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Abstract
Purpose Multiple intracranial aneurysms (MIA) occur in one-third of patients with intracranial aneurysms (IA), and have been
previously associated with an overall worse prognosis. Risk factors for IA formation and rupture in patients with a single IA are
well-known. However, risk factors associated with rupture in patients with MIA have been less studied.
Methods We performed a retrospective search of patients with MIA identified by computed tomography angiography (CTA)
within a 10-year period. Patients with > 1 saccular aneurysm with size ≥ 2.0 mm were included. The location, size, number, and
rupture status of the aneurysms were recorded. Patient demographics and cerebrovascular risk factors were obtained from
electronic medical records. The primary endpoint of this study was to determine the association of these factors with aneurysmal
rupture. The case-fatality rate was evaluated as a secondary outcome.
Results Of the 2957 patients with IA in our CTA database, 425 patients were diagnosed withMIA and were therefore included in
our study. A total of 1082 aneurysms were identified. Predictors of increased risk of aneurysmal rupture were age (OR 0.98, 95%
CI, 0.96–0.99), size ≥ 5 mm (OR 4.4, 95% CI 2.76–7.0); and location in the anterior communicating artery complex (AcomC)
(OR 2.62, 95% CI, 1.46–4.72) or posterior communicating artery (PCOM) (OR 2.66, 95% CI, 1.45–4.87).
Conclusions Younger age, aneurysm size ≥ 5 mm, and location in the AcomC and PCOM were independently associated with
aneurysmal rupture in patients with MIA. Identifying these features could help recognize patients who might benefit from early
intervention.
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Introduction

Despite the implementation of multiple screening and thera-
peutic interventions in the past decades, the mortality of

ruptured intracranial aneurysms (AI) remains high, with rates
oscillating between 15 and 30% [1]. Aneurysmal subarach-
noid hemorrhage (aSAH) carries high morbidity, and a recent
study reports that up to 35% of these patients experience a
reduction of quality of life [1]. Multiple intracranial aneu-
rysms (MIA), defined by the concomitant presence of ≥ 2
aneurysms [2], are detected in approximately one-third of pa-
tients with IA [3–7]. [Fig. 1] Although relatively uncommon,
they have been previously linked with increased risk of IA
rupture [6, 8] and overall worse prognosis [5, 9, 10].
Therefore, identifying clinical and imaging characteristics that
help identify MIA patients with a higher risk of rupture can
ultimately aid in the selection of patients that could benefit
from early intervention.

IA is considered a complex pathology, implicating degener-
ative changes in the arterial wall [11], and it is thought to be
caused by a combination of genetic and environmental risk fac-
tors [1]. Several studies have evaluated risk factors related to the
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rupture and formation of aneurysms, but these study groups are
mainly composed of patients with single unruptured IA [12–16].
Most of the available information regarding MIA is derived
from sub-population analyses within a larger cohort of SIA pa-
tients [13, 16, 17]. However, previous studies have identified
significant differences between MIA and SIA patient popula-
tions [3, 9, 18, 19], suggesting that the MIA population should
be examined independently. To our knowledge, very few stud-
ies are available about rupture risk factors focused specifically
on patients with MIA. [5, 20–24].

The objective of this study was to analyze the clinical and
aneurysmal imaging characteristics associated with rupture in
patients with MIA. As a secondary endpoint, we aimed to
determine the case-fatality rate for these patients.

Materials and methods

Patient selection

Our hospital’s Institutional Review Board approved this study
and waived the requirement for patient consent. A retrospec-
tive search of our radiology database for patients with MIA,
using the RENDER software [25], was performed for a time
frame of 10 years. Patients who underwent a head CTA and
presented with more than one IA larger than 2 mm in size,
with or without SAH, were identified. For patients with mul-
tiple CTA studies, the first study was used for analysis; how-
ever, for patients with a ruptured IA, the first CTA performed

after the rupture was analyzed. Cases with fusiform aneu-
rysms, dissecting aneurysms, and infundibular dilatations
were excluded. Aneurysms were considered incidental if the
CTA was performed for an indication other than (1) subarach-
noid hemorrhage on NCCT; (2) assessment for an IA; (3)
evaluation of intracranial hemorrhage, or (4) follow-up of a
known aneurysm.

Data collection

Electronic medical records were assessed to identify patient’s
demographics and in-hospital case-fatality rate attributed to
IA rupture, including discharge summaries, physician/
nursing notes, and laboratory results. Smoking, hypertension
(HTN), diabetes mellitus (DM), and hyperlipidemia (HLD)
were recorded only if the diagnosis or related medications
were mentioned within 3 months after the CTA. The presence
of DM and HLD was recorded if established laboratory
criteria were satisfied, according to the American
Association of Diabetes [26]. Smoking history was divided
into current, former, or never. A patient characteristic was
described as missing if it was not available in medical history.

Imaging

NCCTs and CTAs were performed on all patients using multi-
slice (16 and 64 slices) scanners by Siemens (Siemens,
Erlangen, Germany) and GE (General Electric Medical
Systems, Milwaukee, USA). The parameters for the NCCT
scans of the brain were 120–140 kVp, 170–350 mA, 22–23
cm FOV, and 1.2–5.0-mm slice thickness. The CTA parame-
ters were 120–140 kVp, 170–350 mA, 18–25 cm FOV, and
0.6–1.25-mm slice thickness. Iodinated contrast material (65–
85 mL) was administered by a power injector at a rate of 4–5
mL per second into an antecubital vein with SmartPrep, a
semiautomatic contrast bolus–triggering technique. CTA
was performed by scanning from the aortic arch to the cranial
vertex. Later, post-processing with 3D angiographic tech-
niques was performed; this include maximum intensity pro-
jection, volume-rending, and multi-planar reconstructions.

Imaging evaluation

All NCCT and CTA images were re-evaluated separately by
two neuroradiologists (AL and SS), each with two years of
experience. In cases of discrepancy, the consensus was
reached with a third neuroradiologist with 14 years of experi-
ence (JMR). An IA was defined as a saccular dilation arising
from the luminal wall or bifurcation of the cerebral arteries
that is ≥ 2.0 mm in diameter. The location, size, number, and
rupture status of the aneurysms were recorded. Aneurysms
located in the ICA were subdivided into six segments accord-
ing to a classification system by Shapiro et al. as the

Fig. 1 A 65-year-old woman with no significant past medical history
presented to the emergency department with right-sided weakness and
dizziness. A CTA was obtained, showing a 7-mm downward-pointing
aneurysm arising from the right MCA (a), a 3-mm saccular aneurysm
arising from the lateral aspect of the right terminal ICA (b), and a 11-mm
posteriorly pointing aneurysm arising from the left posterior communi-
cating artery (c)
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following: petrous, cavernous, paraophthalmic, posterior
communicating (PCOM) ICA, choroidal, and terminus [27].
We also assessed other anterior circulation aneurysms such as
the M1 (pre-bifurcation and bifurcation segments) and M2
segments of the MCA, the anterior communicating artery
complex (AcomC), the anterior cerebral artery, and the poste-
rior circulation aneurysms. The likely site of aneurysm rupture
was determined by associating the distribution of SAH, intra-
ventricular hemorrhage, and intraparenchymal hematoma on
NCCTwith an aneurysm detected in the vicinity by CTA [28].
Neurosurgery or DSA reports were also used to assess the site
of aneurysm rupture, which were available in 91% of the
patients. In cases where discrepancies over the site of rupture
were found based on the CTA, DSA, or surgery (5.7% of the
cases), surgery and DSA results were used for statistical
analysis.

Statistical analysis

Binary variables (sex, HTN, DM, HLD, and rupture status)
and categorical variables (smoking and IA locations) were
presented as percentages. Continuous variables (age, number
of IAs per patient, and IA size) were summarized by their
mean, standard deviation, median, range, and interquartile
range. In order to evaluate the likelihood of IA rupture, odds
ratios with 95% CI were calculated. Univariate analyses be-
tween a binary/continuous variable and binary outcomes were
performed using the chi square test or logistic regression.
Univariate analyses between a binary variable and a continu-
ous outcome were performed using unpaired Student t test or
Wilcoxon-Mann-Whitney test, according to the data distribu-
tion. Correlation between continuous variables was calculated
using the Spearman rank test.

To determine the optimal IA size cutoff to use for the pre-
diction of IA rupture, we compared the sensitivities and spec-
ificities using ≥ 5, ≥ 6, and ≥ 7 mm as cutoffs. Patient charac-
teristics, chosen based on data from preexisting literature [19,
29], and five intradural aneurysm locations were included in
the multivariable regression model. Missing values in datasets
were replaced using multiple imputations by chained equa-
tions technique. Significant differences between complete
and incomplete dataset analyses were calculated. If no signif-
icant differences were found, the imputed dataset analyses
were reported. Stata statistical software (Release 14, College
Station, TX: StataCorp LP) was used for analysis.

Results

Patient selection and baseline characteristics

Of the 2957 patients diagnosed with IAs, 425 (14%) patients
had MIA and were included in the study. The total number of

examined aneurysms was 1082. Common clinical indications
that lead to a CTA in patients with MIA were evaluation or
follow-up of an IA (57%), headache (28%), intracranial hem-
orrhage (21%), or alteredmental status (9%). Nineteen percent
(19%) of the patients with MIA had their aneurysms discov-
ered incidentally on CTAs performed for other indications.

There were 331 females (mean age, 60.8 years; SD, 13.8)
and 94 men (mean age, 60.1 years; SD, 12.8). Females had
significantly more aneurysms than males (p = 0.010). No sig-
nificant difference was found between the number of aneu-
rysms and patient age (r = 0.013, p = 0.779). History of
smoking (current and former smokers) was present in 73%
of our patients. HTN, HLD, and DM were found in 63%,
53%, and 10% of these patients, respectively. In our cohort,
11.5% (49/425) of the patients diagnosed with MIA had miss-
ing data. Smoking history, HTN, HLD, and DM each repre-
sented about 8% of missing data. Patient demographics are
shown in detail in Table 1.

Aneurysm features

The majority of patients presented with 2 IAs (62%), and the
highest number of IAs found in a single patient was 7. The
median size of all aneurysms was 4.0 mm (range, 2.0–57.0
mm) (Table 2). Most IAs were located in the paraophthalmic
ICA (27%), followed by the M1 segments (pre-bifurcation
and bifurcation) of the MCA (21%), AcomC (11%), cavern-
ous ICA (10%), and PCOM (10%) (Table 3). IAs arising from
the anterior circulation were significantly more frequent than
IAs from the posterior circulation (91% versus 9%; p < 0.001).

Aneurysmal rupture

The total number of patients with ruptured IAs was 107/425
(25.2%), and the case-fatality rate was 20.1% (22/107).
Patients with ruptured IA were significantly younger than pa-
tients with UIA, with a median age difference of 5.5 years (p =
0.019). Current smokers were more likely to have a ruptured
IA compared with non-smokers (OR 2.08; 95% CI, 1.15–
3.76). No association was found between the number of IAs
per patient and IA rupture (p = 0.608). The rest of the baseline
characteristics were not associated with rupture (Table 1).

Ruptured aneurysms had a larger diameter compared with
their unruptured counterpart, with a median size difference of
3.0 mm (p < 0.001). Fifty-nine percent of IAs (n = 643) mea-
sured < 5 mm in diameter and only 4% of them ruptured. On
the other hand, 10% of the IAs (n = 109)measured between 10
and 24.9 mm, and 28% of these ruptured. Increased occur-
rence of rupture was seen in IAs measuring between 5 and 6.9
mm, 7 and 9.9 mm, and 10 and 24.9 mm compared with IAs <
5 mm in size (Table 2). We determined that a cutoff diameter
of ≥ 5 mm is the most accurate measurement to predict
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aneurysm rupture (OR 4.4; 95% CI, 2.8–7.0). The sensitivity
and specificity for this cutoff size are 74% and 63%,
respectively.

We found that posterior circulation aneurysms were more
prone to rupture compared with their anterior circulation
counterpart (OR 2.9; 95% CI, 1.6–5.1). Among the ruptured
IAs, the majority were located in the AcomC (27%), followed
by the PCOM (23%),M1 bifurcation (13%), and basilar artery
tip (8%) respectively. IAs arising from the AcomC (OR 3.5;
95% CI, 2.1–5.7), PCOM (OR 3.3; 95% CI, 1.9–5.6), basilar
artery tip (OR 2.8; 95% CI, 1.1–6.2), and PICA (OR 5.4; 95%
CI, 1.1–21.5) weremore likely to rupture comparedwith those
in other locations. On the other hand, IAs arising from the M1
pre-bifurcation segment (OR 0.4; 95% CI, 0.1–1.0) and
paraophthalmic ICA (OR 0.07; 95% CI, 0.0–0.2) rarely rup-
tured. Univariate analysis of MIA location and IA rupture is
shown in detail in Table 3.

Multivariable analysis

The multivariable regression model analyzing the patient
characteristics and aneurysm characteristics revealed that age
(OR 0.98; 95% CI, 0.96–0.99), IA size ≥ 5 mm (OR 4.40;
95% CI, 2.76–7.0), and IA locations in the AcomC (OR 2.62;
95% CI, 1.46–4.72) and PCOM (OR 2.66; 95% CI, 1.45–

4.87) were significantly associated with IA rupture in patients
with MIA (Table 4). IAs located in the paraophthalmic ICA
were negatively associated with IA rupture.

Discussion

We found an association between aneurysms emerging from
AcomC and PCOM and rupture, and these findings are similar
to previous literature [5, 10, 12, 20, 21, 24]. The size of the IA
was also independently associated with the risk of rupture. In
our population, ruptured IAs were significantly larger than the
unruptured ones, and a cutoff diameter of ≥ 5 mm was associ-
ated with the incidence of rupture. Past MIA studies have dem-
onstrated similar findings, two of which also determined cutoff
sizes of 4 mm [5] and 7 mm [21] to be associated with rupture.
We also noticed a higher rupture rate in the posterior circulation,
which is consistent with previous literature regarding single IA,
thus demonstrating that the risk is maintained for patients with
MIA [12, 14, 15]. Recent research has attributed the increased
posterior bleeding risk to the aneurysm’s intrinsicmorphological
features, such as an overall larger diameter, higher aspect ratio,
and parent artery size [30, 31]. However, extrapolating informa-
tion from single IA cohorts should be done with caution, since
previous literature has identified significant differences between

Table 1 Univariate analysis:
patient characteristics associated
with aneurysm rupture

Total Unruptured Ruptured OR (95% CI) *p value

Median age (range) 60 (72) 56.6 (65) 63 (69) 0.98 (0.96–0.99) 0.019
Mean age (SD) 60.6 (13.6) 61.5 (13.3) 57.9 (14.2)

n (%)

Total patients 425 318 (75) 107 (25)

Sex

Male 94 74 (79) 20 (21) 1.31 (0.76–2.28) 0.325
Female 331 244 (74) 87 (26)

Smoking

Current 144 95 (66) 49 (34) 2.08 (1.15–3.76) 0.014

Former 140 116 (83) 24 (17) 0.83 (0.43–1.60) 0.592

Never 106 85 (80) 21 (20) Reference Reference

HTN

Present 246 184 (75) 62 (25) 0.80 (0.51–1.270 0.359
Absent 146 103 (70) 43 (30)

DM

Present 38 31 (82) 7 (18) 0.69 (0.25–1.39) 0.234
Absent 353 256 (73) 97 (27)

HLD

Present 206 151 (73) 55 927) 0.98 (0.62–1.53) 0.942
Absent 185 50 (27) 135 (73)

Complete case analysis was performed. Smoking history, HTN, HLD, and DM demonstrated about 8% of
missing data each

SD standard deviation

*Univariate logistic regression
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MIA and SIA patient populations [3, 9, 18, 19]. For this reason,
studies that focus exclusively on MIA patients may provide
important information. To our knowledge, our study has the
largest MIA cohort to date.

Smoking was significantly associated with a higher risk of
rupture in the univariate analysis, and our finding is similar to
prior studies done both single AI and MIA cohorts [5, 32, 33].
In the multivariable analysis, the direction of the effect for the

Table 2 Univariate analysis: size of aneurysms in various locations and their association with rupture

Total Unruptured Ruptured

Aneurysm Size Number of aneurysms (%) OR (95% CI)

< 5 mm 643 615 (96) 28 (4) reference

5-6.9 mm 181 161 (89) 20 (11) 3.5 (2.0-6.2)

7-9.9 mm 132 104 (79) 28 (21) 5.7 (3.2-10)

10-24.9 mm 109 79 (72) 30 (28) 6.8 (3.8-12.1)

> 25 mm 17 16 (94) 1 (5) -

Aneurysm Locations Size in millimeter

median (interquartile range)

*p-value

All aneurysms 4.0 (3.0) 4.0 (3.5) 7.0 (5.5) <0.001

Anterior Circulation 4.0 (3.0) 4.0 (3.5) 7.0 (4.5) <0.001

Posterior Circulation 4.0 (4.5) 3.0 (3.7) 6.0 (8.0) <0.001

Paraophthalmic ICA 4.0 (3.0) 4.0 (3.0) 9.0 (12.0) †

AcomC 5.0 (3.7) 4.0 (3.0) 6.0 (4.0) <0.001

M1 pre-bifurcation 3.0 (2.8) 3.0 (3.0) 3.0 (1.0) 0.526

Cavernous ICA 3.0 (5.0) 3.0 (5.0) - -

M1 bifurcation 4.0 (4.0) 4.0 (3.5) 7.5 (4.5) 0.002

PCOM 4.2 (3.9) 4.0 (3.0) 7.0 (4.0) <0.001

Terminus ICA 5.0 (5.5) 4.2 (5.5) 6.5 (5.0) 0.24

BA tip 6.0 (5.7) 6.0 (6.0) 6.0 (8.0) 0.222

Choroidal ICA 4.0 (2.0) 3.9 (2.0) 4.7 (1.7) 0.213

ACA 3.5 (1.0) 3.0 (1.0) 5.0 (2.0) †

SCA 2.7 (1.0) 2.0 (1.0) 3.0 (7.0) †

PCA 3.0 (9.0) 3.0 (4.0) 11 (8.0) †

PICA 4.0 (1.5) 4.0 (2.5) 4.7 (3.2) 0.321

M2 4.0 (1.5) 4.0 (1.5) - -

Mid BA 5.0 (8.0) 5.0 (8.0) - -

AICA 3 3 - -

VB junction 16 6 26 †

Vertebral - - - -

BA = basilar artery; ACA = anterior cerebral artery; SCA = superior cerebellar artery; PCA= 
posterior cerebral artery; VB = vertebrobasilar

*Two-tailed tests (Wilcoxon-Mann-Whitney test)

†p-values were not calculated when less than 4 ruptured aneurysms per location
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relationship of active smoking and rupture was also consistent
towards an increased risk despite not reaching statistical sig-
nificance. We believe this might be due to a dilution of effect,
given the strength of association of aneurysm size and location
in our multivariable model. No other association was found
between demographic characteristics, and the risk of rupture
was found in this cohort. Our population showed a higher
prevalence of HTN and an overall older age compared with
the rest of the studies dedicated to MIA patients. These find-
ings may be explained by our study’s broader inclusion
criteria.

We found that increasing age is inversely related to the
risk of aneurysm rupture since patients with ruptured IAs
had a significantly lower median age compared with those
without rupture. Lu H-T. et al. reported a similar finding,
showing that patients between the age of 45 and 65 had a
higher incidence of rupture compared with those older than
65 in their MIA cohort [20]. A possible explanation might
be the slower flow rate found in atherosclerotic or calcified
walls of older patients [34].

We found no significant association between the number of
IAs and the risk of rupture. Previous studies have yielded
ambiguous evidence about this association; some have been
able to successfully establish this association [16], while

Table 3 Univariate analysis: odds ratio of an aneurysm rupture by location

Total Unruptured Ruptured OR (95% CI) *p value
n (%)

Anterior circulation 991 904 (91) 87 (9) 2.9 (1.6–5.1) < 0.001†
Posterior circulation 91 71 (78) 20 (22)

Paraophthalmic ICA 296 293 (99) 3 (1) 0.07 (0.0–0.2) < 0.001

AcomC 123 94 (76) 29 (24) 3.5 (2.1–5.7) < 0.001

M1 pre-bifurcation 114 109 (96) 5 (4) 0.4 (0.1–1.0) 0.037

Cavernous ICA 110 110 (100) 0 - -

M1 bifurcation 109 95 (87) 14 (13) 1.4 (0.7–2.6) 0.275

PCOM 109 84 (77) 25 (23) 3.3 (1.9–5.6) < 0.001

Terminus ICA 52 48 (92) 4 (8) 0.7 (0.2–2.1) 0.586

BA tip 40 31 (78) 9 (23) 2.8 (1.1–6.2) 0.006

Choroidal ICA 36 32 (89) 4 (11) 1.1 (0.3–3.3) 0.802

ACA 32 29 (91) 3 (9) 0.9 (0.2–3.1) 0.921

SCA 18 15 (83) 3 (17) 1.8 (0.3–6.7) 0.331

PCA 15 12 (80) 3 (20) 2.3 (0.4–8.8) 0.186

PICA 11 7 (64) 4 (36) 5.4 (1.1–21.5) 0.003

M2 10 10 (100) 0 - -

Mid BA 3 3 (100) 0 - -

AICA 2 2 (100) 0 - -

VB junction 2 1 (50) 1 (50) - -

Vertebral 0 0 0 - -

BA basilar artery, ACA anterior cerebral artery, SCA superior cerebellar artery, PCA posterior cerebral artery, VB vertebrobasilar

*Two-tailed tests (chi square test)

†Comparison between posterior and anterior circulation aneurysms

Table 4 Multivariable regression model* of patient and aneurysm
characteristics predicting aneurysm rupture for 425 patients

OR (95% CI) p value

Age 0.98 (0.96–0.99) 0.035

Female gender 1.63 (0.95–2.82) 0.076

Hypertension 0.95 (0.60–1.50) 0.83

Smoking history

Former 0.77 (0.42–1.42) 0.409

Current 1.23 (0.69–2.20) 0.467

Aneurysm size (≥ 5 mm) 4.40 (2.76–7.0) < 0.001

Aneurysm location

AcomC 2.62 (1.46–4.72) 0.001

PCOM 2.66 (1.45–4.87) 0.002

Paraophthalmic ICA 0.07 (0.02–0.24) < 0.001

M1 pre-bifurcation 0.52 (0.19–1.39) 0.197

M1 bifurcation 1.17 (0.58–2.34) 0.66

Age, female gender, and rupture status (outcome) were used as covariates
for the imputed model. A total of 20 imputations and 123 random-number
seeds were carried out

*Generalized estimating equations model
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others have failed [12]. However, the fact that these studies
were focused on patients with single unruptured IA further
decreases the generalizability of this information to our study.

The case-fatality rate is comparable with the mortality rate
reported in previous studies that focused exclusively on pa-
tients with MIA. While the UCAS study on unruptured IA
patients reported a higher case-fatality rate of 35% [5, 10,
20, 21, 24], this discrepancy could be explained by the age
of their population, since 53% of their cohort who suffered an
IA rupture were ≥ 70 years old, and only 23% of our ruptured
cases were ≥ 70 years old [13]

This study has potential limitations. Computed tomogra-
phy angiography was used as our reference imaging modality
instead of the gold-standard DSA. Nonetheless, CTA has
demonstrated high sensitivity and specificity for depicting
IAs compared with DSA, even for aneurysms as small as
3.0 mm [35]. The retrospective nature of our study and the
fact that it was performed in a large neurovascular referral
center may possibly lead to selection bias. Lastly, other known
factors that may affect aneurysm ruptures, such as aneurysm
irregularity, aspect ratio, or size ratio [22, 24], were not exam-
ined in our study.

Conclusions

Younger patients with IA in the AcomC and PCOM locations,
and larger than 5 mm were significantly associated with an-
eurysm rupture in patients with MIA. Identifying these fea-
tures could help identify those patients who might benefit
from early intervention.
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