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Objectives: The aim of this study was to evaluate the effectiveness of bilateral cochlear implantation (CI) compared with unilateral CI for deaf children in the context of the Republic
of Kazakhstan health system.
Methods. A literature search was conducted, using the PubMed, Cochrane, and Embase data bases for studies that compared the effectiveness of bilateral and unilateral CI in
children. The search included English language, publications from 2002–2012. Two reviewers independently evaluated all relevant studies. Administrative data relevant to CI in
Kazakhstan were obtained from the Ministry of Health.
Results: Three relevant systematic reviews and an health technology assessment report were found. There was evidence of incremental benefits from bilateral CI but the quality of the
available studies was poor and there was little information on longer term outcomes. No conclusions could be drawn regarding later incremental improvements to speech perception,
learning, and quality of life. To date, in the Republic of Kazakhstan there is not full coverage of audiological screening due to the lack of medical equipment. This leads to late detection
of hearing-impaired children and a long rehabilitation period, requiring more resources. Age of implantation in children is late and only a small minority attend general schools.
Conclusions: The clinical effectiveness of bilateral CI, an expensive health technology, requires further study. Given the current situation in Kazakhstan with audiological screening
and access to unilateral CI, there appeared to be other priorities for improving services for children with profound hearing impairment.
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Cochlear implantation (CI) is a well-established technology for
providing the sensation of sound to people who have profound
hearing loss. It requires lengthy rehabilitation and training. Sev-
eral studies and surveys conducted in different countries show
a range of 0.5 to 5 per 1,000 newborns and infants with con-
genital or early childhood sensorineural hearing loss or severe
to profound hearing loss (1). Deaf and hearing-impaired chil-
dren often have delayed development of speech, language and
cognitive skills, which can lead to slow learning and difficulty
progressing in school (2). For children who are candidates for
CI, implantation at an early age is preferred.

In Kazakhstan, CI for children with profound hearing loss
was introduced in 2007 and is carried out by three leading or-
ganizations. The State Benefit Package, which provides free
medical assistance for citizens of Kazakhstan, covers only uni-
lateral CI. At the request of the patient, bilateral CI may be done
but the patient will have to pay additional expenses incurred due
to the second implant.

The authors of this article express thanks and appreciation for assistance from: Wija Oortwijn
(ECORYS Health BV, Rotterdam); Gert-Jan.van der Wilt (Radboud University, Nijmegen); and
Vicki Foerster (Canadian Society for International Health).

Decision makers within the Ministry of Health of the Re-
public of Kazakhstan had been presented with the question of
whether bilateral CI in children should also be covered under the
State Benefit Package. To address this issue, information was
required on the clinical effectiveness of bilateral CI as compared
to unilateral CI in this patient population.

Responsibility for providing this information was given to
the newly-formed Scientific and Practical Centre for Standard-
ization and Health Technology Assessment (CS). The theme
was selected by the Department of medical care organization of
the Ministry of Health of Republic of Kazakhstan, with CS rep-
resentatives at the meeting. The team at CS developed a rapid
assessment as part of its emerging health technology assessment
(HTA) program, in consultation with ECORYS Health BV (The
Netherlands) and the Canadian Society for International Health
(3). In this article, we present findings from the assessment re-
port and discuss the implications of these for Kazakhstan health
care.

METHODS
The population considered for the assessment was children un-
der 19 years of age with sensorineural deafness who are candi-
dates for cochlear implantation. The intervention was bilateral

361

https://doi.org/10.1017/S026646231400049X Published online by Cambridge University Press

http://dx.doi.org/10.1017/S026646231400049X
https://doi.org/10.1017/S026646231400049X


Kosherbayev et al.

Table 1. Search Strategy

1. Hearing Loss or Hearing deafness and cochlear implant∗ or bilateral or monolateral or unilateral and clin∗ eff∗ or safety or risk or speech intelligibility or recognition in quiet
and in noise or sound localization or oral receptive, expressive language, vocabulary, communicative competence

2. Hearing Loss or Hearing deafness and cochlear implant∗ or bilateral or monolateral or unilateral and speech intelligibility or recognition in quiet or in noise or sound
localization or oral receptive or expressive language, vocabulary and. cost eff∗ or QALY or econ∗

3. Hearing Loss or Hearing deafness and cochlear implant∗ and bilateral or monolateral or unilateral and clin∗ eff∗ or eth∗ or cul∗ or rehabilit∗ or speech or study or audiol∗ or
lang∗ or social or recognition in quiet and in noise or sound localization or oral receptive and expressive language, vocabulary, and communicative competence.

CI and the comparator unilateral CI. Outcomes of interest in-
cluded speech intelligibility and recognition in quiet and in
noise, sound localization, oral receptive and expressive lan-
guage, vocabulary, and communicative competence. Publica-
tions eligible for inclusion were systematic reviews, HTAs, and
high quality primary studies (preferably randomized control tri-
als) if these were needed to update the secondary research.

A literature search was conducted, using the PubMed,
Cochrane, and Embase data bases, for studies that compared
the effectiveness of bilateral and unilateral CI in children. The
search covered English language publications for the period
2002–2012. The search strategy is shown in Table 1. Selection
of publications and data extraction was undertaken indepen-
dently by two reviewers and any differences resolved by dis-
cussion. The synthesis of study findings drew on the discussion
details and summaries of primary studies that were presented
in the reviews, and used both quantitative and qualitative data.
The quality of the reviews was considered in terms of their
information sources, study selection, assessment and synthesis
and presentation of results.

Administrative data related to hearing loss in children and
the use of CI in Kazakhstan were obtained from the Ministry
of Health. Further information on the use of CI in Kazakhstan
was obtained in consultation with clinical experts.

RESULTS

Efficacy of Bilateral CI
The literature search identified seventy-eight titles, forty-one of
which were not relevant to CI. Of the remaining thirty-seven
abstracts, thirty-two were unrelated to comparison of bilateral
and unilateral CI in children, or did not consider clinical ef-
fectiveness. Two HTA publications (4;5) and three systematic
reviews that included comparison of bilateral and unilateral CI
in children (6–8) were used for the HTA report. No relevant high
quality primary studies were found that had been published sub-
sequent to material included in the reviews.

No randomized controlled trials were identified in the pri-
mary evidence base for the reviews. Johnston at al. identified
fifteen cohort studies, two case-control studies and seven case
series. The average sample size of included studies was twelve
(range one to forty-six). Only six studies had twenty or more

subjects (7). The other reviews identified a further four series
and a cross-sectional observational study.

The reviews all drew attention to limitations in the quality
of available primary studies and variability in the reported pri-
mary outcomes (Table 1). Many reports were of cross-sectional
studies with participants acting as their own controls. Children
who had been bilaterally implanted were tested with either one
or both external CI components in place. The quality of the
studies varied from moderate to poor (5–8). Forli et al. com-
mented that, with one exception, studies in which the outcomes
of children with bilateral CI and unilateral CI were compared
had no effective control group (6). Data were mainly gathered
retrospectively. Studies were not adequately powered to deter-
mine if a difference exists between the children using bilat-
eral CIs compared with unilateral CI. An HTA alert concluded
that documentation on the benefits of bilateral CI in children
was insufficient. Well-designed, scientific studies were needed
to determine whether the method yields positive effects that
out-weigh the increased risk for complications (4).

The three systematic reviews and the HTA report (5)
reached similar conclusions on evidence of effectiveness of bi-
lateral CI (Table 2), finding that this provided incremental bene-
fits when compared with unilateral implantation. Children with
bilateral implants had better perception of speech in noisy con-
ditions and greater ability to detect the source of sound. There
was also a trend to better perception of speech in quiet condi-
tions, though the differences were not statistically significant.
In some but not all studies improvements in speech perception
and sound localization for children who had bilateral CIs were
more consistent for those receiving their second implant within
four years of the onset of hearing loss.

There was great diversity in the sorts of tests carried out,
test setups, outcome measures and data presentation (8). Forli
et al. (6) noted that none of the studies had analyzed the benefits
of bilateral versus monolateral CI in terms of language and
learning development. Johnston et al. (7) concluded there were
additional questions that remain unanswered including: Does
the use of bilateral CIs lead to improvements in quality of life
compared with use of a single CI in children? What are the
perceived parental benefits and risks associated with bilateral
cochlear implantation? Which children, in terms of age and
severity of loss, benefit from bilateral implantation?, and Will
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Table 2. Selected Systematic Reviews of Bilateral CI in Children

Number of Number and ages of
Review studies children with BCI Health outcomes Conclusions on study outcomes Conclusions on study limitations

Forli,
2011

19 N= 295, 2–17 years Hearing in noise, sound localization and
during hearing in a silent environment

The selected studies demonstrate that compared to
unilateral CI, bilateral CI offers advantages in terms
of hearing in noise (+++), localization of the
sonorous source (+++) and during hearing in a
silent environment.

There is a wide range of variability. None of the
studies have analyzed the benefits of bilateral vs
monolateral CI in terms of language and learning
development.

Smulders,
2011

7 N= 192
2–10 years

Speech intelligibility
Words in quiet/ noise

Localization tests were conducted by three studies. All
concluded that the ability to localize sounds
improved significantly in the bilateral compared to
unilateral condition, regardless of the duration of
interval between sequential implantations. Speech
intelligibility (words or sentences) was measured in
five studies. All reported that children achieved
better results with both CIs switched on than in
either unilateral condition.

Study quality has been poor, study designs were often
unsuitable and underpowered to answer the question
properly.

To examine the difference between bi and unilateral
hearing, in most cases subjects were asked to turn
off one CI. The unilateral listening situation created
in this manner cannot be compared to actual
unilateral cochlear implantation (electrode insertion
trauma will have occurred in both ears; also the
acute performance with only one implant switched
on might be less than after some time of
habituation to that condition).

Bond
2009

3 N= 61, 3–16 years Sensitivity to sound, speech perception The evidence from these studies, albeit with important
limitations, suggests that there may be an
advantage of bilateral implantation over unilateral
implantation in children.

The heterogeneity between the studies, small
numbers of participants, weaknesses in design,
poor reporting of methods and lack of controlling for
confounding factors mean that it is difficult to come
to firm conclusions regarding the benefits of
bilateral versus unilateral implantation for children.
Larger, better-quality studies are needed

Johnston
2009

23 N= 291, 1–17 years Auditory processing, speech recognition in
quiet and in noise, sound localization,
electrophysiological measures, oral
receptive and expressive language,
vocabulary, and communicative
competence

In general, the results indicated improved performance
for children using bilateral CI compared to those
using one CI, for both sound localization and speech
recognition in noise. More children with bilateral CI
performed these tasks at levels comparable to
normally hearing children.

Differences were not statistically significant; studies
were not adequately powered to determine if a
difference exists between the children using
bilateral CIs compared to unilateral CI.

Less information is available on the longer-term
outcomes of speech, language, and quality of life
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Table 3. Ages of Monolateral Cochlear Implantation for Children in Kazakhstan

Numbers of children by age of monolateral
cochlear implantation

Year 0–1 2 3 4 5 Over 5 years Total

2007 2 3 4 3 15 27
2008 3 17 25 18 111 174
2009 3 5 4 10 10 73 105
2010 6 6 23 18 21 38 112
2011 10 24 23 22 22 63 164
First 4 months 9 14 10 20 8 21 82

of 2012
Total 28 54 80 99 82 321 664

bilateral CIs facilitate the integration of children into the school
system?

Use of CI in Kazakhstan
Between 2007 and 2012, a total of 664 children had received
monolateral cochlear implants, with the majority of the proce-
dures (92 percent) being carried out at the Republican Chil-
dren’s Clinical Hospital “Аksai” in Almaty. Over this period,
48 percent of the implants were carried out on children who
were over 5 years old. The proportion of children implanted at
less than one year has increased, and had reached 11 percent
of those procedures performed in 2012 (Table 3). Of 395 im-
planted children for whom schooling details were available, 38
(9.6 percent) were in general schools with the rest in schools
that cater for those with hearing impairment (Table 4).

During discussion with clinical experts during preparation
of the HTA, it became apparent that there were many differ-
ences between centers in approaches to audiological screening,
implantation and rehabilitation. In general, there was a lack of
common standards, in part due to differences in availability of
trained medical personnel and of appropriate equipment.

DISCUSSION
The effectiveness of CI in children with profound hearing im-
pairment is well established but so far there is no consensus
on the status of bilateral CI in children. All of the reviews that
we identified found there is evidence that bilateral CI in chil-
dren provides better hearing performance than unilateral CI.
Incremental benefits occur through improvement in speech per-
ception and localization of sound sources. However, the extent
of improvement has varied between studies and may be modest.
A limitation of the rapid HTA was that no formal quality as-
sessment of the systematic reviews was undertaken. However,
each of the reviews considered the quality of primary data in

Table 4. Schooling Arrangements in Kazakhstan for Children with a Monolateral CI

Numbers of children by type of schooling

Operation year Hospital 1 2 3 4 5 Total

2007 RCCH 0 5 0 14 8 27
2008 RCCH 12 9 0 96 57 174
2009 RCCH 5 7 0 61 32 105
2010 RCCH 8 29 12 35 16 100

CH№5 0 2 0 7 3 12
2011 RCCH 8 24 28 43 18 121

CH№5 1 9 0 8 18 36
NSCM CH 0 0 7 0 0 7

2012 RCCH 4 5 18 3 52 82

Total 38 90 65 267 204 664
1- General school/ college/kindergarten
2 - Speech school/kindergarten (may be a special group for children with CI)
3- Children at home
4 - School for children with moderate or profound hearing impairment
5- No data available

RCCH, Republican Children’s Clinical Hospital «Аksai»; CH№5, Clinical Hospital№5;
NSCMCH, National Scientific Center for Maternal and Children’s Health

some detail. The quality of the available studies is poor and
there is little information on longer term outcomes. No conclu-
sions can be drawn regarding later incremental improvements
from bilateral CI to speech perception, learning, and quality of
life.

This uncertainty regarding the status of bilateral CI has im-
plications for its adoption within Kazakhstan, where the use of
CI is still in its early stages. The possible use of a promising
extension of the technology has to be considered in the con-
text of current experience in Kazakhstan with CI and related
services. Issues informing future decisions include the identi-
fication of children who would benefit from implantation, the
age of implantation, and post-implantation follow-up.

Hearing screening programs can give timely identification
of children with congenital deafness., giving the opportunity for
CI at an early age. There is good-quality evidence that early de-
tection improves language outcomes (1). Cochlear implantation
requires a commitment from the child’s carers to long-term in-
volvement in rehabilitation. Complete training may take years,
with initial benefit occurring within 6–18 months (5). Early
implantation is associated with more rapid rehabilitation and
development of communication skills (5,9).

A review initiated by the Ministry of Health in 2012 found
that there is limited coverage by audiological screening ser-
vices in Kazakhstan. Results from 203 medical organizations
showed that only 29 percent had audiology equipment, so that
most centers were unable to undertake screening, leading to
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loss of early identification of children with hearing impairment.
Implantation at an early age has so far been possible for only a
small minority of eligible children. Late implantation leads to
a long rehabilitation period, and requires more resources. Only
a small proportion of school-age children who have received
implants have attended general schools.

POLICY IMPLICATIONS
The lack of good information about the incremental clinical
benefits from bilateral CI casts doubt on whether this should be
covered by the State Benefit Package and provided free of charge
to patients. The HTA report from CS concluded that given the
current situation with audiological screening and with access
to unilateral CI and subsequent rehabilitation there appeared to
be other priorities for improving services for children with pro-
found hearing impairment (3). The present focus might well be
on increasing coverage of screening services, providing implan-
tation at an earlier age and improving rehabilitation services to
increase participation of children with CI in the general school
system. Bilateral CI might be an option for the future as further
evidence becomes available and the implantation services in
Kazakhstan mature.

Despite the fact that CI procedures have been performed
in Kazakhstan since 2007, no protocols or clinical guidelines
in this area are available. Lack of uniform protocols leads to
a fragmented process in which it is easy to lose track of pa-
tients who need a CI and of those who have been implanted.
Clinical practice guidelines and protocols would provide the
basis for a unified approach and resource optimization for all
the organizations involved in this area (3).

Decisions by the Ministry of Health
After considering the CS HTA report on CI, the Ministry of
Health decided not to support the provision of bilateral CI im-
plantation for deaf children. Action will be taken to procure
equipment for the early detection of children with sensorineu-
ral hearing loss, and to strengthen rehabilitation services after
CI. A major consideration would have been the need to im-
prove existing CI and associated services as a priority before
committing resources to new technology. The uncertain clinical
effectiveness of bilateral CI may also have been a factor.

Also, the Republican Center for Health Development,
within the Ministry, has started to coordinate work on the devel-

opment of clinical guidelines and protocols on CI conjunction
with external clinical experts and other health professionals.
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