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Abstract

Background: Cochlear implant (CI) eligibility criteria have broadened to include individuals with partial deafness (PD), a con-
dition in which prior to implantation a significant amount of low frequency hearing remains. Partial Deafness Treatment (PDT)
with cochlear implants, gives the patient the ability to perceive high frequency sounds to complement low frequency acoustic
hearing. There is a lack of information concerning the educational status of children after PDT. This study reports the demo-
graphics, speech perception abilities, and educational setting of PD children before cochlear implantation and 5 to 7 years later.

Material and methods: The study group consisted of 18 children who had undergone cochlear implantation using the round
window hearing preservation procedure. The average time of device use in the group was 5.9 years (range 5.1-7.4 years). The
average age at implantation was 9.9 years (range 4.1-15.0 years). A retrospective review of patient charts was done. Their pre-
vious and current school setting was assessed with a survey distributed to the parents of these children.

Results: Prior to implantation, 89% of children were being educated in mainstream schools and 11% were attending schools
for the deaf and hard of hearing. After 5 to 7 years of implant use, the percentage of children in a mainstream setting was 83%
and 17% were in special education.

Conclusions: Successfully inclusion of hearing impaired children into the mainstream education system is one of the major
goals of cochlear implantation. Although the study group was small, it appears that children after PDT, whose speech percep-

tion substantially improves after cochlear implantation, may continue their education in a mainstream setting.
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TRATAMIENTO DE LA SORDERA PARCIAL EN LOS NINOS: EL CONTEXTO
EDUCATIVO DESPUES DE 5 A 7 ANOS DE USO DE UN IC

Resumen

Antecedentes: Los criterios de elegibilidad para los implantes cocleares (IC) se han ampliado para incluir a personas con sorde-
ra parcial (PD), una condicién en la, que antes de la implantacion, sigue existiendo un nivel significativo de la audicion a baja
frecuencia. El tratamiento de la sordera parcial (PDT) con implantes cocleares le da al paciente la capacidad de percibir sonidos
de alta frecuencia para complementar la audicion actstica a baja frecuencia. Hay una falta de informacion sobre la situacion
educativa de los nifios después del PDT. Este estudio presenta los datos demograficos, las habilidades de percepcién del habla y
el contexto educativo de los nifos con la sordera parcial antes de la implantacion coclear y de 5 a 7 afios después de realizarla.

Materiales y métodos: Se analiz6 un grupo de 18 nifios que habian sido sometidos a un implante coclear utilizando el procedimiento
de conservacion de la audicién de la ventana redonda. El tiempo promedio de uso del dispositivo en el grupo era de 5.9 aflos (entre
5.1-7.4 afios). La edad media al realizar el implante fue de 9.9 afos (entre 4.1-15.0 afios). Se llevd a cabo una revision retrospectiva de las
historias clinicas de los pacientes. Su contexto escolar anterior y actual se evalud con una encuesta distribuida a los padres de los nifos.

Resultados: Antes de la implantacion, el 89% de los ninos estaban siendo educados en las escuelas normales y el 11% asistian
a escuelas para personas sordas y hipoactsticas. Después de 5 a 7 anos de uso del implante, el porcentaje de nifios en los cen-
tros ordinarios fue del 83% y del 17% en centros de educacion especial.

Conclusiones: La inclusién con éxito de nifios con discapacidad auditiva en el sistema general de educacién es uno de los principales
objetivos de la implantacion coclear. Aunque el grupo de estudio fue reducido, parece que los nifios después del tratamiento PDT, cuya
percepcion del habla mejora sustancialmente después de la implantacion coclear, pueden continuar su educacion en los centros ordinarios.

Palabras clave: tratamiento de sordera parcial « implante coclear « nifos
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TRAITEMENT DE SURDITE PARTIELLE CHEZ LES ENFANTS: DISPOSITIFS
EDUCATIFS APRES 5 A 7 ANS D’UTILISATION D’IMPLANT COCHLEAIRE

Abstrait

Contexte: Les critéres déligibilité aux implants cochléaires se sont élargis pour inclure les personnes atteintes de surdité partielle,
un état préalable a l'implantation dans lequel subsiste un nombre important de basse fréquence audible. Le traitement surdité
partielle avec des implants cochléaires, donne au patient la capacité de percevoir les sons de haute fréquence pour compléter l'au-
dition de basse fréquence. Il existe un manque d’informations concernant le statut éducatif des enfants apres le traitement par-
tiel de la surdité. Cette étude rapporte les données démographiques, les capacités de perception de la parole, et les dispositions
éducatives des enfants atteints de surdité partielle avant implantation cochléaire et de 5 & 7 ans aprés I'implantation cochléaire.

Matériel et méthodes: Le groupe détude se composait de 18 enfants qui avaient subi une implantation cochléaire utilisant la
méthode de préservation de l'audition de la fenétre ronde. Le temps moyen de ['utilisation des implants dans le groupe était de
5,9 ans (fourchette allant de 5.1 4 7.4 ans). L4ge moyen lors de I'implantation était de 9,9 ans (fourchette allant de 4.1 a 15.0
ans). Une étude rétrospective des dossiers des patients a été faite. Leur milieu scolaire antérieur et actuel a été évalué par un
sondage distribué aux parents de ces enfants.

Résultats: Avant 'implantation, 89% des enfants étaient scolarisés dans des écoles ordinaires et 11% dans des écoles pour sourds
et malentendants. Apres 5 a 7 ans d'utilisation d’'implants, le pourcentage denfants intégrer dans le cycle scolaire normal était
de 83% et 17% dans lenseignement spécialisée.

Conclusions: Réussir I'intégration des enfants malentendants dans le systéme éducatif classique est I'un des principaux objec-
tifs de l'implantation cochléaire. Bien que le groupe détude fiit réduit, il apparait que les enfants ayant bénéficiés du traitement
de surdité partielle par implantation cochléaire dont la perception du discours sest substantiellement améliorée apres l'implan-
tation, peuvent poursuivre leur scolarité dans le systeme éducatif classique.

Mots clés: traitement de surdité partielle « implant cochléaire « enfants

JIEYEHUE YACTUYHOMN ITTYXOTHI Y IETEV: OBCTAHOBKA ITPY1 OBYYEHUN
ITOCIJIE 5-7 IET IPUMEHEHIA KOXJIEAPHOTO UMIIVTAHTATA

Kpatkuit 0630p

Victopus Bonpoca: Kputepnun or6opa B acriekTe npuMeHeHns Koxaeapraoro nmivtantara (CI) 6p1i paciupeHsl ¢ BKITIO-
YeHMeM IALMeHTOB C YaCTU4HOI IyxoToii (PD), cocTosHMeM, IpU KOTOPOM [0 MMIUIAHTALM COXPAaHAETCHA BO3MOX-
HOCTD C/IbIIIATh 3HAYNTETbHOE KOIMYECTBO HU3KOYaCTOTHBIX 3BYKOB. JledeHne yacTiyHoi rryxoTsl (PDT) ¢ moMouibio
KOXJIeapHBIX MMIUIAHTATOB laeT OCHOBY ISl BOCHPUATIA BbICOKOYACTOTHBIX 3BYKOB B JIOIIOJIHEHME K C/IBIIIMMOCTY B
IMana3oHe HU3KMX 4acTOT. Ha JaHHBI MOMEHT IIO/Ty4eHO HeLOCTaTOYHO MH(OPMALINM OTHOCUTENIBHO CIIOCOOHOCTEN K
00y4eHNIO y eTell oC/Ie JIeIeH s JaCTUIHOM [IyXOTHL. B HaCTOsIeM MCC/IefOBAHMY TIO/TyYeHbl CBEIEHNsI O JeMOorpa-
(budecknx faHHBIX, CHOCOOHOCTH K BOCIPIUATHUIO pedn ¥ 00CTaHOBKe Ipu 00ydeHun geteit ¢ PD 10 ycTaHOBKM KOXJIe-
apHOTO MMIIIAHTATa U yepes3 5-7 JIeT I0ocyIe Hee.

Marepuansl M MeToabI: ONBITHASA I'PYIINIA COCTOSIA U3 18 feTeil, KOTOPBIM ObII YCTAHOBJICH KOX/ICAPHBIN MMIIIAHTAT C
IIOMOMIBIO IPOLEAyPbl COXPAHEHMs C/IyXa IIPY BO3MIEICTBUI Ha OKHO YIUTKU. B cpefiHeM BpeMs NPUMEHEHUA YCTPON-
CTBa B IPyIIIe COCTAB/sIO 5,9 neT (B mpepenax 5,1-7,4 ner). B cpefHeM BO3pacT Ipy MMIUIAHTALUM COCTAB/ISN 9,9 jieT
(B pepenax 4,1-15,0 net). Bbu IIpoBefieH PeTPOCIIEKTUBHBII aHA/IN3 VICTOPUIT OO/Ie3Helt manneHToB. Ilpegpiayias un
TeKylllas LIKOIbHasA 0OCTaHOBKA ITOJJIE)Ka/Ia OLIEHKE IIPY IIOMOIIY ONPOCHUKOB, BbIJAHHBIX POJUTENIAM JeTell.

Pesynbrarer: [lepen nposeennem nmiutantanyy 89% jeteit mpoxoaunn o6ydeHne B OObIYHBIX LIKOIAX, 11% feTeit mmo-
Celllay IKOJIBI LA IJIyXUX WK crmabocnpimaniyx. Yepes 5-7 yieT mMOoc/ie IpUMEeHeHIs MMIUIAaHTaTa [IPOLeHTHAA O
ZeTeit, 06yJAIOIMXCS B TPAAMUIMOHHOM IIKOTBHOM OKpPY>XKeHuu, coctaBuaa 83%, 17% mereit 06yIamnch B CIeIMaIl-
SI/IpOBaHbIX y‘{€6HbIX 3aBCOCHUAX.

BriBoppl: YcnelmHoe BKIIOYEHME JeTell C OTpaHIMYEHUAMY OCTPOTHI CIyXa B TPAUIMOHHYIO CUCTeMY 00pa3oBaHMA sAB-
JII€TCA OJJHOV M3 OCHOBHBIX Iie/Iell IpYMEeHEeHNA KOX/IeapHbIX MMIUIaHTaToB. HecMOTps Ha HeOO/bILOI pa3Mep OIIbIT-
HOJI TPYTIIIbI, MOXKHO IPEIIIONIOKUTD, YTO IeTH IIOC/Ie JICYeHNUA YJACTUIHON IJIyXOThI, Y KOTOPBIX IPOAB/AETCA yIy4lle-
HJIe BOCIIPUATISA pedn MOC/Ie KOXIeapHoll MMIUIAHTALlMM, MOTYT IIPOJO/DKATh 0OpasoBaHIe B TPAAUIIVIOHHOM IIKOJIbBHOM
OKPY>KEHUM.

KnaroueBble cToBa: 1edeHe YaCTUIHOM TTyXOTBI e KoxneaprIﬁ[ JIMIIJIQHTAT e OCTU
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Background

The history of cochlear implants has reached another mile-
stone in the last decade. The criteria for receiving the de-
vice have broadened, and patients with partial deafness
(PD) have now been included as candidates for surgery
[1,2]. After hearing preservation surgery using the round
window approach was found safe for adults, it has now
been found beneficial for children [2]. Since 2004, children
with partial deafness can qualify for cochlear implant (CI)
surgery. Partial Deafness Treatment (PDT) with cochlear
implants, as proposed by Skarzynski at al., gives the pa-
tient the ability to perceive high frequency sounds to com-
plement low frequency acoustic hearing [1].

The first PDT surgery on a child was a great challenge
for the surgeons whose focus was to perform the opera-
tion with maximum hearing preservation. It was also an
extremely hard decision for parents, who had to decide
on behalf of a child who was not profoundly deaf and
who was outside the then-current CI qualification crite-
ria. At first, the aim of implanting a deaf child was to give
them a chance to hear and an opportunity to develop ver-
bal communication with their family [3]. With time and
medical advances, we started to expect more. Technolog-
ical achievements allowed many deaf children to access a
mainstream education [4].

A major motivation for giving a child with PD an implant
was to support its development of language and speech.
In the case of PD, classical hearing aids are not as help-
ful as expected because high-frequency speech sounds
are beyond their capabilities. Difficulties in communica-
tion can prevent children participating in a mainstream
education. So allowing children to continue schooling in
an open educational system was another important fac-
tor motivating surgery.

Worldwide there is a trend towards including handicapped
children in the mainstream education system. It provides
equality of education and also reduces costs [4]. Obser-
vations have shown the positive affect of PDT on a child’s
speech discrimination ability and their overall social func-
tioning [5]. As there is a direct link between speech per-
ception and the development of language, a child’s speech
perception is considered to be an important determinant
of educational performance in mainstream classes. Recent
studies show that cochlear implants are able to at least nar-
row the gap in performance between the hearing-impaired
children and their hearing peers [6]. However, there is a
lack of information concerning the educational status of
children after PDT.

This study reports demographics, speech perception abil-
ities, and educational settings of a group of children after

PDT before cochlear implantation and 5 to 7 years after.

Material and methods

Participants

The study group consisted of 18 children, part of a larger
group of children with PD who had undergone cochlear
implantation using the round window hearing preservation

Number of children

2 4 6 8 10 12 14 16
Age at surgery

Figure 1. Distribution of age at time of implantation.

procedure. The 18 were chosen as having had the long-
est experience with CI, with the average being 5.9 years
(range 5.1-7.4 years). As shown in Figure 1, the average
age at cochlear implantation was 9.9 years (range 4.1-15.0
years). All children received a Med-El cochlear implant,
either a Combi 40+ (4 subjects) or Pulsar (14 subjects).
Average hearing thresholds measured before and 1 month
after surgery are shown in Figure 2 for the implanted and
the contralateral ear.

The reported aetiologies in the group were as follows: 12
unknown (including 7 children with no genetic screen-
ing and with negative screening towards 35delG), perina-
tal asphyxia (5), and septicaemia (1). Additional disabil-
ities were observed in 10 children (56%), they included:
vision impairment (7), vision impairment and epilepsy (1),
vision impairment and delayed physical development (1),
and delayed physical development (1).

All children, but one, were not screened for hearing prob-
lems after birth. Thus due to absence of hearing test results
in earlier stages congenital hearing loss cannot be exclud-
ed. The diagnosis of hearing loss, as reported by parents,
was done at 4 years of age on average (range 0.5-7 years)
as shown in Figure 3. Two children from the study group
have a healthy twin sibling.

All children were fitted bilaterally with hearing aids: 13
children immediately after diagnosis and 5 with a max-
imum delay of 2 years. Two children wear hearing aids
occasionally.

Methods

Retrospective chart reviews of patients were done, de-
mographic information was obtained, and data regard-
ing audiological and speech perception tests was collected.
Pure-tone audiometry was performed using a Siemens SD5
audiometer calibrated according to ANSI standards. Testing
was done in an IAC soundproof booth using Sennheiser
HDA 200 headphones. A standard clinical procedure was
used for determining thresholds [7]. Speech perception
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Figure 2. Average pure tone thresholds measured for the implanted and contralateral ear before, and 1 month after,

surgery.

Number of children

Age at diagnosis

Figure 3. The average age at which hearing loss was
diagnosed.

tests were performed using the Pruszewicz monosyllabic
Polish word test [8]. Tests were conducted in quiet and also
in noise at a signal-to-noise ratio of +10 dB. Before the op-
eration, patients were tested with hearing aids. A second
test took place 1 year after the operation, and a third 5 to
7 years after the operation. Subjects were tested using their
natural bilateral acoustic hearing, amplified if needed with
a hearing aid or a Duet acoustic component manufactured
by Med-El, with electrically stimulated hearing occurring
via the cochlear implant. Paired-sample t-tests were con-
ducted to look for a difference in speech scores. The level
of statistical significance (p) was set at 0.05.

The educational placement of the children was assessed with
survey designed for the study and distributed to the parents.

Results

Educational placement

At the time of CI surgery, the children were mainly attending
pre-primary or primary schools (78%). Subsequently, they
continued their education with no apparent interruptions.
Figure 4 shows the shift to consecutive educational levels.

Prior to implantation, 89% of children were educated in
mainstream schools and 11% were attending schools for

© Journal of Hearing Science® - 2012 Vol. 2 - No. 2

the deaf and hard of hearing. After 5 to 7 years of implant
use the percentage of children in mainstream setting was
83% and 17% were in special education. In the case of one
child, one year after implantation he changed from a special
school to a mainstream school and continues education in it.
One child, who before the operation was in a special school
for the hard of hearing, remains in it. In this case the type
of school was chosen by the parents. Two children moved
from a mainstream school to a special school when starting
anew stage of their education (to a lower secondary gener-
al and an upper secondary vocational); at these higher lev-
els the children could not manage in a mainstream school.

Speech testing

The results of monosyllable testing in quiet and in noise are
presented in Figure 5, which show mean scores and stand-
ard deviations. For all children the post-implant scores af-
ter 1 year of CI use exceeded the pre-implant scores. Over
a period of 12 months monosyllabic word recognition in-
creased from 29 to 70% under quiet conditions and from 8
to 46% under noisy conditions. The results of speech tests
in quiet were stable over time, as the recent mean score (5
to 7 years after surgery) was 70% as well. However, scores
in noise improved over time to reach 65%. These chang-
es were statistically significant (at p<0.05).

Discussion

The age distribution of children at the time of their implan-
tation corresponds with their level of education (Figure 4).
There is a visible increase in the number of PDT interven-
tions at age 6, when children enter school, with another
peak at 10 to 12 when they are finishing primary educa-
tion and moving to secondary school. Problems with cop-
ing with school requirements become more evident with
time, the expectations towards children increase, and par-
ents, dealing with multiple problems, start looking for a
solution. According to parental reports, all children from
the study group exhibited academic setbacks in the main-
stream settings. The concern that the child would drop out
from the current educational setting was mentioned by
parents as one of the main reasons for deciding for a CI.

Before and after PDT, children were mainly enrolled in
mainstream schools rather than in special education. The
typical age at implantation in our sample was much higher
than in regular pediatric CI cases, so it can be considered
as ‘late’ implantation. Still, children’s development in terms
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Figure 4. PDT students (n=18) in the Polish education
system before (black) and 5-7 years after sur-

gery (grey).

of education level before implantation was only slight-
ly hindered and nearly all children started education in a
mainstream setting. Their capabilities fulfilled the criteria
for acceptance into the primary open education system.

However, there is a reported tendency toward shifting from
mainstream to special educational settings as the child
grows older and academic demands and linguistic chal-
lenges become harder [9]. Some studies show that speech
discrimination and language deficits present educational
challenges in mainstreamed CI children [10]. MuKkari et
al. found that 56% of children with CI performed at be-
low the average level on measures assessing school per-
formance [6]. On the other hand, long-term data from the
current study show a trend toward continuing mainstream
education by children after PDT in the same way as their
hearing peers. As there are no studies showing the edu-
cational status of children after PDT, we need to compare
our data to results obtained in a group of hearing aid users.

As reported by Archbold et al. for severely deaf children,
38% of those using hearing aids attended full-time main-

stream schools, compared to children after PDT where 83%
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Figure 5. Speech perception before and after implanta-
tion. Monosyllable scores in quiet (black) and
in noise (grey) before, one year, and 5-7 years
after surgery.

attended regular school after a minimum of 5 years of CI
use [11]. The goal of keeping children after PDT in main-
stream education was supported by major improvements in
their speech perception abilities, with their speech discrim-
ination scores increasing by 41 percentage points on aver-
age. Considering the children’s age at implantation (mean
9.9 years), and the observed saturation of speech perception
at a low level (29% mean monosyllabic test score) for long
periods before implantation, this finding should be seen as
a great success for CI implantation in PD children. We can
assume that expectations surrounding implantation of chil-
dren with PD have been satisfied, although more careful
research on educational outcomes is needed.

Conclusions

Successful inclusion of hearing-impaired children in main-
stream education is one of the main goals of cochlear im-
plantation. Although the study group was small, it seems
that PDT children, whose speech perception after cochle-
ar implantation substantially improves, can continue their
education in a mainstream setting.
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