
Arteriovenous malformations are 
characterized by a direct link between 

arteries and veins without an intervening 
capillary network. Their risk of rupture 
is substantial, which is particularly 
problematic in the brain where they cause 
intracerebral haemorrhage.

Brain arteriovenous malformations are relatively 
rare, occurring in approximately 5 per 10,000 
people. They are usually diagnosed in young adults.

The cause of arteriovenous malformations 
remains elusive but probably involves 
abnormalities in the differentiation of arterial 
versus venous endothelial cells — either during 
development (congenital) or in response 
to injury (acquired). Evidence from genetic 
syndromes and genome-wide association 
studies implicate genetic factors in disease 
development and progression. Mutations in the 
TGF-β (ALK1, ENG, SMAD4), G protein-coupled 
receptor (GNAQ) and Ras (RASA1) signalling 
pathways, as well as in factors involved 
in angiogenesis, inflammation and neural 
development, have been identified.

Initially, the risk of intracerebral 
haemorrhage is low (1% per year), 
but it increases substantially after 
the first bleeding event. In addition, 
changes in blood flow, ischaemia 
and pressure can affect the adjacent 

brain tissue, leading to headaches, 
seizures and neurological deficits. 
Treatment, however, does not 
come without a cost. Although the 
results are controversial, a recently 
concluded trial showed that the risk 

of stroke and death was increased in 
patients assigned to interventional 
therapy compared with conservative 
managment owing to treatment-
associated risks and inefficient 
closure of the malformation.

Brain arteriovenous malformations are managed 
by monitoring or by multimodal, invasive 
treatment. The aim of intervention is to obliterate 
the malformation — only complete closure will 
eliminate bleeding risks. Microsurgical resection 
of the malformation is the preferred option based 
on risk and cure rates, but it requires open brain 
surgery. Alternatively, embolizing the artery 
with glue or coils has an important role 
in newborns, but this is used as a 
supplementary technique in 
adults. Stereotactic 
radiosurgery involves 
the precise delivery 
of radiation to the 
vessel wall, but it 
takes several years 
to achieve closure 
and radiation 
might damage the 
surrounding healthy 
brain tissue.

Whether patients with unruptured 
arteriovenous malformations should be treated 
remains a matter of debate; new rigorously 
designed clinical trials are needed to resolve 
this issue. Current interventional techniques 
need to advance (for example, through new 
surgical instruments or embolizing agents) to 
increase closure rates and reduce treatment-
associated risks. A more detailed understanding 
of how arteriovenous malformations develop 
might also identify targets suitable for 
pharmacological treatment. Finally, genetic and 
molecular biomarkers linked to risk of rupture 
or treatment outcomes should be identified and 
included in classification and grading schemes. 
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As most cases are sporadic, screening 
— even of family members — is not 
justified, whereas monitoring after 
treatment or rupture is justified

MRI 
is used to 

confirm the presence 
of malformations, CT 

can identify bleeding and 
blood flow abnormalities, 
and angiography provides 

detailed images of vascular 
structures, including 

associated aneurysms
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