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Mortality and Morbidity of Surgery for Unruptured
Intracranial Aneurysms
A Meta-Analysis

Theodora W.M. Raaymakers, MD; Gabriel J.E. Rinkel, MD; Martien Limburg, MD; Ale Algra, MD

Background and Purpose-Greater availability and improvement of neuroradiological techniques have resulted in more
frequent detection of unruptured aneurysms. Because prognosis of subarachnoid hemorrhage is still poor, preventive
surgery is increasingly considered as a therapeutic option. Elective surgery requires reliable data on its risks. Therefore,
we performed a meta-analysis on the mortality and morbidity of surgery for unruptured intracranial aneurysms.

Methods—Through Medline and additional searches by hand, we retrieved studies on clipping of unruptured (additional,
symptomatic, or incidental) aneurysms published from 1966 through June 1996. Two authors independently extracted
data. We used weighted linear regression for data analysis.

Results—We included 61 studies that involved 2460 patients (57% female; mean age, 50 years) and at least 2568
unruptured aneurysms (27%25 mm, 30% located in the posterior circulation). Mortality was 2.6% (95% confidence
interval [Cl], 2.0% to 3.3%). Permanent morbidity occurred in 10.9% (95% CI, 9.6% to 12.2%) of patients.
Postoperative mortality was significantly lower in more recent years for nongiant aneurysms and aneurysms with an
anterior location; the last 2 characteristics were also associated with a significantly lower morbidity.

Conclusions—In studies published between 1966 and 1996 on clipping of unruptured aneurysms, mortality was 2.6% and
morbidity was 10.9%. In calculating the pros and cons of preventive surgery, these proportions should be taken into
account.(Stroke 1998;29:1531-1538.)

Key Words: aneurysm, unrupturesl cerebral aneurysm meta-analysis surgery

Pognosis of subarachnoid hemorrhage (SAH) has im- based on relatively few studies. We therefore performed an

proved slightly over the last 3 decades, but outcome is extensive meta-analysis on the mortality and morbidity of

still poor, with a case-fatality rate e¢50% and a dependency  surgery for unruptured intracranial aneurysms.

rate of 10% to 20%.The overall annual risk of rupture of

intapt_ intracranial aneurysms is 1.§°/$upported by some Subjects and Methods

decision analyses! many neurologists and neurosurgeons

advise preventive surgery for unruptured aneurysms, at leastEligible Studies

under some circumstances. This advice applies not only to Al studies on mortality and morbidity of surgery for unruptured

additional aneurysms found in patients with SAH from a aneurysms published |njoqrnals, books, or book cha_pters from 1966
. through June 1996 were eligible for our meta-analysis. We accepted

ruptured angur_ysm or to symptomatic unruptured aneurysmsgy,gies in all languages. Each study had to provide data on postop-

but also to incidental aneurysms. Improvement and greater erative mortality or morbidity of at least 5 adult patients. We

availability of neuroradiological techniques such as CT or included all types of unruptured aneurysms: incidental, symptomatic,

MR angiography have led to increases in fortuitous and of additional tqaruptured aneurysm (also referred to as multiple). In

intentional detection of these incidental aneurysms. Inten- ¢aSes of multiple aneurysm, the unruptured aneurysm must have

i | detecti It f . . been surgically treated in a separate procedure. The method of
lonal detection can result from screening programs in pa- operation had to be clipping. Patients who received other treatments

tients with polycystic kidney disease or with a family history  for their unruptured aneurysms (such as wrapping, trapping, coating,
of intracranial aneurysnfs. or embolization) were excluded. Studies describing surgical results

Advising an individual patient about whether or not to not for each patient individually but for the complete patient group

undergo surgery for an unruptured aneurysm represents awere included only if at least 90% of patients were treated by direct

linical dil Ad telv bal . b fit d risk clip placement. We excluded mycaotic, bacterial, posttraumatic, and
clinical dilemma. equately balancing benefits and rsks dissecting aneurysms and aneurysms in the cavernous sinus. A list of

requires reliable data on surgical outcome. Results of treat- excluded studies and the corresponding reasons for exclusion is
ment used in previous decision analyses on this subjece available on request.
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1532  Outcome of Operation for Unruptured Aneurysms

Search Strategy patients we could not rule out double counting because of an
To identify studies published between 1966 and June 1996, we insufficient description in the parent publications.
performed an extensive Medline search from 1966 onward (with the  After we consulted the original authors, a large study with

use of 13 key words in all relevant combinations) and a search by >700 patients was excluded becaus80% of aneurysms
hand of 18 relevant general medical, neurological, and neurosurgical .
had been clippe®.

journals from 1990 onward; we also scrutinized the reference lists of
all retrieved publications for additional studies. The references of the L
publications thus found were checked again for additional studies. Study Characteristics

This method of cross-checking was continued until no further The median year of publication was 1987 (range, 1970 to
publications were found. In the case of overlapping study popula- 1996). Midyear of surgery ranged from 1959 to 1992 (medi-
tions_, we excluded patients described twice or used the most recentan, 1981). Languages of publication were English-%0),
publication. French (r=5), Japanese 5), and Polish (r1). Only 8
Data Extraction studies_\{vere prospectiv_e; the oth_er 53 were retrospective or
Two readers (T.R. and G.R. or M.L) independently assessed unspecmed.. Forty studies descrlbed patients selected for
eligibility of studies and extracted data from the included studies on aneurysm site (®9), aneurysm size a7), aneurysm pre-
the following items: year of publication; midyear of study (defined as sentation (multiple, symptomatic, or incidental)=t3), or
average calendar year of surgery); language; study design (prospecother characteristics @6); in 21 studies, there was no
tive or retrospective); use of operation microscope; experience of thefselection regarding characteristics of aneurysms. In 18 stud-

surgeon; number of patients; sex and age of patients; presence o es. an operation microscope was used: in 1 this was not the
polycystic kidney disease or familial aneurysms; preoperative con- 1es, p : ! pe was u i | IS was

dition of the patient (by Rankin score whenever posstfjleumber, case (42 studies not specified). Information on the neurosur-
site, and size of aneurysms; presenting symptom (SAH from another geons’ experience was never explicit. In almost all studies (55
aneurysm, symptomatic or incidental as defined by the original of 61), the neurosurgeon performing the operations was also
authors); criteria for postoperative mortality and morbidity; results e author of the study and observer of postoperative out-

of postoperative angiography; duration of follow-up; judgment of . .
outcome (by neurosurgeon or independent physician): number of come. In half of the studies (30 of 61), outcome was classified

patients with transient morbidity; and finally number of patients with  PY means of (':I.early defined outcome measures. Twenty-pine
postoperative mortality and morbidity. Mortality was defined as studies specified the moment of follow-up: in 8 studies
all-cause postoperative mortality. Morbidity was defined as all outcome was evaluated at discharge, in 21 studies duration of

permanent morbidity (eg, any neurological or other deficit) not follow-up was reported (median, 24 weeks; range, 2 to 234
present before operation and was specified by Rankin score whenWe eks)

possible. If outcome was described in different categories (eg, good,

fair, poor), any outcome except the most favorable was considered as__ . L.
morbidity. Patient Characteristics

In case of disagreement between the 2 readers, consensus wa®ata on sex were provided for 705 of 2460 patients: 405
reached by joint review of the study. For the translated studies, we women (57.4%) and 300 men (42.6%). Data on age were
relied on data extraction by the translator only. available for 757 patients: mean age was 50.2 years (range, 15
to 79 years). The preoperative condition of the patients was
described in 33 studies (882 patients). Eighty-one patients

We calculated the percentage of mortality and morbidity for each 0 . . 0
study separately and all studies combined. Corresponding exact 95%_(9'2 %) had no symptoms or signs, 795 patients (90.1%) were

confidence intervals (Cls) for single proportions were determined. Independent in daily life but had symptoms or signs (from a
We used univariate and multivariate weighted linear regression to Symptomatic unruptured aneurysm, a previous SAH, or un-
evaluate the influence on postoperative mortality and morbidity of related diseases), and 6 patients (0.7%) were dependent in
the following variables: study design; language of publication; year daily life. None of the studies contained information on the

of publication; midyear of study; sex and age of subjects; preoper- _— ; ;
ative Rankin score; site, size, and presentation of aneurysms (addi-presence of polycystic kidney disease. Ten patients were

tional, symptomatic, or incidental); and duration of follow-up. The KNOWn to have familial aneurysms.

number of patients per study was used as a weighting factor, so that

larger studies had more impact than small studies. Because theAneurysm Characteristics

number of studies with data on the use of operation microscope or on In 2460 procedures, at least 2568 aneurysms were clipped;

experience of the neurosurgeon was limited, we could not perform thys 108 patients received treatment for more than 1 unrup-

univariate linear regression analyses for these 2 items. Finally, we v, .o aneyrysm in 1 procedure. Data on aneurysm site were

calculated postoperative mortality and morbidity in the subgroup of . . . .

studies that fulfilled the following 3 criteria for “studies of good available in 40 studies for 1324 anewysms' The_ maJF’”ty (9_34

quality”: clear definitions of outcome measures, no selection of aneurysms; 70.3%) were located in the anterior circulation

specific groups of patients or aneurysms, and predefined moment of (carotid artery or its branches, anterior and middle cerebral

follow-up. arteries, anterior communicating artery); fewer (395 aneu-

rysms; 29.7%) were in the posterior circulation (basilar,

Results vertebral, and posterior cerebral arteries). Twenty-nine stud-

A total of 394 studies in 15 different languages were read and ies provided data on aneurysm size: 691 (54.4%) were

considered for this meta-analysis. Sixty-one studies with <10 mm, 235 (18.5%) were between 10 and 25 mm, and 345

2460 patients (varying from 6 to 331 patients per study) met (27.1%) were giant aneurysms25 mm). For 1252 patients,

all inclusion criteria (Figure)*™* The number of aneurysms information was available on the presentation of the unrup-

was at least 2568. We tried to exclude patients who were tured aneurysms: 430 patients (34.3%) had SAH and 1 or

included in more than 1 study, but for approximately 30 more additional unruptured aneurysms, 358 patients (28.6%)

Data Analysis
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1534  Outcome of Operation for Unruptured Aneurysms

TABLE 1. Univariate Weighted Linear Regression Analyses of Several Characteristics on Mortality
and Morbidity

Studies With Studies With

Variable Mortality, B3 (95% Cl) Data, n Morbidity, B (95% Cl) Data, n
Study design (prospective vs not prospective) 0.68 (—1.97 10 3.33) 61 —2.53(=10.1510 5.15) 51
Language, English vs non-English —0.78 (—3.13t0 1.57) 61 —5.46 (—12.101t0 1.18) 51
Year of publication —0.17 (—0.31 to —0.03)* 61 0.30 (—0.15t0 0.75) 51
Midyear of study —0.21 (—0.32 to —0.09)* 56 0.08 (—0.39 to 0.55) 46
Sex, % women —0.05(—0.24 10 0.15) 26 0.30 (—0.03 t0 0.63) 20
Mean age, y —0.06 (—0.29t0 0.18) 25 0.19(—0.32 0 0.70) 24
Preoperative Rankin score, % =2 0.19(—0.34100.72) 33 0.05(—1.32102.52) 27
Site, % anterior aneurysms —0.05 (—0.07 to —0.02)* 40 —0.20 (—0.26 to —0.15)* 31
Size, % giant aneurysms 0.08 (0.04 t0 0.12)* 29 0.25 (0.15 to 0.35)* 26
Presentation, %

Additional —0.02 (—0.05 t0 0.02) 40 0.02 (—0.08 t0 0.12) 33

Symptomatic 0.03 (—0.01 to 0.06) 0.05(—0.04 t0 0.14)

Incidental —0.02 (—0.06 to 0.03) —0.11(—0.23 t0 0.01)
Duration of follow-up, wk —0.01 (—0.03 to 0.01) 21 0.00 (—0.05 to 0.05) 18

B indicates regression coefficient (3 being —0.17 for the variable “year of publication” means that for each additional recent year,
mortality decreases 0.17%; B being 0.08 for the variable “% giant aneurysms” means that for each additional 1% giant aneurysms,
mortality increases 0.08%).

*Significant (P<<0.05).

had asymptomatic aneurysms discovered by screening orof publication (model 2) failed to reach statistical significance

during workup for another neurological disease, and in 464 when combined with the item size, suggesting that these 2
patients (37.1%) aneurysms were symptomatic (as defined byitems are not completely independent. The coefficient of size
the original authors). One third of patients categorized as in these studies (model 2) was equal (0.08) for both univariate
symptomatic in the original studies had only nonspecific and multivariate analysis, which suggests that the increased
symptoms such as headache or dizziness; two thirds hadrisk associated with giant aneurysms did not change in more
objective signs such as visual loss, cranial nerve palsy, or recent years. In model 3, site and size did not independently

other neurological deficits. contribute to postoperative mortality, which suggests a rela-
tion between the 2 variables (giant aneurysms being more
Effectiveness of Operation often located at the posterior circulation). Multivariate anal-

In 10 studies, a postoperative angiogram was performed toyses with midyear of study yielded essentially the same
verify adequate clip placement. The results of these angio- results as those with year of publication.
grams were given in only 5 studies with 158 patients: 11

aneurysms were clipped incompletely. Postoperative Morbidity
Fifty-one (of 61) studies with 2270 patients provided data on
Postoperative Mortality postoperative morbidity. Permanent morbidity was found in

In total, 64 of the 2460 patients died after the operation 248 patients (10.9%; 95% Cl, 9.6% to 12.2%). In 47 studies,
(2.6%; 95% Cl, 2.% to 3.3%). Between studies, this propor- the severity of postoperative morbidity was specified for 238
tion ranged from 0% (38 of 61 studies) to 29%. patients: 112 had symptoms or signs but were independent in

In the univariate weighted linear regression analysis (Table daily life and 126 were dependent. These numbers indicate
1, middle column), mortality appeared to be significantly that about half of patients with postoperative morbidity were
related to the year of publication, midyear of study, and site dependent.
and size of aneurysms. Mortality decreased (negative regres- In univariate weighted linear regression analysis (Table 1,
sion coefficients) with a more recent year of publication, a right column), morbidity was statistically related to site and
more recent midyear of surgery, and a higher proportion of size of aneurysms. Morbidity decreased (negative regression
anterior circulation aneurysms. Mortality increased (positive coefficient) with a higher proportion of anterior circulation
regression coefficient) with a higher proportion of giant aneurysms and increased (positive regression coefficient)
aneurysms. All other items mentioned in Table 1, including with a higher proportion of giant aneurysms. All other items
mean age and sex, were not significantly related to postop- mentioned in Table 1, including mean age and sex, were not
erative mortality. of significant prognostic value for postoperative morbidity.

In the multivariate weighted linear regression analysis  In multivariate weighted linear regression analysis (Table
(Table 2, right column), year of publication and site (model 1) 2, model 4), the variables site and size had independent
independently contributed to the prediction of mortality in the prognostic value with regard to morbidity. However, the
35 studies in which both characteristics were available. Year coefficients of both variables decreased (fron0.21 to
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TABLE 2. Multivariate Analyses for Studies With Data on More Than 1
Prognostic Characteristic Simultaneously

Univariate Analysis, Multivariate Analysis,
Variable B (95% Cl) B (95% Cl)
Mortality
Model 1: 35 studies
Year of publication —0.10 (—0.34 t0 0.15) —0.31 (—0.53 to 0.09)*
Site, % anterior circulation —0.05(—0.07 to —0.02)*  —0.06 (—0.09 to —0.03)*
aneurysms
Model 2: 27 studies
Year of publication —0.08 (—0.31100.16) —0.07 (=0.251t0 0.12)
Size, % giant aneurysms 0.08 (0.04 to 0.12)* 0.08 (0.04 to 0.12)*
Model 3: 19 studies
Site, % anterior circulation —0.05(—0.08 to —0.02)*  —0.02 (—0.06 to 0.02)
aneurysms
Size, % giant aneurysms 0.09 (0.04 to 0.14)* 0.07 (—0.002 t0 0.13)
Morbidity
Model 4: 19 studies
Site, % anterior circulation —0.21(—0.27t0o —0.15* —0.11(—0.16 to —0.06)*
aneurysms
Size, % giant aneurysms 0.36 (0.27 to 0.45)* 0.25 (0.16 to 0.34)*

B indicates regression coefficient. *Significant (P<0.05).

—0.11 and from 0.36 to 0.25). This indicates, similar to the publications provided data on effectiveness of clipping;
data on mortality, that site and size of aneurysms are not hence, no reliable figures could be presented for this item.

completely independent characteristics. We included a large number of studies that had variable
patient inclusion criteria, definitions of outcome, length of
Subgroup Analysis of Studies of Good Quality follow-up, and collection of other variables of interest. This

Seven studies fulfilled all 3 criteria of good quality (clearly variability affects the interpretation of the results of our
defined outcome measures, no selection of patients or aneu-meta-analysis. Pending more prospective, well-designed
rysms, and a predefined moment of follow-dp}27:2957:61.70 studies, our study analyzed the best available evidence that
In these studies, 17 of 686 patients died after operation (2.5%;can be used to make treatment decisions. The subgroup
95% Cl, 1.5% to 3.9%). Data on morbidity were available in analysis for studies that fulfilled criteria of good quality

5 of 7 studies: 80 of 629 patients had postoperative sequelaeshowed mortality figures, which were essentially the same for
(12.7%; 95% ClI, 10.1% to 15.3%). In these 7 studies, the complete group of 61 studies; the morbidity percentages
outcome was assessed after a mean follow-up period of otended to be somewhat higher (although not significant) in

weeks (1 study), 24 weeks (2 studies), or at discharge (4 the studies of high quality (12.7%) compared with the overall
studies). percentage (10.9%). This finding supports the consistency of

our results.
. . We found mortality and morbidity rates to be much higher
) . D'SCUSS!on o than those used in previous decision analyses on surgery for

In this meta-analysis of 61 studies, we found that clipping of \nrptured intracranial aneurysi&These decision analyses
unruptured aneurysms was associated with a mortality of ggtimated baseline cumulative surgical mortality plus mor-
2.6% (95% Cl, 2.0% to 3.3%) and a morbidity of 10.9% (95% bidity at 4% to 6.5%. The higher rates for mortality and
Cl, 9.6% to 12.2%). Half the patients with surgical morbidity  morpidity in our study indicate that advice on whether or not
became dependent in daily life. A location on the posterior g proceed with surgery will change toward a more conser-
circulation and giant size were the most important prognostic yative attitude in many cases.
factors for poor outcome. We included studies published from 1966 onward in this

The data extraction from the parent publications had meta-analysis, although postoperative mortality and morbid-
several limitations. We had to rely on mortality and morbidity ity might be less now than 3 decades ago. Indeed, in
data as provided by the authors, who were often the neuro-univariate analysis, mortality decreased in more recent years.
surgeons who had performed the operations. This may haveFor postoperative morbidity, however, no time trend was
led to underestimation of surgical complicatidh#dequate found. In 5 of the 6 studies published before 1977, probably
descriptions of outcome measures were often lacking, andno operation microscope was used; if we exclude these
assessment of neuropsychological function or quality of life studies from the analysis, postoperative mortality and mor-
was not performed in any of the studies. Duration of bidity were similar to those of the complete group of studies.
follow-up was not specified in most studies. Only very few We conclude that aneurysm characteristics, particularly an-
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eurysm size, are much more important prognostic factors for ~ We could not perform univariate regression analysis for the
outcome than year of publication. use of an operation microscope and experience of the surgeon
The coefficients we found in multivariate analyses allow a because of the limited number of studies providing data on
rough estimate of mortality and morbidity for specific groups these items. Limited power may also explain why we did not
of patients (see Appendix). Patients with nongiant aneurysmsobserve a statistically significant influence of some factors
of the anterior circulation have an estimated mortality of that are likely to influence outcome, such as age and preop-
0.8% and morbidity of 1.9%. Extremely high risks apply for erative condition. Multivariate regression analysis was pos-
patients with giant posterior circulation aneurysms: 9.6% sible for a limited number of variables only (Table 2) because
mortality and 37.9% morbidity. Patients with giant anterior few studies provided data on more than 1 prognostic charac-
circulation aneurysms have a 7.4% chance of death andteristic simultaneously.
26.9% of morbidity. For patients with nongiant posterior We found 1 previous meta-analysis by King ef®ain
aneurysms, this would be 3.0% and 12.9%, respectively.  surgery for asymptomatic unruptured aneurysms. This in-
We used rather broad categories to describe aneurysm sizegluded 28 studies (733 patients) published from 1966 onward
<10 mm, between 10 and 25 mm, ar®5 mm. It would and reported a mortality rate of 1.0% (95% CI, 0.4% to 2.0%)
have been preferable to make a further distinction between and a morbidity rate of 4.1% (95% ClI, 2.8% to 5.8%). These
aneurysms of 10 to 15 mm and of 15 to 25 mm. The complication rates are lower than those in our meta-analysis.
information on aneurysm size in the source publications was The difference may be the result of several factors: (1) the
not sufficient to allow for more detailed analysis. exclusion of symptomatic aneurysms, (2) a higher proportion
The proportion of giant aneurysms and aneurysms in the of small (<10 mm) aneurysms and aneurysms located at the
posterior circulation in our meta-analysis is relatively high. snterior circulation (72% and 94%, respectively, against 54%
This may cause an overestimation of mortality and morbidity. 344 70% in our study), and (3) the less-complete study
The percentage of symptomatic unruptured aneurysms wasetrieval (the total number of patients is less than one third of
also high, which might be attributed to the rather broad the number in our meta-analysis).
definitions of the original authors, since aneurysms in patients  \ye conclude that surgery for unruptured intracranial an-
investigated for headache or dizziness were often consideredeurysms has an overall mortality of 2.6% and a morbidity of

‘symptomatic.” _ o _ 10.9%. Half the patients with postoperative morbidity be-
A Medline search for randomized clinical trials retrieves ;e dependent in daily life. The most important risk factors
only about 50% of relevant studi€sthe yield for observa- o, noor outcome were giant aneurysm size and location at the
tional studies has not been studied yet but might be even pogierior circulation of the aneurysm. For patients with
lower. We t_herefore extended_ our sea_rch '?Y check|_ng and nongiant anterior circulation aneurysms, mortality is esti-
cross-checking the r.eference lists of all identified .s.tudles anpl mated at 0.8% and morbidity is 1.9%; for patients with giant
by means of extensive searches by hand. In addition, we did posterior circulation aneurysms, estimations are 9.6% for

no:)lr.es:.rlct our s”eiarch to Sgﬁl“Sh riﬁb:lcatp?; "T.rl](dl'n;:u?ed mortality and 37.9% for morbidity. These results should be
publications in all lahguages Nevertheless, 1t 1S fikely tha taken into account when making a balanced decision on

We_m|§sedf50;ne publlt::att)llons; hl?weivg_r, Wﬁ dq r:clot th|n|fjthat whether to proceed with surgery in an individual patient with
omission of a few, probably small, studies has influenced our _ unruptured aneurysm.

results to an important extent. Other sources of bias might be
more important. Studies that found rates for mortality and A ;
. . ) ) ppendix

morbidity to be much higher than in th_e literature may have General formula: dependent-+(31)x (variable 1) (82)x (vari-

been left unpublished, because public awareness of these,pje 2).

results might be disadvantageous for the neurosurgeon or the% Mortality=3.0-0.02x(% anterior aneurysms)0.07x(% giant

hospital. This type of bias leads to an underestimation of aneurysms).

mortality and morbidity. Another type of bias is that a study % Morbidit))/=12.9—0.11><(% anterior aneurysms)0.25x (% giant
: . aneurysms).

(.)n outcome after operation for unruptured an_eurysms_ls more,, patiyents with anterior aneurysms: % anterior aneurysh®.

likely to be undertaken by a neurosurgeon with some interest |, patients with posterior aneurysms: % anterior aneurysbns

in aneurysm surgery than by a neurosurgeon without special in patients with giant aneurysms: % giant aneurysma0.

interest. A neurosurgeon with interest in aneurysm surgery In patients with nongiant aneurysms: % giant aneurysts

probably performs more operations, with inherently better

results. Again, this type of bias leads to too-favorable results. Acknowledgments
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