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Prevalence of unruptured intracranial aneurysms, with
emphasis on sex, age, comorbidity, country, and time
period: a systematic review and meta-analysis

Monique H M Vlak, Ale Algra, Raya Brandenburg, Gabriél ) E Rinkel

Background Unruptured intracranial aneurysms (UIAs) are increasingly detected and are an important health-care
burden. We aimed to assess the prevalence of UIAs according to family history, comorbidity, sex, age, country, and
time period.

Methods Through searches of PubMed, Embase, and Web of Science we updated our 1998 systematic review up to
March, 2011. We calculated prevalences and prevalence ratios (PRs) with random-effects binomial meta-analysis. We
assessed time trends with year of study as a continuous variable.

Findings We included 68 studies, which reported on 83 study populations and 1450 UIAs in 94912 patients from
21 countries. The overall prevalence was estimated as 3-2% (95% CI 1-9-5-2) in a population without comorbidity,
with a mean age of 50 years, and consisting of 50% men. Compared with populations without the comorbidity, PRs
were 6-9 (95% CI 3-5-14) for autosomal dominant polycystic kidney disease (ADPKD), 3-4 (1-9-5-9) for a positive
family history of intracranial aneurysm of subarachnoid haemorrhage, 3-6 (0-4-30) for brain tumour, 2-0 (0-9-4-6)
for pituitary adenoma, and 1-7 (0-9-3-0) for atherosclerosis. The PR for women compared with men was
1-61 (1-02-2-54), with a ratio of 2- 2 (1-3-3 - 6) in study populations with a mean age of more than 50 years. Compared
with patients older than 80 years, we found no differences by age, except for patients younger than 30 years (0-01,
0.00-0-12). Compared with the USA, PRs were similar for other countries, including Japan (0-8, 0-4-1-7) and

Finland (1.0, 0-4-2-4). There was no statistically significant time trend.

Interpretation The prevalence of UlIAs is higher in patients with ADPKD or a positive family history of intracranial
aneurysm of subarachnoid haemorrhage than in people without comorbidity. In Finland and Japan, the higher incidence
of subarachnoid haemorrhage is not explained by a higher prevalence of UIAs, implicating higher risks of rupture.

Funding Julius Centre for Health Sciences and Primary Care and Department of Neurology and Neurosurgery,

University Medical Centre, Utrecht.

Introduction

Rupture of an intracranial aneurysm causes subarachnoid
haemorrhage. Because such haemorrhage mostly affects
relatively young people (ie, younger than 65 years) and has
ahigh case fatality and morbidity, it is an important subtype
of stroke.! The proportion of years of potential life lost from
subarachnoid haemorrhage is similar to that of ischaemic
stroke and intracerebral haemorrhage and a recent
calculation found a total economic burden of £510 million
annually for subarachnoid haemorrhage in the UK.}

The incidence of subarachnoid haemorrhage is higher
in Finland and Japan than in other regions, increases
with age, and is higher in women.* These regional, sex,
and age differences and the slight decline in the incidence
of subarachnoid haemorrhage between 1950 and 2005
might result from differences in the prevalence of
aneurysms, differences in the risk of rupture, or both.

In 1998, we published a systematic review on the
prevalence of unruptured intracranial aneurysms (UIAs).*
Since then, non-invasive techniques for imaging of
intracranial vessels have become increasingly available
and used, which has coincided with an increase in
incidental detection of aneurysms® and the publication of

many new studies on the prevalence of UIAs. We aimed
to incorporate the new data into the existing pooled data
to provide more accurate estimates on the prevalence of
UIAs in healthy populations and in groups of people
undergoing brain imaging for a specific reason. We also
aimed to increase the knowledge of prevalence in sex,
age, and comorbidity subgroups, and to study regional
differences and time trends in the extended dataset.

Methods

Search strategy and selection criteria

Our search methods were similar to those in our previous
review.” We did a PubMed and Embase search to retrieve
all studies on the prevalence of UIAs published before
March, 2011. In brief, we used the keywords “aneurysm(s)
AND (cerebral OR brain OR intracranial OR berry OR
basilar OR saccular OR communicating) AND
(unruptured OR incidental OR prevalence OR risk)” (see
webappendix p 1). We also checked the Web of Science
for articles citing our previous review and searched the
personal database of one author (GJER) that has been
prospectively built by daily searches of PubMed over the
past 15 years with terms related to subarachnoid

www.thelancet.com/neurology Vol 10 Jjuly 2011

Downloaded for Anonymous User (n/a) at Y okohama Rosai Hospital from ClinicalKey.jp by Elsevier on July 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



Articles

haemorrhage and intracranial aneurysm. We searched
the reference lists of all relevant publications for
additional studies. We continued this method of cross-
checking until we could not identify any further studies.
Finally, all papers (or publications) used in our previous
review were reassessed according to our present
inclusion criteria.

We did not exclude any published work on the basis of
language.” Our inclusion criteria were more strict than
in our previous review: cross-sectional or case-control
design (in which cases are defined as people with a
specific comorbidity and controls as people without that
comorbidity); presentation of data that included crude
numbers on patients with UIAs and on the population
at risk, or that allowed recalculation of these crude
numbers; UlAs reported separately from ruptured
intracranial aneurysms; and investigation of ten or more
patients. In family studies, the procedure for selection
of families had to be specified, and the indication for
imaging or autopsy had to be given. In studies of healthy
volunteers, if screening for aneurysms was the main
reason for imaging, the motivation for participation had
to be clear. Imaging studies had to use CT angiography,
MRI, magnetic resonance angiography, or intra-arterial
digital subtraction angiography (IA-DSA). In MRI
studies, the text had to specify that there was a specific
search for intracranial aneurysms. In IA-DSA studies,
the number of investigated vessels had to include at
least both internal carotid arteries; in case-control
studies, case and control participants had to be
comparable, without additional criteria for control
participants. For cross-sectional studies in which
more than 20% of the potential participants declined
participation or did not wundergo radiological
examination, the reasons had to be specified.

MHMV did the literature search and screening of the
titles for eligible studies. To assess further eligibility of
the studies, MHMYV and RB independently assessed the
abstracts according to the predefined inclusion criteria. If
an abstract was judged by both authors to meet the
requirements, the full article was read. Any disagreement
was resolved by a third reviewer (GJER or AA).

Data extraction

After our initial assessment for eligibility, MHMV and RB
independently completed a data extraction form. Any dis-
agreement about the data was resolved by a third reviewer
(GJER or AA). If possible, we calculated the prevalence
after exclusion of other types of intracranial aneurysm (eg,
traumatic, mycotic, or fusiform), since these types of
aneurysms have a different pathophysiology. For each
study we extracted data on mid-year of study, study design
(cross-sectional or case-control), size of study population,
number of patients with UIAs, number of UIAs, site and
size of UIAs, demographic data of the study population
and patients with UIAs, type of investigation (autopsy or
method of imaging), and reason for autopsy or imaging. If
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patients had UTAs that were additional to a ruptured aneur-
ysm, these patients were excluded from our analysis.

We classified the studies as prospective or retrospective
on the basis of how data were collected. We categorised
imaging methods into IA-DSA, MRI, magnetic resonance
angiography, and CT angiography. We classified IA-DSA
studies as three vessel or four vessel (one or both vertebral
and both carotid arteries) and two vessel (only both
carotid arteries). We classified the site of the intracranial
aneurysms as the internal carotid artery (including the
posterior communicating artery), anterior cerebral
arteries (including the anterior cerebral artery, anterior
communicating artery, and pericallosal artery), middle
cerebral artery, or posterior circulation (including the
vertebral artery, basilar artery, cerebellar arteries, and
posterior cerebral artery).

We categorised the sizes of intracranial aneurysms as
less than 5 mm, 5-9 mm, or 10 mm or greater. Some of
the studies we identified used other categories; to include
more studies in our analyses on size, we classed 5 mm or
less as less than 5 mm and 6-9 mm as 5-9 mm.

On the basis of our previous review, we subdivided the
studies according to the reason for brain imaging or
autopsy: screening (including healthy volunteers and
healthy control groups), a positive family history of
intracranial aneurysm or subarachnoid haemorrhage
according to the paper being assessed, autosomal
dominant polycystic kidney disease (ADPKD),
atherosclerosis, pituitary adenoma, and other. We classed
as screening any studies with cohorts of autopsied people
and control series from case-control studies unless a
different reason for autopsy or imaging was given. If
there were two studies with the same reason for autopsy
or imaging that did not fall into one of our predefined
categories, we created a new category with that reason for
investigation. If a study included more than one study
population—eg, patients with ischaemic stroke and
healthy controls—we classed them as two separate study
populations; the patients with ischaemic stroke were
included in the category of atherosclerosis and the healthy
controls in the reference group without comorbidity.

Statistical analysis
We computed the crude prevalence for each study. We
pooled the prevalences from multiple studies by means
of a randome-effects binomial meta-analysis, with the
number of UIAs and the total number of included
patients for each study population as variables.* Because
of the heterogeneity in prevalence between studies, we
used random-effects models to study possible causes of
heterogeneity. When possible, we adjusted prevalences
and prevalence ratios (PRs) for the presence of
comorbidity, for percentage of men in the study
population, and mean age of the study population.

We first assessed whether all methods of imaging
were similar in their detection of UIAs. We therefore
compared magnetic resonance angiography, MRI, or CT
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Country Mid-yearof Number  Number of Designor Reported on:
study of people  patients with method*
included  aneurysm
Sex % men Meanage Age Reason for Aneurysm  Aneurysm

(years) categories  investigationT  site size
Cohen (1955)° Norway 1952 539 9 P, A No No No No E No No
Chason (1958)* USA - 2749 80 R, A No No No Yes E No No
Housepian (1958)" USA 1934 8660 11 R, A No No No No E No No
Berry (1961)" USA 1950 3804 39 R, A No No No No E No No
Du Boulay (1965)* UK 1954 51 0 R, 1 Yes 53 No No | No No
McCormick A (1965)* USA - 7523 26 R, A No No No No E No No
McCormick B (1965)* USA - 197 12 R, A No No No No E No No
Yanagawa (1966)' Japan - 203 1 A No No 40 Yes E No No
McCormick (1970)* USA - 1619 82 P, A No No No Yes E No No
Romy (1973)" France 1962 11620 67 R, A No No No No E No No
Stehbens (1975)* Australia 1931 979 43 P, A No No No No E No No
Jakubowski A (1978)* UK 1973 150 10 R, Yes 56 481 No | Yes Yes
Jakubowski B (1978)™ UK 1982 33 1 R, 1 Yes 39 430 No | Yes Yes
Wakabayashi (1983)*  Japan 1982 17 7 R Yes 41 42 No F Yes No
De la Monte (1985)* USA 1971 12911 39 R, A No No No No E No No
Atkinson (1989)* USA 1983 278 3 R I Yes 55 53.0 Yes | Yes Yes
Inagawa (1990)* USA 1969 10259 84 R, A No No No Yes E Yes Yes
Iwata (1991)* Japan 1989 72 4 P Yes 50 No No H Yes Yes
Ujiie A (1991)* Japan 1989 616 16 R, I Yes 51 401 No H, I No No
Ujiie B (1991)* Japan 1989 590 23 R I Yes 69 488 No H, I No No
Schievink A (1992)* USA 1969 72 3 R, A No No No No EF No No
Schievink B (1992)* USA 1969 144 3 R, A No No No No EF No No
Chan (1993)” China 1977 33 0 R, A No No No No F No No
Huston A (1993)* USA 1991 26 6 P No No No No F No No
Huston B (1993)* USA 1991 59 3 P No No No No F No No
Sugai A (1994)* Japan 1988 262 19 P No No No No H, I No No
Sugai B (1994)* Japan 1988 71 3 Pl No No No No H, | No No
Leblanc (1995)* Canada - 41 1 P Yes 32 412 No G No No
Ronkainen (1995)* Finland 1993 396 33 P No 46 454 No G Yes Yes
Griffiths (1996)* UK 1993 100 9 P No 52 62-0 No H Yes Yes
Pappada (1996)* Italy - 389 10 R Yes 75 67-0 No H Yes Yes
Kann (1997)* USA - 209 10 R No No No No H Yes Yes
Pant (1997)* Japan 1985 465 23 R, Yes 36 41-0 No | Yes Yes
Ronkainen A (1997)* Finland . 438 38 Pl No 47 481 No FG Yes No
Ronkainen B (1997)* Finland - 22 2 P No No No No F.G Yes No
Yue (1997)* USA - 3671 3 R No No No No E Yes Yes
Cloft (1998)* USA 1987 95 6 P Yes 7 No No J No No
lida (1998)* Japan 1994 30 4 P Yes 47 541 No F Yes Yes
Kojima (1998)* Japan 1994 380 40 P Yes 40 54-8 No G Yes Yes
Raaymakers (1998)* Netherlands 1995 116 7 P No No No No G No No
Ronkainen C (1998)* Finland 1989 147 6 P Yes 43 495 Yes E,G No Yes
Ronkainen D (1998)* Finland 1995 612 29 R, A Yes 80 587 Yes EG No Yes
Brown A (1999)* USA 1997 62 6 P No No No No G Yes No
Brown B (1999)* USA 1997 17 0 P No No No No G Yes No
Cloft (1999)* USA 1987 31 1 R, 1 No No No No ) No No
Conway (1999)* USA 1965 25 1 R, A Yes 68 39.0 No ) Yes Yes
Iwamoto (1999)* Japan 1976 1192 27 R, A Yes 55 No Yes ) No No
MARS (1999)* Netherlands 1996 626 25 P Yes 48 No No G Yes No

(Continues on next page)
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Country Mid-yearof Number  Numberof Designor Reported on:
study of people  patients with method*
included  aneurysm
Sex % men Meanage Age Reason for Aneurysm  Aneurysm
(years) categories  investigationt  site size
(continued from previous page)
Nakagawa A (1999)* Japan 1994 244 34 R Yes 65 509 No Yes Yes
Nakagawa B (1999)* Japan 1994 99 12 R No 56 No No G Yes Yes
Nagakawa C (1999)* Japan 1994 481 33 R No No No No J No No
Kappelle (2000)* USA 1989 2885 90 R Yes 70 No No H Yes Yes
Nakajima (2000)* Japan 1995 15 3 R 1 Yes 27 57-9 Yes F Yes Yes
Suyama (2000)* Japan 1997 112 0 Pl No No No No G No No
Yeung (2000)> USA 1996 200 2 R I No No No No H No No
Conway (2001)” USA 1948 25 0 R,A No 60 30 No J No No
Graf A (2002)** Germany - 32 3 Pl No 47 46-8 No F No No
Graf B (2002)* Germany - 11 3 Pl No 55 425 No F No No
Pittella (2002)% Brazil 1988 237 2 R,A No 62 No No J No No
Wang (2002)* USA - 96 4 P Yes 36 390 No G Yes No
Connolly (2003)” USA - 99 9 R, Yes 70 41-6 No J Yes Yes
Nakatani A (2003)*® Japan 123 3 Pl Yes 65 55.6 No E Yes Yes
Nakatani B (2003)* Japan P 52 0 Pl No 56 51.7 No E Yes Yes
Weber (2004)° Germany 2001 1813 0 Pl Yes 98 205 No E No No
Alphs (2005)® USA 2002 589 5 Pl Yes 100 60-1 No J No No
Soljanlahti A (2005) Finland . 39 1 Pl No No 30-0 No E No No
Soljanlahti B (2005)* Finland . 25 0 Pl No No 30-6 No E No No
Triantafyllidi (2005) Greece . 10 1 Pl No No 51.0 No H Yes No
Ballotta (2006)® Italy 1995 474 11 Pl No No No No H Yes Yes
Bourekas (2006)* USA - 78 8 R Yes 51 47-8 No | No Yes
Kumra (2006) USA - 60 R, No No No No E No No
Uehara (2006)° Japan 1994 84 R, Yes 69 611 No H No No
Weber (2006)” Germany 2002 2536 R, Yes 100 20-5 No E No No
Vernooij (2007)%® Netherlands 2006 2000 35 A Yes 48 633 No E No Yes
Brown (2008)% USA 303 58 Pl Yes 40 51.0 No G Yes No
Kumar (2008)" Australia 478 1 P No 53 No No E No No
Mostafazadeh (2008)"  Iran 2006 425 14 P A Yes 65 No No E Yes Yes
Oh (2008)” South Korea 2007 258 17 P Yes 62 66-1 No H Yes Yes
Heman (2009)” Netherlands 2005 194 8 R, Yes 68 70-0 No H Yes Yes
Ishikawa A (2010)* Japan 2007 7345 146 R, I Yes 67 69-9 No E No No
Ishikawa B (2010)™ Japan 2007 374 13 R, Yes 62 769 No H No No
Kuzmik (2010)” USA 2003 160 10 R, No No No No H No No
Xu (2011)* China 2008 355 43 Pl No 52 465 No F No No
If several study populations are described in a paper, each study population has a different letter. Studies are listed according to publication date. Sex=sex-specific subgroup data available; studies reporting on
number of included men and women, and on number of men and women with aneurysms. % men=studies reporting on proportion of men and women in the study population. Age=studies reporting on
number of patients, and number of patients with aneurysms for different age categories. Mean age=mean age of the study population. *Design or method: R=retrospective, P=prospective, I=imaging,
A=autopsy. tReason for investigation: E=screening, F=autosomal dominant polycystic kidney disease, G=family, H=atherosclerosis, I=brain tumour, J=other.
Table 1: Overview of the 83 included study populations from 68 studies

angiography with IA-DSA, and two-vessel IA-DSA with
three or more vessel IA-DSA. If a method was inferior to
the others we would exclude studies with this method
from further analyses. Then we compared autopsy
studies with imaging studies.

Before assessing the effect of the different types of
comorbidity, we tested an assumption made in our
previous systematic review, that patients with a brain

www.thelancet.com/neurology Vol 10 July 2011

tumour have no increased prevalence of UIAs and can
therefore be included in the reference group. Thus, we
compared studies of people who had no comorbidity with
studies of patients who had a brain tumour (other than a
pituitary adenoma) before doing further analyses. If a
brain tumour was associated with an increased prevalence
of UTAs we would assess this factor separately; if not, then
we would include this group in the reference group. We
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calculated PRs for presence of different comorbidities. We
also calculated the prevalence for an average study
population that was without comorbidity, consisted of
50% men, and had a mean age of 50 years. We calculated
this prevalence as EXP (a+5081+50B2), where o, 1, and
2 were the regression coefficients of the random-effects
model for, respectively, the intercept, age, and sex.

For studies of people with a positive family history of
subarachnoid haemorrhage or UIA, we did a subgroup
analysis that compared studies of people who had two or
more affected first-degree relatives with studies of patients
who had only one affected first-degree relative. For
ADPKD, we compared patients with APDKD who had a
family history of subarachnoid haemorrhage or UIA with
those who had no such family history.

We assessed sex differences in three ways. First, we
calculated the PR for women with men as the reference.
Second, we studied the influence of the percentage of
men in a study population on the prevalence, because
not all studies specified how many aneurysms were
identified for each sex. The relation was expressed as the
percentage change in the prevalence per increase in
percentage of men. Third, we did a subgroup analysis to
assesses the PR of women compared with men in study
populations with a mean age of 50 years or younger and
older than 50 years. We did this because a previous study
showed that the incidence of subarachnoid haemorrhage
was substantially higher in men than in women before
the age of 50 years, but after 50 years the incidence was
substantially higher in women.*

3022 studies identified through

3005 studies identified through 345 studies identified through

Embase PubMed Web of Science
[ J
—>| 2481 duplicates
Y
| 3891 selected for title screening |
—>| 3502 excluded on the basis of title screening |
Y
| 389 selected for abstract screening |
—>| 292 excluded on the basis of abstract screening |
6 included

3 from reference lists of included studies
3 from database of senior author

b

Y

103 selected for full-text screening |

35 excluded
31 on the basis of full-text screening
4 from previous review that did not meet
new inclusion criteria

A 4
68 studies included

Figure 1: Selection of included studies
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We assessed age differences in two ways. First, we
compared groups of different decade bands with people
older than 80 years as a reference. Second, we compared
groups of different ages with the mean age of each study
population and calculated PRs dichotomising at 30 years,
40 years, and 50 years.

For our analysis by country, there had to be at least two
studies from a country for it to be assessed separately.
Most studies came from the USA and therefore we used
this country as reference. We assessed time trend with
the mid-year of each study as an independent variable
and expressed it as the percentage change of the crude
prevalence rate per calendar year increase.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

68 studies met our predefined inclusion criteria (table 1
and figure 1),>7 19 studies from our previous review’ and
49 new studies. We included four case-control studies (of
which one was an autopsy study),”**”*63 cross-sectional
studies (16 autopsy studies),>2#7-#45796062737% and one
combined cross-sectional and autopsy study.” Because
our present inclusion criteria were stricter than in the
1998 version of our review, four studies included in our
previous review did not fulfil our new inclusion criteria.”*
The 68 studies included 83 study populations,
94912 patients, and 1450 UIAs. The mean overall
prevalence of UlAs of all included studies was 2-8%
(95% CI 2-0-3-9). The prevalence varied from 0% to
41-8% between studies (figure 2).

With IA-DSA as the reference group,?202:24252932.3438:44%,
2% we did not identify a significant difference in prevalence
in studies with magnetic resonance angiography as
the initial imaging method (PR 1-3, 95% CI
0 . 6_2 . 5),15,28,31,36,3943,47,48,50,51,54,5&58,61,62,66,69,70,74,76 but prevalence was
lower in studies with MRI as the initial imaging method
(0-04, 0-01-0-13).7*%66% The prevalence in studies with
MRI as the initial method remained significantly lower
after adjustment for sex and age (0-10, 0-01-0-35). The
prevalence was also significantly lower in studies with MRI
as the initial imaging method”*% if studies with magnetic
resonance angiography as the initial imaging method were
taken as the reference (0-03, 0-01-0-10).52¢##7 8055
sesserezee074% No studies were done with CT angiography
alone. The prevalences were not significantly lower in
IA-DSA studies with both carotid arteries studied (0-9,
0-5-1.7)#%% compared with three-vessel or four-vessel
IA-DSA studies.**»*¢We excluded studies primarily done
with MRI from all further analyses because they had a
significantly lower prevalence; the overall prevalence was
then 3-5% (95% CI 2-7—4-7) instead of 2-8%.
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The prevalence of UIAs was higher in imaging studies
than in autopsy studies (PR 3-5,95% CI2-1-6-1; 62 studies
including 77 study populations).>3essseesonrs  After
adjustment for sex, age, and comorbidity, this difference
disappeared (1-1, 0-3-3-6; 29 studies including 35 study
pOpulathl’lS) .19,20,22,25,30733,35,36,39,40,42,45,48,50,53,54,5(%58,62,64,66,69,72774,76

We did not identify a statistically significant difference in
prevalence for patients with a brain tumour compared with
people without comorbidity when adjusted for age and sex
(PR 3-6,95% CI 0-4-30).>25#586% Therefore, we included
studies on patients with brain tumours in the reference
group of studies on people without comorbidity. For the
studies with data on sex and age, the crude prevalence of
UIAs in the reference group was 2-9% (95% CI 1-9—4-5;
26 studies including 31 study populations). We estimated
that the prevalence would be 3-2% (1-9-5-2) for a study
population that consisted of 50% men and had a mean age
of 50 years. Compared with patients who did not have the
relevant comorbidity or risk factor, sex-adjusted and age-
adjusted PRs were significantly higher for patients with
ADPKD®#*®# or a family history of subarachnoid
haemorrhage or UIA,**%#44%% byt not for patients with
atherosclerosis®*»®%”2%  or a pituitary adenoma
(table 2).>*

The PR for patients with ADPKD and a family history
of subarachnoid haemorrhage or UIA was 2-0 (95% CI
0-5-7-4) compared with patients with ADPKD but no
family history of subarachnoid haemorrhage or
UIA 2022836350547 The PR was 2-2 (1-5-3-3) for patients
who had a positive family history of subarachnoid
haemorrhage or UIA with at least two affected first-
degree relatives compared with those with only one
affected first-degree relative 26447

29 studies, including 34 study populations, reported
on prevalences in men and women
Separately.n,19,20,22,24,25,30,33,35,384(),42,45750,56758,64,66,69,71774 We ldel’ltlﬁed a
higher prevalence of UIAs in women (6-0%, 95% CI
4-5-8-0) than men (PR 1-57, 95% CI 1-04-2-37), which
remained significant after adjustment for age and
comorbidity (1-61, 1-02-2-54; 22 studies including 26 study
pOpulathl’lS) .19,20,22,25,30,33,35,39,40,42,45,48,50,5&58,64,66,69,72774

We also assessed the relation between the proportion of
men in a study population and prevalence of UIAs
(38 studies including 44 study populations) and identified
a 2-1% relative decrease (95% CI 0-3-3-9) for each
percentage  point increase in  percentage  of
men713,19,20,22,24,25,30733,35,36,38,3‘),40,42,45750,53758,62,64,66,69,70774,76 Wthh re-
mained statistically significant after adjustment for age
(2-7% decrease, 95% CI 0-7—4-7; 29 studies including
35 Smdypoplllations) .19,20,22,25,30733,35,36,]9,40,42,45,48,50,5},54,56758,62,64,66,69,72774,76
The PR for women compared with men was 1-1 (95% CI
0-6-1-8) for study populations with a mean age of
50 years or younger (10 studies including 12 study
populations),19,20,25,30,35,41,45,56,57,64 but 2 . 2 (1 . 3_3 . 6) for
study populations with a mean age greater
than 50 years (13 studies including 15 study
pOpulathIlS) .22,33,}9,40,42,48,50,58,66,6‘),72774
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Numberof ~ Number of

aneurysms  participants
A Sscreening
Cohen (1955) 9 539 -
Chason (1958) 80 2749 E 3
Housepian (1958) 11 8600 -
Berry (1961) 39 3804 -
du Boulay (1965) 0 51 —
McCormick A (1965) 26 7523 3
McCormick B (1965) 12 197
Yanagawa (1966) 1 203 —
McCormick (1970) 82 1619 -
Romy (1973) 67 11620 ]
Stehbens (1975) 43 979 ——
Jakubowski B (1978) 1 33
de la Monte (1985) 39 12911 -
Atkinson (1989) 3 278 '
Inagawa (1990) 84 10259 [ |
Ujije (1991) 16 616 —_
Schievink B (1992) 3 144 _—
Sugai B (1994) 3 71 —
Yue (1997) 3 3671 -
Ronkainen (1998) 29 612 —_—
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Figure 2: Prevalences of
unruptured intracranial
aneurysms

Prevalences of unruptured
intracranial aneurysms in study
populations without
comorbidity (A), with a
positive family history (B),
with atherosclerosis (C), and
with polycystic kidney disease
(D). If several study
populations are described in a
paper, each study population
has a different letter, as also
indicated in table 1. The dotted
line is the overall prevalence of
the 83 study populations.

13 study populations that did
not fall into one of the four
categories are not depicted.
Sizes of the point estimates are
proportional to the weight of
the studies. ADPKD=autosomal
dominant polycystic kidney
disease.
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Crude (57 studies, 69 study
populations, 1353 UIA)

Age adjusted (28 studies, 33 study
populations, 601 UIA)

Sex adjusted (34 studies, 39 study
populations, 648 UIA)

Age and sex adjusted (26 studies,
31 study populations, 600 UIA)

PR PR Adjusted PR PR Adjusted PR PR Adjusted PR
ADPKD -8 (4:3-180) 8.1(4-0-16-0) 8.3 (4-2-16-0) 4 (47-19-0) 8.9 (4-1-19-0) 2 (2:9-13-0) 69 (3-5-14-0)
Atherosclerosis 1(1-7-5:5) -9 (11-3-6) 5(0:7-31) 2(12-37) 2:2(13-3-8) -5(0-7-3:0) 17(0-9-3:0)
Family history* 4-8 (2-6-8-8) 3:9(2:3-6-8) 4-0 (2-3-6-9) 0(2:3-6:8) 3.7 (1-8-7:5) -9 (1-4-6-1) 3-4(1-.9-5-9)
Pituitary adenoma 4-1(1-1-15.0) 2.7 (11-6-6) 6 (1-1-6-0) 7 (11-6-6) 2:6 (1.0-6-7) -9 (0-8-4-7) 20 (0-9-4-6)

Data are prevalence ratio (PR) or adjusted PR with 95% CI. The prevalence from studies of people without comorbidity or of patients with a brain tumour was used as the reference (brain tumour includes brain
metastases). The calculated prevalence in a study population of people without comorbidity consisting of 50% men and with a mean age of 50 years is 3-2%, based on the model with 31 study populations.
UlA=unruptured intracranial aneurysm. ADPKD=autosomal dominant polycystic kidney disease. *One or more affected relatives.

Table 2: Prevalence ratios per reason for investigation, adjusted for sex and age

Crude (55 studies, 70 study

Age adjusted (28 studies, 35 study

Sex adjusted (33 studies, 39 study

Age and sex adjusted (26 studies, 32 study

populations, 1306 UIA) populations, 596 UIA) populations, 747 UIA) populations, 594 UIA)

PR PR Adjusted PR PR Adjusted PR PR Adjusted PR
Finland -8 (0-7-50) -9 (0-4-2-4) -8(0:3-2:3) 2 (0-4-3-0) -8 (0-6-2-9) 11 (0-5-3-0) 1.0 (0-4-2-4)
Germany -4 (11-38-0) 0 (0:3-150) -0 (0-6-15-0) 1(0-7-13-0) 1(0-8-12-0) 2:9(0-3-13-0) 2:5(0:7-9-4)
Italy -9 (0-2-4-3) 0-4(0-3-27) 3 (0-0-2:0) 0-5 (0-1-2:3) 9 (0-2-3-6) 4(0-4-23) 0-6 (0-1-2-9)
Netherlands 7(0-4-6-4) 0-7 (0-6-4-4) -4(0:0-3-3) 0.7 (0-2-2-4) 9(0-3-2'5) 7(0-6-3-8) 0-7(0-1-37)
UK 5 (0-4-5-4) 1(0-1-3-9) -9 (0:3-3:5) 0-9 (0-3-24) 0-9 (0-4-2-3) 11(0-1-3-6) -9 (0:3-2'5)
Japan 1.8 (1-:0-3-6) 0(0:4-2-2) -8 (0:3-2:0) -0 (0:5-2:0) 0(0-6-1-9) 0(0-5-2:3) -8(0:4-1-7)
China 9 (0-3-12:0) 2:3(1:0-13:0) 3(0-4-13-0) 2.5 (0-5-11:0) 6 (0-7-9'5) 3 (1-0-11-0) 1(0-6-7-5)

Data are prevalence ratio (PR) or adjusted PR with 95% Cl. The prevalence in the USA was used as the reference. UIA=unruptured intracranial aneurysm.

Table 3: Prevalence ratios per country adjusted for sex and age

632

Eight studies, including nine study populations,
provided data on prevalence of UIAs in one or more
decade age-groups.*s1e222450 We adjusted for sex and
comorbidity in these eight studies. Compared with
patients aged 80 years or older (prevalence 3-0%, 95% CI
1-1-8-1),1024 prevalence was lower in patients younger
than 30 years (PR 0-01, 95% CI 0-00-0-12),°"2%4 byt
notin patients aged 30—-39 years (0-4, CI0-1-1-6),"0 10z #2465
4049 years (0-4, 0-1-1.3),on122%% 50-59 years (0-4,
0.1_1_3),10,16,23,42,46,50 60_69 years (1'07 0.3_3.3),10,16,23,42,46,50
and 70-79 years (0-6, 0-2-2-1). 101624650

31studies, describing 38 study populations, provided
information on mean age of the individuals involved.
Prevalences were not significantly different between
patients with a mean age of less than 40 years
(prevalence 2-1%, 95% CI 0-6-7-0) compared with
those aged 40 years or older (PR 3-0,95% CI0-9-10-2).
After adjustment for sex and comorbidity (35 studies
including 29 study populations), we identified a PR of
2-8 (95% CI 0-1-10-0) for patients aged 40 years or
older compared with patients younger than 40 years
and a PR of 1-0 (0-6-1-7) for patients aged 50 years or
older compared with patients younger than
50 years.19,20,22,25,30733,35,36,39,40,42,45,48,50,53,54,56758,62,64,66,69,72774,76 There
were no studies left after adjustment for sex and
comorbidity with a mean age of less than 30 years, so
we could not a make a comparison with 30 years
or older.

Table 3 lists PR for all countries compared with the
USA, adjusted for sex and age. With the USA as a
reference, #3579 we identified similar prevalences in
Japan,#osm0ssers China,” and several European
countries including Finland,”** Germany,* Italy,* the
Netherlands,” and the UK.**

46 studies, including 56 different study populations,
provided information on mean year of data acquisition
(range 1931_2008)'9,11713,17729,31,32,35,38753,55,57,63,66,71776 Our regression
analysis identified a 3-4% (95% CI 1-8-5-0) annual
increase in prevalence. However, when we adjusted for
sex, age, and comorbidity, the increase in UIAs over time
was no longer significant (1-0%, -2-3 to 4-3; 20 studies
including 24 study populations, range
1948_2008).19,20,22,25,31,32,35,39,40,42,45,48,50,53,57,66,72774,76

We collected data on intracranial aneurysm size from
three autopsy  studies®®* and 20 imaging
studies.?2022#3103948-5056-58637273 368 intracranial aneurysms
were assessed for size (table 4). Most aneurysms (241;
66%) were smaller than 5 mm. After correction for age,
the number of aneurysms larger than 5 mm decreased
by 4-9% (95% CI -8-3 to —1-5; 13 studies including
14 study populations) with each percentage point
increase in percentage of men. This pattern remained
significant after adjustment for comorbidity (5-7%
decrease, —9-3 to -2-1). We did not identify a significant
change in the prevalence of aneurysms larger than
10 mm (1-2% decrease, —6-9 to 10, with each percentage
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point increase in percentage of men). Compared with all
other countries, the proportion of aneurysms of 5 mm or
larger was not higher in Japan (PR 1-9, 95% CI 0-6—6-4)
or Finland (0-5, 0-1-2-0).

We extracted data on site of UIAs from
three autopsy studies®*” and 26 imaging
Studies.19,20,22,24,31—36.39,40,43,46—50,56—58,62,63,69,72—74 864 lntracl’al’llal
aneurysms were assessed for site (table 4). The most
common sites were the internal carotid artery (including
posterior communicating artery) and the medial
cerebral artery. In imaging studies, the internal carotid
artery was the largest category, but in autopsy studies
the medial cerebral artery was the most common site.
The prevalence of aneurysms in the posterior circulation
did not depend on the proportion of men (1-6%
decrease with each percentage point increase in
percentage of men; 95% CI -6-9 to 3-9). Compared
with all other countries, the proportion of posterior
circulation aneurysms was not higher in Japan (PR 1-2,
95% CI 0-4-3-5) and Finland (2-0, 0-4-8-8).

Discussion

In our analysis, the prevalence of UIAs was influenced
by the presence of polycystic disease, a positive family
history, age, and sex, but not by region. The prevalence
was significantly higher in patients aged 30 years or older
compared with those who were younger than 30 years.
Women had a higher prevalence of UIAs than men,
mainly attributable to an excess in women older than
50 years. Patients with ADPKD and patients with a
positive family history of intracranial aneurysm or
subarachnoid haemorrhage both had a higher prevalence.
We did not identify a higher prevalence in Finland and
Japan. We identified a non-significant increase in the
prevalence of UIAs per study year.

We calculated that in a population of people without
comorbidity, consisting of 50% men and with a mean age
of 50 years, the prevalence of UlAs is 3-2%. This is
higher than the overall prevalence for people without
comorbidity of 2-3% we identified in our previous
review.’ This difference can be explained by our correction
for age and sex, inclusion of more recent studies with
higher quality imaging techniques, and inclusion of
fewer retrospective autopsy studies (which uncorrected
for age and sex have a lower prevalence®). By contrast
with our previous analysis, we did not identify a
statistically significant increased prevalence in patients
with atherosclerosis or a pituitary adenoma. Our present
findings are probably more accurate, because we included
three times as many studies as before and, more
importantly, we were able to adjust PRs for sex and age.

Smoking and hypertension are major risk factors for
subarachnoid haemorrhage, and patients who have
survived a subarachnoid haemorrhage are at increased
risk of cardiovascular diseases.” We identified a higher
prevalence in study populations with atherosclerosis, but
this increase in prevalence was not significant. Owing to

www.thelancet.com/neurology Vol 10 July 2011

Total number of aneurysms (%)

Size of intracranial aneurysm 368 (100%)
<5 mm 241 (66%)
5-9 mm 101 (27%)
210 mm 26 (7%)

Site of intracranial aneurysm 864 (100%)
Anterior cerebral artery and branches 154 (18%)
Medial cerebral artery 303 (35%)
Internal carotid artery including posterior communicating artery 360 (42%)

Posterior communicating artery alone 85 (10%)
Vertebrobasilar arteries 47 (5%)

Table 4: Proportions of aneurysms by size and site

alack of data we could not separately assess the prevalence
of UIAs in smokers and patients with hypertension.
Patients who smoke and have high blood pressure were
probably included in the reference group, which might
explain the absence of a clear association between
atherosclerosis and prevalence of aneurysms. This also
means that the prevalence for people who do not smoke,
do not have a high blood pressure, and do not have other
risk factors might be lower than 3-2%. The absence of
data on smoking and hypertension is a limitation of our
present analyses.

A previous review* showed an overall higher incidence
of subarachnoid haemorrhage in women than men,
mainly caused by a higher incidence in women older
than 55 years. Our data suggest that the number of
aneurysms larger than 5 mm is higher in study
populations with more women, which might partly
explain the higher incidence of subarachnoid
haemorrhage in women, because larger aneurysms have
a higher risk of rupture.* We think that the higher
incidence in older women might in part also be explained
by the age-dependent prevalence of UIAs in women,
since we identified a higher prevalence in women
compared with men in study populations older than
50 years, but not 50 years or younger, although the
women-to-men PRs did not differ significantly between
the two age-groups. Together with the increased risk of
rupture of aneurysms in older patients,” a higher
prevalence might explain why the difference in incidence
of subarachnoid haemorrhage between men and women
increases with age. Other investigators® have postulated
that decreases in oestrogen concentrations and
oestrogen-receptor density contribute to an increased
risk of intracranial aneurysm pathogenesis and an
increased risk of aneurysm rupture in women during
and after menopause. This hypothesis is supported by
the fact that hormone-replacement therapy has been
shown to be a protective factor for subarachnoid
haemorrhage.® Whether the risk of rupture is also higher
in postmenopausal women still needs to be assessed.

We did not identify higher prevalences of UIAs in
Finland and Japan. However, the incidence of
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subarachnoid haemorrhage is higher in these countries,
suggesting a higher risk of rupture.® Investigators have
also shown that UIAs larger than 5 mm or posterior
circulation aneurysms have a higher risk of rupture.®
We did not identify a higher proportion of aneurysms
larger than 5 mm or posterior circulation aneurysms in
Finnish and Japanese study populations compared with
other study populations. Thus, the higher risk of rupture
cannot be explained simply by higher proportions of
larger or posterior circulation aneurysms in Finland and
Japan. The reasons for higher risk of aneurysm rupture
in these countries remain unknown.

The incidence of subarachnoid haemorrhage has
declined slightly between 1950 and 2005.* In our analysis
we did not identify a decrease in the prevalence of UlAs.
Therefore, the decrease in incidence is probably the
result of an overall decreased risk of aneurysm rupture,
related to factors such as changes in smoking habits or
an increased use of preventive treatment.

The large number of studies, the large number of
included patients, the use of strict inclusion criteria, and
the adjustment for sex, age, and reason for investigation
all add to the reliability of our data. Accurate estimates are
of great importance, because they are used in cost-
effectiveness analyses to develop screening strategies.
Our subgroup analysis by age, sex, family history and
comorbidity, country, and time period were based on
smaller numbers of studies and should be interpreted
with caution, especially in those subgroups where point
estimates had wide CIs. Nevertheless, most of our
confidence limits were narrow, even after adjustment for
sex, age, and comorbidity. A limitation of our study is that
the prevalence might be influenced by our search strategy;
theoretically, negative studies on incidental findings
might be less likely to use “aneurysm” as a keyword than
studies on intracranial aneurysms. This might have
caused an under-representation of studies that did not
show a relation between a presumed risk factor and
prevalence of UIAs.

Our finding that older women might have a higher
prevalence is possibly an important clue for how
aneurysms are formed and future well designed studies
should focus on the role of oestrogen in the pathogenesis
of UIAs. Our findings also show that the prevalence of
UIAs in Japan and Finland is not higher; nor do they
have a higher prevalence of aneurysms larger than
5 mm or posterior circulation aneurysm to explain the
higher incidence of subarachnoid haemorrhage.
Research on subarachnoid haemorrhage in Finnish
and Japanese populations should therefore be
aimed at finding risk factors for rupture of
intracranial aneurysms.
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