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Abstract

Objective: To evaluate cerebral blood supply in patients with moyamoya disease and the effect of
combined cerebral blood flow reconstruction surgery on cerebral blood flow reconstruction in
patients with moyamoya disease by means of meta-quintile measurement of cerebral blood flow
by proton spin labeled magnetic resonance perfusion imaging (MRI-ASL). Methods: A retrospec-
tive study was conducted to analyze the preoperative and postoperative ASL results of 22 patients
with moyamoya disease. Half of the elliptic arcs were drawn around the corpus callosum on the
central plane of the semi-oval, and five equal points were selected on it. An area of interest was
selected from the center of points 1, 3, and 5 to represent the blood supply areas of the anterior
cerebral artery, middle cerebral artery and posterior cerebral artery, respectively, and corres-
ponding cerebral blood flow (CBF) data were obtained through image processing. SPSS 26.0 statis-
tical software was used to analyze the data and draw a conclusion. Results: Among the enrolled
patients, 2 patients had 3 lower CBF areas interest on the operative side, 3 patients had 2 lower
CBF areas interest on the operative side, 8 patients had 1 lower CBF area of interest on the opera-
tive side, and only 9 patients had no low CBF area of interest on the operative side. According to
preoperative mRS scores of enrolled moyamoya disease patients, the patients were divided into
two groups: (mRS score 0~2) and severe (mRS score 3~6). The CBF value of “light” patients (49.19
+ 9.45) was higher than that of “severe” patients (35.62 + 12.24), and the difference was statisti-
cally significant (t = 2.938, P = 0.008). The enrolled moyamoya disease patients were divided into
the “poor prognosis group” (Matsushima grade 0 or 1) and the “good prognosis group” (Matsu-
shima grade 2 or 3) according to their Matsushima grade. The ACBF and AnCBF values of patients
in the “poor prognosis group” were lower than those in the “good prognosis group”, and the dif-
ferences were statistically significant (ACBF: t = -2.213, P = 0.039; AnCBF: t = -3.079, P = 0.006).
Conclusion: 1) MRI-ASL can be used for quantitative determination of local cerebral blood flow
and assessment of regional cerebral hemodynamics in moyamoya disease patients. 2) The preo-
perative mean cerebral blood flow measured by the “meta-quintile measurement” is positively
correlated with the preoperative neurological function of patients with moyamoya disease, which
has reference value for the evaluation of the severity of the disease; 3) The average cerebral blood
flow before and after combined cerebral blood flow reconstruction was measured and compared
by the “meta-quintile measurement”, which can be used to evaluate the effect of blood flow im-
provement and has reference value for prognosis assessment.
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blood volume, CBV). “F-13i@ T i [d](mean transit time, MTT), HA CBV il MTT % F TRHFER T 7T,
CBF U2 I PR 5 5 F i i 30 70 % € 48 AR[ 18] HET, IR LX) CBF ~FRMERITHE L2 R 21,
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Figure 1. The application of “meta-quintile measurement” to select areas of interest on ASL images
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Figure 2. Schematic diagram of blood supply arteries corresponding to the interest area selected by the “meta-quintile mea-
surement”
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X 0 5505 B AR e 72 2 B, 24K Rankin & % (modified Rankin Scale, mRS) A #£ — & FLF b [k
TR B ARATHIME RSO . AR TR A mRS WA E AR ATHZE RS I PEAG bR, AR¥E mRS
PO 45 B B3 0 N AN (mRS ¥4 8 0~2) R E BY(mRS P40 KT 8% 3)4L(E 1).

Table 1. Modified Rankin Scale score criteria and grouping
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2.2.3. BRARIRERE FARTAG I IEHR
FrE BB T ARG EE N EE DSA, FFHEHEARG DSA I Matsushima 25[ 12142 H IFA 8 73 205347
AL, FEIRSARIEIE O bRAE, BEE N “TUR R4 R “TE RIFA” PIL(E 2).

Table 2. Matsushima classification and grouping after moyamoya disease combined with cerebral blood flow reconstruction

=2 MERKARMRERARENE SR SE
P B R AR5 DSA Frli ig!
02 AR AR ML AR A A B S A A B B S P A5

i EYER
1% AL SR B i P 2 A, LBV X AN T MCA S XK 1/3
2 % M I ) P P B AR, OV XS AR A T MCA A X1 1/3~2/3 22 (8]

Ti)E RiFa

3% AR IR 1 A A S A, RV XIS AROR T MCA HEVE XY 2/3

23. Geit st

JiTA BlE IR SPSS 26.0 BEAT N7 e T R 0 — Al R B RE AN AL 378 5 S 3R AT AR N 1 e T
IIMT e JEE AR R HLAT & IR 20 A B0 (i o B BB A R P + e (x + )RR, TR
FHEATGEE A M RO B A ¢ AR IR BT ¢ AR REAT 0 M7 o J& TH R BORHMEANAT & IR 70 A 5 R AT A 3
S VY 7 R BRI » R0 it EEEAT et 22 20 A OB A HT wilcoxon AR S EURG I AT 20 # o 52 AR (AR )
I R B R R J7 KL 96 A Fisher ASTARIEAT 70 Mo S5 BTRHAN mRS PP AR 73 148 R AT AR A
R HEAT 0T BT A Gk BRI L P < 0.05 BN EA ZFE L

3. fIRER
3.1. —ER

AREFFILIN 22 BIHZE 8E . Hr 5k o B, 2otk 13 6], RIFRANT 29~66 5 2 (8], “FIF
175 52.09 £9.94 %, Hor DUBARBRA N 1 RIEIRE 5 2, 2915 31.8%; Fo 2 DAk #(18.2%) Fl 2K 15 (13.6%)
N RAERE B ARYE S ROERNG B R, ARALEE T LRAESERI (15 ], 68.2%)%, @i T i
B2 B, 9.1%) IR B, 9.1%).

3.2. REJASL B R &8 XR CBF B E

A 22 B S0 23 AR HT ASL UG 2 v B8R B — 0 BAT T B A S IR (K 3). H “IEfr T
O30T S EUAR AN AN A R D480 X O K AT S R sk R s ik At i X 3 B Fr) 24080 X 20 ) FK
PGERIX 1y 24 3), W B IC A R R X A L S (CBF) o R ARFTAM 3 AN MR X (1 i L7 5= 4 5l
N PLERIX 1: 43.13 + 16.33 ml/(100g-min), P4i#l[X 2: 38.24 + 17.96 ml/(100g-min), P4HH[X 3: 49.55 + 16.52
ml/(100g-min) (] 4); AT 3 AR ML 55 A PMERIX 1: 41.52 + 16.37 ml/(100g'min),
MHRIX 2: 40.62 + 19.01 ml/(100g-min), 34ER[X 3: 51.51 + 16.94 ml/(100g-min) (& 5); AT A 15 i 11
AN 43.64 + 12.15 ml/(100g-min), A FiRHIF 2 /i 1L 7 & 44.55 + 13.46 ml/(100g-min).

L 30~70 ml/(100g-min) 2% %2 5 CBF HIEH Y6, 86 AR HT ASL BUGK I A i I3 & 2B, A
41 22 B ZE o A 2 R E AR 3 AN MERIX CBF BT IEH TR, 3 FEEARM 3 A MEX FF 2
AN CBF R TIEH VG, 8 fl g A 3 MG IX A 1A CBF R T IEH G, MARM 3 A MR IX 5477
FEAIC CBF I EEACH 9 Bl 4, [ 5).
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Figure 3. Preoperative MRI-ASL images of a patient with moyamoya disease at the central level of the hemioval
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Figure 4. Distribution of intraoperative CBF values measured by preoperative ASL images of patients with moyamoya dis-
ease (normal range in red line)
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Figure 5. Distribution of non-operative CBF values measured by preoperative ASL images of patients with moyamoya dis-
ease (normal range in red line)
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3.3. MERBERFARM CBF SRFHAEEHERNXER

WIS AL Z 95 3 R HT mRS PP B o8 <AL A “HAL” PR, SRAVMSZFEAS ¢ R xs
CRRRLY RN “ERY PRALEE ORETAR MY CBF AT X LLAT AT SREIR “RMY” 3% CBF fHi
T CER” B, HERAGIUEE R 3).

Table 3. Difference analysis of CBF between “light” and “severe” groups

F3. ‘BRI M “ER” WEARE CBFHEFMNN

B (n=11) ERm=11) t P
CBF 49.19 £9.45 35.62+12.24 2.938 0.008

#: K CBF #4724 ml/(100g'min).

34. RERIMAEZRARGBEZEBX CBF ¥4 CBF BT A4

ARFE, WATREE TN ANAREFFARTIMASS ASL B ERIXUIIE 6 N MERIX )T CBF
s, L3 CBF Hdl 264 Ao SRABCFEAS ¢ R xS [Fl— B R AT AR 5 5 %88 X 714 CBF {27 Xt
EEBE, SR 4 s G5 3R, & 4R IX )11 CBF FEICE i ML i 5 2 R 5 46 A FIFE i
ERHAAG R, BARMEMGEX A G 5 AHZ ST 884 6).

Table 4. Difference analysis of CBF and average CBF in each area of interest before and after operation

2 4. RETFAARG & L#X CBF X ¥ CBF =S MS

X 1% AREf R t P
AR HRX 1 43.13+16.33 55.29 +26.54 -3.419 0.003
ARMNEHRX 2 38.24+17.96 64.73 +33.66 -4.029 0.001
ARAMPEEX 3 49.55 £ 16.52 66.29 + 16.31 -4.032 0.001
AR~ 43.64 +12.15 62.10 + 18.66 —5.000 <0.001
AR BBIX 1 41.52+16.37 53.57 +28.24 —2.412 0.025

DOI: 10.12677/acm.2023.1392027 14500 I IR = =23t e


https://doi.org/10.12677/acm.2023.1392027

B

Continued
EARMNGHRIX 2 40.62 +19.01 52.61 +£27.32 —2.498 0.021
JEARMNGEX 3 51.51+16.94 65.17 £ 15.23 —4.247 <0.001
JEARA T 44,55+ 13.46 57.12 +21.44 -3.394 0.003
N1 44.09+11.82 59.61 +18.39 —4.562 <0.001

#: £ CBF #4724 ml/(100g-min).
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Figure 6. Comparison box of CBF and average CBF in each area of interest before and after operation
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Table 5. Difference analysis of ACBF and AnCBF in patients with “poor prognosis group” and “good prognosis group”
TS5 “TEXRMEE” M “THRERGFHE” BE ACBF. AnCBF HIERM S

TG REHMD = 6) 5 RIF4Hn = 16) t P
ACBF 6.21 £22.48 23.06 £12.99 -2.213 0.039
AnCBF 0.469 +£0.175 0.801 £0.240 -3.079 0.006

R ACBF HA74 ml/(100g min).

R iEAREAL , DUHIAS B3R ZEADR BN 8 - AHE U85 3R B, B %7 AR 1 2 iR L B 5 mRS
PEOY X BB ARRIANE DIRERS DLI PP 45 SR EEAR — 5, R ATE 5@ REJE b S Wi B R iy A A2 D e 1
Blo TAh, AT RPAREEARAN ACBF. AnCBF 54 5/ RAE— e 2 L2 —8h:, R\HE]
fE—ERE L L R MR E IR A NI AR PUR O, A5 — T iR BL 7« T 33 JAS A L it
SRS 559 R i LB 1 A1 DL VRS L. (EARTT ST IREA S /N, TS R I S5R AR O K H R
ARSI, Pt — PRk, BEAh, WDR LI IRAE IR R AR gt — D TS 245 T RS i
T3 Tl o

Bt NATDO A S A BN, 0 M0 2599 S8 B RSB IfLA 3 0 2 (0 Stk — 2B Aifl . ARt FEAX
it e e RS S A7 B AR R X R TH5T- 28 CBF R PP M 2599 £ R ILIAL 3N A0 2 RS s T R 48 X X 45
P J3 P08 O ML B P S EAT BE— 2P AR T o EE SRR ET R 5500 (838 TR T7 R B B 2 e T Sk
TE AT AR X3 201 A 2 Hom N AT A 970 AR 5 JR) A 9 R BT A B2 5, (AT
I BB AEAE R R BL S, XTI AR UL, 2 A7 A B X S5 38 R FE AR 32 A DX
CLZE Ry 1 3RA T s RO T A 1 o 5% T30 3K 835 N ML 30 70 2 RS (0 B TN R AR AL 2 4 T R 5 2
RUEME .
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