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Arteriovenous malformation
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Ding and colleagues at the University of Virginia 
provide an analysis of 444 patients who had stereotactic 
radiosurgery for an arteriovenous malformation (AVM) 
without evidence of prior symptomatic hemorrhage.1 The 
series included patients with a mean AVM volume of 4.2 
cm3 (about 2 cm in diameter), but only 14% of the AVMs 
were in deep brain locations. The median radiosurgical 
dose was 20 Gy, which is typically associated with a high 
obliteration rate.

As has been found in other studies, the authors not-
ed that a higher obliteration rate was associated with no 
prior embolization, a higher radiosurgery dose, a single 
draining vein, and imaging evidence of radiation-induced 
changes during the obliteration process. Clinical worsen-
ing after radiosurgery occurred in 7% of the cases, and 
it was more common in patients who had a hemorrhage 
after radiosurgery.

This is an important study on the management of un-
ruptured AVMs. The current randomized trial that the au-
thors describe (ARUBA) is aimed to determine outcomes 
with or without treatment. Whether or not that study will 
successfully accrue enough patients is not known. Be-
cause AVMs often occur in younger adults, the concept 
of simply observing an AVM is uncomfortable for many 
patients and their physicians.  

Since these patients did not present with a hemor-
rhage, the outcome with respect to the presentation symp-
tom would be interesting to readers. Forty-seven percent 
of the patients in this series presented with seizures, 28% 
with headache, and 12% with a focal neurological defi-
cit. The patients with unruptured AVMs that I see before 
radiosurgery want to know what will happen to their 
presenting symptoms. Unfortunately, this study did not 
provide solid answers for all presentation types. Head-
ache was not well studied. Seizure outcomes were easier 
to determine. Overall, only 7% of patients were neuro-
logically “improved”; another 7% were “worse”; and 86% 
were “unchanged.” New-onset seizures developed in only 
0.9% of patients.  

The purpose of radiosurgery for an unruptured AVM 
is to obliterate the malformation and eliminate the hemor-
rhage risk. In this series, the cohort demonstrated an an-

nual hemorrhage rate comparable to the usual estimates 
that clinicians provide to their patients. The authors con-
clude that treatment should be offered to patients who are 
“younger and therefore have more at-risk years for hem-
orrhage,” which is logical. Because this conclusion is al-
ready believed by many clinicians, one wonders whether 
the ARUBA study will meet its goals.
(http://thejns.org/doi/abs/10.3171/2012.11.JNS121812)
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We thank Dr. Kondziolka for his insightful comments 
regarding our paper on unruptured AVMs. Arteriovenous 
malformations represent a relatively rare but complicated 
vascular pathology for which the treatment will always 
involve a multidisciplinary approach.4,6 Our bias is to ag-
gressively treat unruptured AVMs that present in young 
patients using microsurgery, radiosurgery, embolization, 
or a combination of these techniques. 

Dr. Kondziolka mentioned that there was a high pro-
portion of superficial AVMs (86%) in our series. In fact, 
some of the patients in our series had superficially located 
AVMs that were in eloquent areas; they were offered ra-
diosurgery. Stapf et al.7 noted deep location to be an in-
dependent predictor of AVM rupture, which may explain 
the relatively low proportion of unruptured deep AVMs in 
our series. In our experience, a patient with an unruptured 
and asymptomatic AVM most often chooses radiosurgery 
over the alternatives of microsurgery or embolization. 
Patients perceive radiosurgery as an attractive approach 
conferring a reasonable chance of benefiting them while 
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at the same time exposing them to only rare upfront risks 
and generally infrequent as well as manageable long-term 
risks. Based on our results, radiosurgery seems warranted 
given its relatively favorable results, the high cumulative 
lifetime AVM hemorrhage risk in the absence of oblitera-
tion, and the known morbidity and mortality associated 
with rupture.1,2 

We acknowledge the significant undertaking of the 
ARUBA trial and hope that it can be completed.3,5 The 
results from this prospective study are highly anticipated 
by the cerebrovascular community and could affect the 
way we treat and counsel patients harboring unruptured 
AVMs. However, in the event that ARUBA fails to attain 
adequate patient accrual, the next best study may be a 
prospective registry such as the National Neurosurgery 
Quality and Outcomes Database (N2QOD). A prospective 
registry detailing radiosurgical treatment outcomes of un-
ruptured AVMs would allow us to observe their behavior 
and risk-benefit profile over time. The ultimate goal is to 
settle the controversy regarding the optimal management 
algorithm for patients with unruptured AVMs.
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