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[Abstract] Objective The correlation between blood perfusion in the supratentorial watersheds and the
degree of stenosis of the internal carotid artery (ICA)was investigated by computed tomography perfusion (CTP)
imaging technology. Methods 97 patients with unilateral ICA stenosis ( =50% )were analyzed, and 37 patients
without vascular stenosis (or unilateral ICA stenosis <50% )were used as the control group. All patients under-
went CT scan, CTP and digital subtraction angiography (DSA)examination after admission. The watershed areas
of the bilateral supratentorial areas were selected symmetrically to measure the parameter values. The perfusion
status of each watershed area in different stenosis degree groups was statistically analyzed. Result In the case of
unilateral ICA stenosis, the difference in mean transit time (MTT)and time to peak (TTP)between the affected
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side and the healthy side in each watershed area was statistically significant (P<0.05), and the affected side was
more healthy than the healthy side. Only the cerebral blood flow (CBF)on the affected side of the semiovale cen-
ter was significantly lower than that on the healthy side, and the difference was statistically significant (P<
0.05). , CBV)was increased compared with the healthy side, and the difference was statistically significant (P <
0.05). The rCBF, rTTP and rMTT in the center of semiovale were statistically significant between different steno-
sis groups (P<0.05), the corona radiata rTTP and rMTT were statistically significant between different stenosis
groups (P <0.05), and the anterior horn white matter rTTP in different stenosis groups There was statistical signifi-
cance (P < 0.05). Conclusion CTP imaging can effectively evaluate the cerebral blood perfusion in the supratentorial
watershed area. In unilateral ICA stenosis, there were differences in cerebral blood perfusion in different watershed
areas; in severe unilateral ICA stenosis or occlusion, only the center of semiovale showed hypoperfusion.
[Key words] Internal carotid artery; Stenosis; CT perfusion imaging; watershed

43 7K W i 4 #E (cerebral watershed infarction,
CWSI) JZ:48 A= 7 F PN R LA 3 A 58 S XA Jmy RIS 4
AR A, FEIG R A s UL o A oY R I T
RS2 CWSI R A ZE R N iR 2B, AN ]
&R CWSI 1Y & i HL T A [R] 2o B J5T 3 7K U A 3
(cortical watershed infarction, CWI) 3= % i fifi#s: 71k
B, M L T AN S B SRl D . PN A3 R I DX it If
TRURRA: i, M0 S AR ARG T A A i A5 A B
1L i 8 77 27 B A% (hemodynamic impairment, HDI) &
N 43 7K I A BE (internal watershed infarction, IWI) fx
FHERY A 2 il AR AE AR 1K 500% LA E I, it
I35 () iR 2 2 2352 RS2 , B e e N 43 7KIB X &
AT XSS R 2R T CWSIHRAIL T 52182
WHE o AH ECH B CT 45 F B, CT ¥ 13 (computed
tomography perfusion, CTP) & ] LA E 2 s B CWSI
SR I LI B 7 2R s oy R R REAA AR R
HOZRZ 2R R e S S0 A 8005 e SRy 3 M 4
S0P T A ek, DA I DR I A R 1k ik 28 21
FETERA O )RR BE , DURA 2 A (] B 00 s 2H 2 4 R 2
FUAEAE A& S UEFE S BRI R ZH RN 4k
A CWSI R 43 BT , PR AR B IX s ] [ 18 M 9 1 7K
-, HID A WS CTP Z2 2805 b ICA AN [R) /8 B2 A
BsF, AT 3 K DX I 3 8 7~ el AR 1 25 55 . I LA
AT CTP £ R BT ICA PR L AR [l , %% b
21 7KW DX T 1 25 55 AT BT T AR 43 oK U A AR
B 1) J2 HEAILT , X 33 875 fii 4 v e A e O e AT

1 #EREAZE

1.1 —Rg&E# [al)mi i 4 2018-10—2020-12 7F
Hh N R AR X B EE B it i2 /R 3 134451, 1k
SR B — G R BTk, ICA JC 7 mi B il e
75 <50% g %f BEZH , B ICA B ZE =50% J B8 41,k

AT M ICA T Ui , Horp ICA 7S 50% ~ 69% 4 FR i
Az, 70% 5 DL 1 oA 3 BB s 21 (F R A 28 ) o
PAFRUE: (L) R B AR R & RS
FERIES ; (2) X% B TCAT T #h 28 RG99 5 (3) 34
DSA & B A= FE I (4) A il ABEJE 24 h AT
CT VP4 CTP At . HEBRARUE : (1) IF HoAhfBiiA
M PAEFERE > 50%; (2) 4 BRI N =3 (BiK .
9 T IR R B R 2548 ) B0 IR MR 2E 3 5 (3) B 4FE N
AR A BUE AR MR AR 5 (4)BEI )
SN
12 KWEEERAESHE AL GE 644
12 CT (GE Discovery CT750 HD, i@ FHL S A A, 26
YA AT Ry BE4R , T I i o
e R R A e i R AT CT R4 & CTP
FHE L HETEHET DL S mL/s (1438 B 28 I bk AL
VRFIE (350 mg/L)40 mL fZAE#ER /K 20 mL, HSEL
IR 4R 120 KV, B LI 250 mA, [ 512%512,
BERERER IRl <I s, #EIR 5 sFAH, sh 244 50 s, 3k
5 420 IR %, A2 IE O 10 mm, 3545 14 )2 4 I
HEIZ
1.3 BEEEGAIE R NeroPerfusion fit) # {4: £
(Aquarius i Ntuition Edition Ver.4.4.6, 7% 8i 5 14 /A
a], SEED) XS CTP i i i R R A T I A B, S 55T
Blk B b SR SEAE A S kORI g s R K, AR RS
BRI, AL 4G kI E] (time to peak, TTP)Z%k .
SE-FE o I IE] (mean transit time, MTT) S5 ik I3k
1t (cerebral blood flow, CBF) £ %k #1 i Il 75 it
(cerebral blood volume, CBV) 2%k , Tz /) il — il figi
L AU ISR X, WE T o R B Bl A e AR
DX, A 7 JER 0 DX T 1 2 5045 I i 2 9, SRS S4 (B4R
Ry die 226 6 S 5 LA RN 5 ) 14 L A B8 A ) 5
20 LR 2 531 A R e 7 20 o0t BE 2L 7 A X 3 4L
{H, RIAHXF ik 4 5[] (relative time to peak, rTTP)Z



E@i}ﬂﬁié’éﬁeﬁ%ﬁ 2022 4E 6 HES 25 ﬁ% 6 #§  Chinese Journal of Practical Nervous Diseases Jun. 2022, Vol.25 No. 6 e 707 -

B AH X - #4738 1 5[] (relative mean transit — time,
rMTT) %k | A0 X fii I 37 it (relative cerebral blood
flow, rCBF)Z: % . AH %] i IfiL 75 & (relative cerebral
blood volume, rCBV)Z:%( "2,

CWSI 43 B uds . (1) 2 R R R KN AT 2l ik 5
K H B kR )2 SR o X B TEIX ;5 (2) 2 )2 e
AU R Bl k-5 R S Bk Rz J2 S A X, BT
AL IX 5 (3) K2 J2 T 78 A4 T A 6 XU i 2 31 2K i
(1) 5 Jei — A 2 T ) IS5 e DX A 0L i 2 31 2R I 565
— A Z A B0 R O o AR R I A3 TR ok PR R S B
PR i - DO N 1 I =)/ DN 8 U i 2411 2 e 2 €1

—_— }

TSR X 358 2 FN CTP 45 S35 W 44 R G R s A=
AT HNE PO ISP AR AN, Y B A —
Ao B o, B e R . T sh s U
MR IX GEEFFEG AL |4 JLIRAE ) A EH AR 29 1 em
BT , 5 | 5 DX B R AT B

1.4 BEFEHATERSE T NASCET i A
WFER R o M 34 - ICA OB ZS (BB A5 < 50%)
XF HEZH 5 B ICA B 7 R 50% ~ 69% 1T Sy v JiE ke 78
20 5 B ICA B A% =T0%E Ry 51 5 0k 4% 40 (40455 4]
%), WAL,

HE : DSA FE 7 (A-C) A: £ 1l ICA A TLBEAS ; B A7 01 ICA th FE s | e i 24

50% ; C: A5l ICA 7S, SR A FEIE 29 90 %
Bl ICAIMESRERE T E G

Figure 1 Legend of ICA vascular stenosis assessment
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Table 1 General clinical data analysis of patients in different stenosis groups

e boy HE| PEEE RN

BOR (n=37) (n=36) (n=61) FH P
ALY 63+8 64+8 64+8 0.344 0.710
En(%) ] 26(70.3) 26(72.2) 54(88.5) 6.053° 0.048
L/ (n(% ) ] 24(64.9) 28(77.8) 38(62.3) 2.583 0.275
R MBE/ n(% ) ] 16(43.2) 20(55.6) 17(27.9) 7.550° 0.023
HHcy/[n( %) ] 11(29.7) 14(38.9) 27(44.3) 2.048° 0.359
BRI n(%) ] 8(21.6) 12(33.3) 25(41.0) 3.872 0.144
s/ [n(% ) ] 10(27.0) 12(33.3) 17(27.9) 0.435° 0.805
M/ (%) ] 23(62.2) 20(55.6) 40(65.6) 0.965° 0.617
I/ n(%) ] 15(46.9) 17(47.2) 34(55.7) 2.209° 0.331
MEAEA s/ [n(%) ] 0 2(2.8) 5(8.2) Fisher 0.263
JEEBR PR AE (% ) ] 1(2.7) 4(11.1) 10(16.4) Fisher 0.102

7 :%:Pearson x* K36 ; Fisher : Fisher’s exact &A% 46
T2 REEZHKIEX B BNEIETSHLLER

Table 2 Comparison of absolute perfusion parameters of affected
and unaffected sides in each watershed area of stenosis group

20 A A tfi P
i IR
CBV/(mL/100 g) 1.74+0.54 1.65+0.52 3.644 0.000
CBF/(mL/100 g-min) 1441+11.1  13.38+4.20 0.978 0.331
MTT/s 12.25+1.96  11.70+2.18 3.892 0.000
TTP/s 28.49+3.88  27.28+3.62 5.736 0.000
i i D
CBV/(mL/100 g) 2.42+0.73 2.40+0.80 0.508 0.613
CBF/(mL/100 g-min) ~ 18.46+6.20  18.35+6.04 1.227 0.223
MTT/s 11.28+1.91  11.15+2.03 1.168 0.246
TTP/s 24.38+3.96  23.78+3.88 3.451 0.001
AR
CBV/(mL/100 g) 1.76+0.44 1.68+0.40 2.587 0.011
CBF/(mL/100 g-min) 14.46+3.57  14.26%3.49 1.260 0.211
MTT/s 11.69+1.83  11.40+1.80 2.397 0.018
TTP/s 28.39+4.14  27.98+3.82 1.916 0.058
AR
CBV/(mL/100 g) 2.50+0.82 2.45%0.80 1.849 0.068
CBF/(mL/100 g-min) 19.89+6.34  19.7446.19 1.901 0.060
MTT/s 11.28+1.77  11.01£1.75 1.840 0.069
TTP/s 24.58+3.49  24.04+3.54 3.782 0.000
B
CBV/(mL/100 g) 1.56+0.50 1.56+0.52 -0.056 0.956
CBF/(mL/100 g-min) 11.64+3.63  13.76+4.68 -5.213 0.000
MTT/s 13.07+#2.21  10.98+1.78 10.672 0.000
TTP/s 29.77+4.02  26.99+3.85 11.864 0.000
O
CBV(mL/100 g) 1.77+0.57 1.74+0.55 0.938 0.350
CBF/(mL/100 g-min) 13.88+4.66  14.28+4.91 -1.221 0.225
MTT/s 12.21+2.01 11.11+1.64 5.706 0.000

TTP/s 27.73+4.12  25.95+3.90 8.981 0.000
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Table 3 Comparison of relative perfusion parameters in
each watershed area in different groups of stenosis

2R Xof B4 hEEREL]  EREMRE F (i P{H
IR IRV
Rcbv/(mL/100 g) 1.02+0.16 1.03+0.14 1.09+0.17 2.485 0.087
rCBF/(mL/100 g-min) 1.01+0.08 1.00+0.05 1.12+0.99 0.519 0.596
rMTT/s 1.02+0.06 1.04+0.09 1.07+0.15° 1.837 0.163
ITTP/s 1.00+0.05 1.04+0.09° 1.05+0.10° 4.825 0.010
Hil F1 K5
rCBV(mL/100 g) 1.01+0.12 1.01+0.12 1.04+0.17 0.451 0.638
rCBF/(mL/100 g-min) 0.99+0.05 1.00+0.04 1.01+0.07 1.455 0.237
rMTT/s 1.00+0.07 1.02+0.11 1.02+0.11 0.391 0.677
ITTP/s 1.01+0.04 1.03+0.06 1.03+0.09 0.606 0.547
Ja AR
rCBV(mL/100 g) 0.99+0.14 1.04+0.13 1.08+0.22° 3.022 0.052
rCBF/(mL/100 g-min) 1.00+0.05 1.01+0.03 1.03+0.16 0.870 0.421
rMTT/s 0.99+0.08 1.04+0.10° 1.03+0.12° 2.348 0.100
ITTP/s 1.00+0.07 1.01+0.07 1.02+0.08 0.401 0.671
Ja FR 5
rCBV(mL/100 g) 0.96+0.11 0.98+0.09 1.00+0.09 2.047 0.133
rCBF/(mL/100 g-min) 1.00+0.04 1.00+0.03 1.01+0.05 0.933 0.396
rMTT/s 1.00+0.09 1.03+0.21 1.04+0.10 0.929 0.397
ITTP/s 1.01+0.04 1.02+0.07 1.03+0.06 1.849 0.161
4 B [BE C
rCBV(mL/100 g) 1.02+0.11 1.08+0.19 1.01+0.33 1.163 0.316
rCBF/(mL/100 g-min) 1.00+0.06 0.98+0.15 0.83+0.29® 30.265 0.000
rMTT/s 1.00+0.07 1.11+0.13° 1.26+0.22° 30.962 0.000
ITTP/s 1.01+0.04 1.07+0.08° 1.13+0.10® 26.711 0.000
e
rCBV(mL/100 g) 1.02+0.14 1.03+0.12 1.07+0.34 0.511 0.601
rCBF/(mL/100 g-min) 1.21+1.40 1.00+0.09 1.00+0.31 1.043 0.355
rMTT/s 1.01+0.09 1.08+0.13° 1.13+0.20° 7.723 0.002
ITTP/s 1.01+0.05 1.05+0.05° 1.09+0.10° 11.048 0.000

0 AR SR IRA N A S S AR S R EREAN ERARITTE L.
BT 53 H s (R e 28 vs Xof ] : CBF : P=0.000, MTT: P=0.000, TTP: P=0.000; H Jif J
%5 vs H % %5 . CBF: P=0.000, MTT: P=0.000, TTP: P=0.000; 1 i Bz % vs %f I .
MTT:P=0.005, TTP: P=0.004) ; jift 5} 7 ( F B f 75 vs X #E : MTT: P=0.000, TTP: P=
0.000; F M A% vs FP A . TTP: P=0.012; HP 78 vs % IR . MTT . P=0.033) ; il
£ 15 (B RS vs X R . TTP . P=0.006 ; H B 375 vs Xif i . TTP . P=0.008) ; J5 A1 11
Jo (8 Bk 7% vs X B . CBV: P=0.016) ; Ji5 £ K Jot (0 J& Bk %% vs X} B . CBV: P=

0.045)

+ 709 -
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Figure 2 Legend of low perfusion

3 itig

ICABAE KA 45 A e WA Ay Il ™ FE Ak
7% B P 2 4 7 AR AR AT I, 38 T 36 L 37 50
S, AERXFMESLT 120 X PR T i T
BRI 4 25 8k, MO S EORRE . BRI R,
ICA 7 st BRI 1) K %) L 3 3, b v S
FEAAE BRI D RE ), S A M SR (4 437K
X, ML Eh A AU R R 2 5 U sE >
1 80%I1 . ICABRAS 55 [R) A fisi v v ) 2 i DA
K2 H 5 CWSI R BUAHSE . ICA B [RII A A~
BRVE T U AIG 1 FR 2 A TE 3 00 R K A AR A IR
et /1N

CWSIHE A BRI i A () —FPAEER I AR, 15 ICA
B FrE LI ) 1 2A B 5, U HSE W, A
WFSEIA N CTP AR REXT ICA B2 f 43 7K I X figi ok
PEPRIRAS VA T3 M8 B 0T, A8 B e Rk 25 30 ik

B B I KU 20 J2 SR S e £, 7E 3 TRl i
EH AT, IR R K

WEILL %5 ZE 5% Al 4f £8 3 TG CWSILEA T
S34H, KIR CWSIR) A 5 R sk A A Ak 1k ICA B2
& . DONG &5 " fE W 5% v & L [A] I ICA k78 J2
I FR) 20 57 i 1t A5 5 B PR 2R (R R 1 — 25 43 W 454
FEETY , AWIFFEXT P 43 7K DX R 2 Jo 4 7K IX s —
WARGY K B ICABRAE R =T70% I, 2 DR [ v
o FEI g I HE A, BDMTT  TTP B g 4 K, CBF B
SRR T 5 B B S5 A A I 45 DX L A o 7
TCHA A, X 5 L B SPECT AR5 45 SR — 3 -2,
ICA ™ F B 7% 1] A Jhy 2 B [5] 00 I A5 B & A= 157
PERR

FH L RZ J5T 43 7K I8 X, P9 437K 0 DX AR o 228 F Y
TR B ik A 7 2 25 SR K o B0 bk S S0 sh bk )
TR, TR 35 30N ICA ez i FLIE 7 TR A5 I, T



rp S R A R 2 2 2022 4E 6 H S 25 55 6 i

Chinese Journal of Practical Nervous Diseases Jun. 2022, Vol. 25 No. 6

¢ 711 -

T M S AR . I WL e R & A e B
[R] 0 4 fii A 6 -5 (T 1 5 2 A HDI 56 R B 4 )
R H TOAST | B (R S IR AR AL TR ) s il AR i
Spencer fH£& B, I3 52 BE B AE (< 50% ) A 25|
S I 80 12 & AR AR A, R R4S (50% ~ 69% ) X
10V S PR R ) i A BH ff , B BB (> 700%) B, i
T EARMELAE R RS E , DR Mo S R s L 7 1 45 ke 28
FR R VAT B R P A AR VIR 2

AL ICA TS R FE Un] | {2 J53 43 7K 0 DX I 3
B 12 AN K AR I TTP MTT #E4K , rCBF 1E
B R BN R, rCBV I s i, SL B AL AL T
It B I 1) BE AR AH X2 e . SORGUN
SRR SN A X T PR Sk 7 5 DX 2 i A <% 1 A =
B O i R I )T A7 A . AR BRTE B A U
AR, TOAST 17 (o P42 2E) X CWI Y 2 S hy
TR, YO BEICE M AZ A0 B0 I A SR ANERE 1)
e T BB, 520k 28 CWI, I 5200 J5 B2 iRy T
R,

TR CWSI, 75 X602 B3 [5] AL R S 68 11
AT 7 g B T AL, B T I e A ML AS (S /N s ik
P 2E A RE I3 /R R R I A8 7 o R X A2 AE
AP AS BB I A I 7] Hsf X v e 2 At g I it v
HRA

AIRFRAFAELL T A « (1) LR IX 3T F ol
B, X5 S 5008 A0 0 A A R 5 (2) 3T Bz s 437k
WA DX BB 2 A T S, B R A O SR A ZE T
B ARBFER XS ICATAE BB TRE AT, J5 S0k it
— L RITFIFFE 5 (3) WS & T mUBE I, FEA
b SRR

4 SEk

[1] MOUSTAFA R R, IZQUIERDO GD, JONES P S, et al.
Watershed infarcts in transient ischemic attack/minor
stroke with > or = 50% carotid stenosis: hemodynamic
or embolic?[J]. Stroke, 2010, 41(7), 1410-1416. DOI:
10.1161/STROKEAHA.110.580415.

[2] ELSADEK A, GABER A, AFIFI H, et al. Microemboli
versus hypoperfusion as an etiology of acute ischemic
stroke in Egyptian patients with watershed zone infarction
[J]. Egypt J Neurol Psychiatr Neurosurg,2019,55(1):2.
DOI:10.1186/s41983-018-0045-8.

[3] WODARZ R. Watershed infarctions and computed tomog-
raphy. A topographical study in cases with stenosis or oc-
clusion of the carotid artery[J]. Neuroradiology, 1980, 19
(5):245-248. DOI:10.1007/BF00347803.

[4] LIY, LI M, ZHANG X, et al. Clinical features and the

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

degree of cerebrovascular stenosis in different types and
subtypes of cerebral watershed infarction[J]. BMC Neu-
rol,2017,17(1):166. DOI:10.1186/s12883-017-0947-6.
MANGLA R, KOLAR B, ALMAST J, et al. Border
zone infarcts: pathophysiologic and imaging characteris-
tics[J]. Radio Graphics,2011,31(5):1201-1214. DOI:
10.1148/rg.315105014.
GAUDIELLO F, COLANGELO V, BOLACCHI F, et al.
Sixty-four section CT cerebral perfusion evaluation in pa-
tients with carotid artery stenosis before and after stent-
ing with a cerebral protection device [J]. AINR Am J
Neuroradiol, 2008, 29 (5) : 919-923. DOI: 10.3174/ajnr.
A0945.
MOMJIAN M | AND BARON J C. The pathophysiology
of watershed infarction in internal carotid artery disease:
review of cerebral perfusion studies[J]. Stroke, 2005, 36
(3) :567-577. DOI: 10.1161/01.STR.0000155727.82242.
el.
OLIVOT J M, MLYNASH M, THIJS V N, et al. Optimal
Tmax threshold for predicting penumbral tissue in acute
stroke[J].Stroke, 2009, 40(2):469-475. DOI:10.1161/
STROKEAHA.108.526954.
CAMPBELL BRUCE C V,CHRISTENSEN S,LEVI C R,
et al. Cerebral blood flow is the optimal CT perfusion pa-
rameter for assessing infarct core[J]. Stroke, 2011, 42.
3435-40. DOI:10.1161/STROKEAHA.111.618355.
MURPHY B D,FOX A J,LEE D H,et al. Identification
of penumbra and infarct in acute ischemic stroke using
computed tomography perfusion-derived blood flow and
blood volume measurements[J]. Stroke, 2006,37:1771-
7. DOI:10.1161/01.STR.0000227243.96808.53.
YAMAUCHI H, HIGASHI T, KAGAWA S, et al. Im-
paired perfusion modifies the relationship between
blood pressure and stroke risk in major cerebral artery
disease [J]. J Neurol Neurosurg Psychiatry, 2013, 84.
1226-1232. DOI:10.1136/jnnp-2013-305159.
KIM J H,LEE E J,LEE S J,et al. Comparative evalua-
tion of cerebral blood volume and cerebral blood flow in
acute ischemic stroke by using perfusion-weighted MR
imaging and SPECT[J]. Acta Radiol, 2002, 43 365-70.
DOI:10.1034/j.1600-0455.2002.430404.x.
Al G, ) 2 =, 2 3K I I REZE Y CT, i IR
Ko IR 9 (BiE 94 il 45 ) [3]. w XU bl 22 5
,1991,8(4):214-216.
North American Symptomatic Carotid Endarterectomy
Trial Collaborators, BARNETT H J M, TAYLOR D
W, et al. Beneficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis
[J]. N Engl J Med, 1991, 325 (7) : 445-453. DOI:
10.1056/NEJM199108153250701.
CASSOLA N ,BAPTISTA-SILVAJ C ,NAKANO L C,
et al. Duplex ultrasound for diagnosing symptomatic ca-
rotid stenosis in the extracranial segments[J]. Cochrane
Database Syst Rev, 2022, 7 (7) : CD013172. DOI:
10.1002/14651858.CD013172.pub2.
HOWARD R, TREND P, RUSSELL R W.Clinical fea-
tures of ischemia in cerebral arterial border zones after



« 712 »

[18]

[21]

o [ S5 H A 2 2k Ak 2022 4F 6 H 45 25 4 6

Chinese Journal of Practical Nervous Diseases Jun. 2022, Vol. 25 No. 6

periods of reduced cerebral blood flow[J]. Arch Neu-
rol, 1987, 44 (9) : 934-940. DOI: 10.1001/archneur.
1987.00520210036016.

DERDEYN C P, KHOSLA A,VIDEEN T O, et al. Se-
vere hemodynamic impairment and border zone--region
infarction [J]. Radiology, 2001, 220: 195-201. DOI:
10.1148/radiology.220.1.r01j109195.

BALESTRINI S,PEROZZI C, Altamura C, et al. Severe
carotid stenosis and impaired cerebral hemodynamics
can influence cognitive deterioration [J]. Neurology,
2013, 80(23):2145-50. DOI:10.1212/WNL.0b013e318
295d71a.

MARSHALL R S,FESTA J R,CHEUNG Y K,et al. Ce-
rebral hemodynamics and cognitive impairment: base-
line data from the RECON trial[J]. Neurology, 2012, 78
(4):250-255. DOI:10.1212/WNL.0b013e31824365d3.
YONG S W,BANG O Y ,LEE P H,et al. Internal
and cortical border-zone infarction: clinical and diffu-
sion-weighted imaging features[J]. Stroke, 2006, 37(3):
841-6. DOI:10.1161/01.STR.0000202590. 75972.39.
KHAN A A , PATEL J, DESIKAN S, et al. Asymptom-
atic carotid artery stenosis is associated with cerebral
hypoperfusion [J]. J Vasc Surg, 2021,73(5), 1611-
1621. DOI:10.1016/j.jvs.2020.10.063.

sK/NE SRR BRLLE: AF. ORISR
FAY 2T P B0 JDCRe 2 T PR A [9 1. v el S5 FH A 22 0 2%
,2022,25(1):82-86. DOI:10.12083/SYSJ.201106.
TAYLOR R A,KASNER S E.Natural history of asymp-
tomatic intracranial arterial stenosis [J]. J Neuroimag-
ing, 2009, 1:17S-19S. DOI:10.1111/j.1552-6569.2009.
00416.x.

HOSODA K.The Significance of Cerebral Hemodynam-
ics Imaging in Carotid Endarterectomy: A Brief Review
[J]. Neurol Med Chir (Tokyo) , 2015, 55 (10) :
782-788. DOI:10.2176/nmc.ra.2015-0090.

JONGEN L M, VAN DER WORP H B, WAAIJER A, et
al. Interrelation between the degree of carotid stenosis,
collateral circulation and cerebral perfusion[J]. Cerebro-
vasc Dis, 2010, 30:277-284.

TSUTSUI S,NANBA T , YOSHIOKA Y et al. Preopera-
tive brain temperature imaging on proton magnetic reso-
nance spectroscopy predicts hemispheric ischemia dur-
ing carotid endarterectomy for unilateral carotid stenosis
with inadequate collateral blood flow[J]. Neurol Res, 2018,
40(8):617-623. DOI:10.1080/01616412.2018.1457130.
HOSSMANN K A ,HEISS W D .History of the Letzte
Wiese/Last Meadow Concept of Brain Ischemia [J].

Stroke, 2016, 47 (3) : e46-50. DOI: 10.1161/
STROKEAHA.115.010976.
WEILL C, SUISSA L, DARCOURT J, et al. The

Pathophysiology of Watershed Infarction: A Three-Di-
mensional Time-of-Flight Magnetic Resonance Angiog-

[29]

[30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

[39]

raphy Study [J]. J Stroke Cerebrovasc Dis, 2017, 26
(9) : 1966-1973. DOI: 10.1016/j.jstrokecerebrovas-
dis.2017.06.016.

DONG M X, HU L, HUANG Y J, et al. Cerebrovascu-
lar risk factors for patients with cerebral watershed in-
farction: A case-control study based on computed tomog-
raphy angiography in a population from Southwest China
[J]. Medicine (Baltimore), 2017,96(28) :e7505. DOI:
10.1097/MD.0000000000007505.

MOUSTAFA R R, MOMJIAN M, JONES P S, et al.
Microembolism versus hemodynamic impairment in rosa-
ry-like deep watershed infarcts: a combined positron
emission tomography and transcranial Doppler study
[J]. Stroke, 2011, 42(11) : 3138-3143. DOI: 10.1161/
STROKEAHA.111.616334.

MORIWAKI H, MATSUMOTO M, HASHIKAWA K,
et al. Hemodynamic aspect of cerebral watershed infarc-
tion: assessment of perfusion reserve using iodine 1 2
3-iodoamphetamine SPECT [ J ]. J Nucl Med, 1997,
38(10):1556-1562.

SRAKHE , BRDUK , T4, 55 JE S5 far SPECT N IfiL i
HETE RARAE S MEARBERE N s A2 W (E [ .
Hh [ S A e 4 , 2019, 22(21) : 2334-2344,
KALARIA R. Neuropathological diagnosis of vascular
cognitive impament and vascular dementia with Implica-
tions lorheimes disease [ J ]. Acla Neuropathol , 2016 ,
131(5) :659-685. DOI:10.1007/s00401-016-1571-z.
PR, PRHE. AR ZE A A R AT VY CT HEVE
BEI I W], AR 7 235, 2003, 37 (10) -
882-886. DOI:10.3760/j.issn: 1005-1201.2003.10.005.
D’ESTERRE C D,AVIV R ,LEE T Y.The evolution of
the cerebral blood volume abnormality in patients with
ischemic stroke:a CT perfusion study[J]. Acta Radiol,
2012, 53(4):461-7. DOI:10.1258/ar.2012.110582.
SORGUN M H, RZAYEV S, YILMAZ V, et al. Etio-
logic Subtypes of Watershed Infarcts [J]. J Stroke
Cerebrovasc Dis , 2015, 24 (11) : 2478-2483. DOI:
10.1016/j.jstrokecerebrovasdis.2015.06.002.

HWANG K J, HEO S H, CHANG D I. Multiple micro-
embolic brain infarctions in Clonorchis sinensis infesta-
tion[J]. J Neurol Sci, 2012, 319(1/2) : 133-134. DOI:
10.1016/j.jns.2012.05.028.

IIDA H, LAW I, PAKKENBERG B, et al. Quantita-
tion of regional cerebral blood flow corrected for partial
volume effect using O-15 water and PET: 1. Theory, er-
ror analysis, and stereologic comparison [J]. J Cereb
Blood Flow Metab, 2000, 20 (8) : 1237-1251. DOI:
10.1097/00004647-200008000-00009.

FZEN, BZLL, IR 8 R X i DR A R T 8K
MR RAIPIZELI ], P E S sk A, 2020,
23(8):706-710. DOI:10.12083/SYSJ.2020.08.166.



