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#OE. ASCFES 1.5 T MG R 228 # B A% % (Chemical Exchange Saturation Transfer, CEST) A% (S K 25 . 18
TR BB ARG R B, K GE Signa HDe 1.5 T #43L#R 1% (Magnetic Resonance Imaging, MRI) 1§54 4371 it
TARFAERE . BRI B, BREE . AL AL R B0 A () CEST BB L 4T, DLRAS R sah vk 3. Ak A% e B # 11
Z BT, IEMRBAL. BB E . G EARE T EGEIES . BZR 7% (Amide Proton Transfer, APT)
B8 K Z AT AT, 4 KW 1.5 T MRI HH{X 1 CEST B (5 M Lb AT A%, HLBEp Rt R IG5
T CEST BB MR . EHMSEA BT, BRARREE R R R8s mh /305 80 A nT AR N R s B8 (5
ME L. AR EREE Ml 105°0F, CEST USBUREAT. BRRECN 2. WiALE 3B /o8 105°1), FrE8uRf&
HA Z 5. A Z DR AL I AT 2R —294 ~ —194 Hz TR AT SR 30% 48 &R (Glud . B (1300 4li7K (H,0).
MR (Cr MIfESER, 5 H,0 ZREKATE-244 ~ 214 Hz. JFIEEIE(SES 30% I BHES T Glu. H,O. Cr, Cr
WA T Glu, APT Kl Cr i8Ik T Glu. 25 Bl it APT B2 S5 5 . 12 B 2E (0 APT BI 21155, CEST iR
EUEHIT X AR X 3. 5 12 GIRCRER 7] BEHmAHN . HEEFIRSEH WS CEST AN LM, HitE
H 15T T, CEST HiARZHMMGHAL., K&, HAREREWEW, FEIMBTZHmMMI. ERIERS R E TR
WISIERER T, RS CEST Mg M Z 1 pli g mT LA X AR P B FLk B
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Abstract: Acquisition parameters for chemical exchange saturation transfer (CEST) imaging were optimized on a GE Signa
HDe 1.5 T magnetic resonance imaging (MRI) scanner with phantoms and clinical cases. The effects of matrix size, number of
averages (NEX) and flip angles on the quality of CEST images were assessed. It was shown that the signal-to-noise ratio (SNR)
of the CEST images acquired on the 1.5 T scanner was relatively low, and the stability and uniformity of the By field affected
the outcome significantly. Reducing matrix size and increasing NEX improved the SNR of the CEST images. Optimal flip angle
for magnetization transfer was found to be 105°. With a NEX of 2, usable Z spectra could be obtained. The Z spectra indicated
that, with the saturation pulse frequency centered at —294 ~ —194 Hz, signal differences could be observed for 30% Glu, I3y,
H,0, and Cr. Maximal signal differences were observed when the saturation pulse applied at —244 ~ —214 Hz. Amide proton
transfer (APT) imaging on patients showed that 25 cases of brain tumor had high CEST signals, 12 cases of cerebral infarction
had low CEST signals. It was therefore possible to differentiate brain tumor from infarction with CEST imaging. There were
also 12 cases which failed due to long acquisition time, patient movements, and temperature changes in the scanner room.
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ERFE T, WAL FECRFEME T (NH. -OH %) 2 \—F i B ARES
) 5 — R R R, BIRRAL 2T el fl #4584 (Chemical Exchange Saturation Transfer, CEST) Rk .
CEST RUA&AE N —Fh 3 () BE LR 1% (Magnetic Resonance Imaging, MRI) 7 A& & 78 B4k A% i3
(Magnetization Transfer, MT) Bk 2242 e B0 Bl bk @ e >R 1y, JHL Ji BHLR 1) FH AR o 1) i 6 41 T
Fikr X A5 B PR YR AR E TR TR AT FR A TR AN, BRI S B E K R AT A A e
T EEMA K R B T (A5 5 385 . XA Rl A W K BT A5 5 AR AL, Sk (182 S WX Fg) 5 () A
KAG BN H IR . T CEST Mg i F/KAE 5 IR ek M Rr & A5 B, I IRk 2
VIS 515 B BH RO, BT LRI AR 09 B T IA BIFEE /R CumoD), EZEGHEE/R (nmol)
S, 1K DA P P R R TR, R AT AL S R BRRE A% K L S AR A A, B
A R .

PR, EAFEE MR, SEEREEIE 16%~20%, ©5 %ML amiEshE
VIAHDS, SRR AR B ARG 4. B A5 o IR Bk S R P2 1T B, 1T TR AE o 1 1 2 O Fr 4L e
Wz —, HAATEEAER . B TH# (Amide Proton Transfer, APT) miEE°LE —FhHt T
CEST K%, HeJ0O RS I P Y1 (1) A7 T 20 B S P PR 9 B 1 03 S 2 K 7 IR ReAS B . APT
FAG = CEST HIMIFE 4 i o 2 1 03 RN/ B2 IR TR 03 7. MR 7 A A # oy (8.320.5),
WA Tk 230 3.5 ppm (it B, RAJ CEST iR, PRIk % 7T A8 e ML 1, IXRERE
TRLRI ) T 1 R 1 22 5 R ML RT B K R B AT A 25 5 4, AN K R B 7 1045 5 i R AR 84k . T
Pk Jie o7 - P FE AR AT 2 7 Al 25 7K B3 F- 3.5 ppm 4k, [RIEFIFH APT SRk A7 7E AR I B, 2552 B/K 1 B
FBAIRN. (water saturation) FERE) MT R IR, MIRATR AL AL 152 (Magnetization
Transfer Ratio, MTR) K& & 1T AT,

MTR=1-S_,/S, )

Ssat A BIHIFISRA MG S So AW 0 MG SE. DA Bt APT AR :

MTR,,,(3.5 ppm) = S, (=3.5 ppm) /S, — S, (+3.5 ppm) /S,
~MTR. (3.5 ppm) + APTR

asym

b MTRL,, (3.5 ppm) S E N FEE A ) MT AXSFR. APTR /2 25 8 F B el 2 IR i T e fg 2, K
MR (R) AT 1T

)

APTR — Ky [amide proton] (1—e vt @)
[water proton]R,,

Horp K, WEBERUED I3 [water proton] AZK T FHKFE, 58 7/KE4H5%: [amide proton]
N CEST &AL TIKEE ;s to NVLRUBKIF AT (8] Ry A AGBIRR . X TR R 1T 720 e,
A Ky oc10P P, ()i W] T &SR S WAL A 30 3 5 VR Tl P 2 1] 7R 5% 4%

PRI S A 1 A2 AL AT 200 M P A/ R Tl P2 ) A2 A KRR 32 AT T L, RO AEEAN pH {1
B R ERFHLA AR S I E AR > 2 —. WY, PURSHZURSER pH B4 T —Fh3)
ST, RAERNRNVEE N Bl AR T, JCHAMIRE AR pH B R BEA7 A 7 5
g, AT A YA pH SO SR A, B, H AT S — M Tk, AT S
HAS I 5 AR QI YA pH B 10 CEST MU AT BLSEBUIX — H ¥, 000, e 2 1 a0 1) 30




%3 Wik 5155 1.5 T BEIIRAL 22 S et MRS RRAR A5 0 BX 3R 20 M7 277

CWIRIVEAL, 6T MR K TS S T A R . BAR CEST BT WAL Gt (1 ] BB J2 3135 14
AR pH AR, THE T MRI 2> T RA808T 08, DNl RO 12 Wrif )7 S B b e fit 7 —Fh 4
WA TFB. AR, fEImKRB BT, CEST MUGAIA7E — Lo B i jEm 5 35 A Fr e 1], AR
HUR A AT W5 IR

1 #85h%
1.1 sKIersl

KARE ARG AR B, B ARG L B4 BR B HARR 2R 4 AT TS B 4t

WEBA: 2R —KEMN, 20KH 50 mL iREHESH 30%AEER (Glu). B (I3, 4l
K (H0) FILER (Cr) [REAY, K H 3093 I 4 [ 5 .

G PR ZEH1 . e fE A 2013 4 10 H & 2014 4 10 Hidt4T CEST BUE R MG IR F] 45 1, HA &
B 8, B 376l 2541, L& 20, FRE 35~73 ¥ 2 1], “FIYERN 52.6 &, BE TN
FEZERE 12 49, FofibRg B 25 . TERCERTATA A H3 Te ENE, HEE T AERED.
12 FH&

X F GE Signa HDe 1.5 T MRI 143 43 71328 47320 5 455 0 Al PAC S 491 Fs BSR4, e il A Y
4T CEST Bif8 il Z iR, ImIK R BI3EAT CEST BRI H $ MRI K 2.

CEST Hif%: X H pulsed RF irradiation ] GRE /541, HAMAK# (5 2 LA 50%. ik A~ E0R1 #H
K7 G —F, BN AN ik o i R )l 8 ms, A AR AT 1) =8 ms < ATk i AN <. fhk i 1] B
I (TR g 60 ms, [l 1] (TED WEIERIAAEAME. BEF (FOV) =200 cm?, %&£y (flip
angle) 4 35°, #if4=128x128, MT F%: =105, opfat=1, MihxE Ny 8 k. 43 HIK4E opmt=1.
MT #ii58=-224 Hz, opmt=1. MT #i#=224 Hz, K opmt=0 =4 &%, @i iZ =4 KEE#1T)54
HSH APT K. opfat £ ARBTG5, 1A 0 A% opmt A& MT MRk I < iy
AFF, 1 ORI 0 K. FEXTEEEUER ORI, 73 5l R AN [ R AR A (128>128 Al 256>256) . AN[F]
B IREL (2 AN 8 ) ANFIEIE: f (15° ~ 65°, [HFE 10°). AN MT BFE ff (35° ~ 105°, [H][&
10°) AT EL AT HT

Z i%: opmt=1, MT HiZ N-354 ~ 354 Hz. [aIB% 10 Hz, 2 BIREAFBURIREL (2 IF1 8 0.
ANFEBIEE M (35° ~ 115°, [H]FE 10°) ) Z &40 #T.

1.3 HUERALIBER DT

TS EE X MATLAB & E B 49110 )5 A PR 41517 CEST-APT j8i4% f1 CEST-Z % & &
ST R AN EE, ARG . APT K. Z T E S E AL b . EdE 5 Hr R A SPSS 13.0 it
T80 500r .

2 GRS
21 miRELR
AR A FACE P& B k€ T CEST MUK APT {55 X LU UL, R4 T 28 88 (1 Je 2 Ik i 3%
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. JARKER. pHE. BE. KO mGERE (T E#aim APT (55, Hoig2m
REARZIKEGE D . ASzIGr ) CEST BIAAIG R ZH], #IFH 7ix— .

T 7 i E R A AT 330 A 2R X AV [ —294 ~ -194 Hz I 7] &2 7R 30% Glu. I H,O. Cr K155
Z5, 5 H0 ERRALN-244 ~ 214 Hz. JRIEEBAES 30% la B % & T Glu. HO. Cr, Cr
WA T Glu, APT & Cr B& % T Glu, @i 1 Frox. #R4ECHERFTIA, 1.5 T hZL/RA% K 63.75 MHz,
APT 8435, EJuEN (22445) Hz; Cr —MA643.05, MEJLHEN (194.445) Hz; HAMRK
N n2.1~2.4 F15;3.65~3.8, HFuFI N 133.8~153.0 Hz Fil 232.7~242.2 Hz.
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Bl 1 (a) WA y-354 Hz I EEA B CEUBRECH 2): (b) SKRIRE GHEIRECH 2): (c) Z B CEBNRECH 2): (d) 1
I F-354 Hz [ E G B GHBHIRECH 8): (e) I ARIRE GHBRECK 8): (f) Z WKl CGHIRECH 8) . S5 1~4 43 MR
FBONH A (Gl MR (o). 4K (H,0) FIULER (Cr) YRR

Fig. 1 (a) Original map with the saturation frequency of -354 Hz (NEX=2); (b) Maximum slope map (NEX=2); (c) Z spectra
(NEX=2); (d) Original map with the saturation frequency of -354 Hz (NEX=8); (e) Maximum slope map (NEX=8); (f) Z spectra
(NEX=8). No. 1~4 represent 30% Glu, I3z, H,0 and Cr, respectively

Rl 0 IR EE RIS 2, 25 151 o e 00 Ak 3 0k s e 27 %) 1A% (Fluid Atttenuated  Inversion
Recovery, FLAIR) E&1{E5, REUNABURME (Diffusion Weighted Imaging, DWI) E&E{E5S . #EE
IIAUEAE (Perfusion Weighted Imaging, PWI) 2A&#EE, CEST JRIEUE AT X /3748 X k; APT K
BEEES (WE 2 Fiw), AKX MR seAR X . R0 R KX . TN SRR kL, IR G
EUE ] DUX {5 5 1 2 5
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Fig. 2 Brain MR images of the patients with brain tumor. (a) T, weighted image; (b) T, weighted image; (c) T, FLAIR image; (d)
DWI image; (e) Enhance T; weighted image; (f) Original map with the saturation frequency of —224 Hz; (g) Pcolor map with the
saturation frequency of —224 Hz; (h) Pcolor map with the saturation frequency of 224 Hz; (i) APT image

Rl BRI S50 pH B9AR 4L, 12 FiiisE ZEBR 1ML [X FLAIR £ 5155 . DWI 2515 5. PWI 2%,
CEST JR 4G v X i A X 4%, APT KIEKES (A 3 Fian), WX 2 9B A8 X KK i X .

R, AR NEEAEIREAE L, AT —ENmE, FEERKRERFEAR.
22 BE&E

SEEGAE R TR, 1.5 T MRIFHEACSZEL CEST RN (9 R A AR Y0 Bl &/, 15 e EE AR XHIG
RN SZEL APT i B A A AR, Blao=K 1 Ri<K, HHAoNEIFR 5 8 KR T

WAL 2, K RN, Ry N/KEF IR o B R . W& i+ R AL T & 8.3 A,
FXFTIKIET S, AwNo3.5, M 3.0THHMm K, Aol 448 Hz, H KHIEEIN 10~300 Hz, #fE3.0T
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Fig. 3 Brain MR images of the patients with brain infarction. (a) T, weighted image; (b) T, weighted image; (c) T, FLAIR image; (d)
DWI image; (e) Enhance T, weighted image; (f) Original map with the saturation frequency of -224 Hz; (g) Pcolor map with the
saturation frequency of —224 Hz; (h) Pcolor map with the saturation frequency of 224 Hz; (i) APT image

MRI $344% FHEAT APT BAGRFF & 4, H T DU T 2 R i 1430 pH H. X 2 H AT CEST
RGO FE S N AR 3.0 T UL 3738 5 MRI AR IE . ARSI R 7E 1.5 T MRI A L
BT, Ao = 224 Hz, KA R A0= K XA, SEMEA R ol B m B K 0E, H
SHE S ZERAE K E, 0l APT Mg CEST A%, HASM: A AL, & 1 fs.

FAN, WEIAEIRARE T RIS RS CEST MG RCRE. Aszid i ch, 34T T EE MK
oyiT. AR, B E— R B F — 2k, 7R A — B AL B DL, (AR Ao B DL S B H R — IR K
DA% AG H AR T R S W Ae e e I S EER O%, ETERIE R e e e S S B R fE LT, AT
HEAT LRI HERA Y CEST Wifg, &0, AR E R a2 s, dmmEgRE. frbl, 7fERR
HHAT CEST g, T it AT WA e M S 35 50 B () o s 4% A 7 A OE
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2.3 BgEHEAR

7E 1.5 T 3558 M HE3A  , CEST MG AE Mt LU ARG A, 10 245 21 mT 5 (1 45 SR 75 2 o | (S e L
LA RESE R 3.0 T 3758 FHIRESE, DAUHT IR SGE . A0 4Lm S 18 U RE R/ B
FhRE B A MT B SR SIS HO T T Z . SR ER: 15T |, EHMWSHAE
MIEOLT, BRARAERERT DL — e PR TR s e bl 3Bl Ik B rT S (5 M b, (ER Bl R s n 4
SECREER RN, XES APT Bl K Z BERSWAK, (HSZAG 8 5t mT A DR A SRR B IR 1 e 52 5
KR AL BN T LB I R s R (S e bl s MT Bl /ol 105° 1 CEST BURB . A SCBEAL A Hil1E
AR pH EHPRZ, #SCikBY, pH K, 59 TR S . ASat il PSS 22 10 KR
LATRER RN pH BRI, 28R, AT DU g R A, AR AT B R Sk — B AR Ak A1
Zi s TAEIEAE AT

T Z i, ANFE MT 8% A BFEGEEE S A E, (HAR Z 328 15 b, SUiREch 8 Ik,
MT B M0 105°0F, {5550, HRER MK MmEmRE 2 k. MT $i# /A% 105°8F, AT
BEIET A Z .

FT A 1) CEST ##i# % Hi pulsed RF irradiation ) GRE J# 51, ANk 525 E CRIAE AR fik o
5[] BRIt 2 ED Ay 50%.  fikar AN BORARAT a0 — B0, AR Bk (0 RIS 8D 8 ms, LA
FII 18]=8 mex<t M ki AN $>@. BIAERERK, MR e, SRAEm e Wik . Hocmipa™ I TR
60 ms, AL E 2 FIHIRA . WA, R4S CEST FPaZ 8 n] % B N: TR=60 ms,
TE BRI\ /ME, B /=35, FOV=20>20 cm?, #EF4=128x128, MT &% f=105°, opfat=1,1 il
WHCN 8 IR, 4 HIRAE opmt=1. MT iR N-224 Hz, opmt=1. MT #iiZ N 224 Hz, & opmt=0 =41 [
%, B Z = ARG IS APT B, Z i R4ER, opmt=1. MT i3 A-354 ~ 354 Hz, [A]f% 10 Hz,
Wuh R HCh 2 K.

24 HMEZR

BRI A4 PP A B BT som, EE a1l =R ER R, #afm CEST g
BACR. ASERrb, WP 12 BlE AR Horh 7 BIOSTCIA 52K R EM, 5 ) DAker £ R IR
PN

15T F, CEST HARZRIMBHALR ., w&. HAFRRWEW, RIS, £IR7
WERE g Fa M B S FERIIE LR, CEST [P 4I1Z4y: TR=60 ms, TE BRINAf/IME, #H%% =35,
FOV=20>20 cm?, #i[§=128x128, MT %% =105, opfat=1, MR ECH 8 k. 73 B4 opmt=1.
MT SR ~-224 F1 224 Hz, K opmt=0 =4 K%, Z it K& K opmt=1, MT #5iZ -354~354 Hz.
[ERE 10 Hz, BBRECN 2 K, #inl LA 203 = CEST JRIGE. APT B, Z 3%, wJLAX /R4
Je LR, FE T R T B4 M b ARG WO i IR R i A 2 S 2 5 T PR B8 R A AR AL
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