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[# ZE)BH.BHT CT EFAE(CT perfusion, CTP) Wk BT 2 tH 1 (subarachnoid hemorrhage , SAH) J5 iR & PE IRk (de—
layed cerebral ischemia, DCI) MG IRYME , F7ik . BB 122 4] SAH B &G RBER, T CTP #2450, .1 i 1L 7 &
(cerebral blood flow,CBF) . Jifi il % & ( cerebral blood volume,CBV) 3 1813# 33 B} [A] (mean transit time, MTT) B 3% i85 8] (time to
peak, TTP) , MR HEHA T DCI, BB 5434 DCT 4 Non-DCI 4, HLEBRLHE] CTP S H2E R, M ROC BHZRIFM &
280 DCL R EATIAMEL, L55R.122 B E P, &4 DCL 43§, 5 &4 DCI 79 4, DCI 4/ CBF (KT Non-DCI 25, MTT,
TTPE G BT, SR TR 22 R O B 3 (P<0.05) , CBF.CBV . .CBF [L{& .CBV th{E MTT.TTP MTT 2{& . TTP {8/ ROC fhik
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Diagnostic threshold values of predicting delayed cerebral ischemia after

subarachnoid hemorrhage with computed tomography perfusion
He Qiuguang',Wu Jingchuan',Guo Zongduo',Zhang Xiaodong' ,He Zhaohui',Zhu Ji',
Sun Xiaochuan',Zhou Meng®,Lii Fajin?

(1. Department of Neurosurgery;2. Department of Radiology,

The First Affiliated Hospital of Chongging Medical University)
[ Abstract|Objective: To observe the diagnostic threshold values of predicting delayed cerebral ischemia(DCI) after subarachnoid
hemorrhage (SAH) with computed tomography perfusion (CTP). Methods : Totally 122 patients with SAH were respectively enrolled.
CT perfusion values, including cerebral blood flow (CBF'),cerebral blood volume (CBV),mean transit time (MTT),and time to peak
(TTP) in predefined regions of interest were measured. All patients were divided into DCI group and non-DCI group. Diagnostic
threshold values for DCI were evaluated and sensitivity and specificity were calculated for optimal thresholds. Results ; Of 122 patients
with SAH, 43 had DCI, 79 didn’t have DCL The CBF was lower, MTT and TTP was longer and perfusion asymmetry was lager in DCI
group than in non—-DCI group (P<0.05). The areas under ROC curves of CBF,CBV,CBF ratio,CBYV ratio, MTT, TTP,MTT difference,
TTP difference were 0.87,0.69,0.81,0.76,0.88,0.72,0.71,0.78 ;the optimal threshold values were 15.91ml/(min-ml),1.76 ml/100g,
0.84,0.83,9.65,11.46,0.68,0.48 s. MTT,CBF,CBF ratio had high diagnostic value in predicting DCI and the sensitivity and specificity
were MTT of 69.77% and 93.67% ,CBF of 72.10% and 88.60% and CBF of 69.77% and 91.14%. Conclusion : The cerebral microcir—
culation hemodynamic after SAH can be evaluated by CTP. CT

perfusion is an early and reliable predictor of DCI.
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IR & P g Bk Il (delayed cerebral ischemia, DCI)
UK I BT B 1M (subarachnoid hemorrhage , SAH)
JEH WEFFRIE , LR S BSE RS BUR RN E
EREAE, FHiL B H®W DC L AEEY, BRi2H
DCI FERE T IRAKRE, TS S BR¥RE, B
FHEBR, REFEHE , —#IAH DCI 5 R 7E 3R B
BRRFENFEYY, 7£ DCI ZARIEH BIA RiHE
I RCEED, T CT R (CT perfusion, CTP)
YE I PR K 2 P S3IB B0 L I 3 1 2 P T B,
4 DCI TN AR 7 v , AT SR E AW CTP £
B, BTHRT SAH J& DCI - R0 R BT AL,

1 #RER®

L1 —f&FH

WRERKER KRENE S —ERMZIFE 2015 6 1~7
AWIER 122 ) SAH BEHIEIRITE, SR Fih =18
J % ;CT FE-435E 52 0 SAH;CTA B DSA iiF 55 % 3 k&
SAH; 9% 1 R ABE:FIIETT CTP /ey, HERRRUE .
M JER BN A R A/ | h e K T | 5 i 5 e kB | e B T
WEHR AR st = LR | R R AR R
HRHE  ARRRECEN 1 AL LRE &4 DO BEE
A BRI EFS 5N R B S B SRR S
1.2 DCI #4# Bidrsk

BENIMBIEZMORA, BREBIKFEEL(GCS
FEARZE /> 2 4 HRREERTRIRT 2 h), B0 B A Rkt e
RLARAE , AEACRESE RS SE , AR IR R 3
B,k MRt 4SS, B FRRRSMLA T GBS R 2R ILEBILE
R 5 A SR FE AL R AR BT R R AE
PUKMESHEE , T BN DCIY,

13 A gsa

BHAIT IR BABR R A DCLBEHR%ED R DCI
#H 5 Non-DCI 4,

14 CTP##

X8 GE LightSpeed 64 248 CT HH#, 2/ B bk I
B FRIBOG EEFR (R R 370 mgl/m1)40 ml, 518 4 ml/s,
RS s FHRAREFEARBZE VEE, ELRE 82
L, ZEN 5 mm, 3t 280 |2 , SEEEAKINATSIBK AR BBk
RS BRI R ARVE A S, EROREE Mk, &
R R E— e BOR X, [R] B e B 5% 5 X AE Rk
MK, ‘

1.5 $EaE 554

¥ CT M E R AN B 42 GE-ADW4.3 J5 b3
TAEYS |, RA Perfusion DB LA EIRE ; S BIHITE
BT I 3 B (cerebral blood flow, CBF) iR il 25 & ( cere—
bral blood volume,CBV) 3338 it i} 8] (mean transit time,
MTT) K kU0 8] (time to peak , TTP),

1.6 sit¥Hik

R FH SPSS 19.0 ZEit AT HER ST . HHEBERIRA
TR, ERTRFSESSHRA BB, RS IES
414 Fi Mann-Whitney U %38 ; 22 ROC BiZR , Fivedl &,
B ML T ERER & ST, KB =0.05,

2 &% B

2.1 DCI#8%5 Non-DCI A% l6 K T4

B A B4 A DCE 45 Non-DCI 4, H 85+ 40 i
B 44 Hunt-Hess 434K \Fisher 434 | SRAE SR 01 B Xk
ST, Ik 1,

®1 2EBRMERAER

Tab.1 Characteristics of patients in two groups

I R A DCI NoDCI {8  P1E
% 43 79

P51 12413 0.000
B 26(60.5%) 22(27.8%)

g g 17(39.5%) 57(72.8%)

i 54.98 55.52 0268  0.789
Hunt~Hess 4}%% 32271 0.000
I~ 23(53.5%)  75(95%)

m-v 20(46.5%)  4(5%)

FHESIAE A E 0.062  0.803
RIE 40(93.0%) 71(89.9%)

JE1EH 3(7.0%)  8(10.1%)

WK 1473 0479
FFER 14(32.6%) 20(25.3%)

BER 9(209%) 24(30.4%)

JeFAR 20(46.5%) 35(44.3%)

Fisher 434% 6.952 0.008
I-1 \ 14(17.7%)

K-V 43(100%) 65(82.3%)

ik 5 22(512%) 3(3.8%) 38341  0.000
BEALAK 11(25.6%) 3(3.8%) 10951  0.001

2.2 DCI#5 Non-DCI 42 CTP A4k
SAH 5 DCI B B #E B Non-DCI 48 3% -3 CBF.CBV
B ERK (P<0.05) ,MTT.TTP B & I (P<0.05), H XU
FBHER DCI HEFH Non-DCI HEH B (P<0.05) , i
2 B,
23 A A ROC ¥ &3R4 CTP A4 % DCI FIM M4
F-BHAETD DCI A ROC fRn® 1 fin, Hrb MTT,
CBF ,CBF B EA B HiA{E, AUC 47514 0.88.0.87,
0.81, [F&T, ATAR#E ROC BB 3 S HBAELHI FE .
MTT(9.65 s) .CBF[15.91 ml/(min-m})].CBF HL{8(0.84), B
o 7 P R BE AN B £ 69.77% N 93.67% (MTT) . 72.10% 1
88.60%(CBF) .69.77%#1 91.14%(CBF HA8) , i3 3 B,
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#2 DCI A5 Non-DCI E#EFBHLBIM( 0,,05)]
Tab.2 Comparison on CT perfusion values between patients with and without DCI[M{ Q,,Q, )]

HEESH DCI Non-DCI Ul PiE
CBF ( ml/100 g/min ) 13.25(12.22,17.26) 20.91(18.14,24.28) 434.000 0.000
CBV (ml/100 ¢ ) 1.76 (1.45,2.03) 2.02(1.77,2.26) 1 059.000 0.001
MTT(s) 10.96 (8.91,12.07) 7.89(6.98,8.76 ) 419.000 0.000
TTP(s) 12.34(11.69,13.76 ) 11.22(10.55,12.40) 959.500 0.000

CBF LfH- 0.76 (0.66,0.87 ) 0.93(0.86,0.97) 637.000 0.000
CBV HE 0.83(0.69,0.94) 0.94(0.89,0.98) 815.500 0.000
MTT £{E (s) 1.12(0.49,2.19) 0.45(0.19,0.99) 996.500 0.000
TTP Z{E (s) 0.72(0.33,1.41) 0.26(0.10,0.41) 738.00 0.000

#3 CTP &S84l DCI &5 ROC s TEHMRISH REREM MM B ENFRE
Tab.3 Sensitivity and specificity with 95% CI of optimal CTP threshold values for diagnosing DClI

fiIUE2 AUC(95%CI ) FRUER BWRME Uk HRE
CBF ( ml/100 g/min ) 0.87(0.81~0.94) 0.03 15.91 72.10% 88.60%
CBV (ml/100 ¢ ) 0.69(0.59~0.79) 0.05 1.76 53.49% 75.95%
CBF tf& 0.81(0.72~0.90) 0.05 0.84 69.77% 91.14%
CBV tfE 0.76 (0.67~0.86 ) 0.05 0.83 53.49% 91.14%
MTT(s) 0.88(0.81~0.94) 0.03 9.65 69.77% 93.67%
TTP(s) 0.72(0.62~0.81) 0.05 11.46 81.40% 44.30%
MTT £1E(s) 0.71 (0.60~0.81 ) 0.05 0.68 69.77% 65.82%
TTP 2{H (s) 0.78 (0.70~0.87 ) 0.05 0.48 65.10% 81.00%

3 3 i

aSAH/E 4 70% B EFETE , R ERBSIMEHATT T
B4 P H I RURS: | (B4 25% 4 HEBR DCT, — & A= 7E
SAH &¥%fE 4~7 d, BT AT LW E 2~3 .,
DCI 2 aSAH B EF R ¥ NI kiEZ—, H5 SAH
, B TS B, MR BB DCT H KA Ab BExT
G 82 04 U6 03 10 WEMTET R RIS BUR RA R EE MR L,
A. 45 CBF,CBV J CBF.CBV HEFH DCI #9 ROC H1%% 3.1 DCLA AL
DCI &AWL M 8 2%, — A N figg i & 2 28
(cerebral vasospasm,CVS) RAEERE AR
s CVS BHERE TG , BAMRKIAIFE DSA &
SR CVS Ry E TS DCI £, &R DCI &
HHEA CVS, BB K M EREIFAGER /D DCI
B &A=, Pennings ZOF] F IE A RIR GG R H A
BN SAH J5 R R R um e & B 401
‘ ' ' ' B E T, Dankbaar %MK H CTA B& CTP G2
e BAIE DCI 5 R SR VR 1 5 B e SR T 25
YIAHSE, M CVS HA R LLFE DCI kA, W ILTE
%F DCI Y EERE 516 KA 75 78 i R B R B 2
SHEAGER MR 3h 12 BRI

B. 3 MTT.TTP K MTT.TTP K& DCI #5 ROC HiZ%

1 CTP &&¥W DCI #§ ROC #h4k
Fig.1 ROC curves of CTP values
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CTP 1E M5 1 foi 20 R AA B SFE R S B —F
HHAFE, A ks oSS A =
7£ SAH BE ThEU/DME A, AR AEM ARE SAH &
EHAT CTA KA B [RIBT 80 CTP 334, nT ¥ 2 Bn B
HABFR M Bh 25 5%, % DCI B FA — & W] 5
%,

32 WERAIE SAH & RBABIRK AW £ &

Hunt-Hess 43 4% 2 SAH % ARG R % , 5
SAH WG IRFE A FUIH5C , A4 Hunt—Hess 73+ 5
R EE S &4 DCI, Honda 9% B Hunt—-Hess 43
R 0 B E T Y K, A A BRI AR 1R
55 RSB A L3 30 1 2 BB A R Y

Hunt-Hess 43¢ F T 1845 & 5% 5 81 e FREEIR
T DCI W2 RE BL SAH B FyR AR E XS5
S B VAR EESEIR . 44 SAH J5 DCI &
# Non-DCI #H &% .81 CTP Ko & ¥+ CBF.CBV &
EREK MTIT.TTP BEEK, BXUNEFSRE R
EER XN DCI &4 2 B BIA I U IEER
ML Bh 75 SR | 2R 30 A HE v B AR A B LA A
STRRYEFEVE . BRHE AN B O N T RE X dsk Bk 1 5k
A, Y R RN S B 2 T BEBERS , Etminan
LF1OE S RUBE T ST th R B, aSAH B HIMTT K
HIBREES K4 DCL, B E%,

3.3 CTP-F#H#: DCI

DCI ZARTBIA IR eAs, I rIRYESAH
FLHA R RS R R R < &4 DCI, Dankbaar %5
Xt 85 # SAH & ARt /517 CTP #i gy, #5H MTIT
XU MTT 2B FT4E R B DCI &4 354w, 78
MTT 34 5.9 s MTT Z{EHR 1.1 s B B 55 i 8k
HRRRREYE, B TREERS B IENEX
WS ESIEESE AR, SRR R AN
HSBUEV B —E 2 F", AHBEHTER—
&R FAMERERE TSRS, BEN &S BN DCI
) ROC M4k it — 254 #r K 8 ,MTT CBF ,CBF [l
BEREEEHNLEME,AUC 5354 0.877,0.872,
0.812, [FlAY, #l#E ROC fiZi8 i 3 M H R fEL
b7 A48 . MTT(9.65 s) .CBF[15.91 ml/(min-ml)].CBF
FAB (0.84) , Ko FCRT I i U E R4 57 B £ 69.77 %1
93.67% (MTT) .72.10% 1 88.60% (CBF) .69.77% F1l
91.14%(CBF H{H), 5% $#&75 MTT CBF CBF LL{ETR
] DCI By &A= T SEtESRes , B MTT & CBF ZE3Ff
SAH 5 R S E AL XTI DCI A EHE
A PR R E

SAH J5 B BB TUNE SR LM Z T8
Shac =g 2L 5 CT, DCI VR A HER 207 CT B4
P, B2 XA S 5 BB AL
Pham %5124} HI7E SAH J& 3.5.14 d 47 CT A K
CTP A4 Z B, CTP ¥ FE V(6 mT B 3 O AR AR S 4t
I, BRT CT ¥4 3~5 d, R B E P A 6 5l
ZHEDCI B CT 43R AR R (B A BB CTP
FEMEER, FHESE CT FH H AR
FEFELE, 7 L CTP ZEXF DCI BIAR R A BE M
FEME, FHI1T CTP BN AT TR B &Kk E
DCI, 3 B8 Tk il 58 2 RO I BUS , RN RN
TRV e ) BB R IR IO AR e 20, RV =
ST ABERY SAH B E M 17 CTA BX& CTP ¥
2, DA W R R T R RS,

Bt SAH AR A JLE AR KIRIT KU, B CTP
KA DCI MRFEREEZ TIREER, LInfEFUK |
o Py i i, - I & BT AR F s Bk 6 1 s BEL BT B i
BRI e EAR T B )T R F AR F B S M
AR £ AN RIE A5 B A% R ER A, 2
AT5 T 388 B B 2 BA YR CTP K 25 X B 2 Lk 2% o 47
Foi 2R LU AE SR E TR , T E v S RS M Fe e et
6] 5 DIC My & A K IG KRR R YIN, B 430
R E AR ST, TR RIS & S HE SAH RIFIBHARY
B, XA R — SR, AR A HMAAREZ
b, R4 B R R R R 2 4R CTP
R B AR SR 1 P BB FEAE— E RN

A & B, SAH J5 i 08 20 1 RS BB i
CTP ¥ 2 K ¥-4l , CTP M 7E R BT DCI iy & 4E
WIAT#E, FEILIEXTHABE SAH BEAT CTA 2
R BRA CTP K2, ABE /17307 CTP /s, A
FR KL B A TG 928 28 [R) Bt T Ao S SR A B T
DCI &4, RETHERRREIRYT , KB RE TG,
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(# E)BH 05 3h R AR S 310 Je 3t E ALK Z M8 5  (computed tomography angiography, CTA ) B4R B9
W, .5 62 Bl sE ARG R ATTRIE CTA 2, 2 A HE M (volume rendering, VR ) K £ M & 4 (multiplanar
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