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Hospital volume and stroke outcome

Does it matter?

ABSTRACT

Background: Although hospital-outcome relationships have been explored for a variety of proce-
dures and interventions, little is known about the association between annual stroke admission
volumes and stroke mortality. Our aim was to determine whether facility type and hospital volume
was associated with stroke mortality.

Methods: All hospital admissions for ischemic stroke were identified from the Hospital Morbidity
database (HMDB) from April 2003 to March 2004. The HMDB is a national database that con-
tains patient-level sociodemographic, diagnostic, procedural, and administrative information
across Canada. Ischemic stroke was identified through patient’s principal diagnosis recorded us-
ing the International Classification of Diseases (9 and 10). Multivariable analysis was performed
with generalized estimating equations with adjustment for demographic characteristics, provider
specialty, facility type, hospital volume, and clustering of observations at institutions.

Results: Overall, 26,676 patients with ischemic stroke were admitted to 606 hospitals. Seven-
day stroke mortality was 7.6% and mortality at discharge was 15.6%. Adverse outcomes were
more frequent in patients treated in low-volume facilities (<50 strokes/year) than in those treated
in high volume facilities (100 to 199 and >200 strokes patients/year) (for 7-day mortality: 9.5 vs
7.3%,p <0.001;9.5vs 6.0%, p < 0.001; for discharge mortality: 18.2 vs 15.2%, p < 0.001;
18.2 vs 12.8%, p < 0.001). The difference persisted after multivariable adjustment or when
hospital volume was divided into quartiles.

Conclusions: High annual hospital volume was consistently associated with lower stroke mortal-
ity. Our study encourages further research to determine whether this is due to differences in case
mix, more organized care in high-volume facilities, or differences in the performance or in the
processes of care among facilities. Neurology® 2007;69:1-1

Over the last two decades, much research has focused on the relationship between patient
volumes in health services delivery and clinical outcomes. High patient volumes generally
correlate with lower mortality, although most studies focus on diagnostic procedures or
surgical interventions.!

As a major contributor to premature death and disability, stroke represents an enor-
mous global public health challenge.>? Although clinical predictors of stroke mortality
are well established, other health care determinants of clinical outcomes have not been
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systematically explored. In particular,
there is a paucity of research evaluating the
influence of hospital characteristics on
clinical outcome after ischemic stroke.
Striving for optimal delivery of health care
to patients with acute ischemic stroke man-
dates evaluation of these health-system
factors.

The primary goal of this study was to
determine whether facility characteristics
(hospital type and annual volume of stroke
patients) are associated with in-hospital
mortality after ischemic stroke. Our sec-
ondary objective was to identify other sys-
tem determinants of early stroke mortality.

METHODS We identified all patients with ischemic stroke
admitted to acute care hospitals in Canada between April 1,
2003, and March 31, 2004, through the Hospital Morbidity
and Mortality Database (HMDB) managed by the Canadian
Institute for Health Information. The HMDB is a national
database that contains patient-level sociodemographic, diag-
nostic, procedural, and administrative information across
Canada. Reporting to the HMDB is mandatory in Canada.
The major inclusion criterion was an admission to an acute
care facility with a principal diagnosis of ischemic stroke as
identified through patient’s principal diagnosis recorded us-
ing the International Classification of Diseases, either the 9th
(ICD-9) or 10th (ICD-10) revision (ICD-9 codes 433.01,
433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11,
434.91, and ICD-10 codes 163, 164).*5 All provinces and terri-
tories, except Manitoba and Quebec, use ICD-10 codes. We
applied the methodology as defined by the Agency for
Healthcare Research and Quality to calculate the 7-day in-
hospital mortality and discharge mortality rates for ischemic
strokes.® The rationale for using the 7-day in-hospital mor-
tality includes the advantages of high case ascertainment and
limited influence of length of stay when comparing different
facilities. It has been previously used by the Organization for
Economic Co-operation and Development for comparing
stroke and acute myocardial infarction outcomes among dif-
ferent countries because other indicators (30-day stroke mor-
tality) may not capture mortality occurring after discharge
particularly where major differences exist in length of stay
among different facilities.”® Moreover, the provision of acute
stroke care, identification of the stroke mechanism, and
most important cost-related decisions are generally achieved
within the first week of admission.’

Because of major prognostic differences, patients with
TIA, intracerebral hemorrhage, and subarachnoid hemor-
rhage were excluded. Records containing invalid health care
numbers were excluded.

Canada’s health care system includes government-
funded universal public provision of physician and hospital
services and the absence of co-payments and other patient
charges.!” There are 680 acute care facilities across the coun-
try reporting to the HMDB, which covers 99.8% of all acute
care hospitals. Stroke patients were admitted to 606 acute
care facilities including academic and community hospitals
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and rural and urban facilities from all provinces and
territories.

We evaluated the association between the following vari-
ables and early stroke mortality: patient age (categorized as
<65, 65 to 74,75 to 84, and =85 years old), co-morbid con-
ditions, facility type by location (rural/urban), facility teach-
ing status (academic/nonacademic), most responsible
provider, and annual number of ischemic stroke cases
treated by hospital (categorized). For patients transferred be-
tween hospitals, the day of admission was defined as the day
of presentation to the initial acute care facility.

We used the Charlson—Deyo co-morbidity index to
quantify patients’ co-morbid conditions."" This index is a
summary score based on the presence or absence of 17 medi-
cal conditions. A score of zero implies no co-morbid index,
and higher scores indicate a greater burden of co-morbidity.
For the purpose of this study, Charlson—Deyo index scores
were categorized into none, one, two, or three or more co-
morbid conditions.'>" Serious medical complications during
hospitalization (intracerebral hemorrhage, pneumonia, de-
cubitus ulcer, and urinary tract infection) were also identi-
fied. The weekend was defined as the period from midnight
on Friday to midnight on Sunday. All other times were de-
fined as weekdays."

Socioeconomic status was estimated through an ap-
proach developed by Statistics Canada that assigns neigh-
borhoods to five equally sized quintiles based on income
data reported on the 2001 Census.” A higher quintile value
of a residential area is associated with higher socioeconomic
status of residents in that area.

Hospital teaching status was defined according to the As-
sociation of Canadian Academic Healthcare Organizations.
We defined hospital experience as the annual number of
stroke patients admitted to an individual hospital in the 2003
to 2004 fiscal year.'® This definition is based on a number of
prior reports investigating in-hospital mortality among pa-
tients with specific diagnoses or undergoing specific proce-
dures in community settings."!”

Each hospital in the HMDB is assigned a unique en-
crypted identifier. This identifier was used to determine the
annual acute ischemic stroke volume for each hospital that
contributed to the database. As expected in administrative
clinical databases, no specific data were available for acute
neurologic status (such as the NIH Stroke Scale) or measures
of functional disability (such as the Barthel Index and modi-
fied Rankin Scale). We were able, however, to adjust for
some other important clinical predictors in the multivariable

analysis, including age, sex, and co-morbid illness.

Statistical analysis. Descriptive statistics were used to as-
sess the association between various patient and hospital
characteristics and stroke mortality. To compare these char-
acteristics across volume groups (table 1), we used Pearson
X test for categorical variables and one-way analysis of vari-
ance for continuous variables.

Two different analytical approaches were used to deter-
mine the effect of hospital volume on stroke mortality. First,
hospital volume was measured as the number of annual
stroke admissions. Based on the approximate criteria of the
weekly average of stroke patients treated per year (<1/week,
1 to 2/week, 2 to 4/week, and 4 or more/week), the annual
stroke admission rates per hospital were categorized into:
low volume (<50 patients/year), medium volume (50 to 99

patients/year), medium-high volume (100 to 199 patients/
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Table 1 Baseline characteristics by facility volume

Annual stroke volume by facility

Medium-high
Low <50, Medium 50-99, 100-199, High >200,
Characteristic n=>5273 n=4,722 n=10,075 n= 6,606 p Value
Age, y; mean (SD) 75.7 (12) 75.2(12) 73.7(12) 72.4(13) <0.001
Age <65 (%) 869 (16.5) 837 (17.7) 2,125(21.0) 1,609 (24.4)
Age 65-74 (%) 1,146 (21.7) 1,105 (23.4) 2,436 (24.2) 1,599 (24.2)
Age 75-84 (%) 2,001 (38.0) 1,759 (37.3) 3,622 (36.0) 2,285 (34.6)
Age =85 (%) 1,257 (23.8) 1,021 (21.6) 1,892 (18.8) 1,113(16.8)
Gender
Female (%) 2,569 (48.7) 2,326 (49.3) 4,929 (48.9) 3,174 (48.1) 0.59
Charlson co-morbidity index score
0 3,569 (67.7) 3,199 (67.7) 6,894 (68.4) 4,765 (72.1) 0.005
1 733(13.9) 646 (13.7) 1,380(13.7) 730 (11.1)
2 485(9.2) 486 (10.3) 935(9.3) 573(8.7)
=3 486 (9.2) 391 (8.3) 866 (8.6) 538(8.1)
Most responsible physician 0.005
GP 948(18.0) 908 (19.2) 1,792(17.8) 863 (13.1)
Specialist 4,325(82.0) 3,814 (80.2) 8,283 (82.2) 5,743 (86.9)
Complications
Pneumonia 176 (3.3) 181 (3.8) 365(3.6) 192 (2.9) 0.026
Urinary tract infection 162(3.1) 181(3.8) 375(3.7) 153(2.3) <0.001
Intracerebral hemorrhage 12 (0.23) 15(0.32) 21 (0.21) 11 (0.17) 0.4
Pulmonary embolism 31(0.6) 31(0.7) 49 (0.5) 31(0.5) 0.13
Decubitus ulcer 13(0.25) 15(0.32) 17(0.17) 9(0.14) 0.13
ICU admission 505(9.6) 476 (10.1) 1,508 (14.9) 815 (12.3) <0.001
Length of stay, d; median (25th-75th) 8 (4-19) 8 (4-19) 8 (4-18) 8(4-17) 0.19

GP = general practitioner; ICU = intensive care unit.

year), and high volume (=200 patients/year). Second, facili-
ties were divided into quartiles based on annual patient
volumes (quartile 1, 1 to 62 cases/year; quartile 2, 63 to 141
cases/year; quartile 3, 142 to 197 cases/year; and quartile 4,
>198 cases/year).

We used generalized estimating equations to fit the mod-
els (link function: logit), to account for clustering of patients
within institutions and provide more accurate Cls than
would be provided by simple logistic regression. Compound
symmetry (exchangeable) was selected as the correlation
structure.'™"” The association between hospital volume and
stroke mortality was expressed as the odds ratio (OR) and
95% CI.

In developing the models, a p < 0.25 on univariate anal-
ysis was used as a screening cutoff. Those factors achieving
this level of significance were then included in a multivari-
able analysis. Only variables achieving p < 0.05 were left in
the final multivariable model.

Potential two-way interactions selected a priori between
age and sex, and hospital type (teaching status, location) and
experience in stroke management were explored. None of
the interaction terms were significant.

The association between stroke volume at each hospital
and the institutional mortality rate was represented in a scat-
terplot and the predicted probability of death was calculated

using fractional polynomial regression (hospital volume ex-
pressed as a continuous variable). The strength of fractional
polynomial analyses is their flexibility and better representa-
tion of adjusted data for nonlinear associations.”

We also used random-effect models to evaluate the con-
sistency of our results. Risk-adjusted mortality rates for each
hospital volume group were derived from random-effect
models as reported by other authors.*

All statistical analyses were performed using a commer-
cially available software package (SAS statistical software
1999, version 8, Cary, NC, SAS Institute Inc., and STATA
version 7.0, StataCorp LP, TX).

Ethics. The study protocol was approved by the Ethics Re-
view Board at St. Michael’s Hospital, University of Toronto,
Toronto, Canada. As the identity of the patients was kept
completely anonymous, no specific informed consent was re-
quired. The data pooling center was blinded to hospital
identity.

Data quality. According to a reabstraction study per-
formed by the Canadian Institute for Health Information for
the quality assurance, after the implementation of ICD-10,
diagnoses in the database agree with diagnoses in the charts

in 92% of stroke cases. The agreement of the coding of data
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