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Abstract: Unruptured intracranial aneurysms are increasingly diagnosed due to the
widespread use of noninvasive imaging modalities in clinical practice. Hemodynamic stress
is considered an important factor in aneurysm formation and rupture, and both aneurysm
geometry and surrounding vascular morphology have been reported to be associated with
rupture status in the literature. Middle cerebral artery (MCA) aneurysms account for
approximately 35% of intracranial aneurysms and are frequently implicated in subarachnoid
hemorrhage. In this retrospective single-center case series, we evaluated computed
tomography—based morphological parameters in eight patients with MCA aneurysms (four
ruptured and four unruptured). Descriptive comparisons were performed to explore
potential differences between groups. Additionally, a structured literature review was
conducted to contextualize our findings within previously reported morphological factors
associated with rupture status. Although several size- and angle-related parameters
demonstrated directional differences between ruptured and unruptured aneurysms, no
statistically significant associations were identified. Given the limited sample size, the
findings should be interpreted as exploratory and hypothesis-generating. Accurate
assessment of rupture risk remains a major clinical challenge. Larger prospective, multi-
center studies integrating advanced imaging analysis are required to validate morphological
markers and to better inform individualized treatment decisions.

Keywords: aneurysm, middle cerebral artery, morphology, risk factor

1. Introduction

Cerebral aneurysms are aquired focal outpouchings (either saccular or fusiform) of
an intracranial artery wall [1]. It has been reported that approximately 3% of the
world population harbours at least one unruptured intracranial aneurysm and these
lesions are diagnosed incidentally with a growing frequency, due to the increasing
availability of cerebral imaging [2], [3]. The annual incidence of aneurysm rupture is
estimated at 9 per 100000 patients [4]. Although rare, aneurysmal subarrachnoid
hemorrhage (aSAH) is a catastrophic ocurrence. Approximately one third of the pa-
tients presenting with a ruptured aneurysm die in the following days to weeks after
the event [5], and only about 5% of the survivors are able to go back to their pre-
rupture activities [6]. Nevertheless, there are alo singificant risks associated with
prophylactic treatment of incidentally diagnosed intracranial aneurysms [7]-[10].
Middle cerebral artery aneurysms (MCA) are accounting for 14.4-43% of all cerebral
aneurysms, with 80-85% occuring at the bifurcation, this location being the most com-
mon for unruptured intracranial aneurysms [11], [12]. The risk factors for aneurysm
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rupture include aneurysm- and parient-related factors. The established patient-re-
lated risk factors include age and female sex, family history of aneurysmal subarrach-
noid hemorrhage (SAH), arterial hypertension, polycystic kidney disease, drugs or
alcohol consumption and smoking [13]-[15]. It has been reported that the shape of
cerebral aneurysm influences its growth and rupture by affecting the intra-aneurys-
mal hemodynamics and the wall shear stress [16]-[18]. In this study, we aim to ex-
amine the contribution of vascular morphology to aneurysm rupture in a location-
specific manner.

2. Methods

This retrospective, single-center observational study included 8 consecutive patients
diagnosed with middle cerebral artery (MCA) aneurysms at Bagdasar-Arseni Clini-
cal Emergency Hospital between 2013 and 2023. Both ruptured and unruptured an-
eurysms were included.

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Institutional Ethics Committee of Bagdasar-Arseni Clinical Emer-
gency Hospital (10090/27.02.2026). Given the retrospective design and the use of
anonymized imaging and clinical data, the requirement for informed patient consent
was waived.

We evaluated morphological parameters previously reported in the literature to be
associated with aneurysm formation, growth, or rupture. Three-dimensional vascu-
lar reconstructions were performed using 3D Slicer (an open-source medical image
computing platform) [19,20].

Diameters and vessel-to-vessel angles of the main arteries surrounding the MCA
were measured, including the parent artery and daughter branches. Vessel diameter
was calculated as the average between the diameter measured at the aneurysm neck
and the diameter measured at a distance of 1.5 times the neck width from the aneu-
rysm neck.

In addition to basic geometric measurements, two supplementary morphological in-
dices were calculated: the bottleneck factor (aneurysm width-to-neck ratio) and the
height-width ratio [21].

A literature review was performed by searching the PubMed database using combi-
nations of the following keywords: “middle cerebral artery,” “unruptured,” “cere-
bral,” “intracranial,” “aneurysm,” “rupture,” and “risk.” Inclusion criteria were: full-
text articles written in English comparing morphological or anatomical parameters
between ruptured and unruptured MCA aneurysms, or between stable and growing
aneurysms. Exclusion criteria included: animal studies, mycotic or fusiform aneu-
rysms, aneurysms located outside the MCA territory, studies evaluating post-treat-
ment parameters (e.g., intraoperative findings or surgical tissue samples), and narra-
tive literature reviews.

Due to the very small sample size, statistical analysis was considered exploratory and
descriptive. The study is severely underpowered for multivariable modeling or for
detecting anything other than large effect sizes. Therefore, results are presented as
descriptive comparisons and exploratory analyses rather than as confirmatory or pre-
dictive findings.

3. Results

The study cohort consisted of 8 patients, each harboring a single MCA aneurysm.
Four aneurysms were ruptured at presentation and four were incidentally diag-
nosed. Mean age at diagnosis was 52 years. A marked female predominance was ob-
served.

Figure 1 illustrates the measurements performed for each aneurysm. In figure 2, we
show a reconstructed aneurysm using 3D-slicer.
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Figure 1. Aneurysm measurements.
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Figure 2. Aneurysm reconstruction using 3D-slicer.

Descriptive comparisons of morphological parameters between ruptured and unrup-

tured aneurysms are presented in Table 1.
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Table 1. Analysis of morphological parameters of MCA aneurysms
Unruptured (n=4) Ruptured (n=4)

Parameter Mean Mean p value
Perpendicular height (mm) 3.97 7.73 0.396
Maximal aneurysm height (mm) 4.43 7.73 0.615
Neck width (mm) 2.48 4.72 0.247
Dome width (mm) 3.60 6.34 0.454
Bottleneck ratio 1.98 1.28 0.381
Parent artery diameter (mm) 241 2.19 0.216
Parent-to-daughter angle (°) 126.30 87.92 0.945
Daughter-to-daughter branch angle (°)  38.34 60.35 0.526

Statistical comparisons were performed using the Mann-Whitney U test due to small
sample size and non-normal distribution.

Size-related parameters were numerically higher in ruptured aneurysms. Mean
dome width was 6.34 mm in ruptured aneurysms compared to 3.60 mm in unrup-
tured aneurysms. Mean neck width was 4.72 mm versus 2.48 mm, respectively. Max-
imal aneurysm height was 7.73 mm in ruptured aneurysms and 4.43 mm in unrup-
tured aneurysms. Similarly, perpendicular height averaged 7.73 mm in ruptured
cases versus 3.97 mm in unruptured cases.

The bottleneck factor was lower in ruptured aneurysms (1.28) compared to unrup-
tured aneurysms (1.98), while the height-width ratio showed minimal difference be-
tween groups (1.15 vs. 1.14).

Parent artery diameter was slightly smaller in ruptured aneurysms (2.19 mm) com-
pared to unruptured aneurysms (2.41 mm).

Angular parameters showed notable directional differences. The mean parent-to-
daughter angle was lower in ruptured aneurysms (87.92°) compared to unruptured
aneurysms (126.30°). Conversely, the mean flow angle was higher in ruptured aneu-
rysms (60.35°) compared to unruptured aneurysms (38.34°).

However, none of the evaluated parameters reached statistical significance. Given
the very small sample size, these findings should be interpreted as descriptive trends
rather than evidence of independent associations.

4. Discussion

The decision whether to treat or observe unruptured cerebral aneurysms remains
challenging, requiring interpreting of an extremely large amount of literature reports
regarding risk factors and applying it to a specific aneurysm of a specfic patient. Alt-
hough remarkable efforts have been made to develop tools to guide decision making
in the clinical settings, a validated instrument broadly accepted remains elusive [22].
We performed a structured literature search of the PubMed database to identify mor-
phological factors reported to be associated with rupture status in MCA aneurysms.
By researching PubMed using different combinations of “middle cerebral artery”,
“unruptured”, ”“cerebral”, ”intracranial”, ”aneurysm”, “rupture”, “risk” we first re-
trieved 225 articles analyzing morphological factors that seem to influence rupture
risk in unruptured MCA aneurysms.

Figure 3 illustrates the literature search according to PRISMA guidelines [23].

Nine articles met the inclusion criteria and were further included in the literature
review.
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Figure 3. Flow chart of literature search according to PRISMA guidelines [23].
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Appendix 2
Inclusion criteria:

Comparing potential risk factors in either unruptured vs.

Exclusion criteria:

Animal models

Analyzing mycotic or fusiform aneurysms

Analyzinc aneurysms located on arteries other than MCA

ruptured aneurysmes, stable vs. growing aneurysms

Analyzing factors that can only be assessed after treatment (eg. tissue sam-

The variables found tinfluence rupture risk are listed in Table 2.
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Table 2. Morphological variables associated with rupture.

6o0f 11

Can, Chen, Elsharkawy, Huang, Kaspera, Liu, Matsukawa, Song, Zhang,
Reference 2015[24] 2020[25] 2013[11] 2020[26] 2022[27]2021[28] 2018[29] 2017[30] 2019[31]
Number of
patients 110 317 1309 54 190 403 286 36 561
Smaller parent P
artery diameter <0.001 N/A N/A N/A N/A N/A N/A N/A N/A
P P p P
Larger aspect ratio N/A =0.001 <0.001 N/A N/A  <0.001 N/A N/A <0.001
Daughter dome p
presence N/A =0.002 N/A N/A N/A  N/A N/A N/A N/A
p
Wall irregularity N/A N/A <0.001 N/A N/A  N/A N/A N/A N/A
Less spherical P
geometry N/A N/A <0.001 N/A N/A  N/A N/A N/A N/A
P p P
Bottleneck factor N/A N/A <0.001 N/A N/A  <0.001 N/A N/A <0.001
Aneurysm height p p
to neck width ratio N/A N/A <0.001 N/A N/A  <0.001 N/A N/A N/A
p
Right side N/A N/A N/A <0.001 N/A N/A NA N/A N/A
Smaller
parent-daughter P
angles N/A N/A N/A <0.001 N/A N/A N/A N/A N/A
P
Bifurcation angle  p=0.04 N/A N/A N/A N/A N/A N/A <0.001 N/A
p
Junction exponent N/A N/A N/A N/A  <0.001 N/A N/A N/A N/A
P
Aneurysm height N/A N/A N/A N/A N/A  <0.001 N/A N/A N/A
Perpendicular p
height N/A N/A N/A N/A N/A  <0.001 N/A N/A N/A
p p
Height-width ratio N/A N/A N/A N/A N/A N/A <0.001 <0.001 N/A

The factor that has been found to be statistically significant in four different studies,
equaling 2213 patients, was larger size ratio. Bottleneck factor was found to be statis-
tically signifficant in three studies, totalling 2273 patients. The following morpholog-
ical factors were considered significant in two different studies: height to neck width
ratio (with a total of 1172 patients) and height-width ratio (a total of 322 patients). The
distribution according to the number of studies that found a specific factor to be sig-
nificant (and the total number of patients).
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Figure 3. Risk factors distribution according to the number of studies / number of
patients included.
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The main middle cerebral artery bifurcation is the most frequent location for MCA
aneurysm formation [32]-[40]. Elsharkawy et al. found that, out of the 1309 MCA an-
eurysms studied, 63% were located at the main MCS bifurcation and were associated
with a higher rupture rate (38%) than aneurysms in other locations along the MCA
(20% for M1 aneurysms and 16% for distal MCA aneurysms [11]. Considering that
MCA bifurcation has the highest rate for aneurysm formation as well as aneurysm
rupture, one may consider that both events are caused by the same factors, perhaps
hemodynamic features such as flow direction and pressure distribution along the
MCA.

Smaller parent artery diameter and larger daughter-to-daughter branch angle

Can et al. [24] analyzed the contribution of MCA morphology to aneurysm formation.
They examined diameters and vessel-to-vessel angles of the M1 artery and daugher
branches. This study concluded that smaller parent artery diameter and a larger
daughter-to-daughter branch angle are associated with MCA bifurcation aneurysms
formation.

Aspect ratio

A number of studies have shown that the aspect ratio (i.e.aneurysm hight to aneurysm
neck width ratio) is notably higher in ruptured than in unruptured aneurysms [41]-
[44]. The aspect ratio has been reported as being associated with rupture status across
multiple aneurysm locations, MCA included 38. Some authors advised active treat-
ment in aneurysms with a high aspect ratio, regardless of their size [44]. The treshold
value suggested was 1.6 [41]. Elsharkawy et al. [11] found a 58% rupture rate for MCA
aneurysms with an aspect ratio over 1.6. Increasing the treshold value could increase
the specificity, but with the cost of reducing sensitivity [11].

Daughter dome presence

Multiple studies have stated that the presence of a daughter dome was reported as
being independently associated with rupture in several series [25], [31], [45]. The de-
velopment of daugher domes could be caused by an increase of the intra-aneurysmal
pressure, determining local protrusions of the aneurysm wall [46]. Thus considered,
aneurysms harboring daughter domes seem to be in a more progressive development
stage, associated with a higher rupture risk.
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Wall irregularity
Aneurysm wall irregularity and protrusions, possibly developed from a weak scar at
a previous rupture site [46], [47], were associated with rupture risk in studies previ-
ously published in the literature [48] [49]. Elsharkawy et al. [11]found that the rupture
rate in MCA aneurysms with irregular wall was 6 times higher than in MCA aneu-
rysms with smooth wall [11]. Some studies indicated that neither the size nor the an-
eurysm shape was much affected by rupture [41], [49], [50], suggesting that aneurysm
wall irregularity might be a suitable factor for rupture risk prediction.
Less spherical geometry (height-width ratio) and bottleneck factor (aneurysm
width to neck width)
It has been stated that the aneurysm geometry influences its growth and rupture by
affecting the intra-aneurysmal hemodynamics and wall shear stress [16]-[18]. Height-
width ratio and aneurysm width to neck width were other morphological indices re-
ported in the literature as morphological parameters associated with rupture status
in unruptured aneurysms [21]. Elsharkawy et al. [11] found that height-width ratio
was higher in ruptured than in unruptured MCA aneurysms. In their study, spherical
aneurysms (i.e. height-width ratio = 1) were less likely to rupture than more oval an-
eurysms (i.e. height-width ratio # 1). Additionally, elongated oval aneurysms (i.e.
height-width ratio > 1) had a higher rupture rate than wide oval aneurysms (i.e.
height-width ratio <1).
Wider neck
Aneurysms of the MCA are usually broad necked and often have branches originating
at their base [51], [52]. In one study published by Elsarkawy et al. MCA ruptured an-
eurysms seemed to have a larger neck than their unruptured counterparts, but this
was not a significant rupture risk factor [11]. However, the large neck is affecting the
aneurysm shape and the options of occlusive treatment. A large neck-to-dome ratio is
a disadvantage, particularly for endovascular treatment [51], [52].
Management of unruptured MCA aneurysms
Although the dillema regarding unruptured intracranial aneurysms management has
been highly adressed [8], [13], [53]-[60], this remains a topic for debate. Our results
and literature review contribute exploratory data that may assist clinical reasoning
when evaluating unruptured MCA aneurysms. The morphological aspects analyzed
in this article, together with those identified in previous studies, should be interpreted
as complementary descriptive parameters rather than definitive predictors of rupture.
Studies addressing morphological correlates of aneurysm rupture, including ours,
are inherently limited by retrospective design and incomplete characterization of all
potential biological and hemodynamic determinants. Importantly, our study is se-
verely underpowered for multivariable modeling and cannot detect anything other
than large effect sizes. Therefore, the present findings should be interpreted strictly
as exploratory and hypothesis-generating.

Current evidence remains insufficient to determine with certainty which unruptured
MCA aneurysm will rupture or when this may occur. Larger prospective, multi-cen-
ter studies are required to validate potential cut-off values for morphological param-
eters. Future research may benefit from integrating high-resolution imaging datasets
and advanced analytical approaches, including machine learning-based modeling,
to better characterize complex geometric-hemodynamic interactions.

5. Conclusions

In this study, the literature review consistently identified several morphological pa-
rameters—particularly size-related indices, aspect ratio, bottleneck factor, and se-
lected angular measurements—as being associated with rupture status in MCA an-
eurysms across multiple cohorts.
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10.

11.

12.

Our small retrospective case series demonstrated directional trends consistent with
previously published findings but did not identify statistically significant differences,
reflecting the limited statistical power of the cohort.

Overall, current evidence suggests that morphological assessment represents a rele-
vant component of aneurysm evaluation; however, definitive cut-off values and pre-
dictive models require validation in larger prospective, multi-center studies.
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	Figure 1. Aneurysm measurements.
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