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Value of cerebrovascular reserve capability in
evaluating risk of secondary stroke in patients
with frequent transient ischemic attack
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Abstract: Objective To explore value of cerebrovascular reserve (CVR) capability in evalua-
ting risk of secondary stroke in patients with frequent transient ischemic attack (TIA). Methods A
total of 86 patients with frequent TIA were selected and conducted with comprehensive treatments ac-
cording to recommended methods of TIA treatment guidelines. After one year of follow up, the pa-
tients were divided into stroke group and non-stroke group according to the occurrence of secondary
stroke, and transcranial Doppler (TCD) combined with CO, inhalation test was used to evaluate the
changes of CVR, blood perfusion index (PI) and mean cerebral artery blood volume (MCV) before
and after treatment in both groups. Multivariate Logistic regression analysis was used to analyze the
risk factors of secondary stroke in TIA patients, and the Receiver Operating Characteristic ( ROC)
curve was drawn to evaluate the predictive value of CVR for secondary stroke. Results One year fol-
low-up showed that 24 patients had secondary stroke and 62 patients had no secondary stroke. After
treatment, CVR and MCV in both groups were significantly higher than those before treatment, while
PI was significantly lower than that before treatment (P <0.05). After treatment, CVR of the stroke
group was significantly lower than that of the non-stroke group (P <0.05), but PI and MCV showed
no significant differences between the two groups (P >0.05). Multivariate Logistic regression analysis

showed that CVR was the influencing factor of secondary stroke in patients with frequent TIA (OR =
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3.219, P=0.011). ROC analysis showed that the accuracy, sensitivity and specificity of CVR in

predicting the risk of secondary stroke were 84.6% , 87.6% and 75.3% respectively. Conclusion CVR

is closely related to the risk of secondary stroke in patients with frequent TIA, which can be used as

an important quantitative index to predict the risk of stroke.

Key words: cerebrovascular reserve capability; transient ischemic attack; secondary stroke;

Doppler ultrasound; CO, inhalation test

T P B R I i A (TIA) A Sy 2 e i
PR BRI RGP 2R, 15% ~35%
6 > H AT 4k & A, S 30R 28 ) fig g A AR
TR R RIS TIA B IF T
T R AT R A AL dafe A A A ) R R R AR
RO A R R AR AR B
KPS AW RD Y SE S, 4 £ 3 A
(TCD) ReMEHHE AL ) ik i 37 8h ) 2= 8 bn 2 3, %t
SIS W TE A 2 G I 37 S R LA AT
IEPRMME . BFFE" s, 45 TIA 9 TCD 59 1f
Wil 5 ARk 80% LA L, Horb It LUK I 4% it %
(CVR) HhRE S H K e . CVR X TIA & i/
I A8 S e o it S48 5 e B DA BB T (R PP 5
SRAER AT SR, (B CVR 75 AT B TIA 4k %
A e G XU 1 G2 8 o AR T CVR
XA B TIA FE 3 2 A Jii 4 v DU 18 DAk 6L, 30
EWT
1 #REFZE
1.1 —f 4

WEFE 2017 4F 6 F]—2018 4F 6 A 7E & i h
= BE B2 A % TIA 1) (85 86 Il P 5 Xt 42, 9A
AFaifE: O 28 TCD JHREHLKIZ 44 (CT) st
= A% (MRI) A6 25 HE B3 B 8 B 245 v fn s o, 795 7
TIA Wi B W& ; @ A RIERE>2 kK, &Kk
RAERT M K A 24 h 35 B Jo B I i i 4
WY i A 5 @ R 56 B CVR DA 55 A bl
Vit ; OIIRTIRI SRS . HEBRbriE: © UM
Wt ZE g 5 @ U E B D B REAS, BE I
IRt H #; @ KA EVEMA L, A1THE K
Y RELIRIRITE . AR A E RS HEZE 5
S A, B 232 B i ArE R 245 .
86 i/ 55 50 4], 2 36 f5i]; AFdE 48 ~T5 %,
F1(56.8 £7.7) % 5 RIEHTE 2 ~10 A,
(6.1=1.3)MH; BHEERE2 ~5 K,
(2.8 +0.6) ¥; A IR I E 36 B, & 4% R
15 461], 45 W R 50 2 22 ).

1.2 ik
1.2, 1 S54500R9T : M3 TIA JAYTHE 1) Pt i)
IRIT R B SR IT, W s P BT ] VT AR
100 mg (1 &/d), BIFCAAMIT 20 mg (4B
1R, G G S-S ol s A b T 4 B A s il af,
JE , TRV IR , I F 7 DAE FR b 28 PRI
TGS Bl R BRI A LR A IR T A
1.2.2 KA RAEE DWL 23w A9 Multi-DOP
X2 WU Ze B R P s G A TR A FRIATR 2 ~
4 MHz, W 5 BUMEM , 75 70K 2 A~ 223 5 W
TSR BB L S0 b X e s RO L
Ao G 5 {7 P S #1000 A8, 38 55 BBOUUI , 4% 5% €O,
F195% O, A TP JFRBENE I TR (& 2 4
B[] O W 9 ) | WF R IR SR S A 1 A
TR EE LA ol 00 1 A ) o 37 3 Y 2R R 9
FEELRRH SRR G T min, i
% 1o B TR AL AEE  [) EsF 3000 6 W2 < T i 1 L 9 S
CVR = (WSS i 3t 38 - =i I o s ) /TR <
R ILATHE B x 1009% ' o il 0 9 33 45 %5 (PL) iR
KR (MCV) Wy TCD [ 4 F Al
JETHEAF .
1.2.3  Hs40r: X B TR (1111280
HIE ) AR 0 SR BB IR A h R A DL, AR
P it 1 10 TG & AR i A o JR 3 o S A rh 2
TR,
1.3 MBI

KM TCD Kt 455 CO, A ITAL 2 4
BEIAITETANAYT G 14 d () CVR . PL F1 MCV 75
b, FFiC SRR 1 A7 B 4k & A g il
1.4 %it oW

i I SPSS 20. 0 Ge 27 8 A4 o3 b 880, 75 &
IESS TR DL (v 2 5) R, 41 A] R AR
FH o Ky TR [0 (% ) 1 367, IR HEECR:
Fx* %56, [FHZIC Logistic [B1J 20 Hr i 4347 B
Ui 1 AR BB R R B A P A fE R I 2R . 21 22
BH TAERHE (ROC) M PP A Geit 2% 22 7+ 1Y
fa s R 2, PPAl CVR X £ 25 4k & i 4 v i) Tl g



o557 SCHIEREZG 2L Journal of Clinical Medicine in Practice .49 .

fH, P oa=0.05VERMEGEKHTE, P<0.05 HES
Bait#E X,

2 # R

2.1 A& FAIE

MRAEBE U7 1 AF 45 5, b dlgh A 24
(27.9% ) , TLHHFHPA 62 5] (72.1% ), 2 H
BAEMILL TR L, 2R G2 E (P>

0.05), W#1,
2.2 CVR.PI = MCV ik

IRITHT, 2 41 CVR \PL f1 MCV He#, 270
Giits g L (P >0.05); J&I7 )5, 2 41 CVR MCV
¥ TIRITHT, PLYMRTIRITHT, 25 A 51t
HX(P<0.05); a¥r)a, 4 CVR IR TI%:
e, 225 A gt L (P <0.05) ,{H 2 2 PI,
MCV 253G it2#E L (P >0.05), W#E2,

F1 2HBHFEZBRILB (v =s) [n(%)]

bR Arpf(n=24) AP H(n=62) /Y P
531 5 16(66.7) 34(54.8) 2.772 0.096
% 8(33.3) 28(45.2)
AER 57.3+7.9 56.4 +£7.3 0.356 0.642
farE % e I 13(54.2) 23(37.1) 2.072 0.150
BHIR IR 5(20.8) 10(16.1) 0.040 0.842
WA 7(29.2) 15(24.2) 0.225 0.635
R DL R REDE K 2.9+0.7 2.7+0.5 0.452 0.528
KRR e A 6.8+3.9 6.0+3.1 1.096 0.226
1L JE 8 AR FIEFEEL/ (mmol/L) 6.5+1.1 6.4+1.2 0.563 0.502
{25 B 5 6 14/ (mmol /L) 4.6+£0.7 4.4 +0.5 0.487 0.598
bR =E A K B ik 13(54.2) 33(53.2) 0.599 0.897
KT 2k 4(16.7) 7(11.3)
K fa g ik 3(12.4) 10(16.1)
HEFEIR Bl K 4(16.7) 12(19.4)

%2 24 CVR.PIFIMCV Eb#: (x +5)

CVR/% Pl MCV/ (en/s)
205 o . o . I
VRIT R RIT)E JRYT R RIT R TRIT R RIT R
Rl (n=24) 22.3 4.5 39.8 +6.8* 0.88 +0.23 0.49 +0.14* 15.5 3.2 26.8 +5.7"
TAFHE(n=62)  22.5%4.7 45.7 +7.3** 0.86 +0.21 0.47 £0.12* 15.6 £3.4 27.7 £6.3*

CVR: Wil 4 Pl MURHEESRE; MCV: RS lkcF- M. SIRTFaribss, =P <0.05; 524 E, #P <0.05,

2.3 FEHEBEE % T Logistic B2 5 #7

VIRETT 1 47 B a4k ki 2 v i 50 ok 1 A8
DIVARE e 0 WS PR WA R V8 L A st
(i) L1 1% B R A 1 M 4867 L CVR
PL MCV 2 7 A% &, i H 28 £ 50 Logistic [A] 14
ST b, G5 R R CVR Sy B8 35 4k & i
AP 22 (OR =3.219, P =0.011), 133,
2.4 CVR a2k & i & o RUFe 6 TR0 18

PL CVR 1R R0 26 TIA f5 35 4 & A 24 rh XU
A FINAEAREA T ROC 204, 45 R 7, CVR fiill
2k i A AU B MR BE R 84. 6% , R R
87.6% , RN T75.3% ,

3 3 i®

ARG 2 R TIA B 1 4R 4k
2 M0 A 1 SRR 2 5, AL I I R g 5 0 SR ) 43

TIA B35 I B T 1, Ak B fis . H AT,
I PRIFAG TIA XUBS: 1975 A58 2 , A & ik MR A
A SRR A I SRS A L I AL
[F B e 2 R 45 22 R L ¥ A A T AR A 45, (2
BTk R R D AR
KWL, CVR nlEEhy s P /N2l ok A1 6 20 1005 )
ML it A BE 7, 2 BB A A 1 22 BRI
FA PR 25 T T 9 5K sl 4 A3 i 2H 2RIV )
ISR SR o TIA R AR b A 2 1 2 2 B Al
A5 D S R S50 K i A8 45 AL F S RE e AR T
S CVR B R R, Rk CVR X &
TIA B Wb R A RS AT B A o e, H
HiT, I R T3 CVR fJ5 82, 140 TCD &5
 CO, 1Bk | R AU i B e 8 v e Bk T
5t B e A Horp TCD 2545 CO, iRk 1
TR 50/ A R TR



+ 50 - SLHIGREZ 2 Journal of Clinical Medicine in Practice 525 4
*3 WSHEXEEMZ T Logistic B35 47

SN B SE Wald OR P 95% CI

S 0.230 0.376 0.373 1.258 0.171 0.862 ~1.634

fR IR 0.509 0.416 1.498 1.664 0.077 9.824 ~2.272

IR 0.197 0.203 0.944 1.218 0.085 0.736 ~1.753

8 41K 0.407 0.315 1.668 1.502 0.072 0.938 ~2.203

FAEREL 0.466 0.334 0.958 1.754 0.087 0.812 ~1.927

KRt 0.781 0.437 3.195 2.184 0.058 1.721 ~2.656

IR 0.311 0.283 1.209 1.365 0.080 0.884 ~1.820

R ENR & 0.245 0.195 1.574 1.283 0.075 0.839 ~1.606

LA A7 0.121 0.236 0.768 1.054 0.102 0.755 ~1.321

CVR 1.170 0.421 7.711 3.219 0.011 2.851 ~3.689

PI 0. 804 0.318 2.871 2.235 0.063 1.812 ~2.512

MCV 0.813 0.289 2.903 2.266 0. 066 1.432 ~2.661
CVR: R4 ; Pl MUGRHETTHE % MCV: iRsh oy M it

-LEFﬁ:? CVR X#i 2 TIA B354k & wi2e b J)—(U{ﬁ I i ping using intermittent breath modulation[ J]. Neuroimage,

MANH

ARG, 2 B E L TR, 250
Geit s E L (P>0.05), KA Z H A IR
RN, g5 0105, AT e, 2 48
# TCD R A A CFs bR CVR 2R AR IT#E
X (P <0.05), 1ii PI.MCV 2% X4 it% 5= X
(P>0.05), $&/~ CVR EA B4 i U, il R
RBR A TIA B 4K K B A A RUBS: A PEAS P b o 4
IR Z TG Logistic [MIIH 4345 R 7k, CVR Jyfifi
Ui 1 ARSI TIA H35 4k % B 25 v XU 149 52 i) A
£ HERKI CVR $8A5 v X35 & TIA £ 3% %8 3 1
Jei JU IR i A R AR XU 33545 A A, ROC
AT R, CVR S ik 2 A IXURS: F S0 1 A
TSR, R BRI CVR BEA 25 v A Pt i) A3t
& TIA B B AE A A AR RS o (B ARG R AR
BUIN BEVTE R, t AR50 CVR 5200 TIA B35
YR MR B NFERLE , 8O Rt — 2R A

Zx ik, CVR 5% TIA BE 4k & A
JRUEG:  DIAH 56, JHEm] A Ay 7000 i 25 vp & A XU Y
HEE EIR .
B2 3H

[1]  STAPLETON C J, THEISS P, ARNONE G D, et al. Occlu-

sion of extracranial-intracranial bypass anastomosis-associated
aneurysms following contralateral high-flow extracranial-in-
tracranial bypass in a patient with impaired cerebrovascular re-
serve[ J]. Oper Neurosurg: Hagerstown, 2020, 18 (6):
E243 - E247.

FAHLSTROM M, LEWEN A, ENBLAD P, et ol. High intra-
vascular signal arterial transit time artifacts have negligible
effects on cerebral blood flow and cerebrovascular reserve ca-
pacity measurement using single postlabel delay arterial spin-
labeling in patients with moyamoya disease[ J]. AJNR Am J
Neuroradiol , 2020, 41(3) : 430 —436.

LIU P, XU C, LIN Z, et al. Cerebrovascular reactivity map-

[4]

(5]

(6]

[10]

[12]

2020, 215 116787.

OTSUKA M, KIKKAWA Y, KAMIDE T, et al. Factors relat-
ed to improvement of cerebrovascular reserve after superficial
temporal artery to middle cerebral artery anastomosis for pa-
tients with atherosclerotic Steno-occlusive disease[ J]. Acta
Neurochir; Wien, 2019, 161(4) . 799 -805.

TANEJA K, LU H, WELCH B G, et al. Evaluation of cere-
brovascular reserve in patients with cerebrovascular diseases
using resting-state MRI; a feasibility study[ J]. Magn Reson
Imaging, 2019, 59(6) : 46 - 52.

BIAN Y, WANG J C, SUN F, et al. Assessment of cerebro-
vascular reserve impairment using the breath-holding index in
patients with leukoaraiosis[ J]. Neural Regen Res, 2019, 14
(8): 1412 - 1418.

BONOW R H, YOUNG C C, BASS D I, et al. Transcranial
Doppler ultrasonography in neurological surgery and neurocrit-
ical care[ J]. Neurosurg Focus, 2019, 47(6) : E2.

ZHANG W Q, YINY W, ZHANG Y Q, et al. Influence of cere-
brovascular reactivity on outcome of the patients with =50%
symptomatic unilateral middle cerebral artery Stenosis[J]. Int J
Neurosci, 2018, 128(1) ; 42 —47.

PRASAD K, SIEMIENIUK R, HAO Q, et al. Dual antiplate-
let therapy with aspirin and clopidogrel for acute high risk
transient ischaemic attack and minor ischaemic stroke: a clini-
cal practice guideline[J]. BMJ, 2018, 363 (5): 5130 -
5130.

RIZK H, ALLAM M, HEGAZY A, et al. Predictors of poor
cerebral collaterals and cerebrovascular reserve in patients
with chronic total carotid occlusion [ J]. Int J Neurosci,
2019, 129(5) : 455 -460.

ABOUKAIS R, VERBRAEKEN B, LECLERC X, et al. Su-
perficial temporal artery-middle cerebral artery anastomosis
patency correlates with cerebrovascular reserve in adult moy-
amoya syndrome patients[ J]. Neurochirurgie, 2019, 65(4) .
146 - 151.

XIAO Z P, JIN K, WAN J Q, et al. Measurement of cerebrovas-
cular reserve by multimodal imaging for cerebral arterial occlusion
or Stenosis patients; protocol of a prospective, randomized, con-

trolled clinical study[ J]. Trials, 2020, 21(1): 49 —49.
(A% L)



