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Osteogenesis imperfecta (OI) is a heterogeneous genetic disease of the connective tissues characterized by a
deficit in the synthesis of type I collagen, resulting in bone fragility, defective dentition, ligamentous laxity,
vascular fragility, and hearing impairment. In cases of severe-to-profound hearing loss, where patients do not
benefit from conventional amplification, cochlear implantation may enable the recovery of functional social
hearing.

We report a case of cochlear implant surgery with perimodiolar array insertion in a 50-year-old woman with
severe-to-profound bilateral mixed hearing loss due to OI, along with a review of the pertinent literature, with
the aim to analyze the influence of implant type on postoperative outcomes.

The implant was easily inserted and successfully activated 4 weeks postoperatively. No facial twitching was
observed during implant mapping. Six months after the activation, the mean free-field threshold with cochlear
implant was approximately 25 dB, and the maximum word recognition score was 100% at 50 dB presentation
level.

Consistent with previous literature, the use of perimodiolar arrays helps to prevent facial nerve stimulation
and optimize audiological outcomes.

1. Introduction

Osteogenesis imperfecta (OI) is a heterogeneous genetic disease of
the connective tissues characterized by a deficit in the synthesis of type I
collagen, resulting in bone fragility with deformities, defective denti-
tion, ligamentous laxity, vascular fragility, and hearing impairment [1].
Hearing loss may be conductive, sensorineural or mixed. Typically,
there is an onset of conductive hearing loss in the second or third decade
of life, with the sensorineural component emerging thereafter and
advancing progressively [2]. In cases of severe hearing loss, where pa-
tients do not benefit from conventional amplification, cochlear implant
represents the only rehabilitative option. However, the atypical bone
structure characteristic of OI can pose difficulties during both surgery
and the postoperative period. In the literature, only 14 cases [1-11] of

cochlear implantation in patients with OI have been documented with
variable outcomes.

We report a successful cochlear implant surgery with perimodiolar
array insertion performed in a patient with OI, along with the review of
the pertinent literature, with the aim to analyze the influence of implant
type on postoperative outcomes.

1.1. Case presentation

A 50-year-old woman affected by osteogenesis imperfecta was
referred to our department with a history of progressive hearing loss in
both ears (worse in the right ear) over the past 25 years.

At the age of 27, an attempt was made to improve right threshold by
stapes surgery which led to only a temporary benefit. After few years,
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Fig. 1. Preoperative CT scan of the right ear showing diffuse demineralization
of the otic capsule with preserved cochlear architecture.

conventional hearing aids were fitted on both ears.

At the time of the visit, she had been completely hearing impaired for
the past 5 years.

Otoscopy examination showed normal tympanic membranes in both
ears.

The pure-tone audiometry revealed severe mixed hearing loss in the
left ear and profound mixed hearing loss in the right ear. The speech
discrimination test revealed no identification ability in both ears. She
could no longer benefit from a digital hearing aid on the right side and
received only limited benefit on the left side.

Non-contrast temporal bone computed tomography (CT) showed
diffuse demineralization of the otic capsule with preserved cochlear
architecture (Fig. 1), as well as calcification of the oval and round
windows.

Magnetic resonance imaging (MRI) confirmed the presence of a
cochlear nerve and a fluid-filled cochlea.

After discussing the feasibility and potential benefits of cochlear
implantation with the patient, a decision was made to proceed with
surgery in the right ear.

Considering the risk of cochlear ossification and the very small size of
the mastoid, a canal wall down mastoidectomy with middle ear and
mastoid obliteration was considered the safest surgical approach. A
perimodiolar electrode with a stylet (Cochlear™ Nucleus® Profile™
Plus with Contour Advance® Electrode CI612, Cochlear Ltd, Australia)
was chosen to ensure full insertion.

The procedure was performed under general anesthesia using a
surgical microscope (ZEISS S7 Microscope, Carl Zeiss, USA). Facial nerve
function was monitored intraoperatively by a nerve integrity monitor
(NIM Response® Medtronic, 3.0-2 channels). During the procedure, a
highly vascularized and sclerotic cochlear promontory was found, and
the round window niche was not well visualized due to ossification. The
position of the stapedial prosthesis at the level of the footplate provided
an adequate landmark for the round window’s location. The surgeon
then drilled at the expected location of the round window niche until the
round window was opened.
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A Contour Advance Depth Gauge with the stylet in place was first
inserted to verify the patency of the scala tympani lumen. Since the
depth gauge could be fully inserted, we proceeded with the insertion of
the electrode. The stylet was removed only after the full electrode
insertion, rather than employing the Advance Off-Stylet insertion
method.

The intraoperative measurements showed electrode impedance
values ranging between 8 and 15 kOhm. The transimpedance matrix
measurement excluded electrode tip fold-over and the automatic neural
response telemetry was recorded for all 22 active electrodes (Fig. 2).

Postoperative CT confirmed proper electrode array insertion, and the
patient did not experience postoperative complication.

The implant was successfully activated 4 weeks postoperatively and
no facial twitching was observed during implant mapping.

Six months after activation, the mean free-field threshold with the
cochlear implant was approximately 25 dB, and the maximum word
recognition score was 100% at a 50 dB presentation level.

One year after surgery, the patient reported daily use of the cochlear
implant and a significant improvement in speech discrimination.

2. Discussion

Itis estimated that approximately 11% of patients with OI experience
hearing loss that cannot be effectively rehabilitated with hearing aids
[12]. In these cases of severe-to-profound hearing loss, cochlear im-
plantation may allow patients to regain functional social hearing.
Notably, only few cases of cochlear implantation in patients with OI
have been documented to date [1-11] (Table 1), likely due to concerns
about the feasibility of the procedure in the presence of atypical tem-
poral bone anatomy.

The CT findings of the temporal bone in patients with OI may
include: extensive bone demineralization of all or part of the otic
capsule, characterized by significantly reduced attenuation on CT im-
aging and resulting in a “halo’ appearance around the cochlea (also
known as the “double ring effect”); a narrow middle ear cavity; oblit-
eration of the stapes footplate as well as the round and oval windows;
and involvement of the facial nerve canal in the dysplastic process [1,
13].

Bone demineralization can progress to the point of complete loss of
cochlear architecture, increasing the risk of electrode array misplace-
ment, which has been reported in 3 of the 14 cases (21.4%) documented
in the literature [1,6,11]. In one case, revision surgery allowed for full
insertion of the electrode array [11]. In another, even after revision
surgery, the array remained misplaced, resulting in no hearing percep-
tion [1]. In the third case, proper positioning of the electrode array was
deemed impossible [6].

Therefore, a careful preoperative radiological evaluation is essential,
and in cases of severe temporal bone alterations on CT imaging, the
possibility of electrode misplacement and consequent unsatisfactory
outcomes should be thoroughly discussed with the patient [1].
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Fig. 2. Intraoperative neural response telemetry measurements.
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Table 1
Case reports in the literature.
Article Age/sex Preoperative speech Temporal bone CT findings Type of electrode  Electrode insertion Facial nerve Postoperative Time of
perception stimulation speech follow-
perception up
Szilvassy 50/F Closed-set speech Loss of cochlear Nucleus 22 Full insertion Yes (electrodes “Significant 7 days
1998 recognition test with  architecture with (lateral wall) 9-13 switched improvement in
hearing aid revealed  deminerali-zation, annular off) hearing”
invaluably low osteolysis in otic capsule
results
Huang 42/F Wearing hearing Otospongiotic change of the ~ Nucleus 22 Full insertion Not specified - Open-set word 3
1998 aids: cochlea (lateral wall) recognition: months
- Open-set word 44%
recognition: 12% - Open-set
- Open-set sentence sentence
recognition: 24% recognition:
59%
Migirov 6/M Wearing hearing Normal temporal bone Nucleus 24 Full insertion No Open set word 6
2003 aids: some word Contour identification: months
identification in the (perimodiolar —40% of two-
closed set electrode) syllable words
format —25% of mono-
syllabic words
Streubel 31/F No phonemes or Pattern similar to MedEl Combi 40 Full insertion Yes (several - Phoneme 12
2005 words significant bilateral (lateral wall) electrodes) score: 75% months
discrimination cochlear otosclerosis - Words score:
54%
- Sentence
score: 99%

46/F Wearing hearing Demineralization of the Nucleus 24 Full insertion No - Phoneme 12
aids: region of the oval and the Contour score: 83% months
- Phoneme score: round window and (perimodiolar - Words score:

12% demineralization lateral to electrode) 70%
- Words score: 4% the basal turn of the cochlea - Sentence
- Sentence score: score: 100%
75%
Rotteveel 45/F Wearing hearing Demineralization of otic Nucleus 24 Full insertion Yes (electrodes - Phoneme 12
2008 aids: capsule, patent cochlea (lateral wall) 15-18 switched score: 84% months
- Open set phoneme (MRI) off, electrodes - Word score
score: 30% 14 and 19 60%
lowered)

51/F No phonemes or Fenestral abnormalities and ~ Nucleus 24 Full insertion Yes (electrodes - Phoneme 12
words pericochlear lucencies; (lateral wall) 1, 2, 20, 21, 22 score: 78% months
discrimination patent basal turns switched - Word score:

off) 56%

54/M No phonemes or Loss of architecture of the Clarion C1 Misplacement (lateral Yes (all No hearing 3
words cochlea, demineralization (lateral wall) semicircular canal in electrodes sensation months
discrimination but patent scalae the first surgery and switched off)

internal auditory
canal in the revision
surgery)
Sainz Not Not specified Demineralizing Medel The insertion of the - - -
2009 specified intracochlear lesions PULSARCI'® electrode guide
erasing areas of the basal (lateral wall) presented arrests and
and middle spiral canals deviations which
prevented the implant
Heo 39/F - Words score: 43% Spongiotic lucencies around  Nucleus Freedom Full insertion No - Words score: 6
2009 - Sentence score: the cochlea, similar to a 24 Contour 100% months
30% case of advanced (perimodiolar - Sentence
otosclerosis electrode) score: 100%
Makizumi 54/F Wearing hearing Extensive demineralization Nucleus Full insertion No - Monosyllable 6
2013 aids: of the bony labyrinth, with CI24R Contour score: 62% months
- Open set phoneme the structure of cochlea Advance - Word score:
score: 10% barely distinguishable. (perimodiolar 79%
- Phoneme score electrode) - Sentence
with verbal cues: score: 91%
Marfatia 14/F Not specified Demineralization of the Nucleus Contour Full insertion No Word 12
2020 bone around the cochlea Advance recognition months
and vestibule, and partial (perimodiolar score:
ossification of the round electrode) 45% at 60 dB
window niche and basal
turn of the cochlea
Kumar 25/M Not specified Loss of definition of the Medel (lateral Full insertion Yes (electrode 6  Not specified -
2021 cochlear architure with wall)® lowered)

demineralization and
annular osteolysis in the
surrounding otic capsule

(continued on next page)
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Table 1 (continued)
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Article Age/sex Preoperative speech Temporal bone CT findings Type of electrode Electrode insertion Facial nerve Postoperative Time of
perception stimulation speech follow-
perception up
Macedo 21/F Not specified Diffuse fibrous dysplasia Perimodiolar Misplacement at first No Not specified -
2024 involving the petrous and electrode” surgery.
tympanic regions of the Full insertion after
temporal bone and revision surgery
retrofenestral otosclerosis
Present 50/F Wearing hearing Diffuse demineralization of Nucleus Contour Full insertion No Word 6
case aids: the otic capsule with Advance recognition months
- Word recognition preserved cochlear (perimodiolar score:
score of 40% at 60 architecture and electrode) 100% at 50 dB

dB in the left ear calcification of the oval and
- No word
discrimination in
the right ear

round windows

2 Implant model not mentioned.

In our case, the preoperative CT scan showed cochlear demineral-
ization with preserved architecture, and MRI confirmed the presence of
a cochlear nerve and a fluid-filled cochlea. Thus, correct positioning of
the electrode was possible, leading to good functional outcomes in the
postoperative period.

The most frequent postoperative complication reported in the liter-
ature is facial nerve stimulation (FNS), which occurred in 6 of the 14
patients (42.9%) with OI who underwent cochlear surgery. As well
documented in patients with otosclerosis, the presence of otospongiotic
changes in the cochlear capsule is associated with an increased risk of
FNS [14,15]. The decreased impedance of the pathological bone may
generate an electric field near the facial nerve, leading to a sufficient
degree of depolarization of adjacent nerve fibers [9,14]. In such cases,
reducing stimulus intensity or deactivating the offending electrodes is
generally sufficient to resolve FNS. However, switching off multiple
electrodes may negatively affect audiological outcomes. Notably, in all
cases of FNS reported in the literature, a lateral wall electrode was used,
whereas no FNS was observed in patients who received a perimodiolar
array, as in our case. These findings suggest that the use of a lateral wall
electrode plays a significant role in the development of FNS; therefore,
we believe that a perimodiolar electrode should be preferred in patients
with OL

According to our experience and literature review, cochlear implant
surgery can be considered in selected patients with OI, and when proper
electrode insertion is achieved, good hearing recovery can be obtained.
Further studies reporting outcomes after cochlear implant surgery in
patients with OI are needed to validate our conclusions.

3. Conclusion

Although technically more challenging, cochlear implant surgery in
patients with Ol is a feasible procedure allowing good functional results.
Preoperative imaging with CT and MRI is mandatory to fully assess the
morphology of the temporal bone and the cochlea. The use of peri-
modiolar electrodes helps to prevent facial nerve stimulation and opti-
mizes audiological outcomes.
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