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Testing for Cochlear Implantation Surgery
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Objectives: A wide variety of intraoperative tests are available in cochlear
implantation. However, no consensus exists on which tests constitute
the minimum necessary battery. We assembled an international panel of
clinical experts to develop, refine, and vote upon a set of core consensus
statements.

Design: A literature review was used to identify intraoperative tests cur-
rently used in the field and draft a set of provisional statements. For
statement evaluation and refinement, we used a modified Delphi con-
sensus panel structure. Multiple interactive rounds of voting, evaluation,
and feedback were conducted to achieve convergence.
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Results: Twenty-nine provisional statements were included in the origi-
nal draft. In the first voting round, consensus was reached on 15 state-
ments. Of the 14 statements that did not reach consensus, 12 were
revised based on feedback provided by the expert practitioners, and 2
were eliminated. In the second voting round, 10 of the 12 revised state-
ments reached a consensus. The two statements which did not achieve
consensus were further revised and subjected to a third voting round.
However, both statements failed to achieve consensus in the third round.
In addition, during the final revision, one more statement was decided to
be deleted due to overlap with another modified statement.

Conclusions: A final core set of 24 consensus statements was gener-
ated, covering wide areas of intraoperative testing during Cl surgery.
These statements may provide utility as evidence-based guidelines to
improve quality and achieve uniformity of surgical practice.
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INTRODUCTION

Cochlear implants (Cls) have been transformative for indi-
viduals with severe-to-profound hearing loss over the past sev-
eral decades, yielding substantial improvements in auditory
perception, speech understanding, and quality of life. With the
rising numbers of CI surgeries in recent years (Raine 2013;
Nassiri et al. 2022), as well as the expansion of candidacy to
wider groups (Varadarajan et al. 2020), there is a greater need to
standardize and optimize the surgical procedure to ensure con-
sistent and favorable outcomes.

Intraoperative testing is used for several purposes during CI
surgery: to evaluate device functionality, to verify the position
of the implant and electrode array, and to assess the functional
status of the patient’s auditory pathway (Wesarg et al. 2014,
2016). These tests include imaging techniques, such as x-ray,
computed tomography (CT), and fluoroscopy; electrophysi-
ological and biophysical evaluations, such as measurements of
the electrode impedance, electrically evoked compound action
potential (ECAP), electrocochleography (ECochG), electrically
evoked auditory brainstem responses (EABRs), and electrically-
evoked stapedial reflex threshold (ESRT); and other tests like
subjective patient responses. There remains a lack of consensus
regarding which tests, if any, should be used during surgery,
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and their precise function and utility. The absence of standard-
ized protocols for intraoperative testing poses challenges in the
evaluation and comparison of surgical outcomes.

Recognizing this knowledge gap, the present work aimed to
generate a comprehensive set of consensus statements regard-
ing intraoperative testing during CI surgery. Establishing such
a consensus would be useful for several reasons. First, it would
provide a framework for the training of practitioners. Second, it
would provide clarity for payers and regulators about which tests
are and which are not considered necessary. Third, it would add
to the existing best-practice guidelines in the broader CI field.
Consensus statements and expert opinions have been generated
for other aspects of practice in the CI field, such as candidacy and
indications (Ramsden et al. 2012; Buchman et al. 2020), and hear-
ing preservation surgery (Rajan et al. 2017; Topsakal et al. 2022).

To accomplish this, we used a modified Delphi method, which
is a well-established technique for obtaining expert consensus on
complex issues (Dalkey & Helmer 1963; Meshkat et al. 2014).
The Delphi method uses iterative rounds of voting, evaluation,
and feedback, allowing for the refinement and convergence of
opinions over multiple iterations. By using this method, we
aimed to achieve a high level of agreement among the participat-
ing experts regarding the selection, implementation, and inter-
pretation of intraoperative tests. The output of this work is a core
set of consensus statements on intraoperative testing. This paper
documents the process for generation, evaluation, and voting of
the consensus statements on intraoperative testing, and presents
the final list of intraoperative testing statements.
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MATERIALS AND METHODS

This study was conducted abiding by the International
Research Code of Ethics (1990) .

Panel Members

The core committee consisted of four audiologists (A.L.,
G.M,, JK., and .A.), three otologists (P.S., .Aj., and O.A.), two
biomedical engineers (Angel Ramos-de-Miguel, Y.A.), and a
professional researcher (P.C.), led by a chair (F.A.) from three
continents (America, Asia, and Europe). The core committee
was responsible for approving the statements derived from the
literature and revising the statements according to the voting
committee comments for the next rounds of voting. They were
also responsible for choosing a voting committee that repre-
sented different clinical practices across the different geographic
regions. The members of the core committee gathered via video
conference meetings before each voting session to approve the
statements for voting.

Thirty-nine practitioners were invited to serve as voting
committee members. These invitations were made based on
experience and expertise, as well as on geographic and institu-
tional dispersion. Of the 34 who agreed to participate as voting
members, the response rate was 94% (32/34). Upon accepting
the invitation to participate, all panel members, including the
core members and the voting committee members, were given
an in-depth briefing on the design and goals of the study, and
on their roles.

The four steering members of the core committee (P.C., I.A.,
I.Aj., and Y.A.) and the chair (F.A.) did not participate in the
voting rounds, while the remaining members of the core and
voting committees participated in the voting, making a total of
32 voters.

Generation of Consensus Statements

A preliminary literature review and discussions among the
core committee members were used to identify intraoperative
tests currently in use in the field. The list of tests for which con-
sensus statements were generated consisted of twelve individual
tests across three domains (imaging methods, electrophysiol-
ogy, and implant functionality).

From this, a set of provisional statements was drafted to
cover key issues on the purposes and utility of each test. This
set of statements was generated through internal discussions
among the core and steering committees. After refinement and
consolidation of the statement list by the core committee, a final
list of 29 statements was produced.

Consensus Voting Procedure

This study used a modified Delphi three-round consen-
sus voting method, in which participants had the opportunity
to accept, reject, or suggest revisions for each statement. The
Delphi method is a system of repeated rounds of voting, to
reach a consensus for a defined clinical problem for which there
may be little or no definitive evidence. This procedure has been
previously used to generate best-practice consensus statements
(Dalkey & Helmer 1963; Dalkey 1969; Murphy et al. 1998;
Powell 2003; Meshkat et al. 2014).

In each round, participants were asked to review the state-
ments and vote on whether they agree or disagree with each
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statement. They also had the opportunity to provide comments
and suggestions for rewording the statement for the following
rounds if consensus was not reached. All responses were anony-
mous at all stages of voting, and participants were not informed
of how the other participants had voted during each round. A
minimum consensus level of 80% was required for acceptance
of each statement (Lynn 1986). Statements that reached this
consensus level were accepted and were not included in the next
round of voting.

After the first and the second rounds of voting, the core com-
mittee evaluated the comments and suggestions by the voters
on all the statements that did not reach a consensus. The core
committee revised and reworded these statements based on the
comments and suggestions. The revised statements were then
presented for the next round of voting.

Voting took place between November 2022 and January
2023. The first two rounds were implemented on the
online SurveyMonkey platform (www.surveymonkey.com;
SurveyMonkey, Palo Alto, CA). The third round of voting
took place in person during the International Federation of
Otorhinolaryngology Societies ENT World Congress (IFOS)
in Dubai, UAE on January 18, 2023. In this round, each par-
ticipant cast their vote anonymously using a personal mobile
device via Mentimeter software (https://www.mentimeter.com/;
Mintimeter; Stockholm, Sweden).

RESULTS

Statements Regarding Intraoperative Testing

Twenty-nine statements were voted on in the first voting
round. Fifteen of these (52%) reached the >80% consensus
threshold (see Table 1 in Supplemental Digital Content, http://
links.lww.com/EANDH/B419). These statements were accepted
without revision and were not voted on in subsequent rounds.
Comments and suggestions for revisions were provided for the
remaining 14 statements in the first round. On the basis of this
feedback, these 14 statements were revised by the core com-
mittee. Two statements were eliminated by the core committee
because they had not reached a level of consensus and there
was no suggested alteration by the voting members to improve
them. Therefore, 12 statements remained to be voted on in the
second round.

In the second round of voting, 10 of 12 statements reached
the consensus threshold (see Table 1 in Supplemental Digital
Content, http://links.lww.com/EANDH/B419). The remaining
two statements, which did not reach consensus, were subject
to a further third round of voting. In the third round, both state-
ments again failed to reach the consensus threshold (Fig. 1).
No single statement reached a 100% consensus. The highest
consensus reached was 96.6% (in three statements) and the
lowest agreed-upon statement was 24% (one statement in the
third round). Of the total 29 statements, 51.7% (15 statements)
reached consensus in the first round and 86.2% (25 statements)
reached consensus eventually.

The mean level of agreement was 89.8% (£5.6%) for the
statements that reached consensus in the first round, 89%
(£4.7%) for the statements that reached consensus in the sec-
ond round, and 89.4% (£5.2%) overall for accepted statements.
There was a significant increase in agreement from a mean of
72.1% (£5.1%) to 89.4% (+5.2%) after the revisions were made
before the second round of voting (paired 7 test mean difference

of 16.8%, p < 0.001). While both statements that reached the
third round of voting had an average of 7.8% improvement in
the agreement after the first revision, they failed to have an
improve in the agreement in the third voting after an open in-
person discussion.

The revisions after the first voting round resulted in 83.3%
(10/12) of the revised statements reaching consensus, while
the two revisions after the second round did not result in any
improvement in the percentage of agreement during the third
round.

After the final round of statement revision and voting, which
produced a list of 25 consensus statements, it was found that two
statements had very similar wording in their final form. These
were Measuring electrode impedance is an option to verify the

Sfunctionality of the electrode array and Impedance field telem-

etry is an option to verify the functionality of the implant. Due to
this overlap, it was proposed to remove the latter statement. This
proposal was voted on by the participants, and it was agreed by
97% of participants to delete the statement. Henceforth, the final
list includes 24 consensus statements (Table 1 in Supplemental
Digital Content, http://links.lww.com/EANDH/B419).

DISCUSSION

In this study, we aimed to address the lack of consensus
regarding intraoperative testing during CI surgery by generating
a core set of consensus statements derived from the expertise
of an international group of expert practitioners. The resulting
framework provides evidence-based guidelines to assist sur-
geons and clinicians in selecting and conducting the most infor-
mative intraoperative tests.

In the following sections, each statement that reached con-
sensus is grouped by the test which was evaluated.

Imaging

* Plain film x-ray can be used to rapidly verify implant and
array placement. It can be performed by a radiography tech-
nician with portable equipment.

* A combination of imaging and audiological testing should be
used for confirmation of electrode placement and function.

* A minimum of one appropriately performed radiological
image is recommended after insertion to confirm electrode
position and to be used as a base for any future comparisons
if electrode migration is suspected.

* CT can verify array placement and can detect misplacements
such as tip fold-over and translocations.

 Fluoroscopy is an option in difficult anatomical situations to
guide array insertion in real-time to diagnose the misplace-
ment and give an opportunity for placement correction.

* Fluoroscopy should not be used in routine cases due to high
radiation exposure.

* It is an option to delay the radiological images to the postop-
erative period (before discharge from the hospital) in cases
with low surgical suspicion of inappropriate insertion and the
presence of confirmatory ECAP.

* It is an option to perform the radiological image confirma-
tion in the operating room to reduce the need for unnecessary
revision surgery.

Radiological imaging is used to visualize the location and
placement of the implant and electrode array because both are
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Fig. 1. Summary of the modified Delphi voting procedure and results.

radio opaque. Several imaging modalities can be used for this
purpose, including plain x-ray , fluoroscopy, cone beam CT, and
high-resolution multidetector CT. When selecting an imaging
modality, the surgeon should take into consideration the degree
of radiation exposure relative to the gain in the quality of the
image that will change decision-making (Razafindranaly et al.
2016; Burck et al. 2021; Helal et al. 2021).

Imaging is commonly performed postoperatively to confirm
the location and position of the electrode array. The intraop-
erative use of imaging has the advantage of allowing for in-site
correction of any misplacement of the array. Different practices
exist that either advise for a routine intraoperative or postop-
erative radiological confirmation of the electrode array place-
ment (Vogl et al. 2015). About half of misplaced electrode array
cases could be missed if intraoperative imaging is used for sus-
picious cases only. However, the rate of misplacement in routine
cases with normal anatomy is relatively rare (Dirr et al. 2013).
Furthermore, the abnormalities in the electrode array placement
in the postoperative imaging are usually minor in routine cases
therefore not altering management. Thus, the need for intraop-
erative in comparison to postoperative imaging in routine cases
is a matter of debate (Coombs et al. 2014).

X-ray is often referred to as the standard imaging technique
by numerous CI centers (Marsh et al. 1993; Czerny et al. 1997,
2000; Lawson et al. 1998; Bettman et al. 2003; Todd & Ball
2004). The routine use of imaging techniques with higher radia-
tion exposure does not appear to be justified, especially in chil-
dren (Aschendorff 2011). Conventional x-ray , however, lacks
the Three Dimensional visualization that high-resolution CT pro-
vides that might be needed in special situations. Disadvantages
of high-resolution CT include high radiation exposure and some
element of image degradation by beam-hardening artifacts that
can prohibit the delineation of each electrode contact (Whiting

Duplicate Removed }
1

v

‘ Consensus Reached
24

etal. 2001; Husstedt et al. 2002). The more recent cone beam CT
imaging technique imposes a lower radiation dose and induces
less artifacts compared with high-resolution CT, making it more
suitable for post-CI patients (Ruivo et al. 2009).

Intraoperative fluoroscopy is another imaging technique
reported to be useful in difficult cases where the intracochlear
placement of the electrode is unforeseeable, such as in cases
with severe cochlear anomalies or intracochlear ossification
(Fishman et al. 2003; Perez et al. 2014; Perazzini et al. 2020).

Electrode Impedance

* Measuring electrode impedance is an option to verify the
functionality of the electrode array.

* Impedance measurements alone cannot be used to confirm
intracochlear electrode placement.

» Transimpedance matrix measurements, field telemetry, elec-
tric field imaging, and similar tools are useful when suspect-
ing tip fold-over.

Impedance is the opposition to electrical current flow when
voltage is applied. In the context of ClIs, electrode imped-
ance is produced through a combination of the resistances of
the electrode-electrolyte interface and the surrounding tissue
(Busby et al. 2002). Impedance telemetry can be used intraop-
eratively to confirm some aspects of the device functionality
and offers some degree of predictive utility for postoperative
electrode function (Goehring et al. 2013). However, this tech-
nique should be used with caution. Electrode impedance can be
measured even if the electrode contact is situated outside of the
cochlea. This measurement, therefore, cannot be used alone for
confirmation of intracochlear array placement. An abnormally
high impedance can be observed during the surgery due to the
presence of air bubbles.
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Transimpedance is an estimate of the electrical field spread
within the cochlea. An impulse is generated at a single stimu-
lating contact, and the voltage distribution is measured from
the other array contacts (Wagner et al. 2020). Transimpedance
measurements can also be used to confirm some aspects of the
device functionality and functionality of the electrodes, and to
detect array tip fold-over with a high degree of sensitivity and
specificity (De Rijk et al. 2020; Hans et al. 2021; Kay-Rivest
et al. 2022).

Facial Nerve Monitoring

* Facial nerve monitoring can alert the surgeon to the proxim-
ity of the facial nerve during the operation. Monitoring is car-
ried out via EMG recordings taken from the orbicularis oculi
and orbicularis oris muscles. As the monitoring takes place
concurrently with the surgical procedure, it does not add a
great deal of time to the operation.

» Use of facial nerve monitoring is recommended during all
cochlear implantation cases.

» The surgeon should not depend on facial nerve monitoring
alone for localization of the facial nerve due to the possibility
of device malfunction.

Cochlear implantation is most commonly performed through
a facial recess approach, which is a triangular pathway bounded
by the facial nerve, the chorda tympani, and the fossa incudis
(Thom et al. 2013; Aljazeeri et al. 2023). Facial nerve palsy is
a rare but devastating complication of cochlear implantation,
resulting in substantial social, functional, and financial burdens
to the affected patient (Alzhrani et al. 2016). [atrogenic intraop-
erative facial nerve palsy is the second most common reason for
legal claims in otologic surgeries (Ruhl et al. 2013).

The use of facial nerve monitoring is suggested to decrease
the risk of intraoperative facial nerve injury. Although the moni-
toring does not directly prevent injury to the nerve, the level of
stimulation needed to elicit a response correlates with the thick-
ness of the bone protecting the nerve. Therefore, the surgeon
can be aware of how much drilling will be needed to reach an
appropriate skeletonization to achieve the optimal facial nerve
recess opening required for electrode array placement. The
monitor can alert the surgeon to inadvertent excessive drilling
and thinning of the bone over the facial nerve when the response
is elicited by lower levels of stimulation (Noss et al. 2001).
However, this benefit cannot be achieved if the surgeon drills a
thick bone over the nerve without repeating the stimulation to
caliber the thickness. Furthermore, stimulation needs to be eval-
uated throughout the intended drilling area, as heterogeneous
bone thickness over the facial nerve is not unusual.

Electrically Evoked Compound Action Potentials

* An appropriately performed intraoperative electrically
evoked compound action potential (ECAP) is an option to
confirm the integrity of the auditory nerve.

» Spread of excitation can be evaluated by measuring ECAPs
at each nonstimulating electrode. Spread of excitation is an
option to help detect tip fold-overs. An appropriately per-
formed radiological image should be obtained if tip fold-over
is suspected.

* ECAP measurements can assess both the integrity of the
auditory nerve and the ability of the implant to stimulate it.

ECAP is a direct measurement of the synchronized auditory
nerve response initiated by the electrical stimulus presented by
the intracochlear electrode. It reflects the functional status of
the auditory nerve. This response can be measured passively,
irrespective of the patient’s arousal status (He et al. 2017). To
achieve alignment of CI fitting with auditory perception, the
electrode contacts should ideally only stimulate sensory neu-
rons in their immediate proximity. However, this is confounded
by the spread of the electrical current field within the cochlea,
resulting in the stimulation of adjacent sensory neurons, a
phenomenon known as the spread of excitation (Kopsch et al.
2022).

The spread of excitation can be estimated similarly to the
spread of stimulation with transimpedance matrix—an impulse
is generated at a single stimulating contact, and ECAPs are
measured from the other array contacts (Soderqvist et al. 2021).
This technique has the additional benefit in that it can be reli-
ably used to detect array tip fold-over with a high degree of
sensitivity and specificity (Zuniga et al. 2017; Hans et al. 2021)
which manifests as an upward second curve or maximum on the
ECAP distribution plot (Grolman et al. 2009).

Electrical Auditory Brainstem Response

* The electrically evoked auditory brainstem response (EABR)
can be used to assess both the integrity of the auditory nerve
and ascending pathway, and the ability of the implant to stim-
ulate it.

* EABR is recommended as a positive prediction for patients
with prolonged hearing loss and cases of cochlear nerve
hypoplasia and aplasia. A negative EABR should not be used
as a contraindication of CI in these cases.

* When implantation is performed with vestibular schwan-
noma resection, it is advisable to assess EABR. This can help
guide the decision about whether a CI is advisable in this
case. Electrically evoked stapedial reflexes (ESRs) can also
be assessed to measure functional stimulation of the auditory
system.

EABR can be assessed either with the current CI or using
a test electrode to decide if cochlear implantation is advis-
able. This tool is a disposable device that can be very useful in
cases in which the status of the cochlear nerve is questionable.
EABR is a measure of the electrically evoked response of the
sequential firing of auditory brainstem structures downstream
of the auditory nerve. It is typically recorded with surface elec-
trodes (Wang et al. 2018). In practice, it is used to assess the
functional status of the auditory nerve, and possible cochlear
nerve aplasia (Maxwell et al. 1999). This can help determine the
correct choice between cochlear implantation versus auditory
brainstem implantation to treat profound hearing loss (Cinar
et al. 2017). Before cochlear implantation, a test electrode can
be used to assess the status of the cochlear nerve (Lassaletta
et al. 2017). This method has high sensitivity and specificity for
predicting auditory perception with a CI following vestibular
schwannoma resection (Medina et al. 2020). The absence of an
EABR, however, does not always mean an absence of a func-
tioning cochlear nerve, and therefore should not preclude the
option of cochlear implantation.

Adult patients with prolonged hearing loss manifest delayed
wave V and longer III to V inter-wave intervals when compared
with patients with shorter durations of hearing loss (Lammers
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et al. 2015). The increased III to V inter-wave interval is cor-
related with lower auditory performance (Danieli et al. 2022).
EABR thresholds were found to be higher in patients with
cochlear nerve hypoplasia (Wang et al. 2018). The combina-
tion of preoperative magnetic resonance imaging and EABR is
a stronger predictor of CI performance in patients with cochlear
nerve aplasia/hypoplasia (Yamazaki et al. 2015). Other studies
have found the presence of an EABR to be a good predictor of
auditory responses, while the absence of an EABR had a poor
ability to predict the absence of auditory responses with a CI
after vestibular schwannoma resection and in auditory brain-
stem implant users (O’Driscoll et al. 2011; Di Pasquale Fiasca
& Tealdo 2023). EABR can also be used to guide hearing pres-
ervation during tumor removal (Patel et al. 2020; Butler et al.
2021).

Electrically Evoked Stapedial Reflex

* Intraoperative electrically evoked stapedial reflex (ESR) is an
option to assess the intracochlear placement of the electrode
and the integrity of the auditory nerve and ascending stape-
dial pathway.

+ Intraoperative electrically evoked stapedial reflex threshold
(ESRT) is an option to estimate stimulation levels that can
guide in programming, especially in young children.

The acoustic stapedial reflex is a spontaneous contraction of
the stapedius muscle in response to a vigorous acoustic stimu-
lus. For the stapedial reflex to be present, both the ascending
and descending pathways of the reflex need to be functioning
(Wiley & Fowler 1997). The stapedial reflex is assumed to be
a protective mechanism against loud noises (Counter & Borg
1993). Due to this property, ESRT is commonly used as a proxy
to estimate the maximum comfortable level of electrical stimu-
lation in CI users. It may be particularly useful in young chil-
dren and those who cannot provide subjective sound perception
response (Lorens et al. 2004; Walkowiak et al. 2010; Guo et al.
2021; Palani et al. 2022).

Intraoperative ESR is elicited by the electrical stimulus of
the electrode array, while the response is observed visually by
inspecting the stapedius muscle contraction under the micro-
scope (Stephan & Welzl-Muller 2000; Gordon et al. 2004).

Electrocochleography

* Electrocochleography (ECochG/ECOG) can be used to mon-
itor for cochlear trauma and to predict postoperative hearing
outcomes. ECochG recording can be taken via an electrode
placed either on the round window or within the scala tym-
pani. It can be assessed at a single frequency or multiple
frequencies. Traces can be directly displayed on the surgery
microscope.

In ECochG, an intracochlear electrode is used to record
electrical responses from the cochlea to sound. Real-time moni-
toring of intracochlear ECochG during implant surgery can be
used to monitor cochlear function. When the cochlear function
is degraded, the residual hearing is poorer (O’Leary et al. 2020).
As yet, there is no consensus on the response characteristic
that best predicts hearing loss. Several approaches have been
explored, including the presence or absence of a fluctuation (or
a drop) in the amplitude of the ECochG signal (Campbell et al.
2016) or the magnitude of the drop (Weder et al. 2020). ECochG

can provide real-time feedback during CI surgery (Barnes et al.
2020).

Subjective Testing

» Subjective testing should not be used alone and cannot
replace objective testing.

Intraoperative subjective sound perception in the form of
sound detection can be used in adult patients who undergo CI
surgery under local anesthesia. This can be used after the elec-
trode insertion by electrical stimulation of the device to illicit
sound perception. It can also be used in patients with residual
hearing in which hearing preservation is intended. An attenu-
ation in the subjective sound perception, in the form of loud-
ness, is associated with a reduction in intraoperative real-time
ECochG amplitude during electrode insertion (Linder et al.
2022).

Four statements did not reach consensus: two of them were
deleted by the core committee and the other two failed to reach
consensus even after two rounds of revision and three rounds of
voting. The two statements that were deleted by the core commit-
tee were statement 26 (Intraoperative stimulation of the facial
nerve can help in identifying the stapedial tendon, and hence
the Round Window, by stimulating its contraction in cases with
difficult anatomy) and statement 27 (ESRTs [electrically evoked
stapedial reflex threshold] can be used to measure functional
stimulation of the auditory system and guide decision-making
in cases of vestibular schwannoma resection). Statement 26
received 62% agreement, while statement 27 received 50%
agreement in the first round. Because voters could not refine
these two statements, the core committee agreed to delete them.

The two statements that failed to reach consensus in the first
voting round were statement 28 (If the cochlear implantation
is done under local anesthesia, subjective sound perception
is an option to assess the function of the implant), and state-
ment 29 (Measuring four-point impedance is an option to detect
trauma-induced blood infiltration into the cochlea and predict
postoperative hearing loss). In the feedback comments, several
respondents remarked that they had no personal experience
with the four-point impedance technique. Several also remarked
that the technique is quite new and experimental, and therefore
it has not yet reached sufficient diffusion into clinical practice.
Therefore, it is premature to make judgments on its efficacy or
utility. For this reason, it should be emphasized that the lack of
arrival at a consensus on this statement should not be construed
as an affirmative statement about the efficacy or utility of this
technique.

For the statement regarding subjective sound perception,
several commenters remarked that this technique can only
be performed under local anesthesia, which is both rare and
used only by a minority of practitioners. Several respondents
emphasized that general anesthesia is the standard practice.
Other objections that were raised include: intraoperatively
acquired audiograms may not be reliable; residual hearing in
the opposite ear may confound the assessment is used to test
the functionality of the implant; under local anesthesia, any
movement by the patient should be avoided; there is a general
lack of data confirming the relationship between intraopera-
tive sound perception and postoperative hearing preservation
outcomes. Furthermore, following the final round of revisions,
two statements were found to overlap, as they referred to how
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helpful the “impedance” and “impedance field telemetry” are
in verifying the functionality of the electrode array. So, one
statement was proposed for removal, resulting in a final list of
24 consensus statements.

CONCLUSIONS

This set of 24 consensus statements describes the various
intraoperative tests that are available during CI surgery and
their potential for utility. It was developed by experts of vari-
ous backgrounds—CI surgeons, audiologists, and biomedical
engineers. The expert panel reached a consensus on several
practical statements that clarify the diagnosis, management, and
decision-making of CI patients. The paper intends to present
this consensus to promote appropriate care of CI patients and
provide a guide for practitioners.
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