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ABSTRACT

For patients with moyamoya disease, antiplatelet agents are often used during the perioperative periods 
of revascularization surgeries to prevent ischemic events. However, antiplatelet therapy is associated with the 
risk of hemorrhagic complications. Further, the influence of antiplatelet therapy on perioperative ischemic 
or hemorrhagic complications has not been investigated. This study aimed to determine the impact of 
antiplatelet agents on adult moyamoya disease patients with ischemic onset during the perioperative period. 
From January 2016 to December 2020, 183 consecutive combined (direct and indirect) revascularization 
surgeries for moyamoya disease patients were performed. Among these surgeries, 96 consecutive combined 
revascularization surgeries for adult moyamoya disease patients with ischemic onset were analyzed and 
perioperative ischemic and hemorrhagic complications were reviewed. Antiplatelet agents were continued 
during the perioperative period including on the day of surgery and the day after the surgery. Among 96 
surgeries, no hemorrhagic complications occurred postoperatively. Infarction occurred in five cases (5.2%). 
Among the five cases, neurological deficits persisted in two cases and improved in three. The median value 
of bleeding volume was 112.5 mL (interquartile range, 80.0 – 200.0). Twenty-five cases (26.0%) needed 
blood transfusion. The modified Rankin Scale score deteriorated in two cases due to cerebral infarction. 
The incidence of hemorrhagic and ischemic complications after combined revascularization surgery in 
patients with ischemic moyamoya disease under antiplatelet therapy was low, indicating the safety of 
continued antiplatelet therapy.
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INTRODUCTION

Moyamoya disease (MMD) is characterized by progressive stenosis or occlusion of the 
terminal portion of the internal carotid artery with development of collateral vessels, causing 
hemorrhagic or ischemic stroke.1 Previous studies have shown that revascularization surgery 
including superficial temporal artery (STA)-middle cerebral artery (MCA) bypass is effective in 
preventing future ischemic or hemorrhagic events in patients with MMD.2,3 Antiplatelet agents 
are often used while awaiting surgery or during outpatient follow-up.4

Ischemic events are the common perioperative complications of MMD. In the perioperative 
period of revascularization procedures, antiplatelet agents are used to avoid ischemic complica-
tions,5 while they may increase the risk of hemorrhagic complications.5 However, very few reports 
have investigated the safety and efficacy of perioperative antiplatelet therapy in patients with 
MMD. Hence, this study aimed to determine the impact of using antiplatelet agents on adult 
MMD patients with ischemic onset during the perioperative period.

MATERIALS AND METHODS

This retrospective observational study was approved by the institutional review board of the 
Japanese Red Cross Aichi Medical Center Nagoya Daini Hospital (approval No. 1519).

Included surgical procedures
From January 2016 to December 2020, 183 consecutive combined revascularization surgeries 

for MMD patients were performed at the Japanese Red Cross Aichi Medical Center Nagoya Daini 
Hospital. All patients met the diagnostic criteria for MMD according to the guidelines proposed 
by the Ministry of Health and Welfare of Japan. Forty-seven pediatric cases were excluded. In 
addition, patients presenting with symptoms other than ischemic symptoms were excluded. Among 
97 surgeries for adult MMD patients with ischemic onset, one surgery was excluded because 
the doctor in charge did not administer antiplatelet agents because of the marked development 
of moyamoya vessels from the choroid plexus artery, implying a high risk of bleeding. Finally, 

Fig. 1 A flow diagram of the included surgical procedures in this study
MMD: moyamoya disease

183 revascularization surgeries for MMD patients from 2016 to 2020

136 surgeries for adult MMD patients

97 surgeries for adult MMD patients with ischemic onset

39 surgeries for patients with non-ischemic onset

1 surgery without antiplatelet therapy

96 surgeries for adult ischemic MMD patients under perioperative antiplatelet therapy

47 surgeries for children
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96 surgical procedures for MMD patients with ischemic onset were analyzed. These surgical 
revascularizations were performed under antiplatelet therapy. A flow diagram of the included 
surgical procedure is shown in Figure 1.

Usage of antiplatelet agents
The usage of antiplatelet agents was retrospectively reviewed. All of the patients were taking 

some kind of antiplatelet medication before surgery. Aspirin (100 mg/day) was administered to 
patients who were not taking any antiplatelet prior to their visit to our hospital. In the case of 
patients referred from other hospitals, the antiplatelet agents that they were using already were 
continued, such as clopidogrel (75 mg/day) and cilostazol (200 mg/day). Antiplatelet agents 
were continued during the perioperative period; continued on the day of surgery and the day 
after surgery.

Surgical revascularization procedures
All surgical revascularization procedures were performed by ST, who had 15 years of 

experience in revascularization surgery for MMD. All surgeries included both direct bypass 
and indirect revascularization. First, a middle-sized frontotemporal craniotomy was performed 
within the superior temporal line. Subsequently, single STA-MCA anastomosis was carried out 
in an end-to-side fashion. There were no cases of unsuccessful direct anastomosis, and bypass 
patency was confirmed by indocyanine green video-angiography or Doppler ultrasound in all 
cases. For indirect bypass, encephalo-myo-synangiosis (EMS) was performed within the area of 
middle-sized frontotemporal craniotomy, which aimed to cover the MCA territory. In addition, 
another small craniotomy followed by encephalo-periosteal-synangiosis (EPS) was performed to 
cover the anterior cerebral artery territory.

Perioperative management
All patients were managed with infusion or blood transfusion to avoid hypovolemia or 

anemia (above 9 g/dL). Systolic blood pressure was maintained between 80% and 120% of the 
preoperative value. 

In some cases, we used additional agents. When there were concerns about a patient develop-
ing ischemic complications due to hyperventilation, sedation with dexmedetomidine was performed 
upon awakening from anesthesia and during postoperative examination. Minocycline (100 mg/
day) was used for 3 days postoperatively to prevent hyperperfusion syndrome. When a patient 
developed hyperperfusion syndrome, systolic blood pressure was maintained between 80% and 
100% of the preoperative value strictly, and edaravone (60 mg/day) and levetiracetam (1000 mg/
day) were administered.

Radiographical examinations
For radiological evaluation, computed tomography (CT) was performed the day after surgery. 

Magnetic resonance imaging (MRI) and single photon emission computed tomography were 
performed within 3 days after surgery. MRI included diffusion-weighted imaging (DWI), fluid-
attenuated inversion recovery imaging, and MR angiography (MRA). When neurological symptoms 
were present and ischemic or hemorrhagic complications were suspected, CT and MRI were 
added as appropriate.

Collected clinical factors and outcomes
We collected the following parameters as baseline clinical characteristics: sex, age, family 

history, onset (infarction or transient ischemic attack [TIA]), operation side, stenosis or occlusion 
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of the posterior cerebral artery (PCA involvement), and preoperative modified Rankin Scale (mRS) 
score. To assess the influence of antiplatelet treatment on the preoperative period, we recorded 
the incidences of cerebral infarction and hemorrhagic events reported while the patients were 
waiting for surgery. 

As for the perioperative period, we assessed the radiological and symptomatic stroke (infarc-
tion and hemorrhagic complication) during the acute period after revascularization. Radiological 
and symptomatic cerebral infarction and hemorrhagic complication were assessed individually. 
Cerebral infarctions were diagnosed according to MRI findings. Hemorrhagic complications were 
determined by the CT findings. We defined hemorrhagic complications as intracerebral hemor-
rhage or any epidural/subdural hematoma with cortical compression. In addition, the amount of 
intraoperative blood loss and numbers of blood transfusions were also evaluated. Furthermore, we 
assessed the incidence of hyperperfusion syndrome. The diagnostic criteria were as follows: (1) 
significant increase in cerebral blood flow at the site of the anastomosis that is responsible for 
apparent neurologic signs including focal neurologic deficit and/or severe headache; (2) apparent 
visualization of STA-MCA bypass on MRA and the absence of any ischemic changes on DWI, 
and (3) the absence of other pathologies such as compression of the brain surface by the temporal 
muscle inserted for indirect bypass.6 The mRS score was recorded to assess postoperative patient 
disability. In addition, coagulation function in the blood test just after the surgery was evaluated.

RESULTS

Baseline characteristics
In this study, 96 procedures for adult MMD patients with ischemic onset were analyzed. 

Sixty-nine procedures (71.9%) were for females and 27 (28.1%) were for males. The mean age 
of the patients was 39.2 years. Nineteen cases had a family history of MMD. As for clinical 
onset, 28 developed infarction, and 68 developed TIA. Preoperative MRI showed old cerebral 
infarction in 58 cases and PCA involvement in 25. Regarding the antiplatelet agents used, aspirin 
was administered to 78, clopidogrel, to 10, and cilostazol, to eight. We also evaluated the mRS 
scores before surgery. The preoperative mRS scores were as follows: 0 in 71 cases, 1 in two 
cases, 2 in 17 cases, 3 in five cases, and 4 in one case. Detailed data are presented in Table 1.

Outcomes
We performed MRI the day before surgery to check for new lesions. In the preoperative period 

while waiting for surgery, no patient demonstrated new cerebral infarction and hemorrhagic events 
after the first visit to the hospital.

During the perioperative periods, no hemorrhagic complications were observed. Cerebral 
infarction occurred in five cases (5.2%). All five cases were symptomatic, and the symptoms 
improved in three cases. The postoperative mRS score were deteriorated in two cases due to 
the cerebral infarction. The median value of bleeding volume was 112.5 mL (interquartile range, 
80.0 – 200.0). The values of coagulation function just after surgery were collected in 92 of 96 
cases: prothrombin time-international normalized ratio ([PT-INR], median, interquartile range: 1.0, 
0.9 – 1.0); activated partial thromboplastin time ([APTT], 27.1 sec, 25.8 – 28.9 sec); fibrinogen 
(275.0 mg/dL, 235.5 – 320.0 mg/dL). Detailed data are presented in Table 2.
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Table 1 Baseline characteristics

Characteristics Outcome (n = 96)

Sex
 Female 69 (71.9%)
 Male 27 (28.1%)

Mean age ± SD, years 39.2 ± 11.1

Family history
 Yes 19 (19.8%)
 No 77 (80.2%)

Onset
 Infarction 28 (29.2%)
 TIA 68 (70.8%)

Operation side
 Left 45(46.9%)
 Right 51(53.1%)

PCA involvement
 Yes 25 (26.0%)
 No 71 (74.0%)

Preoperative infarction
 Yes 58 (60.4%)
 No 38 (39.6%)

Antiplatelet therapy
 Aspirin 78 (81.3%)
 Clopidogrel 10 (10.4%)
 Cilostazol 8 (8.3%)

Preoperative mRS
 0 71 (74.0%)
 1 2 (2.1%)
 2 17 (17.7%)
 3 5 (5.2%)
 4 1 (1.0%)

mRS: modified Rankin Scale
PCA: posterior cerebral artery
TIA: transient ischemic attack

Table 2 Clinical outcomes

Characteristic Outcome (n = 96)

Postoperative infarction radiographically
 Yes 5 (5.2%)
 No 91 (94.8%)

Postoperative ischemic complications
 Cerebral infarction (symptom improved) 3 (3.1%)
 Cerebral infarction (symptom remained) 2 (2.1%)
 None 91 (94.8%)
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Twenty-five cases (26.0%) needed blood transfusion to avoid anemia. For the characteristics in 
these cases, 24 procedures (96%) were for female, and the median value of bleeding volume was 
140.0 mL (interquartile range, 80.0 – 230.0) that were slightly higher than those of overall cases.

DISCUSSION

To our knowledge, this is the first report to confirm the safety of preoperative antiplatelet 
therapy continued until postoperatively in adult MMD patients with ischemic onset. Any hemor-
rhagic complications were not observed, and cerebral infarction occurred in five cases (5.2%). 
The mRS score deteriorated in only two (2.1%) out of the five cases with cerebral infarction. 
Therefore, continued antiplatelet therapy during the perioperative period of combined surgical 
revascularization can help keep the incidence of ischemic events low without increasing the risk 
of hemorrhagic complications.

Given its pharmacological action, antiplatelet therapy might increase the risk of perioperative 
hemorrhagic complications. Although few studies reported the risk of hemorrhagic complications 
with antiplatelet medication in the field of neurosurgery, intracranial surgery is generally consid-
ered a high-risk procedure for perioperative bleeding complications and continuing antithrombotic 
agents is not recommended.7 Specifically, in MMD, Zhao et al reported that among patients on 
antiplatelet agents (aspirin at 100 mg per day orally) from post-surgical day 1 until 1 month after 
revascularization surgery, postoperative hemorrhage had occurred in 3.4%.7,8 We used the antiplate-
let agents before surgery and continued administration during the perioperative period including 
the day of surgery and the day after surgery; however, we did not observe any postoperative 
hemorrhagic complications. To reduce hemorrhagic complications, in terms of surgical technique, 
we carefully coagulated the small branch of the STA used for direct anastomosis, and also 
coagulated bleeding points on the periosteum and temporal muscle used for indirect anastomosis. 
Second, during direct anastomosis, the arteries were sutured so that the intima of the MCA was 
in contact with that of the STA. Third, we also performed dural tenting of the craniotomy rim 
and central tenting of the temporalis muscle and pericranium used for indirect anastomosis. These 
tissues, such as temporalis muscle and pericranium, are less rigid than the original dura mater, 

Postoperative hemorrhagic complications 0 (0%)

Postoperative hyperperfusion syndrome
 Yes 13 (13.5%)
 No 83 (86.5%)

Median volume of blood loss (interquantile range), mL 112.5 (80.0 – 200.0)

Transfusion
 Yes 25 (26.0%)
 No 71 (74.0%)

Postoperative mRS
 0 70 (73.0%)
 1 2(2.1%)
 2 17 (17.7%)
 3 6 (6.3%)
 4 1 (1.0%)

mRS: modified Rankin Scale
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and there is a greater risk of hematoma formation between the cranium and these tissues than 
the original dura mater. Another treatment strategy to reduce hemorrhagic complications is to 
prevent hyperperfusion syndrome, which is known as an important cause of cerebral hemorrhage 
after revascularization in patients with MMD. We maintained the systolic blood pressure between 
80% and 120% of the preoperative value after the procedure. In addition, we used minocycline 
postoperatively. The administration of minocycline with blood pressure control was effective 
in preventing symptomatic hyperperfusion syndrome after STA-MCA anastomosis for MMD.9 
Furthermore, in cases presenting hyperperfusion syndrome, we strictly maintained systolic blood 
pressure between 80% and 100% of the preoperative value and administered edaravone and 
antiepileptic drugs for brain protection. Uchino et al reported that perioperative administration 
of edaravone reduced the incidence of neurological deficits related to hyperperfusion syndrome 
after direct bypass procedures in adult patients with MMD.10 As a result, our study proved that 
antiplatelet therapy can be said to be safe, as there were no bleeding complications.

Perioperative ischemic complications are the other significant complications that should be 
avoided.11 In studies of MMD cohorts not limited to ischemic onsets, several investigators 
have reported that postoperative ischemic complications for MMD patients occurred in 2.1% to 
19.7% of the cases.12-18 In patients with ischemic MMD, the incidence of ischemic complications 
was relatively higher than that of other onsets. Park et al reported a 19.7% risk of developing 
postoperative ischemic complications when antiplatelet agents were discontinued 7 days before 
surgery.17 Zhao et al reported that the rate of postoperative ischemic events was 18.6% when 
they used antiplatelet agents from postoperative day 1 until 1 month.18 In our study, surgical 
revascularization was performed under continued antiplatelet therapy in patients with ischemic 
MMD and postoperative symptomatic infarction occurred only in five cases (5.2%), and sequelae 
were observed in two (2.1%); this infarction rate is very low compared to those reported in 
previous studies,12-18 possibly because the antiplatelet therapy regime was different from our 
regime, indicating the benefit of continued antiplatelet therapy in the perioperative period. One 
possible demerit of this perioperative management with antiplatelet treatment was blood transfu-
sion. We used blood transfusion in about 25 % of cases to avoid anemia (above 9 g/dL) for 
preventing ischemic events, and most of the cases that required blood transfusion were females 
(96%). Because females tend to be anemic preoperatively due to menstruation, surgeons should 
well inform female patients about the possibility of blood transfusion.

We administered antiplatelet therapy just after the first visit to our hospital in cases that 
demonstrated ischemic symptoms but did not take antiplatelet agents. The cerebral infarction 
while waiting for surgical revascularization is an important problem for patients with ischemic 
MMD.19 In our cohort, no patient developed cerebral infarction or hemorrhagic events while 
waiting for surgery. As a possible merit of antiplatelet therapy, preoperative antiplatelet therapy 
may prevent infarction without the risk of hemorrhage. 

This study has some limitations. First, this was a single-center, retrospective, and observational 
study. Second, the influence of antiplatelet therapy on other clinical phenotypes of MMD, such as 
hemorrhagic and asymptomatic MMD, is still unknown. The efficacy of perioperative antiplatelet 
therapy in patients with hemorrhagic and asymptomatic MMD is limited and not recommended.

In conclusion, our study showed that the incidence of perioperative hemorrhagic and ischemic 
complications on MMD patients with ischemic onset was low under antiplatelet therapy, indicat-
ing that perioperative antiplatelet therapy is safe for adult MMD patients with ischemic onset.
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