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Abstract
Background: In the bene�t of the large population and rapid economic growth, the interventional
techniques and equipment for brain arteriovenous malformations (bAVMs) in mainland China have been
rapidly improved. Chinese neurosurgical cerebrovascular physicians have accumulated rich experience
and made pioneering explorations. This study aims to summarize the experience and treatment progress
of bAVMs in mainland China.

Methods: We performed a web-based nationwide questionnaire survey among 67 tertiary neurosurgical
institutions that had acknowledged treating bAVMs in the primary survey. Our questionnaire included
clinical characteristics, radiological �ndings, intervention indications/contraindications, intervention
timing, and intraoperative management of different treatment modalities.

Results: A total of 63 participants from 49 (73.1%) tertiary neurosurgical institutions responded to our
questionnaire. 42 (66.7%) were neurosurgeons, 13 (20.6%) were neurointerventionists, and 8 (12.7%) were
radiosurgeons. Approximately 3500 to 4000 cases of bAVMs were treated annually in these 49
departments. All participants agreed that the conclusions of ARUBA are debatable. Flow-related
aneurysms, deep venous drainage, and arteriovenous �stula were considered as common hemorrhagic
risk factors. Unruptured SM IV-V bAVMs, giant bAVMs, pediatric bAVMs, elderly bAVMs, and eloquent
bAVMs were not absolute contraindications to intervention. Maximum lesion occlusion and minimal
functional impairment were the principles of intervention management. Most of the neurosurgeons and
neurointerventionists recommended early intervention (<30 days) for ruptured bAVMs, and the
radiosurgeons suggested intervention in the chronic phase or recovery phase (P<0.01), and preferably 3
months after bleeding. Multi-modality strategies were thought effective for complex bAVMs and more
exploration of individualized intraoperative management was necessary.

Conclusions: Intervention was acceptable for speci�c selected unruptured bAVMs in mainland China,
especially in patients with hemorrhagic risk factors. The application of multidisciplinary cerebrovascular
team and multicenter large-sample international registry study might be the next work for Chinese
neurosurgical cerebrovascular physicians.

Trial registration: ClinicalTrials.gov NCT04136860.

Introduction
Brain arteriovenous malformations (bAVMs) are complex and rare cerebral vascular dysplasia. The main
purpose of treatment is to avoid the neurological impairment caused by hemorrhagic stroke (1). In
general, ruptured bAVMs require aggressive intervention, but the treatment strategy for unruptured bAVMs
was still controversial. In 2014, a randomized trial (ARUBA) indicated that medical management alone is
superior to interventional therapy for the prevention of death or stroke in unruptured bAVMs (2). However,
the conclusion was opposite with many published studies (3, 4). Nowadays, most cerebrovascular
neurosurgical centers around the world didn’t change the treatment indications and intervention
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strategies of unruptured bAVMs due to the results of ARUBA. With the development of new intervention
strategies, bAVMs may have more opportunities to achieve more aggressive strategies. In the bene�t of
the large populations and rapid economic growth, the interventional techniques and equipment in
mainland China have been rapidly improved. Chinese neurosurgical cerebrovascular physicians have
accumulated rich experience and made pioneering explorations. In this study, we conduct a nationwide
questionnaire survey to summarize the experiences and treatment progress of bAVMs in mainland China.

Methods
Study design and assessed items

Before the questionnaire survey, we conducted a preliminary survey (by the recommendation of the
Chinese Medical Association Neurosurgery Branch and the suggestion of the corresponding author Dr.
Chen and Dr. Wang) to screen out the largest bAVM diagnosis treatment center in the local provinces. And
�nally, a web-based questionnaire (Additional �le 1) surveying details of bAVMs was sent to 67
nationwide tertiary neurosurgical institutions via email and WeChat QR code. We used logic operation
which skipped certain questions based on speci�c answers. Thus, we only let participants answer
questions in their �eld (Microsurgery, Embolization, Radiosurgery). Radiosurgeons were a�liated with the
department of radiosurgery. In this study, the radiosurgeon was engaged in gamma knife radiosurgery for
bAVMs. The �rst few questions were focused on general characteristics of participants, such as
department, hospital, years of experience, and number of treated bAVMs per year. We classi�ed the
questions concerned by all 3 departments as general questions, such as clinical incidence, radiological
�ndings, intervention indications/contraindications, and intervention timing. More detailed questions in
subgroups were followed, including intraoperative details and perioperative management. All variables
relating to bAVMs (including the de�nition of clinical and morphological baseline characteristics) are
de�ned according to currently recommended reporting terminology for clinical bAVMs research (5). The
study was performed according to the national law, institutional ethical standards, and guidelines of the
Helsinki Declaration.

Statistical assessment

The categorical variables are presented as counts (with percentages). The Pearson chi-square test or
Fisher exact test was used to compare categorical variables as appropriate. Two-tailed t-tests were
employed to compare continuous variables (normal distribution variable). Wilcoxon rank-sum test was
applied to compare non-normal distribution continuous variables. P-value<0.05 was considered to be
statistically signi�cant. Statistical analysis was performed using SPSS (version 25.0, IBM, New York,
USA).

Results



Page 4/18

A total of 63 participants from 49 (73.1%) institutions responded to our questionnaire (Figure 1). 38
participants (60.3%) were department directors, and 62 participants (98.4%) have more than 5 years of
experience in the clinical treatment of bAVMs. Of the 63 participants, 42 (66.7%) were neurosurgeons, 13
(20.6%) were neurointerventionists, 8 (12.7%) were radiosurgeons. Approximately 3500 to 4000 cases of
bAVMs were treated annually in these 49 departments.

General Questions

Microsurgery, Embolization, Radiosurgery (63 participants)

1. Did you agree with the conclusions of ARUBA that conservative management is better than intervention
for unruptured bAVMs and could these conclusions be generalized to all unruptured bAVMs (single-choice
question)?

All participants (100.0%) agree that the conclusions of ARUBA are debatable and cannot be generalized
to all unruptured bAVMs.

2. What do you think are the risk factors for subsequent hemorrhage in unruptured bAVMs (multichoice
question)?

Flow-related aneurysms (60 participants, 95.2%), deep venous drainage (47 participants, 74.6%),
arteriovenous �stula (AVF) (43 participants, 68.3%), periventricular location (26 participants, 41.3%), and
small nidus (26 participants, 41.3%) were considered as risk factors for subsequent hemorrhage of
unruptured bAVMs (Figure 2). There was no difference of opinion among the three departments (P>0.05).

3. Do you think unruptured Spetzler-Martin (SM) grade IV-V bAVMs are the interventional
contraindications (single-choice question)? If not, which kind of unruptured SM IV-V bAVMs should take
intervention management (multichoice and open question)?

The majority of participants (44 participants, 69.8%) suggested intervention for speci�c SM grade IV-V
unruptured bAVMs, especially in patients with high hemorrhagic predictors (Figure 3A). There was no
difference of opinion among the three departments (P=0.942). Besides, younger bAVMs (41 participants,
65.1%) were also recommended positive intervention because of the high cumulative subsequent rupture
risk.

4. Do you think giant bAVMs (>6cm) are the contraindication of intervention (single-choice question)? If
not, which kind of intervention modality do you recommend (multichoice question)?

55 participants (87.3%) thought giant bAVMs were not interventional contraindications, and multi-
modality intervention strategy was recommended by 40 participants (72.7%) (Figure 3B). But the multi-
modality combinations were different within three departments, combined embolization and
microsurgery (61.1%) was the most preferred strategy of the neurosurgeons, and combined embolization
and radiosurgery (66.7%) was more preferred by the radiosurgeons. However, target embolization (58.3%),
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including embolization of cerebral aneurysms and high-�ow AVFs, was the most preferred intervention
strategy for giant bAVMs among neurointerventionists.

5. Do you think pediatric bAVMs are the contraindication of intervention (single-choice question)? Do you
think pediatric intervention strategies should be more aggressive than adults (single-choice question)?
And which kind of intervention modality do you recommend for pediatric bAVMs (multichoice question)?
Do you agree that the purpose of intervention in pediatric bAVMs is complete nidus obliteration and
maximum functional protection (single-choice question)?

No participants (0.0%) agreed pediatric bAVMs were interventional contraindication. 46 participants
(73.0%) thought the pediatric bAVMs should undergo more aggressive management than adults, and 37
participants (58.7%) recommended multi-modality intervention strategies for pediatric bAVMs (Figure 3C).
There was no difference of opinion among the three departments (P=0.055). 57 participants (90.5%)
agree that the purpose of intervention in pediatric bAVMs is complete nidus obliteration and maximum
functional protection.

6. Do you think elderly bAVMs (>65 years) are the contraindication of intervention (single-choice
question)? If no, which kind of intervention modality do you recommend (multichoice question)? Do you
recognize that partial occlusion and target embolization concentrated on hemorrhagic risk factors were
more recommended than complete obliteration for elderly bAVMs (single-choice question)?

51 participants (81.0%) thought elderly bAVMs still need interventions. However, unlike adult patients,
multi-modality strategies (36 participants, 70.6%) such as combined embolization and microsurgery (10
participants, 19.6%) or combined embolization and radiosurgery (26 participants, 51.0%) were more
preferred than single modalities (15 participants, 29.4%) (P<0.01, Figure 3D). Besides, unlike pediatric
patients, partial occlusion and target embolization (23 participants, 45.1%) concentrated on hemorrhagic
risk factors were also recommended, rather than complete obliteration.

7. Do you think eloquent AVMs are the contraindication of intervention (single-choice question)? Which
intervention modality do you prefer (multichoice question)?

Most of the participants (51 participants, 81.0%) agreed that eloquent AVMs are decisive in their decision
on treatment, but the interventional indications need to be personalized. 33 neurosurgeons (78.6%)
proposed that only speci�c selected eloquent bAVMs would be recommended for microsurgical resection.
10 neurointerventionists (76.9%) consider that target embolization on the hemorrhagic risk factors was
more preferred for bAVMs located in the eloquence area. All radiosurgeons (100.0%) believe that the
Gamma knife has unique advantages for eloquent bAVMs, especially in small to moderate-sized and
compact nidus (Figure 4A).

8. What treatment strategy would you prefer for bAVMs with/without hemorrhagic risk factors located in
the internal capsule, basal ganglia, thalamus and brainstem (multichoice and open question)?
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For bAVMs with hemorrhagic risk factors, Most of the participants (59 participants, 93.7%) agreed with
intervention treatment, and combined embolization and radiosurgery (65.1%) was the �rst-line
recommended strategy. Besides, target embolization was suggested by 16 participants (25.4%) (Figure
4B). 14 neurosurgeons (33.3%) consider surgical resection as an alternative, especially for bAVMs with
emergency hemorrhage.

For bAVMs without hemorrhagic risk factors, about half of the neurosurgeons (22 participants, 52.4%)
preferred conservative management, but the majority of neurointerventionists (84.6%) and radiosurgeons
(100.0%) suggested intervention treatment. Among the 39 participants who supported the intervention, 27
participants (69.2%) recommended radiosurgery (41.0%) or combined embolization and radiosurgery
(28.2%) (Figure 4C).

9. When do you think is the best intervention timing in patients with stable ruptured bAVMs (vital signs
are stable, no obvious signs of cerebral hernia) (single-choice question)? Acute phase (within 48 hours)/
Subacute phase (2 days to 1 month)/ Chronic phase (1 month to 3 months)/ Recovery phase (>
3months)

There were signi�cant differences in the timing of intervention among the three departments (P<0.01).
Most neurosurgeons (90.5%) and neurointerventionists (92.3%) didn’t recommend intervention in the
chronic phase or recovery phase. In the subgroup of neurosurgeons, 12 participants (28.6%)
recommended surgery during the acute phase, and 26 participants (61.9%) preferred the subacute phase.
However, considered the high subsequent hemorrhagic risk and the advantages of target embolization on
hemorrhagic risk factors, 6 of neurointerventionists (46.2%) suggested embolization during the acute
phase. Unlike either, the majority of radiosurgeons (87.5%) suggested intervention in the chronic phase or
recovery phase, and preferably 3 months after bleeding (Figure 5).

Subgroup Detail Questions

Microsurgery, Embolization (55 participants)

10. Do you think that the single-stage combined embolization and microsurgery strategy is bene�cial
(single-choice question)? If yes, which of the following is the most important (single-choice question)?
Intraoperative angiography (clarify angioarchitecture characteristics and avoid lesion residue) /
Intraoperative embolization. If you select intraoperative embolization, which embolization strategy do you
prefer (multichoice and open question)?

All 55 neurosurgeons and neurointerventionist (100.0%) agreed that single-stage combined embolization
and microsurgery is bene�cial. Most of them (60.0%; 24 neurosurgeons, 57.1%; 9 neurointerventionists,
69.2%) considered intraoperative embolization as the most signi�cant advantage because of the reduced
�ow and volume of the nidus. Besides, intraoperative target embolization for the hemorrhagic predictors
(69.1%) and the deep part of the nidus (58.2%) were the most recommended intraoperative embolization
strategies. Only 29.1% of the participants suggested excessive embolization.
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11. Which of the following areas do you prefer to embolize in the single-stage combined embolization
and microsurgery (single-choice question)? The feeding arteries / The feeding arteries and nidu And
what’s the reason of your choice (open question)?

Different departments have different views on this question. 28 neurosurgeons (66.7%) believed that
embolization of the feeding artery was the most advantageous intraoperative embolization strategy
because of the reduced blood supply, and the embolization of the nidus should be avoided, especially in
deep lesions, because the lesions after embolization would become hard and di�cult to be exposed
intraoperatively. However, most of the neurointerventionists (8 of 13 participants, 61.5%) believed
embolization of the feeding artery and nidus is more bene�cial because it can reduce the nidus volume
and reduce the intraoperative blood loss.

Embolization (13 participants)

12. What is the embolic material routinely used for bAVMs in your department (single-choice question)?
And which embolization strategy do you think is more bene�cial (single-choice question)? Embolize
hemorrhagic risk factors/ Embolize hemorrhagic risk factors and the nidus

All participants (100.0%) preferred Onyx (eV3, Inc.) as their �rst choice when embolizing bAVMs. Most of
the participants (12 participants, 92.3%) preferred to embolize hemorrhagic risk factors and nidus.

Radiosurgery (8 participants)

13. What is the minimum margin dose you suggested for single-stage radiosurgery (open question)?

5 participants (62.5%) suggested 16 Gy as the minimum margin dose for single-stage radiosurgery, while
3 participants (37.5%) suggested 18 Gy.

14. Do you agree that pre-radiosurgery embolization is not conducive to the subsequent obliteration after
radiosurgery (single-choice question)? Which kind of bAVMs do you think would bene�t from pre-
radiosurgery embolization (multichoice and open question)?

All participants (100.0%) consider the pre-radiosurgery embolization might reduce the obliteration rate.
However, they still recommended pre-radiosurgery embolization for speci�c selected bAVMs, such as
patients with hemorrhagic risk factors (87.5%), high �ow (37.5%) and large-volume nidus (62.5%).

Discussion
Brain arteriovenous malformations are rare vascular lesions with the presentation of hemorrhagic stroke,
seizure, headache, and focal neurological de�cit (6). Despite the incidence was scarcity, bAVMs account
for the majority of spontaneous intracranial hemorrhage in children and young adults (7). The SM
grading system is widely used to estimate the risk of postoperative complications (8). Generally, for
ruptured bAVMs, intervention was recommended regardless of grade. However, the management of
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unruptured bAVMs was still controversial. To summarize the current status and experiences of the
treatment of bAVMs in mainland China, we conducted a web-based nationwide questionnaire survey
among 49 tertiary neurosurgical institutions (63 participants) including microsurgery, embolization, and
radiosurgery.

Although ARUBA indicated negative outcomes of intervention than conservative management in
unruptured bAVMs (2). all participants in this study still support intervention for speci�c selected bAVMs.
The main criticisms of the ARUBA trial included insu�cient follow-up period (33 months), heterogeneity
and uneven distribution between treatment modalities, low obliteration rate, small sample size and
unusual high incidence of post-interventional complication (9). These de�ciencies make ARUBA’s �ndings
can’t be recognized as the �rst-line evidence to select conservative management or intervention of all
unruptured bAVMs. Previous studies proposed that elevations of vascular endothelial growth factor
(VEGF) or alterations in the vascular wall (10), and many hemodynamic changes, such as �ow-related
aneurysms (11), abnormally high blood �ow through shunting (12), smaller bAVMs, a single and/or
stenosed draining vein and so on (13), may contribute to bAVMs rupture. In this study, the hemorrhagic
hemodynamic factors were similar to previous studies, which means that most of the participants in
mainland China share the same view on the hemorrhagic risk factors.

Interventional indications and contraindications

Two recent completed randomized clinical trials or prospective registries (ARUBA and SAIVM) suggested
that the risk of intervention may outweigh the risk of future rupture for unruptured bAVMs (2, 14).
Therefore, the selection of interventional indications has become more cautious clinically, especially in
unruptured patients. Generally, SM grade IV-V bAVMs are recommended to observed unless ruptured (15).
However, previous studies calculated an average rate of 15% for persisting disability and a risk of 15%
death after bAVMs hemorrhage (16). The outcomes of the hemorrhage were a permanent downgrade in
function to an mRS score >1 in 88% and an mRS score >2 in 69% (3). Therefore, for patients with
hemorrhagic risk factors and younger age, more aggressive treatment might be recommended because of
the high cumulative subsequent rupture risk (3, 16).

The ARUBA trial did not include giant bAVMs and it is still controversial whether the intervention can
bene�t giant bAVMs in other previous studies (2). Yang et al. indicated that interventions for giant bAVMs
should be considered cautiously because the hemorrhagic risk is similar and functional outcomes may
be better in the conservatively managed population (17). In contrast, Chang et al. proposed that selected
symptomatic patients with giant bAVMs can be treated successfully with good outcomes and acceptable
risk (18). Recently, Reinard et al. found that good outcomes are attainable with a multimodal treatment
approach in carefully selected patients with giant bAVMs (19). Besides, further study indicated that
radiosurgery after microsurgery or embolization might be the most advantageous strategy (20). In this
study, most participants considered that intervention for giant bAVMs was desirable, and multi-modality
strategy was more preferred, especially in patients with hemorrhagic risk factors.
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Only adult bAVMs were included in the ARUBA trial (2). However, due to the long life expectancy, the high
cumulative lifelong hemorrhagic risk and better neural plasticity of pediatric bAVMs, the ARUBA
conclusion that medical management alone has a better prognosis may not apply to pediatric bAVMs. In
fact, pediatric bAVMs were often treated more aggressively than adults (21). Minimum trauma and
maximum occlusion were the intervention principle for pediatric bAVMs (22). Similar to giant bAVMs,
multi-modality strategy was more preferred for pediatric bAVMs in this study. On the other hand, another
special population corresponding to pediatric bAVMs is elderly bAVMs (>65). Nowadays, whether elderly
bAVMs should undergo intervention treatment is still controversial. Many previous studies proposed that
elderly bAVMs were interventional contraindication, because only a life expectancy over 20 years could be
a prerequisite for treatment (20), and the risk of treatment can outweigh the risk of bleeding. However,
Pabaney et al. proposed surgical management of elderly bAVMs can result in complete obliteration and
acceptable clinical outcomes, with an overall mortality rate of 3.6% and an obliteration rate of 87% (23).
In this study, most participants agreed that elderly patients should receive intervention management, but
more minimally invasive and lower risk strategies were recommended, such as partial occlusion of
hemorrhagic risk factors.

Eloquence has always been considered to be closely related to the postoperative neurological outcomes.
No matter in the SM Grade Scale (8), or the Lawton-Young Grade Scale (24), or the new prediction scale
of postoperative neurofunctional de�cit-HDVL Grade Scale (25), eloquence is the key evaluation criteria.
Generally, limited visual de�cit and mild aphasia were acceptable because of the small impact on the
quality of life (20), and bAVMs in the deep location or central motor cortex were considered as surgical
contraindication (26, 27). Lesion-to-eloquence distance (LED) <4.95mm was indicated as an independent
predictor for postoperative neurofunctional de�cits (25). Target embolization for hemorrhagic risk factors
was considered feasible in eloquent bAVMs by neurointerventists because of the less risk of
postoperative neurofunctional de�cits and effective reduction of subsequent hemorrhagic risk (28).
Besides, most previous studies suggested that radiosurgery has unique advantages for eloquent bAVMs,
especially in small to moderate-sized and compact nidus (29).

Giant bAVMs, Pediatric bAVMs, elderly bAVMs and eloquent bAVMs are relatively rare in the overall
bAVMs population. The current studies are all retrospective studies based on a small sample size, which
cannot provide high-level management evidence for such patients. Further multi-center randomized
controlled trials with larger sample size are needed for this particular bAVMs.

Current single-modality and multi-modality strategies

Available treatment strategies for bAVMs currently include medical management, microsurgical resection,
endovascular embolization, stereotactic radiosurgery, or combination thereof. However, there is still no
consensus on the timing of intervention for ruptured bAVMs. Ahmad et al. found that the time interval
between AVM bleeding and surgery did not in�uence early or late outcomes (30). Martinez et al.
recommended a delayed intervention for at least 4 weeks after the initial hemorrhage. In contrast, Deng et
al. proposed that short-term outcomes of the early intervention were better, though the long-term
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outcomes were similar (31). In this study, most of the neurosurgeons and neurointerventionists
recommended early intervention (<30 days) for ruptured bAVMs, however, the radiosurgeons suggested
intervention in the chronic phase or recovery phase, and preferably 3 months after bleeding. Therefore, we
speculated that different intervention strategies may have different optimal intervention window periods
for ruptured bAVMs.

Microsurgical resection is currently considered as the �rst-line strategy for low-level (SM grade I-II) and
super�cial lesions because of the highest rates of complete cure with an acceptable safety pro�le (32),
especially in emergency patients (33). However, previous studies reported that the risk of a serious
neurologic de�cit increases dramatically for SM grade III and IV/V bAVMs to 17% and 45% (3, 32),
respectively. Curative embolization of bAVMs is di�cult to achieved and previous studies have suggested
that >25% embolization in a single session might be associated with an increased risk of perioperative
complications (34). Recently, target embolization of discrete hemorrhagic risk factors was indicated that
embolization of nidal or perinidal aneurysms can reduce recurrent hemorrhage within the �rst year
following initial hemorrhage (28, 35), and transvenous embolization of selected bAVMs could achieve
high angiographic obliteration rate (36). Radiosurgery causes denaturation of endothelial cells and
proliferation of vascular smooth muscle by radiation, which blocks or compresses the vascular lumen
(37). But the increased hemorrhagic risk between treatment-occlusion interval and radiation-induced
complications (RICs) may limit the application of radiosurgery (38).

Multi-modality strategies are often recommended for complex bAVMs. Generally, embolization is usually
used as an adjunct therapy to reduce a bAVM’s volume before radiosurgery or reduce the nidus blood �ow
before resection at present (39, 40). However, the increased hemodynamic stress in the remain lesions
after invasive treatment for partial nidus may induce an increased hemorrhagic risk in the treatment
interval (41), and pre-radiosurgery embolization has been demonstrated that may cause the lesions
divided into distinct compartments, �nally inducing a negative impact on obliteration (42). Single-stage
combined embolization and microsurgery in the hybrid angio-surgical operating room might an e�cient
strategy for complex bAVMs to reduce the complications in the treatment interval and detect the residual
lesions in time (43, 44). In this study, we found that for the same type of bAVMs, the optimal intervention
strategy proposed by different subspecialty departments often differ. Therefore, further studies are
required to organize multicenter international trials to explore the most optimal and individualized
intervention strategies for bAVMs.

Several potential limitations of this study should be noted. Firstly, this is a web-based questionnaire
survey that prevents all participants from having in-depth discussions face to face. Secondly, the uneven
proportion of doctors in the three departments may lead to deviations in the conclusions. Thirdly, there
may be inconsistent opinions due to different economic conditions and technological capabilities in each
region. However, this study still re�ects the current experience and diagnosis and treatment of bAVMs in
most parts of mainland China.

Conclusion
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Intervention management was acceptable for speci�c selected unruptured bAVMs in mainland China,
especially in patients with hemorrhagic risk factors. A multidisciplinary team for cerebrovascular
diseases is necessary to develop optimal individualized strategies according to the clinical
characteristics, angioarchitecture characteristics and hemodynamic characteristics of patients.
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Figure 1
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The distribution of participating departments throughout the country. Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 2

Hemorrhagic risk factors in unruptured bAVMs.
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Figure 3

Interventional indications and contraindications of unruptured SM IV-V bAVMs, giant bAVMs, pediatric
bAVMs and elderly bAVMs in different departments.epartments.

Figure 4

Interventional indications and contraindications of eloquent bAVMs in different departments.
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Figure 5

Intervention timing recommended by different departments.
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