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Unruptured brain arteriovenous malformations (bAVMs) are
rare entities with an incidence estimated at 0.6—1.4/100, 000
person-years [9]. These lesions most often present with epi-
leptic seizures or intracranial hemorrhage. Due to the rarity
of the disease, reliable longitudinal population cohort stud-
ies are lacking. Best estimates of the yearly risk of hemor-
rhage are often based on underpowered or heavily selected
cohorts with a low event rate [8, 9]. Because of the higher
risk of hemorrhage of ruptured bAVMs, treatment is usu-
ally mandatory, either through microsurgery, radiotherapy,
or endovascular means. However, treatment of unruptured
bAVMs has been debated for some years, in part because of
the poor natural history data available.

A Randomized trial of Unruptured Brain Arteriovenous
malformations (ARUBA), originally published in 2014 with
updated results of the last follow-up published in 2020 [7],
randomized patients to either receive an intervention or
medical management. The trial has undergone fierce criti-
cism given its inflated causal claims based on very limited
external validity [6, 12]. In fact, the results of the ARUBA
trial intervention arm are some of the poorest in the entire
scientific literature, making ARUBA an outlier. As such, the

This article is part of the Topical Collection on Vascular
Neurosurgery Arteriovenous

< Victor Volovici
v.volovici @erasmusmec.nl

Department of Neurosurgery, Erasmus MC Stroke Center,
Erasmus MC University Medical Center, Rotterdam,
The Netherlands

Division of Neurosurgery, Department of Clinical
Neurosciences, Geneva University Hospitals, Geneva,
Switzerland

Faculty of Medicine, University of Geneva, Geneva,
Switzerland

implications of the trial on clinical practice should be very
little to none.

After the original 2014 publication in The Lancet, vari-
ous groups have published several treatment results from
retrospective single-center patient cohorts harboring unrup-
tured bAVMs [10]. These publications, albeit of equally low
scientific value, serve to further strengthen the idea that the
results of the ARUBA are outliers and not an accurate reflec-
tion of the complication rates incumbent to the various tech-
niques [10].

To date, two scientific analyses dissect the issue of the
impact of the ARUBA trial on clinical practice, in particu-
lar in the USA [1, 11]. Birnbaum and colleagues queried
the Nationwide Inpatient Sample (NIS) database up to the
end of 2015. The NIS was created by the Healthcare Cost
and Utilization Project (HCUP), and this database samples
roughly 5 to 7 million hospitalized patients yearly, represent-
ing 20% of all discharges annually. It is the largest public
national all-payer database and is sponsored by the Agency
for Healthcare Research and Quality (AHRQ). Birnbaum
et al. [1] came to the conclusion that even though the number
of treated unruptured bAVMs seemed to decrease, the rate
of microsurgically treated bAVMs increased.

Reynolds and colleagues queried the National Readmis-
sions Database, an HCUP database that is used to estimate
readmission data, until the end of 2015 [11]. As per HCUP,
National Readmission Database excludes rehabilitation and
long-term acute care hospitals, unlike the NIS [11]. The
authors found that there was no significant change in the
rates of intervention for unruptured bAVMs in the period
after ARUBA, compared to the period before ARUBA.

In the latest issue of Acta Neurochirurgica, Wahood and
colleagues query the NIS from 2006 to the end of 2018 and
find that the rates of intervention decreased overall, only
endovascular therapy remaining at the pre-ARUBA level.
They explain the discrepancy with previous research endeav-
ors through the use of a different time period (both previous
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publications used data until 2015) and the use of different
ICD codes. The new analysis uses a combination of ICD-9
and ICD-10 codes, while the previous two publications used
ICD-9 codes. In terms of analysis, Birnbaum et al. [1] used
simple inference tests, whereas Reynolds et al. and Wahood
et al. used join-point regression to make sense of the (to a
certain extent autocorrelated) time series data. None of the
papers used adjustment for multiple correction or propen-
sity-adjusted regression discontinuity analysis, for example.
The reason for the unadjusted analysis is the likely absence
of disease-specific covariates in the dataset (such as loca-
tion, anatomical details, grading). The NIS includes general
variables about the patients and no disease-specific details.
Furthermore, the NIS database has been subject to change
over the course of several years, and numerous publications
draw attention to the limits of drawing conclusion based on
NIS samples [4, 5]. With these considerations in mind, the
question remains if the decline in unruptured bAVM treat-
ment is real and, even more so, if the causal claim regarding
the ARUBA influence holds.

Technical and methodological details aside, the research
question at hand is highly relevant. Given that most refer-
rals come from neurology departments, at least in Europe,
where unruptured bAVMs are rarely referred directly to a
vascular neurosurgeon, taking stock of the actual situation
is paramount. Are treatment rates declining? And if they are,
is it because of changing referral patterns due to ARUBA? A
specially designated database, comprising at least European
and US should be constituted. Big data and adequate meth-
odology should be used to analyze the time series pre- and
post-ARUBA and, if the effect is real and attributable to
ARUBA, clinical practice guidelines should be discussed
and re-evaluated in a multidisciplinary consensus [2, 3].

Trials with poor external validity cannot and should not
be allowed to influence clinical practice. The duty of clini-
cians with expertise in treating patients harboring unrup-
tured bAVMs is not only to carry on providing the best care
to these patients based on the best available evidence, but
also to prevent poor practice through overreliance on poor
evidence [12].

If treatment rates of bAVMs have been affected by
ARUBA, communication is the key — referral patterns
should be discussed and clinical practice guidelines changed,
for both neurologists and neurosurgeons. It is our responsi-
bility to protect health policy from influences that originate
from the misuse of poor evidence.
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