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Abstract
Background Multiple intracranial aneurysms (MIAs) are as-
sociated with poorer outcomes after rupture than are single
intracranial aneurysms (SIAs). Although the risk factors for
intracranial aneurysm rupture have been widely investigated,
few studies have focused on MIAs. Thus, the present study
aimed to determine whether there are differences in the patient
and aneurysm characteristics between those with ruptured and
unruptured anterior circulation MIAs (AC-MIAs).
Method The present study included 97 patients with AC-
MIAs (58 ruptured, 39 unruptured). Data regarding patient
characteristics, aneurysm location, mirror aneurysms
(MirAns), and bleb formations were collected from medical
records and angiography images. Three-dimensional (3D) ge-
ometries generated with a 3D Slicer were evaluated to deter-
mine the range of morphological parameters. A univariate
analysis was conducted to identify significant differences be-
tween the groups and receiver-operating characteristic (ROC)
analyses were performed for each morphological parameter.
Results There are significantly fewer patients younger than
40 years of age in the ruptured group (P=0.04); although
the groups did not significantly differ with regard to smoking
and hypertension, the ruptured group included significantly
more current smokers who smoked more than 20 cigarettes
per day (P=0.025) and significantly more patients with a
history of hypertension but an irregular use of anti-
hypertensive medications (P=0.043). Ruptured AC-MIAs
were more likely to be located in the internal carotid artery

(ICA) communicating artery (ICA C7) and anterior commu-
nicating artery (AComA; P=0.000), to have formed a pair of
MirAns (P=0.001), and to have a bleb formation (P=0.000).
In terms of morphological parameters, the two groups differed
significantly regarding aneurysm size (P=0.000), neck width
(P=0.016), bottleneck factor (BNF; P=0.000), height/width
ratio (H/W; P=0.031), aspect ratio (AR; P=0.000) and size
ratio (SR; P= 0.000). Additionally, the ROC analyses re-
vealed that the optimal threshold size for rupture was
4.00 mm and that the SR had the highest area under the curve
(AUC) value (0.826).
Conclusions The present study found that current smokers
who smoked more than 20 cigarettes per day and those with
hypertension but an irregular use of anti-hypertensive medi-
cations were more likely to suffer from rupture. Aneurysm
location and bleb formation were closely related to the rupture
of AC-MIAs, and SR was a better predictor of AC-MIAs
rupture status than size, neck width, BNF, H/W and AR.
These findings should be verified by future prospective
follow-up studies of AC-MIAs.
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circulation . Patient characteristics . Aneurysm
characteristics .Morphological parameter

Introduction

Ruptured intracranial aneurysms (RIAs) are the primary cause
of a subarachnoid haemorrhage (SAH) and can result in sig-
nificant mortality and morbidity [32]. However, recent ad-
vancements in imaging techniques have improved the likeli-
hood that an unruptured intracranial aneurysm (UIA) will be
detected. Studies of UIAs reported that the annual rupture rate
per patient is 1.6 % and revealed a relatively high proportion
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of mortality associated with ruptured aneurysms and other
aneurysm-related factors [18, 21]. Of these patients, approxi-
mately 15–22 % are afflicted with unruptured multiple intra-
cranial aneurysms (MIAs) [9, 19, 29]; importantly, MIAs have
a poorer outcome than single intracranial aneurysms (SIAs)
following a rupture [17, 20].

Although a significant amount of research has been con-
ducted to determine the factors that can predict a rupture, few
studies have focused on the risk factors specific to MIAs, and
these remain unclear. As increasing evidence about the differ-
ences in the natural histories of MIAs and SIAs is made avail-
able, the assessment of the rupture risk of MIAs based on risk
factors reported by studies investigating SIAs seems question-
able [5, 8, 19, 20, 25]. Therefore, it is necessary to identify the
specific factors relevant to the prediction of the rupture of
MIAs.

The majority of MIAs are located in the anterior circulation
system (AC-MIAs) [3, 15]. Although relatively few MIAs
occur in the posterior circulation system, this type of aneu-
rysms is considered to be at a higher risk for rupture and is
associated with poorer outcomes; thus, the interventions for
unruptured posterior circulation aneurysms are quite aggres-
sive [30, 38]. In consideration of these factors, the present
study focused on AC-MIAs and aimed to identify and assess
the influence of patient-related and aneurysm-related variables
on the rupture of this specific type of aneurysm. This study
aimed to determine the relevant factors associated with AC-
MIAs so that these factors could be further analysed in future
prospective follow-up studies that can more accurately identi-
fy the independent risk factors associated with AC-MIAs
rupture.

Materials and methods

Patients

From July 2011 to July 2015, 113 consecutive patients were
diagnosed with MIAs using angiography scans at The First
Affiliated Hospital of Zhejiang University. Of these patients,
16 were excluded for the following reasons: incomplete med-
ical records or imaging data (n=8), the MIAs were accompa-
nied by cerebrovascular malformations (n=2), the angiogra-
phy images revealed an apparent cerebral vasospasm (n=3),
an indefinite rupture of one of the MIAs (n=1) and the MIAs
contained one or more posterior circulation aneurysms (n=2).
The remaining 97 patients with AC-MIAs were divided into
two groups: ruptured (58 patients with 58 ruptured aneu-
rysms) and unruptured (39 patients with 86 unruptured aneu-
rysms). In the ruptured group, the aneurysms were identified
based on the pattern of haemorrhaging on conventional com-
puted tomography (CT) scans and intraoperative findings,
such as the deposition of blood products and adhesions. In

the unruptured group, the intracranial aneurysms were identi-
fied by accident during physical examinations or cerebrovas-
cular imaging assessments for other diseases. No patients in
the unruptured group exhibited SAH in subsequent CT scans.
All patients in the present study underwent three-dimensional
digital subtraction angiography (3D-DSA) or CTangiography
(CTA) tests to identify the AC-MIAs. The basic characteristics
of the patients in both groups are presented in Table 1.

Reconstruction of the 3D models

All patients in the present study underwent CTA using a GE
Light Speed VCT system (General Electric Company,
Fairfield, CT, USA) with a slice thickness of 0.75 mm and
increments of 0.5 mm. The CTA images were used to generate
composite 3D models of the aneurysm and the surrounding
vasculature using a 3D Slicer, which is open-source
multiplatform visualisation and image analysis software de-
veloped by the Surgical Planning Laboratory at the Brigham
and Women’s Hospital (Fig. 1). The 3D model of the aneu-
rysms and parent vessels can be tumbled freely in the Slicer

Table 1 The basic characteristics of 97 patients in ruptured and
unruptured groups

Ruptured group Unruptured group

No. of patients 58 39

Mean ± SD age, years 58.5 ± 8.9 56.9 ± 11.9

Initiating event on admission (%)

SAH 58 (100.0) 0 (0.0)

Dizziness 0 (0.0) 14 (35.9)

Chronic headache 0 (0.0) 10 (25.6)

Oculomotor paralysis 6 (10.3) 4 (10.2)

Basal ganglion haemorrhage 0 (0.0) 3 (7.7)

Brain trauma 0 (0.0) 2 (5.1)

Pituitary adenoma 0 (0.0) 2 (5.1)

Meningioma 0 (0.0) 1 (2.6)

Nerve deafness 0 (0.0) 1 (2.6)

Physical examination 0 (0.0) 2 (5.1)

No. of aneurysms (%)

2 44 (75.9) 31 (79.5)

3 11 (19.0) 7 (17.9)

4 2 (3.4) 1 (2.6)

6 1 (1.7) 0 (0.0)

Treatment (%)

Surgery 22 (37.9) 12 (30.8)

Intervention 21 (36.2) 11 (28.2)

Surgery & intervention 8 (13.8) 1 (2.6)

Conservative treatment 7 (12.1) 0 (0.0)

Follow up 0 (0.0) 15 (38.5)

SAH subarachnoid haemorrhage
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environment, and measurements can be performed in a 3D
space using fiducial-based tractography. Two observers who
were blind to the clinical information of the patients, including
the rupture status of the aneurysms, performed the measure-
ments and calculations. The average values were used for all
subsequent statistical analyses.

Definition of factors

The patient-related factors included age, sex, family history,
smoking, hypertension, diabetes mellitus (DM) and cardio-
cerebral vascular incidents (CCVI). A family history of intra-
cranial aneurysms was defined as a verified ruptured aneu-
rysm in first-degree relatives. Smoking was categorised as
follows: never a smoker; a former regular smoker (quit >1 year
before admission); a current smoker, with 20 cigarettes per
day as a cut-off point. Hypertension and DM were diagnosed
according to the diagnostic criteria of the World Health
Organisation (WHO), and patients were considered to exhibit
the irregular use of medication if they used anti-hypertensive
drugs or hypoglycaemic drugs or insulin but did not follow a
doctor’s prescription. CCVI was coded when there was a med-
ical history of acute coronary syndrome, transient ischaemic
attack or stroke.

The aneurysm-related factors included aneurysm location,
mirror aneurysms (MirAns), bleb formations and morpholog-
ical parameters. The locations of the aneurysms were classi-
fied as follows (segments of the ICA according to Bouthillier):
(1) ICA cavernous and clinoid (ICA C4-5), (2) ICA ophthal-
mic (ICA C6), (3) ICA communicating (ICA C7), (4) anterior
cerebral artery (ACA), (5) middle cerebral artery (MCA), (6)
anterior communicating artery (AComA). MirAns were de-
fined as MIAs with pure symmetrical intracranial aneurysms;
any MIAs with MirAns or other asymmetrical aneurysms
were excluded. A bleb formation was defined as the formation
of one or more additional balloons connecting with the aneu-
rysm sac.

The morphological parameters that were measured and cal-
culated for each aneurysm included aneurysm size, aneurysm
height, maximum height (Hmax), aneurysm width, aneurysm

neck width, bottleneck factor (BNF), height/width ratio
(H/W), aspect ratio (AR) and size ratio (SR). The aneurysm
neck plane was defined, to the best of our ability, from the
location where the aneurysmal sac pouched outward from the
parent vessel; size was defined as maximum diameter of an
aneurysm, and height was defined as the maximum perpen-
dicular distance of the dome from the neck plane. Hmax was
defined as the maximum (not necessarily perpendicular) dis-
tance of the dome from the centre of the neck plane, and width
was defined as the maximum diameter perpendicular to
height. Neck width was defined as the width of the aneurysm
in the neck plane, and the average diameter of the parent artery
(Dv) was defined as the average value of the vessel diameter at
the proximal neck (Di) and at 1.5 × Di upstream, where i was
equal to 1 or 3 according to the type of aneurysm. Aneurysms
were divided into two types: sidewall (SW) and bifurcation
(Bif). SW aneurysms were defined as saccular aneurysms
originating from only one parent vessel or from the origin of
a small branch whose calibre was less than one-fifth of the
parent vessel, whereas Bif aneurysms were defined as saccular
aneurysms located at major bifurcations in the cerebral vessel
[39]. Finally, BNF = width/neck width, H/W = height/width,
AR = height/neck width, and SR = Hmax/Dv (Fig. 2). Of
these parameters, size, neck width, BNF, H/W, AR and SR
were evaluated in the present study.

Statistical analysis

All statistical was analyses were conducted with SPSS version
17.0 (SPSS, Chicago, IL, USA). Categorical variables were
compared with two-tailed Fisher’s exact tests, Yates’s correc-
tion for continuity, chi-squared (χ2) tests or Pearson’s χ2 tests.
For the morphological parameters, all outliers were identified
using box-and-whisker plots. Next, a Kolmogorov–Smirnov
test for departure from a normal distribution was performed on
each parameter, excluding the outlying data, and two-tailed
independent Student’s t-tests were performed for each
parameter.

Receiver-operating characteristic (ROC) analyses were al-
so performed for all morphological parameters (excluding the

Fig. 1 CTA and 3D models of a pair of MCAs in a patient with AC-MIAs. Axial (a and e), sagittal (b and f) and coronal (c and g) CT images of the
aneurysms. d and h Corresponding 3D reconstructed Slicer images

Acta Neurochir (2016) 158:1367–1375 1369



outliers), and area under the curve (AUC) values were calcu-
lated and compared. Thresholds for optimal sensitivity and
specificity were calculated for the parameters that were found
to be significant.

Results

Patient-related factors

Both the ruptured and unruptured groups were predominantly
composed of females (72.4 and 76.9 %, respectively), and
only a few patients in each group had a family history of
ruptured aneurysms. The total study population (n=97) was
divided into three categories according to age (<40, 40–65,
and >65 years), and patients younger than 40 years of age had
lower incidence of SAH resulting from the rupture of AC-
MIAs (P=0.04). Patients aged 40–65 years had a higher in-
cidence of AC-MIAs than those aged <40 and >65 years. The
ruptured and unruptured groups included 15 (25.9%) and nine
(23.1 %) smokers; compared with the comparable subgroup in
the unruptured group, significantly more patients in the rup-
tured group who were current smokers smoked 20 cigarettes
or more per day (11 [19.0 %] vs 2 [5.1 %], respectively;
P=0.025). Almost all smokers were male, and only 12.5 %
of males in the ruptured group and 11.1 % of males in the
unruptured group did not have any smoking experience. The
incidences of hypertension in the ruptured and unruptured
groups were similar (51.7 vs 56.4 %), but the number of pa-
tients who exhibited the irregular use of anti-hypertensive
medications was higher in the unruptured group than in the
ruptured group (17 [29.3 %] vs 5 [12.8 %], respectively;

P=0.043). Few patients in either group had a medical history
of DM or CCVI (Table 2).

Locations, MirAns and bleb formations

The patients in the present study had a total of 144 aneurysms
that were divided into six groups according to location: ICA
C4-5, ICA C6, ICA C7, ACA, MCA and AComA. The most
common aneurysm locations were ICA C7 (36.8 %) and
MCA (18.1 %). Compared with aneurysms on ICA C4-5,
those on ICA C7 and AComA were more likely to rupture
(P=0.000). There were 30 pairs of MirAns in the two groups,
including 18 pairs of posterior communicating artery
(PComA) aneurysms, six pairs of MCA aneurysms, four pairs
of ICA C6 aneurysms and two pairs of anterior choroidal
artery aneurysms. Of these, two-thirds of the MirAns were
ruptured, and these aneurysms had a significantly higher prob-
ability of rupturing than did non-mirror aneurysms (non-
MirAns; P=0.001). Bleb formations were more common in
the ruptured group than in the unruptured group (60 vs 7.0 %,
P=0.000; Table 3).

Morphological parameters

The mean and standard deviation (SD) for each parameter
(excluding the outliers) is presented in Table 4. Student’s t-
tests revealed that all six of the parameters differed significant-
ly between the ruptured and unruptured groups: size
(P=0.000), neck width (P=0.016), BNF (P=0.000), H/W
(P=0.031), AR (P=0.000), and SR (P=0.000). The ROC
analyses (Fig. 3) revealed that the optimal thresholds for an-
eurysm ruptures and SR had the highest AUC value (0.826);

Fig. 2 Definitions of the morphological parameters. Left: Parameters
measured in the 3D models, including size, height, maximum height
(Hmax), width, neck width and parent vessel diameter (Dv). Right:
Calculation of the Dv in bifurcation aneurysms; Dvi = (Dia + Dib)/2,

where Dia represents the vessel diameter at the neck or branching point
and Dib represents the vessel diameter 1.5 × Dia away from Dia (i = 1, 2,
3); Dv = (Dv1 + Dv2 + Dv3)/3
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the AUC value and optimal threshold for each parameter are
presented in Table 4.

Discussion

The present study investigated whether there were differences
between patients with ruptured AC-MIAs and patients with
unruptured AC-MIAs in terms of seven patient-related factors
and nine aneurysm-related factors. To the best of our

knowledge, only two studies have previously evaluated the
impact of patient-related factors and aneurysm-related factors
on the rupture of MIAs [3, 23]. However, these studies fo-
cused on standard variables, such as gender, age, size and
location, without considering other promising or novel fac-
tors. Therefore, the present study evaluated the standard var-
iables as well as additional factors using more comprehensive
assessments.

Patient-related factors

It has previously been shown that females are at a higher risk
of rupture than are males [34, 37]. Similar to two previous
studies that investigatedMIAs [3, 23], the present study found
that females have higher incidences of MIAs and SAH.
However, there was no difference between males and females
in the rate at which MIAs ruptured. Nonetheless, future large
prospective studies are needed to identify the impact of gender
on the likelihood that an MIAwill rupture.

Age has a positive linear correlation with the incidence of
SAH [12], but not with that of MIAs. Lu [23] found that the
incidence of ruptured MIAs was significantly higher in pa-
tients between 45 and 65 years of age and that this rate de-
creased in patients older than 65 years of age. In the present
study, subjects younger than 40 years of age had a significant-
ly lower incidence of ruptured MIAs, but this rate was not
significantly different in the patients older than 40.
Regarding MIAs, elderly patients are not typically studied
because this population has a relatively negative attitude

Table 2 Patient-related factors in
97 patients with AC-MIAs Ruptured group (%) Unruptured group (%)

No. of patients 58 39

Female 42 (72.4) 30 (76.9)

Familiar history 3 (5.2) 1 (2.6)

Age

<40 0 (0.0) 4 (10.3)

40–65 44 (75.9) 28 (71.8)

>65 14 (24.1) 7 (17.9)

Smoke

Never smoked 43 (74.1) 30 (76.9)

Former smoker 4 (6.9) 3 (7.7)

Current smoker

<20 cigarettes/day 0 (0.0) 4 (10.3)

≥20 cigarettes/day 11 (19.0) 2 (5.1)

Male smoker (% of males) 14 (87.5) 8 (88.9)

Hypertension 30 (51.7) 22 (56.4)

Irregularly taking medicine 17 (29.3) 5 (12.8)

DM 2 (3.4) 5 (12.8)

CCVI 3 (5.2) 5 (12.8)

DM diabetes mellitus, CCVI cardio-cerebral vascular incident

Table 3 Locations, MirAns and bleb formations in 144 intracranial
aneurysms

Ruptured group (%) Unruptured group (%)

No. of aneurysms 58 86

Location

ICA C4-5 2 (3.4) 20 (23.3)

ICA C6 2 (3.4) 15 (17.4)

ICA C7 30 (51.7) 23 (26.7)

ACA 0 (0) 5 (5.8)

MCA 12 (20.7) 14 (16.3)

AComA 12 (20.7) 9 (10.5)

MirAns 20 (34.5) 10 (11.6)

Bleb formations 36 (62.1) 7 (8.1)

ICA C4-5 internal carotid artery cavernous and clinoid, ICA C6 internal
carotid artery ophthalmic, ICA C7 internal carotid artery communicating,
ACA anterior carotid artery, MCA middle carotid artery, AComA anterior
communicating artery, MirAns mirror aneurysms
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towards invasive examinations that involve imaging tech-
niques [17]. As a result, elderly individuals may have a higher
proportion of unruptured MIAs. Taken together, these find-
ings indicate that elderly patients with unruptured MIAs
may be less likely to suffer from a rupture during their life-
time. In our research, though patients younger than 40 years of
age have been found with lower incidence of ruptured AC-
MIAs, the accuracy of the result may be influenced by the
selection bias of age. Because presentation for ruptured
MIAs is typically with a mean age of 55–60 [16], while the
appearance of unruptured MIAs depends on the reason of
screening. Further prospective research is needed to investi-
gate this relationship.

Several studies have found that smoking is strongly cor-
related with ruptured aneurysms [4, 28, 36]. In the present
study, smoking was not found to be related to the rupture of
AC-MIAs. However, the inhalation of second-hand smoke
by females without a personal smoking history may have

led to inaccurate information that affects the reliability of
this conclusion. Additionally, current smokers who
smoked more than 20 cigarettes per day had higher inci-
dence of ruptured AC-MIAs. Likewise, Craig et al. [1] also
found a direct dose–response relationship between
smoking and SAH. Recent research by Ho et al. [15]
showed that the aneurysms in smoking patient population
were more likely to possess several aspects of aneurysm
morphology which were considered as independent risk
factors of rupture, such as larger daughter vessel diameters
and larger size ratio. It is possible that heavy smokers may
be more susceptible to an undesirable change in the mor-
phology of an existing aneurysm due to a weakening of the
aneurysm and artery wall.

Hypertensionmay also impact the formation of aneurysms,
but this relationship remains controversial. Several studies
have investigated erratic blood pressure levels and found that
unstable blood pressure rather than high blood pressure was a
risk factor for aneurysm rupture [11, 13, 33]. In the present
study, there were no significant differences in the incidence of
hypertension in the ruptured and unruptured groups. On the
other hand, patients in the ruptured group with a history of
hypertension were more likely to take anti-hypertensive med-
ications irregularly, and this can increase fluctuations in blood
pressure. Thus, there may be support for the relationship be-
tween erratic blood pressure levels and the rupture of AC-
MIAs.

Locations, MirAns, and bleb formations

Aneurysm location is a significant independent predictor
of SAH, and it is generally acknowledged that the rupture
rates for aneurysms in the AComA and PComA are higher
than those for other locations in the anterior circulation
system [3, 10, 20, 23]. The present study came to the same
conclusions.

MirAns are a special subset of MIAs. Casimiro et al.
[6] compared the risk factors for MirAns and non-MirAns
and determined that there was no association between
MirAns and smoking or hypertension that might indicate

Table 4 Results from statistical analyses for all morphological parameters

Morphological parameters Ruptured group mean Unruptured group mean P value AUC Optimal thresholds

Size 6.38 ± 3.02 (mm) 3.44± 1.56 (mm) 0.000a 0.800 4.00

Neck width 3.78 ± 1.26 (mm) 3.28± 1.01 (mm) 0.016a 0.606 3.32

BNF 1.35 ± 0.43 1.04± 0.35 0.000a 0.727 1.09

H/W 1.05 ± 0.34 0.93± 0.27 0.031a 0.635 0.93

AR 1.55 ± 0.45 1.07± 0.47 0.000a 0.781 1.23

SR 2.39 ± 1.10 1.20± 0.67 0.000a 0.826 1.47

AUC area under curve, BNF bottleneck factor, H/W height/width ratio, AR aspect ratio, SR size ratio
a Statistically significant

Fig. 3 Receiver-operating characteristic curves for all morphological
parameters
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congenital predispositions in these patients. Nonetheless,
the MirAns do not seem to be a factor that is significantly
associated with the risk of rupture [24]. In contrast, the
present study found that MirAns had a higher risk of
rupture than non-MirAns. Additionally, the MirAns of
72 % (18/25) of the patients with MirAns were located
in the PComA, which is similar to the findings of Li et al.
[22] in a Chinese population. Thus, the high incidence
and relatively high rupture risk of aneurysms in the
PComA may be explained by the correlation between
MirAns and the rupture of AC-MIAs. In other words,
the close relationship between PComA aneurysms and a
high risk of rupture may lead to a positive result for
MirAns.

The association between aneurysm irregularity and rupture
risk has beenwidely investigated over the last several decades.
A bleb formation is the most common parameter that reflects
aneurysm irregularity, and a number of clinical studies have
indicated that aneurysms with one or more blebs are more
likely to rupture in the future [7, 26, 27]. The present study
produced similar findings regarding AC-MIAs. Cebral et al.
[7] investigated associations between local haemodynamics
and the formation of blebs in intracranial aneurysms and
found that blebs typically form at or adjacent to impingement
regions with high levels of wall shear stress (WSS). The for-
mation of blebs can also lead to lower levels of WSS and a
higher oscillatory shear index (OSI), which may contribute to
the rupture process [39].

Morphological parameters

Many researchers have underscored the importance of aneu-
rysm size with respect to the likelihood of a rupture and sug-
gested that these factors have a linear relationship [14, 35].
The specific threshold at which an aneurysm is most likely to
rupture has also been investigated but only a wide range
(4 mm to >10 mm) has been determined [14]. In the present
study, the critical size for the rupture of an AC-MIA was
4.0 mm, which may indicate that a rupture of this type of
aneurysm can occur at a smaller size compared with SIAs.

Additional morphological parameters, such as BNF, H/W,
AR, and SR, have been developed and can more accurately
predict the rupture status of intracranial aneurysms. In contrast
to 3D parameters, such as the undulation index (UI) or ellip-
ticity index (EI), the aforementioned two-dimensional (2D)
parameters can be easily and quickly acquired without the
use of sophisticated software programs or skilled profes-
sionals. Of these 2D parameters, SR is a unique index that
reflects the geometry of the aneurysm and the local vessels.
This variable accounts for aneurysm size as well as the calibre
of the local vessel and incorporates both into a quantifiable
parameter that indirectly accounts for the effects of intracrani-
al aneurysm location on the likelihood of rupture. Previous

studies have suggested that SR is associated with the rupture
of MIAs [16, 22], and, likewise, SR had the highest AUC
value of the morphological parameters in the present study.
As an individual variable, SR tended to more accurately pre-
dict the rupture status of AC-MIAs than did the other
parameters.

Limitations

There are several limitations to the present study that should
be noted. This was a retrospective study with a comparatively
small patient population; as a result, some of the numbers for
the patient-related factors are also small and may not accurate-
ly reflect independent risk factors. However, because no cur-
rent measures can assess the correlations between patient-
related factors (except for age and gender) and the rupture of
MIAs, the novel findings of the present study may aid in the
determination of these correlations by future studies. It is also
possible that the data concerning the ruptured aneurysms in
the present study may have been affected by the presence of
vasospasms and ruptures. To reduce the impact of this limita-
tion, all CTAs were performed within 24 h of the rupture, and
patients with apparent cerebral vasospasms were excluded
from the analyses. Although vasospasms likely did not have
a significant effect on the present data, the possibility of a
change in aneurysm shape during rupture could not be
completely excluded. Thus, the morphological parameters
may only reflect the shape of post-ruptured aneurysms.
However, previous studies have reported that the size and
shape of aneurysms are not greatly affected by rupture [2,
31], and the use of a 3D Slicer in the present study increases
the degree of accuracy of the parameter measurements.

Conclusions

The present study examined seven patient-related factors, nine
aneurysm-related factors and their relationships with rupture
status in patients with AC-MIAs. Current smokers who
smoked more than 20 cigarettes per day and patients with a
history of hypertension but irregular anti-hypertensive medi-
cation use were more likely to suffer from a rupture.
Aneurysm location and bleb formation were also shown to
have strong relationships with the rupture of AC-MIAs.
Additionally, the SR morphological parameter more accurate-
ly predicted the rupture status of AC-MIAs than did size, neck
width, BNF, H/W and AR. Future prospective studies should
be conducted to verify these conclusions.
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