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Abstract

Postoperative neurological deterioration due to brain compression by the swollen temporal muscle pedicle used in
encephalo-myo-synangiosis (EMS) is a potential complication of combined revascularization for Moyamoya
disease (MMD). However, the factors contributing to this phenomenon remain poorly understood. This study
aimed to identify factors associated with postoperative temporal muscle swelling following combined
revascularization. A total of 37 consecutive combined revascularization using temporal muscle pedicle performed
between 2021 and 2023 were analyzed. Postoperative temporal muscle volume was measured through serial CT
scans on postoperative days (POD) 0, 1, 7, 14, and 30. Multiple regression analysis was performed to assess factors
contributing to swelling, including RNF213 p.R4810K variant, a known genetic risk for Asian MMD. Surgical
outcomes and collateral vessel development were also examined. Results showed a significant increase in muscle
pedicle volume on POD 1 and 7 across all 37 hemispheres, followed by a marked decrease by POD 30, compared
to POD 0. These chronological volume changes were significant in adults (n=31) but not in pediatric patients (n=0).
Multiple regression analysis identified the RNF213 p.R4810K as sole significant factor positively associated with
maximal muscle volume (regression coefficient 0.485, P=0.0078). Favorable surgical outcomes were achieved in
36 of 37 cases (97.3%) over a mean follow-up of 2.2 years, with indirect collateral development confirmed in 27
adult (87%) and 6 pediatric (100%) hemispheres. Results suggest the RNF213 p.R4810K variant is associated with
increased postoperative temporal muscle swelling after combined revascularization, especially in adult MMD

patients, indicating a potential genetic influence on this complication.

Keywords: Encephalo-myo-synangiosis, Moyamoya disease, Revascularization, RNF2[3 variant, Surgical

complication, Temporal muscle swelling
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Introduction

Moyamoya disease (MMD) is a rare cerebrovascular disorder characterized by chronic/progressive stenosis at the
terminus of the intracranial internal carotid artery, accompanied by the development of abnormal fragile vascular
networks [1]. This condition leads to ischemic and/or hemorrhagic stroke predominantly in pediatric or young
adult population. To date, a strong association has been identified with RNF213 genetic variant (p.R4810K) in
Japanese, Korean, and Chinese patients [2-5]. Combined direct (i.e., superficial temporal artery-middle cerebral
artery; STA-MCA anastomosis) and indirect bypass (i.e., encephalo-duro-myo-synangiosis; EDMS or encephalo-
myo-synangiosis; EMS), is widely accepted as a procedure for preventing future stroke in adult patients with MMD
[6-7].

The indirect bypass procedure involving the use of temporal muscle necessitates the intracranial insertion
of the muscle pedicle under the cranial bone flap to cover a large area of the brain [8-10]. Postoperative
neurological deterioration caused by local hypoperfusion due to brain compression by the swollen temporal muscle
pedicle used for EMS, is a rare but potential complication after combined revascularization in MMD [11-15].
Recently, we revealed the incidence of transient neurological events due to the swollen temporal muscle was 5.6%
(one out of 18 consecutive procedures) [ 14]. Consequently, in our previous study cohort, the intracranially inserted
temporal muscle pedicle volume increased by as much as 1.12 by postoperative day (POD) 7, relative to PODO.
Despite the substantially standardized surgical procedure, the degree of postoperative temporal muscle swelling
varied in our previous study, and the contributing factors remain undetermined [14]. Therefore, this study aimed
to investigate the factors contributing to postoperative temporal muscle swelling after combined revascularization
using temporal muscle pedicle in MMD. To uncover the mechanism underlying postoperative temporal muscle
pedicle swelling and the role of genetic variant, RNF213 p.R4810K on this phenomenon, we would discuss the

link between these two seemingly unrelated manifestations based on the concurrent knowledge from the literature.

Methods
Patients
In this prospective observational cohort, we included a total of 37 combined revascularization procedures in 32
consecutive Japanese MMD patients. All surgeries were primarily operated by a single neurosurgeon (M.F.) at our
institution between January 2021 and January 2023. Of these, eighteen procedures in 15 patients were included in
our previous analysis [14]. All patients were symptomatic as presented with ischemic or hemorrhagic stroke

symptoms but showed independent performance status at surgery. The diagnosis of MMD and surgical indication
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were determined based on the cerebral angiography (except for young pediatric cases) according to the current
Japanese guidelines for the diagnosis and management of MMD [2, 16]. In this study, we defined adult MMD
when patients were 16 years old or older at surgery as defined elsewhere [17].

Surgical procedure

Our combined revascularization was standardized as a direct STA-MCA (cortical M4 branch) single anastomosis
combined with EDMS using temporal muscle with meticulous perioperative critical care. Our standardized
surgical procedure and perioperative critical care from early-stage post-surgery was documented in detail in our
previous report [14,18,19]. Briefly, an L-shaped skin incision was made along with the frontal or parietal branch
of the STA, followed by gentle dissection of the temporal muscle by a monopolar electrode between the muscle
and bone. The deep temporal artery (DTA) and deep temporal vein were preserved to minimize postoperative
temporal muscle swelling. An inverted triangle-shaped craniotomy was performed with gentle retraction of the
temporal muscle. In an end-to-side manner, STA-MCA anastomosis was performed using 10-0 monofilament
suture. The patency was confirmed by intraoperative indocyanine green videoangiography and Doppler
ultrasonography. To prevent postoperative complication due to temporal muscle swelling, we routinely performed
EDMS with the following attempts: i) drilling the inner layer of the bone flap for insurance against transient
temporal muscle swelling, ii) creating a cranial bone window wide enough for pedicle insertion to avoid
strangulation of the swollen temporal muscle pedicle, and iii) splitting the temporal muscle into two layers to
reduce its thickness if applicable. After cranioplasty, the remaining outer layer of the muscle was placed over the
bone flap, followed by skin closure without the placement of a drainage tube.

Genetic Analysis

For the genetic testing, peripheral blood samples were collected from all the participants before surgery. In
accordance with the institutional review board-approved protocol, genetic analysis was conducted at research
division of genome companion diagnostics in our hospital who were blinded to individual clinical data
(Supplement). Briefly, total DNA was extracted from the peripheral blood, and Tagman single nucleotide
polymorphism genotyping assay (TagMan SNP Genotyping Assay, Catalog number 4351379, Thermo Fisher Sci.
MA, USA) was employed to determine the allele type for RNF213 p.R4810K polymorphism, a known genetic risk
for Asian individuals with MMD [3,4].

Time-course analysis of the intracranial temporal muscle pedicle volume

Postoperative temporal muscle pedicle volume was evaluated using 5-mm-slice computed tomography (CT) scans

acquired on PODO, 1, 7, 14, and 30. We employed the XYZ/2 technique to provide the total volume of the inserted
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muscle pedicle as in our previous report [14, 20]. Briefly, the maximum thickness, length, and height of the
intracranially inserted temporal muscle pedicle were determined on appropriate axial CT images (5-mm-thickness)
on which the temporal muscle pedicle was visible. For the maximal height measurement (Z axis for CT scans), the
number of slices visible for the temporal muscle pedicle was counted and multiplied by 5-mm (thick ness of each
axial slice, please see the diagram in the Supplementary figure). This was validated by coronal CT images to
confirm its accuracy (data not shown). The volume calculated using the XYZ/2 method was previously validated
against computer-assisted volumetric assessment, which demonstrated a significant correlation (please refer to
supplementary results for further details). These measurements were performed by first author (M.M) blinded to
the results of genetic testing and latest surgical outcome. For the time-course analysis of volume changes after
surgery, the relative temporal muscle volume at each postoperative time point was calculated relative to that on
PODO.

Surgical outcome

Postoperative development of both direct and indirect bypasses was qualitatively evaluated using time-of-flight
(TOF) magnetic resonance angiography (MRA). These evaluations were conducted in outpatient settings later than
six months post-surgery following a previously reported protocol [21-23]. Briefly, postoperative development of
each direct and indirect surgical collaterals was dichotomized (i.e., good or poor). The development of direct
surgical collaterals was evaluated by the visibility of the STA, while that of indirect surgical collaterals was
evaluated by that of middle meningeal artery (MMA) and/or DTA. We evaluated surgical outcome as the
recurrence of stroke or transient ischemic attack (TIA) and intracranial hemorrhage (ICH), as well as the modified
Rankin Scale (mRS) at the latest clinic visit or interview by phone call (mean follow-up period: 2.2+0.6 years
post-surgery).

Statistical analysis

Continuous variables (i.e., age and the relative temporal muscle volume) were expressed as mean and standard
deviation and rank/categorical variables (i.e., sex, hemisphere side) was expressed as ratios or frequency. For
multiple comparisons of the relative temporal muscle volume at each postoperative time point with that at PODO,
we used fitting-a-mixed-effects model to analyze repeated measures with missing values followed by the post-hoc
Dunnett test. Nine values (CT on POD7 in 5 patients/procedures, on POD14 in 3 patients/procedures, and POD30
in 1 patient/procedure) were missing because MR scans were performed instead of CT scans for random reasons.
To identify factors potentially contributing to the postoperative temporal muscle volume changes, mean maximal

relative temporal muscle pedicle volume was analyzed in relation to each demographic and baseline clinical
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variables across all 37 hemispheres by univariate linear regression or unpaired t-test or Mann-Whiteney U-test for
continuous or rank/categorical variable, respectively. Subsequently, forced entry multiple linear regression test
was performed. We included following variables, including age at surgery; sex; hemispheric side of
revascularization; clinical presentation, i.e., transient ischemic attack, cerebral infarct, and intracerebral
hemorrhage; Suzuki’s angiographical stage; comorbidities, i.e., diabetes mellitus, hypertension, dyslipidemia;
preoperative systemic immune inflammation index, SII; RNF213 p.R4810K variant type; preoperative antiplatelet
agent, i.e., aspirin, cilostazol; operation time, and cranial bone window area as the potential factors contributing to
the postoperative temporal muscle volume changes. The SII was calculated based on the blood cell counts collected
before surgery using the following formula: platelet count (number*10°/uL)*absolute neutrophil count
(/uL)/absolute lymphocyte count (uL) as reported elsewhere [24,25]. The level of significance was set at P <0.05.

GraphPad Prism (version 10.0.3, San Diego, CA, USA) was used to conduct all these analyses.

Results

Patient demographic, genetic, clinical features

This study included 31 hemispheres in 27 adult patients (ranging from 17 to 60 years old) and 6 hemispheres in 5
pediatric patients (ranging from 8 to 14 years old). The demographic, genetic and clinical features were
summarized in Table 1. Our combined revascularization in this prospective cohort was predominantly STA-MCA
single anastomosis with indirect EDMS procedure in a mean operation time of 245435 minutes. In all the 37
procedures, the patency of STA-MCA bypass was confirmed by intraoperative indocyanine green
videoangiography and Doppler ultrasonography. In addition, all the indirect EDMS bypasses were achieved using
vascularized temporal muscle and dural pedicles.

Chronological volume changes of the temporal muscle pedicle after combined revascularization in patients
with MMD

The mean values of absolute temporal muscle pedicle volume evaluated by the XYZ/2 method were as follows
(n=37, meanztstandard deviation): 10.4+3.6 cm3 on POD 0, 12.7+£5.0 cm3 on POD 1, 13.6+6.1 cm3 on POD 7,
10.7+4.4 cm3 on POD 14, and 6.2+3.5 cm3 on POD 30 (Figure5 and Supplementary figure). The relative volume
(relative to that of PODO) of the intracranial temporal muscle pedicle was 1.23+0.29 on POD1, 1.33+0.38 on
POD7, 1.06+0.31% on POD14, and 0.59+0.23 on POD30. As shown in Figure 1, the relative volume significantly
increased on POD1 and 7, then significantly decreased by POD30 across all the 37 hemispheres. Thus, Figure 1

depicted chronological volume increase of the temporal muscle pedicle by POD7 and decrease by POD30 after
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the combined revascularization. To evaluate the effect of patient age on the chronological volume changes, we
conducted a time-course analysis in both adult (older than 16 years of age at surgery) and pediatric patient groups
(younger than 15 years of age), respectively (Figure 2). In the adult group, a significant increase in relative muscle
volume on PODI and 7, as well as a significant decrease on POD30 were observed, respectively. In contrast, the
pediatric group showed no significant differences in relative muscle volume on PODI, 7, and 14, while a
significant decrease was observed on POD30. Taken together, the time-course analysis suggested postoperative
temporal muscle swelling occurred on POD1 and 7 after combined revascularization, particularly in adult patients
with MMD. By POD30, the inserted temporal muscle pedicle gradually involuted in both age groups.

Multiple linear regression analysis for maximal relative temporal muscle volume

To investigate the factors contributing to the postoperative temporal muscle swelling, maximal relative temporal
muscle pedicle volume was analyzed in relation to each demographic and baseline clinical variables across all 37
hemispheres by univariate analyses (Table 2). Subsequent forced entry multiple linear regression analysis revealed
RNF213 p.R4810K variant (G/A) as sole significant factor positively correlated with the postoperative maximal
relative volume (regression coefficient, 0.485; 95% confidence interval, 0.145 to 0.826, P=0.0078, Table 2). Other
factors, including demographic, preoperative clinical and surgical factors were not significantly correlated with
postoperative maximal relative volume. In fact, the maximal relative volume was significantly higher in patients
with RNF213 p.R4810K variant than those without (1.4+0.30 and 1.1£0.19, respectively P=0.0041, Figure 3A).
As shown in Figure 3B, chronological increase of the relative volume was significant on PODI and 7 when
compared to that of POD0O in MMD with RNF213 p.R4810K variant (G/A) but not in wild-type (G/G), while
significant decrease was observed by POD30 regardless of RNF213 p.R4810K variant type. These results were
visually confirmed by scatter plot and linear regression analysis result as shown in Figure 4. Together, RNF213
p-R4810K variant (G/A) may predispose patients to postoperative temporal muscle swelling after combined
revascularization, particularly in adult MMD. Regardless of the RNF213 p.R4810K variant type, the inserted
temporal muscle pedicle involuted by POD30.

Surgical outcome

Out of 37 consecutive combined revascularizations in this prospective cohort, we observed one case with
postoperative cerebral ischemia due to compression of the brain by swollen temporal muscle (2.7%). Postoperative
symptomatic focal cerebral hyperperfusion was observed in one different case (2.7%). Therefore, the incidence of
overall perioperative surgical complication was 5.4% in this prospective cohort observed within two weeks after

surgery. During a mean follow-up period of 2.2+0.6 years post-surgery, two patients experienced ipsilateral
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recurrence of stroke (5.4%), including cerebral infarct in one pediatric patient and repeated intraventricular
hemorrhage at the remote area from the direct anastomosis in one adult patient. Except for one unfavorable case
(mRS of 5), most of the cases showed independent favorable outcome (mRS 0-2) during the follow-up period.
Postoperative collateral development via direct and indirect bypass was confirmed later than six months after
surgery (mean follow-up period: 10.3£3.1 months post-surgery) in 30 (97%) and 21 (68%) hemispheres in adult
cases, respectively (Table 3). Whereas all the pediatric cases showed postoperative collateral development via both
direct and indirect bypass. Thus, postoperative direct bypass development was observed in all the 37 cases
regardless of the RNF213 p.R4810K variant type, except for one adult case with the RNF213 p.R4810K wild-type
(G/G). On the other hand, indirect bypass development was observed in 21(77.8%) out of 27 RNF213 p.R4810K
variant (G/A) and 6 (60%) out of 10 RNF213 p.R4810K wild-type (G/G). There was no correlation between the
RNF213 p.R4810K variant type and postoperative direct/indirect bypass development. We addressed whether
postoperative temporal muscle swelling is associated with the surgical collateral development, particularly with
indirect bypass development in the adult group. As a result, maximal relative temporal muscle volume was not
significantly different between patients with good and poor indirect bypass development in adult MMD (1.340.35
and 1.3£0.27, P=0.71). These results suggested combined revascularization using temporal muscle pedicle in this
prospective cohort provided favorable surgical outcomes in both adult and pediatric MMD patients. These results
were achieved when the aforementioned surgical attempts and meticulous perioperative care were applied
according to current diagnostic criteria and management guidelines [2,16].

Representative cases

A 54-year-old man presenting with cerebral infarct due to MMD (Suzuki’s angiographical stage 3) underwent
combined revascularization, including EDMS with the aforementioned surgical attempts on his left hemisphere.
The relative muscle volume was increased at 1.65 on POD1 and 2.00 on POD7 relative to PODO (Figure 5A, lower
panels). With the use of Chinese KANPO medicine (i.e., IDABOKUIPPO), his postoperative course was
uneventful and the relative volume was decreased at 0.99 by POD30. As shown in Figure 5A (upper panels), MR
angiography on POD 2 showed patent direct STA-MCA bypass. MR angiography after eight months of surgery
depicted patent direct STA-MCA bypass and indirect bypass development (i.e, DTA). Genetic testing revealed he
was RNF213 p.R4810K heterozygote (G/A). By the latest clinic visit at 1.7 years after surgery, he did not
experience any stroke recurrence with independent daily life (mRS of 0). In contrast, a 57-year-old man with
transient motor weakness on his right due to ischemic-onset MMD (Suzuki’s angiographical stage 3) underwent

the combined revascularization on his left hemisphere. The relative muscle volume was increased at 1.31 on POD1
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and 1.33 on POD?7 relative to PODO (Figure 5B, lower panels). As shown in Figure 5B (upper panels), MR
angiography after 12 months of surgery showed both direct (STA) and indirect bypass (MMA) development.
Genetic testing revealed he was wild-type for the RNF213 p.R4810K variant (G/G). By the latest clinic visit at 1.6

years after surgery, he did not experience any stroke recurrence with independent daily life (mRS of 0).

Discussion

In this single-institution prospective study, significant temporal muscle swelling, used for EDMS, was observed
on POD1 and 7 following combined revascularization in MMD patients with the RNF2/3 p.R4810K
heterozygosity. Subsequently, the inserted temporal muscle pedicle significantly involuted by POD30, regardless
of the RNF213 p.R4810K variant type. While the time-course analysis for the postoperative temporal muscle
volume demonstrated significant increase on POD1 and 7 after combined revascularization, particularly in adult
patients with MMD. By POD30, the inserted temporal muscle pedicle gradually involuted in both age groups. In
this prospective cohort, combined revascularization using temporal muscle pedicle provided favorable surgical
outcomes in both adult and pediatric MMD patients when the aforementioned surgical attempts and meticulous
perioperative care were applied. Based on these observations, the adult MMD patients with the RNF213 p.R4810K
variant (G/A) may have a higher risk of postoperative temporal muscle swelling after combined revascularization
using temporal muscle but could achieve favorable functional outcomes. This is the first report demonstrating a
significant correlation between the RNF213 p.R4810K variant and temporal muscle pedicle swelling after
combined revascularization in MMD.

In this study, we were unable to uncover the exact mechanism underlying the predisposition of RNF213
p-R4810K heterozygote patients (G/A) to postoperative temporal muscle pedicle swelling after the combined
revascularization. Growing evidence supports the genotype-phenotype correlation of the RNF213 p.R4810K
variant following the identification of the RNF213 gene as a susceptibility gene for MMD across diverse
populations [3-5]. Certain MMD phenotypes associated with the RNF213 p.R4810K include baseline clinical
manifestations (e.g., early onset, cerebral infarct at presentation) [26,27], pre-operative angiographical features
[28-30] (e.g., involvement of the posterior cerebral artery, progression of unilateral MMD to contralateral
hemisphere, and spontaneous collateral blood supply from external carotid system), as well as post-
revascularization surgical complication [31,32] and surgical collateral vessel development [22,23,33-35].
Torazawa et al. recently demonstrated a significant positive correlation between the RNF213 p.R4810K variant

and the caliber change ratio (CCR) of DTA after direct STA-MCA anastomosis with EMS in the chronic phase,
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between 6 months and 1 year after surgery [33]. However, they did not study postoperative temporal muscle
swelling in the acute phase following combined revascularization. By integrating the results of previous studies—
specifically, the significant in-growth of DTA-derived indirect collateral via the temporal muscle pedicle (EMS)
in the p.R4810K heterozygotes—and the findings of our study (the predisposition of p.R4810K heterozygotes to
postoperative temporal muscle swelling), it can be inferred that RNF213 p.R4810K variant might have a role in
post-revascularization changes of the temporal muscle pedicle in MMD. A recent review summarized the basic
functions of the RNF213 gene, which plays a key role in lipid metabolism, oxygen consumption, cell cycle control,
and NF-kB-mediated inflammation, contributing to vascular cell maintenance [36]. MMD-associated mutations in
the RING domain enhance NF-kB activation, inducing inflammation [4,36,37]. Thus, our findings can offer new
insights into the impact of the RNF213 p.R4810K variant on the post-revascularization response of the temporal
muscle pedicle in the acute (temporal muscle swelling) and chronic phase (in-growth of DTA in the temporal
muscle) via altered immune/inflammatory response by RNF213 p.R4810K variant in MMD. Although this study
did not directly establish a significant association between muscle swelling and the development of indirect
bypass, we plan to address the relationship between postoperative muscle swelling and indirect bypass
development in larger and more diverse cohorts.

Based on the current results, we might be able to identify adult MMD patients at risk of postoperative
muscle swelling after combined revascularization, which effectively prevent future stoke events. Thus, recent
systematic reviews and meta-analyses have suggested that combined direct and indirect revascularization is
favored over indirect bypass surgery in adult MMD for favorable outcomes [6,7]. In pediatric patients, indirect or
combined revascularization has been shown to improve both short- and long-term clinical outcomes [9,10,38-41].
Surgical revascularization is generally considered reasonable for MMD presenting with ischemic or hemorrhagic
symptoms, particularly posterior hemorrhage [17,42]. However, postoperative cerebral hyperperfusion syndrome
in adults [19,43] and perioperative cerebral infarction or global hypoperfusion in pediatric patients remain concerns
[44,45]. Perioperative management, including mild blood pressure control and the use of neuroprotective/anti-
inflammatory agents [46,47], alongside efforts to mitigate postoperative temporal muscle swelling [12-14,48], are
essential to achieve favorable outcomes. Symptomatic brain compression due to swollen temporal muscle is
reported in 5.5% to 6.2% of adult cases [12,14] and up to 16.2% in pediatric case series [13]. Based on our previous
study [14], the risk factors contributing to postoperative temporal muscle swelling remained obscure, except for
mechanical temporal muscle injury and venous congestion of the muscle pedicle. In this prospective cohort, we

could demonstrate adult MMD patients with RNF213 p.R4810K variant (G/A) have a higher risk of postoperative
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temporal muscle swelling compared to those without (i.e., RNF213 p.R4810K wild-type, G/G). Given that the
hemodynamically impaired brain in MMD is vulnerable to increased intracranial pressure, mechanical
compression by the swollen temporal muscle could cause focal cerebral ischemia, leading to neurological
deterioration [11-14]. Regarding multiple choice of indirect procedures (i.e., EAS, EDS, EMS, EDMS, EDAMS,
EDMAPS, and omental-cranial transposition etc.), each has each advantage and disadvantage. Since a pedicled
vascularized tissue- such as temporal muscle pedicle or omental flap [49] is highly vascularized compared with
dura mater, we favored the STA-MCA anastomosis combined with indirect procedure using temporal muscle
pedicle as our standard procedure both for adults and pediatric patients if applicable [18,44]. Based on our current
and previous studies, indirect bypass using temporal muscle pedicle has disadvantage such as postoperative
temporal muscle swelling causing ischemic complication [11-14] but has advantage, such as better collateral in-
growth through the temporal muscle (i.e., deep temporal artery) in MMD patients with RNF213 p.R4810K variant
[22,23]. Based on these considerations, among the various indirect procedures, we favored to use temporal muscle
pedicle as an in-situ harvestable and highly vascularized tissue for better post-operative collateral formation.
Altogether, genotyping for the RNF213 p.R4810K variant may contribute to further risk stratification in combined
revascularization using temporal muscle pedicle in adult MMD. In future clinical practice, precision medicine
approaches—such as elective combined revascularization using temporal muscle pedicle tailored to genetically
selected patients—may contribute to improved prognoses for individuals with MMD.

This study has several limitations. First, our study population consisted of a small sample size from single
institute, particularly in pediatric patients. We are committed to further validating our observations and
enhancing the generalizability of our findings in larger and more diverse multi-center cohorts. Second, the
follow-up period for surgical outcomes was relatively short. In fact, all pediatric patients who participated in this
study were RNF213 p.R4810K heterozygote (G/A). This may underestimate the impact of the RNF213 p.R4810K
variant on postoperative temporal muscle swelling in pediatric MMD patients. Third, while we standardized the
surgical procedure to prevent postoperative temporal muscle swelling, we did not have a prevention protocol
specific for MMD patients with the RNF213 p.R4810K variant. A more precise understanding of MMD is essential,

including molecular functions of RNF213 gene and associated genetic variants, to develop new treatment strategies.

Conclusions

Adult MMD patients with the RNF213 p.R4810K variant may have a higher risk of postoperative temporal muscle

swelling after combined revascularization, suggesting a predisposition of the genetic variant to transient
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postoperative swelling. Although the underlying mechanisms remain unclear, our findings provide new insights
into the role of RNF213 p.R4810K in influencing the clinical phenotype of MMD. To achieve favorable surgical
outcomes, it is crucial to mitigate the adverse effects of postoperative temporal muscle swelling, particularly in

adult MMD patients with the RNF213 p.R4810K variant.

12



S O o0 NN N n Bk WD =

NN NN N N N N N = e e e e e e e e
0 I N R~ WD = DO O 0NN R W N -

References

1. Suzuki J, Takaku A. Cerebrovascular "moyamoya" disease. Disease showing abnormal net-like vessels
in base of brain. Arch Neurol. 1969;20(3):288-299; https://doi.org/10.1001/archneur.1969.00480090076012

2. Kuroda S, Fujimura M, Takahashi JC, Kataoka H, Ogasawara K, Iwama T, Tominaga T, Miyamoto S;
Research Committee on Moyamoya Disease (Spontaneous Occlusion of Circle of Willis) of the Ministry of Health,
Labor, and Welfare, Japan. Diagnostic Criteria for Moyamoya Disease - 2021 Revised Version. Neurol Med Chir
(Tokyo). 2022;62(7):307-312; https://doi.org/10.2176/jns-nmc.2022-0072

3. Kamada F, Aoki Y, Narisawa A, Abe Y, Komatsuzaki S, Kikuchi A, Kanno J, Niihori T, Ono M, Ishii N,
Owada Y, Fujimura M, Mashimo Y, Suzuki Y, Hata A, Tsuchiya S, Tominaga T, Matsubara Y, Kure S. A genome-
wide association study identifies RNF213 as the first Moyamoya disease gene. J] Hum Genet.2011;56(1):34-40;
https://doi.org/10.1038/jhg.2010.132

4, Liu W, Morito D, Takashima S, Mineharu Y, Kobayashi H, Hitomi T, Hashikata H, Matsuura N,
Yamazaki S, Toyoda A, Kikuta K, Takagi Y, Harada KH, Fujiyama A, Herzig R, Krischek B, Zou L, Kim JE,
Kitakaze M, Miyamoto S, Nagata K, Hashimoto N, Koizumi A. Identification of RNF213 as a susceptibility gene
for moyamoya disease and its possible role in vascular development. PLoS One.2011;6:¢22542;
https://doi.org/10.1371/journal.pone.0022542

5. Cecchi AC, Guo D, Ren Z, Flynn K, Santos-Cortez RLP, Leal SM, Wang GT, Regalado ES, Steinberg
GK, Shendure J, Bamshad MJ, on behalf of University of Washington Center for Mendelian Genomics, Grotta JC,
Nickerson DA, Pannu H, Milewicz DM: RNF213 Rare Variants in an Ethnically Diverse Population With
Moyamoya Disease. Stroke.2014;45(11):3200-3207; https://doi.org/10.1161/STROKEAHA.114.006244

6. Jeon JP, Kim JE, Cho WS, Bang JS, Son YJ, Oh CW. Meta-analysis of the surgical outcomes of
symptomatic moyamoya disease in adults. J Neurosurg.2018; 128(3):793-799;
https://doi.org/10.3171/2016.11.JNS161688

7. Nguyen VN, Motiwala M, Elarjani T, Moore KA, Miller LE, Barats M, Goyal N, Elijovich L, Klimo P,
Hoit DA, Arthur AS, Morcos JJ, Khan NR. Direct, Indirect, and Combined Extracranial-to-Intracranial Bypass for
Adult Moyamoya Disease: An Updated Systematic Review and Meta-Analysis. Stroke.2022;53(12):3572-3582;

https://doi.org/10.1161/STROKEAHA.122.039584

13



S O o0 NN N n Bk WD =

O R N S S S I S R N S S S I e e e e e i e e e
S O 0 9 N A WD = DO O NN SN R W N

8. Karasawa J, Kikuchi H, Furuse S, Sakaki T, Yoshida Y. A surgical treatment of "moyamoya" disease
"encephalo-myo synangiosis". Neurol Med Chir (Tokyo0).1977;17(1 Pt 1):29-37;
https://doi.org/10.2176/nmc.17pt1.29

9. Scott RM, Smith JL, Robertson RL, Madsen JR, Soriano SG, Rockoff MA. Long-term outcome in
children with moyamoya syndrome after cranial revascularization by pial synangiosis. J Neurosurg.2004;100(2
Suppl Pediatrics):142-149; https://doi.org/10.3171/ped.2004.100.2.0142

10. Hayashi T, Hara S, Inaji M, Arai Y, Kiyokawa J, Tanaka Y, Nariai T, Maehara T. Long-term prognosis
of 452 moyamoya disease patients with and without revascularization under perfusion-based indications. J Stroke
Cerebrovasc Dis.2023;32(11):107389; https://doi.org/10.1016/].jstrokecerebrovasdis.2023.107389

11. Fujimura M, Kaneta T, Shimizu H, Tominaga T. Cerebral ischemia owing to compression of the brain by
swollen temporal muscle used for encephalo-myo-synangiosis in moyamoya disease. Neurosurg
Rev.2009;32(2):245-249; https://doi.org/10.1007/s10143-009-0184-6

12. Machida T, Higuchi Y, Nakano S, [zumi M, Ishige S, Fujikawa A, Akaogi Y, Shimada J, Ono J. Sagittal
splitting of the temporalis muscle for encephalo-myo-synangiosis to prevent ischemic complications due to a
swollen temporalis muscle without inhibiting collateral developments in patients with moyamoya disease. J
Neurosurg.2018;130(6):1957-1964; https://doi.org/10.3171/2018.1.JNS172244

13. Kanamori F, Araki Y, Yokoyama K, Uda K, Nishihori M, Izumi T, Okamoto S, Wakabayashi T. Brain
Compression by Encephalo-Myo-Synangiosis is a Risk Factor for Transient Neurological Deficits After Surgical
Revascularization in Pediatric Patients with Moyamoya Disease. World Neurosurg.2020;133:e558-e566;
https://doi.org/10.1016/j.wneu.2019.09.093

14. Mizushima M, Ito M, Fujima N, Uchino H, Sugiyama T, Fujimura M. Chronological Volume Changes
of the Temporal Muscle Pedicle Used for Encephalo-myo-synangiosis in Combined Revascularization for
Moyamoya Disease: A Prospective Observational Study. Neurol Med Chir (Tokyo).2023;63(7):304-312;
https://doi.org/10.2176/jns-nmc.2023-0008

15. Touho H. Cerebral ischemia due to compression of the brain by ossified and hypertrophied muscle used
for encephalomyosynangiosis in childhood moyamoya disease. Surg Neurol.2009;72(6):725-7,
https://doi.org/10.1016/j.surneu.2006.10.076

16. Fujimura M, Tominaga T, Kuroda S, Takahashi JC, Endo H, Ogasawara K, Miyamoto S; Research
Committee on Moyamoya Disease (Spontaneous Occlusion of Circle of Willis) of the Ministry of Health, Labor

Welfare, Japan; Guideline Committee 2021 of the Japan Stroke Society. 2021 Japanese Guidelines for the

14



S O o0 NN N n Bk WD =

NN NN N N N N N = e e e e e e e e
0 I N R~ WD = DO O 0NN R W N -

Management of Moyamoya Disease: Guidelines from the Research Committee on Moyamoya Disease and Japan
Stroke Society. Neurol Med Chir (Tokyo).2022;62(4):165-170; https://doi.org/ 10.2176/jns-nmc.2021-0382

17. Miyamoto S, Yoshimoto T, Hashimoto N, Okada Y, Tsuji [, Tominaga T, Nakagawara J, Takahashi JC.
JAM Trial Investigators. Effects of extracranial-intracranial bypass for patients with hemorrhagic moyamoya
disease: results of the Japan Adult Moyamoya Trial. Stroke.2014; 45(5):1415-1421; https://doi.org/
10.1161/STROKEAHA.113.004386

18. Fujimura M, Tominaga T. Flow-augmentation bypass for moyamoya disease. J Neurosurg Sci.2021;
65(3):277-286; https://doi.org/10.23736/s0390-5616.20.05079-1

19. Fujimura M, Inoue T, Shimizu H, Saito A, Mugikura S, Tominaga T. Efficacy of prophylactic blood
pressure lowering according to a standardized postoperative management protocol to prevent symptomatic cerebral
hyperperfusion after direct revascularization surgery for moyamoya disease. Cerebrovasc Dis.2012; 33(5):436-
445; https://doi.org/10.1159/000336765

20. Sucu HK, Gokmen M, Gelal F. The value of XYZ/2 technique compared with computer-assisted
volumetric analysis to estimate the volume of chronic subdural hematoma. Stroke.2005;36(5):998-1000;
https://doi.org/10.1161/01.STR.0000162714.46038.0f

21. Uchino H, Kim JH, Fujima N, Kazumata K, Ito M, Nakayama N, Kuroda S, Houkin K. Synergistic
Interactions Between Direct and Indirect Bypasses in Combined Procedures: The Significance of Indirect Bypasses
in Moyamoya Disease. Neurosurgery.2017; 80(2):201-209; https://doi.org/10.1227/NEU.0000000000001201.
22. Ito M, Kawabori M, Sugiyama T, Tokairin K, Tatezawa R, Uchino H, Kazumata K, Houkin K, Fujimura
M. Impact of RNF213 founder polymorphism (p.R4810K) on the postoperative development of indirect pial
synangiosis after direct/indirect combined revascularization surgery for adult Moyamoya disease. Neurosurg
Rev.2022; 45(3):2305-2313; https://doi.org/10.1007/s10143-022-01749-9.

23. Kawabori M, Ito M, Kazumata K, Tokairin K, Hatanaka KC, Ishikawa S, Houkin K, Fujimura M. Impact
of RNF213 ¢.14576G>A Variant on the Development of Direct and Indirect Revascularization in Pediatric
Moyamoya Disease. Cerebrovasc Dis.2023;52(2):171-176; https://doi.org/10.1159/000526089.

24. Kurisu K, Osanai T, Morishima Y, Ito M, Uchino H, Sugiyama T, Fujimura M. Systemic immune-
inflammation index in dural arteriovenous fistula: a feasible biomarker reflecting its clinical characteristics. Acta

Neurochir (Wien).2024; 166(1):180; https://doi.org/ 10.1007/s00701-024-06075-1.

15



S O o0 NN N n Bk WD =

N NN N NN NN NN = e e e e e e e e
O 0 N O »n Bk~ WD = O O 0NN WD

25. Yamamoto T, Uchino H, Ito M, Sugiyama T, Fujimura M. Systemic immune-inflammation index is
associated with symptomatic cerebral hyperperfusion after revascularization surgery in moyamoya disease. Neurol
Med Chir (Tokyo), in press

26. Miyatake S, Miyake N, Touho H, Nishimura-Tadaki A, Kondo Y, Okada I, Tsurusaki Y, Doi H, Sakai H,
Saitsu H, Shimojima K, Yamamoto T, Higurashi M, Kawahara N, Kawauchi H, Nagasaka K, Okamoto N, Mori
T, Koyano S, Kuroiwa Y, Taguri M, Morita S, Matsubara Y, Kure S, Matsumoto N. Homozygous c.14576G>A
variant of RNF213 predicts early-onset and severe form of moyamoya disease. Neurology.2012;78(11):803-810;
https://doi.org/10.1212/WNL.0b013e31824971f.

27. Wang Y, Zhang Z, Wang X, Zou Z, Ta N, Hao F, Yang Y, Li D, Liang M, Han C, Bao X, Ou L, Wang
H, Yang Z, Yang R, Zeng F, Shang M, Nie F, Liu W, Duan L. Validation and extension study exploring the role
of RNF213 p.R4810K in 2,877 Chinese moyamoya disease patients. J Stroke Cerebrovasc Dis.2021;30:106071;
https://doi.org/10.1016/].jstrokecerebrovasdis. 2021.106071

28. Sasagasako T, Mineharu Y, Funaki T, Fushimi Y, Chihara H, Park S, Nakajima K, Matsui Y, Okawa M,
Kikuchi T, Arakawa Y. RNF213 Mutation Associated with the Progression from Middle Cerebral Artery Steno-
Occlusive Disease to Moyamoya Disease. Transl Stroke Res. 2024 Aug 27.; https://doi.org/10.1007/s12975-024-
01293-2. Online ahead of print.

29. Ge P, Zhang Q, Ye X, Liu X, Deng X, Wang J, Wang R, Zhang Y, Zhang D, Zhao J. Angiographic
characteristics in Moyamoya disease with the p.R4810K variant: a propensity score-matched analysis. Eur J Neurol.
2020,27:856—-863; https://doi.org/10.1111/ene.14184

30. Mineharu Y, Takagi Y, Koizumi A, Morimoto T, Funaki T, Hishikawa T, Araki Y, Hasegawa H,
Takahashi JC, Kuroda S, Houkin K, Miyamoto S. Genetic and nongenetic factors for contralateral progression of
unilateral moyamoya disease: the first report from the SUPRA Japan Study Group. J Neurosurg.
2021;136(4):1005-1014; https://doi.org/10.3171/2021.3.JNS203913.

31. Uchino H, Ito M, Tokairin K, Tatezawa R, Sugiyama T, Kazumata K, Fujimura M. Association of
RNF213 polymorphism and cortical hyperintensity sign on fluid-attenuated inversion recovery images after
revascularization surgery for moyamoya disease: possible involvement of intrinsic vascular vulnerability.
Neurosurg Rev.2023;46(1):119; https://doi.org/10.1007/s10143-023-02030-3.

32. Tashiro R, Fujimura M, Katsuki M, Nishizawa T, Tomata Y, Niizuma K, Tominaga T. Prolonged/delayed

cerebral hyperperfusion in adult patients with moyamoya disease with RNF213 gene polymorphism c¢.14576G>A

16



S O o0 NN N n Bk WD =

O R N S S S I S R N S S S I e e e e e i e e e
S O 0 9 N A WD = DO O NN SN R W N

(rs112735431) after superficial temporal artery-middle cerebral artery anastomosis. J Neurosurg.2021;135(2):417-
424; https://doi.org/10.3171/2020.6.JNS201037.

33. Torazawa S, Miyawaki S, Imai H, Hongo H, Ono H, Ogawa S, Sakai Y, Kiyofuji S, Koizumi S, Komura
D, Katoh H, Ishikawa S, Saito N. Association of Genetic Variants with Postoperative Donor Artery Development
in Moyamoya Disease: RNF213 and Other Moyamoya Angiopathy-Related Gene Analysis. Transl Stroke Res.
2024 Apr 9; https://doi.org/10.1007/s12975-024-01248-7. Online ahead of print.

34. Zheng EY, Hara S, Inaji M, Tanaka Y, Nariai T, Maehara T. Regression of periventricular anastomosis
after indirect revascularization in pediatric patients with moyamoya disease. J Neurosurg. 2023;32(6):719-728;
https://doi.org/ 10.3171/2023.8. PEDS23304.

35. Ge P, Ye X, Liu X, Deng X, Wang J, Wang R, Zhang Y, Zhang D, Zhang Q, Zhao J. Association between
p.R4810K Variant and Postoperative Collateral Formation in Patients with Moyamoya Disease. Cerebrovasc
Dis.2019;48(1-2):77-84; https://doi.org/10.1159/000503250.

36. Mineharu Y, Miyamoto S. RNF213 and GUCY1A3 in Moyamoya Disease: Key Regulators of
Metabolism, Inflammation, and Vascular Stability. Front Neurol.2021;12:687088;
https://doi.org/10.3389/fheur.2021.687088

37. Takeda M, Tezuka T, Kim M, Choi J, Oichi Y, Kobayashi H, Harada KH, Mizushima T, Taketani S,
Koizumi A, Youssefian S. Moyamoya disease patient mutations in the RING domain of RNF213 reduce its
ubiquitin ligase activity and enhance NFkB activation and apoptosis in an AAA+ domain-dependent manner.
Biochem Biophys Res Commun. 2020;525(3):668-674; https://doi.org/ 10.1016/j.bbrc.2020.02.024.

38. Matsushima T, Inoue T, Suzuki SO, Fujii K, Fukui M, Hasuo K. Surgical treatment of moyamoya disease
in pediatric patients--comparison between the results of indirect and direct revascularization procedures.
Neurosurgery.1992; 31(3):401-405; https://doi.org/10.1227/00006123-199209000-00003

39. Ishikawa T, Houkin K, Kamiyama H, Abe H. Effects of surgical revascularization on outcome of patients
with pediatric moyamoya disease. Stroke.1997; 28(6):1170-1173; https://doi.org/ 10.1161/01.str.28.6.1170

40. Fujimura M, Kaneta T, Tominaga T. Efficacy of superficial temporal artery-middle cerebral artery
anastomosis with routine postoperative cerebral blood flow measurement during the acute stage in childhood
moyamoya disease. Childs Nerv Syst.2008; 24(7):827-832; https://doi.org/ 10.1007/s00381-007-0551-y.

41. Rashad S, Fujimura M, Niizuma K, Endo H, Tominaga T. Long-term follow-up of pediatric moyamoya
disease treated by combined direct-indirect revascularization surgery: single institute experience with surgical and

perioperative management. Neurosurg Rev.2016; 39(4):615-623; https://doi.org/10.1007/s10143-016-0734-7..

17



S O o0 NN N n Bk WD =

NN NN N N N N N = e e e e e e e e
0 I N R~ WD = DO O 0NN R W N -

42. Takahashi JC, Funaki T, Houkin K, Inoue T, Ogasawara K, Nakagawara J, Kuroda S, Yamada K,
Miyamoto S, on behalf of the JAM Trial Investigators. Significance of the Hemorrhagic Site for Recurrent
Bleeding:  Prespecified Analysis in the Japan Adult Moyamoya Trial.  Stroke;47(1):37-
43;https://doi.org/10.1161/STROKEAHA.115.010819

43. Fujimura M, Mugikura S, Kaneta T, Shimizu H, Tominaga T. Incidence and risk factors for symptomatic
cerebral hyperperfusion after superficial temporal artery-middle cerebral artery anastomosis in patients with
moyamoya disease. Surg Neurol.2009; 71(4):442-447; https://doi.org/ 10.1016/j.surneu.2008.02.031.

44, Houkin K, Ishikawa T, Yoshimoto T, Abe H. Direct and indirect revascularization for Moyamoya disease
surgical techniques and peri-operative complications. Clin Neurol Neurosurg.1997; 99 Suppl 2:S142-145;
https://doi.org/10.1016/s0303-8467(97)00075-9.

45. Kanoke A, Fujimura M, Tashiro R, Ozaki D, Tominaga T. Transient Global Cerebral Hypoperfusion as
a Characteristic Cerebral Hemodynamic Pattern in the Acute Stage after Combined Revascularization Surgery for
Pediatric Moyamoya Disease: N-Isopropyl-P-[1231] Iodoamphetamine Single-Photon Emission Computed
Tomography Study. Cerebrovasc Dis.2022; 51(4):453-460; https://doi.org/10.1159/000520801.

46. Fujimura M, Niizuma K, Inoue T, Sato K, Endo H, Shimizu H, Tominaga T. Minocycline prevents focal
neurological deterioration due to cerebral hyperperfusion after extracranial-intracranial bypass for moyamoya
disease. Neurosurgery.2014; 74(2):163-170; https://doi.org/ 10.1227/NEU.0000000000000238.

47. Uchino H, Nakayama N, Kazumata K, Kuroda S, Houkin K. Edaravone Reduces Hyperperfusion-Related
Neurological Deficits in Adult Moyamoya Disease: Historical Control Study. Stroke.2016; 47(7):1930-1932;
https://doi.org/10.1161/STROKEAHA.116.013304.

48. Ishii K, Kanamori F, Araki Y, Uda K, Yokoyama K, Mamiya T, Takayanagi K, Goto S, Nishihori M,
Izumi T, Saito R. Effect of thin-split encephalomyosynangiosis on transient neurological events in
revascularization surgery for pediatric patients with moyamoya disease. J Neurosurg Pediatr. 2023;33(1):29-34;
https://doi.org/ 10.3171/2023.8.PEDS23295.

49. Navarro R, Chao K, Gooderham PA, Bruzoni M, Dutta S, Steinberg GK. Less invasive pedicled omental-
cranial transposition in pediatric patients with Moyamoya disease and failed prior revascularization.

Neurosurgery.2014; Suppl 1:1-14. https://doi: 10.1227/NEU.0000000000000119.

18



S O o0 NN N n Bk WD =

N NN N NN NN NN = e e e e e e e e
O 0 N O »n Bk~ WD = O O 0NN WD

Figure Legend

Figure 1: Chronological volume changes of the temporal muscle pedicle following combined
revascularization across all the 37 hemispheres of Moyamoya disease (MMD)

An interleaved scatter plot with bars illustrates chronological changes of temporal muscle pedicle volume at
Postoperative Days (PODs)1, 7, 14, and 30 following combined revascularization, including encephalo-duro-myo-
synangiosis. The values were normalized to the volume on PODO.

Error bars express standard error of means. **: P< (.01, ****: P <0.0001, ns: not significant.

Figure 2: A time-course analysis of the temporal muscle pedicle volume changes following combined
revascularization in both adult and pediatric patient groups

Interleaved scatter plots with bars illustrates the relative temporal muscle pedicle volume relative to Postoperative
Day (POD)0 at POD1, 7, 14, and 30 following the combined revascularization in adult (A) and pediatric patients
with MMD (B).

Error bars express standard error of means. **:P<0.01, ****:P <(0.0001, ns: not significant.

Figure 3: Impact of RNF213 p.R4810K on chronological volume changes following combined
revascularization in Moyamoya disease (MMD)

(A) An interleaved scatter plot with bars illustrates the significant difference in maximal relative temporal muscle
volume between RNF213 variant and wild-type.

(B) A time-course analysis of the temporal muscle pedicle volume changes following combined revascularization
in MMD patients with RNF213 variant (G/A) and wild-type (G/G).

Error bars express standard error of means. **:P<0.01, ***:P < 0.001, ****:P <(0.0001

Figure 4: Scatter plot and linear regression analysis for age at surgery and genotypes of RNVF213 p.R4810K
A scatter plot and regression analysis result for the age and RNF213 p.R4810K factors showing the visual
relationship with the maximal relative temporal muscle volume following combined revascularization with
encephalo-duro-myo-synangiosis in patients with Moyamoya disease. Red dots represent the cases with G/A

(p.R4810K heterozygote), while blue dots indicate those with G/G (p.R4810K wild-type).
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Figure S: Representative cases with postoperative temporal muscle pedicle volume changes after combined
revascularization in adult Moyamoya disease (MMD) patients with RNF213 variant (G/A) and wild-type
(G/G).

(A) A 54-year-old man with infarct-onset MMD and RNF213 p.R4810K variant (G/A) underwent left-sided
combined revascularization, including encephalo-duro-myo-synangiosis (EDMS). His temporal muscle pedicle
volume increased 1.65 times on Postoperative Day (POD)1 and 2.00 times on POD7 (white arrow in the lower
panels) relative to POD0. Magnetic Resonance (MR) angiography on POD2 shows excellent patency of the
superficial temporal artery to middle cerebral artery (STA-MCA) bypass (white arrows in the upper panels). MR
angiography after eight months (8M) revealed good collateral development via middle meningeal artery and deep
temporal artery (arrow heads in the upper panels).

(B) A 57-year-old man with transient ischemic attack (TIA)-onset MMD and RNF213 p.R4810K wild-type (G/G)
underwent left-sided combined revascularization, including EDMS. His temporal muscle pedicle volume increased
1.31 times on POD1 and 1.33 times on POD7 (white arrow in the lower panels) relative to POD0. MR angiography
shows excellent direct bypass development (white arrows in the upper panels) and good indirect bypass

development via middle meningeal artery (arrow heads in the upper panels).
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Number of Hemispheres 37
Age at Surgery [years] 37+£15
Age group
Adult (> or =16years) 31
Pediatrics (< or =15years) 6
Male: Female 6:31
Right: Left 15:22
Clinical Presentation
TIA 19
Infarct 14
ICH 4
Suzuki's Angiographical Stage
3 23
4 12
5 0
6
Comorbidities
none 22
HT 13
DM 3
DLp 12
pAf 1
Preoperative systemic immune inflammation index 668+546
RNF213 p.R4810K
G/A variant 27
G/G wild-type 10
Preoperative antiplatelet agent
Aspirin 29
Cilostazol 8
Combined bypass procedure
STA-MCA single anastomosis, EDMS 36
STA-MCA double anastomosis, EDMS 1
Operation time [minutes| 245435
Cranial window for muscle insertion [mmz] 819+147

TABLE 1. Summary of baseline characteristics of all 37 hemispheres

TIA, transient ischemic attack; ICH, intracranial hemorrhage; HT, hypertension

DM, diabetes mellitus; DLp, dyslipidemia; pAf, paroxysmal atrial fibrillation

Values are expressed as the number of subjects or mean+standard deviation.



Variables

Maximal relative temporal muscle pedicle volume

mean (95% confidence interval)

Univariate analysis

P value

Multiple regression analysis

Coefficient (B) 95% Confidence Interval Significance

Age at surgery [years] 0.3372

3=0.003337

Age group 0.6051
Adult (> or =16years) 1.31 (1.20-1.43)
Pediatrics (< or =15years) 1.24 (1.00-1.48)

Sex 0.8691
Male 1.32 (0.95-1.70)
Female 1.30 (1.19-1.41)

Side 0.0448
Left 1.39 (1.24-1.55)
Right 1.19 (1.06-1.33)

Clinical presentation (ICH) 0.4226
ICH 1.18 (0.95-1.42)
no ICH 1.32 (1.20-1.43)

Clinical presentation (TIA) 0.0319
TIA 1.20 (1.07-1.34)
no TIA 1.42 (1.26-1.58)

Clinical presentation (Infarct) 0.0044
Infarct 1.49 (1.30-1.68)
no Infarct 1.20 (1.09-1.31)

Suzuki's angiographical stage 0.3062

$=-0.06407

Comorbidities (HT) 0.6018
HT 1.27 (1.07-1.47)
no HT 1.32 (1.19-1.45)

Comorbidities (DM) 0.6198
DM 1.22 (0.95-1.48)
no DM 1.31 (1.20-1.42)

Comorbidities (DLp) 0.5674
DLp 1.26 (1.03-1.49)
no DLp 1.32 (1.21-1.44)

Preoperative systemic immune inflammation index 0.749

3=0.000032

RNF213 p.R4810K 0.0041
G/A variant 1.39 (1.27-1.51)
G/G wild-type 1.07 (0.93-1.21)

Preoperative antiplatelet agent 0.8734
aspirin 1.30 (1.19-1.40)
cilostazol 1.32 (0.95-1.69)

Operation time [minutes] 0.473

$=-0.001068

Cranial window for muscle insertion [mm2] 0.2549

p=0.0004063

0.0037

NA

0.31

0.124

-0.17

-0.0399

0.224

0.0073

NA

-0.13

NA

-1.20E-06
0.485

0.071

-0.0019

-3.58E-05

-0.009221 to 0.01656 0.557
-0.2238 to 0.8449 0.2379
-0.1393 to 0.3865 0.988
-0.5343 to 0.1986 0.3487
-0.3233 t0 0.2436 0.776

-0.06396 to 0.5126 0.123
-0.1864 to 0.2009 0.9382
-0.5977 to 0.3468 0.5836

-0.0002447 to 0.0002423 0.9918
0.1449 to 0.8257 0.0078
-0.2775 to 0.4189 0.6746
-0.005465 to 0.001653 0.2753
-0.001156 to 0.001084 0.9472

TABLE 2. Analysis of factors associated with maximal relative temporal muscle pedicle volume after STAMCA anastmosis with EDMS in all the 37 hemiepshres

ICH, intracranial hemorrhage; TIA, traansient ischemic attack; HT, hypertension; DM, diabetes mellitus; DLp, Dyslipidemia; NA, not applicable



Adults (n=31) Pediatrics(n=6) All(n=37)
Max. relative temporal muscle volume 1.3+0.33 1.2+0.23 1.3+0.31
Postoperative development of bypass
direct bypass development 30 (97%) 6 (100%) 35 (95%)
indirect bypass development 21 (68%) 6 (100%) 27 (73%)
Recurrence of stroke
TIA 0 (0%) 0 (0%) 0 (0%)
Infarct 0 (0%) 1 (17%) 1 (2.7%)
ICH 1 (3.2%) 0 (0%) 1 (2.7%)
Latest mRS
0-2 30 (97%) 6 (100%) 36 (97%)
3-6 1 (3.2%) 0 (0%) 1 (2.7%)

TABLE 3. Surgical outcomes following combined bypass surgery

CBF = cerebral blood flow; ICH = intracranial hemorrhage; mRS = modified Rankin scale; TIA = transient ischemic attack

Values are expressed as the number of subjects or mean + standard deviation.



