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Surgical steps to perform an accurate apical
cochleostomy

Justin Cottrell’, David Landsberger®, Arianna Winchester?, William Shapiro?,
David R. Friedmann?, Daniel Jethanamest®?, Sean McMenomey?,
). Thomas Roland Jr.?

IDivision of Otolaryngology — Head and Neck Surgery, Yale University, New Haven, CT, USA, Department of
Otolaryngology — Head and Neck Surgery, NYU Langone, New York, NY, USA

Objective: We sought to consolidate the anatomical findings from radiologic research and prior surgical
literature to develop a stepwise surgical approach utilizing cadaveric specimens which can serve to
improve the accuracy and scalability of surgical apical cochleostomies in the future.

Methods: Cadaveric temporal bone dissections, with subsequent image documentation and distance
measurements to confirm surgical accuracy.

Results: All four temporal bones (100%) that were drilled utilizing the newly developed surgical approach
had an accurately placed apical cochleostomy. No inadvertent entry into the middle turn of the cochlea
occurred. There was no violation of the labyrinthine facial nerve, or carotid artery.

Conclusions: Preliminary findings are promising for the described steps to achieve a substantial
improvement in apical cochleostomy accuracy, with reduced trauma compared to historically taught

techniques.

Keywords: Cochlear implant, Cochlear apex, Pitch perception, Cochlear implant access, Apical cochleostomy, labyrinthitis ossificans

Introduction

The cochlea is tonotopically arranged, with the
cochlear apex representing the sensory location of
low frequency sound (Humphries et al., 2010). The
insertion depth of a standard cochlear implant (CI)
pre-curved electrode array does not reach the apex,
and deeper insertions utilizing a straight electrode
array risks trauma and lacks perimodiolar advantage
(Landsberger et al., 2022). A new technique combin-
ing a standard perimodiolar electrode insertion with
a separate ground electrode placed through an
apical cochleostomy can facilitate current shifts
within the cochlea to lower pitch perception in CI reci-
pients (Landsberger et al., 2022, 2024).

Although promising, a high incidence of middle
turn insertions have been reported when attempting
an apical cochleostomy, and there is a paucity of lit-
erature guiding surgeons in the absence of cochlear
ossification (Isaacson et al., 2008; Senn et al., 2012).
The procedure introduces unique technical challenges,
as the apex cannot be visualized through the promon-
torial bone (Cottrell, Landsberger, et al., 2024).
Analysis of multi-planar reformats of temporal bone
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computed tomography (CT) recently helped elucidate
relevant anatomical relationships to the cochlear apex
(Cottrell, Landsberger, et al., 2024). The findings
clarified apical distances to a variety of structures
including the cochleariform process and round
window, while also describing a newly developed
stapes vector which can set anterior and posterior dril-
ling guardrails (Cottrell, Landsberger, et al., 2024).

Anatomical image studies introduce a level of
uncertainty when translating findings to surgical prac-
tice, as manipulation of image orientation to complete
standardized measurements may not follow the sur-
geon’s orientation under the microscope during a
trans-mastoid approach (Cottrell, Landsberger, et
al., 2024). We sought to consolidate the anatomical
findings from radiologic research to develop a step-
wise surgical approach utilizing cadaveric specimens
which can serve to improve the accuracy and scalabil-
ity of surgical apical cochleostomies in the future.

Materials and methods

Approval from the Institutional Review Board was
provided for this study (IRB# s20-01964). Four cada-
veric temporal bones were prepared for surgical dis-
section by a single surgeon. No pre-dissection
imaging was performed. Each bone underwent
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drilling utilizing steps developed and informed by
prior research analyzing cochlear apex relationships.

The procedure can be broken down into five basic
steps:

(1) Initial Approach

(2) Apical Promontory Corridor (ie.
Runway)

(3) Apical Cochleostomy

(4) Electrode Insertions

(5) Placement Confirmation

Further details for each step are included in the
Appendix 1.

All cadaveric bones were implanted with a Cochlear
632 device via an inferior peri-round window
cochleostomy and apical cochleostomy. After inser-
tion, a lateral temporal bone resection was completed,
followed by unroofing of the cochlear promontory to
confirm the success and accuracy of the cochleostomy.
The cochleostomy location, and number of successful
cochleostomies were documented.

A fifth temporal bone was used to compare the
success of an apical cochleostomy performed utilizing
historical —antero-posterior (AP) measurements
(reported as 2.5 mm anterior to the oval window)
(Senn et al., 2012).

The Roland

Results

All four temporal bones (100%) that were drilled uti-
lizing the newly developed surgical approach had an
accurately placed apical cochleostomy. No inadver-
tent entry into the middle turn of the cochlea
occurred. There was no violation of the labyrinthine
facial nerve, or carotid artery. A list of measurements
taken for each specimen is provided in Table 1. The
average cochleariform to apex height was 1.1 mm
(SD 0.25 mm), cochleariform to apex AP distance
2.9 mm (SD 0.85 mm), oval window to apex AP dis-
tance 3.8 mm (SD 0.5 mm), and round window to
apex distance 3.9 mm (SD 0.85 mm).

The fifth bone that utilized historical AP measure-
ments for completing the apical cochleostomy was
subsequently found to have violated the scala vestibuli
of the middle turn while entering the apex.

The desired trans-mastoid exposure and drill trajec-
tory for the apical cochleostomy are demonstrated in
Fig. 1. After apical cochleostomy was completed

Table 1 Cadaveric measurements and placement confirmation

utilizing the described surgical steps in Appendix 1,
a lateral temporal bone dissection was completed on
each specimen to drill the turns of the cochlea and
unroof the promontory to confirm apical location
(Fig. 2). The relationship of the stapes vector to the
apex is demonstrated in Fig. 3. Examples of the
cochleostomy and electrode configurations are pro-
vided in Fig. 4.

Discussion

An apical cochleostomy is an additional step required
to facilitate the insertion of an apical ground elec-
trode. Combined with a standard electrode array
insertion, the apical ground can be used to shift
current toward the apex following adjustments to
the CI program for select electrodes. The benefits of
this technique are still under investigation, however
preliminary evidence in patients demonstrates lower
pitch perception can be achieved (Landsberger et al.,
2022, 2024). If broader adoption were to occur, clear
procedural steps are required to ensure it is performed
safely. An apical cochleostomy procedure is unfami-
liar to the majority of surgeons, unless required in
the setting of an ossified cochlea (Isaacson et al.,
2008; Landsberger et al., 2022, 2024; Senn et al.,
2012). This study consolidates preliminary work uti-
lizing CT image analysis of 82 temporal bones evalu-
ating cochlear apex relationships to develop safe,
efficient, and translatable procedural steps that facili-
tates an accurate and atraumatic apical cochleostomy
(Cottrell, Landsberger, et al., 2024). Following the
surgical steps described, considering distance
measurements (3.5 mm anterior to the oval window,
I mm below the cochleariform process), in addition
to guardrails set by the use of stapes vectors, resulted
in an accurate cochleostomy placement in all four
temporal bone specimens.

The findings of this study are concordant with
recent image analysis of 82 temporal bone CT scans
evaluating apical anatomy (Cottrell, Landsberger, et
al., 2024). Measurement methodology differences
explain the slight discrepancies noted between the
image and cadaveric measurements. While image
analysis measured to the lateral aspect of the apex
as a landmark, cadaveric analysis measured to the sur-
gical cochleostomy site. This explains why the oval

Measurements to Distal Cochleostomy Site (mm) Plac.:eme_nt
Confirmation
Cochleariform to Cochleariform to Apex Oval Window to Round Window to Successful

Specimen Apex (Vertical) (Horizontal) Apex (Horizontal) Apex (Horizontal) Cochleostomy
1 .0 4.0 45 5.0 Yes
2 1.0 3.0 35 3.0 Yes
3 1.0 2.0 3.5 4.0 Yes
4 1.5 2.5 3.5 3.5 Yes
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Specimen #1

Specimen #2

Specimen #3

Specimen #4

Figure 1 Trans-mastoid exposure and drill trajectory

window to apex AP distance that was typically
3.5 mm, as this was the intended procedural starting
point for drilling the cochleostomy. Specimen 1 had
an AP distance of 4.5 mm which is related to surgical
underestimation of distances at time of dissection.
The width of the cochlear apex is on average 3.3 mm
(SD 0.3 mm), and measurement starting points have
been designed to provide a surgical buffer in these
cases (Cottrell, Landsberger, et al., 2024).

An ideal cochleariform vertical height of 0.9 mm
was described in a previous image anatomic study,
which was simplified to 1 mm for surgical practicality
in the current study. The oval window should be uti-
lized as a landmark for standard AP placement of
the drill, as it was found to have a lower standard devi-
ation (avg 3.3 mm, SD 0.3) in distance compared to the
round window (4.2 mm, SD 0.5), or cochleariform
process (2.3 mm, SD 0.5) on imaging (Cottrell,

Cottrell et al. Surgical steps to perform an accurate apical cochleostomy

Landsberger, et al., 2024). It is worth noting for this
study that specimen 2 and 4 had a smaller, or similar
AP distance to the oval window, which is appeared to
reflect differences in the amount of bone removed
when drilling the round window niche, and should be
considered if the round window is utilized as a refer-
ence landmark. Prior image analysis showed that the
AP distances from the oval window, round window,
and cochleariform process to the lateral aspect of the
cochlear apex ranged between 2.4-3.9 mm, 3.1-
54mm, and 1.0-3.8 mm respectively (Cottrell,
Landsberger, et al., 2024). The historical method of
drilling 2.5 mm anterior to the oval window has pre-
viously been shown to result in a high number of
middle turn insertions, which was further confirmed
in this current research in which the middle turn was
violated in the specimen utilizing historical teachings
(Cottrell, Landsberger, et al., 2024).
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1. Top-Down Facial Recess
(Left) and Roland Runway
(Right)

2. Drilling the Apical
Cochleostomy (Left) with
Landmarks Labelled
(Right): Black Arrow-

Tensor Tympani) ; Star-
Cochleariform Process;
Red Circle- Stapes;

White Arrow: Promontory;
Black Half Circle: Round
Window

sid

Right Ea( .

Figure 2 Apical cochleostomy confirmations

The use of a stapes vector was found to be very
helpful in containing the drilling to the location of
the apex. Prior image analysis found that a vector
through the stapes crura acted as a posterior/superior
boundary for the apex in 94% of patients, while a par-
allel vector at the level of the anterior round window
provided an anterior/inferior boundary for the apex
in 89% of patients (Cottrell, Landsberger, et al.,
2024). Utilizing the surgical steps highlighted in

Appendix 1, with the stapes vectors as guardrails,
we achieved successful cochleostomy placement
without damage to surrounding structures.

While an accurate starting position for cochleost-
omy placement increases the probability of successful
electrode placement, anatomical variation does exist.
The height of the tensor tympani muscle varies in
relation to the cochleariform process, as it can take
a superior or inferior trajectory alongside and

Figure 3 Stapes vector relationship to apex. (a) Stapes vector (red line). (b) Parallel line through round window (dotted red line).

(c) Apical cochleostomy (red circle)

Cochlear Implants International 2025 VOL. 26 NO. 5
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Left ear with apical cochleostomy
(blue arrow) and peri-round window
cochleostomy (red arrow)ready for
electrode insertion

Electrode Placement:

Left: Left ear with apical ground (blue arrow), standard electrode (red
arrow), facial nerve (red line); Right: Right ear with apical ground (blue
arrow) and standard electrode (red arrow)

Figure 4 Cochleostomy orientation and electrode placement

superior to the eustachian tube anteriorly. In speci-
men #4, the cochleostomy was made at an increased
inferior vertical height of 1.5 mm due to the presence
of the tensor tympani muscle belly at 1 mm. To
account for this, during medial drilling of the pro-
montory, a slight superior direction was utilized to
enter the apex, taking care to have adequate exposure
that would ensure no facial nerve injury. In addition
to knowledge of distance measurements, adequate
exposure for visualization is critical to avoid injury
to surrounding structures including the carotid and
facial nerve. The stapes vector was also found to be
a helpful landmark to prevent drilling too posteriorly
into the middle turn or intervestibulocochlear crest, a
commonly described landmark in trans-promontorial
approaches to vestibular schwannomas, bound by the
cochlea anteriorly, vestibule posteriorly, and

labyrinthine segment of the facial nerve superiorly
(Yacoub et al., 2022).

Once access to the cochlea was achieved, practical
challenges were noted utilizing existing cochlear
devices, as the ground electrode lacks length redun-
dancy, placing it at higher risk of extrusion. This
requires the receiver/stimulator to be placed slightly
more anterior and inferior than standard placement
to ensure adequate ground wire length, although to
date this has not resulted in compromised external
processor position. Fig. 4 demonstrates the difference
in wire redundancy of the ground electrode compared
to the standard electrode once both are inserted.
Trans-impedance matrix technology (TIM), which
has demonstrated the ability to detect electrode tip
foldovers, has also been shown to provide objective
evidence of current shifts within the cochlea,
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indicating good apical electrode placement (Cottrell,
Winchester, et al., 2024; Kay-Rivest et al., 2022). An
example of a confirmatory x-ray, and characteristic
TIM heatmap pattern following successful standard
electrode and apical electrode placement is shown in
Appendix 2. Future iterations of a CI with a longer
ground lead wire to prevent extrusion, an optimized
ground electrode design to engage securely within
the apex (example: ball or hook) and/or provide
more control for current steering (example: shortened
ground contact or ball shape) would be a fruitful area
of study to further streamline the procedure and
improve performance.

This research is limited by its small sample size,
however the results are an improvement from the
<40% accuracy reported historically (Isaacson et al.,
2008; Senn et al., 2012). The insertion accuracy corro-
borates the findings of larger image-based studies of
the cochlear apex, while also complementing the clini-
cal findings that have been reported utilizing this tech-
nique (Cottrell, Landsberger, et al.,, 2024;
Landsberger et al., 2022, 2024). While pre-dissection
CT scans were not completed prior to dissections,
they would be advised prior to surgery to rule out
aberrant anatomical relationships until a more com-
prehensive safety profile is established. Cadaveric dis-
sections and augmented/virtual reality could improve
surgeon competence and confidence in preparation
for surgery, while miniaturization of navigation
systems could provide useful adjuncts during surgery
to increase procedural accuracy (Schipper et al.,
2004; Yamazaki et al., 2021).

It is worth noting that the procedure described in
this paper does not allow for hearing preservation,
as the incus must be removed to gain adequate
anterior access within the middle ear. Future technical
adjustments to overcome these constraints could be
considered. The implications of the procedure on
post-operative balance, and within the reimplantation
setting, will also be of interest as more patients
undergo the procedure. Lastly, it was noted during
this project that the tympanic plexus, formed by the
tympanic branch of the glossopharyngeal nerve
(Jacobson’s Nerve) and caroticotympanic branch of
the internal carotid plexus were encountered when
drilling (Roberts et al., 2016). Clinical implications
for drilling/severing these structures should be evalu-
ated moving forward, although prior procedures,
including tympanic neurectomy utilized to treat
intractable otalgia have been described in the past
without xerostomia sequelae (Goravalingappa, 2002;
Kanzara et al., 2014; Roberts et al., 2016).

In conclusion, to improve the scalability and feasi-
bility of an apical cochleostomy as a standard approach
to cochlear implantation, it is important for surgeons to
have a structured approach utilizing identifiable

Cochlear Implants International 2025 voL. 26 NO. 5

landmarks. This study sought to study the feasibility of
utilizing easy to follow steps that result in improved accu-
racy for performing an apical cochleostomy which can
facilitate ground electrode placement. These findings
are also applicable to the surgeon faced with cochlear
ossification, as they can assist in finding a viable cochlear
lumen at the cochlear apex which might accommodate a
retrograde electrode insertion, split array insertion, or
standard electrode array insertion with apical ground
placement to increase the cochlear coverage of electrical
stimulation. Preliminary findings of this cadaveric
research is promising and can help facilitate future
research in this space.
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Appendices
Appendix 1. Apical cochleostomy surgical steps

1. Initial Approach
Complete a standard mastoidectomy, followed by

incus removal and extended facial recess to facilitate

visualization of the cochleariform process.

1. Apical Promontory Corridor (ie. The Roland
Runway )

Viewing the antrum, drill a corridor anteriorly into
the scutum between the visualized cochleariform
process superiorly, and stapes inferiorly. This corridor
in the scutum will facilitate adequate promontory
exposure for the apical cochleostomy. The prior pos-
ition of the incus short process before removal can
be used as an approximate limit for how anteriorly
one can drill to prevent injury to the tympanic mem-
brane in a healthy ear. Visualization of the malleus
manubrium is another adjunct landmark to prevent
inadvertent tympanic membrane injury.

Cottrell et al. Surgical steps to perform an accurate apical cochleostomy

1. Apical Cochleostomy

a. Mark out 3.5 mm anterior to the oval window,
and 1 mm inferior to the cochleariform process
(a 1 mm bur can be utilized for measurements).
This may approximate the lower edge of the
tensor tympani muscle belly (The height of
the muscle belly can vary, angled in a superior
or inferior direction as it extends anteriorly).

i. Alternative antero-posterior (AP) distances that
can be utilized if the anterior oval window is diffi-
cult to visualize include: A. 4.0 mm anterior to the
anterior edge of the round window (after removing
the round window niche); B. 3.0 mm anterior to
the cochleariform process; recognizing these struc-
tures have higher variability in distance from the
apex compared to the oval window.

b. The average amount of bone overlying the
lateral aspect of the cochlear apex is 1.2 mm
(Range 0.6-2.2 mm). To ensure safe visualiza-
tion is always achieved, the drill is drawn back
posteriorly to make a trough for each % burr
length of medial drilling.

i. A stapes vector through the stapes crus, in addition
to a parallel vector at the level of the round
window, can be used as anterior and posterior
guardrails to drill between.

ii. Ensuring open and safe visualization helps avoid
injury to an aberrant labyrinthine facial nerve
(which is located superior to the apex, and can be
in close approximation).

iii. Adequate visualization also allows the surgeon to
‘blue line’ the apex before entry to reduce trauma.
c. Enter the cochlear apex with the 1 mm burr to

provide adequate space for the ground electrode
of the Cochlear device (The cochlear 632
ground pin measures 0.6 mm in diameter at
the tip, with the silastic cable measuring 1 mm
in diameter). A McGee rasp can help formalize
the cochleostomy in an atraumatic fashion. If
the cochleostomy must be widened, attempt
this at the superior lateral edge to reduce intra-
cochlear damage.
2. Electrode Insertions
We advocate for an antero-inferior based peri-
round window cochleostomy to facilitate electrode
insertion. Following the standard cochleostomy,
place the implant with the body of the device more
anterior to facilitate adequate ground electrode cable
length to reach the apex. Place the ground electrode
into the cochlear apex first, then complete the stan-
dard electrode insertion into the basal turn of the
cochlea. Pack both sites with fascia.
1. Placement Confirmation
We advocate for the use of confirmatory x-ray and
Trans-Impedance Matrix (TIM) technology to confir-
mation characteristic intracochlear current shifts. If
TIM does not demonstrate intracochlear current
shifts, re-evaluation of the apical electrode position
to ensure it has not been displaced is advised.
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Appendix 2. Confirmatory investigations

X-ray with standard electrode
array (blue) and apical ground
placement (red).

Recording Electrode.

2212019181716 151413121110 9 8 7 6 5 4 3 2 1 22212019 1817161514 13121110 9 8 7 6 5 4 3 2 1
Stmulation Electrode Stmulabon Electrode

Left: Standard transimpedance matrix heatmap for a standard electrode
insertion. Right: Evidence of intracochlear current shift from appropriately
placed apical ground electrode placement and MP1 ground
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