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Abstract

Brain AVMs are the abnormal connection between veins and arteries of the brain, that can lead to headaches, seizures,
and hemorrhages. The choice of treatment for bAVMs depends on several factors, such as the size and location of the
malformations, the severity of symptoms, and the risk of hemorrhage. The ARUBA was a clinical trial that aimed to determine
the best treatment approach for unruptured AVMs. Its results showed that conservative management was associated with a
significantly lower risk of death or stroke compared to intervention, leading to a shift in the practice of neurosurgeons. In this
review, trends in the post-ARUBA rates of stroke and interventions for unruptured bAVMs are discussed.

A noticeable decrease in the number of interventions for unruptured bAVMs has been seen post-ARUBA. This reduction
has been particularly evident in minimally invasive procedures such as endovascular embolization and stereotactic
radiosurgery. However, microsurgery, which is considered the gold standard for small-sized bAVMs, has remained consistent
in terms of the number of procedures performed for ARUBA-eligible patients.

Keywords: ARUBA trial, brain arteriovenous malformations, endovascular embolization, microsurgery, stereotactic
radiosurgery.

Pestome
BIIMAHUE ARUBA HA TEKYLUYIO NMPAKTUKY: NOKA3ATEIU
MHTEPBEHLIUOHHOIO JIEMEHUA U UACTOTA MHCYNIBTOB NPU
HEPA3OPBABLUUXCA APTEPUOBEHO3HbLIX MAJNNTb®OPMALIUAX
roysioBHOIO MO3rA B 3MoXy NOCJIE ARUBA
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ABM ronoBHOro Mo3ra — 3T0 aHOMaslbHOe COeAVMHEHUE MEeXaY BEHaMU 1 apTEPUSIMM TOMOBHOMO MO3ra, KOTOPOe MOXET
MPUBECTM K TONOBHbIM GonsiM, cymoporam W KpoBouanusiHuAM. Bbibop neyennst ABM 3aBMCUT OT HECKOMbKMX (DAKTOPOB,
TaKuUX Kak pasmep U pacnomnoXeHue NopoKoB pasBUTUS, TXECTb CUMMTOMOB M puck kpoBoTeueHus. ARUBA npegcrasnsno
€000 KIMHWYECKOE UCCMEef0BaHMe, LENb KOTOPOro Bbino onpesennTb Nyullni NOAXOLA K NMEYEHWH) HepasopBaBLUMXCS
ABM. Ero pe3ynbTaThl Nokasanu, YTO KOHCEPBATUBHOE NeYeHNe BbINo CBA3AHO CO 3HAYNUTENBHO MEHBLUMM PUCKOM CMEPTM
WM MHCYNbTa NO CPABHEHWI C ONEPaTVBHBIM BMELLATENBCTBOM, YTO NPUBENO K M3MEHEHMSM B NMPaKTUKe HEMPOXMpypros. B
0b63ope 06CYxaaloTCs TEHAEHUMW 4acTOTbl BO3HMKHOBEHMSI MHCYNbTOB W BMELLATENbCTB MNpU  HEPa30pBaBLUMXCA
apTEpPMOBEHO3HBIX ManbtopmaLMin FONOBHOMO Mo3ra nocne ucnbitaHns ARUBA.

Mocne ARUBA Habnioganock 3aMeTHOE CHIKEHME KONTMYECTBA BMELLATENBCTB N0 NOBOLY HepasopsasLumxcst ABM. 31o
CHWXEHWe Oblo O0COBEHHO OYEBMAHBIM MPU MUHWMANBHO WHBA3WBHBIX MPOLEAYPaX, TakuX Kak SHAOBACKynspHas
aMbonu3aums U CTepeoTaKCUYeckas Papguoxvpyprus. TeM He MeHee, MUKPOXWMPYPrisi, KOTOpasi CYMTAETCs 30M0ThIM
cTaHgapToM anst neveHns ABM HeGonbluoro pa3mepa, OCTAeTCs HEM3MEHHOW C TOYKM 3PEHWSI KONMYECTBa MPOLELYP,
BbINOMHSAEMbIX NaLMeHTam, COOTBETCTBYOLMM Kputepusm ARUBA.

Knroyeenie crosa: uccrnedogaHue ARUBA, apmepuoseHosHble ManbghopMayuu 20/108H020 M0o32a, 3HA08acKyspHas
ambornu3ayus, MUKpoOXUpypausi, cmepeomakcudeckas paduoxupypaus.
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MuablH apTeproBeHanblk Manbgopmauuanapsl — 6ac aypynapblHa, KypbiCyniapFa XoaHe KaH keTynepre akenyi MyMKiH
MW Tamblpfiapbl MeH apTepusnapbl apacblHgarbl KanbinTad Tbic GainaHbic. ABM ywwiH emaeyadi TaHaay akaynapabiH,
MeriLepi MeH OpHanacybl, CUMNTOMAAPAbIH, aybIPMbIFbl XSHE KaH KeTy Kayni cusikTbl bipHeLue haktopnapFa 6aiinaHbICTbl.
ARUBA xapbinmarad ABM yLWiH eH, XaKcbl eMAEY SAiCH aHblKTayFa OaFbiTTanFaH KHUKanbIK CbiHak 60mbin Tabbinagpi.
OHbIH, HaTUXenepi koHcepBaTUBTI backapyabiH apanacyMeH canbICTbipFaHAa MM HeMece UHCYMbT KayniHiH, anTaprbiKTani
TemeH BonybiMeH BannaHbICTbl ekeHiH kepceTTi, Byn HermpoxvupyprTepaiH, ToxipubeciHe e3repicTep eHrisai. byn wonyaa
ARUBA-gaH Ke#iHri WHCYNbT XbingaMablfFbiHbIH YPAICTEPI XoHe xapbinmaraH ABM ywiH xupyprusnblk apanacynap
TankblnaHagp!.

ARUBA -gaH keliiH xapbinmarad ABM yLwiH apanacynap CaHblHbIH, anTapnbikTan TemeHaeyi bankangsl. byn temengey
acipece 9HA0BaCKyNsAPIbIK 3MB0NM3aLMs XoHe CTepeoTakTHKarbIK PagnoXupyprus CUsIKTLI a3 MHBa3MBTI npoLeaypanapaa
alikbiH Gongpl. [ereHmeH, wafbiH enwemai ABM yuwiH antbiH cTaHaapT 6onbin caHanatbiH Mukpoxupyprus ARUBA-Fa

Kapambl NaUMeHTTep YILIH OpbiHAANaTbIH NpoLeaypanap caHbl 60MbIHLIA TypaKTbl 6ONbIN KanAbl.

Tylin ce3dep: ARUBA cbiHaybl,

6ac MubIHbIH apmepuoseHasbiK MarbgopMayusnapbl, 3HO0BACKYAPIbI

amBonu3ayus, MUKPOXUPYpaUs, cmepeomakcukasblk paduoxupypaus.
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Introduction

Brain arteriovenous malformations (thereafter — bAVMs)
are abnormal connections between arteries and veins that
lack capillaries [8], which can result in serious
complications, the most life-threatening of which is
intracranial hemorrhage, the risk of which is higher in those
with a history of previous hemorrhage [16]. The incidence
rate of bAVMs ranges from 1.12 to 1.42 per 100 thousand
person-years [1]. Treatment options for bAVMs are
conservative  medical management and  surgical
interventions, with the latter becoming more disputable after
a Randomized trial of Unruptured Brain Arteriovenous
malformations (thereafter — ARUBA), especially in cases
with no signs of previous intracerebral hemorrhage [35].

ARUBA was a prospective, multicenter, non-blinded,
randomized controlled trial with a parallel and open-label
design study that aimed to compare the efficacy of different

treatment options for unruptured bAVMs, including medical
management and interventional therapies such as
microsurgery, endovascular embolization, and stereotactic
radiosurgery (thereafter — SRS). The trial was started in
2007 and involved 39 clinical sites in nine countries [35].
The study’s primary outcome was the length of time
before the composite endpoint of symptomatic stroke or
bAVMs associated mortality [35]. An interim analysis was
conducted in 2013 with 223 patients and a mean follow-up
of 33.3 months. The results showed that the risk of death or
stroke was reached in 35 (30.7%) of the 114 patients in the
interventional group compared with 11 (10.1%) of the 109
patients in the medical management group, thereby
emphasizing the preference for “watchful waiting” approach
over surgical interventions in patients with unruptured
bAVMs [35]. In 2020, the findings of extended follow-up
reinforced the initial results of the ARUBA trial and
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supported the use of medical management for preventing
stroke and death in patients with unruptured bAVMs [34].

The ARUBA trial has been the subject of various
studies that explore its methodology, design, and patient
selection criteria. Concerns have been raised about the
trial's patient selection criteria, particularly for the inclusion
of patients with low Spetzler-Martin grade bAVMs who
underwent surgical treatment. Some have suggested that
these patients may have been selectively chosen based on
factors such as AVM location or surgeon experience, which
could have biased the results [15, 33, 46, 47].

Another criticism raised regarding the increased
hemorrhage observed in the treatment arm of the ARUBA
trial is that inappropriate use of treatment approaches could
have played a role. Specifically, the use of endovascular
interventions when surgical or other modalities would have
been more appropriate, and vice versa, may have
contributed to the higher rate of hemorrhage [12]. In
addition, it is worth noting that microsurgery alone or in
combination with other treatment modalites was only
performed in six patients in the ARUBA trial [35]. This is
despite evidence suggesting that microsurgery may have
the fewest complications for low-grade (I-1l Spetzler-Martin)
bAVMs [45]. Therefore, the limited use of this treatment
approach in the ftrial raises concerns about its
generalizability and applicability to the wider population of
patients with unruptured bAVMs.

Notwithstanding the criticisms that have been raised
about the ARUBA ftrial, its results had an impact on the
management of unruptured bAVMs and led to modifications
in treatment methodology worldwide. There has been a shift
towards more conservative management of unruptured
bAVMs, with greater emphasis on monitoring and follow-up
rather than immediate intervention, which has resulted in
changes in intervention and stroke rates in patients with
unruptured bAVMs. This paper, therefore, aimed to provide
an overview of the post-ARUBA rates of stroke and
interventions in patients with unruptured bAVMs.

Methods

Literature search strategy

The review included papers published post-2014,
following the initial release of interim findings from the
ARUBA ftrial. The search focused on keywords including
‘ARUBA trial”, “stroke rates”, “brain arteriovenous
malformations”, “‘endovascular embolization”,
“microsurgery”, and “stereotactic radiosurgery” within the
PubMed/MEDLINE and Google Scholar databases. Grey
literature sources such as conference proceedings,
dissertations, and government reports were excluded from
the study. The papers written in English were included in
the study, and papers written in other than the English
language or with English abstracts only were excluded from
the analysis.

Main Text

Impact of ARUBA trial on the stroke rate among
patients with unruptured bAVMs

While the ARUBA trial has shown promising results in
the medical management of unruptured bAVMs, the
mortality and stroke rates related to bAVMs remain
controversial. There are differing viewpoints and conflicting
evidence regarding the effectiveness of the medical
management of ARUBA-eligible bAVMs in reducing stroke

and mortality rates. A recent study of a National Inpatient
Sample of 121,415 patients has revealed an increase in the
incidence of ruptured bAVMs by more than two times, as
well as the hospital mortality rates by 3-fold when
comparing data for before and after 2014 [48]. The
significance of ARUBA’s impact on bAVM outcomes would
be diminished if there were an observable difference in the
hospitalization rates between patients with previously
ruptured and those with unruptured aneurysms during the
same period in the same hospital [48]. These findings are
supported by another analysis done by Patel et al., which
showed that the proportion of bAVMs ruptures increased
significantly from 17.0% (2009-2013) to 23.3% in the post-
ARUBA period (2014-2018) [38]. Scholars suggest that a
reduction in treatments administered to unruptured AVMs
after 2014 could potentially lead to increased incidences of
AVM ruptures [31]. However, controversial findings were
found in a study by Wahood et al., that analyzed the same
database and demonstrated a lower odd of hemorrhage
during the post-ARUBA in all cases who underwent any
type of intervention even though the rate of endovascular
interventions has remained constant, and the number of
open surgeries has decreased [48].

When comparing the pre- and post-ARUBA groups, it is
important to note that a higher proportion of patients
underwent therapeutic interventions after the ARUBA trial.
Although this difference was not statistically significant, it is
worth considering. Interestingly, patients who received
interventional therapies had a lower rate of symptomatic
stroke or death compared to those who were under medical
management. This contradicts the findings of the ARUBA
trial. Additionally, the interventional therapy group had a
lower annual incidence of stroke or death. However, it is
important to highlight that there was no significant
difference in the long-term functional outcomes, as
measured by the mRS score of 2, after a 5-year follow-up
between the medical treatment and intervention groups
[20].

The impact of the ARUBA ftrial on stroke rate among
patients with unruptured bAVMs is not unambiguous.
Although most studies have indicated an increase in
hemorrhage, it is important to consider patients'
characteristics and indications for treatment, as well as the
treatment method, when preventing bAVMs-associated
stroke. Study results found that when comparing to patients
in the interventional arm of the ARUBA ftrial, the study
participants showed significantly lower rates of death and
stroke, as well as low functional impairment scores, thereby
highlighting that interventions for unruptured AVMs at
comprehensive stroke centers are associated with a
positive safety record [2].

Impact of ARUBA trial on the rates of interventions
in patients with brain AVMs

Although the ARUBA ftrial suggests that conservative
management may be a viable option for patients with
unruptured bAVMSs, the treatment approach should be
based on the patient's characteristics, including the size,
location, and symptoms of bAVM, as well as the patient's
overall health and preferences, and AVM classification. The
Spetzler-Martin grading scale [41], along with subsequent
modifications [28], has been the primary algorithm for
surgical management, including surgical resection, SRS,
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embolization, or a combination thereof. The results of the
ARUBA ftrial, which reported more events in the
interventional therapy group compared to the medical
therapy group, were in contrast with previous surgical
series, suggesting that the risks of interventions for certain
grades AVMs were higher than reported elsewhere [47].

Since the ARUBA trial, scholars have reported changes
in several interventions for unruptured bAVMs. A study
based on national registry data observed a decrease of
8.37% in any interventions for bAVMs during the post-
ARUBA period [48]. A recent study has reported the
occurrence of ruptured AVMs rose after 2014, possibly
indicating a shift in approach towards conservative and non-
interventional management strategies for patients with
unruptured bAVMs [13]. However, there is a study with
controversial results. The study by Sussman et al.
concluded that the ARUBA trial had no significant impact on
the volume, type, or treatment approach for bAVMs referred
to Stanford Health Care and Stanford Children's Health.
There were no notable changes observed in the case
volume or the proportion of unruptured AVMs treated [43].
The difference in a study results demands further studies
and analysis.

Endovascular embolization of bAVMs is a minimally
invasive treatment option that has resulted in total
obliteration rates of 88% with low complication rates,
making it viable for deeply localized bAVMs [5] and leads to
improvements in seizure dynamics of 65% or more in
patients with bAVM associated epilepsy [4]. Apart from a
minimally invasive approach, endovascular treatment is a
valuable option for unruptured bAVMs, including flow-
related or nidal aneurysms, and high-flow fistulae [3, 26]
and the method is an appropriate treatment option for
difficult-to-reach bAVMs, particularly hemorrhagic deep-
seated AVMs that cannot be treated with microsurgery or
SRS [36]. Moreover, minimally invasive procedures such as
endovascular treatment and SRS can assist in resolving the
issue of residual bAVMs, which are present in 4% of
microsurgical treatment cases [6].

Although endovascular interventions have a wide range
of applications in the treatment of ARUBA-eligible patients,
there has been a notable decrease in their use in post
ARUBA era. A study of the National Inpatient Sample has
reported that the decline in post-ARUBA interventions was
predominantly due to the reduction in endovascular
interventions from 18.8% to 13.9% [38], and no change was
observed in the frequency of open surgery or combinations
of endovascular and surgical approaches [38]. The
prospective cohort study by Chen and colleagues did not
find significant evidence favoring embolization over
conservative management in effectively preventing long-
term hemorrhagic stroke or death in patients with bAVMs
[10]. Thereby having a potential impact on the decrease in
minimally invasive intervention rates.

A post-ARUBA decline in endovascular intervention has
also been seen in a study by Birnbaum et al., however, the
rate of microsurgery, compared to other methods, was
reported to increase [7]. This could be because a
microsurgical resection, often combined with other
treatments, appears to be the preferred treatment modality
for achieving the highest rate of immediate and complete
removal of brain AVMs in low-grade (I-Il) brain AVMs cases

[45]. The findings from both ARUBA-eligible individuals and
unruptured grade I/ll patients collectively suggest favorable
outcomes, particularly when surgical intervention is
employed. Functional results for ARUBA-eligible patients
resembled those receiving medical management in the
ARUBA trial. Based on these findings, Nerva et al. advocate
for treatment in carefully chosen patients with low-grade
AVMs [37].

Microsurgical resection is considered for low-grade (I-I1)
bAVMs that are small to moderate in size, located in
accessible areas of the brain, and causing significant
symptoms [11, 25]. Studies that included ARUBA-eligible
patients who underwent microsurgical resection revealed
better clinical outcomes in the surgery group than in the
conservative therapy group [22, 49]. In response to ARUBA,
the BARBADOS trial has been proposed to confirm the
usefulness of microsurgery for patients with unruptured
grade | or Il brain AVMs [44]. Favorable outcomes of
microsurgery in treating eligible bAVMs in ARUBA could be
a contributing factor to the lack of change or increase in the
number of microsurgeries compared to other modalities in
the post-ARUBA era [7, 38].

The key to achieving good outcomes in the
microsurgical treatment of bAVMs is to create a precise and
useful surgical risk estimation system that can be applied
prospectively (i.e., before surgery). The estimated risk
should be generalizable to all bAVMs and defined by the
category and what treatment modality the bAVM requires.
The ideal estimation system would essentially have to be
dichotomized between surgical and conservative groups.
Additionally, microsurgery, as well as gamma knife surgery,
are reported to have a lower risk of stroke or death in
ARUBA-eligible patients [27]. Also, treating unruptured
bAVMs is safe when approached through a collaborative
approach, with surgical removal being the primary treatment
option whenever possible [30]. In addition, another study
has concluded that early surgical resection of AVMs for all
surgically accessible AVMs is recommended to prevent
stroke and related neurological deficits [32]. Long-term
neurological outcomes were comparable between early and
delayed resection of ruptured AVMs. Delayed resection
may result in a higher rate of complete obliteration, but
careful monitoring for the risk of re-rupture during the
waiting period for resection is crucial [51].

The Italian Society of Neurosurgery is expressing
concern regarding the potential health impact of the
conclusions drawn in the ARUBA Study. Specifically, they
are emphasizing the risks associated with partial treatments
like endovascular therapy, which may increase the risk of
bleeding in patients with AVMs. The study's findings
highlight a high incidence of death or symptomatic stroke
after treatment, underscoring the importance of a
comprehensive, multidisciplinary approach to managing
AVMs. It is crucial to achieve complete AVM exclusion to
ensure the best possible outcomes for patients [9].

A collaborative, or, a multimodal approach to treatment
may be superior to the intervention arm of the ARUBA ftrial
and similar to the medical arm in terms of safety endpoints
[40]. The consensus among experts on bAVM management
is to create a multidisciplinary committee of neurosurgeons
specializing in  AVM resection, embolization, and
radiotherapy to perform multimodal assessments and
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create personalized treatment strategies [24]. Combined
treatment of bAVMs involves a combination of endovascular
embolization, followed by surgical removal or SRS.
Furthermore, the combined treatment modality has shown
promising results in reducing hemorrhage [17].

SRS has become an effective minimally invasive
treatment approach in the management of bAVMs since its
development by a team of neurosurgeons and physicists in
Sweden 70 years ago [29]. SRS has been shown to
achieve high rates of AVM obliteration with minimal
radiation exposure and a low risk of hemorrhage. SRS,
however, is limited to those with nidus size for radiation
being less than 3 cm or a volume less than 12 cm3, and the
assessment of the effectiveness of SRS requires a follow-
up study of at least three years.

The recent real-world study extensively compared
microsurgery and SRS for brain AVMs in terms of long-term
outcomes. Microsurgery was found to be superior in
preventing future hemorrhages or fatalities and achieving
AVM obliteration. However, it is important to note that
microsurgery carries the risk of potential neurofunctional
decline [18].

Many studies have concluded that SRS is a better
treatment option for unruptured bAVMs than conservative
management. Studies of ARUBA-eligible patients treated
with Gamma knife radiosurgery have shown better
outcomes compared to the primary ARUBA outcomes of
hemorrhage and death [39, 50]. A multicenter study of a 2
236 ARUBA-eligible patients cohort who underwent Gamma
knife radiosurgery with an average follow-up of 7 years
showed a hemorrhage rate of only 1.1% [42]. Other
multicenter studies have also shown lower rates of
hemorrhage in post-SRS patients compared to pre-SRS
patients [14]. In addition, the NASSAU study, which
included 1 351 patients with unruptured bAVMs, included
patients who underwent SRS with an average follow-up
duration of 6.5 years. Findings from this investigation
suggest improved patient outcomes over an extended
monitoring period post-SRS, leading to the suggestion that
the conclusions drawn from the ARUBA trial could be
refuted [23].

Recent studies on AVMs undergoing SRS have
reported cumulative 5-year and 10-year bleeding rates of
7% and 10%, respectively, further demonstrating the
relative safety of SRS [19]. However, one potential
drawback of SRS is the risk of Radiation-Induced Changes
(thereafter — RIC), which occur in approximately 1 in 3
patients with AVMs and 1 in 4 patients with neurologic
symptoms. A risk factor for RIC is deep nidus location, but
these negative outcomes were observed mainly in
unruptured bAVMs and repeat SRS cases [21]. Although
there are limitations and potential risks associated with
SRS, studies have consistently shown that it is a better
option than medical management for unruptured AVMs [39,
42].

As well as endovascular interventions in the treatment
of unruptured bAVMs, SRS also has seen a post-ARUBA
decrease. The frequency of inpatient SRS treatment has
declined from 0.5% to 0.1% [38], and this decrease could
be attributed to the reduction in the number of endovascular
interventions, which are often performed before SRS to
reduce the AVM volume and/or to eliminate the vascular

structures that bear an increased risk of intracranial
bleeding, thereby making the bAVM more amenable to
SRS.

Conclusion

The ARUBA ftrial has had significant consequences for
the management of unruptured bAVMs, prompting changes
in treatment methodology and spurring further research into
this complex condition. While there remain limitations to the
trial, its findings have provided insights into the potential
risks and benefits of different treatment approaches,
shaping clinical practice. Minimally invasive procedures
such as endovascular treatment and SRS have a wide
range of applications in the treatment of ARUBA-eligible
patients, but their use has decreased in the post-ARUBA
era. Microsurgical resection appears to be the preferred
treatment modality for achieving the highest rate of
immediate and complete removal of low-grade (I-Il) bAVMs,
and no drastic decline has been observed in its frequency.
Changes in interventions had implications for treatment
outcomes. However, the impact of the ARUBA ftrial on
stroke rate among patients with unruptured bAVMs is not
clear-cut and needs to consider patients' characteristics.
Overall, the trial's findings have prompted a re-evaluation of
the approach to managing unruptured bAVMs and sparked
further research to improve outcomes for patients.
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