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Parent artery occlusion for
ruptured aneurysms in moyamoya
vessels or on collaterals

Zibo Zhou, Kan Xu and Jinlu Yu *

Department of Neurosurgery, The First Hospital of Jilin University, Changchun, China

Background: Aneurysms in moyamoya vessels or on collaterals are di�cult to treat.
Parent artery occlusion (PAO) via endovascular treatment (EVT) is often the last resort,
but the safety and e�cacy of this approach need to be evaluated.

Materials and methods: A retrospective study was performed on patients admitted
to our hospital who were diagnosed with unilateral or bilateral moyamoya disease
(MMD) associated with ruptured aneurysms in moyamoya vessels or on collaterals.
These aneurysms were treated with PAO, and the clinical outcome was recorded.

Results: Eleven patients were aged 54.7 ± 10.4 years, and six patients were male
(54.5%, 6/11). The aneurysms in 11 patients were single and ruptured, and the average
size was 2.7 ± 0.6 mm. Three (27.3%, 3/11) aneurysms were located at the distal
anterior choroidal artery, 3 (27.3%, 3/11) were at the distal lenticulostriate artery, 3
(27.3%, 3/11) were at the P2–3 segment of the posterior cerebral artery, 1 (9.1%, 1/11)
was at the P4–5 segment of the posterior cerebral artery, and 1 was at the transdural
location of the middle meningeal artery. Among the 11 aneurysms, PAO by coiling was
performed on 7 (63.6%, 7/11), and Onyx casting was performed on 4 (36.4%, 4/11). Of
11 patients, 2 (18.2%, 2/11) su�ered intraoperative hemorrhagic complications. During
follow-up, all patients had good outcomes with a modified Rankin scale score of 0–2.

Conclusion: As a last resort, the application of PAO with coiling or casting Onyx
for ruptured aneurysms in moyamoya vessels or on collaterals may be safe with an
acceptable clinical outcome. However, patients with MMD may not always achieve
expected health outcomes, and PAO for the aneurysm can bring only temporary relief.
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1. Introduction

Moyamoya disease (MMD) is a progressive stenosis or occlusion of the intracranial internal
carotid artery (ICA) with the formation of moyamoya vessels and collateral vasculature to
preserve cerebral perfusion (1, 2). In China, MMD is not uncommon, and the incidence and
prevalence in mainland China are 0.59 and 1.01 per 100,000 person-years, respectively (3). The
rates of MMD in China were greater than those in the United States and Europe but lower than
those from other East Asian countries, such as Japan and South Korea (3).

In MMD, intracranial residual arteries had alterations in cerebral blood flow, and these
arteries burdened more blood flow stress than that of the normal state; therefore, aneurysms
can occur, with a prevalence from 3 to 14% (4, 5). These aneurysms can mainly be located on the
unaffected major trunk artery, in moyamoya vessels or on collaterals (6, 7). Aggressive treatment
for associated aneurysms in MMD should be provided, especially for ruptured aneurysms, to
avoid rebleeding (8). Aneurysms in moyamoya vessels or on collaterals are difficult to treat
through craniotomy because it is difficult to localize and identify them (9–11).
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Currently, endovascular treatment (EVT) is an option for
associated aneurysms in MMD that can overcome the drawback of
craniotomy (7). However, the parent artery of this type of aneurysm is
often thin and tortuous, and selective catheterization can be difficult
(12). In addition, during EVT, preservation of the parent artery is also
difficult (13). Therefore, parent artery occlusion (PAO) may often be
the last resort. However, is PAO safe for these patients? To address
this question, we performed a retrospective study.

2. Materials and methods

A retrospective study was performed for patients with MMD
associated with ruptured aneurysms who underwent PAO from
January 2015 to September 2022. This study was approved by the
Ethics Committee of the First Hospital of Jilin University (No.
2022-KS-110). All methods were performed in accordance with the
relevant guidelines and regulations.

2.1. Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients had
ipsilateral or bilateral MMD associated with ruptured aneurysms,
presenting with various intracranial hemorrhages. (2) Aneurysms
were located in moyamoya vessels or on collaterals, including the
distal anterior choroidal artery (AchA), lenticulostriate artery (LSA),
distal posterior cerebral artery (PCA) and middle meningeal artery
(MMA). (3) There was a path to catheterize the aneurysm to
perform PAO.

Those aneurysms on the major trunk of the intracranial arteries,
in which the parent artery can be preserved during EVT, were
excluded. Those aneurysms in which the parent artery was too
thin, that could not be distinguished or in which EVT failed or
abandoned were excluded. However, the clinical data of these patients
were still summarized to provide more information about associated
aneurysms in MMD.

2.2. Perioperative data collection

Perioperative data collected included the sex/age of the patient,
Hunt-Hess grading, variations in intracranial hemorrhage, side of
MMD, Suzuki staging of MMD, size of the aneurysm, and location
of the aneurysm.

2.3. EVT scheme and strategy

All patients were treated under general anesthesia via a
transfemoral approach. Digital subtraction angiography (DSA) with
three-dimensional reconstruction confirmed the angioarchitecture
of the aneurysm. After the best projection degree showed both the
aneurysm neck and the parent artery, under roadmap guidance,
the microcatheter was used to catheterize the parent artery and
the aneurysm.

If the parent artery was not tortuous or thick enough and if the
aneurysm was not far from the major trunk artery, an Echelon-10
microcatheter (Medtronic, Irvine, California, USA) under 0.014-inch

microguidewire navigation was used to perform PAO with coiling.
If the Echelon-10 microcatheter was too thick to pass through the
parent artery or if the aneurysm was too far from the major trunk
artery and periphery, a soft Marathon microcatheter (Medtronic,
Irvine, California, USA) with a 1.5F tip under 0.012- or 0.010-inch
microguidewire navigation was used to perform PAO with casing
Onyx (Medtronic, Irvine, California, USA) (14, 15).

After the microcatheter was positioned in the proximal segment
of the parent artery or in the aneurysm, super selective angiography
was performed to confirm the position of the microcatheter tip.
Then, PAO can be performed by coiling both the parent artery
and the aneurysm, coiling only the proximal segment of the parent
artery, or occluding both the parent artery and the aneurysm
with Onyx casting. During EVT, if urgent intraoperative bleeding
occurred, continuous coiling or Onyx casting was used to stop
the bleeding.

2.4. EVT outcome and prognostic evaluation

PAO methods, EVT complications and new neurological
deficits were recorded. Follow-up angiographic outcomes, including
using DSA, magnetic resonance angiography (MRA) or computed
tomography angiography, were recorded. During the follow-up by
telephone interview, the modified Rankin scale (mRS) was used for
clinical outcome assessment. A good outcome was defined as an mRS
score of 0–2 (16).

3. Results

3.1. General information

Eleven patients who met the inclusion criteria were enrolled, aged
39–69 years (mean 54.7 ± 10.4 years), and six patients were male
(54.5%, 6/11). All patients had intracranial hemorrhages, including
3 (27.3%, 3/11) patients with subarachnoid hemorrhage (SAH), 3
(27.3%, 3/11) patients with intracerebral hematoma (IH), 3 (27.3%,
3/11) patients with intraventricular hemorrhage (IVH), 1 (9.1%, 1/11)
patient with SAH and IVH, and 1 (9.1%, 1/11) patient with IH and
IVH. The HH grade was I in 2 (18.2%, 2/11) patients, II in 4 (36.4%,
4/11) patients, and III in 5 (45.5%, 5/11) patients.

3.2. Imaging characteristics

In 11 patients, 6 (54.5%, 6/11) had unilateral MMD, and 5 (45.5%,
5/11) had bilateral MMD. The Suzuki staging grade was II in 1 (9.1%,
1/11) patient, III in 3 (27.3%, 3/11) patients, IV in 5 (45.5%, 5/11)
patients, and V in 2 (18.2%, 2/11) patients. Regarding the location of
the aneurysms, 3 (27.3%, 3/11) aneurysms were located at the distal
AchA, 3 (27.3%, 3/11) were at the distal LSA, 3 (27.3%, 3/11) were at
the P2–3 segment of the PCA, 1 (9.1%, 1/11) was at the P4–5 segment
of the PCA, and 1 was at the transdural location of the MMA. All
patients had single aneurysms, and the size of the aneurysms ranged
from 2 to 4 mm (mean 2.7± 0.6 mm).
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FIGURE 1

PAO of the PCA aneurysm in MMD in case 4 in Table 1. (A) CT showed
subarachnoid hemorrhage focusing on the right ambient cistern. (B)
Three-dimensional DSA of the right ICA showed an aneurysm (arrow)
at the P2–3 segment of the PCA. (C) Unsubtracted DSA of the right
ICA showed that the aneurysm and proximal parent artery underwent
PAO by coiling (arrow). (D) Follow-up DSA of the right ICA showed no
recurrence of the aneurysm, and the collateral circulation beyond the
coils was abundant (circle). CT, computed tomography; DSA, digital
subtracted angiography; ICA, internal carotid artery; MMD, moyamoya
disease; PAO, parent artery occlusion; PCA, posterior cerebral artery;
R, right.

3.3. PAO method

Among 11 aneurysms, 4 (36.4%, 4/11) were treated via PAO
by coiling the parent artery, and 3 (27.3%, 3/11) were treated via
PAO by coiling both the parent artery and the aneurysm. In these
7 cases, the parent arteries were thick enough to pass the Echelon-10
microcatheter to perform coiling. Of the other 4 aneurysms, 2 (18.2%,
2/11) were treated via PAO by occluding both the parent artery and
the aneurysm by casting Onyx, and 2 (18.2%, 2/11) were treated via
PAO by occluding the parent artery by casting Onyx. In these 4 cases,
the parent arteries were thin, and the Marathon microcatheter was
chosen to perform Onyx casting.

After EVT, of 11 aneurysms, 10 aneurysms could not be
seen on immediate postoperative angiography (Figure 1). One
aneurysm [case 5 (Table 1)] could be seen by reflux from the
collateral circulation (Figure 2). The other EVT details are shown in
Figures 3, 4.

3.4. EVT results

3.4.1. Postoperative results and complications
Of the 11 patients, 2 (18.2%, 2/11) suffered intraoperative

bleeding, and continuous EVT stopped the bleeding. After PAO, 10
(90.9%, 10/11) patients recovered well without new postoperative
deficits, and 1 (9.1%, 1/11) patient who suffered a complication
developed hemiparesis.

FIGURE 2

PAO of the PCA aneurysm in case 5 in Table 1. (A) DSA of the right
carotid artery showed that the extracranial ICA was thin, and the
intracranial ICA was MMD. (B) DSA of the right vertebral artery showed
an aneurysm located on the P2–3 segment of the right PCA (arrow).
(C) Unsubtracted DSA showed PAO of the P2–3 segment of the PCA
by coiling (arrow). (D) DSA showed that the aneurysm (arrow) could be
seen by reflux from the collateral circulation in the late artery phase of
the arterial angiogram. DSA, digital subtracted angiography; ICA,
internal carotid artery; MMD, moyamoya disease; PAO, parent artery
occlusion; PCA, posterior cerebral artery; R, right.

3.4.2. Long-term follow-up
Among 11 patients, 5 (45.5%, 5/11) underwent follow-up

imaging, including 4 DSA and 1 MRA, and had no recurrence of the
aneurysms. During telephone interviews during the period of 1–78
months postoperatively (mean 28.7 ± 24.1 months), of 11 patients,
2 (18.2%, 2/11) had an mRS score of 0, 5 (45.5%, 5/11) had an mRS
score of 1, and 4 (36.4%, 4/11) had an mRS score of 2. The clinical
data are summarized in Table 1.

3.5. Clinical data with unsuccessful or
abandoned EVT

In addition to the above 11 patients who met the inclusion
criteria, we also included 5 patients with ruptured aneurysms in
moyamoya vessels or on collaterals in the same period. These 5
patients had unsuccessful EVT or abandoned it altogether.

The five patients, including 2 females and 3 males were aged 36–
70 years. They all suffered from intracranial hemorrhage. Of them, 4
had bilateral MMD, and 1 had unilateral MMD. The Suzuki staging
grade was III in 2 patients and IV in 3 patients. One aneurysm
was located at the distal AchA, and 4 were located in moyamoya
vessels. The cause of unsuccessful or abandoned EVT was aneurysm
regression in 1 patient, no path of EVT in 3 patients, and a poor state
in 1 patient. The patient with a poor state had no chance of treatment
and died. Two patients accepted conservative treatment, 1 patient
suffered re-hemorrhage after a follow-up of 48 months, and 1 patient
was still in a stable state. Two patients accepted surgical resection of
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FIGURE 3

PAO of the MMA aneurysm in case 11 in Table 1. (A) Enhanced CT
showing hemorrhage of the temporal lobe. An aneurysm (arrow) is
indicated at the rim of the hematoma. (B) DSA of the right carotid
artery showing MMD in the ICA; an aneurysm (arrow) was at the MMA.
(C) Three-dimensional DSA of the right ECA showing an aneurysm
(arrow) at the transdural location of the MMA; then, the MCA was
continued. (D) Unsubtracted DSA showing the MMA as the parent
artery to the aneurysm was occluded with Onyx (frame). (E) DSA of the
right ECA showing that the petrous branch of MMD had anastomoses
(asterisks) with the MCA. (F) Xper-CT showing the location of Onyx
casting (frame). CT, computed tomography; DSA, digital subtracted
angiography; ECA, external carotid artery; ICA, internal carotid artery;
MCA, middle cerebral artery; MMA, middle meningeal artery; MMD,
moyamoya disease; R, right.

the aneurysm and were in a stable state. These data are summarized
in Table 2.

4. Discussion

In the development of MMD, brain blood flow is redistributed,
and alterations in cerebral blood flow may result in the formation
of moyamoya vessels and the dilation of non-occluded vessels as
collateral passages (2, 5, 7, 17–20). Moyamoya vessels mainly refer
to the proliferative LSA in the basal ganglia (13, 15). The collateral
passage is defined as a blood vessel capable of compensating for the
progressive occlusion of anterior circulation, including the posterior
communicating artery and PCA, the AchA, the thalamoperforating
artery, the posterior choroidal artery, and the ophthalmic artery (21).

Due to brain hemodynamic alterations and the fragile nature of
moyamoya vessels and collaterals, aneurysms can develop in or on

FIGURE 4

Imaging characteristics of cases 1, 2, 3, 7, 8 and 9 in Table 1. (A) Case
1: Left, DSA of the ICA showed an aneurysm on the distal AchA
(arrow). Right: Postoperative DSA showing that both the parent artery
and aneurysm were occluded with Onyx. (B) Case 2: Left, DSA of the
carotid artery showed an aneurysm on the distal AchA (arrow). Right:
Postoperative DSA showing that both the parent artery and aneurysm
were occluded with coiling (arrow). (C) Case 3: Left, DSA of the ICA
showed an aneurysm on the distal AchA (arrow). Right: Postoperative
DSA showing that both the parent artery and aneurysm were occluded
with coiling (arrow). (D) Case 7: Left, CT showed hemorrhage of the
right occipital lobe into the lateral ventricle. Right: DSA of the ICA
showing the aneurysm (arrow) located on the P4–5 segment of the
PCA. (E) Case 8: Left, DSA of the ICA showed an aneurysm on the
distal LSA (arrow). Right: Postoperative DSA showing that both the
parent artery and aneurysm were occluded. (F) Case 9: DSA of the ICA
in the anterior-posterior view (left) and lateral view (right) showed an
aneurysm on the distal LSA (arrow). AchA, anterior choroidal artery;
CT, computed tomography; DSA, digital subtracted angiography; ICA,
internal carotid artery; LSA, lenticulostriate artery; PAO, parent artery
occlusion; PCA, posterior cerebral artery.

them (6, 13, 15, 20). In Larson et al.’s (22) systematic review about the
location of the associated aneurysm in MMD, 33.7% of aneurysms
were located at the non-major artery type, belonging to the type on
moyamoya vessels or on collaterals. These aneurysms share the same
clinical characteristics. Therefore, in our study, they are discussed
together, including the total of 11 aneurysms that were on the distal
AchA, LSA, distal PCA, and MMA (Table 1). In addition, data from
five cases with unsuccessful or abandoned EVT were collected to
supplement our study (Table 2).

Due to the small caliber of moyamoya vessels and their passage
as collateral circulation in MMD, the aneurysms that occur on them
are small, usually 2–3 mm in size (9). In our report, the size was
2.7 mm, which confirmed the above report. For these aneurysms in
moyamoya vessels or on collaterals, the natural history has not been
clearly revealed; they can grow or regress (9, 23–26). For instance, in
case 1 in Table 2, 1 month after rupture, the aneurysm in the distal
AchA nearly disappeared (Figure 5). However, in case 2 in Table 2,
1 week after rupture, the aneurysm in the moyamoya vessel grew
(Figure 6).
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FIGURE 5

A diminishing aneurysm in case 1 in Table 2. (A) CT showed
hemorrhage on the lateral ventricle wall. (B) DSA of the right ICA
showed an aneurysm on the distal AchA (arrow), and MMD can be
seen on this side. (C) One month later, repeat DSA of the right ICA
showed that the aneurysm was diminishing, and only a remnant could
be seen (arrow). AchA, anterior choroidal artery; CT, computed
tomography; DSA, digital subtracted angiography; ICA, internal carotid
artery; MMD, moyamoya disease; R, right.

Although some aneurysms in MMD may regress due to a decrease
in blood flow or thrombosis, others are likely to present with rupture
(23, 27–29). Aneurysm rupture may be fatal [Figure 7 (case 5 in
Table 2)]. The rupture of aneurysms in moyamoya vessels or on
collaterals suggests a poor natural history with an increased risk of
hemorrhagic strokes (21, 26). In Kim et al. (7), during follow-up,
31.2% of aneurysms in the moyamoya vessel or on collaterals grew
or ruptured, which showed that they had a poor natural history. In
addition, these aneurysms are usually unstable pseudoaneurysms or
dissections (26).

Therefore, aggressive treatment may be advocated (4, 30).
Surgical challenges are attributable to the small size and deep location
of these aneurysms, making intraoperative localization difficult (2).
The fragile and delicate moyamoya vessels also add to the complexity
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FIGURE 6

A growing aneurysm in case 2 in Table 2. (A) CT showed hemorrhage
(arrow) in the right temporal lobe involving the ventricle. (B) CTA
showed an aneurysm (arrow) in the right moyamoya vessels, and
bilateral MMD can be seen. (C) One week later, repeated CTA showed
that the aneurysm had grown (arrow). (D) Three-dimensional DSA of
the right ICA showed that the aneurysm (arrow) vessels a�ected by
MMD were enlarged. (E) Intraoperative image showing the vessels
a�ected by MMD (asterisks); these vessels appeared thin and frail. (F)
Postoperative DSA after aneurysm resection showed that the
aneurysm had disappeared. CT, computed tomography; CTA,
computed tomography angiography; DSA, digital subtracted
angiography; ICA, internal carotid artery; MMD, moyamoya disease; R,
right.

of the procedure and increase the risk of damaging vital collaterals
(31). Currently, EVT has emerged as an alternative to manage
aneurysms in moyamoya vessels or on collaterals (6, 32). Ideally,
during EVT, the patency of the parent artery should be preserved
(14). In this study, 11 aneurysms in moyamoya vessels or on
collaterals provided the opportunity for EVT; however, the parent
arteries of these aneurysms were thin and tortuous, preservation
of the parent artery was difficult, and PAO was the last resort
(13). Due to the rarity of the procedure, the safety of PAO for
these aneurysms is less known, so our study attempted to address
this uncertainty.

When performing PAO, the aneurysm should be embolized
to avoid rebleeding (Figure 1). However, due to the small caliber
and tortuosity of the parent artery, sometimes PAO had to be
targeted at the proximal segment of the parent artery away from
the aneurysm. In our study, 6 patients had to only undergo
PAO of the parent artery. When PAO was performed only in

FIGURE 7

Fatal hemorrhage in case 5 in Table 2. (A) CT showed hemorrhage
(arrow) in the right temporal lobe involving the ventricle. (B) CTA
showed an aneurysm (arrow) in the right moyamoya vessels, and
bilateral MMD can be seen. CT, computed tomography; CTA,
computed tomography angiography; MMD, moyamoya disease.

the proximal parent artery, sometimes, the aneurysm could still
be seen in the late phase of arterial angiography via collateral
circulation [case 5 (Table 1)] (Figure 2); however, PAO should be
effective in preventing aneurysm rerupture because the stress of the
reverse blood flow was low. At the 6-month follow-up, the patient
was well.

Is PAO of the proximal segment of the parent artery safe to avoid
symptomatic ischemia? In our report, we found that even away from
the aneurysms, PAO of the proximal parent artery was also safe, and
no severe new neurologic deficits occurred (33). This is because the
sacrificed part of the parent artery to disrupt moyamoya collaterals
was only a short segment of its conduit, not whole collateral channels,
including the transdural path from the MMA (Figure 3) (10, 34). A
nearby, rich collateral network could compensate for one conduit
blockage. A previous report also showed the safety and effect of PAO;
for instance, Kim et al. (10) reported successful PAO in 7 of 8 cases
of MMD with ruptured aneurysms at collateral vessels, including
the AchA and PCA, and no new neurological deficits were observed
during the follow-up.

For PAO, the choice of embolic material had to be considered.
Coiling is a good choice because coiling can preserve more parent
arteries, but coiling requires thicker parent arteries, which are
sometimes impossible to find due to the thin and tortuous parent
arteries (35). In this study, among 11 aneurysms, PAO by coiling was
performed in only 63.6% of cases. For other cases, a thin and soft
microcatheter had to be chosen to cast the liquid embolic material,
and even if away from the aneurysm, liquid embolic material can
occlude the parent artery or penetrate the aneurysm by forward
movement (36).

Currently, liquid embolic materials mainly include N-butyl-
cyanoacrylate (NBCA) and Onyx (20). Onyx is a good embolic
material that allows longer, slower, and more precise control
of casting (15). In our report, we preferred Onyx due to
its advantages. However, Onyx has the drawback that during
casting, reverse dispersion can occlude more collateral circulation.
To avoid reflux, the microcatheter should be in a wedge
position; of note, the control of casing Onyx is relatively
easy (10, 14).
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Although PAO for ruptured aneurysms in moyamoya vessels or
on collaterals was feasible in this study, ischemic and hemorrhagic
complications had to be considered. Ischemic complications arose
from the occlusion of the collateral circulation; in this study,
no ischemic complications occurred. Hemorrhagic complications
occurred in 2 cases due to fragile parent artery rupture. At the time,
PAO had to be performed urgently to occlude the ruptured artery.
Due to the low blood flow and thinness of the parent artery, it was
not difficult to stop the bleeding.

Although our study with 11 cases showed PAO safety, we must
be aware that the fate of the patients may not fundamentally change
because in this study, most patients had late-Suzuki stage MMD
(stages IV, V, and VI) (Tables 1, 2), the prognosis was worse, PAO for
the aneurysm only can bring a moment of peace, and extracranial-
intracranial bypass may be necessary to improve brain flow perfusion
(37, 38).

5. Conclusions

Despite the potential risk of adjacent collateral vessel occlusion,
in our study, the application of PAO for ruptured aneurysms in
moyamoya vessels or on collaterals was feasible. The follow-up
outcome was good. However, the fate of the patients may not achieve
a fundamental change, and PAO for the aneurysm can only bring a
moment of peace.

6. Limitations

Our study had limitations: the number of cases was small,
the follow-up imaging was not sufficient, and only half of the
patients had angiographic follow-up. This is because, in China,
most patients refused follow-up radiology due to economic
reasons. Therefore, the progress of MMD and its collaterals is
not clear. However, in this study, the safety and effect of PAO
can be suggested, which provides an alternative treatment for
ruptured aneurysms in moyamoya vessels or on collaterals, which
is important.
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