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Abstract

Background: Candidacy for cochlear implantation has been expanding in recent times to include individuals with low-fre-
quency residual hearing who do not benefit from conventional hearing amplification. Recent cochlear implant electrode ar-
rays provide maximal preservation of residual hearing when introduced using a ‘soft insertion’ technique. This study analyzes
the efficacy of soft insertion and the outcomes of such implantation in candidates with residual hearing.

Materials and Methods: Our prospective, non-randomized study, chronologically documented: (A) the efficacy of the hear-
ing preservation technique in cochlear implantees with residual hearing by soft insertion technique (round window or cochle-
ostomy), and (B) the auditory verbal outcomes in 10 cochlear implantees with residual hearing (Group A) compared with
a control group of 10 age-matched post-lingual candidates with profound hearing loss (Group B), as measured by Catego-
ries of Auditory Performance, Speech Intelligibility Rating, Cochlear Implant Aided Audiometry, and Hearing In Noise Test.

Results: The results suggest that soft insertion via cochleostomy or round window were effective in preserving residual hearing.
In the 6-month post-operative audiogram, 60% of our implantees had complete preservation and 40% had moderate preserva-
tion. Our study also underlines the beneficial effects of residual hearing: (a) hearing in noise test with mean average for Group
A (59%) and Group B (45%) with p value=0.007, (b) 6-month post-operative CI aided frequency specific comparison between
the groups showed p values of 0.001, 0.039, and 0.34 at 250, 500, and 1000 Hz respectively. However, on auditory verbal scores
(CAP and SIR scores), Group A implantees performed better on clinical analysis, although there was no statistical significance.

Conclusions: The hearing preservation technique has heralded the arrival of next generation cochlear implants which pro-
vide a hearing solution for candidates with low-frequency residual hearing who do not benefit from conventional hearing aids.
Our study shows that there is significant advantage obtained in auditory verbal habilitation outcomes and hearing in noise
perception using soft surgery techniques which maintain the microstructure of the spiral ganglion and osseous spiral lamina.

Keywords: hearing preservation technique e ski slope audiogram e flexSOFT electrode « soft insertion technique o partial
deafness cochlear implantation

EFECTIVIDAD Y RESULTADOS DE LA TECNICA QUIRURGICA DE CONSERVACION
DEL OIDO EN PACIENTES CON RESTOS AUDITIVOS AL COLOCAR UN IMPLANTE
COCLEAR: EXPERIENCIA CON PACIENTES INDIOS

Resumen

Introduccion: Los criterios de calificacién para un implante coclear se han ampliado en los tltimos afios y actualmente com-
prenden también a personas con restos auditivos en la zona de bajas frecuencias, pero que no obtienen ningtin beneficio del
uso de audifonos convencionales. Los tipos de electrodos para implantes cocleares mas modernos permiten conservar al maxi-
mo los restos auditivos cuando se introducen en la cdclea utilizando una técnica de insercion suave del electrodo. En los estu-
dios realizados se analizo la efectividad de la técnica de insercion suave del electrodo y el resultado de la colocacion del elec-
trodo utilizando esta técnica en candidatos con restos auditivos.

Material y métodos: Estudio prospectivo, no randomizado, documentado cronoldgicamente: (A) efectividad de la conserva-
cion del oido en pacientes implantados con restos auditivos utilizando la técnica de insercion suave del electrodo (por la venta-
na redonda o con cocleostomia), y (B) resultados auditivos y del habla de 10 pacientes con implantes cocleares que conservan
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restos auditivos (Grupo A), en comparacion con el grupo de control, de edad similar, compuesto por 10 personas con sordera
postlingual e hipoacusia profunda (Grupo B), examinados usando las categorias de rendimiento auditivo (Categories of Au-
ditory Performance CAP), la evaluacion de la inteligibilidad del habla (SIR), la audiometria asistida con implantes cocleares y
los estudios de audicién en ruido.

Resultados: Los resultados obtenidos permiten opinar que la técnica de insercion suave del electrodo con cocleostomia o por
ventana redonda permite conservar con efectividad los restos auditivos. En el estudio audiométrico realizado 6 meses después
de colocar el implante, se constaté en el 60% de los pacientes implantados una conservacion total del oido y en el 40% una con-
servacion moderada del oido. Los resultados del estudio subrayan también los beneficios que ofrecen los restos auditivos: (a)
el resultado medio de la prueba de audicién en ruido para el grupo A (69%) y el grupo B (45%) con p=0,007, (b) la compara-
cion de los resultados de la audiometria asistida con implantes cocleares realizada 6 meses después de la operacion entre los
grupos para frecuencias particulares dio un valor de p 0,001, 0,039 y 0,34 para 250, 500 y 1000 Hz respectivamente. Sin em-
bargo, en las pruebas de inteligibilidad del habla (CAP y SIR) los resultados de los pacientes implantados del grupo A fueron
mejores en el analisis clinico, aunque la diferencia no fue estadisticamente significativa.

Conclusiones: La técnica de conservacion del oido anuncié la llegada de una nueva generacion de implantes cocleares desti-
nados a pacientes con restos auditivos en la zona de bajas frecuencias que no obtenian beneficios del uso de audifonos conven-
cionales. Nuestros estudios muestran que los pacientes obtienen resultados bastante mejores en la rehabilitacion del oido y el
habla y la audicién en ruido si, al colocar el implante coclear, se utiliza la técnica de insercion suave del electrodo, que conser-
va la microestructura del ganglio espiral coclear y la ldimina espiral dsea.

Palabras clave: técnica de conservacion del oido « audiograma tipo ‘ski slope’ « electrodo flexSOFT « técnica de insercion sua-
ve del electrodo « implante coclear en sordera parcial

3®PEKTUBHOCTD U PE3YJIBTATBI XVIPYPTMYECKOW TEXHUKU
COXPAHEHMA CIIYXA Y TAIIMEHTOB C OCTATKAMMU CIIYXA IIPU
BXKUBJIEHUU YIUTKOBOTO UMITIAHTATA: OIIBIT Y MUHAUMCKUX
ITAIIMEHTOB

W3noxxenue

BBepenne: Kpurepun omycka K BXUBJIEHUIO YIMTKOBOTO MMIUIAHTATa B IIOC/EHME OBl ObUIM PACIIMpPEHDI U Celi-
4Jac OHM OXBAaTbIBAIOT TAK)Ke JIIOfell, MMEIOIIMX OCTaTKM C/IyXa B Ipeje/laX HU3KUX YaCTOT, HO He MMEIOLMX I10/Ib3bI OT
[10/1b30BaHNA TPaAUIMOHHBIMY CTyXOBBIMU anmaparamy. Hosejilme BUbI 971eKTPOMIOB YIUTKOBBIX MMIUIAHTATOB IAI0T
BO3MO>XHOCTb MaKCMMAaJ/IbHOTO COXPAHEHM OCTATKOB C/IyXa, KOI/Ia OHM BBOJATCA B YIUTKY C MCIIO/Ib30BAHMEM TEXHU -
KII JIe/IMKaTHOTO BBeNEHIsI 9/IeKTPO/a. B MpoBeeHHBIX MCCIefOBaHMAX aHaMM3upoBaHa 9¢(PeKTUBHOCTD TEXHUKM [ie-
JIMKATHOT'O BBENEHMS 37IEKTPOJia U Pe3y/bTaTa BXKUBJICHUA 9/IEKTPOJA C UCIIOIb30BaHMEM 3TOM TEXHUKI Yy KaHIUIATOB
C OCTaTKaMM CIIyXxa.

Marepuan u metopy: IIpocrieKTrBHbIE, HEPAHJOMUSNPOBAHHBIE, JOKYMEHTMPOBAHHbIE XPOHOMOTMYECKN MCCIENOBA -
Hust: (A) 9 PeKTHBHOCTD COXpaHEeHNUs CIyXa y MalMeHTOB C OCTaTKAMH CIyXd, MMIUIAHTUPOBAHHBIX C MCIIO/Ib30BAHM-
eM TeXHMKM JelMKAaTHOTO BBefleHMs 97eKTpofa (IIyTeM KPYITIOro OKHa Mayu Koxiaeoctomun), (B) pesympraTsl cayxa u
peun y 10 IaInueHTOB, MONb3YIOIMXCSA YIMTKOBBIMU MMIIAHTATaMM, MIMEIOIIMX COXpaHEeHHble ocTaTKy cryxa (Ipymma
A) B cpaBHEHUM C KOHTPOJIbHOJ IPYIIION, IOfK0OPaHHOI IO BO3PACTY, COCTOAILe 13 10 NOCT/IMHIBAaIbHO OIJIOXIINX
mofelt ¢ y6okoit Tyroyxocteio (Ipymnmna B), mpoBepeHHBIX ¢ NCIIONb30BaHMEeM TeCTOB KaTeropuii CTyXOBbIX Pe3y/bTa-
toB (Categories of Auditory Performance CAP), onjenku nonnmanus peunt (SIR), ayanomeTpun npy HOAKEP)KKE YINUT-
KOBOTO MIMIUIAHTaTa M VICCTIEIOBAHMA CBIIIAHNUSA B LITyMe.

PesyanaTm: HOHY‘ISHHI}IC Ppe3ynbTaThbl IO3BOIAIOT CYAUTH O TOM, YTO TEXHMKA AEIMKATHOTO BBEIECHNA 3/IEKTPOAA I1Y-
TeM KOX/ICOCTOMUY WIM KPYIJIOTO OKHaA JJaeT BO3MOXKHOCTD 3 (}eKTMBHOIO COXpaHEeHUsI OCTATKOB CIyxa. B aynmome-
TPUYECKOM MCCTIeOBAaHNY, IIPOBEJEHHOM Yepe3 6 MecALeB II0C/Ie BXXMB/IEHNA UMIIaHTaTa y 60% MMIIZTAaHTMPOBAHHbIX
HaIVIeHTOB 0OHAPY>KeHO IIOTHOE COXPaHeHue cyxa, a y 40% — yMepeHHOe COXpaHeHMe CyXa. Pe3ynbraTbl MccaenoBa-
HIA IIOAYEPKMBAIOT TaKXKe IIOIb3Y, KOTOPYIO HAaX0T OCTATKM CyXa: a) Cpe)IHI/Iﬁ pe3ynbTaT TeCTa CIAbIIIaHNA B IIyMe /1A
rpynmnsl A (69%) u rpymmsl (B) (45%) npu p=0,007, (6) cpaBHeHNe pe3yIbTaTOB ayfUOMETPUI NIPK MOAAEPIKKe YIUT-
KOBOTO MMIUIAHTATa, IPOBEJIEHHOI Yepe3 6 MecALeB II0C/Ie Olepaly MeXy IPYIIaMu /i OT/IeIbHBIX YacTOT Jaslo
sHauenus p 0,001, 0,039 u 0,34 coorBercTBeHHO mist 250, 500 u 1000 Iiy. Opnako B Tectax mouumanus peun (CAP u
SIR) pesynbTaThl MMIUIAHTMPOBAHHBIX MALVIEHTOB U3 TPYIIBL A ObUIM JIydllle B KIMHIYECKOM aHA/MIN3e, XOTs pasHMULA
He ObI/Ta CTaTMCTUYECKYU 3HAYMMOIL.

WUrorn: Texunka COXpaHEHMA CIyXxa 6b11a IIpeABECTHNKOM HACTYIUVIEHNA HOBOI reHepanum yJIMTKOBBIX VMMIUIAHTATOB,
nIpegHasHaYe€HHbIX /1A NNAVMEHTOB ¢ OCTaTKaMM C/IyXa B IIpefelaX HU3KNMX 9aCTOT, HE MIMEIOIINX ITO/Ib3bl OT II0/Ib30BaHIA
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TPaAUIIMOHHBIMYU CTYXOBbIMU amnmapaTamy. Hamm nccnenoBanms noKasbIBalOT, YTO NAIMEHTHI IIOTY4al0T 3HAYUTE/TbHO
JydIllVie pe3y/IbTaThl peabVIMTAIY CJIyXa, pedy U CIbIIIAHUA B IIyMe, eC/IM IPU BXXVMBJICHUY YIMTKOBOTO MIUIAHTATA
Obl1a MICIIONb30BAHA TEXHMKA IE/IMKATHOTO BBEJCHNA /IEKTPOJIa, COXPAHAILIAsA MUKPOCTPYKTYPY YIMTKOBOTO IIPOTO-
Ka M KOCTHOV CIIMPa/IbHOM IJIACTVHKU.

KniouyeBble cToBa: TeXHIKA COXPaHEHNMs CIyXa o ayguorpamMma tua «ski slope» o anexrpon «flexSOFT electrode» o Tex-
HIIKa JIe/TMKATHOTO BBEJEHNA 3/IeKTPOJia » BXXMBJIEHE YINTKOBOTO MMIITAHTATA TP YaCTUIHON ITyXOTe

SKUTECZNOSC I WYNIKI TECHNIKI CHIRURGICZNEJ ZACHOWANIA SEUCHU
U PACJENTOW Z RESZTKAMI SLUCHOWYMI PRZY WSZCZEPIENIU IMPLANTU
SLIMAKOWEGO: DOSWIADCZENIE U PACJENTOW INDYJSKICH

Streszczenie

Wprowadzenie: Kryteria kwalifikacji do wszczepienia implantu §limakowego w ostatnich latach byly poszerzane i obecnie obej-
mujg takze osoby posiadajace resztki stuchowe w obszarze niskich czestotliwosci, ale nie odnoszace korzysci z zastosowania
konwencjonalnych aparatéw stuchowych. Najnowsze typy elektrod implantéw §limakowych umozliwiaja maksymalne zacho-
wanie resztek stuchowych gdy sa wprowadzone do $limaka z zastosowaniem techniki delikatnego wlozenia elektrody. W prze-
prowadzonych badaniach analizowano skuteczno$¢ techniki delikatnego wlozenia elektrody i wyniku wszczepienia elektrody
z zastosowaniem tej techniki u kandydatéw z resztkami stuchowymi.

Materialy i metody: Badanie prospektywne, nie randomizowane, udokumentowane chronologicznie: (A) skuteczno$¢ zacho-
wania stuchu u pacjentéw z resztkami stuchowymi implantowanych z zastosowaniem techniki delikatnego wtozenia elektro-
dy (przez okienko okragle lub kochleostomig), i (B) wyniki stuchowe i mowy 10 pacjentéw korzystajacych z implantéw §lima-
kowych posiadajacych zachowane resztki stuchowe (Grupa A) w poréwnaniu z grupa kontrolna, dopasowang pod wzgledem
wieku, ztozong z 10 0s6b postlingwalnie ogluchtych z gtebokim niedostuchem (Grupa B), zbadanych z uzyciem testow katego-
rii wynikéw stuchowych (Categories of Auditory Performance CAP), oceny rozumienia mowy (SIR), audiometrii przy wspo-
maganiu implantem §limakowym i badania slyszenia w szumie.

Wyniki: Uzyskane wyniki pozwalaja sadzi¢, ze technika delikatnego wlozenia elektrody przez kochleostomie lub okienko okra-
gle umozliwia skuteczne zachowanie resztek stuchowych. W badaniu audiometrycznym wykonanym 6 miesiecy po wszczepie-
niu implantu u 60% pacjentéw implantowanych stwierdzono catkowite zachowanie stuchu, a u 40% umiarkowane zachowanie
stuchu. Wyniki badania podkreslaja tez korzysci, jakie daja resztki stuchowe: (a) sredni wynik testu styszenia w hatasie dla gru-
py A (69%) i grupy B (45%) przy p=0,007, (b) poréwnanie wynikéw audiometrii przy wspomaganiu implantem $limakowym
wykonanej 6 miesigcy po operacji miedzy grupami dla poszczegdlnych czestotliwosci dato wartosci p 0,001, 0,039 i 0,34 dla
odpowiednio 250, 500 i 1000 Hz. Jednak w testach rozumienia mowy (CAP i SIR) wyniki pacjentéw implantowanych z grupy
A byly lepsze w analizie klinicznej, chociaz rdznica nie byla statystycznie istotna.

Whioski: Technika zachowania stuchu byla zwiastunem nadejscia nowej generacji implantéw §limakowych, przeznaczonych dla
pacjentéw z resztkami stuchowymi w zakresie niskich czestotliwoéci nie odnoszacych korzysci z zastosowania konwencjonal-
nych aparatéw stuchowych. Nasze badania pokazuja, ze pacjenci uzyskuja znacznie lepsze wyniki rehabilitacji stuchu i mowy
i slyszenia w szumie, jezeli przy wszczepieniu implantu $limakowego zastosowana zostata technika delikatnego wszczepienia
elektrody zachowujaca mikrostrukture zwoju $limakowego i spiralnej blaszki kostne;.

Stowa kluczowe: technika zachowania stuchu « audiogram typu ‘ski slope’  elektroda flexSOFT electrode o technika delikat-
nego wlozenia elektrody « wszczepienie implantu §limakowego w cze$ciowej gluchocie

Background hearing most often do poorly, even with bilateral conven-

tional amplification.

Cochlear implants (CIs) have revolutionized the treat-

ment of severe to profound sensorineural deafness. Can- In the past, these patients were not implanted due to the

didacy for cochlear implantation has been expanding in
recent times. Advances in speech processing strategies
and implant design have significantly improved the per-
formance of implant users. In recent times, candidates
with poor word recognition abilities, good non-progres-
sive low-frequency hearing, and poor high-frequency hear-
ing have been included for cochlear implantation. Such pa-
tients with severe to profound high-frequency hearing loss
above 1000 Hz and relative preservation of low-frequency

54

potential for additional hearing loss (i.e., loss of residu-
al hearing) through trauma sustained during deep elec-
trode insertion. Success has been achieved with the advent
of hearing preservation techniques for conserving resid-
ual hearing after cochlear implantation. This has lead to
improved word understanding and low-frequency speech
recognition in these implantees [1,2]. It also allows the
possibility of combining electrical and acoustic stimula-
tion in the same ear (hybrid hearing). Studies have shown
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Figure 1. Age and period of auditory dep-

[ Period of auditory deprivation

rivation of Group A candidates

Age in years

Group A candidates

Figure 2. Age and period of auditory dep-

[ Period of auditory deprivation

rivation of Group B candidates

Group B candidates

that hybrid recipients are significantly more accurate than
conventional CI recipients in recognising real-world songs
without lyrics, which requires reliance on musical cues
only [3]. This suggests that preservation of low-frequen-
cy acoustic hearing is important for perception of musi-
cal stimuli.

Our prospective, non-randomized study aimed to chron-
ologically document: (A) the efficacy of hearing preserva-
tion techniques in cochlear implantees with residual hear-
ing who received implants by the soft insertion technique
(round window or cochleostomy), and (B) hearing out-
come measures in cochlear implantees with residual hear-
ing when compared with a control group of age-matched
post-lingual candidates with severe to profound hearing
loss, using standard scores of Categories of Auditory Per-
formance (CAP), Speech Intelligibility Rating (SIR), CI
Aided Audiometry, and Hearing In Noise Test (HINT).

Material and Methods

A consecutive series of post-lingual candidates aged 9-45
years were chosen during the period between February
2010 and January 2013 (36 months) to undergo cochle-
ar implantation using the hearing preservation technique
and a Pulsar flexSOFT electrode and Opus II processor
(Med-El Corp., Innsbruck, Austria).

Group A comprised 10 candidates with audiometrically
documented bilateral non-progressive hearing loss with re-
sidual hearing of less than 60 dB loss at 250 Hz and 500 Hz,
and more than 60 dB loss at 1kHz and beyond (ski slope
audiogram), with mean age of 17.5 years and mean dura-
tion of auditory deprivation of 6+1.1 years (SD) (Figure 1)
and mean duration of auditory habilitation with a hearing
aid of 2+0.6 years. We excluded candidates with pre- and

peri-lingual hearing loss, progressive hearing loss, syn-
dromic association, autistic spectrum, demyelinating dis-
ease, central auditory processing disorders, and anomalies
of inner ear and ossification of the cochlea. Group A un-
derwent hearing preservation technique using 3 cochle-
ostomies and 7 round window approaches as per the sur-
gical indications.

Group B comprised 10 age-matched post-lingual candi-
dates with severe to profound hearing loss and no residual
hearing with mean age of 28.3 years and mean duration of
auditory deprivation of 6x1.1 yrs (Figure 2), fulfilling the
criteria for cochlear implantation as per standard guide-
lines. The matching protocol was based on duration of au-
ditory deprivation. All the candidates were counseled in
detail about the study and informed consent was obtained.
Institutional ethical review board clearance was given.

Hearing preservation technique

Cochlear implantation surgery was done by making a lazy
‘S’ shaped incision and raising an anteriorly based Palva
flap. Cortical mastoidectomy and posterior tympanoto-
my was done to expose the round window niche. The po-
sition for the drilling of the well was identified, usually 2
cm posterior and superior to the mastoidectomy site. Pri-
or to opening of cochlea, a single intravenous dose of me-
thyl prednisolone [4] (10 mg/kg body weight, max dose
500 mg) was given. The CI within the well was secured
and tied down, keeping the knots away from the center.

The recommendations for cochleostomy size given by a
number of different CI manufacturers vary. Regardless
of the type of implant, we used a small cochleostomy [4],
which was performed 1 mm inferior [5,6] to the round
window niche in the anterior aspect. This was performed
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Table 1. Group A unaided thresholds: comparison of pre- and 6 months post-op

Patient 1 2 3 4 5 6 7 8 9 10

250 Hz 20 55 10 30 40 30 35 40 35 30

Pre-op 500 Hz 30 60 25 55 60 50 60 55 55 50
1000 Hz 70 80 70 70 85 70 70 65 70 70

250 Hz 20 55 10 30 60 30 55 50 45 30

Pos-op 500 Hz 30 60 25 55 80 50 80 70 60 50
1000 Hz 70 80 70 70 90 70 85 85 80 70

Approach RW CH RW RW RW RW CH RW CH RW

RW — round window; CH — cochleostomy.

with a 1-mm diamond drill (Medtronic Xomed Skeeter).
The endosteum was opened with a 0.2-mm stapes pick. The
smallest cochleostomy needed to insert the implant was
used (0.5-0.7 mm). Suctioning of perilymph was avoided.

In the round window approach [7], the bony overhang
was drilled and the round window membrane exposed.
Just prior to insertion, an incision was made at the later-
al part of the membrane in its antero-inferior quadrant.

Thereafter, the electrode array was inserted along the out-
er wall of the basal turn of the cochlea in an antero-inferi-
or direction with the help of forceps (Advance Off-Stylet).
All insertions were stopped at the point of first resistance
to minimize cochlear trauma. The time between opening
the cochlea and insertion was kept to minimum. The elec-
trode array was stabilized and the site sealed with a small
temporalis fascia graft [8] and fibrin glue. Insertion of the
electrode was slow (30-45 sec) to minimize intracochlear
trauma [9]. Intravenous antibiotics were given peri- and
post-operatively. All patients had uneventful surgery and
post-operative period.

Switch-on was done in both groups as per the standard
protocol. Pure tone audiogram (unaided) was done pre-
operatively and at 6 months post-operatively in group A
to document the efficacy of hearing preservation. To as-
sess the outcomes of the hearing preservation technique, a
comparative analysis of CI aided audiogram, CAP scores,
SIR scores, and HINT were done between the two groups
after 6 months of surgery using Student’s ¢-test.

Post-operative grading of hearing preservation [10] (Brown
et al. 2010) was done using the following criteria. Com-
plete preservation <10 dB, moderate 11-20 dB, marginal
preservation 21-40 dB, no preservation >40 dB.

Results

A. Analysis of efficacy of hearing preservation
techniques

Surgical techniques of hearing preservation were successful
in the study group as there was no statistically significant
difference in residual hearing between preoperative values
(Table 1) and postoperative values at 6 months (p value of
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Table 2. Difference in hearing thresholds pre-op and 6
months post-op

Patient 250 Hz 500 Hz 1000 Hz pr‘:::f‘fa;’iin
1 0 0 0 Complete
2 0 0 0 Complete
3 0 0 0 Complete
4 0 0 0 Complete
5 20 20 5 Moderate
6 0 0 0 Complete
7 20 20 15 Moderate
8 10 15 20 Moderate
9 10 5 10 Moderate
10 0 0 0 Complete

0.051 at 250 Hz, p value of 0.058 at 500 Hz, and p value of
0.063 at 1000 Hz) using a paired sample ¢-test.

As per the criteria for grading the preservation of residu-
al hearing, 6 of the 10 candidates had complete preserva-
tion of residual hearing while 4 had moderate preservation
of residual hearing at the end of 6 months postoperative-
ly (Table 2).

B. Analysis of outcome measures

The CI aided pure tone thresholds between Group A and
Group B at 6 months postoperative were compared sepa-
rately in three frequencies using an independent sample ¢-
test (Table 3). The p values at 250, 500, and 1000 Hz were
0.001, 0.039, and 0.34 respectively.

A statistical analysis of Category of Auditory Performance
(CAP) scores [11] between Group A and Group B was
done at 6 months postoperatively (Figure 3). The mean
average of CAP scores in Group A was 4.9, whereas for
implantees in Group B it was 4.3. Even though Group A
implantees performed better on a clinical analysis, there
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Table 3. Temporal analysis between Groups A and B (6 month aided audiogram)

Group A Group B
Patient
250 Hz 500 Hz 1000 Hz 250 Hz 500 Hz 1000 Hz
1 20 20 40 30 50 50
2 20 30 35 40 50 45
3 10 20 30 35 45 45
4 20 35 40 40 40 35
5 40 55 60 35 40 35
6 20 25 35 40 35 30
7 30 30 40 40 30 30
8 20 25 30 45 30 30
9 35 40 55 55 40 40
10 35 30 55 40 50 40
Figure 3. Comparison of category of audi-
67 O Group A tory performance scores
M Group B
4 .
2-
0 <
1 2 3 4 5 6 7 8 10
Implantees
Figure 4. Comparison of speech intelligi-
> O Group A bility rating scores
M Group B
4 .
3-
2-
‘I .
0 <
1 2 3 4 5 6 7 8 10
Implantees

was no statistically significant difference (p value 0.103)
between the two groups.

A comparative evaluation of Speech Intelligibility Rating
(SIR) scores [11] between Group A and Group B was done
at 6 months postoperatively (Figure 4). The mean average
of SIR scores in Group A was 3.3 and in Group B 2.4. A
similar result was obtained as there was no statistically sig-
nificant difference (p value 0.075) between the two groups.

An evaluation of the Hearing In Noise Test (HINT) was
done 6 months postoperatively (Figure 5). The mean av-
erage for Group A was 59% and for Group B 45%. Statis-
tically significant results were obtained (p value=0.007),

indicative of better word understanding in noise in im-
plantees with residual hearing compared to profound loss
implantees. A possible rationale could be that surviving
neurons at the residual hearing frequency contribute to
better hearing in noise.

Discussion

In our study we have shown that there is good efficacy in
preservation of residual hearing (6 candidates had com-
plete preservation while the remaining 4 had moderate
preservation) with soft surgery techniques via the round
window or the cochleostomy approach [6]. Skarzynski et al.
[7] in their large case series have shown that preservation
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of low frequency hearing in partial deafness cochlear im-
plantation (PDCI) is successful using the round window
surgical approach. This earlier work has led to a concep-
tual change in electrode insertion, and this ‘soft surgery’
technique was followed in our study.

A comparative analysis of frequency specific CI aided audi-
ograms between the two groups showed a statistical signif-
icant difference at 250 and 500 Hz, with 1 kHz being more
modest. The possible reason is that there is less insertional
trauma at 250 Hz and 500 Hz than at 1000 Hz, which fa-
vors hearing preservation. We found that the CAP and SIR
scores were comparable between the groups, being better
in Group A, even though they were not statistically sig-
nificant. A larger study is underway looking at longer out-
comes in order to assess benefits among PDCI over time.

Our Group A candidates received only electrical stimu-
lation at all frequencies and have shown to have equal or
better auditory perception skills than their age-matched
Group B candidates. The possible explanation is that with
the minimal insertion trauma, there is a larger number of
surviving neurons in regions of the cochlea with residual
hearing [12] and electrical stimulation promotes the re-
organization of the surviving neuronal population around
the electrode array, thus facilitating better conduction of
electrical impulses via the implant. A study done by Lor-
ens [13] showed that patients with high levels of residual
hearing (PDCI levels) receive benefits from cochlear im-
plantation that are at least as good as the benefits received
by patients with no residual hearing, with the majority of
PDCI patients benefitting greatly.

The successful preservation of residual hearing after im-
plantation can be considered a benchmark for atraumat-
ic implantation [8,14]. Meticulous surgical techniques im-
prove the chances of preserving functional ultrastructures,
preventing neural degeneration and subsequent inflam-
matory reactions. Our Group A candidates had preserva-
tion of high levels of low-frequency acoustic hearing lev-
els, e.g. 20 dB at 250 Hz in some of the candidates. These
soft surgical techniques have opened the way to simulta-
neous electric and acoustic stimulation of the cochlea, and
this combination has been shown to have not just additive
but synergistic effects on auditory verbal measures [15],
hearing in noise, and music perception.

In India, evaluation of outcomes in candidates with PDCI
has evoked immense interest recently. Even though there
is yet no documented research paper on preservation
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Figure 5. Comparison of hearing in noise
[ Group A test (HINT)

M Group B

of residual hearing in Indian implantees, various cent-
ers across India have shown, based on preliminary clin-
ical evidence, that the hearing preservation technique is
beneficial for achieving better auditory verbal outcomes.
A multicentric study is underway to document the long
term outcomes and efficacy of preservation of residual
hearing in India.

Conclusions

This study is the first of its kind in South Asia and our re-
sults document the outcomes in a group of Indian implan-
tees. The hearing preservation technique has heralded the
arrival of the next generation cochlear implants which pro-
vide a hearing solution for candidates with low-frequen-
cy residual hearing who do not benefit from conventional
hearing aids. Our study shows that soft surgery techniques
provide a significant advantage in auditory verbal habili-
tation outcomes and hearing in noise perception because
they maintain the microstructure of the spiral ganglion
and osseous spiral lamina.

Our study, part of an ongoing research program, allows
us to makes inferences from a limited cohort of 10 im-
plantees with residual hearing. A long-term evaluation of
outcomes with a larger sample size is underway. Overall
outcomes need to be further evaluated with multicentric
studies. CI technology is further evolving to include elec-
tro acoustic stimulation (EAS) for pediatric population
and bilateral EAS for binaural bimodal hearing.

Future research on hearing preservation in auditory path-
ways is being studied with advanced tools such as cortical
auditory evoked potentials (CAEPs), positron emission to-
mography-computed tomography (PET-CT), near infra-
red spectroscopy (NIRS), as well as neural regeneration
factors, stem cells, and drug delivery system have come
into the purview of researchers and have been found to be
successful in animal studies. Incorporation of these tech-
nological advances into present-day implant systems will
enhance hearing preservation among cochlear implant-
ees of the future.
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