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Abstract

Purpose: To determine whether the characteristics of brain arteriovenous malformations (BAVMs) are associated
with the coexistence of intracranial aneurysms (IAs).

Material and methods: The analysis included imaging data of 89 patients who were diagnosed with the BAVM through
digital subtraction angiography. Morphological characteristics of BAVMs and aneurysms, arterial supply and ve-
nous drainage of the BAVM, and the presence of intracranial hemorrhage (ICH) were retrospectively evaluated.
A comparative analysis of the characteristics of the BAVMs was performed between the group with BAVMs alone
and the group with BAVMs with aneurysms. The assessment of BAVMs was based on the Spetzler-Martin scale, while
the classification of IAs was based on BAVM vascularity.

Results: BAVMs associated with IAs (1 = 28), compared to BAVMs alone (n = 61), showed no significant differences
in BAVM nidus size (27.32 vs. 26.10 mm) or number of arterial supply sources (64.29% vs. 54.10% for a single
source). BAVM patients with aneurysms experienced significantly more ICH (57.14% vs. 34.43%; p < 0.05). A total
of 42 TAs with an average size of 4.92 mm were described, of which 42.86% were multiple. Flow-related aneu-
rysms were the most common type (1 = 26, 61.90%). The type of aneurysm had no statistically significant effect on
the incidence of bleeding.

Conclusions: The coexistence of BAVMs and IAs was observed in 31.46% of patients in this study. The presence of IAs,
regardless of their type, increased the risk of intracerebral bleeding in patients with BAVM.

Key words: brain arteriovenous malformation, intracranial aneurysm, intracranial hemorrhage, digital subtraction
angiography, hemorrhagic presentation.

the body; however, brain AVMs (BAVMs) are of special

concern as they can cause neurological dysfunction.
BAVMs have a population incidence of 1.12-1.42 cases

per 100,000 person-years [4]; no sex difference has been

Introduction

Arteriovenous malformations (AVMs) are high-flow
developmental vascular anomalies in which the feed-

ing arteries are directly connected to a venous drainage
network without an interposed capillary bed. The dis-
tinguishing feature of an AVM is that shunting occurs
through a collection of tortuous dysmorphic vessels, re-
ferred to as a nidus [1-3]. AVMs can occur anywhere in

identified so far [5]. The most common presentation is in-
tracranial hemorrhage (ICH), and BAVMs are the second
most common cause of ICH after cerebral aneurysms [1].
The annual risk of bleeding from BAVM reaches approxi-
mately 2% to 4%, depending on whether the BAVM is
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ruptured or not [6]. Reported risk factors associated with
hemorrhage occurrence include deep and infratentorial
location, exclusive deep and single venous drainage, ni-
dus size less than 3 cm, and the presence of an associated
aneurysm [7].

BAVMs are typically first identified in cross-sectional
imaging - computed tomography (CT) or magnetic reso-
nance imaging (MRI) [1]. However, these modalities do
not provide as detailed imaging of the nidus architecture
as digital subtraction angiography (DSA), which remains
the reference standard for the diagnosis and treatment
planning of BAVM [1,2,8].

The objective of this study was to determine whether
there is a correlation between characteristics of BAVM and
coexistence of intracranial aneurysms (IAs). The current
analysis considers the radiographic features of BAVMs and
aneurysms, as well as clinical presentation with ICH.

Material and methods

Patient selection

A total of 89 patients with BAVMs, detected via cerebral
DSA between 2011 and 2022, were enrolled in this study.
The material was analyzed retrospectively to collect the
following data: demographic features, size and location of
the BAVM nidus, source of arterial supply and character-
istics of venous drainage of the BAVM, presence of IAs, as
well as the presence of ICH. The CT imaging was used to
determine whether the patient had experienced ICH. All
patients included in the study had undergone DSA with
2D and rotational 3D DSA technique. Patients who had

Figure 1. DSA depicting a right occipital lobe BAVM (circle) with three
aneurysms treated with coil embolization. Two of them were flow-relat-
ed (yellow arrows) occurring at the origin (2) and at the apex (1) of the
right basal artery, while one was unrelated (blue arrow), and derived from
the left carotid artery, near the arising right posterior communicating artery

BAVMs and intracranial aneurysms

previously undergone therapeutic interventions of their
BAVMs were not included in the study.

BAVM characteristics

In this analysis, initial BAVM presentation was defined as
hemorrhagic or nonhemorrhagic, according to radiologi-
cal imaging. The lesions were assessed according to the
Spetzler-Martin Grading System [9], using the Supple-
mentary Grading [10] and the Combined Spetzler-Martin
grade [10]. BAVM size was recorded from cerebral angi-
ography and defined as the largest diameter of the nidus.
The largest diameter was measured in anteroposterior, lat-
eral, and oblique projections. According to size, BAVMs
were classified into three size categories: small (< 3 cm),
medium (3-6 cm), and large (> 6 cm). Patterns of venous
drainage were determined from the angiogram and de-
fined as deep or superficial, whereas BAVM location was
classified as supratentorial and infratentorial.

Aneurysm characteristics

There is no unanimously accepted classification of coexist-
ing intracranial aneurysms; therefore, considering the as-
sumptions of this study, the aneurysms were allocated to
the following subgroups: intranidal, flow-related, and aneu-
rysms unrelated to the shunt flow to the BAVM. Such diffe-
rentiation is a simplified version of a widely adopted model
proposed by Redekop [11]. Aneurysms were coded as un-
related if they were located on vessels that were not BAVM
feeders (Figure 1). Flow-related aneurysms arise along the
course of arteries implicated in the perfusion of the nidus

Figure 2. DSA presenting a BAVM in the right cerebellar hemisphere (circle)
with two aneurysms deriving from the distant branches of the BAVM’s
feeding arteries (yellow arrows): the right superior cerebellar artery (1) and
the right posterior inferior cerebellar artery (2)
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Figure 3. DSA showing a BAVM located in the right cerebellar hemisphere
(circle), supplied by the right superior and the right posterior inferior cer-
ebellar artery with drainage into the superior petrosal sinus. The image
reveals a coexisting 8-mm intranidal aneurysm (yellow arrow)

and, as a result, are hemodynamically related to the BAVM
(Figures 1 and 2). Finally, intranidal aneurysms occur within
the boundaries of the nidus (Figure 3) [5]. Other recorded
features of aneurysms were their size and multiplicity.

Statistical analysis

All data were analyzed using Statistica 12 (StatSoft). Quali-
tative statistics included y? tests for comparison between
BAVM localization, BAVM type, BAVM size measured
in size intervals, arterial supply, venous outflow, density,
eloquence, bleeding and aneurysm types, coexistence and
multiplicity. To evaluate correlations between quantitative
data (SM grades, BAVM size), aneurysms (coexistence and
number) and bleeding, ¢-tests and Mann-Whitney U tests
were performed. A Shapiro-Wilk test was performed to
estimate whether the distribution of the data followed
a nominal distribution. The BAVM size and aneurysm
type were examined using one-way ANOVA with post-
hoc Bonferroni correction if ANOVA results were statis-
tically significant. Two-way ANOVA was used to evalu-
ate the combination effect of coexistence and number of
aneurysms on BAVM size. Statistical significance for each
analysis was defined as p < 0.05.

Ethical statement

The study was approved by the Jagiellonian University
Ethics Committee (No. 1072.6120.25.2023) on 15.02.2023.

As it was a retrospective study, no informed consent to
take part in the study was needed.

Results

Population analysis

A total of 89 patients with angiographically verified
BAVMs were available for this study. The population
included 45 males (50.56%) and 44 females (49.44%).
The mean age of BAVM diagnosis was 41.81 + 17.73 years
(age range 12-79 years). A total of 89 BAVMs were dis-
covered. None of the BAVMs was multiple. Demographic
data are summarized in Table 1.

Analysis of BAVMs

In 51 (57.30%) BAVMs, the source of arterial supply
was single, and in 38 (42.70%) it was multiple: double in
28 (31.46%) and triple in 10 (11.24%) cases. BAVMs feed-
ing arteries most often originated from the middle cere-
bral artery (MCA; 40.88% of a total of 137 arterial sources
identified in the whole BAVM population), less frequently
from the posterior cerebral artery (PCA; 25.55%), the
anterior cerebral artery (ACA; 16.79%) and other arter-
ies: cerebellar arteries (8.76%), internal carotid artery
(ICA; 7.30%), and external carotid artery (ECA; 0.73%).
The origin of BAVMs feeding arteries is depicted in
Table 2.

No significant predilection of left-sided lesions com-
pared to right-sided lesions (49 vs. 40) was observed.
The average maximum diameter of the nidus was 26.48
mm * 13.19 mm (range 6-63 mm). Of the 89 BAVMs, 52
(58.43%) were < 3.0 cm, 36 (40.45%) were between 3 and
6 cm, and 1 (1.12%) was > 6 cm. Infratentorial location
was less represented compared to supratentorial and ac-
counted for 11 BAVMs (12.36%).

Thirty-one (34.83%) BAVMs were located in eloquent
regions of the brain, whereas BAVM morphology was
defined as compact in 54 (60.67%) lesions. Thirty-seven
(41.57% of all BAVMs) presented with ICH. Venous drain-
age pattern was superficial in 59 (66.29%) and deep in 30
(33.71%) cases. Of the 89 BAVMs discovered, 33 (37.08%)
were Spetzler-Martin (SM) grade 1, 24 (26.97%) were
grade 2, 21 (23.60%) were grade 3, 11 (12.36%) were grade
4. None of the BAVM presented an SM grade higher than
4. BAVM characteristics according to Spetzler-Martin
grade, supplemental grade, and combined grade, are pre-
sented in Table 3.

Analysis of intracranial aneurysms

Within the entire BAVM patient population, 28 patients
(31.46%) were found to have one or more IAs. There were
16 (57.14%) females and 12 (42.86%) males in this group,
ranging in age from 12 to 79 years (mean age, 43.71
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Table 1. Demographic and morphological characteristics of 89 patients with
BAVMs

Parameters
No. of patients 89
Sex, n (%)

Female 44 (49.44)

Male 45 (50.56)
Age at presentation (years), mean + SD 41.81+17.73
No. of BAVMs 89
Side, n (%)

Right 40 (44.94)

Left 49 (55.06)
Location, n (%)

Supratentorial 78 (87.64)

Infratentorial 11(12.36)
Arterial supply, n (%)

Single 51(57.30)

Multiple 38(42.70)
Venous drainage, n (%)

Superficial 59 (66.29)

Deep 30(33.71)
Hemorrhagic presentation, n (%) 37 (41.57)
Eloquent location, n (%) 31(34.83)
Compact morphology, n (%) 54 (60.67)
BAVM size, n (%)

<3 52(58.43)

3-6cm 36 (40.45)

>6cm 1(1.12)

+19.79 years). A total of 42 associated aneurysms were
detected in the study. Sixteen (57.14%) of 28 patients had
single aneurysms, and 12 (42.86%) had multiple aneu-
rysms. Of 42 [As, 26 flow-related aneurysms were detect-
ed in 16 patients (57.14% of all patients with aneurysms),
10 intranidal aneurysms in 11 patients (39.29%), and
6 unrelated aneurysms were found in 6 patients (21.43%).
Among the 28 patients with IAs, 11 patients (39.29%) pre-
sented exclusively flow-related aneurysms, 11 (39.29%)
had exclusively intranidal aneurysms, and in 1 patient
(3.57%) an unrelated type of aneurysm was the only one
existing. Five patients (17.86% of all patients with aneu-
rysms) had more than one type of aneurysm - all of these
patients had flow-related and unrelated aneurysms at
the same time. Intracranial hemorrhage was observed in
16 (57.14%) patients with coexisting IAs: 9 patients with
flow-related aneurysms, 6 with intranidal aneurysms and
3 with unrelated aneurysms. The features of BAVM pa-
tients with coexisting IAs are listed in Table 4.

BAVMs and intracranial aneurysms

Table 2. Origin of the BAVM feeding vessels

Parent arteries | Frequency (%)
ICA 1.12
ACA 7.87
MCA 26.97
PCA 8.99
SCA 4.49
PICA 337
ACA, MCA 8.99
ACA, PCA 2.25
ICA, MCA 2.25
MCA, PCA 13.48
PCA, ICA 337
PCA, SCA 1.12
SCA, PICA 337
AICA, PICA 1.12
ACA, MCA, PCA 5.62
ACA, ICA, MCA 1.12
ICA, MCA, PCA 337
MCA, ECA, PCA 1.12

ACA — anterior cerebral artery, MCA — middle cerebral artery, PCA — posterior cerebral artery,
ICA —internal carotid artery, ECA — external carotid artery, SCA — superior cerebellar artery,
AICA — anterior inferior cerebellar artery, PICA — posterior inferior cerebellar artery

Comparison of aneurysm vs. non-aneurysm BAVM
patients

Cerebellar location of BAVMs, as well as cerebellar
source of BAVM arterial supply, was more frequent in
BAVM patients with associated aneurysms (p = 0.02,
p = 0.04). There was also a statistically significant rela-
tionship between multiple sources of arterial supply and
a non-hemorrhagic presentation of BAVMs (p = 0.04).
Furthermore, BAVMs were found to be larger when the
source of arterial supply was multiple (p < 0.05). This
finding persisted when the analysis was restricted to
small (< 3 cm) (p < 0.05) and medium-sized (3-6 cm)
(p < 0.05) BAVM groups. Conversely, the interaction
could not be confirmed in the large BAVMs (> 6 cm),
as the group consisted of a single malformation. BAVM
size, however, was not found to be influenced by the co-
existence of IAs, including multiple aneurysms, re-
gardless of whether BAVMs were considered together,
or in separate groups, according to their size category.
A multivariate logistic model including the number of
sources of arterial supply and the coexistence of aneu-
rysms, did not reveal any statistically significant cor-
relation (p = 0.57). The venous drainage pattern was
not significantly associated with the presence of IAs
(p = 0.75). No correlation was found for either nidal dif-
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Table 3. BAVM distribution by Spetzler-Martin grade, supplemental grade,
and combined grade

Table 4. Characteristics of intracranial aneurysms associated with BAVMs

Parameters | Data
No. of patients with aneurysms (% of all BAVM 28 (31.46)
Grade, n (%) patients, n =89)
I 33(37.08) Age (years), mean + SD 43.71+19.79
Il 24(26.97) Sex, n (%)
1l 21(23.60) Female 16 (57.14)
v 11(12.36) Male 12 (42.86)
v 0 No. of aneurysms 4
Single, n (% of patients with aneurysms, n = 28) 16 (57.14)
Grade, n (%) Multiple, n (%) 12 (42.86)
| 2(2.25) Side
I 18(20.22) Right, n (% of aneurysms, n = 42) 23 (54.76)
Il 27 (30.34) Left, n (%) 18 (42.86)
v 31(34.83) Middle, n (%) 1(2.38)
v 11(12.36) Type of aneurysm
Intranidal, n (% of aneurysms, n = 42) 10 (23.81)
Grade, n (%) Flow-related, n (%) 26 (61.90)
1 0 Unrelated, n (%) 6(14.29)
2 1(1.12) No. of patients with
3 4(4.49) Only intranidal aneurysms, n (% of patients 11(39.29)
4 21(23.60) with aneurysms, n = 28)
5 21(23.60) Only flow-related aneurysms, n (%) 11(39.29)
6 21(23.60) Only unrelated aneurysms, n (%) 1(3.57)
7 14.(15.73) Both flow-related and unrelated aneurysms, n (%) 5(17.86)
8 4(4.49) Aneurysm size (mm), mean = SD 4.92+£2.63
9 3(337) Hemorrhagic presentation, n (% of patients 16(57.14)
10 0 with aneurysms, n = 28)

fuseness or for eloquent location (p = 0.35, p = 0.55).
As regards Spetzler-Martin grading, patients with IAs
did not significantly differ from patients without aneu-
rysms (p = 0.98 for SMG, p = 0.62 for SM total score).
Hemorrhagic presentation did not show an association
with BAVM size (p = 0.30) and with its cerebral location
(p = 0.78). In contrast, the coexistence of IAs was found
to be significantly associated with BAVMs presenting
with hemorrhage (p = 0.04). In terms of type and num-
ber of co-occurring aneurysms, no significant difference
was identified when analyzing the bleeding rate (p = 0.42,
p = 0.38). The relationship between BAVM features and
the co-occurrence of IAs is presented in Table 5.

Discussion

BAVM in the literature

BAVMs were thought to be solely congenital lesions; how-
ever, there has emerged a theory of a two-hit mechanism.

It states that apart from genetic predisposition or already
present vascular abnormality, there is a need for a vascular
injury to occur in order for BAVMs to develop [2,5].

Only 12% of BAVMs become symptomatic, usually
around the third or fourth decade of life [6], although in
45% of cases the presentation is an ICH [12]. Ruptured
BAVMs account for 2% of all hemorrhagic strokes [13-15],
and at the same time are the leading cause of non-traumatic
intracerebral hemorrhage in individuals less than 35 years
old [6]. Other mechanisms of neurological dysfunction in
BAVM patients are mass effect, which increases the risk of
seizures, and the “steal phenomenon” The latter contributes
to non-nutritive blood flow in the brain parenchyma adja-
cent to the BAVM, leading to slowly progressive neurologi-
cal deficits [1].

The prevalence of BAVM-associated aneurysms rang-
es considerably between studies (2.7-58%), although the
most commonly cited is from the 10-20% range, with
a recently reported rate of 18% [7,9]. There are several
theories explaining the development of IAs coexisting
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Table 5. Characteristics of BAVM patients with and without associated aneurysms

BAVMs and intracranial aneurysms

Parameters Without aneurysm With aneurysm p-value

No. of BAVMs (% of all BAVM patients) 61(68.54) 28 (31.46)

Age (years), mean + SD 40.93 +16.80 43.71+19.79 0.50

Sex, n (%) 0.32
Female 28 (45.90) 16 (57.14)

Male 33(54.10) 12 (42.86)

BAVM size, mean £ SD 26.10+12.92 27.32+13.96 0.82
<3cm,n (%) 35(57.38) 17 (60.71) 0.77
3-6.cm, n (%) 25(40.98) 11(39.29) 0.64
>6.cm, n (%) 1(1.64) 0 0.50

BAVM location, n (%) 0.02
Supratentorial 57(93.44) 21(75.00)

Infratentorial 4 (6.56) 7(25.00)

Arterial supply, n (%)

Single 33(54.10) 18 (64.29) 0.37
Multiple 28 (45.90) 10(35.71) 0.30

Venous drainage, n (%) 0.75
Superficial 39(63.93) 20(71.43)

Deep 22 (36.07) 8(28.57)

Eloquent location, n (%) 20(32.79) 11(39.29) 0.55

Compact morphology, n (%) 39 (63.93) 15 (53.57) 0.35

Hemorrhage, n (%) 21(34.43) 16 (57.14) 0.04

SMG, n (%) 0.98

[ 21(34.43) 12 (42.86)
I 19(31.15) 5(17.86)
Il 13(21.31) 8(28.57)
v 8(13.1) 3(10.71)
v 0 0

Suppl-SMG, n (%) 0.54
I 0 2(7.14)

I 13(21.31) 5(17.86)
Il 19(31.15) 8(28.57)
v 21(34.43) 10(35.71)
) 8(13.11) 3(10.71)

SM total score, n (%) 0.62
2 0 1(3.57)

3 2(3.28) 2(7.14)
4 14(22.95) 7(25.00)
5 14(22.95) 7(25.00)
6 16(26.23) 5(17.86)
7 12(19.67) 2(7.14)
8 2(3.28) 2(7.14)
9 1(1.64) 2(7.14)
10 0 0
SMG — Spetzler-Martin grade, Suppl-SMG — Supplemented Spetzler-Martin grade, SM total score — Spetzler-Martin total score
© Pol J Radiol 2026; 91: e412-e420 ed17
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with BAVM. Both lesions may be considered either as
congenital malformations or co-occurring accidentally.
Multiple studies highlight the flow-related hypothesis
suggesting that the aneurysm occurs secondary to hemo-
dynamic stress related to the BAVM increased flow. This
theory is supported by a documented regression of preni-
dal aneurysms after BAVM obliteration as well as the fact
that most aneurysms occur within the arteries proximal
to the BAVM [3-5].

The key goal of BAVM management is to preserve
neurological function, mainly by preventing hemorrhagic
events and their consequences [4]. Contemporary treat-
ment options for BAVM include observation with medi-
cal management, microsurgical resection, endovascular
embolization and stereotactic radiotherapy [3]. Stud-
ies dealing with the endovascular treatment of BAVM-
associated IAs are substantially heterogeneous regarding
treatment method and rationale for treatment [16]. Man-
agement priorities are dictated by clinical presentation,
with determination of the source of hemorrhage if pres-
ent, and the relationship of the aneurysm to the BAVM
nidus [5].

The present study is a comparative analysis of BAVM
characteristics in BAVM patients with and without coex-
isting IAs. Angioarchitectural features comprised BAVM
size, location, source of arterial supply, and venous drain-
age pattern, including determination of Spetzler-Martin
grade, whereas clinical presentation was divided into
hemorrhagic and nonhemorrhagic. A simplified Redekop
et al. [11] model was used to allocate IAs into three sub-
groups, depending on their relationship to the flow of
blood through the BAVM.

BAVM features

In line with the literature, no predilection regarding a pa-
tient’s sex was observed in this study [17]. The origin of
the BAVM feeders was in most cases the MCA, as report-
ed by Milatovi¢ et al. [14]. Despite available data suggest-
ing that small BAVMs present a higher rate of hemorrhage
[4], it was not supported by our analysis. Long-term stud-
ies identify small BAVM size as a risk factor for hemor-
rhage at initial presentation, while BAVMs larger in size
seem to be more predictive for increased risk of future
hemorrhagic events [4].

Interestingly, in our study, BAVM size appeared to be
positively correlated with the number of sources of the
BAVM arterial supply. In the meta-analysis by Ai et al.
[18], a single BAVM feeder was identified as a predictor of
hemorrhagic presentation compared to multiple feeders.
Nonetheless, the examined population was pediatric, and
only 2 studies investigated a single feeder as a potential
risk factor for hemorrhage. Such a relation was confirmed
by Lv et al. [17] in a retrospective study of 302 BAVM
adults. In this perspective, the positive correlation be-
tween the size and the number of feeders described in our

study appears to indirectly support the aforementioned
relationship with hemorrhage.

Coexistence of aneurysms

The coincidence of BAVMs and IAs reached 31.46%
in this study, which is somewhat above the frequently
reported rate of about 20% [6,19-21]. Among BAVM-
associated IAs, flow-related type was predominant, rep-
resenting 61.90% of all aneurysms, compared to 71.40%
in a large Cagnazzo et al. [20] review. The same study
has shown that flow-related aneurysms were the most
common source of aneurysmal hemorrhage, account-
ing for nearly 80% of cases [20]. The hemorrhage rate
of BAVMs with associated IAs was 57.14% in our anal-
ysis and proved to be significantly higher than in the
BAVM group without IAs, which confirms that BAVM-
associated IAs increase the risk of an intracranial hemor-
rhage. However, when stratified by their hemodynamic
relationship to the BAVM, the aneurysms had no influ-
ence on hemorrhagic events. Similarly, multiple aneu-
rysms appeared not to affect the bleeding rate in this
analysis, and such an association remains unclear accord-
ing to natural history studies [17].

Hemorrhagic presentation

The hemorrhage rate in the studied BAVM popula-
tion reached 41.57%, which is close to the lower limit of
the reported prevalence of 41 to 79% [1]. Different risk
factors for BAVM hemorrhage have been explored so far,
yet only a few of them are reported consistently across
available literature [22]. A recent large meta-analysis iden-
tified high-risk factors as the presence of an associated
aneurysm, deep location, infratentorial location, exclusive
deep venous drainage, single venous drainage, and nidus
size less than 3 cm [7]. In the current study, BAVM size,
deep venous drainage and aneurysm type did not influ-
ence the risk of hemorrhagic events. Likewise, SM grade
appeared not to be associated with risk of BAVM bleed-
ing. On the other hand, BAVM patients with multiple
sources of arterial supply were less prone to bleeding.
According to the systematic review by Goldberg et al.
[22], prior hemorrhage and deep BAVM location are the
most often mentioned risk factors for future hemorrhage
in patients diagnosed with BAVM. In our study, infraten-
torial BAVMs tended to have a higher incidence rate of
IAs, which is consistent with the review by Lv et al. [21].
This relationship was further supported in our analysis
by an analogical observation regarding BAVMs with
a cerebellar source of arterial supply, which also showed
a greater occurrence of IAs. Unfortunately, the insufficient
number of BAVMs in these subgroups did not allow us
to draw conclusions regarding a definite relationship. In
a large prospective study by Khaw et al. [23], posterior
fossa BAVM location was identified as an independent
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risk factor for hemorrhage as the initial presentation. This
relationship could be explained by an increased blood
flow demand present in the cerebellum and thalamus
[16], although such an observation was not confirmed
by our study results. Besides associated aneurysms, the
concentration of eloquent neurological structures within
the limited space of the infratentorial compartment makes
the management of BAVMs particularly challenging and
may result in poor final outcomes [24].

Limitations

The limitations of this study are primarily due to its retro-
spective single-center nature including inherent sampling
bias. Because of a relatively small number of particular
BAVM and aneurysms subgroups, we were not able to
assess the impact of some of the examined features. In
addition, our analysis was limited in terms of differentia-
tion as to whether hemorrhages were due to IAs or the
BAVM itself, which is important as an aneurysm per se
is considered an independent risk factor for rupture [7].
Furthermore, the model used to classify aneurysms was
a simplified version of that proposed by Redekop et al. [11],
lacking distinction between proximal and distal subtypes
of flow-related aneurysms.

Conclusions

In this retrospective study, the coexistence of brain arte-
riovenous malformation and intracranial aneurysms was

BAVMs and intracranial aneurysms

observed in 31.46% of patients. Patients with both BAVMs
and IA have significantly higher rates of hemorrhagic pre-
sentation than those without aneurysms. Multiple sources
of BAVM arterial supply are significantly associated with
a lower risk of ICH. Other examined factors, such as BAVM
location, morphology of the nidus, pattern of venous drain-
age, SM grade and aneurysm type were not identified as
predictors of hemorrhage in this analysis. IAs tended to
be more frequently associated with infratentorial BAVMs.
The extent of BAVM arterial supply showed a significant
positive correlation with BAVM size for malformations
smaller than 6 cm.

Disclosures

1. Institutional review board statement: The study was ap-
proved by the Jagiellonian University Ethics Commit-
tee (no. 1072.6120.25.2023) from 15.02.2023. As it was
a retrospective study, no informed consent to take part
in the study was needed.

2. Assistance with the article: None.

3. Financial support and sponsorship: None.

4. Conflicts of interest: None.

References

1. Bokhari MR, Bokhari SRA. Arteriovenous Malformation of the
Brain. [Updated 2023 Apr 24]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2024 Jan. Avalaible from: https://
pubmed.ncbi.nlm.nih.gov/28613495/.

2. Tranvinh E, Heit J], Hacein-Bey L, Provenzale J, Wintermark M.
Contemporary imaging of cerebral arteriovenous malformations.
AJR Am ] Roentgenol 2017; 208: 1320-1330.

3. Unnithan AKA. Overview of the current concepts in the manage-
ment of arteriovenous malformations of the brain. Postgrad Med
] 20205 96: 212-220.

4. Abecassis IJ, Xu DS, Batjer HH, Bendok BR. Natural history of brain
arteriovenous malformations: a systematic review. Neurosurg Focus
2014; 37: E7. DOI: https://doi.org/10.3171/2014.6.FOCUS14250.

5. Rammos SK, Gardenghi B, Bortolotti C, Cloft HJ, Lanzino G.
Aneurysms associated with brain arteriovenous malformations.
AJNR Am ] Neuroradiol 2016; 37: 1966-1971.

6. Gross BA, Du R. Natural history of cerebral arteriovenous malfor-
mations: a meta-analysis. ] Neurosurg 2013; 118: 437-443.

7. Koester SW, Batista S, Bertani R, Yengo-Kahn A, Roth S, Chitale R .
Angiographic factors leading to hemorrhage in AVMs: a systematic
review and meta-analysis. Neurosurg Rev 2023; 46: 72. DOLI: https://
doi.org/10.1007/s10143-023-01971-z.

8. Ajiboye N, Chalouhi N, Starke RM, Zanaty M, Bell R. Cere-
bral arteriovenous malformations: evaluation and management.
ScientificWorldJournal 2014; 649036. DOI: 10.1155/2014/649036.

9. Spetzler RE Martin NA. A proposed grading system for arteriove-
nous malformations. ] Neurosurg 1986; 65: 476-483.

10. Lawton MT, Kim H, McCulloch CE, Mikhak B, Young WL.
A supplementary grading scale for selecting patients with brain
arteriovenous malformations for surgery. Neurosurgery 2010; 66:
702-713.

11. Redekop G, TerBrugge K, Montanera W, Willinsky R. Arterial
aneurysms associated with cerebral arteriovenous malformations:
classification, incidence, and risk of hemorrhage. ] Neurosurg 1998;
89: 539-546.

12. Shaligram SS, Winkler E, Cooke D, Su H. Risk factors for hemor-
rhage of brain arteriovenous malformation. CNS Neurosci Ther
2019; 25: 1085-1095.

13. Choi JH, Mohr JP. Brain arteriovenous malformations in adults.
Lancet Neurol 2005; 4: 299-308.

14. Milatovi¢ B, Saponjski J, Huseinagi¢ H, Moranjki¢ M, Milosevi¢
Medenica S, Marinkovi¢ I, et al. Anatomy of the feeding arteries of
the cerebral arteriovenous malformations. Folia Morphol (Warsz)
2018; 77: 656-669.

© Pol J Radiol 2026; 91: e412-420

e419



Aleksandra Saganek, Joanna 0zga, Julia Jurga et al.

15.

16.

17.

18.

19.

Flores BC, Klinger DR, Rickert KL, Barnett SL, Welch BG, White JA,
et al. Management of intracranial aneurysms associated with
arteriovenous malformations. Neurosurg Focus 2014; 37: E11. DOI:
10.3171/2014.6.FOCUS14165.

El-Abtah ME, Petitt JC, Kashkoush A, Achey R, Bain MD, Moore NZ.
Endovascular management of arteriovenous malformation-associ-
ated intracranial aneurysms: a systematic literature review. World
Neurosurg 2022; 164: 257-269.

LvX,WuZ LiY, Jiang C, Yang X, Zhang ]. Cerebral arteriovenous
malformations associated with flow-related and circle of Willis
aneurysms. World Neurosurg 2011; 76: 455-458.

AiX, Ye Z, Xu ], You C, Jiang Y. The factors associated with hemor-
rhagic presentation in children with untreated brain arteriovenous
malformation: a meta-analysis. ] Neurosurg Pediatr 2018; 23: 343-354.
Kim EJ, Halim AX, Dowd CF, Lawton MT, Singh V, Bennett J, et al.
The relationship of coexisting extranidal aneurysms to intracranial
hemorrhage in patients harboring brain arteriovenous malforma-
tions. Neurosurgery 2004; 54: 1349-1358.

20.

21.

22.

23.

24.

Cagnazzo F, Brinjikji W, Lanzino G. Arterial aneurysms associated
with arteriovenous malformations of the brain: classification, inci-
dence, risk of hemorrhage, and treatment-a systematic review. Acta
Neurochir (Wien) 2016; 158: 2095-2104.

LvX, LiY, Yang X, Jiang C, Wu Z. Characteristics of arteriovenous
malformations associated with cerebral aneurysms. World Neuro-
surg 2011; 76: 288-291.

Goldberg J, Raabe A, Bervini D. Natural history of brain arterio-
venous malformations: systematic review. ] Neurosurg Sci 2018; 62:
437-443.

Khaw AV, Mohr JP, Sciacca RR, Hartmann A, Pile-Spellman ], Mast H,
et al. Association of infratentorial brain arteriovenous malfor-
mations with hemorrhage at initial presentation. Stroke 2004; 35:
660-663.

Da Costa LD, Thines L, Dehdashti AR, Wallace MC, Willinsky RA,
Tymianski M, et al. Management and clinical outcome of poste-
rior fossa arteriovenous malformations: report on a single-centre

15-year experience. ] Neurol Neurosurg Psychiatry 2009; 80: 376-379.

e420

© Pol J Radiol 2026; 91: e412-e420



