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Background: The progression of an unruptured intracranial aneurysm (UIA) is associated with a higher
rupture risk. The aim of this study was to identify the risk factors for the progression of UIAs among
Chinese adults and compare them with the ELAPSS (Earlier subarachnoid hemorrhage, IA Location, Age,
Population, IA Size and Shape) score.

Methods: Four hundred thirty-eight consecutive patients with 491 UIAs were followed and reviewed
retrospectively from August 2011 to November 2019. Follow-up images of the UIAs were used to determine
changes in IA size and shape. Patients and IAs were divided into non-progression and progression groups.
In addition to the clinical characteristics of the patients, the features of the IAs (e.g., size and shape) were
evaluated by computed tomography angiography (CTA) or magnetic resonance angiography (MRA).
Independent risk factors for UIA progression were studied using multiple Cox proportional hazards
regression analysis. In addition, the diagnostic value of the ELAPSS score for the prediction of UIA
progression was calculated.

Results: Seventy-two IAs in 68 patients progressed during a mean follow-up time of 24.2+19.68 months.
TAs located at the bifurcation [odds ratio (OR) 2.600], with an irregular shape (OR 2.981) or having a high
aspect ratio (AR, OR 2.430) were correlated with progression. Based on these three factors, the threshold
value of our predictive score was 0.5, and the area under the curve (AUC), sensitivity and specificity were
0.756, 93.1% and 40.6%, respectively, while the AUC, sensitivity and specificity of the ELAPSS score were
0.711, 55.6%, and 75.2%, respectively.

Conclusions: TAs located at the bifurcation, with an irregular shape and with an elevated AR are risk
factors for UIA progression in the Chinese population. Our predictive score is of great value in predicting
the risk of UIA progression.
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Introduction

The number of incidental unruptured intracranial aneurysm
(UIA) diagnoses has increased due to the increased use of
noninvasive vascular neuroimaging. Although the rupture
risk of UIAs is very low; when an IA ruptures, the mortality
and morbidity rates are still high (1). Furthermore,
prophylactic treatment of all UIAs is not practical and is
also associated with risks of complications. Hence, many
UIAs are left untreated and are followed via computed
tomography angiography (CTA) or magnetic resonance
angiography (MRA) (1-6).

The progression of a UIA has been defined as unstable (7)
and is associated with a higher rupture risk (1-6). Thus,
determining the risk factors for UIA progression would be
of substantial clinical value. Many previous studies have
investigated the risk factors for IA progression (2,4,6,8-20).
However, the results are not consistent. Juvela et al.
indicated that women and cigarette smokers are at increased
risk for IA progression (10); however, So et 4. showed that
IA progression was not positively correlated with female
sex or cigarette smoking but was significantly associated
with a history of excessive alcohol consumption (12). Backes
et al. found that the PHASES [population, hypertension,
age, size, earlier subarachnoid hemorrhage (SAH), site] and
ELAPSS (earlier SAH, location, age >60 years, population,
size, shape) scores were associated with IA progression
(15,16). However, the PHASES score is a model that
provides the absolute risk of rupture for IAs, which is not
very suitable for the prediction of IA growth (17). Recently,
two studies confirmed the validation of the ELAPSS score
for the prediction of UIA progression (18,20). However, it
is not clear whether this score has predictive value for UIAs
in the Chinese population. Hence, we sought to determine
what risk factors are related to progression in UIAs and to
identify whether the ELAPSS score is able to predict IA
progression in the Chinese population.

Methods
Patients

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This retrospective study
was approved by our institutional ethics committee, and the
requirement for informed consent was waived. From August
2011 through November 2019, 438 consecutive patients
with UIAs were followed-up and reviewed. The reasons for
patients not undergoing treatment included the following:
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(I) patients refused; (II) patients had other serious diseases;
and (III) patients had small IAs (<5 mm). The exclusion
criteria included the following: (I) mycotic, traumatic or
fusiform IAs or associated arteriovenous malformations or
poor image quality; (II) loss to follow-up; (III) IAs treated
before the next examination; and (IV) for nonprogressive
TAs, an interval time between the first and last image scans
less than 3 months. The follow-up endpoints were as
follows: (I) failure to return for a follow-up visit (e.g., died)
or refusal of further follow-up; (II) IAs were treated; (IIT) IA
progression (grew or ruptured) or (IV) December 2020. For
UlAs, follow-up images of the IAs were used to determine
whether the IA grew. For ruptured IAs, the IA was assessed
by the information at the last outpatient department visit
or by a telephone survey. The follow-up periods were
calculated from the date of the first images until the last day
of the follow-up and expressed using the IA-month method.

Patients’ electronic medical records were reviewed by
one of the assessors, and the patients’ clinical data including
sex and age were collected. In addition, the following factors
were recorded as either present or absent: hypertension,
heart disease, diabetes mellitus, cerebral atherosclerosis,
current alcohol consumption, current smoking, multiple IAs

and history of SAH from other IAs.

Image analysis

CTA was performed on a 64-slice LightSpeed VCT
machine (GE Healthcare, Milwaukee, WI, USA), and MRA
was conducted on a 3.0-T clinical MRI system (Signa, GE
Medical System, Milwaukee, WI, USA). The images were
transferred to the GE Advantix workstation (Advantage
Windows 4.5) to generate 3D volume renderings (VRs)
and maximum intensity projections (MIPs). Two observers
(one with 8-year experience in vascular imaging and the
other with 18 years of experience in neuroradiology)
analyzed the images independently. The IA location was
divided into 5 categories according to the ELAPSS score:
internal carotid artery (ICA), middle cerebral artery
(MCA), anterior cerebral arteries (ACA, including the
anterior cerebral artery and pericallosal artery), anterior
communicating artery (ACoM), posterior communicating
artery (PCoA), and posterior circulation arteries (PCA,
including the vertebral artery, basilar artery, cerebellar
arteries, and posterior cerebral artery). The IA shape (simple
or irregular: an IA with a lobular or daughter sac was
defined as having an irregular shape), the IA origin (sidewall

or bifurcation), the IA size (maximum size, neck width,
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Figure 1 An 84-year-old woman had a history of hypertension and cerebral atherosclerosis. 3D volume rendering (VR) (A) and maximum

intensity projection (MIP) (B) by computed tomography angiography (CTA) show that a right posterior communicating artery aneurysm

with an irregular shape and a maximum size of 5.8 mm was found incidentally (arrow). The IA did not change after 23.6 months of follow-

up. However, 35.2 months later, the IA was enlarged and had a more irregular shape on repeated 3D VR (C) and MIP (D). The white arrow

shows enlargement of the aneurysm, and the red arrow shows a daughter sac.

depth, and width), the flow angle (FA), and the parent
vessel diameter (PD) were recorded. Furthermore, four
secondary geometric indices the aspect ratio (AR, depth/
neck width), size ratio (SR, depth/parent vessel diameter),
depth width ratio (DW, depth/width) and bottleneck factor
(BEF, width/neck width), were calculated. These variables
have been identified and described in our previous studies
(21,22). The continuous data were calculated as average
values, while any discrepancies in categorical data were re-
evaluated by a third reader (who had 25 years of experience
in neuroradiology) for subsequent statistical analyses.
Subsequently, these IAs were classified as nonprogressive or
progressive IAs. Progressive IA was defined as IA ruptured
or follow-up images that revealed a change in shape (such as
the formation of blebs and lobes) or if there was an increase
in the maximum size to >1 mm (Figure I).
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ELAPSS score

Backes et al. (15) introduced that the ELAPSS score for the
prediction of IA progression. The ELAPSS score was also
calculated for each IA in this study.

Statistical analysis

Statistics were performed with SPSS 17.0 (SPSS Inc.,
Chicago, lllinois, USA), and a P value <0.05 was regarded as
statistically significant. Categorical data and continuous data
are presented as the n (%) and mean + standard deviation
(SD), respectively. Categorical data and continuous data
were compared using Fisher’s exact tests and Mann-
Whitney U tests, respectively. The features (P<0.2) in the
univariate analysis were entered into a Cox proportional
hazards regression model to calculate the independent risk
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Table 1 The clinical characteristics of patients with aneurysms
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Clinical data Non-progression (n=370) Progression (n=68) P
Male 136 (36.8%) 26 (38.2%) 0.891
Age (years) 58.48+11.11 60.44x11.27 0.183
<60 years 201 (54.3%) 30 (44.1%) 0.146
>60 years 169 (45.7%) 38 (565.9%)
Hypertension 150 (40.5%) 26 (38.2%) 0.788
Heart disease 32 (8.6%) 4 (5.9%) 0.631
Diabetes mellitus 40 (10.8%) 4 (5.9%) 0.275
Cerebral atherosclerosis 120 (32.4%) 28 (41.2%) 0.166
Current alcohol 65 (17.6%) 11 (16.2%) 0.863
Current smoking 59 (15.9%) 15 (22.1%) 0.220
Multiple aneurysms 39 (10.5%) 10 (14.7%) 0.301
History of SAH 6 (1.6%) 1(1.5%) 1.000

SAH, subarachnoid hemorrhage.

factors associated with the progression of IAs. The factors
that have collinearity did not enter into the regression
analysis at the same time. Receiver operating characteristic
(ROC) curve analysis was performed to determine the
cutoff value at which the value of (sensitivity + specificity
— 1) reached its maximum. The diagnostic accuracy of the
risk factor score and the ELAPSS score was compared using
ROC curve analysis.

Results

The clinical characteristics of the patients with IAs are
listed in Table 1. A total of 438 patients with 491 UIAs were
enrolled during the follow-up period of 25.4+20.32 months
(range, 0.2-102.4 months). Interobserver agreement for
the IA progression categorization was excellent (k=0.890).
IA progression was observed in 68 patients (15.5%, 26
men and 42 women). The mean age was 58.86 years for all
patients: 58.67 years for males and 58.97 years for females.
The two groups had no differences in terms of patients’
clinical factors.

Table 2 summarizes the morphological characteristics of
the IAs. IA progression occurred in 72 of 491 IAs (14.7%).
Most IAs were located in the ICA, originated from the
sidewall and had a regular shape. The mean size of all TAs
was 4.7£2.27 mm (range, 1.6-28.9 mm). IAs located in the
ACoA, PCoA and ICA; located at the bifurcation; or having
an irregular shape, neck width, depth, width, maximum size,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

FA, PD, AR, SR and BF were associated with progression
risk. Forty-eight IAs had grown in size, 16 IAs had grown
in size and changed in shape, 1 IA had changed in shape,
and 7 IAs ruptured. Four patients with ruptured IAs
were followed-up by telephone, and images could not
be obtained. One IA had grown in size and changed in
shape before rupturing, one IA had grown in size before
rupturing, and another ruptured IA did not change in size
or shape.

All of the variables described above (P<0.2) were entered
into a Cox proportional hazards regression model. IAs
located at the bifurcation, with an irregular shape and with
a high AR, tended to progress (1able 3). The cutoff value of
the AR for IA progression was 0.83.

According to the B values of location at the bifurcation,
irregular shape and high AR variables, a predictive scoring
model for IA progression risk was established. For patients
with an IA located at the bifurcation (=0.955), with an
irregular shape (f=1.092), and with an AR >0.83 ($=0.888),
the score =1; otherwise, the score =0. Then, a predictive
score ranging from 0 to 3 points was calculated. The
ELAPSS score was applied and different risk classifications
for IAs were calculated, as shown in Tuble 4 (15). The
diagnostic accuracy of the area under the curve (AUC) for
our predictive score and the ELAPSS score was 0.756 and
0.711, respectively (Figure 2). The optimal cutoff values of
our predictive score and that of the ELAPSS score were
0.5 and 11.5, respectively; the sensitivity and specificity for
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Table 2 The morphological characteristics of aneurysms

Morphologic parameters Non-progression (n=419) Progression (n=72) P
Location
ACoA 38 (9.1%) 13 (18.1%) 0.034
ACA 17 (4.1%) 2 (2.8%) 1.000
MCA 41 (9.8%) 13 (18.1%) 0.063
PCOA 25 (6.0%) 10 (13.9%) 0.024
ICA 282 (67.3%) 32 (44.4%) <0.001
PCA 16 (3.8%) 2(2.8%) 1.000
Bifurcation 88 (21.0%) 39 (54.2%) <0.001
Irregular shape 28 (6.3%) 26 (30.0%) <0.001
Maximum size (mm) 4.44+1.58 6.25+4.25 0.001
<3.0 mm 47 (11.2%) 3 (4.2%) 0.089
3.0-4.9 mm 257 (61.3%) 27 (37.5%) <0.001
5.0-6.9 mm 83 (19.8%) 26 (36.1%) 0.003
7.0-9.9 mm 26 (6.2%) 11 (15.3%) 0.013
>10.0 mm 6 (1.4%) 5 (6.9%) 0.013
Depth (mm) 3.35+1.42 4.98+3.72 <0.001
Width (mm) 3.56+1.47 5.34+4.36 0.001
Neck width (mm) 3.90+1.21 4.57+1.75 0.002
PD (mm) 3.63+0.87 3.35+0.76 0.012
AR 0.87+0.27 1.07+0.46 <0.001
SR 1.28+0.53 1.88+1.05 <0.001
BF 0.91+0.24 1.12+0.47 <0.001
DW 0.96+0.22 0.98+0.29 0.583
Flow angle (°) 96.26+25.82 110.68+29.45 <0.001
Follow-up time (months) 32.01+22.60 24.2+19.68 -

ACOA, anterior communicating artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; PCoA, posterior communicating artery;
ICA, internal carotid artery; PCA, posterior cerebral circulation; PD, parent vessel diameter; AR, aspect ratio; SR, size ratio; BF, width/neck
width; DW, depth width ratio.

Table 3 Cox proportional hazards regression analysis for aneurysms progression

Variable Odds ratio P 95% Cl B

Bifurcation 2.600 <0.001 1.607-4.207 0.955
Irregular shape 2.981 <0.001 1.753-5.068 1.092
Aspect ratio 2.430 0.001 1.438-4.104 0.888

Cl, confidence intervals; B, partial regression coefficient.
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Table 4 Application of ELAPSS score in this study
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ELAPSS score No. of IAs (n=491) No. of IAs growing Mean + SD
<5 43 (8.8%) 2 (4.7%) 9+5.85
5-9 252 (51.3%) 24 (9.5%)

10-14 108 (22.0%) 14 (13.0%)

15-19 53 (10.8%) 15 (28.3%)

20-24 22 (4.5%) 9 (40.9%)

>25 13 (2.6%) 8 (61.5%)

ELAPSS, Earlier subarachnoid hemorrhage, IA Location, Age, Population, |A Size and Shape.

Sensitivity

23 —O— ELAPSS Score
—O— Our Score

0 0|.2 O.|4 Ofﬁ O|.8 1|
1-Specificity

Figure 2 ROC curve showing the diagnostic accuracy of our

predictive score and the ELAPSS score for the prediction of

intracranial aneurysm progression. ROC, receiver operating

characteristic; ELAPSS, Earlier subarachnoid hemorrhage, IA

Location, Age, Population, IA Size and Shape.

the detection of progressive IAs were 93.1% and 40.6%
for our predictive score and 55.6% and 75.2% for the
ELAPSS score. The incidence of IA progression based
on our predictive score in the low-risk group (score =0)
and the high-risk group (score >1) were 2.9% and 21.2%,
respectively, and those based on the ELAPSS score (score
<12 or >12) were 9.2% and 27.8%, respectively (1able 5).

Discussion

UIAs with evidence of growth are considered to have an
increased risk of rupture. In this study, we found that IAs
located at the bifurcation, with an irregular shape and
having a high AR, tended to progress. According to our
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Table 5 Incidence of aneurysm progression based on our predictive
score and the ELAPSS score

Score T(()r;c)al IAs pro(g;ession Risk I;ggf:;?o(:
Our score
0 175 5 Low 2.9%
1 224 33 High 21.2%
2 72 19
3 20 15
ELAPSS score
0-11 347 32 Low 9.2%
12-14 56 8 High 27.8%
15-19 53 15
>20 35 17

predictive score established by these three factors, the
AUC value was 0.756, which was slightly higher than the
ELAPSS score (0.711).

According to past reports, IA progression rates vary
widely. Inoue et al. followed 1325 UIAs using MRA, and
the results showed that the progression rate was 1.35% (5).
So et al. followed 285 UIAs using DSA and found that
the progression rate was 33.3% (12). Juvela ez a/. followed
111 UIAs using DSA and CTA, and the results indicated
that the progression rate was 45% (10). However, the
progression rate was 14.7% in this study, which is consistent
with most studies demonstrating that the progression rate
of IA was approximately 10% (4,6,9,11,14-18). There are
many reasons for these differences, including the usage of
different examination methods, sample sizes, follow-up
times, and populations, as well as differences in the patients’
clinical symptoms, the original size of the IAs, and the
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different standards used for IA progression calculations.

Compared to sidewall IAs, bifurcation IAs are believed
to be more prone to rupture because the walls of the
bifurcation areas are weak and altered by hemodynamic
stress changed (23). Some previous studies have reported
that bifurcation UIAs were more likely to progress. Choi
et al. (24) reported that in IA <7 mm, bifurcation type was
the sole significant risk factor in terms of growth. Although
incidental small paraclinoid UIAs (<5 mm) have a relatively
lower rupture and growth risk, Jeon et /. (25) indicated that
arterial branch-related location was a significant predictive
factor for UIA progression. Recently, Suzuki ez 4l showed
that UTA (<10 mm) located at a bifurcation was a risk factor
for rupture (26). These reports are also consistent with our
study in that UIA located at a bifurcation was a risk factor
for progression.

Many previous studies have defined irregular shape as an
aneurysm with a daughter sac or a lobular shape (21,22). IAs
with an irregular shape are usually estimated to be associated
with a higher risk of rupture (3,22,27). This finding may be
because daughter sacs have a thinner wall, increased local
hemodynamic stress and an unstable blood flow pattern
(22,28). Our previous study also reported that unruptured
IAs with an irregular shape tended to be unstable (29). Phan
et al. provided follow-up data with MRA for 62 unruptured
IAs and found that IAs with multiple lobes had an increased
risk of progression (8), which coincides with the results of
this study. Brinjikji ez 4. (13) and Backes et a/. (14) used
meta-analyses, and Backes ez a/. (15) developed a prediction
model (ELAPSS score) for the progression of unruptured
IAs; they all found several risk factors, including irregular
shape, which also agrees with this study.

Traditionally, IAs with a larger size are believed to be
more prone to rupture than smaller IAs. Many previous
studies have also reported that IA size is a significant
independent predictor of IA progression (7-9,11,13,15-
18,25,30), although these different studies used various
threshold values for size. However, some other studies
reported that size is not a significant independent factor
associated with IA progression (4,6,10,12). Interestingly,
Matsumoto et al. (4) showed that size is a significant risk
factor associated with IA rupture but not growth. In this
study, we also found that with a larger size, IA progression
tended to increase, but there was no significant difference
according to the statistical analysis. The reason may be that
size is not an independent factor. Compared to maximum
size, the AR, which includes the IA neck width, has been
argued to predict ruptured IAs more reliably (21,22). In this

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

study, we found that IAs with a high AR were more likely to
progress.

Although two studies showed that ELAPSS score was
associated with TA growth (18,20), the c-statistic was 0.72 in
the development cohort at 3 and 5 years (20). Meanwhile,
in a retrospective study of ruptured IAs, 45.5% of patients
were classified as low or intermediate risk using the
ELAPSS score (31). Compared with the ELAPSS score (15),
patient age, SAH history, IA location and IA size were not
associated with IA growth in this study. There could be
multiple reasons for this. It is well known that Japanese
and Finnish patients have a higher risk of IA rupture than
patients from other geographic regions (32). However,
Backes et 4l. had two conflicting conclusions in their own
two studies, reporting that Japanese and Finnish patients
had an increased risk of IA growth in a multicenter study (15)
and a decreased risk according to their meta-analysis (14),
suggesting that the inclusion of patients from different
countries could lead to bias. Surprisingly, that a history of
SAH and an IA location at the ACoM represent zero points,
even though these two factors are believed to be associated
with IA rupture risk (33). The AUC of the ELAPSS score
was 0.711, the sensitivity for the detection of progressive IAs
was 55.6%, and the negative predictive value was 90.8%.
These values were lower than those of our predictive score.

Other clinical factors, such as age (13,15,16), female sex
(2,10,13,14,30), hypertension (14,16), cigarette smoking
(10,13,14,18,19,30) and excessive alcohol consumption (12),
are associated with IA progression. Furthermore, other
studies have reported that these clinical factors are not risk
factors for IA progression (4,8,11,17), which is consistent
with the results in this study. The reasons may be that there
were differences in the inclusion and exclusion criteria,
differences in region and ethnicity, and variations in the
guidelines for preventive IA treatment in these studies.

This study has several limitations. First, because this
was a retrospective, nonrandomized study, patient selection
bias should be noted. Some patients with high-rupture-
risk UIAs did not participate in the follow-up imaging.
Patients’ confounding clinical characteristics may have
led to statistical bias. Most IAs are located in the ICA, and
TAs in the ICA seldom rupture. Second, some [As were
treated before progression, which may underestimate the
incidence of IA progression. Third, although the optimal
follow-up interval is still uncertain, our follow-up time
needs to be extended. Some IAs may progress in the future.
A prospective, multicenter and long-term follow-up design
would be desirable in future studies.
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In conclusion, the present study demonstrates that UIAs
located at the bifurcation, with an irregular shape and
having a high AR may have an increased risk of progression
in the Chinese population. Our predictive scoring model
is of great value in predicting the progression risk of UIAs
based on these three factors, and in clinical practice, more
attention should be paid to UIAs when the risk score is
>0.5.
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