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Introduction

Due to the increasing prevalence and effectiveness of the 
newborn hearing screening program, more cochlear implants 
(CIs) are implanted at an early age in children. Although CI 
is designed for a lifetime, implantation surgery is not entirely 
safe and CI carries risk of failure like other implantable de-
vices [1,2].

In the literature, the first CI revision surgery was reported 
by Hochmair-Desoyer and Burian in 1985 [3]. As the indica-
tions of CI widened and the number of surgeries increased, 
publications on CI revision surgery increased as well. The rate 
of revision surgery reported in the literature has ranged from 
3.8% to 7.2% [4].

The indications of revision of CI surgery were classified by 
Zeitler, et al. [4]. It includes hard device failure, soft device 
failure, device infection or extrusion, inadequate initial place-

ment, surgical wound or flap complications, and improved 
technology of CI. When the complete interruption of audito-
ry input and a malfunction of communication between the in-
ternal-external parts are present, then we can say that there is a 
hard device failure. It can be proved by in vivo integrity test-
ing [4,5]. Soft device failure is suspected with an awareness of 
declining performance or deterrent symptoms such as a pop-
ping or shocking sensation [6]. Also, soft device failure may 
be considered in patients with non-auditory complaints such 
as pain, facial nerve stimulation, vertigo, or tinnitus [7]. If the 
infection persists despite the use of antibiotics, then the de-
vice and/or electrode migration and decreased auditory per-
formance can be accompanied. In this situation, the delay 
time between explantation/reimplantation is recommended 
[4,7]. Electrode extrusion accompanied by a decline in audi-
tory perception is another indication of revision surgery [4,8].

Many previous publications have reported that revision 
surgeries of CI are seen mostly in children [4,9,10]. An in-
creased rate of head trauma, head growth, and increased rate of 
otitis media in this population have all been cited as potential 
causes of increased CI failure and revision surgery [1,4,9]. In 
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children, timing and deciding of revision CI surgery is very 
important. Because the disruption in auditory input and lan-
guage development interruption may have serious conse-
quences such as delay in education and speaking [10].

The majority of reported CI revision and reimplantation 
surgeries have good results and patients have better outcomes 
than their best results with their first implant [1,4,11]. Reis, et 
al. [11] compared the speech recognition score (SRS) outcomes 
before and after CI reimplantation surgery and found that 
postoperative SRS outcomes were similar or better than pre-
operative best results. Besides SRS, many methods were used 
for evaluation of audiological outcomes of reimplantation in 
children such as Categories of Auditory Performance (CAP), 
pure tone average (PTA) thresholds, and speech perception in 
quiet and noise [12-15].

Our CI center is a tertiary center with 600 beds. Our center 
started the CI program in 2004. Since 2017, we have been per-
forming bilateral CI on children before 48 months in our 
country as simultaneously. The aim of this study is a retrospec-
tive review of our experience in pediatric patients who under-
went CI explantation-reimplantation in terms of etiology, sur-
gical strategy, and hearing outcomes.

Subjects and Methods

Study design
This study was approved by Baskent University Ethical 

and Institutional Review Board (Project no: KA19/310). A 
retrospective chart review of all pediatric patients under 18 
years old undergone the CI surgery between January 2010 
and January 2018 were reviewed and from these populations, 
patients who undergo the revision surgery and explantation 
with or without reimplantation were detected. “Informed 
Consent Form for Scientific Research” was taken from all 
participants for publication of their results.

Data collection
The following data were collected from the patients’ records; 

demographics, etiology of hearing loss, age at first implanta-
tion, the reason for explantation/reimplantation, time from the 
first implantation to revision, surgical findings, device model 
and references, pre and postoperative results of category au-
diological performance scores and free-field PTA thresholds 
(0.5, 1, 2, and 4 kHz). 

In vivo integrity tests were performed for each patient and 
the results of ex vivo tests of each implant were obtained from 
manufacturer. Then the etiologies of device failure required 
revision surgery were classified according to Zeitler, et al. [4].

Currently, we use devices of all 4 implant manufacturers. 

However before the end of study, we noticed that the largest 
number of implants were brand of Neurelec/Oticon (Vallauris, 
France). Therefore, we examined the results of the Neurelec/
Oticon CI brand to prevent effect of the differences between 
the devices of the companies on our results.

Surgical technique
All patients were undergone from experienced surgeons’ 

team during both the first implantation and revision surgery. A 
postauricular small incision is made and mastoidectomy, pos-
terior tympanotomy is done. For positioning of receiver-stim-
ulator, titanium screws are fixed and so that the drilling of 
bone-bed is not needed. The round window approach is apply-
ing from 2009 in our center. A small piece of temporal muscle 
is used to seal the window after the insertion of the electrode 
array. Telemetry tests, electrical auditory brainstem responses 
(e-ABR), and stapedius reflex test are done and reported. All 
mastoidectomy cavity is filled with Ticcel® (Eczacıbaşı-Baxter, 
Istanbul, Turkey).

During reimplantation surgery, the same postauricular inci-
sion is repeated with an extended length. Monopolar electro-
cautery is not used. The newly formed bone around the receiv-
er-stimulator is drilled with a diamond tour. The screws are 
removed with the elevator because screws cannot be opened 
with their own screwdriver. The new bone formation and soft 
tissue and fibrosis around the round window niche were seen 
and removed gently. Then electrode array pulled elegantly 
after the preparation of a new implant.

Statistical analysis
Device failure rate and cumulative survival rate were de-

termined based on European consensus guidelines [5].
Statistical Package for the Social Sciences (SPSS) version 

17.0 (SPSS Inc., Chicago, IL, USA) was used to analyze the 
data. “Paired samples t-test” was applied to compare the re-
sults of preoperative and postoperative audiological test. Cu-
mulative survival rate curve was used to compare the interval 
of implantation to reimplantation. Significance was accepted 
as p<0.05 for all tests.

Results

Between 2010 and 2018, a total of 210 primary CIs of Neu-
relec/Oticon were performed in 182 patients (121 children, 
61 adults). A total of 149 CIs were used in 121 patients under 
18 years old. Ten pediatric patients and one adult underwent 
revision surgery. All patients were revised by the same man-
ufacture device. When the 11 revision procedures were eval-
uated, an overall institution-specific revision rate was 5.2%. 
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In this study, the only results of pediatric patients were evalu-
ated and then a revision rate in children demonstrated as 6.7%. 
The mean time between implantation/reimplantation was found 
as 30.8 (range, 1-71) months and it can be seen in Table 1. 

According to European consensus guidelines [5], device 
failure rate in our pediatric CI patients was obtained as 4.69% 
and cumulative survival graphic of our pediatric patients was 
shown in Fig. 1.

Hard failures were 60% of revision surgeries (6/10) and soft 
failures were 10% (1/10). All of 6 hard failures of patients had 
a history of head trauma. Especially one of them (patient num-
ber 5) had undergone reimplantation 3.5 years after the first 
implantation. His device was cracked. He was very active and 
then consulted by psychiatry and had diagnosed as hyperac-
tivity disorders and treated with medicine before the revision 
surgery. The other 5 children with the history of trauma were 
children from rural areas who helped their families in farm-
ing. One of the 2 children with hermetic failure detected 
gave a history of falling from the tractor; the other was learned 
through a psychologist that he was exposed to parental vio-
lence and was included in the child protection program. The 
other children with hard failure were found to have electrode 
breakage in in vivo integrity test and ex vivo test (Table 2).

One of our patients (patient number 1) had diagnosed as a 
soft failure of the device. He had complaint of progressive dec-
rement of hearing and intermittent disruption of the function of 
the device. In the operating room, an in vivo integrity test was 
done, but the test was normal. Then CT was taken and reported 
as electrodes were all placed inside the cochlea. After an increase 
in his complaints, reimplantation was planned. After reimplan-
tation, his complaints had gone away and he was satisfied. 

One patient (patient number 9) was undergone revision sur-
gery because of infection. He had otitis media with effusion 

before the first implantation and had undergone adenoidecto-
my and bilateral ventilation tube insertion one month before 
CI operation. However, 20 months later of implantation, infect-
ed drainage was started and continued despite local and sys-
temic antibiotics. Then the implant did not work and he had 
undergone revision surgery. 

Electrode migration to facial recess was seen in one case. 
In this patient (patient number 3), 8 electrodes of the implant 
were seen outside and encircled with soft tissue and fibrosis 
around the facial recess. Reimplantation with a new device and 
normal insertion was done after the cleaning of these tissue 
materials. 

Patient with number 10 had been applied the first implan-
tation at one year old and then other left side was implanted. 
But she had not heard from this side although working of the 
device was proven with in vivo tests. Then CT was taken and 
reported the left narrow internal auditory canal (IAC). The 
comprehensive analysis of revision reasons of patients was 

Fig. 1. Cumulative survival rate graphic for CI devices appiled in our 
clinic.
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Table 1. Characteristics and audiological outcomes of the patients

Patient
Time Interval between 
implant/reimplant (mo)

Revison 
reason

First implantation 
age (yr)

Pre-reimplant Post-reimplant
PTA (dBHL) CAP score PTA (dBHL) CAP score

  1 71 Device ＞4 35 6 35 5
  2   1 Device ＞4 26 6 22.8 7
  3 48 Non-device ＜2 33.8 5 25 6
  4 21 Device 2-4 30 7 28.8 7
  5 43 Device 2-4 31.8 6 30 6
  6 44 Device ＜2 29 4 29 5
  7 30 Device ＜2 25 5 22.5 6
  8 14 Device ＞4 30 6 26 7
  9 19 Non-device 2-4 38 5 35 5
10 17 Non-device ＜2 25 7 25 7

Total (mean) 30.8 30.36 5.7 28 6.1
Pre- vs. post-reimplant p＞0.05. dBHL, decibel hearing level; PTA, pure tone average; CAP, Categories of Auditory Performance



220 J Audiol Otol  2021;25(4):217-223

CI Failure in Children

given in Table 2.
Auditory performances of the patient were assessed with 

free-field PTA threshold and CAP score. Speech discrimination 
scores were not given because the mean age was low and 
there were no results for the whole. All patients showed better 
or same post-reimplantation performance compared with pre-
reimplantation results and the results were statistically insignif-
icant. Audiological results were also summarized in Table 1.

Discussion

The most important result in this study is that the most com-
mon reason for revision in our clinic is head trauma, which 
can be prevented by the patient and his family. Our institute is 
located in the south of the country and serves a lower socio-
economic segment compared to other parts of the country. 
Syrian immigrant children also apply to our center for surgery. 
In the majority of our patient group, families have more than 
two children; the level of education is low. This was thought 
to be also influential in the history of head trauma. İndeed, in 
a study from India, Bhadania, et al. [13] found that 3 patients 
of 250 patients with CIs had hard failure and two of whom had 
a history of head trauma. Olgun, et al. [16] published their re-
sults of 946 CI surgeries that undergone in an institute in the 
west of the country. There was no head injury in their patients 
and device failure rates were given as 3.8%. This rate would 
have been the same if there were no head injuries in our series. 
We thought that in larger series, a comprehensive investigation 
is needed regarding the relationship between education and 
socioeconomic status of the family and CI failure.

During Oticon surgery, there is no need to make bone-bed 
for the recipient on the bony cortex because the recipient is 

fixed with two titanium screws. This shortens the surgical time, 
but in the early postoperative period, the recipient is located 
just under the skin, and it may create a sensitive situation for 
traumas. However, over the years, new bone formation envel-
ops the recipient. We have seen this new bone and the sponta-
neous bone-bed formation around the recipient in all revision 
surgeries. When we look at the studies in the literature that 
give the results of revision surgery performed with more than 
one brand from our country, our revision rates are compatible. 
The most common major problem of revision in these studies 
is device failure but no differences were observed between 
the brands and there is no information about trauma history 
as a cause of failure [17,18]. The sensitivity to the trauma 
may be the disadvantage of our patients because of the surgical 
difference of the Oticon device. However, this idea can only be 
proved by giving the medical history, clinical findings, in vivo 
integrity test and ex vivo findings of patients who underwent 
revisions with more than one brand.

In this study, we have given only the results of a device we 
apply the most so that other brands do not affect the results. Our 
institute had signed a contract with Neurelec/Oticon between 
2010 and 2018 and we were able to achieve all the results in-
cluding in vivo and ex vivo test results during this time. In the 
literature, the failure rate and revision rate of this company 
have been presented in the limited publication. Our results 
actually do not reflect the real results of this manufacturer, as 
the hard failures due to the head trauma are high. However, 
when all these publications are considered, our study is the 
first study given the comprehensive analysis of revision surger-
ies of Oticon/Neurelec from our country. In our study, the 
overall explantation/reimplantation revision rate was 5.2% 
and the device failure rate was 4.69%.

Table 2. Analysis of the reasons of cochlear implant revision operations in our clinic 

Patient no Clinical/surgical opinion Integrity test Ex vivo test Revision reason result
  1 Progressive decrement in audiological performance Normal - Soft failure
  2 Head trauma Abnormal Impact failure 

  (electrode breakage)

Hard failure

  3 Electrode array migration to facial recess Normal Medical reason Electrode migration
  4 Head trauma Abnormal Impact failure 

  (electrode breakage)

Hard failure

  5 Head trauma Abnormal Impact failure (cracked ) Hard failure
  6 Head trauma Abnormal Hermeticity failure Hard failure
  7 Head trauma Abnormal Impact failure 

  (electrode breakage)

Hard failure

  8 Head trauma Abnormal Hermeticity failure Hard failure
  9 EOM at preimplant period/ history of ventilation tube/ 

  infection post-operative period
Normal Medical reason Infection

10 Poor outcome/narrow IAC Normal Normal Poor outcome from left
EOM, effusion with otitis media; IAC, internal auditory canal
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Battmer, et al. [19] gave the failure results of European CI 
centers in 2007 and found 17 failure of 527 device of Neurelec 
MXM (Laboratoires MXM, Vallauris, France) all around Eu-
rope. In that study, reason or age group were not reported. 
Rădulescu, et al. [20] showed the reliability of Oticon/Neurelec 
Digisonic® (Option Medical/Neurelec SAS, Vallauris, France) 
with a multicenter independent study with a follow-up of five 
years in 2013 and showed that overall explantation rate was 
2.23% and failure rate was 0.83% for children with Digison-
ic®. Other revision reports of CI centers were not comprehen-
sive for the real analysis of failure rate of Oticon/Neurelec 
(Table 3) [10,21,22]. Our revision rates were higher than the 
multicenter study of failure of Oticon/Neurelec actually. How-
ever, head trauma was happened in the only one case in their 
series as distinct from our study.

With a follow-up period of eight years, our revision rate of 
children was 6.7%. This is similar with the revision rate of 
other studies in literature [1,10,23]. Brown, et al. [24] found 
that the revision rate was higher in pediatric population with 
7.3% than adult with 3.8% and also showed that the hard fail-
ure was more seen reason with the rate of 55% in their study. 
In our study, hard failure was also most seen as the cause of 
revision surgery. We found that all of 6 children with hard 
failure had a specific history of head trauma (60%, 6/10). A 
child with head trauma was consulted with psychiatry be-
cause of extreme moving child and he was treated for hyper-
activity disorder prior to revision surgery. The other child 
with head trauma was included in the child protection pro-
gram because of their parents’ violence. It is thought that es-
pecially children who develop hard failure due to head trau-
ma should continue psychiatric evaluation which has begun 
before surgery [25].

It has been suggested that another reason of higher rate of 
revision among pediatric population is infection [1,26]. Sunde, 
et al. [14] found that infection was responsible of 0.9% of 
their revision surgery. Routine use of antibiotic irrigation of 
surgical site and aggressive management of otitis media with 
tympanostomy tube placement is important for prevention of 
this complication [24]. Although we do not wash the implant 

site with antibiotics, we do not have any surgical wound or 
flap complications. Actually, we thought that small postau-
ricular incision and small tight subperiosteal pocket for re-
ceiver-stimulator is more important to prevent flap necrosis 
and surgical wound complication. In one patient, we per-
formed aggressive treatment for otitis media with adenoidec-
tomy and tympanostomy tube placement before CI, but we 
did not prevent middle ear infection. In this patient, tympa-
nostomy tube placement was applied only one month before 
than CI procedure. In this regard, we suggested that if the can-
didate has a serious otitis media, tymponostomy tube place-
ment is applied immediately and then surgeon should wait and 
be sure about healing of middle ear mucosa. If necessary, 
mastoidectomy may be done before the planning CI.

Electrode array migration is less common cause of revi-
sion surgery. Olgun, et al. [16] found 6 cases with misdirec-
tion of electrode array in their analysis of 957 cases and only 
one had needed revision surgery. Brown, et al. [24] had found 
the electrode migration in his cases with history of meningi-
tis. Idiopathic fibrosis and ossification of the basal turn in 
these cases may cause extrusion of electrode. In our patients, 
one case had electrode migration. He had not history of men-
ingitis and revision surgery had performed with ease.

The initial diagnosis may rarely be incompatible with the 
diagnosis from the company in the patient who was decided 
to undergo revision surgery. Distinguin, et al. [26] suggested 
a decision-tree for diagnosis and misclassified the diagnosis 
of only nine cases in their 64 patients. They claimed that the 
history of trauma may cause misclassification and may mislead 
the surgeon. In our study, clinical, surgical and in vivo integrity 
test results were compared with ex vivo analyses of company 
in all patients. However, head trauma has actually caused de-
vice breakage or silicone tears in our cases and has not cause 
misdiagnosis. In brief speaking, the diagnosis of soft failure 
in our cases is more difficult actually. It is a very difficult chal-
lenge to reveal the soft failure problem without doing reim-
plantation surgery. Because, the patients with soft failure have 
non-specific and unproven complaints such as pain, tinnitus 
or intermittent interruption of signals. In this situation, all of 

Table 3. Reimplantation of Neurelec/Oticon in the literature

Study
Digisonic® implanted 

patients
All explantation/ 

reimplantation patients
Digisonic® reimplanted 

patients
Reason 

Battmer, et al. [19] 527 CI of all patients 488 patients 17 patients Device failure
Guevara, et al. [21] 166 patients 5 explanted 1 reimplanted One head trauma
Rădulescu, et al. [20] 672 patients 15 explantation/6 device failure Not reported One head trauma
Farinetti, et al. [22] 26 patients 14 patients Not reported Not reported
Sterkers, et al. [15] 24 patients 42 patients 2 patients Not reported
Blanchard, et al. [10] 36 patients 50 patients 1 patients Menengitis 
CI, cochlear implant
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in vivo and ex vivo tests are normal and the only thing that 
shows that the problem is in the device, replacing the device 
can correct all complaints [6,27]. In our two cases (patient 1 
and 10), we thought soft failure before the revision surgery. 
Patient 1 benefited from device replacement. However pa-
tient 10 did not benefit from revision and diagnosed as nar-
row IAC. We investigated all CT images of this child again 
and realize that the narrow IAC was present on the left side. 
Sennaroglu [28] mentioned in his publication about poor out-
come of narrow IAC because of a possibility of absent or hy-
poplastic cochlear nerve. Actually, if the surgeon recommend 
to the patient for revising surgery of CI, he should investi-
gate again the CT and MRI images with detail and inform 
the patient and family about possibility of doubtful result of 
reimplantation.

Audiological outcomes of CI revision surgery has been in-
vestigated in many study with different tests [1,7,11,15]. Man-
rique-Huarte, et al. [7] tested audiological outcomes with PTA 
and speech audiometry and they claimed that reimplantation 
due to device failure did not record significance changes in 
speech perception before and after reimplantation. Sterkers, 
et al. [15] used open-sentence testing in quiet and in noise to-
gether with speech perception test scores. They found that re-
implantation has no negative effect on auditory outcome and 
suggested that in rare cases; speech perception outcome may not 
improve, requiring a specific rehabilitation program. Yeung, et 
al. [1] and Reis, et al. [11] also showed similar results that reim-
plantation cause same or better SRS than the last measured 
score before the surgery. We compared PTA thresholds (0.5, 
1, 2, and 4 kHz) and CAP scores of preoperative last mea-
sured results and the postoperative results. We had got light 
better or same results on postoperative records. CAP is a 
classification defined by Archbold, et al. [12] in 1995 and re-
vised in 2010. The CAP score is an index describing the high-
est typical level of functional hearing in everyday life. This 
scale can provide brief information about speech and conver-
sation performance of CI patients [29]. Bhadania, et al. [13] 
used CAP scale to interpret their results of CI revision sur-
gery and found good performance in postoperative period. Ac-
tually, we thought that some protocols and international scales 
are necessary to evaluate the auidological outcomes of CI revi-
sion surgery.

This study has some limitations. Retrospective and single 
company results have been given and it has not unfortunately 
huge series and long-term follow-up. However, our study is 
the unique study that gives only the revision rate of the Oticon/
Neurelec brand and gives very valuable audiological and sur-
gical information about this brand during and after revision 
surgery. Our clinic is one of the centers in Europe that used 

high number of Oticon brand. There is only one study about 
the results of Oticon/Neurelec Digisonic® brand in the litera-
ture and it is a multi-center study. However, there has been no 
study that gives the result of a single-center, single-brand revi-
sion of this brand besides our study especially after the merger 
with Oticon and Neurelec.

If studies with surgical results on this brand increase, the 
company may provide its own technological development. 
The bottom of the receiver of this brand is not closed like 
other brands. The electrode and/or wires coming out from the 
receiver are easily visible through a thin hermetic silicone 
coating. This silicone coated receiver has two screw holes at 
the end. If the bone bed is opened, this screwing cannot be 
done and the electrodes and/or wires can be bent. For this rea-
son, it may be beneficial to cover the bottom of receiver with 
a stronger material instead of opening a bone bed in surgery. 
This could provide a protection against the trauma which is 
the most important cause of CI device failure in children, es-
pecially in developing countries as shown in this study.

In order to reduce revisions due to trauma, not only the self-
development of the brand, but also the socioeconomic and ed-
ucational level of the country should be improved. We should 
educate not only the family but also the child about end results 
of trauma and the protection himself. Before the implantation, 
the family should be informed about the device failure proba-
bility and should understand that in this situation, the child’s ed-
ucation may be delayed. Creating a safe home and in-school 
environment is very important. Surgeon and audiologist should 
be alert and doubtful for hyperactivity disorders.

In conclusion, cochlear reimplantation is a safe and well-
tolerated surgery with good performance in postoperative au-
diological results. Revision surgery protocols regarding surgi-
cal method and postoperative audiological assessment should 
be standardized with publishing results of other CI center. These 
protocols could help the companies to develop their technology 
as well as the surgeons to manage the revision cases. It is very 
important to provide a safe school and home environment and 
to keep family education at a high level for reducing reimplan-
tation in children due to the trauma. Especially for active child 
or those who have experienced severe trauma preoperative 
psychiatric consultation should be continued postoperatively.
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