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(ml) .' HMRS ¥4 PRESS JF41) , #6100 b 480955 kb DX RIS AR B 35647 N-Z BER 1T &R (NAA) (FLIR (Lac) L
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FERAICHE (r 435025 0.56, -0.55, —0.68) , Lac 55 V ZIFFEEM M (r=0.55) , ZICHLBIAST BN,
SEMFEFELL Y NAA /D SAFELL A V Z BfFEA EARAF KR AR (1= -3.310,P =0.006) , £5i8  JiG#E
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Changes of "HMRS and blood flow dynamics in acute cerebral infarction LI Hua-gang, ZHANG Jun-jian,
JIANG Jian, LIU Yu-min. Departmeni of Neurology, Zhongnan Hospital, Wuhan University, Wuhan 430071, China

[ Abstract] Objective To get more diagnostic information from the acute cerebral infarct, We used ' HMRS
and TCD to investigate the relationship between the metabolites in the infarct, the infarct volume, blood flow velocity
and blood flow to the infarct, and the clinical neurologic deficit. Methods Fifteen patients with acute cerebral in-
farct underwent ' HMRS and TCD examinations. Clinical neurologic deficit score was collected from every patient re-
cord at the time of the 'HMRS and TCD study. Infarct volume ( V/ml) was determined with machine software auto-
matically. A PRESS acquisition was used for 'HMRS. The peak areas of NAA,Lac,Cr, Cho in the lesion region were
compared with those in the contralateral side. TCD was performed for measuring Vs, Vm of encephalic blood vessels
on both sides, and the responsible cerebral blood flow was estimated by Vs. Results There were significant de-
crease of NAA,Cr,Vm and ECBF in the lesion region when compared with the contralateral side( P <0.05). The in-
verted double peak of Lac was detected in the infarct. The reduced NAA in the infarct was correlated with the reduced
Cr, Lac and the infarct volume(r =0.56, —0.55, —0.68, respectively). The presence of Lac was correlated with
the reduced NAA and the large infarct (r =0.55). Multiple linear regression revealed that the reduced NAA in the
infarct and the infarct volume were dependent on each other(z = —3.310, P =0.006). Conclusion 'HMRS and
blood flow parameters in the period of the acute cerebral infarction changed significantly. The decrease of blood flow
speed and the deficiency of blood flow are the immediate causes of the infarct. The presence of Lac is an extremely
sensitive index of the acute cerebral ischemia. NAA is a factor significantly associated with the infarct volume.
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HTREYE T 2002 4712 H ~2003 472 H # iRk 3K
BERtiZ ) 15 Bl & vk st g, Hdh 5 o #i, & 6
B 4505 60 ~78 & SF-HAEE 70.5 %, AMERNREAE S
Wi 1987 45 WHO 25 JURR ¢ [ B s 43 25 -1 2805
SO S 2ehmaf, Forb R B o Bl bk (MCA ) 6 iy DX AR
BE 13 151, KINGHT S0k (ACA ) HE IfiL X A BE 2 451 555 - A
FULE RN A AEAL 45 1 1], Hogs B Y LT X ik
S IR E A AL HEBR 1 B TR AE I Bk
AN REASORG A5 i H 3 15 191 2k I A A6 58 2 48 T 3
2l , BAEEAZIBIT R RIAT 1 K HMRS H1 TCD ##r

= KA

"HMRS % H Marconi ECLIPSE #L% 1.5 T &%tz
A, AT S BB T, WILT, W1, 24 5 min, 430 5 3 R4 7
PREOINAURAR (DWT) |, 4355158 5 5 45 5 X5 00 A 7
TAEHEAT IR, AR 1 K, BE S X = 1.2 em x
1.2 emx1.2 cm, iﬁ*%%,ﬁﬁﬁ%ﬁ*%iﬁi%(pOth-I'e-
solved spectroscopy, PRESS), TE A7 135 ms, TR K
1 500 ms, FARBCRSE, HilF 16 x 16, FOV14 cm, JZ/E
6 ~7 mm, FAMMRR AL 0.93 ml, BINRAEREL 128
K, BUCRAERTE] 4 min,

TCD &y EME 4&4% TC4040 A JH 2 MHz 8k %
P 43 4T MCA  ACA KI5 sh ik (PCA) £ T,
HI b B PRINAE IR S ik (BA) MESHEK (VA) fii iy 2B,
[ R 538 4% 4% 20 Ik i 37 A 4 09 06 52 ( Vs ), W AP 3
B (Vm) JKShIEEC(PT) B I H8E0(RT) . Akt
N R R 22 AR B 5T PR R 4% 6 Ui G ] 3] o A
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T FEARAS 1A 2l A I 15 15 55 DX RGO A iz 35 437 N-
LR T14 & IR ( N-acetyl aspartate, NAA)  FLIR (lac-
tate, Lac ) . /LR (total creatine, Cr) . &5 H#K L & ¥
( choline-containing compounds, Cho ) PA & #5128 T Y
AR (XS5 3R ) , 1158 NAA [ Lac Cr #5354~
FEUS Sk A A 57 38 457 4 HE B ( NAAL/NAA2 | Crl/Cr2
Chol/Cho2) ; 4 T Lac 7EH SE Lt Xl AH Rz &8 467 ik
Lac B2 E{E 5 X H Lac AR5 %00 AR N 3547 Cr
AR AY UM % /R (Lacl/Cr2) . FEAEALEZAL V (ml) H
LIRSS 1 3 BT i E sl B R

Vm B84k 00 Vil 5 X000 A B 1004 V2 #Y
FUEFR/R (Vml/Vm2) , Jepkk L3 & (xCBF) AYTHE A

AN AR P & (ECBF) =0.57 Vs x A x 60
(ml/min) ' (Vs {0 TCD Ml AETHAT M4 Vs 1Y
Y, A8 em - s 5 A SR 2R B ko AR AR, Fe
] 2 i i ) 2 T e 2 A0 B S 2 A B B4 1 A 1
Tid, ACA 242 =0. 15 em,MCA 42 =0.21 cm, A (1)
BTN em®)
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kb NAAL 5 X0 ) A8 5 &8 67 NAA2 H S FE X ¢ =
—5.088 , KA NAA B & B, 258 B %
PR (P <0.01);Cr HEEX ¢t = -2.494,P =
0.026,3% 8 Cr TR At 25 1 5 fa 00 35 A SR K i) 2]
Lac , {EU kA0 247 ] AG: 0 291) £ 14 X004 (1. 33 ppm Ab) ;
Cho fi M S5 xF U b g il 2 H B F T X, =
~1.771,P =0.98 (&l 1a ~ ), TCD Frillss il 5 )
Vm BRS¢ = —2.447 P =0.028, % %4 B EVE &
X M A SR = 2,400, P =0. 031, &
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MARRI#AZ HMRS ;b 5 MRA

%t 41X 35 NAA1/NAA2 . Crl/Cr2 . Chol/Cho2 .
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NAA1/NAA2 B AHSEMESN i SHEFEAE RV A H
#:(P =0.033) ;Chol/Cho2 . Vml/Vm2  IfiL i & & ki <
H R B I PR A 22 T BE B R o 5 H e IR R G o6
PE(#2),

Z ok MENE (324 H L) 2087 NAAL/NAA2
ML ARV A EM BARAE R R A S HAB R
Feer, HoAR e E i (¢ = —3.310,P =0.006) , B4
FEAEZRRL V HOR NAA TR Z ; NAA T ZE | %

FIAEAEAE ARV B, 2 RAE AR L, X Lac A4 1]
5K FEFEAE STV 25 Lac A OCME BRI R &R
(£=2.392,P =0.033) , BIFHFEAE 2R V B K, Lac -
Tk Z | R IEA AR, 5 Cr PAHCHE SR B R N
NAA(t=2.413,P =0.031), ifi Cho ! Vm ECBF Ji§
A R I R 2 D RS R B R R IS A 4
TR R R

F1 15 f]HEF HMRS [ TCD # A4 B3k
BERS S AEEY(#) NAAI/NAA2  CRI/CR2  CHOIL/CHO2 LACI/CR2  Vml/Vm2 V(ml)  ECBF(ml/min) ¥4
1 3 73 0.21 0.36 0.62 0.79 0.56 9.22 575.42
2 % 73 0.50 1.48 0.74 1.23 0.93 4.79 430. 17
3 E2) 76 0.37 0.50 0.79 0.22 0.63 4.09 302.04 36
4 & 69 0.68 0.76 0.63 0.40 0.98 2.15 337.20 5
5 3 76 0.58 0.43 0.41 0.43 0.81 1.09 379.83 18
6 & 60 0.93 1.61 0.91 0.26 0.96 1.32 124.42 21
7 & 69 0.66 0.93 2.35 0.50 0.91 3.76 438.08 21
8 3 76 0.75 0.31 0.54 0.23 1.13 5.94 240.28 6
9 & 77 0.62 0.67 0.82 0.58 0.81 6.92 306.23 27
10 B 61 0.46 0.61 0.92 0.67 0.81 4.69 577.79 10
11 Z 78 0.80 1.40 0.95 0.47 0.90 2.12 647.88 8
12 % 65 0.36 0.62 0.88 1.40 0.75 8.34 227.73 14
13 B 64 0.62 0.95 1.22 0.63 1.59 5.02 348.57 20
14 B 72 0.74 1.06 0.98 0.41 0.82 3.66 310.21 12
15 Z 69 0.60 0.51 0.73 0.71 0.61 3.55 359.94 22
xz2 15 BIHEEZE HMRS 5 ) 122451k Pearson AHIE T2
mA NAAL/NAA2 CR1/CR2 CHO1/CHO2 LAC1/CR2 Vml/Vm2 v ECBF 4
NAAL/NAA2
Pearson 3¢ R4 1.00 0.56 0.17 -0.55 0.46 -0.68 -0.32 -0.04
PAE (W) - 0.03 0.54 0.03 0.08 0.01 0.25 0.87
CR1/CR2
Pearson #3¢ R4 0.56 1.00 0.30 0.06 0.31 -0.44 -0.02 -0.07
P BB 0.03 - 0.28 0.84 0.27 0.10 0.95 0.80
CHO1/CHO2
Pearson 3¢ R EL 0.17 0.30 1.00 -0.01 0.22 -0.05 0.12 0.24
P B OB 0.54 0.28 - 0.96 0.42 0.86 0.68 0.40
LAC1/CR2
Pearson 3¢ 2L -0.55 0.06 -0.01 1.00 -0.14 0.55 0.16 -0.24
PAE (W) 0.03 0.84 0.96 - 0.61 0.03 0.57 0.39
Vml/Vm2
Pearson 3¢ R 5L 0.46 0.31 0.22 -0.14 1.00 -0.16 -0.19 -0.14
PAE (W) 0.08 0.27 0.42 0.61 - 0.58 0.49 0.63
VOLUME
Pearson #1325 -0.68 -0.44 -0.05 0.55 -0.16 1.00 0.07 -0.12
PAE (W) 0.01 0.10 0.86 0.03 0.58 - 0.81 0.67
CBF
Pearson #3¢ R4 -0.32 -0.02 0.12 0.16 -0.19 0.07 1.00 -0.38
P B OB 0.25 0.95 0.68 0.57 0.49 0.81 - 0.16
4
Pearson 3¢ R 5L -0.04 -0.07 0.24 -0.24 -0.14 -0.12 -0.38 1.00
P AE OB 0.87 0.80 0.40 0.39 0.63 0.67 0.16 -
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— 2Pk R B e AR B AR A,

i A 22 3 ik B 4k ( arteriosclerosis) T X, 3h
ok A A A1 1045 B 5 ) R A RS B AE IR BN 1 R
A Ar VT A SULT 5 e FE R AL RE AL A, IR
BNEE 100 g MZH 253 PP AE S 1228 3 ml, 2 skt il
JitE (rCBF) < 18 ml/100 g/min, il 4> % A= Wi 1 it
15, 1 B Z AR AT E AR W, ATP AE 5Lk 2D, AT 5
SO A o T A AR AR ATP 5 LR AR R 1M i
PV B RAG A L Bh sk rTRE R . 5 — Pl i
#4777 N -BEBR WLER ( PCr) 7] LA 4 L ATP 5 JILER
(Cr)fiERE, H 145 22 sk i sk 420, T 18 A% 4 MY 75 14 K
Fib 55 440 it ] B K b, 22 A AE T S EURREAE

MRS F1 TCD B4 A 1) 5

"HMRS J&—Fp JC 4 | mT Wi i e o X a8 A2 4
FI PR F AR . ASHIESE SR PRESS fik o 51 Xt
NAA Lac.Cr Cho BYKIN HA {5 M b & L g .
X8 AR AR 55 . NAA L2080 2. 02 ppm .
Lac & 1. 33 ppm.Cr & 3.03 ppm,Cho & 3.2 ppm;
Lac ANAFAE T IEH AL 2UH 7€ TE = 135 ms J¥ 41
Lac I WEAR) & ) T B A& (K 1a~d)

AHMRS F 58 REC e vk e ik Jr
GIAT I HERR 0GBV B U 24 X AR 4 D0 () 520, Cr
e EEEE VNS, Zh ey S5 H
Fee, AWFIE R Cho 7N AE A6 J5 22 A7 19 ) figi 20 2%
SEMERNDE KB Cho fE AN SIE

TCD il R _EANA AR5 | B8 S0 51 P it 4 1l
TR B AR B, HoaTH/EESR . TCD & o
Jei , 38 B ML ( FEEE LA ) | i AR kR R R R
S T) S LR P U, 43T B2 [ 558 [T 7 8 B T 75 A
5 1ML 3L T R AR A

= AVERAE LS5 HMRS, Vin |V ECBF #1223
REVEAr A H O R

ki A% B I 240 i B8 43 o AR L g 2 BUB 2 2
AR, — S s bk ZE S 6 h N4 8UE S K
BARWE, T,WI —BAEMEIESS 1 h 54 B &5
5o BTEIL Z H, 40 8 AR R B R A — R
b, B4t T2 Wik A AL RIS . AR A ST AL 3
7 Lac P06, 3% 2 T A AR A 7= 9 sh B S 58 b, Lac
TEMFEAE)S 0.5 ~ 1.5 h Al LLIAF) 0% ) Lac Y
HE R R A e i, R PR RO AR, NAA BT
FE T 200 1 iR 5 5 28 f |, Sager 254 IESE K Rl —
AR %G v 30 Jok P € ( MCAO) J , 28 it 6] 5% 19 NAA X
A7 NAA 2% ~6% |, T MCAO Z i~ 0.2% ,
Uil NAA EBAFE T ILH  NAA IS 5EH

TR TG 8, NAA J80 /0 S 1 4 28 oo B0 i s /b, &
M IC A ] WAL T B ARG . Higuchi 207 7 22 H oK
FUMCAO J5 1.3 h,NAA ST F#(25.4 +4.1) % , A1
15 24 h J5 NAA P EC 230 % Ul AR AL AL i i 2200
BT, ARHFFTIRUE A MR ZH 2 NAA T 2 i A A0 R AE
Z—., EF NAA —FF%%Q‘Z]‘}F/;EE*E%, Demougeot
ORI T 25 BN A B R S AR Y, AR AL T i
X3k NAA N 28% i ol GETE WA E . Cr J2& R 1R
WP AW Cr s FREVI R, RIS T
[t o Saunders-*! HL3F 52 y EHE 1 , Cr B 2EAHNT
R

Cho 10 45 B 2 H 7 AL & ( choline , glycerophosphor-
yl) , B2 1B 5% ( phosphocholine ) 5 # Fig Bk JH 5 ( phos-
phatidyl choline) ,—BAF T 4 fd v, 2 5 4 M < &
B A S YR B o8 A ¢, IR I B R DL R
b 07E 7 ~ 10 d JGA BT M, SABFZEARSF S

TE Pearson UL &5 4H K 43 A, NAA (Lac .V Z [H]
FATE—E W B3 O &R, BN 2RI AL b | B AT 4t 25 1
VUK, NAA MR EE#/ T Lac $8INASZ . L, T
DL 2F NAA | Lac U 3% 43 B > #0458 58 35 Bl K /N,
Lemesle 2810 78 20 8 17 77 ) i B 3E 38 & 5, 35
NAA/Cho WK 5 Orgogozo ¥-43 A AL k1 25 B4 K
BHFM:, Graham" " I HAEIELE Lac £ /040 548 3E
25 F  CBF I IR PE 43 ( Toronto 25 H P43, Barthel 5
BOF4) A5G, B Lac 78y D00 A% BE Y [ BR , 10J5
2 HAEXTFUS FIKT I HE NAA D54 Bk T,

ARG I REVE o3 5 HA AR 7 E B G &R
ST 15 ) 88 8 R 43 Sy FE T X AR AT, {H A
PRBEFE AL AN [|], S X i 22 D) RE DY 40 A — 2 W52
e, I ELAS 6] 057 4% AU ) o] BB A7 A — a2 25 7, WIE
W NFEETT X NAA/Cr e, fo R 2, /N i K i fe
> Cho/Cr LM e o LI, 20 #r B4 B0 e i L e
SR AN [ fife ) A AN, =2 B Y B, B kiR 25 kA

TCD il i 2 v Vi A At 1 o 2 2D 52 o0
A ANEBHL R 5 Vs FaE (B H B R 2 14
F= A 1M 3 AR A X B K A SRR R SO K, [
A Vi S50k 2> ] s i Y £ 9 2 22 /0 s R AN
AR E G EINESEI A . 2T TCD 5'HMRS #AH
Sk 1A, Lauriero 252V FEMFSE T 21 BB F S48,
AR SE 1CBF 5 NAA 45 B & 1E AH 3¢, rCBF BEAIK
SR LIOIET: T NAA & B (B 7R W 2Pk
T o BV 7 ( Luxury Perfusion ) filf X f 5S¢ R AN i
AW ECBF 1 Vs A5 JF A 22 4% B 5 1 B
H— %, & B — & 1Y iR 25, 41 ¢ 43 b ECBF 5
NAA1/NAA2 #J Pearson #HC R P >0.05, JCW] A
Ko BTARE M R A DG it o e 2 X,
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AIRE S HEABOR DA G,

Z It S A, St AR AE kL N NAA A9 >
EREFEAE A RIAEEAR BAKAE S &, IR AT DA i
XF NAA BRI, ok Sz AR AL Kk 28 B /N, Xl 7 4
PV A EEE L, %5[‘,Wardlaw %lﬂﬁﬁﬁﬁiﬁ
MHE 3BT 5 38 Lac /2520 NAA EZEHF K (P =
0.04) ,Lac ¥ #E NAA T FEGB, ARBF5RE ARG
SIS AT RE 5K Lac B 13 Me FLA, 8%% i T 4%
BE R Lip (0.9 - 1.3 ppm) “75 Y& i #& W{ Lac
(1.33 ppm) Kl AR 25 . Lip J2& FH 7 W5 4H L/ /D e o
20 A W R AT o 28 0 AN B S 77 A Gasparovie 450
RIAE R BUKHESE 1 ~5 d H, Lip ¥ 3w 0
Lip 34 = R s R Mz —

FH DA b AT W S S AR R i i B ) 2 R
AT R AR, I B A DR | I AN
T SO A ) BB SR R A T S BT A
Y)— 250254k, Lac F M B2 573009 i ke i G 20K it
RECHERTE TR AR, NAA AU/ A fz e As 58 At 25 A1
F/NB B R B  BRG, w] DAE i W % 3 A I 3
122 AR S AR AL R R I2 W R B 2 (5 B

POz ik 5E HMRS F1 TCD BF5% 1) i 22

FIAN BRI R IRATIAS A IR AT 500 A&
AR R SRR B, TCD HAT SUSME & R ko |
D5 {5 o] B A PR A SR A A, O EL 2R KB, 7R I IR 12
YRR LA S % R TCD ; Iifs PR A _E o R sk
G NN PRV 2R S ), ol HORS Aff 4 75 300 o R R e Bl
Bl 1d M8 1 MRA, R Z2 0 MCA A b5 38 185, 1
TCD il & Z2 ] MCA — Vm ¥ 80. 75 em - s™'; Vs
121.5 em « s ' UL B ZE 0 MCA 2 4R &8 A 58 4= W KT,
AIRE R ARAS TS, NITAYIE T MRA S2482% LAGIR 22
HAl TCD % J'& 5| £ /i 52 ik R 2 0T 8 #8 75 14
(TCCD) , AN ] LA T fiff 1 378 1 &, 38 0T LA T i 1L &
BER)IRAR . 2238 18 SR T 30 2 W 0 1 51 B 3 M
MmAEHREAEZER L,

"HMRS MAR i #1157 30992 W g 456 40, R T 4
fe 2PEIR R, I AT A IS AR A A R KT, 24
SR AR W 1Y R AL BB 2R B X A R S L
A5 "HMRS 7] 5 TCD SPET 45 & BF 5% Wi 4% %€ % 4=
KIBHLH G5, K1 H B K HMRS (R 22
INTEFRERKE A T B, AR T2 5 R 5 29
BERA . WA ST A — 44 i T 45158 1 AN BE i 32 A6
1, ia HAE " HMRS Hr 8 R )2 A 55, £ ko0
T F UL, 73 A RO 24 ARSI B3 AN

W SR, FATTA B AR, HMRS 7 il I 1 g 10 7
T (9 BIF 55 W PR D FH 458K, i 55K Aok ™
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