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[Abstract] Objective To analyze the relationship between the preoperative relative blood glucose
ratio and the safety of cerebrovascular bypass of ischemic moyamoya disease (MMD) patients. Methods A
total of 178 patients with ischemic MMD who were hospitalized in Department of Neurosurgery of Qilu
Hospital of Shandong University from December 2016 to December 2019. A total of 186 cases underwent
superficial temporal artery - middle cerebral artery (STA - MCA) bypass. The fasting blood glucose and
glycated albumin of all patients at admission were recorded to calculate the relative blood glucose ratio.
After STA - MCA bypass, the incidence of postoperative complications was counted. Univariate and
multivariate Logistic regression were used to analyze the risk factors of postoperative complications of
ischemic MMD. Results 186 cases were divided into 4 groups based on relative blood glucose ratio, Q1 <
0.404, Q2 0.404-, Q3 0.456—, Q4 > 0.534. The proportion of right surgery side in Q1 group was higher
than that in Q3 group (x*=4.762, P =0.029) and Q4 group (x*=22.087, P =0.000), while the proportion of
right surgery side in Q2 group (x°=16.331, P =0.000) and Q3 group (x*=7.355, P =0.007) was higher than
that in Q4 group. The incidence of mild complications in Q1 group (x*=6.389, P =0.011) and Q2 group
(X’ =4.040, P =0.044) was higher than that in Q4 group. The incidence of postoperative complications was
28.49% (53/186), of which 8.60% (16/186) were severe type and 19.89% (37/186) were mild type, including
transient neurological dysfunction 97.30% (36/37), subdural hemorrhage 2.70% (1/37). Logistic regression
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analysis showed that the relative blood glucose ratio increased (OR = 1.484, 95%CI: 1.071-2.058; P =
0.018), hypertension (OR = 3.696, 95%CI: 1.805-7.569; P = 0.000), operative interval < 2 months (OR =
2.186, 95%CI: 1.041-4.590; P = 0.039) was risk factors for postoperative complications. Conclusions In
order to reduce the incidence of postoperative complications in patients with ischemic MMD, the operation

interval after infarction can be extended to 2 months, and the preoperative relative blood glucose ratio
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should be closely monitored and the perioperative blood pressure should be controlled.
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Table 1. Comparison of clinical data among patients with ischemic MMD grouped by relative blood glucose ratio
WL SE B Q141 (n=46%) Q24 (n=47%) Q34 (n=47%) Q441 (n=46%) X2k F A P{H
[ R (%) ] 6.283 0.099
S 13(28.26) 19(40.43) 25(53.19) 21(45.65)
bk 33(71.74) 28(59.57) 22(46.81) 25(54.35)
AR (R x5, %) 44.39 +8.63 44.44+9.39 44.11+9.06 45.26+10.01 0.131 0.941
W A s [ (%) ] 11(23.91) 6(12.77) 7(14.89) 11(23.91) 6.164 0.367
s s [ R (%) ] 8(17.39) 10(21.28) 9(19.15) 8(17.39) 0.312 0.958
IR [ B (%) ] 19(41.30) 18(38.30) 22(46.81) 19(41.30) 0.729 0.866
*ﬁmﬁ[ Bk (%) ] 4( 8.70) 3( 6.38) 3( 6.38) 6(13.04) 1.734 0.629
SiE [ (%) ] 15(32.61) 11(23.40) 11(23.40) 14(30.43) 1.594 0.661
?71(0" MBI (%) ] 24.966 0.000
T 17(36.96) 21(44.68) 28(59.57) 39(84.78)
=gl 29(63.04) 26(55.32) 19(40.43) 7(15.22)
Suzuki 7} (2 s, 38)) 3.28+0.54 3.23+0.56 3.20+0.62 320+ 045 0.260 0.854
FARMBFEMP,,P,), H]  250(1.50,4.00)  3.00(1.50,4.00)  2.00(1.00,3.00)  2.00(1.00,3.00) 3.522 0.318
A RIE 1K (%) ] 2( 4.35) 3( 6.38) 3( 6.38) 8(17.39) 6.134 0.105
BADERIE IR (%) ] 5(10.87) 7(14.89) 10(21.28) 15(32.61) 7.811 0.050

*The surgical side was included , 40 A %t 42 Sk F A 591 %% . One-way ANOVA for comparison of age and Suzuki grade, Kruskal-Wallis (H)
test for comparison of diabetes, operation time interval and critical complications, and X* test for comparison of others , 4 % | Suzuki 4331 Y
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Table 2. Pairwise comparison between groups of patients with ischemic MMD grouped by relative blood glucose ratio in
surgical side and mild complications
R F AR 51 B RIF RAE o T FAM 5B BRI KA
! PiH X fH PAH X' fH PAH X' fH PH
QL4 : Q24 0.574 0.449 0.335 0.563 Q241 : Q341 2.089 0.148 0.646 0.421
Q141 : Q341 4762 0.029 1.861 0172 | Q24 : 04 16331 0.000 4.040 0.044
QIZH : Q44H 22.087 0.000 6.389 0.011 Q32 : Q44 7.355 0.007 1.519 0.218
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Table 3.

complications after cerebrovascular bypass

Variable assignment of risk factors for
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Table 4. Univariate Logistic regression analysis of risk
factors for complications after cerebrovascular bypass

ALt b SE Wald x> P{i ORfE OR95%CI
51 0.084 0.328  0.065 0.799 1.087 0.574~2.069
RPN -0.010 0.018 0.340 0.560 0.990 0.965~1.025
WA 0.336 0.400 0.706 0.401 1.400 0.639~3.068
ekl -0.172 0426  0.163 0.686 0.842 0.365~1.941
0 I 1.253 0.340 13.569 0.000 3.499 1.797~6.815
T R i 0.451 0.544  0.688 0407 1570 0.541~4.562
T g i 0.062 0362 0.029 0.865 1.064 0.365~1.941

FARMHAEM  -0.068 0325 0.043 0835 0935 0.494~1.767
Suzuki - MIFHE 0455 0307 2.192 0.139 0.634 0.347~1.159
FAREF<2MH 0690 0335 4241 0.039 1995 1.034~3.848
MOV B E S TH R 0.389 0.152 6547 0.011 1.476 1.095~1.988

RS ML FE B RS I RAE G IR K 3R 19 22 1A 3R it v
Logistic [71 5 4 #7

Table 5. Multivariate forward Logistic regression analysis
of risk factors for complications after cerebrovascular bypass

E b SE  Wald x> P{i ORfi OR 95%CI
9 I 1307 0366 12.778 0.000 3.696 1.805~7.569
B R 0273 0.629  0.189 0.664 1.314 0.383~4.504

FARMHAEM  -0.068 0371 0.033 0.855 0.934 0.452~1.933
Suzuki /M1 7HE  -0.607 0344 3112 0.078 0.545 0.278~1.070
FABEE<24MA 0782 0378 4274 0.039 2.186 1.041 ~4.590
MG AL AR 0395 0.167  5.611 0.018 1.484 1.071~2.058
RO -0.539 0.167  0.222 0.638

Ro  HRIA SRR R E TR )R AAR G LB HE (L F)
L
Table 6.
blood glucose ratio in patients with different severity
complications

Comparison of operation interval and relative

45 Bl FAREREIMP,, P, A1 MG (R +s)
EEOFRIE 16 3.00(1.50,3.00) 0.59+0.16
BROFRIE 37 2.00(1.00,3.50) 0.50+0.12
28 -0.632 2.128

P 0.527 0.038

Mann - Whitney U test for comparison of operation time interval,
and two-independent-sample ¢ test for comparison of relative blood
glucose ratio, A [0 B B9 L #8K F Mann-Whitney U A6 56 , A1 % 1fiL
M LB A B R FH W20 N7 R A Y o A

AW TE A7 AE LT R BR S Hfrpns | [ B K
& o Bt , X AT RE B2 R AR Ji5 O R ) BRI AN 8 A
(LTI N oS T 2 N 0 N | N E
P L s 4 ) 25 DB, 5 BOiE ST A R AE AR — E
fay s BEAh , R T TR A PR R FT RE R WA 45 2R, o i
RIS PR 5 2k — 22 4R 0F o i T 32 BRF B o #r
JC v 38 o BE B 53 2 BE AT % BRI 5 DA — AP AR 1T A
X LA L AR AR 5 I A B T A, 5 22
BE BIL X BT 5T 20 B 5 1 84 A B i I A 4 B S i
OGS L L (R 9 22 49 B, DA B X TR 22 e 9 T3
A {EL

25 LTk M0 55 R A i i M AR IS TR
I R AR T 2 A4S A IR B A T e, DB e i s
o 45 PR ER AT LA B R S O A e A XL
T s 6 T S R R R B 25 R N

A2 25 Sk &8 MR, 75§ 2 A~ J5 1 B8 kLR 2 E I A7
i I 46 I R 5 i 0 — 2 B 5 B ™ A Y ) AR T
AEF I Eb B ) 22 4290 BB, 6 2R 115 A X i 4% L (B
Th i BB AT 2% A IR TR E W A A AR AL,
AH X 1B LU B VK 52 2 0E I B AT R A R
A 5B I e il Hs YRR AR IR SR RS B P i e 4 )
T, AR ST N ™R WA 0 4 BT R A i A
7£ 110~ 130 mm Hg.

FaEmz k

& £ x #t

[1] Shang S, Zhou D, Ya J, Li S, Yang Q, Ding Y, Ji X, Meng R.
Progress in moyamoya disease[ J]. Neurosurg Rev, 2020, 43:371-
382.

[2] Zhang H, Zheng L, Feng L. Epidemiology, diagnosis and
treatment of moyamoya disease [J]. Exp Ther Med, 2019, 17:
1977-1984.

[3] SunY, Wang BL, Li Q, Tong XG. Clinical analysis of low flow
bypass in the treatment of chronic symptomatic middle cerebral
artery occlusion [ J]. Zhongguo Xian Dai Shen Jing Ji Bing Za
Zhi, 2021, 21:547-552.[ #h b7, EAHE, 28, &/ IR &
LA HE AR AR 7 1 M R R SRk v 3l ok P 27 R L0 1.
[ AR b 28 0 2%, 2021, 21:547-552.]



o [ B 2 2 R 2022 4F 5 1 45 22 45 5 1)

Chin J Contemp Neurol Neurosurg, May 2022, Vol. 22, No. 5

385

(4]

[7]

[11]

Yu GD, Tong ZY, Liu Y, Wang G, Zhang JS, Chu JG. The
controlled trial of superficial temporal artery - anterior cerebral
artery and superficial temporal artery - middle cerebral artery
double barrel bypass in patients with moyamoya disease [J].
Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi, 2021, 21:537-546.
(AR, &5, XV, TR, sk et J0 801 8% 3 bk -k
i i 3y ik A0 350 B Ik - I A sl JokOBUE R 36 9T 0 55 0
TRETE ()], AR 2 A 78, 2021, 21:537-546. ]

Hayashi K, Horie N, Suyama K, Nagata I. Incidence and
features  of cerebral  hyperperfusion

clinical symptomatic

syndrome after vascular reconstruction [J]. World Neurosurg,
2012, 78:447-454.

Li X, Qing ZZ, Niu JX, He X, Wang ZZ. The analysis of
postoperative complications and the influencing factors during
the treatment of revascularization of moyamoya disease [J]. Yi
Xue Yu Zhe Xue, 2016, 37:53-57.[ 2245, £ £ 5%, F @&,
L, FA w5 AR AR YT I 5 R R G IR RO kA B LR
Wi 4R AT L], PR 59, 2016, 37:53-57.]

Fujimura M, Niizuma K, Endo H, Sato K, Inoue T, Shimizu H,
T. Quantitative

cerebral blood flow contributes to the prediction and diagnosis

Tominaga analysis  of early postoperative

of cerebral hyperperfusion syndrome after revascularization
surgery for moyamoya disease [J]. Neurol Res, 2015, 37:131 -
138.

Li F, Li C, Sun Y, Bao Y, Jiang W, Song Z, Wang Y, Liu M,
Wang W, Li T, Li L. Cerebral ischemic complications after
surgical revascularization for moyamoya disease: risk factors and
development of a predictive model based on preoperative
nutritional blood parameters[ J]. Front Nutr, 2022, 9:842838.
Ngiam JN, Cheong CWS, Leow AST, Wei YT, Thet JKX, Lee
1YS, Sia CH, Tan BYQ, Khoo CM, Sharma VK, Yeo LLL. Stress
hyperglycaemia is associated with poor functional outcomes in
patients  with acute ischaemic stroke after intravenous
lhmmbolysis[ﬂ. QJM, 2022, 115:7-11.

Pan Y, Cai X, Jing J, Meng X, Li H, Wang Y, Zhao X, Liu L,
Wang D, Johnston SC, Wei T, Wang Y; CHANCE Investigators.
Stress hyperglycemia and prognosis of minor ischemic stroke
and transient ischemic attack: the CHANCE study (Clopidogrel
in high - risk patients with acute nondisabling cerebrovascular
events)[]] Stroke, 2017, 48:3006-3011.

Shimoyama T, Kimura K, Uemura J, Saji N, Shibazaki K.
Elevated glucose level adversely affects infarct volume growth
and neurological deterioration in non - diabetic stroke patients,
but not diabetic stroke patients[]]. Eur J Neurol, 2014, 21:402-
410.

Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O'Dea H,

Stranks SN, Burt MG, Doogue MP. Relative hyperglycemia, a

[17]

[19]

marker of critical illness: introducing the stress hyperglycemia
ratio[ J]. J Clin Endocrinol Metab, 2015, 100:4490-4497.

Lee TF, Drake SM, Roberts GW, Bersten A, Stranks SN,
Heilbronn LK, Mangoni AA, Burt MG. Relative hyperglycemia
is an independent determinant of in - hospital mortality in
patients with critical illness[J]. Crit Care Med, 2020, 48:e115-
122.

Xu S, Zhang J, Wang S, Li Z, Xiong Z, Wu X, Xin C, Wang H,
Wang Y, Chen J. The
revascularization for patients with moyamoya disease following
acute onset[ J]. World Neurosurg, 2018, 114:e412-416.

Ma Y., Zhao M, Deng X, Zhang D, Wang S, Zeng Z, Zhang Q,

Zhao J. Comparison of clinical outcomes and characteristics

optimum  operative time  of

between patients with and without hypertension in moyamoya
disease[J]. J Clin Neurosci, 2020, 75:163-167.

Chen Y, Ma L, Lu J, Chen X, Ye X, Zhang D, Zhang Y, Wang
R, Zhao Y. Postoperative hemorrhage during the acute phase
after direct or combined revascularization for moyamoya disease:
risk factors, prognosis, and literature review [J]. J Neurosurg,
2019, 18:1-10.

Liming Z, Weiliang S, Jia J, Hao L, Yang L, Ludtka C, Jahromi
BR, Goehre F, Zemmar A, Tianxiao L, Hernesniemi J, Andrade-
Barazarte H, Chaoyue L. 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, 41:1472-1480.

Uchino H, Kazumata K, Ito M, Nakayama N, Kuroda S, Houkin
K. Crossed cerebellar diaschisis as an indicator of severe
cerebral hyperperfusion after direct bypass for moyamoya disease
[Jl. Neurosurg Rev, 2021, 44:599-605.

Nielsen TH, Abhinav K, Sussman ES, Han SS, Weng Y, Bell-
Stephens T, Heit JJ, Steinberg GK; CNRN. Direct versus
indirect bypass procedure for the treatment of ischemic
moyamoya disease: results of an individualized selection strategy
[Jl1.J Neurosurg, 2020, 134:1578-1589.

Lu J, Li Z, Zhao Y, Chen X, Shi G, Zhao J. Hemorrhagic
transformation  in disease:  clinical

ischemic  moyamoya

characteristics, radiological features, and outcomes [J]. Front
Neurol, 2020, 11:517.

Gupta SK, Narayanan R, Aggarwal A, Mohanty M, Ahuja C,
Verma N, Praneeth K, Agarwal V. Outcome following surgical
revascularization in patients of moyamoya disease with focus on
graft patency and angiographic changes[J]. Neurol India, 2021,
69:620-627.

(ki H ) :2022-05-24)

(RCHiH R )



