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Proteetive Erteots oF Divctrical Stimuitnon

S~ i bono clectiical stinnalation capuriments - woedenne
patanictons aiicd v tedtures that are e al m o masximizme, the
Ctiee cTee it~ an the gaditory el e Studies fas e been nntated to evaluate effects
o ~tinadation oith higher trequency stimuli that are designed to be
ety o leneine b the contral diditory syvstemm I a previods Quarterhy !’mgr(‘.s‘s
e QPR F S Apail b9 o jane su YA Contract NODC 4 2158 spiral anglion

Jdate wvere prosented for the first Nneonatally deatened kittens m these

IR S U S A

IS TR TS Sat
Sacon i ~orios Dlata trom an additional group o 4 neonatatly deatened cats

e prescoicd s this 0N Phese antmials are e first 2roup to be Chronmcaiiv somulated

ACTEET RN o i toetitee clecttode d&‘\i[:.;i’l I Iata v electrode Prostiionis dovumented

sttt Lecpon niscition ol these electrodes which consistentdy posiiioned the most

e fioade b dbontd kL ds u’rlllpdll'\i Lo ant dverage ot o TR worth she otder

fesr Sice the Dasal clectiode pair remaimed inabout the same freguency posstion

Poc e desii prod ides gredtern requeiioy separation betiveen blpuinr Channeis. Twoe ot

Trrose ot red e vases shoned a \,trll\mg protedtive ettedt ot clectrical stimuiation
<oty o i Tonane e o about 2000 more of the spiral ganglion neurons: one cat had

oy Pich v naonial suy val o the contratatoral cochliva and thus showed no

et ant Jittcionce bobneen siddes and thie final cdt was not deatened Lo toe

Erstodogio and morphometine results i these cats are compared and

s thie thidiligs Bhoitio the prosiotls grougss
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Histologic and Morphometite Results with Higher Frequency Temporally
Challenging Stumulation

Pt ~toadies st ted tnder aoprevious Contract and completed during the
At et o s oniact demonstrated that chronie electrical stmutation
Cdeliverod v ottt aind extracochlear electrodes using passive and iy ariant 36
DS SOTGEH S ccd o s hiticant protective ettect, partially preventing the degeneration
St spiral canaticin cells moneonatally deatened antmals Subsequently. additional

Gt~ w ore nnitiated mow hich the signals used tor chronic electrical stimulation

oo Deent s arioed

ocider to begin to detine speditic parameters that are critical in
cavensing the protective ettects onthe auditors nerve Inca previous Quarterly
Cress Repno O E s A pnl b 9 o fune 300 TS Contract NOT-DO-4-2143y spiral
Canoc sredrphoinetin Jdaata analvses weie reported tor v neonatally deatened cats from
fresc o cotacod hlear serres s groap moluded 2 animals (RS5O RS that recenved

F i saesi o intiacod hicar stimudation using continuous pudse trams at 56 pps 1 200
Clidse padsest three cats ohsy KU RY20 dhat were chronealhy somulated wath

~g

Sose Ui fphasic 200 e phases at 300 pps.and To0 - amplitude modulated at 56
vt b additional cats thsd Kso K93 K94 that receny ed temporallv- and

crersta arv g ~tinulation through a single channel speech processor which

. ¥ 4 4
Poabisclioe

ciocireninienital souinds into an andloguce clectrical signal tthese animals aise
cocrecd onten=tee beliavioral tranimg o deternine psvehophysical thresholds o
~Cie o clen T ad ~tiniadi Fhe daily stimadation pertods were 4 hrssdav 2 davssweek.
S rersit ot stnnalation was setat 2 dB above EABR threshold ror pulsed stimulr and
Pt caee o Ut o dB above TABR threshold tor the processors The mdnvidual
S d ot ey cis anid Jdaration ot stimulation are shown for cach anomal m Tabie 10 The
Decar =nmdlanon poriod for the Y animals comprising the first 2 groups of animals was
T cehs Lond the iaean dage ot study swvas s wks Al these animals were stimulated
el Bipotar pan ot electrodes (BT and 2) which were positioned m the scala

Gt ot <43 and 39 bastlar membrane distance trom the base ot the cochlea
Foposcrted trequeny ot o D and 39 Kz respectivelv see Table 2

~ice sistobosical iindimgs and morphometric data docuamenting, spiral ganghon
Coo~ur sl thiese tine cats were teported e detarl previoushe results are onhy

Crgiieest ere ton direc Coomparison to ddta obtamed during this past quarter from 4

cooci nie aonie intracochlear stmulation with the new “wing” relime

T tata T the TsUaioup of A cats (Ka3-RaY) demonstrated impressive mcreases in
S das U ol o o olisequelice of chironie sttimulation. The volume ratio tdensity) for each
L ~euiient o base toapex) i the lert chronically stimulated cochlea was compared w
Cacredd data fiong the contralateral deatened, unstimulated ear ot each individual cat. Figure
~emartsos the orphometric datd tor these 5 cats showing the mean stimulated less control
peteeoc o spiral ganghon cell densityv s expressed as percentage of normal. Mean spiral ganglic
Ceilmwt o at s as o0 4o higher over the basal one-third ot the cochlea. When averaged over al

13 . T

CCt I e Tors The mearnt ditterence i neuronal density was 2270 1 this group
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Pioteotiv e biteors of Blectrcal Stimtuihion

Tabte 1 Higher brequenay Temporally Challenging Stimulation

GRS RN Voo ab il RITEE S N AYLIG
i R ddd s Stitiulalion Curelit Period Freguency Sagritiee
oo IR RTINS LRV 2 whksT NIV 32wk
[N U 1OV s ks 3()()—4()()}1\ 33wk~ NP beh 43 wks
[N [ AR N 12s l(\ 42wk NSO b S2wks
N RNy IR NN WO 44wk SP beh ARINY
BN ARSI KRR NN SUSTOR e BARE SO AL 37wk
STIMUL ATION DAMAGE SERIES
i Iy 4 ks JOD-400 10y YIS ke SO S0 Hy AN SR
NI 4 ks IR ETT IR RS NN 00 S, YW R
A ot 2 RN N 40400 W RISIRNY SPobeh 44 wiks
B ra D NN N 40300 YR 34wk SP beh 42wk
“WINGT FLEo TRODE SERIES
Y S Dk SO Tot oy AEIRNS N SPovored L
pay Wk~ RSPV w ke SP el AR
NI T N ks SO0 EIENN A s s behn ks
B - Nk P25 0y ST ks A0 H v oRed T 48wk
Taple | Calivdugs feslonied o INe  uooannnatls tof whiicn HSTomgsodl resutls were
veosey cresected  and Ine 3 addiional cals snmiplanled with e tew  wing  2eciroges
NTOT O USIGOgical esalis arg presented i s report Anmal FKUE was  yokeao
Wt oD e tias L oweehks ol he stinalalion penod and Kol was v oked K9G 1o
P e T weeks OTshinulation
Cmog Tambeel Doty oo sUnalahioh 4ndarinmdl was reimprantated |

v oreported pres ously 1OPR #3 Aprib L1995 to June 30, 1995) this first group ot 5
ar= that demionistiated stable thresholds during chronic stimulation and striking
mamtendnee of spiral ganghion nedrons ['m’-svntcd a striking contrast to the next group ot
Foats dencted Stimutation Damage Sertes i fable 1. The 4 cats in this group exhibited
clevations o thiresholds daring their chronic stimulation periods, as reflected by the tinal
~tmutaton ievels shownn Labie 1. EABR thresholds are determined periodically
trcughout chrone sumulation tor each cat. and chronic stimulation levels are adjusted
accordimgiy Dwoanmals thy ] and K935 had tinal chronice stimulation
ovels of 00 A and one antmal thvdy had a tinal chronic stimulation level ot 00 1AL In
kel although the tinal stmualation levet swas 1950 1AL at the time ot the tinal
clecrroprusiciogy experiment i this animal the EABR threshold had shitted up to
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Proteative | itects o Dlectrical Strimuttion

INCREASED SPIRAL GANGLION SURVIVAL WITH
TEMPORALLY CHALLENGING STIMULATION (K83-89)
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PERCENT NSTANCE FROMCOCHLEAR BASE
Figure 1 SUakig redse b spiial gainghoh suiviva
Do oothedar ele nedl snulation o aeenalally dealened cals T
S odiritais ihE S k8 frie rhean sturalaled less
i = gty die ooarpiiessedl as goltuelt G diGiinial vatees nedr secto
A = UL i iedees b hiEaioniadl sulviva:s i ihie ST aled Jochieds The
S.ovova owvdr ultsel Uy dnsgilivg Jdaitiagje whaih oucatite Ut the
ft i o odi mie sedldr i di e cdses CavEeTall ShiTds uanGinn oen Jensity
e CrEAse D, dliud 2270 andd Mes Oillciciile wan Tedlhy o 203 F UL
Tl s Daciad co

a0 Behavioral thresholds to pulws were dlso deterniined 13 of these animatls (K9

SoL ana RS auariny chronie stimulation pertods. and these thresholds were also

vt in these animals compared to previous immracochicar experimental series
Chistcolecical evaluations ot the implanted and stimulated cochleas rrony this
Po o sninals abso presented some highhv anusual findings vk severe
Ao i s aas obseryed i the modiolus along with total degencration ot spiras
St ol Rosenthal s canal over a T num region directlv adjacent to the

CAliee clo Tooadeos dtensive ectopic bone tormation was also obseryved at more
Fima oot aionie the clectrode carrrer New bone formation was also severe i two
peronsnaten o elation to the electrode carrier, primandy ander the spiral
et aed adiaent to the modiolus In K930 massive new bone tormation was noted

arcer s i ciodp I RY2 ectopic bone was observed over a region of

Qe o i e scala tempani but also partly occluding, the scala vestibuli m the region
ety abcue the stimulating electrodes. Inthe final cat e the sernes. K94, the cochlear
Arstepathologicai tindings also maduded sone osteoneogenests, although it was less
catensive and did not appear to displace or insulate the stimulating efectrodes from the
<piras angtion cells in Rosenthal s canal Flowever, there was notable insertion trauma

s o Ptieg e ith o fradture ot the Osseots 5}’)11“11 lamina in the l'(’LU,IUH and an obvious

cectte teon b spivad ganghion cell survival adjacent to the apical electrode pair «1,20
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Protedtise PHect= of L ivatrical strmuttion

Ssantiaiioes the imotphonietie dlatac o this croup of 4 cats showing the
Vb iniorcases i ~pital catigbion coll densite o Hhe mean

gied oS s
coviicoiat Jdetsite v eraged ovel dtl cochilvar sectors weas andy oy
~tikidie o the complete Lack ot spiral sanghion namtenance o0 the regron St

st e o Dilea o the Fegion ol the stimulating el trodes. |

Jrttererioe

Particuianr

S trem e o 1
compariscn o the data shownon bPrgure othese data provide a strikimg contrast to
Both the unustal severe nature ot the histopathology observed i the

CArhier resLii-

StMmaiated cocnicas art this obvious drop m spiral ganghion survival near the
Htadts stronghy mdicated to us that stimulagon-mduced damage had

e redions nearest to the \,tll'lluldlll\;_’1 clectrondes

INCREASED SPIRAL GANGLION SURVIVAL IN
STIMULATION DAMAGE GROUP {K91-94)
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FERCENT DISTANCE FROM COCHLEAR BASE

Figure 2. Sisoal gandhiot inorpiiometiic data nom re grodp o 4 necnal
SRR SUuweld mlevaled DiresnGids dnd seveis nistupalnoindy K91
W cliacedledr elecliical stinialglion: Thie migan dirfare
- soiral Jangiuan el aensily ale shiw! as peruent W
soc s werall ospiral ganglics. el Jensily was
- Poe e ack Lliccieasedd Survivdl o e 30U S Do sections Ses fex!
P tedico oo i this damage relates to the various spectiic conditions of

SOMarioe o~ ot clear AWe believe the damage may have been caused by a rewn
Spnsodos e s =talaton went imto oscillaton during EABR testing m these animais.
Fhowen e there soas alscoonie feature of the electrodes that was difterent i this group as
crtipraredd oo e Prenv ot series \.ll‘;_’,htl\ ~nialler clectrode contacts (=175 tm - 200
Aere ased toallow the tabrication of electrode arras - with greater numbers ot contacts.
Thesc stadicon conitas s enhibited somewhat higher impedances imtiatlv and rurther
Moredses ci et tme o that with the elevated thresholds i some cases the comphance
draue ot the battery dirnven stimuldators used tor chronie stimulation in K93 and K94
diay Nase been evceeded Eaceeding the compliaince voltage supply in these stimulators
v Pane prodieed instabiling i the constant current driv myg caircunts resultimg,
SRTANIE distorted output We have also evaluated the possibility that sate charge
s hoe Deen evcevded with these smialler electrode contacts. The reduction in
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Fiotective trrects of Liectnical stunultion

At t Ao Ter s tho=e clo trondes te=tlted t rediiio om0 fead sUrbaoe area o = ol
oo e b o o= ttios pcd teed at the clectrodes daring ~ovaiation s ere st
(RN P S S P PO R PR }"lm! sate dimnts B9 arnd B2 awvere nutiaiiy stimuioied ar 100
RIS Yoiesceu v ely o e ZE0 s pilicase pu!w\ tised i theor stmtiation thius
Sencrated o0 e wied N2 0l o respectively atmavmum moedulated mtensiey A
the compicton 1 then stumualaton pertods, atter moreasmyg the leved of stamudy to 400

At ey tocorrespond to thenr elevated EABR thresholds the charge density at the

clectrados e these aniimals were 220 00 com and 174 o om o stamulh Bueen these

Prorer dcvels which were notapphed untl atter some carlier exvent resulted man
crease i the EABR thieshold  should hayve beenwithin sate Charge transter limits
dncabition or the actial Charge densitios tor the armmials receiving specch processor
SUritr os 1o Lt Dedatise the charge accumaulation s aninteerat tunction of the
SisTaE s Hegueltoy and intensity of these devices Duimng the nest quarter we
storngt o Potiel Gudantity thix Speedh provessog l‘mn\ipm» Charadferistos and

Crar e Jdenisiles dassocddtod soith stinalation sty these processors, oy

Choe o pothiosis s that the damiage i the KO D94 group is refated erther so che
Cract s o sprecitio stmalation problems and vur strategy has been te repheate these
et stinulation protacols speech processors and ol pps S b paradigny whide

[FOEERIRIR S ATRANE F]“ HRITEAR

Resutts brom *vew Higher Frequency/ Temporally Challenging Stimulation Series
Lsing New "Wing beline Llectrode.

Poten Lot the results seen i thie nutial highor mregaenoy stimuiation

AN

wes e rurther osprlore the etfects of modulating specitic paranmeters of ciectricat stomuah
w o our iy pothesis coneerning the refationship ot clecrrode size w the damage
- Cihe ke e sertes . additonal neonatally deatened antmais were impianted and
vy stimdated The annmats i this ness series recen ed neawty destaned relime
cotrodes moorporating larger contacts £2250 o We have now studied and
. i Ctial Jdata analy sts tor the tirst4 cats vhvs Kus, Kys koo m thas new haeher
Lo remporally haltengimg chironie stimulation group tsineg the new ciectrodes
Croe~oce e ol ot the design of the new wing electrodes woas o pernut deeper
SCrLot oo rcquenay posittoning ot the stimialating electrodes Tabie 2 shows
T e po=ilions cbhseny ed with the older clectrodes usod i the 8 cats discussed
el j Caies theits e th the new wing electrodes implanted i the KYs - KOO
Serios Lot those data the tived teniporal bone o cach cat was dissected o remove
the one s corhies the scata sestibuln FThe metal electrode contacts, or at least par 1.2 are
c~uc s siDie iroaa the bastlar membrane in the dissecting nucroscope Ut the

~ible tront above due to ectopic bone tormation or dense fibrotic
the clectrode, then the bone underiving the scala tvmpani s drilied

Y T o Uiss e o e
LAt ieast the mostapieal electrode s visualized. The electrode Tocations are
aostnadl notch c 800 e diametens dreilled i the bone adjacent to the spiral

The clectiode aras s then remoy ed and the temporat bone embedded in epoxy

coe trondes dre Faet s

e d

P et

SNGET
S A hen e surtace preparation s made the markers are visible and the precise

N R Tt

wobchectiode i~ determimed das percent of basilar membrane fength, and the
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s e T e e Breocade thated Dased v e R o i freaiiiet e s trans o fhe Cat
T S IR E RURE SRR AL T VA AR VERIUES N C T T N A SN
Voooate ol drcaps prresented i Fabie Dvcere stimihated vt the apical bipolar
P ctee oade s Vvith thie pres oS Cloc troddes i thie frr=e s cat=0 the mean posititon ot
clectrode Coeas ar e R and clecuode 2w as posttioned dt about S oo kL B the new

Sacrg chectiode series e iean posttion ot clectrode Eshirted down te A5 Ky and
clectrode o craced o kL 1 should be noted that the separation between the apical parr
A e basal clectiode patr swds increased troms 2 mumon the older electrodes to £ mmein the
noeve weine clectiodes  Thus the mean position ot electrode S actaally shitted to a shighths

ot Dasal Nielior freguctoy cochlear location dhromy 1o e B4 RE2 01 the new electrodes.
tLiectrode Position Sumnmany

Cuan = Bas. Meni. k1 b2 £ 3 4
chgth (mmj ("o B.MO s BML) 4o B MLy e BV
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ho \ 43 i) -
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It -= 420 YOS 2D ool
ME AN 23.omm 43.1 i8.6 324 149

(6.7kHsy  (83kH/) (116 KHZ2) (16.8 KH7)

"WINGT FLEC TRODE SERIES

T R 4N 4o o

N S <3 4

_— s 494 43N IN S

b B TuY 400 AN N
ME AN 13.7mm Sk 16.5 278

(+5kHz) (5.7 kHsy (148 kH2)

Table 2 Lata S0 piacement ot mdividud! gleciiogs contacts ¢ tne inawvidua: 9 animals
3

N e e yoe eledtiodes 4nd the 4 aUdiliGhnian Cats mpianted with e new wing
i ales xootorowyoand KUO electioges raoand B4 owere onented as a sincliv radia
a2 St v 40 BEd o oweie pusilioned al thie site ndicated ngicates thal electrode

e scaided Jdaiing deselliGn due o Gueilyingg Hoiie of Conmechve BSsug
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Protectine et of Blecmcal Stmuition

Costoohits o thio b adithnats 1111}71\1%[\‘\1 it thie ey cie Trodtos et
Conet e <ol ”xil\vlnilh‘ll{“‘“!"HHLHIHH!‘\'ll\'\i“’*‘l‘l!’i(‘ ; P oot TS
St Toateraod s b huth v cro s lirotidalby st lated woth paises iDiphiasic 200
SOl e bt on oo ntinuous Tradnis at Sul pps and fd0 amphitude modulated at
Coo o Lic o cat RS RS ere stiniulated woith operational speech processors

Pt g oo e nonnental sounds to an analogue electrical stgnals these anmmals

P eoc e o ntone o Belan oral traimny, to determime thresholds to selected electrical
othirestcdds tor discoimination of the o0 PPs 30 ey somulus tSee QPR #o1

Do~tnuatnon pettods cE s das s das s weck s imtensity of somudation (2 db

e DI thioe=beodd o St Fe s stmatation and a o dB dvnanie range O to 6 dB

v E VDN thiresbicdd o thie Provessorsi and Juration of stimulation wwere matched as

L s cossibhe o the cartion series see Lable T Phe mean somaiation pernod tor the
SUmost i coas b vcec ks andage at sacritice aneraged 44 whs Simce the new
L gy o e R R0 vsvas stinudated Gt a v ounger ages the mean stmulation
- ok fongot 30 ks DUt mican age al sacritioe awvas sdentical tothe st
1 LN
Ciis the pastguarter morphometric analyses of spiral ganghon cel surnvval
o piered ton these st 3 cats i this new higher trequenay - temporathe Chalienaimg,
S stsiation croaps using the new electrodes  The rodrth animal i the group. KO
Getedd ot s G o for the presentation o the data on clecrode positiors, This
ae e b nncr o 4 solid black Rittens 2 o hich sere neonataliv dearened ror
Soaetatoar ke T et and ankhionn o the s estiedtors, the ammals woere

St red Rt cas o norinal-licaning kitten that svas implanted and Chroneadhy
R S s eith = iconatally deatened literihate The imteresting %‘mtuiu;l\a?
Cees et cat osdd e presented iy a subseqguenit OVK

i

e o shon s indiodual spival ganghion cell data trom the other 3 cats & el

G et dens=ity i~ =hown m the stimulated cars vdark data bars: and the control
Sustnnudated cars sstriped barsy ror cochilear regions mom base toapess Twe ot
s~ cd Brighily signitieant mredased mamtenance of spiral ganghion neurons
e o hilea Rus b Shrhad a 1T morease o sunyvival oo the siimuldated
nd i k9w chie 3o data

Li
3 the contralateral

Cro g~ ccanipaied to thatm the control cochlea 120 )

o= 22 5 m the sumulated cochica and 3

Gt 0 Tintings i onte of these 2 cats are Hlustrated m bigures 4 through
Salnocos e Ui Toscopic section from the basal cochlea of k99 mawhich a tew
Siveated Cousons coere obsernved coursing through the connective nssae over the
Ciectowte afan e the scata tvmpani Fhese tibers apparently passed through the habenuia
croaata to ren bothie oer scala s Although there s no way to determune whether these
Peors one atteroent o ctterent their presence demonstrates that neurons in the stimulated
aarecapable ot sprouting - Frgure 5 shows the difterence mospiral ganglion survival
pistrateet e R aith acsection through Rosenthal's canal in the stimulated cochlea

oo e fett and the same region trony the contratateral ear at the right. (Sections
Piker oottt togioit ob imasimium ditterence moneuronal survival in the basal

AU aohere the density was 535 ot normal in the stimulated cochiea and 557
dec ool deatened cochilea s Bigures o and T illustrate histologieal timdings

Y
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Vrotective Btivcrs or Blecincal Stemultion
Gt et cosions Picire oehon s diat the eacellent preservation ot spiral ganghon
Scvecns o thie =tndbited conhilea o BT s as accompanied by the mamtenance ot
~abstintial cunbics of s clinated pertpheral asons sothun the osseoas sprral iamima.
PR bscrtion g caased Dy thie tp ot the electrode i this cochiea consisted by a small
raction f e C=cous ~plial lamina i the regron about S0 trom the base of the cochlea.

HIGHER FREQUENCY.TEMPORALLY CHALLENGING CHRONIC STIMULATION
(Speech Processor, 300 pps.30 Hz AM. Behavioral)
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PERCENT DISTANCE FROM COCHLE AR BASE

GANGLION CELL DENSITY
{°. ot Normal

FERECER

Figure 3 Morpromelne data Jdocuimienting  ncreased spiras gangilon survivar n
Pl g e stothaaled ears  Simall arawings indicate position of scala tympan electrode
Calin sinor Jdata Dars ndicale density of spiral ganghion celis onothe implanted
Cdiee ooiagds stiped bLdls oare dala Homo Contror deatened Cocmeas White
BT Sare oiG0s ch wToch chedndincal damage rom the electrode array was

¢
i

1
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Figure 4 Lagnt microscopic sectioni from K94 snowing the organ of Corti in the regior

JiToineg pase  Sidiall arrowheads mmaicate small myeindgted axons whichh have
soroGled B e scala lymipan under the pasiar memprang and into e connective lissue

imoir

s onpranied ieclrode arfay  LArge airow points oul smal caplilary passing

fe tapeiiula pertorala suggestng he probable COulSe taker Dy ne sprouling
B2l e Sadia ly mipari

Figure 3 sections through Rosenthals canal snowing spiral gangiion cell density in the
stnTadied cocniea deft; and in ihe control deatened cochlea (nghty in the region 3.5 mm
T e Dase i Ky Survival 1s about 8%¥. of normal in tus region of the stimulated
Crnga 4% oomiparea to 357 it the deatened unimplanied ear

Il
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Frgure 6  Anotner seclion from the stimulatea cochiea in K99 showing the organ of
SO al a owre apical iccation in the region o 5 mm trom the pase.  Small arrowheads
daicale Myelnaleéd asons whichi Nave remained intact within the 0sseous spiral lamina.
Toe posinon o7 ne electinoge b n he scata lympant under the pasiar membrane s
apoarsn o e conifiguralion of the connective Ussue encapsuiating the array

Figure 7 Section itlustrating the mechanical trauma induced by insertion of the
etectroae afray (B, in K89 The osseous spiral lamina has been fractured (arrowheads;
ana s sIghtly Jisplaced upward towara the scala media in this region near the tip ot the

2lecirode -anoul HU-c pasiar imembrane aislance from the pase).  Spiral ganglion (G)
degeneralion ($ severe in nis region
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Cotast Lo the stk ditterence ispiral ganghion survival mduced by chron

ST LAT o i BYS nd ko thie thind vat -Rvo - demonstrated no ditterence im survival

between the stiinndated ©oy 0 and uistmulated OO cochleas chigure 3ay There s,
Bowever s ehiv anasual tinding e the data trone KYe,m that the neuronal survival was
renarkably tigh o the control car The data trom the tirst 2 oroups shown i bigures |1
and 2 as ool as the data rom KRS and KoY indicate that animals that are deatened for
thrs fengrty ot tinte usaally have spiral ganglhion survival i the contralateral cochlea that
averages about s ot normal. Incthe first group ot 5 cats (IKS3-K89) the overall survival
was 2490 the control cochleas i the second group (K9 1-K94) this vatue was 54277
and the average tor KYs and K9 awvas 27000 Inaddition to the unusuallv high overall
canghron ool derssiny 1t should be noted that the control cochlea ot KY6o showed ne

i s ot spiral ganghion neurons mthe basal 2000 ot the cochlea. This ninding

stggests that there may have beena signiticant population ot residual hair cetls surviving,
Dothe basal scectors of this cochlea attes otatonic drug treatment Afthough no har cells
Cowid Do ordenttied 1 this cochlea at the time ot histological examimation, this does not rule
cit the possibiiiey that they were presentearlicr. Another highlyv unusual finding was that
supporting colls and the tinmel o Cortwere recognizable m the extreme base ot this
Sochied As shownin Figure 4 the organ ot Corttin the basal cochlea 1s usually replaced
Py laver ot squanious epithelial cells atter the extended survival pertods in these
Aeonatals, deatened cats Thias this tinding of intact supporting cells i the base ot the
mrel cochied e RYe suggests that the ototosic drug was not mttiallv ertective in
rostron g ad the hate cells nthis region, although the severe damage did ultimatels
pocress o notal hanr cell loss over times For this reasons the data trom thas anmal saill be
Cacttded et the grou e atialysis suminarizing the ettects of higher trequency . temporally
vatfenging stitviatation
Froure > show s a sumimary tgure. mcorporating the morphometric data trom
aoncthe e nen wine clectrode cases IR9S and K99 awath the data from the earhier
ot oo ats GRS A-RSY) . For this group of 7 chronically stimulated cats, the mean overali
spreal caneiion ~survinal was increased by about 2000 trom 29 10 or normal i the deatened
CONTEC o Bicas oo a mean of A9 the stimulated cochleas. Regional icreases ot 36
VR e secncn e the basal one third ot the cochlea, but marked mamtenance was
cbservestibrcnghout the cochileas The pooled data support the prefimimary conclusion
based apon nndings in the carlier higher trequency stimulation series (K83-Ks9 1
dorotabiv ercater difterence s observed when chronie stimulation 1s ettected with higher
freguettos tempoerathy Chatlengimg stimaualy, as compared to ettects demonstrated in
Previous csperimeints sty o bz pulsatile stimuali with either intracochlear stmuiation
3 ditrerence o ganglion cell survivaly or extracochlear stimulation (67 difterence).
Phese results suggest that the speditic parameters ot stimulation (e g, frequency ot
stimutus ntras v~ extracochiear modey are erttically important in maximizing, the
orotective ettect ot electrical stimuldation on the auditory nerve
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INCREASED SPIRAL GANGLION SURVIVAL WITH
TEMPORALLY CHALLENGING STIMULATION (K83-89, K98,99)
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Waork Planned tor the Next Quarter

C oo it deatenad cats have beenimplanted with the new model LOSFE cat
clectrode and PABR threshiolds are stabilized at acceptable levels: These animals have
been undersomg chinonic sumulation using a temporaliv challengmg tbut passive and
maariant: clecoical stmulus 0300 pps amplitude modulated with a 30 Hz sinusoid)
Durimg the nest guarter these animals sall be studied v acute electrophvsiological
capenments tees aluate spatial selectivity (S TC widths) i the intenor colliculus and Al
to determine it tundctional alterations observed in neonatally deatened cats after

P
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Sropie stinulation are alse observed i adult-deatened subjects Morcover studies ot
sprat cangbiei oot suny v al and cochlear nucleus morphology should alfow us to
Jdeterinine s hethet the protectiv e eftects ot o hronic clectrical stimutation prm‘musl\*

o neonatallv deatened cats are dependent upon critical periods ot
can atso be mduced mannmals deatened as adults.

et ¥
WSO

e crepinent o alterniativ ehy

Dooneonatally deatened Kittens have been mmplanted and are currentis
it hronie clectrical stimulation: Chronie stimulation in the one kitten has been
cntioc mdependent bipolar channels. Behavioral tramig has been imitiated in
Poooes setten tocontint and extend inntial results with the behavioral amphtude
s rimination task desoribed m the last QPR One additional katters will be

Ly EROTET

srest U Thhe iy \{‘ii.l]'l(‘l

Cistodegical processing of the cochlear nucleus specimen~ will be completed
Caddinonal Chironically stimulated cats incthe group that showed marked protection
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spiral Zangiion as a consequence ot chronmie electrical stimulation. Morphometric

Y

caoses oadhoding volume of individual subdivisions of the cochlear nucicus, neuronal

PESERE
SRR

and cross-sectonal area ot large spherical cells in the AVON has been

i

et et il bocontnued throughout the nest guarter



