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Angiographic and clinical outcomes of non-patent anastomosis
after bypass surgery in adult moyamoya disease
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Abstract
Background The clinical and radiologic outcomes of symptomatic adult moyamoya disease (MMD) patients who have an
occluded anastomosis immediately after bypass surgery are poorly studied. The clinical and angiographic outcomes of non-
patent anastomosis in symptomatic adult MMD patients were retrospectively reviewed.
Methods From August 2011 to November 2016, 31 revascularization surgeries, consisting of direct and indirect bypass, were
performed on 29 adult MMD patients. Primary outcomes were evaluated based on the frequency of transient ischaemic attack
(TIA) incidence and the recurrence of cerebral infarction and were assessed as improvement or worsening.
Results Among 31 cases, computed tomography angiography (CTA) on the first day after surgery showed patent anastomosis in
20 hemispheres and non-patent anastomosis in 11 hemispheres. Follow-up conventional angiographies showed spontaneous
recanalization of non-patent anastomosis in all occlusion cases. The incidence of TIA decreased in both the non-patent and the
patent groups. Two newly developed cerebral infarctions were observed, which occurred in the patent group. Patients in the non-
patent group also showed clinical improvement after surgery (p = 0.04), and no significant relationship was found between
immediate postoperative patency and the primary outcome (p = 0.53).
Conclusions In our series, regardless of patency immediately after bypass surgery, delayed recanalization and clinical improve-
ment can be expected after bypass surgery for adult MMD.
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Introduction

Moyamoya disease (MMD) is a chronic, progressive disease
characterized by stenosis or occlusion of the bilateral distal inter-
nal carotid arteries (ICA), leading to recurrent stroke [6, 9].

Revascularization surgery for symptomatic MMD is considered
the treatment of choice for preventing recurrent stroke [6, 9].
Numerous studies have examined the outcomes of revasculari-
zation status after superficial temporal artery (STA)-middle cere-
bral artery (MCA) bypass surgery [1, 5, 11, 13]. However, no
research has been performed to monitor radiological and clinical
outcomes when the anastomotic site is occluded immediately
after STA-MCA bypass surgery in adult MMD. We performed
a retrospective investigation of the clinical and angiographic out-
comes of an immediately occluded anastomosis after bypass
surgery in symptomatic adult MMD patients.

Methods and materials

Patient selection

From August 2011 to November 2016, 29 MMD patients
received 31 revascularization surgeries at our hospital.
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Medical data were collected and reviewed retrospectively with
the approval of the institutional review board. The inclusion
criteria were as follows: (1) patients aged ≥ 18 years treated by
combined (combination of direct and indirect) revasculariza-
tion surgery; (2) compatibility with the diagnostic criteria for
MMD; (3) symptomatic patients with MMD; and (4) signifi-
cant reduction of basal perfusion and reservoir capacity by
brain single-photon emission computed tomography
(SPECT). The baseline characteristics are summarized in
Table 1. There were 10 male and 19 female patients, and the
mean age was 46.4 years (range, 21–73 years). The initial
symptoms were transient ischaemic attack (TIA) in 18 cases,
cerebral infarction in 8 cases, and intracerebral haemorrhage
in 5 cases. The Suzuki grades of the operation site were grade
2 in 3 cases, grade 3 in 15 cases, and grade 4 in 13 cases.

Surgical procedures

In our hospital, combined revascularization surgery consisting of
direct (anastomosis between the STA and cortical branch of the
MCA) and indirect (encephalodurogaleosynangiosis) surgery is
performed. After harvesting the STAwith the surrounding galea
from the scalp, craniotomy including Charter’s point is

performed [6]. The cortical branches of the MCA are recipient
vessels, excluding the arteries to the eloquent area. The donor
artery is fish mouthed, and the anastomosis is completed in an
end-to-side manner. After anastomosis, the galea flap is sutured
with incised dura margins to cover the brain [6]. After anastomo-
sis, blood flow through the bypass pedicle is examined using
Doppler ultrasound. The blood flow of the bypass is assessed
several times using Doppler ultrasound until the skin is closed.
Diagnostic tools such as intraoperative angiography, indocyanine
green (ICG) angiography, or a Charbel flow probe that are gen-
erally used as quantitative tools of Doppler ultrasound were not
available in our hospital during the study period. Brain computed
tomography (CT) is performed to detect postoperative
haemorrhaging immediately after surgery. On the first day after
surgery, all patients underwent brain computed tomography an-
giography (CTA) to evaluate the patency of anastomosis and
postoperative haemorrhage. Patients without postoperative
haemorrhage began taking aspirin (100 mg/day) to prevent
thromboembolism of the anastomosis site. Cilostazol (200 mg/
day) was empirically added to aspirin when CTA showed no
patency at the anastomosis site.

Evaluation of angiographic patency

Follow-up angiographies were performed with CTA or
transfemoral cerebral angiography (TFCA) at 1–2 weeks and
6–15 months after surgery to evaluate the patency of the anas-
tomosis. Based on the 1-day postoperative CTA results, pa-
tients who underwent bypass surgeries were divided into non-
patent anastomosis and patent anastomosis groups.

Evaluation of clinical outcomes

The patients were evaluated using the modified Rankin Scale
(mRS) score before and following surgery. The mRS is an
ordinal scale: 0 (no symptoms), 1 (no significant disability),
2 (slight disability), 3 (moderate disability), 4 (moderately
severe disability), 5 (severe disability), and 6 (dead) [12].
Primary outcomes included the frequency of TIA incidence
and the recurrence of cerebral infarction after bypass surgery.
Primary outcomes were assessed as improvement or worsen-
ing. BImprovement^ was defined as a reduction in TIA inci-
dence or no recurrence of cerebral infarction, and
Bworsening^ was defined as an increase in TIA incidence or
newly developed cerebral infarction.

Results

Surgical complications

In all except one patient, blood flow through the bypass ped-
icle was adequate by Doppler ultrasound. In the one case of

Table 1 Baseline characteristics of 29 patients with moyamoya disease

Variable No. (%)

Hemispheres/patients 31/29

Age (mean) 46.4 ± 13.3 (21~73)

Gender

Female 19 (66%)

Male 10 (34%)

Location

Rt. 9 (29%)

Lt. 22 (71%)

Preoperative Symptom

TIA 18 (58%)

Ischaemic stroke 8 (26%)

Haemorrhage 5 (16%)

Suzuki grade

2 3 (10%)

3 15 (48%)

4 13 (42%)

Recipient artery

Pre-frontal artery 1 (3%)

Pre-central artery 1 (3%)

Ant. temporal artery 8 (26%)

Middle temporal artery 6 (19%)

Post. temporal artery 3 (10%)

Angular artery 12 (39%)

TIA, transient ischaemic attack
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anastomosis failure, blood flow was not detected by Doppler
ultrasound after anastomosis. We applied an intravenous,
3000-unit, heparin loading dose and used the milking method
for the donor artery several times. We could not explore the
suture sites of the anastomosis because we were concerned
about failure of re-sutures of the anastomosis site due to the
fragile conditions of the moyamoya vessels. The patient
showed no patency of anastomosis on CTA at 1 day after
bypass surgery or on TFCA at 2 weeks after bypass surgery.
Additionally, the patient showed no neurological deteriora-
tion, such as cerebral infarction, after bypass surgery.
Surgical site infection and intracerebral haematoma after sur-
gery did not occur in any cases. Postoperative epidural
haematoma occurred in one patient without clinical symp-
toms, and CTA 1 day after surgery showed good blood flow
at the bypass site.

Angiographic outcomes

Postoperative CTA showed a patent anastomosis in 20 hemi-
spheres and a non-patent anastomosis in 11 hemispheres.
Delayed recanalization was observed in all 11 non-patent cases,
including one case of anastomosis failure. One case of anasto-
mosis recanalization was observed at 1 week after bypass sur-
gery, and ten cases of anastomosis recanalization were observed
at more than 6 months after bypass surgery. In the patent group,
delayed occlusion was not observed in follow-up angiographies.
The recanalization time of each patient is shown in Table 2.
Figure 1 shows a non-patent anastomosis immediately post-
surgery and delayed recanalization at 1 week and 2 weeks after
bypass surgery. Figure 2 shows a non-patent anastomosis imme-
diately post-surgery and 2 weeks after bypass surgery and de-
layed recanalization at 38 months after bypass surgery.

Clinical outcomes

Themean clinical follow-up duration was 47.7months (range,
29–75 months). In all cases, regardless of patency, the mRS
score remained the same or decreased in the period following
surgery compared to before surgery. In the patent group, the
mean mRS score before surgery was 1.25 (range, 1–3), and
the mean mRS score in the period following bypass surgery
was 0.6 (range, 0–2). In the non-patent group, the mean mRS
score before surgery was 1.90 (range 1–5), and the mean mRS
score in the period following bypass surgery was 1.18 (range
0–3). The Wilcoxon signed-rank test demonstrated that pa-
tients in both the patent and non-patent groups clinically im-
proved after surgery (p = 0.01 for the patent group, p = 0.04
for the non-patent group). The clinical characteristics and
changes in the mRS score of the non-patent group are shown
in Table 2.

After surgery, all patients with TIA symptoms showed a
decreased TIA incidence. Newly developed cerebral infarctions
occurred in two patients of the patent group at 10 months and
13 months after surgery. Both patients underwent bypass sur-
gery on the left side and experienced new infarction in the left
MCA–posterior cerebral artery (PCA) border zone. One patient
experienced right arm weakness, which has improved, while
the other patient showed incomplete global aphasia, which
has improved. Both patients had stopped their antiplatelet med-
ication temporally for endoscopic gastroduodenoscopy, and this
may be the cause of the new cerebral infarction.

Among 31 patients, 29 showed improvement, and 2
showed worsening. No patient in the non-patent group
showed worsening, while 2 patients in the patent group
showed worsening. Fisher’s exact test demonstrated no signif-
icant relationship between immediate postoperative patency
and the primary outcome (p = 0.53).

Table 2 Clinical characteristics and outcomes of the non-patent group

Patient Gender/
Age

Location Presentation mRS before OP Suzuki grade mRS during F/U Clinical outcome Recanalization time

1 F/32 Rt. Motor TIA 1 4 0 Improvement 12 months

2 F/39 Lt. Haemorrhage 1 4 1 Improvement 12 months

3 F/21 Lt. Motor TIA 1 4 1 Improvement 6 months

4 F/53 Lt. Motor TIA 1 3 1 Improvement 7 months

5 M/45 Lt. Infarction 3 3 3 Improvement 8 months

6 F/58 Lt. Haemorrhage 5 4 2 Improvement 15 months

7 F/52 Rt. Motor TIA 1 4 0 Improvement 7 months

8 M/57 Lt. Verbal TIA 1 4 1 Improvement 38 months

9 F/57 Lt. Haemorrhage 5 4 3 Improvement 1 week

10 F/25 Lt. Motor TIA 1 4 1 Improvement 8 months

11 F/28 Lt. Motor TIA 1 4 0 Improvement 8 months
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Fig. 2 a Non-patent anastomosis
immediately post-surgery. b Non-
patent anastomosis at 2 weeks
after bypass surgery. c Delayed
recanalization at 38 months after
bypass surgery

Fig. 1 a Non-patent anastomosis
immediately post-surgery. b
Delayed recanalization at 1 week
after bypass surgery. c Delayed
recanalization at 2 weeks after
bypass surgery
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Postoperative perfusion abnormalities

In our study, symptomatic postoperative perfusion abnormal-
ities occurred in 4 patients. All four patients were in the patent
group. One patient experienced a non-neurologic-specific
symptom of dizziness, and the other three patients experi-
enced neurologic symptoms such as aphasia or seizure. The
onset time was 3 days to 3 weeks after bypass surgery. After
symptoms developed, the patients were evaluated by perfu-
sion CT to check for postoperative perfusion abnormalities.
One patient showed postoperative hyperperfusion, and the
other three patients showed postoperative hypoperfusion. All
of the patients showed clinical improvement over time.

Discussion

Early bypass failure after extracranial-intracranial arterial by-
pass is known to occur in 4–10% of cases [10]. The outcomes
of a non-patent bypass vessel in adult MMD have not been
studied previously. In this study, we presented our results of
non-patent anastomosis immediately after bypass surgery. We
observed 11 cases of early bypass failure. However, all of
these patients showed delayed recanalization and clinical im-
provement. Therefore, early bypass failure does not always
indicate clinical deterioration or permanent angiographic fail-
ure of bypass surgery in adult MMD patients.

In our study, 11 patients who underwent 31 surgeries (35%)
showed non-patent anastomosis immediately post-surgery,
which is a higher early bypass failure rate than that reported in
the literature [4]. All bypass surgeries were performed by one
surgeon in our hospital, and the experience of the surgeon can
influence the success rate of anastomosis. Our series included all
cases of early experience of bypass surgery in adult MMD dis-
ease. The condition of the patient’s vessels, including the donor
and recipient artery, can also be considered as a reason for anas-
tomosis failure because the recipient vessel in MMD patients is
more fragile and vulnerable to manipulation injury than that in
patients with atherosclerotic disease. In particular, the Suzuki
grade was high in the non-patent group. A Suzuki grade of 4
was observed in 9 cases in the non-patent group but only in 4
cases in the patent group. For patients with a Suzuki grade of 4,
selection of the donor artery was impeded by the existing exter-
nal carotid artery (ECA)-ICA collateral. Additionally, the recip-
ient artery was nearly occluded in patients with a Suzuki grade of
4, which caused failure of anastomosis.

The present study has several limitations. First, the Doppler
ultrasound results during bypass surgery did not reflect on the
patency of the anastomosis site. Because this is not based on
quantitative data, only qualitative data. Additionally, we did
not have access to ICG angiography, intraoperative angiogra-
phy, and a Charbel flow probe during the study period.
Second, CTA was typically used to evaluate the patency of

anastomosis at 1 day after bypass surgery, but the results were
not exactly correlated with those of TFCA. However, recent
CTA studies have demonstrated primary or alternative diag-
nostic modalities for TFCA in several fields of neurovascular
diseases, including the patency of bypass surgery [7, 8].
Additionally, if no clinical symptomatic aggravation develops,
TFCA can increase the risk of thromboembolic complication
without a beneficial gain in confirming the diagnosis. Third,
the number of cases was small, and the statistical significance
of this study is not considered to be high. However, this study
is important because MMD itself is rare, and long-term fol-
low-up is not easy for patients with non-patent anastomosis
immediately post-surgery. Randomized controlled trials can
provide more significant results, but it is not possible or ethical
for adult MMD patients receiving combined bypass surgery to
be divided randomly into a patent anastomosis group and a
non-patent anastomosis group. Fourth, the study design is
retrospective, and a selection bias may exist. However, all
patients underwent bypass surgery by one neurosurgeon, and
all were followed up. Fifth, clinical outcomes were assessed
based on the mRS, the frequency of TIA incidence, and the
recurrence of cerebral infarction. Cognitive and behavioural
conditions were not considered, but these are also important
parameters; therefore, further research including these condi-
tions is necessary.

Our study showed that delayed recanalization can be divid-
ed into two groups by image studies; one group was
recanalized within 1 week after bypass surgery (n = 1), and
the other group was recanalized more than 6 months after
bypass surgery (n = 10). Our hypotheses regarding recanaliza-
tion during the perioperative period (within 2 weeks after by-
pass surgery) in non-patent patients are as follows: First, by-
pass vessels can be occluded by a fresh thrombus that is main-
ly caused by platelet aggregation at the anastomotic site.
Aspirin is considered the first choice of postoperative medica-
tion to inhibit platelet aggregation [3], and all patients were
prescribed aspirin at 100 mg per day beginning 1 day after
bypass surgery. A thrombogenic event might have occurred at
the suture sites of the anastomosis, and the occluded anasto-
mosis was subsequently recanalized, potentially due to aspirin
therapy or natural thrombolytic activity.

Second, closure of the bone graft, muscle layers, and scalp
can cause morphological changes in the initial bypass vessel
[14], even though a successful anastomosis between the donor
artery and recipient artery has occurred. We performed end-to-
side anastomosis, and the folding of the donor artery over the
recipient artery could cause acute occlusion of the anastomo-
sis. Additionally, swelling of the temporalis muscles may also
cause donor artery compression after surgery [6].
Recanalization may have occurred due to the natural recovery
of the bypass pedicle into the unfolded form, which can be
recanalized, or due to recovery of temporalis muscle swelling,
which generally occurs within 2 weeks after bypass surgery.
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Delayed recanalization at more than 6 months after bypass
surgery may be caused by the following: neoangiogenesis can
induce collateral formation after indirect revascularization,
and neoangiogenesis between the donor and recipient artery
near the occluded anastomosis may lead to formation of new
collateral vessels near the occlusion of the anastomosis,
resulting in mimicking delayed recanalization of the occluded
anastomosis more than 6 months post-bypass surgery. When
we performed bypass surgery, connective tissues around the
donor artery were removed, which is known as debanding; in
addition, the arachnoid membrane near the recipient artery
was sufficiently removed. Therefore, fewer barriers were pres-
ent to inhibit the generation of new blood vessels at the oc-
cluded anastomosis site, and the occluded bypass pedicle itself
could induce neoangiogenesis in the neighbouring occluded
anastomosis site. Neoangiogenesis from the indirect anasto-
mosis develops gradually several weeks after surgery [1].
Likewise, neoangiogenesis from the occluded bypass pedicle
may develop several weeks after surgery, which may lead to
delayed recanalization more than 6 months after bypass
surgery.

Identifying which type of surgical method is the most ef-
fective has been the subject of controversy in adult MMD [6,
13]. Recently, combined revascularization surgery has been
considered the standard treatment in symptomatic adult
MMD [1, 2, 5, 13]. Lin Wang et al. reported that indirect
bypass surgery may be more beneficial due to vascular anas-
tomosis patency, the operation time, and the hospital stay [11].
However, our results show that despite the occurrence of post-
operative occlusion following combined revascularization
surgery for adult MMD, delayed recanalization and clinical
improvement can be expected.

Conclusion

In our study, follow-up angiographies of anastomosis sites that
were not patent immediately after bypass surgery showed sat-
isfactory long-term clinical results with delayed recanaliza-
tion. Patients in the non-patent group also showed clinical
improvement after surgery. No difference in clinical courses
was observed between the non-patent and patent groups. After
combined revascularization surgery for adult MMD, despite
the absence of blood flow after anastomosis, delayed recana-
lization and clinical improvement can be expected.
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