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Abstract

Background: Recently, there has been a surge of interest in neuroimaging techniques that might help to objectively evaluate
the residual hearing abilities of patients with hearing abilities of patients considered for partial deafness treatment (PDT). Such
an evaluation might allow a wider range of PD candidates to benefit from cochlear implantation (CI). Although existing stud-
ies suggest that functional magnetic resonance (fMRI) may help predict the benefits of CI for hearing-impaired patients, lit-
tle is known about the activity of the primary auditory cortex in patients with partial deafness. This study is the first to apply
fMRI to examine BOLD signal changes in the auditory cortex induced by chirp stimulation in patients with partial deafness.

Material and Method: Ten patients considered for partial deafness treatment with electro-acoustic stimulation (PDT-EAS)
and 10 patients considered for electrical complement treatment (PDT-EC) according to Skarzynski’s categorization of partial
deafness treatment (PDT) participated in the study. fMRI measurements were performed in a 3T Siemens Magnetom Trio
scanner at the Bioimaging Research Center (BRC) of the Institute of Physiology and Pathology of Hearing in Kajetany, Poland.

During the fMRI study, subjects were presented with a chirp of two different bandwidths: 50-950 Hz (middle frequency 500 Hz)
and 3000-5000 Hz (middle frequency 4000 Hz) at 90 dB(C) via MRI-compatible earphones. A sparse paradigm was used and
the data was analyzed using the SPM8 package (Statistical Parametric Mapping, http://www.fil.ion.ucl.ac.uk/spm/). Standard
preprocessing was followed by a second-level analysis for contrast of low and high frequencies.

Results: As expected, bilateral activation in the auditory cortex was observed in response to stimulation by 500 Hz chirps in
PDT-EAS and PDT-EC candidates. Activation in response to 4000 Hz chirps were found only in the PDT-EAS group but less
strongly than for 500 Hz chirps.

Conclusions: fMRI can be used as an objective way of assessing residual hearing in the auditory cortex of patients with par-
tial deafness.
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RESONANCIA MAGNETICA FUNCIONAL DE LA CORTEZA AUDITIVA EN EL
TRATAMIENTO DE LA SORDERA PARCIAL

Resumen

Antecedentes: Recientemente, se mostré gran interés en las técnicas de neuro-imagen que pueden ayudar a evaluar objetiva-
mente las capacidades auditivas residuales de los pacientes con capacidades auditivas y de los pacientes considerados para el tra-
tamiento de la sordera parcial (PDT). Dicha evaluacion podria permitir a un grupo mas amplio de candidatos con sordera par-
cial a beneficiarse de un implante coclear (IC). Aunque los estudios existentes sugieren que la resonancia magnética funcional
(IRMf) puede ayudar a predecir los beneficios de la IC para los pacientes con deficiencias auditivas, se sabe poco sobre la activi-
dad de la corteza auditiva primaria en pacientes con sordera parcial. Este estudio es el primero en aplicar la IRMf para examinar
los cambios de la senal BOLD en la corteza auditiva inducida por la estimulacién chirrido en los pacientes con sordera parcial.

Material y método: En el estudio participaron diez pacientes considerados para el tratamiento de la sordera parcial con esti-
mulacion electro-acustica (PDT-EAS) y 10 pacientes considerados para el tratamiento de complemento eléctrico (PDT-CE), de
acuerdo con las categorias de Skarzynski sobre el tratamiento de la sordera parcial (PDT) que participaron en el estudio. Las
mediciones de resonancia magnética funcional se realizaron en un escaner 3T Siemens Magnetom Trio en el Bioimaging Re-
search Center (BRC), del Instituto de Fisiologia y Patologia de la Audicion en Kajetany, Polonia. Durante el estudio de resonan-
cia magnética funcional, los pacientes se estudiaron con un chirrido de dos anchos de banda diferentes: 50-950 Hz (frecuencia
media de 500 Hz) y 3000-5000 Hz (frecuencia media de 4000 Hz) a 90 dB(C) a través de resonancia magnética compatibles
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con audifonos. Se utilizé un paradigma escaso y los datos fueron analizados mediante el paquete SPM8 (Statistical Parametric
Mapping, http://www.fil.ion.ucl.ac.uk/spm/). El preprocesamiento fue seguido por un analisis de segundo nivel para el contras-
te de las frecuencias bajas y altas.

Resultados: Como era de esperar, la activacion bilateral en la corteza auditiva se observo en respuesta a la estimulaciéon con
chirridos de 500 Hz en candidatos para PDT-EAS y PDT-CE. La activacion en respuesta a los chirridos de 4000 Hz sélo se not6

en el grupo PDT-EAS, pero con menos intensidad que en chirridos de 500 Hz.

Conclusiones: La IRMf se puede utilizar como una forma objetiva de evaluar la audicion residual en la corteza auditiva de los
pacientes con la sordera parcial.

Palabras clave: resonancia magnética funcional « el tratamiento de la sordera parcial « PDT-EAS

IMAGERIE PAR RESONANCE MAGNETIQUE DU CORTEX AUDITIF DANS LE
TRAITEMENT DE SURDITE PARTIELLE

Résumé

Contexte: Récemment, il ya eu un regain d’intérét pour les techniques de imagerie neurale qui pourraient aider a évaluer de
maniére objective les capacités auditives résiduelles de patients susceptible de bénéficier du traitement de la surdité partielle.
Une telle évaluation pourra permettre a un plus grand nombre de candidats atteint de surdité partielle de bénéficier de I'im-
plantation cochléaire. Bien que les études existantes suggerent que la résonance magnétique fonctionnelle (IRMf) puisse aider
a prédire les bénéfices d’'une implantation cochléaire pour les patients malentendants, on connait peu de chose sur l'activité du
cortex auditif primaire chez les patients atteints de surdité partielle. Cette étude est la premiére & appliquer la résonance ma-
gnétique fonctionnelle pour examiner le changement de signal dépendant de niveau doxygénation sanguin dans le cortex au-
ditif induit par une stimulation a base de chirps chez les patients atteints de surdité partielle.

Matériel et méthode: Dix patients susceptibles de bénéficier d'un traitement de la surdité partielle grace a la stimulation élec-
tro-acoustique et 10 patients susceptibles de bénéficier d’'un traitement électrique complémentaire, selon la catégorisation de
Skarzynski de traitement de la surdité partielle ont participés a létude. Les mesures par IRMf ont été réalisées dans un scan-
ner Siemens 3T Trio Magnetom au centre de recherche de bio-imagerie de I'Institut de physiologie et de pathologie auditive
de Kajetany en Pologne. Durant 'TRMT, les sujets ont été soumis & un chirp de deux bandes passantes différentes: 50-950 Hz
(fréquence moyenne de 500 Hz) et 3000-5000 Hz (fréquence moyenne 4000 Hz) ce a 90 dB (C) par 'intermédiaire découteurs
compatibles avec 'TIRM. Un rare paradigme a été utilisé et les données ont été analysées en utilisant le paquet SPM8 (La carto-
graphie statistique paramétrique, http://www.fil.ion.ucl.ac.uk/spm/). Un prétraitement standard a été suivi d’'une analyse de se-
cond niveau pour un contraste des basses et hautes fréquences.

Résultats: Comme prévu, l'activation bilatérale dans le cortex auditif a été observée en réponse a une stimulation par des chirps
de 500 Hz chez les candidats pour le traitement de surdité partielle avec la stimulation électro-acoustique et par le traitement
électrique complémentaire. Une activation en réponse a des chirps de 4000 Hz a été observé uniquement dans le groupe de candi-
dats au traitement de la surdité partielle par stimulation électro-acoustique, mais moins fortement que pour les chirps de 500 Hz.

Conclusions: LIRMf peut étre utilisée comme un moyen objectif dévaluation de l'audition résiduelle dans le cortex auditif des
patients atteints de surdité partielle.

Mots clés: Imagerie par résonance magnétique fonctionnelle IRMf « Traitement de la surdité partielle » Traitement de la sur-
dité partielle par la stimulation électro-acoustique

OYHKIIMMOHAIBHAS MATHUTHO-PE3SOHAHCHAA TOMOTI'PA®IIA
C/IYXOBOJI 30HBI KOPBI TOJTOBHOT'O MO3TA ITPY IEYEHUU YACTUYHON
I'TYXOTbI

Kparkuit 0630p

Vicropus Bonpoca: B nocientee Bpems Hab/mofaeTCs BCIUIECK MHTEPeca K TEXHOIOTMAM HellpOBU3yaTn3aliu, CII0co0-
CTBYIOIIVIM 00'beKTUBHOII OLJeHKe OCTATOYHBIX CTyXOBBIX BO3MOYKHOCTEI! Y IIALMEHTOB CO CIYXOBBIMM BO3MOXXHOCTAMNU
VIV IALIMeHTOB, HAaIIPaB/IeHHBIX Ha JiedeHVe JacTu4Ho myxoTsl (PDT). Takas olleHKa MOXeT CIIOCOOCTBOBATD MOTyde-
HUIO TTOJIOXKUTE/IBHOTO pe3ybTara oT KoxiaeapHoit nMmivtantanyuy (CI) pia 6oee MIMPOKOTo ClieKTpa nanueHTos ¢ PD.
HecMmoTpst Ha TO, YTO NPOBEfEHHbIE UCCIELOBAHNS IOATBEPKAAIOT 9D (PeKTUBHOCTh QYHKI[MOHATBPHOTO MArHUTHOTO

54 © Journal of Hearing Science® - 2012 Vol. 2 - No. 2




Skarzynski H. et al. — Functional magnetic resonance imaging of auditory cortex in partial deafness treatment

pesonanca (GpSIMP) B nmporuosuposanuy nonoxutensHoro addekra or Cl y MalueHTOB ¢ HAPYIIEHUAMM OCTPOTHI
CIyXa, CBEJIeHNs 00 aKTVBHOCTY IIePBUYHOI CIyXOBOI 30HBI KOPbI TOJIOBHOTO MO3I'a y HALMEeHTOB C YaCTUYHOI ITTyX0-
TOVI KpajiHe CKYIHBL. B JaHHOM MCCIefloBaHUM BIIepBbIe IIPEAIPUHATA MONbITKA NpuMeHeHnsa GIMP mna nccnenosa-
HUs U3MeHEeHMIi curnana B cucteme BOLD B cryXoBoii 30He KOPbI IIPM CTUMY/IALMMA CUTHAIOM C YaCTOTHO MOJYJIA-
1yei y IalMeHTOB C YaCTUYHOM IJTyXOTOJA.

Marepuansl 1 METOABI: B 1ccrefoBaHmM y9acTBOBAJIO AEeCATH MAI[M€HTOB, HAIIPAB/IEHHBIX Ha JIeYeHNe YaCTUIHOM I7Ty-
XOTBI C IOMOMIBIO 3NIeKTpoakycTudeckoit ctumynsanun (PDT-EAS) u 10 nanyeHTOB, HallpaB/IeHHBIX Ha JJONOIHAIOLIEe
nedenne snekrpudeckoit crumyssinueit (PDT-EC), Ha ocHOBaHMY KIacCUPUKALUY BUOB JIeYeHNs] YaCTUYHOI ITTyXO-
tol (PDT) Cxapsknuckoro. ITponenypst ¢pSIMP npoBogyim ¢ moMolpio cKanupyioieit cucteMsl 3T Siemens Magnetom
Trio B VMccnenoBaTenbckoM HeHTpe 6uousyanusanuu (Bioimaging Research Center — BRC) VMHcTuryTa dusnonornn u
matojoruu cayxa B r. Kaiteraunsr, [Tonpia. B xope nccmenosannit GSIMP manyeHTbl MOAIeXa BO3AEICTBIIO CUTHAIA
C YaCTOTHOJI MOAY/IALMEN B pa3/IMyYHbIX YaCTOTHBIX Ananasonax: 50-950 It (cpepusist yacrora 500 Itx) u 3000-5000 Ity
(cpennsia wactora 4000 Itx) npu 90 nB(C) mpu nocpencrse SIMP-coBMeCTMMBIX HayIIHMKOB. Bblla MpuMeHeHa MOJeNb
paspeXXeHHOIT aKTUBALMN, JAaHHbIe aHAM3MPOBAIN C ITOMOIIBIO TporpaMMHoro makera SPM8 (Statistical Parametric
Mapping, http://www.fil.ion.ucl.ac.uk/spm/). Iloce cTaHZapTHOI IpefBapUTEIbHON 06PabOTKM MPUMEHSIN aHAIN3
BTOPOI'O YPOBHA ISl CPaBHEHM: Pe3y/lIbTaTOB IIPY BBICOKMX M HU3KUX YaCTOTaX.

Pesynprarer: Kak u npeamnosnaranocs, 6uiarepaabHas aKTUBALMA CIyXOBOJ 30HBI KOPbI Obl/Ia OTMeYeHa IIpU CTUMYJISA-
LMY CUTHA/IOM C 9acTOTHOM Mopynanueit npu 500 I y manuenTtos ¢ PDT-EAS u PDT-EC. OTBeTHas akTUBanus Ipu
BO3JeiicTBMY curHana gacroroit 4000 Iy Habmropanace muuib B rpymie ¢ PDT-EAS, HO ¢ MeHbIIIel CTelleHbI0 BbIPaskeH-
HocTH, 4eM npu 500 Iir.

3axmouenne: metor GpSIMP MoxkeT 6BITH MCIONIB30BAaH B Ka4eCTBE OOBEKTUBHOIO CPECTBA OLIEHKM CIIOCOOHOCTI K

OCTATOYHOW C/IBIIIMMOCTU C)IyXOBOIZ 30HbI KOPbI Y INAVIEHTOB C YaCTUYHON FHYXOTOVI.

Kmouessle cnoa: ¢SIMP o edenne yacTuaHOM rmyXoThl « PDT-EAS

Background

Hearing loss is a serious problem in modern society as it
affects social behavior, renders routine communication
difficult, and drastically reduces quality of life. Recent ad-
vances in technology and signal processing have resulted
in various devices designed to improve or restore hear-
ing [1-4]. Among these, electrical stimulation by a coch-
lear implant (CI) in patients with profound hearing loss
has provided a huge benefit in restoring useful hearing.

However, there is a large group of patients with a sig-
nificant level of residual low-frequency hearing who re-
main beyond the scope of effective treatment by hearing
aids alone. These patients are significantly impaired, as
they cannot communicate effectively in everyday situa-
tions and have major problems in understanding speech
in noise. This condition has been termed “partial deaf-
ness” (PD). In the past, cochlear implantation in PD pa-
tients was contraindicated due to the fear that the proce-
dure may damage the residual function of the cochlea and
result in complete deafness. However, development of the
round window approach proposed by Skarzynski [5] has
proven to be an effective way of preserving hearing com-
pared to conventional cochleostomy.

In 2002 the first successful cochlear implantation in a PD
patient was performed. Post-implantation evaluation dem-
onstrated significant improvement in speech discrimina-
tion and communication skills. Further research has result-
ed in a four-way categorization scheme of partial deafness
treatment (called a Concept of Partial Deafness Treatment
in [6] that distinguishes the following groups of patients.
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1. The PDT-acoustic stimulation (AS) group in whom hear-
ing is amplified with hearing aids.

2. The PDT-electrical complement (EC) group has relative-
ly good hearing at low frequencies (up to 1000-1500 Hz)
and so no acoustic amplification is required for these
frequencies; however, the high-frequency regions of the
cochlea need electrical stimulation from a cochlear im-
plant electrode array, such as the MED-EL M, FlexEAS
Standard, or FlexSOFT (Med-EL, Innsbruck, Austria)
with a 20 mm insertion (or recently 28 mm), or the
Cochlear CI422 (formerly SRA) [7,8] (Cochlear Ltd,
Sydney, Australia).

3. The PDT-electro-acoustic stimulation (EAS) group are
patients in whom “low frequencies are preserved during
shallow cochlear implantation, and are amplified with
an in-the-ear hearing aid”[9]. This group of patients has
mild-to-severe hearing loss at low frequencies and pro-
found hearing loss at high frequencies.

4.The PDT-electrical stimulation (ES) group has little
residual hearing and little chance of benefitting from
acoustic amplification. Therapeutic intervention involves
partial or deep CI electrode insertion and aims at hear-
ing preservation [7,10].

Considerable improvement in cochlear implant technol-
ogy has resulted in a widening of selection criteria and it
has encouraged clinicians to rethink the factors that im-
pinge on the decision of whether to prescribe a CI. Al-
though there is general agreement that the duration of
deafness should be considered, other factors predicting
CI outcomes need to be elucidated [11].

Recent studies have suggested that a crucial factor which
may account for the large variability obtained in speech
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Figure 1. Mean audiograms in the PDT-EC and PDT-EAS groups.

tests after implantation is one related to metabolic activity
in cerebral auditory regions, and this activity can be meas-
ured pre-operatively [12,13]. Therefore new methods could
provide objective and detailed information about higher
auditory cortical processing. Recently, there has been a
surge of interest in neuroimaging techniques — in partic-
ular fMRI - that might assist in examining the residual
function of the central auditory pathway [14].

Many attempts have been made to evaluate auditory cor-
tex activation in response to auditory stimulation with
healthy people, but only a few research groups have con-
ducted fMRI studies to investigate the primary auditory
cortex in deaf patients [15,16]. Patel et. al. [15] indicated
that in hearing-impaired infants and children the amount
of auditory cortex activity as revealed by fMRI relates to
an improvement in post-implantation assessment. Lazard
et al. [16] used an fMRI technique on patients with post-
lingual deafness to complement the available behavioral
data and tried to predict the outcome of cochlear implan-
tation. The study suggested that patients who become ef-
fective implant users recruit different brain networks while
processing speech compared to patients who do not ben-
efit from the surgery.

The existing studies suggest that fMRI may assist in pre-
dicting the communication benefits from CIs in hearing-
impaired patients. Nevertheless, little is known about the
auditory cortex responses of patients with partial deaf-
ness [17]. This study aims to investigate brain activity in
response to chirps in patients with different types of par-
tial deafness. To our knowledge it is the first study which

applies fMRI techniques to examine auditory cortex func-
tions in PDT-EAS and PDT-EC candidates according to
the classification proposed by Skarzynski et al., 2010 [6].

Material and Methods

Subjects

Twenty patients with partial deafness, aged from 12 to 60
years (mean age =42 years and 7 months, standard devia-
tion =14 years 4 months) were included. Prior to the fMRI
experiment, patients underwent pure tone audiometry
using standard frequencies of 125, 250, 500, 1000, 2000,
4000, and 8000 Hz. On the basis of the audiological as-
sessment patients were considered for electrical comple-
ment treatment (PDT-EC) (mean age =32 years and 10
months) or electro-acoustic stimulation treatment (PDT-
EAS) (mean age =32 years and 10 months) or PDT-EAS
(mean age =52 years and 6 months) with a standard de-
viation of 5 years. The mean audiograms for each PDT
group are presented in Figure 1.

fMRI procedure
MRI measurements

The study was performed in a 3T Siemens Magnetom Trio
scanner at the Bioimaging Research Center of the Insti-
tute of Physiology and Pathology of Hearing in Kajeta-
ny, Poland. T1-weighted structural images were acquired
with an isotropic voxel size of 0.9x0.9x0.9 mm. Function-
al data was obtained with a gradient-echo EPI sequence.
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Acoustic stimuli —“500 Hz" or “4000 Hz"
MR images acquisition

Hemodynamic response function (HRF) for acoustic stimuli

. Hemodynamic response function (HRF) for MR-scanner noise

Figure 2. The sparse stimulus paradigm.

Two functional runs were acquired with TR of 18,000 ms
and TE of 30 ms. A single volume was acquired as fast as
possible during each TR period (about 3000 ms starting
from the beginning of the TR period) so that throughout
the rest of the TR period there was no acoustic noise gen-
erated by gradients. Each functional series contained 50
volumes (each volume consisted of 48 slices, and the sig-
nal was acquired with a physical matrix of 64x64). Vox-
el size of the functional images was 3x3x3 mm. Mor-
phological images of the whole brain were also obtained
using standard T2-weighted sequences to exclude neuro-
logical pathology.

Scanning procedure

In this study an event-related sparse paradigm was used. In
this design the stimulus is short, usually under 1 second.
Neuronal activation lasting as short as 40 ms still produces
a measurable change in the BOLD fMRI response. Stim-
uli of very short duration can be used in an event-relat-
ed design, allowing more real-world testing. However, the
statistical power of event-related designs is inherently low,
because the signal change in the BOLD fMRI signal fol-
lowing a single stimulus presentation is small. Importantly,
when two or more stimuli are presented in rapid succes-
sion, the BOLD fMRI response increases roughly linearly.

During fMRI evaluation subjects were presented with
two different chirps at 90 dB(C) via MRI-compati-
ble earphones: one with a middle frequency of 500 Hz
(50-950 Hz) and a second with a middle frequency of
4000 Hz (3000-5000 Hz); for simplicity, these are referred
to as chirps of 500 Hz and 4000 Hz. A burst scanning
mode of image acquisition was used, meaning that all
the slices in one volume were acquired as fast as possible
and the rest of the TR period was a gap. The acquisition
of the whole brain image took 3000 ms, during which the
MRI scanner generated noise of 99 dB SPL (attenuated to
ca. 80 dB SPL by headphones). The study was designed to
give 15 s intervals between consecutive image acquisitions
excluding the acquisition time (without noise). For 5 sec-
onds before each image acquisition, 3 repetitions of 1 s
chirps were presented. Due to delay in the hemodynam-
ic response (the hemodynamic response reaches its maxi-
mum value about 5-6 seconds after stimulus presentation),
we expected the maximum response to a given stimulus
to occur at the moment of image acquisition. The next pe-
riod, in which the image acquisition was not preceded by
a chirp, was later used as a reference to the stimulus ac-
quisition period. The study design is shown in Figure 2.

Data analysis

An fMRI data acquisition usually involves collection of
many thousands of magnetic susceptibility images, and the
result is typically displayed as a color overlay map or sta-
tistical parametric map in which a bright color indicates
areas of activation. The fMRI experiment can simply be
considered as a subtraction in which the images acquired
during two or more conditions are subtracted to identify
differences in regional signal intensity associated with dif-
ferences in experimental conditions. The fMRI data were
analyzed using the SPM8 package (Statistical Parametric
Mapping, http://www.fil.ion.ucl.ac.uk/spm/). Data preproc-
essing comprised the following steps: 1) motion correction
to eliminate motion artifacts; 2) EPI images correction of
geometric distortion caused by tissue inhomogeneities; 3)
normalization of the brain images; and 4) smoothing. Pre-
processing was used to remove various kinds of artefacts
in the data in order to maximize sensitivity and improve
the validity of later statistical analysis.
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Figure 4. Comparison of brain activation induced by low (500 Hz) and high (4000 Hz) frequency chirps in the PDT-EAS
group (paired t-test, contrast 500 Hz vs. 4000 Hz, p<0.001 uncorrected).

The fMRI analysis assumes that the same voxel always rep-
resents the same location in the brain. For good fMRI res-
olution (low motion artifacts), head motion needs to be
kept below 1 mm. Head motion of 1-2 mm might be cor-
rectable, depending on the sort of motion, but anything
above 3 mm is rejected. If movements are correlated with
the stimuli presentation, false activity can be generated;
if there is no correlation, changes in voxel intensity will
add noise to the signal and the poorer signal-to-noise ra-
tio will decrease the statistical power.

The goal of normalization of brain images is to transform
motion-corrected volumes into a roughly standard space
in order to allow automatic registration of anatomical re-
gions. In this study normalization was performed for anal-
ysis by groups and for comparison of results between pa-
tients. Image smoothing involved low pass filtering which
convolved the voxels in the EPI images with a kernel ac-
cording to an applied filter. Smoothing improved image
quality by increasing the signal-to-noise ratio and decreas-
ing anatomical differences between subjects.

General linear modeling (GLM) was used to fit a model
to the data (Figure 3). The model was derived from the

58

timing of the stimulus. A good fit between the model and
the data means that the brain activations were caused by
the stimuli. GLM fits the model to a single voxel’s time-
course. For all voxels B parameters were estimated, 3 be-
ing the value that the model had to be multiplied by to fit
the signal changes in the real data.

Figure 3 shows an example of the BOLD signal change with
the fitted hemodynamic model determined on the basis of
GLM analysis. Percent of signal change was calculated. It was
found that the percent of BOLD signal change was propor-
tional to the amount of neural activation. For each patient,
values of the BOLD percent signal change were determined
separately for low (500 Hz) and high (4000 Hz) frequencies.

The second-level analysis (paired t-test) was conducted
for the low and high frequencies contrast.

Results

The fMRI analysis revealed that PDT-EAS and PDT-EC
candidates demonstrated significant bilateral activation in
the auditory cortex in response to stimulation by a 500 Hz
chirp vs. a 4000 Hz chirp (p<0.001, uncorrected). Maximum
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Figure 5. Comparison of brain activation induced by low (500 Hz) and high (4000 Hz) frequency chirps in the PDT-EC
group (paired t-test, contrast 500 Hz vs. 4000 Hz, p<0.001, uncorrected).

activation was observed bilaterally in the superior temporal
gyrus. Paired-sample ¢-tests were used to compare mean ac-
tivations. The results are presented in Figure 4 for the PDT-
EAS group and in Figure 5 for the PDT-EC group. The col-
ours highlight regions where differences between activations
in response to low (500 Hz) vs. high (4000 Hz) frequencies
were significant. It is noteworthy that the PDT-EAS group
shows smaller activation areas than the PDT-EC group.

Discussion

Our study is the first to apply fMRI to investigate sound-
induced BOLD signal changes in patients with partial deaf-
ness (both PDT-EAS and PDT-EC candidates). The result-
ing data are in line with the existing scarce neuroimaging
literature showing that fMRI may be a useful method for
detecting central auditory activation in patients with dif-
ferent severities of hearing loss [15,18].

Candidates for PDT-EAS and PDT-EC intervention
showed BOLD responses within the bilateral superior
temporal gyri in response to 500 Hz vs. 4000 Hz chirps.
The largest contrast was obtained with the PDT-EC group
(see Figures 4 and 5). These data are congruent with the

© Journal of Hearing Science® - 2012 Vol. 2 - No. 2
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hearing loss profiles of both PDT groups, i.e. more severe
hearing deficits in the high frequency range compared to
the low frequency one.

The cortical activity of PDT-EAS and PDT-EC candidates
clearly indicates that they have residual cortical capacity
in response to the detected sounds, with different activa-
tion patterns in each group. Our study indicates that our
fMRI protocol may be a useful tool for investigating the
brain mechanisms of partial deafness

Our study involved only two groups of patients consid-
ered for partial deafness treatment : PDT-EAS and PDT-
EC. Further examination is required to assess central au-
ditory processing in the remaining PDT groups. It should
be emphasized that the PDT classification scheme is rela-
tively new, and a larger cohort of patients will be recruited
in the near future. It will be interesting to see whether age
and the duration of deafness affect activity in the auditory
cortex. Future analysis might also look at correlating the
post-implantation outcomes of language tests with the pre-
implantation BOLD responses. By providing detailed char-
acteristics of cortical activity within PDT patients such a
study might be able to provide a prognosis of CI outcomes.
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Conclusions

In conclusion, our preliminary results have shown that
fMRI can be successfully applied to examine BOLD sig-
nal changes in auditory cortex induced by chirp stimula-
tion in patients with partial deafness. Importantly, fMRI

can be used as an objective method of assessing residual
function of the auditory cortex in PDT patients.
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