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CT # ¥R 7k W B T B2 W i /5 B IR sl ZE R R Il PR . R A 53
b Fhme', 8 A4, 7 KLE (400016 T Pe , T Pe R R B 45— PR B . 2 A RE L HURRR )

[#Z] HI H CT#EFE UL (CT perfusion, CTP) A5k [ JE T i H 1fil ( subarachnoid hemorrhage , SAH) Ji5 ki i 47
IR AR R 5 R PRER B i3 28 (cerebral vasospasm, CVS) 5CHK . Jitk Wk 85 ] SAH B3 F 35 4 1E# AAE
HTHEPEDFTEX R o X EREIFTE N R IEAT CTP Ky, JFAC 5 H: CTP A OGS4k fiL i 1t ( cerebral blood flow, CBF) figi fil 7
& ( cerebral blood volume, CBV) M F-3473# 17 B[] ( mean transit time, MTT) o BFBFSEXT 4243 0 1E 20 F1 SAH 40, CVS 20 fidE
CVS(non-cerebral vasospasm, nCVS) 4, fE IR # CVS 2 ( symptomatic cerebral vasospasm group, sCVS) F1JC4E IR #Y CVS
(asymptomatic cerebral vasospasm group, asCVS) 41, Hunt-Hess I ~ [T g2 MM ~ V4, tbas 44l 2z 18] CTP 2800 2 5,
g54L  SAH 411 CBF (EARTIER 41, MTT HEEH K (P <0.05), CVS 41 sCVS 41 Hunt-Hess Il ~ V2% 41y CBF
B3 3% nCVS 4, asCVS 21 #1 Hunt-Hess [ ~ T 24114 CBF {H T %, MTT {HE 5 HEH K (P <0.05), 7 ] MTT {54
6.31 ~12.72 s W B E AR FE T PR & B Il PR 40 22 DI B R 1% ( delayed ischemic neurological deficit, DIND) , H:rb 2 il i ,
LBIBET:, 8518  SAH JERKGHAGER NI ) J) 2= s Rl R RIS CVS A —E MR R , JF HRBigd i CTP ek LB,

[REIR] Ml 2R ; Rk PO B i L ol 5 O J8E VR JUAR 5 S0 37

[FREES#E]  R741.04;R743.35;R814.42 [xmirEm@m] A

Application of CT perfusion imaging in detection of changes in cerebral microcircu-
lation

Chai Weina' , Sun Xiaochuan' , Lu Fajin2 , Wan Bing2 , Jiang Li' (' Department of Neurosurgery, >Department of Radiology, First
Affiliated Hospital of Chongging Medical University, Chongqing, 400016, China)

[Abstract ] Objective To observe the changes in cerebral microcirculation after subarachnoid hemor-
rhage (SAH) and to study its correlation with cerebral vasospasm (CVS). Methods Eighty-five SAH patients
and 35 controls, enrolled in this study as perspective study subjects, were divided into SAH group and control
group, CVS group and non-CVS group (nCVS), symptomatic CVS (sCVS) group and asymptomatic CVS
(asCVS) group. All the subjects underwent CT perfusion ( CTP) and the associated parameters, including cer-
ebral blood flow ( CBF) , cerebral blood volume (CBV) and mean transit time (MTT) , were recorded for final
analysis. Results Compared to the control group, the CBF and MTT were significantly changed in SAH group
(P <0.05). The CBF was lower while the MTT time was longer in SAH group than in control group. The CBF
was lower in CVS, sCVS and Hunt-Hess Il to V groups than in nCVS, asCVS and Hunt-Hess [ to I groups
(P <0.05). Delayed ischemic neurological dysfunction (DIND) was found in 7 patients with a MTT time of
6.31 to 12. 72 s, hemiplegia occurred in 2 of the patients, and 1 patient died. Conclusion Changes in micro-
circulation hemodynamics after SAH are correlated with CVS and can be detected during CTP.

[Key words ] CT perfusion; cerebral vasospasm; subarachnoid hemorrhage; cerebral microcirculation
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Jiki 1L % 32 22 ( cerebral vasospasm, CVS) JEWR M 25k 7EIG R 358 KA 45 5 5 I R R B A 58

T H I ( subarachnoid hemorrhage, SAH) J58 WL 2B GE——BEAME (A B 5 A9 i 45 2 28 1 TE i
KAE. HAEMZWE CVS 007k BB T B B PRAEIRAARAE ) A FH A A 7™ 3 09 11 PR E R AR AE 17 T
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i 21 2R B8 B 1 i s Y O AR (CT perfu-
sion, CTP) & FAAG AL G ML 3L 30 1 22 (19— Ff o Oy
ko AU R SR BT SAH 5 il f 6 R )
A B H 5 im RFE B CVS B A

1 ARSH®

L1 —ff4t

WA T PR BE R B Ji 25 — B B il 22 A1 ) 2008 4F 3 - 12
RAWCEIFF G AR N AFRUER) 85 5] SAH B35 K 35 (1%
NAE RGN G20 I 120 A O A bR : CT SEHIESE B R M
SAH, &5 2 AN ABe 3t T A E 4T CTP Ry, HEBRARME: 4
U e PR Sl bk g JE RS A P e J 2 5 JOk MR T2 5 0 L 6 P
7R KSR BE MLAIL I BRI L af L i T R PR
FBSAH F; ABERHNFEE M 2 B &L b s BT A i i 4
9o STRRG IR A5 B 0 B P R P B2 5 L I A ™ R 0 I
WARGENG . EH A BLATCCo 0 1048 B3 995 95 58, 3k i CT 7
FABGEEAR AR IS, BRI AT CTP KA
1.2 CVS 893 B 4542
L2.1 SRALCVS  CVS (I 32 AR L I R AR |
PAE B I S (AR, ANARAE SAH J5 2 ~ 14 d, B3 i
PURZS AL, 5P W L B0 0% SRy e e 2 2 AR, G e
BHRGERRAT SR, DL N T8 R R B, A0Sk K S Il
IR EBRAM AR BT ZE L, CT K BR A0 2 25 1 o FRUK B fi v i i 45
J& , 75 FE Ry ik R TR B ifi & B2 28 ('symplomatic cerebral vasospasm,
sCVS) ™
1.2.2 Jofetk#d CVS WAL AE DSA Fi1/88 CTA EZ L0
FER W 0 1 M AR 2R Y B 7 B B O AL/ B TCD 42
7R KM B ik ( middle cerebral artery, MCA) ML i WEE KT
200 em/s SR BN =120 om/s' i 84 A7 L 9 i
Z I HE BB, B A JORE IR L A 111 45 26 25 (asymptomatic cere-
bral vasospasm, asCVS) !
1.3 AR Lo

W SAH 2% BEASHTFE TR I CVS FIWbRifE > CVS 41
HInCVS 2 ,CVS 4443~ sCVS 2H Fil asCVS 4, Hunt-Hess 53
Y55 CVS Z I FLA B AT OGRS R I AE A e B X SAH 41
47 Hunt-Hess ¥F20 36 2400 1 ~ TRV ~ VRA, I
35 FIER AVE SAH BEH XTI (K1),

F1 HEMNE—RIFER

415 B 'S F ()
poyiisEizl 18 17 55.12 £10.53
CVS 41 20 26 52.78 £13.52
nCVS 4] 19 20 43.56 £18.24
sCVS 44 12 10 55.52 £10.78
asCVS 44 11 13 47.57 £8.31
Hunt-Hess [ ~ 11 20 26 22 44.38 £19.06
Hunt-Hess Il ~ V 4 17 20 52.43 £13.87

1.4 CTP # %

K GE LightSpeed 64 JZ42JE CT HL, 4 bk (8 FH e v
FHRLL 4 ml/s BB E A DL EE S 30 ml, AZHER K 15 ml, FEIR
5 s Jo Bk S AT R O TR L 8 A2, R R

5 mm, 45 HLE 80 V, A HLI 200 mA 5742 70 s, 4L 280 |2, k£
KK RT3 ik (anterior cerebral artery, ACA) MCA =% 55 4 3 ik i1
WERVE R A S Z Bk, b ORSENE A i # ik e — i
FERR B B TR R T R R X, I E R
MR DX HHE 1T S5

A5 R 0 CTP 2 80 f, 45 - D A i 37 & ( cerebral
blood flow, CBF) , 75 HA7 I} [A] Py I 22— BN ZH 4L 45 45 F 1)
i 7 & [ ml/ (min - ml) ] ; @WK Ifil 45 & ( cerebral blood volume,
CBV) AFAE T — &t fili 4 Ul L5 NI 1L 25 it (ml/g) s B F-
Y 2 [ ] (mean transit time, MTT) |, IfiL /8L 25 0 L8 25 A 1T
JIT 225 () AR AN [, S s 1 B [ A [ PR b 32 O 2 3 5
IFIE] (s) 227 o
1.5 %it5FFH%

K FH SPSS 13. 0 Geit-# i , o 4 4 A 2 1] (4 22 5 R FH 5
2R J7 223 Mt (F K ) s R Logistic 5 22 K2 (010553 #1733
XFl R A 2R 5 CTP SHUB I L #EATAH DG 43 #T

2 H#R
2.1 %{idéﬂéﬁ’]{';}i’ﬁ‘ﬂ-éy\#ﬁ-

N2 2 iR, CVS 415 nCVS ZH7EAERS 5 A TC i 1T
Hunt-Hess 43¢ S5 IR R PR R 22 RG22 (P >0.05) .

®2 2HMBRERERILE

AHOCNG R G R) CVS(n) nCVS(n) Py

AR (%) <60 38 32
0.501

=60 8 5

Ll % 22 19
0.891

X« 24 20

A G i MR H 22 20
0.659

¥ 24 19

Hunt-Hess 434 I ~T% 26 22
0.217

m~ V% 20 17

2.2 EF CVS 2afe nCVS 28 CTP Ak

1€ SAH ZH 1, CVS 41 46 f5i] ,nCVS 41 39 i | iF# 2 35 4,3
HZ AR PRI Z B TC . 22 7 (P >0.05) ., 4% 3 445
AT T 2553 BT A5 R ANER 3 7R : CVS 41 .nCVS 2111 MTT f§
AR K FIERA (P <0.05), IE# 41.nCVS 41.CVS 41
CBVHMZER TR EZER(P>0.05),

%3 CVSAHAEnCVS #EESHLE

24 5 n MTT(s) CBF[ ml/(min « ml) ] CBV(ml/g)
CVS 46 4.72 £1.67% 29.87 £26. 53 1.76 +1.47
nCVS 39 3.49 +£0.75% 37.23 £14.59* 1.78 £1.46
X g 35 3.13+1.08 47.41 £27.23 2.26 +1.52

a: P<0.05, 5L 4; b: P<0.05,%5 nCVS Za1b4k

2.3 B sCVS 2842 asCVS 2145 CTP A4k

CVS #H1 sCVS 215 asCVS £ 2 4 5%F B4 (35 4] =[]
AEHE PERZ BTG5 5 (P >0.05) , JL CTP 28 It
AEIINZE 4 7R ,asCVS 20 .sCVS 411 MTT {5 B KT
ERA(P<0.05) , % HE4 .asCVS 41 sCVS 41 CBV {H £ F T
BEXEF(P>0.05),
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%4 sCVS A5 asCVS AETSH LR

24 51 n MTT(s) CBF[ml/(min « ml) ] CBV(ml/g)
sCVS 22 5.53 +0.832 23.14 +9.32% 1.85+0.75
asCVS 24 4.37 £0.92* 35.55 +10.03* 1.77 £0.96
X i 35 3.13+1.08 47.41 £27.23 2.26£1.52

a: P<0.05, 52 lB41rb4; b:P <0.05,5 asCVS a4k

2.4 Hunt-Hess 54 & 21¢9 CTP 54

% 5 7~ , Hunt-Hess T ~ V 22204 Hunt-Hess T ~ 1T 2%
211y MTT {4 525 4E K CBF ] 5 F&{E (F =6.77,P <0.05; F =
1.31, P<0.05) ,CBV {HfEM A Z M B2 5 G L (F =
0.06,P>0.05) .

%5 Hunt-Hess {E5RE S REFTSHILE

ZHH n MTT(s) CBF[ ml/(min + ml) ] CBV(ml/g)
Hunt-Hess [ ~ 11 48 3.92 +0.85% 30.02 +24.59° 1.80 £1.61
Hunt-HessIll ~V 37 6.29 +1.52 22.97 +£19.07 1.73£1.29

a; P<0.05,5 Hunt-HessIll ~ V4 48 b4z

2.5 CTP £ty & 548 %06 R FA 2 1048 % B89
DHT

AW P = I 95 S Hunt-Hess 43 9% 46 AH ¢ 11 IR 9%
5 MTT {38 in & CBF 1) A% 23 0 1E 47 B4 K 2 Logistic [A]
VA5 M (£ 6) , 45 2% & BUAT#%  Hunt-Hess 434 5 MTT {f ,CBF
(B B (A ek s P 5 5 CBF (A B4 1A 6k, 5 MTT
fHEHE N TC 2 G R s miiL R 5 MTT {5 . CBF B G . 2 1 AH ¢
o FEEIRIKRTTRE , Bt T2 H & Logistic [IH AT, 50— &
Pl Hunt-Hess Il ~ V %2 MTT (B3GR R 2

%6 MTT 7550 CBF TF 548 5% I R 24 UM R 43 47

AHIEIE AR R MTT Jh () P{E CBF FRE(H)  PIA

<45 23 0.008 2 22 0.005 3
SRS (%) 45 ~60 37 26
>60 25 15

5] 5 44 0.096 5 26 0.002 3
4 41 41

1o I 5 H 28 0.065 8 33 0.085 1
x 57 32

Hunt-Hess 434 1 ~ I 48 0.284 7 37 0.1512
m~vVv 37 30

2.6 MTT/a5 & RS

745 MTT fE24 6. 31 ~12.72 s f B F AR R i AR Rk
M DIREGBRA, CT P-4 475 A ik ke 1, B AR AT, b 2 4319 4
L fsETs, Wn 22 .

3 itig

CTP £ R A CT P45 AR [ Ffilh AU I 1
1 ~2 min BYECHERAE IS ], 5 HLA] LU A i b S 7
THABFR ML B 727 A 0, 3 R I S W T e 1, 45 9
9o A R TIUTE BA INL O 30 00 2 B U B it T R AP A
HTFE.
3.1 SAH /& CVS

CVS S48 1 N 3 ik (0 R e U 4 IR 45, Rl HE A

32 2 50y Jok 325 s A4k 7 DX G 98 3 9 ek 2, DSA L CTA Fl
TCD 7Ei2Wr CVS #RAEFE “ M A A s BHAE” 79 21
G2, 3 ARG A4 H BT B PR T PN 0L A SR R4 2R
F AR B E, B SAH J& , ARSI A8 38 1 B 3R T HL
T ARAIE 1 B AR R Ik T o A A i AR S 3 T
O X380 2 2 A A A, DTG 72 A 2 ek T R
I A IR | AR 25, DR I AR S £ 06 3 1) 4 72 T i X
CVS BN B Y ZEmk

TE AR AR G 4% ( orthogonal polarization spectral
imaging, OPS) J&—FfA] DL 14 Fl e 2 A 5% KM iz )2
TR BRI 0 DR 50 ) 5 1% 2 5 15 2003 4F, Uhl 25171
FIH] OPS 195 5% % R, SAH J5 KL (Je AR FT) A
HEAT 50% (R A A T T BebE RO RO A R AR A
IR 223K T5% , i B 51— R A IG ARAE AR, I i
LG R . X F2 W], CVS AR BT i 9 K 3h
JU , [0 Fsf 3 6 43 ki S S5 A FR BT A0 , T 5 R L A 3 9
ANRE A& BN LA (R R 2
3.2 SAH GG Re B T 516 R R I £ &

FATHFFE &I, SAH J5 CVS 4 %% nCVS 2H &
HH) MTT {541 CBF i A7 23 A9 R0, 33X $27i8 fik 40 41
BRI B) J1 24 e AE 5 CVS AT BEAFAE— 5 K
Z ;1 SAH 21 FB 3 YR IE # 41 MTT 5 A1 CBF {547
BENZES, #8 SAH J5 BV B A N K 3h ik 1) 2=
25 LA TR P A AR TP PN AR I ) 2 e A ik
AR 4 A2 B A

HE—2 0 R B, asCVS 41 K sCVS 2 %5 1F # 40
) MTT {E.Fl CBF {4 I & 1228, 1 sCVS 213X as-
CVS 447 MTT {E 1) &k 2 1E K , CBF {H 1Y) I 2 T R, #2
7 CVS B RV BA 1 PRAEIR B AT, 7R il SR8 2 1
PR 5 RO A 174 el A B B S I I R B & R
SER BARAE .

Hunt-Hess T ~ V 220 % MTT {H% Hunt-Hess [ ~
I g2l o K, CBF {H4: 2 3 N R o, R &
Logistic [B] 543 # i) 45 2R # W] Hunt-Hess 43 2% 5 MTT
(A AT CBF B R AIG AT B I AR DG, 3 PR U A
i BT A ) A0 728 TIOR3 B2 A G Y i RE R A/ B
PRAF AR EE , M G078 20 A9 o 728 3t B &, (R ik MTT Al
CBF XoF T i (U0 20 M0 30 7 2 A e A8 S Ll 2 75 B 1Y
PEA AT i EL AT 5 B A 5T R R R FE A

Turowski 25 A58 & B8, MTT %3 3.2 ~4.0 s SAH
BRI TR b 2 B I S 0 R 2 AR 4 B ok IR, i
MTT KT 4.0 s FBFE S22 MTT 3.2 s (R FE
H47 DSA kit AR WA, A 7 i MTT Ny
6.31 ~12.72 s By B H 7E FE vt B DIND, il 5 25
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Wintermark 25 5@ 35 %+ 33 4] SAH () 88 3 4> 3 ¥E 47
CTP F1 DSA ¥ K P A JC CVS, Geit 3 Hr 4 -
W, BR T MTT,CBF 1.5 DSA A5 & A G, HAAl
SRR S 1 4 il iR B 92% F1 86% (MTT) [75% Fil
95% ( CBF) , 3145 Hf MTT &I A] k% #x CVS, CBF 1]
M2 CVS, TIRATIB5E KB, MTT F1 CBF ek 42
1E CVS 441 nCVS 2H sCVS ZH H1 asCVS £ 27 [a] () 2% 55
W Kk, CTP fAH XS ERT REXT CVS ByIAR L &
2 CVS HAG H 2 A5 A R A {E

AW WA — AN B Z A, il T2 3 CTP
(CTA) F1 DSA [ TCD &% % il & b 55 52 e, RS i
AR T ARG A 2 8] A [ BE IR (BT R EXT CVS (1)
VA Fr sz
3.3 CTP f£ SAH /545 CVS # & A 8] %

AHE ST K B, SAH J5 i S0 B4 1) ek AR BE 48 8 1
CTP i #rR4a7R , HY5 CVS Fliln KRR Z A5 %
VIR & T — 2 WF 58 X SAH B3 17 8 4
CTP il , LA —251A 1 CVS Rif & il 1L 37 80 1 2% 19
AR . T ARAM S R AR DL S5k T
Z W R i — 2L

S 3k
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