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CLINICAL EXPERIENCE

WILEY

Robot-assisted cochlear implant surgery in a patient with
partial ossification of the basal cochlear turn: A technical note

1 | INTRODUCTION

Cochlear implantation (Cl) has become the standard treatment for
people with no functional hearing.! Within recent years, minimally
invasive procedures performed with a robot have been developed
for neurotological surgeries.z’3 The goal of robot-assisted Cl surgery
is to avoid extensive drilling of the mastoid bone, preserve residual
hearing through more consistent insertion techniques and to enable
implantation in complex anatomic cases, such as malformed middle
andinner ears. To access the inner ear and cochlea, a tunnel bordered
by the facial nerve and chorda tympani is drilled directly through
the mastoid to the round window.>* A safe trajectory is planned
with an otological software based on image data of the temporal
bone. In 2016, Caversaccio et al. performed the first robotic middle
ear access for Cl in a patient with a self-developed robotic system
that was later commercialised as HEARO® system (CASCINATION
AG, Bern, Switzerland and MED-EL GmbH, Innsbruck, Austria).5
Since then, a few patients have been successfully implanted with
the robot.® The first robotic inner ear access was subsequently per-
formed in Belgium. In 2020, a European CE mark was obtained for
the HEARO® robot for its use in patients above the age of 18 and it
has thus become available in Austria. Here, we report on our depart-
ments experience with the HEARO® robotic system in a patient with

a partially ossified basal cochlear turn.

2 | TECHNICAL DESCRIPTION

A 56-year-old male patient was recruited and consented to the ro-
botic Cl surgery on the left ear with the HEARO® system. Clinical
routine work-up included audiological, medical and radiological
examinations. The patient suffered from left-sided progressive
sensorineural hearing loss with an unaided pure-tone average of
85 dB hearing level for octave frequencies ranging from 0.5 to 4
kilohertz and a word recognition score of 0% at 100 dB using the
Freiburg monosyllable test. Complete deafness was present in his
contralateral ear since an infection of the middle ear at the age of 5.
Feasibility of HEARO® robotic procedure was evaluated based on
the preoperative cone beam computed tomography (CBCT) dataset
with OTOPLAN software (CASCINATION AG, Bern, Switzerland

in collaboration with MED-EL GmbH,). Initially, image data were
transferred to OTOPLAN through use of the Digital Imaging and
Communications in Medicine (DICOM) file format. Imaging of the
patient showed an ossification of the first 4 millimetres (mm) of the
basal cochlear turn (Figure 1 left). Consequently, the milling depth
was set to the end of the ossification (Figure 1 right). The surgery
was performed under general anaesthesia on September, 17t 2021
at the department of Otorhinolaryngology, Head and Neck Surgery
at a tertiary care hospital.

The HEARO® carbon fibre head rest was used for positioning
and immobilising the patient's head on the operating table. Needle
electrodes were inserted into the perioral and periorbital muscles
for controlled and free running facial neve monitoring. A C-shaped
retro-auricular incision was performed. Four fiducial screws were
placed onto the bone and served as landmarks for registration
(Figure 2). The correct position of the fiducial screws had been esti-
mated preoperatively on a 3D print of the patient's temporal bone.
Upon the placement of the screws, an intraoperative CBCT image
was acquired with 0.1 mm spatial resolution (xCAT XL, Xoran Ltd.,;
Figure 3 left).

Using OTOPLAN software, a safe trajectory was planned
through the facial recess to the middle ear cavity. The safety margins
of the planned trajectory to critical anatomical structures are shown
in Table 1. The drilling depth was calculated to 33.4 mm, including
the milling of 4 mm ossification within the basal cochlear turn. The
planned trajectory would result in a cochleostomy with direct ac-
cess to the scala tympani. While the planning procedure was per-
formed, a tympanomeatal flap was created for later visualisation of
the electrode insertion. The planned trajectory was transferred to
the HEARO® robot and drilling started with a 1.8 mm drill bit from
the mastoid surface with 1000 rev/min and a feed forward rate of
0.5 mm per second. Regular pecking and irrigation were performed
by the system to cool and clean the drill bit. Three millimetres be-
fore entering the facial recess, the robot stopped for acquisition of a
second CBCT image, for which a titanium rod was inserted into the
tunnel to allow for visualisation of the drilled trajectory on the image
(Figure 2 right). The accuracy of the drilling trajectory with respect to
the planned trajectory was then evaluated with the software. With
respect to safety margins, differences of the initially planned and the

actual drilled trajectory are shown in Table 1. Bilinear interpolation
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between voxels provides a spatial signal approximation denser than

the spatial resolution of 0.1 mm used in the CBCT. The system ac- Key Points
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FIGURE 1 Partially ossified cochlear basal turn (left) and access to the scala tympani with adapted drill depth in the planning software
(right) [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Fiducial screws positioning (left) and intraoperative system accuracy measurements after insertion of a titanium rod (right).
The level of entrance is the point on the surface of the mastoid where the drill bit enters the temporal bone. The level of target (round
window) as well as the chorda tympani (orange colour) are indicated by arrows [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Safety margins of planned and drilled trajectories to
anatomical structures and the resulting differences (accuracies) in
millimetres

Planned Drilling

Accuracy at Trajectory Trajectory Difference
the level of: (mm) (mm) (Accuracy in mm)
Ear canal 0.70 0.73 +0.04
Incus and 211 2.18 +0.07

Malleus
Stapes 0.36 0.43 +0.07
Facial nerve 0.51 0.50 -0.02
Chorda 1.82 1.83 +0.02

tympani

tympanomeatal flap. The surgery took 6 h and 41 min in total. A final
CBCT image was acquired after insertion to confirm intracochlear
positioning of the electrode array (Figure 3). A full insertion corre-
sponding to 619 degrees was achieved. Postoperatively, the patient
reported on an altered taste and the facial nerve function was rated

as | on a House-Brackmann Scale.

3 | DISCUSSION

Robotic Cl surgery is a new and promising technique which was re-
cently CE marked. Current challenges in robotic Cl surgery include
prolonged duration of the surgery compared to conventional tech-
niques and exclusion of children. The HEARO® procedure has yet
to be evaluated in patients with more complex anatomical condi-
tions. We showed that robotic Cl surgery can be also successfully
performed in cases with partially ossified basal cochlear turns by
adapting the planning procedure in the otological software. By in-
creasing the drilling depth, even more extensive ossifications will
probably become successfully implantable with this new technique.
Unfortunately, we did not perform objective taste tests pre- and
postoperatively, but we will include them in future HEARO® pro-
cedures. The previously reported duration of robotic Cl surgery
ranged from 3:15 to 5:00 hours. This case took 6:41 h during which
the most time-consuming part was positioning of the patient as

his head rotation was severely reduced. A time reduction will be

FIGURE 3 Acquisition of
intraoperative and postoperative CBCT
showing the correct position of the
electrode array [Colour figure can be
viewed at wileyonlinelibrary.com]

expected with procedure familiarity and by optimising all safety
steps. Stepwise expansion of the robotic surgery to patients with
more complex anatomical conditions will further improve this new

technique.

KEYWORDS
cochlear implant, image-guided surgery, keyhole access, minimally

invasive surgery, robotic cochlear implant surgery

FUNDING INFORMATION

The HEARO® robot was provided by MED-EL GmbH (Innsbruck,
Austria) which had no influence on the presented data. No further
funding was provided for this specific case.

ACKNOWLEDGEMENTS

The authors thank Michael Kalcher (MED-EL GmbH) for all the efforts
he put into the set-up and getting permission for the HEARO® robot.
He provided regular training with OTOPLAN and immediate assis-
tance whenever it was necessary. We would like to thank Masoud
Zoka Assadi and Pablo Galeazzi (both from MED-EL GmbH) for their
constant support in planning, training and performing the surgery.
We thank Marco Matulic (CASCINATION AG) for his technical sup-
port with the HEARO® robot on the day of the surgery. Providing this
new technique to our patients would not have been possible without
the whole team. Last but not least, we thank our colleague Nicholas

Campion for improving the use of English in the manuscript.

CONFLICTS OF INTEREST
All authors report no conflict of interest.

ETHICAL APPROVAL
The study was performed according to the Declaration of Helsinki

on biomedical research involving human subjects.

AUTHOR CONTRIBUTIONS

The work was planned, analysed and written by A.AB., R.D. and
B. W.-D. These authors also organised the surgery and revised the
manuscript. A.C. and G.W. performed the surgery and revised the
manuscript. Software planning was performed by A.AB before and
during the surgery. All authors critically reviewed and approved the

final manuscript.


www.wileyonlinelibrary.com

AUINGER ET AL.

Wi LEYM

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1111/c0a.13930.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author A.AB.

Alice Barbara Auinger
Dominik Riss
Wolf-Dieter Baumgartner
Christoph Arnoldner
Wolfgang Gstottner

Department of Otorhinolaryngology, Head and Neck Surgery,
Medical University of Vienna, Vienna, Austria

Correspondence

Alice Barbara Auinger, Department of Otorhinolaryngology,
Head and Neck Surgery, Medical University of Vienna,
Waehringer Guertel 18-20, 1090 Vienna, Austria.

Email: alice.auinger@meduniwien.ac.at

ORCID

Alice Barbara Auinger " https://orcid.org/0000-0001-9716-8384

REFERENCES

1. House WF. Cochlear implants. Ann Otol Rhinol Laryngol.
1976;85(Suppl. 27):1-93. (3Pt2).

2. Yoo MH, Lee HS, Yang CJ, et al. A cadaver study of mastoidectomy
using an image-guided human-robot collaborative control system.
Laryngoscope Investig Otolaryngol. 2017;2(5):208-214.

3. Bell B, Stieger C, Gerber N, et al. A self-developed and constructed
robot for minimally invasive cochlear implantation. Acta Oto-
Laryngol. 2012;132(4):355-360.

4. Labadie RF, Balachandran R, Noble JH, et al. Minimally invasive
image-guided cochlear implantation surgery: first report of clinical
implementation. Laryngoscope. 2014;124(8):1915-1922.

5. Caversaccio M, Gavaghan K, Wimmer W, et al. Robotic cochlear
implantation: surgical procedure and first clinical experience. Acta
Otolaryngol. 2017;137(4):447-454.

6. Caversaccio M, Wimmer W, Anso J, et al. Robotic middle
ear access for cochlear implantation: first in man. PLoS One.
2019;14(8):e0220543.

How to cite this article: Auinger AB, Riss D, Baumgartner
W-D, Arnoldner C, Gstottner W. Robot-assisted cochlear
implant surgery in a patient with partial ossification of the
basal cochlear turn: A technical note. Clin Otolaryngol.
2022;47:504-507. d0i:10.1111/c0a.13930


https://publons.com/publon/10.1111/coa.13930
https://publons.com/publon/10.1111/coa.13930
mailto:﻿￼
https://orcid.org/0000-0001-9716-8384
mailto:alice.auinger@meduniwien.ac.at
https://orcid.org/0000-0001-9716-8384
https://orcid.org/0000-0001-9716-8384
https://doi.org/10.1111/coa.13930

