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ABSTRACT

Objective Quantitative susceptibility mapping (QSM), Amide proton transfer(APT) combined
with 3D arterial spin labeling (3D-ASL) were used to investigate the relationship between
Amide proton transfer-weighted(APTw), Cerebral blood flow(CBF) and Susceptibility values (SUS)
in relation to age and sex, as well as the existence of lateral differences and correlations between
the three in normal subjects. Methods Sixty-five normal subjects were enrolled for QSM, APT
and 3D-ASL MRI sequences, and APTw, SUS and CBF values of multiple brain structures were
measured by manually outlining a standardized region of interest (ROI). The paired-samples t-test
or Wilcoxon rank-sum test was used to compare whether there were side-by-side differences
in the parameter values between the sites within the groups; the difference in gender between
the groups was tested using the independent samples t-test or the non-parametric rank-sum
test, and the Partial correlation of the control variables (age and gender) was used to analyse
whether they were correlated with the parameter values of each group separately. Finally, the
correlation between the SUS, APTw and CBF values of each group at different ROls was analysed
using Partial correlation. Resufts No significant lateral differences were found in SUS, APTw and
CBF values for each brain region. There was no correlation between the values in the remaining
brain regions and sex, except for APTw values in the right parietal white matter. CBF in the
bilateral frontal and parietal grey matter showed a weak to moderate negative correlation with
age, and a moderate positive correlation between SUS and age in the putamen and red nucleus
on both sides. There was a weak positive correlation between APTw and CBF in the bilateral
putamen and no significant correlation between the values in the remaining brain regions.
Conclusion CBF and SUS values are valuable to explore the normal brain ageing process, and
APTw in some brain regions may be influenced by local blood flow.
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= 4 nhRk B HEARIZ (3D arterial spin labeling, 3D-ASL)R2 & BRERLR M7+ 1B R AITH
BEMRI(functional MRI, fMRI)}AR, & LAXSAX 5752 (cerebral blood flow, CBF)SCHIFEE!
T2, NGKREFEHRRSTEERERMBSHKIE, B192FREERETRNHAR
MrizR M. EEMMERS(quantitative susceptibility mapping, QSM)FIEERF
¥7%(amide proton transfer, APT)&GE i MNATEENEALRMNFERIERTF
TIMREMNIERNERGIHEAR, siEITUMND FRF LN RX FEZER
SMMSKRNMETHENG ", EEEIRMM TN R RITERAL T
M BRRAR L FIFEET Y, MEMRERZRA, BIRNATFIIES ANHR L,
3D-ASLEABHNATFXIEE ABHAR, EESMARERRA, BXCBFSRHEER
RGPHEEZ BN X RIRER D, AARHVENZFAQSM. APTEEE3D-ASLIIEE A
BMEMHNEERFRIRRE, MRERNBESERETEFEMNNES, HEZRNSE
. MRRTEEXERTISHAR, AR—SHRBERITHTPMACHIMENSE
RFEMGEEEREERM, HAREANMIITEEREBIAT HRN R EIRIEY.

1 BE5H®*
1.1 —fRBE SHANFEEHRE, BEEIEEAZHREE=ARERCEZASH
&, EHEIRPEIMEBEIAXEEENBRER. FESEEREIERE, EF MRIXK
MIESR, TAABESHFEERERRSE, TrAIMAE, TrERNL. . SRFEERE,
TaEMERERR, TRENAGY(GIEER. BhHT)ERE, THHE2SERASA R
&, ¥WRAFNF,; IFEN MRIFAERERNETFEHREN. BEIRESEEH
656I(BMH27H, ZE38H)NIARITR, FREEMMLEZEREEZEER(P<0.05)
1.2 BEAE FAPhilips 3.0T MRIFMEN, WABZIRENTLEMREMNFET.
3D-ASL. APTRQSMFHIFHE, AHTEMAE, EMEBRIRKGFI SIEEEE
TIWIL ToWI BRAERBREME (FLAIR), UUHRAREMSBRERE, ARTHEKE
3D-ASLIFEMAPTIHE, ®EHITQSMFESI{TH,
3D-ASLKRZE S T:TR/TE=4796/10.Tms, 5EME=64X45, HERIEKLR,
MEF=240X240mm, EE6mm, SBEFK3Imin2s, APTESHINT:TR/TE
=5864/8.3ms, %EFE=128X100, HENRELAR, 1= 230X180mm, BE=6mm, =
Bf6minl5s, APT MRI FFIRMA3.0uT. mBE5MEM-55+5ppm. B HE 0.5
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ppmBYETSRRK R, FIREL3.5ppmiRE SRR EBLLER
RISMFITEH, QSMIESEINT: TR/TE=40/7.2ms, [EIF
#=6, [EIFEATIE=7.2ms, EREEA=17°, MEF=230X189mm, %
fE=384 X315, BE2mm, ZB4min30s.

1.3 BBRESHIT FEBM3D-ASLRAPTREKIEREE
Philips TEM# TEIGEIBNZ, SWIE%GEIMatlabByFH IR
WESTISuite #HTEAMIEHEREIQSMEE, ARNUER ZEM
ZMRIZHARNHGRES B FoaEin AR B XIS
Z N X A9 HE (b R {E (susceptibility values, SUS). S ERF
BYEXSFRBE (b 35 #5 2 (magnetic resonance ratio asymmetry,
MTRasym), &CBFfE, REAEEZEM=CTNEFE—HITEME
T, MNENNEEEBEEHNES R BRMEHFMH,
HTF3D-ASLERAPTEIG S HERIE, 2EHENEEHNSWIE %,
EREEGE EAEENAROIHTIE, NMEMXIFEIE: W
MPEFMIMH AR, BAK. Tz, B, BRiZk, QSME&GIE
BIEAZ. BR.

L4 B EDH FAEHIERSHAESHHREAShapiro-Wilk
W%, RARWNEARIRI S WilcoxonTkFHE 10t 1 4E N & 2R 1L
HEHERETEENRES; S4ASUSE. APTWRCBFESIES!
NEFFKBAMIFEARIENIESHBANCRK, RASFEHTE
(TR, M5))BPartialfRiEX D ESZASUS. APTWKCBFE
BELMBXME, &ASUS. APTWSCBFEEARREROIEE Zafv4E
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24 R
2.1 E¥ERAZRKXSUS. APTWSCBFERNMIBIER FatiF
At WilcoxonB MW E R, MMAAEROISUS. APTw
S5CBFEREETHITFER(P>0.05)0
2.2 EFEBRARMZRESUS. APTWSCBFHES &Y. 143
BXR BRTBNEABRETEZ, EREMXLECBFYERHS
FEMHERRX, BEIEAQENIESHBRMNCEPEIYAT
0.05, ZEXHIHFEN, WK1, EERAZMXAICBFRSUS
BES MR TEXME,
AMIHHRAPTWES 3% (P=0.040), W#&2; H
£MXAPTWESHFITHEX M, EHTEENREXSTETR
KMXSUS. APTw5SCBFESMRITEX M,
EHIEANTERN, HmMEMHEIIHRENCBFSERE5S
BhERHERX(9519r=-0.425, P=0.000; r=-0.396, P=0.001; r=-
0.397, P=0.001; r=-0.415, P=0.001), AMFZKLIIZHNSUSS
FEWEPFEHERX (S5 r=0.568, P=0.000; r=0.526, P=0.000;
r=0.422, P=0.001; r=0.402, P=0.001), WE1. B2, MEMX
APTWES FEHE TTHE X 1%
2.3 E¥ABRXSUS. APTwSCBFERR 2 BAIHEX D
AMFEZBIAPTWS CBFIZ/ESSIEAEX (95 r=0.252, P=0.046;
r=0.283, P=0.024), ME3, SEXEZEMIKEZEIRFEEHEEE
b S

XMXABPartiallRIEX D (Fhe. MHRIENHTE), P<0.05%
TEFBRITER X,

R1 65GIIERRAMRISAEROIMCBFSE R2 65PIIERAA KR 24 ZROINAPTWIIE

SingEEREE MR BRIFS BN K S5iEEER M ANtRBRESHETNLT
BB kegid St t P BBfi kegid St t P
Left-Frontal gray matter 39.291+10.34 34.44%£10.58 1.848 0.069 Left-Frontal gray matter 1.01£0.52 0.81£0.46 1.597 0.115
Right-Frontal gray matter ~ 39.68+10.01  35.79%£11.20 1.468 0.147 Right-Frontal gray matter 1.02£0.59 0.79£0.46  1.754 0.084
Left-Frontal white matter ~ 13.27£4.70 11.86%£5.39 1.120 0.267 Left-Frontal white matter 0.28%+0.35 0.35+0.52 -0.610 0.545
Right-Frontal white matter 12.51%+5.01 12.24+4.68 0.220 0.826 Right-Frontal white matter ~ 0.31£0.36 0.29£0.56  0.149 0.882
Left-Parietal gray matter ~ 40.02+13.04  35.03%£12.38 0.181 Left-Parietal gray matter 0.67+0.39  0.62+0.52  0.529 0.599
Right-Parietal gray matter  38.00+13.35 34.33%£10.85 0.293 Right-Parietal gray matter ~ 0.57£0.37  0.43%£0.44 1373 0.175
Left-Parietal white matter ~ 16.63+7.47 13.08%7.27 0.057  Left-Parietal white matter 0.56+0.24  0.47+0.38 1.147 0.256
Right-Parietal white matter 16.10%+7.08 13.14£6.09 0.059 Right-Parietal white matter ~ 0.53%0.26 0.36£0.36  2.098 0.040
Left-Globus pallidus 18.83+8.84 19.92+10.70 -0.450 0.654 Left-Globus pallidus 1.16£0.58 1.16+0.67 -0.040 0.968
Right-Globus pallidus 18.09+8.77  21.64+10.74 -1.466 0.148 Right-Globus pallidus 1.02+£0.78  125+0.74 -1204 0.233
Left-Putamen 30.55+7.53  31.61+9.86 -0.493 0.624 Left-Putamen 1.05£0.56  1.20£0.66 -0.999 0.322
Right-Putamen 30.53£7.30  30.41%£10.55 0.053 0.958 Right-Putamen 1124055  1.49%£0.71 -1.903 0.629
Left-Caudate lobe head 40.16+10.78 38.35%9.34 0.703 0.485 Left-Caudate lobe head 1.61£0.56 1.54+0.70 0.464 0.644
Right-Caudate lobe head ~ 38.68%+10.45 36.59%+9.99 0.808 0.422 Right-Caudate lobe head 1.46£0.64 1.62+0.66 0.362
Left-Thalamus 29.69£10.99 25.88*+8.34 1517 0.134 Left-Thalamus 1.10£0.46 1.15+0.56 -0.339 0.736
Right-Thalamus 30.81t11.56 26.81%£9.89 1.46 0.150 Right-Thalamus 1.04£0.49 1.02+0.57  0.160 0.873
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