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Ruptured cerebral aneurysm is the most common cause of subarachnoid hemorrhage
(SAH), and is associated with significant morbidity and mortality. It is a serious form
of intracranial hemorrhage that, even with the best available medical care, leaves a
majority of its victims dead or severely disabled. It is less common than other forms
of intracranial hemorrhage, but tends to affect younger people and so imposes a disproportionally high burden in terms of years of productive life lost. The incidence of
SAH in Western populations is about 9–15/100,000 persons per year.1–3 About 80%
of affected patients have radiological evidence of a ruptured aneurysm.4 The prevalence of asymptomatic intracranial aneurysm is estimated to be about 1.8%–2%.5,6
The epidemiology of cerebral aneurysm in Western populations is well reported in
the literature.5–9 Some studies have attempted to determine whether there is a critical
size at which an aneurysm is likely to rupture and thus warrant treatment.10 It has
been considered that site and patient age, as well as lesion size, may affect the risk of
rupture of a cerebral aneurysm.11 Rinkel et al reported an annual rupture risk of 1.9%
in Western populations.5,12 It has also been reported that there is a higher incidence
of rupture of cerebral aneurysm in Japanese patients.12 An annual risk of cerebral
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Background: The purpose of this study was to investigate the epidemiology of sporadic
ruptured cerebral aneurysm in the Chinese population.
Methods: We retrospectively analyzed the medical records of 264 consecutive Chinese
patients admitted to the Affiliated Hospital of Zunyi Medical University of Guizhou Province
in Southwest China between December 2012 and March 2015 for spontaneous subarachnoid
hemorrhage due to a ruptured cerebral artery aneurysm.
Results: The study population comprised 171 females and 93 males with a median age of 50
(range 5–76) years. The female to male ratio was 1.84:1. For both males and females, aneurysm
rupture was most common in the 40–49-year age group (34.5%). Most of the ruptured aneurysms
were in the size range of 2–5 mm (47.2%), followed by 5–10 mm (43.8%). Ruptured aneurysms
occurred most often in the posterior communicating artery (36.6%) or the anterior communicating
artery (25.7%). There were more cases of anterior communicating artery aneurysm on the left
side (53 [Left side]/16 [Right side]=3.31, P,0.001) and slightly more cases of posterior communicating artery aneurysm on the right side (54 [Right side]/44[Left side]=1.23, P.0.05).
Conclusion: This study provides valuable information on the epidemiology of ruptured cerebral
aneurysm in the Chinese population.
Keywords: cerebral aneurysm, rupture, subarachnoid hemorrhage, Chinese population, epidemiology
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aneurysm rupture of 2.7% has been reported in Japan, and
this is relatively high compared with reports from Europe
and North America.
Unlike the available data for Caucasian and Japanese
populations,1–15 few studies describing the epidemiology
of cerebral aneurysm in the Chinese population have been
published.16–18 Recently, Zhao et al reported a retrospective
analysis of 1,256 sporadic cases of ruptured cerebral aneurysm at a single institution in northern China.19 One of the
coauthors of the present paper also coauthored that report.19
The purpose of the current study was to review the demographic patterns of sporadic ruptured cerebral aneurysm at
one medical institution in southwest China. The results from
this study will add to the knowledge of sporadic ruptured
cerebral aneurysm in the Chinese population, and help to
better understand the population differences.19,20

continuous variables. Contingency tables were analyzed using
Fisher’s Exact test for dichotomized variables or χ2 statistics.
P,0.05 was considered to be statistically significant.

Patients and methods

Age characteristics in patients
with ruptured cerebral aneurysm

This was a retrospective study of 264 consecutive Chinese
patients admitted to the Affiliated Hospital of Zunyi Medical
University, Guizhou Province, southwest China, between
December 2012 and March 2015 for spontaneous SAH due
to a ruptured cerebral artery aneurysm. The data analyzed in
this study were extracted from the medical records held at the
hospital. The institutional review board approved this retrospective analysis. The patients included 171 females and 93
males, with a median age of 50 (mean 51, standard deviation
11.1, range 5–76) years. SAH was initially diagnosed by brain
computed tomography, and digital subtraction angiography
(DSA) followed, SAH was confirmed to be due to cerebral
aneurysm. In 163 cases, information on the size of the
aneurysm was given categorically as microscopic (#3 mm),
small (,5 mm), middle-sized (5#/,15 mm), and large
($15 mm). The size of the ruptured aneurysm was measured
by a specialist physician at the time of diagnosis in 25 male
and 64 female patients. These measurements took place
in the later stage of the study period, and were done using
digital subtraction angiography, with the largest diameter
measured through the long axis of the aneurysm, as described
previously.8,18,19 Seven patients had multiple aneurysms, and
the specific aneurysm responsible for the rupture could not
be determined reliably from the medical records.

Statistical analysis
The statistical analysis was performed with Statistical
Package for the Social Sciences version 14.0 for Windows
(SPSS Inc., Chicago, IL, USA). Group comparisons were
performed using the Student’s t-test for normally distributed
continuous variables or the Mann-Whitney U-test for other
1610
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Results
Sex characteristics in patients
with ruptured cerebral aneurysm
The study population included 264 patients comprising 171
females and 93 males, with a female to male ratio of 1.84:1,
indicating that females had a higher incidence of cerebral
aneurysm rupture than males (P,0.001, Table 1). The female
to male ratio was 1.5:1 in patients younger than 40 years,
and decreased further to 1.21:1 for patients younger than 35
years, indicating that the relative incidence of males with
cerebral aneurysm rupture tended to be higher in younger
patients (Table 1).

The age distribution of the 264 cases is shown in Figure 1.
For both males and females, aneurysm rupture was most
common at the age of 40–49 years. Some subjects suffered
a ruptured aneurysm before the age of 30 years (n=6, 2.4%)
and some before the age of 20 years (n=2, 0.8%). The mean
age of the male patients was lower than that of the female
patients (49.7±12.1 years versus 52.7±10.5 years, respectively, P=0.035).

Size characteristics of ruptured cerebral
aneurysm
In 225 patients, information on size of the aneurysm was given
categorically as microscopic, small, medium, or large (Table 2).
In 89 patients for whom aneurysm measurement was performed, the mean ruptured aneurysm size was 5.93±3.86
(median 5.01) mm, being 6.48±4.28 (median 5.74) mm
in males and 5.72±3.70 (median 4.67) mm in females
(Figure 2). Ruptured aneurysms were mostly in the size
region of 2–5 mm (47.2%) or 5–10 mm (43.8%). The difference in size of the ruptured aneurysm was not significant
between males and females (P=0.18).

Table 1 Female to male ratio in patients with ruptured cerebral
aneurysm
Female Male Female/
P-value
male ratio
Total patient population (n=264) 171
19
Patients #39 years (n=31)
6
Patients #34 years (n=11)

93
12

1.84
1.50

,0.001
0.273

5

1.20

0.763
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Figure 1 Age distribution of 264 cases with ruptured cerebral aneurysm.

Location of cerebral aneurysm
Data on location of the cerebral aneurysms are presented in
Table 3. Cerebral aneurysm occurred in the anterior circulation
in 96.6% of cases, with 3.4% occurring in the posterior circulation. Aneurysms most commonly occurred in the posterior
communicating artery (PcoA, 36.6%) and in the anterior communicating artery (AcoA, 25.7%). Notably, there were more
cases of AcoA aneurysm on the left side (53 [Left side]/16
[Right side]=3.31, P,0.001) and more cases of PcoA aneurysm on the right side (54 [Right side]/44[Left side]=1.23),
but the difference was not statistically significant.

Characteristics of multiple cerebral
aneurysms
Seven patients (2.7%) in this cohort had multiple cerebral
aneurysms, with six having two aneurysms and one having
three aneurysms (Table 4). Three patients had mirrored
aneurysms, ie, aneurysms distributed both on the right side
and the left side in a mirrored manner.19 All subjects with
multiple cerebral aneurysms were female, and the PcoA was
the most common site.

Discussion
The patients in this study cohort ranged in age from 5 to
76 years, with a mean age of 51 years, which was slightly
Table 2 Category classification of 225 patients with ruptured
cerebral aneurysm
Microscopic Small
#3 mm
49 (21.8%)

Medium

Large

Total

,5 mm
5 mm #/,15 mm $15 mm
86 (38.2%) 75 (33.3%)
15 (6.7%) 225 (100%)
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younger than the mean age of 53.9 years in our previous
report,19 and much younger than the mean age of 59 years
reported by an earlier study of 267 Chinese patients in
Hong Kong.18 Weir et al reported that the average age of
945 patients with ruptured aneurysms in their database was
46 years.11 In a study by Aarhus et al the median patient
age was 50.9 years.21 Like in the Hong Kong study18 and
consistent with our own previous report,19 males presented
with ruptured cerebral aneurysm at a younger mean age
(49.7±12.1 years) than females (52.7±10.5 years, P=0.035).
This observation has also been made in the Western literature. Aarhus et al21 reported that male patients were younger
than female patients (mean 48.2 years versus 53.8 years).
This difference in peak age of incidence may partially be
attributed to the differences in lifestyle between men and
women. A female predominance in patients with ruptured
cerebral aneurysm has been reported in studies from the
West (female to male ratio 2.86:1),10 Japan (female to male
ratio 1.46:1),22 and Taiwan (female to male ratio 1.47:1).17
Similar to our previous series, which had a female to male
ratio of 1.7:1, the current study shows a female to male
ratio of 1.84:1. Also in line with our previous research, the
current study shows that this female predominance becomes
weaker in younger patients (Table 1). The Hong Kong study
demonstrated a trend of larger ruptured aneurysms in men
(mean size 6.3 mm) than in women (mean size 5.6 mm);
however, this difference was not statistically significant. Our
previous study also found that males had a slightly larger
mean aneurysm size (6.17 mm) than females (5.91 mm),
but again the difference was not statistically significant.19
In the current study, for the 89 patients in whom aneurysm
submit your manuscript | www.dovepress.com
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Figure 2 Size distribution of 89 cases with ruptured cerebral aneurysm and diameter measurement. (A) Categorical measurement (B) Continuous numerical measurement.

size was measured, the mean size of the ruptured aneurysm
was 6.48±4.28 (median 5.74) mm for males and 5.72±3.70
(median 4.67) mm for females, but again statistical significance was not reached.
Many series, including the present one, have reported
that the majority of ruptured aneurysms are less than 10 mm
in diameter. In our previous study, 90.6% of patients had
rupture of aneurysms that were #10 mm in size;19 50.9%
of the patients had rupture of aneurysms #5 mm in size.19
In this series, ruptured aneurysms were mostly in the region
of 2–5 mm (47.2%) or 5–10 mm (43.8%). A previous study
in the Hong Kong Chinese population also demonstrated that
64% had aneurysms of size 5 mm or less.18 This is different from findings in the Western and Japanese populations,
where a lower proportion of ruptured cerebral aneurysms
5 mm or less in size has been reported.8,22–26 Kassel and
Torner investigated 1,092 patients with SAH and reported

that 71% of aneurysms were less than 10 mm in diameter
and 13% were less than 5 mm in diameter.26 Mozoi et al
found that the frequency distribution of the diameters of
ruptured aneurysms increased sharply from 4 mm to a peak
at 7 mm and decreased gradually thereafter.27 It is possible
that aneurysms do not grow progressively once they form,
but probably either rupture or stabilize, and that very elderly
patients are at a reduced risk of rupture of aneurysms of the
same size compared with patients who are younger.11 Longitudinal studies with repeated measurement of aneurysm
size using noninvasive methods such as magnetic resonance
angiography are needed to confirm this finding.
While some studies have classified PcoA as part of the posterior circulation,28 the PcoA connects the posterior and anterior
cerebral circulations, and almost all of the aneurysms that affect
it arise at the anterior circulation end, so the PcoA is usually
considered part of the anterior circulation.29 In our study, we also

Table 3 Location of cerebral aneurysms
Anterior circulation

Subtotal (R + L)
Posterior circulation

Subtotal (R + L)

L ICA
19
R ICA
9
28
L VA
1
R VA
0
1

L MCA
17
R MCA
18
35
BA
2

2

L ACA
14
R ACA
4
18
L PCA
1
R PCA
1
2

L AcoA
53
R AcoA
16
69
L distant branch
1
R distant branch
3
4

AcoA
3

3

L PcoA
44
R PcoA
54
98

L distant branch
4
R distant branch
4
8

Subtotal
154
105
259
5
3
9

Abbreviations: L, right; R, right; ICA, internal carotid artery (including any aneurysm located in the intracranial portion of ICA); MCA, middle cerebral artery; ACA, anterior
cerebral artery; AcoA, anterior communicating artery; PcoA, posterior communicating artery; VA, vertebral artery; BA, basilar artery; PCA, posterior cerebral artery.
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Table 4 Characteristics of seven cases with multiple cerebral aneurysms
Sex

Age,
years

Number of
aneurysms

Mirrored
aneurysms

L ICA

F
F

48
76

2
2

N
N

1

F

67

2

Y

F

60

2

Y

F

60

2

N

F

56

2

N

F

67

3

Y
Subtotal

R ICA

R MCA

AcoA

L AcoA

L PcoA

1
1

1

1

1

1
1

1

1

1
3

1

1
1

1
1

3

1
2

1
4

Abbreviations: L, right; R, right; ICA, internal carotid artery (including any aneurysm located in the intracranial portion of ICA); MCA, middle cerebral artery; AcoA,
anterior communicating artery; PcoA, posterior communicating artery.

classified PcoA as part of the anterior circulation. A high proportion of ruptured aneurysms were located in the PcoA (36.6%)
or AcoA (25.7%), which is similar to the pattern reported in
the Western and Japanese populations.8,11,21 This finding is
also consistent with previous reports from Hong Kong and
Taiwan.16–18 This could be explained by the relatively smaller
thickness and diameter of the PcoA and AcoA, which limits the
size of the aneurysm at the time of rupture. It is likely that of
all aneurysms, midline lesions are at greater risk of rupture at
a smaller size than are more laterally situated aneurysms.11 Our
previous data showed more cases of AcoA than PcoA aneurysm
rupture before the age of 50 years, but more cases of PcoA than
AcoA aneurysm rupture after the age of 50 years.19 However,
we did not find this pattern in the current study (data not shown).
Interestingly, our present study showed more cases of AcoA
aneurysm on the left side (53 [Left side]/16 [Right side]=3.31,
P,0.001) and more cases of PcoA aneurysm on the right side
(54 [Right side]/44[Left side]=1.23, P.0.05). Data from our
previous study were similar, with AcoA aneurysm having a left
to right ratio of 210/104=2.02 (P,0.001) and PcoA aneurysm
a right to left ratio of 197:177=1.11 (P=0.301). Although the
higher incidence of PcoA aneurysm in the right side was not
statistically significant, it is interesting that this tendency was
observed in both studies.
The prevalence of multiple aneurysms was only 2.7% in
the current series, and much lower than the 14.57% in our
previous report;19 it is also lower than previous reports of
17% in the Hong Kong population and 15% in the Japanese
population.15,18 Literature for Western populations reports
figures of 30%–40%.30–33 Female sex is considered a risk
factor for multiple aneurysms,30,32 and in this study, the
seven cases with multiple aneurysms were all females. PcoA
was the most common site for mirrored ruptured cerebral
aneurysms, which is similar to our previous report.19 However, this is different from a report by Meissner et al who

Neuropsychiatric Disease and Treatment 2015:11

found that the most common sites of mirror aneurysms were
the middle cerebral artery followed by the noncavernous
internal carotid artery.34
There are many limitations in this study. First, it was a
retrospective analysis of medical records from a single hospital and its sample size was relatively small, so its results
should be viewed with this in mind. Second, the size of the
ruptured aneurysm was not available for all patients. Also, in
multiple aneurysm cases, the specific aneurysm for the rupture could not be ‘confirmed’. Screening for asymptomatic
cerebral aneurysms is not routinely undertaken in China. Our
study examined ruptured aneurysms in a population with an
unknown number of unruptured aneurysms. Further, we do
not know how many patients with ruptured aneurysms did
not seek medical attention. However, we had direct access
to the records of a previous study cohort in the Chinese
population,19 and the same analytic approach was taken, so
direct comparisons were feasible. Overall, the results in the
present study confirmed the results of our recent paper.19
Epidemiological differences have been noted between Chinese patients, Caucasian patients, and Japanese patients,
which could potentially be due to differences in ethnicity, the
specific cohorts included in the studies, and the size of the
study cohorts, as well as in patterns of seeking treatment.
In conclusion, the results of the present study support our
previous findings in the Chinese population showing: the
female predominance is weaker in the younger age group;
a tendency for males to have a slightly larger aneurysm size
than females; ruptured aneurysms are mostly in the size range
of 2–5 mm; a high proportion of ruptured aneurysms from the
PcoA and AcoA; and a higher incidence of AcoA aneurysm
rupture on the left side than on the right side, with a higher
incidence of PcoA aneurysm rupture on the right side than
on the left side. In contrast with other reports, the prevalence
of multiple aneurysms was only 2.7% in this cohort.
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