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Objective: To conduct a medical audit of bilateral
simultaneous cochlear implantation (CI) in patients
with severe prelingual sensorineural hearing loss
(SNHL).
Methods: A medical audit of a tertiary care ear, nose,
and throat center in Southern India was conducted on
data collected from January 2007 to December 2014.
All cochlear implantees <6 years of age with severe bilateral SNHL who underwent bilateral simultaneous
CI were included in the present study. The exclusion
criteria were children >6 years, sequential bilateral CI,
revision cases, abnormal or malformed cochlea, and
children with global developmental delay in milestones. Subjective outcome scores used were Category
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Amaç: İleri prelingual sensorinöral işitme kaybı
(SNHL) olan hastalarda bilateral eş zamanlı koklear
implantasyonun (Kİ) incelemesini yapmak.
Yöntemler: Ocak 2007 ile Aralık 2014 tarihleri arasında toplanan veriler üzerinden Güney Hindistan'da
bir üçüncü basamak Kulak Burun Boğaz merkezindeki sonuçlar incelendi. Altı yaştan küçük çift taraflı
eş zamanlı Kİ uygulanan ileri bilateral SNHL'li tüm
hastalar çalışmaya dahil edildi. Dışlama kriterleri 6
yaş üstü çocuklar, ardışık bilateral Ki uygulananlar,
revizyon olguları, anormal veya malforme kokleası
olanlar ve global gelişim aşamalarında gecikmesi olan
çocuklardı. İşitsel performans kategorisi (İPK) ve ko-

Introduction

Deafness is one of the major disabilities that adversely affect the development of speech and
cognitive abilities in children. Unilateral cochlear
implantation (CI) is the accepted treatment for
children with severe bilateral sensorineural hearing loss (SNHL) in providing auditory perception

of Auditory Performance (CAP) and Speech Intelligibility Rating (SIR).
Results: The CAP and SIR results showed that 20%
of implantees achieved peak scores of 7 and 5, respectively. Mean CAP and SIR scores at 12 months were
5.4 and 3.1, respectively.
Conclusion: The present study supports the claim
that bilateral CI in severe prelingual bilateral SNHL
is better than unilateral and recommends that bilateral CI should be the standard of care in children.
Keywords: Medical audit, bilateral hearing loss, cochlear implantation, auditory perception, speech intelligibility
nuşma anlaşılabilirlik ölçeği (KAÖ) ile sonuçlar subjektif olarak değerlendirildi.
Bulgular: İPK ve KAÖ sonuçları, Kİ uygulananların
% 20'sinin sırasıyla 7 ve 5'lik en yüksek skorlara ulaştığını gösterdi. On iki aydaki ortalama İPK ve KAÖ
skorları sırasıyla 5.4 ve 3.1 idi.
Sonuç: Bu çalışma, ileri prelingual bilateral SNHL'de
bilateral Kİ'nin tek taraflı uygulamadan daha iyi olduğunu desteklerken, çocuklarda bilateral Kİ’nin standart uygulama olması gerektiğini gösterdi.
Anahtar kelimeler: Tıbbi inceleme, bilateral işitme kaybı,
koklear implantasyon, işitsel algı, konuşma anlaşılırlığı

and speech development. However, benefits are
limited in noisy environments such as classrooms
or playgrounds. This limits the learning abilities,
acquisition of language and knowledge, and development of social skills.
Various studies support the fact that speech discrimination, directionality or sound localization,
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hearing in noise, and speech are better with binaural implantation (1-4). Although the benefits of bilateral CI are debatable, it is gradually finding its own niche in developed countries
worldwide (National Institute on Deafness and Other Communication Disorders, 2011). However, it is still uncommon in developing countries, mostly because of financial constraints and
complications. Medical audits to assess the outcomes of bilateral
simultaneous CI in children is lacking in developing countries
such as ours. However, such medical audits from various centers
across our country can serve in the future as both national and
international reference scales of comparison.
The aim of the present study is to conduct a medical audit of
subjective outcomes of bilateral simultaneous CI in children
with severe bilateral congenital SNHL which would serve as
a reference scale for future studies. The objectives include: 1) to
record subjective outcome measures available at our center of all
bilateral simultaneous CIs, 2) to record complications requiring
cochlear reimplantation, and 3) to compare subjective outcomes
with unilateral CI.

Methods
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as these data were not recorded at our center and hence not
available.
Third, to compare the subjective outcome of bilateral simultaneous CI with unilateral CI at our center, appropriate age- and
sex-matched unilateral CIs performed at our center during the
study period were included. The exclusion criteria were unilateral cochlear implantees with abnormal or malformed cochlea
and implantees with global developmental and revision cases to
reduce bias in outcome measurements. In patients with severe
congenital bilateral to profound hearing loss undergoing unilateral CI, the choice of ear for surgery at our center is decided
based on anatomy, hearing levels of both ears, and the handedness of the patient. The ear with normal anatomy is given preference over the ear with abnormal radiologically detected inner
ear or cochleovestibular nerve anatomy. In case the inner ear
anatomy is normal in both ears, the ear with a slightly better
hearing is given preference. If both the ears are equally worse
with normal inner ear anatomy, then the individual is implanted
on the side of his handedness as this would make the handling
of the cochlear implant by the child easier.

A medical audit of a tertiary care ear, nose, and throat research
and referral center in Southern India was conducted from January 2007 to December 2014. Informed consent was obtained
from all the patients and the approval of the Institutional research ethics board was also obtained. Data were collected from
our medical records department.

Age and sex-matched bilateral CIs were compared with unilateral CI with respect to their subjective outcomes (CAP score
and SIR rating) using Mann-Whitney U test (non parametric
tests because of small sample size and non parametric data) and
Statistical Package for the Social Sciences (SPSS) version 20.0
(IBM Corp.; Armonk, NY, USA).

All children with severe bilateral SNHL who underwent bilateral simultaneous CI were included in the audit. The inclusion
criteria comprised children <6 years of age. The exclusion criteria
were children >6 years, sequential bilateral CI, revision cases,
abnormal or malformed cochlea, and children with global developmental delay (delayed motor and communication milestones
with lower intellectual function) to reduce bias in outcome
measurements. All our implantees underwent CI using United
States Food and Drug Administration approved cochlear implants.

Results

Category of Auditory Performance (CAP) and Speech Intelligibility Rating (SIR) were used to record the subjective outcomes
in implanted children at our center. CAP is a hierarchical scale
of auditory perceptive ability ranging from 0 (i.e., no awareness
of environmental sounds) to 7 (i.e., can use the telephone with
a familiar talker). It is a measure of supraliminal performance
denoting auditory performance in daily life (5, 6). On the other
hand, SIR is used to qualitatively quantify speech intelligibility
in day-to-day real-life situations. It consists of five performance
categories ranging from “pre recognizable words in spoken language” to “connected speech is intelligible to all listeners” (7).
The secondary objective is to study the complications requiring cochlear reimplantation in bilateral CI and compare with
available literature. However, measures such as sound localization, speech recognition in quiet and background noise, parental
perception, and quality of life were not included in the audit

The total number of patients who underwent CI at our institution during the study period was 632 out of which only 28
patients (4.43% of total CI) had bilateral (sequential or simultaneous) CI. At our center, CI is performed under two broad
categories: 1) Tamil Nadu Chief Minister Health Insurance
Scheme, under which unilateral CIs were done for all children
under 6 years of age and 2) private patients. All private patients
are appropriately counseled and explained about the difference
between unilateral and bilateral cochlear implants with emphasis on benefits and cost involved, unless it is not indicated because of anatomical anomalies. All 28 patients who underwent
bilateral cochlear implants were private patients who could afford the cost of two implants.
Among the 28 bilateral CIs, only six had sequential CI and the
remaining 22 had simultaneous CI. Of the 22 bilateral simultaneous CI, 18 patients were <6 years of age and the remaining 4
were >6 years of age and were excluded from the audit. Of the
18 patients, three had a history of global developmental delay
(delayed motor and communication milestones with lower intellectual function) and were again excluded from data collected
to reduce bias. Thus, we had data of 15 patients with bilateral simultaneous CI available for audit. The male:female ratio
was 8:7. The mean age at CI was 2.27 years with 12 implantees
(80%) <3 years of age and three implantees (20%) between 3 and
6 years of age. All 15 patients had normal inner ear and cochleovestibular nerve anatomies.
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experience of a deaf person’s speech) or more at 12 months of
implant age. Details are as shown in Table 1.

The mean CAP scores were 3, 4, and 5.53 at 3, 6, and 12
months, respectively. The mean SIR ratings were 1.67, 2.00,
and 3.13 at 3, 6, and 12 months, respectively. Results of CAP
score showed that 20% (3 out of 15) of implantees achieved
a score of category 7 (use of telephone with known listener)
and 46.6% (7 out of 15) achieved a score of category 6 (understanding of conversation without lip reading) or more at
12 months. This was also evident with SIR with 20% (3 out
of 15) achieving a score of 5 (connected speech is intelligible
to all listeners and child is understood easily in everyday contexts) and 53.3% (8 out of 15) of children achieving a score of
4 (connected speech is intelligible to a listener who has little

Overall, there were two cases (2 ears out of the 30 ears, 6.67%)
that required cochlear reimplantation, both having unilateral
hard failure of the device, one after 3 years and the other after
10 years. Among the unilateral implantees (604 ears during the
study period), a total of 22 ears (3.64%) had revision CI surgery.
The most common cause was device failure (59.1%) followed by
surgical site infection, middle ear infection, and electrode array
malposition and extrusion. The other causes for cochlear reimplantation such as surgical site infection, electrode array extru-

Table 1. List of patients implanted with bilateral CI. Subjective outcomes of the bilateral simultaneous cochlear implantees at 3, 6, and 12
months and mean scores
Subjective outcome scores
Category of auditory perception
Patient serial number

Speech intelligibility rating

Age at CI in years/sex

3 months

6 months

12 months

3 months

6 months

12 months

1

1.3/M

3

4

5

2

2

4

2

2/F

3

4

6

1

1

2

3

6/M

4

6

7

3

4

5

4

4/F

2

3

5

1

1

1

5

1.17/M

1

2

4

1

1

1

6

1.41/M

2

3

5

1

1

2

7

2.5/M

2

3

6

1

3

5

8

1/M

3

4

5

2

2

4

9

3.41/M

3

3

5

1

1

2

10

1.75/M

4

5

6

2

3

4

11

1.25/F

2

4

5

1

1

2

12

3/F

4

4

6

1

1

4

13

2.66/F

4

5

7

2

3

4

14

1.33/F

2

3

4

1

1

2

15

1.25/F

6

7

7

5

5

5

2.27

3

4

5.53

1.67

2.00

3.13

Mean

CAP: category of auditory performance; CI: cochlear implantation; SIR: speech intelligibility rating

Table 2. Etiology of cochlear implant failures and reimplantation among cochlear implantee at our center
Etiology
Device failure
Hard failure

Soft failure

Surgical
site
infection

Unilateral CI (n=604 ears)

11

2

4

1

2

1

1

22 (3.64%)

Bilateral simultaneous CI
(n=30 ears)

2

0

0

0

0

0

0

2 (6.67%)

Total

13

2

4

1

2

1

1

24

CI: cochlear implantation; COM: chronic otitis media

Electrode
array
extrusion

Electrode
Middle ear disease
array
malposition Active squamous COM Infection

Total
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Table 3. Comparison of outcome of bilateral simultaneous cochlear implantation versus unilateral cochlear implantation
Categroy of auditory perception (CAP) mean score
Subjective outcome measures

Speech intelligibility rating (SIR) mean score

3 months

6 months

12 months

3 months

6 months

12 months

3

4

5.53

1.67

2.00

3.13

Unilateral CI

2.06

3

4.73

1.20

1.73

2.73

Mann-Whitney U test: p

0.041

0.05

0.04

0.31

0.84

0.49

Bilateral CI

CAP: category of auditory performance; CI: cochlear implantation; SIR: speech intelligibility rating

sion or malposition, and middle ear disease were not present
among the bilateral implantees. Details are shown in Table 2.
Age- and sex-matched bilateral CIs were compared with unilateral CI with respect to their subjective outcomes (CAP and
SIR) as shown in Table 3. In view of small sample size and nonparametric data, Mann-Whitney U test was performed for statistical significance between the two groups. It was found that
although there was a statistically significant difference in the
auditory perception (better in bilateral CI), there was no statistically significant difference between the two groups in terms of
speech intelligibility.

Discussion

Unilateral CI has successfully provided significant improvement in auditory perception and speech intelligibility in
children with severe bilateral SNHL. Substantial body of
literature (1-4), including William House Cochlear Implant
Study Group (CISG), acknowledges the benefits of bilateral CI and endorses it in clinically appropriate children (8).
William House CISG states that use of two CIs substantially
expands the receptive sound field, which is consistent with
the psychoacoustic literature. A study has shown that with
simultaneous bilateral CI, there is no interaural difference in
latency between the two sides unlike sequential implants that
result in potential disruption to bilateral brainstem processing
based on timing cues (9).
In the present audit, we had a total of 15 bilateral simultaneous
implantees with a male:female ratio of 8:7. A total of 80% of
implantees were ≤3 years.
In the present audit of bilateral simultaneous CI, CAP score
of 6 or more was achieved in 46.6% of implantees and an SIR
score of 4 or more was achieved in 53.3% of implantees at 1 year
of auditory verbal therapy post-implantation. Mean CAP score
and SIR score at 12 months were 5.4 and 3.1, respectively, in
the present study as shown in Table 1. The CAP test results of a
medical audit performed at our center few years ago for children
and adults with unilateral CI showed that 23% of implantees
achieved a score of category 6 or more at 12 months of auditory
verbal habilitation after implantation between 1-5 years of age
(10). The study also observed in its audit that children in the
age group of 1-5 years with unilateral CI achieved a peak CAP
score of 7 in 10% and a peak SIR score of 5 in 13% at 12 months
of auditory verbal therapy. In the present study on comparing

age- and sex-matched bilateral simultaneous CIs with unilateral CIs with respect to subjective outcome score, a statistically
significant better outcome in terms of auditory perception was
obtained in the bilateral CI group. However, there was no statistically significant difference in terms of speech intelligibility
outcomes.
Binaural mechanisms that use head shadow effect and central
processing of cues based on timing, frequency, and level between
ears markedly enhance speech understanding and sound localization compared with listening with only one ear, and it is clear
that both children and adults perform better with two CIs than
with one (8). Both peak CAP and SIR scores at 1 year are higher
in the present study with bilateral simultaneous CI than in our
previous medical audit of unilateral CI. We can establish two
possible assumptions from the outcomes. First, bilateral implantees have better auditory perception and speech intelligibility
than unilateral implantees. Second, and the more logical assumption, bilateral implantees achieve peak auditory perception
and speech intelligibility faster than unilateral implantees. Only
a long-term study (follow-up data of 5-10 years) will be able to
decide if unilateral implantees are able to catch up with bilateral
implantees in terms of outcomes.
The limitation of CAP and SIR is an ordinal, nonlinear scale
(5-7). This implies that it cannot be assumed that change in performance from categories 1 to 3 is equivalent to that from categories 2 to 4. It is also unclear how much superior one category
level is from another. Hence, consideration needs to be given to
these factors while using CAP and SIR scoring. However, CAP
and SIR scoring systems are practical and accepted standard
scaling criteria for auditory performance and speech perception
after CI in children (5-7); hence, it is in our center and in the
present audit.
Children with bilateral implants have advantage of binaural
summations. Binaural summation is defined as the sensation
that a signal is perceptually louder when hearing with two ears
compared with one ear. A meta-analysis by Schafer et al. (11)
and others has shown that bilateral CI recipient has a better
advantage in noise by improvement in speech recognition in
noise compared with a unilateral CI recipient (12, 13). Many
studies have reported marked improvements in head shadow effects and squelch effect when comparing single versus bilaterally
implanted patients (13-15). There is also a significant improvement in quality of life in children implanted with bilateral CI as
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compared with unilateral CI (16). In the present audit, we did
not have data to assess the binaural summation benefit, parental
perception, and quality of life measure.
The incidence of revision CI surgery from various studies around
the world ranges from 4.1% to 18.5% with higher incidence in
children than adult implantees (17-19).
The most common reason for cochlear reimplantation worldwide
includes device failure (58%-78%) followed by medical causes
(3%-37%) and electrode displacement (6%-16%) (17, 20, 21). The
only indication of cochlear reimplantation in the present study
was two cases of hard failure of device (6.67%) for bilateral CI as
depicted in Table 3. This factor of need for cochlear reimplantation can be a huge financial burden for patients and needs to be
explained to the family during counseling for bilateral CI.
Several studies and CISG have advocated for bilateral CI to be
considered the standard of care treatment option for adults and
children with bilateral advanced degree of SNHL (8, 22). Our
audit performed in a developing country supports bilateral CI
in children with severe bilateral SNHL. However, future studies
with large number of patients and long-term follow-up data are
required to give a conclusive statement.
Limitation of the study
Since the sample size was small, no statistical correlation was
carried out. Since data for sound localization test, binaural summation and hearing in noise test, parental satisfaction, and quality of life measures were not available, they were not evaluated
and studied.

Conclusion

The present audit supports the claim that bilateral CI in severe
prelingual bilateral SNHL is better than unilateral CI, which
is statistically significant for auditory perception, however, at
increased cost. We also recommend that future studies should
be performed to analyze the sound localization capability and
hearing in noise test of bilateral implantees and compare it with
unilateral implantees.
Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Madras ENT Research
Foundation (MERF EC-AUG 16/16).

Turk Arch Otorhinolaryngol 2018; 56: 36-41
Financial Disclosure: The authors declared that this study has received no financial support.
Etik Komite Onayı: Bu çalışma için etik komite onayı Madras KBB
Araştırma Vakfı’ndan alınmıştır (MERF EC-AUG 16/16).
Hasta Onamı: Yazılı hasta onamı bu çalışmaya katılan hastalardan
alınmıştır.
Hakem Değerlendirmesi: Dış bağımsız.
Yazar Katkıları: Fikir - M.K., A.K., S.G., N.C., T.S., K.C.; Tasarım
- M.K., A.K., S.G., N.C., T.S., K.C.; Denetleme - M.K., A.K., S.G.,
N.C., T.S., K.C.; Gereçler - A.K., S.G.; Veri Toplanması ve/veya İşlemesi - A.K., S.G., K.C.R.; Analiz ve/veya Yorum - A.K., S.G., N.C.;
Literatür Taraması - A.K., T.S.; Yazıyı Yazan - S.G., A.K.; Eleştirel
İnceleme - M.K.
Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.
Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını
beyan etmişlerdir.

References
1.
2.
3.
4.
5.
6.
7.
8.

9.

Informed Consent: Written informed consent was obtained from patients who participated in this study.

10.

Peer-review: Externally peer-reviewed.

11.

Author Contributions: Concept - M.K., A.K., S.G., N.C., T.S., K.C.;
Design - M.K., A.K., S.G., N.C., T.S., K.C.,; Supervision - M.K., A.K.,
S.G., N.C., T.S., K.C.,; Materials - A.K., S.G.; Data Collection and/
or Processing - A.K., S.G., K.C.R.; Analysis and/or Interpretation A.K., S.G., N.C.; Literature Review - A.K., T.S.; Writing - S.G., A.K.;
Critical Reviews - M.K.
Conflict of Interest: No conflict of interest was declared by the authors.

12.

13.

Tyler RS, Gantz BJ, Rubinstein JT, Wilson BS, Parkinson AJ, Wolaver A, et al. Three-month results with bilateral cochlear implants.
Ear Hear 2002; 23(1 Suppl): 80S-9S. [CrossRef ]
Müller J, Schon F, Helms J. Speech understanding in quiet and
noise in bilateral users of the MED-EL COMBI 40/40+ cochlear
implant system. Ear Hear 2002; 23: 198-206. [CrossRef ]
Nopp P, Schleich P, D'haese P. Sound localization in bilateral users
of MED-EL COMBI 40/40+ cochlear implants. Ear Hear 2004;
25: 205-14. [CrossRef ]
van Hoesel RJ. Exploring the benefits of bilateral cochlear implants. Audiol Neurootol 2004; 9: 234-46. [CrossRef ]
Archbold S, Lutman M, Marshall D. Categories of auditory performance. Ann Otol Rhinol Laryngol Suppl 1995; 166: 312-4.
Archbold S, Lutman ME, Nikolopoulos T. Categories of auditory performance: inter-user reliability. Br J Audiol 1998; 32: 7-12. [CrossRef ]
Allen MC, Nikolopoulos TP, O'Donoghue GM. Speech intelligibility
in children after cochlear implanation. Am J Otol 1998; 19: 742-6.
Balkany T, Hodges A, Telischi F, Hoffman R, Madell J, Parisier S, et
al. William House Cochlear Implant Study Group: position statement
on bilateral cochlear implantation. Otol Neurotol 2008; 29:107-8.
[CrossRef ]
Gordon KA, Valero J, van Hoesel R, Papsin BC. Abnormal timing
delays in auditory brainstem responses evoked by bilateral cochlear
implant use in children. Otol Neurotol 2008; 29: 193-8. [CrossRef ]
Kameswaran M, Raghunandhan S, Natarajan K, Basheeth N. Clinical Audit of outcomes in cochlear implantation an Indian Experience. Indian J Otolaryngol Head Neck Surg 2006; 58: 69-73.
Schafer EC, Amlani AM, Seibold A, Shattuck PL. A meta-analytic comparison of binaural benefits between bilateral cochlear implants and bimodal stimulation. J Am Acad Audiol 2007; 18: 760-76.
[CrossRef ]
Mosnier I, Sterkers O, Bebear JP, Godey B, Robier A, Deguine
O, et al. Speech performance and sound localization in a complex
noisy environment in bilaterally implanted adult patients. Audiol
Neurotol 2009; 14: 106-14. [CrossRef ]
Gantz BJ, Dunn CC, Walker EA, Kenworthy M, Van Voorst T,
Tomblin B, et al. Bilateral cochlear implants in infants: a new ap-

Turk Arch Otorhinolaryngol 2018; 56: 36-41

14.
15.

16.
17.

proach—Nucleus Hybrid S12 project. Otol Neurotol 2010; 31:
1300-9. [CrossRef ]
Dunn CC, Tyler RS, Witt SA. Benefit of wearing a hearing aid on
the unimplanted ear in adult users of a cochlear implant. J Speech
Lang Hear Res 2005; 48: 668-80. [CrossRef ]
Morera C, Manrique M, Ramos A, Garcia-Ibanez L, Cavalle L,
Huarte A, et al. Advantages of binaural hearing provided through
bimodal stimulation via a cochlear implant and a conventional hearing aid: a 6-month comparative study. Acta Otolaryngol 2005;
125: 596-606. [CrossRef ]
Bichey BG, Miyamoto RT. Outcomes in bilateral cochlear implantation. Otolaryngol Head Neck Surg 2008; 138: 655-61. [CrossRef ]
Masterson L, Kumar S, Kong J, Briggs J, Donnelly N, Axon P, et
al. Cochlear implant failures: lessons learned from a UK centre. J
Laryngol Otol 2012; 126: 15. [CrossRef ]

Kumari et al. Audit of Bilateral Cochlear Implantation

41

18. Brown KD, Connell SS, Balkany TJ, Eshraghi AE, Telischi FF,
Angeli SA. Incidence and indications for revision cochlear implant
surgery in adults and children. Laryngoscope 2009; 119: 152-7.
[CrossRef ]
19. Kim C-S, Kim D-K, Suh M-W, Oh SH, Chang SO. Clinical outcomes of cochlear reimplantation due to device failure. Clin Exp
Otorhinolaryngol 2008; 1: 10-4. [CrossRef ]
20. Lassig A-AD, Zwolan TA, Telian SA. Cochlear implant failures
and revision. Otol Neurotol 2005; 26: 624-34. [CrossRef ]
21. Gosepath J, Lippert K, Keilmann A, Mann WJ. Analysis of fiftysix cochlear implant device failures. ORL J Otorhinolaryngol Relat Spec 2009; 71: 142-7. [CrossRef ]
22. Papsin BC, Gordon KA. Bilateral cochlear implants should be the
standard for children with bilateral sensorineural deafness. Curr
Opin Otolaryngol Head Neck Surg 2008; 16: 69-74. [CrossRef ]

