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Introduction

Intracranial arteriovenous malformations (AVMs) are
developmental anomalies that present with parenchymal
or intraventricular bleeding, resulting in morbidity
exceeding 10 to 20%.1 The annual rate of hemorrhage from
intracranial AVMs has been reported to be between 2 and 4%.
The primary goal of management in these patients is to
prevent rebleed.2 Endovascular embolization has been used
to treat AVMs, but its role as a sole treatment modality in
achieving complete obliteration is limited.3 Microsurgery
remains the treatment of choice for patients with small
superficial AVMs that have bled. Stereotactic radiosurgery
(SRS) has emerged as a definite role in the management of

these AVMs, which are small as well as deep-seated AVMs
that are associated with a higher surgical morbidity.4

Objectives

This article assesses treatment outcomes in patients
diagnosed with AVMs treated by linear accelerator
(LINAC)-based single-fraction SRS.

Materials and Methods

We retrospectively analyzed 35 patients diagnosed with
intracranial AVM treated with LINAC-based radiosurgery
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Abstract Objectives This article assesses the treatment outcomes in the patients diagnosed
with arteriovenous malformations (AVMs) treated with stereotactic radiosurgery.
Materials andMethods We retrospectively analyzed 30 patients diagnosed with AVM
treated between 2010 and 2018.The median age at presentation was 30 years (range:
14–60 years). The median planning target volume (PTV) was 6.8 mL (range: 0.9–54
mL). The median dose prescribed was 18 Gy (range: 16–24 Gy). Modified radiosurgery-
based AVM grading score was calculated for all the patients.
Results The median follow-up of the entire cohort was 60 months (range: 24–96
months). The obliteration rates for patients followed up for 3 and 5 years were 75 and
86.1%, respectively. Age (< 35 years; p¼0.007) and PTV (< 7 mL; p¼0.04), had better
obliteration rates. Three patients had hemorrhage, from the AVM after irradiation.
None of them were fatal.
Conclusion Stereotactic radiosurgery is a preferred noninvasive treatment modality
with acceptable morbidity.
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between 2010 and 2018. Initial assessment was done for
selection of cases based on size of the nidus up to 4 cm,
location in the eloquent/critical area of the brainwhichwould
cause high chances of neurological deficit with surgical
intervention and patients who refused for any surgical
intervention and opted for radiosurgery. Patients were taken
up for singe-fraction SRS after an informed consent. They
underwent magnetic resonance imaging (MRI) scan and
digital subtraction angiography (DSA) at least 1 day prior to
SRS as a part of the planning procedure. MRI scan was
performed, and axial postcontrast MRI sections were
obtained with 1 mm slice thickness with no interslice gap at
the equal sizematrix (256�256) and transferred to iPlanwork
station for fusion with computed tomography (CT) planning
images. Patients were admitted 1 day prior to SRS, and on the
day of SRS stereotactic framewas fixed under local anesthesia
over the rigid skull bone. Over the last 4 years we have moved
from frame-based SRS to frameless SRS. This technique of
frameless SRS was developed in our institute, and the
methodology was presented in the 2015 ISRS conference
held at Yokohoma, Japan5. We then fuse the MRI and the
pretreatment DSA for all patients on the day of SRS, and
delineate the target for the nidus in the presence of
neurosurgeons and radiologists. Patients underwent SRS
using Siemens ONCOR impression plus LINAC with
micromultileaf collimators (mMLCs) using multiple
noncoplanar fields which has 40 pairs of mMLC leaves. The
projected leaf width at the isocenter is 2.5 mm giving a
maximum field size of 12 � 10 cm. The planning was done
using Brainlabs iPlan software. The nidus and organs at risk
such as eye, lens, optic nerve, optic chiasm, brain stem, and
normal brain were contoured after verifying the fusion. We
used amodified radiosurgery-based AVM grading scoring6 for
all patients prior to the procedure. The equation used to
calculate AVM score was:

AVM score¼ (0.1) (volume, mL) þ 0.02 (age, years) þ 0.5
(location)

The median modified AVM score was 1.47 (range: 0.50–
5.68). ►Figure 1 shows an AVM contoured and planned on
Brainlabs iPlan software. The follow-up was done by clinical
examination as well as serial MRI angiography or DSA for all
patients.

Results

The median follow-up of the entire cohort was 84 months
(range: 24–96 months). Male-to-female ratio was 26:9. Out
of 35 patients, 20 patients had only SRS, and 15 patients had
onyx embolization followed by SRS. There were nine (26%)
patients with hemorrhages, while five patients (14%)
presented with neurological deficits. The median age at
presentation was 30 years (range: 14–60 years). The
median planning target volume (PTV) was 6.8 mL (range:
0.9–54.0 mL). The median dose prescribed was 18 Gy (range:
16–24 Gy).

The actuarial complete obliteration rates was 71%. Out of
35 patients, 25 had complete obliteration on MRI and DSA
and only 10 had partial obliteration. The obliteration rates,
based on a modified radiosurgery-based AVM grading scale
for a score of� 1,> 1 to� 2, and > 2, were 84.7, 60, and 54%,
respectively. On logistic regression, there was no statistical
correlation between obliteration rates and AVM score, but
there was a trend favoring better obliteration rates for AVM
score of �1. There was no statistically significant difference
seen in patients who had prior embolization followed by SRS
and upfront SRS (p¼0.44). The Kaplan–Meier curves for the
obliteration are shown in ►Fig. 2

Onunivariate analysis, age (< 35 years; p¼0.007) and PTV
(< 10 mL; p¼0.04), had better obliteration rates. Two (5.7%)
patients had hemorrhage from the AVM after irradiation.
Both patients had partial obliteration after initial SRS. They
opted for treatment in the form of embolization post-SRS for
the rebleed. There has been no mortality in our group of
patients to date. Three patients had neurological deficits
postirradiation, in terms of transient motor deterioration
which resolved with short course of steroids. All patients
were followed up with either 6 monthly MRI or DSA, every
visit to document the status of the lesion. Patients who had
complete obliteration on MRI were subjected to DSA for the
confirmation. No other patient had any permanent
complication related to SRS. ►Fig. 3 shows the follow-up
MRI angiogram of a patient, 18 months posttreatment with
near-total obliteration of the AVM. ►Fig. 4 shows the DSA of
the same patient, where there is no residual AVM nidus. The
demographic profile of the patients is summarized

Fig. 1 Arteriovenous malformation in the left temporal region, contoured and planned on Brainlabs iPlan software.
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Fig. 2 Kaplan–Meier curve for obliteration rates.

Fig. 3 Follow-up scans 18 months posttreatment, showing no residual arteriovenous malformation (AVM), with the complete obliteration on
magnetic resonance imaging (MRI) angiogram and digital subtraction angiography (DSA).
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in ►Table 1. The dosimetric profile and the treatment
characteristics are summarized in ►Table 2.

Discussion

Cerebral AVMs are abnormal connections between arteries
and veins, with poor vessels, that shunt blood directly from
arterial circulation to venous system without involving
capillaries. The high pressure flow within them and
abnormal shunting makes them vulnerable to ruptures and
hemorrhages.7 They commonly present with brain
hemorrhage, headaches, and neurological deficits. The gold
standard for diagnosing AVM in the current era is CT and
magnetic resonance angiography.8

The radiobiological effect of SRS on AVM is a quite complex
theory. It is explained that the immediate effect of SRS is
damage to the endothelial cells of the vessels in the nidus,
mediated by release of tissue-specific cytokines. This is
followed by initiation of a chronic inflammatory process,
with formation of granulation tissue that has fibroblasts and
new capillaries. Myofibroblasts, which are actin-producing
fibroblasts, have been detected in the region of radiation,
and these have been postulated to exert contractile
properties and facilitate AVM obliteration. This whole
process takes 1 to 3 years.9

Moving on to the management of AVMs, various treatment
modalities like surgery, embolization, surgery followed by
embolization, or embolization followed by SRS are used in

many cases. The selection of which modality is preferred is
purely based on the characteristics of the lesion, the location,
and the size of the lesion. And sometimes each of these
modalities are combined or used separately.10 But within the
last decades or so, radiosurgery alone has become increasingly
popular as a noninvasive treatment of small AVMs, as well as
deep-seated AVMs that are associated with a higher surgical
morbidity and it can deliver very high dose in a small volume
with minimal irradiation of normal tissue around the area.

In our institute everycasewasdiscussedatmultidisciplinary
meeting in the presence of neuroradiologists, neurosurgeons,
and interventional radiologists. Our selection criteriawas based
on the size of the nidus up to 4 cm, location in the
eloquent/critical area of the brain which would cause high
chances of neurological deficit with surgical intervention,
failure to obliterate after embolization, and patients who
refused for any surgical intervention. AVM score was
calculated for all the patients, and if scored more than 3, then
SRS was not offered to such patients.

There are various factors identified which affect the
obliteration rates such as smaller AVM volume, higher
marginal dose of radiation, lower modified Pollock–
Flickinger score, young age, and absence of history of prior
embolization. All these factors have been documented to
have correlation with higher obliteration rates in a series
reporting on AVMs.11,12

In our cohort of patients, age (< 35years) andPTV (< 10mL),
were found to be significant factors for obliteration rates. In

Fig. 4 Digital subtraction angiography posttreatment showing complete obliteration of arteriovenous malformation.
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many series smaller AVMs have been reported to have higher
obliteration rates as it allows prescription of higher dose of
radiation. Dose of more than 18 Gy have reported to have
obliteration of 50 to 60%.13,14 We also found that the
modified radiosurgery-based AVM score of < 1 had better
obliteration rates than the higher scores, but it was not
statistically significant due to smaller sample size of our
cohort. Embolization of AVMs is considered often not a
curative option, but it does decrease the chances of rebleed
while waiting for SRS.3 History of previous embolization could
result in a suboptimal definition of the AVM target for SRS, this
could result in AVM not been completely obliterated.15 In our
series there was no correlation between previous history of
embolization and obliteration rates. The significant predictor
factors are summarized in ►Table 3.

Obliteration of AVMs after SRS has been reported to range
from 60 to 92%, with the obliteration rate exceeding 70% in
most series, comparable to the obliteration rates of our
cohort of patients as shown in ►Table 4.

Complication after SRS has been reported in many series
post-SRS almost up to 15% in the different series of LINAC-
based SRS in AVMs,4 with permanent neurological deficits of
up to 5%. Larger AVM volume, higher Spetzler–Martin grade,
andhigherPollock–Flickinger scorehavebeenreported tohave
a higher risk of developing post-SRS neurological deficits.21 In
our cohort of patients only three patients developed
complication, in terms of transient motor deterioration
which was reversible with a short course of steroids and
physiotherapy. None of our patients have experienced
permanent neurological deficits. Pre-SRS, 5 (17%) of our
patients had neurological deficits, all these 5 patients had
presented with hemorrhage and post-SRS on follow-up
imaging had complete obliteration. They also recovered with
their neurological deficits, and the recoveryof thedeficit could
bewelldue to resolutionof thebleeding, sinceall 5of themhad
complete obliteration. Almost 60% of patients presented with
hemorrhage fromAVMbeforeSRS inmost series,22 so themain
goal of SRS is to prevent rebleeding of the AVM.

The risk of rebleeding remains up to the time AVM is
obliterated. There is no strong evidence yet to claim that
partial obliteration would minimize the risk of a bleed. Most
of the series have reported a rebleed rate of between 1 and
6.8%.23 In our series, 2 (5.7%) patients had rebleed post-SRS,
and none of themwere fatal. We believe that it could be due

Table 1 The demographic profile of the patients

Variables N

Age at presentation (median) 30 y (range: 14–60)

Gender

Male 26

Female 09

Hemorrhage at presentation

Yes 11

No 24

Primary presenting symptom

Headache 21

Seizures 09

Others 05

Embolization

Yes 15

No 20

Site of AVM

Frontoparietal 11

Temporal 06

Parietal 05

Thalamic 02

Corpus callosum 03

Occipital 05

Cerebellum 03

Modified AVM score

< 1 18

1–�2 09

> 2 08

Abbreviation: AVM, arteriovenous malformation.

Table 2 The dosimetric profile and treatment characteristics

Variable Value

Nidus volume (mL) 6.8 (median) (Range: 0.9–54)

Dose (Gy) 18 (median) (Range: 16–24)

12 Gy normal brain
volume (mL)

12.5 (median) (Range: 0.6–84)

Isodose coverage (%) 90 (median) (Range: 85–95)

Optic chiasm dose (Gy) 0.5 (median)(Range: 0.19–6.64)

Brain stem dose (Gy) 1.97 (median)(Range: 0.3–8.25)

Number of beams 12 (median)(Range: 11–14)

Follow-up duration (mo) 60 (median) (Range: 24–96)

Follow-up status on
imaging

MRI proven complete
obliteration

25 patients (71%)

DSA proven complete
obliteration

25 patients (71%)

MRI proven partial
obliteration

10 patients (29%)

Abbreviations: DSA, digital subtraction angiography; MRI, magnetic
resonance imaging.

Table 3 Predictors for obliteration rates

Subject no. Predictors for obliteration rates p-Value

1 Age (< 35, > 35 y) 0.007

2 PTV (< 10, > 10 mL) 0.04

Abbreviation: PTV, planning target volume.

Indian Journal of Neurosurgery Vol. 12 No. 1/2023 © 2021. Neurological Surgeons’ Society of India. All rights reserved.

Radiosurgery for AVM Hunugundmath et al. 19



to low marginal dose of 16 Gy in all these 2 patients, and
presence of multiple draining veins.

Outcome of radiosurgery for AVM is usually assessed with
serialMRIafter6monthsofcompletionofSRSandDSAat1-year
interval.We routinely didMRI on follow-up every 6months for
all our patients. IfMRI showed obliterationof theAVM, then the
patient was subjected to DSA for the confirmation.

The late effect of radiation is responsible for the
obliteration of the nidus. There is latency period of up to
2 years between SRS procedure and obliteration of the nidus.
During this latency period, before complete obliteration, the
rate of hemorrhage is similar to natural history (3–4%/
year).24 As a result, SRS lacks protective effect before
complete obliteration of the AVM. Since obliteration takes
time, SRS is not always successful and carries a risk of
hemorrhage during the period of latency. Complete
obliteration rate is entirely dependent upon proper
selection of cases,25 and they need a long-term follow-up
to determine the cognitive sequelae, delayed complications,
and rarely AVM recurrence. Since there are no prospective
analyses on management of AVMs based on available
modalities of treatment, our report may be one among the
few from India, highlighting the outcome with SRS.

We are aware of the fact that our data are based on small
number of patients. But we still could show an excellent
response in terms of obliteration rate, and all our patients
showed good tolerance and favorable toxicity profile.

Conclusion

SRS is a preferred noninvasive treatment modality for
complete obliteration of smaller volume AVMs that are
associated with high surgical morbidity. Selection of
appropriate case plays a vital role in achieving acceptable
obliteration rates with minimal toxicity.
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