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Abstract

Objectives: The exclusive endoscopic transcanal transpromontorial approach

(EETTA) has recently been developed for the removal of small-sized acoustic neuro-

mas in the labyrinth (intralabyrinthine schwannoma [ILS]) or internal auditory canal

(IAC). Although small tumors that meet the indications for EETTA are also good can-

didates for cochlear implantation (CI), there are few reports on CI after schwannoma

removal using EETTA. Here we present an outcome of patients who underwent

simultaneous EETTA and CI.

Methods: Five patients (two with IAC fundus tumors and three with ILS) who under-

went simultaneous EETTA and CI between 2020 and 2022 were retrospectively

enrolled. Their medical charts and test results were reviewed.

Results: After at least 12 months of follow-up, there were no severe surgical compli-

cations such as meningitis, infection, or skin necrosis. Four of the five patients

responded to auditory stimulation. Three out of four auditory-responsive patients

scored >80% on sentence recognition.

Conclusion: Simultaneous EETTA and CI are feasible for the treatment of ILS and

IAC fundus tumors. Preservation of the cochlear nerve and modiolus is important for

favorable CI outcomes. Therefore, ILS and IAC fundus tumors in patients with non-

serviceable hearing should be surgically removed as early as possible to enable proper

hearing rehabilitation with CI.

Level of Evidence: Level 4.
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1 | INTRODUCTION

Acoustic neuroma (AN), also known as vestibular schwannoma, is a

benign tumor that originates from Schwann cells of the vestibular or

cochlear nerves.1 Most of them are located in the internal auditory

canal (IAC); however, some can be found inside the labyrinth (intrala-

byrinthine schwannoma [ILS]). Regardless of their location, ANs fre-

quently result in sensorineural hearing loss, and 75% of them

eventually result in nonserviceable hearing.2 Additionally, hearing loss

is regarded as an inevitable and irreversible consequence, although
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several treatment modalities including “watch and wait,” gamma knife

surgery (GKS), and hearing preservation surgery, have been

attempted.3–6

Furthermore, cochlear implantation (CI) has been implemented in

patients with AN with hearing loss after surgery in several groups.7

The results are promising, as approximately 50% of recipients

achieved open-set speech; however, the treatment guidelines still do

not discuss hearing rehabilitation after surgery or GKS.8,9 Moreover,

an exclusively endoscopic transcanal transpromontorial approach

(EETTA) has recently been developed for small sized IAC AN or ILS

removal.10,11 However, because EETTA inevitably disrupts the bony

labyrinth, CI with EETTA can be challenging. Consequently, reports

about CI after schwannoma removal using EETTA are lacking. None-

theless, small tumors that meet the indications for EETTA are good

candidates for CI due to a higher chance of cochlear nerve preserva-

tion compared to large tumors with IAC intrusion.12,13

Therefore, in this case series, we present the results of patients

who underwent simultaneous EETTA (two IAC fundus tumors and

three ILS) with CI. This study aimed to discuss the feasibility

and results of simultaneous CI and EETTA surgery. Furthermore, we

aimed to propose a novel treatment strategy for small tumors near or

inside the labyrinth.

2 | METHODS

Five patients who underwent simultaneous EETTA and CI between

2020 and 2022 were retrospectively enrolled and their medical charts

and test results were reviewed. The CI device and electrode type

were determined based on the surgeon's preference. I.S.M (patients

1, 2, 3, and 5), and S.H.B. (patient 4) performed the surgeries. A con-

ventional CI surgery was performed using the traditional transmastoid

approach with a surgical microscope. In brief, a retroauricular skin inci-

sion was made along the auricle, and then the Palva flap was elevated.

The external auditory canal (EAC) skin was not elevated except one

patient who A canal wall up mastoidectomy was performed using a

surgical drill, and the facial nerve was identified. A posterior tympa-

notomy was performed, and then the electrode was introduced into

the round window. The insertion could be monitored using an ear

endoscope. In two cases, the electrode was attempted to be placed

on the EAC wall without undergoing mastoidectomy. A bony groove

was drilled for the electrode on the cortical mastoid bone and the pos-

terior EAC wall. The electrode was then introduced into the round

window via the EAC and placed in the groove. The electrode in the

groove was supported with fascia and bone dust.

Auditory performance was evaluated preoperatively and annually

after switching on the device. During the postoperative follow-up

period, aided pure-tone audiometry and speech audiometry were per-

formed in the sound field of a soundproof booth. The sound field con-

sisted of two loudspeakers located at a distance of 1 m and at ±45�

from the subject's head. We adopted a wireless speech test because

all enrolled patients had residual hearing on the healthy side.14 In

brief, we used the “Bluetooth” function of an iPad (Apple Inc.,

Cupertino, CA, USA) to transmit the recorded sound signal from the

iPad to a speech processor. Thus, the patients' healthy sides were

excluded. No statistical analyses were performed. This study was

approved by the institutional review board of Severance Hospital

(project number: 4-2023-1367). The requirement for informed con-

sent was waived owing to the retrospective nature of the study.

3 | RESULTS

3.1 | Preoperative information of patients

Five patients who underwent simultaneous EETTA with CI had small

tumors (Koos grade 1) (Table 1); two IAC schwannomas, and three

cochlear schwannomas. Hearing function was evaluated using pure

tone and speech audiograms, and all patients had nonserviceable

hearing. Patients were informed about the treatment options, includ-

ing “watch and wait,” GKS, open surgery, and EETTA. They opted to

simultaneously undergo CI with EETTA after a thorough discussion

with the clinician. The implant device and electrodes were selected

according to the surgeon's preference; two perimodiolar and three lat-

eral wall-type electrodes were used.

3.2 | Outcome of surgery

There were no severe surgical complications, such as meningitis,

infections, or skin necrosis. However, the implant in Patient 1, the first

patient to undergo simultaneous EETTA and CI, did not respond to

auditory stimulation. Temporal bone computed tomography (CT) of

this patient revealed a slightly deep-inserted electrode; however, the

cochlear modiolus and electrode positions were normal. Therefore,

the implants in Patient 1 were removed. In Patient 2, the electrode,

which was placed in the EAC without mastoidectomy, was exposed to

EAC 10 months after surgery. Nevertheless, the exposed electrode

was preserved without revision surgery because the patient was

asymptomatic.

The remaining four successfully implanted patients showed a

good response to auditory stimulation, although their monosyllabic

word recognition scores varied (Figure 1). In addition, speech intelligi-

bility tests were performed using a wireless connection method to

completely exclude normal ears. Three out of four patients scored

>80% on sentence recognition.

3.3 | Surgical procedures of simultaneous EETTA
and CI

Surgery for tumors located in the IAC fundus (Patients 1 and 2) was

conducted as previously reported.15 Tympanic membrane was ele-

vated with a skin flap using endoscopy, the middle ear was exposed,

and the posterior bony annulus was partially removed for a better sur-

gical view and working space. The incudostapedial joint was separated
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TABLE 1 Patients who underwent simultaneous EETTA and CI.

Patient
Number Sex Age Side

Tumor
location

Tumor

size
(mm)

Koos
Grade

Preop

PTA4
(dB)

Preop

WRS
(%) Operation Electrode

F/u months

(last
hearing test)

1 M 62 Lt Fundus 4 1 71 6 EETTA + CI Lateral (EAC) 1 (removed)

2 M 40 Lt Fundus,

Vestibule,

Basal turn

7 1 109 6 EETTA + CI Lateral (EAC) 30

3 F 54 Rt Middle turn N/A 1 118 0 EETTA + CI Lateral 12

4 M 27 Lt Basal turn N/A 1 98 10 EETTA + CI PM 12

5 M 46 Rt Basal-Middle

turn

N/A 1 104 0 EETTA + CI PM 16

Abbreviations: CI, cochlear implant; PM, perimodiolar; EAC, electrode placed in the external auditory canal without mastoidectomy; EETTA, exclusive

endoscopic transcanal transpromontorial approach; F, female; Lt, left; M, male; N/A, Not applicable; PTA4, average pure tone audiometry (0.5, 1, 2, 4 kHz);

Rt, right; WRS, word recognition score at the most comfortable level.

F IGURE 1 Outcomes of
simultaneous cochlear implants
with exclusive endoscopic

transcanal transpromontoreal
approach (EETTA) tumor removal.
(A) The speech intelligibility test
using the wireless connection.
(B) Pure-tone audiogram. Hollow
circles indicate mean value and
error bars indicate standard
deviation. Pre: Before surgery.
Post: After surgery aided by the
cochlear implant.

F IGURE 2 Representative
images of surgical and
postoperative transorbital view
radiography. (A) Images of Patient
3 who had a mid-turn tumor.
Lateral type electrode is
identified. (B) Images of Patient
4 who had a basal-turn tumor.
Perimodiolar type electrode is
identified.
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and the malleus and/or incus were removed. The promontory was

carefully drilled carefully to expose tumor. In the case of mid-turn ILS

(Patient 3), the basal turn and round window were preserved for

landmarks and electrode stabilization (Figure 2A). In the case of basal-

turn ILS (Patients 4 and 5), the round window was removed

(Figure 2B). The tumor was removed using suction and picking after

F IGURE 3 Serial endoscopic images of
surgery for Patient 4.
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the wide opening of the promontory. Specific care was taken to pre-

serve the modiolus during all procedures. A dummy electrode was

inserted to verify the presence of any remaining tumor and ensure a

clear passage for the actual electrode. For Patients 3, 4, and 5, a canal

wall up mastoidectomy without EAC flap elevation was performed,

followed by CI device placement beneath the temporalis muscle. The

electrode was inserted into the round window after the posterior

tympanotomy. During electrode insertion, the surgeon observed the

electrode position inside the cochlea in the EAC using endoscopy.

(Figure 3 and Supplementary Video S1) After complete insertion of

the electrode, the promontory defect was covered with a cartilage

composition graft or fascia with bone dust.

4 | DISCUSSION

CI can be simultaneously performed with EETTA for IAC fundus

tumors or ILS, even though EETTA inevitably disrupts the cochlear

bony capsule. Furthermore, the audiological outcome of simultaneous

CI with EETTA can be successfully achieved, with sentence scores

reaching up to 100%. A perimodiolar-type electrode (Patients 4 and 5)

seems to be preferred because the lateral wall of the cochlea is par-

tially removed; however, the lateral-type electrode (Patients 2 and 3)

also showed good results. The most crucial factor in achieving suc-

cessful CI seems to be the conservation of the cochlear nerve and

modiolus.

To the best of our knowledge, only a few single case reports have

been published, and this is the first case series to report EETTA and

concurrent CI.15,16 In addition, several previous studies have reported

simultaneous or sequential CI with vestibular schwannoma removal.

Patients after ILS removal have frequently been reported as good can-

didates for CI with respect to cochlear nerve preservation.17–22 Fur-

thermore, Laborai et al. suggested performing CI without tumor

removal.23 The audiological outcomes of patients who underwent

schwannoma removal with CI were also promising; the majority suc-

cessfully perceived audiological stimulation, with up to 75% achieving

monosyllabic word recognition.20 In this study, Patient 2, who showed

the best results, also scored 80% for monosyllabic words and 100%

for sentence recognition, consistent with previous reports.

ILS and small tumors limited to the IAC fundus are good candi-

dates for EETTA.24–26 Because the tumor can be successfully

removed with a better surgical view than the transmastoid approach,

when considering the angle of the cochlear modiolus. Moreover, the

low invasiveness of the EETTA is comparable to that of the transcanal

approach using surgical microscopy. Although EETTA should be per-

formed single-handedly, it can provide better surgical vision and

reduce operation and postoperative recovery time compared to trans-

canal approach using microscopy.24,25 The major drawback of EETTA

and microscopic transcanal approach is the limitation of IAC exposure;

therefore, a combined approach would be helpful for advanced

cases.27 Another key advantage of EETTA is the absence of a retro-

auricular skin incision or mastoidectomy. However, this advantage is

lost when CI is implanted simultaneously. Several groups have also

successfully placed CI electrodes in the EAC using a transmeatal

approach.28–31 In our study, the electrode was eventually exposed

during long-term follow-up (Patient 2). Therefore, in future studies,

transmeatal CI combined with EETTA should be attempted to ensure

minimally invasive surgery.

Given previous reports and this study regarding outcomes of CI

with schwannoma removal, the “watch and wait” strategy for ILS

and fundus small tumor is not recommended. If a patient's hearing

is nonserviceable, early surgical removal is required to guarantee

successful hearing rehabilitation with a CI. Moreover, since up to

60% of the tumors grow during the ‘watch and wait’ period, it

becomes increasingly difficult to completely surgically remove them

while preserving the modiolus and cochlear nerve.32 Furthermore,

studies have reported up to 33% of patients worsened hearing in

ILS tumors using GKS.33,34 This suggests that GKS has the potential

to cause collateral damage to the cochlear nerve periphery, which is

crucial for receiving electric stimulation from a cochlear implant.

Consequently, the most appropriate method before hearing rehabili-

tation with CI seems an early surgical removal to preserve the

cochlear nerve and modiolus.

Nonetheless, this study had some limitations. First, this was a

small case series without a statistical analysis. Second, there were no

long-term follow-up results for tumor recurrence. Third, we did not

discuss CI artifacts on MRI, which are important for follow-up tumor

recurrence. Thus, in future studies, we aim to investigate the long-

term follow-up results and artifacts on MRI.

5 | CONCLUSION

In conclusion, simultaneous EETTA and CI are feasible for treating ILS

and IAC fundus tumors. Preservation of the cochlear nerve and mod-

iolus is important for favorable CI outcomes. Therefore, ILS and IAC

fundus tumors in patients with nonserviceable hearing should be sur-

gically removed as early as possible to enable proper hearing rehabili-

tation with CI.
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