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Abstract

Ower the years FDA approved indications for Cochlear implant have expanded to include prelingual pediatric age as young as 12 months and post lingual adults,

who have unilateral or bilateral moderate to profound SNHL. Earlier Unilateral CI was performed, bilateral implants are being popularized now.

Objectives: The aim of our study is to compare the outcomes in unilateral and bilateral cochlear implants in pediatric age and also between simultaneous and

sequential surgery.

Material and Methods: This retrospective study was carried out with 83 children aged which included 41 children with bilateral Cochlear implants and 42
with unilateral implants. Out of these 41 children 21 were simultaneous and 20 were sequential. All children were operated at civil hospital Gandhinagar,
Gujarat, India. SIRS, CAP scores, speech perception in quiet and noise, sound localization and comprehension were assessed at regular intervals over the period

of 4 years. Also, drug administration time, surgical time, operating room time were assessed for simultaneous and sequential surgery.

Results: Children with bilateral implants fared significantly better with sound localization, speech comprehension and speech production tests, expressive language
subscales than unilateral implants with a significant difference (p=0006) of means t tests between the two groups. Children with simultaneous bilateral implants
achieved significantly higher scores in vocabulary outcomes and expressive language subscales than those with sequential bilateral implants. Simultaneous Surgery
is associated with reduced surgical time, operating room time, it shortens the total in patient stay. There is less of drug administration and both ears get stimulated

simultaneously

Conclusion: Bilateral Cochlear implants are associated with better expressive language and receptive language when compared with unilateral implants, these
differences were not statistically significant when simultaneous and sequential implants were compared but simultaneous surgery is better and safe option for

pediatric cochlear implantation.

Abbreviations: SNHL- Sensory Neural Hearing loss, CI — Cochlear Implant, SIRS— Speech Intelligibility Score, CAP — Categories of Auditory Performance Test.

KCYWOI’dS: Bilateral Cochlear Implant; Prelingual Deafness; Binaural hearing

Introduction years when auditory pathway has greatest neuroplasticity, results reveal

Cochlear implantation has proven to be very successful way that most children are able to recognise the spoken word in an open

to restore auditory communication in severe to profound hearing context without the support of lip reading or gestures [2].

loss, especially for patients who have well developed central auditory

pathways [1]. Cochlear implant is being done for both pre-lingual type
of hearing loss, post lingual hearing loss, and as a treatment option if
hearing aids do not provide sufficient benefit. Prelingual learning loss is
when the hearing impairment occurs prior to acquisition of language,
and auditory cortex development before 2 years of age. Overall long-

term outcomes of cochlear implantation before the critical age of 5-6

Although cochlear implant patients generally hear well in quiet
surroundings, hearing with background noise as is normal in daily
situations remains a challenge [3-5]. There is an ongoing discussion on
whether or not bilateral CI should be the standard care for all Prelingual
hearing loss. Our auditory system is anatomically and functionally
prepared to receive stimulus from outside from both ears under

normal conditions [2]. Binaural hearing enables one to differentiate
1
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sounds of interest from background noise, sound localisation, by
using different effects of binaural hearing: head shadow, squelch and
summation [6-9]. Doing bilateral implantation either simultaneous or
sequential will benefit the children to overcome all these difficulties
of unilateral implants and monaural hearing[10] . Several studies have
been published that demonstrate that bilateral CI in Prelingual deafened
children below the age of 5 years, had a positive effect on speech and
language development. Literature also shows that speech understanding
in noise and sound localization significantly improved in patients who
underwent bilateral CI [11]. However, there is limited literature available
on outcomes of bilateral and unilateral cochlear implants from south
Asian region. In developing countries like India, where deafness is a
social stigma, though government is promoting many programs to bring
awareness among medical personnel and public for early diagnosis of

deafness and early intervention.

The aim of our study is to evaluate the speech outcomes in children
diagnosed with congenital severe to profound hearing impairment and
treated with cochlear implant below the age of 2.2 years, and to compare
the said outcomes between those children who received bilateral implants

and those who received unilateral implants.

Material and Methods

Retrospective study was carried out, covering a total of 83 children
diagnosed with severe to profound congenital hearing loss. The subjects
were children were aged between 8 months to 2.2 years, who underwent
cochlear implantation between Jan 2016 to Nov 2017. Out of these, 41
children underwent bilateral CI, and 42 underwent unilateral implant
at the Department of ENT, Civil hospital Gandhinagar, Gujarat, India.
Inclusion criteria: children diagnosed with severe to profound bilateral
hearing impairment with thresholds over 85dB, with or without
minimum benefit from hearing aids, thresholds to conversational
frequencies in visual reinforcement tests or behavioural audiometry
over 50dB. Children who had undergone first cochlear implant at other
centre with a different implant make opting for second implant at our
centre were also included in the study. Children with abnormal inner ear

anatomy, neurocognitive delays, were excluded.

All children underwent imaging studies using computerised
tomography and MRI to demonstrate anatomy of Cochlea for insertion
of electrode and presence of cochlear nerve. A neuropsychological and
paediatric assessment was also done prior to the surgery. All recipient’s
(both unilateral and bilateral Implants), had their devices switched on
at 2 weeks postoperatively, and were enrolled in standardized speech
therapy at the same centre. Post-operative, pure tone laminar audiometry
was done at 3-6 months intervals, both in sound proof room and in
open spaces. All were assessed monthly during the first 6 months and 3

monthly for upto 4 years post implant activation.

Diverse tests were also included in the assessment of children
to measure their behaviour to sound in everyday reallife situations
including the Nottingham auditory performance scale which includes 8
categories, complete inability to perceive environmental sounds despite
appropriate prosthesis on one end of spectrum, and the ability of

patient to maintain a telephonic conversation with unknown person on

unfamiliar subject as the last. Questionnaires were filled by the parents to
assess audio-communicative improvements with cochlear implantation.
And individual hearing level tests carried out without the help of lip
reading and in open context with no background noise delivered at 65dB
at 1 metre distance, digitally altered noise used as competing noise at
50,60,70 dB for speech recognition in noise. SIRS, CAP scores, speech
perception in quiet and noise, sound localisation and comprehension
were assessed at regular intervals up to 36-48 months post implantation.
Audio-communicative skills were tested using Little Ears questionnaire

which covers 35 items.

Statistical analysis:

The data was gathered in Microsoft excel, and SSPS 20 software
used for the statistical analysis. Measures of ability to understand speech
in noise were compared with paired t test or with student t test. To
compare baseline characteristics, student t test was used for numeric
variables, normally distributed data and chi square test for ordinal data.
The speech outcomes between the two groups: children with unilateral
CI, and those with bilateral CI was systematically analysed using Student

t test to a previously standardised samples and a statistical significance

was established as P<0.05.

Results

The 83 children were analysed retrospectively, all had been diagnosed
to have bilateral severe to profound hearing impairment. All children
operated were under the age of 2.2 years. Minimum age of implantation
was 8 months. The average age of implantation was 16 + 3 months in
group with bilateral implants, and 18 + 5 months in group with unilateral
implants. 41 children received bilateral implants and 42 children received
unilateral implants. The children were also divided on the base of age at
implantation: 38 children who received cochlear implant below the age

of 1 year, 45 patients who received implants between 1-2.2 years.

In the bilateral implantation group, the 15 children who
received both implants simultaneously, formed part of the group that
received implants under 1 year of age. 6 children were implanted
simultaneously between 1 -2.2years of age. 20 children received second
implant sequentially with a gap between implants of 69 months Of
the 41 bilateral patients, 15 were operated at less than 1 year of age, 26
received both implants within 2.2 years of age. (Table 1)

Unilateral Bilateral
ALL Simultaneous Sequential

No of children 25 24 17 7
Chronological age 25+5 203 12+5 30+ 4
(mean) months months months months
Gender (n)
Male 14 9 5 4
female 11 15 12
Age at diagnosis 18+6 15+4
(mean) months months

Tablel: Biographical data for the participants. For ages and durations,

means in years
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In the unilateral group of 42, 23 received implants within first year

of life, 19 within 2.2 years of life. (Table 2)
Table 2: Age at implantation

All bilateral implant patients used hearing aids before implantation,
compared to 37 in unilateral group who used hearing aids. Preoperatively
there were no differences between the unilateral and bilateral group on the

quality of hearing (questionnaire results) with or without hearing aid use.

Residual hearing: In the unilateral group 10 out of 42 patients did
not use contralateral hearing aids at 1 year follow up, either due to no
benefit from it or unaffordability or lack of compliance. The objective
test outcomes however, did not correlate significantly with the maximum
CAPS, CVC scores with (n=32) or without (n=10) wearing hearing aids
(p>0.05). These values also meant that residual hearing did not influence
the post implant speech outcomes. Auditory thresholds were measured
in both groups, at lyear interval in each age group. The student t test
was used to compare these auditory thresholds within both groups.
Threshold in both bilateral and unilateral cochlear implant groups,
who were operated within 1 year of life and those operated within 2
years of life obtained similar values, of around 28+5dB after 2 years of

implantation.

AUDITORY THRESHOLD
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—— BL Sequential
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Figure 1: Auditory thresholds measured in both unilateral and bilateral
CI groups (operated <12 months of age)

AUDITORY THRESHOLD

Figure 2: Auditory thresholds measured in both unilateral and bilateral
ClI groups (operated 12months - 2.2 years).

When auditory thresholds were compared between bilateral and
unilateral implant groups separately, we found a difference of 5+2Db, but

did not show any statistically significant difference with significant level

results of p>0.05. (fig-1 & 2) We observed that maximum scores obtained
at 2-3 years post implantation in patients with unilateral and bilateral
implants had no marked differences; except that bilateral implants, both
simultaneous and sequential scored a maximum of 35-40 points (IT Mais
scale) at 2 years, while unilateral implants scored the same at 3 years post

implantation.

Auditory comprehension skills scored better in those patients
operated less than 1 year of age than those operated between 1-2.2 years
of age, irrespective of the fact whether they received unilateral or bilateral
implants. The Speech test studies the child’s ability to discriminate,
identify, recognise, and understand the spoken word. Figure 3 & 4 shows
the results of two syllable and sentence tests, with minimal differences
between both age groups, and between unilateral and bilateral implant

groups, with slightly better outcomes in those operated in their first year

of life.

§ WONTHE 13 WOMTH] bR MOHTHE 14 MONTES

Figure 3: Auditory comprehension skills measured in both unilateral

and bilateral CI groups (operated <12 months of age group)
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Figure 4: Auditory comprehension skills measured in both unilateral

and bilateral CI groups (operated 12months - 2.2 years age group).

If we compare the CAPS and SIRS scores between unilateral and
bilateral implant groups, bilateral implant groups both simultaneous and
sequential scores fairly high when operated within 1 year of age with a p
value of 0.004. Mean vocabulary scores of both groups of children were
within 2SD of the mean for children with normal hearing. Variability in
scores is high as with many other studies which reveals better scores with

the increasing number of years spent with bilateral implants.

Speech intelligibility in silence was tested between both groups, we did

not find any statistical significance (Table 3).
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Unilateral Bilateral
2 Sth 5 th 2 5th Sth
. Median ! . . Median L .
percentile percentile percentile percentile
Noise front Noise front
0.42 +0.63 +4.13 -1.90 +0.42 +2.85
(n=12) ! 4 (n=17) 4
Noise ipsilateral 4268 439 +6.89 Noise ipsilateral 411 201 062
(n=15) (n=18)
Noise Noise
contralateral 4.60 3.8 0.87 contralateral 6.7 -5.03 -2.83
(n=5) (n=18)
Quiet 325 +35.2 +38.3 Quiet +30.6 $33.1 +33.2
(n=9) (n=19)

Table 3: Results of speech intelligibility in quiet and noise for participants. Noise front, Noise ipsi., and Noise contra. Refer to conditions with

noise from the front, from the side ip bilateral to the first device, and from the side contralateral to the first device. The 25th percentile (25th), 50th

percentile (Median), 75th percentile (75th), and the number of participants contributing data (N) are listed for each group. The scores for the Quiet

condition are in dB (A) SPL; the scores for all other conditions are a signal-to-noise ratio in dB.

Speech intelligibility in noise: Speech level was fixed at 65 dB at 1 meter
from the source yielding a speech of 58 dB at the recipient’s head. Digitally
altered noise was used as competing noise presented at 50, 60, and 70
dB. When speech intelligibility was measured with background noise, the
group with bilateral implants whether simultaneous or sequential fared
better with a significant p value of 0.03 when compared to the group with
unilateral implants. However, there was no significant difference when
speech intelligibility was checked with noise from straight ahead in both
group patients. These results were similar to other studies [12-14]. Inter
implantation delay however no effect had in performance in background

noise in patients with bilateral implants [15].

Sound Localisation: similar to other studies, We found that ability to
localise sound were better in patients with bilateral implants compared to
the unilateral group, regardless of simultaneous or sequential implants.
Reported that early implantation less than 2 years of age is an important
predictor of better sound localisation [16, 17]. They also compared the
results of children who received second implants before the age of 4 years.
They concluded that early implantation of second CI is an important
factor for binaural localisation development especially for those in whom
hearing side is ineffective and does not provide any auditory benefit on

non-implanted side.

Discussion

This retrospective study conducted in the dept of ENT, GMERS
Medical College, General hospital, Gandhinagar, Gujarat, India,
included children under 2.2 years who underwent either unilateral or
bilateral cochlear implantation. The aim of our study was to compare
the speech outcomes between children who received unilateral and
bilateral implants, to find out the advantages of bilateral CI whether
done simultaneous or sequentially. And to note whether any auditory

differences in communication skills among these children based on

whether they received single or bilateral implants. Study design and

samples were standardised prior to the study.

All the children were assessed pre and post operatively by the same
team. The device programming was same in all children irrespective of
the devices by different manufacturers. Minimum age of implantation
in our study was 8 months. The average age of implantation was 16
+ 3 months in the bilateral implant group, and 18 + 5 months in the

unilateral implant group.

A study on 34 Prelingual deaf children who underwent cochlear
implantation [18]. Concluded that auditory performance is inversely
related to implantation age. Other similar studies conclude that there is a
lapse in language development in those children with hearing impairment
and when such children undergo CI language development develops at
almost normal rhythm when compared to normal children [18-20] . In
his study compared language skills of normal children and Prelingual
deafened children who received cochlear implants at 2,3, and 4 years of
age[21]. He found that the differences maintained between implantation
at ages below 4, with better outcomes when implantations were done
below 2 years of age. We found similar results in our study. Many studies
have been done to analyse the effects of age at first implants, and second
implant, unilateral implants with assisted hearing for the other ear, family
background, parenting style, parental education, child characteristics like

order of birth, siblings who have hearing impairment [22].

Effect of binaural hearing: Vocabulary outcomes & Language outcomes

Many earlier studies have speculated that the perceptual benefits of
bilateral cochlear implants like improved speech perception in quiet and
noise, better sound localisation, reduced listening effort, will facilitate
better spoken language. With multiple factors and large variability in

language outcomes, they found significantly faster rates of vocabulary

4
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and language development in children who underwent bilateral CI.

Several studies have been published that demonstrated that
bilateral CI in Prelingual deafened children below the age of 5 years,
had a positive effect on speech and language development. Literature
also shows that speech understanding in noise and sound localization
significantly improved in patients who underwent bilateral CI. These
benefits also improved quality of hearing and quality of life [23, 24]. They
also concluded that majority of studies had a low level of evidence and

that there was a lack of well controlled randomised studies [25].

In This study concluded that the main advantage of bilateral CI
is better speech recognition in noisy environment and better sound
localisation, but there are no significant differences in children with
single implant with regards to specific hearing improvement [26]. Other
studies also confirm these advantages with reference to sound localisation,
in overcoming head shadow effect and word perception in noise with
bilateral implants and also to reach bilateral stimulation of pathways and
auditory centres during the period of greatest auditory neuroplasticity
[27-29]. Reported that early implantation at less than 2 years of age is
an important predictor of better sound localisation [16,17]. They also
compared the results of children who received second implants before
the age of 4 years. They concluded that early implantation of second CI
is an important factor for binaural localisation development especially
for those in whom hearing side is ineffective and does not provide any

auditory benefit on non-implanted side.

In our study, maximum scores on the Nottingham auditory
performance scales, SIRS, CAP scores, audio-communicative skills tests,
2 syllable and sentence tests were found at 2-3 years post implantation.
There was a statistically significant difference in benefits with regards
to vocabulary and language outcomes with bilateral CI as compared
to children who received unilateral implant. We could not analyse any
statistically significant difference in bilateral CI done simultaneously or
sequentially as we had only 4 cases of bilateral CI operated sequentially.
And 3 of them were operated 2-3 years after the first implant operated
elsewhere. Having bilateral implants is not a significant predictor of
outcomes; however, the age at which a child receives bilateral implants
is a significant predictor of total language, speech and auditory
comprehension scores. (p=0.03, 0.021). Children who received bilateral
implants either simultaneous or sequentially <2-3 years of life fared better
than unilateral implants. The results of age at first Cochlear implant had

a qualitatively similar outcomes for children with unilateral implants,

(p=0.04, 0.022).

Study limitations

Although the perceptual benefits of bilateral CI conferred a
statistically significant advantage in terms of learning, spoken language
and speech reception, when compared to those children with unilateral
implants, it is not known whether these benefits are due to binaural
auditory input or as a result of true binaural processing. Therefore,
further studies are required to overcome those limitations. Another
potential limitation is the number of unilateral and bilateral CI studied,

and the limited representation of unilateral CI, which can be overcome

by larger sample size studies. The analysis of inter implantation delay in
patients with bilateral CI is complicated by several factors like age at first
CI, age at second CI, residual hearing, child characteristics, parenting
style, family background, motivation of parents, duration of post-
operative rehabilitation which are difficult to assess and compare on a

larger scale.

There is limited literature available on outcomes of bilateral and
unilateral cochlear implants from south Asian region. In developing
countries like India, where deafness is a social stigma, though government
is promoting many programs to bring awareness among medical personnel
and public for early diagnosis of deafness and early intervention, lack of
a centralised subsidized scheme, only few states are performing unilateral
implants at no cost. Due to high cost of the surgery, higher prevalence
of congenital deafness in lower socio-economic strata and affordability
issues, many patients are unable to undergo unilateral cochlear implant,

and bilateral Cochlear implants seems to be out of reach.

Conclusion

In our study, Children with bilateral implants fared significantly
better with sound localisation, speech comprehension and speech
production tests, expressive language subscales than unilateral implants
these outcomes were significantly affected by number of factors like age
at first implant, simultaneous or sequential implants, delay between
two implants. Though we found, Simultaneous bilateral implants
were associated with better expressive language and receptive language
outcomes than those with unilateral implants, these differences were not
statistically significant when simultaneous and sequential implants were

compared.
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