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Family history of subarachnoid hemorrhage and the
incidence of asymptomatic, unruptured cerebral aneurysms
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Object. Previously the authors reported a significant correlation between a family history of subarachnoid hem-
orrhage (SAH) and the discovery ol an unroptured ancurysm in a group of healthy voluntecrs, This study corrobo-
rates and extends previous findings regarding the relationship between genetic and acquired factors in the forma-
tion of cerebral aneurysms.

Methods. The incidence of asymptomatic, unrupturcd cerebral aneurysms was studied among patients with a
family history of SAH within the second degree of consanguinity. Forty-one unruptured cerebral aneurysms were
found in 34 (13.9%) of 244 patients. This incidence was significantly higher than that found in a control group of
healthy volunteers (6%). Furthermore, patients who had a family history of SAH combined with muitiple systemic
risk factors were found to have the highest incidence of untuptured aneurysms (32%; odds ratio 3.49, 95% confi-
dence interval 1.37-8.9).

Conclusions. These findings suggest that patients with a family history of SAH with or without the presence
of more than one systemic risk factor are at significantly higher risk of harboring cerebral aneurysms. This high-
risk group should be periodically screened and treated with appropriate surgical or other forms of therapy when nec-

essary.
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termed “Brain Dock” in Japan, with the purpose of
preventing cerebrovascular disease, especially subarach-
noid hemorrhage (SAH). The term “dock” refers to an ar-
ea in a port in which ships are repaired. In our 1994 study
we reported a high discovery rate (6%) of an unruptured
aneurysm in 400 healthy volunteers.” It was found in that
study that the most significant factor correlating to an in-
cidence of unruptured aneurysm was a family history of
SAH, Thus, we further extended the screening study for
unruptured aneurysms to include patients with a family
history of SAH within the second degree of consanguini-
ty. The results were compared with updated data gathered
from 1000 healthy volunteers.

IN 1988 we began a formalized screening system for

Clinical Material and Methods
Family Group

The family group was restricted to patients who had a
family history of SAH within the second degree of con-
sanguinity and who had no previous symptoms or pre-
sumed episode of SAH. In this group, defined as the
“Family group,” there were 244 patients: 73 men and 171
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womern, ranging in age from 20 to 72 years (mean 50.9
years) (Fig. 1). All patients received a set of screening ex-
aminations for unruptured cerebral aneurysms while at the
outpatient and inpatient settings of our hospital between
May 1991 and April 1997. The screening examinations
consisted of one or more of the following three angio-
graphic studies: 1) magnetic resonance (MR) angiography
performed in 234 cases (95.9%); 2) three-dimensional
computerized tomography (3D-CT) angiography per-
formed in 16 cases (6.6%); and 3) intraarterial digital
subtraction (IA-DS) angiography performed in 37 cases
(15.2%). In cases in which nnruptured aneurysms were
found on MR angiography, either 3D-CT angiography or
IA-DS angiography was performed to ensure a precise as-
sessment.

Brain Dock Group

To make a comparison with the Family group, healthy
volunteers who underwent medical evaluation at our
Brain Dock unit between March 1988 and October 1997
were defined as the “Brain Dock group.” They had no
symptoms or history of presumed SAH. There were 1000
volunteers: 664 men and 336 women, ranging in age from
22 to 78 years (mean 54.6 years) (Fig. 1). Most volunteers
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FiG. 1. Bar graph displaying the percentage age distribution in
the groups studied. Both groups show uniform distribution of age.

were motivated to part1c1patc in the study because of a
family history of cerebrovascular disease mcludmg SAH
and some other risk factors, whereas others wished to un-
dergo medical evaluation because of vague uneasiness
{Table 1). The IA-DS angiography was performed in 370
(37%) of 1000 cases from March 1988 to June 1992; after
July 1992 MR angiography was performed in all the re-
maining 630 cases as the primary screening examination
and either 3D-CT angiography or [A-DS angiography was
performed as an additional screening examination in pa-
tients suspected of harboring cerebral aneurysms.

Outline of Comparison Between Family Group and Brain
Dock Group

The incidence, location, size, and other characteristics
of unruptured aneurysms were compared between both
groups. History of cercbral infarction, hypertension, dia-
betes mellitus, presence of hyperlipidemia, and habitual
smoking were considered risk factors.

Statistical analyses included formulating the odds ratio
with a 95% confidence interval (Cl), a chi-square test, and
a test for differences of proportion. Comorbidity and pres-
ence of ancurysms were calculated by using commercial-

TABLE 1
Motive for Brain Dack entry in 1000 cases*
Motive Pereentage of Volunteers
family history of CVD 48.1
family history of SAH 9.9
hypertension 40.8
hyperlipidemia 349
headache 2040
vague uneasiness 6.2
others 130

* Some paticnts stated multiple motives. Abbreviation. CVD = cerebro-
vascular disease including SAH.
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Fig. 2. Bar graphs depicting the locations of the discovered
aneurysms in both groups. The Family group shows a predomi-
nance of aneurysms on the middle cerebral artery. AcomA = ante-
rior communicating artery; BA = basilar artery; dACA = distal
anterior cercbral artery; ICA = intemal carotid artery; MCA = mid-
dle cerebral artery; VA = vertebral artery.

ly available software (Statview; Abacus Concepts, Inc,,
Berkeley, CA).

Results

Susmmary of Family Group

Forty-one asy mptomatic untuptured cerebral aneu-
rysms were found in 34 (13.9%) of the 244 patients in
the Family group. In six (17.6%) of these patients there
were multiple aneurysms. The incidence of aneurysms
was eight (11%) of 73 men and 26 (15.2%) of 171 women.

Eighteen (43.9%) of aneurysms were located on the
middle cerebral artery; 16 (39%) on the internal carotid ar-
tery; three (7.3%) on the anterior communicating artery;
two on the basilar artery; and one cach on the vertebral ar-

tery and the distal antetior cerebral artery (Fig. 2 leff). The
diameter of the aneurysm was 4 mm or less in 21 {51.2% /o)
of 41 cases and 5 to 10 mm in 19 cases (46.3%) (Fig. 3
left).

The relationship between the incidence of aneurysms
and the density of family history of SAH was as follows:
aneurysms were found in 17 (14%) of 121 patients with a
history of aneurysms in parents alone, 15 (14.9%) of 101
patients with a history in siblings alom: and two {14.3%)
of 14 patients with a history of more than one family
member (Fig. 4). Aneurysms were not found in patients
with a history of SAH in grandparents.

In this group (Fig. 5 left), hypertension was found in 74
(30.3%) of 244 cases, habitual smoking in 62 (25.4%), hy-
perlipidemia in 20 (8.2%), and diabetes mellitus in eight
cases (3.3%}). Eight paticnts suffered cerebral infarction
(3.3%). Twenty-five (10.2%) of 244 patients had more
than one risk factor, whereas 108 patients (44.3%) had no
such risk factors (Fig. 5 left).

Reparding the relationship between the incidence of
aneurysms and risk factors, aneurysms were found in 15
{20.3%) of 74 patients with hypertension, two (25%) of
cight with diabetes melkitus, five (255} of 20 with hyper-
lipidemuia, and 11 (17.7%) of 62 who were habitual smok-
ers. In patients in whom there was more than one risk fac-
tor, ancurysms were found in eight (32%) of 25 cases
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FiG. 3. Bar graphs showing size distribution of aneurysms in
both groups. Most aneurysms were smaller than 10 mm in both
groups. An = aneurysms.

(odds ratio 3.49, 95% CI 1.37-8.9). This correlation was
statistically significant (Table 2).

Summary of Brain Dock Group

In the Brain Dock group, 65 asymptomatic, unruptured
cerebral aneurysms were found in 60 (6%) of 1000 pa-
tients. When analyzed according to gender, the incidence
was 34 (5.1%) of 664 men and 26 (7.7%) of 336 women.

The aneurysms were found in the following locations:
18 (27.7%) on the middle cerebral artery; 27 (41.5%) on
the internal carotid artery; 13 (20%) on the anterior com-
municating artery, and five (7.7%) on the basilar artery
(Fig. 2 righr). The diameter of the aneurysms was 4 mm
or less in 33 (50.8%) of 65 cascs and 5 to 10 mm in 27 cas-
es (41.5%) (Fig. 3 right).

In this group of 1000 volunteers, there was associated
hypertension in 408 cases (40.8%), hyperlipidemia in 349
cases (34.9%), habitual smoking in 310 cases (31%), and
diabetes mellitus in 82 cases (8.2%) (Fig. 5 righr).

Regarding the incidence among volunteers with risk
factors, aneurysms were found in 31 (7.6%) of 408 cas-
es with hypertension; 33 (6.8%) of 487 cases with a fam-
ily history of cerebrovascular disease (including cerebral
infarction, cerebral hemorrhage, and SAH):; 21 (6.8%)
of 310 cases associated with habitual smoking; and 18
(5.2%) of 349 cases with hyperlipidemia (Fig. 5 righf). In
those volunteers having a family history of SAH, aneu-
rysms were found in 12 of 99 patients. This incidence was
statistically significant at 12.1% (odds ratio 2.74, 95% CI
1.4-5.35) (Table 2).

Summary of Group Comparison

The Family group had a much higher incidence of un-
rupturcd cerebral aneurysms (13.9%) than the Brain Dock
group (6%) (Z, = 4204, p < 0.001). Aneurysms were
found in 34 of 244 patients in the Family group and in 60
of 1000 volunteers in the Brain Dock group.

There was no statistical difference in aneurvsm distri-
bution between the two groups (p = 0.25). Both groups
showed a predominace of aneurysms on middle cerebral
and internal carotid arteries, and there were fewer aneu-
rysms on the anterior communicating artery in compati-
son with ruptured cases (Fig. 2).
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FiG. 4. Venn diagram showing the correlation of aneurysms and
family history of SAH. Among the second degree of consanguini-
ty, family hlthI') of grandparents did not show any incidence of
SAH, whereas other histories such as those including parents or
siblings showed a uniform degree of correlation.

There was no statistical difference in the size distribu-
tion of aneurysms between the two groups (p = 0.47). In
both groups, 90% of aneurysms were 10 mm or smaller
and approximately 50% wecrc smaller than 5 mm (Fig. 3).

The relationship between the incidence of aneurysms
and risk factors was statistically analyzed by formulating
the odds ratio with the 95% CI for both groups (Table 2).
The incidence of aneurysms tended to be lower for men in
both groups, and there was a significantly high incidence
of aneurysms in the Family group members with more
than one risk factor (odds ratio 3.49,95% CI 1.37-8.9), in-
dicating a strong correlation between a family history of
SAH and multiple risk factors. On the other hand, the
Brain Dock group members who had multiple risk factors
did not have a high incidence of aneurysms, although a
high incidence was observed in members of this group
who had a family history of SAH (12.1%; odds ratio 2.74,
95% CI 1.4-5.35).

Discussion

The incidence of unruptured aneurysms in healthy vol-
unteers in our Brain Dock group was higher than dis-
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FiG. 5. Bar graphs depicting incidences of comorbidity in both
Family and Brain Dock groups. CI = cerebral infarction; DM = dia-
betes mellitus; FH = family history; HL = hyperlipidemia; HT =
hypertension; SM = smoking.
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TABLE 2
Comorbidity and presence of aneurysms in both groups*

Family Group Brain Dock Group
No. of No. W/ Odds Ratio No, of No. W/ Odds Ratio
Risk Factor Cases Aneurysm (95% CI) Cases Aneurysm (95% CT)

hypertension 74 15 2.02 (0.96-4.24) 408 31 1.60 (0.95-2.69)
diabetes mellitus 8 2 IDA 82 1 0.18 (0.03-1.31)
hyperlipidemia 20 5 2.24 (0.76-6.63) 349 18 0.79 (0.45-1.39)
smoking 62 11 1.49 (0.68-3.27) 310 21 1.21 (0.70-2.10)
gender (male) 73 8 0.69 (0.30-1.60) 664 34 0.64 (0.38-1.09)
stroke 8 1 0.88 (0.11-7.38) 0 0 IDA
family history of SAH 244 34 — 99 12 2.74 (1.40-5.35)
more than 1 risk factor 25 8 3.49 (1.37-8.90) 321 21 1.15 (0.66-1.99)
* IDA = insufficient data available; — = not applicable, all patients in group.

covery rates previously reported in the literature. The pre-
sumed average incidence of cerebral aneurysms has var-
ied in each reported study. This may be due to differences
in the size of the series, the patient age distribution, the
complication of disease, and whether the study focused on
live patients or autopsy specimens. The average incidence
of asymptomatic unruptured cerebral aneurysm has gener-
ally been considered to be from 1 to 3%." To make a sta-
tistical comparison of the incidence rate, it is important
that the age distribution of the patients and volunteers
compared be within the same range and uniform. Con-
cerning this point, the following two reports are compa-
_rable to ours. Inagawa and Hirano® reported that 84 inci-
dental saccular aneurysms (0.83%) were found in 10,112
autopsy cases, excluding SAH and fusiform aneurysm
cases, On the other hand, Atkinson, et al.,! reported in
their angiographic reevaluation that three incidental aneu-
rysms (1.1%) were found in 278 cases, excluding SAH
cases. On the basis of these two reports, we presumed the
incidence of unruptured aneurysms among adults to be ap-
proximately 1%. Recently, Rinkel, et al..° reviewed stud-
ies published between 1955 and 1996 and concluded that
the incidence of aneurysms for adults without risk factors
for SAH was approximately 2%. Compared with the three
preceding reports, our consecutive 1000 cases in the Brain
Dock group revealed a much higher incidence of 6% and
an even higher incidence of 12.1% was found in Brain
Dock volunteers with a family history of SAH. Therefore,
we have stressed the significance of screening people with
a family history of SAH to help prevent its devastating
impact.’

To confirm the correlation between a family history of
SAH and the discovery of an unruptured aneurysm, we
extended our study to include outpatients and inpatients
with a family history of SAH. Our strategy was to recom-
mend and perform MR angiography studies in patients
who had a family history of cerebrovascular disease. Once
a patient deemed positive or suspected of harboring a ce-
rebral aneurysm was found, 3D-CT angiography and/or
IA-DS angiography was performed for a precise assess-
ment. The possibility of overlooking an aneurysm larger
than 2 mm has proven to be very low in our clinical expe-
rience. In those patients in whom a screening examination
provided negative findings, follow-up MR angiography
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was still performed every 1 to 3 years. Fortunately, we
have not seen any SAH in these patients.

Because our study participants were patients who visit-
ed our hospital with various complaints, our results might
have some bias in elucidating the exact incidence of famil-
ial aneurysms among the general population. Neverthe-
less, the incidence of unruptured aneurysms in the Fami-
ly group seemed remarkably higher than that in healthy
volunteers in the Brain Dock group, and this figure was
statistically significant, given the fact that the age distri-
bution between the two groups was uniform (Fig. 1). Our
results suggest that some cerebral aneurysms are heredi-
tary and that people with a family history of SAH need
further screening studies.’

Ronkainen and associates® also reported that screening
for unruptured incidental intracranial aneurysms is worth-
while if more than one family member within the first de-
gree of consanguinity is affected by one. They conducted
a study to compare the prevalence and relative risk of
unruptured incidental intracranial aneurysms between
families of persons who harbored them and the general
population in one geographically defined area in eastern
Finland. The relative risk for intracranial aneurysms
among first-degree relatives in families in which more
than one person harbored such aneurysms was a 4.2 odds
ratio, and among first-degree relatives in families with
only one affected family member, the odds ratio was 1.8
compared with the general population. In our study there
was no difference in the incidence of unruptured an-
eurysms between patients with more than one affected
family member and those with only one affected family
member, although only a few cases were available for
comparison. However, it is our impression that the inci-
dence of unruptured aneurysms would be higher for peo-
ple with more than one affected family member as Ron-
kinen and associates® reported.

The concept that genetic factors influence the formation
of familial aneurysms has been generally acknowledged.
Our results have corroborated some previously known
characteristics of familial aneurysms: they tended to be
located on the middle cerebral artery, which is different
from the distribution of aneurysms in SAH cases,>® and
most familial aneurysms were smaller than 10 mm, which
is compatible with the concept that familial aneurysms are
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significantly smaller than those in individuals without a
family history of SAH.*

Although our study was primarily focused on genetic
factors, our risk factor analysis revealed other acquired
factors related to the incidence of cerebral aneurysms.
Each risk factor alone did not have any correlation with
the existence of cerebral aneurysms, but more than one
risk factor had a significant correlation with the presence
of unruptured aneurysms. These findings have not pre-
viously been reported and cannot be overemphasized.
Therefore, our data imply that some aneurysms are not
only hereditary, but also acquired because of multiple sys-
temic risk factors.

Conclusions

The incidence of unruptured cerebral aneurysms was
studied among outpatients and inpatients with a family
history of SAH within the second degree of consanguini-
ty. In this study, both genetic and acquired factors were
observed to influence aneurysm incidence. Unruptured
cerebral aneurysms were found in 34 (13.9%) of 244 pa-
tients with a family history of SAH and in eight (32.3%)
of 25 patients (odds ratio 3.49, 95% CI 1.37-8.9) with a
family history and multiple systemic risk factors. Fami-
ly history of SAH, especially with the addition of more
than one risk factor, should identify a high-risk group
of patients with possible cerebral aneurysms. Aggressive-
ly screening these high-risk patients combined with opti-
mum surgical treatment of unruptured aneurysms should
decrease the incidence of SAH in the future.
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