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HE

B : Bt ISk 3 5 18 4 346 2 14 i Bk IfL /% /E (Transient ischemic attack, TIA) 53 ¥ Il 3 & (Cere-
bral blood flow, CBF)5 i/} Il # % (Cerebral small vessel disease, CSVD) A<k, k. BIEIHEIL
ETIABREMIERER. LRERELER. CSVDS KL X CBFEIE. MIECSVDIFSH BE S AL
CSVD# (04+) 5CSVDA (214), #t— ¥ CSVDAENMAREH(1~20) EEEH(3~447), HEBARER
XCBFHIZR. M itLogisticBHHTCSVDRAEREMEAE R, EidSpearmanti ettt P HAECSVD
5& WX CBFHIRAR . BEET X CBF5CSVD& AT Spearmanti>e ¥, £3R: T CSVDA5CSVD
4 EE, CSVDA L X CBF/KFRERK, ZRIE L TE X (P<0.05); —JtLogisticEl A5 HT &R,
FEH X CBFRCSVDR A ML AR . CSVDEHS T B, WAMBEET XCBFERELRITER X
(P < 0.05). SpearmantfiX4Hr&Esn, CSVDIEA5 & X CBMEWE FAAHR(P < 0.05), HE5HEEWHKX
CBFAEXM B3R . H)E¥ X CBF5CSVD & PR Spearmanti X4 &oRn, EEY X CBFS5B AR EES
(WMHSs) 3P4 FEBR RS0 (LIs) B0E . itk H ¥ & (CMBs) ¥ B fi# 5 (P < 0.05). &5if: TIARERK
F X CBF/KF-5CSVDHIR & K= EREFE VIS, KRR CSVDE A R = LREEE, A0S
X St H R R X CBFA WS TIA B 4 3 CSVDHI KK s 1 2 & BAA EE IR RHME .
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Abstract

Objective: To investigate the correlation between cerebral blood flow (CBF) and cerebral small ves-
sel disease (CSVD) in patients with Subacute phase and chronic phase transient ischemic attack
(TIA), so as to provide a theoretical basis for clinical evaluation of CSVD comorbidity risk and dis-
ease severity in this patient population. Methods: Clinical data, laboratory test results, CSVD scores,
and CBF data of each brain region were collected retrospectively from TIA patients admitted to our
department. According to the established CSVD scoring criteria, all enrolled patients were divided
into two groups: a CSVD-free group (patients with a CSVD score of 0) and a CSVD group (patients
with a CSVD score = 1). Furthermore, the CSVD group was subdivided into a mild subgroup (CSVD
scores ranging from 1 to 2) and a severe subgroup (CSVD scores ranging from 3 to 4) based on the
severity of the disease. Statistical analysis was performed to compare the differences in CBF levels
of each brain region among the groups. Binary logistic regression analysis was applied to screen out
the independent influencing factors for the occurrence of CSVD in TIA patients, while Spearman cor-
relation analysis was conducted to clarify the correlation between CSVD scores and CBF values of
each brain region. Spearman correlation analysis was performed between basal ganglia CBF and
each subtype of CSVD. Result: Compared with the CSVD-free group, the CSVD group exhibited a sig-
nificant reduction in CBF levels in all detected brain regions, and the differences between the two
groups were statistically significant (P < 0.05). Binary logistic regression analysis further revealed
that basal ganglia CBF was an independent influencing factor for the occurrence of CSVD in TIA pa-
tients (P < 0.05). Subgroup analysis of the CSVD group demonstrated that there was a statistically
significant difference in basal ganglia CBF between the mild and severe subgroups, with the severe
subgroup showing lower basal ganglia CBF levels (P < 0.05). Spearman correlation analysis indi-
cated that CSVD scores were negatively correlated with CBF values in all brain regions (P < 0.05),
and among these correlations, the association between CSVD scores and basal ganglia CBF was the
strongest. Spearman correlation analysis between basal ganglia CBF and each subtype of CSVD
showed that basal ganglia CBF was negatively correlated with White Matter Hyperintensities
(WMHsSs) score, the number of Lacunar Infarcts (LIs), and the number of Cerebral Microbleeds (CMBs)
(P < 0.05). Conclusion: Basal ganglia CBF in TIA patients is closely correlated with the occurrence
and severity of CSVD. A decrease in basal ganglia CBF is associated with an increased risk of CSVD
development and a more severe disease status in TIA patients. Therefore, the detection of CBF in all
brain regions, especially the accurate measurement of basal ganglia CBF, possesses important clin-
ical value for assessing the risk of CSVD comorbidity and grading the disease severity in TIA pa-
tients.
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1. 5|

8 PR R ML % /F (Transient ischemic attack, TIA) 2 BT &30 A Hil BCA I B I af 51 72 0 e 2 1 o
ZINREEAR, ToRVERSEAEYR, REIRIEH R Bh B BUNS P E AT AR, A2 BRI v A A R A ) E
BAFT, WA TIA BELERN G R ] A 22k g gl 26, 7 8 gl A6 R AR A (e[ 1] /0N I A8
(Cerebral small vessel disease, CSVD) & —41 B N /NBIfIK  Fsl ik 6 20 I R /0N i o 73 3 350110 i I
i, DAEBRYERESE. s s S I S A AR R, R 2 A N B i i 5 A 3
RIFFE = [2]o EHERVIFTRI, TIA 5 CSVD fFEEVIREL, CSVD AIfER TIA KA £ B LAl
Z—, [FN TIA &G IF CSVD I, HAPE D Reshai A B 5, SR X B vy, 191 5 22 [3] [4]. CTP i
WEVE A5 A E H 2 SR AL HEVE S B (W ik L7 &, Cerebral blood flow, CBF)R] % M sz Wit fii IfiL i 5 /7 244K
AL SR M e, PP L D) B 0 AR R AR . H AT OA O AR T I S S
CSVD At B2 Ef AL & ot tb A 8 CSVD B I EE 2 5%, BhZ X CSVD " HIELE 25
RN AT, HAEERT TIA X WU A1) & T 78 [5] [6]. RIS AHOCHT 7R B TIA Bk AEAE 2
FERIW LR SN J1 205, %R 208 CSVD RINEI IR S TEAG & T4, M DA% 0 e ik — 3%
(ECSEORHR . FET 00, ARBFAAR N 2SS TIA B, HFRRati TIA 835, R EX
45—t Logistic 115 Xz Spearman AHIR 73 #0777, B AEWIHG TIA B NETEZSH (L. CBF M%)
L5 CSVD KA K™ BRI G, A R -8R TIA 5543 CSVD IR DAk i 7™ AR B L
i1l 78 MR TR SR B2 A 52 18 5 AR AR ST

2. ZINEH*E
2.1, —pEER

AW FHRSF 2024 4F 6 H~2025 4F 4 FAEL BB RL RS 508 ZBt Ja 2 B s 12 37 St S A% 1 6 38 12 i g .
KA B 174 Bl INFRUE: (1) 5EREKES MRI & CTP R e (2) FFA o B 4% 268 3 i 1 995 12 W
B 2019) kT &k 8N TIA fisWbeiE; 3) BER SR, HMEGREE[7). HEbriE: (1)
BEAEA B PER B3 5 U AR S0 5 (2) AR SUVERRRESE . iR . ELAS E ThRERRAS 5 (3) By Ik,
T F A A PR 55

22. BWERGX

i BE T —RASERCKT MRI KT 5345 CTP M2, KEAY )5 HIEME 4~6 /M. MRI A
75K F (Ingenia3.0TCX, PHILIPS)HHAEEAT TIWI 751 T2WI 751 T2WI-3 AR 552 08 4 1% 52 (Fluidatten-
uated inversion recovery, FLAIR) 731 SRECIIAUAZ 5 51 B b U IMBUSUAG J7 F1 414 . CTP A 25 B FH 42 ]
7117 SOMATOM Force M EIZjiE CT Fi1% .

2.3. Elfgath

CTP EUZR T /5 Ab B A CR b B BB A A B 2 1) B 302 i 5 T IO R X (RO, MR Pze Hh XU
BT, AL T B R AR, 3RS0 CBF I EE - IE . WA 1.

/)~ 1L 993 (CSV D) ek S A 1 73 EH I 44 TEORH R HEE A SL VP A, 30R 75 Js B AR ASE AR (L s) I A8 ) L 1) Bt ™
K(EPVS). i (15 Fi 15 5 (WMHSs) K& i 3k Hi 1 (CMBs) DU TG S 4F4E , YA A : Ls $5 ELAR 3~20 mm.,
T2WI K FLAIR £EHAEE S H FLAIR A% m1{E 5 BRI ETEH AL, >1 ANt 1 40 EPVS f8EAT
<3mm. (F5IA Lis. kT 00 E F0& X B R0 E I8, >10 AN 1 48 WMHs A&k #E

DOI: 10.12677/acm.2026.163759 28 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.163759

W F

Fazekas B£ VP, MiE5 3 4 FI/EAES 2~3 20it 1 435 CMBs #EE&E <5mm. SWI 2{K(5 5 HIE B/
TERI50 kL, =1 Abit 1 43[8]. MR EVES K52 4) 9 TE CSVD 4H.(0 47, 48 f4)F1 CSVD 4 (1~4 47,
125 %), Ja&it—S0 NREHA~2 4, 95 FHMEFLH(B~4 4, 30 Fl), HFPES >0 HIRTEE
CSVD, >2 73#f/x/™H CSVD (14 2).

Figure 1. Shukun cerebral perfusion post-processing software

B 1 BuRRET R ER

Figure 2. Example images of cerebral small vessel disease
2. fx i Es R E

(@~(c): Wl 1 5, 74 %, SR BRI, WO 20 R4, ARIB. A T2WI, XUIEE T X EPVS >
10, i 17y, XUMMIA =55 Lis=2, id 14; B.FLAIR, WMHs 2~3 2%, ic 14r; C.SWI, ZE =
% CMBs=1, it 14r; CSVD #3444y, CSVD #HEH . E(d)~(f): Wikl 2 &, 65 %, k&K, mill
J&, AU Lls. EPVS. EPVS, FLAIR ¥4 WMHs 12, CSVD %%~ 0 43, J CSVD 4.
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2.4. GitoH

N SPSS27.0 B3t 4T £ o0 #r, PAE <0.05 B IA N EA Fiih 5= L. K H Kolmogorov-Smirnov £
IR0 SR A B ) IR ME . AR E ] x+s B M (IQR)FE /R, 702BEH n (%) Fr. ARt
3%+ Mann-Whitney U £:56 & 2 K65, % K13 It Logistic [B1)= 2 A Sz 00 5 7. KA Spearman i 174

Kt
3. R

3.1. A6 CSVD ¢A4ABELFHRIELE

AW T ILUSCER . SV S AR I TIA B35 174 5], #2454 5 CSVD 43 76 CSVD 4H(48 #i)F1 CSVD
2H(125 B), FHorp CSVD 44y AHEEE4H (95 ) A EE EE4H.(30 Bl). &5 R ERJC CSVD 41l CSVD A4
MLLEAFER . BMIL M RE O Hih =88 & %X CBF Z 7 H A4 5 X (P<0.05). HEHAME
FEA PN A LR X CBF 4745 2 5(P < 0.05). FTLARE CSVD ™EHFEFEHS N, LK IX CBF N4,

3% 1,

Table 1. Comparison of baseline data among different CSVD groups
F* 1. A CSVD ‘A4RiE B ARIELE

. CSVD 4 CSVD 41 CSVD 41
(n=48) (n=125) BEH(M=95)  HEJEH(n=30) P
E S (years) 57.67+13.35  6571+11.41 <0.001 64.94+11.55 68.17+10.80  0.178
P51, male (%) 29 (60.4) 78 (62.4) 0.810 58 (61.1) 20 (66.7) 0.580
BMI (kg/m?) 25.88 + 3.49 2450+328  0.016 24.43+331 2471+320  0.686
FILE, N (%) 38 (80.9) 102 (81.6) 0.910 75 (78.9) 27 (90.0) 0.173
HEPRIR, n (%) 11 (22.9) 40 (32.0) 0.241 31(32.6) 9 (30.0) 0.788
WS, N (%) 15 (31.3) 44 (35.2) 0.624 30 (31.6) 14 (46.7) 0.131
TR, N (%) 26 (54.2) 60 (48.0) 0.468 45 (47.4) 15 (50.0) 0.801
JIEL & % (mmol/L) 457 +0.97 453+1.11 0.824 461+1.13 428+1.01 0.162
7555 ¥ g % (4 (mmol/L) 1.12 £0.23 1.25+0.32 0.010 1.26 +0.32 1.22+£0.32 0.606
1855 P I8 & A (mmol/L) 2.87£0.76 2.83+0.84 0.768 2.88+0.83 2.65+0.85 0.190
H i = EE(mmol/L) 1.35(1.15,2.07) 1.14(0.87,1.56) 0.037 1.16(0.81,1.55) 1.10(0.88,1.63) 0.968
REARIRFHAM(UIL) 23 (20, 29) 23 (19, 27) 0.113 23 (19, 28) 22 (19, 26) 0.385
R 2B (UIL) 25 (17, 35) 20 (15, 28) 0.056 20 (15, 28) 20 (15, 28) 0.887
IR # A (mmol/L) 5.68 +1.52 6.00 +1.74 0.273 5.97 + 1.57 6.08 +2.23 0.778
JULET(umol/L) 6254+1512  64.81+16.14 0401  64.59+15.40 65.50+18.56  0.789
%ﬂfﬁg’irﬁﬁ; 5202+9.40  36.98+741  <0.001 3768+7.77  3477+568  0.047
it CBF (ml/100 g/min)  59.60 £15.93  40.97 +11.35  <0.001  41.57 +12.27 39.06+7.62 0517
T CBF (ml/100 g/min) 57.76 £+15.36  39.52+10.73  <0.001  40.10 +11.48 37.68+7.78  0.475
it CBF (ml/100 g/min)  59.81+15.67  41.86+12.01  <0.001  42.46 +13.00 39.97+7.96  0.623
Fer CBF (ml/100 g/min)  57.93+15.44  40.18+12.60 <0.001  40.73+13.71 38.46+809  0.822
g/\rffj% CBF(MIA00 593011802  3054+1372 <0.001 4028+14.93 37174863  0.505
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3.2. 5 CSVD FEEHEER Logistic EYI4
Logistic [A1J 77 FE45 R AR BL: FLJKTTX CBF #& CSVD fAEIMA a2, BB E. W& 2.

Table 2. Logistic regression analysis for factors associated with CSVD
% 2. 5 CSVD =F#EHE XA Logistic [EY3#r

F5EN OR & 95%Cl P
R 0.995 0.953~1.038 0.809
BMI 0.920 0.782~1.082 0.314
R RS 2.681 0.380~18.911 0.322
Hih =M 0.860 0.623~1.186 0.358
FET X CBF 0.782 0.699~0.874 <0.001
it CBF 0.905 0.785~1.043 0.170
Tt CBF 0.894 0.753~1.061 0.198
Wit CBF 1.069 0.909~1.258 0.418
Firt CBF 1.138 0.993~1.304 0.063
/NI ER CBF 1.019 0.950~1.092 0.599

3.3. CSVD ¥4 5 CBF X174

R GIN TIA 33847 CSVD S it YA VEE A 0-4 4. K H Spearman #H< P04, 4R
17 CSVD S AR PE4r 5 &M X CBF [E 2 B fAE <M, 45 R B/~ CSVD W45 &KX CBF 13 £ 7tH % (P
<0.05), Hrr5EJEX CBF fHX MR NEVI(r=-0.614). W% 3.

Table 3. Correlation analysis between CSVD score and regional CBF
7 3. CSVD i 5 & MX CBF X M7

CSVD it4
Bl
r {8 PE
FEKTTIX CBF —0.614** <0.001
A CBF -0.517 <0.001
T CBF -0.533 <0.001
i CBF -0.509 <0.001
Fe CBF -0.487 <0.001
/N ER CBF -0.456 <0.001

3.4. EEKPX CBF 5 WHM 4. Lis HER CMBs HIEHEL S

NRE— D B R T X S CSVD AN AL A RE 57 M DG IEG , SRR 3 BT RIS IX CBF 5 WMH iF
(T Fazekas &%), Lls $& & CMBs $ Fr A<M, et 747K Spearman AH < 54T

SRR, FERATIX CBF 5 CSVD & AR IR £ AHK, HZERIHEAS Y (P < 0.001).
Horr, FEEATIX CBF 5 WMH 153 fRIAH & P o (r = —0.561) , 5 5 Bt 1t 8 8 K50 B R AR S M vk 22 (r = —0.533),
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-5 Nkt I 80 AR SR P AR 88 (r = —0.311) . HAKRLHR WAL 4.

Table 4. Correlation analysis between basal ganglia CBF, WMH score, number of LIs, and number of CMBs

= 4. EEXTX CBF 5 WHM iE4 . Lis #i& % CMBs EMH XD

KX CBF
A

r g P&
WHM -7} —0.561 <0.001
Lis ¥ —0.533 <0.001
CMBs ¥ & -0.311 <0.001

4. ¥1ig

AW S ER e 2 R R, RGHRTT T S S TIA B %X CBF 5 CSVD
KA FEERREE AN, AR EOR TIA B EKTIX CBF 5 CSVD KA R HAREH UMK, H
CSVD 11935 & ix X CBF R AAAHIE, Hr )i 45 X AH G ¢ 9 (r = -0.614, P < 0.001), Ffik—2 0 #rdt)R
X CBF 5 CSVD % WA (e M SCI R B, 5 WMH PPy ARG, 5 Lis B A e Mk
2., 15 CMBs S M AR 855, 1% A 2k 0 X A8 TIA A 9F CSVD RIS R4t 7 %
B .

CSVD A% 0o B CKCAR Sy i P /I8 I A BEE Y JEE L A s e 78 o P R D) e, I A A% T 42 5 S8 L i
AR T RE, HET S R MR ANE[9]. AWK CSVD A&k X CBF /KT RE(K T CSVD
U, GERIYHE TS R 80 UESE T HEE AR 25 CSVD KA R I SRER[10]. 3#E— 2 WAL #r 7R, CSVD
HEHREKT X CBF E K THEYL, $2/R~k CSVD B, MEERGZENE, X—MR Gk
BN M T - BV R P - B 4 SR R A - N U A IR SR VESEER , 5 B AR

AR 2R ELAE S IV S DD IR AE 7 B AR [11]. (EfE R, BRTYIX CBF 5 CSVD 1y
FHOC M 5k, IX AT g5 28 T X M BERE s A G, X 38 B ol &7 SO kS 4 /N 28 S A i If, - /0 if
oA S EVE AR TE R, X AR T ORI X CBF i CSVD KA Jo ™ s R B (1 57 5 el [
[12].

TENGIR LS ARFAE JT T, AHF 78 B CSVD ZH 35 % i 2 /5 T 78 CSVD 4, 5 [R AR nT 3 850in
EHAE TR RAT IR IR, BN E N R D REIROR P BRI LA 5 e ST . kAR, CSVD 4
N KPR A H = KPR, X R EA G R A R AL R AR A
TEZERE, HEN O] RE SR A B R BRBCR AL E B IR 2908 F SR 2 R 3 A O, R AE G 2Rt Fi R gt — P B0 IE

AW BHT S AE T 0 T BEAERF FAGE “A 8 CSVD” f—Joxf s, @id CSVD & i fuf P
Sror =T, WIRE T CBF &5 CSVD P EHAZE IR - IR R ARWFFIUESE CBF AMYUATH T CSVD (1)
FUHGE, ICREARIE ™ BRI IR LR AR AR . X — R IRE AET, T TIA 8%, Wil
CTP il CBF /K-, JuH2E)EH X CBF, F K CSVD KAER:, AT Tia T 4+ U [H .

X FHEE X CBF 5 WHM 343 Lis ¥ K CMBs &A1 73 M 485 51, HLRRIEE IR S WMH
Al LIs fRAE R JE AR AT REPy B S M (B WMH IR AR JF R 0 157 DX K 318 St ot 5 350 0 i A 453403
J A FRLEI B, T Lis DB 432 b 2 S I P 2 5 | R S i R BT 850, 3 350 55 i I 7 R A 2 2%
VIAH2E; 1 CMBs HIJREIEREE 2 5/ & BER . MRk sris AR, A B LI AT B 58 48 1 i
BESERIAG (Ve RS PE L S MR AR DG A A AL, DR b5 AN 2 R DR BCAFDOH IR o 12 R g — A 4lifk,
TAKHEE S CSVD WAL B AR GG, AR ME T BIANEINE Y CSVD it | SR F A& .
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AR RRYE: o, BBV A S BOE R AT, EARGIN M. b i 5 5 25 n]
Aefom CBF VR Z; LR, BEAREAT AR, 45050 & ARSI FR0AE; &a, RET
CBF §411 CSVD #E K4 THLHI, KK T LS DKI ST B84 S Lt SE IR N 43T [13] [14].

g L RTR, TIA 3% CBF /KF5 CSVD KA K™ B H UM, HKTX CBF Al {ENiTA CSVD
A R RBERAAR 4R bR o IMPRSEE R, @ CTP &Il TIA BFHHER S5, vy CSVD [R5 7
5 G B MR TR BE R 2200, 3 BT FRAI% TIA 52 R B adt F i 2 v 1 XU

E&WE

TR @ SRRV E AL E (5 2023AH053162) .
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