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Association Between Hospital Cardiac Management and
Outcomes for Acute Myocardial Infarction Patients
Therese A. Stukel, PhD,*†‡ David A. Alter, MD, PhD,*†‡§¶ Michael J. Schull, MD, MSc,*†‡储**
Dennis T. Ko, MD, MSc,*†† and Ping Li, PhD*

Background: Randomized trials have shown that medical and
interventional therapies improve outcomes for acute myocardial
infarction (AMI) patients. The extent to which hospital quality
improvement translates into better patient outcomes is unclear.
Objectives: To determine hospital cardiac management markers
associated with improved outcomes.
Research Design, Subjects: Population-based longitudinal cohort
study of 98,115 adults hospitalized with first episode of AMI during
2000 to 2006 in 77 Ontario hospitals with ⬎50 annual AMI admissions.
Measures: Rates of 30-day and 1-year mortality, readmissions for
AMI or death, and major cardiac events (readmissions for AMI,
angina, heart failure, or death) within 6 months, according to index
hospital cardiac management markers, including appropriate initial
emergency department (ED) assessment (rate of high acuity triage)
high-acuity and intensity of interventional (30-day cardiac catheterization rate) and medical (discharge statin prescribing rate) therapy.
Results: Thirty-day risk-adjusted mortality varied 2.3-fold (7.2%–
16.9%) and major cardiac events rates varied 2-fold (18.2%–35.6%)
across hospitals in 2006. Patients admitted to hospitals with the
highest versus lowest rates of combined medical and interventional
management had lower rates of 30-day mortality (adjusted relative
rate 关aRR兴 ⫽ 0.84, 95% CI, 0.78 – 0.91), 1-year mortality (aRR ⫽
0.86, 0.81– 0.91), AMI readmissions or death (aRR ⫽ 0.74, 0.69 –
0.78), and major cardiac event (aRR ⫽ 0.65, 0.61– 0.68). Patients
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admitted to EDs with the highest rates of appropriate initial assessment had lower 30-day (aRR ⫽ 0.93, 0.88 – 0.98) and 1-year
mortality (aRR ⫽ 0.96, 0.93–1.00).
Conclusions: Hospitals with higher levels of both medical and
interventional management and higher quality initial ED assessment
had better outcomes. Readmissions were particularly sensitive to
care processes. In the face of the unwarranted variations in outcomes
across hospitals, strategies that promote better ED and inpatient
management of AMI patients are needed.
Key Words: emergency medicine, health services research,
hospital quality, myocardial infarction, outcomes research,
performance measurement, practice variations, survival analysis
(Med Care 2010;48: 157–165)

T

he past 10 years has been an era of rapidly evolving
cardiac therapies with the emergence of randomized trial
evidence of improved outcomes from statins and early invasive strategies for acute myocardial infarction (AMI) patients.1–3 The decreased mortality from coronary heart disease over the last 30 years is estimated to be largely due to
reductions in major cardiovascular risk factors and increased
use of evidence-based medical therapies,4 because pharmacotherapy often improves mortality to a greater degree than
interventional therapy.5–7 Select hospital cardiac process
measures have been incorporated into recent American College of Cardiology/American Heart Association (ACC/AHA)
guidelines.8,9 To promote quality improvement and accountability, the United States and United Kingdom collect and
publicly report core hospital process measures and outcomes,
although Canada does not.10 –12
Hospital quality and outcomes have been continually
improving in Canada and the United States following dramatic increases in the provision of invasive cardiac interventions and evidence-based medications, although rates of invasive care in Canada are far below those in the United
States.13–16 Canadian hospitals rely primarily on thrombolytics to reperfuse AMI patients; in 2004, 11.1% of Ontario
STEMI patients received percutaneous coronary intervention
(PCI) within 24 hours of admission (J. Tu, CCORT study,
personal communication). Supply of cardiac technology and
specialists is much lower in Canada than in the United States;
in 2002, Ontario had 0.36 cardiac catheterization (CATH)
laboratories and 3.8 cardiologists per 100,000 residents, as
www.lww-medicalcare.com |
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compared with 1.2 CATH laboratories and 6.3 cardiologists
per 100,000 United States. residents in 1996.17 To improve
access to invasive cardiac services, the Ontario Cardiac Care
Network implemented a macro-level initiative to facilitate
evidence-based, timely, equitable access for urgent patients
using a regionalized system and explicit urgency ratings
based on clinical criteria.18,19 In spite of these quality improvements, rates of provision of interventional services
remain low and variations in 30-day mortality rates across
Ontario hospitals remain high.20,21
Hospital quality improvement initiatives may not translate into improved outcomes because randomized clinical
trials are conducted on ideal patients, not all ideal patients
will benefit from improved evidence-based management because the number needed to treat may be large, and evidencebased therapies may not be targeted at patients most likely to
benefit.22 For this reason, many have advocated using outcomes as a more direct measure of performance, especially in
high-volume hospitals.11,23–25
Our objectives were to explore emergency department
(ED) and inhospital markers of hospital cardiac management
that were associated with better AMI outcomes. We focused
on higher volume hospitals as these were more likely to be
centers of excellence having uniformly better outcomes
through early adoption of evidence-based care and using
strategies that might be adopted by lower volume hospitals to
improve their care.

METHODS
Design Overview
We undertook a longitudinal cohort study of AMI
patients admitted to higher volume hospitals and evaluated
the effects of a patient’s “exposure” to a hospital’s cardiac
management style to see if this was associated with variations
in outcomes across hospitals. Hospital management style was
assessed in terms of rates of appropriate initial ED assessment, prescription of evidence-based medications at discharge, and early interventional therapy. Cardiac management style was attributed to the index hospital, even if the
patient was transferred, as this hospital was deemed to represent the “system” within which the patient received care.
All measures were first evaluated on individual patients and
then aggregated to the hospital level to estimate a hospital’s
propensity to provide particular types of care. Because patients were assigned the management intensity of their hospital of admission, we avoided survival bias that might be
present when analyzing patient-level exposures.26

Study Cohort
The cohort consisted of Ontario residents hospitalized
with first (index) admission for AMI to an Ontario acute care
hospital between April 1, 2000, and March 31, 2006 (N ⫽
118,598), restricting to adult residents aged 20 to 100 with a
stay of at least 3 days who were not admitted for AMI during
the previous year (N ⫽ 111,353; 167 hospitals). For patients
who were transferred, we created an episode of care beginning at index admission and ending at the final discharge,
using a 12-hour rule to determine transfers, to distinguish
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transfers from readmissions. To ensure stability of the hospital measures, we further restricted the study to hospitals
with ⬎50 AMI admissions in 2000 and 2006 and included all
their AMI admissions over the 6-year period. This resulted in
a final study cohort of 98,115 AMI patients admitted to 77
hospitals.

Patient Follow-up and Outcomes
Patients were followed for 1 year after date of index
admission for survival and 6 months for readmissions. The
primary outcomes were 30-day mortality, 1-year mortality,
AMI readmission or death within 6 months, and major cardiac event, defined as readmission for AMI, angina, congestive heart failure, or death within 6 months, as recommended
by the Canadian AMI quality indicator panel.11 Readmissions
were analyzed as a combined end point with mortality as
mortality was high, and the factors causing mortality were
likely an exacerbation of those causing readmission. We
ascertained cardiac catheterization, coronary revascularization (coronary artery bypass graft 关CABG兴 or PCI) within 30
days of admission, and same-day PCI (because we could not
determine timing more finely).

Hospital Cardiac Management Markers
Hospital interventional management intensity, measured as 30-day rate of cardiac catheterization (CATH), was
defined as number of AMI patients receiving cardiac catheterization within 30 days of admission divided by the number
admitted to the hospital, similarly to previous work.5 This is
a marker of intent to treat invasively since cardiac revascularization, through CABG or PCI, is always preceded by
coronary angiography. Primary PCI is limited to a minority of
Ontario hospitals so it could not be used as the marker of
interventional management. Although timing of reperfusion
therapy and PCI to appropriate patients are ACC/AHA AMI
performance measures,9 and would have been more suitable
hospital markers of invasive care, these could not be determined using administrative data; however, both are strongly
correlated with 30-day CATH and revascularization rates at
the hospital level in Ontario and elsewhere.27,28 Restricting to
patients who survived discharge changed this marker very
slightly (r ⫽ 0.995).
Hospital medical management intensity, measured as
rate of discharge statin prescriptions (STATIN), was defined
as the number of AMI patients filling a statin prescription
within 30 days of discharge divided by the number discharged alive, among patients age 65 and older. These data
were available only for elderly patients but hospital prescription rates to younger and older patients are highly correlated.
In addition, a recent ACC/AHA report has included prescription of statin therapy at discharge as an AMI performance
measure.9 There was little variation in discharge beta-blocker
or ACE inhibitor prescription rates across hospitals (additional AMI performance measures) so an aggregate measure
of medical intensity would provide less ability to discriminate
hospital performance.
Triage is a key process that occurs immediately upon
ED arrival whereby patient priority and acuity are determined. All Ontario EDs use a common triage tool, the
© 2010 Lippincott Williams & Wilkins
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Canadian Triage and Acuity Scale (CTAS), and common
training programs for triage nurses. Patients whose assessments raise a suspicion of acute coronary syndrome are recommended to be assigned a high-acuity triage score of resuscitation
or emergent.29 Appropriate triage is important since key investigations such as electrocardiograms and key treatments such as
aspirin may be administered directly at triage, and patients may
be sent more rapidly for reperfusion therapy. Hospital rate of
high-acuity triage was measured as number of AMI patients
receiving a high-acuity ED triage score divided by the number of
patients admitted through the ED.
Interventional and medical management rates and highacuity ED triage rates were derived separately for each
hospital in each study year. Rates were categorized into
terciles of low, medium, and high intensity based on hospital
study population. Study patients were assigned to the tercile
of intensity in their index hospital during the year they were
admitted.
Hospital AMI volume, attending physician specialty
and mean annual AMI volume were computed as in previous work.30

Data Sources
Patient records were linked using unique, anonymized,
encrypted identifiers across multiple Ontario health administrative databases containing information on all publicly insured, medically necessary hospital and physician services.
These included the Discharge Abstract Database for hospital
admissions, procedures, and transfers that includes the most
responsible diagnosis (MRD) for patient length of stay, secondary diagnosis codes, comorbidities present upon admission, complications occurring during the hospital stay, and
attending physician identifier; the National Ambulatory Care
Reporting System (NACRS) that includes the CTAS triage
score for ED visits; the Ontario Health Insurance Plan (OHIP)
for physician billings for outpatient visits that includes
patient diagnosis codes and procedures, and location of
visit; the Ontario Drug Benefits Database (ODBD) for
outpatient drug prescriptions for those over age 65 years;
and the Registered Persons Database (RPDB) for patient
demographic information and deaths. AMI cohort membership was determined using the MRD, excluding complications; comorbidities were identified using secondary
Discharge Abstract Database diagnosis fields. International Classification of Diseases ninth revision (ICD-9
before April 1, 2002) and 10th revision-Canada (ICD-10CA, thereafter) diagnosis codes, and Canadian Classification of Procedures (CCP before April 1, 2002), and Canadian Classification of Interventions (CCI, thereafter)
procedure codes are in the Appendix. Neighborhood income was derived from Statistics Canada 2001 census
estimates.

Statistical Analysis
All analyses used patient as the unit of analysis and the
hospital cardiac management markers as the primary exposure variables. This allowed us to control for individual risk
factors and permitted inferences to individual patient outcomes, although exposures were measured at the hospital
© 2010 Lippincott Williams & Wilkins
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level. We developed a baseline severity index by using
logistic regression models to predict 30-day mortality, incorporating all baseline patient characteristics and comorbidities
(shock, congestive heart failure, cancer, cerebrovascular disease, cardiac dysrhythmia, diabetes with complications, acute
renal failure, chronic renal failure, pulmonary edema) comprising the Ontario AMI mortality prediction model (c-statistic, 0.78).31 Mean predicted mortality was used as the summary measure of patient AMI severity, as in previous work.5
Cox proportional hazards models were used to assess
rates of mortality, AMI readmissions or death, and major
cardiac events across the 3 hospital management markers,
censoring at the end of follow-up.32 All models controlled for
baseline patient characteristics including age group (20 – 49,
50 – 64, 65–74, 75– 84, 85⫹ years), sex, and their interactions, median neighborhood income quintiles, AMI comorbidities, history of AMI, CABG, and PCI in the previous 10
years, and hospital AMI volume and teaching status.
The hospital management markers were evaluated by
including all 3 markers jointly in the models to assess their
independent effects on outcomes. We assessed interactions
between hospital interventional and medical management
markers, as in previous work.5
As patients admitted to the same hospital are likely to
be treated similarly, they may have correlated outcomes,
leading to underestimation of the standard errors. We used
survival models that account for clustering by hospital by
including a working correlation matrix in the estimation
procedure to adjust the standard errors appropriately.33 Model
fit and proportionality of hazards were assessed using residual
analyses.34 Analyses were performed using the STATA procedure, STCOX.35

RESULTS
From 2000 to 2006, rates of 30-day cardiac catheterization and revascularization, and discharge statin prescriptions doubled; rates of same-day PCI tripled. Thirty-day
mortality decreased by 12% (adjusted relative rate 关aRR兴 ⫽
0.88, 95% confidence interval 关CI兴, 0.83– 0.94), 1-year mortality decreased by 5% (aRR ⫽ 0.95, 95% CI, 0.90 – 0.99),
AMI readmission or death within 6 months decreased by 17%
(aRR ⫽ 0.83, 95% CI, 0.79 – 0.87), and major cardiac event
within 6 months decreased by 27% (aRR ⫽ 0.73, 95% CI,
0.70 – 0.76).
Variations in risk-adjusted outcomes across hospitals
were high. During 2005 to 2006, the latest years of the study,
outcomes varied more than 2-fold across hospitals. Specifically, the fifth to 95th percentile range for hospital 30-day
mortality rate was 7% to 17%, 1-year mortality was 13% to
29%, AMI readmission or death within 6 months was 14% to
28%, and major cardiac event within 6 months was 18% to 36%
(Table 1). Thirty-day cardiac catheterization rates varied 2.3fold (35% to 80%), discharge statin prescribing rates varied
1.6-fold (57%–90%), and high-acuity ED triage rates varied
2-fold (43%– 88%) across hospitals. Hospital interventional
and medical management intensity were correlated (r ⫽ 0.66),
and hospitals generally remained in the same intensity tercile
over time.
www.lww-medicalcare.com |
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TABLE 1. Variations in Hospital Cardiac Management and
Outcome Rates Among 77 High-Volume Ontario Hospitals
During 2005–2006 (Last 2 yr of Study)*

Cardiac catheterization
rate–30 d
Discharge statin
rate–30 d
High-acuity ED triage
score, %†
Inhospital mortality, %†
Mortality–30 d, %†
Mortality–1 yr, %†
AMI readmissions/
death–6 mo, %†
Major cardiac events–6
mo, %†

Q5

Q25

Median

Q75

Q95

Ratio
Q95/Q5

35.0

52.9

61.5

66.0

80.3

2.3

56.6

65.1

73.2

78.5

89.7

1.6

43.0

61.3

71.1

80.6

87.7

2.0

DISCUSSION

6.3
7.2
13.2
13.8

8.9
10.0
17.0
17.4

10.9
11.5
20.3
19.8

13.0
13.8
23.8
23.8

15.5
16.9
28.9
27.5

2.5
2.3
2.2
2.0

18.2

21.8

25.8

29.4

35.6

2.0

We conducted a population-based cohort study of AMI
patients admitted to high-volume Ontario hospitals to assess
whether hospital cardiac management was associated with better
outcomes. There has been a dramatic increase in provision of
evidence-based care and declining rates of mortality and readmissions over this time period in Canada as in the United
States,15 demonstrating that hospital quality improvement efforts seem to be paying off. High performing hospitals tended to
provide more evidence-based medical therapies and more interventional therapies and had more appropriate initial ED assessment. Readmissions were extremely sensitive to care processes
and quality, having important implications for quality of life and
hospital resource use. This study has moved beyond volumeoutcome associations to link hospital cardiac management practice directly to outcomes.
Risk-adjusted variations in AMI outcomes across these
hospitals were high but similar to those in US hospitals.36
Although risk adjustment might be improved by using chart
data, previous work has shown high concordance between
Ontario hospital risk-adjusted mortality rates, using chart and
administrative data.21
Strengths of the study are that it was a large, population-based cohort study that evaluated the effects of hospital
cardiac management in usual practice. We are the first to
evaluate the association between hospital management and
readmissions, and are also the first to explore initial ED
assessment as a hospital marker of improved AMI outcomes.
Given the importance of rapid, and even prehospital, identification of AMI to administer evidence-based treatments in a
timely fashion, we showed that quality of initial ED assessment is an important and novel indicator of quality of care.
Uniform use of a single triage scale, CTAS, and a common
triage training program across all Ontario EDs offered a unique
opportunity to explore this marker at a population level.
The association of higher intensity medical and interventional therapies with better outcomes are consistent with
randomized trial evidence that statin therapy reduces reinfarct
and that cardiac revascularization improves angina and reduces cardiac admissions.1–3 The 3 hospital cardiac management intensity markers are indicators for better evidencebased care. They are also associated with availability of or
access to cardiac technology and more experienced specialists, both of which facilitate timelier use of PCI to eligible
patients in the acute AMI phase. These hospitals triaged
patients more appropriately in the ED, suggesting that AMI
was identified more rapidly and reperfusion therapies initiated
sooner.37 Patients received more comprehensive ambulatory
care which is associated with lower long-term mortality, higher

*These rates apply to 2005–2006 and are lower than the overall 2000 –2006 rates
used in the analysis, since rates decreased over time.
†
Outcome rates are risk-adjusted using hierarchical models incorporating comorbidities from the Ontario AMI mortality prediction model.

Although there were small differences in some risk
factors, mean predicted 30-day mortality, the summary measure of baseline AMI patient severity, was similar across
hospital management intensity groups (Table 2). High management intensity hospitals had higher AMI volumes and
were more likely to be teaching hospitals, have onsite CATH
labs and cardiac surgery capability, and assign a high-acuity
ED triage score. The attending physician was more likely to
be a cardiologist and see a high volume of AMI patients.
Patients admitted to high management intensity hospitals were more likely to receive evidence-based medications at discharge and interventional care (Table 3). Those
discharged alive were more likely to see a cardiologist
within 6 weeks and to have shared ambulatory care,
defined as having at least 1 office visit within 4 weeks of
discharge with a primary care physician and within 6
weeks with a cardiologist.
Adjusted mortality and readmissions were lower in high
intensity medical and interventional hospitals; however, interactive effects were found between the 2 cardiac management styles
(P ⬍ 0.001). There was a clear gradient in improved survival
and nonfatal outcomes in hospitals from lowest (upper left) to
highest (bottom right) combined intensity of management
style (Tables 4–7). Patients admitted to hospitals with the
highest versus lowest rates of combined medical and interventional management had lower rates of 30-day mortality
(aRR ⫽ 0.84; 95% CI, 0.78 – 0.91), 1-year mortality (aRR ⫽
0.86; 95% CI, 0.81– 0.91), AMI readmission or death
(aRR ⫽ 0.74; 95% CI, 0.69 – 0.78), and major cardiac events
(aRR ⫽ 0.65; 95% CI, 0.61– 0.68) (Tables 4 –7).
After risk adjustment, patients admitted to hospitals with
the highest rates of appropriate initial ED assessment (highacuity triage rate ⬎70%) had lower rates of 30-day mortality
(aRR ⫽ 0.93; 95% CI, 0.88 – 0.98) and 1-year mortality (aRR ⫽
0.96; 95% CI, 0.93–1.00). There was a trend to lower AMI
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readmissions or death (aRR ⫽ 0.97; 95% CI, 0.93–1.003) but no
effect on major cardiac events (Tables 4 –7).
For all markers, results changed negligibly when we
adjusted for attending physician volume (as it was correlated
with hospital volume) or for year of admission (as it was
unrelated to patient risk and therefore, not a confounder) or
when we included hospitals with at least 20 AMI admissions per
year.
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Median intensity
(interquartile
range)
Patient characteristics
Cohort members, N
AMI severity
(predicted 30-d
mortality)
Age ⱖ65
Female
High income
(quintile 4 or 5)
History of AMI in
last 10 yr
History of congestive
heart failure
History of diabetes
complications
History of chronic
renal failure
Hospital characteristics
High-volume
teaching hospital
(⬎200 AMI
patients)
Onsite CATH lab
Onsite CABG
capability
High-acuity ED
triage score
Attending physician
characteristics
High annual AMI
volume (⬎24
patients)
Cardiology

© 2010 Lippincott Williams & Wilkins
2279 (5.8%)

8308 (21.1%)

10,824 (27.5%)
6083 (15.4%)
20,309 (58.7%)

1118 (4.3%)

1935 (7.4%)

1298 (4.9%)
337 (1.3%)

11,589 (54.4%)

13,966 (35.4%)

1635 (4.1%)

948 (3.6%)

4673 (17.8%)

8458 (21.5%)

5595 (21.3%)

17,078 (43.3%)

3953 (10.0%)

3025 (11.5%)

9551 (36.4%)

24,934 (63.3%)
14,987 (38.0%)
13,429 (34.1%)

39,411
0.127 ⫾ 0.131

26,266
0.122 ⫾ 0.124

16,816 (64.0%)
9997 (38.1%)
8687 (33.1%)

43.9 (35.0–54.9)

Medium

CATH Intensity

25.0 (2.9–34.9)

Low

20,037 (61.8%)

16,191 (49.9%)

21,030 (69.2%)

19,230 (59.3%)
13,629 (42.0%)

10,045 (31.0%)

2029 (6.3%)

1404 (4.3%)

6096 (18.8%)

2590 (8.0%)

19,239 (59.3%)
11,688 (36.0%)
12,167 (37.5%)

32,438
0.119 ⫾ 0.129

62.5 (55.0–87.5)

High

7288 (28.3%)

10,787 (41.8%)

10,823 (57.0%)

5956 (23.1%)
3868 (15.0%)

2881 (11.2%)

1016 (3.9%)

839 (3.3%)

5360 (20.8%)

3124 (12.1%)

16,007 (62.1%)
9565 (37.1%)
9107 (35.3%)

25,783
0.119 ⫾ 0.124

36.1 (8.9–44.9)

Low

13,630 (34.7%)

17,360 (44.3%)

20,856 (58.9%)

11,247 (28.7%)
5560 (14.2%)

6176 (15.7%)

2127 (5.4%)

1652 (4.2%)

8260 (21.1%)

3847 (9.8%)

24,485 (62.4%)
14,803 (37.7%)
13,647 (34.8%)

39,225
0.123 ⫾ 0.128

55.6 (45.0–64.9)

Medium

Statin Intensity

17,758 (53.6%)

14,673 (44.3%)

21,249 (66.5%)

14,149 (42.7%)
10,621 (32.1%)

11,231 (33.9%)

2283 (6.9%)

1496 (4.5%)

6529 (19.7%)

2597 (7.8%)

20,497 (61.9%)
12,304 (37.2%)
11,529 (34.8%)

33,107
0.126 ⫾ 0.132

73.5 (65.0–90.6)

High

6838 (28.1%)

9838 (40.5%)

7654 (36.7%)

5182 (21.3%)
1010 (4.2%)

3060 (12.6%)

1244 (5.1%)

1086 (4.5%)

5273 (21.7%)

2658 (10.9%)

15,414 (63.4%)
9323 (38.4%)
7848 (32.3%)

24,304
0.125 ⫾ 0.129

14,065 (35.7%)

16,390 (41.6%)

21,024 (60.7%)

13,228 (33.6%)
10,055 (25.5%)

11,515 (29.2%)

2239 (5.7%)

1571 (4.0%)

8260 (21.0%)

3884 (9.9%)

24,692 (62.7%)
14,822 (37.6%)
13,341 (33.9%)

39,386
0.124 ⫾ 0.129

60.5 (56.3–64.9)

Medium

High

34,425
0.120 ⫾ 0.128

78.0 (73.5–84.4)

17,773 (51.6%)

16,592 (48.2%)

24,250 (78.8%)

12,942 (37.6%)
8984 (26.1%)

5713 (16.6%)

1943 (5.6%)

1330 (3.9%)

6616 (19.2%)

3026 (8.8%)

20,883 (60.7%)
12,527 (36.4%)
13,094 (38.0%)

High-Acuity ED Triage Rate

37.3 (30.7–43.4)

Low

TABLE 2. Select Baseline Characteristics of AMI Patients, According to Hospital Cardiac Catheterization (CATH) Intensity, Hospital Discharge Statin Intensity
and Rate, Hospital Discharge Statin Rate and High-Acuity ED Triage Rate
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Selected cardiac therapies
Cardiac catheterization within 30 d
6515 (24.8%)
CABG or PCI within 30 d
4039 (15.4%)
PCI (24 h)
306 (1.2%)
Discharge drug prescriptions within 30 d
(among patients ⱖ65 yr, alive
at discharge)
Patients ⱖ65 yr, alive at
14,100
discharge (N)
ACE inhibitors
8860 (62.8%)
Beta blockers
9212 (65.3%)
Statins
6062 (43.0%)
Outcomes
Death within 30 d
3305 (12.6%)
Death within 1 yr
5698 (21.7%)
AMI readmission or death (6 mo)
6236 (23.7%)
Major cardiac event (6 mo)
8662 (33.0%)
Postdischarge ambulatory care
(among patients alive at discharge)
Patients alive at discharge (N) patients
23,251
Office visit to GP/FP within 4 wk
15,560 (66.9%)
Office visit to cardiologist within
4272 (18.4%)
6 wk
Office visit to GP/FP and
2845 (12.2%)
cardiologist (shared care)

Low

High

High

17,291

3833 (11.6%)
6663 (20.1%)
6561 (19.8%)
8400 (25.4%)

Medium

High

20,804

17,712

3171 (13.0%)
4750 (12.1%)
5344 (22.0%)
8314 (21.1%)
5598 (23.0%)
8655 (22.0%)
7458 (30.7%) 11,364 (28.9%)

3837 (11.1%)
6687 (19.4%)
6860 (19.9%)
9290 (27.0%)

8178 (64.0%) 13,319 (64.0%) 11,241 (63.5%)
8510 (66.6%) 14,441 (69.4%) 12,418 (70.1%)
6396 (50.0%) 11,944 (57.4%) 10,609 (59.9%)

12,784

9151 (37.7%) 17,764 (45.1%) 17,823 (51.8%)
5593 (23.0%) 11,266 (28.6%) 11,775 (34.2%)
762 (3.1%)
4027 (10.2%)
5021 (14.6%)

Low

High-Acuity ED Triage Rate

6889 (19.8%)

6659 (22.8%)

3490 (15.3%)

6303 (18.1%)

6600 (22.4%)

3535 (16.5%)

6227 (17.8%)

6631 (21.5%)

34,816
29,189
22,856
34,879
29,521
21,385
35,003
30,868
23,558 (67.7%) 20,573 (70.5%) 15,551 (68.0%) 23,611 (67.7%) 20,529 (69.5%) 13,969 (65.3%) 23,904 (68.3%) 21,818 (70.7%)
9888 (28.4%)
8880 (30.4%)
4918 (21.5%)
9115 (26.1%)
9007 (30.5%)
5346 (25.0%)
8778 (25.1%)
8916 (28.9%)

3482 (10.7%)
6059 (18.7%)
6023 (18.6%)
7898 (24.3%)

3189 (12.4%)
4736 (12.1%)
5427 (21.0%)
8255 (21.0%)
5945 (23.1%)
8607 (21.9%)
8326 (32.3%) 11,386 (29.0%)

20,615

4971 (12.6%)
8588 (21.8%)
8854 (22.5%)
11,552 (29.3%)

13,394

8291 (61.9%) 12,992 (63.0%) 11,455 (66.2%)
8629 (64.4%) 14,017 (68.0%) 12,723 (73.6%)
4719 (35.2%) 11,411 (55.4%) 12,819 (74.1%)

16,375

Medium

8442 (32.7%) 17,214 (43.9%) 19,082 (57.6%)
5153 (20.0%) 10,757 (27.4%) 12,724 (38.4%)
1093 (4.2%)
2567 (6.5%)
6150 (18.6%)

Low

Statin Intensity

13,319 (64.0%) 10,559 (64.5%)
14,423 (69.3%) 11,734 (71.7%)
11,686 (56.1%) 11,201 (68.4%)

20,825

17,496 (44.4%) 20,727 (63.9%)
10,784 (27.4%) 13,811 (42.6%)
2406 (6.1%)
7098 (21.9%)

Medium

CATH Intensity

TABLE 3. Selected Therapies and Outcomes for AMI Cohort, According to Hospital Cardiac Catheterization Rate, Hospital Discharge Statin Catheterization
(CATH) Intensity, Hospital Discharge Statin Intensity and Rate and High-Acuity ED Triage Rate

Stukel et al
Medical Care • Volume 48, Number 2, February 2010

© 2010 Lippincott Williams & Wilkins

Medical Care • Volume 48, Number 2, February 2010

Hospital Cardiac Care Management and Outcomes

TABLE 4. Adjusted 30-d Relative Mortality Rate by Combined Hospital CATH and Statin Intensity and by
High-Acuity ED Triage Rate*
CATH Intensity

Statin intensity ⬍45%
Statin intensity 45–65%
Statin intensity ⬎65%

<35%

35–55%

>55%

High-Acuity ED
Triage Rate

1.00 (reference)
0.88 (0.80, 0.97)
0.84 (0.73, 0.98)

0.95 (0.85, 1.05)
0.93 (0.85, 1.02)
0.91 (0.81, 1.03)

0.81 (0.64, 1.02)
0.87 (0.78, 0.97)
0.84 (0.78, 0.91)

⬍50%
50–70%
⬎70%

1.00 (reference)
0.97 (0.92, 1.01)
0.93 (0.88, 0.98)

*The 3 hospital markers are jointly adjusted for all patient and hospital factors.

TABLE 5. Adjusted 1-yr Relative Mortality Rate, by Combined Hospital CATH and Statin Intensity and by
High-Acuity ED Triage Rate*
CATH Intensity

Statin intensity ⬍45%
Statin intensity 45–65%
Statin intensity ⬎65%

<35%

35–55%

>55%

High-Acuity ED
Triage Rate

1.00 (reference)
0.93 (0.88, 0.98)
0.87 (0.77, 0.98)

0.96 (0.89, 1.04)
0.95 (0.89, 1.02)
0.94 (0.88, 1.00)

0.85 (0.68, 1.06)
0.90 (0.83, 0.98)
0.86 (0.81, 0.91)

⬍50%
50–70%
⬎70%

1.00 (reference)
0.99 (0.96, 1.03)
0.96 (0.93, 1.00)

*The 3 hospital markers are jointly adjusted for all patient and hospital factors.

TABLE 6. Adjusted 6-mo Relative AMI Readmission Rate by Combined Hospital CATH and Statin Intensity
and by High-Acuity ED Triage Rate*
CATH Intensity

Statin intensity ⬍45%
Statin intensity 45–65%
Statin intensity ⬎65%

<35%

35–55%

>55%

High-Acuity ED
Triage Rate

1.00 (reference)
0.89 (0.85, 0.94)
0.82 (0.74, 0.90)

0.91 (0.84, 0.97)
0.88 (0.84, 0.93)
0.84 (0.79, 0.89)

0.81 (0.72, 0.91)
0.81 (0.75, 0.86)
0.74 (0.69, 0.78)

⬍50%
50–70%
⬎70%

1.00 (reference)
1.02 (0.98, 1.05)
0.97 (0.93, 1.003)

*The 3 hospital markers are jointly adjusted for all patient and hospital factors.

TABLE 7. Adjusted 6-mo Relative Major Cardiac Event Rate by Combined Hospital CATH and Statin Intensity
and by High-Acuity ED Triage Rate*
CATH Intensity

Statin intensity ⬍45%
Statin intensity 45–65%
Statin intensity ⬎65%

<35%

35–55%

>55%

High-Acuity ED
Triage Rate

1.00 (reference)
0.84 (0.81, 0.88)
0.75 (0.68, 0.83)

0.86 (0.81, 0.91)
0.80 (0.76, 0.84)
0.73 (0.69, 0.77)

0.74 (0.69, 0.79)
0.74 (0.69, 0.79)
0.65 (0.61, 0.68)

⬍50%
50–70%
⬎70%

1.00 (reference)
1.02 (0.99, 1.05)
1.00 (0.97, 1.03)

*The 3 hospital markers are jointly adjusted for all patient and hospital factors.

rates of rehabilitation, and higher compliance with medications.38,39 Thus, practice patterns within the “system of care”
consisting of the initial hospital of admission and the associated
network of inhospital and community physicians caring for these
patients, are important determinants of outcomes.
The association between hospital management style
and readmissions was striking. Readmissions appear to be
more sensitive than mortality to hospital quality and processes of care and to comprehensive ambulatory care. Given
the implications with respect to higher quality of life and
lower use of hospital resources, this has important clinical
and fiscal consequences. A recent study has highlighted the
high rate of potentially preventable readmissions and corre© 2010 Lippincott Williams & Wilkins

spondingly high costs to US Medicare patients, underscoring
the US National Quality Forum’s adoption of readmission as
a hospital performance measure.40
This study shows that better hospital management is
associated with improved patient outcomes, particularly readmissions. These findings could stimulate efforts to implement
system strategies to reduce excess mortality and avoidable readmissions. These include standardized admission and discharge
orders, care pathways, discharge planning, real-time audit and
data feedback, continuous quality improvement, and integration
of care across hospital and ambulatory sectors, which have been
shown to improve survival and quality of care.41– 44 In jurisdictions with lower supply of cardiac specialty services, access to
www.lww-medicalcare.com |
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rapid revascularization could be increased through implementation of or better use of regionalized cardiac networks, such as the
Ontario Cardiac Care Network, rather than through increasing
local cardiac catheterization laboratory supply. Timelier AMI
diagnosis for ambulance patients could be achieved through use
of prehospital ECGs.8 AMI diagnosis and management could be
improved by better training of ED triage nurses in use of the
common triage scale.
Several limitations should be considered. In observational
studies, comparisons of exposed and unexposed groups may be
biased due to unobserved selection bias.26 We attempted to
reduce potential unmeasured illness confounding by studying
incident AMI patients who are likely to have similar baseline
severity across hospitals, as shown in previous work.5 Lower
intensity hospitals did not appear to treat disproportionately
sicker patients, because mean baseline AMI severity was similar
across hospital management marker groups. Although admission severity would be determined with greater accuracy using
clinical detail from medical charts, previous work has shown
high concordance between risk-adjusted hospital outcomes, using chart and administrative data.21 We further attempted to
reduce uncontrolled confounding by studying only patients admitted to larger hospitals. Health administrative data do not have
sufficient information to determine severity, infarction type and
location of AMI, appropriateness of interventional and medical
therapies, presence and timing of reperfusion and primary PCI,
or processes of care such as smoking cessation counseling and
cardiac rehabilitation referral, to provide better insight into how
high performing hospitals achieved better outcomes.
Canadian hospitals do not collect data on core AMI
process measures so we could not refine our hospital cardiac
management markers to better reflect evidence-based care.
Canadian data distinguish between comorbidities present at
admission and complications, leading to improved admission
severity coding.45 Recent studies confirmed the validity and
reliability of Ontario administrative data, especially the MRD
field used to identify the cohorts.46 – 48
Because process measures explain a small proportion of
the variation in hospital mortality rates,49,50 provide a narrow
perspective on overall quality, and are not routinely collected or
reported in some jurisdictions, some have advocated using
outcomes as a more direct measure of performance, especially in
high-volume hospitals.11,23–25 In the face of unwarranted variations in mortality and readmissions across larger Ontario hospitals and given the potential for even greater improvement in
lower volume hospitals with typically poorer outcomes, there is
a need for better data on hospital process measures and for
public reporting on quality indicators and outcomes with a view
to hospital accountability for quality and costs.
Given the constraints of geography, patient preferences,
and resources, many AMI patients cannot be admitted to high
performing hospitals. In the face of huge variations in outcomes across hospitals, there is a need for better data on
hospital process measures and public accountability for outcomes and costs. A systems-minded approach to improving
care that focuses on the interface between ED, inhospital, and
ambulatory care would permit all hospitals to reduce resource
use and provide better outcomes.
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APPENDIX
TABLE A1. ICD-9/ICD-10-CA Diagnosis Codes and CCP/CCI Intervention Codes
Admission Diagnosis
Acute myocardial infarction
Congestive heart failure
Intervention
Cardiac catheterization
Percutaneous coronary intervention
Coronary artery bypass graft

ICD-9 Codes

ICD-10-CA Codes

410.00–410.92 (excluding 410.x2)
428.0, 428.1, 428.9

I21.0–I21.9
I50.0, I50.1, I50.9

CCP Codes

CCI Codes

489.2–489.8, 499.6, 499.7
48.02, 48.03, 48.09
48.1–48.19, 48.2

2.HZ.28, 3.IP.10, 3.IS.10
1.IJ.26, 1.IJ.50, 1.IJ.55, 1.IJ.57
1.IJ.76, 1.IJ.80

ICD indicates International Classification of Diseases; CCP, Canadian Classification of Procedures; CCI, Canadian
Classification of Interventions.
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