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Abstract

Background: Despite nation-wide efforts to reduce health care costs through hospi-
tal closures and centralization of services, little is known about the impact of
such actions. We conducted this study to determine the effect of a hospital clo-
sure in Calgary and the resultant centralization of coronary revascularization
procedures from 2 facilities to a single location.

Methods: Administrative data were used to identify patients who underwent coro-
nary artery bypass grafting (CABG), including those who had combined CABG
and valve procedures, and patients who underwent percutaneous transluminal
angioplasty (PTCA) in the Calgary Regional Health Authority from July 1994 to
March 1998. This period represents the 21 months preceding and the 24
months following the March 1996 hospital closure. Measures, including mean
number of discharges, length of hospital stay, burden of comorbidity and in-
hospital death rates, were compared before and after the hospital closure for
CABG and PTCA patients. Multivariate analyses were used to derive risk-
adjustment models to control for sociodemographic variables and comorbidity.

Results: The number of patients undergoing CABG was higher in the year follow-
ing than in the year preceding the hospital closure (51.6 per 100 000 before v.
67.3 per 100 000 after the closure); the same was true for the number of patients
undergoing PTCA (129.8 v. 143.6 per 100 000). The burden of comorbidity was
significantly higher after than before the closure, both for CABG patients (co-
morbidity index 1.3 before v. 1.5 after closure, p < 0.001) and for PTCA patients
(comorbidity index 1.0 before v. 1.1 after, p = 0.04). After adjustment for co-
morbidity, the mean length of hospital stay was significantly lower after than be-
fore the closure for CABG patients (by 1.3 days) and for PTCA patients (by 1.0
days). The adjusted rates of death were slightly lower after than before the clo-
sure in the CABG group. The adjusted rates of death or CABG in the PTCA
group did not differ significantly between the 2 periods.

Interpretation: Hospital closure and the centralization of coronary revascularization
procedures in Calgary was associated with increased population rates of proce-
dures being performed, on sicker patients, with shorter hospital stays, and, for
CABG patients, a trend toward more favourable short-term outcomes. Our find-
ings indicate that controversial changes to the structure of the health care system
can occur without loss of efficiency and reduction in quality of care.

Increasing health care costs and a political movement toward balancing the bud-
get have contributed to a nation-wide emphasis on health care restructuring
and a centralization of tertiary care services. In Alberta the regionalization and

downsizing of the acute care sector has had a direct impact on the Calgary Regional
Health Authority (CRHA), with the closure of 4 of its 8 large city hospitals and
centralization of coronary revascularization procedures from 2 facilities to a single
location. The centralization of cardiac procedures required both facility and
staffing changes at the single location, including the addition of 2 new coronary
catheterization laboratories and an increased number of postoperative ward beds
and monitored step-down beds.
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Critics of the hospital closures raised concerns about the
ability of the surviving hospitals to accommodate and man-
age patients adequately and effectively. Public concerns
were expressed over access and the possible deterioration of
health outcomes given the increased volume of patients,1

concerns substantiated by previous research.2,3

In this article we report on the centralization “case
study” in Calgary and focus on the closure of one hospital
and the resultant amalgamation of coronary revasculariza-
tion procedures from 2 facilities to a single facility. Our
specific objectives were to determine, for coronary artery
bypass grafting (CABG) and percutaneous transluminal
coronary angioplasty (PTCA), if there was an association
between the hospital closure and the number of discharges
per month, burden of comorbidity, length of hospital stay
and in-hospital mortality, by comparing periods before and
after the hospital closure. We also compared population
rates for myocardial infarction, CABG and PTCA before
and after the closure.

Methods

We used CRHA administrative hospital discharge data from
July 1994 to March 1998, a period of 21 months preceding and 24
months following the official March 1996 closure of the hospital.
CABG cases were identified by screening all hospital discharge
records for ICD-9-CM4 procedure codes representing CABG
surgery (36.10–36.19); this included patients undergoing combined
CABG and valve procedures. PTCA cases were identified by
screening for procedure codes 36.01–36.03, 36.05, 36.06 and 36.09.

The number of discharges per month for CABG and PTCA
was obtained. We determined a summary estimate for the number
of discharges per month before the closure by calculating the
mean number of discharges per month for the 21 months preced-
ing the closure. The mean number of discharges per month after
the closure was determined in the same manner.

We calculated age- and sex-standardized population rates for
CABG and PTCA in the year before and the year after the clo-
sure, using a direct method of standardization, with the 1996
CRHA population as a standard. For the years 1995 and 1997 the
Alberta Health Registry was used to determine the CRHA popu-
lation at the mid-point of the fiscal year (Sept. 30) as the denomi-
nator for the rates. These adjusted rates enable comparison of
rates in one year relative to another, after the effects of changes in
population structure have been removed.

We measured burden of comorbidity for CABG and PTCA
patients using the comorbidity index of Charlson and associates.5

Deyo and collaborators6 have since identified corresponding
ICD-9-CM codes to define these conditions, which enables use of
the comorbidity index with administrative databases.6 The comor-
bidity index allowed us to identify the 17 variables mapped by
Deyo and collaborators (e.g., myocardial infarction, diabetes mel-
litus and chronic pulmonary disease). We considered a condition
to be present only when the “diagnosis type” indicator (in the
hospital administrative data) was consistent with diagnoses that
were present before CABG or PTCA.

Hospital resource use was assessed according to length of stay
(LOS) in hospital. We determined summary estimates for LOS be-
fore and after the hospital closure by calculating the mean LOS for
the 2 periods.

Mortality is a frequently used measure of quality of hospital
care.7 For patients undergoing CABG, we calculated the crude
and risk-adjusted in-hospital mortality before and after the clo-
sure. For patients undergoing PTCA we used a combined out-
come of in-hospital mortality or CABG, or both, because CABG
after PTCA is also an indicator of a poor outcome.

We compared the clinical characteristics of patients before and af-
ter the closure using the χ2 test. The characteristics evaluated in-
cluded the sociodemographic variables age and sex, the 17 variables
defined from the comorbidity index, other severity-of-illness variables
identified from the ICD-9-CM diagnosis codes8 (unstable angina, hy-
pertension, prior CABG, prior PTCA, ventricular aneurysm, and
combined CABG and valve procedure) and the admission status (ur-
gent v. elective, defined dichotomously from the “admission type”
field in the hospital administrative data). We compared continuous
measures before and after the closure using Student’s t-test. The in-
dependent association between hospital closure and mean LOS was
evaluated with the use of multiple linear regression analysis to control
for other predictors of LOS such as increasing age and comorbidity;
the dependent variable was LOS measured in days, and the unit of
analysis was individual CABG or PTCA cases. Logistic regression
analysis was used to develop a risk-adjustment model for the calcula-
tion of risk-adjusted death rates among CABG patients, as previously
described.8 We used the risk-adjustment model to calculate the pre-
dicted probability of in-hospital death for each patient who under-
went CABG before or after the hospital closure. We then calculated
the average of these predicted probabilities of death during the 2
study periods to yield an expected death rate (E). The observed death
rate (O) was then divided by E to generate an O/E ratio for each
study period. To calculate the risk-adjusted death rates, we then mul-
tiplied the period-specific O/E ratios by the overall death rate for the
entire 45-month study period. Similar analyses were undertaken for
each patient who underwent PTCA, except in this instance the out-
come was death or CABG, or both.

Results

The prevalence of demographic and clinical risk vari-
ables before and after the hospital closure in the 2 patient
groups are outlined in Table 1. The age and sex distribu-
tion of the patients were similar for these 2 study periods.
Compared with the period before the closure, CABG pa-
tients after the closure were significantly more likely to be
admitted with unstable angina or a recent myocardial in-
farction and to have had a prior PTCA; the PTCA patients
after the closure were significantly more likely to be admit-
ted urgently and to have had a prior PTCA.

There was a significant increase in the mean number of
discharges per month after the closure in the CABG group
(from 50.8 to 63.7, p < 0.001) and in the PTCA group
(from 111.4 to 129.1, p < 0.001).

The population rates (per 100 000) in the year following
the closure, compared with the year before the closure, in-
creased for CABG (51.6 in 1995 v. 67.3 in 1997) and for
PTCA (129.8 in 1995 v. 143.6 in 1997) (Fig. 1). For com-
parison we included the rates for myocardial infarction for
the same periods. Although there was a slight increase, the
myocardial infarction rates were more stable, at 158.2 in
1995 and 164.3 in 1997.
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The burden of comorbidity was slightly higher after
than before the hospital closure in both the CABG and
PTCA groups. For the CABG patients, the comorbidity
index score was 1.3 before and 1.5 after the closure (p <
0.001). The corresponding scores for PTCA patients were
1.0 and 1.1 (p = 0.04).

In terms of hospital resource use, the mean LOS in hos-
pital, after adjustment for comorbidity, was significantly
lower after than before the closure in the 2 patient groups
(Table 2).

Rates of death (among the CABG patients) and rates of
death or CABG (among the PTCA patients) are presented
in Table 3. Among the CABG patients the crude death
rates were 4.1% before and 4.6% after the closure. After
adjustment for the generally higher severity of illness for
patients after the closure, the death rate decreased, from
4.6% before to 4.3% after the closure (p = 0.67). The same
trend was not seen, however, among the PTCA patients,
who had almost identical crude and adjusted rates of death
or CABG of 1.8% before and 1.9% after the closure. The
increase after the closure in the expected death rate among
the CABG patients (from 3.9% to 4.8%) and the expected
rate of death or CABG among the PTCA patients (from
1.8% to 1.9%) suggests that patients selected for CABG

and PTCA have become sicker since the hospital closure,
and yet, for CABG, there was a trend toward more
favourable adjusted short-term outcomes.

Centralization of coronary revascularization procedures
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Table 1: Demographic and clinical risk variables for patients undergoing coronary artery bypass grafting (CABG)* or
percutaneous transluminal coronary angioplasty (PTCA) before and after closure of a hospital in Calgary

% of CABG patients % of PTCA patients

Variable
Before closure

n = 1053
After closure

n = 1529 p value
Before closure

n = 2340
After closure

n = 3099 p value

Age > 65 yr 58.0 59.7    0.41 43.8 43.1    0.63
Female sex 21.1 22.3    0.46 26.8 25.8    0.42
Urgent admission 58.0 59.5    0.47 67.3 77.8 < 0.001
Unstable angina 46.8 51.9    0.01 36.7 35.9    0.53
Recent myocardial infarction (MI) 21.8 25.3    0.04 38.7 41.2    0.06
Prior CABG 2.0 1.2    0.09 3.5 2.8    0.17
Prior PTCA 8.8 14.9 < 0.001 14.9 24.8 < 0.001
Prior MI 38.7 40.5    0.35 30.6 29.0    0.20
Combined CABG and valve
  procedure 6.4 9.4    0.01 – –      –
PTCA on same admission 2.3 2.1    0.75 – –      –
Ventricular aneurysm 1.0 1.2    0.58 0.3 0.4    0.78
Peripheral vascular disease 6.3 7.5    0.24 3.3 3.3    0.95
Cerebrovascular disease 5.1 6.7    0.09 1.7 1.6    0.88
Chronic pulmonary disease 17.9 14.9    0.04 6.5 7.9    0.06
Rheumatologic disease 1.4 1.0    0.30 1.0 1.2    0.56
Peptic ulcer disease 1.4 1.4    0.91 1.8 1.1    0.03
Diabetes mellitus 13.9 16.7    0.05 13.8 14.3    0.55
Diabetes with complications 3.2 5.0    0.03 1.1 1.7    0.04
Hemiplegia or paraplegia 1.0 0.5    0.20 0.3 0.1    0.15
Chronic kidney disease 0.8 1.1    0.46 0.4 0.3    0.55
Neoplasia 1.0 1.5    0.31 0.9 1.2    0.19
Congestive heart failure 18.0 24.5 < 0.001 7.4 9.0    0.03
Hypertension 43.6 51.2 < 0.001 40.9 44.9    0.003

*Includes patients undergoing combined CABG and valve procedures.

Fig. 1: Population rates (per 100 000) of myocardial infarction
(MI), percutaneous transluminal coronary angioplasty (PTCA)
and coronary artery bypass grafting (CABG) during the year
before and the year after the closure of a Calgary hospital in
March 1996.
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Interpretation

In this “case study” of hospital closure and centralization
of coronary revascularization procedures, we found that an
increased number of procedures were performed after the
closure, on sicker patients, with shorter hospital stays. For
CABG patients, we also found a statistically nonsignificant
decrease in the rate of in-hospital deaths.

A limited amount of research has examined hospital clo-
sures, and what is available has tended to focus on the rea-
sons for closure or the perceived impact on individuals,
rather than the outcomes of the closure.2,3,9,10 Brownell and
Roos11 recently reported on the Winnipeg experience of
downsizing, with 22.6% of acute care beds closed between
1992 and 1995. Besides the Winnipeg experience, our
study is one of the few reports available that has monitored
the effects of downsizing on access and quality of care.

Despite public concern regarding access to health care ser-
vices, we found a significant increase in the mean number of
discharges per month after the hospital closure in both the
CABG and PTCA groups. For CABG, this is consistent with
national rates, which reflect a steady increase in the number
of CABG procedures performed per year.12 This paradox of a
reduction in the number of beds available and yet an increase
in the mean number of discharges for CABG and PTCA may

be explained in part by a decrease in LOS. Similar observa-
tions were made in Winnipeg after downsizing, with a decline
in mean LOS for surgical, obstetric and medical patients.13

Centralization of cardiac revascularization procedures in
Calgary has occurred without negative effects on quality of
care, as measured by in-hospital rates of death. The PTCA
patients experienced a slight, nonsignificant increase in the
rate of death or CABG, which probably relates to the in-
creased use of primary (i.e., immediate) PTCA in patients
presenting with acute myocardial infarction. Meanwhile, the
CABG patients in our study experienced a statistically non-
significant, but nonetheless notable, decrease in the adjusted
death rate. In the Winnipeg experience, Brownell and asso-
ciates13 also found no significant increase in death rates
within 30 days after discharge for 3 common conditions:
acute myocardial infarction, hip fracture and cancer surgery.

The slight decline in adjusted death rates among the
CABG patients after the hospital closure may be a result of
the centralization of services and may be explained in part
by the volume–outcome phenomenon. Lower death rates
have been associated with higher volumes of procedures in
studies of CABG14,15 and PTCA.16–20 The association be-
tween volume and outcome may be due to several factors,
including improved technique from greater experience, se-
lective referral to higher-volume centres and treatment of
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Table 2: Crude and adjusted mean lengths of stay (LOS) in hospital for CABG and PTCA patients
before and after the hospital closure

Crude mean LOS (and SD) Adjusted mean LOS (and SD)*

Patient group
Before
closure

After
closure p value

Before
closure

After
closure  p value

CABG  15.9 (10.0)  15.0 (12.6)     0.07  16.1 (10.8)  14.9 (10.7)     0.004
PTCA    4.9   (5.6)    4.3   (6.6)  < 0.001    5.1   (5.7)    4.1   (5.7)  < 0.001

Note: SD = standard deviation.
*For CABG patients, LOS was adjusted for age, female sex, urgent admission, peripheral vascular disease, cerebrovascular disease, chronic
pulmonary disease, rheumatologic disease, peptic ulcer disease, diabetes mellitus, diabetes with complications, hemiplegia or paraplegia, chronic
kidney disease, neoplasia, congestive heart failure, recent MI, prior MI, prior CABG, PTCA on same admission, prior PTCA, combined CABG and
valve procedure, ventricular aneurysm, unstable angina and hypertension. For PTCA patients, LOS was adjusted for age, female sex, urgent
admission, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, diabetes,
diabetes with complications, chronic kidney disease, neoplasia, congestive heart failure, recent MI, prior MI, prior CABG, prior PTCA, ventricular
aneurysm, unstable angina and hypertension.

Table 3: Crude and risk-adjusted in-hospital rates of death (among CABG patients) and of death or
CABG (among PTCA patients) before and after the hospital closure

Variable
Observed

event rate, %
Expected

event rate, %
Observed/

expected ratio
Adjusted event

rate,* %  p value

CABG, rate of death
Before closure 4.1 3.9 1.05 4.6
After closure 4.6 4.8 0.97 4.3  0.67
PTCA, rate of death or CABG
Before closure 1.8 1.8 0.98 1.8
After closure 1.9 1.9 1.02 1.9  0.83

*For the adjusted event rates, the observed/expected ratios before and after hospital closure were multiplied by the overall event rate for the entire 45-
month period. For CABG patients, death rates were adjusted for age, female sex, urgent admission, cerebrovascular disease, ventricular aneurysm,
peripheral vascular disease, prior CABG, PTCA on same admission, congestive heart failure, recent MI, hemiplegia or paraplegia, combined CABG and
valve procedure, chronic kidney disease, metastatic disease and moderate to severe liver disease. For PTCA patients, rates of death or CABG were
adjusted for age, female sex, urgent admission, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, peptic ulcer disease,
diabetes, diabetes with complications, chronic kidney disease, neoplasia, congestive heart failure, recent MI, prior MI, prior PTCA, ventricular aneurysm,
unstable angina and hypertension.



sicker patients at low-volume hospitals. More important, it
may be the processes of care within these facilities that lead
to optimal outcomes, rather than the volume per se, with
volume acting merely as a surrogate for quality of care.

Several potential limitations should be considered in the
interpretation of our results. First, we used administrative
data as the source of information for risk adjustment; these
data may lack the detail needed to assess severity that
prospectively collected clinical data provide. The data source
also lacked detail to account for changes in medical practice,
including the use of stenting and antiplatelet agents for
PTCA, which may influence LOS and clinical outcomes.
Second, we lacked information on geographic equity of ac-
cess, particularly given the relocation of revascularization
services to a more peripherally located hospital in Calgary.
Third, our data source limited our assessment of mortality to
deaths that occurred in hospital only, reflecting short-term
outcomes. In addition, we limited our assessment to one area
of health care, often perceived as high profile and well
funded; the influence of hospital closure and restructuring
on other areas may have been different. We were unable to
assess the impact of the hospital closure, and the observed
decrease in LOS, on readmission rates and longer-term
mortality. Brownell and Roos,11 however, reported no signif-
icant increase in readmission rates for 13 common condi-
tions following downsizing in Winnipeg. Finally, although
restructuring of health care services occurred throughout Al-
berta, we limited our study to the evaluation of cardiac ser-
vices in an urban centre. Our results are not generalizable to
the effects of hospital closures in rural areas.

Despite these limitations, our study provides useful and
nationally relevant information. The experience of hospital
closure and centralization of revascularization procedures in
Calgary was one of success. We found that, for revascular-
ization, the restructuring was associated with increased pop-
ulation rates of procedures, performed on sicker patients,
with shorter stays in hospital, and, for CABG patients, a
trend toward more favourable short-term outcomes. Similar
restructuring measures are occurring both nationally21 and
internationally.22 Our findings indicate that such controver-
sial changes can occur without negatively influencing the
delivery of health care services.
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