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The relationship between cerebral perfusion status, blood pressure variability and prognosis after combined
cerebral revascularization surgery in patients with moyamoya disease. ZHANG Shao, ZHAO Liming, LI Chaoyue, MA
Jiangong, HE Sen, LI Dan, WANG Xiaobin. Department of Neurosurgery, The First Affiliated Hospital of Henan University,
Kaifeng 475000, China. Tel: 0371-22736831.

[Abstract] Objective To investigate the relationship between cerebral perfusion status, blood pressure
variability, and prognosis in patients with moyamoya disease following cerebral revascularization. Methods A
retrospective analysis was conducted on 108 patients who underwent their first combined cerebral revascularization
between January 2019 and July 2022 at the Department of Neurosurgery, First Affiliated Hospital of Henan University, and
Henan Provincial People’ s Hospital. Based on postoperative cerebral perfusion improvement, patients were categorized
into a "good" group and a “general” group. Baseline characteristics, key imaging parameters,blood pressure variability,and
symptom scores were compared and analyzed between the two groups. Results In this study,there were 55 cases in the
good group and 53 cases in the general group. According to the comparative analysis of the postoperative indicators
between the good group and the general group, Statistically significant differences were observed in symptom improvement
[42 (79.25%) vs. 52 (94.55%)], TIA [22 (41.51%) vs. 11 (20.00%)], and cerebral infarction [6 (11.32%) vs. 0 (0.00%)],

mRS score and the Matsushima classification (P<0.05). However, there was no statistically significant difference in the
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BPV-related index between the two groups of patients before the operation (all P>0.05). When comparing nine blood

pressure variability (BPV)-related indices including the mean of 24—hour, daytime, and nighttime systolic blood pressure,

coefficient of variability (CV), and average real variability (ARV) between the two groups, no significant differences were

observed in the BPV-related indices before surgery between the two groups (P>0.05). The differences in the BPV-related

indices before and after surgery (postoperative index — preoperative index) between the two groups were statistically

significant (P<0.05). Postoperative cerebral perfusion status was positively correlated with prognosis and negatively

correlated with BPV. Conclusion  Patients with good improvement in cerebral perfusion status after combined

revascularization for moyamoya disease have less blood pressure variability and better prognosis.

[Keywords] Moyamoya disease Combined with cerebral revascularization Cerebral perfusion Blood pressure
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Tab.1 Comparison of general data of patients between the two groups.

F1 FWABEE—BRERITLE
a0 e e i RPN
B % PSS S0 TIA HiAESE S

RLUFeH 55 31 24 45.00 (38.00,51.50) 20 (36.36%)  15(27.27%) 34 (61.82%)  25(4545%) 27 (49.09%) 1 (1.82%)
—f4H 53 20 33 49.00 (38.00,56.00) 11 (20.75%) 8 (15.09%)  27(50.94%) 34 (64.15%) 23 (43.40%) 0 (0.00%)
7IH 3.757 1.198 3.213 2.388 1.298 3.806 0.352

P 0.053 0.274 0.073 0.122 0.254 0.051 0.553 1.000
21 5 T I FE S IV 1L 45 R B FAIH

1 2 3 4 5

R4 25 (45.45%) 9 (16.36%) 0 (0.00%) 14 (25.45%) 25 (45.45%) 14 (25.45%) 2 (3.64%)
— e 24 (45.28%) 7(13.21%) 1(1.89%) 9 (16.98%) 23 (43.40%) 16 (30.19%) 4(7.55%)
7IH 0.000 0.213 1.196

P 0.986 0.644 0.274

R 3 3 ARATmRS W4
215
1 2 3 4 1 2 3 4

R 1(1.82%) 7 (12.73%) 17 (30.91%) 30 (54.55%) 27 (49.09%) 10 (18.18%) 15 (27.27%) 3(5.45%)
—fgd4 0 (0.00%) 16 (30.19%) 14 (26.42%) 23 (43.40%) 16 (30.19%) 19 (35.85%) 13 (24.53%) 5(9.43%)
bal'l 2.447 1.896

P 0.118 0.169

Fig.1 Comparison of DSA and PWI (TTP,MTT) before sur-

gery and at six months after surgery
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Tab.2 Comparison of main evaluation indicators after surgery

F2 ARBEEEFMIEFRITLE

HB n AT miS HY Wl RIETIA
0 1 2 3 4
K42 55 15 (27.27%) 22 (40.00% ) 15 (27.27%) 3(5.45%) 0 (0.00%) 51 (92.73%) 11 (20.00%)
— 53 7 (13.21%) 21 (39.62%) 10 (18.87%) 14 (26.42%) 1(1.89%) 46 (86.79% ) 22 (41.51%)
e 1.039 5.885
P 0.011 0.308 0.015
- R ‘ \ B
GH REEEWEED AR R IE R R - g -
K2 0 (0.00%) 2 (3.64%) 1(1.82%) 52 (94.55%) 9(16.36%) 26 (47.27%) 20 (36.36%)
— %] 6 (11.32%) 1(1.89%) 0 (0.00%) 42 (79.25%) 2 (3.77%) 12 (22.64%) 39 (73.58%)
e 5.6 15.699
P 0.012 1.000 1.000 0.018 <0.001

1) Fisher KB RILKT 50

Tab.3 Comparison of Evaluation Indicators for blood pressure variability

®3 MEZRMETMIEERXTLE

g . A A SBP(mmHg) AR J5 SBP mean— AR iij SBP mean(mmHg)
24 h HX R 24 h EPN e
RUFZH 55 120.60£1473  121.67+1470  116.89+1632  —8.00 (~=11.00, -3.00) -6.00 (=8.00, —2.00) -10.00 (~15.00, =1.00)
— 41 53 123511126  124.30+11.31  120.28+14.08 3.00 (=3.00, 6.00) 3.00 (=3.00, 8.00) ~1.00 (~10.00, 8.00)
t/H 1.156 1.044 1.158 15.569 13.898 8.209
P 0.251 0.299 0.250 <0.001 <0.001 0.004
a5 AR Hf SBP-CV AR J5 SBP-CV — A Hif SBP-CV
24 h EFN R 24 h EPN e
FAF4 0.1 (0.08,0.13)  0.10 (0.08, 0.13)  0.09 (0.07, 0.11) -0.01(-0.03, 0.00) -0.01 (~0.04, 0.00) -0.01 (-0.04, 0.01)
— 010 (0.09, 0.12)  0.10 (0.08, 0.11)  0.09 (0.07, 0.12) 0.00(0.00, 0.02) 0.01 (=0.01, 0.02) 0.00 (=0.03, 0.02)
/H 0.633 1.762 0.175 30.560 19.444 5.018
P 0.426 0.184 0.676 <0.001 <0.001 0.025
1 AHJ SBP-ARV R J5 SBP-ARV — ARHj SBP-ARV
24 h EPS L 24h EPS L
FLAFZH 11.08 (9.02, 13.55)  10.81 (871, 13.81)  11.14 (8.36, 14.00)  -0.96 (-2.21, -0.53) —1.27 (-2.34, -0.06) —1.79 (=5.42, 0.74)
4l 11.31(8.63, 12.52) 1048 (8.14, 12.66)  12.12(7.71, 14.83)  —0.40 (-1.02, 1.79) 0.06 (~1.56, 2.47) 0.48 (-3.86, 3.35)
W/H 0.266 0.416 0.020 13.438 9.013 4.405
P 0.606 0.519 0.888 <0.001 0.003 0.036
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Fig.2 Comparison of the differences in blood pressure variability index before and after surgery between the good group and the general

E2 RIFEM—FAMDEDT

group

CREBARAREEENEE 4 Kuskal-Wallis Kz 5,

Ay P<0.001

AR S PR A R ) e 3R IR BPV 48 AR (A
ARV .CV) R4,

— J5L i A M AF 5 36 B ZE MMD J8 8 R 5 F 3
TTP 7 28 1 H Bl U5 I N BOR AT I i 4 e, RIS 52
2 DSA SRR &) A 95 LR 90% , E S ik v v 55 0
8% 53 90 2 ) A AE SR JCPERS S A BI04
ARG A5 N 16.36% 48T — M4l 3.77%
(P<0.001), BAR Y FIRBFITERA B A 90 7 Lh g SR 2=
SRR AHE5 R — 3, 43 A SRR R i
W3 R4 AR IR B ) 2E TR

AW FEAAFAE— 5 R BRE . A [ BPERT 5%
AN BE N ERTFA, HBEVT I R A 15
SRS I HE RS 5SS IEA G, 5 BPV £ 17

AR, X T IR E TR 2S5 1M 2R S 1) S 75 A AE [
RLRM AWM AT ATIEE KA K]

BEDTWESE , 1 — 20 W 0 2 DRI R TR AR ST
1fi 3z B A A R S A 5 I s A S %
R EAAHILTR , hy 0 25 o A A A B R AR B e
{14 IS 5 S B

2 b MR I Lz T R I RS
A3 R Y B IR AR SN TS S AF . ABPM
BRAVERRT A0, 5 T35 B, vl LU A 40 2505 FRL T AR 0
U PG ) —Fh 257k

[1]

[2]

[3]

[4]

[5]

[l

[7]

H— g g, Hod R 0.01<P<0.05, ** 7 0.001<P<0.01,

& % X M

LRIV 2 RV IS S o A i I D e ey
I P AR (2024 [T AR AR 2R
220-229.

25k
$, 2024, 40(3):

NGUYEN V N, MOTIWALA M, ELARJANI T, et al. Direct, In-
direct, and Combined Extracranial-to—Intracranial Bypass for
Adult Moyamoya Disease: An Updated Systematic Review and
Meta—Analysis[J]. Stroke, 2022, 53(12):3572-3582.

ZHANG X, XIAO W, ZHANG Q, et al. Progression in Moyamoya
Disease: Clinical Features, Neuroimaging Evaluation, and
Treatment[J]. Curr Neuropharmacol, 2022, 20(2): 292-308.
HAYASHI T, HARA S, INAJI M, et al. Long—term prognosis of
452 moyamoya disease patients with and without revasculariza-
tion under perfusion—based indications[J]. J Stroke Cerebrovasc
Dis, 2023, 32(11):107389.
CHEN Y, MA L, YANG S, et al. Quantitative Angiographic He-
modynamic Evaluation After Revascularization Surgery for Moy-
amoya Disease[J]. Transl Stroke Res, 2020, 11(5):871-881.
b, R, B, 2 . REBE AR B SR CT
HE T AR B 92 56 BF T L. b AR U 5 2% AL 2003, 37(8):
701-706.

MENA L J, FELIX V G, MELGAREJO J D, et al. 24-Hour
Blood Pressure Variability Assessed by Average Real Variabil-
ity: A Systematic Review and Meta—Analysis[J]. ] Am Heart As-

soc, 2017, 6(10): 1-10.



348

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

WANG X P, LI J J, WANG Q N, et al. Comparing Outcomes of
Moyamoya Disease and Moyamoya Syndrome in a Real-World
Scenario: A Cohort Study[J]. CNS Neurosci Ther,2024, 30(12):
€70165.

PARK H, HAN M, JANG D K, et al. Association of Bypass Sur-
gery and Mortality in Moyamoya Disease[J]. J Am Heart Assoc,
2023, 12(22): €030834.

TAKASU S, KANAMORI F, HATANO N, et al. Effects of super-
ficial temporal artery to middle cerebral artery bypass on postop-
erative infarction rates among young children (<5 years old) with
moyamoya disease[J]. Neurosurg Rev, 2023, 46(1): 87.
SHAHBANDI A, SATTARI S A, AZAD T D, et al. The Manage-
ment of Symptomatic Moyamoya Disease in Pediatric Patients: A
Systematic Review and Meta—Analysis[J]. Neurosurgery, 2024,
97(1): 65-81.

CANAVERO I, VETRANO I G, ZEDDE M, et al. Clinical Man-
agement of Moyamoya Patients[J]. J Clin Med, 2021, 10(16):
3628.

SVEDUNG WETTERVIK T, FAHLSTR6M M, WIKSTR&M J,
et al. Cerebrovascular reserve in moyamoya disease: relation to
cerebral blood flow, capillary dysfunction, oxygenation, and en-
ergy metabolism[J]. Front Neurol, 2023, 14(6): 1190309.

G G, SM L, FB H, et al. Factors Influencing Collateral Circula-
tion Formation After Indirect Revascularization for Moyamoya
Disease: a Narrative Review[J]. Transl Stroke Res,2024, 15(6):
1005-1014.

FEEF, R, SR, S NS A TR TS A0 N
R AR A M TR Y S AR D1 v 2R o 2
2019, 45(12): 721-724.

r ] e o R B Bl s i W e )2 52 . 2020 R E B
I 008 R L. o D R i A AR (R hR), 2021, 13(3):
34-51.

CHENG Y, LI 'Y, WANG J. Ambulatory blood pressure monitor-
ing for the management of hypertension[J]. Chinese Med J Pe-
king, 2022, 135(9): 1027-1035.

DE LA SIERRA A. Blood Pressure Variability as a Risk Factor

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Chin J Nerv Ment Dis  Vol.51, No.6  Jun. 2025

for Cardiovascular Disease: Which Antihypertensive Agents Are
More Effective?[J]. J Clin Med, 2023, 12(19): 6167.
APPIAH K O, NATH M, MANNING L, et al. Increasing Blood
Pressure Variability Predicts Poor Functional Outcome Follow-
ing Acute Strokel[J]. J Stroke Cerebrovase, 2021, 30(1): 105466.
WANG L, XIA X, LIU X, et al. Twenty—four—hour ambulatory
blood pressure variability and association with ischemic stroke
subtypes in the subacute stag[J]. Front Neurol, 2023, 14(12):
1139816.
PARATI G, BILO G, KOLLIASA, et al. Blood pressure variabil-
ity: methodological aspects, clinical relevance and practical in-
dications for managument—a European Society of Hypertension
position paper{J]. J Hypertens, 2023, 41(4): 527-544.
BURATTI L, CAGNETTI C, BALUCANI C, et al. Blood pressure
variability and stroke outcome in patients with internal carotid ar-
tery occlusion[J]. J Neurol Sci, 2014, 339(1-2): 164-168.
LIMING Z, WEILIANG S, JIA ], et al. Impact of blood pressure
changes in cerebral blood perfusion of patients with ischemic
Moyamoya disease evaluated by SPECT([J]. J Cereb Blood Flow
Metab, 2021, 41(6): 1472-14380.
LUCIA K, ACKER G, RUBARTH K, et al. The Development
and Effect of Systemic Hypertension on Clinical and Radiologi-
cal Outcome in Adult Moyamoya Angiopathy Following Revascu-
larization Surgery: Experience of a Single European Institution
[J1. J Clin Med, 2023, 12 (13): 630-637.
HWANG I, CHO W S, YOO R E, et al. Revascularization Evalu-
ation in Adult-Onset Moyamoya Disease after Bypass Surgery:
Superselective Arterial Spin Labeling Perfusion MRI Compared
with Digital Subtraction Angiography[J]. Radiology,2020, 297(3):
630-637.
CHOU S C, CHEN Y F, LEE C W, et al. Long—term outcomes
of moyamoya disease following indirect revascularization in
middle adulthood: A prospective, quantitative study[J]. J Formos
Med Assoc,2022, 121(9):1758-1766.

(i H #1:2024-09-26 ST H 3 :2025-06-27)

(RAEH B HFF)



