neurotology. Several conditions that affect the cerebel-
lopontine angle (CPA) originate from or are in direct rela-
tion to the TAC. Accordingly, various surgical approaches
to the IAC have been studied and are well documented in
the literature. Among these, presigmoid (translabyrinthine,
retrolabyrinthine, transcochlear), retrosigmoid, and middle
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fossa approaches are particularly notable [1-3]. In the con-
text of surgical treatment of vestibular schwannomas, the
literature has addressed the advantages and disadvantages
of each approach. Factors such as tumor size, location, and
hearing status are the main points taken into consideration
when choosing the approach [4-8].

With advances in the quality of video-assisted surgery
systems and related instrumentation, the use of endoscopic
approaches in otologic surgery has garnered much interest
in recent years [9]. Several studies have reported the use of
endoscope-assisted transcanal approaches in conditions of
the outer, middle, and inner ear [10-12].

Regarding approaches to the IAC in particular, in 2013
Marchioni et al. published an anatomic study demonstrat-
ing the possibility of reaching the IAC via the endoscope-
assisted transcanal route [13]. This study suggested that
diseases of the IAC and CPA could be treated through
this technique, which the authors named the endoscopic
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transcanal transpromontorial approach [14]. Since then,
further studies have addressed the relationship of anatomic
structures involved in this approach, as well as its practical
applications.

In a 2016 study of cadaveric temporal bone specimens,
Komune et al. analyzed several anatomic relationships
implicated in the endoscopic transcanal approach to the
IAC. Among several findings, they proposed a triangular
area formed by the cochleariform process and anterior and
posterior edges of the round window niche as a landmark for
access. This area would form the lateral (superficial) projec-
tion of the fundus of the IAC [15]. Marchioni et al. also men-
tion the importance of the spherical recess of the vestibule
as an anatomic landmark for the labyrinthine segment of the
facial nerve [14].

Regarding clinical application of the endoscopic trans-
canal transpromontorial approach to the IAC, in 2018 Mar-
chioni et al. published a study reporting their results with 49
patients who underwent vestibular schwannoma resection
via this route. The study included patients with small intra-
canalicular tumors or those protruding only slightly into the
CPA (Koos grades 1 and 2). Among their main findings,
postoperative preservation of the facial nerve (House—Brack-
mann grade I or II) was achieved in a remarkable 95.9% of
patients [16].

Although the studies carried out to date have addressed
anatomical aspects of this approach and reported practical
use cases for its application, little has been done to systema-
tize the technique. Therefore, the present study aims to pro-
vide a systematic, step-by-step description of the transcanal
transpromontorial approach to the internal auditory canal
and analyze potential anatomic relationships that may add
predictability and/or safety to this approach.

Materials and methods
Study specimens

This study was carried out through dissection of 10 previ-
ously preserved specimens (cadaver heads). All had been
prepared by intravascular injection of dyed silicone.

Anatomic dissection of the specimens was based on the
extended transcanal transpromontorial approach (detailed
below), as proposed by Pressuti et al. [17].

All stages of the dissections were carried out with the aid
of an endoscope (Karl Storz HOPKINS®, 0°, 18 x4 mm);
photographic documentation was obtained using the IMAGE
1 hub HD camera capture system (Karl Storz).

@ Springer

The transcanal transpromontorial approach
to the internal auditory canal

All anatomic dissections were performed by the same
operator (an experienced endoscopic otologic surgeon),
in the following sequence of steps (Fig. 1):

— Lempert type III endaural incision (intercartilaginous,
between tragus and helix) for better exposure of EAC;

— Total removal of all EAC skin and the tympanic mem-
brane;

— Drilling and widening of EAC (canalplasty). At this
point, the chorda tympani was identified along the pos-
terior surface of the medial portion of the bony EAC.

— Epitympanectomy (atticotomy) and identification of
tegmen tympani;

— Removal of malleus and incus;

— Drilling out of tympanic annulus for complete expo-
sure of retrotympanum and hypotympanic structures,
particularly the jugular bulb (JB) and internal carotid
artery (ICA);

— Identification and skeletonization of tympanic and mas-
toid segments of the facial nerve;

— Removal of cochleariform process and tensor tympani
muscle;

— Partial exposure of middle cranial fossa dura adjacent
to tegmen tympani and greater superficial petrosal
nerve;

— Identification of “working area”, delimited by the
following structures: tympanic segment of the facial
nerve, mastoid segment of the facial nerve, greater
superficial petrosal nerve, middle cranial fossa dura,
internal carotid artery, and jugular bulb;

— Removal of stapes and widening of oval window niche,
identifying the spherical and elliptical recesses of the
vestibule;

— Cochleotomy with identification of basal and middle/
apical turns, as well as the modiolus; and

— Identification and skeletonization of IAC and dura of
adjacent posterior cranial fossa.

Morphometric measurements

Based on the photographic documentation of the dissec-
tions, the following morphometric measurements were
analyzed (Fig. 2):

— Round window-facial nerve distance: defined as the
shortest distance between the central point of the round
window membrane and the anterior edge of the mastoid
segment of the facial nerve;
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Fig.1 A Endaural intercartilaginous incision (between tragus and
helix) and exposure of bony EAC (right ear); B Canalplasty and iden-
tification of chorda tympani (left ear); C Dissection of the hypotym-
panum and identification of jugular bulb and internal carotid artery
(left ear); D Epitympanectomy (left ear); E Dissection of “working
area” and its limits (tympanic and mastoid segments of facial nerve,
dura mater of middle cranial fossa, internal carotid artery, jugular
bulb) (left ear); F Cochleotomy, opening of vestibule, and identifi-
cation of spherical and elliptical recesses (left ear); G Identification
of modiolus and lower surface of the IAC (left ear); H 180-degree
skeletonization of IAC and exposure of dura of the adjacent posterior

fossa (left ear). CT: chorda tympani; JB: jugular bulb; ICA: internal
carotid artery; FN-mast: mastoid segment of the facial nerve; FN-
tymp: tympanic segment of the facial nerve; RW: round window; M:
malleus; I: incus; St: stapes; TT: tegmen tympani; MFD: middle fossa
dura; LSC: lateral semicircular canal; Pr: promontory; GG: geniculate
ganglion; SPN: greater superficial petrosal nerve; BTC: basal turn of
cochlea; MTC: middle turn of cochlea; ATC: apical turn of cochlea;
SphR: spherical recess of vestibule; ElipR: elliptical recess of vesti-
bule; Mod: modiolus; IAC: internal auditory canal; PFD: posterior
fossa dura

Fig.2 A “Working area” (shaded yellow) and its boundaries (left ear)
B Dissection of the modiolus and IAC and identification of the modi-
olus-IAC angle (right ear). JB: jugular bulb; ICA: internal carotid
artery; FN-mast: mastoid segment of the facial nerve; FN-tymp: tym-
panic segment of the facial nerve; RW: round window; MFD: middle

fossa dura; LSC: lateral semicircular canal; GG: geniculate ganglion;
SPN: greater superficial petrosal nerve; Mod: modiolus; IAC: inter-
nal auditory canal; FCD: facial-carotid distance; FRWD: facial-round
window distance; GBD: geniculate ganglion-jugular bulb distance;
M-IAC: modiolus-IAC angle
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— Geniculate ganglion-jugular bulb distance: defined as
the distance between the geniculate ganglion and a line
parallel to the apex of the jugular bulb;

— Carotid-facial nerve distance: defined as the shortest
distance between the posterior vertical segment of the
internal carotid artery and the mastoid segment of the
facial nerve;

— “Working area”: defined as the area delimited by the mas-
toid and tympanic segments of the facial nerve, greater
superficial petrosal nerve, middle cranial fossa dura,
internal carotid artery, and jugular bulb; and

— Modiolus-TAC angle: defined as the angle between the
lines that represent the central axis of the modiolus and
the TAC.

All measurements were performed in the ImageJ software
environment.

Statistical analysis

Means, standard deviations, and coefficients of variance
were used to analyze the degree of variability (or dispersion)
of the results obtained. Pearson’s coefficient was used to ana-
lyze possible correlations between the variables of interest.

Results

A total of 10 specimens were dissected (4 left ears and 6
right ears). No specimen had malformations or fractures that
might have influenced the dissection and subsequent analysis
of its outcome.

Following the steps described above, it was possible to
access the internal auditory canal and lateral base of the
skull in a feasible and safe manner. The chorda tympani was
identified in all cases and served as a key landmark to protect
the mastoid segment of the facial nerve during canalplasty
and dissection of the hypotympanum and retrotympanum.
Also in all cases, the jugular bulb and internal carotid artery
were identified during dissection of the hypotympanum, and
there was no inadvertent injury to these structures. The laby-
rinthine segment of the facial nerve was consistently located

between the spherical recess of the vestibule and the middle
turn of the cochlea.

Analysis of the aforementioned morphometric measure-
ments identified high variability for most, except for the
modiolus-IAC angle, which had a low coefficient of vari-
ation (1.35%); on analysis of correlation study, the most
relevant findings were the positive associations between
the carotid-facial distance and working area (Pearson coef-
ficient=0.8) and between the GG-jugular bulb distance and
working area (Pearson coefficient =0.6).

The tables below summarize the results of morphometric
measurement (Table 1 and Fig. 3).

Discussion

The objectives of this study, as set out above, were to pro-
vide a detailed, step-by-step description of the extended tran-
scanal transpromontorial approach to the IAC, analyze the
anatomic relationships involved, and assess its predictability,
feasibility, and safety.

Regarding safety, the most relevant aspect is preservation
of the neurovascular structures involved in the approach,
with particular emphasis on the internal carotid artery, jugu-
lar bulb, and facial nerve.

The ICA and JB are normally located within the hypo-
tympanum (and, occasionally, in the mesotympanum as
well). We believe the safest method for preservation of the
aforementioned structures in this approach is the appropriate
identification of both at the very start of the middle ear dis-
section. By keeping these structures clearly visible, inadvert-
ent injury is very unlikely to occur during subsequent steps.
It is worth noting that these structures, especially the JB,
exhibit significant anatomic variation within the temporal
bone [18, 19]. In the present study, there was no inadvertent
injury to these structures.

As is well known, the facial nerve has a close relation-
ship with the temporal bone and, due to its sinuous course,
is usually divided for purely didactic purposes into four
segments: meatal, labyrinthine, tympanic, and mastoid.
Any transtemporal approach to the IAC relies on specific
strategies and landmarks with the aim of identifying and
preserving the different segments of the facial nerve. In

Table 1 Summary of variation in the morphometric measurements of interest

Morphometric measurements RW-facial distance GG-jugular bulb Carotid-facial “Working area” Modiolus-
distance distance IAC angle
Mean 6.67 mm 9.90 mm 9.70 mm 116.29 mm? 149.46°
Standard deviation 1.33 mm 1.49 mm 0.76 mm 22.15 mm? 2.05°
Coefficient of variation 19.92% 15.92% 7.87% 19.04% 1.37%

RW: round window; GG: geniculate ganglion; IAC: internal auditory canal
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Fig.3 Pearson correlation
matrix for the variables of
interest. RW: round window;
GG: geniculate ganglion; IAC:
internal auditory canal

Carotid-facial distance 02

-1.0
Working area

the specific case of the extended transcanal transprom-
ontorial approach to the IAC, some important points are
worth noting. The tympanic segment is easily visualized
during the approach; the main landmarks at this stage are
the cochleariform process, oval window, and lateral semi-
circular canal [20, 21]. The mastoid segment, however,
requires a specific strategy for dissection and safe identifi-
cation. First, during canalplasty, we believe it is important
to identify the entire course of the chorda tympani along
the posterior bony wall of the EAC. We can thus infer the
position of the mastoid segment of the facial nerve and
then proceed safely with dissection of the retrotympanum
and hypotympanum (Fig. 1B and C). Another potential
landmark for the mastoid segment of the facial nerve is
the distance between the round window (easily visualized
during this approach) and the nerve. Our analysis showed
that the average distance between these structures was

Fig.4 Facial nerve anatomy. A Labyrinthine segment of the facial
nerve, identified between the spherical recess of the vestibule (in yel-
low) and the middle turn of the cochlea (in green); B Intratemporal
anatomy of the facial nerve as seen through the extended transca-
nal transpromontorial approach. *labyrinthine segment of the facial

Modiolus-IAC angle

-0.4

GG-jugular bulb distance . 1.0
0.5
0.0
-0.5

6.67 mm, with a standard deviation of 1.33 mm but a coef-
ficient of variation of 19.92%—denoting high variability
and, therefore, low applicability in practice. This variabil-
ity, which has been demonstrated in previous studies, is
mainly due to the position and angle of the cochlea within
the temporal bone [22-25]. The labyrinthine segment, in
turn, is closely related to the structures of the inner ear.
The main landmarks for this segment are the spherical
recess of the vestibule and the middle turn of the cochlea
[26]. In the present study, in all cases the labyrinthine seg-
ment was identified between the spherical recess and the
middle turn of the cochlea, corroborating the findings of
Marchioni et al. (Fig. 4A).

Any surgical corridor to the IAC and lateral base of
the skull must provide the widest and best exposure pos-
sible in order to enable removal of the target lesion (e.g.,
tumor) while preserving the neurovascular structures. The

nerve; **meatal segment of the facial nerve. JB: jugular bulb; ICA:
internal carotid artery; FN-mast: mastoid segment of the facial nerve;
FN-tymp: tympanic segment of the facial nerve; VN: vestibular
nerve; CN: cochlear nerve; MFD: middle fossa dura; CPA: cerebel-
lopontine angle
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transcanal transpromontorial approach to the IAC has certain
bottlenecks that should be discussed.

The first of these is the EAC itself, which can be eas-
ily managed by enlargement (canalplasty), a step described
in the extended version of the transcanal transpromonto-
rial approach which allows greater flexibility of subsequent
actions and even use of the microscope to perform some
steps of the technique [17]. In our opinion, canalplasty
should be mandatory when pursuing this approach, to
facilitate instrumentation and handling (including three- or
four-handed manipulation) as well as better control of the
cerebrospinal fluid fistula which often results from the usu-
ally necessary opening of the IAC dura.

The second bottleneck is in the middle ear; here there is
no possibility of expansion, as preservation of the involved
structures is mandatory. In the present study, we called this
region the “working area” and it was delimited by the mas-
toid segment of the facial nerve posteriorly, the tympanic
segment of the facial nerve and greater superficial petrosal
nerve (and/or middle cranial fossa dura) superiorly, the ICA
anteriorly, and the JB inferiorly (Fig. 1E). In our sample, the
mean area of this region was 116.26 mm? (standard devia-
tion=22.15 mm; coefficient of variation=19.04%). Previ-
ous studies that also analyzed this specific landmark also
reported great variability, probably due to anatomic varia-
tion of the structures that delimit it and to the measurement
methods employed [27, 28]. When compared with other sur-
gical corridors to the IAC, the transcanal transpromontorial
approach appears relatively narrower [29-31]. Nevertheless,
with careful, proper dissection of its limits and favorable
anatomy, we believe it is possible to work on the TAC safely
through this approach. Some considerations are in order. As
mentioned above, the size of the “working area” is clearly
influenced by anatomic variation in its delimiting structures,
especially the jugular bulb and internal carotid artery. Our
study found a positive correlation between the size of the
working area and the GG-JB and carotid-facial distances
(Pearson coefficients of 0.8 and 06 respectively). Therefore,
in some cases, the position (and dehiscence) of the jugular
bulb and the internal carotid artery may hinder or even con-
traindicate the transcanal transpromontorial approach to the
IAC. Accordingly, we consider prior CT imaging essential
to detect this anatomy in advance.

The third, and final, potential bottleneck is the most
medial region of the approach, at the level of the porus acus-
ticus. Although intuitively there appears to be a significant
natural narrowing at this point in relation to the middle ear,
this does not seem to actually occur, as suggested by Yacoub
et al. in recent work. In their specific study, the lateral expo-
sure (similar to the “working area” concept of our study)
was 152 mm? and the medial exposure area adjacent to the
internal acoustic opening was 151.9 mm? [32]. Although
we did not measure this area, Fig. 1H does show the extent
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of exposure of this region that can be obtained. Also worth
mentioning is that the transcanal transpromontorial approach
to the IAC provides better exposure of the inferior surface
of the IAC, unlike the presigmoid transmastoid and retrosig-
moid approaches, which better expose the posterior surface
of the IAC. Regarding exposure of the area of dura adjacent
to the internal acoustic opening, Fig. 1H shows that this
approach clearly provides better exposure of the portion
anterior to the IAC. Bulky tumors that significantly distort
the posterior wall of the IAC may therefore cause greater dif-
ficulty or even prevent safe removal through the transcanal
transpromontorial approach.

Regarding predictability, the availability of reliable and
relatively stable landmarks is a cornerstone of any surgical
approach. The small sample size of this study notwithstand-
ing, during dissections we observed that the modiolus of the
cochlea may represent an important anatomic landmark for
subsequent identification and skeletonization of the IAC.
The angle formed between a line parallel to the major axis
of the modiolus and the IAC was approximately 150°, with
little variation (mean = 149.46°, standard deviation =2.05°,
coefficient of variation=1.37%). Therefore, we suggest that,
once the modiolus has been identified, a line be drawn at 150
degrees from its axis to identify the inferior surface of the
IAC. The TAC can then be dissected and skeletonized down
to the porus acusticus (Fig. 1F, G and H).

Although it would fall outside the scope of this work to
discuss the clinical applications of this surgical approach
and compare it to other more traditional corridors, we will
briefly discuss our anatomic findings, the existing litera-
ture, and the authors’ perceptions. Our first point is that the
extended transcanal transpromontorial approach to the IAC
can be performed with the aid of an endoscope and operat-
ing microscope and, in many situations, both, taking joint
advantage of the features of each instrument to perform any
given step of the procedure. Second, due to the relatively
narrower surgical space this corridor provides, it is essen-
tial to consider the risk—benefit ratio of this strategy as an
approach to IAC and lateral skull base lesions.

In general, the transcanal transpromontorial approach
appears quite appropriate for lesions confined to the inner
ear (e.g., intralabyrinthine schwannomas), given its sim-
plicity, the possibility of direct visualization of the involved
structures, the fact that it obviates the need to make any
significant changes to the anatomy of the middle ear and
EAC, and its sparing of the IAC dura (and avoidance of
resulting CSF leak).

In conditions that affect the IAC and CPA, our opin-
ion is that the transcanal transpromontorial route can be
considered for small tumors that exclusively occupy the
IAC (especially its most lateral part—the fundus), as it
allows predictable, safe access for removal of pathology
while preserving adjacent neurovascular structures. This,
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however, often requires blind sac closure of the EAC,
which in turn mandates modification of the anatomy of the
outer ear, in addition to potentially leading to formation
of a cholesterol granuloma due to entrapment of cells in
the middle ear mucosa (a still-understudied phenomenon).
Furthermore, as already mentioned, anatomic variation—
especially of the JB and ICA—can hinder this approach
or render it unsafe.

Although it can provide exposure of a substantial area of
the lateral skull base for management of larger tumors, par-
ticularly those occupying the CPA, we believe this approach
has more disadvantages than advantages when compared to
translabyrinthine or transotic approaches, mainly due to the
presence of the aforementioned bottlenecks, which increase
the difficulty of removing the target lesion while preserv-
ing adjacent neurovascular structures (especially the facial
nerve). Again, this is simply a reflection of the authors’ cur-
rent opinion, and other studies in future may provide more
precise comparisons of these different approaches.

For illustrative purposes, Fig. 5 below gives an example
of clinical application of the endoscope-assisted extended
transcanal transpromontorial approach for resection of an
intralabyrinthine schwannoma extending slightly into the
IAC (Fig. 5).

Conclusions

This article provided a step-by-step description of the
extended transcanal transpromontorial approach to the IAC
through anatomic dissection of cadaveric specimens. Our
main conclusions were:

— When following the proposed sequence of steps, the
extended transcanal transpromontorial approach to the
IAC proved feasible, predictable, and safe.

— The key landmark for the mastoid segment of the facial
nerve was the previously identified chorda tympani adja-

Fig.5 Intralabyrinthine schwannoma with extension to the IAC.
Resection via endoscope-assisted extended transcanal transprom-
ontorial approach (left ear). A Magnetic resonance imaging show-
ing tumor in the left ear (>: intrameatal tumor;> >: intracoch-
lear tumor); B Endaural incision (Lempert) and EAC exposure; C
Canalplasty; D Identification of the chorda tympani; E Dissection
of the hypotympanum with identification and skeletonization of the
jugular bulb and internal carotid artery; F Epitympanectomy/attico-
tomy; G Exposure and delimitation of the “working area”; H Cochle-
otomy and identification of the intracochlear tumor component; I
Complete resection of the intracochlear tumor; J-K Identification and
skeletonization of the IAC; L Opening of the IAC dura with identi-
fication of the intrameatal tumor component and neurovascular con-

tents of the IAC; M Resection of the intrameatal tumor component;
N IAC after complete tumor resection, showing preserved intrameatal
facial nerve; O Plugging of the IAC dural defect with abdominal fat;
P Blind sac closure of the IAC. *labyrinthine segment of the facial
nerve; CT: chorda tympani; JB: jugular bulb, ICA: internal carotid
artery; CN: cochlear nerve; FN: facial nerve; FN-mast: mastoid seg-
ment of the facial nerve; FN-tymp: tympanic segment of the facial
nerve; RW: round window; M: malleus; I: incus; MFD: middle fossa
dura; Pr: promontory; GG: geniculate ganglion; OW: oval window;
SphR: spherical recess of the vestibule; BTC: basal turn of cochlea;
MTC: middle turn of cochlea; ATC: apical turn of cochlea; Tu-Coch-
lea: intracochlear tumor; Tu-IAC: intrameatal tumor; IAC: internal
auditory canal; AF: abdominal fat
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cent to the posterior wall of the medial third of the EAC.
The tympanic segment is easily visualized, and no land-
mark is required for identification. The labyrinthine seg-
ment is systematically found between the spherical recess
of the vestibule and the middle turn of the cochlea.

— Itis essential that all structures which delimit the “work-
ing area” be clearly identified for optimal exposure and
to reduce the risk of inadvertent injury, especially the
jugular bulb and internal carotid artery.

— Based on our overall findings and the low variability of
this measurement, we propose the modiolus-IAC angle
(=~ 150°) as a key landmark for identification and subse-
quent skeletonization of the IAC.
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