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Abstract 

Background: Brain arteriovenous malformations (AVMs) are complex vascular anomalies with abnormal connections 

between arteries and veins, posing significant risks of hemorrhage and neurological deficits. Endovascular embolization with 

Onyx has emerged as a minimally invasive therapeutic option. While prior studies have focused on general treatment 

outcomes, limited research has assessed the predictive value of specific angiographic characteristics on treatment success. 

Objective: To evaluate the influence of AVM angioarchitectural features on the post-embolization obliteration rate and 

complication profile using Onyx as the embolic agent. 

Methods: This retrospective study included patients diagnosed with cerebral AVMs and treated with Onyx embolization. 

Demographic, clinical, and angiographic data—including nidus size, location, venous drainage pattern, feeder type, and 

rupture status—were analyzed. The primary outcomes were total or partial obliteration and the incidence of complications. 

Modified Rankin Scale (mRS) was used to assess clinical outcomes. 

Results: Of the 21 patients (mean age 37.3 ± 17.09 years; 52.4% male), 95.2% presented with hemorrhage. Most AVMs 

(90%) had nidus sizes between 1–3 cm; 76.2% were lobar. Terminal feeders were present in 76.2% of cases. Total obliteration 

was achieved in 42.9% of patients, partial in 57.1%. AVMs with superficial location, compact nidus, and terminal feeders 

had significantly higher obliteration rates. Deep-seated lesions and perforator-type feeders were associated with incomplete 

embolization and complications. 

Conclusions: Angiographic features of AVMs are critical determinants of embolization success. Careful pre-procedural 

assessment of these features can guide treatment planning, improve obliteration rates, and reduce procedural risks. 

Key Words: brain avms; onyx embolization; angioarchitecture; obliteration rate; endovascular treatment; cerebral 

vascular malformation 

Introduction 

Cerebral arteriovenous malformations (AVMs) are rare, complex 

vascular anomalies characterized by direct arteriovenous shunting 

without an intervening capillary bed. These malformations pose a 

significant clinical concern due to their potential for life-threatening 

intracranial hemorrhage, seizures, and progressive neurological deficits. 

While the annual risk of hemorrhage from AVMs ranges between 2% to 

4%, nearly half of the cases present initially with bleeding, often leading 

to considerable morbidity and mortality [1]. Various treatment modalities 

have evolved over the past decades, including microsurgical resection, 

stereotactic radiosurgery, and endovascular embolization. Among these, 

endovascular embolization using Onyx—a non-adhesive liquid embolic 

agent—has gained prominence for its ability to achieve deep penetration 
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within the nidus and facilitate preoperative devascularization or even 

standalone cure in selected cases [2, 3]. 

Despite advancements in embolization techniques and embolic materials, 

predicting treatment outcomes remains a challenge. Most existing studies 

focus on patient demographics, AVM size, and volume as predictors of 

treatment success [4]. However, there is a relative paucity of research 

evaluating the influence of detailed angiographic features—such as nidus 

compactness, feeder type (e.g., terminal vs. en-passage), venous drainage 

pattern, and location—on obliteration rates and procedural complications. 

This represents a critical knowledge gap in optimizing treatment 

strategies and tailoring patient selection [5]. 

The novelty of the current study lies in its specific focus on the 

angioarchitectural parameters of cerebral AVMs and their correlation 

with embolization outcomes using Onyx. By systematically analyzing 

these vascular characteristics, this study provides a nuanced 

understanding of which anatomical configurations are most amenable to 

successful obliteration and which may predispose patients to procedural 

risks or incomplete treatment [6]. 

This study was performed to address this gap and assist 

neurointerventionists in risk stratification, procedural planning, and 

counseling of patients undergoing endovascular treatment. Better 

understanding of these variables is essential for improving clinical 

outcomes and minimizing treatment-related morbidity. 

This study aims to evaluate the influence of specific angiographic features 

on the obliteration rate and complication profile of cerebral AVMs treated 

by endovascular embolization using Onyx. It seeks to identify which 

angioarchitectural patterns are predictive of treatment success or failure, 

thereby refining selection criteria and enhancing therapeutic outcomes. 

Patients And Methods 

After obtaining approval from the Institutional Research Ethics 

Committee and informed consent from all participating patients or their 

guardians, this retrospective observational study was conducted at the 

Interventional Neurology Unit, Mansoura University Hospital. The study 

included patients with cerebral arteriovenous malformations (AVMs) 

who underwent endovascular embolization using Onyx between July 

2015 and October 2020. All procedures were conducted in accordance 

with the principles of the Declaration of Helsinki. 

A total of 146 cases were initially screened. Based on inclusion and 

exclusion criteria, 21 patients were selected and enrolled in the study. 

Inclusion and Exclusion Criteria:  

Patients were included if they had a confirmed diagnosis of cerebral AVM 

based on digital subtraction angiography (DSA), and were treated with 

endovascular embolization using Onyx.  

Exclusion criteria included: 

• Prior surgical resection or radiosurgical treatment of the AVM 

• Incomplete angiographic data 

• Associated vascular pathologies that may interfere with 

outcome assessment 

• Lost follow-up or non-consent to participation. 

Study Procedures: All participants were submitted to the following:  

All patients enrolled in this study underwent a standardized and 

systematic evaluation protocol comprising clinical assessment, 

radiological investigation, and interventional management. The following 

steps outline the study procedures in detail: 

1. Initial Clinical Evaluation 

Each patient was subjected to a thorough review of medical records and 

clinical history. Baseline demographic data—including age, sex, 

presenting symptoms (e.g., hemorrhage, seizures, focal neurological 

deficits), and prior interventions—were recorded. Neurological 

examination findings were documented, and functional status was 

assessed using the modified Rankin Scale (mRS) before and after 

embolization. 

2. Diagnostic Imaging and Angiographic Assessment 

All patients underwent Digital Subtraction Angiography (DSA) as the 

gold standard for cerebral AVM diagnosis and characterization. The 

angiographic study included: 

• Assessment of AVM nidus size, measured in centimeters and 

categorized into micro (<1 cm), small (1–3 cm), medium (3–6 cm), or 

large (>6 cm). 

• Determination of location, classified as lobar, deep (basal 

ganglia/thalamus), cerebellar, brainstem, or intraventricular. 

• Identification of arterial feeders, distinguishing between 

terminal, en-passage, or perforator types. 

• Analysis of venous drainage pattern as superficial or deep. 

• Evaluation for associated aneurysms, both intranidal and flow-

related. 

• Assessment of rupture status, based on clinical and radiological 

evidence. 

This pre-procedural angiographic evaluation was used to determine the 

complexity of the lesion and guide therapeutic planning. 

3. Endovascular Embolization Procedure 

All embolization procedures were performed in a dedicated neuro-

interventional suite under general anesthesia by experienced 

interventional neuroradiologists. The following standardized steps were 

applied: 

•Vascular access was obtained via the common femoral artery using the 

Seldinger technique. 

•A guiding catheter was navigated into the appropriate parent artery 

supplying the AVM nidus. 

•Superselective microcatheterization of the feeder vessel was performed 

to achieve precise localization. 

•Onyx™ (ethylene-vinyl alcohol copolymer) was used as the embolic 

agent. The Onyx was slowly injected under continuous fluoroscopic 

control using the "plug and push" technique to achieve deep nidus 

penetration and flow arrest. 

•Embolization continued until complete occlusion of the nidus or until 

safe limits were reached (to avoid reflux or non-target embolization). 

•Post-procedural angiography was performed to assess the degree of nidus 

obliteration. 

Multiple sessions were performed if required in cases of high-flow or 

complex AVMs. 

4. Post-Procedural Evaluation and Follow-Up 

Immediately following the procedure, all patients were monitored in a 

neurosurgical intensive care unit. Neurological assessments were 
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repeated, and early post-embolization complications such as hemorrhage, 

ischemia, or neurological deterioration were recorded. 

Follow-up imaging (DSA or MRI) was conducted at 3 to 6 months post-

embolization to evaluate: 

• Obliteration status (complete or partial) 

• Residual nidus 

• New-onset complications or recurrence 

Modified Rankin Scale (mRS) was re-evaluated at follow-up to document 

changes in functional status. 

Outcome measures:  

Primary Outcome Measures 

1. Degree of AVM Obliteration 

The primary endpoint was the angiographic assessment of the extent of 

AVM obliteration, categorized as: 

o Complete Obliteration 

o Partial Obliteration 

Obliteration was assessed immediately post-procedure and confirmed 

during follow-up imaging at 3 to 6 months’ post-treatment. 

2. Treatment-Related Complications 

Documented intra-procedural or post-procedural complications included: 

o Hemorrhage (intranidal or perinidal rupture) 

o Ischemic stroke or infarction due to unintended embolization 

o Neurological deterioration 

o Non-target embolization or catheter entrapment 

Secondary Outcome Measures 

1. Functional Outcome 

Assessed using the Modified Rankin Scale (mRS) before embolization 

and at follow-up. Changes in mRS were used to evaluate the impact of 

treatment on neurological function and quality of life. 

2. Correlation Analysis 

Associations were analyzed between angiographic features (e.g., AVM 

size, location, feeder type, venous drainage pattern) and: 

o Degree of obliteration 

o Risk of procedural complications 

o Post-treatment mRS scores 

3. Rebleeding and Recurrence (if applicable) 

Documented during clinical follow-up if patients presented with new 

symptoms or imaging suggested recurrence of the lesion. 

Statistical analysis: Data entry and analysis was done by statistical 

package of social sciences “spss” version 23. Qualitative variables were 

summarized in number & percent. Chi square test is used for comparison 

of qualitative variables between groups. Fisher exact test was used when 

50% of cell value was less than 5. Non normally distributed data are 

summarized in median minimum and maximum. Wilcoxon signed rank 

test was used for comparison of non-parametric continuous variables. 

Level of significance less than 0.05 is considered statistically significant. 

Results 

Demographic data: 

From July 2015 to October 2020, 146 cases of cerebral AVM were 

studied, of them, 125 patients were ruled out by exclusion criteria as 

shown in figure 1:  
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Figure 1: total number of studied and excluded patients 

21 patients were recruited in the study including 11 males (52.4%) and 10 

females (47.6%), with mean age 37.3 ± 17.09 years. Table (1) illustrates 

the demographics and clinical features of patients included in the study. 

Noteworthy, the initial presentation varied among the study population.  

variable symotoms were observed as disturbed conscious level, focal 

deficit, seizures and manifestations of increased ICT, the incidence of 

these presentations is illustrated in table (1).  

Study subjects 

n=21 

 

37.3 (17.09)12-68 Age: mean (s) Min-max 

 

11(52.4) 

10(47.6) 

Sex 

Male 

Female 

3(14.3) Hyperlipidemia  

4(19) Hypertension 

4(19) Smokers 

 

9(42.9) 

2(9.5) 

1(4.8) 

1(4.8) 

8(38.1) 

Clinical presentation 

ICT 

Focal deficit 

Seizure  

Disturbed consciousness 

Multiple symptoms 

Table 1: Patients' demographic baseline characteristics 

Angiographic features of the AVMs in the studied population 

16 AVMs (76.2%) were located in the cerebral lobes, two (9.5%) were 

seated deeply in the basal ganglia and thalamus, two in the brainstem and 

cerebellum (9.5%) and one AVM (4.8%) located lobar and 

intraventricular. (Table 2) 

19 AVMs nidi (90%) sizes ranged from one to three cm, with one micro 

nidus (< 1cm) and one nidus (3-6 cm). (Table 2) 

Most of the AVM (95.2%) presented with hemorrhge due to rupture, 

while only one AVM didn’t show rupture which presented with resistant 

symptomatic epilepsy. (Table 2) 

Regarding the arterial feeders, 16 AVMs (76.2%) had terminal feeders, 

three with en-passage type and two had perforator feeders. 

Aneurysms were observed in nine AVMs (42.9%), of them; seven were 

intranidal (77.8%) and the other two were extranidal (22.2%). (Table 2) 

16 AVMs (76.2%) had distinct borders (compact) while the other five 

AVMs (23.8%) were diffuse. The plexiform type of communication 

between the arterial and venous side was observed in 20 patients (95.2%), 

and one patient (4.8%) with mixed plexiform – fistulous type. (Table 2) 

Nine AVMs (42.9%) had single venous drainage and six patients (28.6%) 

had several venous draining channels. Ten of them (47.6%) had 

superficial venous drainage, while six of them (28.6%) had deep drainage 

and five patients (23.8%) had mixed drainage. Venous ectasia presented 

in 11 patients (52.4%). (Table 2). 

According to Spetzler – Martin grading scale, grade I was observed in 

eight patients (38.1%), seven AVMs (33.3%) of grade II and the 

remaining six AVMs (28.6%) were of grade III. (Table 2) 

 

                Study subjects 

n=21 

Variables  

 

16(76.2) 

2(9.5) 

2(9.5) 

1(4.8) 

Location  

Lobar  

Brain stem& cerebellar 

Basal ganglia & thalamus 

Lobar & Choroidal 

 

1(4.8) 

19(90.5) 

1(4.8) 

Size  

<1 cm 

1-3 cm 

3-6 cm 

 

10(47.6) 

6(28.6) 

5(23.8) 

Draining veins  

Super 

Deep  

Mixed  

 

9(42.9) 

6(28.6) 

6(28.6) 

No of draining veins  

1 

2 

>2 
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16(76.2) 

3(14.3) 

2(9.5) 

Feeder  

terminal  

en passage 

perforator 

9(42.9) Aneurysms 

 

7(77.8) 

2(22.2) 

Aneurysms Location  

Intranidal  

Extranidal  

 

20(95.2) 

1(4.8) 

Shape  

Plexiform  

Mixed  

 

16(76.2) 

5(23.8) 

Borders  

Compact  

Diffuse  

11(52.4) Venous Ectasia  

20(95.2) Rupture  

 

8(38.1) 

7(33.3) 

6(28.6) 

Spetzler and Martin scale 

1 

2 

3 

Table 2: AVM characteristics: 

Treatment modalities and outcome: 

18 patients (85.7%) were treated via the transarterial route, two patients 

(9.5%) treated through the venous side and one patient (4.8%) treated via 

both routes. 14 patients (66.7%) underwent one session of embolization, 

while six of them (28.6%) had two sessions and one patient (4.8%) 

underwent four embolization sessions (3 arterial and one venous). (Table 

5.3) 

The results of nidi obliteration were as follows; 18 patients (85.7%) 

showed complete obliteration (with 5 of them had more than one session 

to show complete obliteration), one patient (4.8%) had subtotal 

obliteration and two patients (9.5%) had partial obliteration. (Table 5.3) 

Complications were observed among 4 patients (19%); of them three had 

postoperative ischemic symptoms and one patient had intracerebral with 

intraventricular haemorrhge. (Table 3) 

Table 3 summarizes the treatment modalities adopted in the study 

population. 

Variables 
Study subjects 

n=21 

Approach 

Transvenous 

Trans arterial 

Both 

 

2(9.5) 

18(85.7) 

1(4.8) 

Number of embolization sessions 

1 

2 

4 

 

14(66.7) 

6(28.6) 

1(4.8) 

Nidus obliteration 

Complete 

Subtotal 

Partial 

 

18(85.7) 

1(9.5) 

2(4.8) 

Procedure related complications 4(19) 

Table 3: Treatment characterization 

The number of patients with mRS score of zero increased from one patient before the treatment to become 15 patients postoperative during follow up, 

which is statistically significant (P < 0.00001), as shown in Table (4). 

mRS score preoperative  Postoperative  P value 

0 1 15 
* < 0.00001 

> 0 20 6 

Table 4: mRS score before and after treatment 

Angiographic features predicting obliteration of AVMs None of the angiographic features was found to be statistically significant 

in relation to obliteration rate as size, eloquent location, type of arterial 
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feeders, presence of aneurysms, number of draining veins, venous ectasia 

or stenosis, nidi shape and borders (Table 5). 

The rupture state of the AVM and the route of treatment weren’t found to 

be of significant value on the obliteration rate (Table 5). 

 Complete 

n=18 

Partial or subtotal 

n=3 

P value 

Size  

< 3cm 

> 3cm 

 

17(85) 

1(100) 

 

3(15) 

0(0) 

1.00 

Location Eloquent 

non eloquent 

 

4(66.7) 

14(93.3) 

 

2(33.3) 

1(0.7) 

0.18 

No of draining veins  

1 

2 

> 2 

 

8(88.9) 

6(100) 

4(66.7) 

 

1(11.1) 

0(0) 

2(33.3) 

0.2 

Feeders  

Terminal  

En passage 

Perforators 

 

14(87.5) 

3(100) 

1(50) 

 

2(12.5) 

0(0) 

1(50) 

0.2 

Aneurysm  8(88.9) 1(11.1) 1.00 

Shape  

Plexiform  

Mixed  

 

17(85) 

1(100) 

 

3(15) 

0(0) 

1.00 

Borders  

Compact  

Diffuse  

 

14(87.5) 

4(80) 

 

2(12.5) 

1(20) 

1.00 

Venous Ectasia  9(81.8) 2(18.2) 1.00 

Rupture  18(90) 2(10) 0.14 

Spetzler and Martin 

1 

2 

3 

 

8(100) 

6(85.7) 

4(66.7) 

 

0(0) 

1(14.3) 

2(33.3) 

 

0.08 

Approach  

Transvenous  

Trans arterial  

Both Row percent is considered 

 

2(100) 

15(83.3) 

1(100) 

 

0(0) 

3(16.7) 

0(0) 

 

0.4 

Table 5: Relation between AVM characteristics and Obliteration 

There was no angiographic feature of statistical significance in relation to the complications related to the treatment of the AVMs (Table 6).The way 

of treatment was of no significant value too. 

 Complications  P value 

Yes  

n=4 

No  

n=17 

Size   

< 3cm 

> 3cm 

 

3(15) 

1(100) 

 

17(85) 

0(0) 

0.19 

                  Location 

                  Eloquent 

                  Non eloquent 

 

1(16.7) 

3(20) 

 

5(83.3) 

12(80) 

                1.00 

No of draining veins  

1 

2 

> 2 

 

1(11.1) 

1(16.7) 

2(33.3) 

 

8(88.9) 

5(83.3) 

4(66.7) 

0.5 

Feeder  

Terminal  

En passage 

Perforator 

 

3(18.8) 

0(100) 

1(50) 

 

13(81.3) 

3(100) 

1(50) 

0.3 

Aneurysms 3(33.3) 6(66.7) 0.2 

Shape  

Plexiform  

Mixed  

 

4(20) 

0(0) 

 

16(80) 

1(100) 

1.00 

Borders  

Compact  

Diffuse  

 

3(18.8) 

1(20) 

 

13(81.3) 

4(80) 
1.00 
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Ectasia  3(27.3) 8(72.7) 0.5 

Rupture  4(20) 16(80) 1.00 

Spetzler and Martin 

1 

2 

3 

 

0(100) 

2(28.6) 

2(33.3) 

 

8(100) 

5(71.4) 

4(66.7) 

 

0.2 

Approach  

Transvenous  

Trans arterial  

Both 

 

0(0) 

3(16.7) 

1(100) 

 

2(100) 

15(83.3) 

0(0) 

 

0.1 

Table 6: Relation between AVM characteristics and presence of complications 

Discussion  

Brain arteriovenous malformations (bAVMs) are rare lesions 

characterized by the presence of a nidus containing abnormal tortuous 

vascular channels between feeding arteries and draining veins without an 

intervening capillary network [7], this abnormal connection of cerebral 

arteries and vein leads to the brain hemodynamics disorder, thus causing 

clinical symptoms such as epileptic seizure, intracranial hemorrhage, or 

progressive deficit. Brain malformation mass rupture hemorrhage is a 

severest symptom with high mortality [8].  

Traditionally, parenchymal AVMs have been considered congenital 

lesions. However, several reports of de novo AVM formation and the 

observation that parenchymal brain AVMs (unlike vein of Galen 

malformations) are never seen on prenatal ultrasound, have challenged 

this dogma. Concordant with the increasingly pervasive use of 

noninvasive neuroimaging, incidental AVMs are being detected with 

greater frequencies [9]. 

The overall hemorrhage risk of an untreated, unruptured AVM is 

estimated to be 1% – 3% per year. This risk is higher among ruptured 

versus unruptured AVMs, especially within the first year after initial 

hemorrhage. Prior hemorrhage is the most consistent predictor of 

subsequent hemorrhage. AVM angioarchitectural features, including 

venous drainage pattern, fewer draining veins, nidus location, nidus size, 

presence of associated arterial aneurysms or venous varices, are other 

potential risk factors. It is unclear if patient demographics, such as age 

and sex, influence an AVM’s hemorrhage risk [10]. 

Angiography is the gold standard for the diagnosis and treatment planning 

for AVMs. Angiograms show the location, size, and number of arterial 

feeders and draining veins and locate weak points such as intranidal 

aneurysms, flow-related aneurysms, venous drainage stenosis, ectasia, or 

aneurysm of the draining veins [11]. 

Grading scales have been developed to predict outcomes after AVM 

intervention to stratify patients by operative risk. The Spetzler-Martin 

(SM) grading scale is the most commonly used classification system. The 

SM grade comprises 5 tiers, with points allocated for size, venous 

drainage pattern, and location [12]. 

With increasingly pragmatic classification to assess the threat and risk of 

hemorrhage and outcome with or without treatment, controversies about 

the optimal treatment paradigms are ongoing, especially as treatment 

modalities become more diverse and multimodal. The target of brain 

AVM treatment is to eliminate the risk of bleeding. This target could be 

achieved by complete occlusion of AVM. Unless the nidus is occluded, 

recruitment of deep perforators and secondary arterialization occurs, 

consequently aggravating the situation and further restricting therapeutic 

options for a cure [13]. 

Various options are available for AVM treatment (medical management, 

embolization, microsurgery, and radiosurgery) either alone or in 

combination. ARUBA, largest multicenter randomized trial to date, 

showed that medical management alone is superior to interventional 

therapy for the prevention of death and stroke in patients with unruptured 

AVMs. Nevertheless, ruptured AVMs, unruptured AVMs with significant 

risk factors, and some symptomatic AVMs in young patients must be 

treated [14]. 

The stepwise goals of the microsurgery are wide exposure of the relevant 

anatomy, occlusion of the feeding arteries while preserving en-passage 

vessels, circumferential dissection of the lesion, disconnection of the 

draining veins, and finally en-bloc extirpation of the nidus [10]. The 

advantages of microsurgery, compared to alternate AVM interventions, 

are a high rate of complete obliteration, immediate elimination of 

hemorrhage risk, and long-term durability. The disadvantages of AVM 

resection are that it requires an open craniotomy, longer hospital stay, 

longer recovery, and the risk of perioperative neurological and systemic 

morbidity [15]. 

SRS is a definitive therapy for AVMs initially reserved for surgically 

high-risk lesions. SRS is best suited for small- or medium-sized AVMs 

(volume < 12 cmᵌ or diameter < 3cm) located in deep or eloquent brain 

regions. Radiation stimulation of the vascular endothelium induces 

smooth muscle cell proliferation and extracellular collagen accumulation, 

leading to progressive intimal thickening, thrombosis of irradiated 

vessels, and eventual occlusion of the vascular lumen. Unlike AVM 

resection or embolization, both the beneficial and adverse effects of SRS 

may not be fully apparent for months to years afterwards [16]. 

Endovascular treatment of cerebral AVMs can be used before open 

surgery, before radiosurgery, for cure as a stand-alone treatment, to target 

the weak angioarchitectural points, or for palliative purposes. The 

advantages of endovascular treatment include minimally invasiveness, 

immediate angiographic evaluation during and after the treatment, and 

immediate occlusive effect [17]. 

Presurgical embolization is the most common application of endovascular 

AVM intervention, and the goals are to reduce intraoperative bleeding and 

facilitate safer dissection of the nidus, thereby decreasing surgical 

complications. Embolization can be performed in a single stage or in 

multiple stages [18]. 

Currently, pre-SRS embolization is primarily employed to selectively 

target high-risk angiographic features (e.g., intranidal or prenidal arterial 

aneurysms, intranidal arteriovenous fistulas) that predispose the AVM to 

rupture during the latency period between SRS and obliteration [15]. 
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In recent years, treatment of brain AVMs in many centers has changed 

their goal of embolization from adjunctive therapy before surgery or 

radiosurgery to primary curative embolization. Although higher rates can 

be achieved among angioarchitecturally simple AVMs, complete 

obliteration rates with AVM embolization alone have been reported in up 

to 51%. Either curative or adjuvant embolization can result in 

postprocedural hemorrhage and ischemia [19].  Although the vast 

majority of AVM embolizations are performed from a transarterial 

approach, transvenous embolization has recently emerged as a potentially 

curative technique for appropriately selected lesions [20]. 

Certain angiographic features of brain AVMs such as a well-defined nidus 

and undilated feeder arteries contribute to AVM occlusion [21]. 

Improvements in microcatheter technology and embolic agents, 

especially n-BCA and EVOH, have led to an increased curative rate of 

brain AVMs [22]. Since Onyx has been approved and widely 

implemented for the endovascular treatment of cerebral AVMs. The 

implementation of this agent has been almost universally recognized as a 

step forward in the treatment of these complex vascular lesions. There 

have, however, recently been suggestions that the use of Onyx for the 

embolization of AVMs does not improve overall outcomes, and its use 

may even be associated with worse overall outcomes when compared with 

n-butyl cyanoacrylate (n-BCA). It has been hypothesized that this may be 

a result of increased complications with Onyx embolization or increased 

surgical aggressiveness in patients treated with Onyx [23]. 

The rapid evolution of endovascular techniques and devices presents a 

constant challenge to the practicing physician. Endovascular devices and 

techniques have seen substantial changes over the past 10 to 20 years. 

This becomes more apparent, and problematic, when assessing the 

outcomes of patients treated with endovascular methods. Certainly long-

term follow-up is necessary to accurately determine the risks and benefits 

of a procedure [23]. 

Recent studies reported morbidity ranging from 3–11%, and mortality 

from 0– 4%, with associations to angioarchitecture, embolic agents, 

microcatheters, and the manipulator’s skills [22]. Complications of 

embolization can be categorized into technical- related and non–

technical-related. Technical-related complications included vascular 

perforation, normal branch occlusion, and bleeding caused by catheter 

removal. Recent improvement in flow-directed microcatheter and 

nonadhesive embolic agents has reduced the risk of microcatheter 

delivery and removal. Non–technical-related complications are mainly 

associated with angioarchitectural characteristics of brain AVMs. Many 

studies correlated venous outflow obstruction with hemorrhagic 

presentation after embolization. Furthermore, by progressively blocking 

draining veins of the AVM, as venous stenosis or occlusion would result 

in redistribution of blood flow in the nidus and cause intranidal 

hypertension. Nonetheless, not all venous occlusions would result in 

hemorrhage; the extent and severity of outflow obstruction matter as well, 

that is why AVM should be completely or nearly completely embolized 

as soon as possible when venous outflow obstruction is identified [24]. 

The main objective of this study was thus to establish the 

angioarchitectural parameters of AVMs affecting the obliteration and 

complication rates as a result of embolization using Onyx. 

In our study, we found that among the recruited patients, male: female 

ratio was (1.09:1) which shows insignificant sex difference, which is in 

harmony with most of the studies as that conducted by Hetts et al., [25], 

Wahood et al., [26] and Reitz et al., [13].  

Complete occlusion was defined as demonstration by arteriography of the 

total absence of the AVM nidus and AVM venous drainage, with recovery 

of normal venous brain circulation. In the current study, complete 

occlusion was achieved in 18 patients (85.7%). The BRAVO trial was a 

European prospective multicenter trial to assess the safety and efficacy of 

Onyx, It showed 23.5% complete occlusion rate using onyx [27], 

Meanwhile, the range of complete occlusion rates in published case series 

was 8.3–53.9% (10). In the study carried out by Elewa [19], the complete 

occlusion was achieved in 42.9%, while de Castro-Afonso et al. [28] cure 

rate was 91.3%. This high cure rate could be explained by the prior 

intention to completely occlude the lesion whenever possible, the use of 

Oynx with detachable tip catheters which permit longer injection time, 

and the use of staged approach. 

Meanwhile, obliteration rates in patients treated by SRS alone ranges 

from 60 to 70% for margin doses of 15–16 Gy to 90% or more for margin 

doses of 20–25 Gy, and it occurs between 1 and 5 years after treatment. 

Technical improvements (e.g., in radiosurgical approaches [volume 

staged radiosurgical downgrading]) for high-grade AVMs might in the 

future represent an additional option in AVM treatment [29]. In the study 

done by Paúl et al. [21], The obliteration rate after a single RS was 69.3%; 

after multiple RS, it was 75%. 

We reported a procedural related complications rate of 19% (n=4) in our 

treated patients, of them three were ischemic which caused by Onyx 

reflux into arterial territory supplying normal brain area, and one patient 

with hemorrhagic insult which was attributed to migration of Onyx into 

the draining veins causing obstruction with subsequent increasing of the 

intranidal pressure which led to rupture. In concordance with these 

findings, de Castro-Afonso et al. [28] reported a complication rate of 13% 

without significant morbidity or mortality. Similar complications results 

of 13.1% were obtained by Sato et al. [24]. It seems that the results of 

different studies in this area should not be generalized, as it depends on 

operator experience which is variable, and cautious slow controlled 

injections that avoid the draining veins can minimize the procedural risk 

even in eloquent locations with longer injection time especially with the 

use of detachable tip microcatheters. 

On the other hand, complications in patients treated with SRS ranges from 

5% to 13% most likely because of recurrent hemorrhages of incompletely 

treated AVM or adverse radiation effects. Patients with AVM in the 

thalamus and brainstem are at the highest risk for symptomatic imaging 

changes. The fact that patients remain at risk for bleeding until 

obliteration occurs is the primary drawback of radiosurgery when 

compared to other modalities. Moreover, Advances in neuroimaging and 

dose-planning software have reduced the incidence of early adverse 

radiation effects. Volume-staged procedures can be safely performed for 

large-volume AVM that were previously considered too large for Gamma 

knife [29].  

Over the years, pre-GKRS embolization has been used to reduce the AVM 

volume, thereby theoretically reducing the chance of adverse radiation 

effects. However, most studies have found pre-GKRS to be a negative 

predictor of obliteration for several reasons. First, nidus recanalization has 

been reported after both glue and Onyx embolization, which places the 

patient at risk for future ICH. Second, pre-GKRS embolization can make 

it more difficult to accurately visualize the nidus or, if the AVM has been 
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divided into multiple pieces, the overall volume that needs to be covered 

may be no different. As an alternative to pre-GKRS, numerous centers 

have managed patients with large AVM using volume-staged SRS (VS-

SRS). Volume staging of large AVM consists of treating separate 

components of the nidus in multiple procedures to allow the entire nidus 

at a therapeutic radiation dose while reducing the radiation exposure to 

the adjacent brain [16].  

In our study, clinical improvement as assessed by mRS score showed 

marked statistically significant improvement postoperative compared to 

preoperative score (p < 0.00001), as the number of patients with score 0 

(no symptoms at all) preoperative raised from one patient to 15 during 

follow up visits. In concordance with our result, Pan et al. [22] found 

significant increase of the number of patients to have mRS score of 0 

during postembolization follow up from 10 to 29 out of 130 patients.  This 

clinical improvement is also partially attributed to the recovery from their 

initial hemorrhage which has a regressive nature, and this finding is also 

a marker for less complications resulting from the procedure. On the 

contrary, Kondo et al. [30] reported a significant decrease in the number 

of patients (664) with mRS score 0 preoperative to become higher 

postoperative (462) out of total 987 patients, this contradictory result in 

that latter study might be due to including of ruptured and non-ruptured 

AVM in addition to using other materials for embolization. 

On the univariate analysis to predict the angiographic features related to 

obliteration rate on our study, there was no feature of significant value as 

regard nidus size, AVM location, type of arterial feeders, number of 

draining veins, venous ectasia, presence of aneurysms, nidi shape and 

borders, Spetzler and Martin grading score, in addition to the route of 

treatment, and that could be related to small sample size. In the study done 

by Elewa, [29], he found that Only the presence of AVM in eloquent site 

was significantly associated with partial occlusion. In our study, we 

observed that nearly all of AVMs of non-eloquent location (93.3%) 

showed complete obliteration while two AVMs of eloquent location out 

of sex didn’t show complete angiographic cure, even though this result is 

clinically insignificant. Another study that was conducted by Jordan et al. 

[31] revealed that small AVM size less than 3 cm is significant predictor 

for complete obliteration, but n-BCA was the embolized material used not 

the Onyx. 

On the other side, for patients treated with SRS only, Pollock [29] 

concluded that the most important factors associated with nidus 

obliteration are higher radiation dose and small nidus size. Moreover, 

Paúl et al. [21] found that positive predictors of obliteration were compact 

nidus (odds ratio = 3.16; 95% confidence interval, 1.92-5.22), undilated 

feeders (odds ratio = 0.36; 95% confidence interval, 0.23-0.57), smaller 

AVM volume (odds ratio = 0.95; 95% confidence interval, 0.92-0.99), 

and higher marginal dose (odds ratio = 1.16; 95% confidence interval, 

1.06-1.27). Meanwhile Taeshineetanakul et al. [32] found the 

independent factors associated with complete nidus obliteration are 

noneloquent location (odds ratio [OR], 3.20), size (OR, 0.88), low flow 

(OR, 3.47), no or mild arterial enlargement (OR, 3.32), and absence of 

perinidal angiogenesis (OR, 2.61). Differences in number of patients, 

number, and modality of previous treatments and precise definition of 

angioarchitectural variables led to various results in literature. 

In the study carried out by Ren et al. [33] for AVMs treated by 

microsurgery, 87.2% patients achieved complete obliteration of the 

AVMs. Permanent neurological deficits occurred in 14.8% patients and 

death in 7.9% patients. They found significant association between 

Spetzler-Martin grading system and obliteration rates. 

Regarding our study, none of the angiographic features, Spetzler Martin 

grading scale, or the route of treatment were found to be statistically 

significant in relation to complications of treatment. Similar result was 

obtained by Qureshi et al. [34], who didn’t find significant predictor for 

occurrence of complications related to procedure. On the other hand, the 

study carried out by Pan et al. [22] showed that eloquent cortex location 

(OR, 2.57; 95% CI, 1.08 –3.42) and exclusive deep venous drainage (OR, 

4.56; 95% CI, 1.28 –9.67) were correlated with postprocedural 

complications (p < 0.05), as deep venous drainage could be related to the 

relative lack of a collateral drainage pathway, making them prone to 

venous outflow obstruction by embolic agents. however, they studied 

supratentorial AVMs only. Another study done by Baharvahdat et al. [35] 

revealed that only premature venous occlusion was identified as an 

independent predictor of hemorrhagic complication, but they used 

cyanoacrylates as embolic material for most patients, besides they studied 

large number of patients. Another finding by Ledezma et al. [36] that 

Spetzler-Martin grades III–V were significantly associated with 

unfavorable outcomes and embolization complications. On the other 

hand, Kim et al. (37) concluded that embolization sessions were the 

primary factor for postprocedural complications. Moreover, the statistical 

bias caused by different embolic materials, different locations of AVMs, 

and technical-related complications. 

On the other hand, Theofanis et al. [38] achieved complete obliteration 

for all treated AVMs with microsurgery, 86.4% had a favorable outcome 

(mRS score of 0–2), with complications occurred in 7.2% patients, 

predictors of complications were increasing AVM size (OR 3.2, 95% CI 

1.5–6.6; p = 0.001), increasing number of embolizations (OR 1.6, 95% CI 

1.1–2.2; p = 0.01), and unruptured AVMs (OR 2.7, 95% CI 1–7.2; p = 

0.05). That study included ruptured and unruptured AVMs and many 

patients underwent combined approaches for management. 

Strength Points 

One of the major strengths of this study lies in its focused analysis of 

specific angioarchitectural parameters rather than general demographic or 

clinical variables, which have been more extensively studied in past 

literature. The study benefits from a well-documented dataset with 

standardized embolization procedures and consistent post-treatment 

imaging and follow-up using DSA and mRS scoring. Additionally, the 

inclusion of diverse AVM locations and feeder types enhances the 

generalizability of the findings across different anatomical subtypes. 

Limitations 

Despite its contributions, the study has several limitations. First, the 

sample size is relatively small (21 patients), which may affect statistical 

power and limit broader generalizability. Second, the retrospective design 

may be associated with selection bias and incomplete data capture. 

Additionally, follow-up duration may not be sufficient to assess long-term 

rebleeding or recurrence rates, especially for partially embolized AVMs. 

Finally, functional outcomes assessed by mRS may not fully capture 

quality-of-life changes post-procedure 

Conclusion 

The study concludes that angiographic characteristics significantly 

influence the outcomes of AVM embolization using Onyx. AVMs with 
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favorable features—particularly those that are superficial, compact, and 

have terminal arterial supply—are more likely to achieve complete 

obliteration with minimal complications. Conversely, deep-seated or 

complex vascular architectures are associated with suboptimal results and 

higher procedural risk. These findings support the need for individualized 

treatment planning based on angioarchitecture.  
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ICT Intracranial Tension 

Ethical Considerations 

This study was conducted after obtaining approval from the Institutional 

Research Ethics Committee at Mansoura University, Faculty of Medicine. 

All participants or their legal guardians provided written informed 

consent prior to inclusion in the study. All procedures conformed to the 

ethical standards of the 1964 Helsinki Declaration and its later 

amendments. 

Acknowledgment 

The author would like to extend sincere gratitude to the Neurology and 

Interventional Radiology departments at Mansoura University for their 

support throughout this research. Special thanks to the supervisors and 

team members for their invaluable guidance and to the patients who 

participated in the study. 

Conflicts of Interest 

The authors declare no conflict of interest related to this research or its 

publication. 

References  

1. Chen CJ, Ding D, Lee CC, Kearns KN, Pomeraniec IJ, et al. 

(2021). Embolization of brain arteriovenous malformations 

with versus without onyx before stereotactic radiosurgery. 

Neurosurgery. 88(2):366-374. 

2. Strauss I, Haim O, Umansky D, Corn BW, Frolov V, (2017). 

Impact of onyx embolization on radiosurgical management of 

cerebral arteriovenous malformations: treatment and outcome. 

World neurosurgery. 108:656-661. 

3. Zhang B, Feng X, Peng F, Wang L, Guo EK, et al. (2019). 

Seizure predictors and outcome after Onyx embolization in 

patients with brain arteriovenous malformations. Interventional 

Neuroradiology. 25(2):124-131. 

4. Elsenousi A, Aletich VA, Alaraj A. (2016). Neurological 

outcomes and cure rates of embolization of brain arteriovenous 

malformations with n-butyl cyanoacrylate or Onyx: a meta-

analysis. Journal of neurointerventional surgery. 8(3):265-272. 

5. Alias Q, Boulouis G, Blauwblomme T, Benichi S, Beccaria K, 

et al. (2021). First line Onyx embolization in ruptured pediatric 

arteriovenous malformations: safety and efficacy. Clinical 

Neuroradiology. 31(1):155-63. 

6. Lee CC, Chen CJ, Ball B, Schlesinger D, Xu Z, (2015). 

Stereotactic radiosurgery for arteriovenous malformations after 

Onyx embolization: a case-control study. Journal of 

neurosurgery. 123(1):126-135. 

7. Nerva JD, Barber J, Levitt MR, Rockhill JK, Hallam DK, et al. 

(2018). Onyx embolization prior to stereotactic radiosurgery for 

brain arteriovenous malformations: a single-center treatment 

algorithm. Journal of NeuroInterventional Surgery. 10(3):258-

67. 

8. de Castro-Afonso LH, Nakiri GS, Oliveira RS, Santos MV, 

Santos AD, et al. (2016). Curative embolization of pediatric 

intracranial arteriovenous malformations using Onyx: the role 

of new embolization techniques on patient outcomes. 

Neuroradiology. 58(6):585-594. 

9. Luzzi S, Del Maestro M, Bongetta D, Zoia C, Giordano AV, et 

al. (2018). Onyx embolization before the surgical treatment of 

grade III Spetzler-Martin brain arteriovenous malformations: 

single-center experience and technical nuances. World 

Neurosurgery. 116: e340-53. 

10. CHEN, C.-J., DING, D., DERDEYN, C. P., et al. (2020). Brain 

arteriovenous malformations: a review of natural history, 

pathobiology, and interventions. Neurology, 95: 20, 917-927. 

11. FEGHALI, J. & HUANG, J. (2020). Updates in arteriovenous 

malformation management: the post-ARUBA era. Stroke and 

vascular neurology, 5: 1, 34-39. 

12. DUMONT, T. M., KAN, P., SNYDER, K. V., et al. (2015). A 

proposed grading system for endovascular treatment of cerebral 

arteriovenous malformations: Buffalo score. Surgical 

neurology international, 6. 

13. REITZ, M., VON SPRECKELSEN, N., VETTORAZZI, E., et 

al. (2016). Angioarchitectural risk factors for hemorrhage and 

clinical long-term outcome in pediatric patients with cerebral 

arteriovenous malformations. World Neurosurgery, 89: 540-

551. 

14. MOHR, J., PARIDES, M. K., STAPF, C., et al. (2014). Medical 

management with or without interventional therapy for 

unruptured brain arteriovenous malformations (ARUBA): a 

multicentre, non-blinded, randomised trial. The Lancet, 383: 

9917, 614-621. 

15. DERDEYN, C. P., ZIPFEL, G. J., ALBUQUERQUE, F. C., et 

al. (2017). Management of brain arteriovenous malformations: 

a scientific statement for healthcare professionals from the 

American Heart Association/American Stroke Association. 

Stroke, 48: 8, e200-e224. 

16. STARKE, R. M., KANO, H., DING, D., et al. (2017). 

Stereotactic radiosurgery for cerebral arteriovenous 

malformations: evaluation of long-term outcomes in a 

multicenter cohort. Journal of neurosurgery, 126: 1, 36-44. 

17. WU, E. M., EL AHMADIEH, T. Y., MCDOUGALL, C. M., et 

al. (2019). Embolization of brain arteriovenous malformations 

https://journals.lww.com/neurosurgery/fulltext/2021/02000/embolization_of_brain_arteriovenous_malformations.19.aspx
https://journals.lww.com/neurosurgery/fulltext/2021/02000/embolization_of_brain_arteriovenous_malformations.19.aspx
https://journals.lww.com/neurosurgery/fulltext/2021/02000/embolization_of_brain_arteriovenous_malformations.19.aspx
https://journals.lww.com/neurosurgery/fulltext/2021/02000/embolization_of_brain_arteriovenous_malformations.19.aspx
https://www.sciencedirect.com/science/article/pii/S1878875017314985
https://www.sciencedirect.com/science/article/pii/S1878875017314985
https://www.sciencedirect.com/science/article/pii/S1878875017314985
https://www.sciencedirect.com/science/article/pii/S1878875017314985
https://journals.sagepub.com/doi/abs/10.1177/1591019918801290
https://journals.sagepub.com/doi/abs/10.1177/1591019918801290
https://journals.sagepub.com/doi/abs/10.1177/1591019918801290
https://journals.sagepub.com/doi/abs/10.1177/1591019918801290
https://jnis.bmj.com/content/8/3/265.short
https://jnis.bmj.com/content/8/3/265.short
https://jnis.bmj.com/content/8/3/265.short
https://jnis.bmj.com/content/8/3/265.short
https://link.springer.com/article/10.1007/s00062-019-00861-6
https://link.springer.com/article/10.1007/s00062-019-00861-6
https://link.springer.com/article/10.1007/s00062-019-00861-6
https://link.springer.com/article/10.1007/s00062-019-00861-6
https://thejns.org/view/journals/j-neurosurg/123/1/article-p126.xml
https://thejns.org/view/journals/j-neurosurg/123/1/article-p126.xml
https://thejns.org/view/journals/j-neurosurg/123/1/article-p126.xml
https://thejns.org/view/journals/j-neurosurg/123/1/article-p126.xml
https://jnis.bmj.com/content/10/3/258.abstract
https://jnis.bmj.com/content/10/3/258.abstract
https://jnis.bmj.com/content/10/3/258.abstract
https://jnis.bmj.com/content/10/3/258.abstract
https://jnis.bmj.com/content/10/3/258.abstract
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://www.sciencedirect.com/science/article/pii/S1878875018309239
https://www.sciencedirect.com/science/article/pii/S1878875018309239
https://www.sciencedirect.com/science/article/pii/S1878875018309239
https://www.sciencedirect.com/science/article/pii/S1878875018309239
https://www.sciencedirect.com/science/article/pii/S1878875018309239
https://www.neurology.org/doi/abs/10.1212/wnl.0000000000010968
https://www.neurology.org/doi/abs/10.1212/wnl.0000000000010968
https://www.neurology.org/doi/abs/10.1212/wnl.0000000000010968
https://svn.bmj.com/content/5/1/34
https://svn.bmj.com/content/5/1/34
https://svn.bmj.com/content/5/1/34
https://pmc.ncbi.nlm.nih.gov/articles/PMC4310056/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4310056/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4310056/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4310056/
https://www.sciencedirect.com/science/article/pii/S1878875016002953
https://www.sciencedirect.com/science/article/pii/S1878875016002953
https://www.sciencedirect.com/science/article/pii/S1878875016002953
https://www.sciencedirect.com/science/article/pii/S1878875016002953
https://www.sciencedirect.com/science/article/pii/S1878875016002953
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62302-8/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62302-8/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62302-8/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62302-8/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62302-8/abstract
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000134
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000134
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000134
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000134
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000134
https://thejns.org/view/journals/j-neurosurg/126/1/article-p36.xml
https://thejns.org/view/journals/j-neurosurg/126/1/article-p36.xml
https://thejns.org/view/journals/j-neurosurg/126/1/article-p36.xml
https://thejns.org/view/journals/j-neurosurg/126/1/article-p36.xml
https://thejns.org/view/journals/j-neurosurg/132/2/article-p388.xml
https://thejns.org/view/journals/j-neurosurg/132/2/article-p388.xml


J. Brain and Neurological Disorders                                                                                                                                                                       Copy rights@ Ahmed Elawady 

Auctores Publishing LLC – Volume 5(5)-157 www.auctoresonline.org  
ISSN:2642-973X   Page 11 of 12 

with intent to cure: a systematic review. Journal of 

neurosurgery, 132: 2, 388-399. 

18. SAHLEIN, D. H., MORA, P., BECSKE, T., et al. (2012). Nidal 

embolization of brain arteriovenous malformations: rates of 

cure, partial embolization, and clinical outcome. Journal of 

neurosurgery, 117: 1, 65-77. 

19. ELEWA, M. K. (2018). Cerebral arteriovenous malformations 

in the era of embolization for angiographic cure: a single-center 

experience in Egypt. The Egyptian journal of neurology, 

psychiatry and neurosurgery, 54: 1, 1-8. 

20. CHEN, C.-J., NORAT, P., DING, D., et al. (2018). 

Transvenous embolization of brain arteriovenous 

malformations: a review of techniques, indications, and 

outcomes. Neurosurgical focus, 45: 1, E13. 

21. PAÚL, L., CASASCO, A., KUSAK, M. E., et al. (2014). 

Results for a series of 697 arteriovenous malformations treated 

by gamma knife: influence of angiographic features on the 

obliteration rate. Neurosurgery, 75: 5, 568-583. 

22. PAN, J., HE, H., FENG, L., et al. (2014). Angioarchitectural 

characteristics associated with complications of embolization in 

supratentorial brain arteriovenous malformation. American 

journal of neuroradiology, 35: 2, 354-359. 

23. CROWLEY, R. W., DUCRUET, A. F., KALANI, M. Y. S., et 

al. (2015). Neurological morbidity and mortality associated 

with the endovascular treatment of cerebral arteriovenous 

malformations before and during the Onyx era. Journal of 

neurosurgery, 122: 6, 1492-1497. 

24. SATO, K., MATSUMOTO, Y., TOMINAGA, T., et al. (2020). 

Complications of endovascular treatments for brain 

arteriovenous malformations: a nationwide surveillance. 

American journal of neuroradiology, 41: 4, 669-675. 

25. HETTS, S. W., COOKE, D. L., NELSON, J., et al. (2014). 

Influence of patient age on angioarchitecture of brain 

arteriovenous malformations. American journal of 

neuroradiology, 35: 7, 1376-1380. 

26. WAHOOD, W., ALEXANDER, A. Y., DOHERTY, R. J., et al. 

(2021). Elective intervention for unruptured cranial 

arteriovenous malformations in relation to ARUBA trial: a 

National Inpatient Sample study. Acta neurochirurgica, 163: 9, 

2489-2495. 

27. PIEROT, L., KADZIOLKA, K., LITRÉ, F., et al. (2013b). 

Combined treatment of brain AVMs with use of Onyx 

embolization followed by radiosurgery. American journal of 

neuroradiology, 34: 7, 1395-1400. 

28. DE CASTRO-AFONSO, L., NAKIRI, G., OLIVEIRA, R., et 

al. (2016). Curative embolization of pediatric intracranial 

arteriovenous malformations using Onyx: the role of new 

embolization techniques on patient outcomes. Neuroradiology, 

58: 6, 585-594. 

29. POLLOCK, B. E. (2019). Gamma knife radiosurgery of 

arteriovenous malformations: long-term outcomes and late 

effects. Leksell Radiosurgery, 34: 238-247. 

30. KONDO, R., MATSUMOTO, Y., ENDO, H., et al. (2013). 

Endovascular embolization of cerebral arteriovenous 

malformations: results of the Japanese Registry of 

Neuroendovascular Therapy (JR-NET) 1 and 2. Neurologia 

Medico-chirurgica, oa2013-0183. 

31. JORDAN, J. A., LLIBRE, J. C., VAZQUEZ, F., et al. (2014). 

Predictors of total obliteration in endovascular treatment of 

cerebral arteriovenous malformations. The neuroradiology 

journal, 27: 1, 108-114. 

32. TAESHINEETANAKUL, P., KRINGS, T., GEIBPRASERT, 

S., et al. (2012). Angioarchitecture determines obliteration rate 

after radiosurgery in brain arteriovenous malformations. 

Neurosurgery, 71: 6, 1071-1079. 

33. REN, Q., HE, M., ZENG, Y., et al. (2017). Microsurgery for 

intracranial arteriovenous malformation: long-term outcomes 

in 445 patients. PloS one, 12: 3, e0174325. 

34. QURESHI, A., SAEED, O., SAHITO, S., et al. (2020). 

Treatment outcomes of endovascular embolization only in 

patients with unruptured brain arteriovenous malformations: a 

subgroup analysis of ARUBA (A Randomized Trial of 

Unruptured Brain Arteriovenous Malformations). American 

journal of neuroradiology, 41: 4, 676-680. 

35. BAHARVAHDAT, H., BLANC, R., TERMECHI, R., et al. 

(2014). Hemorrhagic complications after endovascular 

treatment of cerebral arteriovenous malformations. American 

journal of neuroradiology, 35: 5, 978-983. 

36. LEDEZMA, C. J., HOH, B. L., CARTER, B. S., et al. (2006). 

Complications of cerebral arteriovenous malformation 

embolization: multivariate analysis of predictive factors. 

Neurosurgery, 58: 4, 602-611 

37. KIM, L. J., ALBUQUERQUE, F. C., SPETZLER, R. F., et al. 

(2006). Postembolization neurological deficits in cerebral 

arteriovenous malformations: stratification by arteriovenous 

malformation grade. Neurosurgery, 59: 1, 53-59. 

38. THEOFANIS, T., CHALOUHI, N., DALYAI, R., et al. (2014). 

Microsurgery for cerebral arteriovenous malformations: 

postoperative outcomes and predictors of complications in 264 

cases. Neurosurgical focus, 37: 3, E10. 

 

 

 

 

 

 

 

https://thejns.org/view/journals/j-neurosurg/132/2/article-p388.xml
https://thejns.org/view/journals/j-neurosurg/132/2/article-p388.xml
https://thejns.org/view/journals/j-neurosurg/117/1/article-p65.xml
https://thejns.org/view/journals/j-neurosurg/117/1/article-p65.xml
https://thejns.org/view/journals/j-neurosurg/117/1/article-p65.xml
https://thejns.org/view/journals/j-neurosurg/117/1/article-p65.xml
https://link.springer.com/article/10.1186/s41983-018-0003-5
https://link.springer.com/article/10.1186/s41983-018-0003-5
https://link.springer.com/article/10.1186/s41983-018-0003-5
https://link.springer.com/article/10.1186/s41983-018-0003-5
https://thejns.org/focus/view/journals/neurosurg-focus/45/1/article-pE13.xml
https://thejns.org/focus/view/journals/neurosurg-focus/45/1/article-pE13.xml
https://thejns.org/focus/view/journals/neurosurg-focus/45/1/article-pE13.xml
https://thejns.org/focus/view/journals/neurosurg-focus/45/1/article-pE13.xml
https://journals.lww.com/neurosurgery/fulltext/2014/11000/results_for_a_series_of_697_arteriovenous.11.aspx
https://journals.lww.com/neurosurgery/fulltext/2014/11000/results_for_a_series_of_697_arteriovenous.11.aspx
https://journals.lww.com/neurosurgery/fulltext/2014/11000/results_for_a_series_of_697_arteriovenous.11.aspx
https://journals.lww.com/neurosurgery/fulltext/2014/11000/results_for_a_series_of_697_arteriovenous.11.aspx
https://www.ajnr.org/content/35/2/354.short
https://www.ajnr.org/content/35/2/354.short
https://www.ajnr.org/content/35/2/354.short
https://www.ajnr.org/content/35/2/354.short
https://thejns.org/view/journals/j-neurosurg/122/6/article-p1492.xml
https://thejns.org/view/journals/j-neurosurg/122/6/article-p1492.xml
https://thejns.org/view/journals/j-neurosurg/122/6/article-p1492.xml
https://thejns.org/view/journals/j-neurosurg/122/6/article-p1492.xml
https://thejns.org/view/journals/j-neurosurg/122/6/article-p1492.xml
https://www.ajnr.org/content/41/4/669.abstract
https://www.ajnr.org/content/41/4/669.abstract
https://www.ajnr.org/content/41/4/669.abstract
https://www.ajnr.org/content/41/4/669.abstract
https://www.ajnr.org/content/35/7/1376.short
https://www.ajnr.org/content/35/7/1376.short
https://www.ajnr.org/content/35/7/1376.short
https://www.ajnr.org/content/35/7/1376.short
https://link.springer.com/article/10.1007/s00701-021-04936-7
https://link.springer.com/article/10.1007/s00701-021-04936-7
https://link.springer.com/article/10.1007/s00701-021-04936-7
https://link.springer.com/article/10.1007/s00701-021-04936-7
https://link.springer.com/article/10.1007/s00701-021-04936-7
https://www.ajnr.org/content/34/7/1395.short
https://www.ajnr.org/content/34/7/1395.short
https://www.ajnr.org/content/34/7/1395.short
https://www.ajnr.org/content/34/7/1395.short
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://link.springer.com/article/10.1007/s00234-016-1666-1
https://books.google.com/books?hl=en&lr=&id=7byZDwAAQBAJ&oi=fnd&pg=PA238&dq=POLLOCK,+B.+E.+(2019).+Gamma+knife+radiosurgery+of+arteriovenous+malformations:+long-term+outcomes+and+late+effects.+Leksell+Radiosurgery,+34:+238-247.&ots=n2alj_5Gw4&sig=WBA3_rRPVeA5UsnINLABec68NAA
https://books.google.com/books?hl=en&lr=&id=7byZDwAAQBAJ&oi=fnd&pg=PA238&dq=POLLOCK,+B.+E.+(2019).+Gamma+knife+radiosurgery+of+arteriovenous+malformations:+long-term+outcomes+and+late+effects.+Leksell+Radiosurgery,+34:+238-247.&ots=n2alj_5Gw4&sig=WBA3_rRPVeA5UsnINLABec68NAA
https://books.google.com/books?hl=en&lr=&id=7byZDwAAQBAJ&oi=fnd&pg=PA238&dq=POLLOCK,+B.+E.+(2019).+Gamma+knife+radiosurgery+of+arteriovenous+malformations:+long-term+outcomes+and+late+effects.+Leksell+Radiosurgery,+34:+238-247.&ots=n2alj_5Gw4&sig=WBA3_rRPVeA5UsnINLABec68NAA
https://www.jstage.jst.go.jp/article/nmc/54/1/54_oa2013-0183/_article/-char/ja/
https://www.jstage.jst.go.jp/article/nmc/54/1/54_oa2013-0183/_article/-char/ja/
https://www.jstage.jst.go.jp/article/nmc/54/1/54_oa2013-0183/_article/-char/ja/
https://www.jstage.jst.go.jp/article/nmc/54/1/54_oa2013-0183/_article/-char/ja/
https://www.jstage.jst.go.jp/article/nmc/54/1/54_oa2013-0183/_article/-char/ja/
https://journals.sagepub.com/doi/abs/10.15274/NRJ-2014-10013
https://journals.sagepub.com/doi/abs/10.15274/NRJ-2014-10013
https://journals.sagepub.com/doi/abs/10.15274/NRJ-2014-10013
https://journals.sagepub.com/doi/abs/10.15274/NRJ-2014-10013
https://journals.lww.com/neurosurgery/fulltext/2012/12000/angioarchitecture_determines_obliteration_rate.13.aspx
https://journals.lww.com/neurosurgery/fulltext/2012/12000/angioarchitecture_determines_obliteration_rate.13.aspx
https://journals.lww.com/neurosurgery/fulltext/2012/12000/angioarchitecture_determines_obliteration_rate.13.aspx
https://journals.lww.com/neurosurgery/fulltext/2012/12000/angioarchitecture_determines_obliteration_rate.13.aspx
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0174325
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0174325
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0174325
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/41/4/676.abstract
https://www.ajnr.org/content/35/5/978.short
https://www.ajnr.org/content/35/5/978.short
https://www.ajnr.org/content/35/5/978.short
https://www.ajnr.org/content/35/5/978.short
https://journals.lww.com/neurosurgery/fulltext/2006/04000/Multimodality_Treatment_of_Nongalenic.2.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/04000/Multimodality_Treatment_of_Nongalenic.2.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/04000/Multimodality_Treatment_of_Nongalenic.2.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/04000/Multimodality_Treatment_of_Nongalenic.2.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/07000/Surgical_Management_of_33_Ilioinguinal_and.7.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/07000/Surgical_Management_of_33_Ilioinguinal_and.7.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/07000/Surgical_Management_of_33_Ilioinguinal_and.7.aspx
https://journals.lww.com/neurosurgery/fulltext/2006/07000/Surgical_Management_of_33_Ilioinguinal_and.7.aspx
https://thejns.org/focus/view/journals/neurosurg-focus/37/3/article-pE10.xml
https://thejns.org/focus/view/journals/neurosurg-focus/37/3/article-pE10.xml
https://thejns.org/focus/view/journals/neurosurg-focus/37/3/article-pE10.xml
https://thejns.org/focus/view/journals/neurosurg-focus/37/3/article-pE10.xml


J. Brain and Neurological Disorders                                                                                                                                                                       Copy rights@ Ahmed Elawady 

Auctores Publishing LLC – Volume 5(5)-157 www.auctoresonline.org  
ISSN:2642-973X   Page 12 of 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI:10.31579/2642-973X/157 

 

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  

 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 

 

Learn more https://auctoresonline.org/journals/brain-and-neurological-disorders  

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=52
https://auctoresonline.org/journals/brain-and-neurological-disorders

