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The relationship between hypoperfusion distal to anterior circulation in symptomatic
intracranial atherosclerosis and ischemic stroke recurrence :a quantitative study

REN Shujing, SHEN Zizhen,SU Chunqiu, WU Rongrong, SHI Haibin, LU Shanshan, HONG Xunning"

Department of Radiology ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: This study aims to investigate the relationship between hypoperfusion distal to anterior circulation in
symptomatic intracranial atherosclerotic disease (ICAD) patients and recurrent ischemic stroke. Methods: One hundred and thirty
symptomatic patients caused by middle cerebral artery stenosis were retrospectively analyzed. They were divided into initial group , with
the first episode of acute and subacute ischemic stroke/transient ischemic attack (TIA) (n=92) ; and recurrent group, with recurrent
acute ischemic stroke/TTA (n=38). Hypoperfusion was assessed quantitatively based on time threshold of T,.>4 s and T..>6 s. The
degree of stenosis, border zone infarction (BZI) and hypoperfusion volume of T,.>6 s and T,.>4 s were measured and compared
between groups using independent sample ¢ test, non - parametric test, chi-square or fisher’ s exact test as appropriate. Logistic
regression model was constructed to investigate the risk factors for recurrent stroke. Receiver operating characteristic curve analysis
was used to determine the diagnostic performance of the parameters. Results: Higher degree of stenosis (P=0.003) , more BZI pattern
(P=0.037) and higher hypoperfusion volume defined by both T,.>4 s and T..>6 s (both P <0.001) were found in recurrent group
compared to initial group. Multivariable logistic regression showed that hypoperfusion volume defined by T..>4 s was the only
independent imaging marker that associated with stroke recurrence (OR=1.120, per 10 mL increase ,95% CI:1.051~1.194,P < 0.001).
The area under the ROC curve was 0.756(95%CI:0.672~0.839) , with a sensitivity of 76.3% and a specificity of 63.0%. Conclusion:

Higher volume of distal hypoperfusion defined by T..>4 s was independently associated with recurrent ischemic stroke , and thus may
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be a useful imaging marker for stratifying the risk of stroke recurrence in symptomatic ICAD patients.

[Key words| ischemic stroke ; magnetic resonance imaging ; intracranial atherosclerosis ; perfusion

Fi5t N S Jhk ok AR A Ak 2 55 9% (intracranial athero-
sclerotic disease , ICAD ) /2 V.Y Bl 1fit 4 25 v 1) 3= B0
WY, BABEOE BUk B ARSI A JEiE B
[l 2947 46.69% i) AR BRI PEAS H i ICAD Sk . 1P
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A, ALAE YR AR R R AR I 1 5 (three-di-
mensional time-of-flight magnetic resonance angiogra-
phy,3D-TOF-MRA) , JRECINALAS (diffusion weight-
ed imaging, DW1) 1 3fj 25 B4 BURGT LU 1 o 3 T A
4% (dynamic susceptibility contrast-perfusion weight-
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AT . 288 MRUF S G : D3D-TOF-MRA
ECA DR A | (repetition time/echo time, TR/
TE)=22 ms/3.6 ms, &% fi=18°, TLEF (field of view,
FOV)=210 mmx190 mm, 73 ##%=0.55 mmx0.55 mmXx
0.55 mm; @DWI: b =0 5% 1 000 mm¥s, FOV=
230 mmx230 mm, % f£=192x192, |2 JE =5 mm; 3
DSC-PW: {5 FH SR I8 A6 3 -SF- Tt [ 30 B 57
%1, TR=1 400 ms.TE=32 ms, FOV=230 mmx230 mm,
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K SPSS22.0 e it B F kA Geit2e b o K
H Shapiro-Wilk 4 56 11 9% BHE B4 & 1IEA 0,
A B Y B b 25 (3 = 5) o, 765 WU T R 40 4
(DU E0) LM (Pas, Prs) 1327 5 THECGOR TR R
HorHRIR o SR H Kappa (H 3041 A AH OC R 2L (intra-
class correlation coefficient, ICC) P-4 P 42 B2 Uil X5 43
IKWEAEFE | I8 M2 AP A 4 R — 2P <0.40 K
— MR 22 50.40~0.75 — PR A5 >0.75 ) — 2L
PERLGT

W40 & 25 52 R S I R R 3 4 A kA7 %
Fear BT, T i BRI FLBCR FH M ST FE A o A B 5l AR
SRR, THECFORY LLBCR R 7 K5 Fisher ¥
WM . 200 5 Bl PR A v A2 R AT REAR G
AR PR B HE T FE AR EA T B R Logistic [M1H 7347, B
HZE M EEX(P<0.D)HRZE, WAL E Lo-
gistic [AlH 534 (BB IFEE) , HE— 25 B PR 2
T R R M fE R R, P < 0.05 H 227 A 5
THE R X, 5 OR fE &2 95% 7T {5 X [ (confidence
interval,, CI) , >R 32308 TAEFRHE I ZR (receiver op-
erating characteristic curve, ROC) 73 ¥, i cutoff
B RBE R i 26T i (area under ROC
curve, AUC) .
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2.1 ARAZ T

AHIFFE LGN A 130 1]t i P i A v B o, drh
Wk 9291, 52 40 38 il I IRGERIEE R anZk 1 r
INo PHALH R VER] AR B AER PRR (BRI L&
JIg I RE Ko W AR ) 1 25 S B e et 2E (P >
0.05). [FI) &4 B LA, &k 4 3 v Il T i) A8

95 S B 2 (81.6% vs. 63.0% , P=0.039) , 5 & IR FH b
) DG AR SIS B R AT 2% 3 b 24 W 11 B A9 5 v
(P <0.001),LDL 7KL HAK(P=0.001) .
2.2 AR IEIGATE Bed bk AP BA A4 KA

P24 AR 2 S /KU REBE AP TAL — SR
- (1CC=0.826, Kappa=0.787) , ‘54 K& 4H ¥ H#¢,
52 R BB 0 IS R R R T (81.4% £ 19.8% vs.
69.5%+20.8% ,P=0.003) . 73 7KW FEFE (1) & A= L A51] B
155 (65.8% vs. 45.7% , P=0.037) \Tuu> 6 8 M Tou> 4 s
ARV FEAR R B 83 (P < 0.001, % 1) . WA K
52 R LAY AN 1.2 B o

AR ZR Logistic [MIH 3 #r2 B , A5 875 % 43
TKIBAFIE | T,> 6 s S Tou> 4 s FOARHE T A TR LY 15 Bk
MPEAE A R A (PY< 0.05) . h T RS fE K
R L2 EILANE, RIZEL R IF A T2 H & Lo-
gistic M 4307, 45 SR R W, 56 T 0 [H] B {E T,.>4 s
ARV T A, 2 5 IR Al il A< 4 R A G
(R kST R PR 22 (OR=1.120, {I3E 13 A R 4548 fin 10
mL, 95% CI:1.051~1.194,P < 0.001,%2) ,AUC N
0.756(95% CI:0.672~0.839) , cutoff {4 32.2 mL, 7
TR 76.3% , ¢ 5 R 63.0% (181 3) .
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ICAD & B M A= v i 2 B, B &R
W, ZE K BERAE UG 2, B0 T i A
TG R AT B RIG IR X o BEAERFSE R0, AU Y
YGRS ICAD BEBR A FAAR SN k- 3h ki 28
FR XU AT 50 AR F ST N Bl 259
TRYT AN RE MG A AR T U B AR R
Aeas, A Rk MR A TE ™ ARBIFE R
KA, 2 &AL B B2 B m VT AR A% B AT
F2 IRHATT I FLIE & 1l LDLZKSF AR, X
RN 25803607 il LIRS E BERR , A &2 % A XU AT A
RESE At o il P A v 2 A 1) 9 B A AL ] s
W B ISR E BEBLRE 24 | A TR A% L Sh k- s bk
98 ) MARTET R . R, TR AR 50
TS bR, X TV A R 57 e LA S RAN (B

Gy KU E S PR AS 1A T W v 2 B bR
Wabnitz % I BIF 5T R B, 1) 43 K IS BE S8 85 He
WX A R BT . AR K
YR 4y K I B B L 9] (65.8% ) 2 2 1 T 90 K 4
(45.7%) , S5HZER—5, HAKISFIAEA IS EA
T, 3 B T BRI A 45 0 N — R
Sacchetti %5 YRR T AL MKRHE RS b, & B
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Table 1 Comparisons between two groups in terms of clinical characteristics and imaging markers

Eiztan ] (n=130) 55 K4 (n=38) WIEAL (n=92) Py

B n(%)] 88(67.7) 28(73.7) 60(65.2) 0.348
(S x +s) 56.2 + 14.0 59.0 £ 11.5 55.0 + 14.9 0.131
FELAEIR (1 (%) ] 0.462

Sk 85(65.4) 22(57.9) 63(68.5)

M S PG AT 30(23.1) 10(26.3) 20(21.7)

TIA 15(11.5) 6(15.8) 9(9.8)
fal HZ [n(%)

R IR 89(68.5) 31(81.6) 58(63.0) 0.039

BEIR S 42(32.3) 13(34.2) 29(31.5) 0.766

e I I 38(29.2) 11(28.9) 27(29.3) 0.964

W2 A 44(33.8) 15(39.5) 29(31.5) 0.383

LDL(mmol/L,% +5) 24+09 2.04 +0.64 2.53+0.94 0.001
I R Zn(%) ]

Fr] ] DE AR 62(47.7) 33(86.8) 29(31.5) <0.001

SNEAS 38(29.2) 23(60.5) 15(16.3) <0.001

BT 68(52.3) 34(89.5) 34(37.0) <0.001
AR AR IR

AR (%, x + ) 73.0+21.2 81.4+19.8 69.5 +20.8 0.003

T3 7KIEHESE [ n (%) ] 67(51.5) 25(65.8) 42(45.7) 0.037

Tuo> 6 sl mL, M(Pss, Pss) ] 0(0,13.73) 9.27(0,53.82) 0(0,3.77) <0.001

Tow> 4 s[mL, M(Pas, Pss) ] 29.0(9.2,88.3) 84.77(30.32,142.57) 14.55(6.74,58.02) <0.001
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Figure 1 The representative patient with the first episode of acute ischemic stroke/TIA
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SNk E HEFRIC (arterial spin labelling, ASL ) 3 1 1%
WS R AE TR 5 B R ARG R [FbR IG5
FERBTE] (1.5 s f2 2.5 ) FA) i oL 9 12 [ 25 0E > 50%
A REA B T A ip & 2 AU . {H ASL AR 52 A
O IR B S MR R, 25 2 ARy e i 1 A o R

M SZAGER , ELMELLMER T HSEARRE TR

ARBEZEH , R T Z RO AR HE T AR AT
YR e, RS REIE T [A Sh A 5 A B AT
PAPREARAS , I AR CT MRS i T A 1
FRTBO A e A UG T8 bR . Takasawa
A5 RERE T AN [R) L5 B 14 PET 2 W5 iy i il 2k
FEXFH B T ELAE 4~6 s 22 18] AT LA e i 14 531 e
MFEREAT o PABRTE o, BA TR T X A
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Figure 2 The representative patient with recurrent acute ischemic stroke/TIA
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Table 2 The relationship between hypoperfusion and ischemic stroke recurrence

o LSS ZHE
s OR(95% CI) Pl OR(95% CI) P
53 IKIEHERE 0.437(0.199~0.958) 0.039
e 1.362(1.091~1.699) 0.006
"> 6 s 1.161(1.029~1.310) 0.015
Tou> 4 8 1.120(1.051~1.194) <0.001 1.120(1.051~1.194) <0.001

BT AR FRAEHE N 10% ;" I TR AR AN 10 mL

g Tz 4 SRR L BB RRATT T AR A 3 00 G 3
] K TR I TR, AL
801 RAS, AR A A R AU o
] ARG AE—L A R DAy ot ]
=M BUERTSE, BEA BN, AR B 20 I
E ] FREATIE SRV Bt A G AR B b7
] (A P B4 0 RS RIS T A
2 — PR3, 5 SRS 0 4 B R R V1
N B ST R 1 2 P 04 0
00 a6 T8 100 G5 LA, 3 TN A T4 « A ETE

-5 (%) N
=] RS S ) S 2 S £ o RN
To> 4 s AEHE LR BUREAS 52 % 19 ROC 28 T 1 BLY 0.756 Mﬁ;\‘ ST T’ﬁ ﬂ@%fﬂ?$ iR Eﬁfﬂ’? " ?mj
(95% CI1:0.672~0.839) , cutoff {5 4 32.2 mL, RELE H 76.3% , Fi 57 JiF JER A E AR BB BRI PEAS b A2 R i A O
5 63.0%. (/R
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Figure 3 The predictive value of hypoperfusion volume
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