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Background and Objectives = We compared functional MRI acquisition methods of sparse
temporal acquisition (STA) and continuous acquisition (CA) to estimate the effect of MRI scan-
ner background noise (SBN) on blood oxygen level-dependent (BOLD) activation of cortical and
subcortical auditory centers during auditory stimulation.
Subjects and Method  Fourteen healthy subjects (eight males, age 30.6+4.7 years) were pre-
sented with classical music in a block paradigm (36 s on/off) in two STA [repitition time (TR)=12 s,
60 volumes] and two CA (TR=2 s, 360 volumes) functional MRI sessions. To account for the sam-
ple size difference, an additional volume-matched continuous dataset (CAm) was generated by
matching CA to 60 volumes of STA. A group-level analysis based on BOLD activation maps was
performed. Percent signal change (PSC), T-statistic values and signal variability in cortical and
subcortical auditory regions of interest (ROISs) were calculated from individual activation maps
and compared between the STA, CA, and CAm.
Results The group analysis showed activation in the primary and secondary auditory corti-
ces in all datasets. However, the activation of subcortical auditory centers above the accepted
threshold was only observed in STA. STA (less SBN) showed higher PSCs and T-statistic values
in all ROIs except planum temporale when compared to CAm. However, there was no difference
in signal variability among the datasets.
Conclusion Our results suggest that SBN should be considered as a significant confounder
in auditory-evoked functional MRI studies particularly in the activation of subcortical auditory
centers, and that STA can be an effective imaging method for reducing the effect of SBN.
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1 ik 18y 71%5-A YGAH(echoplanar image, EPI) E7]
7F 5 AR (gradient) & 2HE &40 2 HAE=
MRI 2714 v}7 A& (MRI-scanner background noise,
SBN)- 53] A7} A4=-5 o|gst= A7 fMRI A+9] 7H
2 Aol 8910 Yzie]o] Yt SBNLS AS-gute x|
AUAAFO 2 2Hgst 2 ARof|A] oksh= AZEgof of
3l 218 (masking), <5348 habituation), 3£3H(saturation) 5
9 M 4o A5l g ez HEsh] ffgh #
7HAQ] FOFE ol R 283t SOl A AldiE AE
¥} 37 o2 ARE 2 4 QIoh? SBNS 9 Azt 2=
o] f-5oF Al & ALKAH O R EAd= AFo|HE T
5] =5hE] 7HEo 2 SBN &35 ALJAIA o= H4=A}
= aINHS fMRI Aato|A 258 4= ok 242 37
W35 Atolo] ofe|gh 4T Ahg-2 ofafishA] gt Aufo| =
SBNO| &S 2|4stelr] 93t M o] w2jo] HiEA] T Q9
shth MRI 2704 A39] Al717F AZ 45 SBNO Al7]= 5
7heke 2 2 Ao d-SH](signal-to—noise ratio)7} SFAFE
3.0 T(tesla) o/g] 1LAHo] ZH| S 0]-§-3 IMRI Aol 4]
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T o] A AP ¢lo] 7l 100~130 dBSPLY| €3} SBN
& FEs) Ageix] Bk’ ERE G457 (repetition time,
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oF-S AHESFITE =grolut wARSo] AR} AdZtu] A (Hes-
chl’s gyrus, HG)oll =gt 24J%8+s f-=sh= bl vsl] 2z
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head coil& 7FA|3 Q)3 3.0-T MRI 2~7§u(Philips Achieva,
Philips Healthcare, Best, the Netherlands) ¢tef] HF=0] =
] FQGell Astoict TR o7)2] ¢F2 vl S-S tiv]st
I QL] OfARAE-S Q18] ol H 4 Qli= H I HE(nu-
rse button)& H= TFAFA AlF5HAL, AAetE A}
9] oJrte whet AFS T 4= e SISl 74 o®
B2 Y= 559 HYANA At kol AtstAlz) 7] f1gk
A 3D Tl o]u] A& ZFsHITHTR=9.9 ms; echo time(TE)=
3.6 ms; flip angle(FA)=8"; slice thickness=1.0 mm; matrix=
256%256%195: field of view(FOV)=220 mm:; voxel size=0.94x
0.94 mm). 7|54 A71FEJdS 30 Sefo]A9] T2* single
shot EPI& H]2A53F 24 H (oblique coronal) 2. & A% 3}o]
S ESFHTHTE=35 ms; FA= 90°; slice thickness=5 mm, 1
mm gap; matrix=80x79; FOV=220 mm; voxel size=2.75%
275 mm). Y45 3} Wk (phase encoding sequence)-2 2
SFlA dFo 2 HASIAAL Aol AFE 1994 Sefols
o]l 3}t (inferior colliculus, IC)&} £+-$-3M(cochlear nucleus,
CN)o] Aol e =2 EPI &eto]29] plane(ZH=e}t 9]
A< A5kt

CA & o]-83t EPI 52 Z 43]9] run 5 A&H 270
9] runo. &2 FASIE TRS 222 AAsto] oujx]& &=
Sk &¢F SBN2 S glo] Al&4 o2 WAstSAL, 1 run &
¢k 180 volumes?] ©]u|R|E &H5}lo] & 360712 image vol-
umesE YUTHTR=2 s, 180 volumes in each run). STA =
HE 0]83 BPI @52 TR 1222 4331014 SBN Alo]
of oF 10 A=9] 285 7|7+ &E51e™, 1 run 5930
volumes?] o|u|x|& #Fs}o] & 60712 image volumesS

AATHTR=12 s, 30 volumes in each run). SBN 2]9] &3 4

=2 FAastslr] ¢J8l imageE ES55h= At Fetol= W2t
L] 7He& AT CACA] 2531 360 volumes®] EPI
2} STAOA A2 60 volumes?] AH-&52 57| #2]3}o] H]
st H SBNE| -5 Jol = 6ul ] dlolejgke] zfolof o3
WP sample size a7} A5 R o] = aulE Beld)
A ZAFsfjof giet. HjofElgke] Zfolof w2 aatE AA) &=
42t SBN RS 2AFSE| Q184 ofn] @2 CA H|o]E| 9]
A volume = 69] vl 7FE 0 2 I E5 EP[YF 2o} STA
9} AIZFA vl o] UA|Ek= F 60719 volumes® TAJE A=

2 glojg AME(CAM)E W= tHFig. 1.

Pre-processing of image data

MATLAB 9.0(MathWorks, Natick, MA, USA) =& 133}
1%5-3= SPM2(Statistical Parametric Mapping, Wellcome
Department of Cognitive Neurology, Institute of Neurology,
University College London, UK) 3 2 71388 A}-8-5}o] JAF
glo]elS A5kt Philips MRI 22714 2] 314 Ak s
9l PAR %A}tdE-2 MRIcro(http://www.sph.sc.edu/comd/
rorden) Z 21888 A} 85)o] BAL 913} [6-bit Analyze
Ao 7 WAkt SS 717 S A meeAlY
(head motion)< 14317] I8l Y% A A(realignment)=
Al3Y3F3IaL, STA 2 CAollA 212 Y1327 Ho] & & 270 run
o] ®= EPIEY] B+t A4Hmean operation)& 4-8-5Fo] gt
709} <t EPl(mean EPD)E /s3It 2 1l Ate] Bt EPI
£ 5 gAY s T1 @/doll A (coregistration)s}
AL, ojuf A3 A9t ahebwlEHcoregistration parameter)
A AP EE K= EPIEel 2-85to] T1 G4l A
7+ 174 A9] T1 9AHS Montreal Neurological Institute

b3

O

Auditory stimulation

Off

(A) STA

Fig. 1. Experimental design of audi-

(TR=12's, 60 vol)

(B) CA
(TR=2's, 360 vol)

tory stimulation fMRI study. The audi-
tory stimulus was presented in a block
paradigm (36 s on/off). Each subject
underwent two sparse temporal aqui-
sitions (STA) and the other two con-
tinuous acquisitions (CA). In the STA,
silent inter-scan interval was about 10 s
resulting in the total of 60 dynamic scan
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namic scan volumes were continu-
ously acquired with a TR=2 s (180
volumes per each run) with no silent

gap between acquisitions (B). Vol-
umematched continuous data set

T

> (CAm, 60 volumes) was generated by

T T
6-min 6-min
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collecting every 6th volume from the
CA, temporally matched to the vol-
umes of STA (C).
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mm full-width at half-maximum isotropic Gaussian ker-
nel& $12] AAE-A-31H+F3He EPIEol 283t &
ZFAE3k(spatial smoothing)E AlRYSFIT. Fe] A2 1}
4 14799] s 1A HlofEof FUsHA 2-8-51%om,
A g Sl 2 HHAe] EPlEe] s s 22
9130ofl QA Hof £ Ho| 7HsshES sheick

Statistical analysis

fMRIQ] BAEAL SPM2E AFS-3FIL, 15 1584
o| A= AutA g W dl(general linear model, GLM)2] t}=3]
HEAH(multiple regression analysis)= Z-835}o] BA41514
k¥ MRI 2:7Hu] 5199] 2miisto] ok Al s o] B4
“J(inhomogeneity)©l &Jsl WAYsk= EPI 415.9] A9kl A
LA (drift correction)& 3l 7154 (baseline), A& (linear),
32 (parabolic) 3HA4E 2} runttth GLMO| AW
(control variable)® 27}t t] oA} 2] ds) H72t
ZE[HG, PT, PP, &< A (medial geniculate body, MGB),
IC, CNI2 319 (regions of interest, ROIs) S 2 R|4s}al, Z+
ROIIA 7MY =2 24J3E Hol= peak voxelr HOE
Zkzro] mAto| A x4 9 JpEA © & ROIY] HI91E A9
3tk 1B A (random effects analysis)-& AA 174712

3.0

7ol Aoz oAl 147]12] BOLD A% BHAJ3H 2| %= (ac-
tivation map)E HHFS. = )29/ (contrast image)= 4
W42 5lo] G UFE t—testione—sample t-test) S 285}
7} glo]g T1552] BOLD 413 233} 2 =8 gHESich CAt
STA, CA9} CAm, Z18]T CAm@} STA AFo]o] v 7+ 71
FEAlA dojxl BOLD 415 243} A =& upgho 2 717}
9] &3t Aro| Aol & o]-§sto] dojxl BOLD A% &
33} A oA ROIS] BOLD A% 74=g AR t-testE
A-gsto] B, A F-2)aa-2 false discovery rate
(FDR) q<0.05= Z7J5}3Ir]. 2ol o2 fAoflA] A€
SFRAL, fMRIQ] T4 A= 44 T
#FEFO T TS T ol vhE Hat Gl R
Hl(overlaid) &35t
S TR 7iIH ROI £4& Alfsto] STA, CAL CAm
Afolof| thg ME-S 7} ROIEE vwshich™”
o A5 73 =3 (Percent signal change, PSC)=100% (sig-

nal intensity during stimuli periods—signal intensity during

o
o
R

resting periods)/signal intensity during resting periods

o GBS on]st= Al ol (Signal varia-
bility)=standard deviation of signal intensity during stium-
lation on and off

VO T-AGS ARt rdl o 2 o2 S/Js} x| wif
oA et 2} ROIS| Hatgts F5k3Aeh STA, CA2F CAmefl
A ZZF QIR 37 PSC, T-5A1%3 signal variability
£ Kruskal-Wallis @ multiple comparison testS =3f 4|
A froleE2 p<0.052 vlaskgict,

8.0

Fig. 2. General linear model analysis of the three datasets: auditory stimulus-evoked activation maps from the two experimental designs
(STA and CA) and the subset CAm. In the STA, auditory stimulation by classic music resulted in activation in all auditory areas (cortical
and subcortical) (A). In the CA and CAm, primary auditory cortex including HG, PT, and PP has been activated; however, no activation
above the significance threshold was observed in the subcortical auditory nuclei (MGB, IC, and CN) (B and C). STA: sparse temporal ac-
quisition, CA: continuous acquisition, CAm: STAmatched continuous acquisition volumes, AC: auditory cortex, MGB: medial geniculate
body, IC: inferior colliculus, CN: cochlear nucleus, HG: Heschl's gyrus, PT: planum temporale, PP: planum polare.
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CN Ic MGB
1.2 2 1.4
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(o] 5 5
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& 9 &
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2 2 2
[§) (6] @]
I 5] 5
5 IS 5
IS = IS
5 8 5
& & &
e 0
D STA CAm CA E STA CAm CA F STA CAm CA

Fig. 3. Comparison of percent signal change between the three datasets. In the STA, CN, IC, MGB, PP, and HG showed higher percent
signal change than in CA and CAm (A-D, and F). There was no difference of percent signal change amomg the three datasets in PT (E).
*p<0.05, **p<0.01. STA: sparse temporal acquisition, CA: continuous acquisition, CAm: STAmatched continuous acquisition volumes,
HG: Heschl’'s gyrus, PT: planum temporale, PP: planum polare, MGB: medial geniculate body, IC: inferior colliculus, CN: cochlear nucleus.

4 %

Z|chfgh SBNO| Q3 wliAIgE STA 7|2 TE8-4 A2
A BE A7t 9l gjdst gzt %-iroﬂfﬂ BOLD A& &4
SP7F BEE Yl ou A44] ARl S7H] CALE CAmellA=
d7ya 431 HG, PT, PPy & éﬁmt* | 3 1] s)55=21
MGB, IC, CN¢| &/d2}= ¥t 4] oF3tth(Fig. 2). ROI 24

of| 5l AZtAp=of| 23t A5 7 EHBEF(PSC) e STAZ} pla-
num temporale(PT, ©|2} g2t 2) & A|€|3t K= ROIEC
A CA9F CAmET 981 &2 4 B30ch(Fig. 3. T &
Ak (T-statistic value)®= STAZ} PTE A28t == ROIfA]
CAme} Blwste] §-0l5H| -2 72 HItHFig. 4). sHATE
STAS] T A& CAS} Blwah of it B o] ROIEOA A}
o7} gl9l o ICo A= STAZE, PTOllA= CAZF B =2 4k
2 Xt} Sample size EFS: HFYSHE CALF CAmE] H]
oA T FAIREE TA-st FFEolA= &7t fl9AIT 3
29 A=HGL PT)oA= CAZF H &2 42 B Y(Fig.
4). 2A=ro] Q1S w9} 912 WY signal variability S w4
M-S ), == ROIENA STA, CAS} CAm 7He] zlol&
2z 4 3l (Fig. 5).
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o
SBNo| Az}t &5 g/d3te| v)x]= & STA 7153} CA
7199] HlnE Faf 2ARSE AY AFATES AwEE CA

of Blsl STASIA HGE £33 Y4t
ZhaZ Aol A=5ol ot BT FolsHA S7Fs)
£ o] yrgzon O o)= Hzta}Fo| o] oju] SBNoj 2]
A AZta] o] 71# A1 54> (baseline signal level)©] 7}
gk Aol ZAp=o] FrFE o R 95| Azu|Eo) &
&°| 3Z3Hsaturation)JEo o]2A] E|2 & SBNo| A2 STA
o] Aztof vlsll BOLD A&7 E Halsfo] A Yeft= A
o 2 st 4= Qlt}. &, X530 SBNe| &7} 7|29
45l dynamic range) & F4A7]= WAL 2183t
Thal 2 4= Qirk Gaab 579 $tollas YA} Azt 2el HG

of| A ’\IEEHZ"QHV I STAol|A CAol vl =2 = H3AL,
HG Y superior temporal gyrus(STG)oll4] STAZ} CA9|| H]
3 o & As7tewsterS Uehl et Blackman} Hall™
o] Aol Ali= STAZF CAll HIsl HG, PT, 2|3l PPoflA &

AFA] B 2 A% PEE Bt oo HHa Peelle 572

A=A WA= /\JEEHXLQH]E H] 1513

7% Ao} Zfol7t gieke

[e]]

< 1] STAS} CA
At WhEskoiTh
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CN Ic MGB
4 2
[0} [0} [0}
2 2 2
O O O
> > >
9 o 9
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K i K
3 -0.5 -3
STA CcAm CA STA CcAm cA STA CAm CA
PT HG
0 20

[0) [0)
2 I 2
O = [
> g >
9 5 o
2 :
- ki A

STA CAm CA 5 51 cAm cA STA cAm CA

Fig. 4. Comparison of T-statistic values between the three datasets. In the STA, CN, MGB, and PP showed higher T statistics than in
CAm (A, C, and D). In the STA, IC showed higher T statistics than in CA and CAm (B). In the CA, PT showed higher T statistics than in STA
and CAm (E). In the CAm, HG showed lower T statistics than in STA and CA (F). *p<0.05, **p<0.01. STA: sparse temporal acquisition, CA:
continuous acquisition, CAm: STAmatched continuous acquisition volumes, HG: Heschl’'s gyrus, PT: planum temporale, PP: planum po-
lare, MGB: medial geniculate body, IC: inferior colliculus, CN: cochlear nucleus.
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Signal variability during stimulation on
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Fig. 5. Comparison of signal variability during stimulus-on and stimulus-off periods between the three datasets. There was no difference
of signal variability during stimulation-on (A) and -off (B) among the three datasets. STA: sparse temporal acquisition, CA: continuous ac-
quisition, CAm: STAmatched continuous acquisition volumes, HG: Heschl’s gyrus, PT: planum temporale, PP: planum polare, MGB: me-
dial geniculate body, IC: inferior colliculus, CN: cochlear nucleus.
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Table 1. Summary of auditory fMRI studies on STA and CA comparison

Study Subjects CA STA Scanner Stimulus Results
sequence/volumes sequence/volumes

Gaab, et al.'?  Ten healthy EPI, TR=2s, TE=30 ms, EPI, TR=16s, TE=30 ms,  General One-syllable SNR: STA>CA
right handed FA=75°, 30 slices, FA=90°, 30 slices, Electronics 3 words spoken in HG,
adults 516 volumes 66 volumes Tesla Signa by a female no difference

in STG
PSC: STA>CA
in HG and STG

Peelle, et al.'”  Six healthy EPI, TR=2.8s, TE=30 ms, EPI, TR=11.2s, TE=30 ms, Siemens 3 Signal correlated SNR: no difference
right handed FA=90°, 32 slices, FA=90°, 32 slices, Tesla Trio noise and
adults 284 volumes 71 volumes speech

Blackman and Eight healthy EPI, TR=3 s, TE=36 ms,  EPI, TR=9 s, TE=36 ms, Philips 3 Narrowband PSC: STA>CA

Hall'” right handed FA=90°, 32 slices, FA=90°, 32 slices, Tesla Intera noise and in HG, PT, and PP
adults 190 volumes 68 volumes complex sounds
(speech)

Present study  Fourteen EPI, TR=2s, TE=35ms, EPI, TR=12s, TE=35ms,  Philips 3 Classic music PSC: STA>CA
healthy right FA=90°, 30 slices, FA=90°, 30 slices, Tesla Achieva in all ROIs,
handed 180 volumes 60 volumes especially
adults in the subcortical

auditory nuclei

fMRI: functional MRI, STA: sparse temporal acquisition, CA: contfinuous acquisition, FA: flip angle, CNR: confrast-to-noise ratio, STG:
superior temporal gyrus, HG: Heschl's gyrus, PT: planum temporale, PP: planum polare, SNR: signal-to-noise ratio, ROI: region of in-
terest, EPI: echoplanar images, TR: repitition time, TE: echo time
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