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SUMMARY

Objective. To establish the safety and effectiveness of subtotal petrosectomy with cochlear
implantation in patients affected by chronic middle ear disorders to refractory to previous
surgical treatments.

Methods. A multicentre, retrospective study was conducted on patients affected by re-
calcitrant chronic middle ear disorders who underwent cochlear implantation in combi-
nation with subtotal petrosectomy. Patients’ details were collected from databases of 11
Italian tertiary referral centres. Additionally, a review of the most updated literature was
carried out.

Results. 55 patients were included with a mean follow-up time of 44 months. Cholestea-
toma was the most common middle ear recurrent pathology and 50.9% of patients had an
open cavity. 80% of patients underwent a single stage surgery. One case of explantation for
device failure was reported among the 7 patients with post-operative complications.
Conclusions. Subtotal petrosectomy with cochlear implantation is a benchmark for man-
agement of patients with recalcitrant chronic middle ear disorders. A single stage procedure
is the most recommended strategy. Optimal follow-up is still debated. Further studies are
required to investigate the role of this surgery in paediatric patients.

KEY WORDS: subtotal petrosectomy, cochlear implant, cochlear implantation, chronic
otitis media, chronic middle ear disorders, recalcitrant, refractory, recurrent

RIASSUNTO

Obiettivo. Stabilire la sicurezza ed efficacia dell’intervento di petrosectomia subtotale con
posizionamento di impianto cocleare nei pazienti affetti da patologia cronica dell’ orecchio
medio refrattaria a precedenti trattamenti chirurgici.

Metodi. E stato svolto uno studio retrospettivo multicentrico riguardante quei pazienti af-
fetti da patologie croniche dell’orecchio medio recalcitranti, sottoposti a petrosectomia
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subtotale con posizionamento di impianto cocleare. Le informazioni sono state raccolte dai database di 11 centri di riferimento di Il livello in
Italia. A complemento, ¢ stata svolta una revisione della piu recente letteratura.

Risultati. Nello studio sono stati inclusi 55 pazienti con un follow-up medio di 44 mesi. 1l colesteatoma ha rappresentato la pitt comune pato-
logia ricorrente dell’orecchio medio e il 50,9% dei pazienti aveva una cavita aperta. L’80% dei pazienti é stato sottoposto ad una chirurgia a
singolo stadio. Sette pazienti hanno mostrato complicanze post-operatorie, di cui un caso di espianto.

Conclusioni. L’intervento di petrosectomia subtotale con posizionamento di impianto cocleare rappresenta una tecnica chirurgica di rife-
rimento per la gestione dei pazienti affetti da otite media cronica recalcitrante. L’intervento chirurgico a singolo stadio é la strategia piu
[frequentemente raccomandata. 1l follow-up ottimale e ancora ad oggi oggetto di dibattito. Sono richiesti ulteriori studi per stabilire il ruolo di
questo intervento nei pazienti pediatrici.

PAROLE CHIAVE: petrosectomia subtotale, impianto cocleare, otite media cronica, patologie croniche dell’orecchio medio, recalcitrante,

refrattario, ricorrente

Introduction

In the era of “minimally-invasive surgery”, the increasing
popularity of subtotal petrosectomy (SP) in patients ad-
dressed to cochlear implantation may appear anachronistic
and outdated. Since its first description about 40 years ago ',
SP has been historically proposed for challenging cases as
an “end-stage procedure”. SP provides a safe field thanks
to the closure of the external auditory canal (EAC) and eu-
stachian tube, after meticulous removal of temporal bone
air cells and mastoid cavity obliteration !. Why is the recent
literature increasingly focusing on this surgical technique?
The answer relies on the opportunity to eradicate middle ear
disorders recalcitrant to previous therapeutic attempts and
to simultaneously restore the impaired hearing. Nowadays,
patients previously considered unfit for cochlear implanta-
tion and patients addressed to high-risk surgical procedures
may receive a well-established approach, namely SP, with a
lower percentage of adverse events 3. The aim of the present
work was to analyse the role of SP with cochlear implanta-
tion in chronic middle ear disorders recalcitrant to previous
treatments in a multicentre retrospective case series. Results
were compared with literature findings of the last 12 years.

Materials and methods

A national multicentre, retrospective study was conducted on
patients affected by chronic middle ear disorders who under-
went SP and cochlear implantation after performing one or
more previous middle ear surgeries. SP was defined accord-
ing to description of Fisch et al. in 1988 '. Patient data were
collected from the Cochlear implant (COI) databases of 11
tertiary referral centres between January 2005 and Novem-
ber 2022. Personal data, pathological, audiological, surgical
history and indications were collected. Further details about
surgery, complications and follow-up examinations were in-
cluded. Complications were classified according to the con-
sensus proposed by Hansen et al. * All patients underwent
otological examination and pure-tone pre-operative audiologi-
cal assessment was available in all cases. Pure tone average
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(PTA, average of 0.5-1-2-4 kHz), minimum, maximum values
and standard deviation (SD) were calculated. Functional gain
PTA (calculated as the difference between the post-operative
PTA and the pre-operative PTA) was also assessed. Pre-op-
erative study included high-resolution computed tomography
(HRCT) and gadolinium-enhanced magnetic resonance imag-
ing (MRI). Post-operative audiological data were collected at
1, 3, 6 and 12 months after surgery. Post-operative HRCT was
performed if needed.

Review of literature

A narrative review of the literature was conducted using
PubMed. Our aim was to identify publications in which pa-
tients, affected by chronic middle ear disorders and a previ-
ous history of middle ear surgery, were submitted to COI in
combination with SP because of disease recurrence. “Sub-
total petrosectomy”, “middle ear obliteration” and *“coch-
lear implant” were used as key words. Only English articles
were included, while case reports, case series, non-English
articles and studies published before 2010 were excluded.
Papers published by Free et al. °, Polo et al. ¢, and Vashishth
et al. 7, met our inclusion criteria, and were not included
due to a possible overlap of patients with the latest study
published by Grinblat et al. 3. Data were retrieved from in-
formation available from the text and tables presented in
each article. All included patients submitted to COI and SP
had history of a previous middle ear surgical procedure.
Cases in which the middle ear was explicitly referred as
dry or non-discharging were excluded. Patients for whom
information about the pathological course was not avail-
able were included. Thus, we intended to exclude patients
in which the indication for COI and SP was purely audio-
logical and was not supported by a history of recalcitrant
chronic middle ear disorder.

Results

A total of 55 ears in 55 patients were included. Twenty-
five were males (45.5%) and 30 were females (54.5%); the
mean age at surgery was 61.6 years (range, 10-82 years).



Only one paediatric patient was included in the study. Mean
follow-up time was 44 months (range, 1-132 months).

Pathological and surgical history

All patients included in our series were affected by a chronic
middle ear disease, had been submitted to a previous middle
ear surgery, and experienced disease recurrence. Under the
terms “‘chronic middle ear disorders” we included: chronic
simple otitis media (COM), chronic suppurative otitis me-
dia (CSOM) and chronic otitis media with cholesteatoma
(CCOM). In our series, CCOM was the most common mid-
dle ear recurrent pathology accounting for 28 cases (50.9%),
whereas 10 patients were affected by COM (18.2%) and
17 suffered from CSOM (30.9%). Twenty-seven patients
(49.1%) had a history of a previous canal wall up tympano-
plasty (TPL CWU); in 28 cases an open cavity was present,
including 25 (45.4%) canal wall down tympanoplasties (TPL
CWD) and 3 (5.4%) radical cavities. Information about con-
tralateral ear surgical status was also available. In 20 patients
(36.4%) there was a history of previous middle ear surgery

Table 1. Demographics, clinical indications and surgical history.

Subtotal petrosectomy with cochlear implantation

(TPL CWU, TPL CWD or radical cavity), 2 cases (3.6%)
had a contralateral COI, and the remaining 33 patients (60%)
did not undergo any surgical intervention on the contralateral
ear (Tab. I). The presence of a concomitant nasal pathology
was investigated; five of the 55 patients (9.1%) suffered from
chronic rhinosinusitis with or without nasal polyposis.

Pre-operative and post-operative audiological assessment
All patients included were affected by severe to profound
sensorineural hearing loss. Pre-operative mean PTA at pure-
tone audiometry was 114 dB HL (range, 85-120 dB HL;
SD + 9.3). Fifteen patients (27.3%) were conventional
hearing aid users whereas 40 patients (72.7%) did not use
or did not benefit from the use of a hearing aid.

Contralateral ear audiological status assessment highlight-
ed a mean PTA for air conducted sounds of 82.3 dB HL
(range 35-120 dB HL; SD + 25.13). Mean PTA for bone
conducted sounds was not calculated for the presence of
a large variety of hearing disorders. Post-operative re-
sults showed a mean PTA at 6 months after COI surgery

Author, year Cases Ears Age at Sex Chronic middle ear Previous surgery Contralateral ear
surgery disorders surgical history
(average) COM CSOM CCOM TPL  TPL Radical
Cwu CWD cavity
Baranano et al. 2013 ¢ 7 7 59.9yrs*  N/A N/A N/A N/A N/A 2 N/A N/A
Vincenti et al. 2014 ° 9 9 48.3 yrs F-5 NA N/A N/A N/A N/A N/A Stable mastoid cavity —
M-4 5 ears
Bernardeschietal. 20151 4 65 yrs N/A N/A 1 2 N/A 1 N/A SP+Cl—1ear
Casserly et al. 2016 ™ 2 2 N/A N/A N/A N/A N/A N/A 2 N/A N/A
Szymanski et al. 2016 12 9 9 70.7 yrs* F-7, NA N/A N/A 2 7 0 N/A
M-2
Altuna et al. 2017 '3 3 3 61.3yrs*  M-3 NA N/A 1 0 3 0 N/A
D’Angelo et al. 2020 ™ 7 7 57 yrs* F-4, NA N/A N/A 3 3 1 N/A
M-3
Kurkure et al. 2020 ' 7 7 N/A N/A N/A N/A N/A 0 7 0 N/A
Yoon et al. 2020 6 3 62 yrs* F-2, 0 3 0 0 3 0 N/A
M—1
Lee et al. 2020 7 2 2 62.5yrs F-1, 0 2 0 0 2 0 N/A
-1
Grinblat et al. 2020 3 39 39 56.8yrs*  F-NA NA N/A 4 11 9 19 N/A
M-3
Zhang et al. 2021 ™ 11 11 533yrs*  NA 7 N/A 4 1 10 0 N/A
Present study 55 55  61.6yrs F-30, 10 17 28 27 25 e TPL CWU, TPL CWD,
M—-25 radical cavity — 20 ears

e (Contralateral COI — 2
ears

e No surgery — 33 ears

CCOM: Chronic Otitis Media with Cholesteatoma; COIl: Cochlear Implant; COM: Chronic simple Otitis Media, CSOM: Chronic Suppurative Otitis Media, F: female; M: male; N/A: Not
Available; SP: Subtotal Petrosectomy; TPL CWD: Canal Wall Down Tympanoplasty; TPL CWU: Canal Wall Up Tympanoplasty; *: average value of the whole population of the study, not

specific for the listed cases.
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Figure 1. Pre-operative pure tone audiometry. Graphic depiction of PTA for each frequency for both implanted and non-implanted side. Horizontal lines represent
PTA trending line, while vertical lines represent SD for each frequency.

Figure 2. Pre- vs post-operative pure tone audiometry. Graphic depiction of PTA for each frequency for the implanted side, pre-operatively and 6 months after
surgery. Horizontal lines represent PTA trending line, while vertical lines represent SD for each frequency.
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of 39.9 dB HL (range 18.75-70 dB HL, SD + 9.7). Mean
PTA functional gain after COI positioning was 74.1 dB HL.
(Figs. 1, 2).

Surgery

Forty-four patients (80%) underwent SP in combina-
tion with COI positioning (single-stage procedure), while
11 patients (20%) underwent two consecutive surgical
procedures: SP followed by COI placement (staged proce-
dure). None of the patients underwent a total petrosectomy.
Inflammatory status at time of surgery was also investi-
gated: active middle ear inflammation was present in 15
cases (27.3%), and no inflammation was detected among
the remaining 40 patients (72.7%). Only one patient who
underwent a staged procedure showed active middle ear in-
flammation at time of surgery (Tab. II). Surgical cavity was
obliterated in 49 patients; autologous abdominal fat was
used in 46 cavities (83.7%), temporalis muscle in 1 case
(1.8%) and hydroxyapatite granules in 2 patients (3.6%).
No obliteration material was used in 6 cases (10.9%). Mean
surgical time was assessed for both single-stage and staged
procedures. On average, single-stage surgeries required
196 minutes, while staged procedures required 221 min-
utes overall. The mean time for SP stage (first stage) was
127 minutes, while for COI positioning (second stage) it
was 94 minutes. The time gap between the surgical stages
was 7.8 months overall. Further details about COI model
and electrode insertion are listed in Table II.

Complications

Seven of 55 patients (12.7%) experienced surgical com-
plications. Among major complications, there was one
case of abdominal haematoma needing revision surgery
and one case of COI failure that occurred 40 months after
surgery, requiring explantation and reimplantation. Minor
complications included 2 cases of EAC closure breakdown
treated by scarring of the margins of the wound. One case
of retroauricular wound infection was treated with antibi-
otic therapy, while another patient required surgical suture
and wound dressings for retroauricular suture dehiscence.
Finally, 1 case of abdominal seroma was reported, but
did not require any specific therapy. Other than the pa-
tient who experienced COI failure, the above-mentioned
complications occurred 8.1 days after surgery on average
(range, 1-22 days) (Tab. III). Among the 7 patients who
experienced complications, 3 had an active inflammation
at time of surgery (42.9%) and none had received a staged
procedure.

Radiological follow-up
A post-operative HRCT was performed in 49.1% of cases

Subtotal petrosectomy with cochlear implantation

(27 patients). Among these, the first HRCT scan was made
12 months after COI surgery in 7 cases (25.9%). Mean
radiological follow-up time was 24 months after surgery.
From the available medical records, only 4 of 27 patients
(14.8%) underwent more than one radiological imaging
during follow-up (Tab. III).

Literature review

Tables L, II and III provide a detailed overview of the studies
meeting our inclusion criteria *3'8. Twelve articles were iden-
tified, including 103 patients for a total of 103 ears. Regarding
surgical indications, information about the chronic middle
ear disorder was available in 24 of 103 cases (23.3%) (Tab. I).
Of those 24, 7 patients were affected by COM (29.2%), 6 by
CSOM (25%) and 11 by CCOM (45.8%), making CCOM
the most observed disease. Information was not available in
76.7% of cases. Previous surgical details were reported in
86 cases (83.5%). Specifically, among these, 49 underwent a
previous TPL CWD (57%), 17 received TPL CWU (19.8%)
and 20 patients had a previous radical cavity (23.2%). For
the remaining 16.5% of patients, surgical history was not re-
corded. Surgical details about contralateral ear were reported
in 2 papers accounting for only 6 cases (6.9%) among the 86
with an available surgical information. Regarding cochlear
implantation, all patients enrolled in the study received a SP
(Tab. II). For 80 cases (77.7%), a single stage surgery was
performed, whereas for 9.7% (10 cases) the surgical inter-
vention was staged. Finally, for 13 cases (12.6%) data about
surgical staging were not available. Obliteration material of
the cavity was also assessed, when described. Abdominal fat
was the most common obliteration material used (75 cases of
103; 72.8%), while in 3 patients the temporalis muscle was
preferred. In 25 cases, details about the obliteration material
were not available. A total of 9 complications were identified
among the included patients (8.7%), and all were classified
as major according to the proposed criteria of Hansen et al. *
(Tab. III).

Discussion

Constant improvements in the field of cochlear implantation
have been made over the years. Profoundly deaf patients re-
quire an effective hearing rehabilitation and when deafness is
concomitant with chronic refractory middle ear pathologies,
hearing rehabilitation must be combined with the successful
eradication of the disease. While some bone conduction hear-
ing implants can be positioned away from an open cavity or a
chronically discharging middle ear '°, cochlear implantation in
these scenarios seems hazardous. SP overcomes these limits,
resulting in a “safe and dry” cavity that is optimal for COI
positioning °. The efficacy and the advantages of this surgical
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Table Il. Surgical details.

Author, year Cases Ears Type of Inflammatory

petrosectomy  status at time
of surgery

Subtotal Total Active Stable

Barananoet 7 7 7 0 N/A N/A

al. 20138

Vincentietal. 9 9 9 0 1 8

2014°

Bernardeschi 4 4 4 0 4 0

etal. 20151

Casserly etal. 2 2 2 0 2 0

2016 "

Szymanskiet 9 9 9 0 4 N/A

al. 2016 2

Altunaetal. 3 3 3 0 1 N/A

2017 3

D'Angeloet 7 7 7 0 4 N/A

al. 2020 ™

Kurkure et. al. 7 7 7 0 N/A N/A

2020

Yoon et al. 3 3 3 0 N/A N/A

2020 16

Lee etal. 2 2 2 0 / 2

2020 7

Grinblatetal. 39 39 39 0 3* 3*

20208

Zhangetal. 11 11 11 0 1 N/A

202118

Present study 55 55 55 0 15 40

Staging

N/A
Single stage — 8

Staged — 1
Single stage — 4

Staged — 2
Single stage — 8

Staged — 1
Single stage — 3

Single stage — 7
Single stage — 7
Single stage — 3
Single stage — 2
Single stage — 33

Staged — 1
N/A-5
Single stage — 5

Staged — 5

N/A -1

Single stage — 44
Staged — 11

Median time Obliteration material

between
stages

N/A

6 months

N/A

6 months

Range 2-9
months

2 months — 1

NA-4

7.8 months

Abdominal fat, temporalis
muscle or bone pate — N/A

Abdominal fat — 9

Abdominal fat — 4

Temporalis muscle — 2

Abdominal fat — 9

Abdominal fat — 2

Temporalis muscle — 1
Abdominal fat — 7

N/A

Abdominal fat — 3

Abdominal fat — 2

Abdominal fat — 39

Temporalis muscle + fascia
+ bone paté + fibroperiostal
flap — N/A

Abdominal fat — 46
Temporalis muscle — 1
Hydroxyapatite granules — 2
No obliteration — 6

COIl model

N/A

N/A

Cl24 -2

Digisonic SP —2
N/A

N/A

N/A

N/A
N/A
N/A
(Cl422, CI522

N/A

N/A

Cl422 —1
Cl512 -4
Cl522 -1
Cl532 -2
Cle12 -1
Cl622 -2
Cl632 -1
CI24RE -2
Digisonic SP — 1
Flex 28 — 18
Flexsoft — 1
Form 24 -1

Hires90k Mid-
scala—4

Hires90k HiFocus
1J-1

Sonata — 1

Synchrony
medium — 2

Pulsar — 1
N/A - 11

Electrode
insertion
N/A

Complete

Complete

N/A

N/A

N/A

N/A
N/A
N/A
N/A

Complete —
91.5% (overall)

N/A

Complete — 42
Non complete — 2
N/A - 11

COI: Cochlear Implant; N/A: Not Available; *: N/A for the other cases.
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Table Ill. Complications and follow-up.

Subtotal petrosectomy with cochlear implantation

Author, year Cases Major complications Minor complications Onset Treatment Follow-up  Radiological follow-
time up
Barananoet 7 Abscess — 1 N/A N/A Explantation after 5 months and N/A N/A
al. 20138 reimplantation after 2 weeks of
antibiotic therapy

Vincentietal. 9 EAC closure breakdown —1* / N/A Rotation skin flap 144 months  HRCT between 12
2014° and 18 months
Bernardeschi 4 0 0 / / 21 months  HRCT in all cases
etal. 2015 (timing N/A)
Casserly et 2 0 0 / / 37 months  HRCT if cholesteatoma
al. 2016 " (overall) is suspected
Szymanskiet 9 0 0 / / 36.6 months HRCT at 1 year,
al. 2016 (overall) optional at 3 years
Altunaetal. 3 Cavity infection — 1 0 N/A Explantation 26 months 2, 5and 10 years
2017 1 (overall) with HRCT
D'Angeloet 7 N/A N/A N/A N/A N/A 3 months and 3 years
al. 2020 " with HRCT
Kurkure et. 7 N/A N/A N/A N/A 37.2months  N/A
al. 2020 (overall)
Yoon et al. 3 0 0 / / 24 months ~ N/A
2020 '
Leeetal. 2 0 0 / / 38 months 1, 3 and 5 years with
2020 "7 HRCT or MRl
Grinblatetal. 39 a. Postauricular fistula/ 0 a. 12 months  Explantation and reimplantation 85 months  1,2,3,5,7,9years
20203 receiver exposure — 1 (@b, c) (overall) with HRCT

b. Cavity infection — 1 b. 20 months

c. Postauricular fistula/ ¢. 11 months

receiver exposure — 1

Zhangetal. 11 a. Electrode exposure — 1 0 N/A a. Revision surgery (tragal cartilage 24.2 months N/A
20218 to cover the electrode) (overall)

b. COI exposure — 1 b. COI explantation

¢. EAC closure breakdown ¢. Wound dressing + antibiotics

-1

Present 55 a. Abdominal hematoma—1  ¢. EAC closure e 3.1 days a. Revision surgery 44 months e At 2 years on
study breakdown — 2 (average) average (27 cases)

b. COI failure — 1 d. Retroauricular wound e 40 months . Explantation and reimplantation o N/A for 28 cases

infection — 1 (COlI failure)

e. Retroauricular suture
dehiscence — 1

f. Abdominal seroma — 1

c. Scarring of the margins

d. Antibiotic therapy
e. Medications and suture
f. None

EAC: External Auditory Canal; COI: Cochlear Implant; HRCT: High-Resolution Computed Tomography; MRI: Magnetic Resonance Imaging, N/A: Not Available; *: classified as a major complication

after review by adopting Hansen et al. criteria.

technique are increasingly acknowledged. However, surgical
management in terms of staging and follow-up still remains
controversial . Middle ear surgery failures are undeniably
affected by the clinical behaviour of chronic middle ear pa-
thologies over time. This tight clinical-surgical relationship
led us to collect one of the largest series of patients submitted
to SP in combination with cochlear implantation. In fact, data
from the literature show that personal history of otitis media
accounts for 55.4% of indications for SP and the presence of
a mastoid cavity accounts for 35.5%. This makes these two
entities the first and second most common indications for SP,
as previously observed in the one of the largest studies in lit-

erature by Polo et al. ®. Based on this evidence, a review of the
most recent literature was carried out to identify all patients af-
fected by chronic middle ear disorders with a history of failed
prior surgery. According to our literature review, CCOM is
the most common indication for SP (11 of 24 cases, 45.8%),
which is consistent with the results from our series (50.9% of
cases). Concerning previous surgical history, surprisingly, al-
most half of patients in our cohort had a history of TPL CWU
(49.1%), compared to only 19.8% of patients in the literature
who underwent this type of surgery before SP and COI. Of
note, the literature does not usually report the surgical history
of patients with middle ear diseases, and thus the results ob-
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tained from our review can be underestimated. Postelmans et
al. 2! proposed a decisional algorithm based on the presence
or absence of active middle ear inflammation in order to solve
one of the main controversies in surgical management. As a
rule, all patients with evidence of active middle ear inflamma-
tion were staged and none experienced post-operative compli-
cations. This is consistent with our experience, in which none
of the patients who underwent staged procedures experienced
complications. However, the main reason prompting staged
surgery was not the presence of active inflammation, but
the evidence of CCOM (9 of 11 staged SP were affected by
CCOM). In fact, 11 of 14 patients with signs of active inflam-
mation underwent a single stage procedure without experienc-
ing adverse events. Conversely, it is worth noticing that the
other 3 cases with active inflammation at time of surgery were
among the 7 with post-operative complications. The absence
of complications among the staged patients is an indicator of
the safety of staged surgeries. In our opinion, there is no in-
terdependence between the presence of active inflammation
and post-operative complications development. This hypoth-
esis was confirmed by Grinblat et al. in in whose experience
complications occurred predominantly in patients with inac-
tive inflammatory status *. The timing of staging in our series
was 7.8 months on average. This was consistent with litera-
ture in which second stage surgery was usually performed at
6 months 7*!2, Six months is the estimated time interval for
small residual pearls of cholesteatoma to manifest, which
might have gone undetected during surgery '2. Autologous ab-
dominal fat was, by far, the most preferred among obliteration
materials for the surgical cavity. It was chosen in 72.8% of
cases in our review and in 83.7% of patients in our series. The
main reasons are the low metabolic rate and easy accessibil-
ity for grafting, as well as the creation of a radiological visual
interface that enables better recognition of indirect signs of
cholesteatoma at HRCT >, More specifically, MRI-induced
artifacts produced by a COI do not allow to check for chole-
steatoma recurrences: even if tailored COI positioning makes
it feasible to monitor specific intracranial structures, its role in
cholesteatoma detection is still debated >2. The use of HRCT
on a cavity obliterated with abdominal fat partially overcomes
this limit even though the timing of radiological follow-up is
controversial. Gruppo Otologico 37 has proposed a HRCT fol-
low up at 1, 3, 5 and 10 years, while Vincenti et al. ° advocate
the execution of a HRCT from 12 to 18 months after surgery
for reference and a second scan only in the presence of alarm-
ing symptoms. In our retrospective series, 49.1% of patients
had a post-operative HRCT at a mean time of 24 months after
surgery and no recurrences of cholesteatoma were observed
during follow-up (44 months on average).

As reported in the literature, SP provides better results in
terms of surgical risks and complications than other alter-
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native surgical approaches. In particular, the risk of array
extrusion is lower in SP than in revision mastoidectomy
approaches and the technique is more feasible compared
to approaches that bypass the middle ear like the middle
cranial fossa one '>2!'*, In our multicentric case series, only
12.7% of patients experienced complications, which is un-
deniably lower compared to patients who underwent CWD
tympanoplasty with cochlear implantation (30% according
to Hunter et al.) **. An additional, non-negligible benefit
given by SP is quality of life improvement in terms of clini-
cal follow-up and daily living (swimming, vertigo induced
by pressure or temperature changes) .

The multicentric nature of this study may be considered
a limitation in terms of heterogeneity of the series. Many
studies included in our review failed to provide adequate
information about previous surgical history, contralateral
ear status, COI model, or concomitant nasal pathology.

Conclusions

In patients with chronic middle ear disorders recalcitrant to
previous treatments, SP with cochlear implantation is a safe
and effective approach for disease eradication and simul-
taneous hearing rehabilitation. A single stage procedure is
the most recommended strategy. Staging is advocated when
CCOM is present rather than in cases of active inflammation.
Optimal follow-up, in terms of timing and imaging tech-
nique, is still debated. The usefulness of SP for the paediatric
population and its application along with implantable hear-
ing devices (e.g. transcutaneous bone conduction implants,
active middle ear implants) should be the object of further
investigation.
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