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T
he Japan Adult Moyamoya (JAM) Trial was a 
unique randomized controlled trial demonstrating 
the effectiveness of direct bypass surgery for hem-

orrhagic moyamoya disease.10 Prespecified subgroup anal-
ysis of the trial results demonstrated that posterior hemor-

rhage—a hemorrhage located in the thalamus, atrium, or 
other structure located in the posterior half of the brain—
is a significant predictor of rebleeding in moyamoya dis-
ease.14 The risk of rebleeding after posterior hemorrhage 
is surprisingly high: the annual rebleeding rate is 17.1% 

ABBREVIATIONS CI = confidence interval; JAM = Japan Adult Moyamoya; OR = odds ratio; PCA = posterior cerebral artery.
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OBJECTIVE In this paper, the authors set out to identify the angiographic features of moyamoya disease with posterior 
hemorrhage, which is a strong predictor of rebleeding.

METHODS This cross-sectional study used the data set of the Japan Adult Moyamoya Trial (clinical trial registration no.: 
C000000166 [www.umin.ac.jp/ctr/index.htm]). The panel designed the ancillary measurement of angiography at onset, 
classifying the collateral vessels into 3 subtypes: lenticulostriate anastomosis, thalamic anastomosis, and choroidal 
anastomosis. The association between each collateral and the hemorrhage site (anterior vs posterior) was assessed in 
the hemorrhagic hemisphere by using multivariate adjustment for potential confounders, including age, sex, and involve-
ment of the posterior cerebral artery (PCA). The association was confirmed through topographical analysis of bleeding 
points.

RESULTS Among the 80 participants, 75 hemorrhagic hemispheres of 75 patients were analyzed. Lenticulostriate 
anastomosis was detected in 21 (28.0%) hemorrhagic hemispheres, thalamic anastomosis in 22 (29.3%), and choroi-
dal anastomosis in 35 (46.7%). Choroidal anastomosis was a factor associated with posterior hemorrhage (OR 2.77 
[95% CI 1.08–7.10], p = 0.034) and remained statistically significant after the multivariate adjustment (OR 2.66 [95% CI 
1.00–7.07], p = 0.049). PCA involvement was also associated with posterior hemorrhage in both univariate and multivari-
ate analyses. Topographical analysis revealed good correspondence between bleeding points associated with positive 
choroidal anastomosis and the anatomical distribution of the choroidal arteries, including the thalamus and the wall of 
the atrium.

CONCLUSIONS Choroidal anastomosis and PCA involvement are characteristic of posterior hemorrhage in moyamoya 
disease. Choroidal anastomosis might be considered a potential source of posterior hemorrhage at high risk of rebleeding.

https://thejns.org/doi/abs/10.3171/2016.11.JNS161650
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after nonsurgical treatment, with the 5-year risk exceeding 
50%.14 It remains unclear, however, why posterior hemor-
rhage is associated with such a high rebleeding risk.

An assumed cause of hemorrhage is the rupture of the 
fragile collateral vessels, typical of moyamoya disease, 
derived from the lenticulostriate artery, thalamic artery, or 
choroidal artery.3,5,11 Given that the higher rebleeding risk 
associated with posterior hemorrhage is attributable to the 
diversity of the collaterals, certain collaterals at high risk 
of rupture are most likely to be distributed posteriorly. One 
cross-sectional study indicated that the collaterals from 
the thalamic perforators or choroidal arteries are likely 
to be associated with such high risk.11 The topographical 
relationship between these collaterals and the hemorrhage 
site, however, has rarely been investigated. Furthermore, 
apart from several pioneering works, few studies have ad-
dressed the systematic angiographic classification of frag-
ile collaterals in moyamoya disease.11

The hypothesis of the present analysis is that collater-
als derived from the thalamic or choroidal artery are re-
sponsible for posterior hemorrhage. To test the hypothesis, 
the JAM Trial group developed an original angiographic 
classification of collaterals and conducted analyses to de-
termine which type of collateral vessel was associated 
with posterior hemorrhage. Furthermore, we performed 
qualitative, topographical analyses to confirm whether 
the bleeding points of posterior hemorrhage actually cor-
responded to the areas where the responsible collaterals 
were distributed.

Methods
The study was approved by the ethics committees of all 

participating centers and was registered with the Univer-
sity Hospital Medical Information Network Clinical Tri-
als Registry (clinical trial registration no.: C000000166 
[www.umin.ac.jp/ctr/index.htm], 2005).

Participants and Setting

This ancillary cross-sectional study used the data set 
available at the time of enrollment in the JAM Trial. De-
tailed information on participant and setting of the JAM 
Trial has been presented elsewhere.10 Participants were 
recruited from 22 centers: 14 academic, 5 national or pub-
lic, and 3 private. Patients with moyamoya disease were 
eligible for the study if they had experienced intracranial 
hemorrhage within 12 months before randomization, were 
16–65 years old, were independent in daily life (modi-
fied Rankin Scale Score 0–2), had completed acute-phase 
treatment at least 1 month before randomization, and had 
been free from ischemic/hemorrhagic attack for at least 1 
month. Patients with ruptured aneurysms on the circle of 
Willis were excluded. Moyamoya disease was diagnosed 
according to the guidelines proposed in 1997.2

Classification and Measurement of Collaterals
The primary factor of interest in the present analysis 

was the presence of abnormal collateral vessels in the 
basal and periventricular regions. These abnormal vessels 
were measured using angiography results obtained at the 
time of hemorrhage onset. An expert panel, assembled for 

the present analysis, developed an angiographic classifi-
cation system and grading for basal and periventricular 
collaterals (Fig. 1). This angiographic classification was 
based on the system proposed by Morioka et al. in 200311 
but was modified to reflect a recent discovery regarding 
the periventricular collateral system observed on MRI.3,5 
Collateral vessels were classified into 3 types: lenticulo-
striate anastomosis, thalamic anastomosis, and choroidal 
anastomosis. The panel, not apprised of other clinical in-
formation, recorded the presence or absence of each type 
of collaterals in each hemisphere according to the criteria 
outlined below.

Lenticulostriate Anastomosis

Lenticulostriate anastomosis resembles so-called moy-
amoya vessels but is more specifically defined (Figs. 1A 
and 2A). This type is anatomically defined as an anasto-
mosis between the lenticulostriate artery and the medial 
end of the medullary artery, serving as a supply route to 
the cortex. A positive angiographic indicator of lenticulo-
striate anastomosis is extreme dilation and extension of 
the lenticulostriate arteries with at least 1 artery extend-
ing beyond the level of the pericallosal artery in the lat-
eral view. In such a situation, the lenticulostriate arteries 
are considered to connect to the medullary arteries at the 
lateral corner of the lateral ventricle because the position 
of the pericallosal artery approximates the upper margin 
of the lateral ventricle. In the anteroposterior view, this 
anastomosis is typically observed as long, laterally curved 
arteries with a sharp inflection at their peripheral portion 
(Fig. 2A upper).

Thalamic Anastomosis

Thalamic anastomosis is defined as an anastomosis be-
tween the thalamic perforator and the medial end of the 
medullary artery or the insular artery, serving as a supply 
route to the cortex (Figs. 1B, 2B, and 2C). The thalamo-
tuberal artery, arising from the posterior communicating 
artery, and thalamoperforating artery, arising from the 
posterior cerebral artery (PCA), are the origins of such 
an anastomosis. A positive angiographic indicator of tha-
lamic anastomosis is extreme dilation and extension of the 
thalamic perforators with at least 1 perforator extending 
beyond the position of the medial posterior choroidal ar-
tery in the lateral view. In such a situation, the thalamic 
perforators are reasonably considered to extend beyond 
the thalamus to connect to the medullary arteries because 
the position of the medial posterior choroidal artery ap-
proximates the upper margin of the thalamus.

Choroidal Anastomosis

Choroidal anastomosis is typically defined as an anas-
tomosis between the choroidal artery and the medial end 
of the medullary artery (Figs. 1C and 2D). Both the ante-
rior and lateral posterior choroidal arteries can serve as 
the origin of such an anastomosis. A positive angiographic 
(lateral view) indicator of choroidal anastomosis is ex-
treme dilation and extension of the choroidal artery with 
sudden deviation from the shape of the lateral ventricle 
at its peripheral portion to connect to the medullary ar-
tery. In the anteroposterior view, this collateral is similar 
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to lenticulostriate anastomosis in that it has a typical sharp 
inflection laterally (Fig. 2D upper). Another positive indi-
cator is the extreme extension of the anterior choroidal or 
lateral posterior choroidal artery beyond the atrium of the 
lateral ventricle to reach the body of the lateral ventricle. 
Regarding the medial posterior choroidal artery, anasto-
mosis is considered positive when the artery connects to 
the pericallosal artery by penetrating the corpus callosum.1

Other Variables

The location of hemorrhage, which had been classified 
as either anterior or posterior according to CT findings 
before randomization, was the primary dependent vari-
able in the present analysis. The definition of anterior and 
posterior hemorrhages has been described elsewhere.14 In 
brief, an anterior hemorrhage is defined as being located 
in the putamen, caudate head, frontal lobe, anterior half of 
the temporal lobe, subependymal area of the anterior part 
of the lateral ventricle, and anterior half of the corpus cal-
losum. A posterior hemorrhage is defined as being located 
in the thalamus, posterior half of the temporal lobe, pari-
etal lobe, occipital lobe, subependymal area of the poste-
rior part of the lateral ventricle including the atrium, and 
posterior half of the corpus callosum.

An expert panel additionally categorized the location 
of the bleeding point of each hemorrhage as either right 
sided or left sided according to the CT findings at onset 
and MRI scans if available. This categorization was done 
separately by a different panel to minimize information 
bias. Each bleeding point was plotted on a schematic ax-
ial-slice brain template for analysis of the topographical 
relationship between the hemorrhage site and collaterals.

The following baseline data were collected: age, sex, 
presence of risk factors (hypertension, diabetes, and hy-
perlipidemia), and history of ischemic event or hemor-
rhagic stroke. Disease severity was defined according to 
the Suzuki stage,13 and the involvement of the PCA, a can-
didate for a potential confounder, were also measured with 
angiography at onset. PCA involvement was defined as the 
presence of occlusion or stenosis greater than 50% in the 
P1–P3 segments of the PCA with decreased delineation of 
the cortical arteries.4 Suzuki stage and PCA involvement 
were recorded for each hemisphere.

Statistical Analysis

Information on the hemorrhagic hemisphere (the hemi-
sphere in which the hemorrhage had supposedly occurred 
in each patient) was extracted for the statistical analysis 

FIG. 1. Schematic illustration showing angiographic definition of lenticulostriate (A), thalamic (B; dotted lines represent the medial 
posterior choroidal artery), and choroidal (C) anastomoses. The gray area indicates the ventricle. *Includes collaterals from the 
posterior choroidal artery. The panels to the left of the dashed vertical line are representative of a carotid artery angiogram, and 
those to the right of this line are representative of a vertebral artery angiogram. a. = artery; ChA = choroidal artery; ICA = internal 
carotid artery; LSA = lenticulostriate artery; MedA = medullary artery; MPchA = medial posterior choroidal artery; PCA = posterior 
cerebral artery; PcomA = posterior communicating artery; TPA = thalamoperforating artery; TTA = thalamotuberal artery; VA = 
vertebral artery.
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(Fig. 3). Patients in whom the hemorrhagic hemisphere 
could not be determined were excluded from the analysis. 
The association between the type of collateral and the lo-
cation of hemorrhage was estimated as an odds ratio (OR) 
for posterior hemorrhage relative to anterior hemorrhage. 
As for comparison of the baseline characteristics, the t-
test, chi-square test, and Mann-Whitney U-test were used 
as appropriate. Multiple logistic regression models were 
used for multivariate adjustment of confounders. Two-sid-
ed values of p < 0.05 or 95% confidence intervals (CIs) not 

including 1 were considered significant. All analyses were 
performed with IBM SPSS Statistics Desktop, (version 22, 
IBM Software Group).

Results
Among the total of 80 patients enrolled in the JAM 

Trial, 4 were excluded from the present analysis because 
the hemisphere in which their hemorrhage occurred could 
not be determined; specifically, in 3 of these patients the 
hemorrhage occurred on the midline and in the remaining 
patient the diffusely distributed intraventricular hemor-
rhage occurred in the bilateral ventricles. Another patient 
was excluded because the original angiography study ob-
tained in that patient had been lost. Accordingly, 75 hem-
orrhagic hemispheres in 75 patients were included in the 
actual analysis (Fig. 3). These 75 hemispheres comprised 
38 right and 37 left hemispheres and accounted for 42 an-
terior and 33 posterior hemorrhages.

Twenty-eight (37.3%) hemispheres exhibited only 1 
type of anastomosis, 19 (25.3%) exhibited 2 types, and 
4 (5.3%) exhibited all 3 types. No anastomoses were de-
tected in 24 hemispheres (32.0%). Lenticulostriate anasto-
mosis was detected in 21 (28.0%) hemispheres, thalamic 
anastomosis in 22 (29.3%), and choroidal anastomosis in 
35 (46.7%). PCA involvement was observed in 24 (32%) 
hemorrhagic hemispheres.

FIG. 2. Typical angiographic findings of lenticulostriate (A), thalamic (B and C), and choroidal (D) anastomoses. Anteroposte-
rior and lateral views are shown in the upper row and lower row, respectively. The origins of thalamic anastomoses include the 
posterior communicating (B) and posterior cerebral (C) arteries. The perforating or choroidal arteries are indicated by arrows; the 
medullary arteries are indicated by arrowheads.

FIG. 3. Flow diagram for inclusion.
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Association Between Collaterals and Posterior 
Hemorrhage

Table 1 summarizes the baseline characteristics of 75 
patients with an anterior or posterior hemorrhage. No sig-
nificant differences in baseline characteristics were ob-
served between the 2 groups.

In the univariate analysis, choroidal anastomosis and 
PCA involvement were significantly associated with pos-
terior hemorrhage (Fig. 4). The ORs of choroidal anas-
tomosis and PCA involvement for posterior hemorrhage 
were 2.77 (95% CI 1.08–7.10) and 3.06 (95% CI 1.12–
8.36), respectively. Although the OR of thalamic anasto-
mosis also exceeded 1, the association between thalamic 
anastomosis and posterior hemorrhage was not significant 
(OR 1.41 [95% CI 0.52–3.82]). In contrast, the OR of len-
ticulostriate anastomosis was less than 1 (OR 0.94 [95% 
CI 0.34–2.59]).

The estimate of each collateral was adjusted by 3 pos-
sible confounders—sex, age, and PCA involvement—with 
separate multiple logistic regression models (Table 2). 
Choroidal anastomosis remained statistically significant 
after the adjustment (OR 2.66 [95% CI 1.00–7.07], p = 
0.049). PCA involvement also remained statistically sig-
nificant in the model incorporating choroidal anastomosis 
(OR 2.92 [95% CI 1.01–8.46], p = 0.049; not shown).

Topographical Analysis

Figure 5A presents a plot of all bleeding points of pos-
terior hemorrhage. Bleeding points associated with posi-
tive thalamic and/or choroidal anastomosis are separately 
shown in Figs. 5B–D. For ease of recognition, all bleeding 
points are depicted in the left hemisphere.

Generally, among all posterior hemorrhages, the bleed-
ing points associated with positive choroidal anastomosis 
were most likely to be distributed posteriorly (Fig. 5B). 
Furthermore, the distribution corresponded closely to the 
anatomical distribution of the anterior and lateral poste-
rior choroidal arteries: the posterior limb of the internal 
capsule, posterolateral part of the thalamus (pulvinar), and 
the wall of the atrium of the lateral ventricle. A bleeding 
point was located at the corpus callosum.

Of 4 bleeding points associated with positive thalamic 
anastomosis, 2 were located at the wall of the body of the 
lateral ventricle and 2 were at the wall of the atrium (Fig. 
5C). Of 7 bleeding points associated with both thalamic 
and choroidal anastomoses, 4 were located at the thala-

FIG. 4. Graphic display of univariate ORs for posterior hemorrhage.

TABLE 1. Baseline variables in 75 patients with 75 hemorrhages

Variable

Anterior 

Hemorrhage

Posterior 

Hemorrhage

p 

Value

No. of hemispheres 42 33

Mean age ± SD, yrs 41.2 ± 11.3 42.7 ± 11.7 0.587

Female sex 15 (35.7) 9 (27.3) 0.437

Hypertension 8 (19.0) 7 (21.2) 0.816

Diabetes mellitus 2 (4.8) 1 (3.0) 0.704

Hyperlipidemia 2 (4.8) 2 (6.1) 0.803

History of ischemic event 11 (26.2) 10 (30.3) 0.694

History of hemorrhagic stroke 2 (4.8) 6 (18.2) 0.062

Suzuki stage

 1 0 0

 2 2 (4.8) 0

 3 13 (31.0) 9 (27.3)

 4 21 (50.0) 14 (42.4)

 5 6 (14.3) 10 (30.3)

 6 0 0

 Median score (IQR) 4 (3–4) 4 (3–5) 0.134

Values are presented as the number of patients (%) unless stated otherwise.

TABLE 2. Multivariate-adjusted ORs for posterior hemorrhage

Type of 

Anastomosis

Crude Multivariate Adjustment*

OR

95%  

CI

p 

Value OR

95%  

CI

p 

Value

Lenticulostri-

ate

0.94 (0.34–2.59) 0.901 0.83 (0.26–2.59) 0.743

Thalamic 1.41 (0.52–3.82) 0.501 1.03 (0.34–3.08) 0.963

Choroidal 2.77 (1.08–7.10) 0.034 2.66 (1.00–7.07) 0.049

* The multivariate adjustment model was adjusted for sex, age (continuous 

variable), and PCA involvement (yes/no).
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mus, 2 were at the wall of the body of the lateral ventricle, 
and 1 was at the wall of the atrium, corresponding to ana-
tomical distribution of both thalamic perforators and cho-
roidal arteries (Fig. 5D).

Discussion
Our results reveal a significant association between 

choroidal anastomosis and posterior hemorrhage and top-
ographical correspondence between bleeding point and 
anatomical distribution of the collateral vessel, suggest-
ing that choroidal anastomosis is primarily responsible for 
posterior hemorrhage. Our results also suggest that PCA 
involvement is another independent factor associated with 
posterior hemorrhage.

Our results are in line with those of several studies, 
implying the importance of the choroidal artery in hem-
orrhagic moyamoya disease. Irikura et al. reported that 
dilated choroidal arteries were frequently seen in hemor-
rhagic moyamoya disease.6 Morioka et al. demonstrated 
that dilation and branch extension of the anterior choroidal 
arteries were significantly associated with hemorrhagic 
presentation.11 Choroidal anastomosis in our definition—
anastomosis between the choroidal and medullary arter-
ies—is almost identical to these angiographic findings, 
although its anatomical features are more specifically 
defined. Recent studies incorporating high-definition MR 
angiography have demonstrated the same characteristics 
of the collateral vessel.3,5

Our results suggest that, among the collaterals, cho-
roidal anastomosis is in the most posterior location, as 

illustrated in Fig. 6. This result is supported by vascular 
anatomy. The anterior choroidal artery supplies the poste-
rior limb of the internal capsule, part of the temporal lobe, 
the lateral geniculate body, and so on.15 The lateral poste-
rior choroidal artery supplies the most lateral region of the 
posterior part of the thalamus (pulvinar) and dorsolateral 
portion of the thalamus.16 These choroidal arteries also 
supply the wall of the atrium of the lateral ventricle via 
the subependymal branches.8,12 All of these distributions 
of the choroidal arteries are included in the posterior half 
of the brain. Although our topographical analysis detected 
a hemorrhage that did not correspond to the anatomical 
distribution of the choroidal artery (the corpus callosum), 
this hemorrhage could be attributable to the anastomosis 
between the medial posterior choroidal artery and perical-
losal artery via the corpus callosum,1 a rare type of choroi-
dal anastomosis.

Although thalamic anastomosis tends to be associated 
with posterior hemorrhage, the association is not statisti-
cally significant, contradicting our study hypothesis. As 
shown in the topographical analyses (Fig. 5), thalamic 
anastomosis seems to cause not only thalamic hemorrhage 
but also subependymal hemorrhage at the body of the lat-
eral ventricle. According to recent studies using MRI,3,5 
thalamic perforators might extend upward and anastomose 
to the medullary artery at the periventricular area of the 
body of the lateral ventricle. The anastomosis might clus-
ter at the anteroposterior border of the lateral ventricle, 
resulting in relatively even distribution of intraventricular 
hemorrhage.

FIG. 5. Topographical analysis showing the relationship between bleeding points (gray dots) and collaterals. Black dots repre-
sent each collateral detected. For ease of recognition, all bleeding points are presented as on the left hemisphere. Gray shading 
indicates the basal ganglia and thalamus.
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We speculate that PCA involvement is an independent 
factor in posterior hemorrhage for the following reasons. 
First, stenosis of the PCA might induce ischemia in the 
posterior half of the brain. Accordingly, this ischemia 
might increase the hemodynamic burden on choroidal 
collaterals, which is not always revealed through angiog-
raphy, resulting in posterior hemorrhage. Second, PCA 
involvement might also promote the development of tha-
lamic anastomosis, increasing the probability of posterior 
hemorrhage. The latter phenomenon has been designated 
by the senior author as “posterior moyamoya.”9

The present results might provide a clue to the mecha-
nism of high rebleeding risk related to posterior hemor-
rhage.14 Choroidal anastomosis, which is the most posteri-
orly distributed of the various types, might, by its nature, 
present the highest risk of rerupture among the fragile col-
laterals. Whether choroidal anastomosis is a true predic-
tor of rebleeding should be tested in further longitudinal 
analyses.

Focusing on choroidal anastomosis as a risk factor for 
hemorrhage could be of greater clinical importance be-
cause the factor might be modifiable with treatment. Ji-
ang et al. reported that the choroidal collateral vessel 
can shrink after bypass surgery.7 The mechanism of such 
shrinkage might be reduction of hemodynamic burden in 
the choroidal collateral vessel, resulting from augmenta-
tion of cerebral blood flow in the cortex. The shrinkage 

might thus depend on the location onto which the bypass 
had been grafted. If this hypothesis were to prove true, 
preoperative assessment focusing on choroidal collaterals 
would facilitate selection of a recipient site that reduces 
the hemodynamic burden on the collaterals, although re-
cipient site selection depends primarily on the length of 
the donor scalp artery and the size of the cortical arteries.

Although the present study used the robust data set of a 
strictly designed prospective randomized controlled trial, 
it has 3 specific limitations. First, the causal association 
between choroidal anastomosis or PCA involvement and 
posterior hemorrhage is tentative because of the cross-sec-
tional design of the study. Second, the reliability of the an-
giographic classification of anastomotic collaterals, which 
remains to be assessed, could affect the results. Third, de-
spite the care taken to eliminate biases, a post hoc analysis 
cannot be free from them. Further study is needed to over-
come these limitations.

Conclusions
Choroidal anastomosis might be responsible for poste-

rior hemorrhage, a predictor of rebleeding in hemorrhagic 
moyamoya disease. PCA involvement is another signifi-
cant factor associated with posterior hemorrhage. The 
concept of choroidal anastomosis might help clarify the 
mechanism of posterior hemorrhage and serve as a modi-
fiable risk factor for rebleeding, subject to verification in 
further analyses.
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