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ABSTRACT

AIM: To evaluate the patients who underwent surgery for an anterior communicating artery (AcomA) aneurysm at our institution. We 
analyzed our case series and systematically reviewed the literature to identify factors that could predict the rupture of an intracranial 
aneurysm in patients with AcomA aneurysms or any intracranial aneurysm.   
MATERIAL and METHODS: We conducted a cross-sectional analysis of prospectively collected data from patients who underwent 
surgery for AcomA aneurysms at a single institution between January 2014 and May 2023. Predictors for the rupture of intracranial 
aneurysm were systematically reviewed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines 
and the Pubmed and MEDLINE databases.
RESULTS: Younger age (odds ratio (OR): 0.957, 95% confidence interval (CI): 0.920–0.995, p=0.028), presence of a daughter 
sac (OR: 3.209, 95% CI: 1.095–9.408, p=0.034), and ever-smoking (OR: 0.357, 95% CI: 0.137–0.930, p=0.035) were significant 
predictors of increased risk of rupture in patients with AcomA aneurysms. Several aneurysm- and patient-related risk factors for 
rupture of intracranial aneurysms were retrieved via the literature analysis.
CONCLUSION: Younger age, ever-smoking, and presence of a daughter sac increased the risk of AcomA aneurysm rupture. 
A systematic literature review revealed several more aneurysm- and patient-related risk factors for rupture of the intracranial 
aneurysms. Our results could aid neurosurgeons during their decision-making process when treating patients with unruptured 
intracranial aneurysms.
KEYWORDS: Aneurysm, Rupture, Subarachnoid hemorrhage, Risk factor

ABBREVIATIONS: UIA: Unruptured intracranial aneurysm, AcomA: Anterior communicating artery, PRISMA: Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses, OR: Odds ratio, CI: Confidence interval, SAH: Subarachnoid hemorrhage,         
DSA: Digital subtraction angiography, CT: Computed tomography, CTA: Computed tomography angiography, FOV: Field of view, 
GCS: Glasgow coma score, mRS: Modified Rankin Scale, GOS: Glasgow outcome score, SD: Standard deviation, RR: Relative risk, 
HR: Hazards ratio, IC: Internal carotid artery, PcomA: Posterior communicating artery, MCA: Middle cerebral artery, ACA: Anterior 
cerebral artery.
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█   INTRODUCTION

Unruptured intracranial aneurysms (UIA) are vascular 
lesions formed by the outpouching of the arterial wall 
due to its thinning (78). UIAs are detected in 3%–8% 

of the general population with an annual rupture rate of 2% 
(68,87). Subarachnoid hemorrhage caused by the rupture of 
an aneurysm increases the patient’s morbidity and mortality 
(27). 

The exact pathogenesis of aneurysm rupture remains unclear, 
despite the identification of some pre-defined risk factors 
including smoking, alcohol consumption, and hypertension 
(9,10,41,84,87). Hemodynamic stress triggers a degenerative 
process by causing focal changes in the aneurysm wall (98). 
Studies regarding the morphological aneurysm parameters 
that are associated with the risk of rupture in specific locations 
are scarce (17). Thus, we aimed to evaluate the patients who 
underwent surgery for an anterior communicating artery 
(AcomA) aneurysm at our institution. We analyzed our case 
series and systematically reviewed the literature to identify 
predictors of aneurysm rupture in patients with AcomA 
aneurysms and any intracranial aneurysms, respectively.

█   MATERIAL and METHODS
Patient Cohort

We conducted a cross-sectional analysis of prospectively 
collected data of patients who were surgically treated for an 
AcomA aneurysm by the first author (E.C.) at a single institution 
between January 2014 and May 2023. The exclusion criteria 
were as follows: age of <18 years, aneurysms treated with 
endovascular methods, aneurysms associated with the 
Moyamoya disease, fusiform aneurysms, and aneurysms with 
poor image quality. The study was conducted in accordance 
with the principles of the Declaration of Helsinki and its later 
amendments (IRB approval no: FSMEAH-KAEK 2021/87, 
23.12.2021). 

Imaging Modality

All aneurysms were confirmed either with digital subtraction 
angiography (DSA; Canon Medical Systems Corporation, 
Otawara, Tochigi, Japan) or computed tomography angiogra-
phy (CTA; GE Healthcare, Chicago, Illinois, USA). Cerebral an-
giography was performed under local anesthesia or sedation 
depending on the patient’s anxiety level and medical status. 
CTA was obtained using a dual-source CT scanner with a field 
of view (FOV) of 300 mm, slice thickness of 5 mm, and 384 
slices. 

Clinical and Radiological Evaluation

The following data were obtained from the patients’ charts: 
Glasgow coma score (GCS) at the time of admission, post-
operative GCS, and the modified Rankin Scale (mRS) and 
Glasgow Outcome Score (GOS) during the final follow-ups. 
The patient’s age, sex, and smoking status were also recorded. 
The same researcher evaluated each patient’s pre-operative 
DSA or CTA scan images (O.S.).

Literature Review

Predictors for the rupture of an intracranial aneurysm were 
systematically reviewed using the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (62). Pubmed and MEDLINE were searched for the sys-
tematic review using the following keywords: “intracranial” 
and “aneurysm” and “rupture” and “predictor” and “morphol-
ogy.” Relevant articles and their relevant references were in-
cluded. A flow chart of the search is depicted in Figure 1. The 
search was conducted by two authors (M.S.E. and F.B.) and 
disagreements were settled by consensus. We retrieved 85 
articles via the review process and have presented it with our 
clinical series (Table I).

Statistical Analysis

Data were analyzed using Statistical Package for Social 
Sciences (version 25.0; IBM, Armonk, New York, USA) 
and Excel 2019 (Microsoft, Redmond, Washington, USA). 
Continuous variables are presented as means and standard 
deviations (SDs). Categorical variables are presented as 
absolute numbers and percentage. Categorical variables were 
compared using the Chi-square test. Continuous variables 
were analyzed using the independent samples t-test or Mann–
Whitney U test depending on whether the data was normally or 
non-normally distributed based on the Kolmogorov–Smirnov 
and Shapiro–Wilk tests, respectively. Binary logistic regression 
analysis was conducted to identify significant predictors for 
the rupture of AcomA aneurysms; the data was presented as 
odds ratio (OR) and 95% confidence interval (CI). Predictive 
values from the literature review were recorded in their naïve 
form as OR, relative risk (RR), or hazards ratio (HR). An alpha 
value of <0.05 was statistically significant. 

█   RESULTS
Demographics

A total of 107 patients with an AcomA aneurysm (women, 54 
[50.5%]; men, 53 [49.5%]) with a mean age of 52.43 ± 10.48 
years (range, 23–77 years) were included in the study. Of the 
107 patients, 53 (49.5%) were ever-smokers (smoked formerly 
or were active smoker). Approximately 59.8% (n=64) of the 
patients presented with SAH. The mean maximum width of the 
aneurysms was 6.86 ± 2.67 mm (range, 2–18 mm). Daughter 
sacs were detected on the aneurysm domes in 22.4% (n=24) 
of the patients. The GCS score at admission was ≤ 8 in 5.6% 
(n=6) of the patients. Approximately 84.1% (n=90) of the 
patients had a good recovery following surgery and 81.3% 
(n=87) had good mRS scores ( ≤ 2) at their final follow-up. The 
mean GOS was 6.45 ± 2.39 (range, 1–8) at the final follow-up. 

Predictors of AcomA Aneurysm Rupture

Patients with rupture-induced SAH were statistically younger 
than those with intact aneurysms at the same location (50.57 ± 
10.32 vs. 55.21 ± 10.21 years, p=0.024). The ruptured AcomA 
aneurysms were smaller than the intact AcomA aneurysms; 
however, the difference was not statistically significant (6.53 ± 
2.31 vs. 7.29 ± 3.06 mm, p=0.302). Men were more likely to have 
an AcomA aneurysm rupture than women were. However, the 
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Figure 1: Flowchart of the PRISMA guidelines regarding the systematic review to determine the predictive risk factors for intracranial 
aneurysm rupture (62).

difference was not statistically significant (56.2% vs. 39.5%, 
p=0.09). The incidence of daughter sacs (29.7% vs. 11.6%, 
p=0.028) and history of smoking (76.7% vs. 54.1%, p=0.032) 
were higher in patients with an AcomA aneurysm rupture than 
in those with an intact AcomA. Younger age (OR: 0.957, 95% 
CI: 0.920–0.995, p=0.028), presence of daughter sacs (OR: 
3.209, 95% CI: 1.095–9.408, p=0.034), and ever-smoking 
(OR: 0.357, 95% CI: 0.137–0.930, p=0.035) were significant 
predictors for the increased risk of AcomA aneurysm ruptures.

Literature Review

Aneurysm-Related Factors

Size ratio had an OR of 1.14–21.462; aspect ratio, 1.85–
10.833; bottleneck ratio, 1.25–2.65; area ratio, 4.089; height-
width ratio, 1.21–14.22; undulation index, 1.51; aneurysm 
size, 1.33–50; aneurysm volume, 0.98; aneurysm projection 

(for AcomA, anterior vs. posterior; for MCA, temporal) 1.91–
6.0; inflow angle, 1.045–2.286; parent-daughter angle, 0.92–
0.95; aneurysm width, 1.676–4.11; height > width, 9.067; 
aneurysm neck diameter, 1.30–3.52; deviated aneurysm 
neck, 2.11; aneurysm dome diameter, 4.35; energy loss, 
1.497; daughter sac, 1.63–22.0; multilobulated aneurysm, 
7.3–17.38; aneurysm fenestration, 4.135; aneurysm growth on 
follow-up, 55.93; enhancement on wall, 6.710; enhancement 
ratio, 6.638; irregular shape, 0.12–10.443; aneurysm location 
(any; specifically at bifurcations), 1.5–2.646; MCA location, 
2.31–9.21; ACA location, 4.57; AcomA location, 2.02–6.28; 
PcomA location, 1.90–11.19; anterior circulation, 0.77–2.2; 
posterior circulation 2.9–5.33; multiple aneurysms, 4.87; 
right sidedness, 1.32; ICA diameter, 0.50; distance to ICA 
bifurcation (mm), 0.44; vessel size, 0.4–0.42; and dominant 
vessel (for AcomA), 2.26 (Table I).
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Patient-Related Factors

Age had an OR of 0.17–5.23; male sex, 1.2; female sex, 
0.52–0.7; headache, 0.75; hypertension, 2.1–7.93; diabetes 
mellitus, 0.32; dyslipidemia, 0.45–0.68; history of ischemic 
stroke, 0.28–3.4; history of ischemic heart disease, 0.26–0.57; 
history of carotid artery stenosis, 0.5; history of SAH, 7.3–
10.83; statin treatment, 0.59; platelet aggregation inhibitor, 
0.57; hormone therapy treatment, 0.59; allergy, 0.75; smoking, 
0.3–4.435; alcohol consumption, 1.27; screening brain scan as 
a reason for imaging, 4.09; and history of familial intracranial 
aneurysms had an RR of 10.1 (Table I).

█   DISCUSSION
Intracranial aneurysms have been detected in 0.3%–4% of 
cadavers and 3%–8% of the general population (33,68,87). 
The prevalence of incidental aneurysms on magnetic 
resonance imaging is reportedly 0.31% (77). This high rate 
in incidental cases indicates when these aneurysms might 
rupture and become a clinical problem. In the present study, 
we evaluated the patients who underwent surgery for AcomA 
aneurysm at our institution. We analyzed our case series and 
systematically reviewed the literature to identify predictive 
factors for the rupture of an intracranial aneurysm (Table I). 
These factors could be categorized as aneurysm-related and 
patient-related factors. 

Aneurysm-Related Factors

As previously reported, size ratio and aspect ratio were 
important predictive factors for the rupture of an aneurysm 
(42,47,95,98). Size ratio is calculated by dividing the 
maximum aneurysm height by the average diameter (16). 
Size ratio is a dominant predictor of aneurysm rupture with 
up to 21 times increased risk and a threshold of 1.4–1.6. 
However, Lauric et al. identified a limited utility of size ratio 
in predicting aneurysm rupture than that previously reported 
(45). In contrast, Kashiwazaki et al. determined that the OR 
for size ratio increased when the aneurysms were <5 mm in 
size (42). Aspect ratio is calculated by dividing the maximum 
perpendicular height of the aneurysm by the average neck 
diameter (16). Different threshold values have been defined 
for aspect ratio ranging between 1.01 and 1.6. Patients with 
values higher than the threshold had a greater risk (up to 11 
times) of developing aneurysm rupture than those with values 
lower than the threshold. Bottleneck ratio is the ratio of the 
dome width to the neck width. The bottleneck ratio had an 
increased risk of rupture up to 2.7 times for every increment 
of 0.1 (26). Area ratio is the ratio of the area of the aneurysm 
to that of the parent artery in the neck plane (28). An area 
ratio of ≥1.5 led to a four times higher risk of rupture. Height-
width ratio is the ratio of the maximum aneurysm height to 
the aneurysm width in the neck plane (16). A height-width 
ratio of >1 resulted in a 14 times increased risk of rupture. 
Undulation index has been defined by only one group. Dhar 
et al. defined undulation index as 1-V/Vch, where V is the 
volume of the aneurysm above the neck plane and Vch is 
the volume of the convex hull (15). An increased undulation 
index increases the likelihood of rupture by 1.5 times. Another 
commonly used parameter is the aneurysm size, which is 

the maximum perpendicular distance of the dome from the 
neck plane (15). An aneurysm of >4–7 mm in size increases 
the likelihood of rupture by 50 times (83). However, different 
thresholds have been defined as the critical size for aneurysm 
rupture; furthermore, increased aneurysm size is related to the 
higher aneurysm rupture rate (35,80,91). In contrast, a vessel 
size of <1.6 mm is the threshold for AcomA rupture (8). This 
may be because a small vessel might have a higher jet flow 
and thinner vessels might have greater tensile stress (53). 

Projection of the aneurysm dome is a prognostic factor for 
AcomA aneurysms. Larger aneuryms, larger size ratios, and 
larger aspect ratios are observed more in the anteriorly project-
ed AcomA aneurysms than in the posteriorly projected ones 
(55,73). Furthermore, AcomA aneurysms with a dominant A1 
are more likely to rupture due to significant differences in the 
wall shear stress between the dominant and non-dominant A1 
segments (94). Configuration of the AcomA aneurysms (sym-
metric, dominant or absent A1) might change the wall shear 
stress, flow velocity, and pressure of the AcomA complex 
(13,24). Other important parameters that can predict rupture 
status were inflow angle, parent-daughter angle, width, neck 
diameter, dome diameter, energy loss, multilobulation and/or 
fenestration, wall enhancement, and aneurysm growth (1,2,11
,13,14,16,25,47,51,52,56,63,75,79,85,86,89,96,98). 

Irregularity of the aneurysm wall is also a risk factor for the 
rupture of aneurysms (13). Irregular aneurysm shapes might 
indicate changes in the aneurysm wall. Hence, an unstable 
blood flow due to hypertension and atherosclerosis might 
lead to weakness of the wall and increase the risk of rupture. 
This theory was confirmed by the observation that aneurysms 
with irregular shapes increase in size (7). Irregularly shaped 
aneurysms increase the risk of rupture by up to 10 times 
compared to the regularly shaped aneurysms. Daughter sac, 
an irregular protrusion of the aneurysm wall, is reportedly a 
dominant predictive factor for aneurysm rupture, with an 
increased likelihood of rupture between 1.6 and 22 times (1, 
12,14,36,37,41,47,48,50,55,71,80,96,98,100). In the present 
study, we found that the presence of a daughter sac increased 
the risk of rupture by 3.2 times, which is comparable with the 
findings of previous studies. Not only the aneurysm, but also 
the perianeurysmal environment is crucial in predicting the risk 
of rupture. Higher rates of unbalanced contract constraints 
increases the incidence of rupture (72). 

Patient-Related Factors

Age is a valid prognostic factor for intracranial aneurysm 
rupture (OR: 0.17–5.23). Younger age (<50 years) increases 
the risk of rupture (76). Similarly, in our study, we determined 
that a younger age was a significant predictive factor for the 
rupture of AcomA aneurysms. Furthermore, males had higher 
risk of developing a rupture than females. Although several 
comorbidities were associated with the risk of rupture, the most 
significant ones were hypertension, history of SAH, history of 
ischemic stroke, and familial history of intracranial aneurysms. 
Alcohol consumption (1.3 times higher risk) and smoking (up 
to 4.4 times higher risk) have significant predictive values for 
the rupture of intracranial aneurysm. Similarly, in our study we 
found that smoking was a significant predictive factor for the 
rupture of AcomA aneurysm. 
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Clinical Significance of the Current Findings

Identifying the predictive factors for intracranial aneurysm 
rupture would yield better clinical counseling for the patients. 
Despite annual rupture rates of intracranial aneurysms being 
low, the morbidity and mortality following aneurysm rupture are 
high. Patients with UIAs have an overall estimated prevalence 
of 28% for anxiety and 21% for depression (30). This is mostly 
caused by the uncertainty of the natural progress of their 
diseases, more specifically, the rupture of their aneurysms. 
In the present study, we not only determined the significant 
predictive factors for the rupture of AcomA aneurysm in our 
community, but have also summarized the literature findings 
to provide a general idea regarding UIAs to neurosurgeons 
and patients.

Limitations

This study had some limitations. This study was a cross-
sectional analysis of a prospectively collected database. 
Some clinical parameters such as comorbidities, time lapse 
between the first diagnosis and final clinical status, and 
lifestyle patterns (sedentary or active) were missing. We 
focused more on the aneurysm morphology nature rather than 
other confounding parameters, which could be evaluated in 
future studies. The aneurysms were evaluated using either 
CTA or DSA. DSA is superior to CTA in detecting aneurysms 
or any other vascular malformations (82). These could have 
caused some disparities between the evaluation modalities. 
The number of study participants were limited as the study 
was conducted at only one tertiary clinic. Another limitation 
of the study was that various definitions for the morphological 
parameters of intracranial aneurysms have been defined in the 
literature (43). The strength of the present study was that we 
have not only presented the findings of the present cohort, 
but have also reviewed the literature and updated the current 
knowledge regarding the risk factors for rupture of intracranial 
aneurysms. 

█   CONCLUSION
Younger age, ever-smoking, and presence of a daughter sac 
increases the risk of AcomA aneurysm rupture. Furthermore, 
we identified several aneurysm- and patient-related risk factors 
for rupture of the intracranial aneurysms via a systematic 
literature review. Our results could enlighten neurosurgeons 
during their decision-making process in patients with UIAs.
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