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Abstract
Background  Evidence on the natural angiographic course 
of moyamoya disease (MMD) is lacking. It takes about 
6 months for waiting for revascularisation surgery. The 
issue of when to perform subtraction angiography (DSA) 
for follow-up remains unclear. We investigated the natural 
course of MMD by DSA and attempted to determine the 
best interval to perform the follow-up DSA.
Methods  This is a single-centre cohort study of Chinese 
MMD inpatients treated from 1 January 2015 to 31 August 
2019. Their angiographic findings were evaluated on 
Suzuki stage and collateral circulation between two follow-
ups of the same hemisphere.
Results  A total of 110 patients who met the criteria were 
enrolled in this study. After a median 6 months follow-up, 
five patients (4.5%) had progression, four females and one 
male. Time interval of progression ranged from 4 to 137 
months with a mean of 61.4 months. Of five patients with 
progression, four had unilateral lesion (two ipsilateral and 
two contralateral) and one had bilateral lesions. Collateral 
circulation was changed in three of five patients.
Conclusions  The angiographic evidence of progression 
in MMD was rare in the short-term follow-up, and most 
patients with progression had initial unilateral involvement. 
DSA re-examination may be not needed in patients with 
bilateral MMD, but needed in unilateral MMD.

Introduction
Moyamoya disease (MMD) is a chronic cere-
brovascular occlusive disorder character-
ised by progressive occlusion of the internal 
carotid arteries and/or their main branches 
with compensatory of development of a basal 
collateral network.1 MMD is an uncommon 
cerebrovascular disease, but it is the leading 
cause of stroke in children and young adults 
among Japan, Korea and China.2 3 According 
to the presentation of MMD, there are two 
main phenotypes of MMD in the Eastern 
countries: ischaemic and haemorrhagic type.4

The current goals of managing MMD are to 
improve neurological/neurocognitive func-
tion and prevent ischaemic stroke.3 5 In spite 
of some controversy, surgical revascularisation 
is currently considered as the most effective 

treatment for MMD. Beijing Tiantan Hospital 
is one of the major referral centres for MMD 
in China. Because of the limited medical 
resources and large number of patients with 
MMD, a 6-month waiting is needed before 
the revascularisation surgery can be sched-
uled. The dilemma, therefore, is when will 
be appropriate to perform a digital subtrac-
tion angiography (DSA) during this period, 
of if DSA re-examination is actually needed. 
Therefore, understanding the progression 
of MMD is crucial. Recently, clinical course 
of haemorrhagic MMD has been well docu-
mented,6–9 However, the use of DSA to follow 
the progression of MMD has rarely been 
reported. We conducted this retrospective 
study to examine the 6-month progression of 
MMD by DSA.

Methods
This is a single-centre retrospective study. Data 
on Chinese MMD inpatients treated at Beijing 
Tiantan Hospital, Capital Medical University 
from 1 January 2015 to 31 August 2019 was 
reviewed. Patients met the following criteria 
was included in this study: (1) diagnosis of 
MMD by DSA according to the Japanese guide-
lines published in 201210; (2) received at least 
two DSA examinations before the surgical 
revascularisation; (3) received no craniotomy 
(including decompressive craniectomy, ipsi-
lateral and contralateral hemisphere surgical 
revascularisation) and (4) patients were not 
in the acute stage of stroke. Patients with 
moyamoya syndromes (moyamoya phenom-
enon caused by conditions such as meningitis, 
neurofibromatosis and Down’s syndrome) 
were excluded.11

Information on patient sex, age, risk 
factors, such as hypertension, smoking, 
diabetes, alcohol use, hyperlipidaemia and 
thyroid disease, was tabulated. The clinical 
course was followed by clinic visits and tele-
phone interviews. Stroke was defined as a new 
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Table 1  Patientcharacteristics

Characteristics No of patients

No of patients 110

Female:male ratio 53/57

Median (IQR), y 39 (30–47)

Family history, no (%) 3 (2.7)

History of risk factors, no (%)

 � Hypertension 37 (33.6)

 � Smoking 18 (16.4)

 � Diabetes 12 (10.9)

 � Alcohol use 10 (9.1)

 � Hyperlipidaemia 6 (5.5)

 � Thyroid disease 5 (4.5)

Initial clinical manifestation, no (%)

Ischaemic type 66 (60.0)

 � Infarction 44 (40.0)

 � TIA 22 (20.0)

Haemorrhagic type 44 (40.0)

 � IVH 19 (17.3)

 � ICH+IVH 11 (10.0)

 � ICH 9 (8.2)

 � SAH 5 (4.5)

Bilateral lesions, no (%) 89 (80.9)

ICH, intracranial haemorrhage; IVH, intraventricular haemorrhage; 
SAH, subarachnoid haemorrhage; TIA, transient ischaemic attack.

neurological deficit that persisted for more than 24 hours 
and associated with a new infarct or haemorrhage on MRI 
or CT imaging. Radiological data were evaluated blindly 
by two neurosurgeons and one radiologist. Suzuki stage, 
collateral circulation and aneurysm were documented. 
Discrepancies on the radiological findings were discussed 
before a final decision was made. Collateral circulation 
was evaluated by the following method.12 On lateral views 
of vertebrobasilar artery angiograms, the leptomeningeal 
collateral networks from the posterior cerebral artery 
(PCA) territory to the anterior cerebral artery (ACA) 
territory:13 (1) one point: blood supply to the cortical 
border zone between the ACA and PCA territory; (2) 
two points: blood supply over the central sulcus via the 
posterior pericallosal artery. On anteroposterior view of 
vertebrobasilar artery angiograms, the leptomeningeal 
collateral networks from the PCA territory to the middle 
cerebral artery (MCA) territory: (1) one point: the anas-
tomoses of the anterior temporal branches of PCA and 
MCA or the parieto-occipital PCA anastomoses to MCA; 
(2）two points: blood supply extended into the Sylvian 
fissure and (3）three points: blood supply extended into 
the occlusion within the M1 or proximal M2 segments.

Statistical analyses
All analyses was carried out by using the IBM SPSS statis-
tical software (V.23.0). Ordinal categorical variables were 
compared with paired Wilcoxon rank-sum test. Cumu-
lative stroke risk was performed using Kaplan-Meier 
methods using a log-rank test. Differences with a p value 
of 0.05 or less were defined as statistically significance.

Results
Patient characteristics
A total of 110 patients (220 hemispheres) were enrolled 
in this study. The female to male ratio was 1.0:1.1, and the 
median age at the diagnosis was 39. Of the 110 patients, 
2 (2.7%) had a familial history, 37 (33.6%) had a history 
of hypertension, 18 (16.4%) had a history of smoking, 12 
(10.9%) had diabetes, 12 (9.1%) had a history of alcohol 
use, 6 (5.5%) had hyperlipidaemia and 5 (4.5%) had 
thyroid disease (table 1).

The initial clinical manifestations were divided into 
two groups, ischaemic (66 patients) or haemorrhagic (44 
patients), respectively. Of the 66 patients in the ischaemic 
group, 44 (66.7%) presented with infarction, and 22 
(33.3%) had a transient ischaemic attack. Of 44 patients 
in the haemorrhagic group, 19 (43.2%) had an intraven-
tricular haemorrhage (IVH), 11 (25.0%) had intracranial 
haemorrhage (ICH) with IVH, 9 (20.5%) had only ICH 
and 5 (11.3%) had subarachnoid haemorrhage.

The angiographic course of MMD
Of 110 patients, 21 (19.1%) had unilateral lesion and 
89 (80.9%) had bilateral lesions. Of 21 patients with an 
unilateral lesion, 12 had right-sided involvement and 9 
left-sided involvement. The distribution of the initial 
Suzuki stage was as follows: stage 0, n=21 (9.5%); stage 

1, n=13 (5.9%); stage 2, n=48 (21.8%); stage 3, n=65 
(29.5%); stage 4, n=45 (20.5%); stage 5, n=17 (7.7%); 
stage 6, n=11 (5.0%). The distribution of the initial collat-
eral circulation was as follows: PCA-ACA: 0 point, n=48 
(21.8%); 1 point, n=43 (19.5%); 2 points, n=129 (58.6%). 
PCA-MCA: 0 point, n=42 (19.1%); 1 point, n=40 (18.2%); 
2 points, n=45 (20.5%); 3 points, n=68 (30.9%); 4 points, 
n=25 (11.4%). And eight aneurysms were observed in 
eight hemispheres (table 2).

After a median 6 months follow-up, of these 110 
patients, progression was identified only in five patients 
(4.5%). Four patients were female (table  3). Time 
interval of progression ranged from 4 to 137 months. 
Of five patients with progression, four had unilateral 
lesion and one bilateral (figure 1). Of four patients with 
unilateral involvement, two had contralateral progression 
(figure 2), and the other two ipsilateral. Collateral circu-
lation was changed with progression of disease, three of 
five patients changed collateral circulation with progres-
sion of disease. And two anterior choroidal artery aneu-
rysms disappeared in the follow-up DSA (figure 3).

Natural clinical course of MMD
There were a total of 38 new events (16 infarctions and 22 
haemorrhages) in 34 patients (table 4). Four patients had 
two strokes. In the ischaemic group, the strokes occurred 
in 18 of 66 patients (27.3%); In the haemorrhagic group, 
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Table 2  Radiologic profiles of 220 hemispheres

Characteristics Initial DSA Second DSA Z or χ2 P value

Suzuki stage, no (%) −2.060 0.039

 � 0 21 (9.5) 19 (8.6)

 � 1 13 (5.9) 13 (5.9)

 � 2 48 (21.8) 48 (21.8)

 � 3 65 (29.5) 63 (28.6)

 � 4 45 (20.5) 48 (21.8)

 � 5 17 (7.7) 18 (8.2)

 � 6 11 (5.0) 11 (5.0)

Collateral circulation, no (%)

 � PCA-ACA −1.000 0.317

  �  0 point 48 (21.8) 48 (21.8)

  �  1 point 43 (19.5) 42 (19.1)

  �  2 points 129 (58.6) 130 (59.1)

 � PCA-MCA −1.633 0.854

  �  0 point 42 (19.1) 41 (18.6)

  �  1 point 40 (18.2) 39 (17.7)

  �  2 points 45 (20.5) 45 (20.5)

  �  3 points 68 (30.9) 70 (31.8)

  �  4 points 25 (11.4) 25 (11.4)

Aneurysm, no (%) 8 (3.6) 6 (2.7) 0.394 0.530

ACA, anterior cerebral artery; DSA, digital subtraction angiography; MCA, middle cerebral artery; PCA, posterior cerebral artery.

Table 3  Summary of five patients with progression of MMD

Cases Age/sex

Vascular 
risk 
factors

Initial clinical 
manifestations

Suzuki 
stage
(initial 
DSA)

PCA-
ACA
(initial 
DSA)

PCA-
MCA
(initial 
DSA)

No of mons 
btwn initial 
to second 
DSA

Suzuki 
stage
(second 
DSA)

PCA-
ACA
(initial 
DSA)

PCA-
MCA
(initial 
DSA)

1 19/F – IVH L(3)R(0) L(2)R(1) L(4)R(1) 100 L(3)R(1) L(2)R(2) L(4)R(3)

2 35/F HP TIA L(5)R(0) L(2)R(1) L(4)R(0) 137 L(5)R(5) L(2)R(1) L(4)R(1)

3 10/F – TIA L(3)R(4) L(2)R(2) L(1)R(3) 29 L(4)R(4) L(2)R(2) L(3)R(3)

4 28/M – Stroke L(2)R(0) L(1)R(0) L(1)R(0) 4 L(4)R(0) L(1)R(0) L(1)R(0)

5 32/F – TIA L(3)R(0) L(0)R(0) L(1)R(0) 37 L(4)R(0) L(0)R(0) L(1)R(0)

ACA, anterior cerebral artery; DSA, digital subtraction angiography; F, female; HP, hypertension; IVH, intraventricular haemorrhage; M, male; 
MCA, middle cerebral artery; MMD, moyamoya disease; PCA, posterior cerebral artery; TIA, transient ischaemic attack.

the strokes occurred in 16 of 44 patients (36.4%). Stroke 
events occurred more frequently in the haemorrhagic 
group than ischaemic group (36.4% vs 27.3%). However, 
there was no statistically significant difference in the 
Kaplan-Meier curve of stroke free between ischaemic 
and haemorrhagic types of MMD (figure 4A). Among 18 
patients with recurrent strokes in the ischaemic group, 
there were 14 ischaemic and 5 haemorrhagic strokes. 
Among 16 patients with recurrent stroke in the haem-
orrhagic group, there were 2 ischaemic and 17 haemor-
rhagic strokes. The incidence of haemorrhagic strokes 
in the haemorrhagic group was higher than that in the 
ischaemic type group, and the incidence of ischaemic 

stroke in the ischaemic group was higher than that in 
the haemorrhagic type group. In patients with progres-
sion, the strokes occurred in two of five patients (40%). 
In patients without progression, the strokes occurred 
in 32 of 105 patients (30.5%). There was no statistically 
significant difference in stroke risks between two groups 
(figure 4B).

Discussion
This study investigated the angiographic course of MMD 
with a relatively large number of patients. We gained 
valuable information about the angiographic features of 
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Figure 1  (A) Anteroposterior view of internal carotid in the 
initial DSA. (B) Lateral view of internal carotid in the initial 
DSA. (C) Progression in anteroposterior view of internal 
carotid in the second DSA. (D) Progression in lateral view of 
internal carotid in the second DSA. DSA, digital subtraction 
angiography.

Figure 2  (A) Anteroposterior view of internal carotid in the 
initial DSA. (B) Progress in anteroposterior view of internal 
carotid in the second DSA. (C) Progression in anteroposterior 
view of internal carotid in the third DSA. (D) Anteroposterior 
view of vertebrobasilar artery in the initial DSA. (E) Progress 
in anteroposterior view of vertebrobasilar artery in the second 
DSA. (F) Progress in anteroposterior view of vertebrobasilar 
artery in the third DSA. DSA, digital subtraction angiography.

Figure 3  (A) Anteroposterior view of internal carotid in the 
initial DSA. (B) Lateral view of internal carotid in the initial 
DSA. (C) Anteroposterior view of internal carotid in the 
second DSA. (D) Lateral view of internal carotid in the second 
DSA. DSA, digital subtraction angiography.

Table 4  Stroke events in each group

Group

Patients 
with 
recurrent 
stroke

Ischaemic 
stroke

Haemorrhagic 
stroke

All patients 34 16 22

Ischaemic type group 18 14 5

Haemorrhagic type 
group

16 2 17

Patients with 
progression

2 1 2

Patients without 
progression

32 15 20

MMD. Angiographic progression in MMD was rare, only 
in five patients (4.5%). And most patients (four of five 
patients) with progression had initial unilateral involve-
ment, with one bilateral. Furthermore, collateral circula-
tion was changed with progression of disease.

Natural clinical course of MMD has been well docu-
mented, especially in haemorrhagic type of MMD.6–9 14–17 
Kobayashi et al conducted a study of natural history of 

42 patients with haemorrhagic MMD and found that 
the annual rebleeding rate was 7.09%/person/year, and 
the hemisphere and type of haemorrhage may change.7 
Morioka et al performed long-term observation of 36 haem-
orrhagic patients with MMD and found that rebleeding 
was the most important factor in unsatisfactory outcomes, 
and rebleeding was age related (46–55 years).14 Cho et 
al performed a natural clinical course of haemodynami-
cally stable adult MMD and found that the annual stroke 
rate was 4.3% per person per year, and the stroke type 
tended to correspond to their initial presentation.8 In our 
study, we also found that the incidence of haemorrhagic 
strokes in the haemorrhagic group was higher than that 
in the ischaemic group, and the incidence of ischaemic 
stroke in the ischaemic group was higher than that in the 
haemorrhagic group. Recently, Kim et al found that the  on M
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Figure 4  The Kaplan-Meier estimate of follow-up stroke event in each group. (A) Kaplan-Meier cumulative hazard curve for 
stroke recurrence comparing ischaemic type and haemorrhagic-type group. (B) Kaplan-Meier cumulative hazard curve for 
stroke recurrence comparing patients with progression and patients without progression.

presence of IVH was a significant risk factor for recur-
rent haemorrhage.9 Takahashi et al found that patients 
with posterior-type haemorrhage were at higher risk of 
rebleeding.18 And our previous study had found that the 
annual incidence of stroke was 4.5% per person per year, 
smoking was a risk factor for rebleeding, and hyperten-
sion was associated with increased mortality.6

Paucity of study monitored the natural angiographic 
course of MMD by using DSA.19 There were only a few 
studies about unilateral MMD.20–22 Park et al performed 
a study of 34 paediatric patients with unilateral MMD 
by using MR angiography and found that 20 patients 
(58.8%) progressed to bilateral disease.19 Kelly et al found 
that contralateral progression in the adult form MMD 
occurred more commonly than previously reported.22 
Our previous study showed that 16.5% of adult patients 
with MMD had contralateral progression.22 23 Takahashi 
et al conducted long-term follow-up angiography of 11 
patients with MMD and found that the progression of 
angiographical stages was observed in 95% of sides.19 
In this study, we found that angiographic progression 
in MMD was rare in the short-term follow-up, which was 
identified only in five patients (4.5%). And most patients 
(four of five patients) with progression had initial unilat-
eral involvement, and only one had initial bilateral lesions. 
These findings reminded us that a second DSA examina-
tion may be not necessary for patients with initial bilateral 
lesions in the short term, brain CT angiography or MR 
angiography may be sufficient. However, for patients with 
initial unilateral MMD, careful and long-term follow-up 
would be essential to evaluate the progression of disease. 
Interestingly, we found that three of five patients changed 
collateral circulation with progression of disease, which 
indicated that collateral circulation can change with the 
progression of disease. Collateral circulation may influ-
ence the therapeutic prognosis.12

This study has some limitations. First, this study was a 
non-randomised, retrospective and single-centre study, 
so selection bias could exist. Second, the time from the 
initial DSA to second DSA was not long enough to eval-
uate the natural angiographic course of MMD, however, 
this situation may be more natural in the clinical setting. 
Third, follow-up DSA was not routinely performed for 
most of patients, only a few patients received a second 
DSA, selection bias may exist.

Conclusions
The angiographic evidence of progression in MMD was 
rare in the short-term follow-up, and most patients with 
progression had initial unilateral involvement. DSA re-ex-
amination may not be needed for patients with bilateral 
MMDs, but needed for unilateral MMDs.
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