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Boeseo

EnexktpoctuMynanyjata Ha ayJuTUBHHOT
HEpB IPEKy KOXJIeapHU-UMIIJIAHTU T'O Ha-
IIpaBU MOKEH JIEKYBakhETO HA CEH30pHA-
Ta rayBocT. Hampepgnarata cursHamaHa
00paboTKa MW MapajurMUTE 3a CTUMY-
Jlanja BOfaT KOH IOCTOjaHO MOAOOpeHn
pe3yiTaTi BO pa3dupame Ha roBopoT. On
TyKa KpUTEpUYMHUTE Ha HHAMKALHUja ce
IPOILINPHUIIE BP3 NMALUEHTH CO ANaOOKO U
TEIIKO [0 AJa00KO TryOeme Ha CIYyXOT U
OTpaHUWYEHO pa3bupame Ha TOBOPOT CO
KOHBEHIMOHAaJa aKyCTHYKa aMIuInguKa-

mmja. (1)
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Introduction

Electric stimulation of the auditory nerve
via cochlear implants has made the
treatment of sensory deafness possible.
Advanced signal processing and stimulation
paradigms have led to continuously
improved results in speech understanding.
Consequently, indication criteria have been
extended to patients with profound and
severe-to-profound hearing loss and limited
speech understanding with conventional

acoustic amplification. (1)
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MEDICAL TREATMENT

Hapsop op oBaa rpyna, 3HaunTeseH 6poj
MalMEeHTH TMPE3EeHTUpaaT MOIIHE J00pOo
3auyBaH CJIyX CO HHCKa (PpEeKBEHIHUja Of
30-60 dB no 1 kHz, HO Temika 3aryba BO
CPEIHUOT [0 BUCOKO (PPEKBEHTEH OICET
Ha noBeke ofi 60-70 dB. Pe3synraTtute Ha
€IHOCIOXHUOT 300p Kaj OBUE MAlUEHTH
o6myHo He HapmmHyBaaT 35%. Toa ce
MOJIKM Ha TyOeme Ha KOHCOHAHTCKaTa
uHpopmanuja. Jlypu u 3roiemMyBameTO
Ha CIIYIIHOCTAa Ha OBHE BUCOKHM (PpEeKBEH-
OUMA CO AKyCTHYHA aMIuIM(pukanmja, ce-
nak, IMa MHOTY OTpaHn4YeHa e(PUKaCHOCT
3a TOBOPOT WITO MpaBu pasinuka (2).
3aroa, oBue NanMeHTH NO0OMBAAT Ccamo
MHHOPHA TOJ3a O]l KOHBEHIUOHAJHHUTE
nomMarasna 3a caymame. Of ipyra crpasa,
CTaHfapjHaTa KOXJeapHa-UMILJIaHTalyja
OM Hocella BHCOK PHU3MK Ha Mpeau3-
BHUKYBam€ I€JOCHAa 3aryba Ha CIyXOT.
Osgaa curyanuja Boau KOH pa3Muciara 3a
KOMOWHANHKja HA [BaTa MOJAINTETa HA
CTHMYJIAIMja Kaj OBHE NMAIMEHTH LITO ce
Ha rPaHMIATA Merly CJYUIHH MOMAarajia u
KOXJleapeH-UMILIAHT.

Bo HammoT ceraiieH Mojies, pEerHOHOT 3a
ONICTAaHOK Ha HHCKaTa (PpeKBeHIHWja Ha
KoxJjieaTa yIITe MOXe Jla ce MOTTHUKHYBa
AKyCTHYKH—KOMOWHHUPAH CO AOMOJHUTEJ-
Ha eJIeKTPUYHA CTUMYJIallyja Ha OIITeTe-
HHUTE PErMOHM CO CpefiHa U BHCOKa (ppek-
BeHIMja Ha Koxiea. Hekonky mpaiama
yiTe Tpeba Jja ce OAroBopaT BO BpCKa co
KOMOMHUpaHaTa €JeKTpUYHA U aKyCTHY-
Ha crumyianuja (EAC). 'maBHOTO mpa-
Ialke € MOXHaTa MHTepakiyja Ha eJeK-
TPO M aKyCTHIHHUTE CTUMYJIM Ha pa3jimy-
HU HUBOA Of AayJUTHBHAOT CHCTEM.
ExcnepumeHTHTE CO XMUBOTHH jacHO fie-
MOHCTpPHpaaT fleKa MITUMYyBauKUTE OCO-
OMHM Ha ayIUTHBHUTE HEBPOHH, KaKO
OATOBOpP Ha aKyTHaTa aKyCTHYKa CTHMY-
Jammja, ce OUTHO 3a4yyBaHW IpU eJIeK-
TPUYHA CTUMYJAIHja [ypd ¥ OPU BUCOKHU
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Outside this group, a considerable number
of patients presents with rather well-
preserved, low frequency hearing of 30-60
dB up to 1 kHz, but severe loss in the mid
to high frequency range of more than 60-70
dB. Monosyllabic word scores in these
patients do not generally exceed 35%, due
to missing consonant information. But, even
increasing the audibility of these high
frequencies by acoustic amplification still
has very limited efficiency for discriminat-
ing speech (2), and therefore, these
patients obtain only minor benefit from
conventional hearing aids. On the other
hand, standard cochlear implantation would
carry a high risk of causing complete
hearing loss. This situation has led to
considering a combination of both modes
of stimulation for these patients who are
on the borderline between hearing aids
and cochlear implant.

In our present model, the surviving low
frequency region of the cochlea could still
be stimulated acoustically-combined with
additional electrical stimulation of the
impaired mid and high frequency region of
the cochlea.

Several questions still have to be answered
with regard to combined electric and
acoustic stimulation (EAS). The possible in-
teraction of electric and acoustic stimuli on
the different levels off the auditory system
is a major issue. Animal experiments clear-
ly demonstrate that tuning properties of au-
ditory neurons, in response to acute acous-
tic stimulation, are essentially preserved in
the presence of electric stimulation even at
high levels of electric stimulation (3),
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MEUIIMHCKH TPETMAH

CTENleHN ejieKTpocTumyaanuja (3), a
XPOHMYHATA €JIEKTPOCTHMYJIAlMja Ha
MHTAKTHOTO BHATPELIHO YBO HEMa 3Ha-
yuTeNneH e(eKkT Kaj CIOKEHUTE aKIUCKH
norennujamu  (CAIT), ¢dyHkiujata Ha
ParoBUTE WU BHATPEITHOTO YBO. (3)

Bo enen npeTrxofeH u3BeliTaj 0eBMe BO
MOKHOCT J1a IOKasKeMe JieKa OBOj KOMOu-
Hupan EAC Ha ayquTOpHUOT CHUCTEM €
MOKHA Kaj JyfeTO W IeKa MMa CUHEPTHUC-
TUYKHN e(PeKT Bp3 pa3OupameTo Ha TOBO-
pot. (4) [TonaTaMOIIHA OUTHU TIpalllarmba
riefaaT Ha XUpPypIIKaTa U3BOMJIUBOCT U
PENpPONYKTUBHOCT Ha KOXJeapHaTa-uM-
IUTaHTalja MOXKHOCT 3a 3a4yByBame Ha
IIOCTOJHUOT CITyX.

OxpaOpeHn off HallIUTe OTKpHUTHja, Oelle
UHHUIMpaHa KJIMHUYKA CTyAHja 3a MpUMe-
Ha Ha EAC. Jlocera ceyMMIHa BO3pacHH
ce BKIIyYEHH BO oBaa cTyauja. Hagsop ont
oBaa CTyAuja, Ha €[HO JIeTe€ My € W3Bp-
IIeHa JOTIOTHUTETHA UMIIJIaHTallH]ja.

Oobjexwiu 3a ucuwipaxcysamwe
u mewmoou

O0jexkTuTe 32 UCTPAKYBAHETO Oea BKIY-
YeHH Bp3 OCHOBA HAa HUBHHUTE YHCTO
TOHCKY ayJuoTrpamMu M Ha TOBOPHO-ayuo-
MeTpuuku pedyatatu. WHKIy3MBHUTE
Kpurepuymn 6ea npar mery 30 u 60 dB na
¢pexBenTckn oncer ox 250 Hz no 1 kHz n
>60 dB nag 1 kHz Bo yBOTO Kane mrTo ce
UMIJIaHTHpPa. TeuemeTo Ha BPEMETO Ha
ry0eme Ha cayXxoT Tpelaie ja Oupe cra-
OMJTHO MJIM caMO MHOTY 3a0aBEHO Iporpe-
CHUBHO, 0e3 3Halll Ha PeTPOKOXJIeapHa-
narosorgja. Pesynrarure Ha €HOCIOX-
HHOT 300p BO YCIOBH CO HajioOpu
noMaraiia, OOMYHO €O JBE IMoMarana 3a
cnyliamwe, He Moxkea fa HagmuHat 40%.
OO06jexkTuTe Ha UCTpaxKyBame Tpebalie jga
O6ugaT BO3pacHM Jyfe WITO cakaa Ja
copaboTyBaaT BO CTyAdjaTa U COTJIACHOCT
Oellle JoOMeHa OJ CUTE MalueHTH.

JAEDPEKTOJIONIKA TEOPUJA U I[IPAKTHUKA 2004, 1-2: 75-86

and that chronic electric stimulation of
tie intact inner ear does not have a
significant effect on the compound action
potentials (CAP) thresholds or inner ear
function. (3)

In a previous report, we were able to show
that this combined F.A.S of the auditory
system is possible in humans, and that it has
a synergistic effect on speech understan-
ding. (4) Further major issues regard the
surgical feasibility and reproducibility of
cochlear implantation with the preservation
of residual hearing.

Encouraged by our findings, a clinical study
was initiated on the application of EAS. So
far, seven adults have been included in this
study. In addition, one child has been
implanted outside the study.

Subjects and

methods

Subjects were included based on their pure-
tone audiograms and speech audiometric
results. Inclusion criteria were a thre-
shold between 30 and 60 dB in the
frequency range of 250 Hz to 1 kHz and
>60 dB above 1 kHz in the ear to be
implanted. The time course of hearing loss
had to be stable or only very slowly pro-
gressive, without signs of retro cochlear
pathology. Monosyllabic word scores in the
best-aided condition, generally with two
hearing aids, could not exceed 40%.
Subjects had to be adults who were willing
to cooperate in the study, and informed

consent was obtained from all patients.
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MEDICAL TREATMENT

Ta6ena 1. /lemozpaghcku kapaxitiepuciiuxku
Ha dayueriuuiie

Table 1. The demographic characteristics of the
patients

CTAPOCT TP giﬁ?g,igﬁg }I-[I)zl;: OJTABOYUHA
UMILITAHTALIMJA CIIYXOT THUII HA HA
MNAIUEHT (TOAUHN) (FOIVIHM) UMILTAHT UHCEPTALILJA ETUOJOTUIJA
PATIENT AGE AT DURATION OF TYPE OF (Mm) ETIOLOGY
IMPLANTATION HEARING LOSS IMPLANT INSERTATION
(YEARS) DEPT (mm)
(YEARS)
KX 1140+ MANONATCKa
(KH) >0 30 (C40+) 30 idiopathic
CC 1140+ AMMHOTIMKO3WIA
SS) 40 15 (C40+) 15 aminoglycosides
Mb 1140+ MINONATCKa
(MB) 46 10 (C40+) 15 idiopathic
B 64 10 1140+(20 mm) 5 AAMONATCKA
(BD) C40+(20 mm) idiopathic
OM 1140+ HAIonaTcKa
(OM) > 15 (C40+) 22 idiopathic
nmn 1140+(20 mm) AAMONATCKA
(PD 42 20 C40+20 mm 20 idiopathic
an 1140+ HUONATCKa
(DI) 46 12 (C40+) 20 idiopathic
KOHI'€HHTAJHA
KH 5 5 1140+ 5 HAMONaTCKa
(KN) (C40+) congenital
idiopathic

Ta6enara 1 ru nokaxysa fgeMorpagcku-
Te KapaKTepHUCTUKH Ha nauuenTute. Cum-
ka 1 ru cymmpa npeponepaTUBHUTE ay-
NIMOTpaMH Ha CUTE MalueHTH.

®Dpexsenyuja (kHz)

0 0.063 0.125 0.25

Table 1 shows the demographic characte-
ristics of the patients. Figure 1. summarizes
the preoperative audiograms of all patients.

Frequency (KHz)

050751 1,5 2 3 4 6 8

30 \
40 \‘ ™
50 AN
N\
60 N\
70 \\

\

Cmuka 1. [lpeooiiepaitiugHu 4ucitio WoHCKU
ayouozpamu Kaj cuitie layueritiv (0a ce um-
inaauiiupa yeo).
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Figure 1. Preoperative pure-tone audiograms
of all patients (ear to be implanted)
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CitianoapOeH iipuo0 KOH KoxJjeaTa MpeKy
NIOCTEpUOpPHA THUMIIAHOTOMH]Ja Oelle wu3-
BeJlecH M KoxjeaTa Oelle BHUMATEIHO
OTBOpEHa co 0aBHO BpTeyYKa AMjaMaHTCKa
mymyanka, | MM TIOHampen off TpKajle3HH-
oT nposopen. Exgocror Gete ugeHTudu-
KyBaH M 3acedyeH. MIMyKyBameTO Ha
nepunumdara Oenie ofOErHaTo W Kamka
Ha Crystalloid prednisolon (Bomon A" )
Oerie BOBeleH BO TEKOT HAa KOXJIEOCTO-
MUjaTa, a IoToa MPEKPUEH CO PaACTBOP Of
XHjasypoHcKa KuceauHa (Xeanon).

Beme wuHCepTMpaHa eNekTpopa, uuja
madounHa Oelle HaMEpHO JIMMUTHpaHa
copej, TpaHMYHaTa (PEKBEHIUja Ha
MIOCTOJHUOT CJyX, BO BpPCcKa cO (ppeKkBeH-
THaTa Mana Ha Oa3ujapHaTa-MeMOpaHa
32 Jla TH 3allTUTH CTPYKTYpUTE BO
FOPHUTE CBHOILM Ha Koxiiearta. [Imaboun-
HaTa Ha MHCEPTUPAWkETO uMa orcer of 19
1o 24 mm. LIBpcTo nmopurame Ha KoxJyeara
Oellle MOCTUTHATO CO UUpKyJapHa dac-
[[MajiHa HaBPTKa, JoOMeHa Off MpUBpEeMeH
MycKyl1 M (puOpo3HO Jjenuio. 3a ja ce
of0erHaT [BUXEHa Ha eJeKTpojarTa,
HEJ3UHUOT Hocau Oeuie ukcupaH BO
daujasTHUIOT aroa €O KOCKEHO JIEMUJO.
Ha manuenture Tpu geHa uMm Oea JaBaHU
npodunakTuuku aHtubnotuny. Kaj mecr
00jeKTH Ha MCIUTyBamke Oellle KOPUCTEH
MED-EL® COMBI-40 (1) co crangapaeH
eJIeKTpoaeH Hocad. KoHTakTuTte ce pas-
nenenn Ha 2,1 mm. IlenocHara ogmanede-
HOCT O]l HajamMKajHaTa 1o HajO0a3aimHaTa
enexktpoja e 28 mMm. Kaj 1Bajia nanuenru,
eJIeKTpOjja HallpaBeHa Mo Hapayka co 1,8
MM OJJJAJIEYEHOCT M BKYIIHA Ofjjajeye-
HocT off 20 MM, Oellle KOPHUCTEHA 3a Jja ce
3rojieMu 6pojoT Ha UHCEPTUPAHUTE EIIeK-
TPOAM 3a flajieHaTa fabourHa Ha UHCEp-
THPABETO.

JAEDPEKTOJIONIKA TEOPUJA U I[IPAKTHUKA 2004, 1-2: 75-86

Standard access to the cochlea via posterior
tympanotomy was performed, and the
cochlea was carefully opened with a slow
turning diamond drill, 1 mm anterior to the
round window. The endost was identified
and incised. Suctioning of the perilymph
was avoided and a drop of crystalloid
prednisolon (Volon A*) was introduced
during cochleostomy, and then covered with

hyaturonic acid solution (Healon*).

The electrode was inserted, the depth of
which was intentionally limited according
to the border-frequency of the residual
hearing, with regard to the frequency map
of the basilar membrane, in order to protect
the structures in the upper turns of the
cochlea. The insertion depth ranged from
19-24 mm. Tight sealing of the cochlea was
obtained by a circular fascial graft obtained
from the temporal muscle, and fibrin glue.
In order to avoid any movement of the
electrode, its carrier was fixed in the facial
angle with bone paste. Patients were given
prophylactic antibiotics for three days. In
six subjects, a MFD-EL* COMBI-40 (1)
with a standard electrode carrier was used.
The contacts are spaced 2.1 mm apart. The
overall distance from the most apical to the
most basal electrode is 28 mm. In two
patients, a custom-made electrode with 1.8
mm spacing and an overall distance of 20
mm was used in order to increase the
number of inserted electrodes for a given
insertion depth.
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Ilpeo u uociuouepaiuuenu wiecuiosu

ITpeponepaTuBHO G€a MEPEHU YUCTO TOH-
ckuTe nparosu. [loOueHn Oea pe3ynTaTh
Ha €IHOCJIOXKEH 300p CO KOPHUCTEHE Ha
TecTor 3a enHOCIOXeH 300p Ha Ppaj-
Oypr 3a fBETE yIIU OfJeNHO cOo U Oe3
CIIYIIHM TIOMaraja, Kako W BO yCJIOBH CO
HajpoOpu momarana, T.e. Kaj IIeCT Of
CEe/lyM MalleHTHU CO ABOJHU CIYIIHU ITOMa-
rajia. 3Hauu, MOCTONEpaTUBHO Oea Mepe-
HU YMCTO TOHCKHU IparoBu u O6ea Halpase-
HU TECTOBM Ha €[HOCIOXeH 300p 3a
caMHOT cochlear-UMIIIIaHT, CaMOTO CITYII-
HO TIOMAarajo U 3a KOMOMHAIja Ha IBETE.
CnymHoTO mnomarano Oele HIcuiaTe-
pPaJIHO Kaj MAalMEHTHUTE CO 3a4yBaH CIyX U
KOHTpaJjlaTepaJIHO Kaj IPYTUTe MalieHTH
BO YCIIOBHU Ha TECT.

Kaj manuenTuTe co uncunarepanaHo 3a4y-
BaH CIIyX AWTCATAJIHUTE BUCOKO MOKHHU
CIIyILIIHM IIOMaraja Bo YBOTO Oea HaMecTe-
HU OmnarepanHo. CuTe NanueHT KOpHUC-
tea MED-EL" TEMPO+-BTE roBopeH
IIPOLIECOP 3a KOXJI€apEH-UMIITIaHT.

ITonaramy, TectoBu 3a peuennuu (HSM u
l'eTunren-pevenniu) 6ea CpoBefeHN BO
THBKa W HaTIpeBapyBauka BpeBa BO ca-
MHUOT KOXJI€apEH -UMIUIAHT U KOXJIeapeH-
UMIUTAHT IUIyC cOCTOj0a CO CAYIIHO MOMa-
rajo.

Pesyawaiuu

CnyxoT moxenie fa ce 3auyBa no 10 dB
Kaj YeTUPH Of] OCYyM TMAalMeHTH, Kaj iBa Off
MOHATAaMOIIHM OOjeKTH Ha MCTPaKyBame
MoOXellle Jla ce 3adyBa JeJIyMHO, AOoAeKa
JIBa MalMeHTa TO M3ryOouja CIyXOT 1O MM-
nJIaHTanyjaTa.
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Pre-and postopperative tests

Preoperatively, pure-tone thresholds were
measured. Monosyllabic word scores were
obtained using the Freiburg monosyllabic
word test for both ears separately with and
without hearing aids, as well as in the best-
aided condition, i.e., in six of seven patients
with bilateral hearing aids. Postoperatively,
pure-tone thresholds were measured and
monosyllabic word tests were performed for
the cochlear implant alone, hearing aid
alone, and for a combination of both. The
hearing aid was ipsilateral in the patients
with preserved hearing and contralateral in
the remaining patients in the test condition.
In the patients with ipsilaterally preserved
hearing, digital high power in-the-ear
hearing aids (Resound*) were fitted
bilaterally. All patients used the MED-EL.*
TEMPO+-BTE-speech processor for the

cochlear implant.

In addition, sentence tests (HSM and
Gottingen sentences) were carried out in
quiet and with competing noise in the
cochlear implant alone and the cochlear

implant plus hearing aid condition.

Results

Hearing could be preserved to within 10 dB
in four of eight patients, in two further
subjects it could be preserved partially,
while two patients lost their hearing after

implantation.
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AKO € 3a4yBaH, CIyXOT OCTaHyBa CTaOu-
7eH no ummnanTanujata. Kaj rpu o6jextn
Ha HUCTpPaXKyBame MOXKEIIE fla ce Clefu
noBeke ofi enHa roguHa. Kaj yetupu o6-
JeKTH Ha HCTpaxkyBame Oea TOCTaBEeHHU
UICHIaTepaIHN CIYIIHM IoMarania, a Kaj
IBa 00jeKTa 3a UCTPaKyBamle YIITE HE CE
nocraBeHu. [Ipyrure nBa oOjekTa Ha HC-
TpaxKyBalke HOCAaT CaMO KOHTpajaTepall-
HY CITYIIHM TIoMarana.

Cmuka 2. [Ipedoilepaiiusruitie pe3yaiiaiiiu
Ha eOHOocAOXCHUIlle 300po8U €O  CAYULHO
Uomazaso UCUUAAIUEPAAHO HA YBOULO HA Koe
iipeba 0a ce spuiu umilaaniavyuja Ha 70 dB,
80 YCA08 HA HAjOOOpPO ilomazano Upu ouiliu-
MAAHA 2AACHOCI, CO camo cochlear-umiaaniu
Ha 70 dB u co cochlear-umitnanit iayc
CAYULHO UOMA2AA0 60 UUCUAAUUEPAAHOULO
y60 (weiliupu oOjekitiu HaA UCIUPAXCy8arbe),
Kako u cochlear-umiiaauii Uayc cayutHo
Uomazano 60 OUMUMANAHU YCAOBU, UAU ULUCU-,
KOHIUpa-, uau ouaaitiepasro Ha 70 dB.

If preserved, hearing remained stable after
implantation, in three subjects it could be
followed for more than one year. Four
subjects have been fitted with ipsilateral
hearing aids, and two subjects have not yet
been fitted. The remaining two subjects

only wear contralateral hearing aids.

Figure 2. Preoperative monosyllabic word
scores with the hearing aid ipsilateral to the car
to be implanted at 70 dB, in the best-aided
condition at optional loudness, with cochlear
implant alone at 70 dB, and with cochlear
implant plus hearing aid in the ipsilateral ear
(four subjects), as well as cochlear implant plus
hearing aid in the optimal condition, either ipsi-

, contra-, or bilateral at 70 dB.
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Cnukara 2 ru npeTcraByBa Mpef U TOCT-
ONepaTUBHUTE pe3yJlTaTH 3a TECTOT Ha
efHocnoXeH 300p Ha ®pajoypr. I[Ipen-
ornepaTUBHATa NneppopMaHca BO YCIOB Ha
HajroO6po Mmomarajao co HCIuIaTepalHu
cnymHy noMarana Ha 70 dB m npum yciioB
Ha HajqoOpo nmomarajuo Ha MHAMBHAYajlHa
ONTHMAJIHA TJIACHOCT C€ CHOpefyBa CO
nepgopmaHcaTa Kaj caMHOT KOXJI€apeH-
UMIUTAaHT ¥ Kaj KOXJEapHUOT-UMIUIAHT
IUTYC CIYHIIHO IOMarajgo WW HIIcUiaTe-
panHO (YeTmpu OOGjeKTH Ha MCTpaKyBa-
HB€) WIN KOHTpallaTepaiHo (fBa ob6jeKkTa
Ha ucTpaxkyBame) Ha 70 dB. Ilepgopman-
cata camo co cochlear-ummaanr (53%
TOYHO) € BeKe jaCHO CyNepHOpHA HA mep-
¢dopmancara Bo yci10B HA HajAoopo mo-
maragio co caymHo mnomarano (15%
To4HO). Kaj caMnoT KoxneapeH-UMILJIaHT,
00jeKTUTE Ha MCTPaKyBambe IOCTUTHAA
pe3yaTaTH MajIKy Haji IPOCEKOT, CIope-
JIEH CO pe3yJITaTUTE Ha rojieM Opoj BO3-
pacHM MalMeHTH IITO IO KOpPHUCTAT ¥WC-
tuoT ummiIaHT (COMBI-40+), uctpaxyBa-
HM BO MYJITHIEHTpAJTHA CTyauja (Hemy-
onukyBaHu mopatonu) u co COMBI-40.
)

3aeHo CcO CAyIIHOTO OMAarauao MOXe fa
ce BHAM CHHEPrUCTHUKUOT edekT. Toa
pe3yiaTupalle BO IMOHATaMOIIHO IIOAO-
OpyBame Ha pesdyature Ha TectoT. Co
koMOunupan EAC pesynratute op Tec-
TOT Oea 3HAYMTEIHO HaJ IPOCEKOT IJIIyC
e/lHa CTaHjap/Ha JeBujanmja.

OO0jexTHuTE Ha UCTPAXKYBalkE CE ABUEXKEA
of] 100pU M3BPUIUTENHN 1O KaTeropuja Ha
OJUIMYHU U3BPILIUTEIN.
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Figure 2 presents the pre- and postoperative
results for the Freiburg monosyllabic word
test. The preoperative performance in the
best-aided condition with ipsilateral hearing
aids at 70 dB and in the best-aided
condition at the individual optimal loudness
is compared to the performance with
cochlear implant alone and with cochlear
implant plus hearing aid either ipsilaterally
(four subjects) or contralaterally (two
subjects) at 70 dB. The performance with
cochlear implant alone (53% correct) is
already clearly superior to the
performance in the best-aided condition
with hearing aid (15% correct). With
cochlear implant alone, the subjects scored
slightly above the mean compared to the
results of a larger number of adult patients
using the same implant (COMBI-40+),

investigated in a multicenter study (unpub-

lished data) and with the COMBI-40. (5)

Together with hearing aid, a synergistic
effect can be seen that resulted in a further
improvement of test scores. With combined
EAS, the test scores were significantly

above average plus one standard deviation.
The subjects moved from the good
performers to the excellent performers

category.
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Ta6ema 2. Pazbuparseitio Ha peveHuuu upu
epesa (XCM peuenuyu, C/H = 65dB/55 dB)
camo co cayuno iomazano (CII), camo kox-
aeapen umiiaanii (KH) u eo xombuHnayuja
(KHU+CII) 3a pazauuHu HUCKOAZOAHU (ppeK-
senyuu Ha K.

Table 2. Sentence understanding in noise (HSM
sentences, S/N = 65 dB/55 dB) with hearing aid
(HA) alone, cochlear implant (CI) alone, and
in combination (CI+HA) for different lower
corner frequencies of CI.

Bpoj na 6asaanu kanaau / Number of basal channels 9 8 8 8
dpeksenten orncer (Hz) / Frequency range (Hz) 300-5500  650-5500  791-5500  1008-5500
camo CIT (%) / HA alone (%) 50 50 50 50
camo KU (%) / CI alone (%) 349 34.0 55.7 321
KHN+CII (%) / C1 + HA (%) 93.4 96.2 953 82.1

Ha TaGenara 2, npuMep Ha pe3yiaTaTUTE
oni TectoT 3a XCM-pedyeHuuu npu BpeBa,
ce mpukaxaHnu 3a manueHror CC. Ywmer
CHHEPreTcKH €(eKT off KOMOMHUPAHO KO-
PUCTEHE HA CIYIIHO IIOMarajgo MW KOX-
JI€APHUOT-UMILJIAHT MOKE fla C€ BHAM BO
YCJIOBH Ha Cylllalkhe CO HaTIIpeBapyBaykKa
BpEBa.

Huckycuja

[IpenuMuHapHUTE pe3yaTaTH Off OBaa Te-
KOBHA CTY/IMja MPUKaxKyBaaT jieka € MOXK-
Ha KomOuHanyja Ha EAC Ha ayguTuBHaTa
naTeka BO €HOTO YBO M HMa CHHEprer-
ckn edeKT Bp3 pa3ImKyBame W pa3omnpa-
me Ha ja3ukor. Cy0GjekTHBHO HOOpO e
npugaTeHo o HANINTE NANHEHTH IITO
NpHjaByBaaT AeKa 3BYKOT € MHOTY NONpH-
jaTeH W nmpHpoJeH Kora ce ynorpeodysa
KOMOHMHanuja Ha aBata mojanurern. He
Ce OYMIJIC[IHU HUKAKBU HEraTUBHU MHTE-
pakiuu. Cenak, afieKBaTHOTO KOPUCTEHE
Ha eleKkTpo-uHpopmanyja Oapaiie gop-
MaJlHU cecud 3a 00ykKa, KaKo BO ciIy4aj Ha
Apyrd KOPUCHHIM HA HMIUIAHT, U OBHE
noHeKoram 6ea M3BEAyBaHU HA MOJAIHU-
TET caMO CO MMIIJIAHT 3a fia ce 3roJeMHu
KOHIIEHTpalljaTa Ha eJIEKTPO-CUTHAJIOT.
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In Table 2, an example of test scores for
HSM sentences in noise are given for
patient SS. A clear synergistic effect from
the combined use of hearing aid and
cochlear implant can be seen in the listening

condition with competing noise.

Discussion

The preliminary results of this ongoing
study demonstrate that combination of EAS
of the auditory pathway in one ear is
possible and has a synergistic effect on
discrimination and speech understan-
ding. It is subjectively well accepted by
our patients, who report the sound to be
more comfortable and natural when they
use the combination of both modalities.
No negative interactions were apparent.
Nevertheless, adequate use of the electric
information required formal training
sessions, as in the case of other implant
users, and these were sometimes carried out
in the implant-alone mode in order to

enhance concentration on the electric signal.

83




MEDICAL TREATMENT

ITpocekoT Ha komOuHMpaH EAC-monanu-
TET MOXe Jla Oujie HaIONOIHET CO MONPH-
poneH TpaHcep Ha nHGOpPMAIK Off HUC-
KM 10 cpeHA (PPEKBEHIINN IITO YIITE MO-
K€ Jla ce 3a4yyBaaT aKyCTHUKH, JO3BOJIY-
BajKM JIeTaJTHO MpeTCcTaByBame Ha (ppek-
BeHIjaTa U TajMuHroT. [ToHatamy, KOoM-
OMHalMja Ha KOHTpanaTepaaHa aKyCTHY-
Ha cTUMYyJanuja Tpeda ja f03BOJIH AeTal-
Ha npocropHa wuH(popmanuja. OBoOj ac-
MEeKT, ce HajieBaMe, Ke Oujie pa3jacHET cO
MOHATAMOIIHU CTY/INN.

LlenocHo 3auyByBame Ha CIyXOT Oellle
MOKHO Kaj 50% op o0jekTuTe Ha WCTpa-
KyBame M 0apeM MEeNyMHO 3a4yBYBame
Kaj 75%, Ha Kou UM Oellle UMILUIaHTUPAH
EAC. OBue pe3yaraTu ce jacHO cynepu-
OpPHM CO OHHUE NpHjaBeHHW Kaj CTaHpaap-
JIHATa KOXJeapHa-UMIUIaHTalyja 1 MOXKe
7la ce HAJIONOJIHAT Ha XUpYpIIKaTa TXeHH-
Ka HITO BKJIy4yyBa HEKOIKY H00po nedu-
HupaHu ¢akropu. Orpannyenara anado-
YfpHa Ha MHCepTalyjaTa ce cMeTa jieka e
KJIyuyeH (akTop 3a fa ce CIpeydd
OLTETYBAakETO HA allMKAJIHUTE KOXJeap-
HU-CTPYKTypu. [[1a004nHATA HA HHCEPTA-
nujara ce H30HPAa KAKO KOMIIPOMHC Mery
o0e30eqyBame JOBOJHO MHTPa-KoOXjeap-
HH €JIeKTPOJH 32 LeJIOCHO (DYHKIHOHHPA-
e Ha KOXJIeapeHNOT-NMILIAHT, CO Hame-
pa aa ce 3auyBa cayxor. Cute 00jeKTH Ha
UCTpaXkyBamhe MMaa IIeJOCHO (PYHKIMO-
HUpamke Ha KOXJleapeH-UMIUIAHT, IITO ce
NpEeTCTaBM MaJIKy Mofo0ap Off caMoO KOX-
JI€apHUOT-UMIUIAHT U 3HAYUTENHO TOJ0-
0ap Ofl KOPUCTEHE CaMO CIYIIHO IOMa-
raso.
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The advantage of the combined EAS mode
may be attributable to a more Natural
information transfer of the low to mid
frequencies that can still be perceived
detailed

representation of frequency and timing. In

acoustically,  allowing  for
addition, combination with contralateral
acoustic stimulation should allow for
detailed spatial information. This aspect
will hopefully be clarified by further

studies.

Complete preservation of hearing was
possible in 50% of subjects, and at least
partial preservation in 75% who were
implanted for EAS. These results are clearly
superior to those reported for standard
cochlear implantation, and can be attributed
to the surgical technique which includes
several well-defined factors. The limited
insertion depth is considered to be a key
factor for preventing damage, to apical
cochlear structures. The insertion depth is
chosen as a compromise between provi-
ding enough intracochlear electrodes for
a fully functioning cochlear implant and
attempting to preserve hearing. All
subjects had a fully functioning cochlear
implant, which performed slightly better
than the cochlear implant alone and
significantly better than the hearing aid

alone.
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Kom6Ounanujara Ha naBara MopaaureTra
00e30enn onnuyHa nepdgopmanca. 3ady-
BYBaWETO Ha CIYXOT HE Oelle MOXKHO Kaj
cute nanueHTH. Kora ce usBenyBa xupyp-
mku 3adat 3a EAC, Mopa fa ce HanpaBu
n300p Mely MakCUMHUpame Ha MOXKHOCTA
3a 3auyByBam€ Ha CIYXOT IpeKy HHCcep-
THpame Ha MOKyca eJeKTpPOofa U MaKCH-
MUupamwe Ha nepgopMaHcaTa Ha CaMO KOX-
JIeapHUOT-UMIUIAHT BO CIIy4aj Jla HE ce
ycIee Jja ce 3a4yBa CIyXoT.

Bo oBaa cryauja ce ogOpa NOKOH3epBaTH-
BEH IIPHUOJ] CO laBambe MPEHOCT Ha IeJ10c-
HO (PYHKIMOHUPAHE HA KOXJICAPHUOT-
UMIIJIAHT.

JApyr KjIy4 KOH XHPYPLIIKHOT ycnex e Jau-
3ajudpame Ha ejekTpogara. Hamero
KJIMHAYKO HCKYCTBO, KaKO M OHa Ha
NIPYTUTE XHUCTONATOJOMWIKN CTyanu, (6)
nMmiumanupa peka MEJI-EJI enexTpopara
ONTUMAIIHO € MOTOfIHA 3a OBaa LeJ, 3aToa
IITO € MHOry (pJIEKCHOMJIHA M Ma3Ha, Ta
MOXKE Jla C€ MHCepTHpa CO MUHUMAJIHA
cuiIa.

Xucronaronomkure crygun co MEJI-EJI-
eJIeKTpofiaTa MOKaxKyBaaT [ieKa OLITETY-
Bamk€ Ha TKHUBOTO YycClefyBa caMO Kora
eJIeKTpofiaTa ce TypKa 3aj TOodKaTra Ha
MPBUOT OTIIOP, IITO MOXE a ce OfOerHe
CO IIMMHUTHpamke Ha [jaboyMHaTa Ha
MHCEPTUPAETO.

ITonoGpenuTte nu3ajuu Tpeba ja MOMOT-
HaT 3a MOHATaMOIITHO MUHUMU3HUPAKkE Ha
PU3HKOT 3a OLITETyBalke Ha TKUBOTO MPH
WHCepTanuja Ha ejlekTponuTe. KoHewHo,
npuMeHaTa Ha KOPTHKOCTEPOWJEH pac-
TBOp MHTPAKOXJEapHO ja HamanyBa ¢u-
Opo3HaTa peakiyja MHTpaKoxJIeapHo (He-
nyOJIMKYBaHU TOJATOIM) W MOXe Ja
MTOMOTHE JIa Ce 3aUyBa CITyXOT.

JAEDPEKTOJIONIKA TEOPUJA U I[IPAKTHUKA 2004, 1-2: 75-86

The combination of both modalities
provided an excellent performance. Hearing
preservation was not possible in all patients.
When performing surgery for EAS, a choice
has to be made between maximizing the
chance of hearing preservation by means of
shorter electrode insertion and maximizing
the performance of the cochlear implant

alone in case of failure to preserve hearing.

In this study, a more conservative approach
was chosen with priority being given to a

fully functioning cochlear implant.

Another key to surgical success is
electrode design. Our clinical experience,
as well as that of other histopathological
studies, (6) implies that the MED-EL-
electrode is optimally suited for this
purpose, as it is very flexible and smooth,

and can be inserted with minimal force.

Histopathological studies with the MED-EL
electrode demonstrate that tissue damage
generally only occurs when the electrode is
pushed beyond the point of first resistance,
which can be avoided by limiting the
insertion depth.

Improved designs should help to further
minimize the risk of tissue damage on
insertion of electrodes. Finally, application
of intracochlear corticosteroid solution
reduces the intracochlear fibrous reaction
(unpublished data), and may help to

preserve hearing.
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a cymupame, komOunupan EAC nHa ay-
IWTUBHATA MaTeka obe30eqyBa HOBA Mep-
CIIEKTHBA 3a JIEKyBame TellKa 3aryba Ha
CIIYXOT, OCOOEHO Kaj MalMeHTu CO 3auy-
BaH HUCKO(PEKBEHTEH CIyX M 3aryda Ha
BUCOKHM (ppeKBeHIIMU Ha noBeke of 60 dB,
Kaj KOM aKyCTHMYHaTa amIuingukanyja
onmTo He € 3amoBosiyBauka. Ilomoopy-
BalkbeTO HA TU3AJHOT HA eJIEKTPOJATa H Ha
XHPYPUIKHTE TEXHHKH, Kako H (hapmako-
JOIIKATa 3alITHTa HA Koxjeara of
Tpayma, Tpeéa 1a NOMOTHe Jia ce 3rojieMu
cTankara Ha ycmex M [a J[03BOJAT
NpoIKpPeH oncer HA AITHKAMY.

IIpusnanuja

Asiliopuitie HAjUCKPeHO UM ce 3abaazooa-
paii Ha MEJ[-EJI komiianujaitia 3a HU8-
Hailla UOCHlojaHa HOO0OPUWKA 80 TeKOIll
Ha osaa cilyouja.
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In summary, combined EAS of the auditory
pathway provides a new perspective for the
treatment of severe hearing loss, especially
in patients with preserved low frequency
hearing and a loss of the high frequencies of
more than 60 dB in whom acoustic
amplification is generally unsatisfactory.
Improvements in electrode design and
surgical techniques, as well as
pharmacological protection of the
cochlea against trauma, should help to
increase the success rate and allow an
extended range of applications.
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