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No. 1 The Terrace
PO Box 5013
Wellington 6145
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T +64 4 496 2000

Sym Gardiner
symagardiner@gmail.com

Ref: OIA H201401659

Dear Mr Sym Gardiner
Response to your request for official information

Thank you for your email of 27 April 2014 requesting the contents of the policy work
about cochlear implants that was provided to the Minister of Health.

Please find the information being released by the Ministry attached. | have decided
to withhold some of the information that falls within the scope of your request. This
information has been withheld in order to:

e protect the confidentiality of advice tendered by Ministers of the Crown and
officials as permitted by section 9(2)(f)(iv) of the Official Information Act 1982;

e protect information where the making available of the information would be
likely unreasonably to prejudice the commercial position of the person who
supplied or who is the subject of the information as permitted by section
9(2)(b)(ii) of the Official Information Act 1982.

You have the right to complain to the Ombudsman about my decision to withhold
information. Information about making a complaint is on the website of the Office of
the Ombudsman (www.ombudsman.parliament.nz). You can also contact the Office
on freephone 0800 802 602.

Yours sincerely

Aoz
Michael undléby

Acting National Director
National Health Board

NATIONAL D
HEALTH BOARD

TOARI HAUORA A-MOTU www.nationalhealthboard.govt.nz
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Health report

Hon Tony Ryall, Minister of Health

cc. Hon Tariana Turia, Associate Minister of Health
Changes to Cochlear Implant Programme Policy and Funding

Executive Summary

I The purpose of this Health Report is to seek your agresment to changes in cochl/ejdr implant
policy and funding for children and adults that will result mf’bei‘ter, sooner,~and more

N

convenient health care for people in New Zealand who are deaf orhave sevege{hea}iﬁg loss.
The policy changes will enable: /;/)/\»/ f\\\/
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s children aged 0-18 years of age who are new entrants to the\,cgchiear implant
programme to have simultaneous bilateral co/@béear implants & U
, : SO S
e all children under five years of age wh/og;v\e\}ewogs/Lyjyaigi\'a/umlateraf cochlear
implant to have a sequential bilateral implant” .~ «/((_ )V :
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e children aged 0-18 years Whp&ﬁave h@d\a@?gkbi}éteral cochlear implant under the

cochlear implant prog()r,a{fim\e and a sﬁy\bééﬁ;ﬁé}ﬂf bilateral implant funded from non-
government sources o a\\}ej the ong@m@’”‘oés&s of replacement processors and other
support costs met by the Ministry qﬁH@eﬁlﬁh}ﬁe Ministry) for the second implant. v~

{

AN y
. { ) ) /// N J
@ - N N \) < \\//\’ S~
' o QANK
SNV

N LN ’/

i Current polioyagi’é}gr\thfe Minist[y{jc&‘pﬂa’ only one (unilateral) cochlear implant for 46 children
and 40 adulis pef.yéar, and to meet the life-long support cost and equipment maintenance
costs, S/Lgfgjgty\\ig/}mplantQhe devicé is available for children as soon as they are assessed as
meet Q\\ff\iffj‘"pl/jﬂ’fcai o\r\/ifgeriéi\sc?there is no waiting time for children to receive an implant.
Howé\”/v‘e}\s\o;ﬁfe adults ‘f@g;e\significant waiting times because funding levels currently do not
meeM@hd, afsfs“eh\(jq;e—:;}to children has been prioritised.

ii. For some tim/é}r%aémb%?s of the Deaf community and their families, and the two Charitable
Trusts Who*\fa:gniiﬁ\ig‘ er the cochlear implant programme, have been advising the Government
that bot\h@% licy and funding require revision. They consider the current policy is inconsistent
with international evidence and developed world practice, which favours cochlear implants in
both gﬁé\\(ﬁﬂaterai implants) for children. For adults, their primary concern is waiting times,
which.in-some cases can be over two years at both Charitable Trusts.

iv. The Ministry has recently reviewed the international literature regarding bilateral versus
unilateral cochlear implants to establish the extent to which a bilateral implant improves
hearing. The Ministry considers the evidence that bilateral cochlear implants can significantly
improve children’s hearing and spoken ability is compelling, particularly if the devices were
implanted simultaneously in both ears in early infancy. The improvement in hearing and
learning ability and being able to take in sound-based information like other children is in turn

likely to produce significant improvements in the educational and labour market outcomes of
deaf and hard of hearing children.

v. The Ministry has also undertaken a rapid economic evaluation of bilateral versus unilateral
implants. For children five years and under, the cost of providing the quality of life gains
compares favourably to that of most other interventions and therefore sequential bilateral
implants represent relatively good value for money. However, the later in life that a cochlear
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implant is provided the less the hearing and spoken language gains are. Value for money of
bilateral cochlear implants is therefore less for children aged 6-18 ysars, relative to those
aged 0-5 years, and is even lower for adults. For those who have previously had a single
implant, the longer the gap between the first and the second implant the less the hearing and
speaking gains and value for money are.

The report therefore recommends that as from 1 July 2014 cochlear implant policy be that
new entrants to the programme aged 0-18 assessed as meeting the clinical criteria receive
simultaneous bilateral implants without waiting. Transitional provisions are also
recommended, for children who have already received one implant under the programme
and for those whose bilateral implant was not funded by the New Zealand government. For
adults (aged over 18 years), policy would continue to be that they are only eligible for a

unilateral implant, but a maximum waiting time of six months wou!d be specified. /;5'\

The funding required to implement these policy changes is est!maed to total $ 141 million in
2013/14 (to be reallocated from within the 2013/14 Dlsablluy\upporb Services budge’f) and a
total of $25.378 million for the seven years from 2014/15 t0-2020/21. This constitutes an
average of an additional $3.6 million per year in 2014/15 and each subsequent year.

In the first instance, new funding is being sought" as part of the 20‘ 453Budget process. If,
however, this is not agreed, you will need to decxde ‘whether or- not Changes to cochlear
implant policy are more important than some: exxstmg hea!th\mterventxons or than some of
the other new policy changes proposed. for Lhe ‘new fundmg pool already agreed for
Vote:Health in 2014/15 and out years. ;

The following recommendations pmvrde*the detalled pohcy and funding changes that we
seek your agreement to. D) A

Agree that the Ministry’s- ooE:hleat n‘nplant ~programme be extended from 1 July Yes /No
2014 so that eligible chlldr _

' \
e aged 0-18 years aﬂd newly entermg the programme receive SImuItaneous/

bilateral coch1ear xmplants f

¢ aged 0-5 years and who have prewously had a unilateral cochlear implant Ez"f[
funded through the programme be offered a second implant

e aged 0- 18(years and who have obtained a sequential bilateral implant
outside. of the New Zealand cochlear implant programme (e.g. privately, by
fund-. rarsmg or overseas) may access follow up services for the second v
lmpkant such as processor replacement and habilitation through the
programme.

A

Agree that from 1 July 2014 the following funding be allocated to the Ministry’s Yes / No
cochlear implant programme:

I, $920,000 per annum for surgery, device and two years of post-operaﬂve s
support for new eligible children 0-18 years of age b

ii. $414,000 per annum for replacement processors and associated services D
necessary for these children to continue to benefit from their implant. 1w 2044
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Agree that from 1 July 2014 the following funding is allocated to the Ministry’s Yes / No
cochlear implant programme for sequential bilateral cochlear implants:

i. 32.15 million one-off in 2014/15 for sequential bilateral implants for
children aged 0-5 years

ii. $120,000 per annum from 1 July 2014 for replacement processers and
other support services for children who have already received sequential v
bilaterally implants that were funded from non-governmental sources.

Agree that in regard to waiting times for unilateral cochlear implants for adults
(aged 18 and over):

i. as a ﬂrst step towards achieving this, in the remamder of the 2013/14 S R
financial year, additional adult operations be authorised “which ‘are L 5 R
prioritised to adults who have been wamng two years or longer } =

B Yes/No

\ .
iv. an additrona! $1 1 mrlhon be re-allocated from within the existing 2013/14 s
/ Drsabllrty Support Services budget to the cochlear implant programme for TS

- adult rmplantatrons to reduce the maximum waiting list time to two years  * -
by 1 June 2014. ’

Note that the Mlmstry er review the operation of the revised cochlear implant

programme and will report to the Minister of Health the findings by 30 March
2016

Agree that the additional costs incurred in 2014/15 and out years to implement Yes //lgoi
the policy changes (as detailed in recommendations ), d) and f) i, ii, and iii
above) will be provided from Budget 2014 fundina. e

4 _ , .
Note that the Ministry will work closely With the two Charitable Trusts mprove

procurement practices regarding cochlear implants and external sound
processors.

s

S IR
}- FAv %J’Z & é‘w&”*“n

Minister’s signature

s
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Ministry of Health contacts

Kathy Brightwell T phil Wysocki _
Acting General Manager, Population Policy Acting General Manager, DSS T
. Phone (04) 816 3593 . Phone | (04) 816 4336
| Cellphone 021 223 5925 ;

| Celiphone | 021 824 192

Minister’s feedback on quality of report

Very poor (1) __ Poor (2) _: Neutral (3) 1 Very good (5)
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Advice

1. The purpose of this Health report is to provide you with advice on proposed changes to
cochlear implant policy for children and adults, and on the additional funding required to
implement the policy changes. The Ministry expects these will result in considerably better,

sooner and more convenient cochlear implant services for people in New Zealand who are
deaf or have severe hearing loss.

Current policy settings

2. Since the mid-1980's government policy in New Zealand has been to fund a cochlear implant in
one ear (unilateral cochlear implant) for eligible infants, children and adults. This policy was
based on the evidence available, which indicated that one implant could enable most people
who are deaf or have severe hearing loss to hear effectively and fof/ipgst pre-lingual children to
develop good language skills. Funding unilateral rather than bilateral implantation-also-ensured
that the maximum number of people assessed as being ableto benefit from a cochlear implant
(children and adults) were able to receive one. N

3. Under current policy, people eligible for Ministry funding for é\"'gjnéle cochlear implant are those
who: SN ,

A

e have severe to profound hearing loss B
e are not helped by standard hearing aids/; \
. have been assessed as likely to b@né’%i \' C
e are eligible for publicly funded health and disability serv

\\\\ ~,
® live permanently in New Zealand\,\, ) .
G

o do not qualify for oochlekarf?i‘fmp\[anf’ffi’ndin\g

4. The current contracted fukn’fc;\ﬁ’x:xg*foﬂ/$7.33,8:@"” n-per year allows 86 people to receive a

unilateral implant each y/e’af'\"(s"i;h\ese, 16 are'babies and infants aged less than two years of
age, 30 are children aged2-18years<and 40-are adults (over 18 years of age). In addition to
the surgery and coc:hl‘éar\jm}:ilant Qe?hc ~the funded service also includes follow-up services
such as replacem/éng“"~©f"fé>(terna(tl;,!y;\!x]b‘fni‘;é\éund processors. These cost approximately _
and require replacement around every six years. For deaf children, the habilitation costs are
met from Ministry of Education funds.

5. For children funded thromgt}tbeféochlear implant programme in New Zealand, they are also
covered for thé cost Qf\,\g\hjy?rebéirs, batteries or spare parts for their speech processors. Adults
(aged T\Q\yéa’\rs or ;q;laér)f\ loonot have these costs covered as this is considered to be something
they can plan tg/fs\§y3\i95\ffom their own resources.

8. Since 2009 >s/c:v ék@\e?)ple who have lost their hearing because of meningitis have had two
electrodegjggﬁd@q by the Ministry. The other element, which is the externally worn bilateral
processor, is(self-funded. This policy was implemented after it became apparent that in many
cases| Qf\sé\ie?e or profound deafness following meningitis, subsequent cochlear ossification

(wheré\\\fhécartilage in the ear hardens into bone) prevented implanting an electrode in the
second ear if this was required.

7. As children need adequate auditory input as soon as possible to develop adequate hearing and
language, it is vital that hearing loss is diagnosed soon after birth and managed well before six
months of age. A national new-born screening programme and early intervention programme
protocol was introduced in 2007 to help ensure early detection of hearing loss. This is now
functioning well throughout the country, with approximately 60,000 rew born babies being
screened each year through the hearing programme. Those few who are found to be entirely
deaf or who have profound hearing loss are then referred to the cochlear implant programme.

8. The cochlear implant programme is delivered for the Ministry under contract through the
Northern Cochlear Implant Charitable Trust and the Southern Hearing Charitable Trust. The
Trusts purchase the implants from manufacturers, assess children and adults for eligibility,
liaise with surgeons (mostly in the private sector although some implantations take place in
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District Health Board facilities), and provide ongoing habilitation, processer replacements and
other on-going support services that people with cochlear implants require.

©

For children there is no waiting time for implantation, after being assessed as eligible. For
adults there is a waiting time, and this continues to be an issue despite additional one-off
funding being allocated in 2011/12 and 2012/13 ($1m and $2.6m respectively). In 2013/14 an
additional 20 adult implants per annum ongoing were funded, bringing the annual budget for
the cochlear implant programme up to $7.388 million. There are now 159 adults on the waiting
list across both Trusts, with currently 22 adults waiting longer than two years, and the longest
wait of those on the list currently being 2 vears and 11 months.

10. The growing waiting list numbers and waiting times reflect a growing number of adults who are
deaf or have severe hearing loss being assessed as able to benefit from a cooh!ear implant.

With cochlear technology advancing and increased public awareness demand\\for this
procedure is continuing to increase. /

Recent international ev:dence

severe to profound hearmg loss in most countries for
of research on the hearing and speech outcomes’

for some. However, for many who have severe to profound hea \\g Ioss in the non- implanted
gar, the evidence shows that they still often‘experlence sgmﬁcan’c dn‘ﬂculty understandmg soft

the direction that speech/noise is eommg ‘from This.
development of speech. N ;,/ <

12. In 2009 the United ngdoms Na’nonal Insmut"\

NG
provided, relative to a umlateral one At that s‘fage there were relatively few studies available,
and most had relatively -small’ sample <sxzes ~“The NICE review concluded that provision of
bilateral cochlear 1mplaﬁts did result in- a\small additional benefit over single implants, but this
benefit was achleved ata re!atlvely hlgh cost. Despite the NICE value for money concerns, the

United ngde govemment optedto fund simultaneous bilateral cochlear implants for ohndren«'

and eli gible adufts 9 2010..
“ - \
13. Since ‘(he\ 009 NICE review,: the svidence base about the relative effectiveness of bilateral

oochlear )mplantatton Qas,grbwn rapidly. Government policy changes in almost all other

developed Countnes to\‘und bilateral cochlear implants for eligible children has provided many
more cases to study\J ™

14. Recently the: Mlms’try« commenced a comprehensive review of what is now a substantial body of
mtema’uonai evrdence comparing unilateral and bilateral implants, particularly for children.
There is- now/ a ConSiderably more compelling case for offering parents the opportunity for their
child to havevsxmultaneous bilateral implants as soon after birth as possible. Compared to
having® cmly one implant, infants with fwo implanis generally have life-long betier hearing in
noise, are better able to locate the direction of sound, incur less listening effort, hear more
clearly due to increased volume of sound, and have better spoken language.

15. The evidence regarding educational attainment, labour market outcomes and quality of life,

however, is not so conclusive. For some people, on some measurss, those with bilateral
implants have better outcomes - but this is far from always the case.

Economic analysis

16. The Ministry undertook rapid economic analysis of moving from unilateral to bilateral cochlear
implants. Preliminary results indicate that simultaneous bilateral cochlear implants, when
compared to a unilateral implant, are cost-effective but the results vary significantly by age.

17. For children aged five or less who receive simultaneous bilateral implants in early infancy,
thereby maximising the quality of life gains, the return on investment will be very high.
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18. For children aged five or less who receive sequential bilateral cochlear implants (where there is

already a single implant), these are likely to be as or more cost-effective than many other New
Zealand health interventions that have been evaluated to date.

19. A high proportion of the vocabulary and spoken language skill gains are achieved when
children are aged five and under. Therefore children aged six and over who have already
received one implant, a subsequent second implant is likely to be less cost-effective than most
other evaluated health interventions options. The quality of life gains from a sequential bilateral
implant achieved by adults will be even lower, making the cost-effectiveness lowest for this
group. For adults, it is likely that money spent on bilateral implants would gain a higher quality

of life return per dollar invested by being spent on other health interventions found to be more
cost-effective.

Stakeholder pressure for policy and funding changes RNZEN ,,//::ji\\‘;\>
20. As deaf children and their families have become more exposed to’both-the research_evidence
and the lived experience of those with bilateral implants’, there has been growing pressure to

revise the Ministry’s cochlear implant policy and funding. O, o A\S

21. Organisations representing the Deaf community sqp;éﬂ; :
implants in early infancy rather than unilateral implants as a choice;
parents of children who are deaf or have severe hearing loss. .

22. The 2Ears2Hear parents group headed by Sym. ardiner has?be@ﬁ articularly active, lobbying
you, the Ministry and other decision-ma ers-or-this subject: 'As you know, he recently
presented a petition to the Health Select Committee signed by 1338 people requesting that the
House of Representatives fund bilateral cochlear. implants for children who are clinically
assessed as needing them. o NN

e

““bi!éteral cochlear

ort 'the availability of '
available to adults and the

\ e ~/

23. It should be noted that some D/e‘a?fflﬁt;qﬁhmunity/,,lﬁ}:ﬁmb 's'in New Zealand, as overseas, strongly
oppose making cochlear j,m‘plkam/t\s}:m’bre aﬁéflabl’\éé@;to deaf and profoundly hard of hearing
children. They are concerried-that implanting cochlear implants in infancy denies deaf children
the choice of their identity as’a deafperson. They see this as the government imposing a
narrow medical model bfl\gvﬁa’("is ‘norma and desirable. They feel this devalues those who live
within deaf culture’Kwﬁé;@ sign-langu ge rather than spoken language is the norm. In their
view, it sends a strong-signal that to-be deaf is not OK, while mistakenly giving the impression
that a profound ‘c‘tee/sf\/bersonf‘(:\apng’g have a happy or successful life.

24. Both Chﬁga{if*b\@jrﬁéts arésﬁppgm/ve of the Government funding bilateral cochlear implants for
children. - Whils not/adyi;x\;fat{ng bilateral implants for adults, the Trusts are very concerned
about the gréwing,xsi(zé:vof ;t\h\éir adult waiting lists for unilateral implants resulting in most adults
now facing Iongwé’c\ibg:ﬂm’es.

¢ NN e
Proposed new/p,@i)itf:\y{iand funding implications
A /) L
i) Simuitng/equs>bilateral cochlear implants for children from 1 July 2014

25. In light Qf:‘ﬁef\i\n?emationa! evidence, and the results of the preliminary economic analysis, the
Ministry propdses that children aged 0-18 years who meet the existing cochlear implant
eligibility criteria be eligible for simultaneous bilateral cochlear implants from 1 July 2014. To
achieve this, the Ministry recommends that an additional $920,000 per annum be allocated to
the Disability Support Service’s cochlear implant programme for 2014/15 and out years.

—
P Y j

T

26. Each year the additional funding will enable 46 children to receive bilateral cochlear implants,
when clinically recommended, and associated follow-up services. Based on recent trends, this
should be adequate to cover the number of new child referrals received each year.

! According to information recently provided by the two Charitable Trusts, 81 of the 271 people 0-18 years of age who
have had a government funded unilateral implant since 2003 have subsequently had a second implant in their other
ear, which was self-funded or funded through fundraising.
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ii) Sequential bilateral cochlear implants for children from 1 July 2014

27. There are currently 271 children who have already received one implant through the Ministry’s
cochlear implant programme, most of whom are over five years of age. There are likely to be
some further children who had unilateral cochlear implants overseas and then moved fo New
Zealand. There are also a further 81 children aged under 18 who had an initial cochlear implant
under the programme and have processor replacement and other support costs met by the
Ministry for that implant, and who have subsequently already obizined a self-funded or

fundraising-funded sequential bilateral implant, for which they currently meet the ongoing costs
for replacement processors and other support.

28. The evidence suggests that as children age, the effectiveness of a second implant reduces,
particularly after five years of age. There are still likely to be some improved hearingoutcomes
after this age, up to adolescence, with the extent of this vargi';r{/g;from case. ,ig\cgse. The
evidence also shows that the longer the time between having the_griginal im”man}\.and the
second one, the less the hearing and spoken language gaip/s”;jd—/«b’i\s}i;s/barﬂy/p\e\(:a\gsgiover time
the brain adapts to single ear hearing, and reversing this @d@pﬁé@ gets more difficult the longer
single ear hearing has been operating. AN

.. N Y
\\/ < AN
e

Y S )
29.1n light of these findings, the Ministry proposesjghé@fto\rg 1 Jui}y(z\p:{i;d}fg, second implant is
offered to all children up to five years of age whd’hﬁvé\@uni!ate‘r/\apqpt\:hgear implant which was
funded through the programme. This will requi;,e‘\aliqcepﬁi‘on of/gniaijd@ipnal $2.15 million of one-

, , REKN\S AN
off funding to the progra@me in 2014/15. {\\\\\:\\> ; {://\\ \\&

TN S \ S
30. AT <\\
, ., NN
& . B VAR / s .
~, AN {

4

31. NN

{ \ S y
~ =) , < SN
<\ t;\\“\\ {/’J) (\5\\\\ /

NS
32. Finally if fundin (/gf “’zi\af((e\r?al imp! éﬁg i‘r;\a>ll new child entrants to the programme is approved
for children wh fré\pje\iVed theﬁ'\lﬁpjaiit through the programme., it is recommended that
children a /edx@ﬂ/Si\yéars who received bilateral implants outside of the programme (privately,
by fundis@i;jg:gr overgeag}xaad}/vho fit the programme eligibility criteria may access follow up
servi@e/sxthl‘@'\@gh the prd@;aﬁmﬁﬁé from 1 July 2014. This will require an additional $122,000 per

annuﬁﬁ&@(ﬁ%alloc/ateﬁ\ ‘e cochlear implant programme from 2014/15 onwards.

\\) ( ) \%
ifi} Adults’ ag@esgjg}cochlear implant services (waiting times)

33. While child eﬁ/(é\rgsoheduled for a unilateral implant once they have been assessed as
meeting t@é,&ig{pility criteria, current funding levels translate to 40 adults receiving a unilateral
implan/’fgaf@ . year, which is less than the number of adulis annually assessed as needing
surgié\al\ im};la’ntaﬁon. Consequently at the end of February 2014 there are 156 adults waiting
for a cochlear implant — 74 on the Northern Trust waiting list and 82 on the Southern Trust
waiting list. Twenty four of those on the adult waiting list have been waiting for two years or
more, with the longest wait currently being 2 years and 11 months at both Trusts.

34.

R

2 Costing is based on 30% of the existing 228 children aged 6-18 being clinically assed as eligible for a sequential
bilateral implant over the seven years commencing 2014/15 (10 per year).
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35. 1t will be possible fo promptly deal with those waiting for the longest waiting times by
reallocating an additional $1.1 million (one-off) from the existing 2013/14 Disability Support
Services budget to the cochlear implant programme for adult implantations. This would allow
22 implantations to be undertaken for all those adults who have been waiting for two years, by

1 June 2014.
Cverview of funding implications and sources

36. Table 1 below sets out the estimated costs of the proposed funding changes to the cochlear
implant programme.

Estimated costs of proposed changss o cochlear implant programme
Number of

people ~

benefitted 2013114 201415 201516 20},5[;7

Children - additional cost of moving to bilateral implants P PO

) e

New simultaneous’ , el

. 46 {each yeer) ; : 20,000
News sequential™ for € - 5 yrs children 4 43”} 2,180,000
. T

¢
Additional suppert for children with privetely funded second a1
implent {processor replacements)
Aduits- cost of reduc'mg waiting times for unilateral implants

e \

PPt et DT R <
Reduce meximum waiting time to 2 years 22
ik A5

g —— e
Estimated total

M’::.ee

38. For 2013/14 the fundmg of $1 kmx on {0 Vprovxde 1mplan’ts for the 22 adults who have waited
the longest can be. reaﬂooated frc}m\underspendtng within other parts of the baseline Dlsabmté
Support Sem s, ﬂmdmg {<

§

R

¥ |

39. The proposed pohoy\che{nge will also impose add[’uonal habilitation costs for deaf children on
Vote: EducatlQnypuUwe magnitude of these are difficult to estimate at this point. The Ministry of
Education will~investigate the cost implications and if these significantly exceed existing
budgets furth\er fdnding may be required to cover these costs.

40. In regaTd 1o the source of Vote:Health funding: if you are not able to gain agreement to
additional Rew Vote:Health funding on top of that already being sought for other new health
initiatives, you may wish to scale back the extent of increased funding on cochlear implants (for
example by providing bilateral cochlear implants to a narrower group of children, or by opting
for a longer waiting time for adult unilateral implants).

41. If new money cannot be obtained through the Budget 2014 process, the proposed changes to
the cochlear implant policy (or a scaled down version) could be funded through:

a. reprioritisation of initiatives proposed for Budget 2014
b. reprioritisation within existing baselines.
Further longer term policy work required
i) Charitable Trust structure and operation of new policy

42. At the outset of the programme the Ministry recommended that two Cochlear Implaﬁt
Charitable Trusts were established, one in each island. The rationale for this was that they
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would be better able to raise funds and meet the needs of their own communities than one
large trust. The Ministry is generally impressed with the services that they deliver for their
catchment populations. However, each has evolved its own distinet ways of working.

43. 1t was always intended that at some point there would be a review of the fwo trust model to
confirm how effective and efficient it was, and whether to continue with it as is, make minor
changes, or move fo a different model for the long term. The Ministry’s view is that in order to
ensure both Trusts focus on implementing the new policy in the next vear, it would be best not
to undertake the review of the Charitable Trust approach until the last half of 2015/16. This
would also be the appropriate time to undertake an initial review of implementation of the new
cochlear implant policy recommended in this paper, should you agres o it.
if} Purchasing

e

44. Currently the Northern Cochlear Implant Trust and the Southegn\/tf{)e(éﬁpg Chariiﬁﬁl&ﬁust_uﬁg
two providers of cochlear implant devices. One Trust oﬁersc\c\:h)pi& ‘gjo)niy Qné\\u@ajn brand,
the other allows the surgeon to choose which to use. The-Trusts separé?(e\lyiiendeavour to

negotiate reductions in the cost of the devices from the “manufacturers.\ “We understand

preliminary discussions about what the price reductions might-be if th@gpve‘nﬁment moved to ¢ - w&

bilateral implants indicate likely cost savings beoa%éj@?{}bg higher véJ\unif*eg;:being purchased. e
45, | 7 O
N, ) -

/,\/\\\\ s g

Managing some Deaf commgtgft}\g\c;o\éems ;bfgi{fi@ﬁé\:y changes

46. An announcement that/g?oms‘)én‘of bilateral cochlear implants will become the new norm for
children will not be welcomed by seme within the Deaf community. They consider that

7

deafness is not sonﬁ'\e}@jﬁg@'éhich n%\e\d‘sﬁt}o be ‘cured’ through the use of cochlear implants,
because it is pogsﬁfgl)e\f’q’ﬁ/ad a h;a@é\n& productive life without hearing or spoken language.

They are congerned’ that the hisfbiy,iisylture and language (sign) of Deaf culture may be eroded
as cochlear/jmplgg s become the noFm.

<A N \‘ N . . . .
47. Given tjnegéjg%{/of de.\a’f;shﬁd\r;éﬁ are born to hearing parents, Deaf adults consider it vital that

these@’a,{,elﬁfslhave reagﬁv\éceéss to information that enables them to make informed choices
about cochlear implé\n\tsgtl‘gat recognise Deaf culture. Finally, given the evidence that children

with cochlear im;p{éhf@/oa\ri feel like they do not truly belong in either deaf or hearing culture, the
Deaf commg{ifﬁ[gooﬁoemed that if children are not given the opportunity to learn sign
language,/iﬁfs?\/may\further exacerbate their difficulties in feeling they are a part of the Deaf
commu/m\f}\li\ 7N

%

&\

48. To dééfﬁri&ﬁ\%hese concerns, when the policy is announced it will be important to note that
Ny . . . R . .
parents'.families and carers responsible for the decisions regarding the implantation of a child
have access to information to ensure they are able to make informed choices that recognise
Deaf culture. It can also be noted that the Ministry, through the two Trusts, also provides
access to New Zealand Sign Language classes for those who receive a unilateral cochlear

implant. Going forward, this option would continue for those who are implanted bilaterally.

49. The Ministry of Education is working with the Audiology Society to develop information about
New Zealand Sign Language and making education resources accessible. There will be a new
role of a sign language facilitator to work alongside the family at the beginning of a child’s life
supporting parents who choose the New Zealand Sign Language Path.
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BILATERAL COCHLEAR IMPLANTS IN CHILDREN: AN EVIDENCE SUMMARY

This summary of the international evidence on bilateral cochlear implants in children
is organised as follows:

e Section 1: an introduction and overview to the review (page 2)
e Section 2: a brief summary of the current New Zealand policy (pages 2 - 5)

e Section 3: a summary of international policy and practice regarding bilateral

cochlear implants (pages 5 — 8)

/

e Section 4: details of the evidence summary of the lmpacts of bllateral ccchlear

implants (pages 9 — 17) regarding : o %

o Hearing in noise

Localisation
Speech perception
Communication skills
Educa‘uonal attamment

Risk
Identity

o}
o
O
(@]
o]
O
o
o
@]

e Section 6: /\detalls/cf the me\th?lology of the review evidence summary
questlons (pages 18 19) DN

\\ ~

ST
S
{{

\ \J/

[n addition there/are ihree appendices to this report:

° Appendlx\‘l Glossary (page 53)
° Appei"}dlx 2: References and Grey Literature (pages 54 — 59)
o Appendix 3: Search Strategy (pages 60).
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1. INTRODUCTION AND OVERVIEW

A cochlear implant is a surgically implanted electronic device that provides a sense
of sound to a person who is severely hard of hearing or profoundly deaf. While it
does not restore normal hearing levels, it can significantly benefit users by providing
access to sound. This enables people to acquire and understand spoken language
and to speak intelligibly.

Cochlear implants were first developed in the 1970s, and were initially provided to
deaf adults. Overseas the first child received an implant in 1980. An New Zealand\the
first child received one in 1986. K (4 /\ /

//Ak;» U
Disability Support Services (DSS) within the Ministry of Healtb/, the Mmlstry) currently
funds a cochlear implant in one ear for eligible infants, chkdren and adults The™
Ministry’s position has been that one implant is highly effective in ach&evmg the goal
of ensuring a person can hear effectively and for most ‘children to- deveJop their
language skills at the crucial early stage. The Mmlstry has chosen unllateral over
bilateral implantation to ensure that the maximum number of. people who could
benefit from a cochlear implant (chlldren and\adults) are. ab! Lfrecelve one.

The Ministry’s Disability Support Servxcesw however aware that there is now a
body of research indicating there may. be some addltlonal benefits from bilateral
cochlear implants over unilateral cochlear 1mp|aqts As a result, many countries
have changed their policy in faVQur of fundmg bﬂateral cochlear implants. Disability
Support Services has therefcre asked the Dlsablhty Policy Team of the Ministry of
Health to undertake a revuew of ex13tm : ‘|dence to inform future decisions on New
Zealand’s cochlear |mplant/po||cy g

As noted ln‘the mtrodu ction New Zealand’s policy is to fund a cochlear implant in
one ear for- ehglblef mfants ‘children and adults. The eligibility/referral criteria for
children to recetveaumlateral cochlear implant in New Zealand are:
/) \)
o Chlldr{en wbo have recently suffered from meningitis which has caused a
eensorlneural hearing loss should be referred urgently following diagnosis

o Chlldren who have a bilateral severe hearing loss or worse, from 1 kHz to 8
kHz on ABR testing, or on an unaided test

e Children with limited aided speech information above 2 kHz (as seen on
speech-mapping)

e Children with a severe reverse sloping hearing loss or worse, or those whose
speech and language is not progressing adequately

' Medical Definition of sensorineural: of, relating to, or involving the aspects of sense perception
mediated by nerves <sensorineural hearing loss>

M;mstry of Health, April 2014 Page



e Children with auditory neuropathy spectrum disorder who are not progressing
in their speech and language development

e Children older than three who are referred should have documented evidence
of difficulty developing oral language

e Children over the age of four with no oral language will be considered and
discussed only on a case-by-case basis

e A child older than five with no language is unlikely to benefit from a cochlear
implant 7 N

P A/tw/) > /f {\\ N

e Children who have not heard and are over the age of f)ve are nothkely\L o)
benefit from a cochlear implant or achieve oral aural commumcationand

2.2 Service elements and costs

The funded cochlear implant service, WhICh

includes:
o The assessment
e The device (an implanted- electrode a
externally) PZNNY)
e The surgery e \ /
e Audiology . (&= ;"
J Mamtenance and support
)
° Rehabmtatlon for adults or\habllltatlon for children
o DeVIce re‘placement

The funded ‘ervxce mcludes follow- up services such as replacement sound
processors: These fo’llow-up services ensure the cochlear implant works well
throughout the. Wearers lives.

For chlldren,/the\fun%led service also covers the cost of any repairs, batteries or
spare partS\for their speech processors. Adults (aged 19 years or older) do not have
these cosisj covered.

7

The 2013/14 Ministry budget is $7.388m per year for cochlear implants and
associated costs. This equates to:

e 40 cochlear implants for adults
e 30 cochlear implants for children and
o 16 cochlear implants for babies.

Ministry of Health, April 2014 Page



2.3 Service providers and waiting lists

There are two organisations providing cochlear implants in New Zealand. The
Southern Cochlear Implant Programme has funding from the Ministry to provide 23
implant systems for children each year. In 2012/13, however, they only received 19
referrals for children so they reallocated the remaining 4 implant systems to adults.
The Southern Cochlear Implant Programme also provided an additional 10 privately
funded implant systems for children.

The Northern Cochlear Implant Trust received funding for 24 implant systems for
children in 2012/13. All 24 were allocated to children. They funded 6 private N
cochlear implants for children, which were all for bilateral lmplants Children do not
have to wait for an implant and adults wait on average 2 years : ;

2.4  Early infervention

The Ministry recognises that to develop speech and’ a\}nguage Chlldren need
adequate auditory input as soon as p033|ble § earlng Ioss should be dlagnosed soon

screened each year through the/hearmg progra \me \Elf a cochlear implant is to be
implanted, it is preferable that thrs§>done before 12'months of age.

Since 2009, some. peop]e Who have\losttherr hearing because of meningitis have

had two implants’ funded by the* Ml stry "This policy was implemented as it was
becoming clear that ln/many cases.of severe or profound deafness following
menmgltrs subsequent cochlear ossrﬂcatron (where the cartrlage in the ear hardens

2.6 Un/latera/ cochlearxlmplam‘s in New Zealand

SN\
There are currently\t 000 cochlear implant users in New Zealand and around 270 of
those users are chrldren Currently, 46 of those users are under five years of age.
Some of those users have received bilateral implants through private funding.

( SN W
Umlateral cochlear implants have been implanted in children and adults in New
Zealand and internationally for many years and have become the standard of care
for children with severe-profound hearing loss in New Zealand. The evidence
suggests that if implanted early with a single cochlear implant, pre-lingual children
have good language outcomes and post-lingual children and adults regain useful
hearing and communication. Developments in technologies over recent years mean
that individuals can hear better in noise, listen to music, and use their processors
during sporting activities. However, a unilateral cochlear implant wearer with severe-
profound hearing loss in the non-implanted ear still can experience significant
difficulty understanding soft speech or speech in noisy environments, difficulty
locating sound in groups, or the direction of speech/noise.

initry of Health, April 2014 Page V



2.7  Focus of evidence summary

This evidence summary looks at three main aspects of the existing national and

international information and research regarding cochlear implants in children and
adults:

e What different countries offer to profoundly deaf and hard of hearing infants
and children (Section 3)

e The findings of the international literature on the impact bilateral cochlear
implants have on different aspects of hearing and oral language (Section 4)

%
e Conclusions regarding the policy implications of the fmdmgs from the /\/
international literature (Section 5). ~ % “\

3. INTERNATIONAL COCHLEAR IMPLANT POLICY & PRACTlCE«,,\

The first part of our evidence summary looked bneﬂy at>

offered to profoundly deaf and hard of hearmg:nfants and chlldren m regard to
cochlear implants. / :

Countries such as the United Klngdom Ireland Ca\nada and Australia all now
implant bilaterally for infants-and. children /ln some countries certain adults are also
eligible, for example adults wﬂw;ddltlona’l \ :

inistry of Health, April 2014 Pag



Provision of bilateral cochlear Provision of unilateral
implants for children cochlear implants for
children

e Argentina e Cuba
e Australia (mix of insurance New Zealand

@
and small govt funding) e Saudi Arabia
Canada e lran

e

Cyprus Libya
Japan Taiwan
Norway e Japan
Sweden

Switzerland

UK

ltaly

Denmark

France

Holland (insurance)

[celand

Ireland

Belgium

Germany

Singapore — via insurance
Spain TN
USA - via msurance AN

® © © © © o e ©® © o ©

® © e ©

A report into worldwide tren s in brlateralgcochlear implants (Peters et al 2010)
reviewed implant manufacturers databases ‘which indicate that in 2010 there were
4986 children (0-18 years) worldwrdexwrth bilateral implants. The same study also
estimates that 78- percent of worldwrde bilateral implantations are for children. The
age group three ten.:years are the most highly represented group and it is more
common fcrr |ldren under three years to receive simultaneous bilateral operations
(on both\ea $.0 n'the sam day) than for the group of children aged three-ten years,
who are’ more Ilkely/to recerve a sequential bilateral implantation (one operation on
one ear followedet a Iater date by a second operation on the other ear).

Highlights of pohcy and practice in selected countries are as follows:
740

3.1 Ireiand S

The Insh\Government is introducing a new sequential bilateral cochlear implant
service to benefit unilaterally implanted children eligible for a second implant, and
simultaneous implantation for children who are born profoundly deaf from now on. In
2014 around 100 children are expected to benefit from the additional cochlear

funding (3.2 million euros), with 50 sequential and 50 simultaneous bilateral cochlear
implants to be fitted.



The Irish National Cochlear Implant Center (NCIC) in Beaumont Hospital estimates
that around 200 unilaterally implanted children may be eligible for a second cochlear
implant at the moment?.

3.2  England and Northern Ireland

In 2009, the United Kingdom’s National Institute for Health and Clinical Excellence
(NICE) recommended that all suitable children have simultaneous bilateral cochlear
implants, or a sequential bilateral implant if they had received the first before the
guidelines were published. NICE Guidance® is issued as follows:

Simultaneous bilateral cochlear implantation is recommended as an option for:

1. children
2. adults who are bhnd or who have other dlsabxll’ues that in

3.3 Austrana '

In Austrahg;the funding for cochlear implants is a combination of private and public

funding. A cochlear implant costs between AUD$25,000-$30,000 for the surgery and
implant.

Private health insurance generally covers the cost of the implantation with the
exception of the excess charges. However, there is often a ‘gap’ charge applied that
can be up to a few thousand AUD dollars.

http Ihwww.irishhealth.com/article. html?id=21851
http Il nice.org.uk/nicemediallive/12122/42854/42854. pdf
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Sydney Cochlear Implant Centre (SCIC) receives funding from the NSW Health
Department for a limited number of cochlear implants for public patients (around 45
per year).

In terms of bilateral implantation, a paper developed by the Western Austrian Ear
Nose and Throat Advisory Group in 2011* noted that bilateral implantation is the
treatment of choice in paediatric patients with bilateral severe to profound
sensorineural hearing loss who are unable to obtain bimodal benefit. Only those
patients who have suboptimal outcomes or special cases e.g. meningitis, mondini
are considered for second / bilateral surgery.

The group noted that the situation is inequitable and recommended that fundlng is
increased to allow for more bilateral implantation. N

3.4 Canada

who meet the requirements.

2
Cochlear Implant Program in Canada - for chﬂdre J

/ #
LN A

The programme also provrde

Transportation costssaccommodatlon and meals for cochlear implant clients are the
responsrblhty of the mdrvrduals However some financial assistance to cover part of
these costs- may be avallable through the government’s Medical Transportation
Assrstance Prograr >

3.5 Develop/ng\oo@tnes

n{any developing countries are still receiving unilateral single-channel
cochlear lmplants ‘as the cost of manufacturing the multi-channel processors, which
are the/ standard in developed countries, is too prohibitive. It is estimated that of 1
million chﬂdren in India with profound hearing loss only 5000 have received a
unilateral cochlear implant.®

4 http Ihwww . healthnetworks.health.wa.gov.au/docs/1301_CG_AdultCochlearimplantation. pdf
® http://www.dnaindia.com/money/report-costly-cochlear-implants-beyond-reach-of-masses-1409419




4. SUMMARY OF FINDINGS RE BILATERAL COCHLEAR IMPLANTS

A bilateral cochlear implant provides individuals with access to sound information
from both ears. They may improve speech perception in quiet and in noise, as well
as sound localisation, along with other benefits which are discussed below.

The William House Cochlear Implant Study Group® released a position statement in
2008. The group strongly endorses bilateral cochlear implantation in clinically
appropriate adults and children and states that bilateral cochlear implantation is now
considered as accepted medical practice.

The evidence indicates that when hearing with two ears, sound quality and speech
perception is improved with main improvements being seen when;background ‘noise
is present Itis a|so easier to |ocate the source of a sound W nj;locatmg sound -

localisation ability allows the listener to locate sounds i ina group of sound; r n“the
environment. Speech perception is also much |mproved with two ears: ‘as the brain
can better process the signal. Because the srgna! |s combmed rtr ‘also louder,
making it easier to process. .

found:

4.1 Hearing in Noise

The evidence gathered in the: re\new suppoﬂrtsﬂ' e\
implants provide benefits to. heanng in nmsy\envrronments Dunn et al (2010) also
concluded this while a nu’mber of other studres» also support this argument. These

studies include:

e BondM et al (2009) who fou nd- ‘rhat overall the strongest evidence for an
advantage from bllateral over inilateral implantation was for understanding
speech in. norsy condrtrons

/ \\//

° C\u 'ng J F et eu (2012) who noted that the benefit of bilateral vs unilateral
cochlear |mplanta’uon to be speech perception in noise and the study found
that in Of tlmal conditions, the benefit can be much larger than reported in
earlren stud ies:

,,,;\\// \/

e ForirE\et al's (2011) systematic review of the clinical effectiveness of the
cochlear implant procedure in children found that compared to unilateral
cochlear implant, bilateral cochlear implants offer advantages in terms of
hearing in noise and sound localization.

e Lovett R E et al (2010) found that compared with unilateral cochlear implants,
bilateral cochlear implants are associated with better listening skills in severe-
profoundly deaf children.

® William House was a medical researcher who developed and is widely recognized as inventing the
cochlear implant.



o Vincent C et al (2012) also noted that bilateral performance was significantly
better than unilateral cochlear implantation on speech perception in quiet and
noise.

e Strom- Roum et al (2012) ‘Comparison of bilateral and unilateral cochlear
implants in children with sequential surgery’ found a small but statistically
-significant improvement in speech recognition with bilateral cochlear implants
compared with a unilateral implant. A major increase in speech recognition
occurred with the second cochlear implant during the first year.

e KimL S etal (2009) investigated the impact of bilateral cochlear |mplantatlon
use on speech perception in quiet and noise. The par’ncnpants of the study
underwent testing from 4 to 28 months after actlvatlon@f bll\ateral hearmg \
The study found substantial benefits in speech perce t»on in both noxse; @nd
quiet. 7 ,

4.2  Localisation

Two cochlear implants can help the user to |den‘ufy whether aj sound is comlng from
the left or the right. Some studies suggest that true: bmaural processmg does not
occur with bilateral cochlear implants wearers and while: ‘they can accurately
lateralise sound from the left or the rlght they remam unable to identify the dlrectlon

head. \w‘

According to Lovett R E etal (2010), on averag t;bllaterally -implanted children
performed significantly bettervthan umlaterally implanted children on tests of sound
localisation and speech fperceptlon in noise.. Bllateral implantation was associated
with increases in accura o? sound: Iocahsatlon

‘ﬁ7
/

Strom-Roum, H et a’ )12) study,sm)w’ed that sound localisation with two versus
one cochlear lmplan’t in children with-a sequential bilateral cochlear implantation was
significantly improved after 24 months (but not 12 months) after the second
implantation. The study also noted that a shorter inter-implant interval showed a
small butmgmﬂcant bemefcxal ‘effect on sound localisation.

Vincent C et al (2012)¥a s0 noted that localisation was significantly better in bilateral
cochlear lmplanted\@arers over unilateral cochlear implanted wearers. This study
concludes. that bilateral cochlear implants are more beneficial than unilateral
cochlear lmplants in children.

4.3 Speech Perception

Speech perception abilities of children with cochlear implants have been studied
using various measures in quiet and noise:

o Johnston et al (2009) looked at thirteen studies and eleven of them found
significant improvement in children’s speech perception in noise. These
improvements were due to head shadow effect and to improved ability to
concentrate on sound from one ear over another.
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e Lovett et al (2010) found that in speech perception tests children with bilateral
implants performed significantly better than children with unilateral cochlear
implants.

o Steffans et al (2008) noted that improved speech perception is linked to
shorter periods of hearing loss in the second ear, suggesting that the interval
between first and second implant should be reduced where possible.

4.4  Communication skills

A second cochlear implant has been shown to improve language acquisition. The
combination of directionality, hearing in noise and being able to/rkear more can | ad
to children speaking more quickly and more clearly.

Boons, T. et al. (2012) found that the use of bilateral cochlear/ mp ants is-ass @raﬁed
with better spoken language learning and the interval betw een the first and\second
implantation correlates negatively with language scores.. N N \S

QN 0
Geers and Nicholas (2013) looked at Whether the/age of rmplantatron rs\an important
cochlear implant between 12 and 38 months Qf age/T he stud\y\aﬁso looked at the
advantages of receiving a bilateral cochlear rmplan’r after4. 5\years The study found
that age-appropriate spoken language: skriIS\were moref \lely ‘the younger the age of
implantation even after an average of. 8 6 years of addrtrohal cochlear implant use.
Receipt of a second device between the,ages of\4\and\10 years, and longer duration
of device use, did not provide, srgnrfrcant added, berreﬂf

///\\\\// . "\(\\X
Tait M, et al (2010) compared th}a preverlgal ccnﬁmumcatron skills of two groups of
young implanted chrldren those Wrtl\unrla’reral cochlear implantation and bilateral
cochlear rmplanta’rron Thegroups were. measured before and after rmplantatron
Before rmplantatron there was no, srgnlflcant difference between the group’s
preverbal commurucatrbn skills. Frndmgs suggest that the profoundly deaf bilateral
cochlear lmplanted chrldren\are srgmfrcantly more likely to use vocalisation to
communrcat ‘and- to usecau\eltlon when interacting vocally with an adult, compared
with the un/ralerally lmplan? ‘children; independent of age at implant and length of
deafness N

Boons T et al, @/OTQJ\Eﬁect of paediatric bilateral cochlear implantation on language
developme/n? fcr@d ‘that children undergoing bilateral cochlear implants performed
srgnrfrcaﬁtly\better than unilateral cochlear implants in receptive and expressive
language tes@ This was a case controlled, frequency matched, cross-sectional,
multi- cen\tre/study with 25 unilateral cochlear implanted children and 25 bilateral
cochlear implanted children. The children were retrospectively selected from a
sample of 299 children who all underwent cochlear implantation before 5 years old.
The groups were matched with great care on 10 auditory, child and environmental
factors so the difference can mainly be attributed to the bilateral implantation. The
use of bilateral cochlear implantation is associated with better spoken language
learning. On expressive language development, there was an advantage for
simultaneous implantation compared with sequential implantation. The interval
between the first and second implantation correlates negatively with languages
scores.
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4.5  Educational attainment

There has been little research conducted which looks specifically at educational
attainment of children with bilateral cochlear implants. Older reports do exist on
educational outcomes for children with unilateral cochlear implants; however, many
of these studies were excluded because they were over 5 years old. Fitting cochlear
implants during the early years of a child’s life means that school age children enter
mainstream education with language skills that are the same, or similar to, their
normal hearing classmates.

A study by A Geers (2008) ‘Long-term outcomes of cochlear implantation in the
preschool years: From elementary grades to high school’ suggests that the posfuve
effects of cochlear implants will not necessarily be maintained {(hroughout th; hlld S
whole schooling. The study noted that ‘early cochlear mplantahoﬁ had a long-term\
positive impact on auditory and verbal development, but dld no’c result in age\\/
appropriate reading levels in high school for the majorlty of students j fm

. N

The Ministry already provides habitation services, and oengoing support\s\ewlces for
children who receive unilateral cochlear lmplantS/ Bllaterally lmplanted children are
also likely to require ongoing support in an egiucatlonal settmg \,/

N

AN ‘\/
IMPLICATIONS OF IMPLANT - 1\\;‘/ \v“\J
\\\ - WY
4.6 Impact of early implantation and z‘/me betvveen\fmpfant

The National Institute for Healt!)fand Chmcal ExCeIlenVce (NICE 2007) recommended
simultaneous bilateral cochlear. lmpiantatlon as anbptlon for three particular groups
of patients with severe to prbfoumi/deafnessQNho do not receive adequate benefit
from acoustic hearing alds;pre lngual ﬂl dren people who are blind and people at
risk of cochlear OSSIf{catldn ) < \,\ NS

7 \ f\/ (\ \)

Boons, T. et al. (2012)\fpund that.the interval between the first and second
implantation, correlatés negatlvely\wﬂh language scores. A shorter interval between
both lmplantations Was related to higher standard scores. Children undergoing
snmultaneous Co”chlear mplantatlons performed better on the Expressive Word
Development»\Test j.hén\c\:hildren undergoing two sequential cochlear implantations.
On expressive languag -development, the study found an advantage for
smultaneous/cojngared with sequential implantation

%
Scherf F etfalt\\(2609) looked at 35 children with sequential bilateral cochlear
lmplantsﬁafter three years of use. Children were assessed before the second implant
and at’ vanous Vintervals afterwards. Bilateral cochlear implants offered advantages to
all chlldren/compared to the first implant even in the children who received the
implant after the age of six. The speech recognition outcomes in quiet and noise also
improved for all the children after 36 months. However, a linear regression analysis
suggested a beneficial effect of younger age at first implantation on the speech-in-
noise results. Older children require a longer time horizon to gain similar benefits,
however older children still obtained similar results after two years of bilateral use.

Strom-Roum et al (2012) found a shorter interval between the two implantations
resulted in better speech recognition with the second implant. The same study also
found no definitive point at which the second implant could no longer add positive
effect.
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Older children do benefit from bilateral cochlear implants but to a lesser degree than
younger children.

4.7  Sequential vs Simultaneous Implants

Speech perception

There is evidence to suggest that the benefits of bilateral cochlear implants are
greatest when there is limited time delay between implantation. Gordon and Papsin
(2009) found benefits of short inter-implant delays in children receiving bilateral
cochlear implants. The study looked at speech perception skills in quiet and noise in
children using bilateral cochlear implants to assess what impact the duration of .
bilateral deafness had and the effects of inter-implant delay. The }udy found that
children who were good cochlear implant candidates were able to- ‘achieve better
speech perception scores in the bilateral versus unilateral- rrnplant condrhons when
the delay between the first and second implant was less/than 12 ‘months’ ancl no
more the 2 years. > N \

// N ‘J N
I ,\ S

Galvin et al (2008) suggests that if implanting seqUentlally we can expect better
results in speech perception and Iocallsatlon whe' ithere is a shorter”crme between
the two implants. N W

”& \\\,

Sparreboom M et al (2011) looked at sequentlal bllateral\cochlear implants in 29
children. Benefits of bilateral cochlearlmplant were pr sent “after 6 months of use
and continued to improve over time. Benefits were«[e‘co‘rded for speech perception in
R
quiet and noise and after 24 mogths of use, speec perceptlon in noise had
significantly improved for brlateral cochlear pahenfs This study suggests that the
longer a wearer uses the’ bllateral cochlear lmplants the more benefits the wearer
gains over time. N :i\ VY :\/;, N

5

N, // S
Strom-Roum et al- (2012)\found no-d lm’uve point at which the second implant could
no longer add posrtlve effect. How ] Ier “this is not in keeping with all of the evidence
reviewed. Some oﬂ;er evidence suggests that children with simultaneously
lmplanted bllateral cochlear lmplants demonstrated an advantage over children with
sequentlal/molants N /\\§“

N,

Scherf F et ‘al 200\9/studled 33 children using the Wurzburg questionnaire for
assessing quality: of\hearmg in children and the Categories of Auditory Performance
(CAP) test. Thls/found that Children with second implant after 6 years of age had
lower Wurz\burgahd CAP scores than those planted before that age.

Audltorv pathwavs

A recent study by Gordon KA et al (2013) looked at the impact of unilateral cochlear
implants on the bilateral auditory pathways and whether those pathways, once
developed, can be reversed by restoring hearing to the contralateral ear. The study
found that there was abnormal strengthening of the pathways from the stimulated
ear as a result of the loss of contralateral activity including inhibitory processes which
are normally involved in bilateral hearing. This occurred within 1.5 years of unilateral
hearing and it was not reversed by 3-4 years of bilateral cochlear implant use. This
means there is a sensitive period for strong asymmetry in hearing and the brain
reorganizes towards the hearing ear and that puts the deaf ear into a disadvantage
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in the long term. Therefore the bilateral auditory input should be provided with as
limited a delay as possible. Smulders et al (2011) provides evidence that
implantation before the critical age of 3.5 years of both implants is important for
binaural pathway development.

Gordon K A et al (2011) looked at the optimal timing for bilateral cochlear
implantation for children and found that bilateral deafness should be limited to avoid
the auditory pathways reorganising. After a long period of unilateral cochlear implant
use this study suggests an asymmetry in the bilateral auditory pathways results that
is significantly more pronounced than in those children who receive bilateral implants
simultaneously. Behavioural responses to level and timing differences between
implants suggest that binaural cues are not being processed normally by chxldren
who receive a second implant after a long period of unilateral. cqchlear lmplant>use

and at older ages. \/ N4 \\\ N
. SNV { “
Spatial cues AN \;,> \ >

\\
R s

A study by Chadha N K et al (2011) showed that chlldren Wlth smultaneous implants
were able to use spatial cues to improve speech’ d e’tectlon in nmse and this was
significantly better than in the sequential group.- AlsoDoweH R C et Jal (2011) found
that outcomes for children using bilateral cochiear lmplants are\far more favourable
and the benefits may be maximised if the\chﬂd recelvesboth dev:ces before the
ages of between 3.5 to 4 years. \ : >

Pre-verbal communication:

e \ g . N
Montino et al (2011) looked/at//pre verbal cemqwumcatlon skills in children, and found
that children with simultaneous bﬂateraLcoch ear implants had better auditory
awareness than chlldren WIth a umlateral n‘hplant Smulders, et al (2011) undertook a
systematic review of* ev;dence lookm@ at the effect of time between sequential
cochlear |mplantatlon on heanng The: evndence from that study suggests that a
second lmplant canf, il be benefiCIaI/aven where there is a substantial interval
between sequehhalﬁmplan’rahons but results are not as positive as simultaneous.
Seven of the studres looked\speclﬁcally at pre-lingual deafened children. None of the
seven studie§ mentloned a negative impact on sound localisation, but two studies
reported poorer results after an extended implant delay on speech intelligibility in
noise and one study Lep\orted poorer results after an extended implant delay on
speech mtelhgt Jh’ty in qUIet That study noted that more research was needed to be

,,,,,

A conceﬁwnh sequen’ual implantation is that not all children who receive their
second lmplanthll become full time users. Some children who have had their initial
implant for a long time may reject their second implant. According to Galvin and
Hughes (2012) 95 percent of those implanted simultaneously used both their
implants full-time after 2 months compared to 70 percent of those implanted
sequentially. The study recommends that pre-operative counselling needs to include
potential adaptation difficulties and issues such as negative influence of age and
time between implants.

4.8 Risks
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There is significant risk that the surgical procedure of implanting the electrodes in to
the cochlear will destroy any residual hearing in the implanted ear. This means that
in the future it will not be possible for the child to revert to using a hearing aid or any
other future technologies in that ear. Medical advancements, future technologies and
developments are yet unknown, but parents should be aware that cochlear implant

surgical procedures have will prevent uptake of future technologies if they become
available.

Children and adults can still benefit from advances in cochlear implant technology
through new electrode designs and processors upgrades.

A recent study by Anagiotos, A and Beutner, D (2013) “The impact of blood loss
during cochlear implantation in very young children’ looked at the Jntraoperatlve
bleeding during cochlear implantation of very young chlldren\”‘The\study rev(eweé{ 14
implantations of children under 16 months retrospectively. it cench(ded that .
‘intraoperative bleeding should be taken into account dunng the decision. for- a
simultaneous bilateral implantation’. However, s:multaneous b/lateral /mp/ant surgery
is conducted in the same amount of time as un/Iateral surgery ancT reduces the risk
of a child requiring two anaesthetics. < /:; PANY

\ '\ N

\ \\)

7 ’/ \\
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ihowever accorcgmg to Loundon, N
(2010) major complication rates appearfto be relattvely low at around 24 patients out
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of 434 (5.5%) experiencing major comphca’uons These;Were recorded as:
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In the same study 1 9 (4 4%) mln@r comp//cat/ons were recorded. These were
recorded as/ NN

soﬁ-}txssue mfec’uon/(5)
persistent: ot(us medla (4) and

facia /peﬂsy C!)

Compklcatxgns\ted to re-implantation in 13 of the 43 patients (30.2% of patients who
had a mmor or major complication). The overall re-implantation rate was about 3%.

\,/

® © o O

A recent audit was carried out on bilateral paediatric cochlear implantation in the UK,
using data from 14 surgical centres including simultaneous and sequential
implantations. The study reported on age at implantation, aetiology of deafness,

implant type, duration of surgery, use of electrophysiological testing and the use of
pre and post-operative imaging.

Details of major and immediate minor complications were also recorded. Over 400
bilateral simultaneous, 394 bilateral sequential and 131 unilateral cochlear implants
were carried out across the 13 surgical centres.
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Gordon K A and B C Papsin (2009) observed that sequential implantation caused
children and families additional concerns as compared with simultaneous bilateral
implantation. Parents of children bilaterally implanted sequentially found the decision
to have the second implant more difficult than the first particularly when the child was
functioning well with the first device. Some families of children found that having two
surgeries within 1 year in combination along with necessary appointments for
activation of each implant represented a considerable additional burden of time,
anxiety and expense. To compound the problem, many of the children in this group
received their first implant as infants and their second as toddlers. Families were
surprised with how much more difficult it was to prepare their child for the second
surgery and care for them in the recovery period, compared to the first.

/\

) // <
4.9  Identity \\/\//> . /) \\>
¢ \ o ///> / N

There has been some concern raised from within the Deaf Ccmmumty regardmg the
concept of deafness being something which needs fo be cured> through the use of
cochlear implants and the i tssue of bilateral cochlear- tmplants in chlldren has been
raised as a particular worry’. Concerns have been raised about the\very>young age
at which deaf children are undergoing cochlear 1mplant>surgery ana the fact that
parents and guardians do not have access to/fullf hd accynate mformatlon about the
implication of deafness for their children's lives. ,,shouldbbeﬂno’ced that this is not a
concern unique to bilateral cochlear lmplants,\ltvhas been ralsed as an issue for
many years regarding unilateral lmplants \\ N

\\ / N O i
There is a sense that the hlstoryxculture and lang lge (31gn) of deaf people and
what deaf people can achieve Irksouety is | no‘ ing considered and may be eroded.
There is also concern that the! m@Jonty of deaf chlldren are born to hearing parents.
These parents need sufﬂmen‘c mformatxon avajlable to ensure they are able to make
informed choices that recogmse Deaf. cu(ture From this perspective being deaf is not
a disability and it. IS possnble to lead\ \happy and productive life without hearing or
spoken language\ <In/terms of preservmg identity and choice, the child can chose to
turn off the lmp]ant lf/they ant to be deaf, but they wouldn’t be able to get the same
benefits ofthe lmplant |ater m llff if they were not implanted as a child.

N
//‘\x \//

A study byﬁRlch S etal (2|j 3) looked at 12 teenagers with cochlear implants and
asked how they@ope Jn ‘$chool, society and with their self-identity. At school, some
reported better a;:hlevements than others, but they all expressed some difficulty
functlonmg Jn class malnly in situations involving several speakers. From a social
point of ) v1ew some reported a preference for association with normal hearing peers,
whereas otheps favoured hard-of-hearing friends, and one had no preference. On the
topic ofself-ldentlty, one participant referred to herself as deaf, eight defined
themselves as hard-of-hearing, and two considered themselves hearing.

The study suggests that some cochlear implant recipients have both hearing and
deaf identities, which will be activated and expressed in different situations. A one-
on-one conversation in a quiet setting is more likely to evoke the hearing identity,
while doing an activity where the processor may need to be removed (such as

http /iwww.deafau.org.aufinfo/policy_cochlear.php

® http://www.theatlantic.com/health/archive/2013/08/understanding-deafness-not-everyone-wants-to-
be-fixed/278527/
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swimming) will evoke the deaf identity. In some cases, such as going out with friends
in the evening, cochlear implant recipients might feel both hearing and hard of
hearing at the same time.

Wheeler et al (2009) also reported ambiguity in responses of their adolescent
participants as to whether they saw themselves as deaf or hearing due to mixed
experiences, according to the situation. It is possible that the cochlear implant
intensifies the experience of incongruous identities. A deaf person is deaf in all
communicative situations, but an early implantation allows youngsters close to
normal functioning in many, but not all, situations. Therefore, two incongruent

identities may develop in parallel and come in to play in their respective appropriate
situations. > 7
//\'/»> \/ \
Bilateral cochlear implants may result in children feeling like they do’not truly\tfelong
in either deaf or hearing culture. If they have not been glven the opportumty tO\le;.arn
sign language, this may further exacerbate their dlfﬂculhes m 'feelmg they, afe a part

of the deaf community.

5. CONCLUSION

The evidence suggests that there are same\beneﬂts over- umlateral cochlear
1mplanta’uon that can be derived by. prowdmg bllateralcochlear implants to chlldren

<f <\\J\ ,';5:\‘3 =
e Hearinginnoise > ) - \:J\(’l?;\ '
o Ability to locate dlrectren Qf sound/ 0
N5\ |
o Better spoken Ianguage/ Ve } )/

ltis also lmportan’t to consxder the func’uonal benefits of bilateral cochlear implants.
Reduced hstenmg eﬁ“ort with two versus one cochlear implant (Hughes et al 2013)
and the posmve lmpact of | bmaural hearing for bilateral cochlear implant users

(Schafer/EC et/al 201 1\& Mok«et al 2010) are some of those benefits. The wearer

also has the posmve\qupact of hearing more clearly due to increased volume.
0 \ \/

Not all eV|dence around ‘educational attainment and quality of life is conclusive and

and/or may be hmlted
/

Age apptopnate spoken language outcomes are more likely the younger the age of
the lmplanfat!o’n even after long term use. The receipt of a second device after the
age of four/years did not provide significant added benefit in terms of spoken
language outcomes. On expressive language development there is an advantage for
simultaneous implantation compared with sequential and the interval between the
first and second implants had a negative impact on language scores.

Overall, the benefits of bilateral cochlear implants are increased most with limited
time delay between implants and simultaneous implants are linked with better
outcomes than sequential. Recent research into how auditory pathways develop in
children with unilateral cochlear implants suggests that the strengthening of the
pathways from the stimulated ear occurs after one and a half years of unilateral
cochlear implant use. It is not reversed after four years of bilateral cochlear implant
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use. This evidence suggests that there is a sensitive period for asymmetry in hearing
though individuals with sequential implants may still derive benefits from the second
implant. Evidence suggests that sequential implants ought to be implanted earlier to
achieve maximum benefits.

6. METHODOLOGY OF EVIDENCE SUMMARY

6.1 Overview

The Ministry of Health Disability Policy Support was asked to summarise the P
evidence on bilateral cochlear implants of children under the age of 18. A systemahc
literature search was conducted to find out available evrdence on thefol!owmg \>

o As compared with unilateral cochlear implants do: bllateral lmplantsfor hearmg
loss improve: detection of sound, perception and/ot produc‘uoh of speech

ability to hear and speak in noise and/or to separate background\nmse ability
to reach educational goals N

implant, duration or degree ofdea?ness age at\flrrfplant

t and is there evidence to,suggest‘chat sxmultaneeus implantation provides
nfi N

The Reference lerarlamat the Mmlstrysof Health Library conducted separate

searches on each of the 4 aTeas abqve\von behalf of Disability Support Policy.
( RN N .

A broad search strategy was ad@pted\tmﬂnd articles in peer-reviewed journals
published in the Iast ﬂve years (from 2013) that met the above criteria. Boolean logic
was used {o’ search/OVId MEDLINE® In-Process Citations, Adapted for Cochrane,
Embase,Scoldus ERIC; Mosbys Index, Psych Info, Sociological Abstracts and
Google. Schciar The searches carried out for the above are attached at Appendix 3

\
A search of relevantgre} hterature was also carried out and resources published on
NGO websntes/thaﬁsmet the search criteria were also considered. The search

/ \

focused ony” . <

N
° h1ghe?«grade research, such as randomised controlled trials, where this was
ayax!able
peer—reVIewed journals, although not all of the material meets this criterion
systematic reviews, health technology reports and journal articles
lessons from these studies, where they are based solidly on the evidence
evaluations of programmes that are already running internationally.

® © o o

6.2  Eligible Studies

The following studies were eligible for inclusion in this evidence summary:
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o Studies designed to allow a comparison of outcomes or harms between
bilateral cochlear implants and unilateral cochlear implants

o Studies exploring the relationship between unilateral Cl, Unilateral CiI plus HA
and Bl and the outcomes as set out in question one

o Studies exploring the safety and effectiveness of Bl, looking at criteria set out
in question two

o Studies assessing outcomes following implantation of second Cl

o Studies assessing impact of gap between first and second,i‘mplant

e Studies assessing negative impacts of implantation of second devnce and any
adverse effects attributed to bilateral Cl plus any predlctors of harm’ at’mbuted
to bilateral CI. :

.
.
SON

6.3 Excluded Studies

e Studies over 5 years old (This t|meframe'\g|ves us access to the studies
leading up to and including the NICE review that took place in 2009, evidence
from which was included. |n our study however followmg the 2009 NICE
review the Ministry recognlses that there. has been a great deal more
evidence produced in this area. The- Mlms’cry wanted to be sure to capture
most up to date ev:dence and S0, opted to focus on evidence post NICE
review in 2009 o

e Non Enghsh Ianguage studles\ .
° Studies that only refer to adults

\

® Non Human/ammal tnals

6.4 lnternet se ‘\Ches

To find addmonal reports and papers of interest, a Google search was undertaken to
identify the webs:tes of government and non-government agencies, research centres
and orgamsatlons of interest that contained relevant information.

7. MATERIAL INCULDED IN THE SUMMARY REVIEW:

Comparator Results
Compare bilateral and unilateral speech recognition in quiet and in multi-source noise and

horizontal sound localization of low and high frequency sounds in children with bilateral
cochlear implants
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Q1 Sound detection and perception of speech

Study Sample: Sixty-four children aged 5.1-11.9 years who were daily users of bilateral
cochlear implants. Thirty normal —hearing children aged 4.8-9.0 years were recruited as
controls.

Conclusion of study: Group data showed statistically significantly bilateral speech
recognition and sound localisation benefit was small in quiet than in house. The majority of
subjects localized high and low frequency sounds significantly better than chance using
bilateral implants, while localization accuracy was close to chance using unilateral implants.
Binaural normal-hearing performance was better bilateral performance in implanted children
across tests, while bilaterally implanted children showed better locallzatlon than normal-
hearing children under acute monaural conditions. N

Summary: Horizontal sound localization accuracy was better Wrth brlateral lnput both with
the high frequency and low frequency stimuli. The majonty of subjects Iocallzed both stimuli

significantly better than chance using BiCls. NN N\

Comparator Results

Compares quality of life measures (hur3) befoé first CI before second Cl and after second
Cl

Study also examines cost utility analysrs but thrs has not been explored here.
Q1 quality of life T

Study Sample: Case control std‘dy on za*ibrrat'ere‘{r cochlear implant patients

Conclusion of study: Study found an rmprovement in quality of life with bilateral cochlear
implant. Using the HUI3 scoring system to grade QoL in participants before first Cl, before
second Cl and after second Cl. Average increase in quality of life after bilateral Cl was 0.48
units. The Mark Il Health Utility index measures changes in quality of life in eight domains:
vision, hearing in noise, speech, ambulatron dexterity, emotion, cognition, and pain. Table 4
shows specific changes noted in-each rndrvrdual after bilateral cochlear implantation when
compared with. unrlateral cochlear implant use for each of these domains. In addition to
obvious changes in hearrng in noise and improvements in quality of life associated with
these changes, addltlonal improvements in quality of life were noted in the domains of
speech productron emotron cognition, and pain. Eleven patients had improvement in
communication related to improved hearing in noise, while the remainder of patients had
rmprovements |n qualrty of life.

Summary

Comparator Results To assess the clinical effectiveness of Cl for children and adults with
severe to profound sensorineural hearing loss by answering the following: For severely to
profoundly dead people with a singular Cl (either Ul or Ul plus HA) is it effective to provide a
second Cl (i.e. Bilateral)
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Q1 Effectiveness of providing second Cli

Study Sample: A systematic review of the literature was undertaken according to standard
methods. A state-transition (Markov) model of the main care pathways deaf people might
follow and the main complications and device failures was developed. The clinical
effectiveness review included 33 papers, of which only two were RCTs. They used 62
different outcome measures and overall were of moderate to poor quality

Conclusion of study: All studies in children comparing one cochlear implant with non-
technological support or an acoustic hearing aid reported gains on all outcome measures,
some demonstrating greater gain from earlier implantation. The strongest evidence for an
advantage from bilateral over unilateral implantation was for understanding speech in noisy
conditions (mean improvement 13.2%, p < 0.0001); those receiving their second implant
earlier made greater gains. Comparison of bilateral with unilateral cochlear lmplants plus an
acoustic hearing aid was compromised by small sample sizes. and poor reporting, but
benefits were seen with bilateral implants. Cochlear lmp!ants lmproved children’s quallty of
life, and those who were implanted before attending school were more hkely to. do well
academically and attend mainstream education than those |mplanted Iater

Summary: YD

Comparator Results The authors studies the-effect of Cl on language comprehension and
production in deaf children who had recelved a Clin thelr second year of life. However,

more pertinent to this study, the authors also compared children with unilateral Cl to children
with bilateral ClI \ \ N

Q1 Educational outcomes 2

Study Sample: The authors. evaluated leXIcaI and morphosyntactic skills in comprehension
and production in 17 Italian chlldren who are deaf (M = 54 months of age) with a Cland in 2
control groups of chlldren with normal heanng (NH; 1 matched for chronological age and the
other whose chronological age corresponded to the duration of Cl activation).

Conclusion of study: Children with Cl appeared to keep pace with NH children matched
for time since: CI ac’uvatlon in: terms of language acquisition, and they were similar o same-
age NH chlldren in Iexu:al produc‘uon However, children with Cl showed difficulties in lexical
comprehension when a task required phonological discrimination as well as in grammar
comprehension and produc’non Children with bilateral Cl showed better comprehension
than did children’ with unilateral Cl; the 2 groups were similar for production. Conclusions:
Activation of CI in-the 2nd year of life may provide children who are deaf with a good
opportuhity to develop language skills, although some limitations in phonological and
morphological skills are still present 3 years after auditory deafferentation.

Summary:

'CVemparator Results To explore the prevalence and the perceived impact of tinnitus in
children using ClI

Q1 Quality of Life
Study Sample: 40 children (age range 3-15 mean 7 years) and their families were
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interviewed. Unilateral (21) and bilateral (19 — whose procedures were: simultaneous = 6
within 6-12 months=3 or >2 years apart 10. Tinnitus was reported by 38%

Conclusion of study: Tinnitus was most frequent in children aged 6-8 years (8/17 47%)
and bilateral impantees with in inter-procedural delay of at least 2 years (6/10 60%) Tinnitus
was least reported by those had bilateral implants and were implanted simultaneously or in
those 5 years or younger. No obvious relationship was identified between the prevalence of
tinnitus and the etiology of deafness, age of implantation or time elapsed since implantation.

Summary: This is the first study to report prevalence of tinnitus in children with Cls. Other
studies suggest that Cl reduced tinnitus. Further work would need to be done to look at this
area further before it would be able to be considered fully.

Q1 ksSound detectien in noise B

Study Sample: The model initially assumed that bilateral cochlear |mplantees had equally
effective implants on each side, with which they could. perform optrmai better-ear listening.
Predictions were compared with measurements of SRM using one and two implants with up
to three interfering noises. The effect of relaxing. the assumptlon of equally effective implants
was explored. Novel measurements of SRM for erght unilateral- lmplantees were collected,
including measurements using speech and noise at azimuths of + 60 degrees, and
compared with prediction. A spatial map.of- brlateral rmplant benefit was generated for a
situation with one interfering noise in anechorc conditions, and predictions of benefit were
generated from binaural room impulse responses in a variety of real rooms.

Conclusion of study: The model accurately predrcted data from a previous study for
multiple interfering noises in’ a varrety of spa’ual confrguratrons even when |mp|ants were

implantation was 18 dB. Predlctrons were httle affected if the implants were not assumed to
be equally effective. The new measurements supported the 18 dB advantage prediction.
The spatial map of predrc’ted benefrt showed that, for a listener facing the target voice,
bilateral implantees could enjoy an advantage of about 10 dB over unilateral implantees in a
wide range of situations. Predictions based on real-room measurements with speech and
noise at 1'm showed that large benefits can occur even in reverberant spaces.

Summary: In optimal- condrtrons the benefit of bilateral implantation to speech intelligibility
in noise can be much. larger than has previously been reported. This benefit is thus
considerably larger than reported benefits of summation or squelch and is robust in
reverberatron when the interfering source is close.

Q1 ‘speech perceptron in noise Compare speech performance in noise with matched
bilateral cochlear implant and unilateral cochlear implant only users

Study Sample: Thirty bilateral Cl subjects and 30 Cl-only subjects were tested on a battery
of speech perception tests in noise that use an eight-loudspeaker array.

Conclusion of study: On average, BCI subject's performance with speech in noise was
significantly better than the Cl-only subjects. The BCI group showed significantly better
performance on speech perception in noise compared with the Cl-only subjects, supporting
the hypothesis that BCl is more beneficial than Cl only.
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Q1 systematic review covering smultaneous and sequentlal

Study Sample: The following aspects were evaluated: post-Cl outcomes linked to precocity
of Cl; bilateral (simultaneous/ sequential) Cl vs. unilateral Cl and vs. bimodal stimulation;
benefits derived from Cl! in deaf children with associated disabilities. With regard to the
outcomes after implantation linked to precocity of intervention, there are few studies
comparing post-Cl outcomes in children implanted within the frrst year of life wrth those of
children implanted in the second year. SN

Conclusion of study: The selected studies suggest that chrldren |mplanted wrthrn the first
year of life present hearing and communicative outcomes that are better than those of
children implanted after 12 months of age. Concerning children rmplanted after the first year
of life, all studies confirm an advantage with respect to, rmplant precocrty, and many
document an advantage in children who received coch|ear implants under 18 months of age
compared to those implanted at a later stage. Wrth regard to bilateral Cl, the studies
demonstrate that compared to unilateral Cl, bllateral Cl offers advantages in terms of
hearing in noise, sound localization and dunng hearrng in a silent'environment. There is,
however, a wide range of variability. The. studies also document the advantages after
sequential bilateral Cl. In these cases; a short interval between interventions, precocity of
the first Cl and precocity of the second Cl are considered positive prognostic factors. In deaf
children with associated disabilities, the studies analysed evidence that the Cl procedure is
also suitable for chrldren wrth drsabrlrtres assocrated with deafness, and that even these

skills.

Summary: The studres demonstrate that compared to unilateral Cl, bilateral Cl offers
advantages in terms of heanng in noise, sound localization and during hearing in a silent
envrronment The studies also document the advantages after sequential bilateral Cl. In
these cases; a short mterval between interventions, precocity of the first Cl and precocity of
the second Cl are consrdered positive prognostic factors.

xperlence with bi atera coc ear imp ants improves sound localisation acurty in
children. A growing number of children who are deaf are receiving bilateral cochlear
implants (Cls) in an attempt to provide them with acoustic cues known to be important for
spatial hearing. A feasible and reliable task for children is the right-left discrimination task,
which enables measurement of the smallest angle from midline that can be reliably
discriminated.

Q1 Sound localisation

Study Sample: Ten children (5-10 yr of age) were followed longitudinally during their
transition from 1 to 2 Cls, with testing before bilateral activation, as well as 3 and 12 months
after bilateral activation. Testing at 3 and 12 months after bilateral activation was conducted
under bilateral and first Cl listening modes. During testing, stimuli were presented from an
array of loudspeakers. On each trial, the child reported whether the sound was to the right or
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left, with feedback. Percent correct was measured in blocks of trials for numerous angle
values.

Conclusion of study:

At baseline, some children were unable to perform the right-versus-left task, but group mean
MAA was 44.8 degrees. MAA in the bilateral listening mode improved to 20.4 degrees at 3
months and 16.8 degrees at 12 months after bilateral activation. No improvement was seen
in the unilateral listening mode. Bilateral performance was better than unilateral.

Summary: Spatial hearing skills in sequentially implanted children develop in an
experience-dependent manner, perhaps because of the ability of the auditory system to use
newly acquired electrical stimulation presented to the 2 ears.

>
/

Q1 spatlal 'hearmg skills in UCI and BiCl children

Study Sample: To measure spatial acuity on a rlght left dlscrrmmatlon\task in 2-to-3-year-
old children who use a unilateral cochlear lmplant (UCI) or bilateral cochlear implants
(BICls); to test the hypothesis that BICI users: perform srgnlﬂcantly better when they use two
Cls than when using a single Cl, and that' they perform better than the children in the UCI
group; to determine how well children W|th Cls perform compared with children who have
normal acoustic hearing (NH); to determme the effect of. intensity roving on spatial acuity.
Three groups of children between26 and 36 months of age participated in this study: 8
children with NH (mean age: 30. 9 months) 127 h|ldren who use a UCI (mean age: 31.9
months), and 27 children who use BICls (mean age 30.7 months). Testing was conducted
in a large sound- treated boojrh wrth Ioudspeakers positioned in a horizontal arc with a radlus
ablhty to identify the hemrfreld contamlng the sound source (right versus left). Two methods
were used for quantrfylng spatial acurty, an adaptive-tracking method and a fixed-angle
method. In Expenment 1an adaptlve trackmg algorithm was used to vary source angle, and
the minimum audible angle (MAA) the smallest angle at which right-left discrimination
performance is- better than chanoe was estimated. All three groups participated in
Experiment 1..in Expenment 2 source angles were fixed at +/-50 degrees, and performance
was evaluated by computmg the number of SDs above chance. Children in the UCIl and
BICI groups participated in Experiment 2.

Conclusion of study This report is consistent with a growing body of evidence that spatial-
hearing skills can emerge in young children who use BICls. The observation that these skills
are not concomltantly emerging in age- and experience-matched children who use UCls

suggests that BICIs provide cues that are necessary for these spatial-hearing skills that
UCls do not provide

Summary:

Comparator Results The objective of the present study was to investigate cortical
manifestations of binaural versus monaural processing of speech stimuli in bilateral Cl
recipients and in normal hearing (NH) subjects by means of auditory event-related potentials
(AERPs). AERPs were recorded from a group of pre-lingually deaf children who were
implanted simultaneously or sequentially (first Cl before age 3 years).
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Q1 processing of speech stimui in BiCl recipients

Study Sample: Recordings were obtained while subjects performed oddball discrimination
tasks that consisted of the syllables /ka/(target) vs /ta/, in three listening conditions:
unilateral right, unilateral left, and bilateral stimulation.

Conclusion of study: Results provided first-time evidence for a cortical inhibitory binaural
interaction component (BIC) in the P3 latency range in NH adults and children. In addition,
simultaneously implanted children with long Cl use exhibited a robust BIC. in sequentially
implanted children with long delay and short or long Cl use, BIC was absent. However,
processing efficacy was enhanced in the bilateral, relative to unilateral condition. Taken

together, these preliminary results suggest that BIC holds promise as an objectrve measure
of cortical binaural processing in Cl recipients. D <

Summary: NN TN

achieving similar speech perception scores: The study also armed to compare listening
effort expended by adolescents and young adults with brlateral ‘cochlear implants when

using two implants versus one

Study Sample: Eight participants with. br]ateral cochlear |mplants and eight with normal
hearing aged 10-22 years were included: Using- a dual task paradigm, participants repeated
consonant-nucleus-consonant (CNC) words presented in noise and performed a visual
matching task. Signal-to-noise ratios were set mdrvrdually to ensure the word perception
task was challengmg but manageable for all Reduced performance on the visual task in the

on the listening task

Conclusion of study The Cochlear xmplant group, when using bilateral implants, expended
similar levels.of hstemng effort to the -normal hearing group when the two groups were
achieving : srmrlar speech perceptron scores. For three individuals with cochlear implants,
and the. group, lrstenrng effort was significantly reduced with bilateral compared to unilateral
implants. Discussion: The srmrlar amount of listening effort expended by the two groups
indicated that a hrgher srgnal to-noise ratio overcame limitations in the auditory information
received or processed by the participants with implants. This study is the first to objectively
compare listening’ effort using two versus one cochlear implant.

Summary: The results provide objective evidence that reduced listening effort is a benefit

that some individuals gain from bilateral cochlear implants

Q1 Sound localisation in noise. This study aimed to characterrze horizontal plane sound
localization in interfering noise at different signal-to-noise ratios (SNRs) and to compare
performance across normal-hearing listeners and users of unilateral and bilateral cochlear
implants (Cls). Cl users report difficulties with listening in noisy environments. Although their
difficulties with speech understanding have been investigated in several studies, the ability
to localize sounds in background noise has not extensively been examined, despite the
benefits of binaural hearing being greatest in noisy situations. Sound localization is a

measure of binaural processing and is thus well suited to assessing the benefit of bilateral
implantation
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Study Sample: Six normal-hearing listeners, four unilateral, and 10 bilateral Cl users
indicated the perceived location of sound sources using a light pointer method. Target
sounds were noise pulses played from one of 11 loudspeakers placed between -80 and +80
degrees in the frontal horizontal plane in the free field. Localization was assessed in quiet
and in diffuse background noise at SNRs between +10 and -7 dB. Speech reception
thresholds were measured and their relation to the localization results examined.

Conclusion of study: This study is the first to examine sound localization with Cls at
various SNRs and to compare it with normal hearing. The results confirm that localization
with Cls is strongly disrupted in noisy situations. Bilateral Cls were shown to be clearly
superior over unilateral Cls for localization in quiet and in noisy situations. With bilateral Cls,
localization declined at moderately high absolute noise levels (>63 dB SPL), suggesting that
an extension of the acoustic-dynamic range to higher levels would be beneficial; The
absence of a relation between speech reception thresholds and spatlal resolutron highlights
the need for addltlonal clinical tests to assess the bmaural benefrt of a second lmplant

locahzatron in quiet and in noisy situations. With brlateral Cls locallzatlon declmed at
moderately hrgh absolute norse levels (>63 dB SPL) suggestlng thatanextensxon of the

Comparator Results review of recent studies on .~

Q1 spatial hearing abilities in chrldren who use bllateral cochlear implants.

Study Sample: Results from- recent studies are‘revrewed in two categories. First, studies
measured spatral hearmg by usmg sound locallza’uon or identification methods thereby
discriminate between: soundwsource posmons in the horizontal plane, thereby focusmg on

localization acurty Where performance Was ‘quantified using the minimum audible angle
(MAA).

Conclusion of study Chlldren Wrth BrCls have localization errors that vary widely. There is
evidence that for many children efrors are smaller when using two vs. one implant. In the
bllateral condltlon some chlldren s performance falls within the range of errors seen in

that are srgmflcantly greater than those of children with normal hearing. On MAA tasks,
performance is generally significantly better (lower MAAs) when children are tested in the
bilateral llstemng mode than in the unilateral listening mode. However, MAAs are generally
higher than those measured in children with normal hearing

Summary N

Comparator Results: A growing number of children who are deaf are receiving BiCls at a
young age. Their spatial hearing abilities are emerging but highly variable within the
population. The reaching for sound method uses an ecologically valid approach that
engages children and maintains their motivation. The present work was aimed at using the
novel RFS method to evaluate spatial hearing in 2- to 3-year-olds with normal hearing and
with BiCls. Children were reinforced for correct responses.

Q1 Spatial Hearing
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Study Sample: Six children with BiCls and 15 children with NH, ages 2 to 3 years
participated. In the BiCl group, testing was performed in bilateral or single Cl (unilateral)
conditions. Loudspeakers were separated by £60, 45, +30, or £15 degrees. On each trial, a
small toy was hidden behind one of the loudspeakers, and the child's task was to reach
through a hole in the curtain above the loudspeaker, to indicate source location. At each
angle, the ability of the child to reach criterion of 80% or greater correct was assessed.

Conclusion of study: All BiCl users reached criterion at all angles tested in the bilateral
condition; however, performance was poorer when using a single Cl. Of the 15 NH children,
13 were able to perform the task accurately and reached criterion at all angles.

Summary: Spatial hearing skills studied with the RFS method revealed novel findings
regarding the emergence of sound localization in very young BiCl users.

Comparator Results Cochlear implantation in one ear (unilateral implantation) has been
the standard treatment for severe-profound childhood deafness. We assessed whether
cochlear implantation in both ears (bilateral lmplantatlon) is assocnated wnth better listening
skills, higher health-related quality of life (health utlhty) and hlgher general quality of life
(QOL) than unilateral implantation. NS A )

Q1 (QOL) NN

Study Sample: Cross-sectional observatlonal study of flfty severely profoundly deaf and 56
normally-hearing children. Thirty of the: deaf chlldren had recelved bilateral cochlear
implants; 20 had unilateral cochlear xmplants

Conclusion of study: On average, bxlaterally—lmplanted chlldren performed significantly
better than unilaterally implanted chlldren on tests ‘of sound localisation and speech
perception in noise. After conservatlve |mputatxon of missing data and while controlling for
confounds, bilateral |mplanta’uon was assocnated with increases of 18.5% in accuracy of

sound localisation (95% CI 5.9 to 31. 1) and of 3.7 dB in speech perception in noise (95% ClI
0.9 to 6.5). Bilaterally- lmplanted chlldreh did not perform as well as normally-hearing
children, on average. Bilaterally- and umlaterally implanted children did not differ
significantly in parental ratings of health utility (difference in medians 0.05, p>0.05) or QOL
(difference in medians 0.01, p>0.05).

Summary: Compared with-unilateral cochlear implantation, bilateral implantation is
associated’ WIth better hstenmg skills in severely-profoundly deaf children.

Q1 language; social, and academic development

Conclusion of study: The bilateral group scored higher on all language measures.
However, the differences in scores between the groups were significant only for the more
difficult tasks [Expressive Language and Total Language (PLS-4)]. No significant differences
were found between the groups for 1Q, parent stress or parental involvement.

Summary: These initial findings must be interpreted with caution, due to the small sample
sizes.
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Q1 auditory abilities and speech performance in quiet and noise

Study Sample: 35 children with sequential bilateral cochlear implantation after 3 years of
bilateral implant use. Testing was done in bilateral and both unilateral listening conditions.
The assessments took place before the second implantation and at several time intervals
after fitting. As different auditory tests were used, the children were categorized by their age
at the second implantation: younger or older than 6 years.

Conclusion of study: The pure tone averages for the bilateral condition were significantly
better than those for either unilateral condition after 12 months of bilateral implant use and
remained so from that test interval onward. The speech recognition outcomes in quiet and
noise also improved significantly for almost all children after 36 months, although a linear
regression analysis showed a beneficial effect of younger age at first lmplantatron on the
speech-in-noise results. N ;"/ PSRN

»
~N

Summary: Bilateral cochlear implantation offered advantages to all chlldren in companson
with the first implant--even the children who received the second |mplant after the age of 6
years. Compared to the younger children, the older children needed a longer adjustment
period to gain bilateral benefit. However, they obtalned srmllar results after 2 years of
bilateral implant use. = -

/ /

Comparatork Results The aim of this study was to report speech performance in quiet and
in noise, sound localization with cochlear lmplanted chlldren bilaterally. Their performances
were compared also in unilateral condmons In addltlon speech and language evaluation

was analysed. AN SO
Q1 localization and heanngim noise \

Study Sample: Twenty-th ee children’ rmplanted with Neurelec Digisonic SP devices in 3
tertiary centres were tested on a battery of speech perception tests in quiet and in noise.
Localization was assessed by laterallzatlon tasks (90 and 30). Progress in speech and
language development and subjec‘uve ‘assessment of benefit were assessed using several
rating scales.and questlonnalres (categories of auditory perception, speech intelligibility
rating, famlly partrcrpatlng ratlng scale).

Conclusuon of study Chlldren scored better when tested in bilateral conditions rather than
in unilateral condltlons 1n quiet, the mean scores for the poorer and better side were 52%
and 73%, respectlvely In the bilateral condltlon the mean score increased to 83%. In n0|se
bilateral condrtron Nine children (<9 years) completed the +/-90 lateralization task. For both
unllateral corndltlons performance was not srgnrflcantly dn‘ferent from chance level. In the

by eight of the older children (>9 years). The scores in the unilateral conditions were closed
to chance level, but significantly better in the bilateral condition (mean of 86%).

Summary: Performances in bilateral conditions were significantly better than in unilateral
conditions on speech perception in quiet and in noise. Localization was significantly better
when tested in the bilateral condition for +/-90 lateralization task for the younger children
and the +/-30 task for the older children. All these results supported the hypothesis than
bilateral cochlear implantation is more beneficial than unilateral implantation in children.
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\Q1 Sound localisation

Study Sample: Sixty-three prelingually deaf children (mean age, 11.03; range, 6.5-17
years; SD, 3.09) were tested after 12 and 24 months of using bilateral cochlear implants.
Every child was tested with each ear alone and both ears together. Five loudspeakers were
placed in a 180 horizontal arch with 45 of separation between each loudspeaker. The child
was placed 1.5m from the speakers. For each test run, three stimuli were presented at 65dB
(A) from each speaker for a total of 15 stimulus presentations. For each test run, we
calculated the mean angular error (MAE) and the proportion of correct speakers identified
(CSS: correct speaker score). Performance by chance for the MAE was 72 and for the CSS
was 20% (1 of 5 speakers).

S N s \\
S N
NG S \\\

Conclusion of study: After 12 months of using bilateral Cls, the added effect of the second
Cl in the MAE was minor, and there was no significant dlfference in CSS between listening
in the unilateral condition and listening in bilateral condition. After 24 months however, the
added effect of the second Cl in the MAE was significant (mean d|ff-12\2 95% Cl; 4.5-20.0,
p=0.003). The mean bilateral CSS increased S|gnlflcan’tly to 38%""(drff"7‘7°/o 95% ClI; 1.4-
14.0%; p=0.019) while the mean unilateral CSS: remalned at.a similar level (27%). The
influence of age at the time of the first rmplantatron on CSS after 24 months was not
significant (p=0.96). However, the mter—rmplant interval, showed a significant decrease in
score by 1.4% per year between the two: lmplants (p=0. 04)

Summary: Sound localisation with two versus one Clin| chlldren with a sequential bilateral
cochlear implantation was significantly rmproved 24 months (but not 12 months) after the
second implantation. A shorter. mter—rmplant mterval showed a small but significant beneficial
effect on sound localisation. N N

Comparator Results To’ compare the preverbal communication skills of two groups of
young rmplanted chrldren those wrth unilateral implantation and those with bilateral
implantation. . ©

Q1 preverbal communlcatlon skrlls

Study Sample The study assessed 69 children: 42 unilaterally and 27 bilaterally implanted
with age at lmplanta’uon less than 3 years. The preverbal skills of these children were
measured before and 1 year after implantation, using Tait Video Analysis that has been
found able to predrct later speech outcomes in young implanted children.

Conclusion of study Results: Before implantation there was no significant difference
between' the unilateral group and the bilateral group. There was still no difference at 12
months fol!owrng implantation where vocal autonomy is concerned, but a strongly significant
difference between the groups for vocal turn-taking and non-looking vocal turns, the bilateral
group outperforming the unilateral group. Regarding gestural turn-taking and gestural
autonomy, there was a strongly significant difference between the two groups at the 12
month interval, and also a difference before implantation for gestural autonomy, the
unilateral group having the higher scores. Multiple regression of non-looking vocal turns
revealed that 1 year following implantation, bilateral implantation contributed to 51% of the
variance (p < 0.0001), after controlling for the influence of age at implantation and length of
deafness which did not reach statistical significance.

Summary: Profoundly deaf bilaterally implanted children are significantly more likely to use
vocalisation to communicate, and to use audition when interacting vocally with an aduli,
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compared with unilaterally implanted children. These results are independent of age at
implantation and length of deafness.

Study: 22. Dunn C C et al (2012 Sequential bilateral cochlear implantation: speech
perception and localization pre and post second cochlear implantation

Q1 speech perception and localization in sequentially implanted children In this study,
the authors sought to compare speech perception and localization in subjects who wear 1
cochlear implant (unilateral Cl) or 1 cochlear implant and hearing aid (ClI+HA) and then
receive a second cochlear implant (bilateral Cl), and to evaluate the importance of the
duration between implant surgeries and duration of deafness.

Study Sample: Nine subjects were tested on speech perception. m quiet, and 13 subjects
were tested on speech perception and localization in noise using an array of 8 N
loudspeakers. All subjects were tested with unilateral Cl pnor\to bllateral lmplantatlon and
then again with bilateral Cl after at least 3 months of bilateral experience. -

Conclusion of study: No significant difference was found between bllateral CI and
unilateral Cl on averaged speech perception in quiet’ performance A 31gn|f|cant benefit was
found for bilateral Cl on averaged speech perceptlon in noise and-on localization. Non-
significant correlations were found for duratlon between surgenes dura’uon of deafness, and

duration of bilateral use. ~ S

Summary: Improvements for speech perceptlon and locahzatlon played in background
noise were indicated for most subjects after they received their 2nd implant. The correlations
should be reassessed with a larger number of subJects to. approprlately evaluate the effects
of duration between surgeries, duratlon of deafness and duration of bilateral use.

"Comb'aratyo’r Rhesult‘e”

Q1 spoken language outcomes in children undergoing bilateral cochlear implantation
compared with matched peers undergoing unilateral implantation.

Study Sample: Case-control, frequency-matched, retrospective cross-sectional multicenter
study. Twenty—flve chlldren Wlth Y’cochlear implant matched with 25 children wi

th 2 cochlear implants selected: from a retrospective sample of 288 children who underwent
cochlear lmplantatlon before 5 years of age.

Conclusion of study: On the receptive language tests (mean difference [95% Cl], 9.4 [0.3-
18.6]) and expressive language tests (15.7 [5.9-25.4] and 9.7 [1.5-17.9]), children
undergoing. bxlateral implantation performed significantly better than those undergoing
unilateral Implanta’uon Because the 2 groups were matched with great care on 10 auditory,
child, and environmental factors, the difference in performance can be mainly attributed to
the bllateral implantation. A shorter interval between both implantations was related to
higher standard scores. Children undergoing 2 simultaneous cochlear implantations
performed better on the expressive Word Development Test than did children undergoing 2
sequential cochlear implantations.

Summary: The use of bilateral cochlear implants is associated with better spoken language
learning. The interval between the first and second implantation correlates negatively with
language scores. On expressive language development, study found an advantage for
simultaneous compared with sequential implantation.

s
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Q1 speech perception outcomes in quiet and in noise, sound localization

Study Sample: The goal of this review was to examine the most recent literature exploring
the indications, outcomes, and long-term benefit of bilateral cochlear implantation in children
and adults. The indications for cochlear implantation have expanded, as many unilaterally
implanted individuals are able to achieve open-set word recognition.

Conclusion of study: Despite the benefits seen in unilateral implantation, many individuals
have difficulty perceiving speech in noisy environments. Bilateral cochlear implantation has
made great strides in providing individuals access to sound information from both ears,
allowing improved speech perception in quiet and in noise, as well as sound localization.
Recently, the House Cochlear Implant study group released a position statement in which
the group strongly endorsed bilateral cochlear implantation. Improved speech perceptron in
quiet has also been demonstrated by many groups with bllateral lmplantatron !mproved
sound localization abilities have been shown to be dependent on interaural level differences.
The binaural benefits of head shadow and summation have. been long shown in brlaterally
implanted individuals. Recently, a growth in squelch has been seen in. these individuals
likely as a result of increased experience with bo’rh |mplants Thrs may.,rndlcate neural
integration of the inputs over time. -

Summary: The literature supports the binaural: beneﬂt of brlateral cochlear implantation
with demonstrated improved speech perceptron outcomes ln ql)ret and in noise, sound
localization data, and subjective beneflts e N -

Conclusion of study: Speech perceptlon tests in quiet and in noise were performed in all
children with the first Cl alone and: brlateral!y In speech-in-noise test, words and noise were
presented from the front Subjects 'showed varying degrees of improved performance on
speech perceptlon tests in quiet and noise according to bilateral auditory experience.

Summary:, Brlateral Cls can offer a substantial benefit in speech perception in quiet and
noise. , ™

Q1 speech recognition on noise with "brlateral cochlear implants

Study Sample: A repeated-measures meta-analytical approach was used to compare effect
sizes between binaural Cl arrangements for each of the three binaural-listening phenomena
and between the two test paradigms. A total of 95 effect sizes were calculated and analysed
from 42 peer-reviewed studies published between January 2000 and April 2011

Conclusion of study: Findings revealed significant effect sizes for both Cl arrangements
for the binaural phenomena of summation and head-shadow effect. A significant effect size
for binaural squelch was determined only for bilateral Cl users. Further, the two paradigms
resulted in similar effect sizes for bilateral and bimodal users, with the exception of binaural
squelch. Here, significant effect sizes were significant only in the fixed-testing paradigm.
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Summary: The average user of binaural Cl arrangements realizes the binaural phenomena
of summation and the head-shadow effect, but only the bilateral Cl arrangement is afforded
the advantage of binaural squelch. Statistically, listeners fit with bilateral Cls have a slight
advantage in binaural performance over those using bimodal stimulation.

Q1 "Speech perception

Study Sample: The aims of the present study are to investigate: (1) the effect of using a
hearing aid (HA) or a second cochlear implant (2nd Cl) on speech recognition in noise for
children; (2) the ability to perceive phoneme groups of different frequencres when using a Cl
and an HA in opposite ears (bimodal fitting) and when using a Ct rn ‘each ear (bltateral
implant fitting), and (3) the relationship between aided thresholds in-the HA ear.and bimodal
advantage. Thirteen school-age children who consistently. used a ‘bimodal- or bilateral
implant fitting participated. O :

Conclusion of study: Perception was evaluated usrng consonant nucleus consonant
words presented from in front with noise from either side. Srgnn‘rcant brmodal or bilateral Cl
advantage in speech perception was demonstrated by most. subjects in at least 1 noise
condition. Comparisons indicated that the blmodal advantage obtained by the bimodal
subjects was greater than the bilateral CI advantage obtained by ‘the bilateral- -implant
subjects in the noise front condition, butatso suggested that the 2nd Cl may provide more
functional advantage in real life. The mechanrsms underlymg the advantage provided by the
second device appear to be different i in the brmodal and bilateral groups. Information
transmission analysis did not show a clear drﬁerence between the groups in the pattern of
advantage across phoneme groups For the- blmodal subjects, those with better aided
thresholds at low frequencres and poorer arded thresholds at 4 kHz demonstrated greater

bimodal advantage. . ' N

Summary: Overall, these frndrngs encourage the use of bimodal and bilateral implant
fittings for children, provrde insight into the individual variability in bimodal outcome, and
enhance understandrng of the differences between an HA and a 2nd Cl when used together
with an rmplant |n the opposrte ear.

Q1 Speech per ceptron Several studies have demonstrated better speech perception
performance in’ children using two rather than one cochlear implant (Cl). The extent to which
bilaterally implanted children benefit from binaural cues to segregate speech and noise in a
spatial configuration is less clear. Although better-ear effects are expected to be similar to
adults, it is unknown whether electrical stimulation allows true binaural processing of speech
signals in noise. Moreover, little data are available on the binaural hearing abilities of
normal-hearing children.

Study Sample: This study aimed at (1) developing and evaluating a speech test based on
numbers to determine speech reception thresholds (SRTs) fast and accurately in young
children, (2) evaluating a setup for measuring benefits of speech perception in a spatial
configuration in young children and determining normative values of normal-hearing
children, and (3) measuring spatial speech benefits in cochlear-implanted children with good
sound localization abilities.

The speech test was conducted using the Leuven Intelligibility Number Test (LINT) data

32



base. The test was limited to the numbers 1 to 10 spoken by one female speaker
("LittleLINT"). The LINT speech-weighted noise was used as a masker. Perception of this
speech material was evaluated at fixed signal-to-noise ratios (SNRs) through monaural
presentation via headphones in 34 normal-hearing children of 4 and 5 yrs of age and 20
normal-hearing adults. Subsequently, spatial speech perception benefits were measured in
50 normal-hearing children between 4 and 8 yrs of age, 15 normal-hearing adults, and eight
children with bilateral Cls. An adaptive procedure was used for estimating unilateral and
bilateral SRTs for different spatial configurations of speech and noise. Speech was always
presented at 0 degrees azimuth (the front) and noise at the front, 90 degrees to the right, or
90 degrees to the left.

Conclusion of study: Unilateral headphone SRTs for the LittleLINT were higher for
children (-9 dB SNR) than for adults (-13 dB SNR) and were Iower than those: for the LINT (-
10 dB SNR for adults). Slopes (12 to 14%/dB) were comparable wrth that of the LINT
(15%/dB), suggesting equal efficiency for the limited set of< numbers Normal heanng
subjects demonstrated several benefits of two-ear hstemng in. spatlal confrgura’uons (spatial
release from masking [SRM], head shadow, summation, and squelch) Only SRM was
influenced by age. Implanted children clearly benefrted from brlateral |mp|antatlon as shown
by SRM (3 dB) and head shadow effects (4 to 6. dB) comparable with normal-hearing
children, but no summation or binaural squelch\was estabhshed The first Cl seemed to
contribute most to spatial speech perceptlon\ NN,

The steep slope, the familiarity to children, an "the repeatabrlrty of lists make the LittleLINT
suitable for fast and accurate SRT estrma‘rron in chrldren Spatial speech perception benefits
were observed in normal-hearing. subjects from the age of 4 yrs. Cochlear-implanted

children showed better-ear effects but ’rhere was no,evrdence of true binaural processing.

Safety of proceedureThe aim of thrs study\was to investigate if the intraoperative bleeding
during cochlear: rmplantatron in very young children had any clinical importance and if it
should influence the clinical management of such cases

Study Sample A retrospectrve ‘chart review of the pre- and postoperative hemoglobin
concentration was performed on 14 implantations in children aged 16 months or younger at
the time of | surgery (11 males and 3 females). A postoperative decrease of the hemoglobin
value was noted'in 13 cases (93 %), with a mean difference between pre- and postoperative
measurement of +1. 99/dl

Conclusion of’study The most remarkable case was that of a 2-month-old newborn with a
bilateral profound hearing loss caused by bacterial meningitis. In the course of the
asynchronous bilateral cochlear implantation and due to a remarkable bleeding, a
transfusion of packed red blood cells was performed. The increased loss of blood was
reported at the time of detaching and lifting up the muscle-periosteal-flap from the mastoid
bone as well as at the time of the mastoidectomy. The special physiological properties of
this age can contribute to a rapid cardiovascular decompensation in the case of increased
blood loss. The consideration of these aspects is of great importance in the stage of
planning the cochlear implantation, which in this group of patients should include the
requirement of banked human blood. In addition, the intraoperative bleeding should be
taken into account during the decision for a simultaneous bilateral implantation.

Summary:
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Qy1 Educational outcomes The objectlve of this study/was to document the development of
speech, language, and reading skills between primary and secondary school ages in
children who received cochlear implants during preschool years.

Study Sample: Subjects were a sample of 85 North American adolescents recruited from a
larger sample of 181 participants from a previous investigation.

Conclusion of study:. Students were first tested in early elementary school (ages eight to
nine years) and were re-evaluated in high school (ages 15-18 years) for this study. The
methods used were: performance on a battery of speech perception, language, and reading
tests. These were compared at both test ages and significant predlctors of outcome level
identified through multiple regression analysis. Speech perceptlon scores, |mproved
significantly with long-term cochlear implant use. Average language scores improved at a
faster than normal rate, but reading scores did not quite keep pace with normal

development. Performance in high school was most h fh\ly oorrelated‘w;th scores obtained
in elementary grades. ; ~ .

Summary: In addition, better outcomes Were/aSSOCIated Wlth lower PTA cochlear implant
threshold, younger age at implantation and: h]gher nonverbal 1Q. In conclusion, early
cochlear implantation had a long-term posmve lmpact on audltory and verbal development,

but did not result in age- appropnate readlng Ievels m hlgh school for the majority of
students. o ) :

Comparator Results.

Q1 Speech perception -

Study Sample: The aims of the present study are to investigate: (1) the effect of using a
hearing aid (HA) ora second oochlear implant (2nd CI) on speech recognition in noise for
children; (2) the abmty ’[o percelve phoneme groups ofdn‘ferent frequenCIes When using a Cl
implant f:ttlng) and (3) the rela’uonshlp between aided thresholds in the HA ear and bimodal
advantage. Thlrteen school -age children who consistently used a bimodal or bilateral
implant fitting pamolpated

Conclusion of study: Perception was evaluated using consonant-nucleus-consonant
words presented from in front with noise from either side. Significant bimodal or bilateral Cl
advantage in'speech perception was demonstrated by most subjects in at least 1 noise
condition. Comparisons indicated that the bimodal advantage obtained by the bimodal
subjects was greater than the bilateral Cl advantage obtained by the bilateral-implant
subjects in the noise front condition, but also suggested that the 2nd Ci may provide more
functional advantage in real life. The mechanisms underlying the advantage provided by the
second device appear to be different in the bimodal and bilateral groups. Information
transmission analysis did not show a clear difference between the groups in the pattern of
advantage across phoneme groups. For the bimodal subjects, those with better aided
thresholds at low frequencies and poorer aided thresholds at 4 kHz demonstrated greater
bimodal advantage.

Summary: Overall, these findings encourage the use of bimodal and bilateral implant
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fittings for children, provide insight into the individual variability in bimodal outcome, and
enhance understanding of the differences between an HA and a 2nd Cl when used together
with an implant in the opposite ear.

Comparator Results
Q1 Bilateral cochlear implants (Cls) may offer deaf children a range of advantages
compared to unilateral Cls (dichotic) between two ears than when it was in phase (diotic),
with a mean difference (BMLD) of 6.4 dB.

Conclusion of study: In this paper, we present results on binaural hearing in children with
bilateral Cls. Binaural masking level differences (BMLDs) were measured for a 180-degree
phase shift in a 125-Hz sinusoid, presented in a 50-Hz-wide noise band and’ modu!atmg a
1000-pps carrier pulse train. Stimuli were presented to a smgle e!ectrode in the mrddle of the
electrode array at both ears. ~

Summary: The present results show that children with brlateral Clsiare sensmve to binaural
cues in electrical stimuli, similar to adults, even when lmplants are provrded at a later age
and with a longer delay between lmplantatlons 2

Comparator Results
Following the approval of- bl|ateral paedratrrc cochlear implantation in 2009, the
prospective multi-centre UK Natronal Paediatric Cochlear Implant Audit was established to
collect a large dataset of paedratnc implantations.

surgical practice, outcomes and complications.
Study Sample: Data-from 14 surgical centres was collected prospectively, including
simultaneous and sequentlal bilateral as well as unilateral implantations. Data collected
included age at implantation, aetrology of deafness, implant type, duration of surgery, the
use of electrophyS|olog|ca| testing, and the use of preand post-operative imaging. Details of
major and immediate minor compllcatrons were also recorded.

Conclusion of study: 1397 Cl procedures in 961 Cl recipients were included; 436 bilateral
SImultaneous 394, bllateral sequential, 131 unilateral. The overall major complication rate
was 1.6% (0 9% excludmg device failure) and was similar following bilateral Cl compared to
sequential and umlateral Cl

N < -

Summary Thls prospectlve multi-centre audit provides evidence that bilateral paediatric Cl
is a safe procedure in the UK, thus endorsing its role as a major therapeutic intervention in
childhood deafness.

Comparator Results
Q1 Spatial hearing
Study Sample: Study tested two methods of spatial hearing to provide norms for NH and
UCI using children and preliminary data for BCI users. NH children (n=40) were age
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matched (6-15 years) to UCI (n=12) and BCI (n=6) listeners. Testing used a horizontal ring
of loudspeakers within a booth in a hospital outpatient clinic. In a 'lateral release’ task, single
nouns were presented frontally, and masking noises were presented frontally, or 90 left or
right. In a 'localization’ task, allowing head movements, nouns were presented from
loudspeakers separated by 30, 60 or 120 about the midline.

Conclusion of study: Normally hearing children improved with age in speech detection in
noise, but not in quiet or in lateral release. Implant users performed more poorly on all tasks.
For frontal signals and noise, UCI and BCl listeners did not differ. For lateral noise, BCI
listeners performed better on both sides (within ~2 dB of NH), whereas UCI listeners
beneflted only when the noise was opposite the unimplanted ear. Both the BCI and

on the ecologically valid, localization task.

\ :\ L

Summary: Children using either UCI or BCI have useful spatlal hearmg BCl llsteners gain
benefits on both sides, and localize better, but not as well as NH ||steners However, the BClI
listeners performed about twice as well and, in two cases approached the performance of

NH children. g

Comparator Results ‘ ) N

Many cochlear implant users have dlfﬁculty W|th speech perceptlon in noise, music
appreciation, tone of voice recogmtlon and talker identification. These tasks rely on pitch
perceptron whrch is generally poor in cochlear lmplant users because of the speech-
contralateral ear to the |mplant blmoclal hearmg Amplitude envelope information is
extracted from the incoming sound;; the temporal fine structure, which is important for pitch
perception, is mostly discarded. Bilateral cochlear implantation provides benefit in terms of
localization and speech recognltlon in noise, but does not solve problems related to poor
pitch discrimination: :

Q1 Speech. perceptlon/tohe of: v0|ce recognition

Study Sample Thlrteen blmodal and thirteen bilateral cochlear implant users were
compared - e

on speech recognltlon Wlth a competing talker, music perception, tone of voice recognition,
and talker ldentlﬂcatlon In order to categorize the extent of residual hearing required for
bimodal beneflt ‘a’'unique cochlear implant subject with normal hearing in the contralateral
ear was! evaluated on speech recognition with a competing talker.

Conclusion of study: Although there was no significant difference in group mean scores
between the bimodal and bilateral cochlear implant users, a slight advantage was seen for
the bimodal users. Evaluation of the subject with normal hearing in the contralateral ear
showed that the addition of low-frequency sound, even when unintelligible and limited to
below 150 Hz, significantly improved cochlear implant speech recognition with a competing
talker. This research suggests that bimodal stimulation offers equal performance to bilateral
cochlear implantation on these four tasks in adults. Bimodal stimulation should be attempted
before considering bilateral implantation.

Summary:

.S
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Q1

Study Sample: Summarises findings from studies that evaluated the benefits of bimodal
fitting (combining a hearing aid and a cochlear implant in opposite ears) or a bilateral
cochlear implant, relative to unilateral implantation for children.

Conclusion of study: Some children with bilateral cochlear implants were able to use
spatial separation between speech and noise to improve speech perception in noise. This is
possibly a combined effect of the directional microphones in their implant systems and their
ability to use spatial cues. The evidence to date supports the provision of hearing in two
ears as the standard of care.

Summary:

Q2To examine the effectsy of sequen’ual btrla’ceral cochlear lmplantatlon (Cl) on the life of
young children after 36 months of bilateral implant use. . D

Study Sample: Thirty-five children were assessed prior to and 3 until 36 months after
activation of the second Cl. Main outcome measures were: the Categorles of Auditory
Performance (CAP), Speech Intelligibility Rating (SIR), ‘communication mode, classroom
placement, parent reports and the Wiirzburg- questronnarre Resq’l’ts were analysed

separately for children younger and o!der than 6 years at the ’nme of the second
implantation.

Conclusion of study: At the 3- year test lntervai 80% of the younger children attended
mainstream schools and were comprehensrble for -all listeners. They all used oral
communication and almost 70%- of them could- have a conversation over the telephone.
After 3 years of bilateral rmplant use less than 56% of the older children obtained the highest
score on the SIR and CAP. Approxrmately 70% of them was integrated in mainstream
schools and used oral communlca’non AIL parents reported a more natural communication
and an improved quahty of hfe :

Summary: Sequential btlateral rmplanta’uon seems to offer a wide range of participation
benefits to all childrenand facilitates the social intercourse with their hearing environment.
Children with second rmplant after 6 years of age had lower Wurzburg and CAP scores than

those planted before that age

Comparator Results

Prlor t0.2009, United Kingdom (UK) public funding was mainly only available for
children to receive unilateral cochlear implants. In 2009, the National Institute for Health and
Care Excellence published guidance for cochlear implantation following their review.
According to these guidelines, all suitable children are eligible to have simultaneous bilateral
cochlear implants or a sequential bilateral cochlear implant if they had received the first
before the guidelines were published. The measures include localization, speech recognition
in quiet and background noise, speech production, listening, vocabulary, parental
perception, quality of life, and surgical data including complications..

Q1

Study Sample: Fifteen UK cochlear implant centres formed a consortium to carry out a
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multi-centre audit. The audit involves collecting data from simultaneously and sequentially
implanted children at four intervals: before bilateral cochlear implants or before the
sequential implant, 1, 2, and 3 years after bilateral implants.

Conclusion of study:

Summary: The audit has now passed the 2-year point, and data have been received on
850 children. This article provides a first view of some data received up until March 2012

Q1”de n 'a’nd locallzatlon |

Study Sample: The aim of this study was to describe the adaptatron to bilateral cochlear
implant use and the perceptual benefits demonstrated by 10 chrldren ‘who were successful
users of a first implant when a second was received before four. years of age. -

Conclusion of study: Although one subject rejected the second implant at: swrtch -on, the
nine subjects who accepted the device adapted easily to bilateral implant use and
developed useful listening skills with the second implant. Tests of localization (left versus
right) and speech detection in noise were administered in the unllateral and hilateral
conditions, usually after six months experience. All subjects demonstrated some bilateral
benefit on speech detection testing (mostly due to a head shadow effect), and the majority
localized left versus right.  ~ ~ ~

Summary: Results suggested that outcomes may be negatlvely impacted by increased age
at the time of second implant switch-on. The maJorlty of the subjects adapted well to bilateral
implant use within six months and demonstrated some ‘perceptual benefit and, according to
subjective parent reports, rmproved daily functronmg however, device rejection must be
discussed pre-operatively as a possibility, —

”Q1 Spatlal hearmg ‘and speech understandmg in noise This report highlights research
projects relevant to binaural and spatial hearing in adults and children

Study Sample: In‘the past decade progress has been made in understanding the impact of
bilateral’ cochlear implants (BiCls) on performance in adults and children. However, BiCl
users typrcally do not perform as well as normal hearing (NH) listeners. This article
describes the benefits from BiCls compared with a single cochlear implant (Cl), focusing on
measures of spattal hearlng and speech understanding in noise. It highlights the fact that in
BiCl listening the devices in the two ears are not coordinated; thus binaural spatial cues that
are avarlable to NH listeners are not available to BiCl users. Through the use of research
processors that carefully control the stimulus delivered to each electrode in each ear, we are
able to preserve binaural cues and deliver them with fidelity to BiCl users.

Conclusion of study:

Results from those studies are discussed with a focus on the effect of age at onset of
deafness and plasticity of binaural sensitivity. The work with children has expanded both in
number of subjects tested and age range included. Research has now tested dozens of
children ranging in age from 2 to 14 yr. Findings suggest that spatial hearing abilities
emerge with bilateral experience. While the research originally focused on studying
performance in free field, where real world listening experiments are conducted, more
recently studies have begun under carefully controlled binaural stimulation conditions with
children as well. The researchers have also studied language acquisition and speech
perception and production in young Cl users. Finally, a running theme of this research
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program is the systematic investigation of the numerous factors that contribute to spatial and
binaural hearing in BiCl users. By using Cl simulations (with vocoders) and studying NH
listeners under degraded listening conditions, we are able to tease apart limitations due to
the hardware/software of the Cl systems from limitations due to neural pathology.

Summary: In BiCl listening the devices in the two ears are not coordinated; thus binaural
spatial cues that are available to NH listeners are not available to BiCl users

Qi

Study Sample: The optimal treatment for bilateral hearing Ioss contmues to’ evolve as
cochlear implant (Cl) and hearing aid technologies advance, as does our understandmg of
the central auditory system. Ongoing discussions continue on. the validity and- feasibility of
bilateral Cl in terms of performance, justification of need, medlcal/surglcal safety concerns,
and economics. The purpose of this review article is ‘to-provide an update on the advantages
and disadvantages of bilateral Cl and to provide a discussxon on tlmmg (simultaneous vs.
sequential), technology (bimodal vs. bmaural) and feasibility. -

Conclusion of study: Binaural advantages are found in both adutt and pediatric bilateral Cl
recipients, the greatest being the head shadow effect and |mprovements in localization and
loudness summation. This theoretlcally offers an advantage over their unilateral implanted
counterparts in terms of improved sound Iocahza‘uon and enhanced speech perception
under noisy conditions. Most mvestlgators agree that bilateral stimulation during critical
periods of development is paramount for optlmlzmg auditory functioning in children.

Currently, bilateral Cl is wxdely accepted asa safe and effective means of bilateral auditory
stimulation. v AN

Summary: R

Pico Outcome:

Study Sample:~ -

Conclusion of study:

A 2

Q1

Study Sample: A review of available research on bilateral Cls was conducted to determine
the support for this trend. A replicable review was undertaken to evaluate published
research studies that examined the effectiveness of bilateral paediatric cochlear
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implantation. Databases, reference lists, and journals were searched for relevant documents
using a pre-determined search protocol. Twenty-nine articles met the review's inclusion
criteria and were retrieved and reviewed.

Conclusion of study:

A recent trend has been the implantation of bilateral cochlear implants (Cls) for children with
severe to profound hearing loss. This review adds to the previously published reviews on
the topic by identifying additional paediatric studies. Sound localization and speech
recognition in noise appear to be improved with bilateral compared to unilateral cochlear
implants. Similarly, evoked potential measures suggest improved morphology when the
second Cl is implanted early.

N

Summary: Well-designed and controlled studies that explore a’ Variety of outoomes
including cost-effectiveness, quality of life, speech, language, and psycho educatlonal
measures should be further explored in order to provide additional support for parents and

clinicians confronted with the bilateral cochlear 1mplant decision.

| Q1 éouﬁmunlcatlon Cochlear implantation ow a well-established procedure for
profoundly deaf children providing aocess to speech through hearing for many of them.

\ L

Study Sample: This study, followmg on from two earher studles looked in depth at the
experiences of 12 families -

Conclusion of study: /

cochlear lmplantatlon /

Summary: It finds that parents choose the most effective way of communicating with their
child but retain as their goal, the development of oral communication skills. For many this is
a journey.in. Wthh dlfferent approaches are utilised at various stages in the child's

development VRS

; ) P :
Comparator Results Better behawoural performance with bllateral lmplants is expected
when bilateral cochlear implantation is performed simultaneously or when a second implant
is provnded after a short interval of auditory deprivation at a younger age (Murphy and
O'Donoghue, 2007; Wolfe et al, 2007; Steffens et al, 2008).

Q2 - to examine changes in various levels of auditory processing using single syllable and
word-level stimuli in a child who received bilateral cochlear implants sequentially.

Study Sample: The participant was a 6-yr-old female with the diagnosis of bilateral
profound sensor-ineural hearing loss. She received her first cochlear implant in her right ear
(2 yr, 4 mo of age), underwent revision surgery (3 yr, 6 mo of age), and later received a
bilateral cochlear implant (6 yr, 8 mo of age).

Conclusion of study: The results suggest that sequential bilateral cochlear implantation
contributes to improved auditory processing beyond the benefits of the single implant even
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in users with an extended period of deafness in the later-implanted ear.

Summary:

| ComparatorR sults The aim of the study was to oompare preyerbal communicative
characteristics of children who were early implanted with a monolateral or simultaneous
bilateral cochlear implant.

Q2 monolateral vs simultaneous bilateral cochlear implant

Study Sample: Material and Methods: Video analysis results are reported in 4 children
affected by congenital profound sensorineural hearing loss of genetlc origin (brallehc
mutation of GJB2 gene). Two children received a monolateral cochlear implantation, while
the other two were implanted bilaterally. Surgery was performed at12 months inall cases

Conclusion of study: We discovered that children with simultaneous bilateral cochlear
implant presented a better auditory awareness compared to children with monolateral one.
There were no significat differences between the tWo groups in the other parameters of the
video analysis.

Summary: As regards to preverbal skills mono or. bllatera| cochlearlmplantatlon did not
differently influence communication efﬁcacy, whrch was s on the contrary more affected by the
mother's communicative style. o :

Q2 Effect of time between sequentra ochlear implantations on hearing results in both
adults and children” -

Study Sample Eleven: studies evaluatmg the effect of time between sequential cochlear
implantations on. hearmg performance were included. Although the quality of studies was
poor because of a srgmﬂcant risk of bias, all studies reported that auditory performance is
better in‘a brlateral Ilstenmg situation than with either one cochlear implant activated
unllaterally Five studresdlscussed post lingual deafened adults. In four, bilateral hearing
was not affected by the amount of time between implantations. One study did report a
negative effect of, delay on speech intelligibility in silence. Seven studies discussed pre
lingual deafened children. None reported a negative effect of inter implantation delay on
sound localrzation performance. One study reported poorer results after extended intervals
on speech rntellrglbmty in silence and two in noise.

Conclusron of study: Current evidence suggests that a second implant can be beneficial
even after a substantial interval between sequential implantations. The quality of the
evidence is, however, rather poor; to confirm this postulation, high-quality trials assessing
the effectiveness of a second cochlear implant after a time delay should be initiated.
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Q2 The advantages of sequential bilateral cochlear implantation

Study Sample: The advantages of sequential bilateral cochlear implantation were assessed
in 29 children with a severe to profound hearing loss. The effect of age at second
implantation and the effect of duration of bilateral implant use on the outcomes in speech
perception and directional hearing were investigated. The children received their second
cochlear implant at an age ranging from 2.8 to 8.5 years. Measurements were carried out
preoperatively and postoperatively after 6, 12 and 24 months of bilateral implant use. A
matched control group of 9 children with a unilateral implant were also measured over time
and were compared with the study group after 12 and 24 months. Speech reception in both
quiet and in noise and lateralization were measured. After 24 months, a minimum audible
angle task was carried out.

Conclusion of study: Bilateral advantages with regard to speech reception in quret andin
noise were already present after 6 months of bilateral implant use and improved thereafter.
After 24 months, speech reception in noise had significantly rmproved with bilateral implants
compared to that of children with a unilateral implant. The' percentage of children that could
accurately lateralize increased from 57% after 6 months to 83% after 24 months. With
regard to the minimum audible angle task, Ioudspeakers were placed on average at +/-42.
Age at second implantation did not have an influence onall outcomes. ™~

Summary: From the results it can be concluﬁded\ that the advantages of bilateral hearing
occur after sequential bilateral implantation and that age at SeCOnd implantation does not
influence the amount of bilateral advantage Furthermore, it can be concluded that longer

periods of bilateral implant use lead to greater bllateral advantages

\ W
Nt

P14

Q2 Speech rF«‘COQI’H’[IOH n quretassessed ’rn ysequentlal and simultaneously implanted
children RYEY O

Study Sample: Seventy -three pre llngually deaf children received sequential bilateral
cochlear lmplants ‘Speech recognition in quiet with the first, second and with both implants
srmultaneously was evaluated at the time of the second implantation and after 12 and 24
months. ™ 7 I\

Conclusmn of study Mean bilateral speech recognition 12 and 24 months after the
second implantation was significantly higher than that obtained with either the first or the
second rmplant The-addition of a second implant was demonstrated to have a beneficial
effect after both 12 and 24 months. Speech recognition with the second implant increased
S|gnrf|cantly dunng the first year. A small non- srgnlflcant improvement was observed dunng
the second cochlear implant both at 12 and 24 months, and bilateral speech recognition at
12 months, but not at 24 months.

A small, but statistically significant improvement in speech recognition was found with
bilateral cochlear implants compared with a unilateral implant. A major increase in speech
recognition occurred with the second cochlear implant during the first year.

Summary: A shorter time interval between the two implantations resulted in better speech
recognition with the second implant. However, no definitive time-point was found for when
the second implant could no longer add a positive effect.
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Q2 interval between implanyt

Study Sample: Bilateral cochlear implants are provided to children in an attempt to
establish binaural processing and allow hearing with greater ease. Arguments against
implantation, which prevailed for many years, are countered by some of the findings
reported over the past 1-2 years

Conclusion of study: Behavioural and electrophysiological outcomes in children receiving
cochlear implants suggest that two issues are most important when considering bilateral
cochlear implants for any child: the duration of deafness prior to the first implantation
affecting development of oral speech and language skills and the inter-stage interval
(between implantation of the first and second ears) likely affeotlng development “of brnaural
processing.

N
IS NV - - \\ .
\ N \ S

Summary: Based on the data reported to date, both the rnterval between onset of deafness
and cochlear implantation and the interval between. implantatlon of the first and second ears
should be narrow in children. We recommend that slmultaneous bllateral implantation be
provided when possible and, if not, the inter- stage interval should be limited. We further
recommend continued exploration of outcomes in children wrth longer inter-stage intervals
with a view to defining a point at which brlateral Cochlear lmplantatlon provides so little
benefit that it is not cost-effective. - v

'Q2 language development m chlldren who recelved simultaneous brlateral cochlear

development in ohronologlcally age- matched children with normal hearing.

Study Sample: Data were colleoted in a clinical setting at postoperative cochlear implant
check-ups after 3, 6, 9,12, 18, 24, 36, and 48 months of implant use. The sample included
42 children: 21/cochlear lmplant users and 21 with normal hearing, matched pairwise
accordingto gender ar@ chronologrcal age. Communication assessments included the
LitHIEARS questionnaire, \the Mullen Scale of Early Learning, and the Minnesota Child
Development lnventory

Conclusion of study: The cochlear implant users’ hearing function according to LittIEARS
was comparable to that of normal-hearing children within 9 months post-implantation. The
mean scores after 9 and 12 months were 31 and 33, respectlvely in the pre-lingually deaf

language skills within the normative range and 57% had expressive language skills within
the normative range. The number of children who scored within the normal range increased
with increasing Cl experience.

Summary: The present study showed that pre-lingually deaf children's ability to develop
complex expressive and receptive spoken language after early bilateral implantation
appears promising. The majority of the children developed language skills at a faster pace
than their hearing ages would suggest and over time achieved expressive and receptive
language skills within the normative range.
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implant:
Q2 compare performance (speech detection in noise) of sequential versus
simultaneous implanted children speech detection in noise performance for children with
bilateral cochlear implants (BiCl), to compare performance in children with simultaneous
implant versus those with sequential implant, and to compare performance to normal-
hearing children.

Study Sample: Children with early-onset bilateral deafness and 2- -year BiCl experience,
comprrsmg the "sequential” group (>2 yr interimplantation delay, n'= 12) and 'simultaneous
group" (no interimplantation delay, n = 10) and normal- hearmg controls (n= ) ’

\«, ,, «\ " R s

both BiCl groups (p < O 0001) However, the SU in the. srmultaneous group approached
levels found in normal controls (7.2 +/- 0.6 versus 8.6 +/- 0.6 dB, p. >“0£_05) and was
significantly better than that in the sequential group (3 e} +/ 0.4 dB, p < 0.05). Spatial
unmasking was unaffected by the side of nmsepresentatron in. the srmultaneous group but,
N
in the sequential group, was significantly better when noise was\moved to the second rather
than the first implanted ear (4.8 +/- 0.5 versus 3 0'+/- 0.4 dB,; p <0.05). This was consistent
with a larger BSA from the sequentlal groups second rather’rhan first Cl.

AN RN
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Q2 time between |mplant and age at implant To classify adaptation difficulties, or lack
thereof, experrenced by a clinical population of young bilateral cochlear implant recipients.

Study Sample: Forty six-of the first 48 children sequentially or simultaneously implanted at
<=3.5 years at the: Melbourne Clinic participated. Classification into categories was based
on daily use of\‘both implants at 2 months post-switch-on, with follow-up information obtained
at 12 months.

Conclusron of study The 37 Category 1 children wore both rmplants full time at 2

hours darly at 2 months, but achieved qu time use within 12 months. The five Category 3
children used both implants for <=1 hour, with only three achieving full-time use within 12
months. The two Category 4 children did not use two implants at 2 months, and one still did
not wear both implants at 12 months. There were weak/modest but significant relationships
between category and each of time between implants and age at bilateral implantation.

Summary:

Ninety-five percent of simultaneously and 70% of sequentially implanted children
demonstrated full-time use within 2 months, and nearly all continued to do so at 12 months.
Full-time use maximizes opportunities to develop listening skills. Monitoring device use is
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necessary for all children, especially when significant change occurs. For those
experiencing difficulty in adapting, bilateral implant use usually increased over 12 months.
Pre-operative counselling must include discussion of possible adaptation difficulties and
raise the potential negative influence of age at bilateral implantation and time between
implants.

Q2 spoken language deve opment lmpllcatlons of age ofi lmp ant In this artlcle the
authors sought to determine whether the precise age of implantation (AOI) remains an
important predictor of spoken language outcomes in later childhood for those who received
a cochlear implant (Cl) between 12 and 38 months of age. Relative advantages of receiving
a bilateral Cl after age 4.5 years, better pre-Cl-aided hearing, and longer Cl expenenoe
were also examined. ’

Study Sample: Sixty children participated in a prospec’uve longltudmal study of outcomes at
4.5 and 10.5 years of age. Twenty-nine children received a sequentlal second Cl. Test
scores were compared with normative samples of heanng age mateS\ and predlctors of
outcomes were identified. a -

Conclusion of study: Standard scores on language tests at. 10 5 years of age remained
significantly correlated with age of first cochlear lmplanta’uon Scores were not associated
with receipt of a second, sequentially acqwred Cl. Slgnlflcantly higher scores were achieved
for vocabulary as compared with overall language a fmdmg not evident when the children
were tested at younger ages. - ;

Summary: Age-appropriate spoken language sklll -continued to be more likely with
younger AOI, even after an average of 8.6 yearsfo “additional Cl use. Receipt of a second
implant between ages 4 and Q\years and longer duration of device use did not provide
significant added benefit — =

Com parator Results

auditory pathways in chlldren
N

Q2 inter;implant delays

Study Sample: Cortical responses were recorded from 64 cephalic sites in 2 normal
hearing participants and 8 children with 3 to 4 years of bilateral Cl experience (age at first
Cl, 0.9-4.1 yr; age at second Cl, 1.1-9.7 yr; inter-implant delay, 0-5.8 yr).

Conclusion of study: Beamformer analyses on the dominant positive peak in Cl users and
P1 in normal hearers revealed that stimuli delivered from the left side evoked responses
lateralized to right auditory cortex in the 2 participants with normal hearing and the 3
children receiving bilateral Cls with minimal interimplant delay at young ages. These 5
participants showed a shift in cortical lateralization away from the right cortical hemisphere
when stimuli were moved to the right. In contrast, 4 of 5 children receiving bilateral Cls after
longer delays and at older ages showed abnormal ipsilateral parietal activity in response to
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left stimuli and lateralization to the left cortical hemisphere in response to both right and left

stimuli. The fifth child in this group showed abnormal lateralization to the ipsilateral cortex in
response to both right and left stimuli.

Summary:
The data suggest that, after 3 to 4 years of bilateral Cl use, normal-like patterns of bilateral
cortical activity are promoted in children receiving bilateral Cl with minimal interimplant

delays and young ages but are not present in older children who had longer interimplant
delays.

Q2 Speech perception skills in quiet and noise in children usmg brlateral cochlear implants
and to assess the influence of duration of bilateral deafness and lnterrmplant delay.

Study Sample: Speech perception was assessed in 58 children with early-onset deafness;
51 received their first implant after less than 3. years of bilateral deafness and their second
implant simultaneously or after a long (>2- yr) orshort (6- 12 mo) mtenmplant delay. Another
seven children had longer periods of bilateral deafness (>3 yr) before the first implant and
received their second after a long (>2\yr) 1ntenmp|ant delay Mean (standard deviation) of
bilateral implant use was 12.5 (7.9) months ranging from- 6 to 36 months. Repeated
measures in quiet were comple{ed in three quret and\two noise (no spatial separation)
conditions. In quiet, chrldren listened with their- nght implant alone, left implant alone, and
with both implants. In noise, chrldren wore. one rmplant in the experienced (or right for
simultaneous group) ear and both lmplants

Conclusion of study: Speech perceptron scores were poorer in noise than in quiet, but
significant improvements were found when bilateral rather than unilateral implants were
worn. Improvements were greatest for children who were implanted with a short duration of
bilateral deafness and a limited inter implant interval. Sequential implantation, whether after
a short or’ Iong delay, was observed to cause children and families additional concerns as
compared with srmultaneous bilateral implantation. Parents of children bilaterally implanted
sequentially often commen“ted that the decision to proceed with a second Cl surgery was
much more drffrcult than the first particularly when the child was functioning well with the first
device. Some fammes of children in short delay group also ex[pressed that having two
surgeries Wrthm 1.year in combination along with necessary appointments for activation of
each rmplant represented a considerable additional burden of time, anxiety and expense. To
compound-the problem, many of the children in this group received their first implant as
infants and their second as toddlers. It was surprising to families how much more difficult it
was to prepare their child for the second surgery and care for their child during the surgical
recovery period and initial stages of bilateral implant use compared with the first.

Summary: Benefits of bilateral implantation in the short term are clearest in children with
limited delays between implantation. Children who were goof Cl users or appropriate Cl
candidates were more consistently able to achieve better speech perception scores in the
bilateral versus unilateral implant conditions when the delay between the first and second
implant was less than 12 months that then more the 2 years.
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Comparator Results

Unilateral heanng in childhood restricts input along the bilateral auditory pathways,
possibly causing permanent reorganization. In this study we asked: (i) do the auditory
pathways develop abnormally in children who are bilaterally deaf and hear with a unilateral
cochlear implant? and (ii) can such differences be reversed by restoring input fo the
deprived ear?

Q2 simultaneous implantation

Study Sample: We measured multichannel electroencephalography in 34 children using
cochlear implants and seven normal hearing peers. Dipole moments of activity | became
abnormally high in the auditory cortex contralateral to the flrst rmplant as umlateral cochlear

auditory cortex contralateral to the stimulated ear and a declme m 1 hormal contralateral
activity in response to stimulation from the newly 1mplanted ear correspondmg to poorer
speech perception. ) ~ A0

Conclusion of study: These results reflect an abnormal strengthemng of pathways from
the stimulated ear ln consequence to the Ioss of contralateral actlvrty 1ncludmg inhibitory

within a fairly short period (~1.5 years of unllateral heanng) |t was not reversed by long-term
(3-4 years) bilateral cochlear implant strmulatlon In bilateral. listeners, effects of side of
stlmulatlon were assessed children wlth long penods of unrlateral cochlear lmplant use prlor

strengthening of pathways from the stlmulated ear\ By contrast, cortical activity in children
using bilateral cochlear |mplants after llmlted or no unllateral cochlear |mplant exposure

Summary: Results demonstrate that the immature human auditory cortex reorganizes,
potentially permanently, with unilateral stimulation and that bilateral auditory input provided
with limited delay can protect the brain from such changes. These results indicate for the
first time that there is-a- sensrtlve period for bilateral auditory input in human development
with lmpllcatlons for functlonal hearing.

Com parator”Results

Q2

Study Sample:

Conclusion of study: Presents a study which examined the predictive factors for the
performance of the second cochlear implantation in sequentially bilateral implanted children,
adolescent and adults. Forty-six cochlear implants (Cl) listeners included in the study
enjoyed good or excellent benefit from their second Cl. The seven adolescent individuals
receiving very little benefit from their second Cl are late implanted subjects with their first Cl
or low performers on their first Cl or they were not successful to accomplish appropriate
training with the second Cl. They have the common disadvantage of sensory deprivation of
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the second ear, a well-known unfavourable condition for cochlear implantation.

Summary: Individuals with moderate benefit of their first Cl will generally not gain
improvement in speech understanding from a second Cl. Eighty-seven percent of
sequentially implanted bilateral Cl listeners enjoy good or excellent benefit from their second
Cl, additional 10% receive fair benefit.

, et al. (2011). "Bilateral cochlear implants in children.”

Comparator Results
This article provides a brief overview of the advantages of two-ear hearing.in children
and discusses the limitations, from a psychophysical and a technical perspective, Wthh may
constrain the ability of cochlear implant users to gain these beneﬁts/The latest outcomes for
children using bilateral cochlear implants are discussed, which suggest that. results are more
favourable for children who receive both devices before the age of 3.5 to 4 years. The
available studies that have investigated electrophySIoleglcal responses for children receiving
bilateral implants are discussed. These also support: the ‘notion that. op’umum development of
binaural auditory skills may be more difficult after the age of 3.5 to. 4 years. Studies that
investigate the alternative for some children of using a hearing.. aid on the opposite ear to the
cochlear implant are briefly discussed. These: md{cate that advantages for speech
perception in noise and localization can be: obtamed consnstently for children with significant
residual hearing in the nonimplanted. ear. The ar’ucle concludes with an attempt to bring the
available scientific evidence into the pract cal clinical context with suggestions that may
a33|st chmmans in making recommendatlons for fammes con3|der|ng bilateral cochlear
that bllateral cochlear lmplantatlon can pr0V|de lmproved audltory skills over a single implant
for children with severe and profound bllateral hearmg loss.

Q2 impact of delay on bllateral lmplant

Study Sample: " \\

Conclusnon of study

Summary

The available data suggest that the benefit may be maximized by introducing both implants
as early as possible, at Ieast before 3.5 to 4 years of age

Q’“2‘optiifnal\ timing for bilateral cochlear

Study Sample: This research aims to determine whether binaural auditory processing is
affected by these variables in an effort to determine the optimal timing for bilateral cochlear
implantation in children. Results Bilateral cochlear implants (Cls) have been provided to
children who are deaf in both ears with intent to promote binaural hearing. If it is possible to
establish binaural hearing with two Cls, these children would be able to make use of _
interaural level and timing differences to localize sound and to distinguish between sounds
separated in space. These skills are central to the ability to attend to one particular sound
amidst a number of sound sources. This may be particularly important for children because
they are typically learning and interacting in groups. However, the development of binaural
processing could be disrupted by effects of bilateral deafness, effects of unilateral Cl use, or
issues related to the child's age at onset of deafness and age at the time of the first and
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second cochlear implantation.

Conclusion of study: It is now clear that the duration of bilateral deafness should be limited
in children to restrict reorganization in the auditory thalamo-cortical pathways. It has also
been shown that unilateral Cl use can halt such reorganization to some extent and promote
auditory development. At the same time, however, unilateral input might compromise the
development of binaural processing if Cls are provided sequentially. Mismatches in
responses from the auditory brainstem and cortex evoked by the first and second Cl after a
long period of unilateral Cl use suggest asymmetry in the bilateral auditory pathways which
is significantly more pronounced than in children receiving bilateral implants simultaneously.
Moreover, behavioural responses to level and timing differences between implants suggest
that these important binaural cues are not being processed normally by children Who
received a second Cl after a long period of unilateral Cl use and at older ages.

Summary: In sum, there may be multiple sensitive periods in the- developmg auditory
system, which must be considered when determining the optlmal tlmmg for bllateral cochlear
implantation. NS e

Study Sample: 1. To compare time to reach the maximum speech perception score,
between first and second ear implanted 2 To compare word recognition using bilateral and
unilateral Cl 3. To assess the incidence of age at first and second Cl 4. To consider the
impact of the time interval between first and second Cl in speech perception

Conclusion of study: All subjects use both devices properly. Progress of the second
implanted ear varies and is- determlned by perfermance with first Cl, length of auditory
depnva’uon gap between 1st and 2nd CI and age at 1st and 2nd Cl.

capabilities

Q2 This studyaimed-t determine if adolescents/young adults gained additional perceptual
benefit from’ sequentnal bllateral cochlear implants within 12 months, and to document
adaptation to the second implant.

Study Sample Assessments comprised a pediatric version of The Speech, Spatial and
Qualities of Heanng Scale (SSQ), anecdotal reports of device use and daily listening, and
the Adaptlve Spondee Dlscnmlna’non Test (AdSpon) AII mne partICIpants achleved full-time
parhcapantg were comfortable using the second implant alone and two achleved similar
daily listening with either implant alone.

Conclusion of study: SSQ ratings were higher post-operatively for the majority of
participants. AdSpon performance was superior bilaterally for five participants with noise
ipsilateral to the first implant, but not contralateral. Unilateral performance with either implant
was similar for one participant. A second implant may provide additional benefit up to 19
years of age, even with congenital hearing loss and >16 years between implants. Families
and clinicians should understand the aspects of second-implant candidacy and post-
operative use that are unique to adolescents/young adults.
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Q2 development of auditory pathways in unilateral implants

Study Sample:

Conclusion of study: We have reviewed evidence showing that access to sound within
limited durations of bilateral deafness in early life promotes normal like development of
activity along the auditory pathways in children who have many. years of hearmg experience
with a unilateral cochlear implant. At the same time, however, the unllaterally drlven
stimulation leaves the opposite pathways deprived of input: and susceptlble o
reorganization. We find that providing bilateral cochlear implants to children after a period of
unilateral deafness of longer than 1.5 years drives. abnormal mrsmatches in activity at the
level of the brainstem and cortex. This is characterlzecl by abnormal strengthemng of activity
to both the contralateral and ipsilateral auditory: cor’uces from’ the flrst implanted ear. These
abnormalities in auditory development are assocrated with more asymmetrlc speech
perception, poorer hearing in noise, abnormal sound Iocallzatlon "and an inability to identify
inter-aural timing cues. These skills are- lmportant for-normaliintegration and processing of
audltory input. Our current studies are now, examining: how much residual hearing is needed
in the un-implanted ear to prowde a potentlal protec’uve effect against unilaterally driven
reorganization and whether blmodal hearing (aco stic and electrical input) can be used to
restore binaural hearing. Further, we are asking whether the sensitive period for bilateral
input can be “reopened” by attemptlng to strengthen pathways from the second implanted
ear to restore symmetric bilateral pathways and binaural hearing. Our findings suggest that
both bilateral and umlateral deprlvatl ) ;should be limited to promote optimal binaural
hearing in children who use cochlear\ mplants and enable them to function better and more
naturally in challenglng llstenlng situations such as the playground or classroom
envrronments : 8

Summary We therefore suggest that binaural hearing is compromised in children who
receive bilateral cochlear implants after a period of unilateral implant use exceeding 1.5
years. With that ln mlnd cochlear implants should be provrded to chlldren early as well as

Q2 early intervention

Study Sample: We present sound localization results from 30 children with bilateral
cochlear implants. All children received their implants sequentially, at ages from 6 months to
9 years for the first implant and 1.5-12 years for the second implant, with delays of 10
months to 9 years.

Conclusion of study:. Localization was measured in the sound field, with a broadband bell-
ring presented from 1 of 9 loudspeakers positioned in the frontal horizontal plane. The
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majority of the children (63%) were able to localize this signal significantly better than
chance level. Mean absolute error scores varied from 9 to 51 degrees (root mean square
error scores from 13 to 63 degrees ). The best scores were obtained by children who
received their first implant before the age of 2 years and by children who used hearing aids
prior to implantation for a period of 18 months or longer. Age at second implantation was
important in the group of children who did not use a contralateral hearing aid during the
unilateral implant period. Additionally, children who attended a mainstream school had
significantly better localization scores than children who attended a school for the deaf. No
other child or implantation variables were related to localization performance. Data of parent
questionnaires derived from the Speech, Spatial and Qualities of Hearing Scale were
significantly correlated with localization performance..

Summary: This study shows that the sound localization ability of children with bilateral
cochlear implants varies across subjects, from near-normal to chance performance .and that
stimulation early in life, acoustically or electrically, is |mportant for the development of this
capacity NN S

Study Sample:. Data analysed for 3. groups of 10 chrldren who received their first Cl under
12 months 1. bilateral srmuttaneous CI s 2. brlateral sequentral Cl's (second Cl before 2 yrs)
3. unilateral Cl (bimodal) LA ,

Conclusion of study: "f?f,, o 5 Y
Outcome on speech;” Ianguage perceptual and functional measures at 6 and 12
months post cochlear rmplantatlon were measured. There was no significant
difference between groups: Indmdual differences within groups were evident.

Parental support lnﬂuenced on outcome.

Summary: These flndrngs are demonstrate good outcomes can be attained if the child is
implanted within the frrst 12 ‘months of life, albeit bilateral or unilateral. The importance of
parents involvement in defrnrng the outcome of their child will be discussed.

eaf chrld rmplanted at an early age with go y g guage
abrlrtles and function well in daily life. As the implanted child grows up, managing in the
world of hearing people may become more complex. During adolescence, the teenager
copes with many issues, including identity, socialization with the peer group, and managing
in the school setting. These issues may be even more challenging for the adolescents using
a cochlear implant.

Study Sample: This study was designed to shed light on how adolescents with cochlear
implants experience coping with the issues mentioned. Twelve teenagers (14-18 years old),
fairly similar to the entire adolescent implanted population at the center at which the study
was conducted, participated in the study. They had been unilaterally or bilaterally implanted
at differing ages. The participants filled out a questionnaire dealing with their functioning in
the educational setting, their social preferences and functioning, and their identity as hearing
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or deaf. The results were analyzed using the principles of thematic analysis.

Conclusion of study: At school, some reported better achievements than others but they
all expressed some difficulty functioning in class mainly in situations involving several
speakers. From a social point of view, some reported a preference for association with
normal hearing peers, whereas others favored hard-of-hearing friends, and one had no
preference. Of those who touched on the topic of self-identity, one referred to herself as
deaf, eight defined themselves as hard-of-hearing, and two consider themselves hearing.

Summary: From the responses of these teenagers, it is clear that adolescents with cochlear
implants are a heterogeneous group. Parents and teachers should be aware that
adolescents with implants, even when successful academically, may experience difficulties
in the classroom setting. Most of the participants in this study learning in a malnstream
setting, preferred social relationships with hearing peers (to hard of hearrng/deaf) The
responses of these adolescents with cochlear implants supportthe conjecture that they
have both a hearing identity and a deaf identity, which may be expressed a’r varyrng
intensities depending on the situation at the time. - o ~

Practice elsewhere: The goal of this study was to ascertain worldwide experience with
bilateral cochlear implantation (BCI) with regard to patient demograph|cs trends in provision
of BCI to adult and child patient populatlons differences’ and. similarities in BCI candidacy
criteria, diagnostic requirements, and treatment approaches

Study sample: An electronic survey consisting of 59 mainly multiple-choice questions was
developed for online completion It examined the rmplan’r experience and clinical opinion of
expert cochlear implant (Cl) centres worldwrde\on the indications, motrvatlons and
Seventy-one percent (25/35')’”0f the Cl cllmcs approached completed the survey.
Collectively, these 25 clrnrcs represent experrence with approxrmately 23 ,200 Cl users

of BCI surgeries | reﬂected in their experlence (2,880) represents 36% of the estimated
number worldwide as of December 2007.

Conclusion of study: Cumulatlvely to the end of 2007, 70% of all BCI surgeries have
occurred in children, with the 3- to 10-year-old age group having the highest representation
(33% of all BCls), followed in order by adults (30%), children under 3 years of age (26%),
and children between 1 and 18 years of age (11%). Seventy-two percent of all BCI
surgeries were. performed sequentially (70% of children, 76% of

adults). Chlldren 23 years of age represent the only age group of all patients in which
simultaneous surgerles predominate (58% simultaneous).

For all other ‘age groups, sequential surgeries far outnumber simultaneous

(3-10 years; 84% sequential; 11-18 years, 94% sequential; adults, 76% sequential).

Prior to January 2007, 68% of BCls were performed in children. This increased to 79% for
the year 2007 (P < .001). With regard to children only, a change is apparent over time in
terms of the age group making up the majority of paediatric BC| surgeries performed. Prior
to 2007, children 3 to 10 years of age made up 50% of the children undergoing BCI,
whereas those <3 years made up only 33%. In 2007 this shifted more toward the younger
age group (47% for those <3 years and 40% for 3—10-year olds; P < .001).

United States clinics had a higher proportion of adult BCI patients (59% children, 41%
adults) than the non-United States clinics (78% children, 22% adults; P <.001). The majority
of responders do not hold to a minimum or maximum age by which they limit BCI.
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APPENDIX 1: GLOSSARY

Binauaral: Having the perception of sound with both ears
Bimodal stimulation: The use of one cochlear implant and one hearing aid)

Head Shadow: Head shadow causes particular difficulty in sound localisation in
people with unilateral hearing

Contralateral ear. opposite side of a point of reference
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Appendix 3: Search Strategy

As compared with unilateral cochlear implants do bilateral implants for hearing loss
improve: detection of sound, perception and/or production of speech, ability to hear

and speak in noise and/or to separate background noise, ability to reach educational
goals

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) <1946 to Present> (adapted for: Cochrane, Embase, ERIC, Mosby’s Index,
Psych Info, Sociological Abstracts, Scopus)

Unilateral versus Bilateral Cochlear Implants P

\/\\/> N \ : D
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citéﬁpn\sfand Ovid '\ .
MEDLINE(R) <1946 to Present> (adapted for — Embase, Cochrane, Psychinfo, Scopus,””
Google Scholar) g \\\/ ) :

,1\\

\
Is the effectiveness of bilateral implant affected byzfc/t}e*\t!mé interval between implant
duration or degree of deafness, age at implant and is there evidence to suggest that

tH

simultaneous implantation provides better results than seqyehﬁé\l‘jiﬁ‘iplantation?
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) <1946 to Present>(adapted for: Cochrane, Embase; ERIC, Mosby's Index,
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