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INTRODUCTION

Cochlear implantation (CI) is the most effective method for au-
ditory rehabilitation in individuals with severe-to-profound sen-
sorineural hearing loss. Over recent years, CI has demonstrated 

benefits across a wider range of age groups, enlarging the pool 
of potential recipients. A growing body of research supports the 
notion that early implantation leads to improved speech outcomes 
[1,2]. In 2020, the U.S. Food and Drug Administration reduced 
the minimum age for bilateral profound hearing loss candidates 
to 9 months. Similarly, the use of CIs in older populations is on 
the rise [3]. Recent studies have documented significant auditory 
benefits in patients over the age of 80 years [4,5]. Given these 
findings and current trends, it is anticipated that the rate of im-
plantation will continue to climb. Despite the general consensus 
that CI is a safe intervention, the incidence of complications and 
the need for revision surgery are also expected to increase.

Revision CI (RCI) due to medically intractable complications 
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Objectives. As cochlear implantation (CI) experiences rapid innovations and its indications expand, the characteristics of 
revision CI (RCI) are evolving. This study investigated changes in the RCI profile and explored their clinical implica-
tions.

Methods. A retrospective chart review was conducted of all CIs performed at a tertiary medical institution between Octo-
ber 2001 and January 2023. The rates of and reasons for RCI were evaluated in relation to the manufacturer and de-
vice model. Kaplan-Meier analysis was employed to examine cumulative and device survival curves. Cumulative and 
device survival rates were additionally analyzed based on age group, period of primary CI, and manufacturer. A Cox 
proportional hazards model was employed to evaluate the association between RCI and the device manufacturer.

Results. Among 1,430 CIs, 73 (5.1%) required RCI. The predominant reason for RCI was device failure (40 of 73 RCIs 
[54.8%]), with an overall device failure rate of 2.8%. This was followed by flap-associated problems and migration 
(nine of 73 RCIs each [12.3%]). Flap retention issues emerged as a new cause in three cases (two involving the CI 
632 and one involving the SYNCHRONY 2 implant), and six instances of electrode tip fold-over arose (four for the 
CI 600 series and two for the CI 500 series). The overall 10-year cumulative and device survival rates were 93.4% 
and 95.8%, respectively. After excluding models with recall issues, significant differences in cumulative (P=0.010) 
and device (P=0.001) survival rates were observed across manufacturers. 

Conclusion. While the overall CI survival rate is stable, device failure persists as the predominant reason for RCI. Moreover, 
the types of complications leading to revision (including issues with flap retention and electrode tip fold-over) have 
shifted, particularly for newer implant models. Given the clinical importance of device failure and subsequent reop-
eration, clinicians should remain informed about and responsive to these trends.
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presents a challenging scenario for both neuro-otologists and 
patients, as CI is generally regarded as a permanent solution. 
The rate of RCI varies in the literature, with figures ranging from 
2.6% to 11.7% [6-13]. Common reasons for RCI include device 
failure, flap-associated problems, device migration, and electrode 
misinsertion [6,14]. Of these, device failure is acknowledged as 
a leading reason for RCI, although reported rates vary across 
studies, from 1.9% to 8.1% [6-13]. Recent investigations indi-
cate that 10-year device survival rates have improved to over 
95.0%, a testament to the technological advancements made in 
the last two decades [6,13]. Additionally, variations in device 
failure rates based on factors such as the manufacturer, model, 
patient age, or period of implantation have been examined in 
several studies [8,10,12,13]. 

Due to the rapid innovations and expanding indications of CI, 
ongoing evaluation and understanding of RCI are essential. A 
comparison with our prior investigation, which included CI cases 
up to March 2019 [6], revealed notable changes in the charac-
teristics of RCI over the past 4 years. These trends were particu-
larly evident with respect to differences among device manufac-
turers and models. Nonetheless, few studies have been conducted 
to examine the latest models from various manufacturers. Con-
sequently, this study was designed to examine recent trends in 
RCI and device failure, with the goal of sharing our findings and 
emphasizing the clinical importance of these issues.

MATERIALS AND METHODS

A retrospective chart review was conducted for all CIs performed 
at our institution between October 2001 and January 2023. The 
Institutional Review Board of Samsung Medical Center approved 
this study, and informed consent was waived (No. 2023-05-117). 
After a detailed counseling in which models from each manu-

facturer were shown and the benefits and drawbacks of each 
were explained, the patient chose the manufacturer and device 
model on the advice of the surgeon in charge. Compared to our 
previous study, three models from Cochlear (CI 612, CI 622, 
and CI 632), one model from MED-EL (SYNCHRONY 2), and 
one model from Advanced Bionics (HiRes Ultra3D) were newly 
implanted. 

Demographic data, the date and age of primary CI, follow-up 
duration from implantation, as well as inner device models and 
their manufacturer were collected for 1,430 CIs. In addition, data 
on the cause of hearing loss, inner ear anomalies, and intraoper-
ative findings such as the approach route for electrode insertion, 
electrode type, impedance test results, and electrically evoked 
compound action potential (ECAP) results, were collected for 
73 RCIs. The interval between primary CI and RCI was calculat-
ed and the reasons for RCIs were based on the following classi-
fication used in our previous study: device failure, flap problems, 
migration, hematoma, cerebrospinal fluid (CSF) leakage, and 
misinsertion [6].

The overall cumulative survival and device survival curves de-
picted with a Kaplan-Meier curve. To analyze survival curves 
and rates, the date of the primary CI was used as an initial point, 
the RCI was used as a primary event, and the end point of ob-
servation was July 1, 2023. In addition, overall survival curves 
were drawn again after excluding devices with recall issues (CI 
512, Clarion CII, HiRes 90K, and HiRes Ultra3D) to provide 
more practical representation of device survival. Cumulative and 
device survival rates were further analyzed based on age group 
(children <19 years and adults), the period of primary CI (2001–
2012 and 2013–2023), and manufacturer (Cochlear, Advanced 
Bionics, and MED-EL). The log-rank test was used to examine 
the difference in survival curves between subgroups and the haz-
ard ratio (HR) and 95% confidence interval were calculated us-
ing the Cox proportional hazards model to evaluate the associa-
tion between RCI and manufacturers. Statistical analyses were 
performed using IBM SPSS ver. 27.0 (IBM Corp.), and a two-
sided P<0.05 was considered statistically significant.

RESULTS

Of the 1,430 CIs analyzed, 992 devices (69.4%) were implanted 
in children, while 438 (30.6%) were implanted in adults. This 
cohort included 265 cases of bilateral implantation. The mean 
age at implantation was 18.8 years (range, 0–90 years). Regard-
ing the distribution by manufacturer, Cochlear accounted for 
816 of the implants (57.1%), MED-EL for 440 (30.8%), Advanced 
Bionics for 170 (11.9%), and Oticon for four (0.3%).

The characteristics of patients who underwent RCI are sum-
marized in Table 1. A total of 73 RCIs were performed, consti-
tuting a 5.1% revision rate. Of these cases, 48 (65.8%) were in 
children and 25 (34.2%) in adults. These figures correspond to 

	� Over 23 years of cochlear implantation (CI), a total of 73 revi-
sion CIs (RCIs) were performed, meaning that 5.1% of CIs re-
quired revision. 

	� Device failure was the predominant reason for RCI, compris-
ing 40 cases (54.8%), and the overall rate of device failure was 
2.8%.

	� Flap retention problems emerged as a new issue, stemming 
from the incorporation of diametric magnets in recent implant 
models. 

	� Most instances of tip fold-over were observed in newer models 
equipped with slim perimodiolar electrodes.

	� Given the rapid evolution of the RCI profile, continuous moni-
toring and prompt responses to these changes are crucial for 
improving the success rate of CI.
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4.8% and 5.7% of all CIs in their respective age groups. The right 
side was involved in 35 cases (47.9%), while the left side was 
affected in 38 (52.1%). The mean time to RCI was 739.3 days 
(range, 1–5,826 days). Congenital hearing loss was identified as 
the most common cause of hearing loss (60.3%), while inner 
ear anomalies were noted in 19 cases (26.0%). A round window 
approach had been adopted for primary CI in 63 cases (86.3%), 
while cochleostomy had been applied in 10 cases (13.7%). Re-
garding the type of electrode used, 38 cases (52.1%) employed 
a lateral wall (LW) electrode, while 35 (47.9%) involved a peri-
modiolar (PM) electrode. Intraoperative impedance test results 
were normal for all patients, and completely normal ECAPs 
were observed in 54 cases (74.0%). Only two cases (2.7%) ex-
hibited no response.

Table 2 presents the reasons for RCI and the associated sur-
vival rates by manufacturer. Device failure was the predominant 
cause of RCI, accounting for 40 cases (54.8%), with an overall 
device failure rate of 2.8%. Flap-associated complications and 
migration each occurred in nine instances (12.3%), followed by 

misinsertion (seven [9.6%]), CSF leakage (five [6.8%]), and he-
matoma (three [4.1%]). Specifically, the device failures consisted 
of 36 hard and four soft failures. The flap-associated issues com-
prised six infections and three retention problems, with two in-
volving the CI 632 model and one involving the SYNCHRONY 
2. In one migration case, only the magnet was dislodged from 
the device, a CI 24RE implant. Electrode misinsertion was pri-
marily due to tip fold-over (TF), affecting two CI 622, two CI 
632, one CI 512, and one CI 532 device, along with a single case 
of direct misinsertion into the apical turn of a CI 24RE implant. 
Twelve patients required multiple RCIs for various reasons. Again, 
device failure was the most frequent cause (six cases [50.0%]), 
followed by CSF leakage (two cases [16.7%]), migration (one 
case [8.3%]), flap infection (one case [8.3%]), a flap retention 
issue (one case [8.3%]), and TF (one case [8.3%]).

Regarding the manufacturer, MED-EL exhibited the highest 
revision rate (26 of 440 implants [5.9%]), followed by Advanced 
Bionics (nine of 170 implants [5.3%]) and Cochlear (38 of 816 
implants [4.7%]). The highest device failure rate was observed 
for Advanced Bionics (seven of 170 [4.1%]), followed by MED-
EL (16 of 440 [3.6%]) and Cochlear (17 of 816 [2.1%]). Re-
garding device models, the CI 512 displayed the highest rates 
for both revision (13 of 66 [19.7%]) and device failure (eight of 
66 [12.1%]). The SYNCHRONY (seven of 132 [5.3%]) and HiRes 
90K (seven of 142 [4.9%]) devices had the highest failure rates 
among the models from their respective manufacturers. None of 
the Oticon implants required revision.

The results of the cumulative and device survival analyses are 
detailed in Table 3. The mean duration of follow-up was 5.8 years, 
with a standard deviation of 4.7 years. Fig. 1 displays the overall 
cumulative and device survival curves, both including and ex-
cluding recalled devices. The overall 5-, 10-, and 15-year cumu-
lative survival rates were 94.7%, 93.4%, and 91.5%, respectively. 
When recalled devices were excluded, these rates became 95.6%, 
94.8%, and 91.5%, respectively. The overall device survival rates 
at 5, 10, and 15 years were 97.0%, 95.8%, and 94.9%, respec-
tively. Without the recalled devices, these respective rates were 
97.6%, 97.1%, and 95.5%.

Table 3 and Fig. 2 summarize the cumulative and device sur-
vival rates based on various factors. Regarding age group, chil-
dren showed a higher 5-year cumulative survival rate than 
adults, whereas adults exhibited a greater 5-year device survival 
rate. With respect to the timing of primary CI surgery, the 5-year 
cumulative survival rate was more favorable for CIs performed 
between 2001 and 2012, while the 5-year device survival rate 
was better for CIs performed between 2013 and 2023. Among 
the three manufacturers—Cochlear, Advanced Bionics, and 
MED-EL—Cochlear had the highest 5-year cumulative and de-
vice survival rates, while MED-EL had the lowest. However, 
these differences were not statistically significant. On the other 
hand, when models subject to recall were excluded, significant 
differences emerged in both cumulative survival (P=0.010) and 

Table 1. Summary of characteristics in revision cases

Characteristics Value

Total no. of revisions 73
Multiple revisions 12
Age group

Children 48 (65.8)
Adults 25 (34.2)

Sex
Male 41 (56.2)
Female 32 (43.8)

Affected side
Right 35 (47.9)
Left 38 (52.1)

Age at primary CI (yr) 23.7±29.4 (0–83)
Time to revision CI (day) 739.3±1,104.4 (1–5,826)
Cause of hearing loss

Congenital 44 (60.3)
Acquired progressive 7 (9.6)
Chronic otitis media 7 (9.6)
Idiopathic SSNHL 6 (8.2)
Meningitis 5 (6.8)
Perilymph fistula 3 (4.1)
Temporal bone fracture 1 (1.4)

Inner ear anomaly 19 (26.0)
Approach for primary CI

Round window 63 (86.3)
Cochleostomy 10 (13.7)

Electrode type for primary CI
Lateral wall 38 (52.1)
Perimodiolar 35 (47.9)

No or partial response in ECAP for primary CI 19 (26.0)

Values are presented as number (%) or mean±standard deviation (range).
CI, cochlear implantation; SSNHL, sudden sensorineural hearing loss; 
ECAP, electrical evoked compound action potential. 
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device survival (P=0.001) among manufacturers. Cox propor-
tional hazards analysis revealed no significant differences in cu-
mulative survival for MED-EL (HR, 1.44; 95% confidence inter-
val, 0.87–2.39; P=0.155) and Advanced Bionics (HR, 0.89; 

95% confidence interval, 0.43–1.85; P=0.751) compared to 
Cochlear. In terms of device survival, relative to Cochlear, MED-
EL was associated with a greater risk (HR, 2.14; 95% confi-
dence interval, 1.06–4.29; P=0.033), while Advanced Bionics 

Table 2. Reasons for and rates of revision by manufacturer

Total no. of 
CIs

Reason for revision Total no. of 
revision CIs (%)

Device failure 
rate (%)Device failure Flap problem Migration Hematoma CSF leakage Misinsertion

Cochlear 816 (57.1) 17 (44.7) 5 (13.2) 6 (15.8) 3 (7.9) 0 7 (18.4) 38 (4.7) 2.1
CI 24R/RE 208 4 1 2 1 0 1  9 (4.3) 1.9
CI 422 185 4 0 0 0 0 0  4 (2.2) 2.2
CI 512   66 8 0 2 2 0 1 13 (19.7) 12.1
CI 522   73 1 0 0 0 0 0  1 (1.4) 1.4
CI 532   39 0 0 0 0 0 1  1 (2.6) 0
CI 612     1 0 0 0 0 0 0 0 0
CI 622 197 0 2 2 0 0 2  6 (3.0) 0
CI 632   47 0 2 0 0 0 2  4 (8.5) 0

Advanced bionics 170 (11.9)   7 (77.8) 2 (22.2) 0 0 0 0  9 (5.3) 4.1
Clarion CII     4 0 0 0 0 0 0 0 0
HiRes 90K 142 7 2 0 0 0 0  9 (6.3) 4.9
HiRes Ultra3D   24 0 0 0 0 0 0 0 0

MED-EL 440 (30.8) 16 (61.5) 2 (7.7) 3 (11.5) 0 5 (19.2) 0 26 (5.9) 3.6
SONATATI 100   61 2 0 0 0 1 0  3 (4.9) 3.3
CONCERTO 184 6 1 0 0 3 0 10 (5.4) 3.3
PULSAR CI 100     1 0 0 0 0 0 0 0 0
SYNCHRONY 132 7 1 2 0 0 0 10 (7.6) 5.3
SYNCHRONY 2   62 1 0 1 0 1 0  3 (4.8) 1.6

Oticon 4 (0.3) 0 0 0 0 0 0 0 0
Neuro ZTI 4 0 0 0 0 0 0 0 0

Total 1,430 40 (54.8) 9 (12.3) 9 (12.3) 3 (4.1) 5 (6.8) 7 (9.6) 73 (5.1) 2.8
Revision rate (%) NA 2.8 0.6 0.6 0.2 0.3 0.5 NA NA

Values are presented as number (%).
CI, cochlear implantation; CSF, cerebrospinal fluid; NA, not applicable.

Table 3. Cumulative and device survival rates by age group, period of primary implantation, and device manufacturer

Cumulative survival rate (%) Device survival rate (%)

5 yr 10 yr 15 yr P-valuea) 5 yr 10 yr 15 yr P-valuea)

Total 94.7 93.4 91.5 97.0 95.8 94.9
Age group 0.059 0.618

Children 95.2 94.0 92.1 96.9 95.7 95.1
Adults 94.0 91.8 89.4 97.4 96.5 94.0

Period of primary CI 0.421 0.913
2001–2012 95.3 94.0 NA 96.9 95.8 NA
2013–2023 94.6 NA NA 97.2 NA NA

Manufacturer 0.443 0.187
Cochlear 95.4 94.0 90.7 97.9 96.7 95.2
Advanced Bionics 95.3 94.5 94.5 96.4 95.6 95.6
MED-EL 93.3 89.5 NA 95.5 91.7 NA

After excluding models with recall issueb) 95.6 94.8 91.5 0.010 97.6 97.1 95.5 0.001
Cochlear 96.9 96.5 93.1 98.8 98.8 97.2
Advanced Bionics NA NA NA NA NA NA
MED-EL 93.3 89.5 NA 95.5 91.7 NA

CI, cochlear implantation; NA, not applicable.
a)Assessed using the log-rank test. b)The excluded models were the CI 512, Clarion CII, HiRes 90K, and HiRes Ultra3D.
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displayed no significant difference (HR, 1.40; 95% confidence 
interval, 0.58–3.42; P=0.458).

DISCUSSION

Our institution serves as a representative national referral center 
for CI and has implanted devices from major manufacturers in a 
relatively balanced manner. This balance provides an advantage 
when analyzing the causes of RCI and device failure across man-
ufacturers. Following our prior investigation, in which we assessed 
the reasons for revision and device failure in approximately 
1,000 CIs over a 19-year period [6], the number of CIs placed 
has grown by nearly 500 in about 4 years. In the present series, 
the rates of RCI and device failure were 5.1% and 2.8%, respec-
tively. These figures represent a slight increase in the RCI rate 
and a decrease in the device failure rate compared to our previ-
ous study, which reported rates of 4.6% and 3.0%, respectively. 
Regarding the specific causes of RCI, the proportion attributed 
to device failure decreased from 65.1% to 54.8%. In contrast, 
flap issues and migration both increased from 9.6% to 12.3%, 
and the rate of electrode misinsertion rose from 4.7% to 9.6%. 
The 10-year cumulative and device survival rates in this study 

were 93.4% and 95.8%, respectively.
The most salient finding of this study was the variation in cu-

mulative and device survival rates across manufacturers. In our 
prior report, MED-EL exhibited the lowest rates of RCI (2.6%) 
and device failure (1.5%), followed by Cochlear and Advanced 
Bionics. A report by Lane et al. corroborated these results, indi-
cating the highest RCI and device failure rates for Advanced Bi-
onics and the lowest for MED-EL [8]. Chen et al. [13] observed 
comparable trends, with Advanced Bionics displaying the high-
est rates of RCI and device failure, while MED-EL exhibited the 
third-highest RCI rate and the second-highest device failure rate. 
However, a key limitation of these studies is that they predate 
2020 and therefore do not account for the most recent device 
models. To our knowledge, the present investigation is the first 
to evaluate changes in RCI profile, while specifically including 
the latest models released by various manufacturers. Compared 
to our previous investigation, the rates for MED-EL have increased 
for both RCI (rising from 2.6% to 5.9%) and device failure (in-
creasing from 1.5% to 3.6%). These changes may be attribut-
able to the SYNCHRONY model, which experienced a rise in 
device failure from 3.2% in the previous study to 5.3%. These 
findings suggest that failure can occur years after implantation, 
and the number of events has presumably increased as the fol-

Fig. 1. Overall cumulative and device survival. (A) Before exclusion of models subject to recall. The excluded models were the CI 512, Clarion 
CII, HiRes 90K, and HiRes Ultra3D. (B) After exclusion. CI, cochlear implantation.
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low-up duration of SYNCHRONY, which has seen more wide-
spread use in recent years, has lengthened. While the latest mod-
els from each manufacturer seem to demonstrate exceptional 
safety, with only a single device failure reported, the long-term 
prognosis of these newest models warrants more comprehensive 
evaluation in the years to come.

Due to the clinical importance of device failure and the need 
for subsequent reoperation, many clinicians have sought to 
identify the factors associated with RCI. Recent systematic re-
views have reported an overall RCI rate of 5.5%–6.0% and a 
device failure rate of 2.2%–3.6% [8,10], findings that align with 

our own series. However, no consensus has been reached on the 
factors that contribute to RCI or device failure, and several stud-
ies have reported conflicting results. For instance, a study by Chen 
et al. [13] found that younger patients and those who received 
CIs during the earlier years of the investigation (1996 to 2005) 
were relatively likely to require revision surgery. Additionally, 
cumulative and device survival rates were higher among older 
patients. Another study indicated that devices manufactured af-
ter 2000 exhibited improved cumulative survival rates com-
pared to earlier models, while device failure rates varied signifi-
cantly among manufacturers, with Advanced Bionics exhibiting 

Fig. 2. Cumulative survival and device survival. (A) By age group. (B) By period of primary implantation. (C) By manufacturer. CI, cochlear im-
plantation.
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the lowest rate [8]. In contrast, Layfield et al. [10] reported no 
significant distinctions in revision rates among manufacturers. 
Similarly, our previous study did not reveal significant differenc-
es in cumulative or device survival rates by manufacturer. In the 
present study, although no significant differences in cumulative 
or device survival rates were initially found among manufactur-
ers, significant differences did emerge when models with recall 
issues were excluded. Further analysis using the Cox propor-
tional hazards model revealed an HR of 2.14 for device failure 
in MED-EL compared to Cochlear, which may reflect the recent 
shift in device failure patterns mentioned earlier. However, evi-
dence regarding this issue is still lacking, and additional research 
is required to better understand the potential factors influencing 
survival rates.

The present study also uncovered several findings that reflect 
recent changes in RCI. For instance, technological advancements 
have led to a decline in the incidence of delayed device failure 
for CIs performed in recent periods, as depicted in Fig. 2B. No-
tably, no device failures have been reported after 5 years of CI 
in patients who underwent the procedure after 2013, suggesting 
that recently introduced devices demonstrate superior long-term 
durability compared to those from earlier periods. However, 
alongside the reduction in device failure, new challenges have 
arisen; these include issues with flap retention, which emerged 
as a novel issue during the study period. In recent years, the ad-
vent of diametric magnets has enabled safe magnetic resonance 
imaging up to 3 T without the need for additional measures such 
as compression bandages or magnet removal, which were neces-
sary with axial magnets [15]. However, diametric magnets exert 
comparatively weak magnetic forces, potentially resulting in 
suboptimal signal transmission or detachment of the sound pro-
cessor [16]. As a result, the recommended skin flap thickness for 
securing the sound processor has been reduced. For example, 
Cochlear now advises a flap thickness of less than 6 mm for the 
off-the-ear sound processor in the CI 600 series, a reduction of 
4 mm from the CI 500 series. This change often necessitates pro-
cedures such as soft-tissue debulking to thin the flap or position-
ing of the internal device above the temporalis muscle layer [17]. 
Notably, all three instances of flap retention issues in this study 
occurred with recent models equipped with diametric magnets. 
Another concern is that flap reduction surgery may lead to com-
plications, including infection or skin necrosis [18,19]. Addition-
ally, superficial placement of the internal device increases the 
risk of trauma or magnet exposure [16]. While factors like sex, 
body mass index, hair type, or sound processor model may also 
influence retention [16,20,21], special attention should be paid 
to flap retention and the potential risk associated with addition-
al flap reduction procedures for newer devices.

With the development of slimmer and more flexible electrodes, 
the risk of incorrect placement within the cochlea has increased, 
even when the electrodes are successfully inserted into the scala 
tympani. In the present study, four of six TFs occurred with the 

use of later models equipped with PM electrodes. The positive 
association between TF and this type of electrode has been well 
established [22-25], with reported TF rates ranging from 1.7% 
to 5.3%. In contrast, LW electrodes have been associated with 
TF rates of approximately 0.2% to 1.0% [26,27]. A recent sys-
tematic review noted a TF rate of 5.9% for the CI 532 model, 
suggesting a heightened risk of TF with the use of slim PM elec-
trodes with removable external sheaths [23]. Although research 
on the TF rate for the CI 600 series is limited [28], electrode-re-
lated complications are expected to follow a pattern similar to 
that of the CI 500 series, as the CI 600 series employs the same 
electrodes. The results of this study indicate a TF rate of 3.5% 
for slim PM electrodes (such as those present in the CI 532 and 
CI 632), while the rate for slim LW electrodes (as in the CI 522 
and CI 622) was only 0.7%. Clinically, TF negatively impacts 
auditory outcomes and may necessitate revision surgery, under-
scoring the need for prevention and early detection of TF 
through intraoperative measures [25,29]. However, the role of 
intraoperative electrophysiological testing in predicting TF is 
currently limited [25,30,31]. In a recent study by Mittmann et 
al. [30], none of the four TF cases in their series exhibited signif-
icant abnormal ECAP findings. Similarly, in the present study, all 
six TF cases presented with normal impedance and ECAP re-
sults. Alternative approaches, such as intraoperative computed 
tomography or the assessment of the spread of excitation to 
evaluate neural selectivity near each electrode, have been pro-
posed [31-33]. Further research is necessary to determine the 
practical roles of these techniques in predicting TF, which may 
help reduce the occurrence of reoperation due to TF in the fu-
ture.

While the present study offers valuable insights into clinically 
significant issues regarding recent changes in RCI and device 
failure, it also had several limitations. The retrospective study 
design, which included cases from decades ago, meant that cer-
tain information was unavailable that may have aided in deter-
mining the reasons for RCI. Consequently, possible contributing 
factors such as body mass index or sex in relation to flap-related 
complications, as well as cochlear lumen diameter for instances 
of electrode misinsertion, were not accounted for in this analysis. 
Moreover, to corroborate our experiences and findings regard-
ing the latest models, a longer observation period is required, 
particularly for device failure. Factors pertaining to the patient, 
such as head trauma, may also influence device failure and should 
be considered when interpreting our results. Additionally, since 
the data were sourced from a single tertiary center, generalizing 
the findings may prove challenging. Future studies involving mul-
tiple centers could therefore be instrumental in validating the 
findings of this investigation. Despite these limitations, this study 
included more than 1,400 CIs performed at a single center over 
the past 22 years and incorporated devices from all three leading 
manufacturers. The results provide updated details and insights 
into the patterns of RCI. The findings are poised to substantially 
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aid in minimizing surgical failures and enhancing the outcomes 
of CIs in clinical practice.

In conclusion, as the number of CIs has risen and technologi-
cal advancements have been made, the characteristics of RCIs 
have changed. While the overall cumulative and device survival 
rates have remained comparable to historical data, a discernible 
variation is now present in device failure rates across manufac-
turers, particularly for their most recent models. Moreover, is-
sues related to flaps and electrodes have increased slightly due 
to the introduction of new technologies. Continuous monitoring 
and prompt action in response to these developments are cru-
cial for improving the success rate of CI.
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