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Abstract

Background: Cochlear implantation is a highly successful intervention that, despite remarkable improvements in hardware and software, con-
tinues to show a high degree of variability in outcomes. Performance in adult patients can potentially be affected by the integrity of spiral gan-
glion neurons or by the performance of the central auditory system. Prolonged deafness and dementia are conditions that affect the central
auditory system and can negatively impact cochlear implant outcomes. Central auditory test batteries can evaluate the central component of
hearing in patients that have significant residual hearing, but cannot be effectively used in most cochlear implant patients. A wide variety of
recent studies have shown that decline in olfaction predates and often predicts a variety of central nervous system degenerative disorders. We
set out to evaluate if olfaction testing could predict hearing results after cochlear implantation.

Material and methods: Adult cochlear implant candidates were recruited and olfaction measured with the University of Pennsylvania smell
identification test (UPSIT). Testing variables in the analysis include patient age, UPSIT score, AzBio +10 dB score at 6 months post activa-
tion, and change in AzBio +10 dB score from preoperative to post-activation testing times.

Results: Lower olfaction (UPSIT) scores correlated with poorer hearing outcomes (AzBio +10 dB) at 6 months post activation. Patients with
lower UPSIT scores also showed less change in AzBio +10 dB scores over a 6-month period.

Conclusions: Olfactory testing may be useful in preoperative evaluation of cochlear implant patients. Identification of patients at risk for cen-
tral auditory system dysfunction may be possible by evaluation of patients’ olfactory function.
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LA VIA AUDITIVA CENTRAL Y LA IMPLANTACION COCLEAR: EL USO DEL
TEST DE OLFATO EN LA EVALUACION DEL COMPONENTE CENTRAL EN LA
EFECTIVIDAD DEL IMPLANTE COCLEAR

Resumen

Introduccién: La implantacion coclear es un tratamiento altamente eficaz, sin embargo sigue proporcionando resultados muy desiguales a pe-
sar de una mejora importante de los dispositivos y el software. Sobre la efectividad de un implante en pacientes adultos puede influir poten-
cialmente la integridad de las neuronas del ganglio espiral de la cdclea, o bien el funcionamiento de la via auditiva central. La sordera créni-
ca o la demencia son condiciones que afectan el sistema nervioso central y que pueden comprometer los beneficios del implante coclear. Las
baterias de los test de audicion central permiten evaluar el componente central de la audicién en pacientes que han preservado gran parte de
los restos auditivos, sin embargo dichas herramientas no pueden utilizarse de manera eficaz en la mayoria de los pacientes con implante co-
clear. Muchos estudios recientes han demostrado que el empeoramiento del olfato esté precedido, y a su vez muchas veces anuncia, multiples
enfermedades degenerativas del sistema nervioso central. El objetivo del presente trabajo es evaluar si los test de olfato pueden pronosticar
resultados audioldgicos tras la implantacion coclear.

Material y métodos: Al test de olfato UPSIT (ing. University of Pennsylvania Smell Identification Test) se sometieron candidatos adultos para
la implantacién coclear. Se analizaron las variables tales como: la edad del paciente, los resultados del test UPSIT, el resultado del test AzBio
+10dB 6 meses tras la activacion del implante, asi como el cambio entre resultados obtenidos por AzBio +10dB antes de la implantacion y
una vez activado el implante.
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Resultados: Una menor sensibilidad del olfato (segtin UPSIT) correspondia con peores resultados audioldgicos (segun AzBio +10 dB) 6 me-
ses tras la activacion del implante. En pacientes que obtuvieron peores resultados del test UPSIT se observé una menor variabilidad de los re-
sultados AzBio +10dB en el periodo de 6 meses.

Conclusiones: Los test de olfato pueden resultar ttiles en la evaluacion de pacientes antes de la implantacion coclear. La evaluacion del fun-
cionamiento del olfato puede permitir la identificacion de pacientes que corren el riesgo de padecer una disfuncién en la via auditiva central.

Palabras clave: implante coclear « procesamiento auditivo central « demencia « olfato

IIEHTPAJIBHBIN CJTYXOBOW ITYTh 1 KOXJIEAPHAS UMIITAHTAIIVIA:
MNCITIOJIb3OBAHUNE MCCIIEJOBAHMA ObOHAHMA /I OOEHKIN
IMPEAYCMATPUBAEMOTO HEHTPAJIbHOI'O KOMITIOHEHTA

B 9OOEKTMBHOCTHU KOXJIEAPHOI'O IMITJTIAHTATA

Nsnoxenne

Beepenne: KoxyeapHasi MMIUIAaHTaLMsI — 9TO HEOOBIKHOBEHHO 3((PeKTUBHAS IIPOLEAYPa, OFHAKO 4O CUX IIOP OHA IPUHOCUT OYEHb
mudpepeHMpOBaHHBIE PE3YIbTATHI, HECMOTPs Ha 3HAYNTETbHOE YCOBEPIIEHCTBOBAaHME 00OPY/AOBAaHNsA U IIPOrPAMMHOr0 obecreye-
Hust. Ha s dexTMBHOCTD MMIUIAaHTATA Y B3POC/IBIX AIVIEHTOB IOTEHIMA/IBHO MOXKET B/IVSITh IHTETPA/IbHOCTD HEIPOHOB CIIMPAJIbHO-
TO TAHITIVA YIUTKA WIN Ke QYHKIMOHMPOBaHMe LIeHTPATbHOTO CITyXOBOTO Iy TH. [JINTeNbHASA TTyX0Ta WM JeMEHIUA — 9TO COCTOs-
HM, BO3/Je/ICTBYIOIINE Ha LIEHTPAJIbHYI0 HEPBHYIO CUCTEMY, KOTOPble MOTyT OKa3bIBaTh OTPUIJAaTe/IbHOE BIVAHME Ha IIPENMYIIecTBa
VICIIONIb30BAHMA KOX/IeaPHOTro NMIUTaHTaTa. [Ipn ncronb3oBaHny 6aTapen eHTPaTbHBIX TECTOB MOYKHO OLIEHUTD LIEHTPA/TbHBIN KOM-
IIOHEHT C/IyXa IalJMeHTOB, KOTOpble B 3HAYNTEIbHOI CTEIIeH) COXPAHWIN OCTaTKY C/IyXa, ONHAKO JaHHbIe MHCTPYMEHTBI He IOJY-
YHUTCSA UCIOMb30BaTh 3G (eKTUBHBIM 06pa3oM y GOIbIlelt YacTy MAMeHTOB ¢ KOX/IeapHbIM MMIUTAHTaTOM. BoJIbIlIoe KOMN4ecTBO 1c-
C/IeOBaHMIT OC/IEHNX JIET II0KA3aJI0, YTO YXYALIEHUIO OOOHIHIS IIPefIIeCTBYeT 1 OFHOBPEMEHHO €ro 4acTo IpeaBeniaeT 60nplioe
KOJIMYEeCTBO [lereHePaTUBHBIX 60/Ie3Hell IIeHTPaIbHOI HEPBHOIT cucTeMbl. Llenbio HacToAwLIelt pabOThI ABIAETCA OLjeHKA, MOTYT JIN MC-
C/leoBaHys 0OOHAHNS IIPOTHO3MPOBATH AYAMOIOIMYECKIE PE3Y/IbTATHI II0C/Ie KOX/IEAPHOI MMIUIAHTAL{MN.

Marepuan u MeTopbr: [ nccienoBaHys 060HAHNA ¢ TOMOLIbIo neHTHduKannonHoro recra UPSIT (aurn. University of Pennsylvania
Smell Identification Test) 6p111 BbIGpaHbI B3pOC/Ible KAHAUAATHI HA YCTAHOBKY KOX/IEAPHOI'O MMIUIAHTATa. BbUIN IpoaHanin3npoBaHsl
TaKye IepeMeHHbIe, KaK BO3PacT MaleHTa, pesyabraTr Tecta UPSIT, pesynbrar nccnemosanns 6atapeeit AzBio +10nb uepes 6 me-
CsiLeB IIOC/Ie aKTUBALMY VIMIUIAHTATA M M3MEHEHVe Pe3y/IbTaToB, IoNy4eHHbIX B AzBio +101b, nepey nMitanTaument u mocie akTu-
BalMM MMIUIAHTATA.

Pesynbrarbr: bonee cmaboe ob6onsanue (mo UPSIT) kopemmnposano ¢ 6onee HU3KMMM ayiNOTIOTMYecKMu pesynbraTamu (o AzBio
+10 gB) yepes 6 MecsiLeB [IOC/Ie AKTUBALMY NMIUIAHTATA. Y IALMEHTOB, KOTOPbIe HOMTy4nau 6ojee HU3Ke pe3ynbrarsl B Tecte UPSIT,
Hab/TI0Iaach MEeHbLIaA NU3MEHYNBOCTD pe3ynbTatoB AzBio +10 b B TeyeHne 6 MecsAIes.

Boisopgpr: ViccnenoBanns 060HAHMA MOTYT OBITH IOJIE3HBI IIPK OLlCHKE ITAI[MEHTOB Iepef] KoxaeapHoit uMiutaHTanueir. OneHka QyHk-
LMOHMPOBAHNS OOOHSHIS NALMEHTOB MOXKET CHe/IaTh BO3MOXKHON UIeHTU(UKALIO TeX MALMIEHTOB, Y KOTOPBIX CYIIeCTBYeT OIac-
HOCTD JUC(YHKIMM [[eHTPATbHOTO CTyXOBOTO MyTH.

KiroueBrple cioBa: KOXIIeaprIIZ VIMIVTAHTAT e LICHTPaHbHLIﬁl CHYXOBOI?‘[ AHa/IN3aToOp e JEMEHINUA o o6oHsAHME

OSRODKOWA DROGA SEUCHOWA A IMPLANTACJA SLIMAKOWA:
WYKORZYSTANIE BADANIA WECHU DO OCENY PRZEWIDYWANE]
KOMPONENTY CENTRALNE] W EFEKTYWNOSCI IMPLANTU SLIMAKOWEGO

Streszczenie

Wprowadzenie: Implantacja $limakowa to zabieg niezwykle skuteczny, jednak nadal przynoszacy wysoce zréznicowane rezultaty, mimo zna-
czacego udoskonalania sprzetu i oprogramowania. Na efektywno$¢ implantu u dorostych pacjentéw potencjalnie wpltywaé moze integralno$é
neuronéw zwoju spiralnego $limaka lub tez funkcjonowanie o$rodkowej drogi stuchowej. Przedluzajaca sie gluchota lub demencja to stany
oddzialujgce na o$rodkowy uktad nerwowy, ktére moga wplywaé negatywnie na korzysci z implantu slimakowego. Przy uzyciu baterii testow
centralnych mozna oceni¢ centralng komponente slyszenia pacjentéw, ktérzy w znacznym stopniu zachowali resztki stuchowe, jednak narze-
dzi tych nie mozna wykorzysta¢ w sposob efektywny u wigkszoséci pacjentéw z implantem $limakowym. Wiele ostatnich badan wykazalo, iz
pogorszenie wechu poprzedza, a zarazem czesto zapowiada wiele choréb degeneracyjnych osrodkowego uktadu nerwowego. Celem niniejszej
pracy jest ocenienie, czy badania wechu moga prognozowa¢ wyniki audiologiczne po implantacji slimakowe;.

Material i metody: Do badania wechu testem UPSIT (ang. University of Pennsylvania Smell Identification Test) wlaczono dorostych kandyda-
tow do implantu $limakowego. Przeanalizowano zmienne takie jak: wiek pacjenta, wynik testu UPSIT, wynik badania baterig AzBio +10dB
na 6 miesiecy po aktywacji implantu oraz zmiane wynikow uzyskanych w AzBio +10dB przed implantacja i po aktywacji implantu.
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Wyniki: Stabsze powonienie (wg UPSIT) korelowalo z nizszymi wynikami audiologicznymi (wg AzBio +10 dB) na 6 miesiecy po aktywacji
implantu. U pacjentéw, ktorzy uzyskali stabsze wyniki w tescie UPSIT zaobserwowano mniejszg zmienno$¢ wynikéw AzBio +10dB w okre-

sie 6 miesiecy.

Whioski: Badania wechu moga by¢ uzyteczne w ocenie pacjentéw przed implantacjg slimakowa. Ocena funkcjonowania wechu pacjentow
moze umozliwi¢ identyfikacje tych pacjentow, u ktérych istnieje ryzyko dysfunkeji osrodkowej drogi stuchowe;.

Stowa kluczowe: implant §limakowy e centralne przetwarzanie stuchowe « demencja « wech

Background

Cochlear implantation has been shown to successfully
rehabilitate hearing in a variety of patient populations.
Despite this broad utility, there continues to be signifi-
cant variability in patient outcomes. A number of differ-
ent factors have been defined that can affect device out-
comes, including the integrity of the peripheral auditory
system, device related issues including processing strate-
gy and number of active channels [1-4], duration of pro-
found deafness [5], the central auditory system’s ability to
process degraded speech [6], and, in pre-lingually deafened
patients, the time at implantation [7-10]. Additional fac-
tors include the degree of residual hearing present at time
of implantation [11]. Recent cochlear implant research has
focused on implantation in the elderly [12-14]. Most stud-
ies demonstrate that cochlear implantation in the elder-
ly is an effective intervention that restores the individual’s
ability to communicate and may help maintain independ-
ence. Several studies have shown that on average elderly
patients have slightly lower speech scores than younger
patients [15,16]. Identifying potential causes of differenc-
es between more and less functional populations of coch-
lear implant patients could lead to improved treatment
and rehabilitation strategies. Recent studies have identi-
fied electrophysiologic tests that can identify peripheral
factors that affect cochlear implant outcomes [17]. Cog-
nitive factors have also been hypothesized to affect coch-
lear implant outcomes, especially when analyzing degrad-
ed speech [18]. Emerging evidence suggests that central
or “top down” processes play a significant role in speech
understanding [19].

The American Speech-Language-Hearing Association de-
fines “central auditory processing” as a term that refers to
the efficiency and effectiveness by which the central nerv-
ous system utilizes the auditory signals it receives. Exam-
ples of central auditory processing include sound localiza-
tion and lateralization, auditory discrimination, auditory
pattern recognition, temporal aspects of hearing, and audi-
tory performance in competing acoustic signals. A central
auditory processing disorder refers to poor performance in
one of the abilities listed above [20]. In a similar progres-
sion to the research regarding olfaction in neurodegener-
ative diseases, central auditory dysfunction was shown to
be associated with Alzheimer’s disease [21-23], then to be
a precursor to Alzheimer’s dementia [24]. Research has
been performed on the neuropathologic changes of the ag-
ing central auditory system [25-27], but not to the extent
that it has been directed to changes in the olfactory tract
that occur in the setting of neurodegenerative diseases.

Given that poor performance on olfactory tests is predic-
tive of development of a variety of central nervous sys-
tem degenerative processes that are also associated with
central auditory dysfunction, we hypothesize that patients

with olfactory dysfunction are more likely to have worse
hearing outcomes after cochlear implantation.

Material and Methods

Subjects and hearing testing

Protocols and data collection were reviewed and approved
by the institutional review board. We collected data on 24
patients with unilateral implants and 5 patients with bi-
lateral implants for a total of 34 ears analyzed. Adult (>18
years) patients with a history of progressive hearing loss
that met FDA criteria for cochlear implantation were en-
rolled. Ages ranged from 45 to 82 with a mean of 69. To
limit variability in data, patients with greater than 10 years
of profound hearing loss and patients with congenital deaf-
ness were excluded from analysis. Additionally we only an-
alyzed patients with one type of cochlear implant to limit
device-related factors. All patients underwent preoperative
and postoperative evaluation using the testing recommen-
dations outline in the Minimum Speech Test Battery for
Adult Cochlear Implant Users 2011 (http://www.auditor-
ypotential.com/MSTBfiles/ MSTBManual2011-06-20%20.
pdf). The AzBio test at +10 dB SNR was administered pre-
operatively and at 6 months after implantation. Preoper-
atively, testing was done in the best-aided condition bin-
aurally, and postoperatively, with a cochlear implant, only
for each ear [28].

Olfaction testing

Olfaction testing was carried out using a commercial-
ly available version of the University of Pennsylvania
Smell Identification Test (UPSIT) (Sensonics Inc., Had-
don Heights, NJ). This suprathreshold test is a self-admin-
istered test consisting of 40 items and the score out of 40
possible points was recorded.

Statistical methods

Testing variables in the analysis include patient age, UP-
SIT score, AzBio +10 dB score at 6 months post activation,
and change in AzBio +10 dB score from preoperative to
post activation testing times. Normality of data was cal-
culated using the D’Agostino-Pearson omnibus normali-
ty test. Subsequently Pearson correlation coefficients and
a two-tailed t-test (p<0.05 significance) were calculated
using Prism v 7.0a.

Results

There was no correlation between patient age and their
AzBio +10 dB score 6 months post implantation (Pearson
r=0.18, p=0.3385) or with the total UPSIT score (Pearson
r=-0.19, p=0.3315).
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Figure 1. Scatter plot shows a significant correlation be-
tween UPSIT score and the AzBio +10 dB post-activation
hearing score

There was a significant correlation between the UPSIT
score and the AzBio +10 dB post activation (Pearson
r=0.38, p=0.04). There was also a positive correlation be-
tween the UPSIT score and the change in AzBio +10 dB
score from preoperative to post activation testing times
(Pearson r=0.43, p=0.03) (Figures 1, 2).

Discussion

Many different factors affect implant performance in adult
patients, including duration of deafness, integrity of the
peripheral auditory system, and central auditory function.
Dementia has been speculated to have a negative impact
on cochlear implant outcomes, but no large studies have
examined this in detail. Currently, studies are underway
examining the impact of changes in a variety of cognitive
tests on cochlear implant outcomes. Several studies have
shown that alteration of olfaction may predate cognitive
decline, suggesting that olfaction testing may allow earli-
er detection of central nervous system degeneration than
does cognitive testing.

The UPSIT test was developed in the early 1980s and has
been shown to be reliable, to correlate significantly with
traditional odor-detection thresholds, to provide means for
detecting malingering, and to clearly differentiate between
patients with normal olfactory ability and those with ol-
factory dysfunction [29].

Patients with Alzheimer’s dementia [30,31] and other neu-
rodegenerative diseases (including Parkinson’s [31], Hun-
tington’s [32], Korsakoft [33], and ALS [34]) have been
shown to perform poorly on smell tests. Poor performance
on smell tests has also been shown to be predictive of cog-
nitive decline and development of Alzheimer’s demen-
tia [35-37]. Hyposmia has also been shown to be predictive
of development of dementia in Parkinson’s disease [38].
Pathological changes have been shown to occur throughout
the length of the olfactory tract in neurodegenerative dis-
eases, from the olfactory epithelium to the primary olfac-
tory cortex and its secondary targets. These changes occur
secondary to deposition of pathologic proteins and neu-
rofibrillary tangles; Attems and colleagues provide a thor-
ough review of the neuropathological and pathophysiolog-
ical changes of the olfactory system in these diseases [39].
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Figure 2. Scatter plot with a significant correlation be-
tween UPSIT score and the change in AzBio +10 dB score
between preoperative and post-activation testing

In the current study a moderate correlation between the
UPSIT score and cochlear implant outcomes was found.
Analysis of phoneme-based word tests such as the CNC
(consonant-vowel nucleus-consonant) is thought to weight
the function of the peripheral auditory system [40]. We
therefore selected the AzBio score in background noise as
an outcomes measure, avoiding ceiling effects with easier
tests and providing patients with a degraded auditory sig-
nal that would require maximum central auditory effort
to achieve speech understanding. Both the post-op Az-
Bio +10 dB score and the improvement in this score from
preoperative to post-activation testing times correlated to
UPSIT scores, with lower olfaction correlating with poor-
er outcomes. Interestingly, there was no correlation be-
tween hearing outcomes and age or olfaction and age in
this cohort. Based on R? approximately 16% of the out-
comes effect can be attributed to this correlation. Look-
ing at overall outcomes, it is clear that some of the patients
with excellent UPSIT scores had poor performance. Oth-
er forms of analysis may identity the underlying cause of
poor implant performance in patients in this population.

There are multiple confounding factors that need to be
considered. This study did not consider peripheral audito-
ry system integrity and the sample size was small. Future
studies will combine preoperative measures of peripheral
auditory system function with olfactory testing to attempt
to identify patients at risk of poor performance.

Conclusions

Olfactory testing may be useful in preoperative evaluation
of cochlear implant patients. Identification of patients at
risk for poor hearing outcomes may be possible by eval-
uation of patients’ olfactory function. The results of this
pilot study may stimulate future studies into how cogni-
tive function may affect the ability to integrate a cochlear
implant into hearing function.
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