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IMPORTANCE Prior studies have shown that physicians in New York State (New York) perform
twice as many cardiac catheterizations per capita as those in Ontario for stable patients.
However, the role of patient selection in these findings and their implications for detection of
obstructive coronary artery disease (CAD) are largely unknown.

OBJECTIVE To evaluate the extent of obstructive CAD and to compare the probability of
detecting obstructive CAD for patients undergoing cardiac catheterization.

DESIGN, SETTING, AND PATIENTS An observational study was conducted involving patients
without a history of cardiac disease who underwent elective cardiac catheterization between
October 1, 2008, and September 30, 2011. Obstructive CAD was defined as diameter stenosis
of 50% or more in the left main coronary artery or stenosis of 70% or more in a major
epicardial vessel.

MAIN OUTCOMES AND MEASURES Observed rates and predicted probabilities of obstructive
CAD. Predicted probabilities were estimated using logistic regression models.

RESULTS A total of 18 114 patients from New York and 54 933 from Ontario were included.
The observed rate of obstructive CAD was significantly lower in New York at 30.4% (95% CI,
29.7%-31.0%) than in Ontario at 44.8% (95% CI, 44.4%-45.3%; P < .001). The percentage of
patients with left main or 3-vessel CAD was also significantly lower in New York than in
Ontario (7.0% [95% CI, 6.6%-7.3%] vs 13.0% [95% CI, 12.8%-13.3%]; P < .001). In New York,
a substantially higher percentage of patients with low predicted probability of obstructive
CAD underwent cardiac catheterization; for example, only 19.3% (95% CI, 18.7%-19.9%) of
patients undergoing cardiac catheterization in New York had a greater than 50% predicted
probability of having obstructive CAD than those in Ontario at 41% (95% CI, 40.6%-41.4%;
P < .001). At 30 days, crude mortality for patients undergoing cardiac catheterization was
slightly higher in New York at 0.65% (90 of 13 824; 95% CI, 0.51%-0.78%) than in Ontario at
0.38% (153 of 40 794; 95% CI, 0.32%-0.43%; P < .001).

CONCLUSIONS AND RELEVANCE In Ontario compared with New York State, patients
undergoing elective cardiac catheterization were significantly more likely to have obstructive
CAD. This appears to be related to a higher percentage of patients in New York with low
predicted probability of CAD undergoing cardiac catheterization.
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T he continuing increase in health care expenditures is
threatening the sustainability of the health care sys-
tem and the economy of many developed countries.1-3

Debates among the public, physicians, funders, and policy mak-
ers have concentrated on how to provide better quality of care
at a lower cost.4 In the United States, a study found that only
1 in 3 patients who received elective cardiac catheterization had
obstructive coronary artery disease (CAD), which raises con-
cerns about the necessity of cardiac procedures for many pa-
tients with stable CAD.5 According to these findings, one might
reasonably conclude that a more selective use of cardiac cath-
eterization should be implemented to reduce its associated cost
and to improve its diagnostic efficiency. Conversely, other stud-
ies have suggested that a restrictive approach is not more ef-
ficient in identifying severe CAD and could actually lead to an
underdiagnosis of patients who may benefit from coronary
revascularization.6,7

Previous cross-country comparison studies between the
United States and Canada have highlighted large differences in
the utilization of cardiac procedures because of different meth-
ods of incentivizing health care.8-10 Our group has previously
shownthatcliniciansinNewYorkState(NewYork)performtwice
as many cardiac catheterizations per capita as are performed in
Ontario, which could be explained by a difference in the burden
of CAD or by a difference in the patient selection process for
procedures.11 Giventheincreasingfocusonhowbesttousescarce
health care resources, it is important to understand the reasons
underlying the different utilization patterns and their associated
implications. Accordingly, the first objective of the present study
was to evaluate the extent of obstructive CAD in these jurisdic-
tions. The second objective was to evaluate whether there were
different thresholds for selecting patients for cardiac catheter-
ization by comparing the predicted probabilities of obstructive
CAD in New York and Ontario.

Methods
Data Sources
The New York Cardiac Diagnostic Catheterization Database
The New York Cardiac Catheterization Database was used to
evaluate patients undergoing cardiac catheterization.12 As pre-
viously described, it is a voluntary data system maintained by
the state’s Department of Health. The database collects infor-
mation on demographics, medical comorbidities, cardiac con-
ditions, ischemic testing, and coronary anatomy among 18 par-
ticipating hospitals with cardiac catheterization facilities. The
database was then linked to the Percutaneous Coronary In-
tervention (PCI) Reporting System and the Cardiac Surgery Re-
porting System to determine rates of coronary revasculariza-
tions after index cardiac catheterization.13 The Social Security
Administration Death Master File was used to identify deaths.13

This study was approved by the Sunnybrook Health Sci-
ences Centre research ethics board.

The Cardiac Care Network of Ontario Cardiac Registry
The Cardiac Care Network of Ontario maintains an ongoing pro-
spective clinical registry of all patients undergoing cardiac cath-

eterizations, as well as other invasive cardiac procedures in the
province. It has been demonstrated to be a valuable source of
information in clinically oriented research and has been used
extensively.14 Both the New York and Ontario databases are
clinical data sets that contain similar data elements with stan-
dardized data definitions that are suitable for comparison. We
used the Canadian Institutes for Health Information Data-
base to capture coronary revascularization rates and the Reg-
istered Persons Database to capture deaths after cardiac cath-
eterization in Ontario.14

Study Cohort
All adult patients in Ontario older than 20 years without a his-
tory of cardiac disease and who underwent cardiac catheter-
ization between October 1, 2008, and September 30, 2011, for
stable CAD were eligible for inclusion. In New York, the study
sample was drawn from 18 of 82 cardiac catheterization hospi-
tals that participated in the Cardiac Catheterization Database.
We identified patients without a history of cardiac disease un-
dergoing elective cardiac catheterization in a sequential man-
ner as proposed by Patel and colleagues5 (Figure). For patients
who had multiple cardiac catheterizations during the study pe-
riod only the first cardiac catheterization was considered.

Definitions of Obstructive CAD
We defined obstructive CAD as stenosis of 50% or more of the
left main coronary artery or stenosis of 70% or more of a ma-
jor epicardial or branch vessel. The presence of 3-vessel CAD
was defined by stenosis of 70% or more in the left anterior de-
scending coronary artery, left circumflex coronary artery, and
right coronary artery.

Statistical Analysis
We compared demographic characteristics, clinical character-
istics, the extent of obstructive CAD, and revascularization and
mortality rates among patients who underwent elective car-
diac catheterization using χ2 tests for categorical variables and
t tests for continuous variables. Due to privacy restrictions that
limited the transfer of data out of each jurisdiction, statistical
calculations were performed without merging the data sets.

To understand potential differences in how patients were
selected for cardiac catheterization between New York and On-
tario, we first constructed logistic regression models in On-
tario to predict the presence of obstructive CAD. Selection of
predictor variables was based on clinical knowledge and prior
literature.5,15 Variables included in our model were age, sex,
cardiac risk factors (diabetes, hyperlipidemia, smoking sta-
tus, hypertension), comorbidities (peripheral vascular dis-
ease, cerebrovascular disease, heart failure, dialysis), Cana-
dian Cardiovascular Society (CCS) angina classification, and
high-risk ischemia evaluation on noninvasive imaging.

Discrimination ability of the models was determined using
the area under the receiver operating characteristics curve (C
statistic). No variable in the prediction model had an associ-
ated variance inflation factor greater than 5, suggesting no mul-
ticollinearity. After model estimation, predicted rates of ob-
structive CAD for each patient in New York and Ontario were
calculated using the coefficient estimates obtained in the On-
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tario cohort. This method is analogous to direct standardiza-
tion, which allowed us to estimate the expected probability of
a given patient having obstructive CAD if that patient had re-
sided and managed in Ontario.8,9,16 The predicted probability
of obstructive CAD of each patient in each jurisdiction was then
aggregated at the hospital level or the regional level to allow
comparison between New York and Ontario. Therefore, an in-
dividual patient was the unit of analysis, and results were then
aggregated to calculate average predicted probability of ob-
structive CAD. We examined the calibration of the predicted
probabilities using graphical calibration plots as previously
described.17,18 To do so, we graphically compared predicted vs
observed probabilities of the presence of obstructive CAD
across the deciles of risk.

SAS version 9.2 (SAS Institute Inc) was used for statistical
analyses. A 2-sided P value of .05 or less was considered sta-
tistically significant in the comparison of outcomes.

Results
Study Cohort
The creation of the study cohort is shown in the Figure. We
included 61 756 patients in New York and 160 563 patients in
Ontario who underwent cardiac catheterization between Oc-
tober 1, 2008, and September 30, 2011. We excluded 3854 pa-
tients in New York and 8636 in Ontario with prior valvular dis-
ease, 6462 patients in New York and 13 208 in Ontario with prior
myocardial infarction, 18 117 patients in New York and 32 285
in Ontario with previous coronary revascularizations (PCI and
CABG surgery), and 6102 patients in New York and 35 067 in
Ontario with urgent or emergent indications (cardiogenic shock
and myocardial infarction) for cardiac catheterization. Our fi-
nal cohort included 18 114 patients in New York and 54 933 pa-
tients in Ontario, representing 29.3% and 34.2% of the origi-
nal cohort.

Obstructive CAD
The Figure also details rates of obstructive CAD. Prior to ap-
plying any exclusion criteria, obstructive CAD was detected by
cardiac catheterization in 50.6% (95% CI, 50.2%-51.0%) of pa-
tients in New York and 61.8% (95% CI, 61.6%-62.1%) of pa-
tients in Ontario (P < .001). After applying sequential exclu-
sions to identify patients with elective procedures without prior
heart disease, the rate of obstructive CAD was still lower in New
York (30.4%; 95% CI, 29.7%-31.0%) than in Ontario (44.8%; 95%
CI, 44.4%-45.3%; P < .001).

Clinical and Anatomic Characteristics of Patients
Differences in demographics and clinical characteristics were
observed among patients undergoing cardiac catheterization
(Table 1). Patients in New York were significantly younger
(mean, 61.2 [SD, 12.4] years vs 63.7 [11.4] years) and more likely
to be women (45.3% vs 39.0%) than those in Ontario. A higher
proportion of asymptomatic patients without typical angina
as categorized by the Canadian Cardiovascular Society class
0 was noted in New York (57.7% vs 29.3% in Ontario). Nonin-
vasive ischemic testing prior to cardiac catheterization was per-

formed more often in Ontario than in New York (75.1% vs 63.2%;
P < .001). Among patients who underwent noninvasive test-
ing, the proportion of patients with high-risk findings on is-
chemic evaluation was substantially lower in New York (4.7%)
than in Ontario (50.9%; P < .001). Hospital characteristics of
patients who underwent cardiac catheterization differed sig-
nificantly between New York and Ontario with 56.9% vs 73.2%
of patients who received cardiac catheterization at full-
service hospitals with capability to perform PCI and coronary
artery bypass graft surgery (CABG) (Table 1).

The anatomic results of the cardiac catheterizations are
shown in Table 2. In New York, 2.5% (95% CI, 2.3%-2.8%) of
patients who underwent cardiac catheterization were found
to have left main stenosis, 5.2% (95% CI, 4.9%-5.5%) had 3-ves-
sel CAD, and 7.0% (95% CI, 6.6%-7.3%) had left main or 3-ves-
sel disease. In Ontario, patients were significantly more likely

Figure. Study Flow Diagram

222 319 Patients underwent first cardiac
catheterization from October 2008
to September 2011

61 756 New York

160 563 Ontario
31 249 Obstructive CAD

99 228 Obstructive CAD

156 131 Patients considered
37 630 New York

118 501 Ontario
16 331 Obstructive CAD

68 849 Obstructive CAD

114 962 Patients considered
31 528 New York

83 434 Ontario
11 098 Obstructive CAD

38 797 Obstructive CAD

73 047 Final cohort
18 114 New York

54 933 Ontario
5507 Obstructive CAD

24 637 Obstructive CAD

66 188 Excluded
19 670 Prior MI (6462, New York;

13 208, Ontario)
19 354 Prior CABG surgery (5490,

New York; 13 864, Ontario)
31 048 Prior PCI (12 627, New York;

18 421, Ontario)
12 490 Prior valve disease or

surgery (3854, New York;
8636, Ontario)

41 915 Excluded for unstable angina or
unknown Canadian Cardiovascular
Society angina class (13 414,
New York; 28 501, Ontario)

41 169 Excluded
1571 Cardiogenic shock

(189, New York; 1382, Ontario)
40 690 Recent MI (6066, New York;

34 624, Ontario)

The flow diagram details the creation of the study cohort and the corresponding
rates of obstructive CAD rates in New York and Ontario. Patients may have met
more than 1 exclusion criterion. CABG indicates coronary artery bypass graft;
MI, myocardial infarction.
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to have severe CAD; 5.0% (95% CI, 4.9%-5.2%) had left main
stenosis, 9.8% (95% CI, 9.6%-10.1%) had 3-vessel coronary ar-
tery stenosis, and 13.0% (95% CI, 12.8%-13.3%) had left main
or 3-vessel disease (all P < .001).

Predicted Probability of Obstructive CAD
Factors predicting the presence of obstructive CAD were found
to have similar coefficient estimates, suggesting that they are
of similar importance in both jurisdictions (eTable 1 in Supple-
ment). The Ontario regression model had a C statistic of 0.74
to predict the presence of obstructive CAD. We then assessed
its performance using New York data as a validation or test
sample. When the coefficient estimates obtained from the On-
tario data were applied to the New York data, the C statistic was
0.70, suggesting generalizability of the model. We also exam-
ined the calibration of the predicted probabilities by compar-
ing predicted vs observed probabilities of the presence of ob-
structive CAD across the deciles of risk, which demonstrated
strong concordance between observed and predicted rates in
the calibration plot (eFigure 1 in Supplement).

Table 3 depicts the proportion of patients undergoing cardiac
catheterization stratified by predicted probability of obstructive

coronary disease based on the model fitted to the Ontario cohort.
The results presented in Table 3 demonstrated that patients who
received cardiac catheterization in New York had a significantly
lower predicted probability of obstructive CAD than those in On-
tario.Overall,only19.3%(95%CI,18.7%-19.9%)ofpatientsinNew
Yorkwerepredictedtohaveagreaterthan50%probabilityofhav-
ingobstructiveCADcomparedwith41.0%(95%CI,40.6%-41.4%)
in Ontario. At the lowest-risk category, when the predicted prob-
abilityofobstructiveCADwaslessthan15%,theproportionofpa-
tientsinthiscategorywas15.1%(95%CI,14.6%-15.6%)inNewYork
and 6.9% (95% CI, 6.7%-7.1%) in Ontario. At the highest-risk spec-
trum, when the predicted probability of obstructive CAD was
greater than 75%, the proportion of patients was 1.4% (95% CI,
1.2%-1.6%) in New York vs 7.9% (95% CI, 7.7%-8.1%) in Ontario.

In New York, predicted probabilities of obstructive CAD
were 31.4% for hospitals that performed cardiac catheteriza-
tion, 32.8% for hospitals that performed cardiac catheteriza-
tion and PCI, and 34.4% for full service hospitals. In Ontario,
predicted probabilities of obstructive CAD were 44.6% for hos-
pitals that performed cardiac catheterization, 43.8% for hos-
pitals that performed cardiac catheterization and PCI, and
45.1% for full service hospitals (P < .001).

Table 1. Demographic and Clinical Characteristics of Patients With Stable Coronary Artery Disease Undergoing
Cardiac Catheterization in New York State and Ontario

No. (%) of Patients

P Value
New York State

(n = 18 114)
Ontario

(n = 54 933)

Age, mean (SD), y 61.2 (12.4) 63.7 (11.4) <.001

Age categories, y

<65 10 712 (59.1) 28 475 (51.8)

<.00165-74 4536 (25.0) 16 181 (29.5)

≥75 2866 (15.8) 10 277 (18.7)

Women 8211 (45.3) 21 400 (39.0) <.001

CCS angina classificationa

0 10 451 (57.7) 16 072 (29.3)

<.001
I 869 (4.8) 8793 (16.0)

II 5099 (28.1) 18 955 (34.5)

III to IV 1695 (9.4) 11 113 (20.2)

Cardiac risk factors

Hypertension 13 949 (77.0) 35 751 (65.1) <.001

Diabetes 5163 (28.5) 14 766 (26.9) <.001

Hyperlipidemia 10 883 (60.1) 36 529 (66.5) <.001

Current smoker 2946 (16.3) 11 641 (21.2) <.001

Former smoker 4258 (23.5) 14 281 (26.0) <.001

Medical and cardiac comorbidities

Previous heart failure 1752 (9.7) 3389 (6.2) <.001

Cerebrovascular disease 871 (4.8) 2893 (5.3) .008

Peripheral vascular disease 1001 (5.5) 2672 (4.9) <.001

Dialysis 427 (2.4) 833 (1.5) <.001

Ischemia evaluation

Performed prior to cardiac catheterization 11 448 (63.2) 41 243 (75.1)
<.001

High risk for ischemiab 539 (4.7) 20 983 (50.9)

Hospital characteristics

Cardiac catheterization only 595 (3.3) 8160 (14.9) <.001

Cardiac catheterization and PCI 7215 (39.8) 6551 (11.9) <.001

Cardiac catheterization, PCI and CABG surgery 10 304 (56.9) 40 222 (73.2) <.001

Abbreviations: CABG, coronary artery
bypass graft; CCS, Canadian
Cardiovascular Society; PCI,
percutaneous coronary intervention.
a A CCS score of 0 was used to

denote patients with no typical
angina. Higher CCS angina
classification score indicates higher
burden of angina.

b Proportion among patients who
received ischemia evaluation prior
to cardiac catheterization.
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Rates of Coronary Revascularization and Mortality
We compared rates of coronary revascularization and mortal-
ity among patients who had undergone cardiac catheteriza-
tion between October 1, 2008, and December 31, 2010, which
included 13 824 patients in New York and 40 794 patients in
Ontario. Patients who had obstructive CAD in New York were
significantly more likely to undergo PCI and CABG surgery
within 30 days after cardiac catheterization than patients in
Ontario (54.9% vs 34.6% for PCI, 20.4% vs 14.1% for CABG,
P < .001 for both comparisons). Mortality within 30 days of car-
diac catheterization was low in both New York and Ontario. At
30 days, crude mortality for patients undergoing cardiac cath-
eterization was slightly higher in New York at 0.65% (90 of
13 824; 95% CI, 0.51%-0.78%) vs 0.38% (153 of 40 794; 95% CI,
0.32%-0.43%) in Ontario (P < .001). However, this difference
was driven primarily by higher mortality for patients without
obstructive CAD in New York at 0.62% (60 of 9709; 95% CI,
0.46%-0.77%) vs 0.27% (59 of 22 232; 95% CI, 0.20%-0.33%) in
Ontario (P < .001). There was no significant difference in New
York and Ontario in 30-day mortality among patients with ob-
structive CAD 0.73% (30 of 4115; 95% CI, 0.47%-0.99%) vs 0.51%
(94 of 18 562; 95% CI, 0.40%-0.61%, P = .08), or patients who
received PCI at 0.29% (7 of 2393; 95% CI, 0.08%-0.51%) vs 0.25%
(17 of 6698; 95% CI, 0.13%-0.37%, P = .75) or CABG surgery at
0.67% (6 of 892; 95% CI, 0.14%-1.21%) vs 0.90% (24 of 2667;
95% CI, 0.54%-1.26%; P = .52) .

Discussion
We found that increased use of cardiac catheterization in
New York relative to Ontario was primarily the result of
selecting more patients at low predicted probability of
obstructive CAD. As a result, the diagnostic yield (ie, the
proportion of tested patients in whom disease was diag-
nosed) of cardiac catheterization in New York was signifi-
cantly lower than in Ontario. It is anticipated that the cost of
cardiac catheterization is higher in New York than Ontario;
however, consistent cost estimates of outpatient procedures
are not widely available in New York. If we assumed all car-

diac catheterizations were performed on an outpatient basis
at around $3000 per procedure as estimated in Ontario19,20

and 30% of the population undergoing cardiac catheteriza-
tion had no prior cardiac disease, the hypothetical scenario
of New York’s adopting the same population rate of cardiac
catheterization as in Ontario (from 1185 per 100 000 to 605
per 100 000) could lead to potential savings of approxi-
mately $75 million per year.

We have previously compared the market-oriented
financing approach of New York with the government-
funded single-payer system of Ontario and found that New
York has twice as many interventional cardiologists, twice
as many hospitals with cardiac invasive capabilities, and
accordingly performs almost exactly twice as many cardiac

Table 2. Coronary Anatomy of Patients With Stable Coronary Artery
Disease Undergoing Cardiac Catheterizationa

No. (%) of Patients
New York

State
(n = 18 114)

Ontario
(n = 54 933)

Location of significant coronary artery
stenosis

Left main artery 460 (2.5) 2770 (5.0)
Proximal left anterior descending
artery 1308 (7.2) 7357 (13.4)
Mid or other left anterior descending
artery 2688 (14.8) 12 214 (22.2)

Left circumflex artery 2452 (13.5) 11 739 (21.4)

Right coronary artery 2890 (16) 14 322 (26.1)
No. of major epicardial vessels
with significant stenosis

Anyb 5507 (30.4) 24 637 (44.8)

1 2865 (15.8) 11 617 (21.1)

2 1524 (8.4) 7333 (13.3)

3 942 (5.2) 5389 (9.8)
Left main or 3-vessel coronary
artery disease 1263 (7.0) 7168 (13.0)

a P <.001 for all comparisons between New York State and Ontario.
b Any obstructive coronary artery disease was defined as diameter stenosis of

50% or more in the left main coronary artery or 70% or more in a major
epicardial vessel.

Table 3. Predicted and Observed Rate of Obstructive Coronary Artery Disease in New York State and Ontario

Predicted Probability of
Obstructive CAD, %

No. (%) of Patients
P Value

Comparing
Observed CAD

Ratea

New York State Ontario

Prevalence of Cohort Observed Obstructive CAD Prevalence of Cohort
Observed Obstructive

CAD

≤15 2739 (15.1) 244 (8.9) 3796 (6.9) 336 (8.9) .94

>15-25 3979 (22.0) 708 (17.8) 7039 (12.8) 1377 (19.6) .02

>25-35 3652 (20.2) 971 (26.6) 8502 (15.5) 2526 (29.7) <.001

>35-45 3026 (16.7) 1117 (36.9) 8669 (15.8) 3533 (40.8) <.001

>45-55 2304 (12.7) 1064 (46.2) 8581 (15.6) 4456 (51.9) <.001

>55-65 1465 (8.1) 779 (53.2) 7765 (14.1) 4752 (61.2) <.001

>65-75 698 (3.9) 404 (57.9) 6253 (11.4) 4295 (68.7) <.001

>75 251 (1.4) 179 (71.5) 4328 (7.9) 3362 (77.7) .02

Total 18 114 (100.0) 5507 (30.4) 54 933 (100.0) 24 637 (44.8) <.001

Abbreviation: CAD, coronary artery disease.
a P value <.001 comparing prevalence rate of cohort categorized by different predicted rate of obstructive CAD.
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catheterizations per capita as Ontario.11 This study repre-
sents an extension of the previous work, which included
detailed clinical characteristics and anatomical information
of patients undergoing cardiac catheterization. In addition
to finding that New York patients undergoing cardiac cath-
eterization had a much lower predicted probability of hav-
ing obstructive CAD, several individual factors differed sig-
nificantly between the 2 regions. First, the majority of
patients (58%) undergoing cardiac catheterization in New
York did not have typical chest pain as categorized by the
Canadian Cardiovascular Society classification. Second,
although the majority of patients in both regions had nonin-
vasive ischemic evaluation performed prior to cardiac cath-
eterization, only 5% of patients undergoing cardiac cath-
eterization in New York vs 50% in Ontario had high-risk
findings on noninvasive stress testing. Although both data
sets defined high-risk findings in a similar manner, it is pos-
sible that the large discrepancy may be partly due to sys-
tematic differences in the manner in which physicians inter-
pret high-risk findings on noninvasive stress testing in each
region.

One of the primary reasons to perform cardiac catheter-
ization is to detect patients with severe CAD, for which coro-
nary revascularization may improve clinical outcomes.21 We
found that a more restrictive approach in selecting higher-
risk patients for cardiac catheterization was associated with
improved detection of patients with single-vessel as well as
multivessel CAD. New York has historically performed twice
as many cardiac catheterizations as Ontario (1185 per 100 000
in New York vs 605 per 100 000 in Ontario).11 In this study, we
observed that the detection rate for left main or 3-vessel CAD
suggests that New York was about half that of Ontario. Accord-
ingly, the estimated per capita detection rate was similar in both
jurisdictions with the population rate of left main stenosis
of 29.6 per 100 000 in New York and 30.3 per 100 000 in On-
tario, and the population rate of 3-vessel disease estimated at
61.6 per 100 000 in New York and 59.3 per 100 000 in Ontario.
These findings demonstrated that a more restrictive ap-
proach in selecting patients for cardiac catheterization did not
lead to substantial underdetection of patients with surgical
coronary anatomy on a per capita basis.

Several groups have proposed using obstructive CAD rate
as a potential quality indicator to enhance efficiency and im-
prove quality.22,23 Our study lends support to these proposals
as we demonstrated the ability to increase diagnostic yield of
cardiac catheterization through improved patient selection.
However, we do not believe the current study can be used to
determine the optimal rate of obstructive CAD or optimal se-
lection criteria for cardiac catheterization because decisions
for procedure use are based on complex interactions be-

tween patients, physicians, and the local environment.24 We
do not wish to imply that the selection approach in Ontario is
necessarily optimal.

We observed a higher rate of use for PCI and CABG at 30
days in New York than in Ontario among patients with ob-
structive CAD. Mortality at 30 days among patients with ob-
structive CAD did not differ significantly between the co-
horts. These findings are consistent with prior regional
comparisons that suggest a region with much higher invasive
capacity usually leads to greater use of PCI procedures for more
discretionary indications but may not reduce the frequency
of adverse cardiac outcomes.8-10

Several potential limitations of this study deserve consid-
eration. First, we compared population-wide data from On-
tario with a selected study sample of patients undergoing car-
diac catheterization in New York. To ensure generalizability of
the New York cohort, we compared the demographics and preva-
lence of risk factors among patients who underwent coronary
revascularization between our study sample and the entire New
York, which demonstrated comparable results. Second, al-
though the availability of many clinical variables and a large
study sample allowed us to compare many characteristics as-
sociated with obstructive CAD, we were unable to assess the ef-
fect of race, body mass index, or physician characteristics be-
cause these variables were not collected in both databases.
Finally, we were unable to formally apply appropriate-use cri-
teria to compare the suitability of cardiac catheterization be-
cause we lack data to create appropriateness scores in Ontario.25

The appropriateness-use criteria have been developed as 1 of
the many existing tools designed to assist in improving quality
of care and the use of scarce health care resources. For patients
with suspected CAD, the appropriate use criteria categorized the
appropriateness of procedure use based on the probability of
CAD and most of the patients at low risk of CAD are considered
as having inappropriate indications for cardiac catheteriza-
tion. Similarly, we developed a prediction model to assess the
probability of CAD and found that New York selects patients at
lower risk of having CAD, suggesting that New York may have
lower appropriateness scores than patients undergoing car-
diac catheterization in Ontario. Although we were unable to for-
mally apply the appropriate-use criteria because of the lack of
suitable data, our study afforded similar insights by demon-
strating that there is a significant opportunity to improve pa-
tient care and improve the use of health care resources.

In conclusion, we found increased use of cardiac catheter-
ization in New York compared with Ontario and this reflects se-
lection of patients at low risk of obstructive CAD. The observed
pattern of selecting patients with a higher probability of having
coronary disease for cardiac catheterization in Ontario was as-
sociated with improved diagnostic yield of the procedure.

ARTICLE INFORMATION

Author Contributions: Dr Ko had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Ko, Tu, Samadashvili,
Hannan.

Acquisition of data: Samadashvili, Hannan.
Analysis and interpretation of data: All authors.
Drafting of the manuscript: Ko.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Samadashvili, Guo.
Obtained funding: Tu, Ko.

Administrative, technical, or material support:
Hannan.
Study supervision: Tu, Hannan.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Research Original Investigation Obstructive CAD and Coronary Catheterization

168 JAMA July 10, 2013 Volume 310, Number 2 jama.com

Downloaded From: http://jama.jamanetwork.com/ by a University of Toronto Libraries User  on 03/13/2015



Funding/Support: This study was supported by the
Institute for Clinical Evaluative Sciences (ICES),
which is funded by an annual grant from the
Ontario Ministry of Health and Long-term Care
(MOHLTC). The authors acknowledge that the
clinical registry data used in this publication are
from the Cardiac Care Network of Ontario and its
member hospitals. The Cardiac Care Network of
Ontario serves as a system support to the MOHLTC,
Local Health Integration Networks, and service
providers and is dedicated to improving the quality,
efficiency, access and equity in the delivery of the
continuum of adult cardiovascular services in
Ontario, Canada. The Cardiac Care Network of
Ontario is funded by the MOHLTC. The analysis of
this study was supported by a Canadian Institutes
of Health Research (CIHR) operating grant MOP
(102487). Dr Ko is supported by a CIHR New
Investigator Award. Dr Tu is supported by a Canada
Research Chair in Health Services Research and a
Career Investigator Award from the Heart and
Stroke Foundation of Ontario. Dr Austin is
supported by a Career Investigator Award from the
Heart and Stroke Foundation of Ontario.

Role of the Sponsor: The sponsors had no role in
the design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; or decision to submit this manuscript.

Disclaimer: No endorsement by any of the
supporting organizations is intended or should be
inferred.

REFERENCES

1. Alter DA, Stukel TA, Newman A. Proliferation of
cardiac technology in Canada: a challenge to the
sustainability of Medicare. Circulation. 2006;113(3):
380-387.

2. Fisher ES, Bynum JP, Skinner JS. Slowing the
growth of health care costs—lessons from regional
variation. N Engl J Med. 2009;360(9):849-852.

3. Lucas FL, DeLorenzo MA, Siewers AE, Wennberg
DE. Temporal trends in the utilization of diagnostic
testing and treatments for cardiovascular disease in
the United States, 1993-2001. Circulation.
2006;113(3):374-379.

4. Porter ME. What is value in health care? N Engl J
Med. 2010;363(26):2477-2481.

5. Patel MR, Peterson ED, Dai D, et al. Low
diagnostic yield of elective coronary angiography.
N Engl J Med. 2010;362(10):886-895.

6. Batchelor WB, Peterson ED, Mark DB, et al. A
comparison of US and Canadian cardiac
catheterization practices in detecting severe
coronary artery disease after myocardial infarction:
efficiency, yield and long-term implications. J Am
Coll Cardiol. 1999;34(1):12-19.

7. Graham MM, Ghali WA, Faris PD, et al;
APPROACH Investigators. Population rates of
cardiac catheterization and yield of high-risk
coronary artery disease. CMAJ. 2005;173(1):35-39.

8. Ko DT, Krumholz HM, Wang Y, et al. Regional
differences in process of care and outcomes for
older acute myocardial infarction patients in the
United States and Ontario, Canada. Circulation.
2007;115(2):196-203.

9. Ko DT, Tu JV, Masoudi FA, et al. Quality of care
and outcomes of older patients with heart failure
hospitalized in the United States and Canada. Arch
Intern Med. 2005;165(21):2486-2492.

10. Tu JV, Pashos CL, Naylor CD, et al. Use of
cardiac procedures and outcomes in elderly
patients with myocardial infarction in the United
States and Canada. N Engl J Med. 1997;336(21):
1500-1505.

11. Ko DT, Tu JV, Samadashvili Z, et al. Temporal
trends in the use of percutaneous coronary
intervention and coronary artery bypass surgery in
New York State and Ontario. Circulation.
2010;121(24):2635-2644.

12. Hannan EL, Racz MJ, Gold J, et al; American
College of Cardiology; American Heart Association.
Adherence of catheterization laboratory
cardiologists to American College of
Cardiology/American Heart Association guidelines
for percutaneous coronary interventions and
coronary artery bypass graft surgery: what happens
in actual practice? Circulation. 2010;121(2):267-275.

13. Hannan EL, Samadashvili Z, Cozzens K, et al.
Comparative outcomes for patients who do and do
not undergo percutaneous coronary intervention
for stable coronary artery disease in New York.
Circulation. 2012;125(15):1870-1879.

14. Tu JV, Bowen J, Chiu M, et al. Effectiveness and
safety of drug-eluting stents in Ontario. N Engl J
Med. 2007;357(14):1393-1402.

15. Diamond GA, Forrester JS. Analysis of
probability as an aid in the clinical diagnosis of
coronary-artery disease. N Engl J Med.
1979;300(24):1350-1358.

16. Tu JV, Ko DT. Ecological studies and
cardiovascular outcomes research. Circulation.
2008;118(24):2588-2593.

17. Harrell FE Jr, Lee KL, Mark DB. Multivariable
prognostic models: issues in developing models,
evaluating assumptions and adequacy, and
measuring and reducing errors. Stat Med.
1996;15(4):361-387.

18. Steyerberg EW. Clinical Prediction Models: A
Practical Approach to Development, Validation, and
Updating. New York, NY: Springer; 2009.

19. Ontario Case Costing Initiative (OCCI) website.
http://www.occp.com/mainPage.htm. Accessed
May 1, 2013.

20. Canadian Ministry of Health Long-term Care.
Schedule of benefits for physician services under
the Health Insurance Act; April 1, 2013.
http://www.health.gov.on.ca/english/providers
/program/ohip/sob/physserv/physserv_mn.html.
Accessed June 15, 2013.

21. Yusuf S, Zucker D, Peduzzi P, et al. Effect of
coronary artery bypass graft surgery on survival:
overview of 10-year results from randomised trials
by the Coronary Artery Bypass Graft Surgery
Trialists Collaboration. Lancet. 1994;344(8922):
563-570.

22. Douglas P, Iskandrian AE, Krumholz HM, et al;
American College of Cardiology; American College
of Radiology; American Heart Association;
American Society of Echocardiography; American
Society of Nuclear Cardiology; Heart Failure Society
of America; Heart Rhythm Society; Society of
Atherosclerosis Imaging and Prevention; Society for
Cardiovascular Angiography and Interventions;
Society of Cardiovascular Computed Tomography;
Society for Cardiovascular Magnetic Resonance;
Society for Vascular Medicine and Biology.
Achieving quality in cardiovascular imaging:
proceedings from the American College
of Cardiology-Duke University Medical Center
Think Tank on Quality in Cardiovascular
Imaging. J Am Coll Cardiol. 2006;48(10):
2141-2151.

23. Douglas PS, Chen J, Gillam L, et al. Achieving
quality in cardiovascular imaging, II: proceedings
from the Second American College of
Cardiology—Duke University Medical Center Think
Tank on Quality in Cardiovascular Imaging. JACC
Cardiovasc Imaging. 2009;2(2):231-240.

24. Natarajan MK, Gafni A, Yusuf S. Determining
optimal population rates of cardiac catheterization:
a phantom alternative? CMAJ. 2005;173(1):49-52.

25. Patel MR, Bailey SR, Bonow RO, et al.
ACCF/SCAI/AATS/AHA/ASE/ASNC/HFSA/HRS
/SCCM/SCCT/SCMR/STS 2012 appropriate use
criteria for diagnostic catheterization: a report of
the American College of Cardiology Foundation
Appropriate Use Criteria Task Force, Society for
Cardiovascular Angiography and Interventions,
American Association for Thoracic Surgery,
American Heart Association, American
Society of Echocardiography, American Society
of Nuclear Cardiology, Heart Failure Society
of America, Heart Rhythm Society, Society of
Critical Care Medicine, Society of Cardiovascular
Computed Tomography, Society for Cardiovascular
Magnetic Resonance, and Society of Thoracic
Surgeons. J Am Coll Cardiol. 2012;59(22):
1995-2027.

Obstructive CAD and Coronary Catheterization Original Investigation Research

jama.com JAMA July 10, 2013 Volume 310, Number 2 169

Downloaded From: http://jama.jamanetwork.com/ by a University of Toronto Libraries User  on 03/13/2015


