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AVM

• High flow, high pressure vascular malformations with arteriovenous 

shunting

• Histology shows intervening brain tissue (gliotic, generally not 

functional), in comparison to cavernous malformations

• Clinical presentation

• Hemorrhage

• Seizures

• Headache, other symptoms

• Incidental

4



AVM
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• Prevalence- 0.005-0.6%

• Hemorrhage rate/yr- 2-4%

• Lifetime bleeding risk (%)- 105 - age

• Morbidity with hemorrhage- 20-30%

• Mortality with hemorrhage- 5-30% 



Management

• Observation

• Surgery

• Embolization

• Radiosurgery

• Multi-modality management (embolization + surgery, embolization + 

radiosurgery, radiosurgery -> surgery)
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Surgery

• Generally curative

• Surgical risk predicted by 

Spetzler-Martin grade

• Larger size

• Eloquent surrounding 

brain

• Deep venous drainage
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Embolization

• Injection of liquid embolic agents to occlude flow through the AVM

• Can be curative in select cases (small AVMs < 1 cm with 

simple architecture)

• Probably best used as an adjunct to surgery

• “Partial” embolization does not improve the natural history
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Radiosurgery

• Least invasive treatment option

• Can achieve high cure rates (80-90%) for small to medium size 

AVMs, especially with compact nidus

• Lag time of 2-3 years where the AVM may still be at risk 

for hemorrhage (and hemorrhage risk may be slightly 

higher)

• Radiation induced changes in surrounding brain –  more significant 

at higher treatment doses and more symptomatic in eloquent 

locations
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ARUBA

• Prospective, randomized, multicenter, parallel design, 

nonblinded

• 39 centers in 9 countries 

• Medical management alone vs. medical management with any 

interventional therapy

• Primary outcome: risk of death or symptomatic stroke between 

the two treatment groups 
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ARUBA

• 223 patients randomized from April 4, 2007, to April 15, 2013

• 114 patients in interventional group, 109 patients in medical 

management group.

− microsurgery alone (n=5), embolization alone (n=30), or radiotherapy alone 

(n=31), or using a multimodal approach combining embolization with either 

neurosurgery (n=12), radiotherapy (n=15), or both (n=1)

− 7 patients in the medical management crossed over to interventional therapy. 

− 20 patients in the interventional therapy group did not receive interventional 

therapy and are deemed crossovers to medical management. 

− 3 patients randomized to interventional therapy had a stroke before the initiation 

of interventional therapy and were placed in the medical management group for 

the as-treated analysis

• Trial stopped early due to superiority of medical management
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ARUBA
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ARUBA
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• After 33 months of follow-up, the ARUBA data provide evidence 

that medical management alone is superior to preventive 

interventional management for the prevention of death or stroke 

in patients diagnosed with an unruptured brain arteriovenous 

malformation. 

• Over the same follow-up period, the secondary endpoint 

analysis showed the risk of death and neurological disability is 

significantly lower for patients managed without intervention.

• The risk associated with preventive interventional therapy has 

proven to be higher than previously anticipated. 



ARUBA - Criticisms
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Feghali J, Huang J. Updates in arteriovenous malformation management: the post-ARUBA era. Stroke & Vascular Neurology 2019;0. 

doi:10.1136/svn-2019-000248



ARUBA – Comparative Data
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• Retrospective review of 142 ARUBA - eligible patients treated at a single institution

• Annual stroke, hemorrhagic or ischemic rate, was 1.8%, lower than in natural history studies and 

the ARUBA medical management arm.

• The primary ARUBA endpoint of symptomatic stroke was reached in 9.2% of patients, compared 

to the ARUBA intervention arm, 39.6%, and equal to the ARUBA medical management arm.

• The secondary ARUBA endpoint, mRS score ≥ 2 at 5 years of follow-up, was seen in only 14.3% 

of patients, compared to 40.5% in the ARUBA intervention arm and 16.7% in the ARUBA medical 

management



ARUBA – Comparative Data

17



ARUBA – Comparative Data
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ARUBA – Comparative Data
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ARUBA Comparative Data
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Dural Arteriovenous 

Fistulae
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DAVFs

• DAVFs are rare vascular abnormalities; fistulas connecting the 

branches of dural arteries to dural veins or a venous sinus.

• Most commonly found at the transverse and cavernous sinus.

• Reported incidence is approx. 10-15% of all intracranial vascular 

abnormalities.

• DSA remains the gold standard for diagnosis.
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DAVFs

• DAVFs are distinguished from parenchymal or pial AVM by the 

presence of a dural arterial supply and the absence of a 

parenchymal nidus.

• Pathophysiology: predominantly idiopathic 

• Trauma, or dural sinus thrombosis 

• Heritable risk factors for venous thrombosis, such as antithrombin, 

protein C and protein S deficiencies.
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Presentation

• Present in the fifth and sixth decades with symptoms related to 

lesion location and pattern of venous drainage.

• Pulsatile tinnitus is a common symptom 

• Hemorrhage, seizures, failure to thrive, cranial neuropathies

• Hemorrhagic presentations are more frequent in high-grade 

(Borden types II and III, Cognard types IIb to IV) DAVFs
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Natural History
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Type I Type II Type III Type III w/ VE Type II-III



Treatment

• Endovascular approaches have become the mainstay of 

DAVF therapy

• High-grade lesions should be treated early to avoid the risks 

of hemorrhage and neurologic deficits.

• Conservative treatment is generally indicated in patients with 

low-grade fistulas (Borden I; Cognard I, IIa) with close 

follow-up.

• Low-grade lesions with severe debilitating  symptoms 

(severe  tinnitus or  visual symptoms  resulting  in  poor  

quality  of  life) may be candidates for treatment
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Endovascular therapy

• Transarterial, transvenous, or combined approaches

• Treatment is aimed at complete elimination of the arteriovenous 

shunt; incomplete treatment allows recruitment of collateral vessels 

and persistent risk of hemorrhage.

• TAE involves super selective distal catheterization of arterial 

feeders. Ideally, the microcatheter tip should be “wedged” in the 

feeding artery and the embolic agent should penetrate the fistulous 

connection and proximal aspect of the vein.

• TVE is more safely used when the diseased sinus segment has 

minimal contributions to normal venous outflow and can be 

completely occluded.
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Surgery

• Surgery may be an option in which endovascular approaches have 

failed or are not feasible.

• Disconnection of the draining vein

• Certain anatomic locations of DAVFs are more amenable for 

surgery
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Cavernomas
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• Low flow, low pressure vascular malformation of the brain, 

brainstem, or spinal cord

• Thin walled vascular channels without intervening brain tissue

• Abnormal tight junctions

• Other names: cavernoma, cavernous angioma, cavernous 

hemangioma

• “Angiographically occult” vascular lesions

• Present with seizures, hemorrhage, or incidentally
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Epidemiology

• Sporadic vs. familial

• Estimated prevalence 0.4% (imaging and autopsy studies)

• Up to 20% asymptomatic 

• Supratentorial location most common
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Familial cavernous malformations

• 3 gene mutations identified

• Autosomal dominant with variable penetrance

• CCM 1 (Krit1)

• CCM2 (malcavernin)

• CCM3 (PDCD10)
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Radiology

• “Popcorn” lesions on MRI

• Hemosiderin deposition in surrounding brain

• Most cases have associated DVA (developmental venous anomaly)

• May not be present in familial cases

• Non-specific hyperdensity on CT, may be associated with calcifications

• Angiography: “occult,” may see faint blush or DVA
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Management

• Conservative management for most asymptomatic/incidental lesions

• Surgery for lesions causing hemorrhage/neurological deficit if surgical risks 

acceptable

• Surgery for lesions causing seizures if surgical risks acceptable

• Radiosurgery?

• Medical therapies to reduce bleeding risk?

• ASA, Statins
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Thank you
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