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Abstract

Background When superficial temporal artery-middle cerebral artery bypass is combined with indirect methods (e.g., revascu-
larization surgery) to treat Moyamoya disease (MMD), antiplatelet treatment can impact bypass patency, infarction, or hemor-
rhage complications. Recently, heparin has been proposed as an anticoagulant treatment against white thrombus at the anasto-
mosis site. The study aims to evaluate the effect of aspirin on the perioperative outcomes and investigate the results of heparin
treatment for white thrombus.

Methods This retrospective study included 74 procedures of combined revascularization surgery for MMD patients who either
received or did not receive aspirin. Perioperative outcomes were compared between the two groups. In addition, the effects of
heparin treatment for white thrombus were evaluated.

Results The rate of white thrombus at the anastomosis site was significantly higher in the non-aspirin medication group (uni-
variate: p = 0.032, multivariate: p = 0.044) and, accordingly, initial bypass patency was lower in the non-aspirin medication group
(p = 0.049). Of the 17 patients with white thrombus development, five received heparin injections, and all white thrombi
disappeared; however, there was one case of epidural hematoma and another of subdural hematoma. The risk of hemorrhagic
complications was significantly higher in the surgical procedures that received heparin injections (p = 0.021).

Conclusions In MMD patients who received combined revascularization surgery, aspirin medication lowered the occurrence of
white thrombus. Heparin injections help to treat white thrombus but can enhance the risk of hemorrhagic complications.
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Abbreviations STA  Superficial temporal artery
CT Computed tomography TIA Transient ischemic attack
ICH Intracranial hemorrhage

MCA  Middle cerebral artery

MMD Moyamoya disease

MRA  Magnetic resonance angiography
MRI  Magnetic resonance imaging
PCA  Posterior cerebral artery

Introduction

Moyamoya disease (MMD) is a rare cerebrovascular disease

SD Standard deviation characterized by progressive stenosis of the internal carotid
artery at its terminal portion and secondary formation of col-
This article is part of the Topical Collection on Vascular Neurosurgery - lateral vessels at the brain base. Pediatric patients usually pres-
Other ent with ischemic symptoms, while adults suffer ischemic
symptoms or intracranial hemorrhage. Superficial temporal
>4 Fumiaki Kanamori artery (STA)-middle cerebral artery (MCA) bypass combined
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surgery) is widely performed to improve ischemic symptoms
Department of Neurosurgery, Nagoya University Graduate Schoolof ~ or prevent recurrence of intracerebral hemorrhage [2, 6, 9].
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Fig. 1 Intraoperative picture
showing white thrombus
development at the anastomosis
site

functional status on hospital admission [11], led to low recur-
rence of ischemic events in cases without cerebral misery
perfusion [10], and reduced the potential risk of surgical com-
plications [13]. Antiplatelet treatment may increase the risk of
bleeding while decreasing the risk of thrombogenesis; it can
thus influence perioperative outcomes of combined revascu-
larization surgery, such as bypass patency, infarction, or hem-
orrhagic complications. However, the use of antiplatelet treat-
ments varies among surgeons, clear guidelines remain unes-
tablished [13, 16], and the influence of antiplatelet treatment
on perioperative outcomes has not been fully elucidated.

Heparin intravenous injection during STA-MCA anasto-
moses might not be common, but in off-pump coronary artery
bypass graft surgery, which is a similar procedure of arterial
anastomosis, heparin is typically used to avoid clotting within
the graft or attenuate the thrombin-mediated effect [5, 7, 12].
Recently, intravenous heparin injections have been proposed
as a countermeasure against white thrombus, which some-
times occur at the anastomosis site during STA-MCA bypass
in MMD patients (Fig. 1) [8]. Considering the novelty of this
approach, its effects require further evaluation. Therefore, the
current study aimed to evaluate the effects of aspirin on peri-
operative outcomes in MMD patients who underwent com-
bined revascularization surgery and to investigate the influ-
ence of heparin on white thrombus.

Methods

Enrolled surgical procedures

From July 2014 to March 2020, 81 consecutive combined
revascularization surgeries for MMD patients were performed

in Nagoya University Hospital. MMD diagnosis was made
according to guidelines proposed by the Ministry of Health
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and Welfare of Japan [14]. As for antiplatelet medication in
the preoperative period, aspirin and cilostazol were used in 52
and seven surgical procedures, respectively. Cases with a full
washout period for antiplatelet medication were considered as
no antiplatelet treatment. None of the patients received either
anticoagulant oral agents in preoperative periods or additional
antiplatelet agents in the perioperative period. Because the
mechanisms of action for aspirin and cilostazol are different,
to assure accuracy in the evaluation of the antiplatelet treat-
ment effect, we excluded seven cases who received cilostazol.
Finally, 74 surgical procedures which received aspirin or no
antiplatelet medication were retrospectively analyzed. A flow
diagram of the enrolled surgical procedures is shown in Fig. 2.

| 81 surgical procedures of combined revascularization surgery |

—>| 7 surgical procedures with cilostazol medication |

| 74 surgical procedures

22 surgical procedures
without aspirin medication

52 surgical procedures
with aspirin medication

20 cases with 6 case with 26 case with
aspirin continued stopped aspirin stopped aspirin
just on the 3 days before the

operation day operation day

Fig. 2 A flow diagram of the enrolled surgical procedures in this study
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Usage of aspirin medication and classification

The usage of aspirin medication was retrospectively
reviewed. The initiation depended on the decisions of
attending surgeons because of the absence of clear
guidelines. Aspirin was administered at a dose of
100 mg per day for adult patients and at a decreased
weight-dependent dose for pediatric patients.

The surgical procedures receiving aspirin medication
in the preoperative period were classified as aspirin
medication group. In addition, this group was classified
into three subgroups based on the preoperative rest pe-
riod: (1) continued aspirin medication even on surgery
day, (2) stopped aspirin medication on surgery day, (3)
stopped aspirin medication 3—4 days before surgery. In
the postoperative period, aspirin was restarted 2 days
after surgery in cases without hemorrhagic complica-
tions in head computed tomography images (CT).

Surgical procedures

Combined revascularization surgery for the MCA terri-
tory was performed. Specifically, single STA-MCA
anastomosis was performed in an end-to-side fashion after a
frontotemporal craniotomy to reveal the distal part of the
Sylvian fissure. Bypass patency was evaluated by indocyanine

Table1 Summary of clinical characteristics of the patients in the aspirin
medication and not-aspirin medication groups

Any aspirin medication

Yes No p value

No. of surgical procedures 52 22
Sex 0.093

Female (%) 41 (78.8) 13 (59.1)
Mean age + SD, years 19.4+173 28.1+16.9 0.049
Operation side

Left (%) 25 (48.1) 9 (40.9) 0.618
PCA involvement (%) 10 (19.2) 7(31.8) 0.246
Hypertension (%) 4(7.7) 3 (13.6) 0.418
Diabetes mellitus (%) 2(3.8) 1(4.5) 1.000
Hyperlipidemia (%) 3(5.8) 1(4.5) 1.000
Symptom (%) < 0.001

TIA 31 (59.6) 6(27.3)

Ischemic stroke 3(5.8) 2(9.1)

ICH 0 (0.00) 7(31.8)

Headache 8 (15.4) 14.5)

Asymptomatic 7(13.5) 6(27.3)

Others 3(5.8) 0 (0.00)

ICH intracranial hemorrhage, PCA posterior cerebral artery, SD standard
deviation, TIA transient ischemic attack

green videoangiography or Doppler sound. Encephalo-duro-
myo-synangiosis or encephalo-duro-myo-pericranial-
synangiosis was performed for the indirect methods for the
MCA territory. During general anesthesia, PaCo2 was main-
tained between 36 and 40 mmHg.

Rescue methods for white thrombus and heparin
usage manner

When white thrombus developed at the anastomosis site
and caused the bypass occlusion, we first tried mechan-
ical tapping on the anastomosis site. In some cases
where the white thrombus did not disappear after mechanical
tapping, re-suture or heparin (Mochida Pharmaceutical, Co.)
injection was performed. Between July 2014 and November
2018, we performed re-suture if possible, and between
December 2018 and March 2020, we used heparin in-
jection. For adult patients, heparin was first injected
intravenously at a dose of 2000 units in a bolus; when
the thrombus remained, an additional injection was per-
formed. For pediatric patients, the dose was decreased
in a weight-dependent manner.

Perioperative management

All patients were treated to avoid hypovolemia and anemia.
Systolic blood pressure was maintained between 80 and 120%
of the preoperative value, and fibrinogen was maintained over
200 mg/dl. For pediatric cases, to avoid severe crying, appro-
priate sedation using thiamylal sodium, diazepam, and/or
dexmedetomidine were used for medical examination or med-
ical procedures if necessary. CT was performed just after sur-
gery and the day after. A 3.0-T or 1.5-T magnetic resonance
imaging (MRI) including fluid-attenuated inversion recovery
imaging, diffusion-weighted imaging, and MR angiography
(MRA) was performed routinely 2-3 days after surgery.
Additional CT or MRI was performed when patients showed
neurological symptoms suspicious of infarction or hemor-
rhagic complications.

Table 2 Effect of aspirin medication on perioperative outcomes

Any aspirin medication

Yes No p value
No. of surgical procedures 52 22
Initial bypass patency (%) 41 (78.8) 12 (54.5) 0.049
Final bypass patency (%) 49 (94.2) 21 (95.5) 1.000
White thrombus (%) 8 (15.4) 9 (40.9) 0.032
Infarction (%) 8 (15.4) 2(9.1) 0.799
Hemorrhagic complications (%) 2 (3.8) 20.1) 0.577
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Table 3 Risk factors for white

thrombus White thrombus Univariate Multivariate
Yes No p value OR 95% CI p value

No. of surgical procedures 17 57
Mean age + SD, years 23.0+18.7 187129 0382
Symptom (%) 0.097

TIA 7 (41.1) 30 (52.6)

Ischemic stroke 2(11.8) 3(5.3)

ICH 2(11.8) 5(8.8)

Headache 5(29.4) 4(7.0)

Asymptomatic 1(5.9) 12(21.1)

Others 0 (0.0) 3(5.3)
PCA involvement (%) 9(52.9) 8 (14.0) 0.002 6.55 1.85-23.1 0.004
Any aspirin medication (%) 8 (47.1) 44 (717.2) 0.032 3.56 1.04-12.2  0.044

ICH intracranial hemorrhage, PCA posterior cerebral artery, SD standard deviation, 7/A transient ischemic attack

Evaluated outcomes and other variables

As baseline clinical characteristics, we collected the following
parameters: sex, age, surgery side, stenosis or occlusion of the
posterior cerebral artery (PCA involvement), hypertension,
diabetes mellitus, hyperlipidemia, and symptoms for surgery.
As potential outcomes were affected by the use of
antiplatelets, we evaluated the following events: initial bypass
patency (evaluated before the rescue methods for white throm-
bus), final bypass patency (evaluated after rescue methods for
white thrombus), white thrombus development at the anasto-
mosis site, perioperative infarction, and hemorrhagic compli-
cations. In addition, to investigate the effect of heparin injec-
tion, the disappearance of white thrombus and hemorrhagic
complications was evaluated.

Statistical analysis

For group pair comparison, we used Fisher’s exact test for
categorical variables and the 7 test for numerical variables. If

appropriate, logistic regression analysis was employed to test
the effect of multiple variables. Significance value was
set at a p value < 0.05. Statistical analyses were per-
formed in R 3.6.2 (R Foundation for Statistical Computing;
https://www.r-project.org/).

Results
Effect of aspirin on perioperative outcomes

Baseline clinical characteristics, including sex, surgery side,
PCA involvement, hypertension, diabetes mellitus, and hyper-
lipidemia, did not differ significantly between the aspirin and
not-aspirin medication groups. In the aspirin medication
group, the mean age was significantly smaller, and the rate
of ischemic symptoms was higher (Table 1).

Comparing the perioperative outcomes between aspirin
and not-aspirin medication groups, initial bypass patency
was significantly lower in the non-aspirin medication group

Table 4  Perioperative outcomes based on the rest period of aspirin medication

Aspirin medication

Aspirin continued Stopped aspirin medication Stopped aspirin medication ~ No medication  p value
just on the operation day 3 days before the operation

No. of surgical procedures 20 6 26 22

Initial bypass patency (%) 16 (80.0) 6 (100.0) 19 (73.1) 12 (54.5) 0.119
Final bypass patency (%) 19 (95.0) 6 (100.0) 24 (92.3) 21(95.5) 0.907
White thrombus (%) 3 (15.0) 0(0.0) 5(19.2) 9 (40.9) 0.115
Infarction (%) 4(20.0) 1(16.7) 2(7.7) 29.1) 0.497
Hemorrhagic complications (%) 1(5.0) 0(0.0) 1(3.8) 2(9.1) 0.876
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Table 5 The treatment and
outcomes of the white thrombus

Rescue method

Tapping Tapping and re-suture Tapping and heparin injection
No. of surgical procedures 7 5 5
White thrombus disappeared (%) 5(71.4) 3 (60.0) 5(100.0)

(p =0.049). Similarly, rates of white thrombus development at
the anastomosis site, which contribute to the initial bypass
failure, were significantly higher in the non-aspirin med-
ication group (p = 0.032). Final bypass patency, infarc-
tion, and hemorrhagic complications did not show sig-
nificant differences (Table 2). Additionally, we investi-
gated possible confounders with respect to white throm-
bus development (Table 3). Because PCA involvement
also showed a significant association with white throm-
bus development (p = 0.002) in univariate analysis, we
performed logistic regression analysis using these two
explanatory variables. In multivariate analysis, both as-
pirin medication and PCA involvement showed signifi-
cant correlations to white thrombus development (aspi-
rin medication, p = 0.044; PCA involvement, p =
0.004).

As a supplementary analysis, we evaluated whether differ-
ences in preoperative rest periods of aspirin medication influ-
enced the outcomes. Comparing the subgroups of aspirin
medication, perioperative outcomes, including bypass paten-
cy, development of white thrombus, infarction, and

hemorrhagic complications, did not significantly differ
(Table 4).

Effect of heparin injections on white thrombus

In 17 cases of the 74 surgical procedures, white thrombi de-
veloped at the anastomosis site. Results on the rescue methods
are summarized in Table 5. Twelve cases received mechanical
tapping and/or re-suture, but white thrombi remained in four
cases. Five cases underwent tapping and heparin intravenous
injection. White thrombi disappeared in all cases: four cases
needed 2000 units heparin, while one needed 7000 units.
However, in the five surgical procedures that received heparin
injections, there was one case of epidural hematoma and an-
other of subdural hematoma (Fig. 3). Neither patient received
aspirin medication. In all enrolled surgical procedures, hem-
orrhagic complication rates were significantly higher in surgi-
cal procedures that received heparin injections (p = 0.021) in
contrast to those with aspirin medication (Tables 6 and 7).
Multivariate analysis was not applied because the number of
heparin injections was small.

Fig. 3 Postoperative images of computed tomography (CT) in cases with
hemorrhagic complications. a A 48-year-old female who suffered from
hemorrhagic Moyamoya disease (MMD) underwent combined
revascularization surgery. She did not receive antiplatelet treatment
preoperatively, but received a 7000-unit heparin injection for white
thrombus treatment. Two days after surgery, her consciousness level
declined, and CT showed thick acute subdural hematoma under the
encephalo-duro-myo-synangiosis. Emergency craniotomy to remove the

intracranial hematoma was needed, and after that, she recovered her
consciousness level. b Thirteen-year-old female suffering from MMD-
related headache underwent combined revascularization surgery. She did
not receive antiplatelet treatment preoperatively, but received a 2000-unit
heparin injection for white thrombus treatment. Just after surgery, she did
not show any symptoms, but CT showed an acute epidural hematoma
near the craniotomy area. A conservative treatment was initiated, which
stopped hematoma growth
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Discussion

We investigated the effects of aspirin medication and heparin
injection on perioperative outcomes in MMD patients who
underwent combined revascularization surgery. Use of aspirin
before surgery lowered the occurrence of white thrombus, and
PCA involvement was identified a risk factor for white throm-
bus. Our results show that while heparin intravenous injection
might help to treat white thrombus at the anastomosis site, it
may elevate the risk of hemorrhagic complications.

Both aspirin and heparin treatments were found to be useful
in preventing white thrombus. The mechanism of the rapid
development of white thrombus during the anastomosis pro-
cedure is considered as follows [1]. First, the incised arterial
wall exposes collagen and tissue factors to blood flow, and
collagen triggers platelet accumulation and activation.
Meanwhile, tissue factors initiate thrombin generation, which
converts fibrinogen to fibrin and activates platelets. Aspirin
and heparin may prevent thrombus development by decreas-
ing platelet function and blocking thrombin effects in this
cascade. Referring to the literature on the risk of white throm-
bus, Mikami et al. reported that high MRA scores correlated
with thrombus development [8]. The MRA score is higher in
cases of PCA involvement [4]; thus, our result was consistent
with the past report.

Table 6 Clinical characteristics of heparin-injected and not-heparin-
injected groups

Heparin intravenous injection

Yes No p value

No. of surgical procedures 5 69
Sex 0.315

Female (%) 5(100.0) 49 (71.0)
Mean age + SD, years 226+142  219+178  0.938
Operation side 1

Left (%) 2 (40.0) 32 (46.4)
PCA involvement (%) 5(100.0) 12 (17.4) < 0.001
Hypertension (%) 1(20.0) 6 (8.7) 0.4
Diabetes mellitus (%) 0(0.0) 34.3) 1
Hyperlipidemia (%) 0(0.0) 4 (5.8) 1
Symptom (%) 0.004

TIA 0(0.0) 37 (53.6)

Ischemic stroke 2 (40.0) 34.3)

ICH 1 (20.0) 6 (8.7)

Headache 2 (40.0) 7 (10.1)

Asymptomatic 0(0.0) 13 (18.8)

Others 0(0.0) 3(43)
Any aspirin medication (%) 1 (20.0) 51(7.4) 0.025

Heparin intravenous injection during revascularization sur-
gery for MMD patients was significantly associated with hem-
orrhagic complications. This finding implies that the antico-
agulant function of heparin outweighed the hemostatic effects
of surgical procedures. During cardiac surgery using heparin
intravenous injection, drains are placed in the pericardial, me-
diastinum, and pleural cavity for preventing hemorrhagic
complications [3, 15]. However, in combined revasculariza-
tion surgery, drains are generally not placed in the epidural or
subdural space. Even if drains are placed, they will not remove
bleeding effectively because an acute epidural or subdural
hematoma is solid and requires a craniotomy. Therefore, the
risk of hemorrhagic complications by heparin injection for
white thrombus remains an outstanding issue, and other ap-
proaches are needed.

This study is subject to several limitations. First, age and
symptom distribution differed between the aspirin and not-
aspirin medication groups, which may have led to selection
bias. This finding may be attributable to the tendency of is-
chemic patients to take aspirin medication and the differences
in clinical presentation between pediatric and adult patients.
Second, the rates of PCA involvement, aspirin medication,
and symptom distribution differed between heparin and not-
heparin-injected groups. However, these factors were not sig-
nificantly associated with hemorrhagic complications in the
present study, and also no previous report supported the hem-
orrhagic risk of these factors. Third, the level of platelet func-
tion affected by aspirin medication was not measured: aspirin
resistance and its functional differences in the preoperative
rest period were not quantitatively assessed. Lastly, the inci-
dence of white thrombi in this study (23.0%) was relatively
high. The development of white thrombi may be one of the

Table 7 Risk factors for hemorrhagic complications

Hemorrhagic complications

Yes No p value

No. of surgical procedures 4 70
PCA involvement (%) 2 (50.0) 1521.4) 0309
Symptom (%) 0.117

TIA 1(25.0) 36 (51.4)

Ischemic stroke 0(0.0) 5(7.1)

ICH 1 (25.0) 6 (8.6)

Headache 1 (25.0) 8(11.4)

Asymptomatic 0(0.0) 13 (18.6)

Others 1(25.0) 2.9
Any aspirin medication (%) 2 (50.0) 50 (71.4) 0.577
Heparin intravenous injection (%) 2 (50.0) 34.3) 0.021

ICH intracranial hemorrhage, PCA posterior cerebral artery, SD standard
deviation, TIA transient ischemic attack
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main causes of bypass failure, and it also presented a chal-
lenge in this study. Identifying the causes or risk factors for
developing white thrombi is important; however, only few
reports have attempted to address this issue [8]. Although
the causes underlying the high incidence of white thrombi
have not been fully identified, the present study identified
the factors for decreasing the rate of white thrombi or the
treatment thereof.

Conclusions

In MMD patients who underwent combined revascularization
surgery, use of aspirin medication resulted in a lower occur-
rence of white thrombus. Despite heparin injections having
potential to treat white thrombus, they may elevate the risk
of hemorrhagic complications.
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