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Abstract

Introduction. Treatment options for cerebral arteriovenous malformations (cAVMs) may include radiosurgery,
endovascular embolization, microsurgical removal, or a combination thereof. However, treatment of high-grade
(Spetzler-Martin grades IV and V) cAVMs remains extremely challenging when aiming complete occlusion.

The aim. To study the safety of the endovascular embolization in patients with high-grade cAVMs and its impact
on the quality of life (QoL).

Materials and methods. Between 2012 and 2022, 174 patients with cAVMs were endovascularly treated at
Research and Practical Center for Endovascular Neuroradiology of the National Academy of Medical Sciences of
Ukraine with an average follow-up of more than 9 months. Of these patients, 11 (6.3%) and 6 (3.4%) had Spetzler-
Martin grade IV and grade V cAVM, respectively. Outcomes after surgical procedures were assessed and QoL was
evaluated using standardized EQ-5D-3L questionnaire.

Results. Five (29.4%) patients had intracerebral hemorrhage, 6 (35.3%) had seizures, 5 (29.4%) had other
non-hemorrhagic manifestations and 1 (5.9%) patient had a neurological deficit as a result of cerebral steal. In
17 patients, 28 embolization sessions were performed, and in nearly all of them (96%) N-butyl cyanoacrylate was
used as the preferred embolic agent. There were no procedural complications. After embolization, three (17.6%)
patients had neurologic deterioration (temporary in 2 patients and persistent in 1 patient).

All the patients were alive at the nearest follow-up. After embolization, 2 (11.7%) patients had recurrent
hemorrhage, but without additional morbidity. Two of the five patients after cAVM rupture had some degree of
disability. With regard to non-hemorrhagic debut, 8 (72%) patients reported symptom reduction. QoL assessment
with EQ-5D-3L questionnaire revealed that severe problems were present in 2 (33.3%) of 6 patients after
intracerebral hemorrhage and 2 (18.2%) of 11 patients with non-hemorrhagic manifestation. The mean Visual
Analogue Scale score for the hemorrhagic group was 76.4 + 15 points, while the non-hemorrhagic group’s score
was 85.2 + 14 points.

Conclusions. Endovascular embolization, which aims to occlude the bleeding site or improve cerebral steal with
a manageable consequence profile, can be used safely in carefully selected patients with high-grade cAVMs. Our
experience shows that QoL can be satisfactory in 3/4 of patients after high-grade cAVM embolization, and more data
from real-world practice are highly needed to determine the best method and time for improving patient outcomes.

Keywords: brain malformation, endovascular treatment, intracranial hemorrhage, outcome, modified Rankin Scale,
EQ-5D-3L questionnaire.

© 2023 The Authors. Published by Professional Edition Eastern Europe. This is an open access article under the CC BY-SA license
(https://creativecommons.org/licenses/by-sa/4.0/).
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Introduction. Cerebral arteriovenous malformations
(cAVMs) are known as pathological complex network of
abnormal connections between dilated cerebral arteries
and veins inside the brain parenchyma [1]. Most cAVMs
manifest between 10 and 40 years with intracerebral
hemorrhage, seizures, focal neurological deficits or
headache. The patient’s age, the size, the location, and
the vascular characteristics of the cAVM all affect how
this pathology will manifests clinically. Intracerebral
hemorrhage (ICH) is the most typical presenting symptom
and is found in 50% of cases, and cAVMs are the main
cause of ICH in young adults [2]. The annual rupture
risk was reported to be 2.3-3% overall, and 4.5-4.8% for
cases that were ruptured [3]. Few cAVM classifications
were introduced to improve bleeding risks, anatomical
peculiarities and treatment approach, among them
Luessenhop-Gennarelli anatomical grading, Spetzler-
Martin scale, Nataf scale and Vienna classification [4].
Spetzler-Martin (SM) scale was introduced in 1986 and
divides cAVMs by size, location and deep venous drainage
and remains the most commonly used [5]. The SM grading
scale assigns a score of 1 for small cAVMs (3 cm). The
eloquence of adjacent brain is scored as either non-
eloquent (0) or eloquent (1). The venous drainage is scored
as superficial only (0) or including drainage to the deep
cerebral veins (1). It determines two distinct groups: low-
grade (grades |, 11, and III) and high-grade (grades IV and
V) cAVMs. Low-grade cAVMs are usually tiny, superficial,
and/or ineloquent. High-grade cAVMs, on the other hand,
frequently include expressive brain regions and are big,
deep lesions [6].

Microsurgical removal, endovascular embolization,
radiosurgery, or combinations of these methods are
available treatment options for cAVMs. In case of rupture
cAVM treatment is obvious and is aimed at preventing
re-ruptures [7]. However, management of unruptured
cAVMs is still debated and only one randomized trial
(ARUBA) evaluated the results of interventional treatment
in such patients, however, it revealed worse clinical
outcome compared to observation [8]. Due to plenty
of study limitations many authors disagree with these
findings. Further observational studies have examined the
effectiveness of surgery on ARUBA-eligible patients and
revealed favorable safety profiles and cure rates in patients
who were carefully selected with different techniques. The
authors hypothesize that large prospective randomized
trials on cAVMs may not be practical, and practice-based
data outside the ARUBA study is warrant to improve
patient outcomes over the long term [9]. Expert consensus
on the management of cAVMs after ARUBA trial postulate
that complete occlusion of cAVM is the only acceptable
target of any treatment [7]; however, giant and deep cAVM
is often challenging for complete occlusion and brings high
risks of morbidity. Otherwise in case of rupture its source
should be secured with no doubt, and in case of observation
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of non-hemorrhagic manifestation of cAVM symptoms can
exacerbate, become debilitated and require treatment
to improve patients’ quality of life (QoL). Endovascular
embolization often remains the only treatment modality
for high-grade cAVMs, but according to the current data,
it carries the risk of procedural rupture in 7% on each
embolization session. In such circumstances, evaluation of
the safety of this strategy and its impact on QoL of these
patients is needed.

The aim. To study the safety of endovascular
embolization in patients with high-grade cAVMs and its
impact on their QoL.

Materials and methods. One hundred and seventy
four patients with cAVMs were embolized at the Research
and Practical Center for Endovascular Neuroradiology of
National Academy of Medical Sciences of Ukraine between
2012 and 2022 with more than 9 months follow-up after
the treatment. Of these, 128 (73.6%) patients underwent
one endovascular embolization procedure, 46 (26.4%)
patients  underwent  multi-session  endovascular
embolization. The mean age of the patients was 38 *
2.1 years; there were 102 (58.6%) men and 41 (41.4%)
women. Hemorrhagic manifestation was reported in
106 (60.9%) patients. Sixty-one (35.1%) patients had
seizures and 7 (4.0%) patients had other type of non-
hemorrhagic debut (1 case of local neurological deficit,
4 cases of intractable headache, and in 2 cases cAVM was
an accidental finding during neuroimaging after traumatic
brain injury). All the patients were classified according to

Table 1

Study population according to Spatzler-Martin scale before
embolization

Number of
cAVM characteristics patients (%)
Localization Cerebral lobes (frontal, parietal, 114 (65.5)

temporal, occipital)
Corpus callosum 4 (2.3)
Basal ganglion 25 (14.4)
Thalamus 6 (3.4)
Cerebellum 18 (10.3)
SM grade Grade | 70 (40.2)
Grade 55 (31.6)
Grade Il 30 (17.2)
Grade IV 11 (6.3)
Grade V 6 (3.4)
Size <3cm 59 (33.9)
3-6 cm 95 (54.6)
> 6 cm 20 (11.5)
Drainage Deep 47 (27.0)
Superficial 92 (52.9)
Combined 35(20.1)
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SM scale, and 17 (9.8%) patients with high-grade cAVMs
were revealed (data are summarized in Table 1). There
were 11 (6.3%) patients with SM grade IV and 6 (3.4%)
patients with SM grade V.

All the patients underwent complete physical
examination and standard laboratory tests. Data collection
during hospitalization included a detailed analysis of
the patients’ history, manifestations, and course. All the
patients received standard medical care and treatment
after the procedure. The embolization strategy consists in
eradication of hemodynamic disturbances and correction
ofthe cerebral steal, elimination of the direct arteriovenous
(AV) shunts, exclusion of associated aneurysms as the
source of rupture. The patients were informed about
the risks of the procedure and signed consent form. For
endovascular embolization, liquid embolic agents (LEAs)
(mixture of N-butyl cyanoacrylate (nBCA, Histoacryl,
B. Braun, AG Melsungen, Germany) with ethiodized
oil (Lipiodol, Guerbet LLC) and ethylene vinyl alcohol
copolymer (Onyx, EV3, Irvine, CA, USA)) with additional
detached coils (if necessary) were used. The procedure
was performed under general anesthesia with mild
hypotension through femoral access under heparinization
(10 000 U). 6F femoral sheath was inserted and guiding
catheter was placed in internal carotid artery or vertebral
artery, then microcatheter (Magic or Sonic [Balt,

Montmorency, France], depending on LEA) was navigated
to the selected vessel and embolization was performed.
Results of surgical interventions were evaluated based
on postoperative angiograms. All the surgical reports
were analyzed to evaluate procedural complications and
surgical technique. Results of the treatment were assessed
according to modified Rankin Scale (mRS).

QoL assessment. We measured QoL using the
standardized EQ-5D-3L questionnaire [10] which
consists of a three-level scale in five dimensions (mobility,
self-care, usual activity, pain/discomfort, and anxiety/
depression). The Visual Analogue Scale measures the
patient’s actual general health on a scale of 0 to 100,
with 0 being the worst possible state of health and 100
representing the best possible state. The patients were
divided into two groups according to manifestation
(hemorrhagic and non-hemorrhagic). They were
interviewed during different time of follow-up (9-96
months, mean 28.8 months).

Due to the limited sample size we employed descriptive
statistics only, and data were presented as mean * SD.

Results and discussion. Among 17 patients, 5 (29.4%)
had ICH, 6 (35.3%) had seizures, 5 (29.4%) had other non-
hemorrhagic manifestations (headache, vertigo, tinnitus,
etc) and 1 (5.9%) patient experienced neurological
deficit because of cerebral steal (right arm paresis, and

Fig. 1. A 46-year-old female patient with intracerebral hemorrhage due to high-grade cAVM rupture
with multiple intranidal aneurysms (A and B). She underwent partial embolization with N-butyl
cyanoacrylate (C, D, E and F) and was successfully discharged with no neurological deficits. After

4.5 years she had moderate symptoms with no disability
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Table 2
Radiological peculiarities in patients with high-grade cAVYMs
Characteristics Values
Age, years 28.6
Sex, males/females 9/8
Associated aneurysms, number of patients with 6 (35.3)
high-grade cAVM (%) )
High-flow shunts, number of patients with
high-grade cAVM (%) 10 (58.8)
Number of embolization sessions

1 9(52.9)

2 5(29.4)

3 3 (17.6)
Embolization materials
NBCA 27 (96.4)
ONYX 1(3.6)
mRS on admission for hemorrhagic group, 22+12
mean * SD T
mRS on discharge for hemorrhagic group, 1807
mean * SD o
mRS on admission for non-hemorrhagic group, 0603
mean * SD R
mRS on discharge for non-hemorrhagic group, 0504
mean * SD o

cAVM was misdiagnosed since early childhood in favor
of cerebral palsy). There were 28 embolization session
in 17 patients, and almost all of them were made with
N-butyl cyanoacrylate (NBCA) (96.4%) as preferable LEA
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(Fig. 1 and Table 2). Additional utilization of detached coils
was done during two procedures in order to reduce flow in
the AV shunts and avoid excessive spreading of LEA.

There were no procedural complications, and all
embolization sessions were successful considering the
nidus reduction and elimination of high-flow AV shunts
and associated aneurysms. Three patients (17.6%)
had neurologic deterioration after embolization, and
two of them were transient. One patient (5.8%) had
persistent hemianopsia that was present on follow-up.
Postoperative period was unremarkable in other patients
and improvement of mRS score at discharge was noted.

Two patients with hemorrhagic debut were transferred
to rehabilitation department due to neurological deficits
(mRS 3). Mean hospital stay was 16.4 days for hemorrhagic
debut and 6.4 days for non-hemorrhagic.

By the nearest follow-up all the patients were alive.
Two patients (11.7%) had hemorrhage after embolization,
first one after 1.5 years (hemorrhagic debut) and another
one (with seizures) 4 years after the procedure. However,
hemorrhages were small, parenchymal and non-fatal.
Both patients recovered after hemorrhage and didn't
experience additional morbidity. Among 5 patients with
CAVM rupture, 2 experienced some degree of disability
(mRS 2 and 3, respectively), and 3 were completely
independent. Among those with non-hemorrhagic debut,
8 (72.7%) patients showed symptom reduction and
3 (27.3%) patients remained the same or got worth.

QoL assessment with EQ-5D-3L questionnaire revealed
that severe problems were present in 2 (33.3%) of
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Fig. 2. Number of patients with cAVYMs with hemorrhagic manifestations
by level within EQ-5D-3L dimensions
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Fig. 3. Number of patients with cAVMs with non-hemorrhagic manifestations
by level within EQ-5D-3L dimensions

6 patients after ICH (Fig. 2) as aresult of neurologic deficits
and 2 (18.2%) of 11 patients with non-hemorrhagic
manifestations; interestingly, these problems were not
connected to daily activity, self-care or mobility, but in one
case they were accompanied by anxiety/depression and in
another one by pain (Fig. 3).

The mean Visual Analogue Scale score was
76.4 + 15 points in hemorrhagic group and 85.2 + 14 points
in non-hemorrhagic one.

High-grade cAVMs (SM grades [V and V) are challenging
to treat with any existing modalities. And if these lesions
are asymptomatic, observation is mandatory, but in
case of manifestations, like rupture or debilitated non-
hemorrhagic debut, treatment becomes optional, and
the unique ability to target specific parts of cAVM makes
endovascular embolization one possible solution for this
lesions. Although targeted embolization is not curative in
high-grade cAVMs, it may be useful in reducing bleeding
site, like intranidal aneurysm [11], venous ectasias and
stenosis [12] or improve cerebral steal [13]. However, it
required experienced evaluation and judicious approach
of this strategy as it can increase complication rates and
increase morbidity [14, 15, 16]. Also the choice of LEA is
essential for successful procedure. Our preferred LEA for
high-grade cAVM was NBCA, and we didn’t experience
procedural problems, considering partial and target
embolization as well as prevention of unaffected occlusion
of draining vein. Considering ARUBA data, worldwide
trend of conservative approach for unruptured cAVMs
brings some controversial results. Dicpinigaitis et al.
reported the incidence of ruptured cAVM increased in the
post-ARUBA trial era (13.3% versus 34.4%; P<0.001) as

well as rates of in-hospital mortality (2.0% versus 7.6%;
P<0.001) [17]. Our small series revealed rupture after
embolization in 11.7% of patients with mean follow-up of
nearly 5 years, that is less than 37% reported by A. Laakso
et al,, but with longer follow-up [18]. Also we didn’t found
additional procedural complications after embolization.

Considering that the aim of interventional treatment
of cAVMs is complete occlusion, and in case of high-grade
cAVM, this approach can be risky. And in case of incomplete
occlusion risk of hemorrhage and evaluation of the QoL
seems reasonable for evaluation of treatment success.
Our data shows that up to 75% of patients with high-
grade cAVM had no serious problems with their QoL after
endovascular embolization, and the risk of hemorrhage is
at least compatible to that in natural course. Nevertheless,
current data shows that evidence is still lacking to make
some ideal recommendations for cAVM, and hopefully this
will change in the nearest future.

Our study has few limitations, itis retrospective without
control group. Also, some patients were lost to follow-
up, so their results could influence the final conclusions.
However, main aim of our study was to show the effective
utility of endovascular embolization in carefully selected
patients with high-grade cAVMs. Further studies are
needed to strengthen the evidence base and improve
patient selection for any of the treatment modality.

Conclusions

1. High-grade (SM grades IV and V) cAVMs are a
challenging pathology and require multidisciplinary
approach.

2. Endovascular embolization was safely utilized in
carefully selected patients with high-grade cAVMs,
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aiming to occlude bleeding site or improve cerebral
steal with acceptable complication profile. Three
patients (17.6%) had neurologic deterioration after
embolization, and two of them were transient. One
patient (5.8%) had persistent hemianopsia that was
present on follow-up.

2. Recurrent hemorrhage after partial cAVM embolization
was seen in 11.7% of patients; however, these were
small, parenchymal and non-fatal.

3. Our experience demonstrates that QoL after high-
grade cAVMs embolization can be satisfactory in 3/4 of
the patients, but further studies are needed to evaluate
the best treatment strategy for these patients.

Conflict of interest. All authors declare that they have
no conflicts of interest.

Patient consent. Obtained.
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Pe3synbraTti NikyBaHHA Ta OLiHIOBAHHSA SIKOCTI XXMTTS NaUI€EHTIB i3 uepebpanbHuMn
apTepioBeHO3HMMM Manb(PopMaLLisIMM BUCOKOTO CTyNEHS NiCiA eHA0BACKyNapHOi eMbonisauii

Wernos A.B.%, a-p Men. HaykK, Nikap-HeMpoXipypr, AMPEKTOp
Ceupupiok 0. €.1, KaHa. Mea,. Hayk, Nlikap-Herpoxipypr
Bueanb M. B.%, nikap-Heiipoxipypr
YebaHiok C. B.%, kaHA. Meq. Hayk, 3aCTyNHMK AMPEKTOPA 3 HAYKOBOi po6oTu, nikap-kapmionor
AnbtMmaH |. B., kaHa. Mef. HayK, Nikap CyauMHHWUIA Xipypr
MamoHoBa M. 0.2, kaHg. Me[l. HaykK, acMCTeHT Katheapu aHecTesionorii Ta iHTEHCMBHOT Tepanii

1Y «HaykoBO-NpaKTUYHUIA LEHTP eHA0BACKYNSAPHOI HelipopeHTreHoxipyprii HAMH Ykpainu», M. Kuis, YkpaiHa
2HauioHanbHuit MenmnuHuit yHiBepcuteT iMeHi O. O. boromonbug, M. Kuis, Ykpaina

Pesome

Beryn. BapianTu JikyBaHHs apTepioBeHO3HUX Masibdpopmalidi (ABM) rosoBHOro Mo3Ky BKJIKOYAKOTh €HJIOBACKY-
JIIpHY eMbouJiizaliito, pagioxipyprito, MikpoxipypriuHe BuasieHHs abo iX koMmbiHalito. OfHak sikyBaHHS ABM Bucokoro
cryneHns (cryneni [V i V 3a Spetzler-Martin) 3aiuiaeTbcs Ha/I3BUYalHO CKJIaHUM.

MeTa - BUBYNTHU Ge3NeKy eHZ0BacKyaspHoi eM6ostizarii nanieHTiB 3 ABM rosioBHOro Mo3Ky BUCOKOTO CTYTeHs Ta
il BIVIMB Ha SIKICTb >KUTTs Mal[iEHTIB.

Marepiasiu Ta metoau. 3 2012 no 2022 pik y 1Y «HaykoBo-npakTUYHHU LIEHTP €HI0BACKY/IsIpHOI HEUPOPEHTTeHO-
xipyprii HAMH Vkpainu» eHgoBackyisipHo npoJiikoBaHo 174 nanientu 3 ABM i3 cepeiHIM TepMiHOM CIIOCTEpEKEHHS
noHaz 9 micsauis. Cepes Hux 11 (6,3 %) nauieHTiB Manu ABM IV-ro ctynens 3a Spetzler-Martin Ta 6 (3,4 %) nauieHTis -
ABM V-ro cTyneHns 3a Spetzler-Martin. Pe3yibTaTu nic/is XipypriyHux BTpy4YaHb OLIHIOBaJIY 3a ONIOMOT0X0 CTaHAapTH-
30BaHOro onutyBajibHuKa EQ-5D-3L.

PesyabraTtu. Y 5 (29,4 %) nauieHTiB MaB Miclle BHYTpPIlIHbOMO3KOBUH KpOBOBWJMB, y 6 (35,3 %) - cyzomy,
y 5 (29,4 %) - inwi Heremopariuyui nposisy, B 1 (5,9 %) nanieHTa - HeBPOJIOTIYHUN AedilUT BHACIIAOK «CUHAPOMY
ob6kpaZaHHa». ¥ 17 nauieHTiB 6ys0 npoBeseHo 28 ceaHciB emM6ouizanii, i Maiixe Bci 3 HUX (96 %) 3 BUKOPUCTAHHAM
n-Butyl cyanoacrylate sik em6os1iuH0i pedoBUHU. He Gysi0 BUSIBJIEHO IEPUNIPOLIEAYPHUX YCKIaAHEHb. [licis emboutizanii
y 3 (17,6 %) xBOpUX criocTepirasocs HeBpoJIOTiyHe MoripiieHHs, 3 HUX y 2 TUM4acoBe, B 1 (5,8 %) - crilike.

Yci manienTH 6yiu *KuBi nif 9ac Hak6amk4yoro ortaay. icas em6onizaniiy 2 (11,7 %) XBOpUX BUHHKJIH ITOBTOPHI
KpOBOTeui, ajsie 6e3 AoAaTKOBOI iHBasigu3auii. /IBoe 3 m'ATH mauieHTiB nmiciasa po3puBy ABM Masu neBHUMH CTYMiHb iH-
BasigHocTi. lllo cTocyeTbcs HeremMopariuHoro Ae610Ty, 8 (72 %) nauieHTiB MOBiOMUIN PO 3MEHILEHHSI CUMIITOMIB.
OuiHIOBaHHSA SKOCTI )KUTTS 3a 0NOMOrot0 onuTyBajibHUKa EQ-5D-3L nmokasaJia, 1o cepio3Hi npo6JieMu BiJjl3HaYaIUCA
y 2 (33,3 %) 3 6 nauieHTiB nicas po3puBy ABM tay 2 (18,2 %) 3 11 nauieHTiB 3 HereMopariuHumu nposisamu. Cepef-
Hi{ 6as 3a mKasor VAS 14 rpyny 3 reMopariero cTaHOBUB 76,4 = 15 6aJ1a, a 41 rpynu 6e3 remoparii - 85,2 + 14 6aia.

BucHOBKM

1. ABM rosioBHOTO MO3KY BUCOKOT0 cTymneHs (ctyneHi IV iV 3a Spetzler-Martin) € ckjiajHOI0 aToJioriero i noTpeby-
I0Th MyJIbTUMCLUIIJIIHAPHOTO MiAX0AY.

2. EnfloBackysnisipHa em6outizalis 6yJsia ycIiliHO MPOBEIEHOI0 Y PETEbHO BifiibpaHux mainieHTiB 3 ABM Bucokoro
CTyINeHs 3 MeTOI OKJII03il Miclia KpoBoTedi a60o MOKpalleHHs Lepe6palbHOr0 06KpaaHHA 3 NPUHUHATHUM NpodiseM
yckJaagHeHb. Y 3 nauieHTiB (17,6 %) nicaist em6oi3auii ciocTepirasocs HeBpoJioriyHe NMOTiplieHHs, y 2 3 HUX — TPaH3U-
TopHe. B 1 nanienTa (5,8 %) AudinuT 3aUIIMBCS CTIHKUM.

3. [loBTOpHI KPOBOBHUJIMBH MicJs1 YacTKOBOI eM6o.ti3anii ABM crioctepiranucs B 11,7 % nanieHTiB. Of4HaK BOHU 6yId
HeBeJIMKHMMH, NIapeHXiMaTO3HMMHU Ta HeJleTaJlbHUMHU.

4. Haw 1ocBij MOKAa3YeE, 0 AKICTb XKUTTSA Mic/sl BUCOKOSIKiCHOT eMboutizaniii ABM mMoxke 6yTH 3310BisibHOWO ¥ 3/4 na-
L[i€HTIB, aJle HeOOXi/IHI MoAabIL JOCTiP)KeHHS, 11100 OLiHUTH HaUKpaIlui MeTo/| JIIKyBaHHS Ta HOTO TEPMiHHU JIJId MO-
KpallleHHS pe3yJIbTaTy JJ1 Mali€HTiB.

Kawuoesi caoea: sada po3sumky 20108H020 MO3KY, eHO08ACKYAAPHE AIKY8AHHS, 8HyMpiWHboYepenHulli Kpo8oau.1us,
pesynbmam, modugikosana wkasa Penkina, onumysanvruk EQ-5D-3L.
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