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Cardiovascular disease is responsible for substantial 
morbidity and mortality. Invasive cardiac interven-
tions, including percutaneous coronary intervention 

(PCI), increased rapidly in the United States and Canada 
between 1993 and 2001 for patients with acute myocardial 
infarction (AMI) but remained higher in the US than in 
Ontario.1–9 By 2003, evidence from trials showed the superior-
ity of PCI over fibrinolytic therapy for ST-segment elevation 
AMI (STEMI), with the greatest benefit occurring immedi-
ately after symptom onset.10,11 Further studies showed the ben-
efit of timely PCI for patients with non-STEMI, particularly 
patients at high risk.12–17 Studies showed the feasibility of trans-
ferring patients with STEMI for PCI.18–20 Rapid reperfusion 
became guideline-recommended care in both countries.10,21

Although the number of PCI laboratories in Ontario 
increased from 12 in 2003 to 16 in 2012 (CorHealth Ontario: 
personal communication, 2016) (1.2 per million residents), 
the number of PCI-capable sites remained higher in the US 
(7 per million residents by 2011).22

To see whether Ontario’s efforts to improve rapid PCI 
for AMI were associated with improved timeliness of care 

and whether this closed the gap with results from the US, we 
examined trends in timing of PCI for older patients with 
AMI, especially those with STEMI, using health administra-
tive data from the US and Ontario.

Methods

Setting
We examined invasive cardiac care provided to patients with 
incident AMI in the US and Ontario between 2003 and 2013. 
Health care is universally available to residents of Ontario 
(population aged ≥  65  yr 2  million in 201323) of all ages, 
whereas Medicare is a single-payer insurance system that is 
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Background: Previous work showed lower cardiac intervention rates for patients with acute myocardial infarction (AMI) in Ontario 
than in the United States. We assessed whether Ontario’s efforts to improve access to rapid percutaneous coronary intervention 
(PCI) for AMI were associated with improved timeliness of care and whether this closed the gap between the 2 jurisdictions.

Methods: In this retrospective cohort study, we followed adults aged 66–99 years in the US and Ontario for 30 days after admission 
for incident AMI between 2003 and 2013 using health administrative data from both countries. We calculated the proportion of 
patients who received cardiac catheterization, PCI and coronary artery bypass grafting on the day of and within 30 days of admission 
overall and according to AMI type (ST-segment elevation AMI [STEMI] v. non-STEMI) and risk group (low, medium or high predicted 
risk of 30-d mortality).

Results: We followed 414 216 patients in the US and 112 484 in Ontario. The large disparities in cardiac intervention rates observed in 
2003 mostly disappeared over time. By 2013, the proportion of patients who received same-day PCI was only slightly higher in the US 
than in Ontario (22.3% v. 19.2%), whereas the converse was true for 30-day PCI (44.0% v. 41.3%). In 2013, patients with STEMI in the 
US and Ontario received PCI at nearly identical rates on the day of admission (66.3% v. 63.8%); however, more patients at high risk 
with STEMI in the US than in Ontario received PCI, both on the day of admission (55.5% v. 44.7%) and by 30 days (60.5% v. 55.0%).

Interpretation: Despite differences in resources and organization of delivery systems, by 2013, timely receipt of PCI by Ontario 
patients with AMI lagged only slightly behind that by US patients. A higher supply of PCI centres in the US may have facilitated ear-
lier intervention among patients at high risk with STEMI.
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universally available to all residents of the US aged 65 years or 
more (44 million in 201324) and covers invasive cardiac proce-
dures. Medicare patients can choose to receive coverage via 
traditional Medicare, which reimburses providers on a fee-
for-service basis, or through a managed care plan or health 
maintenance organization. During this period, 72%–87% of 
Medicare enrollees representing most areas of the US had 
fee-for-service coverage.25

Study cohorts and design
Study patients were US and Ontario residents admitted to an 
acute care hospital with a first (index) admission for AMI 
between Jan. 1, 2003, and Dec. 31, 2013. To capture incident 
admissions, we excluded patients admitted for AMI during the 
previous year. We therefore restricted enrolment to adults 
aged 66−99 years, since US Medicare covers patients aged 
65 or more. We excluded those with a stay of less than 1 day. 
We included the first eligible admission and followed patients 
for 30 days after the index admission date.

For the US, the incident AMI was defined as the first inpa-
tient claim with primary International Classification of Diseases, 9th 
Revision diagnosis code 410 (except 410.x2, previous AMI) (posi-
tive predictive value 0.94).26 For Medicare beneficiaries who 
receive care under a managed care plan or health maintenance 
organization, the full claims history is not available. To assess 
comorbidities within the previous year, we excluded patients 
with less than 12 months of fee-for-service Medicare coverage 
before their index event. For patients who switched into health 
maintenance organization plans within 30 days of their index 
admission (0.25%), we noted the date of coverage change.

For Ontario, we defined the incident AMI as the first hos-
pital admission with most responsible International Statistical 
Classification of Diseases and Related Health Problems, 10th Revision 
(Canadian version) diagnosis code I21 between Apr. 1, 2003, 
and Dec. 31, 2013. This approach has been shown to have 
good performance in identifying AMI and AMI subtype (pos-
itive predictive value 0.87).27,28 To assess prior comorbidities, 
we excluded patients with less than 12  months of Ontario 
Health Insurance Plan eligibility before the index admission. 
We also excluded admissions where AMI was an in-hospital 
complication.

For both jurisdictions, we created an index episode of care 
beginning at initial admission and ending at final discharge, 
incorporating transfers. The index admission could not be a 
transfer. For the US, we identified transfers as a hospital 
admission whose date matched the discharge date of a previ-
ous hospital admission, or where the admission source indi-
cated a transfer. For Ontario, we used a 12-hour rule to dis-
tinguish transfers from readmissions: an admission that 
occurred less than 12 hours after a hospital discharge was con-
sidered a transfer.

Outcomes
The primary outcomes were invasive cardiac procedures, spe-
cifically, cardiac catheterization, PCI and coronary artery 
grafting on the day of admission, and 3 and 30 days after the 
index admission. Procedure codes are provided in Appendix 1, 

Supplemental Tables S1 and S2 (available at www.cmajopen.
ca/content/8/2/E437/suppl/DC1).

Covariates
We identified comorbidities from all hospital admissions dur-
ing the 12  months before and during the index admission. 
These included 10 cardiovascular risk factors and 11 comor-
bidities used in a validated model predicting AMI mortality 
risk.29 For the US, we aggregated diagnosis codes to create 
indicators for selected condition categories.30 For Ontario, we 
created comorbidity groups that closely matched these condi-
tion categories.

We determined rurality of patient residence as follows. For 
the US, we classified the ZIP code of residence as rural or 
urban based on the ZIP code Rural-Urban Commuting Areas 
geographic taxonomy.31 For Ontario, we measured rurality 
using the Rurality Index for Ontario, which accounts for pop-
ulation size and travel time, categorized as urban (score of 
0–9) or nonurban (score ≥ 10).32

Data sources
Medicare claims data have been validated in multiple settings 
and are often used as the gold standard for assessing other 
sources of health services data.33–35 We identified the US 
cohort using claims from a 20% random sample of fee-for-
service Medicare beneficiaries with information about inpa-
tient, outpatient and physician services. We used MedPAR 
and carrier claims to identify whether a patient received car-
diac catheterization, PCI or coronary artery grafting, and the 
date performed. We identified patient comorbidities from the 
first and second diagnosis codes of hospital admissions.

For Ontario, we linked patient records using unique 
anony mized, encrypted identifiers across multiple Ontario 
health administrative databases containing information on all 
publicly insured, medically necessary hospital and physician 
services. These include the Discharge Abstract Database (hos-
pital admissions, procedures and transfers; includes the most 
responsible diagnosis for length of stay, secondary diagnosis 
codes, comorbidities present on admission and complications 
during the hospital stay), the National Ambulatory Care 
Reporting System (same-day surgical procedures), the 
Ontario Health Insurance Plan (physician billings; includes 
diagnosis codes and procedures) and the Registered Persons 
Database (patient demographic information and deaths). We 
identified comorbidities using secondary Discharge Abstract 
Database diagnosis fields, excluding complications during the 
index hospital stay. We determined cardiac procedure dates 
from the Discharge Abstract Database and the National 
Ambulatory Care Reporting System, supplementing with 
Ontario Health Insurance Plan billing dates when necessary. 
Except for AMI subtype, which was not coded in Ontario 
health administrative data before 2007, no covariates had 
missing values.

Statistical analysis
For both cohorts, we developed a baseline patient severity 
score using logistic regression to predict 30-day mortality, 
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incorporating all baseline patient characteristics and comor-
bidities (c = 0.73 and 0.80 for the US and Ontario, respec-
tively). We used mean predicted mortality as a summary mea-
sure of baseline patient severity because it incorporated all 
measured patient risk factors and has been used in other stud-
ies.36 The 30-day predicted risk score was categorized as low 
(< 10%), medium (10%–20%) or high (> 20%).

We calculated the proportion of patients who received 
each procedure using Kaplan–Meier estimates, separately by 
jurisdiction. As we could not track the full claims history of 
US Medicare patients on managed care plans, we censored for 
health maintenance organization entry (US cohorts) and 
death.

We compared proportions of procedures to patients within 
subtypes of AMI (STEMI v. non-STEMI) and within pre-
dicted risk groups. Because Ontario did not code type of AMI 
until 2007, these analyses focused on the later years. In sec-
ondary analyses, we compared proportions across patients at 
high risk according to AMI type and among patients with 
STEMI residing in urban versus rural settings to assess the 
potential role that access to PCI facilities may play. Our sam-
ple was so large that absolute differences of less than 0.5% in 
the smallest subgroup were statistically significant at the 0.1% 
level. We have therefore not reported p values and comment 
on clinically important differences.

Sensitivity analyses
In sensitivity analyses, we re-estimated the proportions in sev-
eral ways. We estimated uncensored proportions to examine 
sensitivity to censoring. Owing to concerns that different dis-
tributions of predicted risk between the 2 jurisdictions might 
bias our estimates, we reweighted the Ontario cohort to 
closely resemble the US cohort using a nonparametric 
approach. We determined the risk scores at each Ontario per-
centile and used the proportion of US patients falling within 
each risk score interval to reweight the Ontario percentiles;37 
proportions were re-estimated with these new weights. 
Finally, owing to potential bias from competing risk of death, 
we recomputed all proportions using cumulative incidence 
competing risk estimates.38

Ethics approval
The Ontario component of the study was approved by the 
Research Ethics Board of Sunnybrook Health Sciences Cen-
tre. The US component was approved by the Institutional 
Review Board of the National Bureau of Economic Research, 
Cambridge, Mass.

Results

In the US, of 455 816 potential index admissions, 34 914 were 
excluded because they were transfers, and 6686 because the 
length of stay was less than 1  day. In Ontario, of 
131 516 potential index admissions, 15 765 and 3267, respec-
tively, were excluded for these reasons. During 2003–2013, 
there were 414 216 patients with incident AMI in the US and 
112 484 in Ontario who met our inclusion criteria. The 

cohorts had similar age distributions, mean baseline severity 
(predicted 30-day mortality risk 13.57% for the US and 
13.75% for Ontario) and proportions of patients at high risk 
(Table 1). Nearly one-quarter of patients had STEMI. 
Comorbidity prevalence values were generally similar 
between the 2 jurisdictions (Table 2).

Table 1: Characteristics of patients with acute myocardial 
infarction who received cardiac catheterization, 
percutaneous coronary intervention or coronary artery 
bypass grafting between 2003 and 2013 in Ontario and the 
United States

Characteristic

No. (%) of patients*

Ontario
n = 112 484

United States
n = 414 216

Male sex 60 921 (54.2) 207 968 (50.2)

Age category, yr

    66–70 20 223 (18.0) 75 202 (18.2)

    71–75 21 584 (19.2) 79 364 (19.2)

    76–80 23 725 (21.1) 83 816 (20.2)

    81–85 23 306 (20.7) 81 194 (19.6)

    86–90 15 757 (14.0) 60 094 (14.5)

    91–99 7889 (7.0) 34 546 (8.3)

Predicted risk of 30-day mortality, %

    Mean ± SD 13.75 ± 15.04 13.57 ± 10.32

    Risk group

        Low (< 10%) 64 374 (57.2) 191 419 (46.2)

        Medium (10%–20%) 26 930 (23.9) 141 434 (34.1)

        High (> 20%) 21 180 (18.8) 81 363 (19.6)

Year of index event

    2003† 8771 (7.8) 48 007 (11.6)

    2004 11 511 (10.2) 45 845 (11.1)

    2005 11 111 (9.9) 43 166 (10.4)

    2006 10 182 (9.1) 39 844 (9.6)

    2007 10 181 (9.1) 37 622 (9.1)

    2008 10 689 (9.5) 36 241 (8.8)

    2009 9738 (8.7) 33 577 (8.1)

    2010 10 108 (9.0) 33 651 (8.1)

    2011 9877 (8.8) 33 021 (8.0)

    2012 10 087 (9.0) 32 554 (7.9)

    2013 10 229 (9.1) 30 688 (7.4)

AMI type‡

    STEMI 16 388 (23.9) 100 802 (24.3)

    Non-STEMI 50 667 (74.0) 313 414 (75.7)

    Missing 1456 (2.1) 0 (0.0)

Note: AMI = acute myocardial infarction, SD = standard deviation, STEMI = 
ST-segment elevation acute myocardial infarction.
*Except where noted otherwise.
†Nine months in Ontario.
‡After 2007 for Ontario (n = 68 511).
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The large differences in proportions of patients between 
jurisdictions for all procedures in 2003 diminished over time 
(Figure 1). By 2013, the proportion of patients who received 
same-day PCI was only slightly higher in the US than in 
Ontario (22.3% v. 19.2%), whereas the converse was true for 
30-day PCI (44.0% v. 41.3%). The rates of 3-day PCI are 
reported in Appendix 1, Supplemental Table S3. Cardiac 
catheterization rates mirrored those of PCI. The gap between 
jurisdictions in 30-day coronary artery grafting rates had 
decreased by 2013 (9.3% in the US and 7.8% in Ontario).

Figure 2 shows PCI rates by AMI type. Although there 
were substantial differences between the US and Ontario 
among patients with STEMI in 2007, these had largely disap-
peared by 2013, when same-day and 30-day proportions were 
almost identical in the US and Ontario (66.3% v. 63.8%, and 

73.2% v. 76.6%, respectively). In 2013, the US had higher 
same-day PCI rates than Ontario among patients with non-
STEMI (11.3% v. 3.9%), but the 30-day rates were almost 
identical (33.3% v. 32.8%). Three-day rates are reported in 
Appendix 1, Supplemental Table S4.

We examined relative changes in PCI rates among sub-
groups of patients by predicted risk (Figure 3). There were 
large differences between jurisdictions for all risk groups in 
2003. By 2013, the differences had narrowed substantially, 
although US rates remained higher. Among patients at high 
risk, the same-day PCI rates were 17.6% in the US and 
14.9% in Ontario, and the corresponding 30-day rates were 
27.7% and 24.4%. Among patients at low risk, PCI rates were 
almost identical in the 2 jurisdictions by 2013.

In secondary analyses, we examined differences among 
patients at high risk by AMI subtype (Figure 4). Both patients 
with STEMI and those with non-STEMI received PCI earlier 
and more frequently in the US than in Ontario, although the 
rates increased over time in both jurisdictions and the gap had 
narrowed considerably by 2013. In 2013, the same-day PCI 
rates among patients with STEMI in the US and Ontario were 
55.5% and 44.7%, respectively, and the corresponding 30-day 
rates were 60.5% and 55.0%. Patients with non-STEMI 
received PCI earlier and more frequently in the US than in 
Ontario, with same-day rates in 2013 of 4.9% and 1.5%, respec-
tively, and 30-day rates of 17.5% and 10.4%, respectively.

Finally, we examined PCI rates among patients with 
STEMI according to urban versus rural residence (Figure 5). 
Across the study period, PCI rates were higher among urban-
dwelling patients in Ontario than among those in the US. 
However, higher proportions of rural-dwelling patients in the 
US than in Ontario received PCI, especially on the day of 
admission.

In sensitivity analyses, alternative estimation approaches 
revealed negligible differences. Unadjusted and adjusted 
Kaplan–Meier rates were nearly identical. Reweighting the 
Ontario patient population to have a predicted mortality dis-
tribution similar to that of the US made little difference to 
our findings. Incorporating competing mortality risks had no 
effect on same-day PCI rates but decreased the rates at 
30 days in both the US and Ontario by about 1% overall and 
by 1.5% among patients at high risk.

Interpretation

Among older patients with AMI, PCI rates were substantially 
higher in the US than in Ontario in 2003, but the gap had 
largely closed by 2013, especially for patients with STEMI. 
Same-day PCI rates increased substantially in both jurisdic-
tions over the study period, likely owing to increased capacity 
and a greater emphasis on early PCI for patients with STEMI. 
This suggests that Ontario’s policy of increasing PCI capability 
and staffing, together with its hub-and-spoke model of invasive 
cardiac care — in which patients with AMI are transported to 
PCI facilities for same-day procedures and transferred back to 
their primary hospital as soon as feasible — resulted in timelier 
access to PCI for patients with STEMI. Among patients with 

Table 2: Prevalence of comorbidities

Comorbidity*

No. (%) of patients

Ontario United States

History of percutaneous 
coronary intervention

944 (0.8) 8380 (2.0)

History of coronary artery 
bypass grafting

301 (0.3) 1706 (0.4)

Heart failure (congestive 
heart failure)

28 993 (25.8) 111 053 (26.8)

Unstable angina 4444 (4.0) 12 112 (2.9)

Atherosclerosis or other 
ischemic heart disease

30 064 (26.7) 81 293 (19.6)

Shock or cardiorespiratory 
failure

8215 (7.3) 37 850 (9.1)

Valvular heart disease 2248 (2.0) 14 038 (3.4)

Hypertension 8729 (7.8) 24 822 (6.0)

Cerebrovascular disease 2980 (2.6) 11 684 (2.8)

Renal disease 12 216 (10.9) 45 262 (10.9)

Chronic obstructive 
pulmonary disease or 
bronchitis

7274 (6.5) 30 767 (7.4)

Pneumonia 10 501 (9.3) 38 972 (9.4)

Diabetes 7415 (6.6) 19 437 (4.7)

Protein calorie malnutrition 739 (0.7) 2501 (0.6)

Dementia 2120 (1.9) 5354 (1.3)

Hemiplegia, paraplegia, 
paralysis, function disability

1317 (1.2) 4397 (1.1)

Peripheral vascular disease 2772 (2.5) 12 070 (2.9)

Metastatic cancer 1237 (1.1) 4959 (1.2)

Trauma 3461 (3.1) 12 078 (2.9)

Major psychiatric disorder 1158 (1.0) 2299 (0.6)

Acute or chronic liver disease 520 (0.5) 638 (0.2)

*Includes conditions identified from claims associated with the index admission 
and admissions in the previous year except for history of percutaneous coronary 
intervention and history of coronary artery bypass grafting, for which only claims 
before the index admission were used.
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non-STEMI, PCI rates were substantially higher in the US 
than in Ontario, one of the differences remaining between the 
2 jurisdictions in 2013.

Numerous factors may cause PCI rates to be lower than 
desired. Sicker patients may require care in a cardiac intensive 
care unit rather than a short-stay unit, and demand for 
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Figure 1: Rates of cardiac catheterization (A), percutaneous coronary intervention (B) and coronary artery bypass grafting (C) on day of 
admission for acute myocardial infarction (AMI) and 30 days after AMI. Numbers represent Kaplan–Meier estimates, censoring for death 
or entry into a managed care Medicare plan (US patients only).
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intensive care beds may increase delays in care. In Ontario, 
because some patients required same-day transportation to a 
PCI facility, the condition of sicker patients may have been 
deemed too unstable for transfer. Higher PCI rates among 
US patients with non-STEMI at high risk likely reflect the 
greater supply of PCI-capable facilities. Lower PCI rates 
among rural Ontario patients likely reflect the fact that rural 
regions are extremely remote, often necessitating helicopter 
transport of patients to the nearest PCI facility.

Earlier studies showed differences in PCI rates between 
the US and Canada similar to those found in the present 

study but did not explore differences by timing of PCI, type of 
AMI or risk level. Analysis of cardiac procedures over 1992–
2001 in the US and Ontario showed that rates for older 
Ontario patients with AMI lagged behind US rates by 
10 years.4–6 Ko and colleagues8 analyzed cardiac procedures in 
Ontario and New York State over 1997–2006 and found that 
the gap in same-day PCI rates among patients with AMI 
between the 2 jurisdictions narrowed over time but still exhib-
ited a twofold relative difference in 2004–2006.

Cardiac practice has changed substantially since 2013. 
Centres that perform PCI send most patients with STEMI 
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Figure 2: Percutaneous coronary intervention rates on day of admission for acute myocardial infarction (AMI) and 30 days after AMI for 
patients with ST-segment elevation AMI (STEMI) (A) and non-STEMI (B). Numbers represent Kaplan–Meier estimates, censoring for 
death or entry into a managed care Medicare plan (US patients only).
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Figure 3: Percutaneous coronary intervention rates on day of admission for acute myocardial infarction (AMI) and 30 days after AMI, 
by risk category. Risk groups were determined based on predicted 30-day mortality as low (< 10%) (A), medium (10%–20%) (B) or 
high (> 20%) (C). Numbers represent Kaplan–Meier estimates, censoring for death or entry into a managed care Medicare plan (US 
patients only).
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directly to the catheterization laboratory because of the 
streamlined approach of obtaining an electrocardiographic 
diagnosis in the ambulance, and coordination among emer-
gency medical services personnel, the emergency department 
and the cardiac catheterization laboratory. However, one-
quarter of Canadians do not live within 1  hour of a PCI-
capable centre39 and often need to be transferred from a non–
PCI-capable hospital, which delays care. Transport to hospital 
by emergency medical services and prehospital electrocardi-
ography are associated with shorter transfer times.39

Future research should focus on monitoring primary PCI 
rates both for patients with STEMI, as the cardiac landscape 

has changed since 2013, and for those with non-STEMI, 
given that practice guidelines recommend an invasive strategy 
within 24–72 hours.12–17 In addition, transfer times from non–
PCI-capable to PCI-capable hospitals should be monitored to 
assess whether patients with AMI are receiving timelier care.

Limitations
Data use restrictions in both jurisdictions prohibited export-
ing individual-level data, so we were unable to pool the data 
into a single analytic data set. As in all studies using adminis-
trative claims, data on patients’ clinical presentation were lim-
ited to recorded diagnoses. Lack of full clinical data and 
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Figure 4: Percutaneous coronary intervention rates on day of admission for acute myocardial infarction (AMI) and 30 days after AMI 
among patients at high risk with ST-segment elevation AMI (STEMI) (A) or non-STEMI (B). Numbers represent Kaplan–Meier estimates, 
censoring for death or entry into a managed care Medicare plan (US patients only).
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inability to combine data sets precluded us from directly com-
paring other important outcomes such as mortality. Compari-
sons of mortality would have required fine adjustment for 
confounding for unobserved factors such as disease severity, 
smoking status and clinician judgment regarding who might 
benefit. Lack of clinical data also prevented us from exploring 
the appropriateness of care.

In Canada, our study was limited to Ontario, so the find-
ings may not be generalizable to other Canadian provinces; 
however, given Ontario’s size and diversity, and the similar 

regulation of invasive cardiac resources across the country, the 
findings likely reflect trends in the rest of the country. Since 
US Medicare covers only patients aged 65 years or more, the 
findings apply only to older patients; in addition, they apply 
only to patients enrolled in fee-for-service Medicare at the 
index hospital admission. Owing to data use restrictions, we 
were limited to following US patients through 2013, which 
precluded more recent follow-up.

Finally, although patients in both Ontario and the US had 
health insurance and access to treatment, some of the 
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Figure 5: Percutaneous coronary intervention rates on day of admission for acute myocardial infarction (AMI) and 30 days after AMI for 
urban (A) and rural (B) residents with ST-segment elevation AMI. Numbers represent Kaplan–Meier estimates, censoring for death or 
entry into a managed care Medicare plan (US patients only).
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differences between the 2 jurisdictions may have been due to 
sex or socioeconomic disparities, or to unmeasured risk fac-
tors across jurisdictions, even among fully insured patients.

Conclusion
Substantial disparities in 2003 in cardiac intervention rates for 
AMI, especially STEMI, between the US and Ontario largely 
disappeared by 2013 despite differences in resources and 
organization of delivery systems. Higher supply of PCI-
capable centres in the US may have facilitated earlier and 
more interventions, especially among patients whose condi-
tion made prompt transfer for treatment difficult.
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