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Abstract

Objective: To assess the habilitation outcomes achieved at a large paediatric cochlear implant centre in South
India, based on the scores recorded at one year post-implantation. This was a cross-sectional retrospective cohort study
conducted at the habilitation unit of a regional referral centre for cochlear implantation.

Methods: Categories of Auditory Performance (CAP), Speech Intelligibility Rating (SIR), Meaningful Auditory
Integration Scale (MAIS) and Meaningful Use of Speech Scale (MUSS) scores at one year post-implantation were
retrospectively obtained for 115 profoundly hearing impaired but otherwise normal children who had been uneventfully
implanted between 2012 and 2014 and had completed their in-house mandatory Auditory Verbal Habilitation program for
one year post-implantation. Habilitation scores were extracted from outcome charts maintained by the medical records
department.

Results: The children were categorized in two ways according to their duration of deafness and age at implantation
for analyzing the various outcome measures. The duration of deafness in this cohort was 43 months (4-199 range) and
age at surgery was 47 months (9-199 range). When categorized by duration of deafness, the median CAP score for
all patient groups was 5.0. When categorized by age at implantation, median CAP score was 5.0 for all patient groups
except children implanted at the age 0-11 months, where median CAP score was 4.5. Median SIR scores were 3.5 for
all children, except those with hearing loss less than one year where the median SIR score was 4.0 and for children
implanted at age 0 to 11 months, the median SIR score was 1.5. Median MAIS scores ranged between 31-36 and
median MUSS scores ranged between 12-27. Overall 92% of the children were able to understand open-set common
phrases without lip-reading (CAP 2 5), whereas 78% had developed some connected intelligible speech (SIR = 3) with

one year of habilitation.

Conclusion: The study highlights the importance of intensive auditory verbal habilitation post-implantation and
reflects on the success story achieved in this South Indian implant centre where this service is provided by in-house
professionals for one year with continuous monitoring to ascertain optimal and uniform outcomes in all children.
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Introduction

Cochlear Implants (CI) have become the standard of care for patients
with bilateral severe to profound hearing loss who derive minimal or
no benefit from conventional amplification with a hearing aid. CI is
the recommended treatment for pre-lingual children who are hearing
impaired either congenitally or very early in life and also for peri/post-
lingual patients who acquire profound hearing loss later in life. CI is an
expensive treatment and cost effectiveness is therefore an essential factor
when considering implantation [1,2]. A well documented foundation
on which to base expectations of outcome is therefore very important.
The efficacy of CI in the treatment of profound hearing loss has been
documented by several CI centres [1,3,4]. However, due to advancements
in implant technology, optimization of the implantation processes and
expanding eligibility criteria, it is pertinent that results from centres
performing the procedure are reported to the implant fraternity and
both short and long-term outcomes are continuously evaluated to
confirm consistency of service. The aim of this study was to assess the
habilitation outcomes achieved at a large paediatric cochlear implant
centre in South India-Madras ENT Research Foundation (MERF) in
Chennai, based on the scores recorded for an age-matched cohort of
children, at one year post-implantation. The outcome measures studied

were-Categories of Auditory Performance (CAP), Speech Intelligibility
Rating (SIR), Meaningful Auditory Integration Scale (MAIS) and
Meaningful Use of Speech Scale (MUSS).

Study Methods

This was a cross-sectional retrospective study evaluating outcome
scores for 115 profoundly hearing impaired but otherwise normal
children who sequentially underwent uneventful cochlear implantation
at our Institute between 2012 and 2014 and were habilitated over the
next one year. Data was extracted from patient files, hospital charts and
Auditory Verbal Habilitation records provided by the Medical Records
Dept. of the hospital over the last year. Ethical approval from the
Institutional Ethics Board was taken prior to data collection. The parents
of implanted children were counselled about inclusion of their child’s
data in this study and an appropriate written and informed consent
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was obtained with assurance to keep the data anonymous in literature.
Children who had coexistent handicaps, inner ear anomalies, cognitive
and behavioural issues, autism, dyslexia, difficult or incomplete implant
insertion and those with significant residual hearing were all excluded to
focus only on profoundly hearing impaired otherwise normal children.
All the selected children had completed the in-house mandatory one-
year habilitation program with our professional team and their records
were included in the study.

The pre-operative audiology test battery was scrutinized from
medical files to confirm that these children had no residual hearing
which could influence outcomes with CI. Thereby audiological
assessment with Brainstem Evoked Response audiogram Audiometry
(BERA), Auditory Steady-State Response (ASSR), Otoacoustic
Emission (OAE), Pure Tone Audiometry (PTA), Speech Audiometry,
Behavioural Observation Audiometry (BOA) and a hearing aid
trial confirmed bilateral profound hearing loss in the cohort. In all
participants bilateral sensorineural profound hearing loss (= 95 dB)
across the speech frequency range was found. CT/MRI scans were also
checked to confirm absence of any brain and inner ear abnormalities.

All children as part of the pre-operative work up had also been
evaluated by a pediatrician, a child psychologist, an occupational
therapist and a speech-language pathologist to confirm normal
cognitive function, emotional fitness for implantation and to
rule out co-morbidities, all of which could influence outcomes.
Operative details were studied to confirm complete insertion of the
electrode array uneventfully along with satisfactory intra-operative
electrophysiological responses. The habilitation records were analyzed
to check for satisfactory progress from the time of switch-on of device
and over the one year and for any specific concerns with therapy
recorded by the professionals. Since India is a multilingual country,
habilitation was conducted in many of the major languages including
English, Hindi and Tamil, but preferably in the child’s first language
(mother-tongue). All the hospital files and habilitation records were
maintained in English only.

The habilitation program included two one-hour sessions a week
with the same professional therapist throughout the program for one
year, with sequential documentation of progress using the various
standardized habilitation outcome scores. Four different outcome
measures were used in this study namely; CAP, SIR, MAIS and
MUSS. CAP and SIR scores were recorded for all the implantees who
were habilitated as per the internationally standardized St. Gabriel’s
curriculum. CAP is a global outcome measure applied to assess the
auditory receptive abilities of hearing impaired children. It consists of a
non-linear hierarchical scale with seven categories, the lowest being “no
awareness of environmental sounds” and the highest “use of telephone
with a known speaker”. SIR is a five-point hierarchical scale globally
used to measure the speech intelligibility of cochlear implantees. It
ranges from “unintelligible speech” to “speech that is intelligible to all
listeners”. Inter-observer reliability for both outcome measures has been
formally validated [1,5,6].

MAIS is designed to assess the ability to make meaningful use
of sound in every-day situations in hearing-impaired children. This
scoring system is based on a structured parent interview and consists of
ten questions appraising the child’s bond to the CI device, alertness to
sound and ability to derive meaning from auditory phenomena. MUSS
is designed similar to MAIS, however, the questions included evaluate
the child’s use of speech in everyday situations in the areas of vocal
control, use of speech without gesture or sign and use of communication
strategies. In both MAIS and MUSS, the parent responds to each

question using a five-point scale (0-4) reflecting how often the child
displays the behaviour in question. The highest score possible on both
scales is 40 [7]. MAIS scores were acquired for all children between the
age of three and eight and MUSS scores were acquired for all participants
under the age of eight. Infant-Toddler MAIS (IT-MAIS) is designed for
infants and toddlers and analogous to MAIS, however, it differs from
MAIS in questions exploring the child’s vocal behaviour associated
with use of the device and was applied instead of the MAIS score for
children younger than three years of age [8]. For all implantees in this
study, outcome data for the above mentioned measures of CAP, SIR,
MAIS and MUSS had been obtained prospectively by the professional
therapist responsible for the habilitation of the child and was entered
into a central electronic database from where data collection for the
present study was done. The therapists who had habilitated this study
group were not involved in the current study in order to avoid bias in
interpretation of outcomes. The data was anonymized and compiled
in the SPSS software (IBM SPSS Statistics for Windows: version 20.0.
Armonk, NY: IBM Corp) for statistical analysis with the help of a
biostatistician.

Results
Study population

Demographic data and study population characteristics are
presented in Table 1. Both sexes were equally represented in the study
population. Most participants were pre-lingually deaf (93%), whereas
post-lingual deafness occurred in only 7%. Eighty four (73%) patients
received a Nucleus Freedom implant, of which 31 (37%) had a contour
electrode, 21 (25%) had an advanced contour and 32 (38%) had a
straight array electrode. Nineteen (17%) patients were implanted with
a MEDEL Combi 40+ implant, four (3%) received a MEDEL Pulsar
implant and seven (6%) were implanted with an Advanced Bionics
Device. The coding strategies used varied between implants; Advanced
Combination Encoder (ACE) for Nucleus implant systems, Continuous
Interleaved Sampling (CIS) for the MEDEL Combi 40+ model and CIS-
PRO for Pulsar and HiRes for Advanced Bionics.

Additional disabilities included autism spectrum disorders,
cognitive impairment, behavioural difficulties including ADHD,
oro-facial motor disability, oro-facial anatomical anomalies, visual
impairment and physical difficulties. Cognitive impairment was most
frequent and accounted for 11 (39%) of 28 cases. Four patients had

Median Range (months)

Age at onset of deafness, mo 0 0-144
Duration of deafness, mo 43 4-199
Age at diagnosis, mo 13.5 1-156
Age at implantation, mo 47 9-199

n (%)
Male 62 (53.9)
Female 53 (46.1)
Prelingual 107 (93.0)
Postlingual 8(7.0)
Bilateral implantation 3(2.6)
Unilateral implantation 112 (97.4)
Syndromic deafness 9(7.8)
Inner ear abnormality 21 (18.3)
Additional disability 28 (24.3)
Comorbidities 6 (5.2)

Table 1: Study characteristics of 115 cochlear implantees.
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more than one additional disability. Co-morbidity occurred in six
patients; epilepsy (1), inflammatory bowel disease (1), hypothyroidism
(1), hydrocephalus (1), cardiac anomaly (1) and peri-ventricular
leukomalacia (1). Twenty one (18%) patients were diagnosed with
inner ear abnormalities, the most common being Mondini dysplasia
(7) followed by cochlear ossification (5), common cavity deformity (3),
abnormally rotated cochlea (2), enlarged vestibular aqueduct syndrome
(2), cochlear nerve hypoplasia (1) and anomalous course of the internal
carotid artery (1). Prior to implantation 83 (72%) patients had been
treated with a hearing aid. Cause of deafness for the study population
is presented in Table 2. In 99 (86%) patients deafness was congenital,
whereas, meningitis, mumps and typhoid fever accounted for nine
cases and the cause remained idiopathic for seven patients.

Outcome measures

The CAP, SIR, MAIS and MUSS scores obtained one year after cochlear
implantation, are shown in Figures 1-8. Median scores have been used for
the description since they reflect the outcomes better in comparison to
mean average values in these graphs. Patients are categorized according to
duration of deafness in Figures 1-4 and according to age at implantation
in Figures 5-8. Median CAP score was 5.0. Seventy four (64%) patients
achieved a CAP score of five and 32 (28%) patients scored either six or
seven. Only nine (8%) patients received a score lower than five, implying
that 106 (92%) patients, as a minimum, were able to understand common
phrases without lip-reading. Median SIR score was 3.0. Fifty six (49%)
patients achieved a SIR score of four or five. Thirty four (30%) patients
scored three and 25 (21%) scored two or lower. Ninety (79%) patients, thus,
could produce some degree of connected intelligible speech after one year.

MAIS and MUSS scores were obtained for ninety one (79%)
patients, only, as the remaining patients were older than eight years of
age. Fifty nine (65%) patients received a MAIS score higher than 30,
resulting in a median score above 30 both when evaluating participants
according to duration of deafness, as well as age at implantation. The
variation in MUSS scores was greater. Twenty (22%) patients scored
higher than 30, while 43 (47%) patients received a score between 21
and 30. The median score in all patient categories was between 20
and 30, except for patients who had been deaf for less than one year
where median score was 18 and for patients implanted at the age 0-11
months in which the median score was 12. Complications observed
during the first year after CI are presented in Table 3. Five (4%) patients
experienced minor complications that either resolved spontaneously or
could be treated conservatively. Major complications, requiring surgical
intervention and explantation of the implant followed by subsequent
re-implantation, occurred in five (4%) patients (Figures 1-8).

Discussion

All outcome measures assessed in the present study showed high
scores for both auditory and communication skills after implantation. One
year post-operatively, more than 90% of the participants could manage
without lip reading and more than one-third were able to speak in short
sentences. One year is a relatively short follow-up period when evaluating
the functional outcome following cochlear implantation. Communication
skills continue to improve for several years after implantation and,
therefore, the present results only reflect short-term outcome of CI [1,9,10].
However, most patients achieved high scores for both CAP and SIR one
year postoperatively in the present study, probably indicating that they, in
the future, will master communication skills at a higher level.

Table 2: Aetiology of Hearing Loss for 115 cochlear implantees.

Etiology n (%) Currently an ongoing study based on this cohort is looking at their
Congenital 99 (86.1) long-term habilitation outcomes, the results of which will be available
“Consanguinity 19 (16.5) by 2020. This will be of immense interest since it will reflect the first
-Congenital Rubella syndrome -3 (2.6) n (%)
-Pendred syndrome -1(0.9) " —

Minor complications’ 5(4.3)
~Usher syndrome -1(09) -Facial nerve twitching on stimulation -2(1.7)
-Waardenberg syndrome 1(0.9) -Temporary facial paresis -1(0.9)
-Branchio-oto-renal syndrome -1(0.9) “Wound seroma 2(1.7)
-Goldenhar syndrome -1(0.9) Major complications? 5 (4.3)
-Chudley McCullough syndrome -1(0.9) -Wound infection 201.7)
-Premature -3 (2.6) -Wound infection due to trauma -1(0.9)
-Unspecified maternal fever during pregnancy -2 (1.7) -Device failure due to trauma -1(0.9)
Meningitis 7(6.1) -Electrode extrusion due to CSOM -1(0.9)
Mumps 1(0.9) Total 10 (8.6)
Thypoid fever 1(0.9) 'Includes complications that resolved spontaneously or were treated conservatively
Unknown 7(6.1) 2Includes complications that required surgical intervention

Table 3: Complications due to Cl one year postoperatively for 115 patients.
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Figure 1: CAP scores after 12 months (median, range).
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Figure 4: MUSS scores after 12 months (median, range).
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Figure 5: Cap scores after 12 months (median, range).

long term benefits documented in a South Indian population. In the
western world, tangible benefits have already been documented well
over the past decade as shown in the study done by Beadle et al. [1] in
2005 in the UK, where 30 CI children were followed up for 10 years to
assess their long-term functional outcomes and academic-occupational

status. These authors report that after 10 years of implant experience, 26
subjects (87%) always wore their device; 2 subjects (7%) frequently; and
1 subject (3%), occasionally. Only one child had discontinued use of his
device. 26 (87%) of these children understood a conversation without
lip reading and 18 (60%) used the telephone with a familiar speaker. 23
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Figure 8: MUSS scores after 12 months (median, range).

(77%) of these subjects also used speech intelligible to an average listener
or a listener with little experience of a deaf person’s speech. Hence,
they concluded that these implanted children will continue to do well
at further follow up and get actively integrated into the normal society
[1]. In our study a similar trend of gradual improvement in outcomes is
noted although this assessment is early at the end of one year of CI use
and long term outcomes will have to be further judged in this cohort.

In a similar study in literature, the outcomes of 168 CI patients
implanted in Denmark were studied [11]. Evaluation was performed
6-24 months after implantation for seventy-four participants and 56
(76%) received a CAP score = 5 whilst 37 (50%) received a SIR score >
3. In various other studies the share of implantees achieving a SIR score
> 3 one year post-implantation ranges from 11-16% [9,12,13] and one
study reports a share of 26% of the implantees achieving a CAP score
> 5 [10]. Both the present study and the previously mentioned report
on Danish implantees show substantial progress in both CAP and SIR
scores, although a larger number of the children implanted at Chennai
achieved high CAP and SIR scores. One explanation to this difference
could be that implant age is twelve months for all patients included in

the present study, while implant age of the Danish implantees ranged
from 6-24 months.

In the present study high CAP and SIR scores (median scores; 5
and 3.5, respectively) were observed for participants with a duration
of hearing loss of more than five years. In contrast, previous studies
have consistently found relatively poor results for this patient group
compared to patients with shorter duration of hearing loss [4,14]. In
the current study, four (10%) patients out of 41 with impaired hearing
for more than five years, were post-lingually deaf which may partly
explain the high scores observed in this group. Ten (8.6%) of the 115
patients in the present study experienced complications during the
first year postoperatively and, of these, five patients developed major
complications requiring surgical intervention. This complication rate is
similar to that reported in other studies on outcome after CI [15].

Cultural differences could be another explanation to the better
outcome observed in Indian patients. As Indian children mostly live in
joint families consisting of several generations in the same household,
the entire family becomes involved in the rehabilitation process.
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Thus, the child is under constant and intense training. In contrast, a
household in Western Europe (i.e. Denmark) typically consists of two
working parents, leaving less time for intensive rehabilitation. Also,
the two study populations differ socioeconomically. CI’s performed in
India are mostly Government health scheme funded, some privately
financed and some others sponsored by charity. Most of these children
come from low socio-economic background. In Denmark, on the other
hand, CI’s are covered by public health insurance and Danish patients
are therefore more likely to represent the general population of all
social statuses. But since CI is an expensive procedure, the motivation
to succeed is probably greater for Indian than Danish patients, resulting
in increased focus on rehabilitation. The two studies were carried out in
different periods of time, which probably contributed to the observed
differences in outcome. All participants in the present study underwent
implantation between 2012 and 2014, while the Danish implantees
received their CI between 1993 and 2004.

During recent times cochlear implants, as well as surgical
techniques, rehabilitation strategies and criteria for patient selection,
have all improved, thereby also improving outcome. As defined by Black
et al. in 2012 the overall success of the implant program is achieved
when the outcome matches or exceeds the pre-operative expectations
of the well-counselled family, without any adverse side effects [16].
But, differing outcome evaluation techniques have impeded direct
comparison of studies, particularly in the speech and hearing domains
till date. Most recently, and Jiang , have investigated this issue and have
proposed a rational approach to facilitate future outcome research [17].

By using two different sets of parental questionnaires, Goh and
colleagues in Malaysia have been able to document reasonable success of
their 25 year long CI program [18]. Their first questionnaire contained
methods to assess the children’s usage of CI, their types of education
placement and their modes of communication in conjunction with
the habilitationist. The second questionnaire was the validated Parent’s
Evaluation Of Aural/Oral Performance of Children (PEACH) to
evaluate the children’s auditory functionality as reflected by parents.
Such a method is more useful especially while comparing the results
in a child without inter-observer bias (as provided by the habilitationist
versus the parent). This study showed that among the implantees, 97.6%
were still using their CI, 69.8% were communicating fully orally and
58.5% were attending mainstream education. This non-biased approach
will reduce the heterogeneity of results and precisely evaluate the
functional outcomes, more so when dealing with implantees requiring
special needs due to multiple handicaps, syndromic associations,
cognitive and higher mental disabilities etc. Vlahovic et al. recommend
that the evaluation of success, especially in such children should also
include subjective indicators of positive life changes, which are not
directly associated with hearing alone [19]. This is a future direction
for the current study and has been included into the ongoing project.

In summary, all the implantees in the present study, showed
significant improvement in listening and communication skills, as
documented over time using globally applied outcome measures. The
variation in outcome data is largely attributed to social, economical
and cultural differences within India. Since all children in India
live in a multilingual environment, long term data generated by
using appropriate indigenous assessment tools are most essential to
measure the speech and language outcomes [12,13]. The future holds
on development of such validated indigenous outcome measures
for the South Indian population, which will optimally reflect on the
performance of implantees while addressing their phonetic, linguistic
and socio-cultural ethnicity.

Conclusion

The study has highlighted the success story of auditory verbal
habilitation provided in a large implant centre in South India. The
cohort studied has shown substantial progress in the various outcome
measures after one year of intensive auditory verbal habilitation provided
in-house by a dedicated team of skilled professionals. It is of note that
more than 90% of these children showed optimal improvement in their
communication skills and were able to understand common open-set
phrases with nearly 80% of them having developed some connected
intelligible speech, which is in keeping with the standard set by other
reputed centres across the world. The study reinforces the emphasis
on providing intensive auditory verbal habilitation for a minimum of
one year to paediatric implantees with continuous monitoring in order
to achieve optimal outcomes. Such a transparent and self-appraising
implant program will succeed in providing the ideal platform for these
deserving children to acquire education and integrate into the society
as normal individuals.
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