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Abstract. Cerebellar arteriovenous malformations (CAVMs) 
have increased probabilities of rupture and bleeding compared 
with arteriovenous malformations (AVMs) in other locations 
of the brain. Endovascular treatment (EVT) for CAVMs is 
difficult; as the angioarchitecture of CAVMs is complex, EVT 
may be associated with complications, due to the involve‑
ment of crucial structures, such as the brainstem. The present 
study aimed to determine the efficacy of EVT for CAVMS. 
For this purpose, 33  cases of CAVMs treated with EVT 
from January, 2015 to January, 2020 were retrospectively 
analyzed. The 33 patients were aged 8 to 73 years (mean age, 
40.4±17.8 years) and 21 were female (63%, 21/33). Rupture and 
bleeding occurred in 29 patients (87.9%, 29/33). Among the 
33 CAVM cases, 15 (45.5%, 15/33) were fed by a single artery, 
and 18 (54.5%, 18/33) were fed by multiple arteries. In total, 
27 patients (81.8%, 27/33) had superficial vein drainage alone. 
Among the 33 cases, 15 were complicated by 16 aneurysms, 
including 14 prenidal aneurysms and 2 intranidal aneurysms. 
Among the 33 cases, the nidus of the CAVM (87.9%, 29/33) 
was treated with Onyx™ casting in 29  patients: 8  cases 
(27.6%, 8/29) had an embolization volume of <1/3 of the nidus, 
11 cases had a volume of 1/3‑2/3 of the nidus (37.9%, 11/29) 
and 10 cases had a volume >2/3 of the nidus (34.5%, 10/29). 
Among the EVT complications, there were 3 cases (9.1%, 3/33) 
of intraoperative and post‑operative bleeding, which resulted 
in two deaths (on the 1st and 7th days). The length of hospital 
stay was 10.7±5.4 days. In total, 27 patients (81.7%, 27/33) had 
a Glasgow Outcome Scale (GOS) score of 5 at discharge. On 
the whole, the present study demonstrates that overall, EVT 

is a feasible treatment for CAVM and may be used to obtain 
acceptable therapeutic effects.

Introduction

Cerebellar arteriovenous malformations (CAVMs) account for 
7‑15% of all intracranial arteriovenous malformations (1,2). 
The angioarchitecture of CAVMs mainly involves the feeding 
artery, nidus, draining vein, aneurysm on the feeding artery 
and the aneurysm in the nidus, which all affect the clinical 
characteristics and treatment prognosis of patients with 
CAVMs (2,3).

As CAVMs are located in the posterior cranial fossa with a 
relatively deep position and close to the brainstem, traditional 
microsurgery is difficult, as the depth of CAVMs can hinder 
surgical manipulation, and is associated with increased risks 
for various complications (4). In recent years, an increasing 
number of CAVMs have been treated with endovascular 
treatment (EVT), which can also be utilized as a pre‑adjuvant 
therapy to reduce the risk of craniotomy or radiotherapy (5). 
The present study retrospectively analyzed patients with 
CAVMs who underwent EVT to investigate the imaging char‑
acteristics and EVT strategy of CAVMs at the First Hospital 
of Jilin University.

Patients and methods

Patient information. A total of 33 cases from the Department 
of Neurosurgery of the First Hospital of Jilin University from 
January, 2015 to January, 2020 were continuously collected 
and retrospectively analyzed. All the patients had arteriove‑
nous malformations (AVMs) located in the cerebellum and 
underwent EVT. The present study was approved by the 
Ethics Committee of the First Hospital of Jilin University 
(approval  no.  2021‑429). Written informed consent was 
obtained from the patients >18 years old; for patients who 
were <18 years old, consent was provided by their parents The 
pre‑operative state was evaluated with the Hunt‑Hess grade, 
as follows, Grade I: Asymptomatic, or minimal headache and 
slight nuchal rigidity; grade II: Moderate to severe headache, 
nuchal rigidity, no neurological deficit other than cranial nerve 
palsy; grade III: Drowsiness, confusion, or mild focal deficit; 
grade IV: Stupor, moderate to severe hemiparesis, possibly early 
decerebrate rigidity and vegetative disturbances; and grade V: 
Deep coma, decerebrate rigidity, moribund appearance (6).
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Positions and main observation indexes of CAVM. According 
to the blood supply area of the cerebellar arteries, the CAVM 
locations were divided into the upper (Figs. 1 and 2), middle 
(Fig.  3) and lower areas of the cerebellum (Fig.  4). The 
location, size, feeding artery and venous drainage (such as 
superficial and deep vein drainage, which involved a deep 
vein and included the vein around the brainstem and vein 
of Galen, as shown in Fig. 2) of the CAVM were recorded 
in detail. The Spetzler‑Martin grade was recorded, and the 
existence of aneurysms was observed (7). Aneurysms were 
divided into two types as follows: Prenidal aneurysms located 
on the feeding artery (Figs. 5 and 6) and intranidal aneurysms 
located in the CAVM (Fig. 7) (8).

Scheme and strategy of EVT. Ruptured CAVMs were treated 
according to the ruptured structures. For aneurysms on the 
feeding artery, selective coiling with/without stent assistance 
was preferred. Parent artery occlusion was preferred when 
the aneurysm was near the CAVM. For the intranidal aneu‑
rysm, EVT targeted the AVM compartment harboring the 
intranidal aneurysm. If there were no clear risk factors, the 
aim of EVT was to reduce the blood flow of the ruptured 
CAVM (9).

For unruptured CAVMs, the identification and manage‑
ment of weak structures, such as aneurysms on the feeding 
artery or dilated structures in the brain AVM (BAVM), are of 
utmost importance. These weak structures require treatment. 
If no weak structures were identified or the venous drainage 
was patent, a ‘wait and see’ strategy was adopted (8).

For combined aneurysms,  Onyx™ (Medt ronic 
Neurovascular) was used to embolize aneurysms without 
retaining the parent artery when aneurysms were located in 
the CAVM or close to the CAVM. However, the parent artery 
was preserved when it was located at the origin of the feeding 
artery away from the CAVM; at this time, coils were the 
preferred choice.

Treatment evaluation. The EVT process of the patients was 
recorded, including the embolization degree of the AVM 
nidus by Onyx™ casting. According to the proportion of the 
embolization degree accounting for the nidus, the patients 

Figure 1. AVM in the upper cerebellum fed by the SCA alone. (A) Brain CT 
illustrating a left cerebellar hemispheric hemorrhage. (B) Brain CTA illus‑
trating the left SCA (arrow) feeding the AVM (ellipse). (C) Microcatheter 
angiography via the SCA showing that the diffuse AVM drained through a 
superficial vein (star). (D) Microcatheter through the SCA (arrow) Onyx™ 
casting (ellipse). (E)  DSA showing no imaging of the AVM following 
embolization. (F) Cerebellar hematoma drainage was performed following 
embolization, and the drainage tube (arrow) was observed. The case presented 
in this figure was a 30‑year‑old female. She had a sudden a headache and 
vomiting, and she was awake after onset. Following EVT, hematoma punc‑
ture and aspiration were performed. She recovered well. AVM, arteriovenous 
malformation; CT, computed tomography; CTA, computed tomography 
angiography; L, left; SCA, superior cerebellar artery.

Figure 2. AVM located in the upper cerebellum with a mixed blood supply 
from the SCA, AICA and PICA. (A)  Brain MRI showing a cerebellar 
vermis hemorrhage and the absence of flow voids beside the hematoma. 
(B and C) Lateral DSA of the left (B) and right (C) vertebral arteries showing 
that the AVM is widely supplied by the SCA, AICA and bilateral PICA and 
mainly drained by deep veins [in (B), the arrow noted the vein of Galen, and 
the triangle indicates the vein around the brainstem]. (D) X‑ray showing the 
Onyx™ casting (square box) through the two branches of the SCA. (E) DSA 
of the left vertebral artery in the arterial phase after embolization showing 
that the volume of the AVM nidus decreased, and the stars denote the part 
of Onyx casting. (F) Post‑operative CT scan showing an artifact (ellipse) of 
Onyx™. The case presented in this figure was a 17‑year‑old male who devel‑
oped a sudden headache; he was awake after onset. EVT was performed. 
No EVT complication was observed. Currently, the boy is of normal health 
and attends university. However, further EVT was suggested. AICA, anterior 
inferior cerebellar artery; AVM, arteriovenous malformation; CT, computed 
tomography; DSA, digital subtraction angiography; L, left; MRI, magnetic 
resonance imaging, PICA, posterior inferior cerebellar artery; R, right; SCA, 
superior cerebellar artery.
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were classified based on embolization volumes of <1/3, 1/3‑2/3 
and >2/3 of the nidus. Aneurysm treatment, complications, the 
management of cerebellar hemorrhage, the length of hospital 
stay and the Glasgow Outcome Scale (GOS) (10) of the patients 
at discharge were all recorded.

Results

General patient data. In the present study, the 33 patients 
were aged from 8 to 73 years (mean age, 40.4±17.8 years). In 
total, 21 patients were female (63%, 21/33), and 12 patients 
were male (37%, 12/33). Among the 33  cases, four were 
unruptured (12.1%, 4/33), including 3 cases of headaches and 
1 case of dizziness; 29 cases had bleeding (87.9%, 29/33), 
including 7  cases of subarachnoid hemorrhage, 3  cases 
of subarachnoid hemorrhage + intracerebral hematoma, 
11 cases of intracerebral hematoma, 4  cases of intraven‑
tricular hemorrhage, 2 cases of intracerebral hematoma + 
intraventricular hemorrhage and 2 cases of subarachnoid 
hemorrhage + intraventricular hemorrhage. Among the 
29 cases of bleeding, 4 were Hunt‑Hess grade  I, 22 were 
grade II and 3 were grade III (Table I). 

Imaging data
i) Position of the AVM. Among the 33 cases, 18 were in the 
upper area (54.5%, 18/33), 13 were in the middle (39.4%, 
13/33), and 2 were in the lower area of the cerebellum (6.1%, 
2/33).

ii) Size of the AVM and SM classification. The size of the 
AVM in the 33 cases ranged from 1.5 to 7 cm (3.3±1.6 cm). 
As regards the Spetzler‑Martin grade, 17 cases were grade 1 
(51.5%, 17/33), 10 cases were grade 2 (30.3%, 10/33), 4 cases 
were grade 3 (12.1%, 4/33) and 2 cases were grade 4 (6.1%, 
2/33).

iii) Feeding arteries. Among the 33 cases, 33 CAVM cases, 
15 (45.5%, 15/33) were fed by a single artery, and 18 (54.5%, 
18/33) were fed by multiple arteries. Specifically, 6 (18.2%, 
6/33) were supplied by the superior cerebellar artery alone, 
5 (15.2%, 5/33) by the anterior inferior cerebellar artery alone, 
2 (6.1%, 2/33) by the posterior inferior cerebellar artery alone, 
2 (6.1%, 2/33) by perforating branches of the basilar artery, 
7 (21.2%, 7/33) by the superior cerebellar artery + anterior 
inferior cerebellar artery, 3 (9.1%, 3/33) by the anterior poste‑
rior cerebellar artery + posterior inferior cerebellar artery, 
1 (3.0%, 1/33) by the superior cerebellar artery + occipital 

Figure 3. AVM in the middle cerebellum with a mixed blood supply from the 
SCA and AICA. (A) CT scan showing a subarachnoid hemorrhage and right 
cerebellar vermis hematoma. (B) DSA of the left vertebral artery shows the 
AVM supplied by the SCA and AICA. (C) DSA of the late arterial stage shows 
the draining veins (arrows). (D) Three‑dimensional reconstruction DSA 
showing Onyx™ casting (ellipse) through the SCA. (E) DSA after emboliza‑
tion showing a small amount of residual AVM nidus. (F) Post‑operative CT 
scan showing that the hemorrhage was absorbed, but had a dilated ventricle. 
The case presented in this figure was a 20‑year‑old female who had a sudden 
headache. EVT was performed. No EVT complication was observed. 
Currently, the woman exhibits normal healthy features and attends univer‑
sity. Radiotherapy was suggested. AICA, anterior superior cerebellar artery; 
AVM, arteriovenous malformation; CT, computed tomography; DSA, digital 
subtraction angiography; L, left; SCA, superior cerebellar artery.

Figure 4. AVM located in the lower cerebellum supplied by the PICA alone. 
(A) Brain CT scan showing a cerebellar vermis hematoma. (B) Lateral DSA 
of the right vertebral artery in the arterial phase showing that the AVM 
was supplied by the PICA (ellipse), and the arrow indicates superficial vein 
drainage. (C) Three‑dimensional DSA showing the AVM more clearly. 
(D) X‑ray film showing the Onyx™ casting (arrow). (E) DSA in the arte‑
rial phase after EVT showing that the AVM is not visualized. (F) DSA at 
the 6‑month follow‑up indicates a small residual AVM (ellipse). The case 
presented in this figure was a 19‑year‑old female. She experienced sudden 
headaches, and she was awake after their onset. EVT was performed. No 
EVT complication was observed. The woman currently exhibits a normal 
health status. AVM, arteriovenous malformation; CT, computed tomography; 
DSA, digital subtraction angiography; PICA, posterior inferior cerebellar 
artery; R, right.
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artery, 3 (9.1%, 3/33) by the superior cerebellar artery + 
posterior inferior cerebellar artery and 4 (12.0%, 4/33) by the 
superior cerebellar artery + anterior inferior artery + posterior 
inferior cerebellar artery (Table II).

iv) Draining vein. In total, 27 cases (81.8%, 27/33) had 
superficial vein drainage, 2 (6.1%, 2/33) had deep vein 
drainage, and 4 (12.1%, 4/33) had both superficial and deep 
vein drainage.

v) Combined with aneurysms. A total of 15 (45.5% 15/33) 
cases were complicated with aneurysms, of which 13 had 
aneurysms on the feeding arteries. Given that 1  case had 
2 aneurysms, there were a total of 14 prenidal aneurysms 
(7 in the anterior inferior cerebellar artery, 5 in the superior 
cerebellar artery, 1 in the posterior inferior cerebellar artery, 
and 1 in the perforating branch of the basilar artery). There 
were 2 intranidal aneurysms located in the AVM nidus. Thus, 
a total of 16 aneurysms were found.

Results of EVT. Among the 33 cases, the nidus of 29 (87.9%, 
29/33) patients underwent Onyx™ casting, including 17 cases 
via superior cerebellar artery embolization, 6 cases via anterior 
inferior cerebellar artery embolization, 4 cases via posterior 

inferior cerebellar artery embolization, 1 case via superior 
cerebellar artery + posterior inferior cerebellar artery emboli‑
zation and 1 case via basilar artery perforating branch. Among 
the 29 cases, 8 (27.6%, 8/29) had an embolization degree of 
<1/3 of the nidus, 11 (37.9%, 11/29) had a volume of 1/3‑2/3 
of the nidus and 10 cases (34.5%, 10/29) had a volume >2/3 of 
the nidus.

Of the 14 prenidal aneurysms, 8 were embolized with 
coils and 6 were embolized with Onyx™. Two complicated 
cases of intranidal aneurysm were embolized with Onyx™, 
no complications occurred in these 15 patients Among the 
complications associated with EVT, there were 3  cases 
of intraoperative or post‑operative bleeding (9.1%, 3/33). 
Following EVT, hemorrhage removal with/without decom‑
pression and external ventricular drainage was performed. 
Of these cases, the complications resulted in 2 deaths (on 
the 1st and 7th days after EVT). The other patient recov‑
ered well. Cases with typical EVT treatment are shown in 
Figs. 1‑7. The clinical data for the patients are summarized 
in Table I.

Length of hospital stay and the GOS. The length of hospital 
stay was 2‑24  days (10.7±5.4  days). Upon discharge, 

Figure 6. AVM combined with multiple prenidal aneurysms on the SCA 
and PICA. (A and B) Brain CT scan showing (A) fourth ventricular hemor‑
rhage and (B)  lateral ventricular hemorrhage. (C) Two‑dimensional and 
(D) three‑dimensional DSA of the vertebral artery showing that multiple 
aneurysms (arrows) can be observed on the SCA and PICA. (E) X‑ray film 
showing Onyx™ casting (square box) in the aneurysms. (F) DSA of the right 
vertebral artery showing that the aneurysms were not observed. The case 
presented in this figure was a 38‑year‑old male. He developed a headache and 
then fell into a coma. Following external ventricular drainage, he recovered 
well and underwent EVT. No EVT complication was observed. The patient 
currently appears almost normal. AVM, arteriovenous malformation; CT, 
computed tomography; DSA, digital subtraction angiography; PICA, poste‑
rior inferior cerebellar artery; R, right; SCA, superior cerebellar artery.

Figure 5. AVM combined with a prenidal aneurysm on the SCA. (A) Brain 
CT scan showing subarachnoid hemorrhage in the right ambient cistern. 
(B) Brain CTA showing the right SCA feeding the AVM (circle), and an aneu‑
rysm (arrow) is observed. (C) Two‑dimensional and (D) three‑dimensional 
DSA showing that the aneurysm (arrow) can be observed. (E) Unsubtracted 
DSA showing that the prenidal aneurysm was occluded with Onyx™ casting 
(arrow). (F) Following embolization, the aneurysm was not observed. The 
case presented in this figure was a 67‑year‑old male with a sudden headache; 
he was awake after its onset. Following EVT, conservative treatment was 
administered, and no EVT complications were observed. His health status 
is currently classified as normal. AVM, arteriovenous malformation; CT, 
computed tomography; CTA, computed tomography angiography; DSA, 
digital subtraction angiography; L, left; R, right; SCA, superior cerebellar 
artery.
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27 patients (81.7, 27/33) had GOS scores of 5, 2 patients 
(6.1%, 2/33) had GOS scores of 4, 2 patients (6.1%, 2/33) had 
GOS scores of 3, and 2 patients (6.1%, 2/33) had GOS scores 
of 1 (Table I).

Discussion

CAVMs are located in the posterior cranial fossa, accounting 
for 7‑15% of all intracranial AVMs (1‑3). The angioarchitecture 

of CAVM consists of the feeding artery, nidus, draining vein, 
aneurysm on the feeding artery and aneurysm in the nidus. 
For CAVMs, the feeding artery mainly includes the superior 
cerebellar artery, anterior inferior cerebellar artery, posterior 
inferior cerebellar artery and perforating branch of the basilar 
artery, and there are often multiple feeding arteries (11).

In the present study, >50% of CAVMs had multiple feeding 
arteries, including dural branches of the external carotid artery 
(occipital artery). The drainage vein is a part of CAVM, and 
deep vein drainage may affect patient prognosis. Compared 
with superficial vein drainage, the post‑operative prognosis 
of patients with CAVMs involving deep vein drainage is rela‑
tively poor (12). In the present study, 6 patients had deep vein 
drainage with an incidence rate of 18.2% (6/33), including 2 
(6.1%, 2/33) with deep vein drainage and 4 (12.1%, 4/33) with 
both superficial and deep vein drainage. AVM can be associ‑
ated with aneurysms, and the incidence of CAVM‑related 
aneurysms is as high as 20.8‑47% (13). The incidence of aneu‑
rysms in the present study was 45.5%, which was similar to the 
aforementioned study (13).

Supratentorial AVM exhibits relatively diverse clinical 
manifestations, including intracranial hemorrhage, recurrent 

Table I. Clinical data of the patients in the present study.

Characteristic	 Patient data

Age (years)	
  Mean	 40.4±17.8
  Range	 8‑73
Female/male	 57.1% (12/21)
Presentation	
  Unruptured	 4 (12.1%, 4/33)
  Ruptured	 29 (87.9%, 29/33)
Location in the cerebellum	
  Upper	 18 (54.5%, 18/33)
  Middle	 13 (39.4%, 13/33)
  Lower	 2 (6.1%, 2/33)
Nidus Size (cm)	
  Mean	 3.3±1.6
  Range 	 1.5‑7.0
Spetzler‑Martin grade	
  1	 17 (51.5%, 17/33)
  2	 10 (30.3%, 10/33)
  3	 4 (12.1%, 4/33)
  4	 2 (6.1%, 2/33)
Feeding artery	
  Single	 15 (45.5%, 15/33)
  Multiple	 18 (54.5%,18/33)
Draining vein	
  Superficial	 27 (81.8%, 27/33)
  Deep	 2 (6.1%, 2/33)
  Both	 4 (12.1%, 4/33)
Associated aneurysm	
  Prenidal	 14 (87.5%, 14/16)
  Intranidal	 2 (12.5%, 2/16)
Embolization degree of the nidus	
  <1/3	 8 (27.6%, 8/29)
  1/3‑2/3	 11 (37.9%, 11/29)
  >2/3	 10 (34.5%, 10/29)
Glasgow Outcome Scale	
  5	 27 (81.7%, 27/33)
  4	 2 (6.1%, 2/33)
  3	 2 (6.1%, 2/33)
  2	 0
  1	 2 (6.1%, 2/33)

Figure 7. AVM combined with an intranidal aneurysm. (A) Brain CT scan 
showing a cerebellar vermis hematoma. (B) DSA of the left vertebral artery 
showing that the AVM was supplied by the SCA. (C) The microcatheter 
reached the intranidal aneurysm through the SCA, clearly revealing 
the aneurysm (arrow). (D)  Onyx™ casting through a microcatheter. 
(E and F) Follow‑up (E) three‑dimensional DSA and (F) two‑dimensional 
DSA showing no recurrence of the intranidal aneurysm. The case presented 
in this figure was an 11‑year‑old girl who had a sudden headache and 
vomiting, and she was awake after onset. Following EVT, conservative 
treatment was administered, and no EVT complications were observed. 
Currently, the girl exhibits normal health and has returned to school. 
Further EVT was suggested. AVM, arteriovenous malformation; CT, 
computed tomography; DSA, digital subtraction angiography; L, left; SCA, 
superior cerebellar artery.
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headache, epilepsy, progressive neurological defects, etc. By 
contrast, CAVM exhibits relatively simple clinical manifesta‑
tions (mainly hemorrhage) (14,15). For example, among the 
33 cases of CAVM summarized in the present study, hemorrhage 
accounted for 87.9% as CAVMs may be related to the annual 
bleeding rate of 8.6% of CAVM, which is higher than AVM 
apart from the cerebellum (the bleeding rate of 2.4%) (16,17). 

A nidus is a risk factor for hemorrhage in CAVMs; however, 
aneurysms are present in a number of cases. Aneurysms on 
the feeding artery are an independent predictor of adverse 
consequences, can directly cause intracranial hemorrhage 
and can be the primary clinical manifestation, such as in 
subarachnoid hemorrhage  (13,18). According to previous 
findings, aneurysms on the feeding artery have a larger 
probability of rupture and bleeding than the AVM nidus itself, 
which may trigger even more serious symptoms and secondary 
edema due to the small space of the posterior cranial fossa 
close to the brainstem region (10,20).

The treatment of CAVMs includes craniotomy, EVT, radio‑
therapy, or a combination of multiple methods (21). In recent 
years, EVT has been used in an increasing number of CAVM 
cases, and EVT can also be used as a pre‑adjuvant therapy to 
reduce the risk of craniotomy or radiotherapy (22,23).

EVT should be performed for CAVMs for the structure when 
rupture and bleeding occur. For unruptured CAVMs, EVT should 
be used to treat structures at risk, such as weak points, aneu‑
rysms on the feeding artery or dilated structures in the CAVM. 
However, for unruptured aneurysms, EVT is controversial, as 
embolization of the AVM nidus reduces aneurysmal dilatation 
and blood flow, thus promoting the formation of thrombi in the 
aneurysm cavity and finally resulting in aneurysm self‑atrophy 
or even disappearance (22,23). Regardless, for aneurysms in 
CAVMs with a high grade (Spetzler‑Martin grade 4 or 5), it is 
not recommended to prioritize the CAVM nidus as early embo‑
lization of the CAVM nidus can increase the risk of aneurysm 
rupture by increasing intralesional perfusion pressure (24).

In the present study, the embolization of the aneurysms 
was prioritized in 14 cases of CAVMs combined with prenidal 
aneurysms followed by embolization of the nidus to varying 
degrees. For 2 cases of AVM combined with intranidal aneu‑
rysms, embolization with Onyx™ was mainly performed on 

aneurysms. The outcome is safe and satisfactory, as no compli‑
cations occurred.

As previously reported, 67‑80% of patients with CAVMs 
treated with EVT can achieve ideal outcomes (5,11). In the 
present study, 27 patients (81.7%, 27/33) had a GOS score of 5 
at discharge. EVT is thus a feasible treatment for CAVM and 
may be used to obtain acceptable therapeutic effects.

EVT is safer and has less complications than craniotomy 
(8.8‑18.7% vs. 25‑40%) (5,11,13,18). In the present study, the 
complication rate was 9.1%, including intraoperative and 
post‑operative bleeding. The cause of this hemorrhagic compli‑
cation was unclear; during EVT, the rapid and high pressure of 
Onyx™ casting in the weak or ruptured compartment of the nidus 
can result in intraoperative bleeding (25). In addition, excessive 
Onyx™ casting in one stage, particularly the occlusion of the 
draining vein, can result in post‑operative bleeding based on the 
normal perfusion pressure breakthrough theory (26). Therefore, 
hemorrhagic complications of EVT should be considered.

In conclusion, the findings of the present study suggest that 
EVT is a feasible treatment for CAVM and that EVT should 
focus on weak or ruptured structures. Excessive Onyx™ 
casting and the occlusion of the draining vein should be 
avoided to reduce the risk of hemorrhagic complications.
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