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Objective: The aim of this study was to determine
the short- and long-term complications after cochlear
implantation (CI) procedures and to discuss the man-
agement and prevention of these complications.

Methods: The study included a total of 1452 pe-
diatric and adult cochlear implantation procedures
performed in our clinic from March 2000 through
September 2019. Of the 1452 implantations, 1201
were performed in children and 156 in adults. The
minimum follow-up period was three months and
maximum was 19 years. The mean age of the patients
was 6.7+3.9 years (range, 10 months-69 years) at the
time of their respective procedures. Complications
were classified as major complications requiring re-
implantation, major complications not requiring re-
implantation and minor complications. All postop-
erative complications and treatment methods were
examined.

Introduction

Cochlear implantation (CI) is a safe surgical
procedure, for more than 20 years, for the hear-
ing rehabilitation of patients with severe senso-
rineural hearing loss. Given the increasing need
for bilateral Cls, which in turn is leading to an
increase in the number of CI procedures, it is
very important to be aware of the possible CI
complications and their treatment. CI compli-
cations can occur due to the surgical technique,
foreign body implantation or device failure (1).
While there are studies which classify the com-
plications as early and late (2) or intraoperative
and postoperative (3), most of the studies use
the terms major and minor to define the com-

Results: A total of 148 (10.1%) complications were
observed in the 1452 cochlear implants. Of these, 69
(4.75%) were major and 79 (5.44%) were minor com-
plications. While 40 (2.75%) of the major complica-
tions required reimplantation, 29 (1.99%) did not. The
most common cause of major complications leading
to reimplantation was device failure (29 patients,
1.99%). The most common cause of minor complica-
tions was hematoma (21 patients). Total complication
rates (6.68%) were significantly higher in children
than in adults (3.51%) (p=0.00).

Conclusion: Our 19 years of clinical experience has
shown that CI is a successful and safe procedure that
can be performed with low major complication rates.
It is important to know the possible complications
and to manage them correctly.

Keywords: Cochlear implantation, complications, de-
vice failure, flap necrosis, meningitis

plications. Minor complications can be treated
with conservative methods, medical treatment
and minimal surgical procedures, whereas ma-
jor complications can be life-threatening condi-
tions requiring prolonged hospitalization and/or
surgical intervention (4).

In this study we present the results of our 19 years
of experience in managing CI complications. We
retrospectively reviewed the complications and
their methods of management of 1452 CI cases
in 1357 pediatric and adult patients. To the best
of our knowledge, this is the study with the high-
est number of cases reported in the literature to
date.
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Methods

Patients

Patients who received unilateral or sequential bilateral CI in
the Department of Otorhinolaryngology, Cukurova University
Hospital from march 2000 through september 2019 were in-
cluded in this single-center retrospective study. A total of 1452
cochlear implants were placed in 650 (47.7%) female and 707
(52.3%) male patients of whom 1201 (86.1%) were children and
156 (13.9%) were adults. The ages of the patients ranged from
10 months to 69 years, with a mean operation age of 6.7+3.9
years. Follow-up period was minimum three months and max-
imum 19 years. All patients were followed-up regularly. Ethics
committee approval was obtained from the Local Ethics Com-
mittee of Cukurova University School of Medicine Non-Inter-
ventional Clinical Trials (136/10/060919).

Surgical Procedure

All patients were operated on by experienced surgeons. The
procedures were performed alternatively by seven surgeons, five
seniors and two juniors. Junior surgeons had an average expe-
rience of nine years and senior surgeons of 18 years in cochle-
ar implant surgery. Routine surgical procedure was used in all
patients. Round window or promontorium cochleostomy was
performed to enable electrode insertion into the cochlea. After
electrode insertion, auditory nerve response telemetry and/or
neural response telemetry were performed. X-ray imaging was
used to verify electrode alignment on the first postoperative day.
Over the years, there have been some modifications to the sur-
gical procedure. In earlier years, an extended retroauricular skin
incision was made and the receiver of the implant was placed in
the bony bed, and then fixed with sutures to both sides of the
bony bed. As of 2009, however, a minimal retroauricular skin
incision and a tight subperiosteal pocket method was used.

Cochlear Implant Devices

Six hundred and eighty-one Med-EL, 677 Nucleus, 73 Ad-
vanced Bionics and 21 Oticon cochlear implant devices were
used (Med-EL devices were manufactured by Med-EL Corp.,
Innsbruck, Austria; Nucleus devices were manufactured by Co-
chlear Corp., Lane Cove, Australia; Clarion devices were man-
ufactured by Advanced Bionics, Sylmar, CA, USA; Oticon de-
vices were manufactured by Oticon Medical, Vallauris, France).

Classification of Complications

Complications were classified as major and minor. The condi-
tions considered as minor complications were those requiring an
outpatient medical treatment or a prolonged hospital stay (e.g.,
vertigo, minor wound infection, acute otitis media), spontaneous
recovery or requiring simple medical treatment (e.g., transient
facial paralysis, chorda tympani damage), or requiring minimal
intervention or needle aspiration (hematoma or seroma).

Major complications were divided into two subgroups as those
that required and those that did not require reimplantation. Ma-
jor complications that did not require reimplantation were those
where additional surgical intervention was needed (e.g., flap ne-
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crosis, hematoma, seroma cholesteatoma, tympanic membrane
perforation, facial paralysis), that led to permanent loss of func-
tion (e.g., facial paralysis), or presented life-threatening severe
clinical conditions (e.g., meningitis). Major complications that
required reimplantation were device failure (e.g., hard failure,
soft failure) or foreign body implantation (e.g., flap necrosis), or
misplacement or displacement problems.

Statistical Analysis

Statistical analysis was performed using the IBM Statistical Pack-
age for Social Sciences for Windows version 20.0 (SPSS Corp.;
Armonk, NY, USA). Percentages and frequencies were calculated
for the descriptive statistics of the data. In comparisons by certain
parameters, normality hypotheses were tested with the Kolmog-
orov-Smirnov, and the Shapiro-Wilks tests and the Chi-Square
statistics and T-test for independent groups were used. In all anal-
yses, p<0.05 was considered statistically significant.

Results

A total of 148 (10.1%) complications were observed in the 1452
CI devices placed in 1357 patients (Table 1). Sixty-nine (4.75%)
of these were major and 79 (5.44%) were minor complications. Of
these, 6.68% were seen in adults and 3.51% in children (p=0.00).
Device failure was statistically higher in children than in adults
(p<0.05). Major complications were significantly higher in chil-
dren than in adults (p=0.00) (Table 1). One hundred and ninety
CIs were made through extended retroauricular skin incision and
1262 Cls through minimal retroauricular skin incision.

Major Complications Requiring Reimplantation

Forty major complications were observed to have required re-
implantation (Table 1). A total of 29 (1.9%) patients required
reimplantation due to device failure. Three (10.3%) of these pa-
tients were adults and 26 (89.7%) were children (p=0.01).

Reimplantation was performed in four patients due to flap
necrosis (Figure 1a, b). Of these four patients, extended ret-
roauricular skin incision was used in three, and minimal
retroauricular skin incision was used in one. Statistically, a
wider incision was found to more commonly lead to flap ne-
crosis (p<0.05). All four patients had undergone scalp rotation
flap surgery, after which necrosis reoccurred, the devices were
explanted and reimplantation surgery was performed in the
contralateral ear. There were no complications in the other ears
in the follow-up period.

Three patients underwent reimplantation due to periopera-
tive misplacement. The diagnosis of misplacement in these
patients was achieved by postoperative computed tomogra-
phy (CT). CT was performed due to intraoperative impaired
neural response telemetry test in two of them and severe
postoperative vertigo in one. In CT images, the electrode was
found in the superior semicircular canal in one patient (Fig-
ure 2a), in the hypotympanic air cells in the second patient
(Figure 2b), and in the Hytrl’s fissure in the third patient
(Figure 2¢). Hyrtl’s fissure (also known as tympanomeningeal
fissure) is a transient anatomic landmark in the developing
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Table 1. Major and minor cochlear implantation complications and their distribution among pediatric and adult patients

Major complications requiring reimplantation Total Pediatric Adult P
Device failure 29 26 3 0.01
Flap necrosis 4 3 1 >0.05
Misplacement 3 2 1 >0.05
Displacement 2 2 0 >0.05
Cholesteatoma 1 1 0 >0.05
Meningitis 1 1 0 >0.05
Subtotal (n) (%) 40 (2.75) 35(2.4) 5(0.3) 0.00
Major complications not requiring reimplantation

Wound infection 3 2 1 >0.05
Flap necrosis 2 1 1 >0.05
Meningitis 4 4 1 >0.05
Migration of magnet 3 3 0 >0.05
Electrode migration 2 2 0 >0.05
Major hematoma 7 5 2 >0.05
Facial nerve paralysis 2 1 1 >0.05
Cholesteatoma 2 1 1 >0.05
Tympanic membrane perforation 4 1 3 >0.05
Subtotal (n) (%) 29 (1.99) 19 (1.3) 10 (0.6) >0.05
Major complications

Subtotal (n) (%) 69 (4.75) 54 (3.71) 15 (1.03) 0.00
Minor complications

Minor hematoma/Seroma 21 15 6 >0.05
Transient vertigo 16 14 >0.05
Chorda tympani dysfunction 15 4 11 >0.05
Acute otitis media 12 11 1 >0.05
Minor wound infection 7 4 3 >0.05
Temporary facial nerve weakness 3 2 1 >0.05
Skin lesion in contralateral ear 3 3 0 >0.05
Facial stimulation 2 2 0 >0.05
Minor complications subtotal (n) (%) 79 (5.44) 43 (2.96) 36 (2.47) >0.05
Total (n) (%) 148 (10.19) 97 (6.68) 51(3.51) 0.00

fetal petrous temporal bone. Successful reimplantation was
performed in all patients. In two pediatric Cls, the electrode
was displaced after the receiver of the cochlear implant mi-
grated to the occipital area in the subperiosteal plane in the
early postoperative period (Figure 3). Successful reimplanta-
tion was performed in both of these patients.

One pediatric patient underwent reimplantation due to
cholesteatoma. The patient was admitted to our clinic with
purulent otorrhea in the 5™ postoperative year. Otoscopic
examination and CT scan showed an image consistent with
cholesteatoma in the middle ear. Exploration was planned.
The electrode was removed to completely clean the choles-
teatoma, the implant was explanted and reimplantation was
performed in the same ear. We had one pediatric patient who
required reimplantation due to recurrent meningitis. After
the third attack, reimplantation was performed with a new

custom made device (form electrode series of Med-EL de-
vice), which was designed for better control of the cerebro-
spinal fluid leakage.

Major Complications not Requiring Reimplantation

Twenty nine (1.99%) of the major complications did not require
a reimplantation procedure (Table 1). Wound infection was ob-
served in three patients. These patients were re-operated on and
explored. Abscess drainage, debridement and irrigation with sa-
line were performed and intravenous ceftriaxone was given at
50 mg/kg/day. Infection was cured in all three patients after this
treatment.

Debridement and rotation scalp flap procedures were performed
in two patients with flap necrosis. One was an adult patient in
whom success was achieved. The other was a pediatric patient
in whom flap necrosis recurred five weeks later. The CI was ex-
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Figure 1. a.b. Flap necrosis in a pediatric patient (a). Flap necrosis in an adult patient (b)

Figure 2. a-c. Electrode misplacement to the superior semicircular canal (a). Electrode misplacement to the hypotympanum (b). Electrode
misplacement to HytrI's fissure (c)

Figure 3. In the lateral Stenver’s x-ray imaging of this pediatric
patient, the electrode was displaced out of the cochlea due to receiver
migration to the occipital area

planted, and a contralateral ear reimplantation was offered but
the family refused.

Four pediatric patients developed meningitis in the postopera-
tive period. Three of them had cerebrospinal fluid rhinorrhea. All
patients also had cochlear anomaly and developed intraoperative
gusher. Three patients were re-operated on and round window

sealing were performed with facias and fibrin glue without remov-
ing the cochlear implant. Lumbar drainage was also performed in
these patients. Postoperative 100 mg/kg/day ceftriaxone and 60
mg/kg/day vancomycin were administered. One of four patients
had no rhinorrhea, and complete recovery was achieved with in-
travenous antibiotic therapy without revision surgery.

Magnet migration was observed in three patients, all were chil-
dren and had a history of trauma. Examinations and CT im-
aging of these patients revealed that the magnets were not in
place and surgical exploration were planned. Flap elevation was
performed over a 3-4 cm skin incision posterior to the cochlear
implant. The magnet was found to have been displaced, hence
reposed without removing the cochlear implant.

Electrode migration was observed in two pediatric patients. One
patient was observed to show an abnormal hearing performance one
month after the operation. The other patient presented with deterio-
ration in auditory results in the first postoperative year. C'T imaging
of these patients revealed that some parts of the electrode had shift-
ed from the round window to the middle ear. In both patients, full
insertion was achieved by revision surgery without reimplantation.

Major hematoma developed in seven cases. The surgical field
was explored in these patients. Possible bleeding areas were
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identified and bleeding control was achieved. Drain was insert-
ed, followed by pressure dressing. Hematoma did not recur in
these patients.

In two cases, House-Brackmann Grade 6 facial paralysis de-
veloped immediately after the surgery. These patients were im-
mediately operated on and limited facial decompression was
performed. The facial nerve was intact but slightly edematous.
During follow-up, the two patients showed almost complete
improvement (grade 2) in one year.

"Two patients developed cholesteatoma in the fourth and sixth years.
'These patients presented with minimal perforation in the pars tensa
and the purulent otorrhea. Re-exploration was performed on both
patients. One patient had cholesteatoma in the middle ear and the
mesotympanum, while the other patient had cholesteatoma in the
hypotympanum. Both were removed microscopically and over-un-
derlay tympanoplasty was performed with tragal cartilage and peri-
chondrium. The surgeries were completed without removing the
implant. The operation note indicated that these two patients had
developed annulus damage during the CI procedure.

In four cases tympanic membrane perforation occurred post-
operatively in the 1%, 3, 9" and 15* months, respectively. All
patients underwent endoscopic over-underlay tympanoplas-
ty using tragal cartilage perichondrium and by preserving the
implant electrode. Reperforation was not observed in the fol-
low-up of the patients.

Minor Complications

Seventy-nine minor complications were observed (Table 1). Mi-
nor hematoma/seroma developed in 21 Cls. Hematoma/seroma
of the patients regressed with needle aspiration and/or pressure
dressing. No additional surgery was performed. Transient verti-
go was observed in the early postoperative period in 16 patients
(14 adults, 2 children). Nystagmus was seen in three patients and
disappeared within the first three days. The vertigo of all patients
improved significantly within three days to six months. Fifteen
patients (four children, 11 adults) developed transient chorda
tympani damage. These 15 patients were thought to have chorda

Figure 4. Bullous lesion due to pressure during surgery in the
contralateral ear of a patient
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tympani damage considering their complaints in taste sensation.
No treatments were given to the patients and complaints of taste
disorder regressed in the first 3-6 months. In 12 patients, acute
otitis media developed between the fifth postoperative day and
the third year. All 12 patients received antibiotherapy only. None
of the patients required ventilation tubes during follow-up. Sev-
en minor wound infections developed. All patients recovered
within two weeks with antibiotherapy.

Transient facial paralysis developed in three patients. All three
patients had House-Brackmann grade 3 facial paralysis. They
were treated with intravenous corticosteroid and facial paralysis
completely recovered within 10 days postoperatively. In these
patients, we thought the facial nerve damage was occurred due
to thermal effect of drill. In three patients, lesions developed
due to pressure in the contralateral ear. Two patients had bul-
lous appearance and one patient had ecchymotic appearance
(Figure 4). This complication was thought to be associated with
the pressure during their prolonged operations. The lesions re-
gressed with topical antibiotic treatment. Facial stimulation was
observed in two cases at postoperative 1st and 15th months.
These patients showed improvement with the reprogramming
of the cochlear implant and with electrode deactivation without
additional surgery.

Discussion

The rate of major complications in 1452 cochlear implanta-
tions in 19 years was 4.75% (69 patients) and the rate of minor
complications was 5.4% (79 patients). The overall complication
rate was 10.1% (148 patients). These rates were not found to
contradict those reported in the literature. As a matter of fact,
the complication rates given in the literature range from 2% to
62.5% (5-10). We believe that this wide range may be due to the
differences in the classification of complications, the available
surgical techniques at the time of operation, and differences in
the lengths of the follow-up periods. Theunisse et al. (11) re-
ported that the decision of whether or not a chorda tympani in-
jury and a device failure are considered as medical complications
affected the complication rates. In another study Theunisse et
al. (12) also reported that minor complication rates differ more
among publications and their classification is not clear.

In our study, the most common major complication was device
failure (29 patients, 1.99%) and found consistent with the lit-
erature. Some authors classify device failure as a complication
associated with the device (3, 13). If this classification was ac-
cepted in our study, our major complication rate would decrease
from 4.75% to 2.7%. Therefore, whether or not device failures
are included in the analysis of major complications is a major
aspect. In our study, most of the device failures were secondary
to trauma and higher in the pediatric age group (p<0.05). Par-
ents of children undergoing CI should be warned for maximum
protection of their children from head trauma.

In this study, after device failure, flap necrosis was the second
most common cause of reimplantation seen in six (0.41%) pa-
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tients. In the literature, the rate of flap necrosis in CI patients
is reported as 0.24-3.8% (14-16). Of the six patients with flap
necrosis, four required reimplantation. A statistically significant
lower flap necrosis was observed after 2009 when we started
using minimal retroauricular incision (p<0.05). In a similar
study, flap infection was found to be statistically significant in
10 (3.92%) patients with extended postauricular incision and in
two (0.6%) patients with minimal approach (17). Therefore, it
is important to follow the course of the vascular feeding of the
flap when performing the flap incision. Staphylococcus aureus and
Pseudomonas aeruginosa are the most common agents in flap in-
fection (1). Pseudomonas aeruginosa can cause biofilm reactions,
hence require reimplantation by colonizing around the implant,
are unresponsive to antibiotics and can lead to flap necrosis (7).

The most common major complication which does not require
reimplantation was hematoma, seen in 28 patients (1.92%).
Hematoma drainage was performed in seven patients, in the
operating room, with an incision to the posterior of the im-
plant, followed by drain application for 2-3 days. Therefore,
these situations were considered as major complications. Nee-
dle aspiration and pressure dressing were sufficient to control
hematoma in 21 patients, thus considered as minor complica-
tions. Hematoma was the most common minor complication.
The rate of hematoma after cochlear implantation is given as
0.4-5.8% in the literature (7, 18, 19). Incision type, coagulopa-
thy and trauma are the predisposing factors for hematoma. In
case of suspected hematoma, ultrasound examination, needle
aspiration and tight dressing can be performed. If the hemato-
ma is resistant or advanced, the patient should be taken to the
operating room and explored, hematoma should be drained to
achieve bleeding control.

In this study, three patients received reimplantation for mis-
placement and two for displacement. None of these patients
had cochlear abnormality. Intraoperative electrophysiological
tests and radiological imaging are useful to avoid misplacement
and displacement, but they should not be considered as certain
methods (20). Misplacement sites reported in the literature are
internal acoustic canal, superior semicircular canal, Eustachian
tube, internal carotid artery, petrous apex and hypotympanic air
cells (21-23). Surgical landmarks should be well known to pre-
vent misplacement, as late recognition may lead to a decline in
the patient’s auditory performance. If there is any suspicion that
the electrode is not in the cochlea, or in cases that do not benefit
from the implant in the postoperative period or have limited
benefit, CT imaging should be performed without delay to ex-

plore the presence of misplacement.

'The misplacement was determined in two patients. In the first
patient the implant processor was migrated to the vertex and to
the occipital region in the second, so the electrodes had slipped
out of the cochlea in these patients. CT imaging should also
be performed in cases of suspected displacement. In order to
avoid this situation as much as possible, the subperiosteal pocket
should be created up to the width of the implant and over eleva-
tion of the periosteum should be avoided.
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Meningitis developed in five (0.34%) cases and all of them were
patients with cochlear anomaly. Medical treatment was suffi-
cient in only one patient; in the remaining four, re-exploration
was done and re-implantation was performed in only one pa-
tient. Biofilm reaction should be kept in mind in patients resis-
tant to medical or surgical treatment and the device should be
removed and reimplanted if necessary. Especially patients with
cochlear anomaly are at high risk for meningitis after CI. Dane-
shi et al. (24) found that the complication rate of meningitis
after a CI before the vaccination period was 4%, compared to
0.1% after vaccination. Since 2007, systemic meningitis vaccines
are routinely administered in our clinic.

In the literature, cholesteatoma was observed in around 1% of
patients after CI (18). In our study, cholesteatoma was very rare
and it was seen in three (0.2%) patients. Only one of them re-
quired reimplantation. In the other two the cholesteatoma was
removed without reimplantation. According to the data ob-
tained from the surgical records, these three patients had annu-
lus damage during the first operation. It is important to avoid
tympanic annulus damage, excessive thinning and/or damage of
the posterior wall, which must be repaired appropriately with
fascia, bone or cartilage in case of occurrence.

The most common minor complication after hematoma was
transient vertigo in our study. Transient vertigo was observed in
16 patients (1.1%). In the literature, this rate ranges from 9.5%
to 49% (25-27). This low vertigo incidence compared to those
reported in the literature may be attributed to the fact that most
of our patients were in the pediatric age group and the majority
of them were in the prelingual stage, therefore could not express
the symptoms of vertigo. In our previous study, we demonstrated
that early vestibular dysfunction and vertigo symptoms after CI
tend to improve rapidly over time and persistent vertigo was
not observed in any case (25). There are studies suggesting that
round window cochleostomy protects vestibular functions better
than promontorium cochleostomy (28). In our clinic, electrode
insertion through the round window was preferred in every pos-
sible case.

Chorda tympani dysfunction was observed in 15 (1.03%) pa-
tients in our study. This rate was determined based on patient
accounts. We think that this ratio might actually be higher as
pediatric patients have difficulty in expressing the taste disor-
der. In different studies, taste dysfunction varies between 5-25%
(29). If drilling is made extremely close to the external audito-
ry canal to avoid fascial nerve injury, this may result in chorda
tympani damage either directly or with the thermal effect of the
drill. During posterior tympanotomy, irrigation with abundant
water can decrease the rate of dysfunction of the chorda tym-
pani.

AOM was observed in 12 (0.8%) patients. All except one were
pediatric patients. Medical treatment was sufficient in all of
these patients and none of them developed meningitis. Since
the risk of contamination by cochleostomy increases, children
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undergoing CI have an increased risk of meningitis compared to
children with normal hearing, especially in the first month (1).

In our study, the rate of facial nerve paralysis was 0.34% (five pa-
tients), compared to 0.7% reported in the literature (30). Three
of them (0.2%) had House-Brackmann Grade 3 fascial paralysis
and improved with steroid treatment, the other two (0.13%) had
House-Brackmann grade 6 and fascial nerve decompression was
performed. Both of the latter patients had almost complete im-
provement within one year. The risk of facial nerve injury increases
especially in patients with internal ear anomalies due to atypical
anatomical variations. Most facial paralysis improve spontaneously
or with steroid therapy, but cable grafts may be used in cases that
do not improve or have direct nerve damage during operation (24).
Facial nerve monitors are routinely used in all cases in our clinic to
prevent facial nerve damage. Temporary facial stimulation is anoth-
er complication related to facial nerve other than facial paralysis. In
our study, only two (0.13%) patients were reported. This problem
was solved by reprogramming the CI without any surgery.

Although it is not mentioned in many studies, in our study we
had three (0.2%) pediatric patients with skin lesions in the con-
tralateral ear. The risk increases especially in those with thin skin
and prolonged operation time. To prevent this complication,
care should be taken to position the head with a 30-degree angle
between the operating table and the sagittal plane of the head
and to avoid ear bending (7).

Conclusion

Our study, which reflects the results of almost 20 years of our
experience in CI, showed that CI is a very successful and safe
surgery with limited number of serious complications. Knowing
all possible complications of CI and taking these into consider-
ation both during the surgery and the long-term follow-up can
minimize the risks of this procedure.
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