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with center frequencies between 250Hz and 10KHz. These filters are 
implemented using switched capacitor technology. The total power 
dissipation of such implementations is typically of the order of several 
milliwatts. Compared to earlier front-end preprocessing modules 
implementing formant extraction, filter banks dissipate less power and 
have superior performance. 
To further reduce the power dissipation and improve the performance 
of such front-end modules, we propose a front-end preprocessing 
module which· consists of a cascade of adaptive second..order filters, 
models of inner hair cells, and spectral feature-detection circuits. The 
cascade of adaptive second-order sections models wave propagation 
in the cochlea. the velocity of propagation may be tuned electrically 
to simulate wave-propagation properties of the biological cochlea. 
The outputs of these second-order sections map the frequency 
information in the input signal into place information in the cochlea. 
Each second-order filter contains two follower-integratots built with 
wide-linear-range transconductance amplifiers. The transconductance 
amplifiers have a linear range of about ± 1V and the dynamic range of 
the follower-integrators is 65dB. In addition, a nonlinear gain control 
circuit models the properties of outer hair cells. The nonlinearity 
implements gain control by having nonmonotonic positive feedback 
provide a high Q in the filters at low signal levels, and a low Q at 
large signal levels. 
The inner-hair-cell circuit differentiates, rectifies and transduces the 
filter voltage output into current outputs. At each spatial location n, 
the spectral feature detection circuit performs an analog correlation of 
three inner-hair-cell currents from locations n-2. n and n+2 . It may be 
shown that this nonlinear operation produces sharp band-pass filters 
without degrading the phase information present at the cochlear filter 
outputs. Hence the overall front end computes the sound spectrum in 
a cochleomorphic fashion. 
Compared to existing front-end modules, the proposed front-end 
reduces power dissipation by a factor of 10-100 because its circuits 
are operated in the weak inversion. Additional1y, the new circuits 
mimic further aspects of the biological cocl]lea and provide the phase 
information necessary' for implementing phase-based coding 
strategies. 

'FP1l3 I 
SPEED SAFETY AND EFFICACY WITH PULSATILE 

COCHLEAR IMPLANT SYSTEMS 

Mr Yitzhak Zilbuman 
Advanced Bionics SARL, Habsheim, France 

The vast majority of contemporary cochlear implant systems deliver 
information through pulses of electrical current. New implant 
systems, such as CLARIO~. support much higher pulse rates than 
previous generations of device. However, the optimal pulse rate is 

' .. 	'. subject of scientific research. 
.ssue of stimulation rate and its effect on safety and efficacy is the 
ect of strong opinions and hated debate. The pendulum swings 

) veen, "fast stimulation may damage nerve cells" and the notion 
) sued by some companies, that categorically, "faster is better". 

is paper reviews current thinking on cochlear implant system's 
eed. It describes how CLARION has been designed to address 

.inical reality; capable of delivering very high rates of stimulation, 
et for the moment, electing to use substantially lower default rates, 

Jased on sound scientific research. The advanced features of 
CLARION which overcome compromises in other systems are 
described. Arguments are presented on how imaginative design can 
make optimal use of the limited bandwidth available to any cochlear 
implant, rather than use for raw speed, 

IFP1l4 I 
THE FUTURE OF COCHLEAR IMP~ TECHNOLOGy 

lFPatrlck. DK Monq 
Cochlear Limited, Lane Cove NSW 2066, Australia 

Since 1972, there have been numerous technological breakthroughs 
which have enabled cochlear implant recipients to Obtain 
improvements in speech and sound comprehension in Progressively 
more "real world" environments. With over 8,000 adults and now 
over 6,000 children implanted with the Spectra 22 Cochlear Implant 
Systems, Cochlear has a lifetime commitment, both to existing 
recipients and to the long term development of the technology. 
Future cochlear implant systems will more ~mpletely address market 
needs; both in terms of cosmetic appeal and quality of hearing. 
Behind The Ear speech processors coupled with smaller implants will 
increase the cosmetic appeal of the system, particularly to the 
Severely Hearing Impaired. The advent of advanced electrode arrays 
coupled with sophisticated diagnostic telemetry systems may let us 
understand more of the link between electrical stimulation and 
perception, given a patient's particular clinical condition. This in tum 
will lead to more sophisticated approaches to speech coding. As in 
the past, coding strategies based on these breakthroughs will be ' 
offered to patients who already have a cochlear implant. Many J 

improvements will be possible by upgrading external equipment, but 
replacement of implants will also become a significant design , 
consideration. ' 
In an environment, of health care cost containment, the implant of the '1 

future will also provide the information that is needed to optimally ~ 
program the system to suit each patient's needs, and to reduce:: 
rehabilitation time . Further improving the cost-utility of cochlear ~ 
implants remains a major challenge for the future. r 
This paper will give a view of the future of implant technology. ';0 

IFPllS I 
EXPERIENCES WITH DIFFERENT COCHLEAR 

Otto Ribari 
Semmelweis University Medical School, Dept of V~''''''''UlU'''''!!'1IiI 
Lartngology, Budapest, Hungary 

Authors have performed cochlear implantation since 1985, 
several different kinds of devices were implanted. At the 
extracochlear promontory, later round window and int1acl1IOCtLl~::' 
implants have been used. Different speech processors were 
first digital pulsatile sound-encoding system, later on 
processors operating on the basis of CIS strategy. Both 
and behind-the-ear speech proCessors were applied. The 
were performed on postlingual and prelingual patients 
Consequently, the authors have .been using di~erent 
implantation techniques, different devices and different 
processors. Results of implant replacements will also be discus~ 

IFP116 I. 
SPEECH CUES FOR COCHLEAR IMPLANTEES:1l 


SPECTRAL DISCRIMINATION 


Belinda A. Henry, Colette M.McKay, Hugh J.McDermott. 
M.Clark 
The University of Melbourne, Melbourne, Australia 

The ability of cochlear implantees to understand speech to 
wide range. While some implantees achieve scores ~Iosea 
open set word tests, others require visual cues to achIeve 
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~ , I ,core on these tests. The focus of this research is to investigate 

ns for the wide range of ability and therefore to improve the 
processors used by individual implantees. This study first 

,\'CStigate<f whether the relative importance of various frequency 
:,-egions of the speech spectrum differs for implantees of different 

onnance levels, and for Implantee groups compared to normally 

j ,caring SUbjects. Secondly, correlations were sought between speech 
perception information and ability to perceive changes in stimulation 
Place within various spectral regions. Fifteen subjects using the Mini 
.system 22 implant and with a range of speech perception skills, and 
IS normally hearing listeners participated in this experimentI.Articulation Index (AI) procedures were used to measure the 

~proportion of speech information in monosyllabic words available to 
,each listener, and the relative contribution to the total information 
. fi'om different frequency bands. Results show that implantees obtain 
:Jess specdl information. compared to normally hearing listeners, in all 
.spectral regions. However, implantees perceive relatively more 
~lnforrnation in the higher frequency regions compared to the other 
:.frcquency regions. Further studies sought a relationship between the 
.1II1l0unt of speech information perceivable and ability to discriminate 

'I between electrodes. Results show that these two factors are correlated 
in the lower frequency regions, but not in the higher frequency 

\ regions, Discrimination between electrodes in the highest frequency 
; band was generally poor, even though the. amount of speech 

information perceived in this region was greater than the low to mid 
frequency regions. This indicates that while perception of low to. mid 
frequency information requires the ability to discriminate between 
electrodes, the perception of high frequency information does not 
require this ability. The results therefore predict that speech 
perception may be improved by changing the assignment of 
frequencies to electrQlie positions to provide more discrimination of 
lOw to mid frequency speech information. 

IFP117 I 
THE PERFORMANCE OF THE NEW BTE 


SPEECH PROCESSOR IN THE NUCLEUS 24 

COCHLEAR IMPLANT SYSTEM 


PetuSdigman 
Cochlear Limited, East Melbourne, Australia 

The CI24M is a new implant which provides extra functionality over 
the Mini 221 Spectra 22lrnplant These functions include: 
I. Ability to operate in Monopolar or Biopolar mode. 
2. Ability operate clinically at stimulus mtes up IS kHz compared 
with I.S kHz for the Mini 22. 
3. Telemetry to send back electrode and supply voltages. 

4. Neural response telemetry 
It. behind-the-ear speech processor which essentially integmtes all the 
functions of the Sepctm 22 processor has been developed. This 
processor 'implements the SPEAK strategy and operates with the 
CI24M implant Power is provided by two Zinc Air cells and the size 
and weight is reduced to that of a BTE high powered hearing aid. 
The normal coil used with the CI24M is used and connected to the 
processor by a short lead. 
The BTE processor includes, AGC, 22 filters, frequency-elcCtrode 
lnapping, amplitude mapping and automatic sensitivity control. 
Openrtion with the CI24M is in monopolar mode. 
Preliminary data on the perform.!Il1ce of this speech processor will be 
presented. 
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mGH RATE STRATEGIES AND SELECTION OF 


STIMULATION SITES - WHAT DOES THE FUTURE HOLD? 


IF Patrick, DK Money 
Coopemtive Research Centre for Cochlear Implant, Speech and 
Hearing Research, Lane Cove NSW , 2066, Australia 

The Nucleus Spectra 22 Cochlear Implant System provides up to 22 
separate sites of stimulation. The 22 channel electrode array has 
enabled recipients to continue to gain improvements in speech 
understanding as coding strategies which have captured more spectral 
information have been introduced. For example, the SPEAK coding 
strategy improved the mean score on sentence material to 77% for 
SPEAK. compared with S8% for Multipeak. 
There have been many cases in which the availability of this large 
number of stimulus sites has been used to obtain the best possible 
outcome for individual patients. These benefits arise from the 
prognlmming versatility which these sites provide, allowing the 
creation of different MAPs to suit each patient's situation and 
adaptation to factors such as depth of electrode insertio~nusual 
percepts and side-effects. 
Over the same period SPEAK was developed, Blake Wilson at the 
Research Triangle Institute investigated Continuous Interleaved 
Sampling coding strategies which employed higher rate stimulation 
delivered in a continuous manner, but to relatively few sites. Wilson 
has since demonstrated that performance can be enhanced by 
selecting these stimulus sites from a larger number ofelectrodes. 
This paper 'will discuss so called "Advanced Combination Encoders" 
and will provide both the spectral detail that is possible using many 
separate sites combined with higher rate coding capabilities. This 
will utilise .more completely the patients' underlying capacity to use 
both place ofstimulation and higher rates of stimulation. 

OTITIS MElllA \vITII EFFUSION IN ClUU)REN 

IFP119 I 
NASOPHARYNGEAL FLORA IN cIDLDREN 


WITH OTITIS MEDIA WITH EFFUSION 


J. Serat/eo!; C Moura'; D. MilJcic'; F. Fonsec.tl; H. Barrolj M. 
Pals-Clemente' 
lENT, lMicrobiology and ]Hygiene and Public Health Dept Oporto 
Medical SchooVHosp.SJoao, Oporto, Portugal 

Otitis Media with Effusion (OMB) is one of the most frequent 
pathologies of childhood . In recent years it has been shown that 
different bacterial species harboured in the nasopharynx play an 
important role in middle ear pathology. Consequently, a better 
knowledge of adenoid microbiology becomes an important issue in 
prevention and treatment ofOMB. 
The present study analyses the bacterial cultures of deep (core) 
adenoid tissue, from SO children in the 3 to 6 year old range, 
presenting with OMB for more than 3 months. All the patients 
underwent adenoidectomy and tympanocentesis with confirmed 
middle ear effusion The adenoid specimen was placed in a transport 
medium. and in less than one hour a core of deep adenoid tissue was 
aseptically removed and inoculated for qualitative and semi
quantitative bacteriological cultures. 

The correlation between the bacteriologic results and OMB clinical 

parameters, was statistically analysed. 
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