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become increasingly available. Microsurgical resection, 
stereotactic radiosurgery, and endovascular embolization, 
alone or in combination, are the treatment options currently 
available for these lesions.[2,3] During the past two decades, 
stereotactic radiosurgery has been widely used to treat 
cerebral AVMs.[4] In this communication, we present (a) our 
mid-term results with treatment of patients with cerebral 
AVMs, (b) Analyze factors associated with post-radiation 
hemorrhage, (c) the chance of AVM occlusion in our hands, 
and (d) compare our results with similar series in the 
literature.

Introduction

There  i s  no  doubt  that  cerebra l  a r ter iovenous 
malformations (AVM) still pose one of the greatest challenges 
in neurosurgery. The prevalence of brain AVMs varies 
between 15 and 18 per 100 000 adults.[1] The treatment of 
choice for AVMs remains controversial as the technological 
advancements continue to provide alternative options for 
their management and when long-term follow-up studies 
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Materials and Methods

Our gamma knife center is the only referral center for 
radiosurgery in a country with population of more than 
70 million. Between 2002 and 2010, 388 consecutive patients 
with angiographically proved cerebral arteriovenous 
malformations underwent radiosurgery in this gamma 
knife center using a 201 source 60Co gamma unit (Elekta 
Instruments B, Stockholm, Sweden). Definition of the nidus 
and localization of the irradiation target were done using 
stereotactic magnetic resonance imaging (MRI).

The cases were referred from neurologists or neurosurgeons 
working all along the country and each one had selection 
criteria preferred by their attending physician. They were 
evaluated in our group only regarding the suitability of the 
cases for radiosurgery (RS). In this regard, nearly all the referred 
cases were included to be treated by RS.

After gamma knife surgery, patients would undergo 
(a) brain MRI every 6 months for 2 years and then annually, 
(b) conventional angiography was performed when MRI 
suggested complete obliteration, (c) a brain CT-scan or MRI 
was performed if patients experienced new or aggravated 
symptoms such as headache, seizure, decreased vision, 
or other neurological deficits to rule out hemorrhage, 
infarction, or radiation-induced edema. Medical records of 
these patients were retrospectively reviewed. Demographic, 
clinical, pre- and post-radiosurgery angiographies, and 
follow-up data were collected. Data analysis was performed 
using SPSS (version 13.0, Inc., Chicago, IL) and P < 0.05 were 
considered statistically significant. Data are represented as 
mean ± standard error of mean (SEM) throughout the script.

Statistical analysis
Data analysis was performed using SPSS (version 13.0, 
Inc., Chicago, IL) and P < 0.05 were considered statistically 
significant. Data are represented as mean ± standard error of 
mean (SEM) throughout the script.

Case illustrations
Case 1 - A 34-year-old man presented with epilepsy for the 
first time. He was also suffering from chronic headache for 
several years which had been treated with different kinds of 
medications without any imaging. CTS and MRI taken after 
epileptic attack were compatible with a large AVM located 
in the left posterior parietal region. He was referred for RS. 
Figures 1 and 2 show the angiography before and after RF. 
He has been followed for 5 years without any new event or 
bleeding.

Case 2 - A 39-year-old man presented with epilepsy which 
could be controlled with phenytoin three times daily. He was 
referred for RS after a deep right thalamic AVM [Figure 3] was 

Figure 1: Angiograms obtained in a 34‑year‑old man revealing an AVM 
in the left posterior parietal region

Figure 2: Follow‑up angiography after one year showed AVM was 
obliterated  without a residual AVM or any other abnormal vessels

Figure 3: Digital subtraction angiography (DSA) before GKS showing 
a deep right thalamic AVM

detected. The angiogram performed after one year showed 
complete obliteration of the AVM [Figure 4].
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Results

Demographic features and radiosurgical 
parameters
Among 388 patients enrolled in our study, 226 were male (58%). 
Mean age at the time of treatment was 27.52 ± 12.12 years. 
Fifteen patients had undergone CSF shunting and 12 had 
been embolized before undergoing radiosurgery. The mean 
follow-up duration was 61.59 ± 1.14 months (with range 
of 12 to 93 months). The characteristics of radiosurgical 
parameters which we used for the patients are showed 
in Table 1. One-sample Kolmogorov Smirnov test showed 
that none of these variables (i.e., treatment volume, 
prescription iso-dose line, maximum and marginal doses, 
iso-centers per AVM, and tumor coverage) followed a normal 
distribution (P < 0.001). So, for data analysis, non-parametric 
tests such as Kruskal-Wallis (KW) or Mann-Whitney U (MWU) 
tests were utilized instead of analysis of variance or t-tests.

Radiologic and clinical characteristics
The anatomic characteristics of the AVMs were: 215 (55.4%) 
had only one feeder and the others had multiple arterial 
feeders. Venous drainage was superficial in 225 (58%) cases 
and 163 (42%) were located in eloquent areas. The number of 
patients with AVMs smaller than 3 cm was 232 and 104 cases 
had lesions larger than 6 cm in diameter. One hundred 
eighty patients were grade I or II, 116 were graded III, and 
74 were graded IV or V in SM classification. Table 2 shows the 
distribution of location of the treated AVMs. Supra-tentorial 
lesions (i.e., frontal, parietal, temporal, and occipital) compose 
the most frequent AVMs in our series (83.5%).

Clinical features of the patients at presentation are described 
in Table 3. The most frequent signs and symptoms included 
headache, seizure, hemorrhage, and limb paresis.

Neurological outcome
Neurological deficits happened in 15 patients (3.8%) after 

Figure 4: DSA performed one year after gamma knife showing 
complete obliteration of the nidus

Table 1: The characteristics of RS parameters
Treatment parameter Mean±SEM Range
Treatment volume (cc) 6.51±0.60 0.5‑100
Prescription isodose line (%) 49.49±0.36 32‑80
Maximum dose (cGy) 44.10±0.36 20‑63
Marginal dose (cGy) 21.49±0.17 12‑30
Isocenters per AVM 17.70±0.55 1‑51
Tumor coverage (%) 98.38±0.08 91‑100
SEM – Standard error of mean; RS – Radiosurgery; AVM – Arteriovenous 
malformations 

Table 2: The anatomic distribution of AVMs
Location Number of cases (%)
Frontal 59 (15.2)
Parietal 92 (23.7)
Temporal 64 (16.5)
Occipital 33 (8.5)
Basal ganglia 76 (19.6)
Brain stem 16 (4.1)
Corpus callosum 20 (5.2)
Intra‑ventricular 17 (4.4)
Cerebellar 11 (2.8)
Total 388 (100)
AVMs – Arteriovenous malformations

gamma therapy and summarized in Table 4. All patients with 
radiation-induced edema had lesions larger than 3 cm with 

Table  3:  The  clinical  findings  in  patients with  AVM
Signs and symptoms Number of cases (%)
Headache 222 (57.2)
Seizure 194 (50.0)
Diplopia 32 (8.2)
Visual loss 52 (13.4)
Nystagmus 8 (2.1)
Gaze palsy 16 (4.1)
Proptosis 12 (3.1)
Pan‑ophtalmoplegia 4 (1.0)
Ptosis 4 (1.0)
Dizziness 44 (11.3)
Anopsia 0 (0.0)
Drop attack 12 (3.1)
Hearing loss 16 (4.1)
Tinnitus 4 (1.0)
Facial numbness 16 (4.1)
Facial asymmetry 12 (3.1)
Nausea or vomiting 80 (20.6)
Dysarthria 20 (5.2)
Limb paresis 170 (43.8)
Imbalance 76 (19.6)
Spastic gait 6 (1.5)
Abnormal mentation 12 (3.1)
Hemorrhage (IVH/ICH) 174 (44.8)
AVM – Arteriovenous malformations; IVH –  Intraventricular hemorrhage; ICH – Intracerebral 
hemorrhage



Bitaraf, et al.: Radiosurgery of brain AVM from the 3rd world

162Asian Journal of Neurosurgery
Volume. 12, Issue 2, April‑June 2017

12 of them classified as grade IV or V of SM grading. Due to 
the small number of complications, in this series, statistical 
interpretation for finding the risk factors in developing new 
neurological deficits would be impossible.

Post-radiosurgery hemorrhage
Forty-four patients (11.3%) of the patients experienced 
post-radiosurgery hemorrhage (PRH) in their follow-up 
period. The duration of follow up did not affect the chance of 
hemorrhage (P > 0.05). Patients who had hemorrhage in one 
time point at their follow up were younger than those without 
hemorrhage (P < 0.05) considering the fact that younger 
patients were not followed for a longer time (P < 0.05). 
On the other hand, patients younger than 40 years were 
more likely to develop (12.4% vs 6.2% in those older than 
40 years); however, this difference was not statistically 
significant (P > 0.05).

The number of feeders (one/multiple)  or type of 
drainage (superficial/deep) did not alter the chance of 
bleeding (P > 0.05). The size of the AVMs with bleeding was 
less than 3 cm in 45.5% (n = 20) and more than 6 cm in 
54.5% (n = 24) of cases. The size of the AVM proved to be an 
important factor in determining the chance of bleeding. AVMs 
smaller than 3 cm and those larger than 6 cm bled in 8.6% and 
23.1% of cases, respectively (P < 0.001). Table 5 depicts the 
tendency to bleeding of our cases according to SM classification. 
Higher grades in this classification were associated with 
increased chance of bleeding after radiation (P < 0.05).

Brain stem, intra-ventricular, and cerebellar AVMs did not 
show any bleeding during the follow up. In the remaining 

Table  4: Neurological  deficits  observed  after  RS  of 
AVMs
Neurologic complications Number of cases (%)
Radiation induced edema 8 (2.0)
Transient hemi‑paresis 4 (1.0)
Visual deficit 2 (0.5)
Cranial nerve palsy 1 (0.2)
RS – Radiosurgery; AVM – Arteriovenous malformations

Table  5: Distribution  of  patients with  and without 
post‑RS intracranial hemorrhage according to SM 
grading for cerebral AVMs
SM grading Intracranial hemorrhage after RS Total

Yes No
I 8 68 76
II 12 110 122
III 8 108 116
IV 12 50 62
V 4 8 12
Total 44 344 388
RS – Radiosurgery; AVM – Arteriovenous malformations; SM – Spetzler‑Martin

locations (i.e., frontal, parietal, occipital, temporal, basal 
ganglia, and corpus callosum), no significant difference was 
found regarding the chance of hemorrhage (P > 0.05).

Complete or partial obliteration of the AVM significantly 
reduced the chance of bleeding (P < 0.001). No bleeding was 
observed in patients with complete obliteration (n = 249) 
and among the patients with partial obliteration (n = 103), 
27.2% developed hemorrhage in their follow up while 44.4% 
of the patients without obliteration of their AVMs (n = 36) 
were complicated with intra-cranial bleeding.

Overall, patients presented with headache were less likely 
to develop PRH (Post-radiosurgery hemorrhage) (P < 0.05). 
However, if one considers only supra-tentorial lesions, neither 
headache nor seizure showed prognostic value for chance 
of bleeding (P > 0.05). In supra-tentorial AVMS, presence 
of nausea/vomiting, hemorrhage, or motor weakness at 
presentation were associated with increased chance of 
PRH (P < 0.01). Due to the limited number of cases and data 
stratification, logistic regression analysis with matching of 
the cases and analysis for other locations (i.e., callosal, brain 
stem, intra-ventricular, and cerebellar AVMs) and for other 
signs and symptoms were not performed.

Among the treatment parameters [Table 4], only the number of 
iso-centers had good prognostic value with the higher number 
of iso-centers radiated per AVM, the higher the chance of PRH. 
In patients with iso-center dose less or higher than 20, the 
chance of PRH was 7.5% and 20.7%, respectively (P < 0.001). 
The numbers of iso-centers were significantly different based 
upon the location of AVM (with corpus callosum AVMs having 
the least number of iso-centers). Also, those AVMs larger than 
6 cm were significantly radiated with higher iso-centers than 
the smaller ones. Eloquent lesions and number of draining 
veins or feeding arteries did not affect the therapeutic regimen 
in number of iso-centers (P > 0.05).

Pre-radiation embolization was associated with 33.3% chance 
of PRH (P < 0.05), but none of the cases treated previously with 
CSF diversion (i.e. shunting) developed PRH.

Obliteration of AVM
Among 388 patients, 249 (64.2%) showed complete and 
another 103 (26.5%) showed partial obliteration of their AVMs 
on follow up. Only 36 subjects (9.3%) had no evidence of 
obliteration on their follow-up imaging [Table 6]. The follow-up 
time and age were not statistically different between patients 
with complete, partial, or no obliteration (MWU, P > 0.05).

Eloquent locations, number of feeders, and type of drainage did 
not affect the chance of obliteration (P > 0.05), whereas the size of 
the lesions proved to be an important factor (P < 0.001) as AVMs 
smaller than 3 cm had 65.5% chance of complete obliterations vs 
lesions larger than 6 cm with 51.0% chance of complete occlusion. 
The SM grading of AVMs had significant correlation with the 
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chance of obliteration (P < 0.01) with grade I and II having 9.2% 
and 4.9% chance of failure of obliteration, respectively, in contrast 
with grade V of which 33.3% had no obliteration at all [Table 7].

All infra-tentorial and intra-ventricular AVMs showed complete 
or at least partial obliteration, whereas supra-tentorial or 
callosal lesions showed 9.9% and 20.0% likelihood of no 
obliteration, respectively. If one classifies basal ganglia, corpus 
callosum, intra-ventricular, and brain stem AVMs as deep 
malformations, their obliteration rate was not different from 
other lesions (P > 0.05).

Among therapeutic parameters, fewer iso-centers, increased 
maximal and marginal dosages, and smaller treatment 
volumes were associated with enhanced obliteration 
rate (P < 0.05). In spite of being statistically different among 
the groups, the marginal dose, number of iso-centers, 
and treatment iso-dose differences were not of clinical 
importance [Table 6].

Although previous CSF shunting did not affect obliteration 
outcome (P > 0.05), but past history of embolization was 
associated with significantly increased rate of treatment 
failure (P < 0.001) with 25.0% showing no response to 
radiosurgery vs 8.9% in the absence of previous embolization. 
These results are unlikely to be due to selection bias as 66.6% 
of patients with previous embolization were grade I or II SM 
vs 50.5% in higher grades. However, due to limited number of 
patients with pre-radiosurgery embolization (n = 12), clinical 
interpretation should be done cautiously.

Among supra-tentorial lesions, headache and nausea/vomiting 
proved to be associated with worse obliteration rate (P < 0.05 
and P < 0.001), but this correlation was not observed with 
seizure or hemorrhage at presentation (P > 0.05).

Discussion

Adverse effects of radiation
The risk of a radiation injury resulting in a permanent 
neurological deficit has been reported to be 2 to 3% in 
most reports.[5-8] Our series suffered a slightly higher rate 
of complications (3.8%) which may be explained by higher 
percentage of complex lesions included. In our study, 
8 patients (2.1%) developed symptomatic radiation-induced 
edema after a mean duration of 61.6 months (range, 12 to 
94 months) after GKS. The incidence of radiation-induced 
edema was correlated with larger size of AVM and higher grade 
of S-M but according to the small numbers of these events, it 
is impossible to make a definite clinical interpretation.

Post radiosurgery hemorrhage
The risk of bleeding remains in 1.8 to 5% of patients per year 
until obliteration can be confirmed.[9-11] The exact mechanisms 
through which radiosurgery reduces the chance of bleeding 
is not completely elucidated. However, the histopathological 
studies of arteriovenous malformations after radiosurgery 
have suggested some theories: (a) progressive thickening of 
the intimal layer, which begins as early as three months after 
radiosurgery, appears to decrease the stress to the vessel 
walls, (b) partial or complete thrombosis of the irradiated 
vessels may decrease the number of patent vessels in the 
malformation.[12-16]

The risk of hemorrhage from AVM rupture persists after 
radiosurgery treatment.[9] The risk of PRH is the subject of 
major debate among members of the neurosurgical community 
due to associated mortality and morbidity.[17] The risk of 
hemorrhage during the latency period, i.e. usually 2 to 3 years, 
has not been well-defined because there are different studies 
reporting varying rates of increased,[18] stabilized,[19,20] or 
decreased risk of PRH.[6,14,21]

Kurita et al.,[22] Maruyama et al.,[14] and N.A.S. Kiran et al.[23] found 
no significant correlation between pre-treatment hemorrhage 
and hemorrhage in the period of latency. Our analysis also did 
not show any correlation between these two events. In our 
series, 11.3% of the population experienced hemorrhagic events 
after treatment, which is slightly higher than those published 
in the literature ranging from 6 to 10%.[5,9] This can be partly 
explained by the fact that 19.0% of AVMs in our series were 
graded IV or V in S-M classification with 26.8% larger than 6 cm.

Our results demonstrated the size of the AVM to be an 
important factor in predicting the chance of future bleeding. 
Also, younger patients with AVMs larger than 6 cm (23.3%), 
higher S-M grade, and lack of obliteration were associated 

Table 7: Obliteration rate in different grades of SM in 
the AVMs
SM grading Obliteration Total

Complete or partial No obliteration
I 69 7 76
II 116 6 122
III 109 7 116
IV 50 12 62
V 8 4 12
Total 352 36 388
RS – Radiosurgery; AVM – Arteriovenous malformations; SM – Spetzler‑Martin

Table  6: RS  parameters  in  patients with  complete, 
partial or no obliteration of cerebral AVMs after RS
Treatment 
parameter

Obliteration
Complete Partial No

Treatment volume 4.82±0.37 6.82±0.92 17.17±4.98
Prescription isodose line 49.71±0.53 48.30±0.38 51.39±0.98
Maximum dose 51.80±3.53 42.60±0.58 43.72±0.79
Marginal dose 21.90±0.22 20.57±0.31 21.31±0.38
Isocenters per AVM 17.09±0.72 18.63±1.09 19.14±1.01
Tumor coverage 98.29±0.10 98.50±0.16 98.61±0.14
RS – Radiosurgery; AVM – Arteriovenous malformations



Bitaraf, et al.: Radiosurgery of brain AVM from the 3rd world

164Asian Journal of Neurosurgery
Volume. 12, Issue 2, April‑June 2017

with increased chance of PRH. Although higher number of 
iso-centers showed positive correlation with the chance of 
PRH, it can be explained by higher number of iso-centers in 
larger tumors. With a few exceptions, location of the AVM 
did not affect the chance of PRH. Brain stem, cerebellar, and 
intra-ventricular AVMs depicted no PRH during the time course 
of the study. Regarding the presenting symptoms, as there was 
extensive variability, no definite conclusion could be drawn. 
In our series, the number of feeders or type of drainage did 
not predict the chance of future bleeding.

The literature related with radiosurgery of AVMs is replete with 
predicting factors of PRH. Friedman et al.[9] established that AVM 
volume was significantly correlated with PRH. Other studies 
reveal 3 main factors associated with hemorrhage: (1) a history 
of a prior bleed; (2) a single draining vein; and (3) a diffuse AVM 
morphology. Seven other less important predicting factors 
include intra-nidal aneurysm, venous reflux, and RS dosing 
parameters of AVM coverage and minimal dosing.[24] A history of 
AVM hemorrhage may also predispose the patient to an increased 
risk of subsequent bleeding in cases of untreated AVMs.[25-28]

Arteriovenous malformation obliteration rate
Cerebral angiography is considered the most accurate imaging 
to confirm complete AVM obliteration after radiosurgery.[6] 
Pollock et al. reported that serial MRI was predictive of total 
obliteration in 84% of patients.[6,11] Because of its low risk 
and high reliability, it is reasonable to use MRI to evaluate 
obliteration after radiosurgery.[6]

The reported obliteration rate of the nidus in the brain AVMs 
after radiosurgery varies between 43 to 92%.[4,20,22-24,29-32] In 
our study, complete or partial obliteration rate was achieved 
in 352 of the patients (90.7%) which looks quite acceptable.

Kano et al. found that factors associated with a higher rate 
of total obliteration on angiography included smaller target 
volume, smaller maximum diameter, and larger marginal 
dose.[6] Larger size and higher than S-M grade IV were found 
to influence the obliteration rate in some series of AVMs.[8,33-35]

Friedman et al. reported that complete obliteration was obtained 
in 81% of AVMs between 1 ml and 4 ml in volume, in 89% of 
AVMs between 4 ml and 10 ml, and in 69% of AVMs >10ml.[9] 
Chang et al. reported a series of 53 patients with giant AVMs 
treated with a combination of modalities (microsurgery, 
endovascular therapy, RS) and the obliteration rate was 36% 
in their series (12). Murray et al. published increased volume 
was significantly associated with non-obliteration. Volume 
was a more important factor than eloquent location, patient 
age, or gender.[5] Morphological features of the AVM and its 
density influence the success of AVM obliteration.[5] Diffuse 
AVM structure is associated with higher risk of radiosurgery 
failure.[5,35] In our study, the size of the lesions was an important 
factor (P < 0.001) as AVMs smaller than 3 cm had 65.5% chance 

of complete obliterations vs lesions larger than 6 cm with 51.0% 
chance of complete occlusion.

Other factors such as S-M grade, radiation dosing, and 
targeting have been associated with obliteration success.[1,9,21,35] 
In our study, AVM S-M grade was associated with obliteration 
status. AVMs with S-M grade IV or V were less likely to be 
obliterated than AVMs of lower grades. G. Murray et al. 
reported that radiation dosage was not different between 
obliterated and non-obliterated lesions, or between large and 
small AVMs.[5] Our analysis revealed that radiation dosage 
resulted in higher obliteration rate. Factors such as number 
of iso-centers, and prior embolization, were not found to 
influence the obliteration rate in our series.

Results for deep vs other intra-cranial locations 
of arteriovenous malformations
Sasaki et al. found a significantly higher prevalence of radiation 
edema in deep regions compared to AVMs at other regions.[32] 
Kobayashi et al. reported a higher obliteration rate in basal 
ganglia AVMs compared to 76% in AVMs at other locations.[22,29] 
Kiran et al. reported higher incidence of hemorrhage in 
the period of latency (9.4% vs 3%) in patients with central 
AVMs. He found lower obliteration rates and development of 
symptomatic radiation edema were associated with central 
location of AVM.[23] Nicolato et al. noted no difference in 
obliteration rates, permanent morbidity, and hemorrhage in 
the period of latency.[31] In our study, neither the obliteration 
rate nor the incidence of PRH were different between deeply 
located and other AVMs.

Limitations of the study
Despite above findings, our study also had some shortcomings. 
Because we did not enroll a control group of patients who 
did not undergo radiosurgery, it was not clear whether the 
decrease in the risk of hemorrhage after radiosurgery reflects 
the natural history of the lesions, rather than effects of the 
procedure itself. A natural decline in the rate of recurrent 
bleeding has been reported within one year after the rupture 
of arteriovenous malformations.[27,28,38,39] The most accurate 
way to evaluate the effect of radiosurgery on AVM re-bleeding 
would be a randomized controlled trial which may face ethical 
issues regarding already-known high risk of hemorrhage in 
the control group with no treatment. So, this limitation is not 
confined only to our study.

Recommendations for management of cerebral 
arteriovenous malformations
Every therapeutic modality that treats AVMs should be 
associated with reduction of the risk of re-bleeding to a 
level less than AVM natural history. To reach this aim, the 
treatment should obliterate the AVM partially or totally. Also, 
we should keep in mind that side effects, neurological status, 
and mortality of the patients should be addressed when 
evaluating a therapeutic plan. When treating these formidable 
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malformations, an optimal treatment may be far from ideal and 
reducing the risk, may outweigh its elimination in some cases.

Decreasing the risk of bleeding in patients with AVMs via the 
obliteration is the primary goal of radiosurgery. The benefits 
of radiosurgery compared with surgical and endovascular 
treatments are that it is non-invasive, has minimal risk of severe 
complications, and is performed as an outpatient procedure. 
The Latency between RS and occlusion is disadvantage of this 
method compared with surgical excision. Another potential 
disadvantage of RS is possible adverse effects of radiation. 
Finally, RS has been shown to be less effective for lesions more 
than 10 ml in volume.[8]

Radiosurgery is a reasonable alternative to surgical treatment 
when an AVM is less than 3 cm in diameter and is located in 
an area of eloquent cortex.[6,40,14] Obliteration is more likely 
with smaller lesions and with higher radiation doses.[7,41] 
In experienced hands, the surgical morbidity of resection 
for Grade I and II AVMs is quite low which may make them 
prone to surgery.[42,43] Favorable outcome has been achieved by 
different therapeutic modalities for low S-M grade AVMs but 
more argument is about treatment of higher grade AVMs.[6,42] 
This series included 74 patients with either grade IV or V 
AVMs of which 35 (47.2%) patients showed complete and 
23 (31.0%) showed partial occlusion of the AVM in their follow 
up. All infra-tentorial and intra-ventricular AVMs (104 cases) 
developed complete or partial obliteration without any PRH 
during the medium follow-up period. When considering an 
optimal treatment for these challenging lesions, we believe 
that radiosurgery seem a viable option.

Conclusions

Our case series showed that radiosurgery can be considered 
even in patients with large cerebral AVMs. However, careful 
follow up is warranted and due to risk of re-bleeding, alternative 
interventions for those with partial or no obliteration should 
be considered. Literature of surgery, interventional radiology, 
and radio-surgery require more studies to elucidate case 
selection for each modality and timing for shift to another 
alternative, if required.
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