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OBJECTIVE The annual rupture rate of small (3–4 mm) unruptured cerebral aneurysms (UCAs) is 0.36% per year, 
however, the proportion of small ruptured aneurysms < 5 mm is 35%. This discrepancy is explained by the hypothesis 
that most acute subarachnoid hemorrhage (SAH) is from recently formed, unscreened aneurysms, but this hypothesis is 
without definitive proof. The authors aimed to clarify the actual number of screened, ruptured small aneurysms and risk 
factors for rupture.
METHODS The Unruptured Cerebral Aneurysm Study Japan, a project of the Japan Neurosurgical Society, was de-
signed to clarify the natural course of UCAs. From January 2001 through March 2004, 6697 UCAs among 5720 patients 
were prospectively registered. At registration, 2839 patients (49.6%) had 3132 (46.8%) small UCAs of 3–4 mm. The reg-
istered, treated, and rupture numbers of these small aneurysms and the annual rupture rate were investigated. The rate 
was assessed per aneurysm. The characteristics of patients and aneurysms were compared to those of larger unrup-
tured aneurysms (≥ 5 mm). Cumulative rates of SAH were estimated per aneurysm. Risk factors underwent univariate 
and multivariate analysis.
RESULTS Treatment and rupture numbers of small UCAs were 1132 (37.1% of all treated aneurysms) and 23 (20.7% 
of all ruptured aneurysms), respectively. The registered, treated, rupture number, and annual rupture rates were 1658 
(24.8%), 495 (16.2%), 11 (9.9%), and 0.30%, respectively, among 3-mm aneurysms, and 1474 (22.0%), 637 (20.9%), 12 
(10.8%), and 0.45%, respectively, among 4-mm aneurysms. Multivariate risk-factor analysis revealed that a screening 
brain checkup (hazard ratio [HR] 4.1, 95% confidence interval [CI] 1.2–14.4), history of SAH (HR 10.8, 95% CI 2.3–51.1), 
uncontrolled hypertension (HR 5.2, 95% CI 1.8–15.3), and location on the anterior communicating artery (ACoA; HR 5.0, 
95% CI 1.6–15.5) were independent predictors of rupture.
CONCLUSIONS Although the annual rupture rate of small aneurysms was low, the actual number of ruptures was not 
low. Small aneurysms that ruptured during follow-up could be detected, screened, and managed based on each risk 
factor. Possible selection criteria for treating small UCAs include a history of SAH, uncontrolled hypertension, location on 
the ACoA, and young patients. Further large prospective and longitudinal trials are needed.
Clinical trial registration no.: C000000418 (https://www.umin.ac.jp/ctr)
https://thejns.org/doi/abs/10.3171/2018.9.JNS181736
KEYWORDS small unruptured cerebral aneurysm; risk factor; ruptured cerebral aneurysm; screening; vascular 
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AsymptomAtic unruptured cerebral aneurysms 
(UCAs) are frequently discovered incidentally 
through screening. In 2015, the American Heart 

Association and the American Stroke Association updated 
guidelines for managing patients with UCAs;36 however, 
these guidelines do not specify separate recommendations 
for managing small (3–7 mm) aneurysms.

Most UCAs are < 5 mm in diameter.14,27,28 According 
to the natural course of UCAs in a Japanese cohort, the 
overall annual rupture rate has been reported as 0.95% per 
year (Unruptured Cerebral Aneurysm Study [UCAS] Ja-
pan).27 However, it was 0.36% per year in UCAs that were 
3–4 mm in diameter. A recent systematic review of small 
UCAs found that the reported annual rupture rate of le-
sions ≤ 5 mm was < 0.5%.23 However, the proportion of 
small aneurysms in general is not low; 85%–90% of rup-
tured cerebral aneurysms are ≤ 10 mm.5,25,26,42 According 
to recent reports, the proportion of small ruptured aneu-
rysms ≤ 5 mm and < 5 mm among total ruptured aneu-
rysms was 45%–50%6,20,25,42 and 35%,4 respectively.

Some aneurysms are likely to bleed shortly after for-
mation and are rarely detected through screening.34 How-
ever, it is unknown how many of these aneurysms exist. 
Furthermore, there are no precise published data from a 
large, prospective cohort study of the natural history and 
management of small UCAs, even though size is one of 
the risk factors of rupture.27 Here, we aimed to clarify the 
actual number of screened and ruptured small UCAs and 
the risk factors for rupture of small UCAs in a post hoc 
subgroup analysis of UCAS Japan.

Methods
UCAS Japan

UCAS Japan,27 a project of the Japan Neurosurgical So-
ciety, was designed to clarify the natural course of UCAs. 
In this study, patients at least 20 years of age were eligible 
to enroll if they had an aneurysm ≥ 3 mm in diameter. The 
study excluded patients with a past history of intracranial 
hemorrhage from an unknown or untreated cause, those 
with a decreased ability to engage in activities of daily 
life (modified Rankin Scale score > 2), and those with an 
aneurysm located at the cavernous portion of the internal 
carotid artery (ICA). Detailed inclusion and exclusion cri-
teria are available in the protocol described in a previously 
published report.27

Standard Protocol Approval, Registration, and Patient 
Consent

This study was approved by the IRB of Hiroshima Uni-
versity and the Japan Neurosurgical Society. Investigators 
at each participating institution obtained the approval of 
their local IRB to conduct this study, and the procedures 
followed were in accordance with institutional guidelines. 
Written informed consent was obtained from all patients 
participating in this study. This study was registered with 
the UMIN Clinical Trials Registry (no. C000000418; 
https://www.umin.ac.jp/ctr).

Enrollment Criteria and Categorization
Over a period of 39 months (January 2001 through 

March 2004), patients were registered from any one of 
the 283 institutions participating in the UCAS study. 
Hiroshima University was one of the participating sites 
for this multicenter trial. There were 6 reasons for imag-
ing that led to detection of the UCAs: a screening brain 
checkup, incidental examination (other than brain check-
up), unspecified symptoms (headache, dizziness), symp-
toms from mass effects or embolic episodes, subarachnoid 
hemorrhage (SAH), and other. Medical checkups of the 
brain, namely the “brain dock,” are supported by some 
organizations and municipalities and are widely available 
in Japan. The brain checkup system, which uses MRI and 
MR angiography (MRA) of the brain and neck for screen-
ing purposes, has been used in Japan since approximately 
1995; use of this system is not standard, but is popular.29

At the time patients were registered, we recorded data 
such as age, sex, smoking habits, the reason for imaging, 
and family or past history of SAH and other diseases. Hy-
pertension was categorized as controlled or uncontrolled 
according to the hypertension guidelines in Japan, which 
recommend controlled hypertension as 140/90 mm Hg or 
less. For this study, we defined lesions of 3 mm as those 
ranging from 2.5 mm to 3.4 mm, 4-mm lesions as those 
ranging from 3.5 mm to 4.4 mm, and 5-mm lesions as the 
range from 4.5 to 5.4 mm. We excluded UCAs smaller 
than 3 mm because diagnosis with low-tesla MR images 
decreases in accuracy in this population. The patients’ 
clinical status, a description of the aneurysm, and the 
treatment plan were recorded 3, 12, and 36 months after 
diagnosis, and 5–8 years later in some patients. Therapy 
was chosen by the patient or determined by the physician. 
When a patient underwent surgery, we included data up to 
the time of surgery in our analysis of the rupture risk. We 
also gathered information about the aneurysm, including 
the largest diameter, thrombosed or calcified components 
on the aneurysmal wall, and the presence of a daughter 
sac, which was defined as an irregular protrusion of the 
aneurysmal wall on imaging.

The location of each aneurysm was categorized as fol-
lows: middle cerebral artery (MCA), anterior communi-
cating artery (ACoA), ICA, ICA–posterior communicat-
ing artery (IC-PCoA), basilar artery (BA), vertebral artery 
(VA), and “other.” The ICA includes the ICA paraclinoid 
and dorsal curvature locations, the ICA bifurcation, and 
the anterior choroidal artery of the ICA. It excludes other 
ICA aneurysms at the PCoA and cavernous portion. The 
BA includes the tip and superior cerebellar artery. The 
VA includes the VA posterior-inferior cerebellar artery 
and the vertebrobasilar junction. The “other” category in-
cludes aneurysms located at the A1 section of the anterior 
cerebral artery, and the distal anterior cerebral artery as 
well as other supratentorial or infratentorial locations not 
included in the categories listed above. SAH was identi-
fied through the use of CT or lumbar puncture, or at au-
topsy.

Previous Findings
The primary results of the UCAS Japan study have been 

published previously.27 The annual rupture risk of unrup-
tured aneurysms was 0.95%, and the independent risk fac-
tors for rupture were size (> 7 mm), location (ACoA or 
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PCoA), and shape (the presence of a daughter sac) of the 
aneurysm.

Analysis of Aneurysm Size in UCAS Japan
We investigated the registration, treatment, and annual 

rupture rate of 6697 eligible aneurysms in the total cohort 
of 5720 patients in the UCAS Japan study. Aneurysm size 
was classified from 3 to 24 mm in 1-mm increments, and 
then in groups of 25–29 mm, 30–39 mm, and > 40 mm in 
maximum diameter. The registration, treatment, number 
of ruptured UCAs, and annual rupture rate for each size 
were calculated. The rate of rupture was assessed per an-
eurysm rather than per patient.

Extracting the Small UCA Subgroup for Analysis
Comparisons between UCAs ≤ 4 mm and ≥ 5 mm were 

made for patients and aneurysms by using patient-specific 
factors such as age, sex, the reason for discovery of the 
UCA, hypertension (none, controlled, and uncontrolled), 
hyperlipidemia, smoking, polycystic kidneys, and old ce-
rebral infarction, as well as aneurysm-specific factors such 
as size, location, calcification, thrombosis, and shape. In a 
subgroup of small UCAs, aneurysms that led to SAH were 
extracted for this post hoc analysis, and the risk factors 
of rupture underwent univariate and multivariate analysis.

Statistical Analysis
Statistical tests were two-sided and differences were 

considered to be significant when the p value was < 0.05. 
Characteristics of patients and aneurysms in this subgroup 
were compared to those of patients with UCAs ≥ 5 mm by 
using the t-test for mean values and the chi-square test for 
proportional values. The cumulative rates of SAH were 
estimated per aneurysm with the Kaplan-Meier product-
limit method, and the curves between groups were com-
pared by using the log-rank test. Cox proportional hazard 
regression analyses were performed to calculate hazard 
ratios (HRs) for the predictor variables. When variables 
associated with aneurysm rupture had a p value < 0.2 with 
univariate analysis, they were selected for a multivariate 
analysis. We defined the p value in univariate analysis as 
p < 0.20 to capture any potential variable in the analysis 

and minimize the risk of excluding an important contribu-
tor. We checked the proportional hazards assumption for 
each variable by testing Schoenfeld residuals. All statisti-
cal analyses were conducted using Stata software (version 
14.2, StataCorp). When a patient had multiple aneurysms, 
the largest of these, along with its location and with or 
without the daughter sac, was used to categorize the pa-
tient.

Results
Size Distribution of UCAS Japan

In the total cohort of 5720 patients with 6697 UCAs eli-
gible for the UCAS Japan study, 2839 patients (49.6%) had 
3132 small UCAs (46.8%) of 3–4 mm in diameter at the 
time of registration, and these were subjected to this post 
hoc subgroup analysis. Figure 1 left shows the number of 
registered, treated, and ruptured UCAs according to their 
size. The largest number of registered aneurysms was the 
3-mm category with 1658 aneurysms (24.8%), followed by 
1474 aneurysms (22.0%) of 4 mm and 1229 aneurysms 
(18.4%) of 5 mm. Small UCAs of 3 and 4 mm comprised 
46.8% of all UCAs. The total number treated was 3050 
(45.5%) and the highest treatment category was 4 mm (637 
aneurysms, 20.9%), followed by 629 aneurysms (20.6%) of 
5 mm, and 495 aneurysms (16.2%) of 3 mm. Aneurysms 
of 3 and 4 mm totaled 37.1% of all treated UCAs.

Figure 1 right shows the number of ruptures and annual 
rupture rate of UCAs according to size. The total number 
of ruptured UCAs was 111 (1.7%) and the highest catego-
ry of ruptured aneurysms was 7 mm, with 13 aneurysms 
(11.7%). Twelve of the 4-mm lesions ruptured (10.8%), and 
11 of the 3-mm aneurysms ruptured (9.9%), comprising 
20.7% of all ruptured UCAs. The highest annual rup-
ture rate by size occurred in the > 40-mm category, with 
100% per year, 34.3% per year in the 25–29 mm category, 
and 30.0% per year for 17-mm lesions. For 3- and 4-mm 
UCAs, the annual rupture rates were 0.30% per year and 
0.45% per year, respectively.

Small UCAs Compared With Larger UCAs
A total of 2839 patients with 3132 UCAs ≤ 4 mm were 

investigated in this post hoc subgroup analysis. The mean 

FIG. 1. Left: The numbers of registered, treated UCAs and ruptured aneurysms according to aneurysm size. Right: The number 
of ruptured and the annual rupture rate of UCAs according to aneurysm size. Figure is available in color online only.
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(± SD) age of patients was 61.7 ± 10.2 years. Tables 1 and 
2 show the characteristics of patients and aneurysms in 
comparison with UCAs ≥ 5 mm. Age, multiplicity, rea-
son for imaging, modality of diagnosis, family history of 
SAH, hypertension, location, and shape of the aneurysm 
were significant variables in the two groups.

Risk Factors for Small UCA Rupture
The results of univariate and multivariate analyses of 

factors related to small UCA ruptures per aneurysm are 
summarized in Table 3. The HRs for rupture were ana-
lyzed with the use of a Cox proportional hazards model 
of multivariate analysis. Statistically significant predictors 
for rupture in small UCAs included the screening brain 
checkup (HR 4.1, 95% confidence interval [CI] 1.2–14.4), 
a history of SAH (HR 10.8, 95% CI 2.3–51.1), uncon-
trolled hypertension (HR 5.2, 95% CI 1.8–15.3), and the 
location of the ACoA (HR 5.0, 95% CI 1.6–15.5).

Treated Small UCAs Compared With Untreated Small 
UCAs

Tables 4 and 5 show the results of comparison between 
treated and untreated small UCAs of 3-mm and 4-mm di-
ameter. Variables showing significant differences between 
the groups included age, modality of diagnosis, family 
history of SAH, history of SAH, and former or current 
smoking. History of ischemic stroke was the only unique 
significant factor among 4-mm UCAs.

Rate of Small UCA Rupture
The median (interquartile range [IQR]) and mean fol-

low-up periods were 1019 (IQR 75–1112) and 743.0 days, 
respectively. Twenty-three patients (0.7%) experienced 
SAH during the follow-up period, and the overall annu-
al rupture risk was 0.36% in small UCAs (23 SAHs per 
6371 patient-years). The cumulative rate of SAH for all 

TABLE 1. Patient characteristics of UCAs ≤ 4 mm compared to those ≥ 5 mm

Characteristic Total Cohort
UCA (mm)

p Value≤4 ≥5

No. of patients 5720 2839 2881
Age, yrs <0.001
 Mean ± SD 62.5 ± 10.3 61.7 ± 10.2 63.4 ± 10.3
 Median (IQR) 63 (55–70) 62 (55–69) 64 (56–71)
 Range 23–98 25–93 23–98
Females, n (%) 3805 (66.5) 1868 (65.8) 1937 (67.2) 0.25
Multiplicity, n (%) 793 (13.9) 600 (21.1) 193 (6.7) <0.001
Reason for imaging, n (%) <0.001
 Screening brain checkup 1044 (18.3) 591 (20.8) 453 (15.7)
 Incidental other than brain checkup 1459 (25.5) 710 (25.0) 749 (26.0)
 Unspecified Sx (headache, dizziness) 2714 (47.4) 1294 (45.6) 1420 (49.3)
 Sxs caused by mass effects or embolic episodes 171 (3.0) 47 (1.7) 124 (4.3)
 w/ SAH 217 (3.8) 137 (4.8) 80 (2.8)
 Other 115 (2.0) 60 (2.1) 55 (1.9)
Modality of diagnosis, n (%) 0.016
 DSA 2338 (40.9) 1155 (40.7) 1183 (41.1)
 MRA 2896 (50.6) 1362 (48.0) 1534 (53.2)
 CTA 1559 (27.3) 807 (28.4) 752 (26.1)
Family history of SAH, n (%) 736 (12.9) 396 (14.0) 340 (11.8) 0.015
Past & medical history, n (%)
 History of SAH 187 (3.3) 101 (3.6) 86 (3.0) 0.22
 Former or current smoker 960 (16.8) 492 (17.3) 468 (16.2) 0.27
Hypertension, n (%) <0.001
 None 3240 (56.6) 1652 (58.2) 1588 (55.1)
 Controlled 1989 (34.8) 939 (33.1) 1050 (36.4)
 Uncontrolled 491 (8.6) 248 (8.7) 243 (8.4)
Diabetes mellitus, n (%) 362 (6.3) 164 (5.8) 198 (6.9) 0.49
Hyperlipidemia, n (%) 809 (14.1) 416 (14.7) 393 (13.6) 0.27
Ischemic stroke, n (%) 400 (7.0) 193 (6.8) 207 (7.2) 0.57
Polycystic kidney disease, n (%) 18 (0.3) 8 (0.3) 10 (0.3) 0.66

CTA = CT angiography; DSA = digital subtraction angiography; Sx = symptom.
Boldface type indicates statistical significance.
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TABLE 2. Characteristics of UCAs ≤ 4 mm compared to those ≥ 5 mm

Characteristic Total Cohort
UCA (mm)

p Value≤4 ≥5

No. of aneurysms 6697 3132 3565 
Age, yrs <0.001
 Mean ± SD 62.6 ± 10.1 61.7 ± 10.1 63.4 ± 10.2
 Median (IQR) 63 (56–70) 62 (55–69) 64 (56–71)
 Range 23–98 25–93 23–98
Multiplicity, n (%) 1770 (26.4) 893 (28.5) 877 (24.6) <0.001
Females, n (%) 4532 (67.7) 2083 (66.5) 2449 (68.7) 0.056
Reason for imaging, n (%) <0.001
 Screening brain checkup 1212 (18.1) 641 (20.5) 571 (16.0)
 Incidental other than brain checkup 1698 (25.4) 763 (24.4) 935 (26.2)
 Unspecified Sx (headache, dizziness) 3174 (47.4) 1435 (45.8) 1739 (48.8)
 Sxs caused by mass effects or embolic episodes 203 (3.0) 54 (1.7) 149 (4.2)
 w/ SAH 273 (4.1) 167 (5.3) 106 (3.0)
 Other 137 (2.0) 72 (2.3) 65 (1.8)
Modality of diagnosis, n (%) 0.008
 DSA 2825 (42.2) 1291 (41.2) 1534 (43.0)
 MRA 3336 (49.8) 1486 (47.4) 1850 (51.9)
 CTA 1788 (26.7) 887 (28.3) 901 (25.3)
Family history of SAH, n (%) 910 (13.6) 460 (14.7) 450 (12.6) 0.014
Past & medical history, n (%)
 History of SAH 225 (3.4) 119 (3.8) 106 (3.0) 0.061
 Former or current smoker 1173 (17.5) 545 (17.4) 628 (17.6) 0.82
Hypertension, n (%) 0.005
 None 3728 (55.7) 1808 (57.7) 1920 (53.9)
 Controlled 2365 (35.3) 1046 (33.4) 1319 (37.0)
 Uncontrolled 604 (9.0) 278 (8.9) 326 (9.1)
Diabetes mellitus, n (%) 396 (5.9) 176 (5.6) 220 (6.2) 0.34
Hyperlipidemia, n (%) 939 (14.0) 454 (14.5) 485 (13.6) 0.30
Ischemic stroke, n (%) 466 (7.0) 217 (6.9) 249 (7.0) 0.93
Polycystic kidney disease, n (%) 22 (0.3) 8 (0.3) 14 (0.4) 0.33
No. of ruptured aneurysms, n (%) 111 (1.7) 23 (0.7) 88 (2.5) <0.001
Annual rupture rate    0.95    0.36    1.66 <0.001
Surgical/endovascular treatment, n (%) 3050 (45.5) 1132 (36.1) 1918 (53.8) <0.001
Mean size of aneurysm ± SD, mm 5.7 ± 3.7 3.5 ± 0.5 7.6 ± 4.0 <0.001
Location of aneurysm, n (%) <0.001
 MCA 2425 (36.2) 1150 (36.7) 1275 (35.8)
 ACoA 1037 (15.5) 467 (14.9) 570 (16.0)
 ICA 1245 (18.6) 638 (20.4) 607 (17.0)
 IC-PCoA 1037 (15.5) 434 (13.9) 603 (16.9)
 BA 445 (6.6) 184 (5.9) 261 (7.3)
 VA 123 (1.8) 36 (1.1) 87 (2.4)
 Other 385 (5.7) 223 (7.1) 162 (4.5)
Shape, n (%)
 Thrombosed 120 (1.8) 10 (0.3) 110 (3.1) <0.001
 Calcified 113 (1.7) 19 (0.6) 94 (2.6) <0.001
 Presence of daughter sac 1266 (18.9) 283 (9.0) 983 (27.6) <0.001

Boldface type indicates statistical significance.
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patients with small UCAs was 0.91% (95% CI 0.57–1.45) 
at 2 years after diagnosis, and 1.86% (95% CI 1.02–3.38) 
at 5 years (Fig. 2A). The probability of rupture in patients 
with hypertension and an ACoA aneurysm is shown in Fig. 
2B and C. However, the number of patients whose lesions 
were detected through the screening brain checkup was 
not significantly high with either the Kaplan-Meier prod-
uct-limit method or the log-rank test (Fig. 2D). A total of 
56 patients died during follow-up, but only 2 deaths were 
related to SAH.

Discussion
There have been several studies of UCAs,18,27, 28, 32,39 how-

ever, none has described the actual number and proportion 
of small UCA ruptures among all ruptured UCAs. This 
study shows the actual number and proportion of small 
UCA ruptures among all ruptured UCAs, and the risk fac-
tor analysis was performed in specific reference to small 
UCAs in a large prospective cohort. The proportion of 
small UCA rupture among all ruptured UCAs in the total 

TABLE 3. Univariate and multivariate Cox proportional hazard risk factors associated with rupture of small UCAs ≤ 4 mm

Variable
Univariate Analysis  Multivariate Cox Proportional Hazard Analysis

HR (95% CI) p Value HR (95% CI) p Value

Age, yrs 0.99 (0.95–1.03) 0.70
 <50 1.57 (0.53–4.61) 0.41
Female sex 2.42 (0.82–7.12) 0.11* 2.89 (0.96–8.70) 0.06
Multiplicity 0.50 (0.17–1.46) 0.20
Reason for imaging
 Screening brain checkup 2.43 (0.73–8.07) 0.15* 4.09 (1.16–14.40) 0.028†
 Incidental other than brain checkup Ref Ref
 Unspecified Sx (headache, dizziness) 1.43 (0.45–4.49) 0.54 1.92 (0.60–6.22) 0.27
 Sxs caused by mass effects or embolic episodes (omitted)
 w/ SAH (omitted)
 Other (omitted)
Past & medical history
 Family history of SAH 0.29 (0.04–2.16) 0.23
 Past history of SAH 2.96 (0.69–12.63) 0.14* 10.83 (2.29–51.13) 0.003†
 Smoking 0.55 (0.13–2.33) 0.41
Hypertension 
 None Ref
 Controlled 1.16 (0.44–3.06) 0.76 1.10 (0.40–3.07) 0.85
 Uncontrolled 4.17 (1.52–11.49) 0.01* 5.21 (1.77–15.30) 0.003†
Diabetes mellitus 1.48 (0.35–6.30) 0.60
Hyperlipidemia 0.27 (0.04–2.02) 0.20
Ischemic stroke 0.58 (0.08–4.33) 0.60
Location of aneurysm
 MCA Ref
 ACoA 3.96 (1.30–12.12) 0.02* 4.98 (1.60–15.52) 0.006†
 ICA 0.64 (0.12–3.29) 0.59 0.69 (0.13–3.64) 0.67
 IC-PCoA 1.85 (0.50–6.89) 0.36 2.34 (0.62–8.88) 0.21
 BA 1.02 (0.12–8.74) 0.99 1.13 (0.13–9.80) 0.91
 VA (omitted) 0 (omitted)
 Other 3.46 (0.83–14.50) 0.09* 3.42 (0.80–14.59) 0.10
Shape
 Thrombosed (omitted)
 Calcified (omitted)
 Presence of daughter sac 2.18 (0.65–7.37) 0.21
Size, mm
 3 Ref
 4 1.49 (0.66–3.37) 0.34

* p < 0.2.
† p < 0.05.
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cohort was 20.7%, which is not insignificant. Aneurysms 
that bleed shortly after formation are difficult to follow 
clinically and radiologically from formation to rupture; 
therefore, they were never detected as UCAs and most 
acute SAH in patients with small aneurysms was from re-
cently formed aneurysms.23,34,40 According to the present 
prospective study, however, at least 20.7% of small UCAs 
among all ruptured UCAs were already detected as UCAs. 
This fact told us that the number of aneurysms that bleed 
shortly after formation and were unscreened was rare. For 
small UCAs with risk factors, we can manage the control 
of risk and treat those with higher risk factors. On the other 
hand, according to Kassell and Torner,17 the proportion of 
small ruptured cerebral aneurysms among 1092 cases was 

13% in those ≤ 5 mm. However, this proportion has been 
increasingly reported as up to 50% recently.2,4, 6, 22, 25,42 There 
are likely two reasons for the relatively lower proportion of 
small UCA ruptures in this study. One is that about half of 
the small UCAs were treated before rupture and managed 
according to the risk factors of rupture. The reasons to treat 
small UCAs included the patient’s young age, modality of 
diagnosis, family history of SAH, history of SAH, and for-
mer or current smoking (Tables 4 and 5). The second rea-
son is that UCAS Japan did not include 2-mm UCAs. Ac-
cording to other studies,14,28 the rate of small UCAs from 2 
to 4 mm was no less than 87.6%,3 with lesions of 2.0 to 2.9 
mm at 46.3%.14 Therefore, 2-mm UCAs occur more fre-
quently than 3- or 4-mm UCAs. However, the natural his-

TABLE 4. Patient characteristics of treated UCAs compared to 
untreated UCAs of 3-mm diameter

Characteristic

Treated 
UCA Before 

Rupture
Untreated 

UCA
p  

Value

No. of patients 356 849
Age, yrs <0.001
 Mean ± SD 58.4 ± 9.0 62.0 ± 10.8
 Median (IQR) 59 (53–65) 63 (55–70)
 Range 25–77 25–93
Females, n (%) 232 (65.2) 536 (63.1) 0.50
Multiplicity, n (%) 26 (7.3) 49 (5.8) 0.32
Reason for imaging, n (%) 0.044
 Screening brain checkup 77 (21.6) 173 (20.4)
 Incidental other than brain 

checkup
78 (21.9) 233 (27.4)

 Unspecified Sx (headache, 
dizziness)

169 (47.5) 385 (45.3)

 Sxs caused by mass effects 
or embolic episodes

6 (1.7) 14 (1.6)

 w/ SAH 24 (6.7) 30 (3.5)
 Other 2 (0.6) 14 (1.6)
Modality of diagnosis, n (%)
 DSA 179 (50.3) 270 (31.8) <0.001
 MRA 152 (42.7) 442 (52.1) 0.003
 CTA 103 (28.9) 268 (31.6) 0.37
Family history of SAH, n (%) 58 (16.3) 115 (13.5) 0.22
Past & medical history, n (%)
 History of SAH 20 (5.6) 16 (1.9) 0.001
 Former or current smoker 75 (21.1) 125 (14.7) 0.007
Hypertension, n (%) 0.44
 None 207 (58.1) 518 (61.0)
 Controlled 116 (32.6) 269 (31.7)
 Uncontrolled 33 (9.3) 62 (7.3)
Diabetes mellitus, n (%) 14 (3.9) 55 (6.5) 0.083
Hyperlipidemia, n (%) 55 (15.4) 142 (16.7) 0.59
Ischemic stroke, n (%) 19 (5.3) 60 (7.1) 0.27
Polycystic kidney disease, n (%) 0 (0.0) 2 (0.2) 0.36

Boldface type indicates statistical significance.

TABLE 5. Patient characteristics of treated UCAs compared to 
untreated UCAs of 4-mm diameter

Characteristic
Treated UCA 

Before Rupture
Untreated 

UCA
p 

Value

No. of patients 547 683
Age, yrs <0.001
 Mean ± SD 59.6 ± 9.0 63.9 ± 10.4
 Median (IQR) 59 (54–66) 65 (57–71)
 Range 29–80 35–91
Female sex, n (%) 348 (63.6) 446 (65.3) 0.54
Multiplicity, n (%) 61 (11.2) 60 (8.8) 0.17
Reason for imaging, n (%) <0.001
 Screening brain checkup 140 (25.6) 126 (18.4)
 Incidental other than brain 

checkup
109 (19.9) 178 (26.1)

 Unspecified Sx (headache, 
dizziness)

242 (44.2) 316 (46.3)

 Sxs caused by mass effects 
or embolic episodes

2 (0.4) 14 (2.0)

 w/ SAH 37 (6.8) 27 (4.0)
 Other 17 (3.1) 22 (3.2)
Modality of diagnosis, n (%)
 DSA 292 (53.4) 204 (29.9) <0.001
 MRA 229 (41.9) 353 (51.7) 0.001
 CTA 112 (20.5) 235 (34.4) <0.001
Family history of SAH, n (%) 101 (18.5) 62 (9.1) <0.001
Past & medical history, n (%)
 History of SAH 32 (5.9) 21 (3.1) 0.017
 Former or current smoker 109 (19.9) 91 (13.3) 0.002
Hypertension, n (%) 0.75
 None 332 (60.7) 400 (58.6)
 Controlled 169 (30.9) 223 (32.7)
 Uncontrolled 46 (8.4) 60 (8.8)
Diabetes mellitus, n (%) 28 (5.1) 46 (6.7) 0.24
Hyperlipidemia, n (%) 80 (14.6) 88 (12.9) 0.38
Ischemic stroke, n (%) 25 (4.6) 64 (9.4) 0.001
Polycystic kidney disease, 

n (%)
3 (0.5) 1 (0.1) 0.22

Boldface type indicates statistical significance.
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tory of small UCAs remains poorly understood, and only 
0.25%8,31,35 to 0.54% per year34 eventually rupture.

The reported risk factors for rupture of small UCAs are 
the patient’s age (< 50 years), hypertension, multiple an-
eurysms, initial aneurysm size, location of the posterior 
circulation and ACoA, and size ratio.10,16,34 In this study, 
according to multivariate analysis, the significant risk 
factors were the screening brain checkup, past history of 
SAH, uncontrolled hypertension, and the location of the 
ACoA. A possible reason that age < 50 years was not a 
risk factor in our study could be that patients undergoing 
treatment for a small UCA were significantly younger than 
the untreated group (Tables 4 and 5). Many reports regard 
the location of the ACoA as one risk factor for rupture of 
UCAs5,9,13,14,27,37 because of morphological3 and associated 
anomalies.20 Additionally, many reports of hypertension as 
a risk factor have been published;5,9,13,14,27,37 however, hy-
pertension is more the essential fact of actual high systolic 
blood pressure than the hypertension itself in patients with 
SAH.19 Nonetheless, the role of blood pressure level in pa-
tients with small UCAs has never been researched.

The screening brain checkup was one of the risk factors 
of UCA rupture in our Cox proportional hazard regression 
analysis; however, this risk factor was not significantly 
high according to the log-rank test. The risk of early an-

eurysmal rupture after the discovery of a UCA was higher 
than expected based on the aneurysm’s characteristics.7 
Psychological stress has been increasingly suggested as 
a potential risk factor for hemorrhagic strokes,12 and a 
sudden increase in blood pressure as a result of startling 
emotion is related to aneurysm rupture.38 In fact, anxiety 
and depression were apparent in patients with untreated 
UCAs.21,30 Therefore, explanations to patients whose small 
UCA has just been detected should be undertaken care-
fully to avoid the startled emotion. Further study regarding 
the stress caused just by the detection of an aneurysm and 
its concomitant risk is necessary.

To date, many published reports about small UCAs have 
noted that direct treatment of small lesions without risk 
factors was ineffective because of too many background 
and general management issues. This strategy could be the 
best way to reduce the rate of SAH. Two recent papers de-
scribe managing small UCAs without risk by using a Mar-
kov decision model for lifetime rupture; they state that, in 
most situations, prophylactic treatment of such lesions is 
unlikely to improve patient outcomes over the natural his-
tory.1 According to another paper, no preventive treatment 
and even no imaging follow-up were the most effective 
strategies in patients with UCAs of 3 mm or less, resulting 
in better health outcomes.24

FIG. 2. A: Kaplan-Meier curve showing the probability of rupture for all patients. B: Kaplan-Meier curve showing the probability 
of rupture in patients with hypertension (HT). C: Kaplan-Meier curve showing the probability of rupture in patients with an anterior 
communicating artery (AcomA) aneurysm. D: Kaplan-Meier curve showing the probability of rupture in patients detected through 
the screening brain checkup. Figure is available in color online only.
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We found that the common features of small UCAs 
were younger patients, multiplicity, detection through 
screening checkup, and family history of SAH (Tables 1 
and 2). If possible, the treatable risk factors, such as hy-
pertension, should be managed as soon as possible. The 
psychological stress of having a UCA varies according to 
the sensitivity of the individual patient. The timing of in-
terventional treatment for a UCA is controversial. If the 
patient has high anxiety and depression, relatively imme-
diate treatment in a high-volume center by an experienced 
doctor might be an option after proper and informed con-
sent, as rupture after discovery is most likely during the 
early period.15,21,33 In general, however, we cannot reduce 
the incidence of SAH through interventional treatment 
of individual small UCAs based on the large numbers of 
small UCAs. Currently, some drugs show promise in pre-
venting the rupture of UCAs.11,41

According to the present study, if any small aneurysms 
are found incidentally, patients should be treated for hyper-
tension and stressful communication of the risks should be 
avoided. Aneurysms located on the ACoA or associated 
with previous SAH should be followed with imaging at 
appropriate intervals or might be interventionally treated 
under limited conditions. Finally, we should further inves-
tigate small UCAs and manage them according to the pa-
tient’s individual background.

Limitations
This study has several limitations. First, the population 

in this pooled analysis was limited to Japanese patients 
with UCAs. The rate of UCA rupture in the Japanese pop-
ulation has been reported to be high, and Japanese eth-
nicity is an independent predictor of aneurysm rupture, 
according to previously reported pooled data.9 Therefore, 
the results in this report should be applied with caution to 
small UCAs in other populations because the geographical 
region is related to the risk of rupture. Although a study 
such as this prospective cohort is possible only in Japan, 
nonetheless, the results contribute to the study of UCAs 
across the globe.

Second, this study has a case-selection bias. Tables 4 
and 5 show the treated UCA characteristics of patients. 
Those with age, past and medical history were significant-
ly different factors. Third, the small number of variables 
investigated is the result of our choice to assess only vari-
ables common to this group. Thus, rates of smoking and 
intake of aspirin or a statin were not investigated because 
patients undergoing brain checkups tend to be highly 
health conscious and healthy. And fourth, this study did 
not include very small UCAs of 1 or 2 mm, which appear 
often in screening images. Therefore, further study should 
include 1- or 2-mm UCAs. Finally, the study had relatively 
short follow-up durations, with 45% at 2 years and 29% at 
3 years.

Conclusions
Despite the annual rupture rate of small UCAs being 

low, the actual number of ruptures was not low in the total 
group. Small UCAs that ruptured during follow-up could 
be detected, screened, and managed based on each risk 

factor. Possible selection criteria for treating small UCAs 
include a history of SAH, uncontrolled hypertension, loca-
tion on the ACoA, and young patients. Further large pro-
spective and longitudinal registered trials are needed to 
elucidate these issues.
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