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Aneurysm Study (UCAS), reported a higher rupture rate for 
small anterior circulation UIA15,16).

The reasons underlying the observed difference in rupture 
risk between Western and Japanese populations are currently 
unclear. More importantly, little information is available about 
the natural history of small anterior circulation UIA in the Ko-
rean population. Therefore, we conducted a retrospective co-
hort study at our institute.

MATERIALS AND METHODS

Data from patients diagnosed with UIA from March 2000 to 
May 2008 at our hospital were subjected to a retrospective 
anaylysis. This study was approved by the Institutional Review 
Board at our hospital (B-1307-210-114).

Patient selection
The patient inclusion criteria were age 18 years or older and 

Introduction

In the past decade, the unruptured intracranial aneurysm 
(UIA) detection rate has increased rapidly in Korea, and the 
treatment of these UIAs has increased accordingly10).

Because the natural history of UIA has not been clearly de-
fined, the decision to treat incidentally detected UIAs smaller 
than 5 or 7 mm in diameter remains controversial, especially 
when these UIAs are located in the anterior circulation.

The carefully conducted International Study of UIAs (ISUIA) 
reported a very low rupture rate for small anterior circulation 
UIAs17,21). Furthermore, a recent study based on a European 
population reported an overall annual incidence of SAH from 
the rupture of small incidental aneurysms in the anterior circu-
lation of 0.2%, which was therefore comparable with data from 
the ISUIA3). However, other recent studies on UIA in the Japa-
nese population, such as the Small Unruptured Aneurysm Veri-
fication Study (SUAVe Study) and the Unruptured Cerebral 
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diagnosis. During the follow-up period, some patients under-
went either an open surgical or endovascular treatment prior to 
aneurysm rupture. Data were no longer collected for a patient 
at the time 1) when the aneurysm was repaired with open sur-
gical or endovascular treatment, or 2) when the patient died of 
causes other than aneurysm rupture, or 3) when the patient 
could no longer be followed.

Statistical analysis
Data were analyzed using IBM SPSS statistical software, ver-

sion 19.0 (IBM Corp., Armonk, NY, USA). We compared the 
baseline characteristics of not-treated group and treated group. 
Student t-test was used to compare the continuous variables and 
chi-square test was used to compare the categorical variables. 
Continuous variables are presented as mean±standard devia-
tion (SD).

The annual and cumulative rupture rates of unruptured an-
eurysms according to the follow-up period were calculated us-
ing a life table. Risk factors for aneurysmal rupture were deter-
mined using a Cox proportional hazards regression model. 
Univariate Cox proportional hazards regression analyses were 
performed to assess categorical variables associated with aneu-
rysmal rupture. The cumulative rates of aneurysmal rupture ac-
cording to the risk factors confirmed via univariate Cox pro-
portional hazards regression analysis were compared using the 
Kaplan-Meier method and statistical differences were revealed 
by log-rank test. Subsequently, a multivariate Cox proportional 
hazards regression model was used to identify independent risk 
factors for aneurysm rupture. Factors related to UIA rupture 
with a p-value<0.2 in a univariate analysis were included in a 
multivariate analysis. p-value<0.05 was considered statistically 
significant.

RESULTS

Characteristics of patients
A total 1339 aneurysms in 1006 patients met the inclusion 

criteria. During the follow-up period, 685 aneurysms under-
went treatment prior to rupture at a median interval of 1.1 
months (range from 0–67.4 months) after day 0. Among them, 
209 aneurysms were repaired with open surgical treatment and 
476 aneurysms were repaired with endovascular treatment. Six 
hundred fifty-four UIAs were followed-up without any repair. 
Among these, 38 occured in patients whose died of causes other 
than aneurysm rupture, and another 93 occured in patients 
whose follow-ups were discontinued; 18 aneurysms ruptured 
after a median follow-up period of 1.6 years (range from 27 
days to 9.8 years) after day 0.

The baseline characteristics of patients and aneurysms are 
shown in Table 1. The mean UIA size was 4.5±3.2 mm. Among 
all UIAs, 86.5% were smaller than 7 mm. A comparison of the 
non-treated and treated groups revealed statistically significant 
differences in patient age, DM, and UIA size.

presence of at least 1 UIA with a largest dimension >3, deter-
mined using a standard measuring device. Patients with a his-
tory of ruptured aneurysm at another location that had been 
repaired via open surgical or endovascular treatment were in-
cluded.

We excluded patients who 1) had a previous intracranial 
hemorrhage event of unknown origin, 2) could not care for 
themselves indicated by a modified Rankin score of >2 at the 
time of aneurysm identification, 3) had fusiform, traumatic, or 
mycotic aneurysms, 4) had giant aneurysms (>25 mm in size), 
5) had aneurysms related to arteriovenous malformations, and 
6) had aneurysms located at the cavernous portion of the inter-
nal carotid artery or the posterior circulation18). 

Data collection
For the purpose of follow-up, day 0 was defined as the day 

when an imaging study first identified a patient’s UIA. We also 
collected data regarding baseline characteristics. Patient factors 
such as age, sex, hypertension (HTN), diabetes mellitus (DM), 
heart disease (HD), smoking history, previous episode of sub-
arachnoid hemorrhage (SAH) from a ruptured aneurysm at 
another location, and angiographic factors such as aneurysm 
size, location, and multiplicity were analyzed. Patients were cat-
egorized into 2 groups according to their age : ≥70 years and 
<70 years. Aneurysms were categorized according to size and 
location. All UIAs were classified into the following categories 
based on size : 3–4.9 mm, 5–6.9 mm, 7–9.9 mm, and 10–24.9 
mm. Because all of the aneurysms larger than 25 mm in size 
were treated, we excluded these aneurysms. All UIAs were also 
classified into the following categories based on location : mid-
dle cerebral artery (MCA), anterior communicating artery 
(ACoA), internal carotid artery (ICA), posterior communicat-
ing artery (PCoA), and others. “ICA” included the paraclinoid 
segment, internal carotid artery bifurcation, and origin of the 
anterior choroidal artery and excludes those located at the ori-
gin of the posterior communicating artery and cavernous por-
tion. “Others” included aneurysms at the A1 portion of the an-
terior cerebral artery and distal anterior cerebral artery. Aneurysms 
were also divided into 2 groups : non-treated, without any an-
eurysm repair during the follow-up period, and treated, with 
aneurysm repair via an open surgical or endovascular proce-
dure. The UIA size was measured via catheter angiography or 
three-dimensional computed tomography (CT) angiography, 
and the largest UIA dimension was used for the analysis. 

After diagnosis, the patient’s clinical status was followed up 
on the basis of their medical records. Aneurysm rupture was 
assessed using the information available from the patient’s last 
outpatient or emergency department visit. At the time of data 
collection, if a patient had not undergone a follow-up for more 
than 6 months, a telephone interview was conducted to confirm 
the patient’s clinical status.

The primary end point of the study was UIA rupture. The 
secondary end-point of the study was the ninth year after UIA 
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Natural history of the aneurysms
In our analysis, 18 aneurysms ruptured during a 9-year fol-

low-up period, and the annual rupture risk was 1.00%. The cu-
mulative rupture rates, calculated using the Kaplan-Meier 
method, were 0.62% within 1 year, 1.60% within 2 years, 1.78% 
within 3 years, 3.40% within 5 years, and 9.04% within 9 years. 

For aneurysms with largest dimension <7 mm, the annual 
rupture risk was 1.00%. In particular, in the absence of a history 
of SAH, the rupture risk for aneurysms smaller than 7 mm was 

0.79% (Table 2, 3).
Hazard ratios (HRs) for ruptures were obtained using uni-

variate and multivariate Cox proportional hazards analyses. In 
the univariate analyses, an older age (≥70 years), larger aneu-
rysm size (≥7 mm), DM, HTN, heart disease, smoking history, 
previous episode of SAH, and aneurysm multiplicity increased 
the rupture risk. Among these factors, a smoking history, previ-
ous episode of SAH, and larger aneurysm size (≥7 mm) were 
statistically significant (Fig. 1). Compared with aneurysms locat-

Table 2. Annual UIA rupture risks of not-treated group according to size and location

No. of aneurysms (n=654) No. of ruptures (n=18) Annual risk of rupture (% per year)
Size of aneurysm

<7 mm 591 11 1.00 
≥7 mm 63 7 1.66 

Location of aneurysm 
MCA 192 10 1.91 
ACoA 78 4 0.84 
ICA 259 2 0.20 
PCoA 99 1 0.12 
Other 26 1 0.92 

UIA : unruptured intracranial aneurysm, No. : number, MCA : middle cerebral artery, ACoA : anterior communicating artery, ICA : internal carotid artery, PCoA : posterior 
communicating artery 

Table 1. Baseline characteristics of patients and aneurysms

Characteristics Patients (n=1006)
Aneurysms

p value*
Total (n=1339) Non-treated (n=654) Treated (n=685)

Age 
Mean±SD (year) 59.7±10.3 63.1±11.3 57.5±11.2 <0.001
No. of subjects ≥70 year (%) 217 (22.0) 310 (23.4) 222 (33.9) 88 (13.5) <0.001

No. of females (%) 710 (70.4) 982 (73.2) 465 (71.1) 517 (75.2) 0.089
Hypertension (%) 556 (55.2) 747 (55.7) 381 (58.2) 366 (53.4) 0.075
Diabetes mellitus (%) 119 (11.8) 209 (15.6) 121 (18.5) 88 (12.8) 0.004 
Heart disease (%) 107 (10.6) 135 (10.0) 72 (11.0) 63 (9.1) 0.273
Smoking (%) 175 (17.3) 216 (16.1) 103 (15.7) 113 (16.4) 0.710 
Previous episode of SAH (%)* 27 (3.1) 44 (3.6) 27 (4.1) 17 (3.0) 0.284 
Subjects with multiple aneurysms (%) 322 (31.8) 655 (48.7) 335 (51.2) 320 (46.4) 0.076
Size of aneurysm

Mean±SD (mm) 4.5±3.2 3.8±3.0 5.2±4.0 <0.001
Distribution, mm (%)

3–4.9 955 (71.1) 525 (80.2) 430 (62.3)
5–6.9 207 (15.4) 66 (10.1) 141 (20.4)
7–9.9 104 (7.7) 33 (5.0) 71 (10.3)
10–24.9 73 (5.4) 30 (4.6) 43 (6.2)

Location of aneurysm (%) 0.975
MCA 378 (28.2) 192 (29.3) 186 (27.1)
ACoA 159 (11.8) 78 (11.9) 81 (11.7)
ICA 545 (40.8) 259 (39.6) 286 (42.0)
PCoA 199 (14.8) 99 (15.1) 100 (15.5)
Other 58 (4.3) 26 (4.0) 32 (4.6)

*p values are for the comparison between aneurysms that were not treated before rupture and those that were repaired with open surgical or endovascular treatment 
before rupture during follow-up. SAH : subarachnoid hemorrhage, MCA : middle cerebral artery, ACoA : anterior communicating artery, ICA : internal carotid artery, PCoA : 
posterior communicating artery 
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ed at the middle cerebral artery, aneurysms located at the ICA 
had a significantly lower HR for aneurysmal rupture (Table 4). 

A multivariate Cox proportional hazards analysis indicated 
that a smoking history, previous episode of SAH, and a larger 

aneurysm size (≥7 mm) were independent risk factors for an 
increased risk of aneurysmal rupture (Table 5). Furthermore, 
the multivariate analysis found no statistically significant differ-
ence in the rupture risk according to the aneurysm location.

Table 4. Univariate analysis for risk factors associated with UIA rupture

Variables Hazard Ratio 95% CI p value
Age ≥70 years 1.127 0.422–3.010 0.811
Female 0.732 0.273–1.961 0.535
Diabetes Mellitus 1.110 0.364–3.383 0.854
Hypertension 1.587 0.562–4.483 0.384
Heart disease 1.006 0.231–4.379 0.993
Smoking 3.848 1.490–9.939 0.005
Previous episode of SAH 5.873 1.924–17.925 0.002
Multiple aneurysms 1.319 0.509–3.416 0.568
Size of aneurysm ≥7 mm 6.394 2.472–16.540 0.0001
Location of aneurysm

MCA Reference
ACoA 1.052 0.330–3.356 0.931
ICA 0.171 0.037–0.783 0.023
PCoA 0.203 0.203–1.589 0.129
Other 0.787 0.101–6.160 0.820

UIA : unruptured intracranial aneurysm, SAH : subarachnoid hemorrhage, CI : confidence interval, MCA : middle cerebral artery, ACoA : anterior communicating artery, 
ICA : internal carotid artery, PCoA: posterior communicating artery 

Table 3. Annual rupture risk of UIA without “previous episode of SAH” of not-treated group according to size and location

No. of aneurysms (n=627) No. of ruptures (n=14) Annual risk of rupture  (% per year)
Size of aneurysm

<7 mm 568 8 0.790
≥7 mm 59 6 1.477

Location of aneurysm 
MCA 182 7 1.488
ACoA 77 3 0.511
ICA 251 2 0.177
PCoA 93 1 0.133
Other 24 1 1.388

UIA : unruptured intracranial aneurysm, SAH : subarachnoid hemorrhage, No. : number, MCA : middle cerebral artery, ACoA : anterior communicating artery, ICA : inter-
nal carotid artery, PCoA : posterior communicating artery

Fig. 1. The probability of aneurysm rupture calculated by the Kaplan-Meier method. The log-rank test revealed the statistical differences of the proba-
bilities of aneurysm ruptures according to smoking history (A), previous episode of SAH (B), and aneurysm size (7 mm) (C). Kaplan-Meier curves 
showing the probability of aneurysm rupture. 
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DISCUSSION

Little is known about the natural course of UIAs in the Kore-
an population. Recently, a longitudinal study based on national 
representative insurance claim data demonstrated a rupture rate 
of 0.9 cases/100 people per year11). However, that study used 
ICD-10 diagnostic code criteria in insurance-claim data and 
therefore did not provide detailed information about the aneu-
rysm rupture risks based on characteristics such as size and lo-
cation.

Our study determined an overall annual rupture rate for UIA 
of 1.00%. In particular, the annual rupture rate of aneurysms 
smaller than 7 mm in diameter at diagnosis (0.79%) was lower 
than the overall annual rupture rate. Additionally, the cumula-
tive rupture rates were 0.62% within 1 year, 1.60% within 2 years, 
1.78% within 3 years, 3.40% within 5 years, and 9.04% within 9 
years. A prospective study of a Western population reported an 
overall annual rupture rate of 0.2%. This rate is lower than the 
rate determined in our study3). However, the rate determined in 
the UCAS for a Japanese cohort was similar to that of our study 
(0.95%)16). The annual and cumulative rupture rates reported 
from a long-term follow up study of unruptured UIAs in a West-
ern country were also similar to those in our study (1.1% and 
10.5%, respectively)8). 

Our study also demonstrates that the natural history of UIA 
is influenced by the size of the aneurysm. In particular, aneu-
rysms larger than 7 mm were associated with a statistically sig-
nificant increase in the rupture risk. This finding is consistent 
with the results of the ISUIA regarding Western populations 
and of the UCAS regarding a Japanese cohort.

The most important finding of our study is that the rupture 
risk of UIAs smaller than 7 mm and in the absence of a history 
of SAH was 0.79% per year. This result is higher than that re-
ported by the ISUIA (about 0.05% per year). However, the rate 
in our study is similar to the rupture risk reported by UCAS for 
aneurysms smaller than 5 mm (0.36% per year) and that re-
ported by the SUAVe study (0.34% per year)16,17).

The aneurysm rupture risk is well known to different among 
countries. Compared to other populations, the Japanese popu-
lation has a higher risk of SAH, even though the incidence of 
UIA in the Japanese population is similar to that in Western 
populations2,19). Although reason for the difference in the UIA 
rupture risk of Korean and Japanese populations and that of 
Western populations might be multifactorial, but racial genetic 
differences may play an important role. An accumulating body 
of evidence indicates that inflammation is a critical contributor 

to aneurysm pathogenesis1). Additionally, some studies suggest 
that Asians may be more susceptible to intracranial atheroscle-
rosis12). Our study shows that for a Korean patient population, 
the rupture risk for a small anterior circulation UIA without a 
previous episode of SAH differ from the risk of Western popu-
lations, but similar to that of the Japanese population.

In our study, independent risk factors for aneurysm rupture 
were a smoking history, previous episode of SAH, and a larger 
aneurysm size (≥7 mm). Some previous reports demonstrated 
mechanisms by which smoking increases the risk of aneurysm 
rupture. For example, the aneurysmal wall is weakened by ves-
sel wall inflammation due to smoking, which in turn increases 
aneurysmal growth. In addition, smoking triggers a transient 
increase in blood pressure, which contributes to aneurysm rup-
ture5-7,14). Ishibashi et al.4) reported that a previous episode of 
SAH was a risk factor for aneurysm rupture but did not identify 
a mechanism. Many studies have also reported a correlation be-
tween the aneurysm size and rupture rate3,4,6,8,13,20). However, 
these studies did not use the same datum points. Nevertheless, 
a greater increase in aneurysm size is associated with a greater 
increase in the rupture rate.

Several reports discussed hypertension, age, sex, hyperlipid-
emia, alcohol consumption, and aneurysm location, morphology, 
and multiplicity as risk factors for aneurysm rupture3,4,6,8,9,13,20). 
However, these factors were not statistically significant in our 
study. An additional multivariate analysis of various factors as-
sociated with aneurysm rupture will be needed to identify the 
risk factors for aneurysm rupture. 

The limitations of our study included the retrospective nature 
and relatively small cohort. Additionally, the annual and cumu-
lative rupture rates might have been underestimated because pa-
tients with a strong likelihood of aneurysm rupture were treated. 
However, 90.3% of aneurysms in the non-treated group were 
smaller than 7 mm. Therefore, although the overall rupture risk 
might have been influenced by selection bias, the influence of a 
small anterior circulation UIA measuring <7 mm in the largest 
dimension on both the annual rupture risk and our analysis of 
individual risk factors for rupture would have been small.

CONCLUSION

Our study shows that the natural history of UIAs in Korean 
population depends on the size of the aneurysm and any previ-
ous history of SAH. In Korean population, the annual risk of 
rupture for small anterior circulation UIAs without an episode 
of previous SAH is higher than that in Western populations, but 

Table 5. Multivariate analysis for risk factors associated with UIA rupture

Variables Hazard ratio 95% CI p value
Smoking 3.965 1.498–10.495 0.006
Previous episode of SAH 5.460 1.752–17.016 0.003
Size of aneurysm ≥7 mm 8.147 3.058–21.705 0.000
UIA : unruptured intracranial aneurysm, SAH : subarachnoid hemorrhage, CI : confidence interval, MCA : middle cerebral artery, ACoA : anterior communicating artery, 
ICA : internal carotid artery, PCoA : posterior communicating artery 
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it is comparable to the Japanese population.
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