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ABSTRACT: Familial cerebral aneurysms are currently the subject of burgeoning interest. We review 
the pertinent, recent reports on this topic in the light of our study of 17 families with familial cerebral 
aneurysms. The prevalence of familial cerebral aneurysms ranges from 5-28%. The sex distribution 
displays a female bias. Mothers are more often affected than fathers and daughters more than sons. 
There is no site predilection for familial cerebral aneurysms but they tend to occur at the same (or mir
ror) site within families. The age at rupture of familial cerebral aneurysms is younger, especially in 
females, than for sporadic aneurysms. They tend to rupture within the same decade in families, and 
within five years of each other in identical twins. The size of ruptured familial cerebral aneurysms 
appears to be smaller, especially in women, than sporadic aneurysms. The pattern of inheritance is 
unknown. A poor outcome of rupture is more frequent in familial cerebral aneurysms cases than in spo
radic ones. Angiographic screening of family members at risk, especially first degree relatives, appears 
justified. 

RESUME: Anevrismes cerebraux familiaux. Les anevrismes cerebraux familiaux font actuellement l'objet d'un 
int6ret croissant. Nous revoyons les rapports recents sur ce sujet a la lumiere de notre etude de 17 families pr6sen-
tant des anevrismes cerebraux familiaux. La prevalence des anevrismes cerebraux familiaux varie de 5 a 28%. La 
repartition selon le sexe montre une prevalence plus elevee chez la femme. Les meres sont plus souvent atteintes 
que les peres et les filles plus souvent que les fils. II n'y a pas de site de predilection pour les anevrismes cerebraux 
familiaux, mais ils ont tendance a se situer au meme endroit (ou en miroir) dans les families. L'age au moment de 
la rupture des anevrismes cerebraux familiaux est plus pr6coce, surtout chez les femmes, que pour les anevrismes 
sporadiques. Ils ont tendance a se rupturer dans la meme decennie dans les families et en dedans de cinq ans chez 
les jumeaux identiques. La taille des anevrismes cerebraux familiaux ruptures semble etre plus faible, surtout chez 
les femmes, que celle des anevrismes sporadiques. Le mode d'heredite est inconnu. Une issue defavorable de la 
rupture est plus frequente dans les anevrismes cdrebraux familiaux que dans les cas sporadiques. Le d6pistage 
angiographique des membres des families a risque, surtout des apparentes au premier degre, semble justify. 
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As with people who have a family history of cancer or anemia, I 
felt burdened by the blood flowing in my veins, my inevitable 
destiny. 

B. Yoshimoto in Blood and Water' 

Cerebral aneurysms most likely result from atherosclerotic 
degeneration of the cerebral arterial wall.2 The identification of 
familial clusters of cerebral aneurysms and the demonstration 
that these lesions and the patient who harbour them have biolog
ical characteristics distinct from sporadic cases suggests a possi
ble genetic etiology for familial cerebral aneurysms, and a 
possible genetic contribution to the formation of sporadic 
aneurysms as well. The possibility that cerebral aneurysms may 
be congenital was first suggested by Gull, in 1859, who, unable 
to identify a structural causative lesion in cerebral aneurysms 
examined at autopsy suggested that aneurysms result from an 
inborn defect in the arterial wall.2 Forbus, in 1930, added sup
port to the congenital theory by demonstrating presumably con
genital defects in the wall of cerebral arteries.3 He postulated 
that these mural defects produce areas of decreased resistance to 
arterial pressure, that he termed loci minoris recistentia that, he 
felt, would be especially vulnerable to the haemodynamic 

stresses of the arterial pressure and would ultimately result in 
the formation of cerebral aneurysms. However, Stehbens has 
demonstrated that the areas of mural defects are widespread in 
the cerebral arterial tree and that aneurysms develop not within 
them, but beside them at areas of bifurcations where haemody
namic stresses are the greatest2 and recent studies have demon
strated histological changes associated with cerebral aneurysms 
that are indistinguishable from early atherosclerotic changes.2 

Thus the congenital theory of cerebral aneurysm gains no sup
port from ultrastructural examination. Other factors invoked in 
the support of the congenital theory are the occurrence of multi
ple cerebral aneurysms, the variations of the circle of Willis 
associated with cerebral aneurysms, and the suggestion that 
aneurysms develop at sites of persistence of embryonic anasto-
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moses or at sites of incomplete involution of embryonic vessels. 
All of these features have also been challenged, most notably by 
Stehbens.2 

The strongest evidence that some cerebral aneurysms may 
have a genetic component in their etiology is suggested by their 
occurrence in families,4"14 in identical twins,15"21 and in associa
tion with genetically-determined conditions such as adult poly
cystic kidney disease (APKD).22"24 For the purpose of this 
review (and our epidemiological studies) we consider as familial 
cases instances where at least 2 first, second or third degree rela
tives have a proven cerebral aneurysm. 

In this report we review the significant papers addressing 
familial cerebral aneurysms and comment on them in the light 
of our own study of 17 families with cerebral aneurysms. These 
families include 39 patients who harboured 46 cerebral 
aneurysms and 46 asymptomatic relatives who were electively 
screened by intra-arterial digital subtraction angiography (IA-
DSA), or by magnetic resonance angiography (MRA). The first 
14 families have been previously described in detail elsewhere, 
the 3 others are summarized in Figure 1, and pertinent epidemio
logical data on the 17 families is presented in Table l.614 

Familial Aggregations of Cerebral Aneurysms 
Familial aggregations of cerebral aneurysms may result from 

their association with a known hereditary syndrome such as 
APKD,22"24 may be a fortuitous occurrence, or may reflect the 
true inheritance of an abnormal gene or genes predisposing to 
aneurysm formation.25 Norrgard et al., in a mail survey of rela
tives of patients with a cerebral aneurysm, have estimated the 
prevalence of familial cerebral aneurysms in Sweden at 5%.5 

Ronkainen et al., in the largest prospective study to date, have 
identified a familial history in 9% of Finns with a cerebral 
aneurysm.7 Wang et al. identified an 11.4% risk of familial sub-

Figure 1: Pedigree of three previously unreported families. The circles 
indicate females, the squares males, and the diamonds male and female 
siblings. The presence of a documented cerebral aneurysm is indicated 
by black squares and circles. The circle with a line through it indicates 
a suspected cerebral aneurysm and the circle with the hatching indi
cates a patient with a documented subarachnoid haemorrhage who died 
before angiography could be performed and in whom autopsy was 
refused. These 2 patients are recorded but excluded from study. ACA: 
anterior communicating artery aneurysm, /4y4: pericallosal artery 
aneurysm, MCA: middle cerebral artery aneurysm, BA: basilar artery 
aneurysm. The asterisk refers to a patient with a documented cerebral 
aneurysm whose site could not be ascertained from existing records. 
The arrow indicates a patient whose aneurysm was discovered by elec
tive angiographic screening. All other aneurysms ruptured. 

arachnoid haemorrhage in Seattle, with no attempt to identify 
those patients with cerebral aneurysms, compared to 6.4% for 
the general population.8 Shievink et al. observed that 25% of 
patients with a cerebral aneurysm in Rochester, Minnesota, had 
a family history of cerebral aneurysms.9 In Canada, Mathieu et 
al, in a review of the medical records and pedigrees of patients 
with a cerebral aneurysm in the Saguenay-Lac St-Jean region, 
known for its high incidence of arterial hypertension, found that 
27.2% had a family history12 (Figure 2). As is seen, many of the 
prevalence studies originate from communities with a high 
degree of relatedness due to geographic isolation or, as is the 
case with the Saguenay-Lac St-Jean region of Canada, include 
exceptionally large kindreds. In the Saguenay-Lac St-Jean 
region, De Braekeleer et al. have observed a risk ratio of 4.7 for 
the inheritance of cerebral aneurysms in first degree relatives, 
similar to the 4.1 reported by Schievink et al. in Rochester913 

(Table 2). Second degree relatives from the Saguenay-Lac St-
Jean region have a risk ratio of 2.1 and 3rd degree relatives 1.1. 
Bromberg et al. observed a risk ratio of 6.6 for subarachnoid 
hemorrhage in first and second degree relatives and estimate 
that first degree relatives are at 3-7 times greater risk than the 
general population, for a lifetime risk of SAH in first degree rel
atives of 2-5%10 (Table 2). Norrgard et al. and Wang et al. 
observed that arterial hypertension was not a factor to explain 
the familial clustering of cerebral aneurysms in their popula
tions.58 

Age at first presentation 
Most studies have reported that familial cerebral aneurysms 

rupture at a younger age than do sporadic ones4'5'7911 (Figure 3). 
Thus, in a review of the cases reported to 1986 we found that 
the average age at the time of aneurysm rupture was 42.3 years 
for familial cases versus 51.7 years for sporadic ones.4 In recent 
studies we observed that the peak decennial incidence of rup
tured familial aneurysms was in the 5th decade compared to the 
6th for sporadic cases, and that by age 50 fully 70% of familial 
aneurysms had ruptured compared to 42% for sporadic ones.6,14 

These differences were found to be statistically significant. 
NorrgSrd et al. observed an average age of 43.9 years for the 
rupture of a familial cerebral aneurysm, compared to 52.5 for 
sporadic ones but did not submit this difference to statistical 
analysis.5 Bromberg et al. observed an average age at the time of 
rupture of 46.6 years for familial aneurysms, significantly dif
ferent from the 55.4 years for sporadic ones." These workers 
also observed that the average age of rupture in parents with a 
familial cerebral aneurysm was 49.7 years, significantly older 
than the average age of rupture, at 26.8 years, in their children. 
In our own cases the average age of rupture of parents with 
familial cerebral aneurysms was 55 years, compared to 37 years 
for their children. Bromberg et al. have attributed this age differ
ential in succeeding generations as reflecting the phenomenon 
of anticipation, a term meant to denote earlier onset and worse 
outcome of the disease in successive generations. However, 
such a phenomenon may be wholly accounted for by ascertain
ment bias in that more severe cases are more likely to be identi
fied while patients with milder, later onset disease are more 
likely to leave offspring. Ronkainen et al. and Schievink et al. 
observed a mean age of rupture for familial cases of 50 and 53 
years respectively, compared to 52 and 55 years for sporadic 
cases.7'9 These differences were not significantly different. 
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Table 1: Epidemiological Correlates of Patients with Familial Aneurysm.' 

Affected 
Individuals 

A-l 

A-2 

A-3 
B-l 
B-2 
C-l 
C-2 
D-l 
D-2 
E-l 
E-2 
F-l 
F-2 
G-l 
G-2 
G-3 

G-4 
H-l 
H-2 
1-1 
1-2 
J-l 
J-2 
J-3 
K-l 
K-2 
L-l 
L-2 
M-l 
M-2 
N-l 
N-2 
N-3 
0-1 
0-2 
P-l 
P-2 
Q-l 
Q-2 

Relationship 

mother 

daughter 

daughter 
sister 
sister 
mother 
daughter 
mother 
son 
sister 
sister 
sister 
brother 
sister 
brother 
brother 

sister 
mother 
daughter 
mother 
son 
sister 
sister 
niece 
sister 
brother 
aunt 
niece 
aunt 
nephew 
sister 
sister 
female cousin 
sister 
brother 
brother 
brother 
female cousin 
female cousin 

Age at 
Diagnosis 
(years) 

68 

24 

36 
42 
34 
39 
31 
55 
33 
62 
52 
37 
62 
51 
53 
54 

57 
68 
45 
45 
39 
60 
66 
33 
38 
49 
40 
40 
75 
47 
17 
29 
51 
28 
42 
49 
54 
60 
49 

Site of 
Aneurysm 

R & L MCA 

MCA, 
R & LICA 
ICA 
BA 
ICA 
ICA 
ACA 
ICA 
ACA 
ICA 
R & L MCA 
ICA 
ICA 
ICA 
AchA 
A3A, ICA, 
R & L A c h A 
ICA 
ICA 
ICA 
ACA 
ICA 
MCA 
MCA 
ICA 
ICA 
ACA 
ACA 
MCA 
ICA 
BA, MCA 
ACA 
ACA 
ACA 
ACA 
MCA 
unrecorded 
BA 
A3A 
R & L MCA 

Clinical 
Presentation 

mass effect, 
rupture 
rupture 

elective screening 
rupture" 
rupture 
rupture 
rupture 
mass effect 
rupture 
rupture 
rupture 
rupture 
mass effect 
rupture 
rupture 
rupture 

rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
rupture 
elective screening 

Outcome 

dead 

well 

well 
well 
disabled 
dead 
well 
well 
well 
well 
dead 
dead 
well 
dead 
dead 
dead 

dead 
dead 
disabled 
dead 
dead 
dead 
dead 
dead 
dead 
dead 
disabled 
dead 
well 
well 
well 
dead 
dead 
well** 
well 
dead 
well 
well 
well 

*Affected individuals are labelled according to previous reports.6'4 When more than one aneurysm is 
listed the first one is the one that ruptured. **Died of ruptured aortic aneurysm. 
A3A: pericallosal artery; ACA: anterior cerebral artery; BA: basilar artery; MCA: middle cerebral 
artery; R = right, L = left. 

Although most have observed a female preponderance for famil
ial cerebral aneurysm, as discussed below, it appears that famil
ial cerebral aneurysms rupture at a younger age in men than in 
women. Thus, we have observed that the average age of rupture 
of a familial cerebral aneurysm was 39.6 years for males and 
44.6 for females. Others have made similar observations.4 

An interesting finding is that familial aneurysms have a dis
tinct predilection to rupture within the same decade in individu
als of the same family: in 80% of sisters with a familial cerebral 
aneurysm rupture occurred within 10 years of each other (mean 6 
years) compared to the 20% expected from two randomly-
selected individuals with sporadic aneurysms6 (Figure 4). 
Similarly, in twins with cerebral aneurysms rupture occurred 
within the same decade, in most cases within 5 years, in all 
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cases.1''"'" 

Gender 

All reports to date have identified a higher incidence of 
familial cerebral aneurysms in women than in men. The over-
representation of women ranges from 52 to 80%, the latter seen 
in our own study population.4'5'7'9,14 A female preponderance for 
familial cerebral aneurysms may, at first glance, not appear wor
thy of notice in that it is widely held that cerebral aneurysms in 
general are more common in women. We have addressed this 
question by comparing the sex and age at the time of first rup
ture in our familial patients to the patients reported in the First 
Cooperative Study on Aneurysmal Subarachnoid Hemorrhage.6 

The latter study established the female preponderance for spo
radic cerebral aneurysms but a feature that frequently escapes 
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Figure 2: Familial risk of cerebral aneurysms reported in the literature. 
(The study by Wang et al. relates to familial subarachnoid haemor
rhage.) 

years or older. Below this age there is a distinct male predomi
nance for sporadic cerebral aneurysms. We have observed that 
80% of familial aneurysms in our study population occurred in 
women, versus the 59% expected for sporadic cases.6 This over-
representation of women occurred below the age of 50 years 
where 78% of patients with familial aneurysms were women 
compared to 45% for sporadic aneurysms. Above this age there 
was no statistical difference in incidence of familial aneurysms in 
men or women compared to sporadic aneurysms. In women with 
familial aneurysms rupture occurred before the age of 50 in 59% 
of cases, compared to the expected 31% for sporadic aneurysms. 
Thus these data suggest that ruptured familial cerebral aneurysms 
are more common in females and that their rupture occurs at a 
younger age than the rupture of sporadic cerebral aneurysms. 

Multiplicity 

Perhaps contra-intuitively, multiple aneurysms have not been 
shown to be over-represented in families compared to the popu
lation with sporadic aneurysms. It is interesting to note, how
ever, that most reports of multiple aneurysms, either familial or 
sporadic, have a clear female preponderance. Sixty percent of 
patients with multiple familial aneurysms in our cohort were 
women.6 

Site distribution of familial aneurysms 

Table 2: Risk Ratio (95% Confidence Interval) for Subarachnoid 
Hemorrhage by Degree of Relatedness. 

Bromberg et al., 1995 
First degree 6.6 (2.0-21) 

De Braekeleer et al., 1996 
First degree 4.7 
Second degree 2.1 
Third degree 1.1 

Schievink et al., 1995 
First and second degree 4.1(2.1-7.4) 
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Figure 3: Mean age at rupture for familial and sporadic cerebral 
aneurysms. (The data from Bromberg et al. is for familial subarachnoid 
haemorrhage, most patients having a demonstrated cerebral aneurysm.) 
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Figure 4: Percentage of familial cerebral aneurysms that rupture 
within the same decade, compared to two randomly chosen pairs of 
sporadic cerebral aneurysms. (Data from Lozano AM and Leblanc R, 
1987 and Leblanc R, 1996)6'4 

We have previously reported that anterior communicating 

artery aneurysms may be less frequent in familial cases than in 

sporadic ones, and Shievink et al. have also observed that only 

7% of familial cerebral aneurysms occur at the anterior commu

nicating artery complex.4'9 Others have suggested that familial 

cerebral aneurysms may be more common on the middle 

cerebral artery while others still have suggested that familial 
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100 T 

80 
p < 0.01 

Twins Familial Sporadic 

Percent Aneurysms at 
Same Site 

Figure 5: Percentage of familial aneurysms that occur at the same (or 
at the mirror) site, compared to two randomly chosen pairs of sporadic 
aneurysms. (Data from Lozano AM and Leblanc R, 1987 and Leblanc 
R, J9966'4) 

aneurysms may be less frequent on the posterior communicating 
artery.5,7,9" Our most recent studies have not confirmed any sta
tistically significant difference in the site of familial cerebral 
aneurysms compared to sporadic ones.213 It is interesting to 
note, however, that in our own data familial cerebral aneurysms 
occurred at the same or at the mirror site within individuals of 
the same family in 65% of cases, significantly higher than the 
21 % expected from randomly-selected sporadic aneurysm pairs 
and very close to the 70% reported for concordance of site for 
cerebral aneurysms in twins6'14 (Figure 5). 

Size of familial cerebral aneurysms 

In a review of the literature we have previously observed that 
the size of ruptured familial cerebral aneurysms may be smaller 
than the size of sporadic ruptured aneurysms but this was the 
case only in women.4 Others have also suggested that familial 
cerebral aneurysms may rupture at a smaller size than sporadic 
ones.7 

Outcome of rupture 

The rupture of a familial cerebral aneurysm seems to be 
associated with a higher burden of death or disability than the 
rupture of a sporadic aneurysm (Figure 6). In our own patients 
50% of ruptured familial aneurysms resulted in death and 22% 
of the patients were neurologically disabled.6 Bromberg et al. 
have also observed a higher risk of death and disability for rup
tured familial aneurysms compared to ruptured sporadic 

100 
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Figure 6: Risk of death or disability for familial cerebral aneurysms. 

aneurysms.26 Perhaps familial aneurysms are weaker than spo
radic ones, producing a more extensive rent at the time of rup
ture, resulting in a more massive subarachnoid haemorrhage 
accounting, in turn, for the high mortality and morbidity of rup
ture. The high risk of death or disability associated with the rup
ture of a familial aneurysm offers compelling support for the 
systematic angiographic screening of individuals with a family 
history of cerebral aneurysms. 

Angiographic screening of asymptomatic relatives 

It has been estimated that elective angiographic screening of 
relatives of patients with a family history of a ruptured cerebral 
aneurysm will identify an aneurysm in 33% of siblings and in 
29% of all relatives.9 These values which were gleaned from an 
analysis of reported cases undoubtedly reflect a bias in the 
reporting of positive cases. In prospective studies Bromberg et 
al. and Ronkainen et al. have observed a 25% and 9.5% yield, 
respectively, with angiographic screening of relatives.11'26 These 
values are much higher than our own results of 2.4%.6 

Ronkainen et al.'s study warrants special mention.27 They 
screened 400 relatives of patients with a ruptured familial cere
bral aneurysms using MRA. They identified 37 aneurysms in the 
400 screened individuals (9.5%). Thirty-two of the 37 patients 
with a positive MRA then underwent IA-DSA. In 4 of these 
(12.5%) the MRA was found to have given a false-positive 
result, while in another 4 (12.5%) the MRA had given a false-
negative result in that a second aneurysm was identified by IA-
DSA that had not been seen on the MRA examination. These 
false-positive and false-negative rates are more than of academic 
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interest to epidemiologists interested in the prevalence of famil
ial cerebral aneurysms since a false-negative examination would 
leave a patient at risk of subsequent rupture. It could be argued 
that since a false-negative examination is more likely to occur 
with a small aneurysm with a lesser likelihood of rupture, then a 
false-negative result may not be of significant clinical impor
tance since the patient who harbours the undiagnosed aneurysm 
would be at a low risk of sustaining a subarachnoid haemor
rhage. This contention must, however, be mitigated by the sug
gestion that familial aneurysms may rupture at a smaller size 
than do sporadic ones, especially in women." The possibility 
that familial aneurysms may develop de novo after negative 
angiogram is also of concern since instances of such an occur
rence are well documented.16 The role of 3-dimensional CT 
angiography as a screening procedure for familial cerebral 
aneurysms remains to be assessed although it may prove to be 
superior to MRA in detecting cerebral aneurysms.28 

The question of screening of asymptomatic relatives has 
been addressed by decision analyses.2930 These analyses con
sider the risk of angiography, the risk of surgery, the presumed 
prevalence rate of familial cerebral aneurysms, the annual rate 
of rupture of an asymptomatic aneurysm, and the mortality and 
morbidity associated with rupture. In such a study we have sug
gested that IA-DSA screening should be undertaken for relatives 
at risk of harbouring a familial cerebral aneurysm if they have a 
life expectancy of 32 years or more, corresponding to an age of 
49 years in men and of 54 years in women, to achieve a benefit 
over natural history of at least one year of added life free of neu
rological sequelae.30 We would put the lower limit for the age of 
screening of asymptomatic relatives at 20 years of age. This fig
ure is arrived at by our previous study which established that 
only 2.5% of familial aneurysms ruptured within the first two 
decades while close to 20% ruptured within the first three.4 

Thus, the risk of rupture is small in patients younger than 20 
years but, by age 30, over one-fifth of familial cerebral 
aneurysms destined to rupture will have done so (three-quarters 
will have ruptured by age 50). It follows that the angiographic 
screening of individuals younger than 20 years will be of little 
benefit but that the benefit of screening patients 20 years or 
older will be increasingly greater. Others have also addressed 
the question of screening, using a decision analysis approach, 
with similar findings.29 Until the development of a biological 
marker for cerebral aneurysms, angiography remains the only 
way to determine the presence or absence of a cerebral 
aneurysm. 

Familial infundibula 

An infundibulum, usually at the origin of the posterior com
municating artery, has been reported in up to 7% of the general 
population.31 In patients with familial aneurysms, however, 
infundibula can be seen in up to 40% of cases.32 Whether or not 
infundibula represent pre-aneurysmal dilatation is still debated. 
Hassler and Saltzmann observed that two-thirds of infundibula 
studied histologically had a medial defect larger than 1 mm and 
that half of these had an associated defect of the elastic lamina, 
supporting the contention that infundibula are pre-aneurysmal 
lesions.33 Others, unable to verify these findings, have con
cluded that infundibula are a variant of normal.34 There have 
been reports of the enlargement of an infundibulum to produce a 
frank "berry" aneurysm.35 One of our asymptomatic patients 

with a family history of cerebral aneurysms was observed to 
have an infundibulum of the posterior communicating artery 
that changed its configuration on follow-up angiography to take 
on a more aneurysmal appearance within one year of the initial 
angiogram. Thus we would favour repeated yearly screening of 
patients with a family history of cerebral aneurysms in whom an 
infundibulum is demonstrated. 

Familial conditions associated with cerebral aneurysms 

Collagen vascular diseases 

Cerebral aneurysms have occasionally been noted in patients 
with Marfan's syndrome, with pseudoxanthoma elasticum, and 
with type IV Ehler's-Danlos syndrome, although the major cere
brovascular lesions seen in these and other collagen vascular 
diseases is a carotid cavernous fistula.36"39 Largely anecdotal 
reports of cerebral aneurysms associated with other familial 
conditions have been reviewed by Schievink et al.; and we have 
even encountered a family with coexisting familial Graves' dis
ease and cerebral aneurysms.41 The demonstration that Ehler's-
Danlos syndrome type IV is caused by a relative deficiency of 
type III collagen and the suggestion that type III collagen may 
also be deficient in some patients with cerebral aneurysms sug
gested that a type III collagen deficiency might also be associ
ated with familial cerebral aneurysm and that skin biopsies 
demonstrating a relative deficiency of type III collagen might 
identify asymptomatic individuals with a familial cerebral 
aneurysm.42 However, we were unable to demonstrate a defi
ciency of type III collagen in patients with familial cerebral 
aneurysms (and in patients with multiple aneurysms) and it has 
been demonstrated that type III collagen gene is well-preserved 
in patients with familial and sporadic cerebral aneurysms.44 

Thus, familial cerebral aneurysms are not associated with a 
quantitative nor a qualitative abnormality of type III collagen 
and the typing of collagen by skin biopsy of individuals at risk 
of harbouring a familial cerebral aneurysm is not informative. 

Adult polycystic kidney disease 

Adult polycystic kidney disease is the only genetically-deter
mined condition that has been conclusively associated with 
cerebral aneurysms.22"24 The pathogenic basis of this association 
is unknown. It is possible that cerebral aneurysms in patients 
with APKD develop as a passive response to the arterial hyper
tension that is frequently present in patients with this condition. 
However up to 25% of APKD patients with a cerebral aneurysm 
are normotensive when the aneurysm is diagnosed.23 A prospec
tive study of 17 APKD patients asymptomatic for cerebral 
aneurysms identified 7 patients with an unruptured aneurysm: 2 
patients were hypertensive, 5 were not.22 Thus, it is possible that 
cerebral aneurysms in patients with APKD result from a geneti
cally-determined lesion affecting the cerebral blood vessel wall, 
albeit one on which other factors, such as arterial hypertension, 
may act.2325 It is possible, therefore, that non-APKD patients 
with familial cerebral aneurysms may nonetheless have inborn 
errors affecting cerebral vessels similar to those implicated in 
APKD, a hypothesis testable by current technology. In support 
of this hypothesis has been the recent cloning of the APKD 
gene, polycystin, which is expressed maximally in the kidneys 
and cerebral blood vessels of affected individuals. 

We have observed that cerebral aneurysms in APKD patients 
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share similarities with familial cerebral aneurysms: the peak 
decennial incidence of ruptured APKD-associated aneurysms is 
in the 5th decade, the mean age of rupture of APKD-aneurysms 
is younger than of sporadic aneurysms, and three-quarters of 
APKD-associated aneurysms will have ruptured by age 50.23 

In contradistinction with familial cerebral aneurysms, however, 
we have found that APKD-associated aneurysms are more 
common in males. This, however, has not been confirmed by 
others.24 

Tissue antigens 

Human leucocyte antigens (HLA) have been associated with 
a number of immunological diseases and HLA loci can be coin-
herited with genes responsible for non-immunological disorders. 
It has been suggested that HLA loci A-28, B-7, and DR-2 may 
be associated with cerebral aneurysms.46 If this were the case 
then the identification of these loci in asymptomatic individuals 
at risk might identify those harbouring a familial cerebral 
aneurysm. However, we were unable to establish any correlation 
between the presence or absence of familial cerebral aneurysms 
and specific HLA loci or haplotypes.6 Although HLA B-7 and 
DR-2 were present in some of our familial patients with cerebral 
aneurysms they were also present in their relatives who did not 
have aneurysms. HLA A-28 was absent in all but 1 of the indi
viduals with familial cerebral aneurysms that we tested. Similar 
results have been observed by others who also failed to confirm 
that HLA B-7 is coinherited with familial cerebral aneurysms.47 

One must, therefore, conclude that HLA-typing is not sufficient 
to identify or exclude family members at risk of harbouring a 
cerebral aneurysm. 

Pattern of inheritance 

The pattern of inheritance of familial cerebral aneurysms is 
unknown. Cerebral aneurysms have been reported in association 
with conditions with dominant and recessive inheritance.40 A 
study of the pedigrees of our families and of other reported fam
ilies does not identify a definite mode of inheritance as the data 
could as well be compatible with dominant, recessive, oli
gogenic, of multifactorial inheritance. A recent computer model 
of the mode of inheritance of familial intracranial aneurysms 
encompassing all pedigrees reported to 1994 suggested that 
autosomal inheritance, either of a dominant but rare allele, or of 
a more common but recessive allele best fit the published 
data.40 A genealogical reconstruction of up to 7 generations of 9 
families with cerebral aneurysms from the Saguenay-Lac St-
Jean region of Canada identified 2 common ancestral couples, 
one married in Quebec City in 1660 and the other arriving in La 
Pocatiere in 1700, initially suggested a recessive pattern of 
inheritance.48 However, a more recent and more extensive study 
of familial aneurysms in patients from this region could not 
identify a specific mode of inheritance.12'3 

Any model of the pattern of inheritance of familial cerebral 
aneurysms must take into consideration the predominance of 
women with familial cerebral aneurysms, their occurrence in 
mothers more frequently than in fathers, in daughters more often 
than in sons, and in sisters more commonly than in brothers. 
Further, the role of other possible familial influences such as 
arterial hypertension and diabetes mellitus, and exposure to 
common environmental toxins, such as cigarette smoke, alcohol, 
and the birth control pill may be confounding elements. Thus, 

the inheritance of cerebral aneurysms may be multifactorial, 
may exhibit genetic heterogeneity and may have variable 
expression. Only further advances in molecular neurobiology 
will cleave this Gordian knot. 

Genetic linkage analysis 

The lack of association between familial cerebral aneurysms 
and the HLA system make it unlikely that familial cerebral 
aneurysms are linked to a lesion of the short arm of chromo
some 6.6 Similarly, a lesion of the collagen type III gene has 
also been excluded as an etiologic factor of importance in famil
ial cerebral aneurysms.4 3 , 4 4 The association of cerebral 
aneurysms with APKD in the absence of arterial hypertension 
suggests a possible genetically-determined defect or defects of 
the constituents of the arterial wall as factors in the development 
of cerebral aneurysms in this condition.23 Perhaps a similar 
defect exists in patients with non-APKD familial cerebral 
aneurysms, a hypothesis that could be tested by current neurobio-
logical techniques using a candidate gene approach. 

Linkage analysis can be especially useful in conditions aris
ing from a defect in a single gene and where simple recessive or 
dominant inheritance has been demonstrated. Large families 
with an easily identifiable, rare phenotype offer the best proba
bility of success with genetic linkage analysis. Thus some diffi
culties with linkage analysis of familial cerebral aneurysms are 
readily apparent: single gene inheritance has not been demon
strated nor has the pattern of inheritance been identified. Large 
families in our societies are no longer the norm and cerebral 
aneurysms are not rare. Finally, the phenotype - the cerebral 
aneurysm - is only discernible by invasive intra-arterial angiog
raphy or by MRA, the latter having a non-negligible false-nega
tive rate. 

CONCLUDING REMARKS 

The recent burgeoning of interest in familial cerebral 
aneurysms is due to: 1) the availability of MRA which permits 
the non-invasive evaluation of individuals at risk of harbouring 
a familial cerebral aneurysm; 2) the desire to identify cerebral 
aneurysms before they rupture so that they can be treated before 
a catastrophic haemorrhage occurs; and 3) advances in molecu
lar neurobiology that could identify a putative genetically-deter
mined lesion in familial cases that may shed light on sporadic 
ones. The main support for a possible genetic etiology of some 
cerebral aneurysms comes from their clustering within families, 
from their occurrence in identical twins, and from their associa
tion with diseases with a well-defined genetic etiology.4 Familial 
cerebral aneurysms, and the patients who harbour them, have 
specific characteristics that differentiate them from sporadic 
cerebral aneurysm patients: they are more frequent in women in 
whom they rupture at a smaller size and at a younger age than 
sporadic aneurysms.14 Familial aneurysms tend to rupture within 
the same decade and in the same or mirror sites in individuals 
from the same family.46,14 The effects of rupture of a familial 
cerebral aneurysm seem to be more severe, with a higher risk of 
death or disability, than the rupture of a sporadic one.6,26 Thus, 
angiographic screening of asymptomatic individuals in whom 
two or more family members have a proven cerebral aneurysm 
seems warranted, especially in first degree relatives in whom the 
risk appears to be greater.9,13,30 In the absence of a biological 
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marker angiography remains the only reliable way of excluding 
the presence of a cerebral aneurysm in family members at risk. 
Intra-arterial digital subtraction angiography is more sensitive 
than MRA which may have a false-negative rate of over 10% 
especially for small aneurysms.27 

The pattern of inheritance of family cerebral aneurysms is 
unknown. Autosomal dominant inheritance of a rare allele or 
autosomal recessive inheritance of a more common allele best 
fit computer models but genetic heterogeneity, variable pene
trance, and multifactorial influences have not been excluded.40 

Identifying asymptomatic familial aneurysms is best 
achieved by cerebral angiography. In our decision analysis 
model the small risk of angiography was not a significantly sen
sitive parameter in the overall outcome, so that replacing IA-
DSA with MRA insignificantly decreased the overall risk of 
intervention.30 The female sex, arterial hypertension, the use of 
anovulants, cigarette smoking, and the drinking of alcohol have 
been identified as risk factors for subarachnoid haemorrhage 
and should, therefore, be taken into account when considering 
elective screening of individuals at risk of harbouring a familial 
aneurysm.49 Thus, radiological screening may be of greater ben
efit to women than to men. Arterial hypertension may promote 
the formation of aneurysms or their rupture and may produce a 
more severe subarachnoid haemorrhage with worse outcome. 
Thus, the presence of arterial hypertension may be a further 
incentive for screening individuals at risk. Current or past use of 
anovulants may also be an added incentive to screen those indi
viduals who also have a family history of aneurysms. This is 
especially the case if they also smoke cigarettes as these two 
risk factors appear to be synergistic for subarachnoid haemor
rhage.49 In the absence of a biological marker cerebral angiogra
phy should be considered for first degree relatives especially 
older than 20 years of age. Perhaps familial cerebral aneurysms 
will be shown to have a high incidence of (x-l antitripsin defi
ciency (as is the case for some 16% of individuals with a spo
radic cerebral aneurysm) which could help to select patients at 
risk of harbouring a cerebral aneurysm for angiography.50 
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