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Abstract

Background and purpose

We updated our previous review from 1996 on the risk of rupture of intracranial aneurysms, 
aiming to include newly published papers.

Methods

We reviewed all studies from our former meta-analysis and performed a Medline search for 
new studies published after 1996. We calculated overall risks of rupture for studies with a mean 
follow-up time of < 5, 5-10 and > 10 years. Relative risks (RR) were calculated by comparing 
the risk of rupture in patients with and without potential risk factors. We aimed to perform 
multivariable analyses of the different risk factors with meta-regression analysis.

Results

We included 19 studies (10 new) with 4705 patients and 6556 aneurysms (follow-up 26122 
patient-years). The overall rupture risks were 1.2% (FU <5 years), 0.6% (FU 5-10 years) and 
1.3% (FU >10 years). In the univariable analysis, statistically signifi cant risk factors for rupture 
were age > 60 years (RR 2.0, 95% CI 1.1-3.7), female gender (RR 1.6, 95% CI 1.1-2.4), Japanese 
or Finnish descent (RR 3.4, 95% CI 2.6-4.4), size more than fi ve mm (RR 2.3, 95% CI 1.0-5.2), a 
posterior circulation aneurysm (RR 2.5, 95% CI 1.6-4.1) and a symptomatic aneurysm (RR 4.4, 
95% CI 2.8-6.8). Meta-regression analysis yielded implausible results.

Conclusions

Age, gender, population, size, site and type of aneurysm should be considered in the decision 
whether or not to treat an unruptured aneurysm. Pooled multivariable analyses of individual 
data are needed to identify independent risk factors and to provide more reliable risk esti-
mates for individual patients.
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Introduction

Intracranial aneurysms are relatively common; approximately 2% of the adults harbor an un-
ruptured aneurysm.1 With the ongoing improvement of imaging techniques, the chance that 
an asymptomatic aneurysm is detected has increased. In patients with unruptured aneurysms 
the decision whether or not to treat is often not straightforward. The risk of treatment has 
to be carefully balanced against the risk of rupture. Although the morbidity and mortality 
rates associated with clipping and coiling are relatively well known, the natural course of 
unruptured aneurysms remains controversial.2, 3

In 1996 our group performed a meta-analysis on the risk of rupture of unruptured intracranial 
aneurysms.1 In this meta-analysis, however, no multivariate analysis was performed. Moreover, 
since 1996 several new studies on the risk of rupture of aneurysms have been published.
We updated our former meta-analysis with all relevant articles on the follow-up of unrup-
tured aneurysms. Our aims were fi rstly to incorporate the new information in the existing 
pooled data, secondly to increase the amount of data in subgroups of patients according to 
location of the aneurysm, size of the aneurysm, and to clinical risk factors such as age, gender, 
smoking, a history of SAH or familial intracranial aneurysms, thirdly to perform multivariable 
analyses with meta-regression analysis, and fi nally to incorporate new insights on growth of 
aneurysms in the review.

Methods

We reviewed all publications on the risk of rupture of unruptured aneurysms used in the 
former meta-analysis.1 This meta-analysis included studies published from 1955 until 1996. 
We performed a new MEDLINE search to retrieve all articles on risk of rupture of unruptured 
aneurysms published between July 1996 and March 2006. The following key words were used 
in different combinations: unruptured, untreated, incidental, additional, symptomatic, risk 
of rupture, subarachnoid hemorrhage, intracranial aneurysm(s), intracerebral aneurysm(s), 
growth and follow-up. We searched the reference lists of all relevant publications for addi-
tional studies. In addition, we checked the Web of Science for articles that cited our former 
meta-analysis.
Studies were included 1) if the presentation of data included crude numbers or allowed 
recalculation into crude numbers; 2) if the type of aneurysm was identifi able (aneurysms 
were classifi ed as incidental if they were found with screening in asymptomatic individuals 
or with examination for symptoms unrelated to the aneurysms, as additional if they were 
found in patients with a history of SAH and as symptomatic if they caused symptoms other 
than SAH); 3) if in patients with a history of SAH and additional unruptured aneurysms the 
ruptured (“index”) aneurysm had been treated by clipping or coiling and 4) if in patients 
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with previously treated aneurysms the source of subsequent bleeding was identifi ed by CT, 
surgery or autopsy (to exclude re-rupture of the previously treated aneurysm as cause for 
the hemorrhage).
In some studies only subsets of patients met the inclusion criteria and therefore only these 
patients were included in the review. Studies that primarily evaluated growth of untreated 
aneurysms were only included if all patients were studied in whom follow-up was intended 
and the report was not restricted to those patients who had two or more follow-up scans. 
Case reports and papers published in another language than English were excluded. In case 
multiple publications reported on the same study population the most recent publication 
was used.

Data-extraction

Two reviewers (M.W./I.S. or M.W./G.R.) independently extracted data from the studies that met 
the inclusion criteria. Information was extracted on patient and aneurysm characteristics. In 
case of disagreement between the two reviewers, consensus was reached by joint review.
The location of the aneurysms was classifi ed as follows: 1. posterior communicating artery 
(Pcom), 2. internal carotid artery (ICA) other than Pcom, 3. anterior circulation (anterior cerebral 
artery, anterior communicating artery and the pericallosal artery), 4. middle cerebral artery 
(MCA), 5. posterior circulation (vertebral artery, basilar artery, posterior cerebral artery) and 
6. cavernous sinus. In most studies the Pcom was considered to be part of the ICA. Therefore, 
we calculated the risk of rupture of Pcom aneurysms in combination with the other ICA 
aneurysms and the risk of rupture of Pcom aneurysms alone and other ICA aneurysms alone. 
Because in the studies different cut points were used for aneurysm size we made the following 
categories: < 5 millimeters (mm), < 7 mm, 5-10 mm, > 10 mm, > 12 mm and >15 mm. No strict 
defi nition for familial intracranial aneurysms was used; aneurysms were classifi ed familial if 
the authors of the article under review reported them as familial. We assessed methodolo-
gical quality of all included studies. The quality of a study was rated high when it fulfi lled all
following three criteria: 1. prospective study-design, 2. loss to follow-up less than 3% and 3. if 
a distinction was made between certain SAH (confi rmed by CT, MRI, autopsy or xanthochro-
mia in the cerebrospinal fl uid) and possible SAH (from history or medical records) during
follow-up. Finally, because the incidence of SAH is higher in Japan and Finland than in other 
western countries,4 we classifi ed the studies according to origin of study population.

Data-analysis

For data-analysis we prespecifi ed the following subgroups according to: age (decades), gender, 
family history of intracranial aneurysms, smoking (current versus former/never), hypertension, 
excessive alcohol use (> 5 glasses per day), location of the aneurysm, size of the aneurysm, 
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type of aneurysm (incidental, additional or symptomatic), prospective or retrospective study 
design, high quality studies versus studies of less quality, and origin of study population 
(Japanese/Finnish versus other populations).
The risk of rupture was reported for studies with a mean follow-up time of < 5 years, with a 
mean follow-up time between 5-10 years and with a mean follow-up time of > 10 years. First, 
we used the “SAH per patient-years at risk” method to calculate the risk of rupture in the 
prespecifi ed subgroups. With this method we divided the number of SAH (in each subgroup) 
by the number of person-years or aneurysm-years of follow-up (in that subgroup), yielding 
the risk of SAH per patient-year. When the specifi c follow-up time in a certain subgroup could 
not be extracted from the article we multiplied the number of patients by the average period 
of follow-up of all patients to obtain the total number of person-years. Data were reported 
for those studies that reported the specifi c follow-up time for the prespecifi ed subgroups and 
for all studies combined (studies with specifi c follow-up times for subgroups and studies in 
which the average follow-up time for calculations was used).
Second, we used Poisson meta-regression analysis to evaluate the infl uence of patient, 
aneurysm and study characteristics on the risk of rupture. In this analysis we used the same 
prespecifi ed subgroups as in the “SAH per patient-year at risk” method. Age of the patients 
was analyzed as continuous variable (mean age). The characteristics gender, family history of 
intracranial aneurysms, smoking, hypertension, excessive alcohol use, location of the aneu-
rysm, size and type of aneurysm were incorporated in the analysis as proportion of patients 
with this particular characteristic. The size of the aneurysm was analyzed both as continuous 
variable (mean size) and by proportion of patients with an aneurysm of a certain size. De-
sign of the study, study quality and population of the study were analyzed as dichotomous 
variables. Finally we assessed the infl uence of the mean follow-up time of the studies on the 
risk of rupture.

Results

Included studies

We found 23 studies (nine from the previous meta-analyses from 1996 and before and 14 new 
studies between 1996 and 2006) that fulfi lled the inclusion criteria. Three studies reported 
on patients who were also included in later publications and were therefore combined with 
these later studies,5-7 and one study was excluded because patients were selected on basis of 
availability of follow-up scans.8 The 19 included studies are listed in Table 1. The median year of 
publication was 1998 (range 1966-2005). If rupture of an aneurysm had occurred, the diagnosis 
SAH was established only by taking history of patients or their relatives in two studies,9,10 by 
review of medical records in two,11,12 by CT, MR, surgery or autopsy in eight7,13-19 or not specifi ed 
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in seven studies.12,20-25 The follow-up of the patients was done by telephone in combination 
with reviewing medical records in four studies,11,15,25, 26 by annual questionnaires in one,14 by 
questionnaires in combination with review of medical records in two,16,27 by outpatient clinic 
visits, telephone calls and letters in seven7,9,10,13,17,18,20 or was not specifi ed in another fi ve stu-
dies.12,21-24 Eleven studies reported the proportion of patients lost to follow up; this proportion 
was 0% in seven studies, and 0.2%, 5%, 6% and 35% in the other four studies (Table 1).

Patients

The 19 studies included a total of 4705 patients with 6556 aneurysms with a mean follow-up 
of 5.6 years (26122 patient-years). Seventeen studies provided data on the age of the patients; 
the weighted mean age was 55.6 years. Fourteen studies with 4148 patients provided data on 
the gender of the patients; 2891 (70%) were women.

Risk of rupture by the “SAH per patient-year at risk” method

The overall risk of rupture of untreated aneurysms in the studies with a mean follow-up < 5 
years was 1.2% (95% CI 1.0-1.5), in the studies with a mean follow-up between the 5 and 10 
years 0.6% (0.5-0.7%) and in the studies with a mean follow-up time > 10 years 1.3% (0.9-1.8). 
The patient characteristics that had a statistically signifi cant association with an increased 
risk of rupture of intracranial aneurysms were age > 60 years, female gender, and Japanese or 
Finnish descent (Table 2). In addition, smoking increased the risk of rupture but this factor was 
not statistically signifi cant. There were not enough data to evaluate the effects of excessive 
alcohol use or a family history of SAH on the risk of rupture of intracranial aneurysms. The 
aneurysm characteristics that were related to an increased risk of rupture were site at the 
posterior circulation, size larger than fi ve millimeters and symptoms caused by the aneurysm 
other than SAH (Table 3). The risk of rupture was lower in high quality studies than in studies 
with limited quality (Table 4). The relative risks found in studies that reported the specifi c 
follow-up time of the subgroups were mostly comparable with those in all studies combined 
but their CI was wider because of less data (left columns Tables 2 and 3). 
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Variable No. of
studies 

Mean FU 
time (range)

No. of 
PY

No. of
SAH

Relative Risk 
(95% CI)

Study design 
Retrospective
prospective

13
6 

6.3 (0-39.9)
2.1 (0-7.0)

18586
7929

158
66

Ref
1.0 (0.7-1.3)

Quality studies 
limited quality
high quality

17
2

5.6 (0-39.9)
2.6 (0-6.0)

19435
7080

173
51

Ref
0.8 (0.6-1.1)

Table 4 Relative risk of rupture according to study design

Risk of rupture by the meta-regression analysis

In the univariable Poisson regression analysis the relative risk of the dichotomous variables 
study design (RR 1.0, 95% CI 0.7-1.3) and study quality (RR 0.8, 95% CI 0.6-1.1 for a high quality 
study) and Japanese or Finnish study population (RR 3.4, 95% CI 2.6-4.4) were identical to the 
relative risks found by the “SAH per patient-year at risk method” (results not shown in the 
tables). The continuous variable size had an RR of 1.05 (per 1 mm increase in size, 95% CI 0.93-
1.18) and age of 1.06 (per 1 year increase in age, 95% CI 1.03-1.08). The RR for the mean follow-up 
time of a study was 0.97 (95% CI 0.94-1.01), meaning that the risk of rupture decreased with 
3% for each additional year of follow-up in a study. The variables with proportions of patients 
with a certain characteristic showed a RR that was in the opposite direction compared with 
the “SAH per patient-year at risk method”. For example the RR for percentage women was 0.94 
(95% CI 0.93-0.97) and the RR of aneurysms smaller than fi ve mm was 1.03 (95% CI 1.02-1.04), 
meaning that women had a lower risk of rupture than men and aneurysms smaller than fi ve 
mm had a higher risk of rupture than aneurysms of a larger size. Because the latter results 
of the univariable analysis were not considered plausible and most studies did not report 
enough data for all our prespecifi ed subgroups to allow multivariable analysis, no further 
regression analysis was performed.

Discussion

We found that patient characteristics increasing the risk of rupture are higher age, female 
gender, Japanese or Finnish descent and smoking, although this last factor was not statisti-
cally signifi cant. Aneurysms characteristics that increase the risk of rupture are location at 
the posterior circulation, increasing size, and symptoms caused by the aneurysm other than 
SAH. In prospective studies the risk of rupture was similar to that in retrospective studies. In 
high quality studies the risk tended to be lower than the risk in studies of limited quality. We 
were not able to perform multivariable analysis because meta-regression analysis yielded 

FU= folluw-up, No.= number, PY= patient-year, Ref= reference
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implausible results.
The addition of new papers to the previous review resulted in an increase in patient-years 
from 3906 to 26122 with narrowing of the confi dence intervals surrounding the estimates. 
Furthermore, in the present meta-analysis additional risk factors such as smoking, hyperten-
sion and Japanese or Finish origin were assessed. In Japan and Finland the incidence of SAH is 
much higher than that in other western countries.4 In Finland the prevalence of intracranial 
aneurysms is similar to that in other countries.28 To our knowledge, comparable Japanese data 
on the prevalence of aneurysms are lacking. Our results suggest that the increased risk of 
rupture of intracranial aneurysms is an important reason for the high SAH risk in the Finnish 
and Japanese population.
Because individual risk factors for rupture might be infl uenced by other risk factors we aimed 
to perform a multivariable analysis by means of meta-regression analysis. Unfortunately, this 
method appeared to be not suitable for analysis of several risk factors in our study. We found 
in the meta-regression analysis a statistically signifi cant higher risk of rupture in aneurysms 
smaller than fi ve millimeters (RR > 1) compared with large aneurysms when size was incorpo-
rated as proportion of aneurysms within a certain size category. The most likely explanation 
for these contradictive results is that the meta-regression analysis is not based on crude data. 
Size can be incorporated as the proportion of aneurysms smaller than fi ve millimeters in a 
study as a risk factor for aneurysmal rupture. The outcome of such an analysis is that when 
the proportion of aneurysms smaller than fi ve millimeters increases with one percent, the risk 
of rupture changes with a certain factor X. When the meta-analysis includes a study with a 
relatively low overall rupture risk and a percentage of aneurysms smaller than fi ve millimeters 
of 20% and a study with a higher overall rupture risk and a percentage of aneurysms smaller 
than fi ve millimeters of 40%, the conclusion of the analysis will be that when the proportion 
of aneurysms smaller than fi ve millimeters increases the risk of rupture also increases (RR 
for aneurysms smaller than fi ve mm > 1). However, the meta-regression method ignores 
the fact that all SAHs in the study with 40% might have appeared in the large aneurysms. 
Furthermore, even if the univariable meta-regression analysis had shown plausible results, 
multivariable analyses could only have been performed for very few variables because many 
studies did not report data for all of the subgroups and would have been excluded from the 
multivariable analysis. Multivariable analysis is therefore only possible by pooling the crude 
patient data of multiple studies.
Because we could not perform multivariable analysis with the data presently available in 
the literature, we could not assess the independent contribution of patient and aneurysm 
characteristics to the risk of aneurysm rupture. We found that both large aneurysms and 
symptomatic aneurysms had a high risk of rupture. It is, however, unlikely that these risk fac-
tors are independent because aneurysms that cause cranial nerve palsies are often large.29 We 
could not confi rm a higher risk of rupture in additional aneurysms compared with incidental 
aneurysms as suggested in both ISUIA studies. However, the lack of a difference in rupture risk 
between incidental and additional aneurysms in our study should not be considered as proof 



194

Ch
ap

te
r

of absence of such a difference. A potential explanation is that the additional aneurysms were 
smaller than the incidental aneurysms; a higher risk for additional aneurysms may therefore 
have been masked by smaller size with inherently lower rupture risk.
Unfortunately most studies did not provide specifi c data on all subgroups of patients. The 
number of patients, the number of SAHs or both the number of patients and SAHs were 
frequently not reported for the subgroups of our interest. In six studies not even complete 
data on age and gender of the patients were reported. Although the ISUIA studies together 
included 3141 patients and have therefore a great impact on the overall risk of rupture in 
our study, most of their data could not be used for the subgroup analysis because of lack 
of detailed information. Furthermore, in most studies limited information was provided on 
study-design, methods, completeness of follow-up and data-analysis and only two studies 
fulfi lled our criteria for high quality.14, 17

Except for size, other aneurysm characteristics may be involved in the risk of rupture. Aneu-
rysms of irregular shape or with nipples might have higher risks of rupture and trombosed 
or calcifi ed aneurysms lower risks, but these factors have not been taken into account in the 
parent studies. Moreover, bias may have been introduced through selection of patients for 
treatment. For example, unruptured aneurysms in old and sick patients with cerebrovascular 
diseases might be left untreated. It is unclear how these factors involved in the treatment 
decision have infl uenced the results of the studies. In addition, in some studies patients in the 
initially conservative group were treated during follow-up of the study. In the ISUIA II study 
this proportion of patients was almost one-third.14 Although the reasons for treatment were 
not specifi ed, it is likely that the most frequent reason is growth of the aneurysm at serial 
follow-up. Because enlarging aneurysms have a higher risk of rupture, treating patients with 
growing aneurysms probable resulted in an underestimation of the risk of rupture.30

The “SAH per patient-year at risk method” assumes constant rupture rates of aneurysms over 
the years. In a mathematical model we recently found that growth of intracranial aneurysms 
is probably not constant and time independent but rather an irregular and discontinuous 
process with periods with and without growth (H. Koffi jberg et al. 2006; unpublished data). 
In our opinion, it is not correct to assume that the average rupture risks per year calculated 
by the “SAH per patient-year at risk“ method hold true for the rest of a patients life. In our 
regression analysis, we found that the risk of rupture tends to decrease for every (mean) year 
increase in follow-up. It would be better to calculate rupture risks in relation to the follow-up 
time of patients (for example the rupture risk in all patients followed during the fi rst year after 
aneurysm detection, during the second year etcetera). However, for this calculation again the 
crude patient data are needed. Because these data are not available we pooled the rupture 
risks of the studies based on mean follow-up time and range of follow-up. Thus, we think that 
more reliable risks of rupture are reported for defi ned periods of time.
We conclude that the main patient and aneurysm risk factors for rupture of intracranial 
aneurysms are higher age, female gender, Japanese of Finnish descent, larger size, location 
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of the aneurysm at the posterior circulation and symptoms caused by the aneurysm. It is not 
known to what extent these risk factors are independent of each other. Although over the 
last 40 years 6556 aneurysms have been followed for over 26515 years, it is still not possible 
to perform multivariable analysis with the data that are currently available. Therefore, un-
certainty still abounds for individual risk calculation. New follow-up studies on intracranial 
aneurysms should have a prospective study design, provide detailed information on follow-up 
of patients and data-analysis, and report the number of SAH and the number of follow-up years 
for all subgroups of patients. Because meta-regression analysis is not a suitable method for 
multivariable analysis of risk factors for rupture, collaborative efforts with pooled analysis of 
individual data are needed to identify independent risk factors for aneurysm rupture. In this 
pooled analysis also the follow-up time should be taken into account because the growth of 
aneurysms is probably not constant over time. Only in this way more reliable risk estimates 
will be available to enable physicians and patients to make a sound decision on whether or 
not to treat an unruptured aneurysm.
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