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Treatment of Unruptured Intracranial Aneurysms:
A Nationwide Assessment of Effectiveness
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D.F. Hanley

BACKGROUND AND PURPOSE: With advances in neuroimaging, unruptured cerebral aneurysms are
being diagnosed more frequently. Until 1995, surgical clipping of the aneurysm was the only treatment
available. Since then, a less invasive endovascular technique has been found effective in a trial of
ruptured aneurysms. No efficacy studies comparing the 2 procedures for unruptured aneurysms exist
to guide clinical decisions. The objective of this study was to assess effectiveness and outcomes of
endovascular versus neurosurgical treatment for unruptured intracranial aneurysms.

METHODS: This was a retrospective cohort study, using data collected over a 1-year time interval
(between 1998 and 2000), from 429 hospitals, in 18 states, and representing 58% of the US
population. A total of 2535 treated, unruptured cerebral aneurysm cases were evaluated. The mea-
surements used were effectiveness as measured by hospital discharge outcomes: 1) mortality
(in-hospital death), 2) adverse outcomes (death or discharge to a rehabilitation or nursing facility), 3)
length of stay, and 4) hospital charges. Univariate analyses compared endovascular versus neurosur-
gical discharge outcomes. Multivariable models were adjusted for age, sex, region, Medicaid insurance
status, year, hospital case volume, comorbidity score, and admission source.

RESULTS: Endovascular treatment was associated with fewer adverse outcomes (6.6% versus
13.2%), decreased mortality (0.9% versus 2.5%), shorter lengths of stay (4.5 versus 7.4 days), and
lower hospital charges ($42,044 versus $47,567) compared with neurosurgical treatment (P � .05).
After multivariable adjustment, neurosurgical cases had 70% greater odds of an adverse outcome,
30% increased hospital charges, and 80% longer length of stay compared with endovascular cases
(P � .05).

CONCLUSIONS: The current analysis indicates that endovascular therapy is associated with signifi-
cantly less morbidity, less mortality, and decreased hospital resource use at discharge, compared with
conventional neurosurgical treatment for all unruptured aneurysms. Endovascular therapy, as a treat-
ment alternative to surgical clipping, should be offered as a viable therapeutic option for all patients
considering treatment of an unruptured cerebral aneurysm.

Intracranial aneurysms are fairly common in the general
population. It is estimated that between 0.4% and 6% of

people may harbor a cerebral aneurysm.1-4 Although most in-
tracranial aneurysms go undetected, acute rupture resulting in
subarachnoid hemorrhage can be a devastating consequence
associated with 30%– 67% mortality and 15%–30% morbidi-
ty.2,5,6 Recent advances in noninvasive imaging including CT,
MR imaging, CT angiography (CTA), and MR angiography
(MRA) have increased clinicians’ ability to diagnose patients
with this condition.

Clinical management of unruptured aneurysm patients is a
current topic of debate.7 Preventative treatment for unrup-
tured aneurysms, such as neurosurgical clipping or endovas-
cular coiling, may be recommended depending upon the pa-

tient’s family history, and the aneurysm size, morphology, and
location.8-11 Before 1990, endovascular treatment of aneu-
rysms included use of detachable balloons for parent vessel
occlusion, as well as direct balloon occlusion in selected cases.
However, with the development of newer detachable coil de-
vices in 1990, and intravascular stents in recent years, the en-
dovascular treatment option has expanded the range of both
ruptured and unruptured cerebral aneurysm cases that can
now be effectively treated.2 In 2002, a prospective, multi-
center, randomized study (International Subarachnoid Aneu-
rysm Trial) was prematurely halted after concluding that for
2143 patients presenting with a ruptured cerebral aneurysm,
those treated by endovascular coiling had a 22.6% relative risk
reduction in death or severe disability at 1 year compared with
surgical clipping.12 This study has affected patient treatment
patterns, increasing referral to endovascular coiling over sur-
gical clipping if the aneurysm is amenable to treatment by
either technique.

No prospective, randomized trial comparing these treatments
for unruptured intracranial aneurysms has yet been performed.7

This article evaluates the effectiveness and assesses outcomes of
endovascular coiling versus neurosurgical treatment in a large
retrospective cohort of unruptured aneurysm cases.

Methods

Data Source
A data base was created from publicly available, nonfederal hospital

records in 18 states: California, Colorado, Florida, Illinois, Iowa,
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Maryland, Massachusetts, Nevada, New Hampshire, New Jersey, New

York, Oregon, Pennsylvania, Texas, Utah, Vermont, Virginia, and

Wisconsin (Health Share, Calif. Office of State Data, Fla. Data and

Planning Office). States reflect 1999 hospitalizations, except New

Hampshire and New Jersey (1998), and Colorado, Iowa, and Nevada

(2000). The assembled data reside with the Health Economics and

Outcomes Research Group of Boston Scientific Corporation (B.J.L.)

and is available to qualified outcomes researchers for the purposes of

methodologic evaluation.

Case Selection
International Classification of Diseases, 9th Rev., Clinical Modifi-

cation (ICD-9-CM) diagnosis and procedure codes, which have

been validated in other studies, were used to select discharge

records.13 A principal diagnosis code 437.3 (unruptured cerebral

aneurysm) combined with a treatment procedure code identified

study cases. Procedure codes 39.52 (other repair of aneurysm) or

38.81 (other surgical occlusion of intracranial vessels) defined an

endovascular case. Previously reported methods were used to con-

firm endovascular procedural coding.14 Neurosurgical cases were

defined by procedure codes 39.51 (clipping of aneurysm), 38.31

(suture of artery), 38.61 (other excision of intracranial vessels), or

01.24 (other craniotomy).

To evaluate distinct treatment outcomes, records identifying both

neurosurgical and endovascular procedures during the same admis-

sion were excluded. Ruptured aneurysms (ICD-9-CM 430.0) were

also excluded, to eliminate potential confounding effects on clinical

and neurologic outcomes at discharge.14 Validity of the data handling

procedures was confirmed by examination of discharge cases at one of

the health centers, Johns Hopkins University Hospital, for the time

period under investigation (M.T.T., D.F.H.). As a further check for

data base agreement and accuracy of data assembled from multiple

state data sources, the number of Medicare cases identified in the

study data was compared with the number of cases identified by using

the same selection algorithm in a data base of 100% Medicare inpa-

tient hospitalizations (B.J.L.).

Outcome and Variable Definitions
Four main outcome measures were evaluated in this analysis: 1) ad-

verse outcomes, 2) in-hospital death, 3) length of stay (LOS), and 4)

hospital charges. The discharge status of “expired” defined an in-

hospital death and was evaluated separately as well as part of the

adverse outcome definition. Adverse outcome was defined as an in-

hospital death, discharge to a rehabilitation center, or discharge to a

nursing home for patients not previously admitted from a nursing

facility. This definition has been used in other aneurysm studies to

indicate probable procedure morbidity. Lengths of stay and total hos-

pital charges were summary fields on each record. All charges were

adjusted for inflation to the year 2000 using the Consumer Price In-

dex for Inpatient Hospital Services.15

Each patient was assigned a census region based on the treating

hospital’s address.16 To allow for a volume adjustment in multivari-

able models, patients were assigned to statistical quartiles based on

their treating institution’s aneurysm case volume, defined as total

number of treated unruptured aneurysms and all ruptured aneurysm

admissions. A race/ethnicity variable was not available in all states and

insurance status (Medicaid or other) was used as a proxy for a socio-

economic measure.17-19

Study Sample
From the study data base, 2619 unruptured aneurysm cases treated

with neurosurgical or endovascular methods were identified. Records

with missing values were excluded as follows: admission source (n �

36), discharge source (n � 1), insurance status (n � 30), sex (n � 5),

hospital name (n � 12).

Statistical Analysis
Endovascular and neurosurgical cases were compared with univariate

and multivariable analyses using SAS statistical software (SAS Insti-

tute, Cary, NC). Categoric variables and dichotomous outcomes were

evaluated with either the Pearson �2 test or Fisher Exact test, and

continuous variables and outcomes were compared using a Student t

test. Lengths of stay and hospital charges were natural-log trans-

formed to normalize values.

For the purposes of risk adjustment, the Elixhauser Comorbidity

Index, which was developed for use with administrative data, identi-

fied coexisting conditions present during the treatment admission.20

A score was calculated for each patient summing the number of co-

existing conditions weighted according to their relative effects on the

outcome measures. Standard derivation and validation procedures

were performed. Codes that could indicate procedural complications,

rather than existing conditions, were excluded from the index and

evaluated separately.21 These included: headache (784.0), cranial

nerve palsy (378.51–378.52, 378.54), monocular vision loss (369.6 –

369.8), aphasia (784.3), hemiplegia/hemiparesis (342.0 –342.92), hy-

drocephalus (331.3–331.4), ventriculostomy (02.2), ventriculoperi-

toneal shunt surgery (02.34), cerebral artery occlusion (434.0 –

434.91), postoperative neurologic complications (997.00 –997.09),

postoperative cardiac complications (997.1), tracheostomy (31.1–

31.29), endotracheal tube (96.04), mechanical ventilation

(96.70 –96.72), postoperative respiratory insufficiency (518.5), gas-

trostomy (43.11– 43.19), hematoma complication (998.1–998.13),

packed red blood cell transfusion (99.04), physical/occupational ther-

apy (93.01–93.59, 93.75, 93.83), and other surgical complications/

postoperative infection (99.72–99.75, 998.2, 998.59, 998.0).

For multivariable analyses, generalized estimating equations

(GEE) were used to evaluate the outcome measures with adjustment

for age, sex, region, Medicaid status, year of treatment, volume quar-

tile, comorbidity score, and admission source.22 Compound symme-

try, or equal correlation between within-hospital observations, was

chosen as the initial covariance structure. The GEE models produced

estimates of ratios, confidence intervals, and P values for the outcome

measures. Odds ratios (ORs) are reported for adverse outcome and

in-hospital death. Because natural log values were used to normalize

length of stay and hospital charge data, effect measures reported are

the ratio of geometric means.

Results
A total of 2535 treated unruptured cerebral aneurysm cases, in
429 hospitals, were identified. Seventy-four percent (1881)
were surgically treated. Patients identified in the study were a
mean of 54 years of age, predominantly female, and predom-
inantly admitted from home (Table 1). There were more men
in the endovascular group compared with the neurosurgical
group (P � .05). The admission source (P � .0001) differed
significantly between the treatment groups. Compared with
endovascular cases, neurosurgical cases were more likely to be
admitted through the emergency department (ED) (12% ver-
sus 7%), and less likely to be admitted from home or as a
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transfer case (87% versus 93%). There were also statistical
treatment variations based on the treating institution’s geo-
graphic location (P � .05).

The mean comorbidity scores, reflecting existing condi-
tions, for the neurovascular and endovascular groups were not
significantly different (P � .73) for any study outcome. The
most frequent comorbid conditions on discharge records were
hypertension (39%), chronic pulmonary disease (11%), and
arrhythmia (5.4%). Neurosurgical cases were more likely than
endovascular cases to have deficiency anemia (3.6% versus
2.0%, P � .05), but this condition was not related to either
death or adverse outcome. Conditions associated with adverse
outcomes included hypertension, congestive heart failure, pe-
ripheral vascular disease, and arrhythmia (P � .05). Only co-
agulopathy was associated with an in-hospital death (P � .05).

Diagnoses and procedures excluded from the comorbidity
index that could potentially indicate a condition or procedure
related to the treatment outcomes are displayed in Table 2.

Compared with endovascular cases, neurosurgical cases were
significantly (P � .05) more likely to have the following pro-
cedures or diagnoses: cranial nerve palsy, ventriculostomy,
postoperative neurologic complications, endotracheal tube
placed, mechanical ventilation, gastrostomy, packed red
blood cell transfusion, other surgical complication or postop-
erative infection, and physical or occupational therapy.

Adverse outcome status was assigned to 11.5% of all treated
unruptured aneurysms, including 2.1% procedural mortality
at discharge (Table 3). The proportion of adverse outcomes
was approximately double for neurosurgical cases compared
with the endovascular-treated cases (13.2% versus 6.6%, P �
.0001). The in-hospital neurosurgical mortality was more than
twice the rate of endovascular mortality (2.5% versus 0.9%,
P � .05). The length of stay for neurosurgical cases was signif-
icantly longer than for endovascular cases averaging 7.4 versus
4.5 days (P � .0001). Mean hospital charges were $5523 more
for neurosurgical treatment than for endovascular treatment

Table 1: Characteristics of unruptured aneurysm cases

Total
n � 2535

Neurosurgical
n � 1881

Endovascular
n � 654 P*

Mean Age (SD), years 53.9 (12.9) 53.8 (12.2) 53.9 (15.0) .83
Male (%) 26 25 31 �.05
Medicaid (%) 9 8 9 .66
Admission Source (%) �.0001

Home 84 83 88
Emergency Department 11 13 6
Transfer 5 4 6

Region (%) �.05
West 22 20 27
South 33 33 33
Midwest 11 12 11
New England 8 8 7
Mid Atlantic 26 27 22

* Pearson � 2 test and t test used to evaluate statistical significance for categoric variables and continuous variables, respectively, comparing neurosurgical and endovascular groups.
Significant P values are groups into 4 categories: �.05, �.01, �.001, �.0001.

Table 2: Potential markers of symptoms, related conditions, and procedural complications

Diagnosis or Procedure
Category

Total
n � 2535

Neurosurgical
n � 1881

Endovascular
n � 654 P*

Postop neurological complications 6.8 7.4 (140) 4.7 (31) �.05†
Cranial nerve palsy (IIIrd, VIth) 6.0 7.0 (132) 2.9 (19) �.0001
Mechanical ventilation 5.0 5.6 (106) 3.1 (20) �.01†
Physical or occupational therapy 5.0 6.0 (113) 2.1 (14) �.0001
Hemiplegia or hemiparesis 4.3 4.0 (76) 5.2 (34) .21†
Occlusion of cerebral artery 3.8 4.2 (79) 2.8 (18) .10†
Packed red blood cell transfusion 3.8 4.5 (85) 1.7 (11) �.01
Other complication/postop infection 3.8 4.5 (85) 1.5 (10) �.001†
Endotracheal tube 3.5 3.9 (74) 2.3 (15) �.05†
Ventriculostomy 2.9 3.4 (63) 1.7 (11) �.05†
Hematoma complication 2.8 2.7 (50) 3.2 (21) .46
Postop respiratory insufficiency 2.5 2.8 (52) 1.8 (12) .19†
Aphasia 2.1 2.2 (42) 1.7 (11) .70
Hydrocephalus 2.1 1.9 (36) 2.5 (16) 0.41†
Gastrostomy 2.0 2.3 (44) 1.1 (7) �.05
Headache 1.6 1.5 (29) 1.7 (11) .80
Tracheostomy 1.5 1.6 (30) 1.1 (7) .34
Postop cardiac complications 0.8 0.9 (16) 0.5 (3) .32
Monocular vision loss 0.5 0.5 (10) 0.5 (3) .82
Ventriculoperitoneal shunting 0.5 0.5 (9) 0.5 (3) .95

Note:—Values are presented as % (n).
* Pearson � 2 test used to evaluate differences between neurosurgical and endovascular groups. Significant P values are groups into 4 categories: �.05, �.01, �.001, �.0001.
† Conditions significantly (p �0.0001) more likely to occur in death cases compared with nondeaths
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(P � .0001). Similar trends are reported for the group when
stratified by ED admissions. When ED admissions were ex-
cluded from the analysis, the neurosurgical mortality rate de-
creased from 2.5% to 1.9%. With the exception of in-hospital
death, all differences between the 2 types of treatments re-
mained statistically significant when ED admissions were
excluded.

Table 4 reports the adjusted ratios and confidence intervals
comparing neurosurgical versus endovascular treatments in
multivariable models. Power calculations, which indicate the
level of confidence that a correct decision was made to reject
the null hypothesis, are also reported. Neurosurgical cases had
70% greater odds of an adverse outcome compared with en-
dovascular cases after adjustment for age, sex, Medicaid status,
geographic region, year of treatment, comorbidity score, vol-
ume quartile, and admission source (OR � 1.7; 95% confi-
dence interval [CI], 1.2, 2.5). After multivariable adjustment,
neurosurgical treatment was associated with 2.3 times the

odds of death of endovascular treatment (95% CI, 0.97, 5.7),
though small numbers resulted in a low statistical power. The
geometric mean length of stay was almost twice as long (OR
� 1.8; 95% CI, 1.6, 2.0) and hospital charges were 30% higher
(OR � 1.3; 95% CI, 1.2, 1.5) for neurosurgical treatments
compared with endovascular treatments. Trends were similar
for the analyses stratified by ED for all outcomes. Zero deaths
in the endovascular group preclude multivariable comparison
on this outcome in the emergency admission group.

Discussion
This is the first nationwide study to assess the effectiveness of
endovascular and neurosurgical treatment for unruptured in-
tracranial aneurysms at hospital discharge in a geographically
diverse sample of community and academic medical centers.
First, it has been shown that endovascular therapy was associ-
ated with significantly fewer adverse outcomes at discharge
compared with neurosurgical treatment for unruptured cere-

Table 3: Univariate analysis of treatment outcomes

Total
n � 2535

Neurosurgical
n � 1881

Endovascular
n � 654 P*

Overall
Adverse outcomes (n) 11.5% (292) 13.2% (249) 6.6% (43) �.0001
In-hospital death (n) 2.1% (53) 2.5% (47) 0.9% (6) �.05
Length of stay†‡ (SD) 6.8 (6.2) days 7.4 (5.7) days 4.5 (4.7) days �.0001
Hospital charges†¶ (SD) $46,250 (36,470) $47,567 (35,426) $42,044 (37,286) �.0001

Emergency department admissions only n � 274 n � 234 n � 40
Adverse outcomes (n) 16.8% (46) 18.4% (43) 7.5% (3) .11§
In-hospital death (n) 5.5% (15) 6.4% (15) 0.0% (0) .14§
Length of stay†‡ (SD) 10.4 (7.3) days 10.4 (6.5) days 10.6 (11.3) days .07
Hospital charges†¶ (SD) $60,161 (43,117) $60,544 (41,687) $57,840 (51,085) .24

Non-emergency department admissions n � 2261 n � 1647 n � 614
Adverse outcome (n) 10.9% (246) 12.5% (206) 6.5% (40) �.0001
In-hospital death (n) 1.7% (38) 1.9 % (32) 1.0% (6) 0.11
Length of stay†‡ (SD) 6.3 (5.7) days 7.0 (5.3) days 4.2 (4.2) days �.0001
Hospital charges†¶ (SD) $44,408 (34,842) $45,554 (33,725) $41,020 (36,128) �.0001

* Pearson � 2 test and Student t test used to evaluate statistical significance for categoric and continuous variable, respectively, comparing neurosurgical and endovascular groups, unless
otherwise specified. Significant P values are grouped into 4 categories: �.05, �.01, �.001, �.0001.
† Natural log transformed variables then converted to original units. Values are mean (SD).
‡ n � 2530 due to nonreported length of stay, n � 2256 excluding emergency department cases, n � 274 ED cases.
§ Two-tailed Fisher Exact test used to compared neurosurgical and endovascular groups
¶ n � 2109 due to nonreported charges, n � 1866 excluding emergency department cases, n � 243 ED cases.

Table 4: Multivariable comparison of treatment outcomes

n � 2535 Ratio (95% CI)* P* Power (%)
Neurosurgical/Endovascular

Adverse outcome 1.7 (1.2, 2.5) �.05 82
In-hospital death 2.3 (0.97, 5.7) .06 45
Length of stay† 1.8 (1.6, 2.0) �.0001 100
Hospital charges† 1.3 (1.2, 1.5) �.0001 97

Emergency department admissions only
Adverse outcome‡ 2.7 (0.8, 8.5) .10 39
In-hospital death§
Length of stay† 1.3 (0.9, 1.7) .12 43
Hospital charges† 1.2 (0.9, 1.7) .24 19

Excluding emergency department admissions
Adverse outcome 1.6 (1.1, 2.4) �.05 71
In-hospital death 2.0 (0.7, 5.8) .18 26
Length of stay† 1.9 (1.7, 2.0) �.0001 100
Hospital charges† 1.3 (1.2, 1.5) �.0001 97

* Results are derived from generalized estimating equations and are adjusted for age, sex, admission source, region, year of treatment, insurance status, comorbidity score, and hospital
treatment volume. Odds ratios are reported for dichotomous outcomes. Significant P values are grouped into 4 categories: �.05, �.01, �.001, �.0001.
† Natural log values of lengths of stay and hospital charges were used in models; results are ratio of geometric mean days and ratio of geometric mean dollars, respectively.
‡ Results are derived from generalized estimating equations and are adjusted for age, sex, admission source, region, insurance status, and hospital treatment volume.
§ Multivariable model not feasible due to zero deaths in the endovascular group.
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bral aneurysms. Second, endovascular treated cases were less
resource-intensive during the treatment hospitalization than
neurosurgical cases, having significantly shorter lengths of stay
and lower hospital charges. Third, surgical mortality was more
than twice as high as endovascular mortality in multivariable
analyses.

Both neurosurgical and endovascular treatment of intra-
cranial aneurysms are associated with procedural risks and
complications such as disability or death. The International
Study of Unruptured Intracranial Aneurysms, a prospective
study of 995 surgically treated patients, reported a 1-year neu-
rosurgical mortality rate of 3.2% and a disability rate of 12%.23

A meta-analysis of 2460 unruptured aneurysm cases in 61
publications between January 1966 and June 1996 reported a
neurosurgical mortality rate of 2.6% and morbidity rate of
10.9%.6 A more recent study of 3498 unruptured aneurysms
treated with neurosurgical clipping from 1996 to 2000 re-
ported in-hospital mortality at 2.1% and death or discharge
other than home at 18.3%.21 Our findings of a 2.5% mortality
rate and a 13.2% adverse outcome rate in patients with a neu-
rosurgically treated unruptured aneurysm are consistent with
these published reports.

Comparative studies of neurosurgical versus endovascular
treatment outcomes for unruptured aneurysms are limited to
2 retrospective cohorts.14,24 In 2069 California patients treated
from 1990 to 1998, there was significantly less morbidity
(9.7% versus 25.4%), mortality (0.5% versus 3.5%), and re-
source use (7.1 versus 11.7 hospital days; $37,000 versus
$63,000 hospital charges, P � .01) for those receiving endo-
vascular coiling versus neurosurgical clipping treatment.24

Likewise, in 2612 patients treated between 1994 and 1997 at 70
US academic medical centers, there were decreased adverse
outcomes (10.6% versus 18.5%), procedural mortality (0.4%
versus 2.3%), and hospital resource use (4.6 versus 9.6 hospital
days; $30,000 versus $43,000 hospital charges) (P � .04).14

Our results for 2535 cases, treated at 429 hospitals in 18 states,
over a 1-year period are comparable with these prior studies
(Table 3). Procedural mortality in the current study was �1%
for endovascular treatment versus 2.5% for neurosurgical
treatment.

Procedures and diagnoses related to postoperative compli-
cations give insight into the relative safety of these procedures
and potential reasons for the differences observed in discharge
outcomes. Neurosurgical cases received more surgical inter-
ventions, compared with cases treated with endovascular ther-
apy (Table 2). For neurosurgical cases, the greater hospital
resource use and more frequent adverse outcomes may be ex-
plained by the increased rates of postoperative complications
and rehabilitation services. Examination of the secondary di-
agnoses associated with mortality also suggests the prominent
association of postoperative complications with death. Diag-
noses significantly (P � .0001) associated with the 53 total
deaths in the study included postoperative neurologic compli-
cations (42%), occlusion of cerebral artery (23%), postopera-
tive infections (23%), postoperative respiratory insufficiency
(15%), and hydrocephalus (11%). Postoperative stroke was
the most common diagnosis on mortality cases, present on
40% (21/53) of records.

ED admission may also indicate an acute case with con-
founding physiologic variability. From a clinical standpoint,

patients admitted urgently tend to be more symptomatic, pre-
senting with headache, pain, or focal neurologic signs. This
study confirmed this observation: ED admissions were diag-
nosed with headache and cranial nerve palsy at triple the rate
of non-ED admissions. These symptoms are more frequent
with larger aneurysms adjacent to cranial nerves or eloquent
brain regions, which may indicate risk for poorer treatment
outcomes. Cases admitted through the ED also had triple the
death rate (5.5% versus 1.7%) and 1.5 times the adverse out-
come rate (16.8% versus 10.9%) of non-ED admissions. The
small sample size for this analysis results in limited power for
comparisons; thus, conclusions about which treatment has an
advantage for ED admissions can be very limited. Our findings
suggest that unruptured aneurysm patients presenting in an
emergency room are a unique subgroup at higher risk for poor
outcomes with either treatment.

Worldwide, it is estimated that more than 220,000 patients
with intracranial aneurysms have now been treated with en-
dovascular coiling techniques, at over 2000 medical centers,
with approximately 3500 – 4000 patients currently treated per
month, a figure that has steadily increased since 1990.25 This
study indicates that patients were treated with surgery (74%)
in higher proportions than endovascular therapy (26%) dur-
ing the time interval of this analysis. Patients admitted
through the ED were even more frequently (85%) operated
upon during the time of this study. However, with the emer-
gence of new evidence that endovascular therapy may have a
better overall outcome for patients with an unruptured cere-
bral aneurysm, a change of current practice patterns may be
warranted.7,12 A multidisciplinary approach to patient care
may improve overall clinical outcome and patients should be
completely informed about the option of endovascular coiling
as a viable treatment option in all cases.26

Limitations
Retrospective studies, without the benefit of randomization,
are subject to several biases, including selection bias. This
study is therefore not as strong statistically as a well-designed,
prospective, multicenter, randomized clinical trial, such as the
data published from the ISAT study. Only discharge data after
each respective treatment was analyzed, and longer term data
were not available. It is possible that the more difficult and
complex treatment cases were referred for endovascular ther-
apy, or vice versa. ICD-9-CM coding cannot identify the size
and location of cerebral aneurysms, and it cannot specify the
exact timing of diagnosis during a patient admission. To ad-
dress this limitation, multivariable models were used to adjust
for available patient risk factors, including admission source,
age, sex, geographic region, year of treatment, Medicaid insur-
ance status, and comorbidity score.

It was not possible to identify procedural failures poten-
tially related to operator experience, except via postoperative
complication coding. Physician case volume was not available
in the data base but has been shown to be correlated with
hospital volume with similar effects on discharge outcomes.21

Hospital volume, an institutional risk factor for poor out-
comes, was adjusted by multivariable models.21,27-30 Prospec-
tive, randomized trials comparing the 2 treatments may be
necessary to evaluate clinical factors related to unruptured an-
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eurysm outcomes that cannot be addressed in discharge data
base analyses, such as long-term functional outcomes.

Conclusion
This is the first nationwide effectiveness study to have evalu-
ated the treatment of unruptured intracranial aneurysms in a
geographically diverse sample of 429 community and aca-
demic medical centers in a 1-year time period. The current
analysis indicates that endovascular therapy is associated with
significantly less morbidity, less mortality, and decreased hos-
pital resource use at discharge, compared with conventional
neurosurgical treatment for all unruptured aneurysms.

Efficacy studies, such as randomized clinical trials are a
major factor in adopting a particular procedure or therapy;
however, this evidence applies only to patients and hospitals
with characteristics comparable with those of the trial partic-
ipants. In contrast, effectiveness research, similar to the study
reported here, has high external validity because it directly
samples therapy as practiced in the field. Endovascular ther-
apy, as a treatment alternative to surgical clipping, should be
offered as a viable therapeutic option for all patients consider-
ing treatment of an unruptured cerebral aneurysm.

References
1. Rinkel G, Djibuti M, Algra A, et al. Prevalence and risk of rupture of intracra-

nial aneurysms: a systematic review. Stroke 1998;29:251–56
2. Schievink W. Intracranial aneurysms. N Engl J Med 1997;336:28 – 40
3. Horikoshi T, Akiyama I, Yamagata Z, et al. Retrospective analysis of the prev-

alence of asymptomatic cerebral aneurysm in 4518 patients undergoing mag-
netic resonance angiography—when does cerebral aneurysm develop? Neurol
Med Chir (Tokyo) 2002;42:105–12

4. Winn HR, Jane JA Sr, Taylor J, et al. Prevalence of asymptomatic incidental
aneurysms: review of 4568 arteriograms. J Neurosurg 2002;96

5. Hop J, Rinkel G, Algra A, et al. Case-fatality rates and functional outcome after
subarachnoid hemorrhage: a systematic review. Stroke 1997;28:660 – 64

6. Raaymakers T, Rinkel G, Limburg M, et al. Mortality and morbidity of surgery
for unruptured intracranial aneurysms: a meta-analysis. Stroke 1998;29:
1531–38

7. Wiebers D, Whisnant J, Huston J III, et al. Unruptured intracranial aneurysms:
natural history, clinical outcome, and risks of surgical and endovascular
treatment. Lancet 2003;362:103–10

8. Bederson J, Awad I, Wiebers D, et al. Recommendations for the management of
patients with unruptured intracranial aneurysms: a statement for healthcare
professionals from the Stroke Council of the American Heart Association.
Stroke 2001;32:815–16

9. Dandy W. Intracranial aneurysm of the internal carotid artery cured by oper-
ation. Ann Surgery 1938;107:654 –59

10. Guglielmi G, Vinuela G, Dion J, et al. Electrothrombosis of saccular aneurysms
via endovascular approach. Part 2: Preliminary clinical experience. J Neuro-
surg 1991;75:8 –14

11. Guglielmi G, Vinuela G, Sepetka I, et al. Electrothrombosis of saccular aneu-

rysms via endovascular approach. Part 1: Electrochemical basis, technique,
and experimental results. J Neurosurg 1991;75:1–7

12. Molyneux A, Kerr R, Stratton I, et al. International Subarachnoid Aneurysm
Trial (ISAT) of neurosurgical clipping versus endovascular coiling in 2143
patients with ruptured intracranial aneurysms: a randomized trial. Lancet
2002;360:1267–74

13. International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). Hyattsville, Md: National Center for Health Statistics; 1998

14. Johnston S, Dudley R, Gress D, et al. Surgical and endovascular treatment or
unruptured cerebral aneurysms at university hospitals. Neurology 1999;52:
1799 – 805

15. Annual Percent Change for Hospital Inpatient Services. National Health Care In-
dicators from the National Health Statistics Group. Baltimore, Md: Centers for
Medicare & Medicaid Services 2002; Appendix 1: Trends in the Overall Health
Care Market. Available at: http://www.ahapolicyforum.org/ahapolicyforum/
trendwatch/content/cb2004appendice.ppt. Accessed November 1, 2006.

16. Census Regions and Divisions of the United States. Washington, DC: United States
Census Bureau; 2002

17. Hsia J, Kemper E, Kiefe C, et al. The importance of health insurance as a deter-
minant of cancer screening: evidence from the Women’s Health Initiative.
Prev Med 2000;31:261–70

18. Butkus D, Meydrech E, Raju S. Racial differences in the survival of cadaveric
renal allografts. Overriding effects HLA matching and socioeconomic factors.
N Engl J Med 1992;327:840 – 45

19. Shen J, Wan T, Perlin J. An exploration of the complex relationship of socio-
ecologic factors in the treatment and outcomes of acute myocardial infarction
in disadvantaged populations. Health Serv Res 2001;36:711–32

20. Elixhauser A, Steiner C, Harris D, et al. Comorbidity measures for use with
administrative data. Med Care 1998;36:8 –27

21. Barker F, Amin-Hanjani S, Butler W, et al. In-hospital mortality and morbidity
after surgical treatment of unruptured intracranial aneurysms in the United
States, 1996 –2000: the effect of hospital and surgeon volume. Neurosurgery
2003;52:995–1009

22. The GENMOD Procedure. In: SAS/STAT User’s Guide, ver. 8. Cary, NC: SAS
Institute; 1999

23. Unruptured intracranial aneurysms–risk of rupture and risks of surgical in-
tervention. International Study of Unruptured Intracranial Aneurysms In-
vestigators [published erratum appears in N Engl J Med 1999;340:744]. N Engl
J Med 1998;339:1725–33

24. Johnston S, Zhao S, Dudley R, et al. Treatment of unruptured cerebral aneu-
rysms in California. Stroke 2001;32:597– 605

25. Hopkins L, Lanzino G, Guterman L. Treating complex nervous system vascu-
lar disorders through a “needle stick”: origins, evolution, and future of neu-
roendovascular therapy. Neurosurgery 2001;48:463–75

26. Derdeyn CP, Barr JD, Berenstein A, et al. The International Subarachnoid
Aneurysm Trial (ISAT): a position statement from the Executive Committee
of the American Society of Interventional and Therapeutic Neuroradiology
and the American Society of Neuroradiology. AJNR Am J Neuroradiol 2003;24:
1404 – 08

27. Solomon R, Mayer S, Tarney J. Relationship between the volume of cranioto-
mies for cerebral aneurysm performed at New York hospitals and in-hospital
mortality. Stroke 1996;27:13–17

28. Cross Dr, Tirschwell D, Clark M, et al. Mortality rates after subarachnoid
hemorrhage: variations according to hospital case volume in 18 states. J Neu-
rosurg 2003;99:805– 06

29. Johnston S. Effect of endovascular services and hospital volume on cerebral
aneurysm treatment outcomes. Stroke 2000;31:111–17

30. Dudley R, Johansen K, Brand R, et al. Selective referral to high-volume
hospitals: estimating potentially avoidable deaths. JAMA 2000;283:1159 – 66

AJNR Am J Neuroradiol 28:146 –51 � Jan 2007 � www.ajnr.org 151


