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Abstract

Cerebral hemodynamics includes changes in blood pressure variability, vascular pulsation, cere-
bral blood flow, and cerebrovascular reactivity. Changes in blood pressure variability lead to in-
creased blood flow volatility, inhibit the flow of blood to arterioles, inhibit the production of NO,
damage vascular endothelial function, lead to “neurovascular unit injury”, and abnormal blood-
brain barrier. This can lead to small blood vessel lesions. Arteriosclerosis and pulsating vascular
changes lead to wall thickening, lumen stenosis, and increased blood flow volatility. Due to low
cerebral vascular resistance, it is easily affected by pulsating pressure changes, thus promoting
the occurrence and development of small cerebral vascular diseases. The glymphatic system is a
kind of cerebral peripheral fluid transportation system, and its circulation obstacles will lead to
the expansion of the perivascular space. Executive, attention and memory functions are impaired
in CSVD patients. Changes in cerebral hemodynamics are an important mechanism for the occur-
rence and development of cerebrovascular disease, which can lead to arteriosclerosis and decreased
cerebral blood flow by aggravating vascular endothelial dysfunction and damage of blood-brain
barrier function, affecting the transport of nutrients such as oxygen and waste, and accelerating
the occurrence and development of cerebral small vessel disease.
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1. 531§

i /I~ 1fiL %995 (cerebral small vessel disease, CSVD)H 42 & Fif PR 5 Ml il PN /1N Bl fik B L aze vy 43 3 143
k. BUNME . FER BRI NERBKATEUY — RIVGIR . AR RURELE S 1E[L]. H a0H R FH 12 Wibr i 2
2013 fE[H fr L 42 ) STRIVE AR 2 Wibait, MRIEAR =R BN F4 3 il I B o 1 /MREBE
I LAY B B I L TR L 00 A o 05 PR A 10 v« Tl LR 25 45 6 AR A [2]
07N L6975 RO BE A LA AR WA, H AT 3508 MR B A . N R M B 09 15 ot i 57 s R A« sl ik
SOREREAL . IR SN AE, AL AR T N U 5 RS A E A, 5 U ML AR DR A A
EREE VA B 228 5 S5O /I T35 (100 2 A [3] [4] o Rt v ML S 50 Jk o A A B 5 DO 4k L7595 ) S o IR 2%
BEE R IO, Sl RGBT B ARG RD “ G e U/ A K R AR [5] 0 /s IfL
G2 B IR, 29 25% AR L1 26 o S8 R ok 22 B i PR 26 o S A D0 R I /N I AP, O ELIE A
IEW S50 S MRS . TG RERS . INR RS S DM S [6] [7]. Bl M/ M5 WL ORI 7 K & B, B I3 sh 1
5 TR CSCA A /0 T 99 PR R LA o i s DA, s LR S A8 1 3 K S BUN S IR RERE AL, {3145/ 3)
FkI 5 B A e 4 T BN B0 772 2%, AT 500 o AL B S SRR s s i /)N L6505 140 R A R e [4]
I HLBK B 22 14 1L IAL BN 7 2 H 0 2508 5 i /N L9022 T8 0% 3R RO E 0B 40 HE R, AR S B o i 2 3 5
DI R (i AR e A MR L SR L bk B AR G ) oF ) I R 5
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2. MEEFMREES M MEREKHR

If 2% 5V (Blood pressure variability, BPV) & Fig HLAATE — B[] Py 1 I 35 3015 O, 2 ALAR P 3R 5E 30
AT PRI, R N FEAR I A FRFAE[8] o I S P L F6 B A I (AN O 3 A 1 BPV). Ji 38
(24 /NEF LA BPV. 3@ 24 h )25 i Wil gh A7 pEAk) « (R R (1 BPV, 185 52 i AT B U EF A7) o
KIIET . B SO BEDT 8 1 BPV) 4 25, IR 13 1 24 h 525 M5 K ISt 3l 1 s A8 S5 42k o
HAPAG TR PRS2 ELSE AR S (ARV) L ArrfE 2 (SD). 2853 ZBU(CV), L)AL TP 48 v 3 SUMIE R Az
50 /N L8095 0 A e R B UTAR O [9] [10] 0 ML AR S T v 5 /N ML 00 () R A R R DA O . AT IE R
G4 T 326 v/ L E 9 B 24 h B IR 5 R BRSO AR 22 42 CSVD 248 & B 4ig 34 n i) Bk 57 s
W2, I H 3 RVEIEMSL[11]). —THGIN T 140 B/ 7 5 0 [k 20 b A B, A3 B 17 24
/N B L 55 BPV 55 /I L0 J % cSVD B AR R B AH DG, FF HLAR I 1 R WCAs TR s v 22 RS 4
BUbRHEZE 2 cSVD S SRR e B 3R, i R AUbRE 22 2 cSVD i J& il B 3 [12] . —TiAg N
2796 /M, BEVTIF 7T B E KIACPALBE VT AERR 4 4F) BPV, HF 78 AR B R A I A A% 5 1 -5 26 v 1) o v
S HIR[13]. HLHIFTRER: EIEBUNR) BPV I HIBeal, J H AN MLFA A N sh Bk i e 1
Bl R AR R A B R, SR R, B, BRI BPV R LM NO 4, R meE Wk
Thee, S8 “WAEME A", WA R RE, AMSB/NMUERE. 5 =1dEK BPV S8R
AR v P I KR H K E BT e L, S EUME B [14]. T RA AR BPV #9145 WMH Ji742
A INAR S, A5 M ERE LS, JF BAE S E B h i . 0 708 & BPV B4 n] S 805
WEIBKIE Y 5K, AN BBk Tk A S WMH FIAFAER 2%, 1 HS WMH B EFREEAR DG, it/ i
R R AR, Urum I AT R AE AR YK, B T i K AT A S o s T, ST
28 5 5 % o 52 B I (52 . PRSI RE RIS R A, AT REAR AR, TERCEMEIEER, {2 T WMH 1)
AR [15]0 b IR AT il 7 P TS SO /I LA 1 A e, i) LA e Je At m DA M i s ) A

E
3. MEHEMENEREBKELS R/ MEREI KR

B KRR A A pm ke B o5 b LA A B TR R L FIE RIS 3R, B 2 T BUM T BE R ~F 3 L0 20 B £ 4 Ak 4
FTEUR, AUEREEE, S pkas, WEM A BESMERAC, B EnE, SEUNRES N, BE
BN HKAE AL (388 00 5 BB ke R 5 87 5K S8 Ak, X S BBl i B S R A, 320 SR AT 4L
B EBRANMAE R FEAEA . R A IX R A T SO S K R AR S B o o8 K2 — AN iR &K
AE, BT K, 7552205 BRI FE0R, W2 328 0 0380998 1 & A2 K e [16] [17]. H
IR R _E 5 MRI B TCD 2570 6 1 A 25 0 6 Jhk 47 38t A% 30 B2 (PWV ) R4 50 1 50 (P 1) Sk Pl i 5 A AL A2
FZ. PWV bRk e s sl K- sh BRI % T8 (cf-PWV) [18]. Al HEH(P1) & A I /) e 26 v i vl 5
(1) TCD $845, W] LA~ 128 o L5 RO REL 9 R0, 30 00 10 XU K 3l ik, e L fi 2 b 28 I PR 4
JR A BABE T 2 p b M R R [19]

] P AN 22 1t 702 BH 3 IOk A A 7 i /I I8 PR R 2B e ol s B IPE . — TN 782 9 o %k
AR ) e i AR R S, i S K - IS B KRR (cf-PWV) BB BKAEA AR B, I H
17 MRI K EE X 437 Jofisi /S L A L8R, F 90 R ILTE wan e AR v, sl s 5 0 /0 I 659995 1140 47 g
FHIR, JUH I P RMIRR T4 DX I/ &) 6] [R) g K AH 9 [18] . Zhai S5 [20]4E —TRZAN 953 42 52 B3N ik -
BRIk R A MR 3248038 I 70 & I PWV 3805 CSVD A2, 45 PVS, MWH fRFRIE K
it CMBs RN 245, (AANAIERRE, Kristian 2 [21]7E — KA TLAERIBE T ot be 7 08 bR i3 5 AER
PRGBS AN K — 15 B0 Pk ik 0 3 (c-FPWIV) 5 i 9 R = 15 5 (WIMIH) Z BRI DR 2R, R B 50 Bk s A 7 i i
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P R IR A R 2 5 H o, R PWY 5EE I cCWMH BRGNS AR E . Hannawi 558 A 7E 45>
BT T 426 Bl AEAZARE 1 ORI = A B AT S 5 LRt AR = 5 5 32 2 sh Bk 4k . 1f 3 S A 1 RAAR
BR, HAZFRIIFm[22].

— DU FLANN 206 B Jis BRIEMGREZE 38, I 4T 17 3K S8R5 XU K~ 3R 1) PR, R B0 s B e f e
EEFEFEM Pl {HS cSVD % VIMI5E, FEHAE cSVD F WA 2 8] PIES A, KILEED PI{HIE 2%
Wt cSVD ) f1 48 J2 Hp #[23] - Markus S5 [24] NFE—TAN N 481 A [ BA BT 5 Hh et K 340 I 1 2K i w3 ik
B Pl RIS B L ™ H ) WMH B35 FHm(P < 0.01), (HEREVT RIS WMH BER %, w4
RIRA ML S WMH (13828 7™ 8 F2 R fodk e A0, w45 H P15 WMH [/ B ELE, A
RETHI WMH FI3EE . [FERELE Tomas 25 AR50 A 2 & B, Tomas Z:[25] Ay WML F1 PVS 7£ PI
Bz wrgte L, I Pl @& CSVD I —AMEXT R R I, AR ERIFE . Chou Z[26] AN
681 IR 3 7 W 29 P B KRIMES K ) PLAEL, A REITAS CMBs, a5t &I, S 3k PI 7+
5 CMBs A%, FFRILIARS CMB 530 A Bk PI JH A B E A5G, i CMB S5 HES K PI T i i 3 AH
K, HHEFEEE PER . O R R 2 . WMH R RETE ¢, mT DU I & A [FAL Y PIE K PEE CMBs
AL B . FRRIETT H B P B R LSRG i /N LA (R R AR R, PRI KR AL AR B2 T LAJR /D i /) i
IR B A T A 1 R A AU

4. RIMARER. MmERNMEKESK/mERNX R

s DR T o/ A 5 R i i 6 B, A F I R S L PRI SE . R, SRS BUNILET B B
T INRESZ AR, UM ML AL A AR HEVE[3] [4]. AR 2 B 7E #R2 B I 1L 970 5 5 /) IO A A O
Nomura 5 [27] (I 78 2 B i /N I 95 55 1K) CBIF LU AR /)N 1895 55 3 W6 28 5 2 40, & AR /s ot s iR 3
19 3.2 f%. Yu Z5[28]3\ 8 CSVD S Fm RN KN 150, 5P Me, &KL CSVD B it 5
2= CBF A AH U A R 5T RE N R RA K, IERIBIKH CBF /KT
55 3BV IR A AR I RN RE ) R B O, WA DRAF B3 CBF A2 TR A AT e R ) — b [ 29] -
Gregg Z5[301HF 7 K ITE AR ZBE N, K Z0 B R A CNBs S5 2ARA CBF ) iz i b Ak,
INAEREIRE CBF /2 CMBs J2 i /M ILE 5 1) — M5 & - Bl Zhang &5 [31] /1 72 BH, CBF /b & WMH
FIBST fE R R 2, CSVD B A shIkiE M iEiE .

i B 1A R 75 LR AR 1 VR RE SRR CBF 4%, $a CBF [ 51 %2 R 3% ph HE A 7E 10 38 38 s P B2 4t i
(W 2R e R . WIS SV 2 R RE, By MK . RIERML. MR A
A B IEE[32] . PR D RERRAS A A 92 A ) R AR &, e e TS5 M I eS8 Fn S o 4 3 tH . 4
F T R B R BT LA (14 s ISP T B, A L7 e 7 P A P A P f i L 657 PNz 400 ) B e v [33] i L8 i 17
PE(CVR) A Fie 0 I %o ML/ it 1 S A8 P S R sk B 4 () — PRI R . FLRNL T IR 5K e 77,
AT A 3 0 LR Bk Sk S I LA i (CBIF) BRI 1L 25 i (CBV) » SR BOLD SR I 8 s W 1 ) f¢ 35 FH
H1777£[34] [35]. Staszewski %5 [36]HIHH 7T B AT LU VAL T BRI 2R rp . I MERIR . A MRSEAIE B
A LA S AN L R SOSEME , B CSVD B3 A 77 B fii 1 A0 T oG 28 4 G L ) L ] B K 1
B, M SOV R AR R PR, SIAME— T FT T CSVD B 24 H LA s S FRBI 7 R R
5B REREAL R R A IE R BE AL, CSVD HF K CVR 1RFRYBE S N A 5.2 T FE[37].
Kim Z5[38]/EMT T 1 AW Tu Dy 56~89 X M5z il&h, KIMAMIME T CVR F#IL5 5217 MMSE 115>
FRARA IS, H MMSE 1143 5228 CBF A Suit 5 AR

5. BUARIERR I L S I/ ML ERREI X F
MR 1% A (DMIV) 2 45 5710 52 B A /NS Bk, P06 ALK BB BOR AR . 3 {8
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FHREALZEIIASL S A (SWI) AR FH Bk 5t S ML 20 2 1 PR REAL 26 80 T DL R DMV 7846 [39] . Btk b 1)
B A AR B P FE 3G N INER KT BEL g 8D i T, S ECER KB I, DMV Hp 1) ik L 2E 1T e 2 52 i fii
B ARG RS, S 80N E AT L TR G S AR KM, 2
S UG = A L S 5 B PR AR [40] . BEAE SR B, BRI 22 IR 78 3 BRI B Kk 5 1 /s 1T A7
MR AE R AFAES BRI R . Chen S5[41] kIR T DMV WA AR ERHES CSVD B4 fif (R4
PVS FGZ48) A HERF L, FE KB, CSVD BE WA M5 DMV ¥Eo 2 IEMDE, 1EH%E T HEIR
AN ER N R G K I, & DMV PS40 i, AR EES . WEGE K. Xu 420N
WA FFER R, Liu FE[43NE—TH 979 42 5E MW b LY DMV HE /> 5ZE96 0, JtH
et NI X, XA AR T 3 B R A ER, X PR S Ak S I A e PR R A
il CSVD 4 #hnic, If H DMVS KRk S8 e iy . [AFEA BRI DMV %5 CSVD &
H AR [44] . AHFFREY DMV 20 5 CSVD B ARSI A%, CSVD B ik, DMV
PP e ) S5 B2 5 A BN 4 [45]. Zhang S5 [46]H 70 K DMVS B RS MRI AT L) 38 i 57 1
B R BEAEC, SERMEMETTR. —IH TR, DMVS iR ™ B2 B A b B 2 s i
A, MHS 2.5 FEH IR ¢, (H5 WMH &5, CBF HIlG A s 505 5 [47]. SHA R
FL[48] I DMVS WIS 5 T T 2 it ML ke, Sk D) B AN 42 AT B A2 S0 1 i) A i L 22—

6. KBRS M/ M EmRIXFR

FME RGO —F A REE A BR A ERm R%, BUTRBASRKE RS, CiBdEERIT
90 1 R i v PRI 1Y) AQPA K B 11 A 5 (R S RAA R R B 1) B8 4, AT DA 7 o I R A v
(IR, HZIR A SRR, FE AN S e e PR e o 6 ) R ) BV ik 2 AR S IO e 2 kit 7E VS
BRI 25 KAGFR . HEREIN NP7 e SO EZAER . 3752 tO IR R JE A 51 & 1 2)
ik B e B M LA I A 1 L2 BN IR B I o IS R L TR BRTE SAAR I AN el e 598k 2 R e ) e i
1545 K [49] [50] [51]. FEZNBKBEALAE CSVD ZhAEAL iy PVS 7 RRIk EL T e 2 5 A7 AEAH G [52] [53].
A BRI T 78 3 AR HE R A 5 S5 2 7 o A5 19 0 BB ] A R B A LA R B R GE T e 2 A O [54] Ik
EL R GuTh Re R A vT DUE i ifi 5 [ IR B Fr) 4 ok 2 R 20 T (Alps R 250)SKITAl . 2 TR 78R B Alps 484K
MR RE SR S S S e, Bt i, R BRSO 5%, I HS CSVD A AT, R
ACIZ D Be 4 5 AH 9K [55] [56]

LR PTG LR B 72 O R G /N LA R 0 T R SR AL LIRS, BEE R EOR . B
WA ARG IR R, MRS e rE . s tE . Ml &, A RNV IE. RIEFIK. JORE RS ThRE
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A SR B A SR PP G LA B 3 2 25038 5 /N L9993 2 TR 6 2R
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