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Otology

Complications in 2000 adult and paediatric cochlear 
implants: what to expect and when

Summary

Objective. To identify the incidence of intra- and postoperative complications of adult and paediat-
ric cochlear implants (CIs) in a large cohort with long follow-up.
Methods. Retrospective chart analysis of 2000 consecutive cases of CI in a single institution.
Results. 8.9% of paediatric CIs developed a complication after a mean period of 5.5 ± 5.8 years. 
12% of adult CIs developed a complication after a mean period of 3.5 ± 5.3 years.
Seroma was the most frequent paediatric complication (1.8%), after a mean of 8.9 ± 5.4 years, 
while vertigo was the most common complaint in adults (2.5%), emerging in the first year. Both 
complications were generally managed conservatively. Acute otitis media or abscess with extrusion 

Cover figure. The timing in which complications occur is very different between the adult 
and paediatric populations. Half of adult complications occur in the first year after implantation 
and another 25% within the next 5 years; on the other hand, in the paediatric population, com-
plications are equally distributed between the first 4 years and the following decade.
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of the receiver/stimulator required surgical revision, with or without CI explantation, in 23.5% and 76.9% of cases, respectively. Cholesteatoma or chronic 
otitis media were always treated surgically and required CI explantation in 86.7% of cases. All cases complicated by device failure (1.2% and 0.8% of 
paediatric and adult CIs, respectively) were treated with CI explantation and reimplantation, and emerged after a mean of 5 ± 4 years.
Conclusions. Knowledge and decades long monitoring of the complications related to CIs are fundamental.

Key words: cochlear implant, seroma, device failure, explantation, reimplantation

Introduction
Cochlear implantation is considered a safe and life-chang-
ing procedure with relatively low rates of complication  1. 
The increasing numbers of sequential and simultaneous bi-
lateral cochlear implantations 2, the lowered minimum age 
at implantation 3, the progressive expansion of indications 
to a cochlear implant (CI), and the widespread implementa-
tion of CIs around the world 4, will undoubtedly be asso-
ciated with an increased incidence of complications. Sub-
sequently, an increased need of occasional reimplantation 
will also follow.
The World Report on Hearing estimates an annual risk of 
0.4% of device failure 5. Additionally, approximately 7.6% 
of cochlear implantations are expected to undergo revision 
surgery 6 and 5.5% of CIs will be explanted and reimplant-
ed 7. A Manufacturer And User facility Device Experience 
database study conducted from the 1st of January 2010 to 
the 31st of December 2020 showed that the total compli-
cation rate of infection, extrusion, facial nerve stimulation 
and cerebrospinal fluid leak (CSF) was 5.9%  8, similarly, 
the French Cochlear Implant Registry study highlighted 
5.6% of complications in CIs from January 2016 to Decem-
ber 2016, including multiple complications among which 
cochleovestibular dysfunction and haematoma 9. 
The objective of this study was to retrospectively collect in-
formation on the complications affecting a tertiary institu-
tion cohort of both adult and paediatric CI cases, in order to 
identify the actual prevalence and incidence of CI compli-
cations and properly counsel patients and caregivers about 
what to expect and when.

Materials and methods
A retrospective analysis of the clinical charts of 2000 con-
secutive cochlear implantations at a single tertiary insti-
tution, between June 1991 and December 2022, was per-
formed. Patients undergoing cochlear implantation but lost 
to follow-up after activation were excluded from the analy-
sis. Patients were included but considered lost to follow-up 
if activated and initially followed at our centre, but skipped 
at least two evaluations. Only data referring to the period 

that they were followed at our centre was considered. Pa-
tients operated on elsewhere but followed by our institution 
were also excluded from the analysis.
All surgeries were performed by two surgeons. The surgical 
technique in most cases consisted of a simple mastoidectomy 
with a transmastoid posterior tympanotomy, allowing access 
to the promontory. A subtotal petrosectomy was performed 
in cases with chronic otitis media with or without cholestea-
toma. No anatomical variations in the middle ear required 
a subtotal petrosectomy. When access to the round window 
was not feasible, a cochleostomy was performed anteriorly 
and superiorly to the round window. Modifications of the 
procedure mostly affected the retroauricular skin incision (its 
length was reduced over time). Since 2016, in line with the 
growing experience in revision surgery, bone dust to secure 
the electrode and obliterate the posterior tympanotomy has 
been abandoned. Since 2021, the posterior external auditory 
canal is reinforced by bone dust and extensive thinning is 
avoided when possible. Intraoperative facial nerve moni-
toring was conducted since 1999 (Medtronic NIM® Nerve 
Monitoring System). The intraoperative evaluation of CI 
function, with assessment of impedance levels and neural re-
sponse telemetry (NRT), was performed in all patients, either 
automatically or manually. An X-ray was performed intra-
operatively in paediatric cases and postoperatively in adult 
cases to confirm intracochlear electrode positioning.
Antibiotic prophylaxis was administered to all patients, in-
traoperatively (cefazoline 50 mg/kg) and for 5 postopera-
tive days, except allergic patients or infected cases with the 
availability of an antibiogram. The first fitting and activa-
tion was programmed after 6 days from surgery and a maxi-
mum use of the CI (also during sleep) was suggested. 
A comparison between different devices goes beyond the 
scope of this study and will therefore be ignored. 
Follow-up consisted in evaluation by an inhouse team of 
surgeon, hearing aid specialist and speech therapist. Chil-
dren were also evaluated by an inhouse pedagogist. 
The time of occurrence of each complication was recorded 
and analysed. Complications were considered as either in-
tra- or postoperative. Each complication was classified as 
‘‘minor’’ when it required conservative management and 
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had no permanent effects, whereas ‘‘major’’ complications 
required hospitalisation or surgical revision, or had perma-
nent consequences. The number of complications in each 
patient and each CI were also evaluated, as well as recur-
rences of the same complication over time. Finally, compli-
cations were analysed by comparing the adult and paediat-
ric populations, by the age at occurrence, and by the time 
lag between CI surgery and complication. 
A literature review of articles with at least 100 patients or 
CIs was conducted. Articles published before the year 2000 
were excluded. Articles referring to a single complication 
or specific populations were excluded, unless the popu-
lation referred to was limited to “paediatric” or “adult”, 
which were included but specified. Moreover, articles ex-
cluding device related complications (e.g. device failure) 
were included and specified.
Statistical analysis and graphs were performed using Graph-
pad Prism software (GraphPad Software 9.0, Inc, San Diego, 
CA, USA). Data were analysed using descriptive statistics; 
continuous variables were expressed as mean ± standard devi-
ation (SD); categorical variables were expressed as percentage 
(frequency). Fisher’s exact test and Mann-Whitney test were 
used when comparing populations. Log-rank test was used 
to compare time to complication from surgery between the 
groups. Differences were considered significant at p < 0.05.

Results
In all, 2000 CIs were analysed in 1329 patients. Of these 
CIs, 1963 were primary surgeries and 37 were reimplanta-
tions. One hundred and sixteen patients were lost to follow-
up (158 CIs) after a mean of 6.9 ± 5.5 years.

Paediatric population
Eight hundred and forty-two paediatric patients underwent 
1419 CIs. Four hundred and three children underwent bi-
lateral simultaneous CI, while 174 underwent bilateral se-
quential CI. Among them 20 patients had undergone the 
first CI in another centre (for this reason complications will 
only consider the ear operated upon in our centre) and 8 
received their second implant when adults. Four patients re-
ceived a sequential CI simultaneously to a contralateral CI 
explant, namely “monaural sequential”.
The mean age at the time of implantation was 4.1  ±  3.9 
years (range, 8 months - 17.9 years). The mean duration 
of follow-up was 11.6 ± 5.8 years (range, 4 months - 27.7 
years).
One hundred and twenty-six CIs developed a complication 
in 108 ears (91 patients). Nineteen CIs developed recurrent 
complications. Overall, 8.9% of paediatric CIs were com-

plicated after a mean period of 5.5 ± 5.8 years (range, intra-
operative - 23.4 years after CI).

Adult population
Five hundred and eighty-one CIs were implanted in 487 
adult patients. Thirty-three adults underwent bilateral simul-
taneous CI, while 51 patients underwent bilateral sequential 
CI. Twelve bilateral CI patients had undergone the first CI 
in another centre and, as previously stated, 8 received their 
first implant at our centre when children. One patient re-
ceived a sequential CI concurrently with a contralateral CI 
explant (monaural sequential). Thirteen CIs were revision 
surgeries, of which 3 were revisions of paediatric CIs. Revi-
sion of CIs implanted elsewhere were excluded.
The mean age at implantation was 45.6 ± 16.5 years (range, 
18-83.3 years). The mean duration of follow-up was 
12.9 ± 7.3 years (range, 4 months - 31.6 years).
Seventy CIs developed a complication in 61 ears in 59 pa-
tients. Four CIs developed a recurrent complication. Over-
all, 12% of adults presented a complication after a mean 
period of 3.5 ± 5.3 years (range, intraoperative - 21.7 years 
after CI).

Complications
Complications were subgrouped, according to time of oc-
currence, into intraoperative (which also included immedi-
ate postoperative complications emerging in the operating 
room) and postoperative. Some events were included as 
complications although they could be independent of coch-
lear implantation or even surgery, because they could theo-
retically result from the presence of the CI which could act 
as a trigger of inflammatory response, as well as the fact 
that the presence of a CI demands more prompt and definite 
management of the “complication”.
Intraoperative complications consisted in: array misplace-
ment, gusher, vestibular, chorda tympani or facial nerve in-
jury. No intraoperative jugular bulb or sigmoid sinus injuries 
occurred, and there were no cases of CSF leak or dural tears. 
Two paediatric arrays were misplaced in the vestibule; both 
were revised after radiologic confirmation. Five adult pa-
tients had an array misplacement: one had a vestibular in-
sertion and was revised; 4 had a tip fold-over, which was 
revised only in 2 patients; the other 2 patients showed good 
audiologic results at activation and were therefore only 
mapped accordingly. 
Gusher complicated 9 paediatric surgeries. Two patients had 
bilateral simultaneous CI and presented bilateral gusher. 
Three patients had unilateral CI. Two patients had bilater-
al sequential CI, one presented gusher in only one surgery, 
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whereas the other had bilateral gusher but had undergone the 
first CI elsewhere (the latter CI being done elsewhere was 
excluded and was not considered in the reported 9 surgeries 
with gusher). Seven of 9 ears (77.8%) were associated with 
inner ear malformations identified on preoperative radiologic 
evaluation. No adult surgery presented gusher.
Three adult patients had evident postoperative acute ves-
tibulopathy with self-limiting vertigo that procrastinated 
hospital discharge.
One adult patient had an intraoperative chorda tympani in-
jury with postoperative dysgeusia that lasted for 2 months. 
No treatment was indicated. Although no other patient 
complained of dysgeusia, we expect this complication to be 
greater than reported.
Facial palsy complicated 2 paediatric patients and one 
adult patient. The first paediatric case was a revision sur-
gery with CI explantation and reimplantation after device 
failure and presented a complete grade VI acc. to House-
Brackmann (HB) facial palsy 10. The child was treated with 
speech therapy with partial improvement. The other child 
had a right HB grade III facial paresis and bilateral gusher 
in an enlarged vestibular aqueduct syndrome. The facial pa-
resis improved over time into a HB grade II. The adult case 
presented a transient postoperative facial palsy with subse-
quent complete recovery.
The time of occurrence/diagnosis of each postoperative 
complication is presented in Figure 1, showing that some 
complications tend to occur earlier and closer to surgery, 
whereas others are delayed or spread over time. 
Magnet dislocation was not included since this occurrence 
was strictly associated with MRI; it complicated 3 paediat-

ric and 4 adult patients. A patient with vestibular schwanno-
ma had recurrent magnetic dislocations after serial MRIs. 
Seroma was the most frequent complication in children, af-
fecting 1.8% of all paediatric CIs (26 CIs) after a mean of 
107  ±  65.2 months. Six cases recurred, one of which had 
multiple recurrences. Patients developing bilateral seroma 
had also statistically more recurrences (Fisher’s exact test, 
p  =  0.02). Children presented seroma at a median age of 
12 years (mean 10.6 ± 6.4). Although female patients pre-
sented seroma at a younger age, median 7.7 vs 12.7 years 
of age in girls and boys, respectively, the difference was not 
statistically significant (Mann Whitney test, p = 0.12). The 
presence of seroma deters magnetic attraction and dampens 
radio-frequency transmission to the internal receiver/stimu-
lator (R/S). Three seromas concurred with ipsilateral acute 
otitis media. One seroma evolved into skin flap dehiscence 
and R/S extrusion, whereas another seroma was followed by 
device failure. Most cases (17/26) were treated as outpatients 
with anti-oedema ointment plus compressive dressing and 
by oral antibiotics and corticosteroids. Occasionally, an oral 
antihistaminic was added. Nine patients received only oral 
treatment (without dressing), and 2 resolved without treat-
ment. Four patients were hospitalised for intravenous therapy 
and compressive dressing. Finally, 2 patients underwent sur-
gical revision after failure of conservative treatment. Seroma 
affected 0.8% of adult patients (5 CIs), without recurrent or 
bilateral cases, after 34.1 ± 37.3 months. One case evolved in 
R/S migration. All adult patients were treated with oral anti-
biotics and corticosteroids. Overall, 9.6% of seromas evolved 
into more serious complications. Although seromas mainly 
affected the paediatric population, there was no statistically 
significant difference between the occurrence of seroma in 
the two populations (Fisher’s exact test, p = 0.1607). Moreo-
ver, the complication affected equally females and males. 
Seromas occurred in significantly older children compared 
to acute otitis media (Mann Whitney test, p = 0.0027), and 
at similar ages in children affected by chronic otitis media 
(Mann Whitney test, p  =  0.8048); seroma occurrence was 
also delayed, albeit not statistically significant, in children 
affected by extrusion (Mann Whitney test, p = 0.0645). Acute 
otitis media (AOM) with either ear discharge or mastoidi-
tis occurred in 16 paediatric CIs (1.1%), with 4 recurrenc-
es (25%). Simple AOM were not taken into account when 
not associated to ear discharge or mastoiditis. The infection 
developed after a mean of 13.1 ± 15.9 months after CI sur-
gery, (range, 20 days - 52 months). The complication pre-
dominantly affected younger children, median 4 (mean age 
5.1 ± 4.3 years old). Seven patients were treated successfully 
with oral antibiotics, whereas 9 were hospitalised and treated 

Figure 1. Postoperative complications of cochlear implants (CI) in chil-
dren and adults and time of occurrence in years after CI surgery. Each 
point is a single complication.
AOM: acute otitis media; COM: chronic otitis media; CSF: cerebrospinal 
fluid; R/S: receiver/stimulator.
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with intravenous antibiotics. Four patients were treated surgi-
cally: one had a surgical evacuation of mastoid cavity infec-
tion, whereas 3 patients were non-responsive to antibiotics 
and had CI explantation, with simultaneous reimplantation 
in one case due to apparent macroscopic disease eradication 
and washing of the cavity with antibiotics which were also 
administered intravenously. Only one adult developed AOM 
with ear discharge after more than 6 years from surgery; he 
recovered with oral antibiotics. AOM with either ear dis-
charge or mastoiditis affected significantly more paediatric 
CI cases than adult cases (Fisher’s exact test, p = 0.0326).
Cholesteatoma or chronic otitis media (COM) with expo-
sure of the electrode array complicated 13 paediatric CIs in 
9 patients. Two patients with bilateral CI developed bilater-
al cholesteatoma, while 2 additional patients with bilateral 
CI developed cholesteatoma on one side and COM with 
tympanic perforation on the other side. Two cases had pre-
viously recurrent AOM. Cholesteatoma or exposure of the 
electrode array through perforation of the tympanic mem-
brane was diagnosed after a mean of 5.7 ± 4.7 years from 
CI surgery. The mean age at presentation was 12 ± 6.2 years 
(median 10 years). All patients underwent revision surgery. 
In 2 cases the disease was eradicated with CI preservation 
because not affected by the disease. Eleven cases required 
CI explantation and conversion to subtotal petrosectomy. In 
one patient, the electrode, which was left in the cochlea in 
order to preserve cochlear patency, caused meningitis with 
recurring headache and fever that was partially responsive 
to ciprofloxacin. The case resolved after the removal of 
the electrode (positive for Pseudomonas aeruginosa) and 
its replacement with a gauge; the patient was reimplanted 
after 3 months of appropriate antibiotic therapy. A new CI 
was reimplanted (ipsilaterally or contralaterally) in 6 cases. 
Two adult patients developed cholesteatoma which was di-
agnosed after 11.2 and 21.6 years from CI surgery. The lat-
ter had Cogan’s syndrome and simultaneously developed 
transitory facial palsy and cholesteatoma; moreover, he had 
an ossified contralateral cochlea. Both cases were explant-
ed and reimplanted simultaneously. Although there was 
no significant difference in the incidence of cholesteatoma 
or COM between the two populations (Fisher’s exact test, 
p = 0.2559), the complication was diagnosed significantly 
earlier in paediatric cases (unpaired t test, p = 0.0142).
Abscess with R/S extrusion complicated 0.8% of paediatric 
patients (12 CIs) after a mean of 2.9 ± 4.7 years (range, 18 
days - 16.6 years). One case recurred after 2 months of ap-
parent resolution. The complication affected mostly young 
children (median age 3.2 years, mean age 6.2 ± 5.9 years). 
Two cases resolved with wound dressing and intravenous 

antibiotics, whereas 10 cases were surgically revised. Three 
cases had a surgical toilette and the R/S was covered by a 
skin flap, while 7 were explanted. In 3 cases the infected 
area was completely removed and a simultaneous new CI 
was implanted covered by healthy tissue. One adult case 
was complicated with R/S extrusion, which was managed 
with wound dressing.
R/S migration occurred in 3 paediatric patients (0.2%) after 
4.9 ± 1.4 years, and 5 adult cases (0.8%) after 7 ± 7.3 years 
from CI surgery. R/S migration complicated a previous se-
roma in one child. No treatment was necessary in 4 cases, 
however in one paediatric and 3 adult patients a surgical re-
vision with explantation and reimplantation was indicated, 
owing to skin flap necrosis with R/S exposure.
Device failure was the main cause of CI explantation in both 
populations (Fig. 2). Seventeen (1.2%) paediatric cases pre-
sented device failure after 4.2 ± 3.6 years from CI surgery, 
2 after head trauma, and 5 (0.8%) adult cases after 7.6 ± 4.5 
years. All cases were confirmed by the manufacturers’ spe-
cialist and were treated with CI explantation and simulta-
neous reimplantation. There was no statistically significant 
difference between the incidence of device failure (Fisher’s 
exact test, p = 0.6405) or time to complication (unpaired 
t test, p = 0.0885) between the two populations. Further-
more, 7 paediatric cases presented a characteristic decre-
ment without evolving in device failure after 10.1  ±  4.4 
years from CI. Curiously, all cases were in girls. Only one 
case was surgically treated with CI explantation and reim-
plantation for insufficient auditory benefit with subsequent 
improvement of performance 11.
Vertigo was the most common complaint in adults, affect-
ing 15 cases (2.5%) with 2 recurrences. It was significantly 
more common in adults than children (Fisher’s exact test, 
p < 0.0001). Vertigo emerged immediately after surgery in 
one case, prolonging hospitalisation, and 2 patients suffered 
from vertigo in the first month after CI. Vertigo occurred 
mostly in the first year (mean 11.1 ± 14.8 months), except 

Figure 2. Percentage of each type of complications treated with device 
explantation in paediatric and adult CIs.
Ch.: characteristic; CSF: cerebrospinal fluid; R/S: receiver/stimulator.
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in 2 patients (after more than 3.5 years). Patients complain-
ing of vertigo were mostly middle aged (mean 54.5 ± 13.2, 
median 53.6 years) and significantly older than the adult CI 
population (mean 45.5  ±  16.5, median 44.8 years, Mann 
Whitney test p = 0.0359). There was no significant differ-
ence in vertigo between female and male patients (Mann 
Whitney test p = 0.4136). Four cases were caused by benign 
positional paroxysmal vertigo and one by endolymphatic 
hydrops, whereas the rest were associated with vestibular 
hypo- or areflexia. All patients except one were successfully 
treated as outpatients with oral betahistine and/or vestibular 
rehabilitation therapy. Two children suffered from vertigo 
at 8.1 and 9.5 years after CI surgery, and were both bilateral 
CI users. In one case vertigo developed after CSF leak in an 
inner ear malformation (enlarged vestibular aqueduct and 
incomplete partition type II). The CSF leak occurred after 
almost 6 years after CI surgery.
Six adult patients complained persistence of tinnitus after 
CI (1%). There were no new cases of tinnitus after CI. Five 
cases resolved after CI mapping or oral steroids, whereas 
one suffered from invalidating low frequency tinnitus and 
was admitted in order to receive intravenous steroids with 
subjective benefit. No child complained of tinnitus.
Facial nerve (FN) stimulation complicated 10 paediatric 
CIs with 5 recurrences and 6 adult CIs with one recurrence. 
FN stimulation by the CI, in children, occurred after a mean 
6.6 ± 6.1 years (range, 4.2 months - 12.4 years) from CI 
positioning with a recurrence after a mean 3.9 ± 2.6 years 
after the first FN stimulation. In the adult population, FN 
stimulation occurred after 3.9 ± 5.6 years (range, 20 days 
- 12.9 years) which recurred in one case after 5 years. Al-

though this complication emerged earlier in adults, there 
was no statistically significant difference with paediatric 
patients (unpaired t test, p = 0.4302). All cases were treat-
ed by modifications of the CI maps, with change in pulse 
width or exclusion of contacts, especially those located at 
the upper basal turn, closer to the facial nerve canal. Not all 
cases had an evident cause, although otosclerotic patients 
were the most affected.
Minor complications required conservative management, 
while most major complications urged hospitalisation, sur-
gical revision, or CI explantation with or without reimplan-
tation. The percentages of each treatment of all complica-
tions is depicted in Figure 3.
Patients who developed infectious complications were sig-
nificantly younger than those who developed chronic in-
flammatory complications (AOM and abscess vs. seroma 
and COM; Mann Whitney p < 0.0001). The time from sur-
gery to complication was significantly different between 
children and adults (Cover figure). 
There were no statistically significant differences between 
male or female patients considering the incidence of com-
plication or age at occurrence.
Table I summarises the articles with at least 100 patients or 
CIs since the year 2000 12-48.

Discussion
Parallel to the increase in patients with CI, based on the 
large amount of evidence on the benefit of hearing restora-
tion by such a device, complications secondary to CI are 
also expected to increase over time. 
Most complications arise in the first year after surgery; as 
depicted in Cover figure, the timing in which complications 
occur is very different between the adult and paediatric 
populations. Half of adult complications occur in the first 
year after implantation and another 25% within the next 5 
years; on the other hand, in the paediatric population, com-
plications are equally distributed between the first 4 years 
and the following decade. CI surgery can have serious com-
plications even after a long period of time, and therefore 
correct counseling must be carried out by stressing the ne-
cessity of long-term follow-up. Although our centre also 
sees patients from distant regions (national and interna-
tional), the presence in the same centre of all the specialists 
necessary for the development of communication skills of 
deaf patients encourages patients to maintain long follow-
ups at our centre. This allowed us to identify many compli-
cations that only emerge after many years. Unfortunately, 
8.7% of patients who were lost to follow-up, after a mean 

Figure 3. Distribution of treatments used for all complications in the 
paediatric and adult groups. Minor complications were treated conserv-
atively, while major complications were mainly treated by hospitalisa-
tion, surgical revision, or CI explantation with or without reimplantation.
Drugs: home prescription drugs; Outpatient: outpatient clinic; Hospitali-
sation: infusion drugs and observation; E.: explantation.
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of 6.9  ±  5.5 years, might have developed complications. 
This could have been avoided with a national/international 
registry.
Nowadays, CI is often inserted in patients at a few months 
of age with a very long life expectancy. Thus, the analysis 
of the trend of complications over time is of crucial impor-
tance for at least two reasons: 1) to understand the causes 
of their onset and therefore for development of preventive 
strategies; 2) for adequate counselling in the context of in-
formed consent.
In our study, the overall rate of complications in 2000 sur-
geries was 9.8% after a mean overall follow-up of 11.6 ± 5.9 
years (median 12.1; range, 4 months - 31.6 years). A longer 
follow-up time is likely to more precisely identify the prev-
alence of complications over time. 
Figure 3 shows how complications were treated at our cen-
tre: most were minor events that were successfully man-
aged conservatively without the need for revision surgery, 
in agreement with the literature 25,49. An accurate preopera-
tive radiological study of every case is mandatory before 
undertaking any CI surgery, to plan the correct surgical ap-
proach and avoid, when possible, intra- and postoperative 
complications, while preoperative radiology might help 
predict possible or inevitable complications, such as gusher 
in specific malformations. Inner ear malformations may in-
crease the incidence of cerebrospinal fluid gusher 50. In our 
experience, 77.8% of cases of gusher occurred in inner ear 
malformations (enlarged vestibular aqueduct, incomplete 
partition [IP]-II, IP-III, Mondini dysplasia). Most studies 
report a 40-50% incidence among various anatomical mal-
formations 51. In particular, common cavity malformation, 
Mondini dyplasia, and enlarged vestibular acqueduct pre-
sent a bony defect of the internal auditory meatus fundus 
leading to gusher 52,53. A recent review on 40 studies, shows 
an overall rate of gusher of 48.5% in case of enlarged ves-
tibular aqueduct with IP-II cases, compared to 27.7% in en-
larged vestibular aqueduct alone 54. On the other hand, all 
IP-III malformations present gusher due to a direct commu-
nication between the cochlea and internal auditory canal 55.
Intraoperative radiology is indicated, especially in children, 
in order to reveal complications that must be immediately 
corrected, such as array misplacement. A case series and 
review in 2022, addressed 37 array misplacements out of 
7,053 procedures (0.5%) in 39 different articles, demon-
strating that this complication is very rare. The vestibular 
system is the region most frequently involved (50.8%) and 
the main cause described is difficulty in anatomical visuali-
sation. Unfortunately, intraoperative imaging was reported 
in only 10 cases (16.4%) 56. Other misplaced cases are, in 

fact, diagnosed only after persistent vestibular symptoms, 
anomalous telemetry, or suspicion by the surgeon 57-59. Our 
overall rate of misplacement was 0.3%. 
A systematic review in 2018 about the effect of chorda tym-
pani injury during non-inflammatory middle ear surgery 
found that more patients with a stretched chorda tympani 
report hypogeusia, ageusia or altered taste sensation than 
patients with a sacrificed chorda tympani  60. Despite this, 
there is no consensus whether sacrificing or stretching is 
associated with fewer symptoms 61. 
Facial nerve injury in otologic procedures occurs in around 
17% of cases  62. A systematic review of iatrogenic nerve 
facial palsy published in 2023 comprised two retrospective 
studies of CI surgery with nerve monitoring 63, as we also 
perform; in these studies, facial palsy was uncommon, with 
an incidence ranging from 0.6% to 0.7% in cases with in-
traoperative facial nerve monitoring versus 0.7% in cases 
without intraoperative facial nerve monitoring 64,65. 
The causes of facial nerve palsy in CI surgery are direct 
injury to the facial nerve during the operation, indirect in-
jury due to chorda tympani nerve injury, thermal injury 
due to drilling, reactivation of herpes virus, or oedema and 
thrombus of the facial nerve due to bacterial infection 66. 
Facial nerve weakness can be a minor and temporary com-
plication secondary to oedema or herpes virus reactiva-
tion 67 with complete recovery over time following therapy. 
In our experience, palsy without complete healing is the 
consequence of major direct injury during surgery due to 
non-standard procedures in complicated revisions or inner 
ear malformations.
Seroma was the most frequent complication in children (1.8%), 
with a late onset (after a mean of 8.9 ± 5.4 years), while ver-
tigo was the most common complaint in adults (2.5%). The 
latter generally emerged in the first year after surgery (mean 
11.1 ± 14.8 months), and was predominantly related to ves-
tibular hypo- or areflexia. Both complications were generally 
managed conservatively. The causes of seroma are unclear and 
recurrent swelling after CI is not extensively studied in the lit-
erature, although possible factors in its development are minor 
head trauma near the R/S, subacute infection related to biofilm, 
or an allergic reaction to the silicone coating of the CI. A recent 
study recommends a conservative approach with avoidance of 
aspiration, as these cases will usually recover without adverse 
outcomes 68. We approached this complication with conserva-
tive therapy in most cases (65.3%), and more aggressively in 
refractory cases. 
Vertigo after CI can have different triggers, such as labyrin-
thine trauma manifesting as peripheral vestibulopathy, iat-
rogenic perilymphatic fistula, benign paroxysmal positional 
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vertigo, or mechanical or physiological cochlear damage 
(from systemic inflammatory processes) resulting in sec-

ondary endolymphatic hydrops  69, and even the electrical 
stimulation from the CI has been implicated 70. 

Table I. Literature review of articles with at least 100 patients or cochlear implants. 

Article No. patients (No. cochlear implants) % complications % major % minor Follow-up in years: mean 
(range)

Gysin 2000 12 104 9 6 3 /

Green 2004 13 240 [A] 54 28.6 25.4 /

Bhatia 2004 14 300 [P] 18.3* 2.3* 16* 4 (0.1-14)

Arnolder 2005 15 292 (342) 15.2 11.1 4 /

Dutt 2005 16 100 (122) (21.2) (3.2) (31)

Kandogan 2005 17 205 (227) [P] (18.9) (12.3) (6.6) /

Lin 2006 18 169 [P] (15.9) / / (3-11)

Stratigouleas 2006 19 176 12.5 4 8.5 0.7

Kim 2008 20 720 9.3 4.2 5.1 3.5 (0.3-6.7)

Venail 2008 21 (500) (16) (10.4) (5.6) 6.8 (0.8-17.8)

Al-Muhaimeed 2009 22 117 16.2* 11* 8* /

Migirov 2009 23 257 26.8* /* /* /

Hansen 2010 24 367 (505) 29.1 1.8 12.5 (9.1) 3

Loundon 2010 25 434 [P] 9.9* 5.5* 4.4* 5.5 (0-17)

Ajallouyean 2011 26 262 [P] 19.1* 0.4* 18.7* /

Pirzadeh 2011 27 177 13.6 4.5 9 /

Qiu 2011 28 416 7* 1.5* 5.5* 2.6

Raghunandhan 2011 29 300 30.6 10 21 /

Stamatiou 2011 30 212 [A] 5.7 4.7 1 > 0.5

Chen 2013 31 445 [older A] 13.9 4.7 9.2 4.8 (0.1-12.5)

Jeppesen 2013 2 269 [A] 62.5* 8.6* 59* 5 (0-17.5)

Tarkan 2013 32 475 9 4.4 4.6 (0.4-12)

Farinetti 2014 33 403 19.9 5 14.9 7.5

Olgun 2014 34 957 (1421) [P] (2.5) 16 10 5.4 (1-14)

Alcas 2016 35 107 18.7 3.7 14.9 > 0.2

Jiang 2017 36 1014 (1065) (2.6) 7 21 3.5 (0.7-9)

Sivam 2017 37 (579) [P] (23) / / /

Awad 2018 38 163 10.4 3.6 6.7 /

Shiras 2018 39 213 [P] 7.5 2.3 5.1 /

Theunisse 2018 40 1222 (1362) (21.3) (6.6) (14.5) 7.9 (0.1-27.2)

Binnetoglu 2020 41 2597 3.7 0.7 3 8.8 (1.2-17)

Dagkiran 2020 42 1357 (1452) 10.1 4.7 5.4 (0.2-19)

Ahmed 2021 43 251 [P] 6.4 1.6 4.8 /

Garrada 2021 44 148 18.9 7.4 11.5 5.6 (1-20)

Shi 2021 45 (624) (6.8) (1.4) (5.4) > 0.2

Castro 2022 46 432 15.5 5.4 12 /

Mathews 2023 47 (1250) (15) (9) (6) /

Shahabaddin 2024 48 (160) (10) (2.5) (7.5) /

Present study 1329 (2000) 11.2 (9.8) 4.8 (4.2) 6.3 (5.5) 11.6 (0.3-31.6)
In parentheses “()”: when referring to number of cochlear implants instead of number of patients; [A]: only adult population; [P]: only paediatric population; *device related complica-
tions excluded or not mentioned; /: data not mentioned.
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Infectious complications such as AOM and abscess along the 
R/S with extrusion of the latter required surgical revision, 
with or without CI explantation, in 23.5% and 76.9% of cas-
es, respectively. Children were significantly more affected in 
accordance with the literature 71-73. A possible cause of recur-
rent AOM is adenotonsillar hypertrophy, which can occur at 
a very young age after the CI surgery and can play a key role 
in recurrent infections of the upper airway with involvement 
of the middle ear. Revision surgery, with or without explan-
tation, in AOM was only performed on children after failure 
of more conservative treatments. If R/S migration is compli-
cated by skin flap necrosis or dehiscence with exposure of the 
R/S and not responsive to conservative treatments, explanta-
tion is strongly recommended 74. Most infectious cases have 
an optimal response to antibiotics, although in some cases 
tend to recur as soon as the treatment is suspended. We sus-
pect these resistant cases depend on pathogenic bacterial bio-
film on the CI (although bacteria culture tests of the explant 
were rarely positive). When the surrounding tissue is macro-
scopically healthy, and accurate toilette has been achieved, 
a simultaneous reimplantation can be attempted. In order to 
prevent infectious complications, we prescribe a full course 
of antibiotic therapy which begins with intravenous intraop-
erative antibiotics and continues after discharge at home with 
oral antibiotics, even if postoperative treatment do not lower 
the risk of infection or reinterventions during follow-up  74. 
Unfortunately, no strategies have been identified that prevent 
wound infection after CI 74.
Cholesteatoma or COM, which was diagnosed after a mean 
of 5.7 ± 4.7 years after CI surgery in children and after 11.2 
and 21.6 years in adults, was always treated surgically and 
required CI explantation in 86.7% of cases. The possible 
causes of COM, with or without cholesteatoma, after CI, 
are persistent middle ear pathology, refractory effusion, 
tympanic atelectasis, recurrent otitis media, and foreign 
body mucosa reaction, but also inadvertent fenestration of 
the posterior canal wall during drilling 75. We now reinforce 
the posterior external auditory canal with bone patè to pre-
vent atelectasis and/or COM, and perform preventive sub-
total petrosectomy in adults with signs of dysventilation or 
refractory effusion. The ideal treatment of COM and cho-
lesteatoma after CI comprises a subtotal petrosectomy 75. If 
indicated and feasible, simultaneous or subsequent device 
re-placement should be performed with accurate fixation 
in order to prevent device migration 76. This could suggest 
that improving the surgical technique and experience may 
reduce the risk of complications, even if we have not ob-
served significant differences between the beginning and 
end of the career of the two surgeons. Despite the obvious 

increase in surgical experience, this could support the hy-
pothesis that some complications are nearly inevitable. 
Finally, all cases complicated by device failure were treated 
with CI explantation and reimplantation, which was the 
main cause of CI explantation in both populations (Fig. 2). 
This complication emerged after a mean of 5  ±  4 years 
(range, 2.3 months - 14.7 years). In our experience, only 2 
patients had previous head trauma, and the other cases were 
not attributable to a specific cause other than malfunction of 
the CI. This complication was the main cause of explanta-
tion and reimplantation, in accordance with the literature, 
especially in children  77-79. The explanted device must be 
registered at the Ministry of Health which will send it to the 
company who will examine the device to identify possible 
causes of the failure. Figure 2 depicts the causes of CI ex-
plantation, which is the most extreme measure, and is only 
used when utterly necessary. 
A complication that can be solved without surgery, but with 
an appropriate fitting, is facial nerve stimulation. The caus-
es of this complication can depend upon the close proxim-
ity of the facial nerve to the outer wall of the cochlea, need 
to increase electric currents to stimulate the auditory nerve 
after long deprivations, impedance decrease and current 
leakage in temporal bone fractures, otosclerosis, or men-
ingitis. The permanent presence of a hearing aid specialist 
in the audiological centre is recommended for fitting and 
follow-up, especially in these particular cases 80.

Conclusions 
CI surgery remains a safe procedure that is routinely per-
formed worldwide. Knowledge and decades long monitor-
ing of complications related to this procedure are funda-
mental, as it involves the placement of a foreign body, the 
CI, in patients who are destined to be lifelong users, acting 
as a trigger for processes that are still unexplored. Although 
complications affect up to 8.9% of paediatric CIs and 12% 
of adult CIs, the benefits of this procedure outweigh the 
risks for most recipients and their families when correctly 
counselled.
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