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Brain Arteriovenous 
Malformations

radiosurgery



• approx. 2-4 % annual risk of rupture

• risk higher with previous bleed

• can be associated to AVM size and presentation

• 10 % severe morbidity / mortality

Natural history



• resect or obliterate nidus - prevent (re)bleed

• preserve neurological function

• treat associated seizures (when possible)

• as little damage as possible with treatment

Goal of AVM treatment



Grading of AVMs
Spetzler - Martin Grading Scale



Grading of 
AVMs

Spetzler - Ponce 

Grading Scale



Grading of 
AVMs

Supplemented SM 

Grading Scale

Lawton-Young 

Grading Scale



Grading of AVMs
Virginia Radiosurgery AVM Grading Scale



Grading of AVMs
Radiosurgery based AVM Scale - RBAS (UPMC SRS)



Treatment
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unruptured bAVM

??               



Treatment
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Treatment

Conservative
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Surgery
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Treatment

Surgery

Embolization Radiosurgery



Treatment

Radiosurgery



Radiosurgery for bAVMS
best candidates ?

small, deep-seated AVM

small, superficial AVM

large, deep-seated AVM

large, superficial AVM

SRS

surgery / 

conservative



• Positioning of stereotactic frame

• acquisition of images

• Digital Subtraction Angiography

• MR and MRA (TOF), 

• CBCT-A

• Dosimetry planning

• Radiation delivery

SRS technique



Utility (necessity) for DSA
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Utility (necessity) for DSA



Utility (necessity) for CBCT-A



• factors we consider:

• volume

• location (eloquency, critical structures)

• prior hemorrhage, encephalomalacia

• prior embolisation

• radio surgical parameters (GI, conformity..)

Radiosurgery planning 
(dosimetry)



• Obliteration rate

• Control of seizures (?)

Outcomes
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• Obliteration rate

• …. time to obliteration 1-3 yrs (continues to rise up to 10 yrs)

• why ??

• answer in radiobiology !!!

Outcomes



• in radiobiology, two distinct tissue typer : early-responding 
(tumor, skin, mucosa, GI tract…) and late-responding tissues

• endothelial cells correspond to late-responding tissues

• more susceptible to single, high dose of radiation

Radiobiology



• effect of radiation is damage to 
endothelial cells of nidus

• followed by initiation of a chronic 
inflammatory process

• formation of granulation tissue, 
fibroblasts, new capillaries

• results in a radiation-induced 
vasculopathy, with progressive narrowing 
of vessels till thrombosis and occlusion

• takes time…

Radiobiology



• Obliteration rate

• dependant on volume, marginal dose

• < 1 cc                           obliteration 88%

• 1-3 cc                           obliteration 78%

• > 3 cc                           obliteration 60%

• seizure control over 70%

Outcomes



• 3-5 % neurological complications 

• 6-9 % temporary ARE

• 1-3 % permanent ARE 

• risk for complications higher in 
larger volume, previous 
embolisation, eloquent regions

• th: steroids, hyperbaric O2, 
bevacizumab…

Complications





• intent to recruit 400 patients with ubAVMs

• follow for 5-10 yrs

• Prematurely halted after 33 months

• reported superior outcome for medical management over 
surgery (embo, microsurgery, radio surgery combined)

ARUBA



• substantial criticism !!

• bias in therapy

• short follow-up !!!

ARUBA



















• study cohort included 8 studies comprising 1620 ARUBA-eligible 
patients who underwent SRS

• mean follow-up duration was 80 months

• rates of radiologic, symptomatic, and permanent radiation-
induced changes were 45%, 11%, and 2%, respectively

• obliteration rate was 68% at last follow-up

• post-SRS hemorrhage and mortality rates were 8%, and 2%, 
respectively





• lower Spetzler-Martin grade (odds ratios [OR] = 0.84 [0.74-0.95], 
P = .005), 

• lower radiosurgery-based AVM score (OR = 0.75 [0.64-0.95], P = 
.011), 

• lower Virginia Radiosurgery AVM Scale (OR = 0.86 [0.78-0.95], P 
= .003), and 

• higher margin dose (OR = 1.13 [1.02-1.25], P = .025) 

• were associated with obliteration





• 44 y.o. male

• Medical history - mild retardation, epilepsy for many years

• development of instability in gait

• CT-A, MR-A - signs of bAVM

• admitted to Neurology for DSA evaluation

Case 1







Nidus volume : 1,571 ccm PD 25 Gy / 50% isodose



6 months 24 months



• 54 y.o. male

• Medical history - chronic gastritis, depression

• development of new-onset headaches

• CT-A, MR-A - unraptured bAVM occipital

• admitted to Neurology for DSA evaluation

Case 2







Nidus volume : 1,616 ccm PD 22.5 Gy / 50% isodose







6 months 40 months



• 50 y.o. male

• Medical history - IC hematoma, with hematocephalus 9 months 
previously

• CT-A, MR-A - bleeding from ruptured bAVM occipital

• status - right sided hemiparesis

• admitted to Neurology for DSA evaluation and embolisation

• partially embolised with Onyx

• referred to radiosurgery for residual nidus

Case 3







Nidus volume : 8,81 ccm PD 20 Gy / 50% isodose







3 years 5 years



DSA verification of complete obliteration, 5 yrs after GKRS



• Radiosurgery is a safe, efficient treatment method for bAVMs

• indications should be based on an interdisciplinary 
agreement

• factors correlating with higher occlusion

• size (volume)

• eloquence / critical structures

• (bleeding status, age)

Conclusion


