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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH) is a devastating event with a mortality of more 
than 30% and morbidity of around 70%.[9,11] Intracranial aneurysms have a prevalence of 3–4% 
in the adult population[22] and are most often found in the anterior circulation.[13] According 
to the ISUIA study,[25] only 0.05% of aneurysms in the anterior circulation smaller than 
7 mm rupture. This leads to the widely accepted dogma that size is the single most important 

ABSTRACT
Background: Anterior communicating artery (AcomA) represents the most common location for ruptured 
intracranial aneurysms (rIAs). Approximately 50% of all rIAs are smaller than 7  mm, but factors that lead to 
rupture are multifactorial. The study investigates whether AcomA location represents an independent risk factor 
for small size at time of rupture (<7 mm) in a cohort of aneurysmal subarachnoid hemorrhage (aSAH) when 
controlling for known risk factors.

Methods: The aSAH cohort was retrospectively searched from our institution charts. The cohort was dichotomized 
into small aneurysms (<7 mm) or large aneurysms (≥7 mm). Risk factors for rupture were identified according 
to the unruptured intracranial aneurysm treatment score (UIATS). These were sex, age, location, smoking, 
hypertension, alcohol abuse, aneurysm morphology, multiplicity, previous SAH, and family history. With size as 
independent variable, a multiple regression analysis was performed including UIATS risk factors.

Results: One-hundred and seventy-six patients were included in the study. About 49.4% of the aneurysms 
were <7  mm. Multiple regression analysis demonstrated that aneurysms located at AcomA and posterior 
communicating artery (PcomA) was significantly more frequent smaller than 7 mm, compared to middle cerebral 
artery (P = 0.006), internal carotid artery (other than PcomA) (P = 0.013), and posterior circulation (P = 0.017), 
when controlling for risk factors.

Conclusion: Ruptured AcomA and PcomA aneurysms are more frequent smaller than 7 mm compared to other 
locations. Patients with unruptured UIA at either AcomA or PcomA may be at increased risk of rupture even if 
the size of the aneurysm is small. Further studies are needed to confirm this finding.
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predictor of rupture. On the other hand, studies of aSAH 
cohorts demonstrate that up to 73% of ruptured aneurysms 
are ≤7 mm, with 37.4% located at anterior communicating 
artery (AcomA).[7] The reason for this discrepancy is 
unknown but it remains clear that other factors than size 
play an important role in the process that leads to aneurysm 
rupture. Various scoring systems have been developed to 
assess and grade the various risk factors for rupture, the most 
widely used being the unruptured intracranial aneurysm 
treatment score (UIATS) and PHASES scores.[5,10] These 
scores incorporate variables such as ethnicity, aneurysm 
size, and location and comorbidities such as hypertension. 
However, one recent study suggested that the PHASES 
score only serves as a weak tool for prediction of aneurysm 
rupture.[16] The UIATS is a multidisciplinary consensus, 
using the Delphi method, indicating how a large group 
of specialists might manage a specific aneurysm.[5] The 
UIATS is based on 29 variables, giving points in favor of 
either UIA repair or conservative management. Hence, it 
constitutes a comprehensive set of risk factors associated 
to aneurysm rupture. In the present study, we retrospective 
evaluate patients with confirmed aneurysmal subarachnoid 
hemorrhage (aSAH) and the presence of UIATS defined 
risk factors, with focus on analyzing discrepancies between 
small (<7 mm) and large (≥7 mm) aneurysms. The objective 
of the study was to identify risk factors related to rupture of 
small aneurysms.

MATERIALS AND METHODS

The study was approved by our Institutional Review Board. 
According to local and national legislation, patient informed 
consent was not required for this study. All medical records 
of patients treated for SAH on our institution between 
November 2015 and December 2018 were retrospectively 
reviewed. Patients were identified using the ICD-10 codes 
I60.1–I60.9. All patients with SAH caused by other etiology 
than an intracranial aneurysm were excluded along with 
patients with arteriovenous malformation associated SAH 
or aneurysms. If the aneurysm causing SAH was not of 
the saccular type, the patients were excluded and patients 
with perioperative or postoperative aneurysm rupture 
were excluded as well. If the medical records lacked 
adequate information to assess variables included in the 
UIATS, patients were also excluded from the study. All 
variables from the original UIATS score were included in 
the present study except “Fear of rupture,” neurocognitive 
disease, psychiatric disorder, and life expectancy due to 
chronic or malignant disorder, as these variables either 
cannot be assessed retrospectively or does not increase the 
risk of rupture per se. The relevant medical records were 
reviewed by a single investigator (AN), scoring all patients 
according to the UIATS, using all definitions as described 
in Etminan et  al.[5] Thirty-day mortality was assessed as 

well. Hypertension was defined as confirmed systolic blood 
pressure above 140  mmHg prerupture. Alcohol abuse was 
defined as a confirmed consumption of >14 units/week for 
women and >21 unit/week for men. A  three-dimensional 
reconstruction of the cerebral angiography was used 
to determine the size, location, and morphology of the 
aneurysms. Aneurysm size was defined as the maximum 
aneurysm diameter. Aneurysm lobulation was defined as 
irregular daughter sac-like protrusion(s) of the aneurysm 
wall. Size ratio was calculated as the maximal aneurysm 
diameter divided by the parent vessel diameter. Aspect ratio 
was calculated as maximal aneurysm dome diameter divided 
by neck width. In all cases, the neuroimaging was reviewed 
by a neurosurgical/neuroradiology specialist. Patients were 
dichotomized into a “Small Group” and “Large Group.” 
“Small Group” was defined as patients with a ruptured 
aneurysm with a maximal aneurysm dome diameter 
excluding eventual baby sac smaller than 7 mm. The “Large 
Group” was defined by the same criteria with maximum 
diameter larger than or equal to 7 mm. Multiple regression 
analysis was performed to identify variables differentiating 
the small group aneurysms (<7 mm) from the large group 
(≥7 mm).

Statistical analysis

Age is presented as median and full range. Variables of 
the UIATS are presented as count and frequency. Size was 
dichotomized to <7.0  mm or larger than 7.0  mm. Superior 
cerebellar artery, basilar artery bifurcation, posterior cerebral 
artery, vertebral artery, and PICA were consolidated to 
a single variable labeled “posterior circulation.” Logistic 
univariate regression analysis was performed with size as 
the dependent variable and with patient and aneurysm 
characteristics as independent variables. Variables of interest 
presenting with P ≤ 0.2 along with patient characteristics 
were included in a logistic multiple regression. These were 
location, age (represented as a continuous variable in the 
analysis, divided by 10 such that odds ratios are fixed in 
increments of 10  years), gender, hypertension, current 
cigarette smoking, aneurysm multiplicity, and aneurysm 
morphology. The variable morphology was designed 
as a binary composite variable including irregularity or 
lobulation, size ratio >3, and/or aspect ratio >1.6. Only one 
of the criteria needed to be present. Aneurysm location was 
defined as a categorical variable represented by a level each 
in the model. Statistically significant results are presented as 
such with respect to an unadjusted α = 0.05 to protect against 
type-2 errors.

Data availability

All anonymized data will be shared by request from any 
qualified investigator.
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RESULTS

One-hundred and seventy-six patients were included in the 
study. A flowchart of patient exclusion is given in Figure 1. 
The study data were collected from a cohort of 331 patients. 
The main reason for exclusion was SAH from other etiology 
than aneurysm, excluding a total of 91 patients.

Patient characteristics

Patient demographics, characteristics, treatment modality, 
and clinical outcome are given in Table  1. The 176 eligible 
patients with aneurysmal SAH had a median age of 57 years 
(range: 22–92), at time of rupture. Almost half (48.9%) of all 
patients were between 40 and 60 years old at time of rupture 
and the majority of all patients were female (67.6%). Eighty-
six (48.9%) patients were current cigarette smokers, while 
hypertension was present in 81 patients (46.0%). These were 
the two most frequent represented risk factors, with current 
alcohol abuse at third, found in 12  cases (6.8%). Previous 
SAH from a different aneurysm occurred in 4 cases (2.3%), 
while familial intracranial aneurysms or SAH was reported in 
2 cases (1.1%). Most ruptured aneurysms were endovascular 
treated, 113 (64.2%), while surgical clip ligation was chosen 
in 48 cases (27.3%). In 15 cases (8.5%), no treatment option 
was relevant and of those, all died within 30  days. Overall, 
33  patients died within 30  days of rupture, making the 30-
day mortality 18.8%.

Aneurysm characteristics

For distribution of aneurysm characteristics see Table  2. 
Almost half (49.4%) of the ruptured aneurysms in the 
analysis were <7  mm. In 69  (39.2%) cases, the maximum 
diameter of the ruptured aneurysm was between 4.0 and 
6.9  mm, while 68  (38.6%) aneurysms were between 7.0 
and 12.9  mm. Aneurysms under 3.9  mm were present in 
18 cases (10.2%), exactly as frequent as aneurysms between 
13.0 and 24.9 mm. Only 3 (1.7%) ruptured aneurysms were 
found to be or exceed 25  mm. Irregularity or lobulation of 
the ruptured aneurysm was present in 128  (72.7%) cases, 
while 129 (73.3%) either had a size ratio above 3.0 or aspect 
ratio above 1.6. The location of the ruptured aneurysm was 
in 66 (37.5%) cases, the AcomA and in 41 (23.3%) cases, the 
middle cerebral artery. The internal carotid artery (other 
than posterior communicating artery [PcomA]) accounted 
for 20  (11.4%) ruptured aneurysms, the basilar bifurcation 
for 15 (8.5%), and the PcomA was the location in 12 (6.8%) 

cases. In 4 (2.3%) patients, the location was the basilar artery 
(other than the basilar bifurcation) and the vertebral artery 
was the location in 2 (1.1%) cases.

Multiple regression analysis

Aneurysm location, gender, and morphology were found 
to be significantly associated with ruptured aneurysm size 
in the multiple regression analysis [Table 3]. In the multiple 
regression analysis with AcomA as the base level, all 
locations exhibited positive coefficients for size. PcomA and 
the anterior cerebral artery approached an OR for large size 
to that of AcomA. A  significant size difference in ruptured 
aneurysms was found between AcomA and the middle 
cerebral artery (P = 0.006), ICA (P = 0.013), and arteries 
in the posterior circulation (P = 0.017). Male gender and 
aneurysm morphology were also found to be significant 
predictors for rupture at small aneurysm size (P = 0.046 and 
P = 0.048, respectively).

DISCUSSION

A central dogma in the assessment of intracranial aneurysm 
rupture risk is that size matter. The larger the aneurysm, 
the higher the rupture risk. The ISUA study was the first to 
suggest a cutoff of 7  mm, below which the rupture risk is 
small. In fact, the study demonstrated a 0.05% 5-year rupture 
risk for aneurysms <7  mm in the anterior circulation.
[14] Yet, almost half the ruptured aneurysms in our cohort 
were smaller than 7  mm and 83.8% of these were located 
in the anterior circulation. This is not surprising and other 
retrospective studies on mainly ruptured aneurysms support 
this finding.[1,7,23] Hence, factors other than size contribute to 
aneurysm rupture. Mocco et al. pointed out the importance of 
morphology for aneurysm rupture when controlling for size.
[15] Wiebers et al. identified PcomA and basilar tip location as 
risk factors for aneurysm rupture in a multivariate analysis.
[26] In a large meta-analysis, Etminan et al. demonstrated 
a correlation between decrease in aSAH incidence and 
decrease in blood pressure and tobacco smoking.[6] These 
results indicate that the risk of rupture is multifactorial, 
and attempts to assess the risk of a single variable should 
be performed by regression analysis controlling for other 
known risk factors. In recent years, small AcomA aneurysms 
have gained attention. One study demonstrated that AcomA 
aneurysms of 4–7 mm are just as prone to rupture as posterior 
circulation aneurysms.[2] However, this study did not control 
for morphology. Another study demonstrated that ruptured 

Figure 1: Flowchart of exclusion criteria. Top values represent total of eligible patients, decreasing because of the exclusion criteria, which are 
listed below each top value.
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aneurysms <5 mm were significantly more often located in 
the AcomA in the univariate analysis but the difference was 
not significant in the multivariate analysis.[4] Further, Rinaldo 
et al.[18] recently observed no difference in size between 
unruptured and ruptured AcomA aneurysms. Our results 
suggest that AcomA location, and to a lesser degree PcomA, is 
significantly associated with small aneurysm size at rupture, 
compared to ICA, MCA, and arteries located in the posterior 
circulation (P = 0.006, P = 0.013, and P = 0.017, respectively), 
when controlling for other predictors of rupture. This 
implies that these locations should be considered a strong 
independent predictor for aneurysm rupture even if smaller 

than 7  mm. As AcomA is the most frequent location for 
intracranial aneurysms, this finding might explain, together 
with the recognized selection bias in prospective followed 
unruptured aneurysm cohorts, the contradiction between the 
ISUIA study and retrospective studies of ruptured aneurysms. 
A  meta-analysis demonstrated significantly higher rupture 
risk from posterior circulation aneurysms in univariate 
analysis.[24] Further, in the UIATS, higher points for posterior 
circulation aneurysms are given than for AcomA or PcomA 
location.[5] In our cohort, we did not find an association 
between posterior circulation location and small aneurysm 
size at rupture. In our view, the discrepancy may suggest that 

Table  1: Demographics, treatment modality. and clinical outcome of 176 patients with ruptured intracranial aneurisms in total and 
dichotomized into small (<7 mm) and large (≥7 mm) aneurysms.

Variables Total Maximum diameter 
All patients, n=176 (%) <7 mm, n=87 (%) ≥7 mm, n=89 (%)

Median age (range), y 57 (22–92) 57 (28–86) 56 (22–92)
Age, y

<40 16 (9.1) 6 (6.9) 10 (11.2)
40–60 86 (48.9) 41 (47.1) 45 (50.6)
61–70 36 (20.5) 19 (21.8) 17 (19.1)
71–80 33 (18.8) 19 (21.8) 14 (15.7)
>80 5 (2.8) 2 (2.3) 3 (3.4)

Gender
Male 57 (32.4) 24 (27.6) 33 (37.1)
Female 119 (67.6) 63 (72.4) 56 (62.9)

Risk factors
Previous SAH from different 
aneurysm

4 (2.3) 2 (2.3) 2 (2.2)

Familial IA’s or SAH 2 (1.1) 1 (1.1) 1 (1.1)
Japanese, Finnish, Inuit 0 (0) 0 (0) 0 (0)
Current cigarette smoking 86 (48.9) 42 (48.3) 44 (49.4)
Hypertension 81 (46.0) 43 (49.4) 38 (42.7)
APKD 3 (1.7) 1 (1.1) 2 (2.2)
Current drug abuse 4 (2.3) 0 (0) 4 (4.5)
Current alcohol abuse 12 (6.8) 7 (8.0) 5 (5.6)

Clinical symptoms related to UIA
Cranial nerve deficit 0 (0) 0 (0) 0 (0)
Clinical or radiological mass effect 1 (0.57) 0 (0) 1 (1.1)
TE events from the aneurysm 0 (0) 0 (0) 0 (0)
Epilepsy 0 (0) 0 (0) 0 (0)

Aneurysm multiplicity
Yes 40 (22.7) 17 (19.5) 23 (25.8)
No 136 (77.3) 70 (80.5) 66 (74.2)

Treatment
Surgical 48 (27.3) 23 (26.4) 25 (28.1)
Endovascular 113 (64.2) 60 (69.0) 53 (59.6)
No relevant treatment 15 (8.5) 4 (4.6) 11 (12.4)

30‑day mortality
Alive 143 (81.3) 76 (87.4) 67 (75.3)
Dead 33 (18.7) 11 (12.6) 22 (24.7)

Demographics, treatment modality, and clinical outcome of 176 patients with ruptured intracranial aneurisms in total and distributed based on maximum 
diameter. APKD: Autosomal polycystic kidney disease, TE: Thromboembolic, UIA: Unruptured intracranial aneurysm, APKD: Autosomal polycystic 
kidney disease, TE: Thromboembolic
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size matters more for posterior circulation aneurysms than 
for AcomA and PcomA aneurysms. Hence, our data suggest 
that AcomA and PcomA locations should be weighted high, 
even at small size, when assessing the risk of rupture. We 
only dichotomized size into aneurysms larger or smaller 
than 7 mm. We did not subdivide small aneurysms further. 
Accordingly, we cannot determine a cutoff value for AcomA 
aneurysm size under which the rupture risk is negligible. It 
has been speculated that aneurysms decrease in size after 
rupture, thereby underestimating the prerupture size of 
the aneurysm. This has, however, been contradicted by two 
previous studies.[17,27] Therefore, we believe that the measured 
size postrupture reflects the prerupture size of the aneurysm. 

The reason why AcomA and PcomA aneurysms are more 
prone to rupture at a smaller size is unknown. An association 
between intrasaccular flow patterns and aneurysm wall 
degradation and inflammation has been demonstrated in 
both ruptured and unruptured AcomA aneurysms.[3] Further, 
one study has demonstrated that wall shear stress in the 
parent AcomA artery is significantly associated with AcomA 
aneurysms growth and rupture.[28] Hence, we speculate that 
a lower wall strength to wall shear stress ratio at the AcomA 
and PcomA site might contribute to increased rupture risk at 
a smaller size. This might also explain why these aneurysms 
represent the most frequent location of intracranial 
aneurysms.[8] Future studies could focus on histopathological 
differences and differences in protein composition and 
inflammation between AcomA and PcomA aneurysms and 
intracranial aneurysms at other locations. The results of the 
present study suggest that patients with AcomA and PcomA 
aneurysms have increased risk of rupture even when the size 
is regarded as small. This could be of use for clinicians who 
counsel patients with unruptured intracranial aneurysms to 
either preventive treatment or conservative management, but 
further studies are needed to validate this finding.

Limitations

The study has limitations. First, it is a retrospective study 
and the cohort subject to selection bias. Only patients who 
presented to hospital and underwent radiologic workup 
were included in the study. Accordingly, patients with aSAH 
who never presented to the hospital were not included 
in the study. It has been estimated that around 12% of 

Table  2: Distribution of aneurysm characteristics in total and 
dichotomized into small (<7 mm) and large (≥7 mm) aneurysms.

Aneurysm 
characteristics

Total Maximum diameter
All patients,
n=176 (%)

<7 mm,
n=87 (%)

≥7 mm,
n=89 (%)

Morphology
Irregularity or 
lobulation

128 (72.7) 58 (66.7) 70 (78.7)

Size ratio>3 or 
aspect ratio>1.6

129 (73.3) 45 (51.7) 84 (94.4)

Location
BA bifurcation 15 (8.5) 4 (4.6) 11 (12.4)
BA 4 (2.3) 3 (3.4) 1 (1.1)
VA 2 (1.1) 1 (1.1) 1 (1.1)
AcomA 66 (37.5) 40 (46.0) 26 (29.2)
PcomA 12 (6.8) 8 (9.2) 4 (4.5)
ICA 20 (11.4) 6 (6.9) 14 (15.7)
MCA 41 (23.3) 15 (17.2) 26 (29.2)
PCA 3 (1.7) 1 (1.1) 2 (2.2)
PICA 6 (3.4) 3 (3.4) 3 (3.4)
SCA 1 (0.57) 1 (1.1) 0 (0)
AChA 3 (1.7) 3 (3.4) 0 (0)
ACA 2 (1.1) 1 (1.1) 1 (1.1)
PA 1 (0.57) 1 (1.1) 0 (0)

Other
Aneurysm 
growth on serial 
imaging

0 (0) 0 (0) 0 (0)

Aneurysm de 
novo formation 
on serial imaging

5 (2.8) 3 (3.4) 2 (2.2)

Contralateral 
steno‑occlusive 
vessel disease

3 (1.7) 1 (1.1) 2 (2.2)

Distribution of aneurysm characteristics in total and based on 
maximum diameter. BA: Basilar artery, VA: Vertebral artery, 
AcomA: Anterior communicating artery, PcomA: Posterior 
communicating artery, ICA: Internal carotid artery, MCA: Middle 
cerebral artery, PCA: Posterior cerebral artery, PICA: Posterior inferior 
cerebellar artery, SCA: Superior cerebellar artery, AChA: Anterior 
choroidal artery, ACA: Anterior cerebral artery, PA: Pericallosal artery

Table  3: Results of logistic multiple regression analysis. The 
dependent variable (aneurysm size) was dichotomized into small 
(<7 mm) and large (≥7.0 mm) aneurysms.

Variable OR 95% CI Unadjusted 
P value

Location
AcomA Base
PcomA 1.06 0.26–4.24 0.938
ACA 1.11 0.05–23.23 0.949
MCA 3.39 1.43–8.03 0.006
ICA 4.18 1.36–12.83 0.013
Posterior 
circulation

3.13 1.22–8.00 0.017

Age 1.00 0.78–1.27 0.982
Smoker 1.05 0.53–2.08 0.879
Male gender 2.14 1.01–4.51 0.046
Hypertension 0.76 0.39–1.49 0.423
Multiplicity 1.65 0.75–3.62 0.210
Morphology 2.12 1.01–4.46 0.048
OR: Odds ratio, 95% CI: 95% confidence interval. AcomA: Anterior 
communicating artery, PcomA: Posterior communicating artery, 
MCA: Middle cerebral artery, ICA: Internal carotid artery
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aSAH patients die before they reach medical care with the 
majority of aneurysms located in the posterior circulation.[12] 
Accordingly, patients with posterior circulation aneurysms 
might be underrepresented in our cohort and might skew our 
results. On the other hand, only 5 out of 111 patients (4.5%) 
of a prospectively followed cohort of intracranial aneurysms 
died of loss of consciousness or sudden death after severe 
headache without further diagnostic workup.[21] Only in 
cases with previous neuroimaging, aneurysm growth/de 
novo formation was considered. Accordingly, this risk factor 
is most likely underrepresented in our cohort. Another 
bias is associated with the aneurysm morphology. We 
found 72.7% of our aneurysms to be irregular or lobulated, 
by evaluating the postrupture morphology. It has been 
suggested that aneurysms might be subject to morphological 
changes, when they rupture.[19,20] Further, the bleeding 
point of the aneurysm could be interpreted as lobulation, 
on the postrupture cerebral angiography. Examples of such 
cases are presented in Figure  2. Taking this into account, 
we might have overestimated this risk factor. Some risk 
factors are underrepresented or absent in our cohort, that 
is, ethnicity, cranial nerve deficits, and mass effect. These 
variables were not included in the regression analysis, and 
any potential interaction between the absent risk factors and 
AcomA location, therefore, not considered. Whether such 
an interaction exists in unknown. The ACA location has not 
been discussed in this paper. Table 3 demonstrates that this 
location is also associated with small size at rupture. However, 
as shown in Table 2, only two aneurysms in our cohort were 

in this location. Hence, no conclusion can be made about 
this location from our dataset. Finally, our dataset lacks 
a “denominator.” We do not know how many unruptured 
AcomA aneurysm was present in the background population 
in the observation period. More important, we do not know 
how many small AcomA aneurysms were present. However, 
in the prospective part of the ISUIA study, both ICA (37.8%) 
and MCA (29.4%) were more frequent than AcomA/ACA 
location (16.1%). Given that size is evenly distributed among 
the different locations, it seems unlikely that at higher 
frequency in the background population could explain our 
finding that small AcomA aneurysms are overrepresented in 
an aSAH population.

CONCLUSION

In the present study of an aSAH cohort, small aneurysms 
<7  mm are significantly more frequently located at the 
AcomA and PcomA than other locations when controlling 
for other known risk factors. This could be of use for 
clinicians when counseling patients regarding preventive 
treatment or conservative management, but further studies 
are needed to validate this finding.
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