hEA R 20194630 H14% 30

i 3T MBI R At

S|

Rk A i

m T L

[5552i7]
[ooi]

M fe i A AT BUR); BT s AR

10.3969/j.issn.1673-5765.2019.03.002

I MLj% (cerebral blood flow, CBF) 7%
FETF AR —A29600 km K, B4& W FVERE
AH R R A LA N . 72 I IS 0 R G, i
BNk, /NSHIKFN B4 A H KPR ALO, ., RER
FIE SR, T o KR C O, A1 A8 15 5 0 A K i v
Heth o B LT 0A R & i 4, W AE A I F
L O, e R,

i T4 ) 3 R P 5 AL o)A B T AR IR
BB FEAS A S5 2 S T 3RS 78 2 HL a2 10 I
HER , F 35 P Bk (arterial blood
pressure, ABP) fE—5E LN, fREHK
HEVERRERR I CA iiN 3 ikPaCO,/pHEL
AAZEST, PR G T YR AR 1 L B 5 S A A
1280 (874F) VA% (cerebral vasomotor
reactivity, VMR) o PA_E2FRE T ALE 45 Y
SRR A B ML 4% . o, A
Jest, CBF@ &M a3, 13X 2 3 i i 28 145
#EL (neurovascular coupling, NVC) {##
G VEE R DA IS K i % ) 1 58 B 440 P 2 e 2
By A RE oK, ARy T REME FE ML, H A2
— BTG BRI B ST

A 3 e I A Y A R Y B 2 G
SRR M4 85T (neurovascular unit, NVU)
EAEH . BNV UL T IR AR B, t/hNah
i 1 | = 2 RS = e e et
Mo, PR, IR BAH, 2 TT Ko Nk
M, IR GE A ANEAE P 22 L AR rh A5 ]
B (hnBE 240 i B G Wi v, RB 08 B HE R I

bR

BVEARAUALR) , T HS 300K, /NS AU R
PR MAE B 2 TC Z EAH AR s R
A A5 i IALAE 5 RS 2 4 AT A S 2 i O
ifii % CBE G E AR, FEVF 2 M2 2
gt I B, 24 CBF A 40 AN 4+
PL 5%, CBF, O M A1 22 el 2l A LRL,
22 AE D) RE T4 T, A e A A
B, SARSR, NV URIHE S B e A
Bl “HLAE P 28 D ™ 1%, A e A B 3
SR HERR N AL i 75 1 4= AR A e 2544, Bk
TREGERBANINGE N B AR, R4 E
20D o 2 LSRR LR R L PN B AN, M2 T A
EIEIR RN, S 5E-FEILAIE, R840
AN, MR, AT LRI,
JULHEL 4 A S 5 2R S 2D e D0 S M A, Al
Bl 2 A K . LR O T S LA o 22 0 45
PRSI S IR Mr ] 1, A S BT i LAY
RERRLE, SCRF TR INIE R RS I 6E.

T CDR] A [R] 5 2 25 Hi 0 51 A L 4 I 3

EJE (cerebral blood flow velocity, CBFV) ,

R A I A ELAR AN, ILAL 8 J3E ) AR R
AR ILIAT o 368 o2 T CD Mot 00 Ft PAY LA )AL i 32
5 VA S B S B [ 28 Mot 0 A B B R4S F TR ER
MBS AR HRIGR A BNV URY AL RIS R,
RET AT X LA 2T AR LA A 2L

HI T ABI T S E A A CARIBL], A3C
G AN Z ARG RBT SR R 200, B
T2 A C AR AL AN R ALY, 45

- AP -

EEBAL

'518107 E.4|
PLRKERESLER
() ApeE P4t

PO EF KFEFLIE
S A BRI
CSEREFRFRAER
AP 5 A
CCREFKFEFRL
SR BB RPT
BIEEE

P &S
hanhwa@hotmail.com



Chin J Stroke, Mar 2019, Vol 14, No.3

CAR ERARRIAIARIELL o

1 B EE R AR

CARAR & i Lassen®E E 19594 B I #E 1,
4 ABPFE60~150 mm Hg 2 [A]j 3R}, CBF
PRIFRRERIRE ST, CALRIFN, 3 A% I 53
HREE AN AL , B LR S B i FE L, 5
FEE®,

C A B it /2 38 1 /N3l ik R =8 4 14 4%
2 WILYE 5 i 0% (¥ B 77 (cerebrovascular
resistance, CVR) , XFHLHI, FEZ4Fh2E
Ub, EARNLENE, MR, PR A Y,
B o LR 3K T2 He 7738 v b/ N sl ik S HF
VAR, TR A AT kT, B RE T ek
A (AP=10~25 mm Hg/s) Fffh & M H
PRI AR, 2 B TR B A LA D LG R
BT T BT RIE <250 ms™, AL
il R AR B NILE, JR iR R A&
W) XALAE 6 45 SR, B30, AT B SR R R
R ML T T 2 7 I LR AR, 2R3 2 CO,E R,
T AR NN L 5K, PaCO, 3 N
1 mm Hg, FRIMEIEMNIT4%, #H5, mTCAE
PR By 0L BOR HETE AN COL 820, AH B i 1L
B, PaCO,AFFEA%1 mm Hg, fii Il Hit ek />
4%, R B A DR T I T LG
0] AR B2 -8 o N Rk 2 e B2 1K
MEC” , AR b, /INEAR I B 456 BT
53U B A T ) A 22388 5T, A0 I 55
LIRS . NOLZ HLAE Y45 75) S -2 B AN 28 ik
YU 3 2T AR S A AR R R i 2
TCZ [BIFALRAT F IR LA, e AL X A 22 7T
I ZA A SR R ™ o P B PERLAR R HE 7
AR A T Z2 RS, AP R A0 o3 W L
P IKFRINOSE, PAK I Weds Ran i g2 = -1, I
TR A 255, B IE S A R A5 T il ILAE 1Y)
LI PARER

CAZF 2R 2. #A5HY B 318 5 #1350
SHYEBHITT,  CA VR H N ML) 8 WY 7 £

Pl E RN N ZS /W BE R RIS, 2 AE
TCDE AR IR Z AT, BIEIEE I, 5
DRI 8 R, TCDRE, i TAA
ren B B 23 B, T DASERLRIES )25, HdCART A
TESCRD B AR I Y RIS AR MR B R, FeiF
SR CA, SCH ML Eh T157RZ BT

CA RS20, 185), SRIEFF (Ff
W% Sk PaCO, AL L) | (LA Zh BE 30
YIRS, B, AR ECL . RREE R
SRR, A, TERIIBTTE (TERHIR 264 T
WAL E) BCE AR, 5 R AT T
WHFEH, HEAT CASEIR I, A0 B TR LE 5
IR, DAGESEBUAR AL R AR, 4R s
AT RN R 2 L [ HURAE R

2 mmFEEFATHRESTE

I I R A T 20 2604E 1L, 5847
SR, N 532 H L E B, R, %
T CAMHLEI T REARIF . i ELBEZE TCDRTIA,
BRI ARZ I E B LB EE. CA
Ry R LR L

SCAJZ i 13 259 Tl S B v (i) &
AR .

dCALHEAMNAE & M B % I I
F2FPAY, b AR K A C A SR 8 A -
R 7, A BT R R 2 S, B L3
R RE A AR A (L 30 T 7 32 2 P 3 )
E) o W Z, &4 T o RIS
PERHI . J7 3R E BT . O Bohs R sk
56y, PRI Aot LB X AR 3 o (RS i 4 44
M) 2~3 min, R ™, mTFiEET
Wi A0 He PR R e (K#920 mm Hg) , 1E%
UL, o L 32 B2 A B A0 BTk 20% . TR
R IO 2R BAIE 2 T A AR B T
P, DR AR H RS R A A DR
(AR AE A B8 2R o T Ikl ek 5
B RACATDEMFEATHY, B, EMNRI S F i
F o @518 ik 30 S 96 i 60 8 e IS S 56



hE P ARGE 2019453 H 1486 531

197

FerE REAE T SR AL B R SRk R
s 3 S 55 8 o v S 0L B AL T
BTHE30%~50%) , 3 siE PRI EIA", BT
JEIAGE TNk R e ET 5K, 75k TR
BYFE I 7 (transient hyperemic response,
THR) , it& AR N THRZ% (transient
hyperemic response ratio, THRR) =7 I A
I 378 38 32/ 5 4 L gt 38 2, G o 7 AL B AL 97
JE =R A AR 2 WS 0 AL S R R s B
24 ML 3 32 = 3 T 5/ WA 4 34 L 3 2 1) 329
., IEHEE1.105~1.29, [EFEH1EA =4
TR, HBEAE IR, BRE %07 AR &
BN, OFLKINME (valsalva maneuver, VM)
FReL W, 4EFF7E30~40 mm Hg, F74E
15 sHE5 [ IR AS b AR R B CA R R, (B,
J JE i A PR 3 e > S BTN R v,
o BARRETE T, MAFAERE AR PaCO, M m iy Al
RE, R EMICARTHE R, @A ZE IR
= MR ITE, ERIFERY, SR N
R B T S 0 ARG AR TR LA XU
® “Ab-Spf sy BN AR T B ML TR,
ZIRE AN FFEES min CRBHER0° ) , #h
MALHESE] min, 5 min/GEEE R AN N
A RN X i < 9 E R i T P
EAIE SRR A 0™, © HoAhifs % I R 3h i
T5 i, ARV AR | WA AR Sk B SR ST
GRIENG) (FEBEWE) JILEE
— R R B T BT S5, R
BB T 2 IR R () o, Sl &
R BT AR A, 12 07 BT B L Y B B 20
AR AL T, fE A 3o R AT I o A,
WAKATREREL I, SR PE ] AE S CA
w5,

EANRE R CATT AR, BAIIACAR
ISR LA AR LR ) B & 3N, %07 ¥ T
201 AZ904EA, BT AFEEZ I B AR
RENE, @I ZAT, TElmARN )iz, HAlZCA
4 G A 7 YO (B T2 S A B A

Ja >

TPIEANTRD, A 2 R e B B A ZOR AR, T
HAAR A I R R,

3 MEIiRENEA TS E

HT M., mE 2 &M XREN R
B, oA R i AR AR N . il LA FE T
=¥9{EBP/
¥JHECBF (3if7: mm Hg-mL ™" -min™) ', %
TCDRI#FEH, CVRIEEL (CVR index, CVRi)
=(EBP/¥I{HCBFV (¥fi7: mm Hg-cm ™' -s™) ,
W% (pulsatility index, PI) = (W 4g &
AL I 970 o — AT S R LA ) /¥ I A
B, PHER B AU INIAE AR, &F5KFE IR
MLE, BES5RERMF TRCVRIYESCRIFE, 18

(cerebrovascular resistance, CVR)

R CARFIE R PR AR 24 A, R 451
MAEE, PIHA AR IS CVR AR A 5 2
K1 CAWRZE
5% RE RS %
MR SIS . EBELRIET AR
(CA) B (sCA) Y P
7 (dCA) BARICA  TRMEEBEMSIR
FTHRELLR (SF
Fo R S S)
Valsalvazfi{E
IR R S0
R TR
FEHR Pl STy
- WEhHE S B A S
& (B ST RS
m E KR HTH
B TR SR
5]
o5 TKIKR) B ELLS
i it
2 . FAFATSMERRI T & R
ARCA eamans)

MmMEESREE HYEELE

BT ST BEM R SEL

(VMR) FHEIH BT SIL-EER
R CO,E K
CORERTEL PRECO, Egieywwﬁﬁi%
5oy yea /‘T\ <N = TR
MBEFEXE  mrmco, RS (R/RETR)
A MEFREL (NVC) PCA
W I A4t i X MCA
ACA
=R o o /=] o
- STURERIE I/ 5/ HAh 03
BEBELRI st/ R R+ B AR




198

Chin J Stroke, Mar 2019, Vol 14, No.3

JRPY, 55— A~ BALC A F7 32 224 7 43 30
O BPIEED- MG A < & (critical closing
pressure, CrCP, #{ij; mm Hg) ,

O R 4T d C A KR R A I
G IR B s RN = £ B I v F i d
(autoregulation index, ARI) 7] T B} a4
B, 7 %A B R B 1A i ML 37
WA IR TR, RIS E TABP
BRBE ), CBEVASEATLI0AS (0~9) Arifl [ 2 AR
U 2R o A0 SRABCPP A B 24 B X A H
ARI=0, MLFEICA, ARI=9, NLFECA K
H, BARL 0~ARIT 9, %L T i)
T RETPBORBGR . X AP AT I VA BRI HY 2
TS BECE R, Tz T A A T
P T E 3R AR5 S (autoregulatory
slope index) YEMARIFERAL, P-AE CAN R
FHEFERE, B SARIR FAIFE A, P
E % (the rate of recovery, ROR) =[ (CVR
Fa)ZE 18 /BRI 2E) /P ABPRYZE(E ] (i
ML /s) , 238 4B I HS T [ 35 A I
TR FE R ], WEAE CARA &k,

75 — M AE I s PE A CA W A 5 A
2 ML 70 i I 7 32 32 22 () ) AH oK AR 8K (the
correlation coefficient, Mx) , B0 17 /RZRAH
KEB, 4G5 sHTIE R — 0L, FLE
3 miny B0z (FE36- A7 (R]) THEIME, A
JE RIS B E AT REE 5 P-4 i L 7 3 BE 1Y
FH MY, XA K REOE SO 3
68k, #M0Bk 7MY, $/RCBFVAICPP 8]
Bl R 5, BIVIL -5 il L3 2 B 2 [ A AR
|22, HAETE &L, HCARZH, WE
s NI, $278CBFVAICPPZ [AIEARK,
Bl g e mBAR L, #CAZH, Mx/Z CARfRTH]
AV — A BT B SE M A HE AR . 15 1% 18 R 2L
SIATRTEIR 2, M2 K R AERTM xS 2K
AR

& 3% PR B0 M7 (transfer function
analysis, TFA) JZPFAlURAY 753k, FT204T

R A L ML 2 TR g 9% R P20 33 ff
H L, BT AE S IS i A RO
W2 BN 1L, B CARY ATy
SRR Wt (SARIE) , M2, —EER
B (FIFR—Eu) AR CABDE IR T2, L,
I R CATFAE, M ande R CARIA L
PR . C AT AE I I AL 22 1) B AR 37 22
se IE(H, HCAREST NIRRT, W REREEF L 2278
R, WAL, AR 2200 (AL AR P
ZIBJCHHTAIAE R ) AR CATY R, — Stk
R B2 I A LR 2 R 2t K &, — Bl
EPE R EANER R, M— BT 01R /R L&
PER R AFSBNAS NS RN SORR,
3 EEAT K0r, ARk (R FR M) Al fE
ST A2 22 5K TR AL, X S ABP
W8 KA R, AR (AR ABI)
(LA S R T P9 T B 57, 9 pl AL BL
fil k. CARI AT I I WZR2.,

4  BERSRHELFEBIATIREL TR
it

EEXHE 2 0 CARS A 0y 35, SR CARY
ST EIE %, (B ES TN &R, CA
R &SRR T BP (Rl s A5 S) FICBF
(W s R S) Z MR R, i CA
B — AR H RS, BT IR 2R
KA Ty 02 H & 8IS CBF VS BPIEh A,
A2 ETBPAE KW TFAR BHI#F 5
oM ¥ o HEEEIE BRI TFAR] SRBUR R K
TP 14 R FRE ST A, T ELIS REAR H — B bR
BT A X BE R A AT SR, T DA (1% 3 R 455
BrdCA: JET EFRCABF T 45 B 1 B A3 HE#
TTFARMZENIR &, BTE e MbrEdCA,
(R0 225 SR B R B AT HE, ARPIBL 1998
SRR RN AU 7 R BT 8 K AC AR 5T
PASKE, TENGIRBFFE AR B T R TR B A 13
e BAEL IR, A SR R A SR e
B LB,



hEA R 20194630 H14% 30

®2 CAMSITTIE

DT

EEES

BEDTIED K

DTTENREN RS

AT

SMFRES

B RE AT (TFA)
FRAR AL (HHT)

#35 (gain) | 4B{Z (phase) | —ZX|% K% (coherence)

gt OF HHTEHSREAAR EVD)  SEEEA-MAST MMPF)
ETRED ABREHESR (HT) B
By BB SRR A R REFEA A TIETFAMERN S, 2 Af
ié‘, e BT Voltera i BMIEL SR
A TRIES IEZHERMAERIET
CA i) = BENATEE (AR) AR O~ 94 R HE R
2 S m AREE (ARX) HRTHREFEMATIGFARRNS S, 82 8k
2 FRES LRI (W) THCBFVSEP MR R
7 M (Linear Regression)  IGSRSCHIE (CrCP) . [ ORY f9 M 1S
B FRmELR S (CVR) MEHE (BP mean) /fXIRIIE (CBF mean)
= Bt A NHEHL (CVRI) MFEFIE (BP mean) /Bl 7% E A (CBFV mean)
R an R3S 47 AR L 7 B RO 18 (CBFVsys—CBFValias) /AR
A ¥aes BHEKE) S EH9{A (CBFV mean)
c P BB 73802 IS BB ERO L (ACVRI/AT) /ME%

(ABP) ]x (CBFV/s)

B A GBI AR (FEAF R EHAFLRL) |

4.1 {UgRikss PATFAG 7 R 61, IR H
HIE LR E : OTCDIY, 2 tlri & k&,
FL52.0/1.6 MHZIR {6 K A 3K 48, B
TERL4.0/8.0 MHzR 3k K H e 2 1 i 473k 42
GEEN S -PIEN R rgr s g g1 YN
TE) o 75 HC A ST A LR 3P AR, @ et
PRI SE LR BN, AN 2 To B G &
e, Bis TR AR (HHEE, HATHAE
DI 20 FAS 31 DN 2 o N RV 5 1 < 1 L
BCA [FIRL A T4 o T8 5 IF ML A Aty I
JE. @FFURCO ML (BiEER) o A2
TeO R A 14, R LD AN BUE i (X
VEMERF AR CO,, B AR I S S (—
UHERTHFE ) » @S O HIRINAL, BES 2
ToR A A A, K. HRIR Z U
CBFVHYBIE A DAL B 03, H—2 %),
PR BRSO R I, OB RE & ik 4,
ERC, BB AVAEZ MR A R R AL
HAIE (W2 IHRERIE RAER) . © LT HA:
WA, MIEIRARTF R R, Wil SEORRE,
FEARIECE ORI & B4, it ZLAME 51X
(near-infrared spectroscopy, NIRS) , HT

FERHMK (SBFRXFEDHABEIATS) FH

Te B )R M A M 5 T 2E 23 i 4 M A
T TC O R A S s R AR LR
Wl — AL, JE R BA, RLAEBSIOrnimpE
ST AR A AR CerOx (R 4L 4h 55 #ARZh
FBEL G, BCAIREK) 5 MmN, B
PR, T AR B A s i LA TS
DI LE I T I — (A B, R A, I
NP R B A R AFRIEMS-9D  Pro
(SE LT I INLIAE % TG B 38 422 904 I s Mot i) ) )
ShAm, B A SRRk, IR
HEE) . ORI, CFHELITAE
LRI
4.2 HAEPE
OXIHEMIRGTE L2 Z A B — SR, A
s B A SRR, PARR 2 22~24 C,
MR MEERETERMCA (BL) , Mi%
SRR, QLS B I S (B RN
ABERETI0) o BT BRI, T
FRCLER IR 1) BRI, DAGRIUE R BEAZ 1
ZAAF AT I E /4 kG R 2 ek R
AICRE, T3 5 I AIMEH L &), B A 2T A
F/012 hiE iz s MR AT . PRI S A


lizr
高亮

lizr
高亮


200

Chin J Stroke, Mar 2019, Vol 14, No.3

YIRREZ I AT AR (ANTTA) | 7 EARYE
S5 H RIS % R, Z#E RS min (6
PRI, ORMOHETRE) 5, BUNEML (77
[FIRC SRR AL B B AR AL (T B AL
) A,

@ BRI LI 3 FEAF 5 ICSEMCAIMLI
FEZ W0, el ik, e 448k, ¥ TCD
DRI A AGE B R AR, HEIAUIIMCA,
BB H1050 ~65 mm, BUREZERI10~15 mm’,
2 P R RE DA I J0 30 AT 1) ) 4 2T, TG
ERIFEYCE S H (FE IR TAEHR 23, DWL
TCDHL AR a8 Jy 38 B 520, HAE 2%
PR R f s TR T LT CDLgRx] 1 4 TG
FRIREEK) o

XU 7 27 375 AN R, R 22 3 HE 0 X
PCA, B 52560~70 mm, Bk 7
10~15 mm?®, % C A PPk Xef i M 37 32 13 450 4%
VIR LR BOR H R R, TEMCA SRR L)
AT, PCARY RN WA 5, A8 FIBA 21K B
H4~8 MHz#R K J S48 (BATHHG]) AL
ICAPAMEIEAG CA, SRIMIMCALLE, thig—
AR IS, RAETCAFIMCARY Y4554
FE2FY,

QORI EAR 5o ICRIELLB UL I i,
T EARER T R E M T8 5. O
JEZEHEATACHE, 38 G (0 B 1) e I X v
BRI, 5 ] o PR A DAL A% IE 28 I8 1L R 1
HERYE . S5 AR RS T TR B RIS 51
SV, BUR R IESE RS, KA LR/ B 3]
KIEDIfE.

@EBEIFRCOME 5, ik COEEZ
i, Sk m R ST AL,
U ) RAR S e DA E B B COUAR Y HE <,
CO R R FCO M, TR+ T
CO,, MF-SHHILCO,, EHFEILT, WA
CO,TE 2 B W T W, WU IR 2 BT,
TR B AR AR MR , I COLE S,
AT B P, DASE VR BE R 4 Fr e , i

Hoid BEAEFEINE . FHCO,LBED
CBF, #1055 A EE LA B |2 (1 PaC O, I 3y
(#n>1 mm Hg) .

OTHIAAN R WE S FE, 26
1254 % CAS By 25 SRR K (L XA AL
MTFHE) , BrAE AR BN R & 1 E 5 2
T AE AL SR A,

©iCsEmt A, R TFASMT Bk /0 2 i 45E
5 minfBPAICBF VL, FrAZ /b % 22 i il
5 min, ZoREIEA AR E, BPHICBEVIY
H R SR RWTEdE. BT FinapresfBPik
#F1E “physiocals” TfE, 2 BPHE K Y
FET B, BBPIRIEJG XL IIRE, M %
SRR ST

SEkrh, ST Im R R SRR AR M,
W10 min, AFBALE TS5 minfil
10 minf B HE AT 4551, BARPIE A S
— Y, (B I LR, BA R
FRUEAL S TS minidiE,

4.3 BRI LATFAD 5 2R B, %
BRI A TEA TR BB 5

O RSN, A BPAICBF VIELL(E 5
PRI B07 e e i fpe N R AR 50 Hz (B
>50 Hz) , 5Lk, B3 REAR AT
P, B HER R BB Nyquist i md ~ 515,

Q¥R BPRICBF VIS S AL R
F2RpA% K, TEARIETEA (30 Bk ) 735
BPAISFCBEFV, 28 & A AH R AEAR4F, (HAH
FBCINT &, a5 58 5 i Oh 700 55 A e s i
HCHERE SR A5 1 BB, B BP AT SRAELRY
BRIV SRy B AN Lo R AR R R, R, AR I
T il 26 R T BT B A OB ) T BP A
CBFV,

O A HE 2 & AT, 2T BPFICBF VAL
a2 Hl, HRR A R EAELE L, anthil
HELEAFAE RS 3403 R, W] DA M (A
FEh, R AT 4R W5R Oh 0 & T
S SFR) 8 ) 7 A 5 2% B A o R ST it 2


lizr
高亮


hEA R 20194630 H14% 30

B (L ) A7 N T AU I3 14 S 52 348 20 9 e A4
—JINH0.03~0.07 Hz A A e k1 Bk 2
<10 sSAL @M 4528, M0.07~0.5 Hz#ji
RYTEEFES0 sPIBRAEIRS s, MM Hr4E R A AT 48,
BRI 3R

@R BRI AL, EE R AEEE, 6
18 SRR A FN A BE A8, HE37 R F 05 HE A 1
(RI=pr25=t) ,

O R T HEVERUE L, HEFE AN TR E, Fe/b
FREEIIRA He, Kfady (O0) , B8 (6) ,
IR (J5) , Wi (Hanning fUHER) ,
(=100s) , THGEMEE (50%) , TR RECH
(1/4,1/2, 1/4) =AIFHE], —Sik A E
(95%CI, EFHHE s EMonte Carloffl]) ,

FE: XTI EO®~ OB BB E AR
SRS SR,

©SHURALI )RR, — B RBUTC AL,
FACLA AL A BE (o) BB (@) » I
A AE SR AN R a = (a../m) x180], 5
AL A4 XHE (cm- s -mm Hg ') SUESH
(%-mm Hg ') ,

4.4 R4 DATFASTT HEEE 5 A6,

4.4.1 MAENE FEMIBEENH L E AR
—EhE, Hn. ARG IME., BAAERESE: ©
P TE L, MRS 40.02~0.5 Hz, &
% P AR 4 B An T - iR 41R4310.02~0.07 Hz,
f&450.07~0.2 Hz, @m##0.2~0.5 Hz, @4
AL BN S, B — 20k, 5. A
B (RIS E)ZE) o QXIS i) I (E KbriE 22,
e NA AR P = AL B Y i) — B
Hagh . AROLI I ERIARIEZE

FTE: WARATRE, IO T B AR AL AN B A
BPFICBF VI B Zi 4% B, DA KBPAICBF VY
BEFE SRR R, BTLT0.02 HziR
(BPFICBE VI AH ARG 25 A WIS, i ASIIR
R 470.02 Hz, QR ECE 1555 4 P
HEAR KBS min, 7 AZAL LT
0.02 Hz (4110.008 Hz) HY¥HE, (E75HANTEH

HARAHT,
4.4.2 b EE 6 TITEIRRTT RS,

S — B0 (BRARHT: 0.51; A5 0.62;
A 0.57) 5 HE3E (BAf7: cm-s' -mm Hg ',
WARAT: 0.68, fAF: 0.96, =4 1.20) 5 AL
(B . FHE, HRARH: 53.0, 1R 25.4, &
9.38) (#1E: FEHIE LB PRBIRAS R
HERCIE, SO S (A AL IR K, )

— B, IEWEOL TR0~ 12 A2 L, %
/RCBF VR BPAEAKIMAE AL, HH R >0.4, W15
K/, 3R CBFVEiBPAE L AL R &R, 7]
SEVEZE, MZHHRAE T TFAMT, QR%T,
P78 CBFVIEBPASKIM 5% 42 [R5 484k, 1IEH 1%
LT R &% REICBFVEEBPHI AL B AE E RS
220, BEARSRAT] SEPELF, (HR AR TH
&Ko BHETE MBI — Bk, Bl B
PSRRI, BOA R CAFZAEARMEL N &
FEAER.

FARL 22, M TE0° ~90° 254k, FRifT
RE I ZE BIBF, SBH AR BLN JLFR0° , %
/RCBFVEHBPF 721k, $2 7R CAZE s RSB
K260° iy, $E/RCALT,

3G, > 1EHE <12 A28k, W TE
BBLN>1, FKRBP LRI £ 5| CBFV, #
RCAZE; BB N<1, F/RBPIZ#F|CBFVA
T, $27RCALT,

FTE: FERA L O S 2 K R
T, M S HABTFAR S ECETRE

5 i B A IR
LN LEIfG RS O, ELE KM, ik I
L, SR AL, SRR A R A AL
T AP S AW L A R R, S
PRI 28, SR EsE s (BIFICAMAE, MCA%R
ARSI MRAE) | HHIRA, IV R ERH 2 R,
MIBAT IR AR (ARIZR) | T AR 0L, 2
FTOMBFARR B 48, JUHRAE EAE I 4P A5 1
T, CAXFTYEFF R B IRREHE AR E 2, AL



202

Chin J Stroke, Mar 2019, Vol 14, No.3

EEXF IR T B, B R/ A AR Al B fE I
/RETE R, ks itz T ADRCARY
W AR,
5.1 MRSk ER TR BRICARMF
BORTY A2, I I CA, Al B NN i
P ABP A S AR I #EVE e, HF BB R I CA
WM ATAT 1, Lucia Rivera-Lara% "4z
IR EEE T R L EE B 2T 5 2l o
PRI C AT ZR, At SN [A) B 1) e i EE
MfAE- P ABP, HITAL & TEEE KT S e
TEFE RS P ABPS TG Z [RIF X R, B 5T
K, MR FEYE R EE T ABP S CA RS A &
MR EEAREERE, HEHEAR, H
TR ARSI CAZRTATHY, H HA W H %
AT S INLE, BAEBENTES MR
AL BRI A

EEE R TN R W NGRS i AN
1 2 0 A R R ABP R R R, 1A L v I
AN (B) RIS 2 B Tl fE B AH Kk, Horp
—T S T 327HIEE R IR VAR T
it o i VB PR AT 9 A 3, A i v Y
BN Ban itk 25 R B K AR, T I
TS5 R I R e, SRR S 4 R
FHARL, —T00 A “ARAMCAFEEL” P17k o M e v
JE IS5 8 8 ) BA BB 5 A B, S o e il v v
AR B SRR A (BT SRR )
SAAFRIEIAE X, M2 A B8 L I, 5br
Y G B o A ki VB Y s 22 [) ) <35 468 %o
ZAH SRIET- I S A R H Y, 55—
186 E B\ 5T K B, e 1R M 45
B0 A A I R, S B Y AN A A
il T PR 2 [RAFFE ROR 2257 (>10 mm Hg) 1)
B, EHHEARY, 5 LR MR, —
T T 2 80 MR A TRV AR E ISR,
TR T B 5 A2 ks B Y PR 55 P01 B R B i
(B AH I, (B2 BRAS Bkl 435 o AR e o Pl
IR A TR (R AR A,

BT it 1L (2=25) F0 20 ik Je P ik P s T

fE ML (n=38) MR 525 AR, A IR
B WA R I RS R R, KK
LW A1 B R S, Tt 1214500
JIE A B8 B SR B 9 A B, BT i I 4R
SE BRI AOAR IR, 5 A4 f 4545 Bt
S TR AT AERR M R G (L 45343 1)
AEVER A ARIEY) HEEY,

JLFE RSB 5% 2 8 3t 32 I CA DR
TS ABPYS™ | 2843184k ) LBk 4 Sk MLk
IR T I 2T 2 A AR B0 AR T
P ABPRY I f 521 ~324 A IR 7RIS
BRSNS RO TS A R 2[RI AH e, K30
AR T4 7 A2 i 0 e I 7 AR i T4 B
ok it FE A3 A LR UG 257, 53— 30140 A 301
61~ H ~ 162 (11 {5514 isi 40457 ) L 1 B 510 B 52
WIS TR GER, M e 5 o
I 22 TR) 22 S5 v i 25 1) e S5 D AT R R 0
INGTEARR (GCSIT4r=44y) AR,

EATEENZ, REABREEFEET R
REMER A, ST A e T ABP B # ft {2 i
TR AP (E B A B AR, B,
HH I 8 2 P A i VEE R (85 mm Hg)
Feimi o5 (75 mm Hg) w5, 3 kg Pk ik
PR BT s S I I A3 2 L o A i VB 3 R
(98 mm Hg) W IMEEZEH (78 mm Hg) &,
5 S5 A R AR L, IR M3 S I 5 g et
K3 5= E R K, MTE B2 OIEFARI SR
&, AU B kR A S e A I B A K,
FECTE T BB P S BB A5 . A 88 7 A T 7
PEZER R D, FTREER 2 B TR Rk,
HK R 38 S EURK sS4k, AT (8 5 A
e,

LRI G4 e R A I A B ) AR
ARG, 35 TR BRI, A0 I
FE P B U2 22 /0 M T Tl 45 15 ) A28
AV IR AR G e AR i T
M, IR ARG FRRF5EE i CARY I
SR B A L, R T A i S oA



hE AR A 20194E3 H 148 $33

203

B R TR RETE, WS PR 5 R TS B
HEYIMR, VLR T SE B Ak I T8 BRI B
BV, ) C ASE P A 5 A2 i OB s B I
JE&— MEMSE R R U B B R )
FZAZITUHTH A i 2 BEATL W B S 36 55 40 SR
SE VA S5 I e B A i 4 A R il A TR
ST RIT 2. Ak, A BRLAR ST T,
L ATIE T, SO BEHILT BRIl PR 52 VA,
SEPAMARAY IR AR,

5.2 SrifitEREd H—ANE R RS S
PR IAPERE A, Marcel J.H. AriesZ™%k 2
I RGLLRR, SEE T 2305 (L1634 %
SRR, T RHE ) o FHE T 34N
B OCAZI 17 27 CAZADAF-5 kL
J ILAE A B2 A LAY Zh RE 3 SR AH O . @ 2 4%
T B 22 K AR A BE , T L Js Bt 1 A
FE R E W CAWZ, 73—, CAZIKE
XK, AR TAERM, (22, BT =
AT 5T, B BRI AR SRR CASZ 1512 18
ANE S R, 2l S AR SRS LRy, HAT
WA . —Ti/NBURIE SRR SE T S b I 2
HE UK BRI CASZ AR, 52 N34
e, RIZAHCAZ IR, A BE 2
o O [RIFEFE R A2 BEVTREM T BN, &
WILR N CARYZ AL, BRI E 2 5
VHRFEAFAE, T/ NERRE, 2R RZMIRE .
PR, WS R8N H, 1B,
PR A P v IR AR Y CASZ AR, 2R 18 8
CAFFZZ N, Hal ik s /T sEE T—A>
0, ARSI e 3 o, B0 2 I T CASZ 4R,
FHS MR BUR A B E R B R, BT
PP MR R CASZ 4, CARARALI) AR )
M EBEE M, X AUT-2AA B LAY, B R A]
PASE S L R AP K Ty s ML, (EU2, TR 5
RIMLERY BT, KA EE S 5 32 B
SR, fl, — SRS R, T B4R L
JEE, PIBEARIILE AT B CA, AT T3
INHIZREH 15

CABLE 24 H T PP AICA PR MM i 5 F)

AT B 7 B R ARt TP 2 )RR, M S 77
WRERERRZ—, (B2, @i/ ek ik
RN ETE Y 52 B CA R AR B2 AT RE L 4700 T—
@, BRI, —MRUE, SR,
BBk 2B B T0% 808 %, A 6ES R P
MBI CAREAR, X AT AESHY, (HE5CA
K32 MM AL, T 2 MR 2 s R, %
BICAARBRE T UL BRIAES, 5
HIKFARFIEAECA, KIAST CATIRER B 1K
(F4) HIRE T, KT MCAS B A & BT
FLS R, CAZBHBAEDA O, BWICATE &
P/ ZEEHCA T e, XTELT =, PCAA
BEPeAERE, KA DCAREE U, EAER R A
A REE PR R,
5.3 B XEAERXEEUR, HTFEAD/N
UL, CASZ Y™ B, IR sZ 1A CATE
ADYH AR L R AR (AR AR 37 %52 1L
JEPBA s, IS 30T R p R B
FETE) o (ERTFTE RIS B ARUESL CAXT
ADFEIEST, BRI, /ISR ok 4 S R
RERI40%ZE 47, ALFEAD, 1 H A A A T2,
I, o B2 A SE B B 58 R B R BIAD
SR 2 A T BERRAR e A K, A R Tk
— RIS A B ADS CA 2 ] HE R 50,

B2, S e IR R TSR SE B, 18 H B
A b, 4t T CARIARIEILTT %, B ATy
RrN i Zc R Tare g B Vai bz poiiol | WA TRV S
RCO M EHE) Fortfrds ik (HERE: TFAZMT)
SRR — 2 TR IR H 59T TARR
BETRTRE, BT R R AL B 2 %,
TFARKELZ R P OEB CARTT R EZ 1Y
i R TP EE, %o s/ R s ) S PR A 2, 4o
SR B RS s T P4 PR R

SE

[1] ATTWELL D, BUCHAN A M, CHARPAK S, et
al. Glial and neuronal control of brain blood flow[J].
Nature, 2010, 468 (7321) ; 232-243.



Chin J Stroke, Mar 2019, Vol 14, No.3

[2]

(4]

(6]

(8]

(9]

[10

=

[11]

[12]

HALL CN, REYNELL C, GESSLEIN B, et al.
Capillary pericytes regulate cerebral blood flow in
health and disease[J]. Nature, 2014, 508 (7494) :
55-60.

MISHRA A, REYNOLDS J P, CHEN Y, etal.
Astrocytes mediate neurovascular signaling to
capillary pericytes but not to arterioles[J]. Nat
Neurosci, 2016, 19 (12) : 1619-1627.

KISLER K, NELSON A R, MONTAGNE A, et al.
Cerebral blood flow regulation and neurovascular
dysfunction in Alzheimer disease[J]. Nat Rev
Neurosci, 2017, 18 (7) : 419-434.

HILL R A, TONG L, YUAN P, et al. Regional blood
flow in the normal and ischemic brain is controlled
by arteriolar smooth muscle cell contractility and not
by capillary pericytes[J]. Neuron, 2015, 87 (1) : 95-
110.

ZHANG J H, BADAUT J, TANG J, et al. The
vascular neural network--a new paradigm in stroke
pathophysiology[J]. Nat Rev Neuro, 2012, 8 (12) :
711-716.

JOUTEL A, FARACI F M. Cerebral small vessel
disease: insights and opportunities from mouse
models of collagen IV-related small vessel disease
and cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy[J].
Stroke, 2014, 45 (4) . 1215-1221.

FILOSA J A, MORRISON H W, IDDINGS J

A, et al. Beyond neurovascular coupling, role

of astrocytes in the regulation of vascular tone[J/
OL]. Neuroscience, 2016, 323; 96-109. https: //doi.
org/10.1016/j.neuroscience.2015.03.064.
CZOSNYKA M, SMIELEWSKI P, CZOSNYKA
Z, et al. Continuous assessment of cerebral
autoregulation: clinical and laboratory
experience[J/OL]. Acta Neurochir Suppl, 2003,

86. 581-585. https: //link.springer.com/chapt
er/10.1007/978-3-7091-0651-8_118.

IBRIM J, MCGEE A, GRAHAM D, et al. Sex-
specific differences in cerebral arterial myogenic
tone in hypertensive and normotensive rats[J].

Am J Physiol Heart Circ Physiol, 2006, 290 (3) :
H1081-H1089.

OSOL G, HALPERN W. Myogenic properties

of cerebral blood vessels from normotensive and
hypertensive rats[JJOL]. Am J Physiol, 1985, 249 (5
Pt2) : H914-H921. https: //doi.org/10.1152/ajpheart.
1985.249.5.H914.

HALPERN W, OSOL G, COY G S. Mechanical
behavior of pressurized in vitro prearteriolar vessels

determined with a video system[J]. Ann Biomed Eng,

[13]

[14]

[15]

[16

[}

[17]

[19]

[20]

(21]

[22]

[23

[}

[24]

1984, 12 (5) : 463-479.

BUDOHOSKI K P, CZOSNYKA M, DE RIVA

N, et al. The relationship between cerebral

blood flow autoregulation and cerebrovascular
pressure reactivity after traumatic brain injury[J].
Neurosurgery, 2012, 71 (3) : 652-660; discussion
660-661.

YOSHIHARA M, BANDOH K, MARMAROU A.
Cerebrovascular carbon dioxide reactivity assessed
by intracranial pressure dynamics in severely head
injured patients[J]. J Neurosurg, 1995, 82 (3) : 386-
393.

HAMEL E. Perivascular nerves and the regulation
of cerebrovascular tone[J]. J Appl Physiol (1985) ,
2006, 100 (3) : 1059-1064.

CAULI B, TONG X K, RANCILLAC A, etal.
Cortical GABA interneurons in neurovascular
coupling: relays for subcortical vasoactive
pathways[J]. J Neurosci, 2004, 24 (41) : 8940-8949.
GOLDING EM, MARRELLIS P, YOU J, et al.
Endothelium-derived hyperpolarizing factor in the
brain; a new regulator of cerebral blood flow?[J].
Stroke, 2002, 33 (3) : 661-663.

AASLID R, LINDEGAARD K F, SORTEBERG W,
et al. Cerebral autoregulation dynamics in humans[J].
Stroke, 1989, 20 (1) . 45-52.

AASLID R. Cerebral autoregulation and vasomotor
reactivity[J/OL]. Front Neurol Neurosci, 2006, 21.
216-228. https: //doi.org/10.1159/000092434.
GILLER C A. A bedside test for cerebral
autoregulation using transcranial Doppler
ultrasound[J]. Acta Neurochir (Wien) , 1991,

108 (1-2) ; 7-14.

TIECKS F P, DOUVILLE C, BYRD S, et al.
Evaluation of impaired cerebral autoregulation by
the Valsalva maneuver[J]. Stroke, 1996, 27 (7) :
1177-1782.

LANG E W, DIEHL R R, MEHDORN H M.
Cerebral autoregulation testing after aneurysmal
subarachnoid hemorrhage. the phase relationship
between arterial blood pressure and cerebral blood
flow velocity[J]. Crit Care Med, 2001, 29 (1) : 158-
163.

LIPSITZL A, MUKAI S, HAMNER J, et al.
Dynamic regulation of middle cerebral artery blood
flow velocity in aging and hypertension[J]. Stroke,
2000, 31 (8) : 1897-1903.

SOROND F A, SERRADOR J M, JONES RN, et
al. The sit-to-stand technique for the measurement of
dynamic cerebral autoregulation[J]. Ultrasound Med
Biol, 2009, 35 (1) : 21-29.



rhEZE 2 E 2019453 H 143 33

2

05

[25]

[26]

[27]

[28

[l

[29]

[30]

(31]

[32]

[33]

[34]

(35]

BIRCH A A, NEIL-DWYER G, MURRILLS

A J. The repeatability of cerebral autoregulation
assessment using sinusoidal lower body negative
pressure[J]. Physiol Meas, 2002, 23 (1) : 73-83.
KUOTB, CHERNCM, SHENG WY, etal.
Frequency domain analysis of cerebral blood flow
velocity and its correlation with arterial blood
pressure[J]. J Cereb Blood Flow Metab, 1998, 18 (3) :
311-318.

HU HH, KUO T B, WONG W J, et al. Transfer
function analysis of cerebral hemodynamics in
patients with carotid stenosis[J]. J Cereb Blood Flow
Metab, 1999, 19 (4) : 460-465.

ZHANG R, ZUCKERMAN J H, GILLER C A, et
al. Transfer function analysis of dynamic cerebral
autoregulation in humans[J]. Am J Physiol, 1998,
274 (1 Pt2) ; H233-H241.

ARIES M J, ELTING J W, DE KEYSER J, et

al. Cerebral autoregulation in stroke. a review of
transcranial Doppler studies[J]. Stroke, 2010,

41 (11) ; 2697-2704.

VAN BEEK A H, CLAASSENJ A, RIKKERT M
G, etal. Cerebral autoregulation; an overview of
current concepts and methodology with special focus
on the elderly[J]. J Cereb Blood Flow Metab, 2008,
28 (6) : 1071-1085.

TIECKS F P, LAM A M, AASLIDR, etal.
Comparison of static and dynamic cerebral
autoregulation measurements[J]. Stroke, 1995, 26
(6) : 1014-1019.

CZOSNYKA M, SMIELEWSKI P, KIRKPATRICK
P, et al. Monitoring of cerebral autoregulation in
head-injured patients[J]. Stroke, 1996, 27 (10) :
1829-1834.

LOMT, HUK, LIU Y, et al. Multimodal pressure
flow analysis; application of hilbert huang transform
in cerebral blood flow regulation[J/OL]. EURASIP

J Adv Signal Process, 2008, 2008 785243. https. //
www.ncbi.nlm.nih.gov/pmc/articles/PMC2518653/.
PLACEK M M, WACHEL P, ISKANDER DR, et
al. Applying time-frequency analysis to assess
cerebral autoregulation during hypercapnia[J/OL].
PLoS One, 2017, 12 (7) : €0181851. https; /dx.doi.
org/10.1371%2Fjournal.pone.0181851.

CLASSEN J A, MEEL-VAN DEN ABEELEN A S,
et al. International Cerebral Autoregulation Research
Network (CARNet) . Transfer function analysis of
dynamic cerebral autoregulation. a white paper from
the International Cerebral Autoregulation Research
Network[J]. J Cereb Blood Flow Metab, 2016, 36 (4) .
665-680.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43

[}

[44]

[45]

[46

—

[47]

DIEH R R, LINDEN D, LUCKE D, et al. Phase
relationship between cerebral blood flow velocity and
blood pressure. A clinical test of autoregulation[J].
Stroke, 1995, 26 (10) : 1801-1804.

CHINF, KUHL, WANG CY, et al. Dynamic
cerebral autoregulation assessment using extracranial
internal carotid artery Doppler ultrasonography[J].
Ultrasound Med Biol, 2017, 43 (7) . 1307-1313.
CHINF, WANG CY, CHAN L, et al. Comparing
different recording lengths of dynamic cerebral
autoregulation; 5 versus 10 minutes[J/OL].

Biomed Res Int, 2018, 2018, 7803426. https. //doi.
org/10.1155/2018/7803426.

BRI, EBOY, D505, S R E AT S Ik i
ST YR A L B S T R Y
H B, REAHZE, 2018, 13 (10) : 1072-1085.
RIVERA-LARA L, ZORRILLA-VACA A,
GEOCADIN R G, et al. Cerebral autoregulation-
oriented therapy at the bedside: a comprehensive
review[J]. Anesthesiology, 2017, 126 (6) ; 1187-
1199.

ARIESM J, CZOSNYKA M, BUDOHOSKIK P,
et al. Continuous determination of optimal cerebral
perfusion pressure in traumatic brain injury[J]. Crit
Care Med, 2012, 40 (8) ; 2456-2463.
DEPREITERE B, GUIZA F, VAN DEN BERGHE
G, et al. Pressure autoregulation monitoring and
cerebral perfusion pressure target recommendation
in patients with severe traumatic brain injury

based on minute-by-minute monitoring data[J]. J
Neurosurg, 2014, 120 (6) ; 1451-1457.

DIAS C, SILVA M J, PEREIRA E, et al. Optimal
cerebral perfusion pressure management at bedside:
a single-center pilot study[J]. Neurocrit Care, 2015,
23 (1) : 92-102.

LANG E W, KASPROWICZ M, SMIELEWSKI

P, et al. Short pressure reactivity index versus long

pressure reactivity index in the management of

traumatic brain injury[J]. J Neurosurg, 2015, 122 (3) .

588-594.

DIEDLER J, SANTOS E, POLI S, et al. Optimal
cerebral perfusion pressure in patients with
intracerebral hemorrhage. an observational case
series[J]. Crit Care, 2014, 18 (2) ; R51.
BIJLENGA P, CZOSNYKA M, BUDOHOSKI K P,
et al. "Optimal cerebral perfusion pressure" in poor
grade patients after subarachnoid hemorrhage[J].
Neurocrit Care, 2010, 13 (1) ; 17-23.

HORI D, ONO M, RAPPOLD TE, etal.
Hypotension after cardiac operations based on

autoregulation monitoring leads to brain cellular



Chin J Stroke, Mar 2019, Vol 14, No.3

[48]

(49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

injury[J]. Ann Thorac Surg, 2015, 100 (2) . 487-493.
LEWIS PM, CZOSNYKA M, CARTER B G, et

al. Cerebrovascular pressure reactivity in children
with traumatic brain injury[J]. Pediatr Crit Care Med,
2015, 16 (8) : 739-749.

LEEJK, WILLIAMS M, JENNINGS J M, et

al. Cerebrovascular autoregulation in pediatric
moyamoya disease[J]. Paediatr Anaesth, 2013,

23 (6) : 547-556.

BURTON V J, GERNER G, CRISTOFALOE, et

al. A pilot cohort study of cerebral autoregulation
and 2-year neurodevelopmental outcomes in
neonates with hypoxic-ischemic encephalopathy
who received therapeutic hypothermia[J/OL]. BMC
Neurol, 2015, 15; 209. https: //dx.doi.org/10.1186%2
Fs12883-015-0464-4.

DIEHL R R. Cerebral autoregulation studies in
clinical practice[J]. Eur J Ultrasound, 2002, 16 (1-2) .
31-36.

REINHARD M, GERDS T A, GRABIAK D, etal.
Cerebral dysautoregulation and the risk of ischemic
events in occlusive carotid artery disease[J]. ] Neurol,
2008, 255 (8) . 1182-1189.

SCHYTZ H W, HANSSON A, PHILLIP D, etal.
Spontaneous low-frequency oscillations in cerebral
vessels: applications in carotid artery disease and
ischemic stroke[J]. J Stroke Cerebrovasc Dis, 19 (6) .
465-474.

REINHARD M, ROTH M, MULLER T, et al.
Effect of carotid endarterectomy or stenting on
impairment of dynamic cerebral autoregulation[J].
Stroke, 2004, 35 (6) . 1381-1387.

TELMAN G, KOUPERBERG E, NITECKI S, et

al. Cerebral hemodynamics in symptomatic and
asymptomatic patients with severe unilateral carotid
stenosis before and after carotid endarterectomy[J].
Eur J Vasc Endovasc Surg, 2006, 32 (4) ; 375-378.
MENSE L, REIMANN M, RUDIGER H, et al.
Autonomic function and cerebral autoregulation in
patients undergoing carotid endarterectomy[J]. Circ J,
2010, 74 (10) : 2139-2145.

CLAASSENJ A, ZHANG R. Cerebral

autoregulation in Alzheimer's disease[J]. J Cereb

[58

]

[59]

[60]

[o1]

[62]

[63

]

[64]

65

=

[66]

Blood Flow Metab, 2011, 31 (7) : 1572-1577.
IADECOLA C. The pathobiology of vascular
dementia[J]. Neuron, 2013, 80 (4) ; 844-866.
WARDLAW J M, SMITHE E, BIESSELS G J, et
al. STandards for Reportlng Vascular changes
on nEuroimaging (STRIVE vl) . Neuroimaging
standards for research into small vessel disease and
its contribution to ageing and neurodegeneration[J].
Lancet Neurol, 2013, 12 (8) ; 822-838.
MONTINE T J, KOROSHETZ W J, BABCOCK
D, etal. ADRD 2013 Conference Organizing
Committee. Recommendations of the Alzheimer's
disease-related dementias conference[J]. Neurology,
2014, 83 (9) . 851-860.
SNYDER HM, CORRIVEAU R A, CRAFTS, et
al. Vascular contributions to cognitive impairment
and dementia including Alzheimer's disease[J].
Alzheimers Dement, 2015, 11 (6) : 710-717.
MONTAGNE A, BARNES SR, SWEENEY M D,
et al. Blood-brain barrier breakdown in the aging
human hippocampus[J]. Neuron, 2015, 85 (2) : 296-
302.
SWEENEY M D, SAGARE A P, ZLOKOVIC B
V. Cerebrospinal fluid biomarkers of neurovascular
dysfunction in mild dementia and Alzheimer's
disease[J]. J Cereb Blood Flow Metab, 2015, 35 (7) .
1055-1068.
ARVANITAKIS Z, CAPUANO A W, LEURGANS
S E, et al. Relation of cerebral vessel disease to
Alzheimer's disease dementia and cognitive function
in elderly people: a cross-sectional study[J]. Lancet
Neurol, 2016, 15 (9) : 934-943.
ITURRIA-MEDINA Y, SOTERORC,
TOUSSAINT P J, et al. Alzheimer’ s Disease
Neuroimaging Initiative. Early role of vascular
dysregulation on late-onset Alzheimer's disease
based on multifactorial data-driven analysis[J/
OL]. Nat Commun, 2016, 7. 11934. https. //dx.doi.
org/10.1038%2Fncomms11934.
NELSON A R, SWEENEY M D, SAGARE AP, et
al. Neurovascular dysfunction and neurodegeneration
in dementia and Alzheimer's disease[J]. Biochim
Biophys Acta, 2016, 1862 (5) : 887-900.

(AZ B 2019-02-11)



