
of April 17, 2024.
This information is current as

Volume
2000: Effect of Hospital and Physician−1996

 Intracranial Aneurysms in the United States,
 Endovascular Treatment of Unruptured

 In-Hospital Morbidity and Mortality after

Carter and Fred G. Barker II
Brian L. Hoh, James D. Rabinov, Johnny C. Pryor, Bob S.

http://www.ajnr.org/content/24/7/1409
2003, 24 (7) 1409-1420AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57533&adclick=true&url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fwww.genericcontrastagents.com%252f%253futm_source%253dAmerican_Journal_Neuroradiology%2526utm_medium%253dPDF_Banner%2526utm_c
http://www.ajnr.org/content/24/7/1409


In-Hospital Morbidity and Mortality after
Endovascular Treatment of Unruptured

Intracranial Aneurysms in the United States,
1996–2000: Effect of Hospital and

Physician Volume

Brian L. Hoh, James D. Rabinov, Johnny C. Pryor, Bob S. Carter, and Fred G. Barker II

BACKGROUND AND PURPOSE: Endovascular therapy is increasingly being used for the
treatment of unruptured intracranial aneurysms. Our purpose was to determine the risk of
adverse outcomes after contemporary endovascular treatment of unruptured intracranial
aneurysms in the United States. Patient, treating physician, and hospital characteristics were
tested as potential outcome predictors, with particular attention paid to volume of care.

METHODS: We conducted a retrospective cohort study by using the Nationwide Inpatient
Sample, 1996–2000. Multivariate logistic and ordinal regressions were used with end points of
mortality, discharge other than to home, length of stay, and total hospital charges.

RESULTS: Four hundred twenty-one patients underwent endovascular treatment at 81
hospitals. The in-hospital mortality rate was 1.7%, and 7.6% were discharged to institutions
other than home. Analysis was adjusted for age, sex, race, primary payer, year of treatment, and
four variables measuring acuity of treatment and medical comorbidity. Median annual number
of unruptured aneurysms treated was nine per hospital and three per treating physician.
Higher volume hospitals had fewer adverse outcomes; discharge other than to home occurred
after 5.2% of operations at high volume hospitals (>23 admissions per year) compared with
17.6% at low volume hospitals (fewer than four admissions per year) (P < .001). Higher
physician volume had a similar effect (0% versus 16.4%, P � .03). The mortality rate was lower
at high volume hospitals (1.0% versus 3.7%) but not significantly so. At high volume hospitals,
length of stay was shorter (P < .001) and total hospital charges were lower (P < .001).

CONCLUSION: For patients with unruptured aneurysms treated in the United States from
1996 to 2000, endovascular treatment at high volume institutions or by high volume physicians
was associated with significantly lower morbidity rates and modestly lower mortality rates.
Length of stay was shorter and total hospital charges lower at high volume centers.

A growing body of work suggests that morbidity and
mortality rates are lower when complex medical or
surgical procedures are performed at high volume
centers or by high volume providers (1, 2). For exam-
ple, in-hospital mortality rates are lower when com-

plex cancer operations (3, 4), cardiovascular opera-
tions (5), or peripheral vascular operations (6) are
performed at high volume hospitals. Lower rates of
adverse outcomes have been documented after surgi-
cal repair of unruptured intracranial aneurysms by
high volume physicians (7) or at high volume hospi-
tals (8, 9). Overall management adverse outcomes
after subarachnoid hemorrhage also are lower at high
volume centers (8, 10, 11). However, the volume-
outcome relationship for endovascular treatment of
unruptured aneurysms has not previously been inves-
tigated.

For the present study, we used a national hospital
discharge database to study adverse outcomes (in-
hospital morbidity and mortality rates) after endovas-
cular treatment of unruptured intracranial aneurysms
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in relation to patient, treating physician, and hospital
characteristics. Specifically, we hypothesized that out-
come after endovascular treatment of unruptured an-
eurysms would be related to hospital and physician
case load. We evaluated length of hospital stay and
total hospital charges as additional end points.

Methods
We obtained the Nationwide Inpatient Sample (NIS) hos-

pital discharge database for the years 1996 through 2000 from
the Healthcare Cost and Utilization Project, Agency for
Healthcare Research and Quality, Rockville, MD (12). The
NIS is a hospital discharge database that represents approxi-
mately 20% of all inpatient admissions to nonfederal hospitals
in the United States. For these years, the NIS contains dis-
charge data regarding 100% of discharges from a stratified
random sample of nonfederal hospitals in 19 to 28 states to
produce a representative 20% subsample of all United States
nonfederal hospital discharges. Because the NIS contains data
regarding all patients discharged from sampled hospitals dur-
ing the year regardless of age or payer, it can be used to obtain
the annual total volume of specified procedures at individual
hospitals. For many states, a code identifying the physician who
performed the principal procedure is also included. An over-
view of the NIS is available at http://www.ahcpr.gov/data/hcup/
nisintro.htm.

Inclusion and Exclusion Criteria and Definition of End Points
Five hundred thirty-five discharges were associated with a

primary diagnosis of “unruptured intracranial aneurysm” (In-
ternational Classification of Diseases [ICD]-9-CM code 437.3)
and a primary procedure code of “other repair of aneurysm”
(ICD-9-CM code 39.52). We excluded 20 patients (3.7%) with
a diagnosis of “subarachnoid hemorrhage” (ICD-9-CM code
430) from the cohort, leaving 515 patients potentially eligible
for analysis.

The ICD-9-CM code we used to identify endovascular treat-
ment is also sometimes used for open surgical aneurysm treat-
ment other than clipping, such as wrapping, suture, coating
with methylmethacrylate, or filipuncture. A validation study
that used the University Health System Consortium database
suggested that the number of nonendovascular treatments de-
scribed by using ICD-9-CM code 39.52 was relatively small
(13). NIS data contain no independent verification of the na-
ture of the procedure, such as a Current Procedural Terminol-
ogy code for the principal procedure, so we used patient,
treating physician, and hospital characteristics to attempt to
remove nonendovascular treatments from the cohort before
analysis, as follows. For 214 patients (42%), the database con-
tained a code identifying the physician who performed the
procedure. We assumed that procedures coded as 39.52 that
were performed by a physician who also performed diagnostic
arteriography, noncoronary angioplasty or carotid stent place-
ment, Wada test, or infusion of thrombolytic agents for stroke
were actual endovascular treatments. We assumed that proce-
dures coded as 39.52 that were performed by physicians who
had performed none of the above procedures that year were
actually open procedures. We used these 214 patients, 154
(72%) of whom seemed to have received actual endovascular
treatment, as the “test sample” to develop a multivariate model
that distinguished cases with a high likelihood of being actual
endovascular cases from other cases. The model contained the
annual hospital volume of procedures coded as 39.52 (�/�3),
whether a diagnostic arteriogram was coded during the admis-
sion, the medical comorbidity score, the year of treatment, and
the type of admission (emergency, urgent, or elective). The
model correctly classified 81% of test sample cases. For cases
without identified treating physicians, we used the model to

choose which cases would be included in the analysis; we used
an estimated P � .5 as the cutoff point to determine whether a
case was endovascular and would be included in the study (248
of 301 cases included, 82%). In all, 421 cases (82%) were
included in the analysis.

Two primary end points were examined in this study: in-
hospital mortality and discharge to institutions other than
home. In-hospital mortality was coded directly in the NIS
database and was analyzed by using logistic regression. Dis-
charge to institutions other than home was coded on a four-
level scale and was analyzed by using ordinal logistic regression,
which allows use of the entire spectrum of outcomes rather
than simplifying to a single cutoff point with resultant loss of
information (14–16). Discharge was coded as death, discharge
to a long-term facility, discharge to other facilities, or discharge
to home, as follows. NIS data distinguish discharge to long-
term facilities (such as skilled nursing facilities) from discharge
to intermediate care facilities or other facilities for all states
except California and Maryland; for those states, we coded
these discharges (0.8% of the total) as discharge to “other
facilities.” We counted discharge to home “with home health
care” (3.1% of discharges) as discharge to home. Discharge to
another acute care hospital was counted as discharge to an
institution other than home, not as discharge to a long-term
facility.

Length of stay and total hospital charges were coded in NIS
data. Ten cases with length of stay of zero (1.9%) were recoded
as missing. Length of stay and hospital charge analyses in-
cluded only patients discharged from hospital alive. Length of
stay and hospital charge data were both strongly positively
skewed and were analyzed as the logarithmic transforms.

Patient Characteristics
Patient age, sex, race, median income for ZIP code of

residence, primary payer (Medicare, Medicaid, private insur-
ance, self-pay, no charge, other), type of admission (emergency,
urgent, elective), and admission source (emergency room,
transfer from another hospital, transfer from long-term care,
and routine) were coded in NIS data. Two cases (0.5%) with
admission type coded as “other” were recoded as routine ad-
missions. More than 5% of discharges had missing values for
three variables used principally as stratification factors for
other analyses, race (27% missing), admission type (28% miss-
ing), and whether the principal procedure was performed on
the first hospital day (12% missing). When these variables were
used as stratification factors, missing values for race and ad-
mission type were imputed as follows. Missing race was set to
white. Missing admission type was set to “emergency” for
admissions whose source was the emergency room, to “urgent”
for admissions that were transfers from another hospital, and
to “routine” for admissions from other sources. Whether the
principal procedure was performed on the first hospital day was
not imputed. Sensitivity analyses confirmed that the imputa-
tions for race and admission type had no significant effect on
the main analyses described below.

To assess the effect of general medical comorbidity, the set of
30 medical comorbidity markers described by Elixhauser et al
(17), excluding the two specific neurologic comorbidity variables
(“paralysis” and “other neurologic deficit”), were calculated by
using Agency for Healthcare Research and Quality software
(www.ahcpr.gov/data/hcup/comorbid.htm) and summed to ren-
der a single comorbidity score with possible values between 0
and 28. We identified potential markers of specific adverse
outcomes of care for patients with unruptured aneurysms that
occurred in at least 2% of the 421 eligible patients: postoper-
ative neurologic complications, including infarction or hem-
orrhage (ICD-9-CM codes 997.00–997.09); occlusion of a
cerebral artery, with or without infarction (ICD-9-CM codes
434.0–434.9); hydrocephalus (ICD-9-CM codes 331.3–331.4)
or the performance of a ventriculostomy (ICD-9-CM code
02.2); placement of an endotracheal tube (ICD-9-CM code
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96.04) or mechanical ventilation (ICD-9-CM codes
96.70–96.72); performance of a gastrostomy (ICD-9-CM codes
43.11–43.19); and hematoma complicating a procedure (ICD-
9-CM codes 998.1–998.13).

Provider and Hospital Characteristics
Hospital region (Northeast, Midwest, South, or West), loca-

tion (rural or urban), teaching status, and bed size (small,
medium, large) were coded in NIS data. We derived hospital
and physician volumes of surgical (“clipping”) or endovascular
(“coiling”) treatment of unruptured intracranial aneurysms for
each year by counting the cases for each identified treating
physician and hospital in the database with the primary proce-
dures coded as 39.51 and 39.52, respectively. We also counted
the total number of aneurysms clipped, whether ruptured or
unruptured, for each hospital and treating physician by com-
bining the number of discharges with primary or secondary
procedure codes of 39.51 with a primary diagnosis of 430
(subarachnoid hemorrhage) or 437.3 (“unruptured cerebral
aneurysm”) in the NIS database for each year. Hospital vol-
umes of endovascular treatment of aneurysms were calculated
in the same way, using procedure code 39.52 (“other aneurysm
repair”) instead of 39.51. Because all measures of hospital and
physician volume were positively skewed, the logarithmic trans-
forms were used when measures of volume were entered into
regression models.

Statistical Methods
Statistical methods included Fisher’s exact test, the Wil-

coxon rank test, and Spearman rank correlation and loglinear,
ordinary logistic, and proportional-odds ordinal logistic regres-
sion (18–20). To adjust for possible clustering of similar out-
comes within hospitals, which could cause falsely inflated esti-
mates of the statistical significance of regression coefficients in
the regression analyses, a sandwich variance-covariance matrix
was estimated from the data by using Huber-White variance
estimator methods, with adjustment for clustering by hospital
(20). The main analysis was also repeated by using a bootstrap-
estimated variance-covariance matrix with cluster-based resa-
mpling (20) and with a hierarchical ordinal logistic regression
model (21); results were similar to those obtained by using the
other method and are not separately reported. “Optimal” cut-
off points for hospital and treating physician volume were
chosen by examining all possible cutoff points and choosing the
one that minimized the P value for the statistical model. Be-
cause the P values for cutoff points so chosen are spuriously
low, a correction factor was applied (22, 23), with 5% of
potential cutoff points omitted at either end of the data range.
For confidence intervals for the cutoff points, the cutoff point
calculation was bootstrapped (1000 repetitions) and the 2.5 and
97.5 percentile values for the cutoff points were chosen (24).
Length of stay and hospital charges were analyzed as logarith-
mic transforms by using least-squares regression corrected for
clustering, as described above. Calculations were performed by
using SAS (version 8.2; SAS Institute, Cary, NC), S-plus (ver-
sion 3.3 for Windows; Insightful, Inc., Seattle, WA) with the
Hmisc and Design modeling function software libraries pre-
sented by Harrell (20, 25), and HLM 5 (version 5.04; Scientific
Software International, Lincolnwood, IL). All P values are
two-tailed.

Results
Four hundred twenty-one patients who had been

treated at 81 hospitals by 75 identified physicians
were included in the analysis. Clinical characteristics
are summarized in Table 1. Most patients were white,
female, between 45 and 65 years old, and had admis-

sions classified as routine. Seven patients died (1.7%;
95% confidence interval, 0.7% to 3.4%), 10 were
discharged to skilled nursing facilities (2.4%; 95%
confidence interval, 1.1% to 4.3%), 22 were dis-
charged to other facilities (5.2%; 95% confidence
interval, 3.3% to 7.8%), and 382 were discharged to
home (90.7%; 95% confidence interval, 87.6% to
93.3%).

Patient Characteristics and Outcome
We examined six demographic variables as predic-

tors of outcome: age, sex, race, primary payer, year of
treatment, and median household income in the ZIP
code of the patient’s residence (Table 2). Older age
significantly predicted both death and discharge other
than to home (P � .002 for both). Both female sex
and private insurance as the primary payer for care
were associated with significantly lower odds of dis-
charge other than to home (P � .01 for both). No
other demographic variable was significantly associ-

TABLE 1: Clinical characteristics of 421 patients who underwent
endovascular treatment of unruptured intracranial aneurysms

Age (yr) (n � 420)
Mean 56
Median 56
Interquartile range 47–67
Range 15–88

Female sex (n � 421) 326 (77%)
Race (n � 307)

White 237 (77%)
Black 24 (8%)
Hispanic 22 (7%)
Asian/Pacific Islands 10 (3%)
Native American 3 (1%)
Other 11 (4%)

Median household income for ZIP
code of residence (n � 405)
�$25,000 36 (9%)
$25,000–$34,999 117 (29%)
$35,000–$44,999 122 (30%)
�$45,000 130 (32%)

Primary payer (n � 421)
Medicare 113 (27%)
Medicaid 28 (7%)
Private insurance 257 (61%)
Self-pay 6 (1%)
No charge 2 (0.5%)
Other 15 (4%)

Admission type (n � 279)
Emergency 19 (7%)
Urgent 42 (15%)
Routine 218 (78%)

Admission source (n � 417)
Emergency ward 7 (2%)
Transfer from acute care hospital 21 (5%)
Transfer from long term care 11 (3%)
Routine 378 (91%)

Year of treatment
1996 30 (7%)
1997 82 (19%)
1998 57 (14%)
1999 125 (30%)
2000 127 (30%)
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ated with both primary end points. Age, sex, race
(white/nonwhite), primary payer (private insurance/
other), hospital region, and year of treatment were
included in all models described below.

Four variables related to acuity of care and general
comorbidity were examined: admission type (emer-
gency, urgent, elective); admission source (emergency
room, transfer from another hospital, routine);
whether the endovascular procedure was performed
on the day of admission; and a general medical co-
morbidity score. These variables were tested in mod-
els including a multivariate adjustment for age, sex,
race, primary payer, and year of treatment. Admis-
sion type and source and whether the procedure was
performed on the first hospital day were significant
(P � .05) in models predicting discharge other than to
home, and a trend toward significance for the
summed comorbidity score also was observed (P �
.07) (Table 3). None of these variables were signifi-
cant predictors of mortality.

Hospital and Treating Physician Characteristics
and Outcome

Patients were treated at 81 hospitals. For 173 pa-
tients (41% of the total), 75 treating physicians were
identified in the database. Hospitals and physicians
varied considerably in the volume of unruptured and
ruptured aneurysms treated annually. Analyzed on a
per-patient basis, the median number of unruptured
aneurysms to undergo endovascular treatment that
year was nine per hospital (range, 1–61 aneurysms) or
three per physician (range, 1–9 aneurysms). Counting
both ruptured and unruptured aneurysms, the median
number treated per hospital was 15 (range, 1–115
aneurysms) and the median per physician was three
(range, 1–13 aneurysms). (Hospital treatment vol-
umes seem disproportionately larger than physician
volumes because the largest volume hospitals were
located in states that did not provide treating physi-
cian identifier codes.) For 52 patients (12%), no other
endovascular treatment of unruptured aneurysms was

TABLE 2: Effect of demographic variables on outcome

Odds of Death
Odds of Worse Outcome at Hospital Discharge

(Four-Level Scale)

Age (per decade) 2.04 (1.29–3.24) 1.58 (1.19–2.11)
P � 0.002 P � 0.002

Female gender 0.21 (0.06–0.76) 0.41 (0.21–0.80)
P � 0.02 P � 0.01

Race
White versus nonwhite 1.49 (0.14–15) 1.95 (0.76–5.00)

P � 0.7 P � 0.16
Black versus nonblack (No deaths)* 0.39 (0.05–2.82)

P � 0.4
Primary payer

Medicaid versus other (No deaths)* 2.22 (0.89–5.58)
P � 0.09

Private insurance versus other (No deaths)* 0.36 (0.16–0.80)
P � 0.01

Year of treatment 1.005 (0.53–1.88) 0.83 (0.62–1.11)
P � 0.99 P � 0.2

Median income in ZIP code of residence 0.64 (0.33–1.25) 0.72 (0.52–1.00)
P � 0.2 P � 0.05

* Regression coefficients for these variables were undefined because all deaths occurred in one subgroup.

TABLE 3: Effect of variables reflecting acuity and comorbidity on outcome

Odds of Death
Odds of Worse Outcome at Hospital Discharge

(Four-Level Scale)

Admission type
(Emergency versus urgent versus elective) 1.38 (0.35–5.42) 1.84 (1.10–3.08)

P � 0.6 P � 0.02
Admission source

Emergency room versus routine (No deaths)* 4.90 (1.66–14.4)
P � 0.009

Transfer from another hospital versus routine (No deaths)* 2.85 (0.89–9.1)
P � 0.08

Surgery not done on day of admission to hospital 2.11 (0.33–13.5) 4.87 (2.08–11.4)
P � 0.4 P � 0.001

Summed comorbidity score (per point) 1.08 (0.58–2.02) 1.26 (0.98–1.61)
P � 0.8 P � 0.07

* Regression coefficients for these variables were undefined because all deaths occurred in one subgroup.
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reported during that year at their hospital, and for 55
patients (32%), no other unruptured aneurysm was re-
ported treated that year by their treating physician. Hos-
pitals had substantial volumes of aneurysms clipped and
substantial volumes of endovascular services provided.
Per hospital, the median annual number of unruptured
aneurysms clipped was 15 (range, 0–77 aneurysms) and
the median total number of ruptured and unruptured
aneurysms clipped was 45 (range, 0–127 aneurysms) in
addition to the above-described endovascular treat-
ments. Table 4 shows clinical characteristics of patients
treated at hospitals in the lowest and highest volume
quartiles for volume of endovascular treatment of un-
ruptured aneurysms (one to three cases per year and
�24 cases per year, respectively).

We tested the effects of hospital and physician vol-
ume of intracranial aneurysm treatment on outcome in
several ways: by hospital or physician volume of unrup-
tured aneurysm coiling or any aneurysm coiling, by total
hospital aneurysm treatment volume (clipping plus coil-
ing), and by hospital clipping volume (unruptured or
any aneurysm) (Table 5). Only one volume measure was
significantly related to in-hospital mortality: total hospi-
tal volume of unruptured aneurysm care (coiling plus
clipping). The odds ratio for mortality associated with a
10-fold increase in hospital volume of care (approxi-
mately the difference between the highest and lowest
volume quartiles) was 0.20 (95% confidence interval,
0.04 to 0.91; P � .04).

For all measures of volume of endovascular treat-
ment of aneurysms, whether for hospital or physician,

a significant relationship was observed between
higher volume of cases and better outcome for dis-
charge other than to home. For hospital volume of
endovascular treatment of aneurysms, whether un-
ruptured aneurysms only or both ruptured and un-
ruptured aneurysms, the correlation was highly signif-
icant (P � .001 for both, with odds ratios of 0.28 and
0.34, respectively, for a 10-fold increase in volume).
Figure 1 shows the relationship between volume and
outcome (mortality or discharge other than to home)
for hospital volume of unruptured aneurysm treat-
ment, and Figure 2 shows the relationship between
treating physician volume of unruptured aneurysm
treatment and outcome. Measures of hospital surgical
clipping volume were not significantly related to out-
come for patients who underwent endovascular treat-
ment.

We tested whether a two-tier volume variable (ie,
classifying hospitals as high or low volume) was sup-
ported by the data by choosing a statistically optimal
cutoff point and testing its significance. Based on
univariate analysis, hospitals where more than two
unruptured aneurysms were coiled annually had bet-
ter outcomes (odds ratio, 0.31; adjusted P � .03).
Based on multivariate analysis, the optimal cutoff
point was three endovascular treatments per year
(adjusted P � .07), with a 95% confidence interval for
the cutoff point of one to 36 endovascular procedures
per year (the entire range of the data). Figure 3 shows
the c statistic (a generalization of the area under the
receiver operating characteristic curve that is
uniquely defined for the ordinal logistic regression
model) for all possible outcome cutoff point, with
95% confidence intervals (18). Because the c statistic
for every cutoff point is within the 95% confidence
interval for the “best” cutoff point, the data failed to
support the existence of a single caseload under which
patient outcomes are evidently worse. No single cut-
off point was statistically significant for physician vol-
ume (annual volume of endovascular treatment of
unruptured aneurysms).

We examined three hospital characteristics as po-
tential predictors of outcome (discharge other than to
home): hospital bed size, teaching status, and location
(rural versus urban). Hospital size was classified as
large for 87% of patients, medium for 8%, and small
for 5%. Most endovascular procedures (93%) were
performed at a teaching hospital, and 99% were per-
formed at an urban hospital. After adjustment for
hospital volume of unruptured aneurysm surgery,
none of these three factors was a statistically signifi-
cant predictor of outcome (P � .8 for all).

We examined several types of adverse outcome for
correlation with hospital volume. None of the following
clinical diagnoses or procedures was significantly corre-
lated with hospital volume of unruptured aneurysm clip-
ping: postoperative neurologic complication (coded in
5.0% of patients), occlusion of a cerebral artery (8.8%),
hydrocephalus (2.6%), or hematoma (3.8%). Both ven-
triculostomy (3.3%, P � .02) and postoperative ventila-
tion (3.3%, P � .001) were more common at low volume
hospitals. (All of these diagnoses except occlusion of a

TABLE 4: Patient characteristics in high- and low-volume hospitals

Low Volume
(1–3/yr)

High
Volume
(�24/yr)

Age (yr) (median) 58 54
Female 82 /108 (76%) 75 /96 (78%)
Race

White 70 /86 (81%) 68 /96 (71%)
Black 9 /86 (10%) 9 /96 (10%)

Primary payer
Medicare 34 /108 (31%) 26 /96 (27%)
Medicaid 8 /108 (8%) 9 /96 (9%)
Private insurance 57 /108 (53%) 57 /96 (59%)

Median income in ZIP code of
residence
�$25,000 13 /105 (12%) 12 /89 (13%)
$25,000–$34,999 33 /105 (31%) 27 /89 (28%)
$35,000–$44,999 23 /105 (22%) 28 /89 (31%)
�$45,000 36 /105 (34%) 22 /89 (25%)

Rural versus urban (hospital
location used as proxy)
Rural 3 /108 (3%) 0 /96 (0%)

Admission type
Emergency 6 /101 (6%) 0 /96 (0%)
Urgent 17 /101 (17%) 4 /96 (4%)
Routine 78 /101 (77%) 92 /96 (92%)

Admission source
Emergency ward 3 /104 (3%) 0 /96 (0%)
Transfer from acute care hospital 4 /104 (4%) 4 /96 (4%)
Transfer from long-term care 8 /108 (7%) 1 /96 (1%)
Routine 89 /108 (82%) 91 /96 (95%)
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cerebral artery were highly significant predictors of dis-
charge other than to home in multivariate models, and
ventriculostomy and hydrocephalus were significant
predictors of mortality.)

Access to High Volume Hospitals and Physicians
We tested demographic variables as possible pre-

dictors of access to high volume hospitals or physi-

cians. Patients from higher income areas of residence
were treated at higher volume hospitals. The median
hospital volume of endovascular treatment for pa-
tients from the two higher quartiles of median income
in ZIP code of residence was nine, versus seven for
those from the two lowest quartiles (P � .045). Using
hospital location as a surrogate for patient location,
rural patients were treated at significantly lower vol-
ume hospitals (median hospital volume, rural versus

TABLE 5: Effect of hospital and physician volume on outcome

Odds of Worse Outcome at Hospital Discharge
(Four-Level Scale)

Hospital volume-unruptured aneurysm coiling 0.28 (0.14–0.54) P � 0.001
Hospital volume-all aneurysm coiling 0.34 (0.18–0.63) P � 0.001
Hospital volume-unruptured aneurysm, coiling or clipping 0.29 (0.11–0.77) P � 0.01
Hospital volume-all aneurysm, coiling or clipping 0.34 (0.12–0.95) P � 0.04
Physician volume-unruptured aneurysm coiling 0.11 (0.02–0.80) P � 0.03
Physician volume-all aneurysm coiling 0.10 (0.02–0.63) P � 0.01

Hospital clipping-unruptured aneurysm volume 0.49 (0.13–1.84) P � 0.3
Hospital clipping-any aneurysm volume 0.51 (0.14–1.88) P � 0.3

FIG 1. Bar graphs show probability of in-hospital mortality (A) and discharge other than to home (B) in relation to hospital volume of
endovascular treatment of unruptured intracranial aneurysms, by quartile. Error bars, 95% confidence intervals.

FIG 2. Bar graphs show probability of in-hospital mortality (A) and discharge other than to home (B) in relation to treating physician
volume of endovascular treatment of unruptured intracranial aneurysms, by quartile. Error bars, 95% confidence intervals.
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urban, one versus 9; P � .008). Teaching status was
also a highly significant predictor of larger hospital
volume of endovascular unruptured aneurysm treat-
ments (P � .001). The following variables were not
significantly correlated with treating hospital volume
of care: patient age, sex, race (coded as white versus
nonwhite or as black versus nonblack), and primary
payer (coded as Medicaid versus other or as private
insurance versus other). No variable examined was
significantly correlated with treating physician vol-
ume of care.

Length of Stay and Hospital Charges in Relation
to Hospital Volume

We investigated secondary end points of length of
stay and total hospital charges in relation to hospital
volume of endovascular treatment of unruptured an-
eurysms. These analyses included only 294 patients
with routine elective admissions who underwent their
procedure on the first hospital day and were dis-
charged alive. Because length of stay decreased dur-
ing the study period (P � .09) and hospital charges
increased (P � .001), length of stay and hospital
charge analyses were stratified by year of treatment in
addition to the demographic, acuity, and comorbidity
variables described above.

Length of stay was significantly shorter at high
volume hospitals (P � .001). Median length of stay
was 3 days for hospitals with fewer than eight annual
endovascular procedures and 2 days for hospitals with
eight or more. The difference remained statistically
significant when the 1%, 5%, or 10% longest hospital
stays were excluded from analysis, indicating that out-
liers were not responsible for the difference in length
of stay. Using length of stay longer than 6 days as the
definition of an outlier (the 90th percentile value in
the group as a whole), 15% of patients treated at low
volume hospitals (fewer than eight annual proce-
dures) and 8% of patients treated at high volume

hospitals (more than seven annual procedures) were
outliers.

Total hospital charges were significantly lower at
high volume hospitals (P � .001). Median total hos-
pital charges were $26,069 for hospitals with fewer
than eight annual endovascular procedures and
$17,274 for hospitals with eight or more. A 10-fold
increase in hospital volume, approximately the equiv-
alent of the difference between the highest and lowest
hospital volume quartiles, was associated with 39%
lower charges (95% confidence interval, 24% to
61%). The difference remained significant when the
most expensive 1%, 5%, or 10% of admissions were
excluded from the analysis, indicating that outliers
were not responsible for the difference in charges.
Using total hospital charge more than $50,007 (the
90th percentile value in the group as a whole) as the
definition of an outlier, 22% of patients treated at low
volume hospitals (fewer than eight annual proce-
dures) and 7% of patients treated at high volume
hospitals (more than seven annual procedures) were
outliers.

Discussion
We studied a representative sample of 421 patients

with unruptured aneurysms who underwent endovas-
cular treatment in the United States between 1996
and 2000. This group represents one of the largest
cohorts of patients with unruptured aneurysms
treated with endovascular techniques reported to
date and is approximately one-fifth of all patients
treated in the United States during that time period.
The overall in-hospital mortality rate was 1.7% and
the rate of discharge dead or to an institution other
than home was 9.3%. Higher volume hospitals and
endovascular physicians had lower rates of discharge
other than to home, but no significant difference was
observed between the mortality rates achieved by
high and low volume hospitals and physicians.

This study was based on a national hospital dis-
charge database, a data source with unique advan-
tages and some severe shortcomings. The main ad-
vantage of the NIS database is its comprehensive
sampling of the entire United States nonfederal hos-
pital community. Other groups have used Medicare
data (11), single state data from California (10, 26) or
New York (8), data from consortia of university hos-
pitals or specialized centers (13, 27, 28), or surveys of
published data from the literature (29–31) to gain a
broader perspective regarding the results of aneurysm
treatment than is possible with single institution stud-
ies. Medicare data, although nationally comprehen-
sive, include only the oldest patients with unruptured
aneurysms; only approximately one-quarter of the
patients we studied had Medicare insurance. Single
state data may not be representative of broader geo-
graphic regions because of concentrations of exper-
tise in specialized services, such as endovascular treat-
ment, within individual states. In addition, single
states typically have only a few high volume centers,
and idiosyncratic results or patterns of care at these

FIG 3. c statistic (a generalization of the area under the re-
ceiver operating characteristic curve for ordinal models) plotted
against cutoff points to divide high volume providers from low
volume providers. The c statistic for all possible cutoff points is
within the 95% confidence interval for the best cutoff point,
indicating that the data fail to support a unique caseload value
under which patient outcomes are evidently inferior.
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institutions can cause bias. Results from university
hospitals and specialized centers are likely to be
skewed toward high volume institutions and physi-
cians and are likely to poorly represent community
hospital results. Literature sources and synthetic re-
views are liable to publication bias, the selective pub-
lication of unusually favorable results that may not
fairly represent community practice in the broader
sense (32–34). Because the NIS contains a complete
representation of all cases discharged from a random
sample of United States hospitals, no selection bias
occurs on an individual or institutional level. In addi-
tion, the complete representation of a year’s dis-
charges from each institution allows an accurate ac-
counting of hospital volume of care, unlike databases
that capture only a fraction of hospital discharges
(such as Medicare data).

The drawbacks of administrative data should be
clearly borne in mind in evaluating our results. First,
the data available to us included only data obtained
during the index hospitalization. Because individual
patients cannot be identified or followed after dis-
charge, outcome measures other than discharge sta-
tus (such as 30-day mortality or 6-month functional
outcome) are not available. In addition, patients re-
admitted for subsequent treatment of incompletely
occluded aneurysms were (unavoidably) analyzed in
this study as new patients. These procedures typically
have low risk and are associated with short hospital
stays, potentially introducing a bias toward better
apparent results for centers and physicians with low
rates of complete occlusion achieved by first treat-
ment. Additionally, some patients may have under-
gone treatment of more than one aneurysm during a
single admission. Second, only data obtained for all
hospital patients are included in the database. Aneu-
rysm characteristics such as size, location, and geom-
etry are used by physicians to judge the risk of treat-
ment for individual patients (35, 36), but we had no
access to this information. Third, some data that were
available to us are susceptible to multiple interpreta-
tions: some diagnoses could represent a preexisting
condition, a new symptom of an unruptured aneu-
rysm, or a complication of care (37). For example, a
coded occlusion of a cerebral artery could represent a
premorbid condition, a result of previous treatment
of a second aneurysm, or a new endovascular compli-
cation. This ambiguity complicates the use of admin-
istrative databases to study carotid endarterectomy,
for which “stroke” is both a major presenting symp-
tom and an important potential iatrogenic complica-
tion but probably has less effect on our results be-
cause preadmission morbidity is relatively uncommon
for unruptured aneurysms (38, 39). Finally, coding of
important presenting symptoms and signs, medical
comorbidity, and treatment complications are almost
certain to be incomplete, as previous validation stud-
ies using similar databases have shown (37, 40–44).
This tends to reduce study sensitivity to the effects
these factors have on patient outcome (41).

Another disadvantage of our study, although due to
the use of an administrative database, is specific to

the topic of endovascular treatment of aneurysms.
The ICD-9-CM code used to identify cases (code
39.52) is also used for open surgical aneurysm treat-
ments other than clipping, the most common of which
is aneurysm wrapping. Other groups have suggested
that surgical treatment of unruptured aneurysms is
associated with higher mortality rates, short-term
morbidity, longer hospital stays, and higher charges
than are associated with endovascular treatment (13,
36, 45). If so, an admixture of such cases could po-
tentially bias our results. Because aneurysm wrapping
is a relatively uncommon treatment (7, 36, 38), its use
at hospitals where endovascular treatment is not ac-
tually performed could result in spurious “low volume
hospitals” and “low volume physicians” in our data.
One approach to this problem, used by Johnston et al
(36) in a study that included validation by using a
chart review, is to reclassify cases based on most
procedures performed by the treating physician.
However, for more than half of the cases in our
sample, the treating physician was not identified and
the terms of use of the NIS database forbade the use
of chart review or other direct validation methods.

We used a two-stage approach to attempt to elim-
inate open surgical cases from our data. In the first
stage, for cases in which the treating physician was
identified (by a unique, masked identifying code), we
used the performance of other procedures that in-
clude angiography to classify physicians as those who
perform angiography and those who do not. We as-
sumed procedures coded as 39.52 performed by phy-
sicians who perform angiography constituted true en-
dovascular treatment of aneurysms. (Coding errors
could have introduced bias if diagnostic angiography
performed by another physician was misattributed to
an admitting physician who does not perform angiog-
raphy). Having defined a “gold standard” in those
cases with identified treating physicians, we devel-
oped a multivariate logistic model by using only pa-
tient- and hospital-level characteristics that classified
true cases and spurious cases with good accuracy. In
the second stage, this model was applied to cases
without an identified treating physician to identify
those likely to be true endovascular treatments. These
were combined with the cases with identified treating
physicians who performed other angiographic proce-
dures to produce the final group considered eligible
for analysis.

Considering the possibility of introducing an im-
portant bias through misclassification of cases, we
used several approaches to test our results. First, we
hypothesized that transfusions (ICD-9-CM code
99.04) would be more frequent after surgical than
after endovascular treatment. Reported rates of peri-
operative blood transfusion for unruptured aneurysm
clipping range from 13% to 21% in single institution
studies (46, 47). This code was not used in the clas-
sification model and provides an independent test of
validity. Transfusions were six times more common in
admissions we classified as ineligible compared with
eligible cases (4.3% versus 0.7%, P � .03). Second, we
repeated the main analysis by using only the 152 cases
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with identified treating physicians who performed
other angiographic procedures. Hospital volume re-
mained significant (P � .04) in this group, with an
odds ratio of 0.19 (comparable with the odds ratio of
0.29 for the entire group of 421 cases). Third, we used
the classification model alone (ignoring whether iden-
tified treating physicians had performed other angio-
graphic procedures) to determine eligible cases in the
entire study sample, potentially removing misclassi-
fied cases in the group with identified treating physi-
cians. Hospital volume was significant (P � .02) in
these 354 eligible cases, with an odds ratio of 0.34.
Finally, we repeated the analysis excluding 21 cases
that had undergone secondary procedures at any time
during their hospital stay that included an open cra-
nial operation; hospital volume again remained a sig-
nificant predictor of outcome (P � .005).

Mortality and Discharge Other Than to Home
Comparison of our series with other large series of

unruptured aneurysm coiling shows that our patient
population was similar with respect to age, percent of
female patients, race, and percent of emergency ad-
missions and transfers from other health care institu-
tions (13, 26, 36, 45, 48–52). Although some patient-
level covariates, such as female sex and private
insurance, were significant predictors of mortality
and/or outcome at discharge in univariate models,
only procedure timing (first hospital day versus other)
remained significant in the full multivariate outcome
model.

In-hospital mortality in our patient cohort was
1.7%, which is slightly higher than rates reported in
most other series. In one population-based series, the
in-hospital mortality rate after unruptured aneurysm
coiling in California from 1990 through 1998 was
0.5% (26). Mortality rates in reports from specialized
centers also have been low: the in-hospital mortality
rate at a group of university hospitals from 1994
through 1997 was 0.4% (36), and no “procedure-
related deaths” occurred based on a meta-analysis of
90 cases drawn from reports published before March
1997 (although 1.4% of patients died overall) (31).
The in-hospital mortality rate was 2% at the Univer-
sity of California, San Francisco, from 1990 to 1997
(36), and several large single institution studies have
reported zero mortality (48, 50, 52, 53).

Procedure-related morbidity has not been uni-
formly defined in previous reports of endovascular
treatment of aneurysms. Studies based on discharge
databases have typically classified all discharges other
than to home as adverse outcomes (10, 13, 26, 27, 45,
54) without distinguishing between discharges to
long-term facilities, such as skilled nursing facilities,
from discharges to short-term facilities, such as reha-
bilitation hospitals. Counting all discharges other
than an immediate return to home as equally severe
“adverse events” ignores the prognostic judgment im-
plied in the choice between short- and long-term
placement. If a single cutoff point must be chosen, a
more appropriate one might be “death or discharge

to a skilled nursing facility,” because this implies a
judgment by treating physicians and consulting pro-
fessionals that a return to independent life is unlikely.
Our use of ordinal logistic regression allows all the
information inherent in a multilevel ordered outcome
to be preserved, rather than collapsing outcome cat-
egories with consequent loss of information. Al-
though detailed functional scores assessed 1 month to
1 year after treatment, as used by others (7, 28, 36),
would clearly be preferable to the outcome scale we
used, our database did not include this information.

In our study, the rate of discharge to a skilled
nursing facility was 2.4% and a total of 9.3% of
patients were not discharged directly to home.
Johnston et al (26) reported that 9.7% of patients
who underwent endovascular treatment of unrup-
tured aneurysms in California from 1990 to 1998 were
not discharged directly to home, and the correspond-
ing rate for 60 university hospitals belonging to the
University Health System Consortium was 10.6%
from 1994 to 1997 (13). At discharge from the Uni-
versity of California, San Francisco, from 1990 to
1997, 4% of patients had Rankin scores of 3% to 5%
and 13% had Glasgow Outcome Scale scores corre-
sponding to moderate or severe disability or death
(36). Significant deficits still present 1 month after
open surgical treatment of unruptured aneurysms are
likely to persist for at least 1 year. However, the
persistence of deficits after endovascular treatment of
unruptured aneurysms that are sufficiently mild at
hospital discharge to allow discharge to a short-term
rehabilitation facility has not been well defined. In
most single institution studies, morbidity has been
described in terms of complication rates, variously
defined but generally reported to be approximately
5% of patients (48, 50, 52). This is comparable with
the 5.0% of patients in the present series for whom a
“neurologic complication of treatment” was coded.

Our decision to exclude 20 patients with a coded
diagnosis of subarachnoid hemorrhage from analysis
may have resulted in lower morbidity and mortality
rates than those actually experienced, because aneu-
rysm rupture during attempted coiling is a recognized
treatment complication that can have severe conse-
quences (55–57). Morbidity and mortality rates for
patients with this diagnosis were significantly higher
than for other patients (P � .001), as were reported
rates of neurologic complications of treatment (25%
versus 5%, P � .001). Unfortunately, a coded diag-
nosis in the NIS database can represent medical his-
tory, new diagnosis, or an event that occurs during
current admission (37). Most of the patients with this
diagnosis in our cohort (65%) had emergent or ur-
gent admissions, compared with 18% for other pa-
tients. This suggests that most patients with this diag-
nosis actually had ruptured aneurysms at the time of
hospital admission and were appropriately excluded
from the cohort.

We defined several patient-related risk factors for
in-hospital mortality, discharge other than to home,
or both: age, male sex, primary insurance other than
private, emergency or urgent hospital admission, ad-
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mission through the emergency room or as a transfer
from another hospital, and whether the endovascular
procedure was performed on the first hospital day.
Our database lacked information most endovascular
surgeons consider vital in estimating the risk of en-
dovascular treatment for a specific unruptured aneu-
rysm, such as aneurysm size, location, and geometry
(36). However, it should be noted that our multivar-
iate model accurately predicted adverse outcomes by
using information that is lacking in most reported
series of unruptured aneurysms undergoing endovas-
cular treatment. The best model would probably com-
bine detailed aneurysm-specific information with pa-
tient-related information more typically included in
hospital discharge databases.

Volume of Care and Outcome
Since the early work of Luft et al (1) and others

(58–60) in the 1970s and 1980s, multiple studies have
documented better medical outcomes at high volume
centers and with high volume providers. Within neu-
rosurgery, this relationship has been studied exten-
sively for carotid endarterectomy (5, 61–65); other
studies focus on pediatric brain tumor surgery (66,
67) and neurotrauma (68). Better short-term out-
comes after endovascular treatment performed at
high volume institutions or by high volume operators
have been documented repeatedly for percutaneous
coronary artery angioplasty and/or coronary artery
stent placement (69–76).

Outcome after treatment for both ruptured and
unruptured intracranial aneurysms has also been
studied in relation to hospital volume of care (8–11,
13, 26, 27, 35, 36, 60, 77, 78). In most reports, patient
outcomes were better at high volume institutions,
although one study found higher mortality rates at
high volume hospitals (60) (attributed to referral of
more severe cases to specialized centers) and some
studies found no effect of volume or surgical experi-
ence on outcome (77, 78).

Fewer studies have focused specifically on treat-
ment of unruptured aneurysms and hospital volume,
and none are directly comparable with our study.
Solomon et al (8) examined mortality in 1604 patients
who underwent surgical clipping of unruptured aneu-
rysms at New York hospitals from 1987 through 1993.
Mortality was lower at high volume hospitals. An
important series of studies by Johnston et al (13, 26,
27, 35, 36) focused on outcomes of endovascular and
surgical treatment of unruptured cerebral aneurysms,
finding that short-term patient outcomes were better
after endovascular treatment and that overall out-
comes were better at hospitals where a higher pro-
portion of patients underwent endovascular treat-
ment. However, the relation between absolute
hospital volume of endovascular treatment and the
outcome of patients treated by using endovascular
means was not reported.

Volume of care for individual treating physicians
was also correlated with better patient outcome in our
study. Similar findings have been reported for cardi-

ologist volume of care and short-term outcome after
coronary artery angioplasty (69, 71, 73). We know of
no direct parallel between our finding and those of
other studies of endovascular treatment of aneu-
rysms, although the “learning curve” for aneurysm
coiling has been previously studied. Singh et al (51)
reported that complications occurred in 53% of the
first five patients treated with detachable coils by each
of three endovascular surgeons, compared with 10%
of later cases (P � .001). On an institutional level, two
groups have reported better short-term outcomes af-
ter the first 50 (79) or 100 cases (80) treated at single
institutions.

We also found significant relationships between
two secondary end points and hospital volume of
endovascular treatment of aneurysms: higher volume
hospitals had shorter lengths of stay and lower total
charges. In an analysis of all unruptured aneurysms
treated with surgery or endovascular techniques in
California from 1990 through 1998, treatment volume
was not an independent predictor of length of stay or
hospital charges, although 80% of patients had un-
dergone surgery (26).

Because we found better patient outcomes at high
volume centers, in association with lower total hospi-
tal charges, we investigated the presence of a cutoff
point that might divide centers into high and low
volume groups with significantly different outcomes.
Such a cutoff point could potentially assist patients
(or insurers) seeking high quality care for unruptured
intracranial aneurysms. Our analysis did not support a
single significant cutoff point, with an adjusted P
value of 0.07 for the best cutoff point in multivariate
analysis and a confidence interval for the best cutoff
point that included the entire range of possible
choices (from 1 to 36 annual procedures). However,
from the standpoint of an individual patient seeking
high quality care, our results do support the selection
of a high volume physician at a high volume center.
Such care is most likely to be found at urban teaching
institutions.

Successful treatment of unruptured intracranial an-
eurysms might be defined as comprising protection
from future risk of hemorrhage, alleviation of any
neurologic symptoms present at diagnosis, and free-
dom from new deficits that result from the treatment.
Our study addresses only one of these three elements.
It is intuitively appealing to suggest that other quality
measures, in addition to short-term outcome, also will
be better for patients treated at high volume centers.
Because the database we used does not allow tracking
of individual patients after discharge, we could not
investigate long-term end points, such as recurrent
hemorrhage rates or return to independent function
for patients discharged to rehabilitation centers.
Short-term surrogate end points for protection from
hemorrhage, such as degree of arteriographic occlu-
sion at the time of initial procedure, are not contained
in NIS data. Answering questions regarding long-
term outcome will require data sources other than the
NIS and will pose significant challenges for future
investigators.
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Conclusion
Based on a large cohort of patients with unrup-

tured aneurysms treated with endovascular tech-
niques in the United States from 1996 through 2000,
our analysis suggests that outcomes at the time of
discharge were better at high volume centers, al-
though we found no significant difference in mortality
rates. We found that patients treated by high volume
physicians also had better outcomes at the time of
discharge and that hospital stays were significantly
shorter and costs of treatment were significantly
lower at high volume institutions. Our data source did
not extend to longer-term end points, such as func-
tional status or rebleeding rates. If our findings are
confirmed and extended by further studies, they will
be noteworthy for patients with unruptured aneu-
rysms seeking quality endovascular treatment and for
their physicians and insurers.
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