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[Abstract] Objective To analyze the effects of different post label delay (PLD) on the brain regional cerebral blood flow
(CBF) of normal people, and to explore the most optimal PLD of each age group. Methods Eighty-four healthy volunteers
were divided into youth group (20 to 44 years), the middle-aged group (45 to 59 years) and the elderly group (60 to 80
years). The MRI protocol included conventional MRI and 3D-ASL perfusion scanning. Three phase PLLD were used in each
group. Statistical parametric mapping based on Matlab was used to analyze the perfusion data and to extract a predefined
set of standard ROls, including whole brain gray matter, frontal lobe, parietal lobe, temporal lobe. occipital lobe. limbic
lobe. Single factor analysis of variance was used to compare the CBF differences among different PLLD, the further multiple
comparisons were completed by Schef fe. Results In youth group, the CBF among different PLDs of global gray matter
(P=0.011), temporal lobe (P<C0.001), occipital lobe (P=0.013) and limbic lobe ( P<C0.001) had statistical signifi-
cance, and the CBF value of 1 025 ms and 1 525 ms were higher than those of 2 525 ms. In middle-aged group. the CBF a-
mong different PLLDs of global gray matter (P=0.009), frontal lobe ( P=0.008), parietal lobe (P=0.019), temporal
lobe (P=0.002) . occipital lobe (P=0.001) and limbic lobe ( P=0. 008) had statistical significance. In elderly group. the
CBF among different PLDs of global gray matter (P=0. 026), frontal lobe (P=0.023), temporal lobe ( P=0. 006) and
occipital lobe ( P<C0.001) had statistical significance. The CBF value of 1 525 ms and 3 025 ms were higher than those of 2
525 ms in middle-aged group as well as elderly group. Conclusion PLD is an important parameter of 3D-ASL, the most
optimal PLD are different among each age group. The shorter PLD is suitable for the youth group., 1 525 ms is the best
PLD. The longer PLD is suitable for the middle-aged group and elderly group. 3 025 ms is the best PLD.
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AR 2H 4 iR B ( P=0. 009) & ( P=0. 008) . TH - ( P=0. 019) .3 i+ ( P=0. 002) . ¥k i ( P=0. 001) . i1 2 i ( P=0. 008)
ANJRHER B} A] CBF 22 534 G0t 24 B S0 B H 2 K Bt (P=0. 026) (&M (P=0. 023) i (P=0.006) . §L M- ( P<<
0. 001) AN [A] ZE IR B} (8] CBF fH 22 5 359°A Gi il 2% 2 3, AP ARl CEAEA Y 1 525 ms J 3 025 ms fiT#H CBF HE . &

PLD & 520 3D-ASL i A 1) — A EE S5 RRAE IS B A e PLD KA, % 4R 415E & A 848 PLD.1 525 ms &
e PLD, hARZ] R AR 4LIE & A 3K PLD, 3 025 ms 2 PLD,
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(hESES] R3; R445.2 [XHAFRIRAE] A

Bk F R FR AL s I L IR B 5 bR IC S SE 3R I (]

ik H g 45 12 (arterial spin labeling, ASL) Al
e R I 3 B, R AE TR N S A i A S
RGP P AT IZ N H . Wang %5 R F BRI
15 1) Bsf >R £ 22 ST v A L 1R P 22 SR T B R LS R B
HIAE RO Wu ORI L5 s ) 2.5 s HEIR I [E]
I3 B = 4 Bh 3% 22 =X 8 ik B e Fr i (pseudo-continuous
arterial spin labeling, pCASL) £ R 7E H WL a8 N K
BLA ) A A e 1k S mT 52 M s LA SAN () B 3R s ] o) i
IR I R e BB A R I O R A 52 . EH AT ASL R AE
R B[R] XA ] 4F i BE TE 5 N R 1 8 98 7 1 5 e fif
WARIE . A TE 5 B R 2 A5 10 f5 4E 3R B[]
(post label delay, PLD) R4 K il it ¥ 196 , & 728
B ASL HR[E] PLD X AN [] 4F i Be A 45 Fili i 1l 3t o
TEAH Y 52 M, JF 4RI 45 4F I8 Bee fE PLD,
1 #RE5HE
1.1 —%R T 2015 4E 5 H—2015 4F 11 AER
Bl S BRI IE R IR 84 &Ll 20~80 £,
36 4.4 48 & 4% IR WHO 4 1% 43 Be B 9k 2 2
NEEH[27 4 AFEW 20~44 %, F 14 (29. 84+ 4. 3)
B PAEA[31 4 AR 45~59 %, F 1 (52.247.2)
BEAEH26 4,4 60~80 %, T (66.7£7.8)
1. GIARRUE  WEAT A, 0 ki 5 % 5T PR AR AR5 B
e A g s T R I R B DR I S s TG £ R AR
NG A, HEBR AR E: M MR SR 5N A e AR
B VRN TR AR AW AT 1 DA AR S BUH A MR
AR RH . AMREARCIZE RS, T A &
BHEWEBEMEFRE . ZRERAR 24 h 25k
Fol AR B R P w5 e R o 9 Ak L2k T 2
iZ g,
1.2 X8 575% M GE Signa HDxt 3. 0T MR 3
AN, 8 JH 1H F G £k Bl . XA R E AT L MR
R HE A W LY ) A R AL T2WIL T2
FLAIR.3D T1WI, # 3 3 $ % | = 4 pCASL (3D
pCASL) J7 41, % 4 44 #1730l R 8 3 Wk, F AR h
R CEAEA T PLD 43591 025.1 525.2 525 ms,
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1525.2 525,3 025 ms, 1 525.2 525.3 025 ms, 3D
pCASL JFA i85S4 TR 4 279 ms(PLD 1 025 ms) .
4 521 ms(PLD 1 525 ms).5 216 ms(PLD 2 525 ms) .
5451 ms(PLD 3 025 ms),TE 9. 8 ms, /2% 4 mm, %
#2430 )2, NEX 3,FOV 24 X 24, fi[f 512 X 8(3D
IRHEHFE) L R AT 4 min 8 s(PLD 1 025 ms) .4 min
22 s(PLD 1 525 ms).5 min 8 s(PLD 2 525 ms),
5 min 16 s(PLD 3 025 ms).,

L3 H4mkb s R GE ADW 4.5 T.{E ¥, Mat-
lab2010b(MathWorks, Natick, MA) , SPMS8 Chttp://
www. fil. ion. ucl. ac. uk/spm/software/spm8) , WFU
Pickatlas ( Wake Forest University, http://fmri.
wiubme. edu/cms/software) B4, 1 5% R 1R B 4E
S A GE ADW4. 5 TAE¥AY Functool #k44: , 3545 % il
Wit (cerebral blood flow, CBF) &, % H 3+ Mat-
lab By SPM Xt CBF % o 47 FiAk B . 4 455 3k S5 IE K
25 [ AR AEAL . 25 RARMEAL IS AT 3D T1 ¥ CBF B i 31
SR IR B 290 22 F 5% B (Montreal Neurological In-
stitute template, MNDFR#ESS[A], 7E WEFU Pickatlas
HhBRAT BB BP9 ROT 58 A, AL 45 42 0 5T L4 it
T H GBI et (8 1~6) R X 2e 5 v T
PrUEAL IS 19 CBF &, 530 5 A [8] il i 119 CBF
L4 GEil2#5r0 RHA SPSS 20. 0 G343 b s 5%
H ShapiroWilk IEZBPER I & Levene's J5 22 55 YK
B s iF R BTRILL T s ROR AR IR 2 v AN ] SE S I ]
CBF B/ Lo 88 SR JH B BR & 7 22 43 1, 0T L 35k
Scheffer#r. P<<0.05 WERAHLITHENL.

2 H#R

2.1 PLD XA [AJ4F % 4106 4% ik X CBF {HAYF W
SR P ARG B AE 2 AN [ AE R I (8] £ ik XY CBE
{EAIARIE2E DL 1, & 4RI 2H T . CBF Fr 22 BBl PLD
BEHNT FEAK; F AR 7E PLD M1 025 ms M1 525 ms
I 4 i OB S5 S s e THU 3 2t CBE 1 4%
2 525 msfH 2 525 ms WA BUNWAREZE . PAFRA K
ZARHAEIE R BT R 1 525 ms M 3 025 ms B, 42 g JK
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B 1 #RAZE R A~D. U2 005 s 00 AT L 3 1)L LSS S T (LR 40 S 4% )= T A T A DX )
M52 R R R A~D.ARUCR e 55 /Ny o B IE e 0 RS L 3 )AL T AL 6 R 3 S 4% )2 T T T A DX R
MRS R R BRI A~ ARYCH I 2 AR L 3 )AL P R I AR AR R T L o) 25 R R T A X D

Jo B g TR 3 2k i CBE Y{E 48 2 525 ms
17 +3 025 ms B AT e /N bR 22 .

2.2 PLD XAN[RAE 41 N 45 ik X CBF By 52 7 4F
BB (F=1.578, P=0.213) & T (F=1. 375,
P=0. 2594k A8 (F=10. 476, P<0. 001) , ¥ it
(F=4.578, P=0.013) 1 &% M (F=11.851, P<<
0.001) M4 JK i (F=4. 757, P=0. 011) A [d] PLD
BF CBF {H 2 5 A 40 1T 2% & 50 W L B 45 21 B,
1025 ms 51 525 msHF 46 K i (P=0.941) | i i}

B2 T
B3 W

(P=0.525) Kih% M (P=0.074) CBF {8 2 % L4 it
R MM CBF H2E R AR #E L (P=0.014);
1525 ms 45 2525 ms B 4 fiki JK it ( P=0. 022) 3 i
(P=0.007) K4 (P=0. 045)CBF {f 2 %A 4 it2¢
Bt CBF {22 R RG24 L (P=0.477) ;1 025
ms 5 2525 ms W ( P<<0. 001) , 314 M ( P<C0. 001)
CBF {H2 54 g it 2% 5 3. 20 K i (P=0. 052) (kL it
(P=0.209)CBF fHEZ S LG8 X,

H AR 2 it (F=5. 250, P=10.008), T it (F=
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4.123,P=0.019) i it (F=6. 862, P=10.002) , ¥ I
(F=7.368,P=0.001) i1 % M (F=5.076, P=0. 008)
Ke AW K B (F=5. 013, P=0. 009) A [d] PLD i} CBF {&
ERVASITEE G W RS R B /R, 1525 ms 5
3 025 msH4 i K i ( P=0. 890) & M ((P=0. 769) . T
M (P=0.257) 31 (P=0.022) . %t M (P=0.549) .31
gt (P=0.358) CBF {H 2 &% ¥ I 4 it % & X,
1 525 ms52 525 msfE2 M KT (P=0.016) T (P=
0. 020) \FHIM( P=0. 002) K i1 2 ( P=0. 008) CBF {4 2%
A G L AEBUI (P=0. 427) kL (P=0. 542)

CBF {2 % T80 243 %52 525 ms 5 3 025 ms 7E4
(P=0.006) .3 H ( P=0. 022) }& ¥k 1 ( P=0. 001) CBF
B2 R A G E S AE2 MK BT (P=0. 052) T (P
=0.257) .1 % - (P=0.226)CBF {4 % % T 4 i1 %

AR TN (F=1.781, P=0.180) M ih % it
(F=2.285,P=0.113) 4, KB M (F=14.108, P=
0.023) i it (F=5.782, P=10.006), fL M (F =
9.910, P<<0.001) K £ i JK i ( F=3. 944, P=0. 026)
ANIF] PLD B} CBF {8 22 5 A 4o it 22 5 3 I LL AL 45

B4 BerSARE AR A~ D HRUCH A 5 s AR A g L e R 2 T (AL R SR A% )2 TR B P I T X 30 B 5

DM SRR RER R A~DARYCOE G0 B o 2 AL AT IS S T L 38 3 S 45 )2 T % B 7 X 30D

B 6 4K
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F1 HEBHAEARR PLD B KX A CBF [ ml/(min « 100 g), = £ 5]
1 025 ms
21 51 — - - -
4 i IR T it T - e FUEZ 30
T4 51.27+6.41 48.74+7.67 47,7848, 17 58.43+6.69 45,4549, 00 60.4145.49
ot 41 - - - - - -
B - - - - - -
1525 ms
205 — -
A ki i J5E it Tint iy et FuE 30
HHEH 50.7345. 95 48.98+6. 86 49, 89+6. 86 56.38+6.59 51.644+8. 31 57.2045.12
AR 2 46.1947.42 43.024+8.53 45.854+9. 39 50, 83+7.73 46.1849. 41 52.784+6.73
B 44,07+7.51 41,7948, 74 43.2248.67 48.7147. 46 41,51409.52 50.89+7.43
2 525 ms
2 531
4 ki 1 J5E il Tiint it et fuE 30
FHEH 46,9544, 22 46.0844. 99 45.9844. 99 51.50+4. 25 48.574+5.08 53.73+4.75
AR 41.894+5. 31 40, 67+5. 60 40. 8846. 43 44, 7345.92 40, 88+6. 43 48.20=+6. 25
AR 41,6544, 39 40, 44=+5. 40 41,0245, 50 44, 254+4.51 43,0744, 21 47.60+5.02
3 025 ms
21 51 -
4 I K B iy Tint it Bt h Lt
44l - - - - - -
rh AR 2 45.4843.90 45,1644, 62 44,174+5.59 48.2143.81 44,1745, 59 51.00+4. 38
HAEA 44, 6043.01 43,954+3.75 43.374+3.55 47.4643.51 47,4843, 38 50. 0344, 49

WK1 525 ms 5 2 525 ms BREIM (P=0. 014)CBF
H2E 7 A Gt 2 8 A R (P=0.843) ¥t it
(P=0.952) K&K KE (P=0.410)CBF {2 5 A 4
P 51 525 ms 55 3 025 ms BRBL M (P=0.028)
CBF fH 2 5% 1 4t it 2% & XA, £ & i K i (P =
0.981) &t (P=0.547) it (P=0.627) CBF {H
ZRIGHFE L ,2 525 ms 5 3 025 ms 764K Ji
(P=0.021) il (P=0.020) Ji i (P=0. 024) K& ¥k
- (P<<0. 001)CBF {2 R ¥ H Gt & X,
3 itig

3D pCASL $ A 5 1% 48 i) % 2 K ik v =X 8 ik A
BEARICAH LU EL A 55 e B 0 A50CR R e b, AT S
E ARWESE R I HE T Matlab S 5 19 SPM ik # 4L
IR WEFU gy 84k 42 B ROT B9 CBF 1A , ik 4
TF3ham RO 2, i N CBF {5 5 Z Ai iy
FFE I EE R AR L, Hales 251 WSS 32 B ZEH Y
EH N2 K B CBF {E M (50+£6)ml/(100 g » min),
AWFFE P EHEAEL4 PLD SN 1 025 ms B4 K i CBF K
(51.27=%6.41)ml/ (100 g » min),PLD 41 525 msH}
4 K 5t CBF A (50.73+£5.95)ml/(100 g * min),
PLD } 2525 ms B} 4 K it CBF 2k (46.95 £+
4.22)ml/(100 g » min),

PLD J& M5 ic i 2 31 >k B2 (&5 04 B (8], 2l Jokoi 2o

A E] Carterial transit time, ATT) J& 30 Bk 1 M\ Fric 2
1] F) 3k R A2 W E . X4 PLD % F ATT i, i3
B JHE (B B M s 24 PLD IR T ATT B, R 4 B A
Bl K I3 A 3 3K A8 ) L 4% CBF R AR A 158 1Y
WEEAE ;Y PLD £F ATT B, 4718 )5 09 8h ik i i i
iR R AR BN AE 5 AR, T8 CBF {8 R AR Al 292 1Y
WA . Wang 551 R I BROR AR W B SR 4 £ )
(PLD 4 1.5.2.0.,2.5.3.0 ) WEVESIE . 45 R LW £
1 PLD AT RAPFEAR 20 Sl il M A 2 rp iR 25 00 =2 408 260
HEA ., Liu PSR PLD R 1.5.2.5 s, A0 B X B[ /K
PR BRI B CBF (H 1Y 52 00, & LW Fh PLD Fr 1%

ROI ) CBF {425 5% TG 2% 5 X, Wu 25 43 5112%
1.5s J 2.5 s PLD Xf 8 &4 IE % 4 AN (27~41 %) ik
A7 B a3 9 A%, & BT A ROI () CBF il &
P 2.5 s @ F 1.5 s EFE A K PLD I & K ik
M, EAZWER PLD R 1 500 ms I 2
500 ms, A WF 5 PLD #% H 1 025 ms.1 525 ms,
2 525 ms., 3 025 ms, B T 32 14 B [a] FR 41 , 75 45 4 3k
HOHCRAET 3 UMM B R R H AR AR,
AF N LR 12 F AR SR 1025 ms, AR 2 K B AT
R 3 025 ms; 45 5 R 7 A 4L A I K A
Tt Wt %0 PLD 2 1 025 ms Ml 1 525 ms iFi5
CBF A8 » B AE 4 il K 0T 3 R i gt — 35 22 5

B/
2
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TGt 2EE L HEFEH P 2 525 ms fifs CBF {5 A1K
1) Ji A AT g SR A AR B[R] A K B e e Y 2 Bk i s B2
BEGEFREAL. TAEAMZEHAE N 3 025 ms Ml
1025 msff 3 CBF H#& &, hAEA Y 1 525 ms 5
3 025 msTEA MK it ] 45 Wi 25 S B ot 22 B L

A 2H A O BT A TR B 3 2 %laﬂ%‘%
SIG I 52 525 ms 5 3 025 ms i CBF i,
T] BB & HE R B [a) & A I AR FE EME L 1 025 ms B
2 525 msffifs CBF &, 0] fig & 1 025 ms 1 & R0
Z R B AR IC sl DKL AE A N L 3 s 1 S A S T
AN TE A . AT IR & PR B 2 4E 3R IS () 386 00, 4% Mg
IX CBF fHbrifE 22 ¥ R REAL A, 5 2Z a0 M pFs - 45 8%
AH—% D PLD %K . CBF 2 8/, Eikgs R &
X AE N SR B PLD, XF 34 A R R K
PLD; 2% J& 3 4 38 i} 1] 82 <, CBF 22 5 8/v, 1 525 ms
AfEN 4R ANt PLD,3 025 ms EM’E%JEP%@AKL
f£ PLD,

A FEPAN T IEH BN RPAILE R F DA,
A JE W oy L i AR IR R L E N E DA
f£ PLD,
S Z . 3D-ASL AJ I A M I 5 A i 9 i PLD J&

HEESEH ., XA R B, & fE PLD KA.,
HAEN(20~44 )i A %M PLD, 1 525 ms 2R fF
PLD, & 4E N (=45 ) id & H#K K PLD,3 025 ms
JEHcfE PLD,

[ 5% 30k ]
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