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Introduction: This study aimed to examine the e�ect of newly developed

scissors-attachedmicro-forceps in superficial temporal artery-to-middle cerebral

artery (STA-MCA) anastomosis for moyamoya disease (MMD).

Materials and methods: Of 179 consecutive STA-MCA anastomoses on 95

hemispheres of 71 MMD patients at the University of Fukui Hospital between

2009 and 2023, 49 anastomoses on 26 hemispheres of 21 patients were

enrolled in this retrospective cohort clinical trial intraoperative indocyanine green

video-angiography did not demonstrate bypass patency in three anastomoses in

two patients who were excluded. Twenty-one anastomosis in 19 hemispheres of

16 patients were performed using the conventional micro-forceps (conventional

group, CG), and 25 anastomoses in 22 hemispheres of 19 patients were performed

using scissors-attachedmicro-forceps (scissors group, SG). A small infarction near

the anastomotic site detected using postoperative di�usion-weighted imaging

was defined as anastomotic site infarction (ASI). Factors a�ecting the occurrence

of ASI were examined by univariate, logistic regression, and receiver operating

curve (ROC) analysis.

Results: There were no significant di�erences in clinical parameters such

as age, sex, number of sacrificed branches, number of sacrificed large

branches, and number of sutures between the CG and SG. However, the

clamp time and occurrence of ASI were significantly lower in the SG than

in the CG. Logistic regression analysis revealed that the clamp time was the

only significant factor predicting the occurrence of ASI. A receiver operating

curve analysis also revealed that the clamp time significantly predicted the

occurrence of ASI (area under the curve, 0.875; cuto� value, 33.2 min).
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Conclusion: The newly developed scissors-attached micro-forceps could

significantly reduce the clamp time and occurrence of ASI in STA-MCA

anastomosis for MMD.

KEYWORDS

moyamoya disease, STA-MCA anastomosis, clamp time, ischemia, anastomotic site,

micro-forceps

1. Introduction

Superficial temporal artery-to-middle cerebral artery (STA-

MCA) anastomosis was first reported by Yasargil (1). In Japan, it

has been applied mainly for the treatment of moyamoya disease

(MMD) (2), which is a progressive steno-occlusive disease of

the terminal portion of the bilateral internal carotid arteries

(ICAs) with the development of moyamoya vessels as collateral

channels (3). A previous study combined direct bypass (STA-

MCA anastomosis) and indirect bypass (encephalo-duro-arterio-

synangiosis) for the treatment of MMD (4). A recent meta-analysis

showed that combined and direct bypasses significantly benefited

patients with MMD suffering from late stroke and hemorrhage

compared to indirect bypass (5). Although STA-MCA anastomosis

requires clamping of the MCA for some time, few reports have

considered the clamp time of STA-MCA anastomosis for MMD (6).

Recent advances in magnetic resonance (MR) technology,

including 3 Tesla MR imaging (3T MRI), allow the detection of

asymptomatic small ischemic lesions after STA-MCA anastomosis

by diffusion-weighted imaging (DWI) (7). In this study, we

examined the effect of newly developed scissors-attached micro-

forceps on the clamp time in STA-MCA anastomosis for MMD

and examined the effect of the clamp time on the occurrence of

asymptomatic small ischemic lesions after surgery.

2. Materials and methods

2.1. Enrollment of patients

We started direct bypass treatment for MMD at the University

of Fukui Hospital in September 2009. Of 179 consecutive STA-

MCA anastomoses on 95 hemispheres of 71 MMD patients at

the University of Fukui Hospital between 2009 and 2023, 49

anastomoses on 26 hemispheres of 21 patients were enrolled in

this clinical trial. Three anastomoses on two hemispheres in two

patients were excluded because bypass occlusion was confirmed

using intraoperative indocyanine green (ICG) video-angiography

(VA). Two anastomoses on one hemisphere in one patient were

performed using scissor-attached micro-forceps and were occluded

probably due to the thrombus formation in the donor artery

derived from the injury of STA during the harvest. Although the

reconstruction of STA was performed by end-to-end anastomosis,

repeated anastomosis under the administration of anti-platelet

drugs could not relieve the occlusion. Another anastomosis in

another patient conducted by using conventional micro-forceps

was occluded probably due to the complexity of anastomosis owing

to the discrepancy of diameters between the donor artery (2mm)

and the recipient artery (0.5mm). Ultimately, 46 anastomoses

on 25 hemispheres in 19 patients were included in this study.

Anastomosis in the unilateral hemisphere was performed in 14

patients and on both hemispheres in 6 patients. Among 46

anastomoses on 25 hemispheres in this study, single, double,

and triple anastomoses underwent 5, 19, and 1 hemispheres,

respectively. While both conventional micro-forceps and newly

created scissors-attached micro-forceps were used for double or

triple bypass in the same operation on 17 hemispheres, only one

of them was used for single anastomosis on five hemispheres in

five patients and double anastomosis on three hemispheres in

three patients. Accordingly, 21 anastomoses on 19 hemispheres of

16 patients were performed using the conventional micro-forceps

(conventional group: CG), and 25 anastomoses on 22 hemispheres

of 19 patients were performed using the scissors-attached micro-

forceps (scissors group: SG; Figure 1). This study was approved

by the Ethics Committee of our institute (No. 20150155), and

informed consent was obtained from all patients.

2.2. The newly developed micro-forceps

The newly developed micro-forceps are 135mm long and

consist of three parts: body, head, and tip (Charmant Co.,

Ltd., Fukui, Japan, www.charmant.co.jp), which were made of

Ti15V3Al3Cr3Sn, stainless steel (SUS304), and aged stainless steel

(SUS20J-2), respectively. Each part is fixed and connected using

stainless steel screws (SUS304; Figure 2A). The tip is 0.35mm

wide and 0.8mm long. A small pair of scissors is placed at a

distance of 0.8mm from the tip for cutting ligatures (Figure 2B).

This small-shaped tip design makes it possible to deal smoothly

with 11-0 ligatures and needles (Figure 2C). The micro-forceps

allow the surgeon to suture, tie (Figure 2C), and cut a ligature

without exchanging instruments (Figures 2D–F), thus reducing the

clamp time.

2.3. Operative procedures and
perioperative management

A large U-shaped scalp incision was made around the ears.

After reflection of the scalp and temporal muscles, a frontotemporal

craniotomy was performed to expose the frontal lobe, Sylvian

fissure, and temporal lobe. In most cases, we performed double

anastomosis using the parietal and frontal STAs. The supra-Sylvian
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FIGURE 1

Inclusion of the patients in this clinical trial.

M4 portion of the MCA and infra-Sylvian M4 portion immediately

beside the Sylvian vein were selected as the recipient arteries.

Several lateral branches of the recipient artery were coagulated

and sacrificed to obtain a 10mm long branch-free recipient. After

clamping the recipient artery, a circular arteriotomy was performed

at its roof.

The STA-MCA anastomosis was performed using 8–10 sutures

with 11-0 ligatures. One anastomosis was performed using the

conventional micro-forceps, and the other was performed using the

scissors-attached micro-forceps. When harvesting two branches of

the STA was difficult, a single anastomosis was performed. In this

case, the micro-forceps used for the anastomosis were randomly

selected by the surgeon.

ICG-VA was performed in all the cases. Occlusion of three

anastomoses in two patients was confirmed using ICG-VA at the

final stage of the operation. After the STA-MCA anastomosis,

the temporal lobe was covered with the temporal muscle using

encephalo-myo-synangiosis. During the procedure, the systolic

blood pressure was maintained between 100 and 140 mmHg, and

the PaCO2 was strictly maintained between 35 and 45 mmHg. The

surgery was performed by KK and four other neurosurgeons.

2.4. 3T MRI study

MR studies were performed before surgery and within 1

week after surgery. Images were obtained using a 3T MR

scanner (Signa 3-HD, General Electric, USA) with axial DWI

(spin echo EPI, TR/TE = 6,300/64.4ms, bandwidth = ±250 kHz,

FOV= 240, slice thickness/gap = 5/1mm, matrix = 128 × 256,

2NEX), axial FLAIR sequences (fast spin echo, TR/TE/TI =

10,000/120/2,450ms, bandwidth = ±35.71 kHz, FOV = 240mm,

slice thickness/gap= 5/1mm, matrix = 320 × 192, 1NEX),
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FIGURE 2

(A) Pair of micro-forceps is 135mm long and consists of three parts: body, head, and tip (Charmant Co., Ltd., Fukui, Japan, www.charmant.co.jp),

which are made of Ti15V3Al3Cr3Sn, stainless steel (SUS304), and aged stainless steel (SUS20J-2), respectively. Each part is fixed and connected by

screws made of stainless steel (SUS304). (B) The tip is 0.35mm wide and 0.8mm long. There is a small pair of scissors which is 0.8mm from the tip

for cutting ligatures. (C) This small-shaped tip design makes it possible to work with 11-0 ligatures and needles smoothly. (D–F) The micro-forceps

allow the surgeon suture, tie, and cut a ligature without exchanging instruments, thus reducing the clamp time.

FIGURE 3

Asymptomatic small infarct lesion at the frontal and or temporal lobes adjacent to the Sylvian fissure detected by postoperative di�usion-weighted

imaging (DWI) is defined as an anastomotic site infarction (ASI). Preoperative (A) and postoperative (B) DWI of a patient with temporal ASI (arrow

head). Preoperative (C) and postoperative (D) DWI of a patient with frontal and temporal ASIs (arrows). Preoperative (E) and postoperative (F) DWI of a

patient with major postoperative infarction at the a�ected side is distinguished from ASI.

and three-dimensional time-of-flight MR angiography [(3D TOF

MRA) (3D SPGR, TR/TE = 22/3.5ms, flip angle = 18◦, band

width = ±25 kHz, FOV= 180mm, matrix = 320 × 192, slice

thickness/gap = 1.2/−0.6mm (ZIP2), number of slabs = 3

(location per slab = 28; overlap, five slices), 1NEX, ASSET

Factor= 1.5)].
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2.5. Anastomotic site infarction and
symptomatic major infarction after bypass
surgery

Anastomotic site infarction (ASI) was defined as an

asymptomatic DWI-hyperintense lesion with a diameter <5mm

on the cortex near the Sylvian fissure detected by postoperative

3T MRI. An ASI at the temporal lobe was determined as a small

ischemic lesion related to the bypass to the infra-Sylvian MCA

(preoperative MRI: Figure 3A, postoperative MRI: Figure 3B).

ASIs at the frontal and temporal lobes were determined as

ischemic lesions related to the bypass to both the supra- and infra-

Sylvian MCAs (preoperative MRI: Figure 3C, postoperative MRI:

Figure 3D). Symptomatic large DWI-positive lesions or lesions in

the contralateral brain were identified as major infarctions related

to bypass surgery for MMD and were distinguished from ASIs

(preoperative MRI: Figure 3E, postoperative MRI: Figure 3F).

2.6. Statistical analysis

A univariate analysis was performed with Pearson’s chi-squared

test, Fisher’s exact test for categorical variables, or using the Mann–

Whitney U-test for numeric variables. Forward and backward

stepwise logistic regression analyses with the Akaike information

criterion (AIC) were carried out to determine the associations of

potential factors and the occurrence of ASI. The cutoff values for

the receiver operating characteristic (ROC) analysis using the area

under the curve (AUC) were calculated using Benis’ method. All

statistical analyses were performed using the JMP software (Version

10, SAS Institute Inc., Cary, NC, USA) and R (R Foundation for

Statistical Computing, Vienna, Austria), with an error probability

of <0.05.

3. Results

3.1. Clinical parameters of the CG and SG

There were 16 patients [(mean age, 35.4 ± 18.4 years; male-to-

female ratio (M:F) = 3:13)] in the CG (21 anastomoses cases on

19 hemispheres) and 19 (mean age 33.0 ± 20.1 years, M:F = 2:17)

in the SG (25 anastomoses cases on 22 hemispheres). There were

10 patients with preprocedural in the CG group and 11 in the SG

group, respectively. There was one patient recent ischemic stroke

in each group. There were 12, 3, and 1 patients with a preoperative

modified Rankin score (preop mRS) of 0, 1, and 2, respectively in

CG (mean 0.31±0.60). There were 13, 3, 2, and 1 patients with

preop mRS of 0, 1, 2, and 3, respectively, in SG (mean 0.52± 0.90).

There were 2, 13, and 1 patients with the preoperative Suzuki stage

of 2, 3, and 4, respectively, in CG (mean 2.94 ± 0.44). There were

6, 11, 1, and 1 patients with the preoperative Suzuki stage of 2, 3,

4, and 5, respectively, in SG (mean 2.84 ± 0.76) (8). Regarding

the outcome of bypass function, there were 7, 7, and 2 patients

with Matsushima grades A, B, and C, respectively, determined by

postoperative angiography at 3 months after the last surgery in

CG. There were 9, 8, and 2 patients with Matsushima grades A,

B, and C, respectively, in SG. The mean follow-up period of CG

and SG were 67.0 ± 18.4 and 69.4 ± 15.9 months, respectively (9).

There were 12 and 4 patients with mRS at the final follow-up of

0 and 1, respectively, in CG (mean 0.25 ± 0.45). There were 13,

4, and 1 patients with preop mRS of 0, 1, 2, and 3, respectively,

in SG (mean 0.47 ± 0.84). There was no significant difference

in the number of patients, number of anastomoses, number of

males, mean age, the presence of preprocedural infarction, recent

ischemic stroke, preop mRS, Suzuki stage, Matsushima grade of

postoperative angiography, mean follow-up period, and mRS at

the final-follow up between the two groups. In a patient-oriented

comparison, the mean number of sacrificed lateral branches of the

recipient artery in CG (21 anastomose) and SG (25 anastomose)

were 2.4 ± 1.1 and 2.9 ± 2.2, respectively. The mean number of

sacrificed lateral branches with a diameter larger than 200mm in

CG and SG were 0.14 ± 0.36 and 0.2 ± 0.58, respectively. The

mean number of sutures was 10.0± 1.2 and 10.0± 1.8, respectively.

There was also no significant difference in the number of sacrificed

lateral branches, the number of sacrificed lateral branches with a

diameter larger than 200µm, and the number of sutures between

the two groups (Table 1).

3.2. E�ect of scissors-attached
micro-forceps on the clamp time, clamp
time per suture, and occurrence of ASIs

The clamp time of the recipient artery regarding the CG and SG

was 41.0 ± 11.6min and 24.2 ± 6.9min, respectively. The clamp

time in the SG was significantly shorter than that in the CG (p <

0.001; Figure 4A). Furthermore, the clamp time per suture in the

CG and SGwas 4.2± 1.4 and 2.4± 0.5min, respectively. The clamp

time per suture was significantly shorter in the SG than in the CG (p

< 0.001; Figure 4B). The occurrence rates of ASI in the CG and SG

were 67 and 16%, respectively. The occurrence of ASIs in CG and

SG was 52.3 and 20.0%, respectively. The occurrence of ASIs was

more significant in the CG than in the SG (p= 0.0312; Figure 4C).

3.3. Logistic regression analysis regarding
the prediction of ASI occurrence

Forward and backward stepwise logistic regression analyses

with AIC revealed the occurrence of ASI were predicted by the

combination of the number of sacrificed lateral branches of the

recipient artery, the number of sacrificed lateral branches with a

diameter larger than 200µm, and the clamp time with the minimal

AIC value (AIC = 54.17). Among them, the clamp time was the

only significant predictive factor [odds ratio, 1.087; 95% confidence

interval (CI): 1.03–1.16, p= 0.0080; Table 2].

3.4. ROC analysis

The ROC analysis revealed that the clamp time was a significant

predictive factor for the occurrence of ASI (p = 0.0041; AUC =

0.7346; cutoff value, 33.2min; sensitivity, 68.8%; specificity, 54.6%;

Figure 5A). Moreover, the clamp time per suture was a significant
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TABLE 1 Characteristics of the group that underwent anastomoses using conventional forceps (Conventional group: CG) and that which underwent

anastomoses using scissors-attached forceps (Scissors group: CG).

Conventional group
(CG)

Scissors group (SG) p-value

No. of anastomose 21 25 1.000

No. of hemispheres 19 22 1.000

No. of patients 16 19 1.000

No. of male 3 2 0.6418

Mean age (years) 35.4± 18.4 33.0± 20.1 0.9207

Preprocedural infarction 10 11 1.000

Recent ischemic stroke 1 1 1.000

Preoperative mRS 0.31± 0.60 0.52± 0.90 0.5734

Suzuki stage 2 2 6 0.3942

3 13 11

4 1 1

5 0 1

mean 2.94± 0.44 2.84± 0.76

No. of sacrificed branches 2.4± 1.1 2.9± 2.2 0.7249

No. of sacrificed branches with the diameter larger than 200µm 0.14± 0.36 0.2± 0.58 0.9099

No. of sutures 10.0± 1.2 10.0± 1.8 0.5306

Matsushima grade

at postoperative

angiography

A 7 9 0.9705

B 7 8

C 2 2

Mean follow-up period (months) 71.1± 12.3 69.4± 15.9 0.8813

mRS at final follow-up 0.25± 0.45 0.47± 0.84 0.5573

FIGURE 4

(A) Clamp time of the recipient artery regarding the SG (24.2 ± 6.9min) was significantly shorter than CG (41.0 ± 11.6min; p < 0.001). (B) The clamp

time per suture in the SG (2.4 ± 0.5min) was significantly shorter that in the CG (4.2 ± 1.4min; p < 0.001). (C) Occurrence rates of ASI in the SG (16%)

were significantly smaller than that in the CG (67%; p = 0.0312). *Indicates statistically significant.
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predictive factor for the occurrence of ASI (p = 0.0047; AUC =

0.7271 cutoff value, 3.6min; sensitivity, 58.3%; specificity, 57.1%;

Figure 5B).

4. Discussion

The relationship between the clamp time of the major cerebral

artery and the occurrence of postoperative infarction has been

examined mainly during aneurysm surgery. Many researchers have

investigated the duration for which major cerebral arteries in

aneurysm surgery, such as the M1 portion of the MCA, ICA,

dominant A1 portion of the anterior cerebral artery, and basilar

artery (BA), can be occluded without ischemic complications.

The mean safe occlusion times of the ICA, M1, dominant A1,

and BA were 28 (range, 27–29), 31 (range, 14–93), 40, and

15.5min (range, 13–18), respectively (10–16). Other researchers

have reported that the ischemic risk in high-flow bypass with

temporary occlusion of proximal cerebral arteries longer than

10min without pharmacologic brain protection would be ∼45%.

Even under brain protection, the ischemic risk remains 10–20%.

TABLE 2 Results of the logistic regression analysis for the predictive

factors of the occurrence of anastomotic site infarctions (ASIs).

OR 95%CI p-value

No. of sacrificed

branches

1.399 0.944 2.336 0.1293

No. of sacrificed

branches with the

diameter larger

than 200µm

0.184 0.008 1.136 0.1491

Clamp time (min) 1.087 1.027 1.166 0.0080∗

Forward and backward stepwise logistic regression analyses with AIC reveal that the

occurrence of ASIs is predicted by the combination of the number of sacrificed lateral

branches of the recipient artery, number of sacrificed lateral branches with a diameter larger

than 200µm, and clamp time with the minimal AIC value (AIC = 54.17). Among them, the

clamp time is the only significant predictive factor (odds ratio, 1.087; 95% CI: 1.03–1.16, p =

0.0080). AIC= 54.17. ∗Indicates statistically significant.

This risk would increase to 100% when the occlusion lasts longer

than 30min. Therefore, the placement of an assisted bypass to the

cortical artery distal to the recipient artery is recommended for

high-flow bypass (17–19).

Many studies have reported the occurrence of postoperative

symptomatic major infarction after STA-MCA anastomosis for

MMD. The occurrence rates ranged from 4.7 to 21.4% (20–26).

Ischemic onset (20), preoperative ischemic presentation (21, 23),

frequent preoperative transient ischemic attack (TIA) (23), short

intervals between the last ischemic attack and the operation (20),

young age (25), old age (22, 25, 26), advanced Suzuki grade

(21, 24), and posterior cerebral artery involvement (20, 24–26)

were reported as significant predictive factors. The lack of strict

perioperative management, including intraoperative normocapnia

and normotension and postoperative normotension, were also

significant predictive factors (20). However, the clamp time has

never been considered a predictive factor for the occurrence of

major stroke after surgery. In our study, postoperative symptomatic

infarction occurred in two hemispheres (three anastomoses cases)

among the 25 hemispheres (46 anastomoses cases; 8% per

hemisphere; 6.5% per anastomosis), which was not significantly

related to the clamp time (p= 0.9114).

It is unclear whether the clamp time in theM4 portion is related

to the occurrence of ischemic complications after STA-MCA bypass

for MMD. Horn et al. (8) reported that the occurrence rates of

postoperative TIA and asymptomatic stroke on DWI after STA-

MCA anastomosis with a clamp time of M4 ranging from 23 to

45min were 10 and 10%, respectively.

DWI with 3T MRI can sometimes detect asymptomatic small

ischemic lesions in the cortex near the anastomotic site after STA-

MCA anastomosis. We defined such lesions as ASIs. Murai et al.

suggested that ASIs are derived from the coagulation and sacrifice

of the lateral cortical branches of the recipient artery. In our study,

the multivariate analysis revealed that the clamp time of the M4

portion was the only significant predictive factor for the occurrence

of ASIs. The number of sacrificed lateral branches and that of

sacrificed large lateral branches were not significantly related to

the occurrence. The ROC analysis revealed that the cutoff values

FIGURE 5

Receiver operating characteristic (ROC) analysis regarding the prediction of occurrence of anastomotic site infarctions (ASIs). (A) The clamp time is a

significant predictive factor of the occurrence of ASIs (p = 0.0041; AUC = 0.7346; cuto� value, 33.2min; sensitivity, 68.8%; specificity, 54.6%). (B)

Clamp time per suture was a significant predictive factor of the occurrence of ASIs (p = 0.0047; AUC = 0.7271 cuto� value, 3.6min; sensitivity, 58.3%;

specificity, 57.1%).
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regarding the clamp time and clamp time per suture were 33.2 and

3.6min, respectively.

To reduce the clamp time, some modifications to the

surgical technique and equipment have been reported. While we

reported the “needle parking technique,” a modification of the

conventional interrupted suturing to avoid needle loss during

knot tying and to reduce the clamp time (27), Krisht et al.

(28) reported a similar modification in 2020. Kohno et al.

(29) reported the use of the scissors-attached micro-forceps

that could significantly reduce the clamp time. The micro-

forceps were 150mm long and relatively large. We designed the

scissors-attached micro-forceps suitable for MMD, which could

significantly reduce the clamp time, clamp time per suture, and

occurrence of ASIs.

4.1. Limitations

This study had some limitations. We conducted double

anastomosis by using conventional micro-forceps for one

anastomosis and scissors-attached micro-forceps for another

anastomosis in the same operation on 17 hemispheres of 25

hemispheres in this study. Therefore, 33 anastomose of 46

anastomose in this study were performed using both micro-forceps

in the same hemisphere in the same person. Approximately

75% of the patient clinical parameters in CG and SG were

the same. That is because we avoided the logistic regression

analysis regarding the prediction of ASI occurrence including

patient clinical parameters in this study. In addition, it was a

retrospective study with a relatively small sample size. Further

prospective studies with more patients are required to confirm

our results.

5. Conclusion

The newly developed scissors-attached micro-forceps could

significantly reduce the clamp time and occurrence of ASI in

STA-MCA anastomosis for MMD. The clamp time was the only

significant factor predicting the occurrence of ASIs, with a cutoff

value of 33.2 min.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics

Committee of Faculty ofMedical Sciences, University of Fukui (No.

20150155). The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in

this study.

Author contributions

MY: Writing—original draft, Data curation, Formal analysis,

Methodology, Project administration, Validation, Writing—

review and editing. HT: Data curation, Methodology, Project

administration, Writing—original draft, Conceptualization,

Supervision. RK: Writing—original draft, Conceptualization,

Data curation, Resources, Software, Supervision. MI:

Writing—original draft, Data curation, Methodology,

Supervision. YH: Data curation, Methodology, Supervision,

Writing—original draft. KM: Data curation, Methodology,

Supervision, Writing—original draft. TY: Investigation,

Software, Data curation, Writing—original draft. AA:

Supervision, Data curation, Investigation, Writing—original

draft. SK: Software, Data curation, Investigation, Writing—

original draft. MO: Methodology, Supervision, Data curation,

Writing—original draft. SY: Data curation, Methodology,

Supervision, Writing—original draft. TT: Software, Data

curation, Methodology, Writing—original draft. AW: Data

curation, Methodology, Software, Writing—original draft.

HO: Visualization, Data curation, Methodology, Writing—

original draft. YK: Supervision, Validation, Data curation,

Visualization, Writing—original draft. HA: Investigation,

Methodology, Project administration, Data curation, Supervision,

Writing—original draft. KK: Conceptualization, Formal

Analysis, Funding acquisition, Resources, Software, Validation,

Visualization, Writing—review and editing, Data curation,

Investigation, Methodology, Project administration, Supervision,

Writing—original draft.

Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by a Grant-in-Aid for Scientific Research by the

Japan Society for the Promotion of Science (JSPS) (No. 20K09344).

Acknowledgments

The authors would like to thank Editage (www.editage.com) for

the English language editing.

Conflict of interest

HT was employed by Charmant Co., Ltd.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2023.1269400
https://www.editage.com
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Yomo et al. 10.3389/fneur.2023.1269400

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Yasargil MG. Anastomosis between the superficial temporal artery and a branch
of the middle cerebral artery. In: Yasargil MG, editor. Microsurgery Applied to
Neurosurgery. Stuttgart: George Thieme Verlag (1969). p. 105–15.

2. Karasawa J, Kikuchi H, Furuse S, Kawamura J, Sakaki T. Treatment of
Moyamoya disease with STA-MCA anastomosis. J Neurosurg. (1978) 49:679–
88. doi: 10.3171/jns.1978.49.5.0679

3. Fujimura M, Tominaga T, Kuroda S, Takahashi JC, Endo H, Ogasawara K, et al.
(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 management of Moyamoya disease: guidelines from the research Committee
on Moyamoya disease and Japan Stroke Society. Neurol Med Chir. (2022) 62:165–70.
doi: 10.2176/jns-nmc.2021-0382

4. Miyamoto S, Kikuchi H, Karasawa J, Nagata I, Yamazoe N, Akiyama Y. Pitfalls in
the surgical treatment of Moyamoya disease. Operative techniques for refractory cases.
J Neurosurg. (1988) 68:537–43. doi: 10.3171/jns.1988.68.4.0537

5. Nguyen VN, Motiwala M, Elarjani T, Moore KA, Miller LE, Barats M, et al.
Direct, indirect, and combined extracranial-to-intracranial bypass for adult Moyamoya
disease: an updated systematic review and meta-analysis. Stroke. (2022) 53:3572–
82. doi: 10.1161/STROKEAHA.122.039584

6. Horn P, Scharf J, Peña-Tapia P, Vajkoczy P. Risk of intraoperative ischemia due
to temporary vessel occlusion during standard extracranial-intracranial arterial bypass
surgery. J Neurosurg. (2008) 108:464–9. doi: 10.3171/JNS/2008/108/3/0464

7. Murai Y, Mizunari T, Takagi R, Amano Y, Mizumura S, Komaba Y, et al. Analysis
of ischemic cerebral lesions using 3.0-T diffusion-weighted imaging and magnetic
resonance angiography after revascularization surgery for ischemic disease.Clin Neurol
Neurosurg. (2013) 115:1063–70. doi: 10.1016/j.clineuro.2012.10.021

8. Han Q, Yao F, Zhang Z, Huang Y. Evaluation of revascularization in different
suzuki stages ofischemic moyamoya disease by whole-brain CT perfusion. Front
Neurol. (2021) 12:683224. doi: 10.3389/fneur.2021.683224

9. Rosi A, Riordan CP, Smith ER, Scott RM, Orbach DB. Clinical status and
evolution inmoyamoya: which angiographic findings correlate? Brain Commun. (2019)
1:fcz029. doi: 10.1093/braincomms/fcz029

10. Charbel FT, Ausman JI, Diaz FG, Malik GM, Dujovny M, Sanders J. Temporary
clipping in aneurysm surgery: technique and results. Surg Neurol. (1991) 36:83–
90. doi: 10.1016/0090-3019(91)90223-V

11. Ljunggren B, Säveland H, Brandt L, Kågström E, Rehncrona S, Nilsson PE.
Temporary clipping during early operation for ruptured aneurysm: preliminary report.
Neurosurgery. (1983) 12:525–30. doi: 10.1227/00006123-198305000-00008

12. McDermott MW, Durity FA, Borozny M, Mountain MA. Temporary vessel
occlusion and barbiturate protection in cerebral aneurysm surgery. Neurosurgery.
(1989) 25:54–61; discussion: 61–2. doi: 10.1227/00006123-198907000-00010

13. Meyer FB, Muzzi DA. Cerebral protection during aneurysm
surgery with isoflurane anesthesia. Technical note. J Neurosurg. (1992)
76:541–3. doi: 10.3171/jns.1992.76.3.0541

14. Ogawa A, Sato H, Sakurai Y, Yoshimoto T. Limitation of temporary vascular
occlusion during aneurysm surgery. Study by intraoperative monitoring of cortical
blood flow. Surg Neurol. (1991) 36:453–7. doi: 10.1016/0090-3019(91)90159-7

15. Ohmoto T, Nagao S, Mino S, Fujiwara T, Honma Y, Ito T, et al.
Monitoring of cortical blood flow during temporary arterial occlusion in
aneurysm surgery by the thermal diffusion method. Neurosurgery. (1991)
28:49–54. doi: 10.1227/00006123-199101000-00008

16. Ravussin P, de Tribolet N. Total intravenous anesthesia with
propofol for burst suppression in cerebral aneurysm surgery: preliminary
report of 42 patients. Neurosurgery. (1993) 32:236–40; discussion:
240. doi: 10.1097/00006123-199302000-00013

17. Tulleken CA, Verdaasdonk RM, Beck RJ, Mali WP. The modified
excimer laser-assisted high-flow bypass operation. Surg Neurol. (1996)
46:424–9. doi: 10.1016/S0090-3019(96)00096-1

18. Sundt TM Jr, Whisnant JP, Fode NC, Piepgras DG, Houser
OW. Results, complications, and follow-up of 415 bypass operations
for occlusive disease of the carotid system. Mayo Clin Proc. (1985)
60:230–40. doi: 10.1016/S0025-6196(12)60315-2

19. Lawton MT, Hamilton MG, Morcos JJ, Spetzler RF. Revascularization and
aneurysm surgery: current techniques, indications, and outcome. Neurosurgery. (1996)
38:83–92; discussion: 92–4. doi: 10.1097/00006123-199601000-00020

20. Chen Y, Gong X, Yang Z, Chen F, Wang J. Risk factors and a novel cerebral
infarction extent scoring system for postoperative cerebral ischemia in patients with
ischemicMoyamoya disease. Sci Rep. (2023) 13:5726. doi: 10.1038/s41598-022-26985-3

21. Zhao M, Deng X, Zhang D, Wang S. Zhang Y, Wang R, et al. Risk
factors for and outcomes of postoperative complications in adult patients with
moyamoya disease. J Neurosurg. (2019) 130:531–42. doi: 10.3171/2017.10.JNS1
71749

22. Hayashi T, Shirane R, Fujimura M, Tominaga T. Postoperative
neurological deterioration in pediatric Moyamoya disease: watershed shift
and hyperperfusion. J Neurosurg Pediatr. (2010) 6:73–81. doi: 10.3171/2010.4.
PEDS09478

23. Kazumata K, Ito M, Tokairin K, Ito Y, Houkin K, Nakayama N, et al.
The frequency of postoperative stroke in Moyamoya disease following combined
revascularization: a single-university series and systematic review. J Neurosurg. (2014)
121:432–40. doi: 10.3171/2014.1.JNS13946

24. Muraoka S, Araki Y, Kondo G, Kurimoto M, Shiba Y, Uda K, et al.
Postoperative cerebral infarction risk factors and postoperative management of
pediatric patients with Moyamoya disease. World Neurosurg. (2018) 113:e190–
9. doi: 10.1016/j.wneu.2018.01.212

25. Yu L, Ma L, Huang Z, Shi Z, Wang R, Zhao Y, et al. Revascularization
surgery in patients with ischemic-type Moyamoya disease: predictors for
postoperative stroke and long-term outcomes. World Neurosurg. (2019)
128:e582–96. doi: 10.1016/j.wneu.2019.04.214

26. Deng X, Ge P, Wang R, Zhang D, Zhao J, Zhang Y. Risk factors for
postoperative ischemic complications in pediatric Moyamoya disease. BMC Neurol.
(2021) 21:229. doi: 10.1186/s12883-021-02283-9

27. Mehta SH, Belykh E, Farhadi DS, Preul MC, Kikuta KI. Needle
parking interrupted suturing technique for microvascular anastomosis:
a technical note. Oper Neurosurg. (2021) 21:E414–20. doi: 10.1093/ons/
opab280

28. Krisht K, Orenday-Barraza JM, Saad H, Krisht AF. Continuous interrupted
double throw suturing method: a novel suturing technique for extracranial-
intracranial bypass. World Neurosurg. (2021) 146:113–7. doi: 10.1016/j.wneu.2020.
10.167

29. KohnoM, Segawa H, Nakatomi H, Sano K, Akitaya T, Takahashi T. Microsuture-
tying forceps with attached scissors for bypass surgery. Surg Neurol. (2003) 60:463–
6. doi: 10.1016/S0090-3019(03)00432-4

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2023.1269400
https://doi.org/10.3171/jns.1978.49.5.0679
https://doi.org/10.2176/jns-nmc.2021-0382
https://doi.org/10.3171/jns.1988.68.4.0537
https://doi.org/10.1161/STROKEAHA.122.039584
https://doi.org/10.3171/JNS/2008/108/3/0464
https://doi.org/10.1016/j.clineuro.2012.10.021
https://doi.org/10.3389/fneur.2021.683224
https://doi.org/10.1093/braincomms/fcz029
https://doi.org/10.1016/0090-3019(91)90223-V
https://doi.org/10.1227/00006123-198305000-00008
https://doi.org/10.1227/00006123-198907000-00010
https://doi.org/10.3171/jns.1992.76.3.0541
https://doi.org/10.1016/0090-3019(91)90159-7
https://doi.org/10.1227/00006123-199101000-00008
https://doi.org/10.1097/00006123-199302000-00013
https://doi.org/10.1016/S0090-3019(96)00096-1
https://doi.org/10.1016/S0025-6196(12)60315-2
https://doi.org/10.1097/00006123-199601000-00020
https://doi.org/10.1038/s41598-022-26985-3
https://doi.org/10.3171/2017.10.JNS171749
https://doi.org/10.3171/2010.4.PEDS09478
https://doi.org/10.3171/2014.1.JNS13946
https://doi.org/10.1016/j.wneu.2018.01.212
https://doi.org/10.1016/j.wneu.2019.04.214
https://doi.org/10.1186/s12883-021-02283-9
https://doi.org/10.1093/ons/opab280
https://doi.org/10.1016/j.wneu.2020.10.167
https://doi.org/10.1016/S0090-3019(03)00432-4
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Effect of newly developed scissors-attached micro-forceps on the recipient clamp time and occurrence of anastomotic site infarction after bypass surgery for moyamoya disease
	1. Introduction
	2. Materials and methods
	2.1. Enrollment of patients
	2.2. The newly developed micro-forceps
	2.3. Operative procedures and perioperative management
	2.4. 3T MRI study
	2.5. Anastomotic site infarction and symptomatic major infarction after bypass surgery
	2.6. Statistical analysis

	3. Results
	3.1. Clinical parameters of the CG and SG
	3.2. Effect of scissors-attached micro-forceps on the clamp time, clamp time per suture, and occurrence of ASIs
	3.3. Logistic regression analysis regarding the prediction of ASI occurrence
	3.4. ROC analysis

	4. Discussion
	4.1. Limitations

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


