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BSTRACT

 

Background

 

The management of unruptured in-
tracranial aneurysms requires knowledge of the nat-
ural history of these lesions and the risks of repair-
ing them.

 

Methods

 

A total of 2621 patients at 53 participat-
ing centers in the United States, Canada, and Europe
were enrolled in the study, which had retrospective
and prospective components. In the retrospective
component, we assessed the natural history of un-
ruptured intracranial aneurysms in 1449 patients
with 1937 such aneurysms; 727 of the patients had
no history of subarachnoid hemorrhage from a dif-
ferent aneurysm (group 1), and 722 had a history of
subarachnoid hemorrhage from a different aneu-
rysm that had been repaired successfully (group 2).
In the prospective component, we assessed treat-
ment-related morbidity and mortality in 1172 pa-
tients with newly diagnosed unruptured intracranial
aneurysms.

 

Results

 

In group 1, the cumulative rate of rupture
of aneurysms that were less than 10 mm in diameter
at diagnosis was less than 0.05 percent per year, and
in group 2, the rate was approximately 11 times as
high (0.5 percent per year). The rupture rate of aneu-
rysms that were 10 mm or more in diameter was less
than 1 percent per year in both groups, but in group
1, the rate was 6 percent the first year for giant an-
eurysms (»25 mm in diameter). The size and loca-
tion of the aneurysm were independent predictors of
rupture. The overall rate of surgery-related morbidity
and mortality was 17.5 percent in group 1 and 13.6
percent in group 2 at 30 days and was 15.7 percent
and 13.1 percent, respectively, at 1 year. Age inde-
pendently predicted surgical outcome.

 

Conclusions

 

The likelihood of rupture of unrup-
tured intracranial aneurysms that were less than 10
mm in diameter was exceedingly low among pa-
tients in group 1 and was substantially higher among
those in group 2. The risk of morbidity and mortality
related to surgery greatly exceeded the 7.5-year risk
of rupture among patients in group 1 with unrup-
tured intracranial aneurysms smaller than 10 mm in
diameter. (N Engl J Med 1998;339:1725-33.)

 

©1998, Massachusetts Medical Society.

 

Address reprint requests to Dr. David O. Wiebers, at the ISUIA Coor-
dinating Center, Mayo Clinic, 200 First St. SW, Rochester, MN 55905.

*The institutions and investigators participating in the study are listed in
the Appendix. On behalf of the Steering Committee, Dr. Wiebers assumes
overall responsibility for the content of the manuscript.

 

NTRACRANIAL aneurysms are common.

 

1-6

 

Autopsy studies have shown that the overall
frequency in the general population ranges from
0.2 to 9.9 percent (mean frequency, approxi-

mately 5 percent),

 

5,6

 

 suggesting that 10 to 15 million
persons in the United States have or will have intra-
cranial aneurysms. These data, in combination with
the incidence of aneurysmal subarachnoid hemor-
rhage (approximately 10 cases per 100,000 persons
per year),

 

7

 

 suggest that most intracranial aneurysms
do not rupture.

The management of unruptured intracranial an-
eurysms is controversial

 

8-12

 

 because of a lack of un-
derstanding of the natural history of these lesions and
the risks of repairing them. This report describes a
large multicenter study that was conducted to deter-
mine the risk of rupture and the risks associated with
the repair of unruptured intracranial aneurysms.

 

METHODS

 

Study Design and Objectives

 

The study consisted of a retrospective component based on
data from the medical records of patients with diagnosed unrup-
tured intracranial aneurysms and a prospective component based
on data from patients with newly diagnosed unruptured intracra-
nial aneurysms treated either conservatively or by surgical or en-
dovascular procedures.

The specific objectives of the retrospective portion of the study
were to describe the natural history of saccular unruptured intra-
cranial aneurysms in patients without a history of subarachnoid
hemorrhage from a separate aneurysm (group 1) and in those
with such a history (group 2), and to determine whether there
are subgroups of patients at greater risk for subsequent aneurys-
mal rupture, in order to determine the most appropriate treat-
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ment of such patients. For the prospective portion of the study,
the objectives were to evaluate the risks of morbidity and mortal-
ity associated with treatment of unruptured intracranial aneu-
rysms and to determine whether these risks are higher for some
patients than for others.

 

Identification and Recruitment of Patients

 

The retrospective cohort included patients with unruptured in-
tracranial aneurysms that had been diagnosed during the period
from 1970 to 1991. At each center, retrospective cases could be
included only as far back as hard-copy arteriograms and medical
records were available for all patients at that center. Central med-
ical-records systems, admission records, and records from depart-
ments of radiology, neurosurgery, and neurology were used as
sources for identifying patients.

Prospective patients were identified by study coordinators at
the participating centers, who conducted surveillance of patients
with diagnosed intracranial aneurysms between 1991 and 1995.

 

Patient Eligibility

 

Retrospective Component

 

Patients were eligible for enrollment in the retrospective com-
ponent if they had had at least one unruptured intracranial aneu-
rysm, whether or not they had symptoms (e.g., cranial-nerve pal-
sy). Patients may have had a previous ruptured aneurysm at
another location that was clipped, completely trapped, or isolated
from the circulation by endovascular obliteration, as confirmed
arteriographically. Patients had to have been able to care for
themselves after the previous aneurysm had been treated (i.e., a
score of 1 or 2 on the Rankin scale of neurologic disability, with
scores ranging from 1 [no disability] to 5 [severe disability]).

Patients with fusiform, traumatic, or mycotic aneurysms were
not eligible for the study. Also, patients with aneurysms that were
found to be less than 2 mm in maximal diameter with the use of
a standard measuring device were excluded. Patients with sub-
arachnoid hemorrhage from a single ruptured aneurysm or an
unknown source were excluded. In addition, patients in whom
the aneurysm was manipulated within 30 days after diagnosis
were not eligible. Patients with a history of intracranial hemor-
rhage were excluded if the cause was unknown or if an underlying
structural lesion was not repaired. Patients were excluded if they
did not consent to follow-up, if they had a malignant brain tumor,
or if they were bedridden or unable to communicate at the time
the aneurysm was identified.

 

Prospective Component

 

Eligibility criteria for patients in the prospective component
were similar to those for the patients in the retrospective compo-
nent, except that in the prospective component, the investigators
decided whether to enroll the patients without planned surgical
or endovascular treatment or with planned surgical or endovascu-
lar treatment of at least one intracranial aneurysm. All patients
were required to undergo cerebral arteriography in order to con-
firm the presence, location, and size of intracranial aneurysms.

 

Radiology

 

Hard copies of cerebral arteriograms from all patients were re-
viewed at the central study office at the Mayo Clinic, Rochester,
Minnesota, by two neuroradiologists. The size of the aneurysm
was corrected for magnification by methods reported previous-
ly.

 

13

 

 A pilot study was conducted to establish criteria for measure-
ment, standards for evaluating the size and morphologic charac-
teristics of the aneurysm, and interobserver reliability.

 

13

 

Follow-up

 

For the retrospective cohort, follow-up information was ob-
tained by means of an annual standardized questionnaire and a

review of medical records. Neurologic symptoms, intracranial sur-
gery, or repeated arteriographic studies undertaken since the pre-
vious assessment were recorded.

For the prospective cohort, base-line assessments were made.
Prospective patients who did not undergo planned surgical treat-
ment were followed with the use of an annual questionnaire. For
patients who underwent surgical treatment, assessments were made
7 days after the procedure, at hospital discharge, at 30 days, and
at yearly intervals. For both cohorts, neurologic status was meas-
ured with the use of the Rankin scale at each follow-up assess-
ment, and cognitive status was determined with the Mini–Mental
State Examination
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 or the Telephone Interview for Cognitive
Status

 

15

 

 at the same intervals. All complications of surgical treat-
ment were recorded.

 

Determination of Events

 

Detailed information was obtained on all end points (definite
or questionable subarachnoid or intracerebral hemorrhage and
death). Comprehensive adjudication was performed centrally for
all hemorrhages, strokes, and deaths on the basis of uniform cri-
teria, with the use of available clinical, radiologic, autopsy, and
other information, and hemorrhages were classified according to
the location of the rupture. Subarachnoid or intracerebral hem-
orrhage was classified as definite (symptoms of subarachnoid or
intracerebral hemorrhage and positive findings on computed to-
mography [CT] or magnetic resonance imaging [MRI], surgery,
or autopsy), highly probable (symptoms and positive findings on
cerebrospinal fluid analysis), or probable (symptoms only). All
definite, highly probable, and probable aneurysmal hemorrhages
were included in the primary analysis.

In the prospective component of the study, evidence of sur-
gery-related cerebral infarction, hemorrhage, or death was con-
firmed centrally. Neurologic deficits 30 days or 1 year after treat-
ment were evaluated for their relation to treatment or coexisting
disorders.

Morbidity related to surgical treatment was defined as a Rankin
score of 3, 4, or 5 (moderate-to-severe neurologic disability) or a
score of less than 24 on the Mini–Mental State Examination or
less than 27 on the Telephone Interview for Cognitive Status
(both indicating a serious cognitive abnormality) at 30 days and
1 year.

 

14-16

 

 Mortality was considered separately.

 

Statistical Analysis

 

The retrospective component included two groups designated
by their eligibility for enrollment. Group 1 and group 2 were an-
alyzed as separate strata. Between-group comparisons of the dis-
tributions of demographic and clinical characteristics were made
by the chi-square test for categorical variables and the t-test for
continuous variables. Estimates of the risk of hemorrhage were
made with the use of life-table methods, with data on death, sur-
gical intervention, and last follow-up assessment censored. Pre-
dictors of hemorrhage were ascertained with the use of a propor-
tional-hazards regression model.

For the prospective cohort, survival, morbidity (a Rankin score
of 3, 4, or 5), and diminished mental status (a score of less than
24 on the Mini–Mental State Examination or less than 27 on the
Telephone Interview for Cognitive Status), as well as overall mor-
bidity and mortality, were analyzed. Survival estimates and 95
percent confidence intervals were calculated with life-table meth-
ods 30 days and 1 year after treatment. The risk of morbidity was
estimated as the proportion of patients with impairment at the
30-day and 1-year examinations. The overall risk of morbidity or
mortality was estimated as the proportion of patients who were
disabled or dead at 30 days and at 1 year. Surgery-related morbid-
ity and mortality were estimated on the basis of only those events
attributed to treatment of the aneurysm. Factors related to overall
morbidity and mortality were determined with the use of logistic
regression. (An expanded description of the methods used in this
study is available on the Internet at www.mayo.edu/ISUIA or by
writing to the ISUIA Coordinating Center.)
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RESULTS

 

Retrospective Cohort

 

Demographic and Clinical Characteristics

 

Fifty-three centers in the United States, Canada,
and Europe enrolled a total of 1449 patients with
1937 unruptured intracranial aneurysms (727 pa-
tients in group 1 and 722 patients in group 2). The
aneurysms were diagnosed at the participating cen-
ters between 1970 and 1991.

Of the 1449 patients, 1085 (75 percent) had sin-
gle unruptured intracranial aneurysms and 364 (25
percent) had multiple unruptured intracranial aneu-
rysms, with similar distributions in groups 1 and 2
(Table 1). The mean age at diagnosis was higher in
group 1 than in group 2 (Table 1). Almost three
fourths of the patients were women. The mean du-
ration of follow-up was 8.3 years, with a total of ap-
proximately 12,023 patient-years of follow-up.

Conditions leading to the diagnosis of unrup-
tured intracranial aneurysms included headaches in
36 percent of patients, ischemic cerebrovascular dis-
ease in 17.6 percent, cranial-nerve deficits in 15.4
percent, aneurysmal mass effect in 5.7 percent, ill-
defined spells in 4.8 percent, convulsive disorder in
4.2 percent, subdural or intracerebral hemorrhage in
2.7 percent, brain tumor in 1.7 percent, and nervous

system degenerative disease in 0.5 percent. The di-
agnosis was suspected on the basis of CT findings in
39.8 percent and MRI findings in 5.6 percent.

 

Aneurysmal Characteristics

 

The distribution of unruptured intracranial aneu-
rysms according to size and location (parent artery)
is shown for groups 1 and 2 in Table 1. Forty-one of
the patients in group 1 with small aneurysms (<10
mm in diameter) (9.7 percent) and 153 patients in
the entire retrospective group (10.6 percent) had
single cavernous carotid aneurysms.

Overall, 32 percent of the patients in group 1 and
11 percent of those in group 2 had unruptured an-
eurysms that caused symptoms other than those as-
sociated with rupture (e.g., cranial-nerve palsies).

 

Risk Factors

 

Potential risk factors for the development of an
unruptured aneurysm or for subsequent rupture
were documented at the time of diagnosis (Table 2).
Among patients for whom data on smoking were
available, 60.6 percent were current smokers and
18.6 percent were former smokers (a precise history
of smoking was unavailable for 31 percent of the pa-
tients). Other potential risk factors for which there
were substantial numbers of patients with missing

 

*Patients in group 1 had no history of subarachnoid hemorrhage, and those in group 2 had a his-
tory of subarachnoid hemorrhage.

†NS denotes not significant. 
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(N=722) P V
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Age — yr
Mean
Range

56.0
9–87

49.4
13–80

<0.001

Female sex — no. of patients (%) 517 (71.1) 535 (74.1) 0.27
White race — no. of patients (%) 669 (92.0) 681 (94.3) 0.08
Single aneurysm — no. of patients (%) 545 (75.0) 540 (74.8) NS†
Multiple aneurysms — no. of patients (%)
Total no. of aneurysms

182 (25.0)
977

182 (25.2)
960

Diameter of largest aneurysm — mm
Mean
Range

10.9
2–60

5.7
2–35

<0.001

Size of largest aneurysm — no. of patients (%)
2–5 mm
6–9 mm
10–14 mm
15–24 mm
»25 mm

238 (32.7)
186 (25.6)
113 (15.5)
120 (16.5)
70 (9.6)

442 (61.2)
199 (27.6)
65 (9.0)
13 (1.8)
3 (0.4)

0.001

Location of aneurysm — no. of aneurysms (%)
Cavernous carotid artery
Internal carotid artery
Anterior communicating or anterior cerebral 

artery
Middle cerebral artery
Posterior communicating artery
Vertebrobasilar or posterior cerebral artery
Tip of basilar artery 

165 (16.9)
242 (24.8)
98 (10.0)

222 (22.7)
136 (13.9)
64 (6.6)
50 (5.1)

91 (9.5)
171 (17.8)
79 (8.2)

363 (37.8)
163 (17.0)
56 (5.8)
37 (3.9)

<0.001
<0.001

0.22

<0.001
0.06
0.51
0.18
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data on retrospective review included alcohol con-
sumption and the use of oral contraceptives and
stimulants.

 

Aneurysmal Rupture

 

Of the 1449 patients, 32 had confirmed aneurys-
mal ruptures during follow-up, and in 28 of the 32,
the rupture occurred within the first 7.5 years of fol-
low-up. Two other patients with subarachnoid hem-
orrhage 2 years and 5.6 years after diagnosis had
coexisting arteriovenous malformations. In neither
patient was it possible to delineate whether the an-
eurysm or the arteriovenous malformation had rup-
tured. Patients with both aneurysms and arteriove-
nous malformations (20 in group 1 and 13 in group
2) were not included in the analysis of end points.
Of the 12 patients in group 1 who had confirmed
aneurysmal subarachnoid hemorrhage, only 1 had
an aneurysm that was less than 10 mm in diameter,
whereas 17 of the 20 patients in group 2 with rup-
tures had aneurysms that were less than 10 mm in
diameter. Two of the 32 ruptures occurred in pa-
tients with cavernous carotid aneurysms.

 

Prediction of Rupture

 

In group 1, the only significant predictors of rup-
ture were the size and location of the aneurysm. An-

eurysms that were less than 10 mm in diameter were
much less likely to rupture than those that were 10
to 24 mm in diameter (relative risk for larger aneu-
rysms, 11.6; P=0.03) or 25 mm or more in diame-
ter (relative risk, 59.0; P<0.001). The relative risk of
rupture was 13.8 for aneurysms at the basilar tip and
13.6 for those in the vertebrobasilar or posterior
cerebral distribution, as compared with other loca-
tions (P=0.001 and P=0.007, respectively). For pos-
terior communicating aneurysms, the relative risk of
rupture was 8.0 (P=0.02). In group 2, the relative
risk of rupture was 5.1 for aneurysms at the basilar
tip (P=0.004) and 1.31 for older age (P=0.04).
The size of the aneurysm did not predict the risk of
rupture.

 

Rupture Rates

 

Rates of confirmed subarachnoid hemorrhage 7.5
years after diagnosis are shown in Figures 1 and 2.
The cumulative rate of rupture for patients in group
1 with aneurysms that were less than 10 mm in di-
ameter at the time of discovery was 0.4 percent, or
about 0.05 percent per year. In contrast, the rupture
rate for patients in group 1 with aneurysms that
were 10 mm or more in diameter was about 20
times that of the rate for smaller aneurysms, ap-
proaching 1 percent per year (Fig. 1). In group 2,
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ROUP
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no./total no. (%)

 

Retrospective cohort
Hypertension
Treatment for hypertension
Atrial fibrillation
Cardiac arrhythmias
Congestive heart failure
Myocardial infarction
Valvular disease
Alcohol use (>5 drinks in 24 hr)
Current smoker
Former smoker
Use of stimulants
Use of oral contraceptives by women

308/697 (44.2)
264/698 (37.8)
16/691 (2.3)
41/688 (6.0)
15/695 (2.2)
39/689 (5.7)
11/691 (1.6)
38/202 (18.8)

284/540 (52.6)
120/540 (22.2)

4/129 (3.1)
38/143 (26.6)

200/676 (29.6)
124/698 (17.8)

4/673 (0.6)
16/673 (2.4)
2/673 (0.3)

21/671 (3.1)
2/673 (0.3)

74/155 (47.7)
321/459 (69.9)
66/459 (14.4)
6/125 (4.8)

31/94  (33.0)

508/1373 (37.0)
388/1396 (27.8)
20/1364 (1.5)
57/1361 (4.2)
17/1368 (1.2)
60/1360 (4.4)
13/1364 (1.0)

112/357  (31.4)
605/999  (60.6)
186/999  (18.6)
10/254  (3.9)
69/237  (29.1)

Prospective cohort
Hypertension
Treatment for hypertension
Atrial fibrillation
Cardiac arrhythmias
Congestive heart failure
Myocardial infarction
Valvular disease
Alcohol use (>5 drinks in 24 hr)
Current smoker
Former smoker
Use of stimulants
Use of oral contraceptives by women

295/798 (37.0)
251/798 (31.5)
22/798 (2.8)
45/798 (5.6)
5/798 (0.6)

32/798 (4.0)
17/798 (2.1)

244/798 (30.6)
359/798 (45.0)
255/798 (32.0)
63/798 (7.9)

285/579 (49.2)

70/197 (35.5)
54/197 (27.4)
0/197 
5/197 (2.5)
0/197 
7/197 (3.6)
3/197 (1.5)

71/197 (36.0)
106/197 (53.8)
61/197 (31.0)
15/197 (7.6)
98/159 (61.6)

365/995  (36.7)
305/995  (30.7)
22/995  (2.2)
50/995  (5.0)
5/995  (0.5)

39/995  (3.9)
20/995  (2.0)

315/995  (31.7)
465/995  (46.7)
316/995  (31.8)
78/995  (7.8)

383/738  (51.9)
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the smaller aneurysms were approximately 11 times
as likely to rupture as aneurysms of the same size in
group 1, with a rate of approximately 0.5 percent per
year. The rupture rate of larger aneurysms was simi-
lar to that in group 1, approaching 1 percent per
year. Figure 2 shows rupture rates over time for
groups 1 and 2 according to the size of the aneu-
rysm. In group 1, aneurysms that were 25 mm or
more in diameter had a rupture rate of 6 percent in
the first year (Fig. 2A).

 

Mortality

 

Among the 32 patients with initially unruptured
aneurysms and subsequent hemorrhage, the case fa-
tality rate was 66 percent (83 percent in group 1 and
55 percent in group 2). Of the 205 patients who
died during the 7.5 years of follow-up, 42 died of in-
tracranial hemorrhage, 36 of cancer, 30 of cardiac
disease, 14 of respiratory tract disease, 11 of cerebral
infarction, and 72 of other, unrelated causes. On an
actuarial basis, the estimated survival rate at five years
for the entire retrospective cohort was 89 percent.

 

Prospective Cohort

 

Surgical Intervention

 

In the prospective cohort, 1172 patients were en-
rolled in the treatment group (961 patients in group
1 and 211 in group 2). Intracranial surgery was per-
formed in 798 patients (83 percent) in group 1 and
in 198 (94 percent) in group 2. The rest of the pa-
tients were treated with various endovascular proce-
dures.

 

Demographic and Clinical Characteristics

 

The mean age at diagnosis was 52 years (range, 19
to 91), with a higher mean age in group 1 than in

group 2 (53 vs. 47 years) (Table 3). Approximately
three fourths of the patients were women.

Conditions leading to the diagnosis of an unrup-
tured intracranial aneurysm and enrollment in the
treatment group included headache in 34 percent of
patients, cranial-nerve deficits in 14 percent, ische-
mic cerebrovascular disease in 11 percent, ill-defined
spells in 10 percent, aneurysmal mass effect in 6 per-
cent, convulsive disorder in 5 percent, subdural or
intracerebral hemorrhage in 0.4 percent, brain tu-
mor in 0.4 percent, and nervous system degenerative
disease in 0.3 percent. The diagnosis was suspected
on the basis of CT findings in 40 percent of patients
and MRI findings in 37 percent.

 

Figure 1.

 

 Probability of Subarachnoid Hemorrhage 7.5 Years af-
ter the Diagnosis of Unruptured Intracranial Aneurysm, Ac-
cording to the Diameter of the Aneurysm.
Patients in group 1 had no history of subarachnoid hemorrhage
from a different aneurysm, and those in group 2 did have such
a history. Data are from the retrospective cohort. The bars rep-
resent 95 percent confidence intervals.
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Figure 2.

 

 Probability of Subarachnoid Hemorrhage over Time in
Group 1 (Panel A) and Group 2 (Panel B), According to the Size
of the Aneurysm.
In Panel B, no rates are shown for aneurysms in the largest cat-
egory (»25 mm) because there were only three patients with
aneurysms in this category. The numbers at the bottom of each
panel are the numbers of patients not operated on who were
at risk for a first hemorrhage. Data are from the retrospective
cohort.
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Age — yr
Mean
Range

53.0
19–91

47.2
24–78

<0.001

Female sex — no. of patients (%) 598 (74.9) 163 (82.7)
White race — no. of patients (%) 735 (92.1) 175 (88.8)
Total no. of aneurysms 1039 262
Diameter of largest aneurysm — mm

Mean
Range

11.6
2–50

8.3
2–60

Size of largest aneurysm — no. of patients (%)
2–5 mm
6–9 mm
10–14 mm
15–24 mm
»25 mm

128 (16.0)
262 (32.8)
203 (25.4)
148 (18.5)
57 (7.1)

65 (33.0)
79 (40.1)
39 (19.8)
11 (5.6)
3 (1.5)

<0.001

Location of aneurysm — no. of aneurysms (%)
Cavernous carotid artery
Internal carotid artery
Anterior communicating or anterior cerebral 

artery
Middle cerebral artery
Posterior communicating artery
Vertebrobasilar or posterior cerebral artery
Tip of basilar artery 

24 (2.3)
393 (37.8)
167 (16.1)

305 (29.4)
43 (4.1)
50 (4.8)
57 (5.5)

3 (1.1)
82 (31.3)
23 (8.8)

116 (44.3)
15 (5.7)
15 (5.7)
8 (3.1)

0.24
0.05
0.003

<0.001
0.27
0.54
0.11

 

Aneurysmal Characteristics

 

The distribution of unruptured intracranial aneu-
rysms according to size and location (parent artery)
is shown for groups 1 and 2 in Table 3. The distri-
butions of aneurysms were very similar to those in
the retrospective cohort.

Overall, 21 percent of the patients had specific
symptoms, including 23 percent of the patients in
group 1 and 10 percent of those in group 2.

 

Risk Factors

 

Various potential risk factors for the development
of an intracranial aneurysm as well as treatment-
related morbidity and mortality were documented at
the time of diagnosis (Table 2). Overall, 47 percent
of the patients were current smokers, and 32 percent
were former smokers.

With regard to base-line neurologic status, 94 per-
cent of the patients had a Rankin score of 1 (96 per-
cent in group 1 and 89 percent in group 2). The
Barthel score was 100 (indicating normal ability to
perform the activities of daily living) for 98 percent
of patients, and the score on the Mini–Mental State
Examination was higher than 23 (indicating no seri-
ous cognitive abnormality) for 98 percent of the pa-
tients.

 

Surgical Outcome

 

The morbidity and mortality rates at 30 days and
1 year are shown in Table 4. Thirty days after surgery,

18 of 996 patients (all in group 1) had died. Ten
deaths were due to cerebral infarction, five to intra-
cranial hemorrhage, and two to pulmonary embo-
lism; one death was related to respiratory complica-
tions. One year after surgery, 34 deaths had occurred
in group 1 (30 related to surgery) and 2 in group 2
(both related to surgery).

Seventy-eight patients in group 1 and eight in
group 2 had a Rankin score of 3, 4, or 5 at 30 days.
Ninety-three patients in group 1 and 21 in group 2
had impaired cognitive status.

Age was the only independent predictor of a poor
surgical outcome. In group 1, surgery-related mor-
bidity and mortality at one year among patients
younger than 45 years was 6.5 percent, as compared
with 14.4 percent for those between 45 and 64 years
old and 32 percent for those over 64 (P<0.001).

 

DISCUSSION

 

Among patients without a history of subarach-
noid hemorrhage (group 1), those with unruptured
intracranial aneurysms that were less than 10 mm in
diameter had an exceedingly low risk of rupture (ap-
proximately 0.05 percent per year). Unruptured an-
eurysms of the same size in patients with a history
of subarachnoid hemorrhage (group 2) were ap-
proximately 11 times as likely to rupture (a risk of
approximately 0.5 percent per year). The size and lo-
cation of the aneurysm were significant independent
predictors of rupture in patients in group 1 (larger
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aneurysms and those in the tip of the basilar artery,
vertebrobasilar or posterior cerebral artery, or poste-
rior communicating artery were more likely to rup-
ture). In group 2, only the basilar-tip location was
predictive of rupture. In view of these findings, it is
pertinent to begin considering patients with previ-
ous subarachnoid hemorrhage and those without
previous hemorrhage differently when making deci-
sions about the management of unruptured intracra-
nial aneurysms.

The overall rupture rate for the 1449 patients in
the retrospective component of our study (0.5 per-
cent per year) was lower than the rates reported in
previous natural-history studies,

 

8,17

 

 and the rate in
group 1 was significantly lower than that in group 2.
The aneurysms were considerably larger in group 1
(mean diameter, 10.9 mm) than in group 2 (mean
diameter, 5.7 mm), and the number of giant aneu-
rysms was markedly lower in group 2. These differ-
ences are most likely the result of the rupture or re-
pair (or both) of larger aneurysms in the patients in
group 2 before enrollment in the study. The exceed-
ingly low rupture rate in the patients in group 1 with
aneurysms that were less than 10 mm in diameter is
consistent with the findings of previous studies.

 

8,9

 

Although the retrospective component of our
study provides indispensable long-term follow-up
data as a basis for determining future rupture rates,

it is possible that a systematic bias we cannot identify
has been introduced because of the nature of this
cohort.

The overall morbidity and mortality rates associ-
ated with surgical repair of unruptured intracranial
aneurysms were higher than those reported previ-
ously. The 30-day rates of mortality and morbidity
(a score of 3, 4, or 5 on the Rankin scale) were only
slightly higher than those predicted on the basis of
a systematic review of previous reports on repair of
unruptured aneurysms.

 

18-23

 

 In our study, however,
impaired mental status added substantially to mor-
bidity at 30 days and 1 year, and this variable was not
assessed in the previous studies.

The lower rates of treatment-related mortality and
neurologic morbidity (as measured by the Rankin
score) in group 2 are probably the result of the se-
lection of survivors of a first subarachnoid hemor-
rhage and a craniotomy performed to repair a rup-
tured aneurysm. However, patients in group 2 were
more likely to have a deterioration in mental status,
which may have resulted from three consecutive cer-
ebral events (one subarachnoid hemorrhage and two
craniotomies) as compared with only one event (cra-
niotomy) in most patients in group 1.

In the surgically treated cohort, age was the only
significant independent predictor of surgical out-
come. The rates of surgery-related morbidity and

 

*CI denotes confidence interval.

†Normal neurologic status was defined as a Rankin score of 1 and no cognitive impairment as
measured by the Mini–Mental State Examination. There were 764 patients in group 1 and 188 in
group 2 who had normal neurologic status at base line.
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IN GROUP 1 AND GROUP 2.*

OUTCOME GROUP 1 (N=798) GROUP 2 (N=197)

NO. OF

PATIENTS % (95% CI)
NO. OF

PATIENTS % (95% CI)

At 1 mo

Surgery-related death 18 2.3 (1.3–3.3) 0 0 (0–1.4)
Disability

Rankin score of 3–5 only
Impaired cognitive status only
Both

122
29
44
49

15.3
3.6
5.5
6.1

27
6

19
2

13.7
3.0
9.6
1.0

Overall morbidity and mortality
All patients
Patients with normal neurologic

status at base line†

140
130

17.5 (15.5–20.5)
17.0

27
24

13.6 (8.0–17.2)
12.8

At 1 yr

Surgery-related death 30 3.8 (2.4–5.4) 2 1.0 (0–2.6)
Disability

Rankin score of 3–5 only
Impaired cognitive status only
Both

95
26
43
26

12.0
3.3
5.4
3.3

24
3

18
3

12.1
1.5
9.1
1.5

Overall morbidity and mortality
All patients
Patients with normal neurologic

status at base line†

125
119

15.7 (13.2–18.2)
15.6

26
21

13.1 (8.0–17.2)
11.2
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mortality were substantially lower for younger pa-
tients than for older patients. Other potential predic-
tors of surgery-related morbidity and mortality (in-
cluding the location and size of the aneurysm) and
endovascular results could not be assessed adequately
with the number of patients in the prospective cohort.

With aneurysmal size and location included in the
multivariate model, the presence of aneurysmal symp-
toms other than those related to rupture was not a
predictor of rupture. Similarly, the presence of symp-
toms did not independently predict the outcome of
surgery.

The management of unruptured intracranial an-
eurysms depends on the natural history of these le-
sions and on morbidity and mortality rates associat-
ed with repair. On the basis of the rupture rates and
treatment risks in our study, it appears unlikely that
surgery will reduce the rates of disability and death
in patients with unruptured intracranial aneurysms
smaller than 10 mm in diameter and no history of sub-
arachnoid hemorrhage. Data on treatment-related
morbidity and mortality rates according to aneurys-
mal size and location and specific symptoms are re-
quired to determine whether surgical or endovascular
intervention may be warranted in various subgroups
of patients with unruptured intracranial aneurysms,
including those with acutely symptomatic unrup-
tured aneurysms.

Supported by a grant (R01-NS-28492) from the National Institute of
Neurological Disorders and Stroke.
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(SC, EC), investigator — neurology; D. Piepgras (SC), investigator — neu-
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dom: R. Sengupta (EC), D. Bates, A. Gholkar, J. Murdy, S. Wilson, S. Pra-
haraj, G. Partridge, C. Reynolds, N. Hind; Boston: C. Ogilvy, R. Crowell,
D. Gress, P. Schaefer, I. Choi, D. Buckley, K. Sloan, D. King; Los Angeles
(USC ): S. Giannotta, S. Ameriso, G. Teitelbaum, E. Thomson, D. Fish-
back; Budapest, Hungary: J. Vajda, I. Nyáry, S. Czirják, M. Horváth, I. Szi-
kora, E. Pásztor, P. Várady, A. Erdos; Stockholm, Sweden: G. Edner (EC),
N. Wahlgren, M. Lindqvist, A. Antonsson; Verona, Italy: R. Da Pian, A.
Pasqualin, F. Chioffi, A. Beltramello, G. Zampieri, A. Benati, G. Rossi;
Kuopio, Finland: A. Ronkainen, J. Hernesniemi, M. Vapalahti, J. Rinne, M.
Luukkonen, M. Vihavainen, S. Savolainen, T. Koivisto, S. Leivo, K. Helin;
Stanford, Calif.: G. Steinberg, M. Marks, M. Vanefsky, A. Norbash, R.
Thompson, T. Bell, M. Marcellus, A. Meyer; Oxford, United Kingdom: R.

Kerr, C. Adams, A. Molyneux (EC), S. Vinden, F. Bacon, J. Shrimpton, S.
Parker; Gainesville, Fla.: A. Day, S. Nadeau, J. Stachniak, W. Friedman, R.
Fessler, K. Peters, R. Jacob, S. Roper, A. Smith, P. LaFrentz; Iowa City,
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cinnati: J. Broderick, J. Tew, Jr., T. Brott, H. van Loveren, H. Yeh, M. Zuc-
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Mortensen; Bologna, Italy: A. Andreoli (EC), C. Testa, V. Comani, C. Tre-
visan, P. Limoni, F. Carlucci, M. Leonardi, C. Sturiale; Graz, Austria: G.
Pendl, H. Eder, G. Klein, M. Eder, K. Leber; Indianapolis: T. Horner, T.
Leipzig, T. Payner, A. Denardo, J. Scott, K. Redelman; Birmingham, Ala.:
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Pertuiset, D. Fohanno, C. Marsault, A. Casasco, A. Biondi, L. Capelle, H.
Duffau; Seattle: H. Winn, M. Grady, D. Newell, W. Longstreth, P. Thomp-
son, H. Bybee, D. Jones; Edmonton, Alta., Canada: J. Findlay, K. Petruk,
D. Steinke, R. Ashforth, P. Stenerson, D. Schindel, H. Vanderhoven, J.
Neves; Philadelphia: E. Zager, E. Flamm, E. Raps, R. Hurst, S. Parrott, M.
Sellers, M. Torchia; Winnipeg, Man., Canada: B. Anderson, M. West, D.
Fewer, N. Hill, G. Sutherland, I. Ross, B. McClarty, R. Brownstone, O.
Williams, P. Narotam, L. Christane, G. McGinn, D. Gladish; Cambridge,
United Kingdom: P. Kirkpatrick, J. Pickard, N. Antoun, D. Simpson, N.
Higgins, C. Turner, S. Tebbs; Halifax, N.S., Canada: R. Holness, D. Mal-
loy, S. Phillips, W. Maloney, V. Molina-de-Orozco, B. Baxter, K. Connolly-
Campbell, A. MacDougall; Toronto: F. Gentili, M. Wallace, K. ter Brugge,
R. Willinsky, M. Tymianski, L. Rickards, W. Tucker, C. Lambert, W. Mon-
tanera, C. Rychlewski, C. Flood; Milan, Italy (UM ): R. Villani, E. Sganzerla,
G. Tomei, A. Bettinelli, M. Leonardi, G. Ceccarelli, A. Righini, L. Bello,
C. Marras; Bristol, United Kingdom: R. Nelson, T. Lewis, C. Renowden,
Y. Clarke, L. Varian; Cleveland: D. Chyatte, C. Sila, J. Perl, T. Masaryk, R.
Porterfield; Liverpool, United Kingdom: M. Shaw, P. Foy, T. Nixon, L.
Dunn, N. Clitheroe, T. Smith, P. Eldridge, P. Humphrey, J. Wiseman, K.
Hawkins, L. Owen, K. Ost, S. Saminaden; Montreal: G. Mohr, R. Schon-
dorf, J. Carlton, M. Maleki, N. Just, S. Brien, S. Entis, D. Tampieri, N.
Simons; Groningen, the Netherlands: J. Mooij, J. Metzemaekers, J. Hew, J.
Beks, A. van der Veen, I. Bosma, M. Sprengers; Utrecht, the Netherlands:
G. Rinkel, J. van Gijn, L. Ramos, C. Tulleken, P. Greebe, F. van Vliet;
Copenhagen, Denmark: S. Borgesen, B. Jespersen, T. Boge-Rasmussen, L.
Willumsen; Evanston, Ill.: D. Homer, T. Eller, J. Carpenter, J. Meyer, R.
Munson, B. Small; Minneapolis: E. Nussbaum, R. Heros, R. Latchaw, P.
Camarata, J. Lundgren, N. Mattsen; Edinburgh, Scotland: I. Whittle, R.
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A full listing of investigators, committees, and institutions is available on
the Internet at www.mayo.edu/ISUIA.
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