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ABSTRACT

Purpose: To characterize hearing thresholds at frequencies of 500, 1000, 2000 and 4000 Hz in children undergoing 
reimplantation with a follow-up of at least 10 years. Methods: Retrospective review of medical records of 
children who underwent reimplantation surgery for at least 10 years. The auditory thresholds obtained in free-
field pure tone audiometry with the cochlear implant were evaluated at frequencies of 500, 1000, 2000 and 
4000 Hz at four different times: 1 (before failure), 2 (activation), 3 (five years after reimplantation) and 4 (ten 
years after reimplantation, regardless of the time of use of the 2nd CI) in patients with a follow-up of at least 10 
years. Results: Evaluating patients who underwent reimplantation, it was observed that the thresholds of 500, 
1000, 2000, 4000 Hz were similar in the long term to those obtained in patients who were implanted only once, 
thus not presenting damage in the detection of sounds. Conclusion: Reimplantation had no long-term effect 
on the hearing thresholds obtained in children who underwent this surgery due to internal component failure.

RESUMO

Objetivo: Caracterizar os limiares auditivos nas frequências de 500, 1000, 2000 e 4000 Hz em crianças submetidas 
ao reimplante com follow-up de no mínimo 10 anos. Método: Revisão retrospectiva de prontuários de crianças 
submetidas a cirurgia de reimplante há pelo menos 10 anos. Foram avaliados os limiares auditivos obtidos na 
audiometria tonal liminar em campo livre com o implante coclear nas frequências de 500, 1000, 2000 e 4000 Hz 
em quatro momentos distintos: 1 (antes da falha), 2 (ativação), 3 (cinco anos após o reimplante) e 4 (dez anos 
após o reimplante, independentemente do tempo de uso do uso do 2o IC) em pacientes com follow-up de no 
mínimo 10 anos. Resultados: Avaliando-se pacientes submetidos ao reimplante, observou-se que os limiares de 
500, 1000, 2000, 4000 Hz apresentaram-se a longo prazo semelhante àqueles obtidos nos pacientes implantados 
somente uma única vez, não apresentando prejuízo assim na detecção dos sons. Conclusão: O reimplante não 
teve efeito de longo prazo sobre os limiares auditivos obtidos em crianças que se submeteram a esta cirurgia 
por falha do componente interno.
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INTRODUCTION

Cochlear implants have been implanted routinely in 
approximately 500,000 individuals worldwide. The surgical 
procedure is considered safe and successful for the treatment 
of severe and deep hearing loss(1). Thus, these implants are the 
main route for hearing rehabilitation and habilitation in such 
cases, allowing children to develop hearing and language, in 
addition to better school performance and improved perspectives 
regarding their future entering the work market(2-4). For post-lingual 
adults, the cochlear implant can reestablish communication and 
improve life quality(5-7).

The first surgeries of multichannel cochlear implants were 
performed in the 90s, naturally representing a concern among 
professionals of the area whether the internal component will 
cease working properly due to wear, hence requiring another 
surgical intervention. Studies have demonstrated that the rate 
of surgical review of the cochlear implant is between 5 and 
10%(1), whose most frequent cause is repeated device failure, 
thus demanding reimplantation(8).

In addition to the risks inherent to surgical intervention, 
reimplantation implies a particular concern with the impact on 
hearing performance and speech-hearing perception, that is, 
whether the patient will maintain the benefit obtained from the 
first surgery. Such an issue is linked to the potential difficulty 
of the surgeon when inserting a new electrode in the cochlea, 
which might follow a different route from the old electrode, 
hence stimulating other parts of the cochlea(9). Furthermore, 
the cochlea might be ossified, hindering the removal of the old 
electrode or making the removal only partial, and affecting the 
patient’s hearing performance(9).

The analysis of the results obtained after the reimplantation 
surgery by distinct causes has contributed to enlarging the 
knowledge of the consequences of another surgical intervention(10). 
The causes reported for reimplantation include ‘hard failure,’ 
which is characterized by a sudden stop in the functioning of 
the internal component of the cochlear implant, as well as ‘soft 
failure,’ which is a drop in the patient’s hearing performance. 
Such a decrease is often progressive and confused with child 

developmental issues that might be linked to comorbidities and 
cognitive matters. This failure is hard to detect and, in many 
cases, there are changes in impedance telemetry and neuro-
telemetry(11-13). Hard failure is described as the most common 
cause of reimplantation(14-18).

In general, reimplantation is considered a safe procedure 
with good hearing results in most patients(9,14,15,17-19). However, 
there are no long-term studies describing whether the results 
found in children linked to the hearing thresholds remain many 
years after reimplantation. Such information is fundamental since 
hearing attention and detection are hearing skills required for the 
development of more complex skills, such as speech perception.

Hearing attention and detection are the first hearing skills 
to be acquired by children, thus being fundamental for the 
developmental process of all other skills. Thereby, this study 
aimed to characterize the hearing thresholds along 10 years in 
children subjected to cochlear reimplantation.

METHOD

This study was approved by the Ethics Research Committee 
of the Craniofacial Anomalies Rehabilitation Hospital of 
the University of São Paulo (HRAC-USP), protocol number 
673836/2014. This is a retrospective, long-term study based on 
the analysis of the medical history of individuals treated at the 
Section of Cochlear Implant at the Hearing Research Center of 
the HRAC-USP. From a total of 1323 cochlear implant surgeries 
performed from 1990 to January 2016, 84 cochlear reimplantation 
surgeries were registered, corresponding to 6.3% of the total.

We selected data from 12 users of unilateral cochlear implants 
presenting hard failure in the internal device Combi 40+ by 
MED-EL and subjected to cochlear reimplantation with another 
internal device Combi 40+ in the same ear. All participants 
presented total insertion of electrodes and had their hearing 
skills monitored before the failure and for ten years after the 
reimplantation surgery. In addition, they had no neurological and/
or cognitive impairments. Table 1 shows the participants’ ages 
at the first cochlear implants (CI) surgery and reimplantation, 
as well as the time of re-approach.

Table 1. Population Data

Child Etiology Age 1st surgery (months)
CI usage time at device 

failure (months)
Implanted Ear

Re-approach time 
(months)

1 Cytomegalovirus 32 19 RE 2

2 Idiopathic 45 25 RE 3

3 Rubeola 89 66 LE 1

4 Idiopathic 46 37 LE 4

5 Idiopathic 37 22 LE 4

6 Idiopathic 41 20 LE 2

7 Ototoxic 55 46 RE 5

8 Rubeola 84 44 RE 2

9 Meningitis 62 30 RE 3

10 Meningitis 24 31 LE 4

11 Idiopathic 40 46 LE 1

12 Meningitis 36 32 RE 5

Mean ± SD - 49.25±20.06 34.83±13.78 3±1.41

Months (32-89) (19-66) (1-5)

Caption: SD = Standard deviation; CI = Cochlear Implant; RE = Right Ear; LE = Left Ear
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Procedures

The hearing thresholds obtained in free-field pure tone 
audiometry were assessed only with the use of the cochlear 
implant at the frequencies of 500, 1000, 2000, and 4000 Hz in 
four distinct moments: 1 (before the failure), 2 (activation), 3 (five 
years after reimplantation), and 4 (ten years after reimplantation, 
regardless of the usage time for the 2nd CI).

Data analysis

The descriptive statistical analysis of the hearing thresholds 
was performed considering the tested frequencies at 500, 1000, 
2000, and 4000 Hz for the four assessment moments.

The correlations between the tested frequencies and assessment 
moments were performed using a Two-way ANOVA. The post 
hoc tests – Tukey method –calculated the significant differences 
between the assessment moments. Statistical significance was 
set at the 5% level.

RESULTS

Table 2 provides information on the mean, range, standard 
deviation, and median of the hearing thresholds at 500, 1000, 
2000, and 4000 Hz measured before the device failure in the 
activation of the reimplanted device and five and ten years after 
reimplantation.

Comparisons between the thresholds measured before the 
CI failure and the following sessions revealed that despite some 
children showing worse thresholds right after the activation, all 
thresholds reached five and ten years were either maintained or 
improved. Figure 1 shows the difference in the thresholds between 
the sessions before and after the reimplantation considered as 
either improvement or worsening.

Two-way ANOVA for repeated measures compared the 
hearing thresholds according to the frequency and measure time. 
The main effect is shown only for the measured time, without 
significant interaction with the tested frequencies (Table 3). 

Table 2. Describing the hearing thresholds obtained at the frequencies of 500, 1000, 2000, and 4000 Hz from the assessments 1 (before the 
failure), 2 (activation), 3 (five years after the reimplantation), and 4 (ten years after the reimplantation)

Frequency (Hz)
Assessment 

moments
Hearing thresholds (dB HL)

Mean SD Min Max Median

500 Before the failure 33.33 4.92 25.00 40.00 35.00

Activation 37.92 9.64 30.00 65.00 35.00

5 years later 23.33 4.92 20.00 35.00 20.00

10 years later 24.17 5.15 20.00 35.00 22.50

1000 Before the failure 35.83 4.69 30.00 45.00 35.00

Activation 37.92 9.16 25.00 60.00 35.00

5 years later 24.58 4.50 20.00 30.00 25.00

10 years later 25.00 4.77 20.00 35.00 25.00

2000 Before the failure 33.75 5.28 25.00 40.00 35.00

Activation 41.67 11.15 30.00 60.00 40.00

5 years later 23.75 4.33 20.00 30.00 22.50

10 years later 24.58 6.20 20.00 40.00 22.50

4000 Before the failure 35.42 6.89 25.00 45.00 35.00

Activation 42.08 12.33 30.00 65.00 37.50

5 years later 26.25 5.28 20.00 35.00 27.50

10 years later 27.92 6.20 20.00 35.00 27.50

Caption: SD = Standard deviation; Min = Minimum; Max = Maximum

Figure 1. Mean ± standard error (SE) for the threshold differences considered either an improvement or a worsening for 500, 1000, 2000, and 
4000 Hz plotted for each comparison before and after the cochlear reimplantation. The number of children considered for each value is presented 
above as the mean symbol. The results for the other children were not considered in this chart since their thresholds remained after reimplantation, 
hence the difference was 0 or 5 dB
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The means of the thresholds for each frequency were calculated 
on average for post-hoc analysis. A post-hoc Tukey test showed 
no significant difference between the thresholds five and ten years 
after reimplantation. However, such thresholds are significantly 
better than those measured before the device failure and in the 
activation. The threshold values were worse in the activation 
than those reached before the failure (Figure 2).

DISCUSSION

Concerning the cochlear reimplantation, the need for removal 
followed by a new insertion of the arrangement of intra-cochlear 
electrodes raises the issue that such an intervention could 
compromise hearing outcomes. Seyyedi and Nadol(20) observed 
the temporal findings from 21 adult users of CI. A chronic 
inflammatory process in the electrodes led to fibrosis and new 
bone formation, the inflammatory response was less intense 
around the electrodes closer to the more apical region of the 
cochlea. Such a condition is likely to make electrode insertion 
difficult in an eventual reimplantation. Concern about electrode 
insertion trauma in cochlear implantation led to the concept of soft 
surgery. In soft surgery, the surgical approach aims to preserve the 
structure of the cochlea by combining several procedures, such 
as the use of substances associated with hearing preservation: 
hyaluronic acid and corticoids, less invasive electrodes, and 
a longer time in the insertion of the electrode. Such practices 
are important not only to preserve auditory residues but also to 
improve surgical conditions in case of need(21-23).

In addition to the condition of the cochlea in the reimplantation 
moment, it is worth considering that a new electrode array 
insertion does not always follow the primary path(10). Thus, the new 
arrangement of electrodes might be in a different intra-cochlear 
space from the first insertion, allowing to raise the question 

of the impact of such a change on hearing performance since 
different parts of the cochlea can be stimulated. Clark et al.(24), 
describe the trajectory of a patient who was reimplanted twice; 
after the patient passed away, histopathological findings of the 
temporal bone indicated a total loss of the organ of Corti on 
both sides and rupture of the basilar membrane on the left side.

In our study, the assessment of hearing thresholds in 
children subjected to reimplantation showed that the thresholds 
reached in the activation are worse than those measured before 
reimplantation, hence the individuals did not present the same 
performance in detection right after the second surgery (Figure 2). 
It is noteworthy that the re-approach time between the device 
failure and reimplantation did not exceed five months, being 
performed on average within three months; therefore, the patients 
were not hearing impaired until the moment of reimplantation. 
The five- and ten-year follow-ups of hearing thresholds after 
reimplantation showed that the immediate worse in the thresholds 
after activation was temporary and can be linked to a lower level 
of current available in the moment of activation, aiming at a 
greater comfort and effective use of the device. The thresholds 
recovered and none of the individuals showed thresholds worse 
than 5 dB after reimplantation regarding those detected in the last 
tonal audiometry before the device failure. In fact, the thresholds 
for five and ten years after reimplantation were even better than 
the previous values (Figures 1 and 2), thus demonstrating that 
reimplantation did not damage the development of hearing skills.

Even though frequency had no significant effect on threshold 
changes (Table 3), we found hearing thresholds worse than 
40 dB HL in the activation in 16.66% of the children for the 
frequencies between 500 and 1000 Hz, while for the higher 
frequencies (2000 and 4000 Hz) the incidence doubled (33.33%). 
The electrodes of the CI are inserted to maintain the tonotopic 
organization of the cochlea; therefore, information on the high 
frequency is delivered to the electrodes in the basal region. 
As this region has a higher probability of surgical trauma(24), 
high hearing thresholds right after reimplantation might be worse 
than those measured in lower frequencies. Further studies with 
more participants should verify such a hypothesis. However, the 
results obtained in five and ten years of follow-up demonstrated 
that the functionality of detection is maintained even for high 
frequencies.

Table 3. Comparing the hearing thresholds between the assessment 
moments and tested frequencies (Two-way ANOVA)

Frequencies p

Moments 53.54 0.000*

Frequency 1.74 0.160

Interaction 0.33 0.963
*Significance level p≤0.05

Figure 2. Mean ± standard error (SE) at all tested frequencies (500, 1000, 2000, and 4000 Hz) set for each measurement time. Different letters 
above the bars indicate significant differences in the Tukey test (p <0.05)
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Our study conducted a long-term analysis of hearing data 
from users of CI who were reimplanted with the same type of 
CI and presented the same cause for reimplantation – device 
hard failure. Controlling these variables allowed us to conclude 
that the follow-up protocol of the patients after reimplantation 
requires no modifications. Thereby, the same follow-up 
protocol must be used for the cochlear implant user without 
reimplantation, consisting of periodic visits for mapping, 
proper device maintenance, assessment of hearing and language 
development, and updating of the processor when necessary.

Another significant finding was that the good result for the 
hearing thresholds reached five years after reimplantation was 
maintained for the next five years (Figure 1).

The patient who needs reimplantation and their family must 
be informed that despite the surgery being considered a safe 
procedure in most cases, good results are not ensured. A lower 
hearing performance must be expected right after reimplantation, 
but the hearing thresholds will recover, and good levels will be 
kept until ten years after reimplantation. However, despite being 
a small percentage, some patients have reported not recovering 
the performance that they had before the reimplantation(15,25,26).

Many studies have focused on speech perception after 
reimplantation(15,17,25,27,28), which is the target skill of the CI. 
Nonetheless, considering the complexity of such skill and the age 
of the participants, herein we decided to analyze the fundamental 
skill to reach all others: detection. Furthermore, such skill has 
less influence on aspects linked to children’s development; thus, 
the pre-and post-intervention analyses showed that the hearing 
thresholds are a good parameter for the impact of reimplantation 
on the hearing of patients using a CI. Our findings corroborate 
research studies demonstrating that no statistically significant 
differences were found after reimplantation in 18 children 
between the pre- and post-reimplantation tone thresholds(29).

CONCLUSION

The thresholds reached at the frequencies of 500, 1000, 
2000, and 4000 Hz in ten years of CI use after reimplantation 
showed a possible immediate worsening in the activation after 
the second surgery. However, these thresholds were recovered in 
the analysis of five years of use. The thresholds are kept stable 
in the following period from five to ten years of use.
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