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[ Abstract] Background The enlarged perivascular space ( EPVS) is closely associated with cognitive dysfunction,
affective disorder, stroke, and adverse outcomes after stroke. So early detection and treatment of EPVS are extremely important.
Objective To investigate the relationship between heart rate variability ( HRV ) and the distribution of EPVS in the brain.
Methods One hundred and ninety—nine inpatients with complete examination results of 24—hour ambulatory ECG and brain MRI
were selected from Department of Neurology, the Second Affiliated Hospital of Zhengzhou University from January 2020 to May
2022. The sum of EPVS was assessed, and hy the sum of EPVS ( severity score of EPVS ) in basal ganglia region ( BG-EPVS) ,
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the patients were divided into 3 groups: mild BG=EPVS group( visual PVS rating scale score developed by Potter( Potter score )=1,
126 cases ) , moderate BG-EPVS group ( Potter score=2, 46 cases) , severe BG-EPVS group ( Potter score=3-4,
27 cases ) , and by the sum of EPVS in centrum semiovale region ( CS-EPVS) , the patients were divided into another 3
groups: mild CS—EPVS group ( Potter score=1, 131 cases ) , moderate CS-EPVS group ( Potter score=2, 45 cases ) , severe
CS—-EPVS group ( Potter score=3-4, 23 cases ) . The dominance models were divided according to the number of BG-EPVS and
CS-EPVS, model 1 ( BG>CS, 119 cases) , model 2 ( BG=CS, 20 cases) , model 3 ( BG<CS, 60 cases ) . The general
data and HRV indexes were compared among groups. Spearman correlation analysis was used to explore the correlation between
HRYV indexes and EPVS. Statistically different HRV indexes in the univariate analysis were included in a multivariate Logistic
regression to screen those independently influencing EPVS severity score and dominance models. Results Age, the root mean
square of successive differences of normal—-to—normal ( NN ) intervals for period of interest ( rMSSD ) and total power ( TP )
were statistically different between 3 groups of BG-EPVS ( P<0.05) . Severe BG-EPVS group had older average age, and lower
average rMSSD and TP than mild BG-EPVS group ( P<0.05) . Spearman correlation analysis showed that rMSSD, percentage of
adjacent NN intervals that differ from each other by larger than 50 ms ( PNN50 ) , and TP were negatively correlated with BG—
EPVS severity score (r=-0.357, -0.153, -0.169, P<0.05) . The mean of NN intervals standard deviation every 5 minutes
for period of interest ( SDNNindex ) and rMSSD were positively correlated with the EPVS dominance model (r=0.155, 0.262,
P<0.05 ) . Multivariate Logistic regression analysis after correction for confounders showed that rtMSSD independently influenced
BG-EPVS [ OR=0.983, 95%CI (0.972, 0.994) , P=0.002) , and also independently affected the EPVS dominance model
(OR=1.017, 95%CI ( 1.006, 1.028) , P=0.003) . Conclusion The rMSSD had a negative correlation with BG-EPVS
severity score and a positive correlation with the EPVS dominance model, and was independently associated with the BG-EPVS
severity score and EPVS dominance model, suggesting that an imbalance in the autonomic nervous system induced by declined
rMSSD may cause blood—brain barrier disruption or reduced metabolic waste clearance in the brain, which may play a role in the
pathophysiological mechanism of BG-EPVS formation.
[ Key words] Enlarged perivascular space; Heart rate variability; Cerebral small vessel disease; Basal ganglia
region; Root mean square of successive differences of normal-to—normal intervals for period of interest; Autonomic nervous

system; Blood—brain barrier
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Table 1 Comparison of demographics, EPVS severity score and HRV indexes between groups of patients divided by sum of EPVS in basal ganglia region and

in centrum semiovale region
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Table 4 Comparison of demographics, HRV indexes and EPVS severity score across EPVS advantage models

i H i 1 F5i% 2 i 3 ﬁ@%’ﬁ Pl

(BG>CS, n=119) (BG=CS, n=20) (BG<CS, n=60) IHEfE
BE (n (%) ) 65 (54.6) 8 (40.0) 32 (533) 1.480" 0.477
W (M (QR) , %) 67.0 (18.0) 61.5 (14.8) 60.5 (18.5) 3.768 0.152
S (n (%) ) 65 (54.6) 10 (50.0) 38 (63.3) 1.651" 0.438
BERBHGT (n (%) ) 27 (22.7) 4 (20.0) 12 (20.0) 0.204" 0.903
WA (n (%) ) 26 (21.8) 3(15.0) 11 (183) 0.667° 0.716
IS (n (%) ) 10 (8.4) 4 (20.0) 8 (13.3) 2.795" 0.247
SRR (X +5, mmol/L) 4.00 £ 1.10 4.13£0.98 4.30 + 1.02 1.557" 0213
=EEH (M (QR) , mmol/L) 1.07 (0.67) 1.13 (0.57) 1.25 (0.93) 5.685 0.058
B ENREX (M (QR) , mmol/L) 1.23 (0.46) 137 (0.58) 1.28 (0.41) 2.326 0.312
R ENEEE (M (QR) , mmol/L ) 230 (1.31) 227 (1.42) 2.69 (1.23) 5.445 0.066
AN R E A (M (QR) , mmol/L) 0.52 (0.40) 0.59 (0.48) 0.57 (0.46) 1.093 0.579
[ M2 iR (M (QR) , wmol/L) 12.1 (6.8) 124 (6.2) 11.1 (4.9) 1.423 0.491
SDNN (M (QR) , ms) 118.0 (56.0) 130.0 (31.8) 130.0 (54.8) 2.776 0.250
SDANN (M (QR) , ms) 118.0 (56.1) 110.0 (34.3) 104.5 (43.0) 0.039 0.981
SDNNindex [M (QR) , ms) 48.0 (25.0) 52.5 (26.8) 545 (29.8) 6.132 0.047
tMSSD (M (QR) , ms]) 41.0 (25.0) 585 (51.8) 655 (493) ¢ 14.128 0.001
PNN50 (M (QR) , %) 6.0 (11.0) 4.0 (9.8) 12.0 (14.8) 2.891 0.236
TP (M (QR) , ms’) 1728.4 (1340.7) 20213 (1962.5) 1907.1 (1863.9) 3.516 0.172
LF (M (QR) , ms’) 275.5 (302.1) 267.8 (572.9) 295.9 (372.9) 1.228 0.541
HF (M (QR) , ms’) 137.5 (152.0) 127.0 (138.9) 122.3 (191.5) 0.093 0.955
LE/HF (M (QR) ) 20(12) 28 (13) 23(1.5) 6.552 0.038
BG-EPVS (42 / H)i / ) 63/32/24 17/3/0 46/11/3 20.090" <0.010
CS-EPVS (B /P / HE ) 85/21/13 15/411 31/20/9 8.447" 0.029

e N xCAE, O FAE, ARG H AR RN SR 1 A P<0.016 7
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Table 5 Spearman correlation analysis between HRV indexes and the

EPVS advantage model

TiH r A8 P{E
SDNN 0.089 0.212
SDANN -0.001 0.987
SDNNindex 0.155 0.029
rMSSD 0.262 <0.010
PNN50 0.094 0.185
TP 0.121 0.089

LF 0.064 0.369

HF -0.007 0.926
LF/HF 0.118 0.096

£ 6 HRV 5455 EPVS (L #WBIRII 2 H & Logistic 175347

Table 6 Multivariate Logistic regression analysis of HRV indexes and the

EPVS advantage model
A B SE Wadyx’fi Pfi ORfE 95%CI
SDNNindex ~ -0.002  0.007 9 0.096 0.757 0998 (0982, 1.013)
MSSD 0.016  0.0055 8.902 0003 1017  (1.006, 1.028)
LF/HF 0.105  0.108 0 0.940 0332 LI1I0  (0.899, 1.372)

TE: RPEHR LRI 1 2, RGEARES . PN R R
MBI S . WA S | I S YA

# HRV 5 CSVD Z R C &R, KH HRV TS CSVD
1 & H: U AT A I W AR e ;. —TBF5E X% 60 27
DA A BH ZE 1 I W B I 2 45° £ 2 ) HRV 5 CSVD G it
A4 T T 0, 53R /R BA HRV 5 CSVD & fi
IR BE AR s S — TR A T R B AL
IIMTIRSEAR A, HRV RS CSVD XU mA ¢ ) .
RHFFELERE ARFEERL. SR YAMAGUCHI %5 1
PR — 01 5 4 X B 3 3 a2 LA %2 (8] HRV (1)
58 ~, HRV FHEDEEIEAN CSVD ZFRIE N ;
T —TAEA L X B A T A AN ) BIE S AR BE e B Bh A UL
JE WS B HRV AT WMH 2 [B] I 2 70 ARFSY 45 5
28, W HEFETRES HRV K 1) Jr vk sl it
BIARIA G,

HATXT [ 502 ) BE R ) 2 ) S8 S 28 16 Pk
FEARS EPVS &4 . B REMSCHHLE M A BIEG, vIRERY
JREAE: (1) B TR LTE shis), 3SR -
TR 2 R G KM, FECOMEIRE L AR R, SR
JE. DRGNS MRS Sw , m
I A5 0 R ] i P A i 2 5 o P 3 e A L A5 114 476 50
SRAZER, YRS sh AR i, n] B
PN PRI A, a5 ) BBl ) et b, AR
YIvE R, T AT B S 2 EPVS BB 1. (2)
252 2R G R 0 e O R R A A R 1
0D AR L TR, Y LEETELE, A
H RN 24, AT e p A I AR R, HIRRT

hitp: /fwww.chinagp.net  E-mail: zgqkyx@chinagp.net.cn.~ +1353«

DI M A S5 B Z W) A, B n]RES s R s . B,
Bl T 5] K S AC R, S RPN, S B0
B SE VRN . RO AR A 2 T A AR L B
TF9E & B A SR 2 24 s M4 oo ol ) 50 A 280 PR AIR 5
M55 BERE SN INAT G, W B2 PN B2 40 i 32 R HILARN 77
K AT SEN B A S BERRERS T T i 5
A BeRE, AR . /MR AR Bh 28 i A )
BN, AARRE SRR, WA REfEsE EPVS BB, iX
[FIREE CSVD — /N TER BRI e L fRilr i —
TS s, BG-EPVS i A JE CS-EPVS 5 Ifi ik i F (1)
SERMEZ A L, Xl fE B8 HRV K5 BG-
EPVS 2 i FE A SE T 5 CS-EPVS JC 44—~ nT BB
fRE . EAh, YA PN IR A A L LR B
FRURF R %o a5 ) PRI 2 205 bt 07, BRI 4L S UARR Y
Pk, E T I LI R A A T, kR X I 2 4
] HE SRS A BB A [, B EPVS T (3)
FRX R 2 22 G0 I AR RE BT 96 ZR G000 1k 23 Bt ok 3 E b 22 16 3
AR T RAAR 7, ST IR g R T %, e
PR IR, 5 B0 22 AE PR O A5 K I i o B A S
WO S A AN U TN B AR — LG R
1 - A NP R . BRGNS R, SECEPVS (1)
. BT HEMLIRERT . SO0E . I MR N R R
G PG IE Z ARG RS HAE R LR, AN
RESC A HERR LR ZFHLEIIE R 25 S 80T EPVS P24 |
KREAIATREYE . HETA 3¢ HRV 7K R B H A 1M
PR Z A AR LG R R A AR TS A i Wy, —Se e
AORFFFEIRIE , G I A5 A8t T RE B S 80 A M &6
e e

Zx L Jrik, tMSSD 1Y T B J& BG-EPVS 1 faf il 5 &
BG>CS-EPVS G faf {48 R f sl 7 s N 2, $8 A &
ARSI fE2 5 BG-EPVS K4k . KR IAE B
R, ABFSE A MR Z EPVS B0 AE bRk W it —
FERYERE SRR, X HRV B2 (HIG [ = BRIk i
B, AT AW TIRLASSE EPVS B & A FL .

AWFFERBRYE: 5, AW ANTR F1EBE
ABE, NEeHESR R R 22, RIK AT B9 25 1S HEWT 21
FEXBEORRS AR HOk, ARBFST M RERTE ST, it
e B — 25 B RAEEAR G I B 52 R 451 HRV 5 EPVS 2
AR R Fn, WFFEXT5E HRV B W e 18 g
WARIUEATAY, PTBEANBE R M H H BT Y HRV,

Y TTak: B AT R, f TR TRt
WL R R ATGI AT, FRBE R, GEAL
5 g ikit, FAAFRRARET A L H; Bt
FTRIEME L HE, G RFESH R EARILR] Foh AT
ATRELEE, L FERA T

AILRANH AR,



<1354+ hups: fwww.chinagp.net  E—mail: zgqkyx@chinagp.net.cn

S 3k
[1] WARDLAW JM, SMITHEE, BIESSELS G J, et al. Neuroimaging
standards for research into small vessel disease and its contribution to
ageing and neurodegeneration [J].Lancet Neurol, 2013, 12 (8) :
822-838. DOIL: 10.1016/S1474-4422(13)70124-8.

[2] CAUNCA M R, DE LEON-BENEDETTI A, LATOUR L, et al.
Neuroimaging of cerebral small vessel disease and age-related
cognitive changes [J]. Front Aging Neurosci, 2019, 11: 145.
DOI: 10.3389/fnagi.2019.00145.

WARDLAW J M, SMITH C, DICHGANS M. Mechanisms
of sporadic cerebral small vessel disease: insights from
neuroimaging [ J | . Lancet Neurol, 2013, 12 (5) : 483-497.

[4] CHEN X D, WANG J H, SHAN Y L, et al. Cerebral small vessel

[3

[

disease: neuroimaging markers and clinical implication [ J ] .
J Neurol, 2019, 266 (10) : 2347-2362. DOI: 10.1007/s00415—
018-9077-3.
[5]JIE W X, LIN G H, LIU Z, et al. The relationship between
enlarged perivascular spaces and cognitive function: a meta—analysis
of observational studies [ J ] . Front Pharmacol, 2020, 11: 715.
DOI: 10.3389/fphar.2020.00715.
PARADISE M, CRAWFORD J D, LAM B C P, et al. Association
of dilated perivascular spaces with cognitive decline and incident
dementia [ J ] . Neurology, 2021, 96 (11) : el501-1511. DOI:
10.1212/WNL.0000000000011537.
SHI'Y Z, XIANG Y T, YANG Y, et al. Depression after minor

—
=)}
[

—
-
[

stroke: prevalence and predictors [(11.1 Psychosom Res, 2015,
79 (2) : 143-147. DOI: 10.1016/j.jpsychores.2015.03.012.

[8] ZHANG Y, WANG C F, SUN C C, et al. Neural complexity in
patients with poststroke depression: a resting EEG study [J7.
J Affect Disord, 2015, 188: 310-318. DOI: 10.1016/j.
jad.2015.09.017.

[9] POTTER G M, DOUBAL F N, JACKSON C A, et al. Enlarged
perivascular spaces and cerebral small vessel disease [J].1Int]
Stroke, 2015, 10 (3) : 376-381.DOI: 10.1111/ijs.12054.

[ 10 ] BOULOUIS G, CHARIDIMOU A, PASI M, et al. Hemorrhage

recurrence risk factors in cerebral amyloid angiopathy: comparative

analysis of the overall small vessel disease severity score versus

individual neuroimaging markers [J1 .7 Neurol Sci, 2017, 380:

64-67. DOL: 10.1016/j.jns.2017.07.015.

SLUYTER J D, CAMARGO C A Jr, LOWE A, et al. Pulse rate

variability predicts atrial fibrillation and cerebrovascular events in a

large, population—based cohort [J].Int] Cardiol, 2019, 275:

83-88. DOI: 10.1016/}.ijcard.2018.10.026.

[12 ] TANG SJ, XIONG L, FANY H, et al. Stroke outcome prediction

by blood pressure variability, heart rate variability, and baroreflex

sensitivity [ J ] . Stroke, 2020, 51 (4) : 1317-1320. DOI:
10.1161/STROKEAHA.119.027981.

DEL BRUTTO O H, MERA R M, COSTA A F, et al. Effect of

—
—_
—_

[

[13

[

heart rate variability on the association between the apnea—hypopnea
index and cerebral small vessel disease [ J |. Stroke, 2019, 50(9 ):
2486-2491. DOIL: 10.1161/STROKEAHA.119.026095.

[14] TIAN D Y, ZHANG L J, ZHUANG Z H, et al. A two—sample

Mendelian randomization analysis of heart rate variability and

(GJP Chinese General Practice
April 2023, Vol.26 No.ll

cerebral small vessel disease [ J | . J Clin Hypertens ( Greenwich ) ,
2021, 23 (8) : 1608-1614. DOI: 10.1111/jch.14316.

[15] YAKUSHIJI Y, CHARIDIMOU A, HARA M, et al. Topography
and associations of perivascular spaces in healthy adults: the
Kashima scan study [J7l. Neurology, 2014, 83 (23) : 2116-
2123.DOI: 10.1212/WNL.0000000000001054.

[ 16 ] CHARIDIMOU A, BOULOUIS G, PASI M, et al. MRI-visible
perivascular spaces in cerebral amyloid angiopathy and hypertensive
arteriopathy [ J ] . Neurology, 2017, 88 (12) : 1157-1164.

[17] LAUK K, LIL X, LOVELOCK C E, et al. Clinical correlates,
ethnic differences, and prognostic implications of perivascular
spaces in transient ischemic attack and ischemic stroke [1].
Stroke, 2017, 48 (6) : 1470-1477.

[ 18 ] CHARIDIMOU A, JAUNMUKTANE Z, BARON J C, et al. White
matter perivascular spaces: an MRI marker in pathology—proven
cerebral amyloid angiopathy? [ J ] . Neurology, 2014, 82 (1) :
57-62. DOI: 10.1212/01.wnl.0000438225.02729.04.

[19] My, RN, ke il RO s A e &by
KFR LT RO HA AR, 2021, 30 (5) @ 356-358.

[20] HUO Y C, HUANG S Y, LI R, et al. Elevated hemoglobin is
independently associated with enlarged perivascular spaces in the
central semiovale [ J | . Sei Rep, 2021, 11 (1) : 2820. DOI:
10.1038/541598-021-82327-9.

[21 ] GROESCHEL S, CHONG W K, SURTEES R, et al. Virchow—
Robin spaces on magnetic resonance images: normative data, their
dilatation, and a review of the literature [ J | . Neuroradiology,
2006, 48 (10) : 745-754.DOI: 10.1007/s00234-006-0112-1.

[22 ] DEL BRUTTO O H, MERA R M, PENAHERRERA E. The role of
nighttime heart rate variability to detect white matter hyperintensities
of presumed vascular origin in community-dwelling older
adults [J ] . Int ] Stroke, 2018, 13 (9) : NP22-23.

[23] WANGM L, YUMM, WEI X E, et al. Association of enlarged
perivascular spaces with A 3 and tau deposition in cognitively
normal older population [J] . Neurobiol Aging, 2021, 100: 32—
38. DOI: 10.1016/j.neurobiolaging.2020.12.014.

[24 ] TARVAINEN M P, NISKANEN J P, LIPPONEN J A, et al.
Kubios HRV—heart rate variability analysis software [ J ] . Comput
Methods Programs Biomed, 2014, 113 (1) : 210-220.

[25] MOON J, CHOI K H, PARK J H, et al. Sympathetic overactivity

[

based on heart-rate variability in patients with obstructive sleep
apnea and cerebral small-vessel disease [J1.7] Clin Neurol,
2018, 14 (3) : 310-319. DOI: 10.3988/jcn.2018.14.3.310.

[26] YAMAGUCHI Y, WADA M, SATO H, et al. Impact of
nocturnal heart rate variability on cerebral small-vessel disease
progression: a longitudinal study in community—dwelling elderly
Japanese [J7]. Hypertens Res, 2015, 38 (8) : 564-569.
DOI: 10.1038/hr.2015.38.

[27 ] NAKANISHI K, JIN Z Z, HOMMA S, et al. Association
between heart rate and subclinical cerebrovascular disease in
the elderly [ J ] . Stroke, 2018, 49 (2) : 319-324. DOI:
10.1161/STROKEAHA.117.019355.

(551368 11)



<1368+  hitps: //www.chinagp.net E-mail: zgqkyx@chinagp.net.cn

group [ ] ] . Haematologica, 2017, 102 (2) : 308-319. DOI:
10.3324/haematol.2016.147835.

[17] VAN DE LOOSDRECHT A A, KERN W, PORWIT A, et al.
Clinical application of flow cytometry in patients with unexplained
cytopenia and suspected myelodysplastic syndrome: a report of the
European LeukemiaNet International MDS—Flow Cytometry Working
Group [ J ] . Cytometry B Clin Cytom, 2021. DOI: 10.1002/cyto.
b.22044.

[ 18 ] JOHANSSON U, MCIVER-BROWN N, CULLEN M, et al. The
flow cytometry myeloid progenitor count: a reproducible parameter
for diagnosis and prognosis of myelodysplastic syndromes [ J ] .
Cytometry B Clin Cytom, 2021. DOI: 10.1002/cyto.h.22048.

[ 19 ] BEHBEHANI G K, FINCK R, SAMUSIK N, et al. Profiling

[

myelodysplastic syndromes by mass cytometry demonstrates abnormal
progenitor cell phenotype and differentiation [ J | . Cytometry B Clin
Cytom, 2020, 98 (2) : 131-145. DOI: 10.1002/cyto.h.21860.

BACHAS C, DUETZ C, VAN SPRONSEN M F, et al.

Characterization of myelodysplastic syndromes hematopoietic stem

[20

[

and progenitor cells using mass cytometry [J7. Cytometry B Clin
Cytom, 2022. DOI: 10.1002/cyto.b.22066.
CHAUHAN R, SINGH J, SHARMA C, et al. The utility of a

single tube 10—color flow cytometry for quantitative and qualitative

—
[\
—_

[

(GJP Chinese General Practice
April 2023, Vol.26 No.ll

analysis in myelodysplastic syndrome- a pilot study [J]. Leuk
Res, 2021, 107: 106651. DOI: 10.1016/j.leukres.2021.106651.
MAJCHEREK M, KIERNICKA-PARULSKA J, MIERZWA A,

et al. The diagnostic and prognostic significance of flow cytometric

[22

[

bone marrow assessment in myelodysplastic syndromes according to
the European LeukemiaNet recommendations in single—centre real—
life experience [ J ] . Scand J Immunol, 2021, 94 (2) : e13028.
DOI: 10.1111/sji.13028.

[23 ] JOHANSSON U, ROLF N, FUTHEE N, et al. Erythroid side
scatter: a parameter that improves diagnostic accuracy of flow
cytometry myelodysplastic syndrome scoring [ ] ] . Cytometry B Clin
Cytom, 2022.DOI: 10.1002/cyto.h.22067.

[ 24 ] DELLA PORTA M G, PICONE C, TENORE A, et al. Prognostic
significance of reproducible immunophenotypic markers of marrow
dysplasia [J]. Haematologica, 2014, 99 (1) : e8-10. DOI:
10.3324/haematol.2013.097188.

[25] CORRAO K, REZWAN S, ATALLAH E, et al. Prognostic
impact of immunophenotypic aberrancies of blasts in lower risk
myelodysplastic syndrome [J]. Leuk Res Rep, 2022, 17:
100329. DOI: 10.1016/j.1rr.2022.100329.

Ol HI9: 2022-10-14; &M HH]: 2022-12-11)
(Rl 117

( L4525 1354 51)

[28] KWEE R M, KWEE T C. Virchow—Robin spaces at MR
imaging [ J ] . Radiographics, 2007, 27 (4) : 1071-1086.
DOI: 10.1148/rg.274065722.

MESTRE H, TITHOF J, DU T, et al. Flow of cerebrospinal fluid
is driven by arterial pulsations and is reduced in hypertension [ J ] .
Nat Commun, 2018, 9 (1) : 4878.DOI: 10.1038/s41467-018~
07318-3.

PEPPIATT C M, HOWARTH C, MOBBS P, et al. Bidirectional

—
(3]
o

[

—
w
=]

[

control of CNS capillary diameter by pericytes [ J ] . Nature,
2006, 443 (7112) : 700-704. DOI: 10.1038/nature05193.

[31] KRUEGER M, BECHMANN I. CNS pericytes: concepts,
misconceptions, and a way out [J].Glia, 2010, 58 (1) : 1-10.
DOI: 10.1002/glia.20898.

[32]CHENHL, LUCH, LINHC, etal. White matter damage and
systemic inflammation in obstructive sleep apnea [ J | . Sleep,
2015, 38 (3) : 361-370.DOI: 10.5665/sleep.4490.

[33 ] TESSIER A, SIBON I, POLI M, et al. Resting heart rate predicts
depression and cognition early after ischemic stroke: a pilot
study [ J ] .J Stroke Cerebrovasc Dis, 2017, 26 (10) : 2435-
2441.DOI: 10.1016/).jstrokecerebrovasdis.2017.05.040.

[34]LIY, LIM, ZHANG X Y, et al. Higher blood=brain barrier
permeability is associated with higher white matter hyperintensities
burden [ J ] . J Neurol, 2017, 264 (7) : 1474-1481. DOI:
10.1007/s00415-017-8550-8.

[35] ZHANG XY, DINGLL, YANGL, etal. Brain atrophy correlates

[

with severe enlarged perivascular spaces in basal Ganglia among

lacunar stroke patients [ J ] . PLoS One, 2016, 11 (2) .

€0149593. DOI: 10.1371/journal.pone.0149593.

[36] MA Y, YILMAZ P, BOS D, et al. Blood pressure variation and
subclinical brain disease [ J ] . J Am Coll Cardiol, 2020, 75(19):
2387-2399. DOI: 10.1016/j.jacc.2020.03.043.

[37 ] PARADA E, EGEA J, BUENDIA I, et al. The microglial o 7-
acetylcholine nicotinic receptor is a key element in promoting
neuroprotection by inducing heme oxygenase—1 via nuclear factor
erythroid—2-related factor 2 [J7] . Antioxid Redox Signal, 2013,
19 (11) : 1135-1148.DOI: 10.1089/ars.2012.4671.

[38 ] REVATHIKUMAR P, BERGQVIST F, GOPALAKRISHNAN
S, et al. Immunomodulatory effects of nicotine on interleukin 13
activated human astrocytes and the role of cyclooxygenase 2 in the
underlying mechanism [ J].] Neuroinflammation, 2016, 13 (1) :
256. DOI: 10.1186/512974-016-0725-1.

[39 ] ABBOTT NJ, RONNBACK L., HANSSON E. Astrocyte—endothelial
interactions at the blood—brain barrier [ J | . Nat Rev Neurosci,
2006, 7 (1) : 41-53.DOI: 10.1038/nrn1824.

[40] LI Q, YANG Y, REIS C, et al. Cerebral small vessel
disease [ J ] . Cell Transplant, 2018, 27 (12) : 1711-1722.

[41 ] DORRANCE A M, FINK G. Effects of stroke on the autonomic
nervous system [ J ] . Compr Physiol, 2015, 5 (3) : 1241-
1263. DOI: 10.1002/cphy.c140016.

[42 ] CONSTANTINESCU V, ARSENESCU-GEORGESCU C, MATEI

[

D, et al. Heart rate variability analysis and cardiac dysautonomia
in ischemic stroke patients [J]. Clin Neurol Neurosurg, 2019,
186: 105528. DOI: 10.1016/j.clineuro.2019.105528.
(i H . 2022-08-11; &[T H: 2022-10-17)
(ARSCHhil . R )





