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Voved  Introduction 
   
Elektrostimulacijata na auditivniot 
nerv preku kohlearni-implanti go na-
pravi  mo`en lekuvaweto na senzorna-
ta gluvost. Naprednatata signalna 
obrabotka i paradigmite za stimu-
lacija vodat kon postojano podobreni 
rezultati vo razbirawe na govorot. Od 
tuka kriteriumite na indikacija se 
pro{irile vrz pacienti so dlaboko i 
te{ko do dlaboko gubewe na sluhot i 
ograni~eno razbirawe na govorot so 
konvencionala akusti~ka amplifika-
cija. (1)  

 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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Nadvor od ovaa grupa, zna~itelen broj 
pacienti prezentiraat mo{ne dobro 
za~uvan sluh so niska frekvencija od 
30–60 dB do 1 kHz, no te{ka zaguba vo 
sredniot do visoko frekventen opseg 
na pove}e od 60-70 dB. Rezultatite na 
ednoslo`niot zbor kaj ovie pacienti 
obi~no ne nadminuvaat 35%. Toa se 
dol`i na gubewe na konsonantskata 
informacija. Duri i zgolemuvaweto 
na slu{nosta na ovie visoki frekven-
cii so akusti~na amplifikacija, se-
pak, ima mnogu ograni~ena efikasnost 
za govorot {to pravi razlika (2). 
Zatoa, ovie pacienti dobivaat samo 
minorna polza od konvencionalnite 
pomagala za slu{awe. Od druga strana, 
standardnata kohlearna-implantacija 
bi nosela visok rizik na prediz-
vikuvawe celosna zaguba na sluhot. 
Ovaa situacija vodi kon razmislata za 
kombinacija na dvata modaliteta na 
stimulacija kaj ovie pacienti {to se 
na granicata me|u slu{ni pomagala i 
kohlearen-implant.  
Vo na{iot sega{en model, regionot za 
opstanok na niskata frekvencija na 
kohleata u{te mo`e da se pottiknuva 
akusti~ki–kombiniran so dopolnitel-
na elektri~na stimulacija na o{tete-
nite regioni so sredna i visoka frek-
vencija na kohlea. Nekolku pra{awa 
u{te treba da se odgovorat vo vrska so 
kombiniranata elektri~na i akusti~-
na stimulacija (EAS). Glavnoto pra-
{awe e mo`nata interakcija na elek-
tro i akusti~nite stimuli na razli~-
ni nivoa od auditivniot sistem. 
Eksperimentite so `ivotni jasno de-
monstriraat deka {timuva~kite oso-
bini na auditivnite nevroni, kako 
odgovor na akutnata akusti~ka stimu-
lacija, se bitno za~uvani pri elek-
tri~na stimulacija duri  i pri  visoki  

 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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stepeni elektrostimulacija (3), a 
hroni~nata elektrostimulacija na 
intaktnoto vnatre{no uvo nema zna-
~itelen efekt kaj slo`enite akciski 
potencijali (SAP), funkcijata na 
pragovite ili vnatre{noto uvo. (3) 
Vo eden prethoden izve{taj bevme vo 
mo`nost da poka`eme deka ovoj kombi-
niran EAS na auditorniot sistem e 
mo`na kaj lu|eto i deka ima sinergis-
ti~ki efekt vrz razbiraweto na govo-
rot. (4) Ponatamo{ni bitni pra{awa 
gledaat na hirur{kata izvodlivost i 
reproduktivnost na kohlearnata-im-
plantacija mo`nost za za~uvuvawe na 
postojniot sluh.  
Ohrabreni od na{ite otkritija, be{e 
inicirana klini~ka studija za prime-
na na EAS. Dosega sedummina vozrasni 
se vklu~eni vo ovaa studija. Nadvor od 
ovaa studija, na edno dete mu e izvr-
{ena dopolnitelna implantacija.  

 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. 

   

Objekti za istra`uvawe  
i metodi 

Subjects and  
methods 

Objektite za istra`uvaweto bea vklu-
~eni vrz osnova na nivnite ~isto 
tonski audiogrami i na govorno-audio-
metri~ki rezultati. Inkluzivnite 
kriteriumi bea prag me|u 30 i 60 dB na 
frekventski opseg od 250 Hz do 1 kHz i 
>60 dB nad 1 kHz vo uvoto kade {to se 
implantira. Te~eweto na vremeto na 
gubewe na sluhot treba{e da bide sta-
bilno ili samo mnogu zabaveno progre-
sivno, bez znaci na retrokohlearna-
patologija. Rezultatite na ednoslo`-
niot zbor vo uslovi so najdobri 
pomagala, obi~no so dve pomagala za 
slu{awe, ne mo`ea da nadminat 40%. 
Objektite na istra`uvawe treba{e da 
bidat vozrasni lu|e {to sakaa da 
sorabotuvaat vo studijata i soglasnost 
be{e dobiena od site pacienti.   

 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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Tabela 1. Demografski karakteristiki 
na pacientite 

 Table 1. The demographic characteristics of the 
patients 

 

PACIENT 
PATIENT 

STAROST PRI 
IMPLANTACIJA 

(GODINI)  
 AGE AT 

IMPLANTATION 
(YEARS) 

VREMETRAEWE 
NA GUBEWE NA 

SLUHOT 
(GODINI)  

 DURATION OF 
HEARING LOSS 

(YEARS) 

TIP NA 
IMPLANT 

TYPE OF 
IMPLANT 

DLABO^INA 
NA 

INSERTACIJA 
(mm) 

INSERTATION 
DEPT (mm) 

ETIOLOGIJA 
ETIOLOGY 

KH  
(KH)  50 30 C40+ 

(C40+) 30 idiopatska 
idiopathic 

SS  
(SS) 40 15 C40+ 

(C40+) 15 aminoglikozidi 
aminoglycosides 

MB  
(MB) 46 10 C40+ 

(C40+) 15 idiopatska 
idiopathic 

BD  
(BD) 64 10 C40+(20 mm) 

C40+(20 mm) 5 idiopatska 
idiopathic 

OM  
(OM) 57 15 

C40+ 
(C40+) 22 

idiopatska 
idiopathic 

PI  
(PI) 42 20 

C40+(20 mm) 
C40+20 mm 20 

idiopatska 
idiopathic 

DI  
(DI) 46 12 

C40+ 
(C40+) 20 

idiopatska 
idiopathic 

KN 
(KN) 5 5 C40+ 

(C40+) 5 

kongenitalna 
idiopatska 

congenital 
idiopathic 

 
Tabelata 1 gi poka`uva demografski-
te karakteristiki na pacientite. Sli-
ka 1 gi sumira predoperativnite au-
diogrami na site pacienti.  

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

 
Frekvencija (kHz)  Frequency (KHz) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Slika 1. Predoperativni ~isto tonski 
audiogrami kaj site pacienti (da se im-
plantira uvo). 

 Figure 1. Preoperative pure-tone audiograms 
of all patients (ear to be implanted) 
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 Standarden priod kon kohleata preku 
posteriorna timpanotomija be{e iz-
veden i kohleata be{e vnimatelno 
otvorena so bavno vrte~ka dijamantska 
dup~alka, 1 mm ponapred od trkalezni-
ot prozorec. Endostot be{e identifi-
kuvan i zase~en. I{mukuvaweto na 
perilimfata be{e odbegnato i kapka 
na Crystalloid prednisolon (Volon A* ) 
be{e voveden vo tekot na kohleosto-
mijata, a potoa prekrien so rastvor od 
hijaluronska kiselina (Healon*). 

Be{e insertirana elektroda, ~ija 
dlabo~ina be{e namerno limitirana 
spored grani~nata frekvencija na 
postojniot sluh, vo vrska so frekven-
tnata mapa na   bazilarnata-membrana 
za da gi za{titi strukturite vo 
gornite svioci na kohleata. Dlabo~i-
nata na insertiraweto ima opseg od 19 
do 24 mm. Cvrsto podigawe na kohleata 
be{e postignato so cirkularna fas-
cialna navrtka, dobiena od privremen 
muskul i fibrozno lepilo. Za da se 
odbegnat dvi`ewa na elektrodata, 
nejziniot nosa~ be{e fiksiran vo 
facijalniot agol so koskeno lepilo. 
Na pacientite tri dena im bea davani 
profilakti~ki antibiotici. Kaj {est 
objekti na ispituvawe be{e koristen 
MED-EL* COMBI-40 (1) so standarden 
elektroden nosa~. Kontaktite se raz-
deleni na 2,1 mm. Celosnata oddale~e-
nost od najapikalnata do najbazalnata 
elektroda e 28 mm. Kaj dvajca pacienti, 
elektroda napravena po nara~ka so 1,8 
mm oddale~enost i vkupna oddale~e-
nost od 20 mm, be{e koristena za da se 
zgolemi brojot na insertiranite elek-
trodi za dadenata dlabo~ina na inser-
tiraweto. 

 
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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Pred i postoperativni testovi Pre-and postopperative tests 

Predoperativno bea mereni ~isto ton-
skite pragovi. Dobieni bea rezultati 
na ednoslo`en zbor so koristewe na 
Testot za ednoslo`en zbor na Fraj-
burg za dvete u{i oddelno so i bez 
slu{ni pomagala, kako i vo uslovi so 
najdobri pomagala, t.e. kaj {est od 
sedum pacienti so dvojni slu{ni poma-
gala. Zna~i, postoperativno bea mere-
ni ~isto tonski pragovi i bea naprave-
ni testovi na ednoslo`en zbor za 
samiot cochlear-implant, samoto slu{-
no pomagalo i za kombinacija na dvete. 
Slu{noto pomagalo be{e ipsilate-
ralno kaj pacientite so za~uvan sluh i 
kontralateralno kaj drugite pacienti 
vo uslovi na test.  

Kaj pacientite so ipsilateralno za~u-
van sluh digitalnite visoko mo}ni 
slu{ni pomagala vo uvoto bea nameste-
ni bilateralno. Site pacienti koris-
tea MED-EL* TEMPO+-BTE govoren 
procesor za kohlearen-implant.  

Ponatamu, testovi za re~enici (HSM i 
Getingen-re~enici) bea sprovedeni vo 
tivka i natprevaruva~ka vreva vo sa-
miot kohlearen -implant i kohlearen-
implant plus sostojba so slu{no poma-
galo.  

 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. 

   
Rezultati  Results 
Sluhot mo`e{e da se za~uva do 10 dB 
kaj ~etiri od osum pacienti, kaj dva od 
ponatamo{ni objekti na istra`uvawe 
mo`e{e da se za~uva delumno, dodeka 
dva pacienta go izgubija sluhot po im-
plantacijata.  

 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 e za~uvan, sluhot ostanuva stabi-
len po implantacijata. Kaj tri objekti 
na istra`uvawe mo`e{e da se sledi 
pove}e od edna godina. Kaj ~etiri ob-
jekti na istra`uvawe bea postaveni 
ipsilateralni slu{ni pomagala, a kaj 
dva objekta za istra`uvawe u{te ne se 
postaveni. Drugite dva objekta na is-
tra`uvawe nosat samo kontralateral-
ni slu{ni pomagala.  

 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. 
 
Slika 2. Predoperativnite rezultati 
na ednoslo`nite zborovi so slu{no 
pomagalo ispilateralno na uvoto na koe 
treba da se vr{i implantacija na 70 dB, 
vo uslov na najdobro pomagalo pri opti-
malna glasnost, so samo cochlear-implant 
na 70 dB i so cochlear-implant plus 
slu{no pomagalo vo ipsilateralnoto 
uvo (~etiri objekti na istra`uvawe), 
kako i cochlear-implant plus slu{no 
pomagalo vo optimalni uslovi, ili ipsi-, 
kontra-, ili bilateralno na 70 dB. 

 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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 Slikata 2 gi pretstavuva pred i  post-
operativnite rezultati za testot na 
ednoslo`en zbor na Frajburg. Pred-
operativnata performansa vo uslov na 
najdobro pomagalo so ispilateralni 
slu{ni pomagala na 70 dB i pri uslov 
na najdobro pomagalo na individualna 
optimalna glasnost se sporeduva so 
performansata kaj samiot kohlearen-
implant i kaj kohlearniot-implant 
plus slu{no pomagalo ili ipsilate-
ralno (~etiri objekti na istra`uva-
we) ili kontralateralno (dva objekta 
na istra`uvawe) na 70 dB. Performan-
sata samo so cochlear-implant (53% 
to~no) e ve}e jasno superiorna na per-
formansata vo uslov na najdobro po-
magalo so slu{no pomagalo (15% 
to~no). Kaj samiot kohlearen-implant, 
objektite na istra`uvawe postignaa 
rezultati malku nad prosekot, spore-
den so rezultatite na golem broj voz-
rasni pacienti {to go koristat is-
tiot implant (COMBI-40+), istra`uva-
ni vo multicentralna studija (nepu-
blikuvani podatoci) i so COMBI-40. 
(5)  
Zaedno so slu{noto pomagalo mo`e da 
se vidi sinergisti~kiot efekt. Toa 
rezultira{e vo ponatamo{no podo-
bruvawe na rezultite na testot. So 
kombiniran EAS rezultatite od tes-
tot bea zna~itelno nad prosekot plus 
edna standardna devijacija.  

Objektite na istra`uvawe se dvie`ea 
od dobri izvr{iteli do kategorija na 
odli~ni izvr{iteli.  

 
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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Tabela 2. Razbiraweto na re~enici pri 
vreva (HSM re~enici, S/N = 65dB/55 dB) 
samo so slu{no pomagalo (SP), samo koh-
learen implant (KI) i vo kombinacija 
(KI+SP) za razli~ni niskoagolni frek-
vencii na KI. 

 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. 

 

Broj na bazalni kanali / Number of basal channels 9 8 8 8 

Frekventen opseg (Hz) / Frequency range (Hz) 300-5500 650-5500 791-5500 1008-5500

samo SP (%) / HA alone (%) 50 50 50 50 

samo KI (%) / CI alone (%) 34.9 34.0 55.7 32.1 

KI+SP (%) / CI + HA (%) 93.4 96.2 95.3 82.1 
 

Na Tabelata 2, primer na rezultatite 
od testot za HSM-re~enici pri vreva, 
se prika`ani za pacientot SS. ^ist 
sinergetski efekt od kombinirano ko-
ristewe na slu{no pomagalo i koh-
learniot-implant mo`e da se vidi vo 
uslovi na slu{awe so natprevaruva~ka 
vreva. 

 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. 

   
Diskusija  Discussion 
Preliminarnite rezultati od ovaa te-
kovna studija prika`uvaat deka e mo`-
na kombinacija na EAS na auditivnata 
pateka vo ednoto uvo i ima sinerget-
ski efekt vrz razlikuvawe i razbira-
we na jazikot. Subjektivno dobro e 
prifateno od na{ite pacienti {to 
prijavuvaat deka zvukot e mnogu popri-
jaten i priroden koga se upotrebuva 
kombinacija na dvata modaliteti. Ne 
se o~igledni nikakvi negativni inte-
rakcii. Sepak, adekvatnoto koristewe 
na elektro-informacija bara{e for-
malni sesii za obuka, kako vo slu~aj na 
drugi korisnici na implant, i ovie 
ponekoga{ bea izveduvani na modali-
tet samo so implant za da se zgolemi 
koncentracijata na elektro-signalot.

 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.
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 Prosekot na kombiniran EAS-modali-
tet mo`e da bide nadopolnet so popri-
roden transfer na informacii od nis-
ki do sredni frekvencii {to u{te mo-
`e da se za~uvaat akusti~ki, dozvolu-
vaj}i detalno pretstavuvawe na frek-
vencijata i tajmingot. Ponatamu, kom-
binacija na kontralateralna akusti~-
na stimulacija treba da dozvoli detal-
na prostorna informacija. Ovoj as-
pekt, se nadevame, }e bide razjasnet so 
ponatamo{ni studii. 

Celosno za~uvuvawe na sluhot be{e 
mo`no kaj 50% od objektite na istra-
`uvawe i barem delumno za~uvuvawe 
kaj 75%, na koi im be{e implantiran 
EAS. Ovie rezultati se jasno superi-
orni so onie prijaveni kaj standar-
dnata kohlearna-implantacija i mo`e 
da se nadopolnat na hirur{kata theni-
ka {to vklu~uva nekolku dobro defi-
nirani faktori. Ograni~enata dlabo-
~ina na insertacijata se smeta deka e 
klu~en faktor za da se spre~i 
o{tetuvaweto na apikalnite kohlear-
ni-strukturi. Dlabo~inata na inserta-
cijata se izbira kako kompromis me|u 
obezbeduvawe dovolno intra-kohlear-
ni elektrodi za celosno funkcionira-
we na kohleareniot-implant, so name-
ra da se za~uva sluhot. Site objekti na 
istra`uvawe imaa celosno funkcio-
nirawe na kohlearen-implant, {to se 
pretstavi malku podobar od samo koh-
learniot-implant i zna~itelno podo-
bar od koristewe samo slu{no poma-
galo.  

 
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 

acoustically, allowing for detailed 
representation of frequency and timing. In 

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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 Kombinacijata na dvata modaliteta 
obezbedi odli~na performansa. Za~u-
vuvaweto na sluhot ne be{e mo`no kaj 
site pacienti. Koga se izveduva hirur-
{ki zafat za EAS, mora da se napravi 
izbor me|u maksimirawe na mo`nosta 
za za~uvuvawe na sluhot preku inser-
tirawe na pokusa elektroda i maksi-
mirawe na performansata na samo koh-
learniot-implant vo slu~aj da ne se 
uspee da se za~uva sluhot. 

Vo ovaa studija se odbra pokonzervati-
ven priod so davawe prednost na celos-
no funkcionirawe na kohlearniot- 
implant.  

Drug klu~ kon hirur{kiot uspeh e di-
zajnirawe na elektrodata. Na{eto 
klini~ko iskustvo, kako i ona na 
drugite histopatolo{ki studii, (6) 
implicira deka MED-EL elektrodata 
optimalno e pogodna za ovaa cel, zatoa 
{to e mnogu fleksibilna i mazna, ta 
mo`e da se insertira so minimalna 
sila.  

Histopatolo{kite studii so MED-EL-
elektrodata poka`uvaat deka o{tetu-
vawe na tkivoto usleduva samo koga 
elektrodata se turka zad to~kata na 
prviot otpor, {to mo`e da se odbegne 
so limitirawe na dlabo~inata na 
insertiraweto.  

Podobrenite dizajni treba da pomog-
nat za ponatamo{no minimizirawe na 
rizikot za o{tetuvawe na tkivoto pri 
insertacija na elektrodite. Kone~no, 
primenata na kortikosteroiden ras-
tvor intrakohlearno ja namaluva fi-
broznata reakcija intrakohlearno (ne-
publikuvani podatoci) i mo`e da 
pomogne da se za~uva sluhot. 

 
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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Da sumirame, kombiniran EAS na au-
ditivnata pateka obezbeduva nova per-
spektiva za lekuvawe te{ka zaguba na 
sluhot, osobeno kaj pacienti so za~u-
van niskofrekventen sluh i zaguba na 
visoki frekvencii na pove}e od 60 dB, 
kaj koi akusti~nata amplifikacija 
op{to ne e zadovoluva~ka. Podobru-
vaweto na dizajnot na elektrodata i na 
hirur{kite tehniki, kako i farmako-
lo{kata za{tita na kohleata od 
trauma, treba da pomogne da se zgolemi 
stapkata na uspeh i da dozvolat 
pro{iren opseg na aplikacii. 

 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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