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Clinical Article

Thirteen-year Experience of 44 Patients with Adult
Hemorrhagic Moyamoya Disease from a Single Institution:
Clinical Analysis by Management Modality
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Our objective was a retrospective assessment of the management modal-
ities that provided the most beneficial treatment in hemorrhagic moya-
moya disease during the last 13 years at our institution. The clinical re-
sults of 44 patients with hemorrhagic moyamoya disease were inves-
tigated, comparing revascularization surgery (direct, indirect, and com-
bined bypass) or conservative treatment. Angiographic features, rebleed-
ing, and clinical outcome were investigated. Six of the 35 patients
(17.1%) with revascularization surgery experienced rebleeding, as did 4 of
9 patients (44.4%) with conservative treatment. However, patients who
underwent bypass surgery had a lower chance of rebleeding. No sig-
nificant difference in chance of rebleeding was observed between bypass
surgery and non surgery groups (o > 0.05). Cerebral angiography per-
formed after bypass surgery showed that for achieving good post-
operative revascularization, direct and combined bypass methods were
much more effective (p < 0.05). While the risk of rebleeding in the re-
vascularization group was generally lower than in the conservative treat-
ment group, there was no statistically significant difference between treat-
ment modalities and conservative treatment. Although statistical sig-
nificance was not attained, direct and combined bypass may reduce the
risk of hemorrhage more effectively than indirect bypass.
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INTRODUCTION Clinically, MMD can be divided into 2 entities: juve-

Moyamoya disease (MMD) is a rare cerebrovascular
disorder characterized by progressive occlusion of the
bilateral supraclinoid internal carotid artery (ICA),
proximal middle cerebral artery (MCA), and anterior
cerebral artery (ACA), and a spontaneously devel-
oped collateral vascular network at the base of the

brain consisting of the so-called moyamoya vessels.”**)

nile and adult onset types.”’® Although angiographic
findings of these 2 types share similar characteristics,
whether adult onset MMD represents progression of
the juvenile onset form of the disease is not clear.
Clinical presentation of MMD includes ischemia and
hemorrhage in adults, as well as ischemic attacks in
children.”"® The goal of revascularization surgery for

hemorrhagic MMD is to reduce the hemodynamic
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stress on the moyamoya vessels, but also acts as secon-
dary preventive measure of stroke in the symptomatic
moyamoya vessels ipsilateral to the hemorrhage.'”"
However, the treatment that best prevents recurrent
intracranial hemorrhagic attack in the type of MMD
characterized by hemorrhage is an open question.®”*>)

Therefore, the main aim of this study is to compare
the results of 3 surgical procedures performed by 1
neurosurgeon in adult patients with hemorrhagic
MMD. Surgical outcomes were examined between 12
months and 13 years after the surgery (mean fol-

low-up time: 55.4 months).

MATERIALS AND METHODS

From 1998 to 2010, we diagnosed 44 patients with
adult MMD (over 17 years of age) with hemorrhagic
attack treated at our institution. In this series, data
from these patients' records were retrospectively
collected. With approval from the Institutional Review
Board at our hospital, 18 men and 26 women partici-
pated and completed this syudy. All patients had
hemorrhagic symptoms. The median age at the time
of diagnosis was 44.9 years (range: 17-65 years). A di-
agnosis of MMD is based on angiography following
published guidelines.? All patients were evaluated
with computed tomography (CT), CT perfusion (CTP)
and magnetic resonance image (MRI) scans. Preoperative
6 vessel angiography, including both ICAs and ex-
ternal carotid arteries (ECAs), as well as 1 or both
vertebral arteries, was performed in all patients to de-
termine the extent and severity of the disease and to
verify the presence of the superficial temporal artery
(STA). Angiographic staging of MMD was based on
Suzuki angiographic criteria.*” All patients were eval-
uated with CTP, MRI and single photon emission
computed tomography (SPECT) with acetazolamide
(Diamox) challenge. A nuclear medicine doctor who
did not participate in the surgery interpreted all
SPECT data. All patients underwent a detailed clinical

assessment as part of the evaluation as a potential
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surgical candidate. The site, hemisphere, and type of
bleeding demonstrated on CT scans at the time of the
second bleeding episode were compared to those of
the first bleeding episode.

Indications of bypass surgery included 1) clinical
symptoms are repeated due to cerebral hemorrhage
and 2) regional cerebral blood flow, vascular re-
sponse, and perfusion reserve were decreased. Patients
with exclusion criteria for revascularization surgery
had severe neurologic deficits due to hemorrhagic at-
tack such as coma or semicomatose mental status. In
this series, we performed 3 types of revascularization
surgery for MMD: direct, indirect, and combined
bypass. Direct bypass procedure was standard STA-MCA
anastomosis.” If a suitable recipient vessel could not be
procured during surgery, indirect bypass, which includes
encephalo-duro-arterio-galeo-synangiosis (EDAGS), en-
cephalo-duro-arterio-myo-synangiosis (EDAMS), and
encephalo-myo-synangiosis (EMS) was carried out as
an alternative.?”'?* Combined bypass was a combi-
nation of STA-MCA anastomosis and EDAGS, utiliz-
ing inverted STA-galeal flaps or galeal pedicles.
Efficacy of the revascularization surgery was eval-
uated with postoperative angiography performed 6 to
12 months after surgery. The change of the post-
operative angiogram was divided into 3 groups:
good, moderate, and poor. If the decrease in the num-
ber of moyamoya vessels after revascularization ex-
ceeded one third of those counted preoperatively, the
change was classified as "good". If the number of
moyamoya vessels decreased was less than one third
of those counted preoperatively, the change was de-
termined to be "moderate". If these criteria were not
met or no changes were observed, the angiographic
change was determined to be "poor". For ease of stat-
istical analysis, the angiographic changes were con-
verted into a numerical score in which good is equal
to 3, moderate is equal to 2, and poor is equal to 1.
The follow-up period was 12 to 105 months (mean of
55.4 months). We confirmed recurrent intracranial

hemorrhage and ischemic events using CT and MRI



scanning. Every patient's neurological status was eval-
uated preoperatively and postoperatively in an out-
patient department using the Rankin disability scale
(RDS).?)

The frequency of hemorrhage or ischemic events,
extent of revascularization and demographic data
were statistically analyzed using chi-square test by
treatment modality. A Rankin disability scale was
used to determine the neurological functional outcome.
The change of patient's neurological status (RDS) was
analyzed using the Wilcoxon signed rank test by
treatment modality. Freedom from recurrent hemor-
rhage and ischemic event were estimated using the
Kaplan-Meier product-limit method. SPSS software
(version 15.0, 2006, SPSS Inc., Chicago, IL, USA) was
used throughout. Null hypotheses of no difference

were rejected if p values were less than 0.05.

RESULTS

General demographic data

Among the 44 adult hemorrhagic MMD patients,
bypass surgery was performed in 35 patients (79.5%)
with 53 sides (17 patients unilaterally, 18 patients bi-
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laterally) and conservative treatment in 9 patients
(20.4%). All patients had intracranial hemorrhage.
Basal cerebral blood flow (CBF) decreased in reaction
to acetazolamide challenge in all cases. Revascularization
surgery was performed more than a month after first
hemorrhagic attack. Among the 35 surgically treated
patients, 9 patients (25.7%) underwent direct bypass,
18 patients (51.4%) underwent indirect bypass, and 8
patients (22.9%) underwent combined bypass. Table 1
shows the demographic characteristics of the patients.
The mean age was 44.9 years (range: 17-65 years). The
age category with the most patients was between 41
and 50 years. There were no significant differences in
age, preoperative clinical status (modified Rankin
Scale, mRS), or length of follow-up among patients
grouped by treatment modalities. Weakness and de-
creased mental status were the most common
symptoms. Digital subtraction angiography was per-
formed in all patients who had a confirmed moya-
moya pattern of intracranial vascular morphology. In
this study, any patients in whom the presence of
aneurysm was confirmed by 6 vessels angiography
was excluded from the study group. Suzuki's angio-

graphic staging of the 44 patients showed the follow-

Table 1. Demographic characteristics in 44 patients stratified by treatment

Direct Indirect Combined Conservative
Number of patients 9 18 8 9
Age, mean * SD, year* 46.7 £ 79 41.2 £ 84 43.1 £ 92 452 + 8.1 NS
Sex (Male/Female) 4/5 7/11 4/4 3/6
Symptom at presentation
Decreased mental status 4 6 5 6
Weakness 5 12 4 3
RDS at presentation, mean * SD* 3.6 £ 08 35+ 0.9 34 +0.7 35+ 06 NS
Suzuki grade
1 0 0 0 0
2 0 1 2 0
3 6 9 5 5
4 3 6 1 3
5 0 2 0 1
6 0 0 0 0
Follow up period* 51 £ 26.2 56.4 + 26.2 55.8 + 19.2 59.6 = 16.2 NS

*Values are expressed as the means * standard deviation. NS= statistically not significant; SD= standard deviation; RDS= Rankin disability scale.
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Table 2. Summary of the 10 patients who suffered rebleeding.

Interval from initial

Type of first

Type of QOutcome after

SIS SR bleeding Ui Sz 57 reble?e%iisr?ge{n?cfmth) rebleeding eken recurrent event
56/M ICH Direct 37 ICH+IVH Contralateral Died
43/M IVH Indirect 52 IVH Ipsilateral Severe disabled
45/F SAH+ICH Indirect 24 ICH+IVH Ipsilateral Vegetative
39/F IVH Indirect 28 IVH Ipsilateral Moderate disabled
49/M ICH+IVH Indirect 25 ICH+IVH Ipsilateral Severe disabled
43/M IVH Combined 35 ICH+IVH Contralateral ~ Vegetative
42/M ICH Conservative 37 ICH Ipsilateral Moderate disabled
57/M ICH+IVH Conservative 49 ICH+IVH Ipsilateral Moderate disabled
47/F IVH Conservative 52 IVH Ipsilateral Severe disabled
34/M IVH Conservative 98 IVH Contralateral Died

M= male; F= female; ICH= intracerebral hemorrhage; IVH= intraventricular hemorrhage; SAH= subarachnoid hemorrhage.

ing: stage II in 3 patients, stage III in 25 patients,
stage IV in 13 patients, stage V in 3 patients, and
stage VI in no patients. Stages III and IV were the

predominant angiographic finding in our series.

Type of first hemorrhage and rebleeding

The types of hemorrhage in the first hemorrhagic
event included 16 intracerebral hemorrhage (ICH), 20
intraventricular hemorrhage (IVH), 7 ICH with IVH
and 1 subarachnoid hemorrhage (SAH). Ten of 44 pa-
tients (22.7%), including 7 males and 3 females, suf-
fered rebleeding (Table 2). The interval from the ini-
tial episode of rebleeding ranged from 2 to 9 years
(mean 3.6 years): 2 years for 3 patients, from 2 to 5
years for 6 patients, and from 6 to 10 years for 2
patients. Rebleeding tended to occur within 5 years of
the initial hemorrhage. Of note, in 1 case, recurrent

hemorrhage happened more than 9 years after the ini-

tial hemorrhagic event. Types of rebleeding were as
follows: 1 ICH, 5 IVH, and 4 ICH with IVH. In 3 cas-
es, the second bleeding episode occurred in the op-
posing hemisphere compared to the first episode; in 1
case, a shift in the type of bleeding, such as from
SAH with IVH to ICH with IVH, was observed.

Hemorrhage and recurrent stroke events in hemor-
rhagic moyamoya disease

Patients were tracked for 12 to 105 months (mean:
55.4 months). Among 35 patients with revasculariza-
tion surgery, 29 patients (82.9%) had stabilization of
symptoms with no further episodes during the ob-
servation period. Six of 35 patients (17.1%) had re-
current episodes of hemorrhagic symptoms after re-
vascularization surgery. In contrast, of 9 patients in
the conservative treatment group, 4 (44.4%) experi-

enced recurrent hemorrhagic episode. The frequency

Table 3. Clinical outcomes of the 44 patients with hemorrhagic MMD stratified by treatment.

Surgical treatment Conservative
Direct bypass Indirect bypass Combined bypass treatment
Total number of patients 9 18 8 9
RDS at presentation® 36 £ 08 35 £ 09 34 £07 35 £ 06
RDS at last follow upi 22 £ 04 24 £ 05 2.1 £ 05 4.1 £ 1.2
Patients with rebleeding’ 1 (11.1%) 4 (22.2%) 1 (12.5%) 4 (44.4%)
Stroke’- free times (month)™ 703 + 7.5 774 + 58 81.1 + 9.6 418 + 37

“TNo significant difference between the groups
ischemic event. MMD= moyamoya disease.
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Fig. 1. Kaplan-Meier plots of stroke-free time demonstrates that
patients with revascularization surgery had longer stroke-free
times than those with conservative treatment, but there was
no statistical difference (o = 0.09).

of new hemorrhagic events was lower in the re-
vascularization group than the conservative treatment
group. There was no significant difference between
the groups (p = 0.101,  test). The frequency of hem-
orrhagic events following each treatment modality
was as follows: 1 of 9 patients (11.1%) treated with di-
rect bypass (p = 0.06, y-test), 4 of 18 patients (22.2%)
treated with indirect bypass (p = 0.22, )f—test), and 1
of 8 patients (12.5%) treated with combined bypass (p
= 0.18, y’-test). No statistical difference was observed
between treatment modalities and conservative treat-
ment (Table 3). According to Kaplan-Meier plots of
stroke free time, patients with revascularization sur-
gery remained stroke free longer than conservatively
treated patients. The mean stroke free times of pa-
tients in the direct bypass group were 70.3 £ 7.5
months, 77.4 + 5.8 months in the indirect bypass
group, 81.1 £ 9.6 months in the combined bypass
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group, and 41.8 + 3.7 months in the conservative
treatment group. There was no statistical difference (p
= 0.09) between revascularization and conservative

treatment groups (Fig. 1).

Final clinical status

Clinical status at the end of the study was assessed
using the RDS.* Among 35 patients who underwent
revascularization surgery, 22 patients (62.9%) had im-
provement of the RDS scores at last follow-up.
According to the bypass methods, the RDS score for
the 9 patients with direct bypass improved from 3.6
+ 08 to 22 + 04, from 35 + 09 to 24 + 0.5 in the
18 patients with indirect bypass, and from 3.4 + 0.7 to
2.1 + 0.6 in the 8 patients with combined surgery (p
< 0.05). The RDS score for the 9 patients with con-
servative treatment changed from 3.5 £ 0.6 to 4.1 £ 1.2
(p > 0.05). The RDS score improved significantly in
the revascularization surgery group, while no im-
provement was observed in the conservative treat-
ment group. Between bypass methods, no significant
difference was observed in degree of improvement. A
second hemorrhagic event resulted in 7 of 10 patients
experiencing worsening of clinical symptoms. Among
the 7 patients, 2 patients (28.6%) died, 2 (28.6%) deter-
iorated to a persistent vegetative state, and 3 (42.9%)

were severely disabled.

Complications

Clinical complications were divided into transient
neurological deficits and permanent neurological
deficits. In direct bypass group, perioperative neuro-
logical complications occurred in 2 of 9 patients
(22.2%). For the indirect bypass group, it was 3 out of
18 patients (16.7%), which included 2 transient and 1
permanent neurological deficit from cerebral infarct.
In the combined group, 1 of 9 patients (11.1%) experi-
enced transient neurological deficit. Perioperative
neurological complications tend to be slightly high in
the direct group, but there is no significant difference
among bypass groups statistically (p = 0.97, line-

ar-by-linear association). One permanent neurological
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Table 4. Angiographic change of the 35 patients with hemorrhagic moyamoya disease.

Number of surgical procedures (n = 35)

Direct (n = 9)* Indirect (n = 18) Combined (n = 8)* Total
Good 6 (66.7%) 5 (27.8%) 5 (62.5%) 15 (42.9%)
Moderate 2 (22.2%) 7 (38.9%) 2 (25%) 12 (34.2%)
Poor 1 (11.1%) 6 (33.3%) 1 (12.5%) 8 (22.9%)

*Significant decrease in moyamoya vessels and an increase in neovascularization were observed.

deficit was related to ipsilateral cerebral infarction. No
reperfusion-induced hemorrhage occurred. Perioperative
non-neurological complications such as delayed wound
healing, wound infection or subdural fluid collection
occurred in 1 patient in the direct group, 2 patients in

the indirect group and 1 patient in the combined

group.

Angiographic changes

In 35 patients with revascularization surgery, a post-
operative angiogram was obtained for all patients.
The postoperative 6 vessels angiographic changes
were as follows: direct bypass was good in 6 patients
(66.7%), moderate in 2 patients (22.2%), and poor in
1 patient (11.1%). Indirect bypass was good in 5 pa-
tients (27.8%), moderate in 7 patients (38.9%), and
poor in 6 patients (33.3%). Combined bypass was
good in 5 patients (62.5%), moderate in 2 patients
(25%), and poor in 1 patient (12.5%). Comparisons of
angiographic changes according to revascularization
surgery type showed 2.56 + 0.7 after direct bypass, 1.8
£ 0.6 after indirect bypass, and 2.76 + 0.6 in combined
bypass (Table 4). More significant decrease of moya-
moya vessels and increase of neovascularization were
observed in direct/combined bypass groups com-

pared to indirect groups (p < 0.05).

DISCUSSION

Moyamoya disease is a progressive, occlusive dis-
ease of the cerebral vasculature with particular in-
volvement of the circle of Willis that affects more
those of young age.™*

The clinical symptoms of MMD relate directly to ab-
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normal vasculature, known as Moyamoya vessels.” In
children it tends to cause recurrent cerebral ischemic
attacks or seizures. In adults it tends to cause intra-
cranial hemorrhage."” The prevalence of hemorrhage
is reported to be greater than 60% in adults, much
higher than the 10% seen in children.”” The reason for
higher prevalence in adults is not known. However,
the difference may be a result of the stability of sys-
temic hemodynamics between adult and pediatric pa-
tients, as flexibility of moyamoya vessels might be
higher in children."” In hemorrhagic MMD, whether
bypass surgery would prevent recurrent hemorrhagic
attack is an important debate, as recurrent hemor-
rhagic attacks interfere with a good long-term prognosis.
According to Kobayashi et al., in hemorrhagic moya-
moya patients recurrent hemorrhagic attack long after
the initial hemorrhage is not uncommon.') After re-
bleeding, the chance of good recovery dropped from
45.5% to 21.4%, and the mortality rate increased from
6.8% to 28.6%. Saeki et al. observed that rebleeding is
usually the same for the type of initial hemorrhage
(IVH or ICH) and occurs at a different site, even on
the contralateral hemisphere.” That the type and site
of hemorrhage changes in subsequent rebleeding
presents a major challenge in prevention of recurrent
hemorrhage. Kawaguchi et al. statistically confirmed
that direct bypass in patient with hemorrhagic MMD
may prevent the recurrent hemorrhage and ischemic
stroke and recommended direct bypass over indirect
bypass or conservative treatment for prevention of fu-
ture stroke events.'?

In our study, 6 of 35 patients (17.1%) had recurrent
episodes of hemorrhagic symptoms after revasculari-

zation surgery. In contrast, of 9 patients with con-



servative treatment, 4 patients (44.4%) experienced re-
current hemorrhagic attacks. However, as indicated in
our results, we found the risk of rebleeding tends to
be lower in the revascularization group than the con-
servative treatment group. Unfortunately, even a long
observation period of 13 years failed to reveal a rela-
tion between surgical treatment modalities and the
risk of rebleeding. A major cause for this lack of stat-
istical association is that the subjects of this study all
came from a single institution, which made the already
limited number of cases even smaller. Additionally, we
found it difficult to calculate bypass surgery's pre-
ventive effect on rebleeding based on past cases while
taking account of various biases, such as adaptation
to surgery, strict surgical indication in individual cas-
es, and surgical methods. Another cause that has been
postulated is that although direct and combined by-
pass supply an immediate blood flow with good clin-
ical outcome, supposedly because of progressive oc-
clusion of the recipient (moyamoya) artery, the direct
anastomosis alone failed to maintain enduring filling
of the MCA." These findings explain why our
study, even after 13 years of observation, did not find
a significant association between surgical treatment
modalities and risk of recurrent hemorrhage.

The goal of revascularization surgery in patients
with MMD is to prevent intracranial hemorrhage by
reducing the hemodynamic stress and the number of
moyamoya vessels. Generally, moyamoya vessels di-
minished only in only 25-60% of adults with MMD
after revascularization surgery, whereas in pediatric
cases, significant change in moyamoya vessels was
seen in 100%."""” Houkin et al. studied 35 adult
moyamoya patients and found that moyamoya vessels
decreased only 25% in patients after revascularization.”
Kawaguchi et al. reported that direct surgery is supe-
rior to indirect bypass surgery to reduce the extent
and number of moyamoya vessels."” In our series, we
analyzed the collateral formation and the decrease in
the number of moyamoya vessels on postoperative 6

vessel angiography in patients with revascularization
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surgery. Direct and combined bypass is more effective
to reduce the number of moyamoya vessels than in-
direct bypass, statistically significant (p < 0.05). Why
indirect revascularization in adult cases is not as ef-
fective remains unclear. We postulated that the extent
of the postoperative collateral circulation seemed to be
limited in indirect bypass because the operative field
was usually made along the course of the parietal branch
of the STA, compare with combined bypass which
covered the widest surgical field for revascularization.

Kobayashi et al. reported that the second bleeding
episode frequently occurred at a different site, even
on the alternate side of the brain.'") Based on this
finding, a rupture of a specific vulnerable point did
not lead to rebleeding, but rather resulted from dif-
fuse weak points of moyamoya vessels close to the
lateral ventricle. Mainly because of this randomness
and unpredictability, the effect of revascularization
surgery remains uncertain.

In our series, among 10 patients who had recurrent
episodes of hemorrhagic symptoms, 4 patients (40%)
experienced a recurrent intracranial hemorrhage with
changes in the type of bleeding and hemisphere dur-
ing the follow-up period. It seems that revasculariza-
tion surgery can supply blood flow in ischemic brain
and promote perfusion, and as a result reduce the
abnormal moyamoya vessels around the lateral
ventricles.""™" This is of great importance when con-
sidering the strategy of bypass surgery. In earlier
years, we performed bypass to only the symptomatic
hemisphere. More studies are demonstrating that re-
bleeding changes the type of bleeding and the
hemisphere. Therefore, the recommended treatment
for hemorrhagic MMD is to perform prophylactic by-
pass surgery bilaterally, maximally expose the brain
surface, and use potential tissue, such as STA, galea
pedicle, and dura mater, as widely as possible as a
source of revascularization.

Some limitations are present in our study. First of
all, ours was not a prospective randomized study and

treatment assignments were not random, which could
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lead to selection bias. Lack of generalizability or ex-
ternal validity could also be a problem as our subjects
are from a single institution. Secondly, the post-
operative evaluation period that includes analysis of
angiographic and clinical outcomes were not constant
in all patients. This presented difficulties in compar-
ing with other treatment modalities. Thirdly, there
were no strict indications of which bypass was ap-
plied for individual cases in our present study. As of
today, we have adopted exclusive use of direct and
combined methods whenever possible, as more data
showing their effectiveness have accumulated and
more advanced surgical methods have developed. We
performed the indirect bypass surgery only as an al-
ternative method when no adequate recipient artery
for STA-MCA bypass existed.

CONCLUSION

From the results of our study, although there is still
no clear evidence that revascularization surgery com-
pletely excludes chance of rebleeding in patients with
hemorrhagic MMD, a preventive effect is expected.
We statistically confirmed that both direct and com-
bined bypass were much more effective for achieving
a good extent of revascularization and decrease of
moyamoya vessels than indirect bypass. To sum up
these results, we cautiously recommend direct and
combined bypass as a choice of treatment in hemor-
rhagic MMD over indirect bypass. A long-term, large,
prospective, randomized clinical trial is needed to
clarify which surgical method is best in patients with
hemorrhagic MMD.
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