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BACKGROUND: The degree of hospital-level variation in the ratio of percutaneous coronary interventions to coronary artery by-
pass grafting procedures (PCI:CABG) and the association of the PCI:CABG ratio with clinical outcome are unknown.

METHODS AND RESULTS: In a multicenter population-based study conducted in Ontario, Canada, we identified 44 288 pa-
tients from 19 institutions who had nonemergent diagnostic angiograms indicating severe multivessel coronary artery disease
(2013-2017) and underwent a coronary revascularization procedure within 90 days. Hospitals were divided into tertiles ac-
cording to their adjusted PCI:CABG ratio into low (0.70-0.85, n=17 487), medium (1.01-1.17, n=15 275), and high (1.18-1.29,
n=11 526) ratio institutions. Compared with low PCI:.CABG ratio hospitals, hazard ratios (HRs) for major adverse cardiac and
cerebrovascular events were higher at medium (HR, 1.19; 95% CI, 1.14-1.25) and high ratio (HR, 1.21; 95% CI, 1.15-1.27)
hospitals during a median 3.3 (interquartile range 2.1-4.6) years follow-up. When interventional cardiologists performed the
diagnostic angiogram, the odds of the patient receiving PCl was higher (odds ratio, 1.37; 95% Cl, 1.23-1.562) than when it was
performed by noninterventional cardiologists, after accounting for patient characteristics. Having the diagnostic angiogram at
an institution without cardiac surgical capabilities was independently associated with a higher risk of major adverse cardiac
and cerebrovascular events (HR, 1.07; 95% Cl, 1.02-1.11), death (HR, 1.09; 95% Cl, 1.02-1.18), and myocardial infarction (HR,
1.10; 95% ClI, 1.03-1.17).

CONCLUSIONS: Patients undergoing diagnostic angiography in hospitals with higher PCI:CABG ratio had higher rates of adverse
outcomes, including major adverse cardiac and cerebrovascular events, myocardial infarction, and repeat revascularization.
Presence of on-site cardiac surgery was associated with better survival and lower major adverse cardiac and cerebrovascular
events.
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and effective methods of revascularization for
patients with multivessel coronary artery disease
(CAD). Since the 1990s, several studies have demon-
strated an increase in percutaneous coronary interven-
tions (PCI) and a decrease in coronary artery bypass
grafting (CABG)."?> Annual volumes of both procedures

Surgical and percutaneous procedures are safe

have declined in recent years, possibly because of
advances in medical therapy, data questioning the
benefit of PCI in stable CAD, and increasing use and
scrutiny of appropriateness criteria.®=® Furthermore, re-
sults of the SYNTAX (Synergy Between Percutaneous
Coronary Intervention with Taxus and Cardiac Surgery)
and FREEDOM (Future Revascularization Evaluation in
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CLINICAL PERSPECTIVE
What Is New?

e |n a population-based study, we found a 2-fold
variation in adjusted percutaneous coronary in-
terventions to coronary artery bypass grafting
procedures ratio among institutions performing
nonemergent coronary angiography for patients
with severe multivessel coronary artery disease,
with a high rate of ad hoc percutaneous coro-
nary interventions (70%).

e Patients undergoing diagnostic angiography in
hospitals with higher percutaneous coronary
interventions to coronary artery bypass graft-
ing procedures ratio had higher rates of adverse
outcomes, including major adverse cardiac and
cerebrovascular events, myocardial infarction,
and repeat revascularization, whereas the pres-
ence of on-site cardiac surgery was associated
with better survival and fewer major adverse
cardiac and cerebrovascular events.

What Are the Clinical Implications?

e Physicians should be cognizant that their treat-
ment recommendations may be influenced
by nonpatient-related factors and institutional
practices.

Nonstandard Abbreviations and Acronyms

LM left main

MACCE major adverse cardiac and
cerebrovascular events

Patients with Diabetes mellitus: Optimal Management
of Multivessel Disease) trials indicated that CABG may
offer better outcomes compared with PCI in patients
with multivessel CAD, particularly in patients with dia-
betes or complex CAD.®" Current guidelines suggest
that both strategies are options for stable multivessel
CAD, unstable angina, or non-ST-segment—elevation
myocardial infarction (Ml), with CABG receiving a
stronger recommendation than PCI across most clini-
cal scenarios.®®

The relative distribution of PCl and CABG differs
markedly across regions, and the magnitude and rea-
sons for these variations are not well understood.'®"
Although patient characteristics (diabetes, comorbidi-
ties, life expectancy) are known to influence the choice
of revascularization procedure, the impact of physician
and institutional factors is poorly understood.'? To min-
imize the influence of nonclinical factors in the choice
of revascularization strategy, multispecialty guidelines
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recommend a heart team discussion for patients with
multivessel CAD.%™3

The objectives of this population-based study were
to determine (1) the presence and magnitude of varia-
tions in the rates of PCI and CABG across institutions
in contemporary practice; (2) whether nonclinical fac-
tors influence the choice of revascularization; and (3)
whether these nonclinical factors are associated with
patient outcomes following revascularization.

METHODS

Setting

The data set from this study is held securely in coded
form at Institute for Clinical Evaluative Sciences (ICES).
Although legal data sharing agreements between ICES
and data providers (eg, health care organizations and
government) prohibit ICES from making the data set
publicly available, access may be granted to those
who meet prespecified criteria for confidential ac-
cess, available at www.ices.on.ca/DAS (email: das@
ices.on.ca). We performed a multicenter, population-
based retrospective analysis of all residents of Ontario,
Canada, who were found to have severe multivessel
CAD on coronary angiography from April 1, 2013 to
December 31, 2017, and subsequently underwent re-
vascularization with PCl or CABG within 90 days after
the index angiogram. Clinical registries were linked to
population-based health databases using patient-level
encrypted health card numbers at ICES. ICES is an
independent, nonprofit research institute whose legal
status allows it to collect and analyze health care and
demographic data, without consent, for health system
evaluation and improvement. These data sets were
linked using unique encoded identifiers and analyzed
at ICES.

The use of data in this project was authorized under
section 45 of Ontario’s Personal Health Information
Protection Act, which does not require review by a re-
search ethics board.

Data Sources and Definitions

The CorHealth Registry captures baseline demo-
graphics, coronary anatomy, and procedural details
on all Ontario residents who undergo coronary angi-
ography, PCI, or CABG. A significant coronary lesion
was defined as >70% obstruction in a coronary artery,
with the exception of the left main (LM) where >50%
was considered significant. Severe multivessel CAD
was defined as one of the following: 2-vessel disease
with left anterior descending (LAD) artery involvement
AND either circumflex (or branches) OR right coronary
artery (or branches) disease; 3-vessel disease with
LAD involvement AND circumflex AND right coronary
artery disease; or LM disease. We excluded patients
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undergoing index angiography in the presence of acute
ST-segment—elevation MI, cardiogenic shock, during
an emergency procedure and those with prior PCI or
sternotomy. Patients with less severe CAD were also
excluded, specifically those with single-vessel disease
or 2-vessel disease without LAD involvement.

Baseline demographics were obtained from the
CIHI-DAD (Canadian Institute for Health Information
Discharge Abstract Database) and the CorHealth
Registry. Statistics Canada’s census data were used
to determine sociodemographic information based on
median neighborhood income of individuals, to serve
as a proxy for socioeconomic status. Presence of di-
abetes was determined using the Ontario Diabetes
Database, a registry of all patients with the condition
in the province. Physician characteristics were deter-
mined from the ICES Physicians Database.

Study Design
Nineteen Ontario hospitals performed diagnostic coro-
nary angiography during the study period, with 2/19
(10.5%) not performing PCIl or CABG, 6/19 (31.6%)
performing only PCI, and 11/19 (57.9%) performing
both PCI and CABG. Because the crude PCI:CABG
ratio does not account for variation in case-mix, we
determined a risk-adjusted ratio for each institution to
indicate the likelihood of receiving PCl over CABG. The
19 institutions were divided into tertiles according to
their risk-adjusted PCI/CABG ratio: low, medium, or
high. Baseline demographics, coronary anatomy, and
procedural details were compared among the groups.
Patient characteristics were analyzed to determine
which factors were associated with revascularization
by PCI rather than CABG. Nonpatient-related factors
(the PCI:CABG ratio group of the institution and hos-
pital CABG capabilities) were evaluated to determine
their association with long-term outcomes follow-
ing revascularization after adjusting for all baseline
characteristics.

Study End Points

The primary outcome of the study was major adverse
cardiac and cerebrovascular events (MACCE), a com-
posite of death, M, stroke, and repeat revascularization
from the index revascularization procedure. Secondary
end points included MACCE-1 (death, MI, and stroke),
and the individual components of the primary outcome.
Deaths were determined using the Registered Persons
Database. Rates of MI, stroke, and repeat revasculari-
zation were identified using previously validated algo-
rithms through the CIHI-DAD.'* Staged PCls (identified
by the operator physician as such in the CorHealth
registry or by performance of repeat PCI of a differ-
ent target-vessel within 90 days from the index PCI)
were not considered to be repeat revascularization
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procedures. Ad hoc PCI was defined as PCI performed
in the same setting as the index diagnostic angiogram,
without any previous angiogram in the 6 months be-
fore the procedure. The rate of ad hoc PCl was calcu-
lated using the total counts of PCls in the denominator.
Primary and secondary outcomes were defined a priori.

Statistical Analysis

A logistic regression model was fit to calculate the risk-
adjusted (PCI:CABG ratio) score of each institution and
categorize them into tertiles. The model estimated the
probability of a patient receiving PCI over CABG in the
overall study population, accounting for all baseline
characteristics in Table 1, including 19 variables from
the following patient characteristics: demographic,
socioeconomic status, cardiac risk factors, comor-
bidities, Canadian Cardiovascular Society angina clas-
sification (Table S1), estimated glomerular filtration rate,
and coronary anatomy. The predicted probability of re-
ceiving PCI over CABG was calculated for each individ-
ual based on the coefficients of the logistic regression
model. The probabilities of patients within the same
institution were summed and divided by the number
of patients in the institution to obtain the expected PCI
rate. The observed PCI rate was also determined and
each institution’s observed/expected PCI ratio was
calculated, producing the hospital’s “PCI:CABG ratio.”
If the score was >1, the institution was performing
more PCI than expected based on clinical character-
istics. Baseline demographics, coronary anatomy, and
procedural details were compared among PCI:CABG
ratio tertile groups using the Kruskal-Wallis for continu-
ous variables and X2 test for categorical variables.

A second logistic regression model was fit to deter-
mine patient, physician, and hospital characteristics as-
sociated with revascularization by PCl rather than CABG.
A 3-level hierarchical model was fit that included hospital-
specific and physician-specific random effects, with the
procedural physician nested within the procedural hos-
pital. We examined whether the index diagnostic cor-
onary angiogram was performed by an interventional
cardiologist, who is able to perform PCI procedures, or
by a catheterization cardiologist, who performs diagnos-
tic angiography but not coronary interventions. Hospital
characteristics included teaching status and capability to
perform PCls and/or CABG on site in addition to diag-
nostic coronary angiography. Odds ratios (OR) and 95%
Cls were calculated for each risk factor.

Time-to-event analyses were performed using Cox
proportional hazards models to calculate predictors of
long-term primary and secondary outcomes. Frailty (or
random effects) terms were included for each hospital.
Hazard ratios (HR) were determined up to 5 years after
the revascularization procedure. Proportional hazards
were assessed for each fitted model.
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Table 1. Baseline Characteristics, Coronary Anatomy, and Procedural Details of Patients With Multivessel Coronary Artery
Disease Undergoing Nonemergent Angiography

Hospital PCI/CABG ratio

Low (0.70-0.85)

Medium (1.01-1.17) n=15 275

High (1.18-1.29)

J Am Heart Assoc. 2022;11:022770. DOI: 10.1161/JAHA.121.022770

Variable n=17 487 n=15 275 n=11 526 P value
Age, y, mean+SD 67.2+10.6 66.8+11.0 66.9+11.3 <0.01
Male sex, n (%) 13 331 (76.2%) 11 5688 (75.9%) 8801 (76.4%) 0.60
Income quintile, n (%) <0.01

1, lowest 3458 (19.8%) 3045 (19.9%) 2702 (23.4%)

2 3517 (20.1%) 3150 (20.6%) 2643 (22.9%)

3 3584 (20.5%) 3088 (20.2%) 2597 (22.5%)

4 3609 (20.6%) 3117 (20.4%) 1692 (14.7%)

5, highest 3283 (18.8%) 2852 (18.7%) 1858 (16.1%)

Missing 36 (0.2%) 23 (0.2%) 34 (0.3%)
Rural, n (%) 3351 (19.2%) 2592 (17.0%) 316 (2.7%) <0.01
Charlson index, mean+SD 2.0+1.9 1.9+1.7 2.0+1.7 0.01
Hypertension, n (%) 12 375 (70.8%) 10 623 (69.5%) 8422 (73.1%) <0.01
Diabetes, n (%) 5986 (34.2%) 5469 (35.8%) 4508 (39.1%) <0.01
Smoking status, n (%)

Current 3528 (20.2%) 3675 (24.1%) 17383 (15.0%) <0.01

Former 6408 (36.6%) 3723 (24.4%) 2953 (25.6%)

Never 6399 (36.6%) 7150 (46.8%) 6210 (53.9%)
Canadian Cardiovascular Society <0.01
class, n (%)*

0 1307 (7.5%) 1823 (11.9%) 1389 (12.1%)

1 1165 (6.7%) 1199 (7.8%) 1280 (11.1%)

2 2857 (16.3%) 2863 (18.7%) 2835 (24.6%)

3 2093 (12.0%) 2033 (13.3%) 1389 (12.1%)

4 473 (2.7%) 554 (3.6%) 312 (2.7%)

ACS low risk 3051 (17.4%) 2224 (14.6%) 737 (6.4%)

ACS intermediate risk 4676 (26.7%) 2916 (19.1%) 2865 (24.9%)

ACS high risk 1528 (8.7%) 1599 (10.5%) 690 (6.0%)

Unknown 337 (1.9%) 64 (0.4%) 29 (0.3%)
Congestive heart failure, n (%) 1224 (7.0%) 1141 (7.5%) 770 (6.7%) 0.04
Previous myocardial infarction, 4126 (23.6%) 2800 (18.3%) 2513 (21.8%) <0.01
n (%)
Peripheral vascular disease, n (%) 1287 (7.4%) 11083 (7.2%) 695 (6.0%) <0.01
Cerebrovascular disease, n (%) 1376 (7.9%) 982 (6.4%) 743 (6.4%) <0.01
Chronic obstructive pulmonary 1181 (6.8%) 1060 (6.9%) 462 (4.0%) <0.01
disease, n (%)
Creatinine, mean+SD 97.4+74.6 100.1£95.9 103.3+94.1 <0.01
Dialysis, n (%) 287 (1.6%) 242 (1.6%) 296 (2.6%) <0.01
Estimated glomerular filtration <0.01
rate, n (%)

<30 526 (3.0%) 507 (3.3%) 482 (4.2%)

30-59 2981 (17.0%) 2294 (15.0%) 1846 (16.0%)

60-89 7861 (45.0%) 6206 (40.6%) 5137 (44.6%)

>90 5220 (29.9%) 4433 (29.0%) 3596 (31.2%)

Missing 899 (5.1%) 1835 (12.0%) 465 (4.0%)
Left main disease, n (%) 4075 (23.3%) 3295 (21.6%) 2023 (17.6%) <0.001
3-VD with proximal LAD, n (%) 3036 (17.4%) 2168 (14.2%) 2147 (18.6%) <0.01

(Continued)
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Table 1. Continued

PCI:CABG Ratio Variation and Effect on Outcomes

Hospital PCI/CABG ratio
Low (0.70-0.85) Medium (1.01-1.17) n=15 275 High (1.18-1.29)

Variable n=17 487 n=15 275 n=11 526 P value
3-VD without proximal LAD, n (%) 3440 (19.7%) 3439 (22.5%) 2418 (21.0%) <0.01
2-VD with LAD, n (%) 6936 (39.7%) 6373 (41.7%) 4938 (42.8%) <0.01
PCI, n (%) 6774 (38.7%) 8055 (52.7%) 6989 (60.6%) <0.01
Physician performing index <0.01
angiogram, n (%)

Diagnostic cardiologist 2430 (13.9%) 2558 (16.7%) 3338 (29.0%)

Interventional cardiologist 15 057 (86.1%) 12 717 (83.3%) 8188 (71.0%)
Hospital type, n (%) <0.01

Community 8969 (51.3%) 8010 (52.4%) 5169 (44.8%)

Teaching 8518 (48.7%) 7265 (47.6%) 6357 (55.2%)
Hospital capability, n (%) <0.01

Angiography only 0 (0.0%) 0 (0.0%) 1647 (14.3%)

Angiography and PCI only 2620 (15.0%) 4677 (30.6%) 3522 (30.6%)

Angiography, PCl and CABG 14 867 (85.0%) 10 598 (69.4%) 6357 (55.2%)
Primary reason for referral, n (%) <0.01

E: elective, stable coronary 4180 (23.9%) 4108 (26.9%) 4855 (42.1%)

Disease

N: non-ST-segment—elevation 6998 (40.0%) 5633 (36.9%) 3274 (28.4%)

myocardial infarction

R: rule out coronary artery 2091 (12.0%) 2241 (14.7%) 1152 (10.0%)

disease

U: unstable angina 3362 (19.2%) 2517 (16.5%) 1907 (16.5%)

O: other 856 (4.9%) 781 (5.1%) 338 (2.9%)

ACS indicates acute coronary syndrome; CABG, coronary artery bypass grafting; LAD, left anterior descending; PCI, percutaneous coronary intervention;

and VD, vessel disease.

We conducted several sensitivity analyses. First, we
conducted sensitivity analyses by examining patient
subgroups: (1) excluding all patients presenting with
a non-ST-segment-elevation MI using the CIHI-DAD,
and (2) including those who had diabetes. Second, we
conducted institution- and provider-based sensitivity
analyses by adjusting for (3) annualized volume of total
revascularization procedures, (4) physician age, or (5)
number of years since medical school graduation. For
these sensitivity analyses, the PCI:CABG ratios were
recalculated, hospitals were divided into tertiles, and
baseline demographics, coronary anatomy, procedural
details, and long-term outcomes were compared. All
tests were 2 sided and P values <0.05 were consid-
ered significant. All analyses were conducted with SAS
(version 9.4; SAS Institute, Inc, Cary, NC).

RESULTS

Population Characteristics

A total of 44 288 patients underwent nonemergent di-
agnostic coronary angiograms demonstrating severe
multivessel CAD and had a coronary revascularization
procedure performed within 90 days (Figure 1). This
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population was used to create a risk-adjusted PCI/
CABG ratio (observed to expected PCI:CABG) for each
participating hospital. The adjusted hospital-specific
PCI:CABG ratios ranged from 0.70 (fewer PCls than
expected compared with CABG) to 1.29 (more PCls
than expected compared with CABG). Hospitals were
divided into tertiles according to their PCI:CABG ratio:
7 low (0.70-0.85), 6 medium (1.01-1.17), and 6 high
(1.18-1.29) PCI:CABG ratio institutions (Figure 2). Two
(33%) of the institutions in the high PCI:.CABG ratio
group performed only diagnostic angiograms. Box and
whisker plots of cardiologist-specific PCI:CABG ratios
indicated that, overall, the distribution of physician-
specific PCI:CABG ratios tracked with the subdivided
institutional categories (Figure S1). The median (25th,
75th percentile) crude revascularization rates of eligi-
ble study patients across the 3 categories were 76.6%
(68.7%, 77.7%) for low, 79.9% (78.6%, 81.8%) for me-
dium, and 79.6% (76.9%, 84.4%) for high PCI.CABG
ratio groups.

Table 1 presents the baseline characteristics, cor-
onary anatomy, and procedural details from the 3
PCI.CABG ratio groups. High PCI:CABG ratio hos-
pitals had more patients with diabetes (P<0.01) and
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CorHealth Ontario registry:

125 7283 patients underwent coronary angiogram from April 2013 to
December 2017 and had PCl or CABG within 90 days

k2

s

99 117 cases

k4

e

98 187 cases

A4

esm—— |

97 769 cases

¥

|

52 864 cases

¥

prem————

44 288 cases

26 606 emergent on coronary
angiogram

930 cardiogenic shock on index
coronhary angiogram

418 STEMI on index coronary
angiogram

38 908 1-vessel disease and 5997
2-vessel disease without LAD
involvement on index angiogram

8576 cases of prior PCl or
stemotomy

Figure 1. Cohort flow diagram.

CABG indicates coronary artery bypass graft; LAD, left anterior descending; PCI, percutaneous coronary
intervention; and STEMI, ST-segment-elevation myocardial infarction.

fewer acute coronary syndrome (non—-ST-segment—
elevation Ml or unstable angina) cases (P<0.01). High
PCI/CABG ratio hospitals had a lower incidence of
LM disease (high: 17.6%, medium: 21.6, low: 23.3,
P<0.01) but more patients with 3-vessel disease
with proximal LAD involvement (high: 18.6%, low:
17.4, medium: 14.2 P<0.01). Nearly half of the pa-
tients from the high PCI:CABG ratio group (44.8%)
had their diagnostic angiogram in institutions with-
out cardiac surgery capabilities. In contrast, fewer
patients from the medium (30.6%) and low (15%)
PCI.CABG ratio groups had their diagnostic an-
giograms in hospitals without CABG capabilities
(P<0.01).

PCI was the procedure of choice for 38.7%, 52.7%,
and 60.6% of cases in the low, medium, or high
PCI:CABG groups, respectively (P<0.01). Figure 3a
depicts the frequency of PCI as the revascularization
method of choice for each group, stratified by cor-
onary anatomy. Hospitals from the high PCI:CABG

J Am Heart Assoc. 2022;11:022770. DOI: 10.1161/JAHA.121.022770

group performed more PCls than medium and low
ratio institutions among all anatomical subgroups (LM,
3-vessel disease with or without proximal LAD involve-
ment, or 2-vessel disease with LAD involvement). The
proportion of patients with diabetes in low, medium,
and high PCI:CABG hospitals is shown in Figure 3b,
stratified by anatomy. There was a higher rate of dia-
betes prevalence in hospitals with higher PCI.CABG
ratios overall.

Ad hoc PCI was common in all groups but occurred
slightly more often in the low PCI:CABG group (75.2%),
compared with the medium (72.2%) and high (70.0%)
PCI:CABG groups (P<0.01). The 2 institutions that only
performed diagnostic angiograms and did not offer
any type of revascularization including ad hoc PCI
were in the high PCI:CABG group, and their PCls were
not included in the ad hoc rate calculation. The rate of
ad hoc PCl was similar for centers performing PCI with
or without CABG capabilities (72.2% versus 73.4%,
P=0.11). The highest rate of ad hoc PCI occurred in
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Figure 2. Variation in PCI:CABG ratio by institution.
CABG indicates coronary artery bypass grafting; and PCI,
percutaneous coronary intervention.

patients with 2-vessel disease with LAD involvement
(77.7%), whereas the lowest rate of ad hoc PCI oc-
curred in patients with LM disease (53.8%) (Figure 4).
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O Low O Medium @ High

Figure 3. Diabetes and revascularization of choice by
coronary anatomy.

A, Frequency of PCl as the revascularization of choice, among all
revascularized patients for each category of coronary anatomy.
B, Proportion of patients with diabetes for each category of
coronary anatomy, among all PCI procedures. LAD indicates left
anterior descending; PCI, percutaneous coronary intervention;
and VD, vessel disease.

J Am Heart Assoc. 2022;11:022770. DOI: 10.1161/JAHA.121.022770

PCI:CABG Ratio Variation and Effect on Outcomes

Predictors of Receiving PCI Preferentially
Over CABG

Table 2 presents the patient, physician, and hospital
factors that were independently associated with under-
going PCI rather than CABG, based on a 3-level hier-
archical model. Older patients (OR, 1.23 per 10 years),
those with more comorbidities, and those with 2-vessel
disease (OR, 8.74) or 3-vessel disease without proxi-
mal LAD involvement (OR, 1.97) were more likely to un-
dergo PCl rather than CABG. In contrast, male patients
(OR, 0.69), those with diabetes (OR, 0.68), and those
with LM disease (OR, 0.47) were more likely to un-
dergo CABG. Compared with angiograms performed
by a noninterventional cardiologist, if the index cardiac
catheterization procedure was performed by an inter-
ventional cardiologist, the odds of receiving PCI were
37% higher (OR, 1.37; 95% ClI, 1.23-1.52). After adjust-
ing for patient and physician characteristics, the institu-
tional capabilities (angiography only, angiography and
PCI, or on-site cardiac surgery) were not independent
predictors of receiving PCI or CABG.

Predictors of Long-Term Outcomes
Physician and hospital factors independently asso-
ciated with our primary and secondary outcomes of
interest, adjusting for all patients’ baseline charac-
teristics, are presented in Table 3. A total of 144 145
person-years of follow-up were examined. The median
follow-up was 3.3 (interquartile range 2.1-4.6) years
and the date of last follow-up was December 2019. The
physician subspecialty (interventional versus noninter-
ventional cardiologist) performing the index angiogram
was not associated with MACCE, MACCE-1, death, M,
stroke, or repeat revascularization.

Compared with those undergoing coronary angi-
ography at low PCI:CABG ratio hospitals, those un-
dergoing the procedure at medium (HR, 1.19; 95%

90% 1
80% { .
79%
70% - % _ -
= - 68%| 68%)| 68%
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S 50% - 55% [55%
<
Z 40% A
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20%
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2-VD with LAD  3-VD with prox 3-VD without prox Left Main
LAD LAD
O Low O Medium B High

Figure 4. Frequency of ad hoc PCI for each category of
coronary anatomy.

LAD indicates left anterior descending; PCI,
coronary intervention; and VD, vessel disease.

percutaneous
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Table 2. Patient, Physician, and Hospital Factors
Associated With Receiving Percutaneous Coronary

Intervention Rather Than Coronary Artery Bypass Graft

Odds ratio (95% CI) P value
Canadian Cardiovascular Society class
0 Referent
1 0.99 (0.89-1.10) 0.82
2 0.98 (0.89-1.07) 0.63
3 0.97 (0.88-1.07) 0.55
4 1.51 (1.29-1.75) <0.01
ACS low risk 1.47 (1.33-1.63) <0.01
ACS intermediate risk 1.65 (1.51-1.80) <0.01
ACS high risk 2.22 (1.99-2.48) <0.01
Age, per 10 years 1.283 (1.20-1.26) <0.01
Male sex 0.69 (0.66-0.73) <0.01
Congestive heart failure 1.34 (1.22-1.47) <0.01
history
Smoking status
Nonsmoker Referent
Current 1.03 (0.97-1.10) 0.33
Former 0.94 (0.89-0.99) 0.03
Chronic obstructive 1.26 (1.15-1.40) <0.01
pulmonary disease
Cerebrovascular 1.11 (1.02-1.22) 0.02
disease
Diabetes 0.68 (0.65-0.72) <0.01
Hypertension 0.88 (0.83-0.93) <0.01
Estimated glomerular filtration rate
<30 1.32 (1.15-1.51) <0.01
30-59 118 (1.10-1.28) <0.01
60-89 0.94 (0.89-0.99) 0.03
>90 Referent
Previous myocardial 1.22 (1.156-1.29) <0.01
infarction
Coronary anatomy
Left main disease 0.47 (0.43-0.50) <0.01
3-VD with proximal Referent
LAD
3-VD without 1.97 (1.83-2.11) <0.01
proximal LAD
2-VD with LAD 8.74 (8.18-9.34) <0.01
Physician performing index angiogram
Diagnostic Referent
cardiologist
Interventional 1.37 (1.23-1.52) <0.01
cardiologist
Hospital capabilities
Angiography only 2.31 (0.96-5.56) 0.08
Angiography and PCI 1.16 (0.66-2.03) 0.62

Angiography, PCI,
and coronary artery
bypass graft

Referent

ACS indicates acute coronary syndrome; LAD, left anterior descending;

PCI, percutaneous coronary intervention; and VD, vessel disease.
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Cl, 114-1.25) or high (HR, 1.21; 95% CI, 1.15-1.27)
PCI.CABG ratio hospitals demonstrated higher rates
of MACCE, after adjusting for baseline demographics.
When the individual components of the composite out-
come were examined, rate of late Ml was independently
increased in patients treated at medium (HR, 1.25; 95%
Cl, 1.17-1.34) and high (HR, 1.11; 95% CI, 1.08-1.20)
PCI.CABG hospitals. The rate of repeat revasculariza-
tion up to 5 years was also independently increased in
patients undergoing diagnostic angiography at medium
(HR, 1.30; 95% ClI, 1.17-1.45) and high (HR, 1.57; 95%
Cl, 1.41-1.76) PCI.CABG hospitals. The rate of death
was not increased in patients from medium (HR, 1.05)
or high (HR, 0.99) PCI:CABG ratio hospitals.

Patients undergoing the index angiogram at an in-
stitution without CABG capabilities had worse long-
term outcomes including MACCE (HR, 1.07; 95% CI,
1.02-1.11) and MACCE-1 (death, MI, stroke) (HR, 1.07;
95% Cl, 1.02-1.13), after accounting for baseline char-
acteristics. Furthermore, having an index angiogram
performed at a hospital without CABG capabilities was
independently associated with a higher rate of death
(HR, 1.09; 95% ClI, 1.02-1.18) and MI (HR, 1.10; 95%
Cl, 1.03-1.17) over the follow-up period. Hospital fac-
tors were not associated with rates of stroke or repeat
revascularization.

Statistical Analysis
Sensitivity Analyses at Patient Level

After excluding patients who presented with a non-ST-
segment—elevation M, the 28 383 remaining patients
were divided into low, medium, and high PCI:CABG
ratio groups. Baseline demographics, coronary anat-
omy, and procedural details are presented in Table S2.
Similar to the overall analysis, high PCI:CABG group
hospitals performed more PCl than CABG across all
subgroups of coronary anatomy (Figure S2). The rate of
ad hoc PCl ranged from 45% for LM disease to 68% for
2-vessel disease with LAD involvement (Figure S3). The
association of hospital factors with long-term outcomes
is presented in Table S3. After adjusting for all baseline
characteristics, medium and high PCI:CABG ratio hos-
pitals were associated with an increased rate of MACCE
(HR, 1.10 and HR, 1.22, respectively) and repeat re-
vascularization (HR, 1.24 and HR, 1.59, respectively)
compared with low PCI:CABG ratio groups. Having the
index angiogram performed in hospitals without CABG
capabilities was independently associated with a higher
rate of MACCE (HR, 1.08), MACCE-1 (HR, 1.09), death
(HR, 1.10), and MI (HR, 1.15), compared with having the
index angiogram performed at hospitals without CABG
capability. In another sensitivity analysis, we examined
only those with diabetes, and the results were similar to
the overall findings (Table S4).
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Table 3. Nonpatient-Related (Institutional) Predictors of Long-Term Adverse Outcomes

Outcome Risk factor HR (95% CI) P value
MACCE Low PCI:CABG ratio Referent

Medium 119 (1.14-1.25) <0.01

High 1.21 (1.15-1.27) <0.01

With CABG capabilities Referent

Without CABG 1.07 (1.02-1.11) <0.01
MACCE-1 Low PCI:CABG ratio Referent

Medium 1.183 (1.07-1.19) <0.01

High 1.03 (0.97-1.09) 0.30

With CABG capabilities Referent

Without CABG 1.07 (1.02-1.13) <0.01
Death Low PCI:CABG ratio Referent

Medium 1.05 (0.97-1.13) 0.24

High 0.99 (0.91-1.07) 0.76

With CABG capabilities Referent

Without CABG 1.09 (1.02-1.18) 0.02
Myocardial infarction Low PCI:CABG ratio Referent

Medium 1.25 (1.17-1.34) <0.01

High 111 (1.03-1.20) <0.01

With CABG capabilities Referent

Without CABG 1.10 (1.08-1.17) <0.01
Repeat revascularization Low PCI:CABG ratio Referent

Medium 1.30 (1.17-1.45) <0.01

High 1.57 (1.41-1.76) <0.01

With CABG capabilities Referent

Without CABG 1.08 (0.98-1.19) 013

CABG indicates coronary artery bypass surgery; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular events — composite of death,
stroke, myocardial infarction, and repeat revascularization; MACCE-1, composite of death, stroke, and myocardial infarction; and PCI, percutaneous coronary

intervention.

Sensitivity Analyses at Institution/Provider Level

Furthermore, we adjusted for annualized total volume
of coronary revascularization procedures. As shown in
Table S5, the annualized volume of coronary revascu-
larization procedures was not significantly associated
with receiving PCI versus CABG surgery (P=0.74). After
forcing revascularization procedure volume into the
model, the association of PCI:CABG surgery remained
robust relative to the primary and secondary outcomes
(Table S6). Of the cohort, information on years since
medical school graduation and age of the cardiologist
performing the coronary angiogram was available for
42 899 (96.9%) and 42 681 (96.4%) patients, respec-
tively. More years since graduation of the physician
performing the coronary angiogram (Table S7) was as-
sociated with a lower likelihood of receiving PCI (OR,
0.96 per 5 years; 95% Cl, 0.93-0.99, P=0.01), but the
associations persisted even after inclusion of this vari-
able (Table S8). Similarly, older age of the cardiologist
performing the angiogram (Table S9) was associated
with a lower probability of PCI (OR, 0.97 per 5 years;
95% Cl, 0.94-0.99; P=0.02). However, the association
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of PCI:CABG with outcomes was unchanged after
including age of the interventional cardiologist
(Table S10). When the analysis incorporated hospital-
specific random effects, we found that the results for
death and repeat revascularizations were similar to the
main analyses reported in Table 3 (see Table S11).

DISCUSSION

In this large, multicenter, population-based analysis of
variations in coronary revascularization practices be-
tween hospitals, we observed a 2-fold variation in ad-
justed PCI/CABG ratio among institutions performing
nonemergent coronary angiography for patients with
severe multivessel CAD. Importantly, undergoing coro-
nary angiography at institutions with higher PCI/CABG
ratios was associated with an increased risk of MACCE,
MI, and repeat revascularization. Furthermore, having
the index angiogram performed at institutions with
CABG capabilities was associated with lower rates of
MACCE, MACCE-1, death, and M.
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The wide variation in the mode of revascularization
in contemporary practice in Ontario hospitals, after
adjusting for a large set of baseline characteristics,
coronary anatomy, and socioeconomic factors are
potentially concerning because some patients may
not be receiving the optimal form of revascularization,
which was dependent on the hospital where they pres-
ent for care. Randomized controlled trials of multives-
sel stenting versus CABG surgery in similar groups of
patients, such as the SYNTAX trial, found that MACCE
was significantly lower with surgery at 1-year fol-
low-up.'® The FREEDOM trial reported that death, M,
and stroke were significantly lower with CABG surgery,
with curves separating at 2.5 years. In FREEDOM, the
occurrence of MACCE events was significantly lower
with CABG surgery 1 year after randomization.'®

Some earlier studies investigating PCI:CABG ratio
variations among institutions have observed more
pronounced variations than our study; however, these
studies did not adjust for differences in patient charac-
teristics.'®"” Chan and colleagues also demonstrated
significant institutional variations of rates of nonacute
PCI throughout the United States, with 12% of patients
considered inappropriate.’® Among 24 458 patients
undergoing PCI in the State of New York, 14% were
deemed inappropriate for the procedure, whereas only
1% of CABGs were considered to be inappropriate.'®
Other studies have also reported variations between
regions and institutions; however, there was no statisti-
cal adjustment for patient preoperative characteristics
and these studies were performed before the Grade
| recommendations of a heart team approach in pa-
tients with multivessel CAD.?0-2?

We observed that by having the index angiogram
performed by an interventional cardiologist, the odds
of receiving a PClI rather than CABG were 32% higher,
consistent with previous reports.’®? In New York
State, Hannan and colleagues reported that treatment
recommendations for patients with severe CAD were
determined by the cardiologist in the catheterization
laboratory in 64% of cases. Among this group, 16.7%
had indications for either CABG or PCI, and of these,
93% underwent PCI.?% Furthermore, there was a weak
inverse association between the number of years in
practice and age with the PCI:CABG ratio; however,
the magnitude of effect was small, and the underlying
reasons underpinning this link could not be delineated
in our study.

Some of the PCls observed in the high PCI.CABG
ratio group may be due to the lack of a heart team
discussion. Almost half of the patients from the high
PCI:CABG ratio group underwent their diagnostic an-
giogram at institutions without CABG capabilities and
therefore without imminent availability of a cardiac
surgeon. Despite adjustment for patient characteris-
tics, patients treated in high PCI.CABG ratio centers
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experienced worse outcomes. This could be related to
patients with high coronary disease burden with mul-
tiple lesions receiving PCI or having more incomplete
revascularization compared with CABG.

The observational nature of this study may not ac-
count for the increased risk of PCl in patients deemed
inoperable. Surgical ineligibility has been previously
associated with poor outcomes following PCI.?
Nevertheless, in our study, there was an unexpect-
edly high rate of ad hoc PCI in all coronary subgroups,
which may indicate that a surgeon was not involved in
the revascularization strategy selection. Furthermore,
a recent study of patients with multivessel CAD and
diabetes reported that among patients undergoing
multivessel PCI, only 8.3% had pre-PCl cardiac surgi-
cal consultation.?® In fact, in our study, the proportion
of patients with diabetes was higher as the PCI.CABG
ratio increased irrespective of coronary anatomy.
Therefore, for the reasons discussed previously, we
believe that the unadjusted confounder of higher PCI
risk in inoperable patients was not a major driver of our
results.

The rate of ad hoc PCI for nonemergent severe
multivessel CAD was high (70%), and similar for hos-
pitals with or without on-site cardiac surgery. The role
of ad hoc PCl has been demonstrated in patients
with ST-segment—elevation Ml and whenever there is
no equipoise in the revascularization strategy (single-
vessel disease or double-vessel disease without LAD
involvement, frail patients who are not CABG candi-
dates).?® Nonetheless, our study excluded most of
these groups, in which one treatment strategy would
be preferred over another. A potential advantage of ad
hoc is the cost saved by avoiding multiple angiogra-
phies. However, given the higher rate of adverse events
that we observed in hospitals performing higher than
expected rates of PCl (most of which were ad hoc),
performing PCI at the time of the diagnostic angiogram
may not be cost saving in patients with multivessel sta-
ble CAD. Finally, patient preference towards a less in-
vasive technique (PCI) could not be accounted for and
may have partially explained the rate of ad hoc proce-
dures for stable complex CAD.

Our study demonstrated that long-term outcomes
(MACCE, MACCE-1, MI, death, and repeat revascu-
larization) are influenced by the institutional proclivity
toward PCI when surgical revascularization might be
a more appropriate option. Our statistical analysis ac-
counted for baseline patient characteristics, coronary
anatomy, and socioeconomic status before investigat-
ing the association of the PCI:CABG ratio with our pri-
mary and secondary outcomes. Physicians should be
cognizant that their treatment recommendations may
be influenced by nonpatient-related factors and insti-
tutional practices. Closer adherence to guidelines rec-
ommending multidisciplinary discussions for treatment

10
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of severe multivessel CAD and instituting quality im-
provement initiatives toward a heart team discussion
may lead to better decisions and improved outcomes.
Other potential approaches to building systems of care
that encourage evidence-based care could also be
beneficial.

Strengths and Limitations

This study has important limitations including its retro-
spective nature and inability to account for unmeasured
confounders. We were unable to determine whether
or not the chosen revascularization strategy was ap-
propriate or why a patient underwent ad hoc PCI. We
did not have information about coronary complexity (ie,
SYNTAX score) nor about the patient’s surgical risk (ie,
Society of Thoracic Surgeons or EuroScore). It is un-
clear whether or not a discussion occurred with mem-
bers of the heart team or if a patient was previously
deemed to be of prohibitive risk for CABG. Our study
was also unable to identify any barriers to using a heart
team approach, and this may require future study. Our
analyses started upon revascularization; however, we
excluded those with conditions that could increase the
risk of patients before planned revascularization proce-
dures (eg, cardiogenic shock, ST-segment—elevation
MI, emergent procedures) to mitigate potential for
survival bias. Finally, we were not able to account for
referral patterns among institutions and unmeasured
patient characteristics.

CONCLUSIONS

There exists a large degree of variation in PCl.CABG
ratios among patients with multivessel coronary dis-
ease undergoing honemergent coronary angiography.
The choice of revascularization strategy was influenced
by the physician performing the diagnostic angiogram,
with a substantial proportion of ad hoc PCls being per-
formed. Having a diagnostic angiogram in hospitals
with nonelevated PCI:CABG ratios or at centers with
on-site cardiac surgery capability was associated with
improved outcomes. Institutions providing coronary
revascularization procedures should consider monitor-
ing the relative proportion of PCls and CABG surgeries
in their pursuit of the delivery of optimal cardiac care.
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Table S1. CCS/ACS classification.

Value

Definition

0

Class 0: Asymptomatic

Class I: Ordinary physical activity such as walking or
climbing stairs does not cause angina. Angina with
strenuous, rapid, or prolonged exertion at work or
recreation.

Class II: Slight limitation of ordinary activity like
walking, climbing stairs, rapidly walking uphill, walking
or stair climbing after meals, in cold, in wind, under
emotional stress, or during the few hours after awakening.
Walking more than 2 blocks on the level and climbing
more than one flight of stairs at a normal pace and in
normal conditions.

Class I11: Marked limitation of ordinary physical activity.
Walking one or two blocks on the level or climbing one
flight of stairs in normal conditions and at a normal pace.

Class IV: Inability to carry out any physical activity
without discomfort - angina syndrome may be present at
rest.

ACS Low Risk

a: TIMI Risk Score for unstable angina and non-ST
segment elevation myocardial infarction = 0-2 — OR any
of the following:

b: Age < 65 years (note: age is not to be

used alone to determine risk category)

¢: No or minimum troponin rise (<1.0 ng/ml) (note:
Troponin T levels are universal due to a single system of
standards.)

d: No further Chest Pain e: Inducible ischemia <=7
MET’s workload.

ACS Intermediate Risk

a: TIMI Risk Score for unstable angina non-ST segment
elevation myocardial infarction = 3-4 — OR any of the
following

b: NSTEMI with small troponin rise (>= 1 <5 ng/ml)

c: Worst ECG T wave inversion or flattening.

d: Significant left ventricle dysfunction (ejection fraction
< 40%)

e: Previous documented CAD, Ml or CABG, PCI

ACS High Risk

a: TIMI Risk Score for unstable angina and non-ST
segment elevation myocardial infarction = 5-7 OR any of
the following:

b: Persistent or recurrent chest pain

c¢: Dynamic ECG changes with chest pain (e.g. transient
ischemic ST segment changes with chest pain.)

d: congestive heart failure, hypotension, arrhythmias with
chest pain

e: Moderate or high (>5 ng/ml) Troponin rise

f: Age > 75 years (note: age is not to be used alone to
determine risk category)




ACS: Acute Coronary Syndrome; CABG: Coronary Artery Bypass Grafting; CAD: Coronary Artery
Disease; CCS: Canadian Cardiovascular Society; ECG: electrocardiogram; MET: Metabolic Equivalents

of Task; MI: Myocardial Infarction; PCI: Percutaneous Coronary Intervention; TIMI: Thrombolysis In
Myocardial Infarction.

Source: https://ccs.ca/app/uploads/2020/12/Ang_Gui_1976.pdf


https://ccs.ca/app/uploads/2020/12/Ang_Gui_1976.pdf

Table S2. Baseline characteristics, coronary anatomy, and procedural details of patients

with multivessel coronary artery disease excluding those with NSTEMI undergoing non-

emergent angiography.

Hospital PCI/CABG ratio

Variable Low (0.70 - 0.85) Medium (1.01-1.17) | High (1.18 - 1.29) p-value
N= 10,489 N=9,642 N= 8,252

Age, mean + SD 67.2+10.0 66.5+10.4 66.5 + 10.7 <0.01
Male, n (%) 8,172 (77.9%) 7,510 (77.9%) 6,478 (78.5%) 0.54
Income quintile, n (%)

1, lowest 1,954 (18.6%) 1,795 (18.6%) 1,877 (22.7%)

2 2,060 (19.6%) 1,980 (20.5%) 1,901 (23.0%)

3 2,147 (20.5%) 2,016 (20.9%) 1,842 (22.3%) <0.01

4 2,204 (21.0%) 1,983 (20.6%) 1,223 (14.8%)

5, highest 2,101 (20.0%) 1,853 (19.2%) 1,384 (16.8%)

Missing 23 (0.2%) 15 (0.2%) 25 (0.3%)
Rural, n (%) 2,001 (19.1%) 1,577 (16.4%) 237 (2.9%) <0.01
Charlson index, mean + SD 1.62+1.8 1.55+1.8 1.66+1.8 <0.01
Hypertension, n (%) 7,509 (71.6%) 6,768 (70.2%) 6,099 (73.9%) <0.01
Diabetes, n (%) 3,596 (34.3%) 3,394 (35.2%) 3,224 (39.1%) <0.01
Smoking status, n (%)

Current 1,804 (17.2%) 2,034 (21.1%) 1,130 (13.7%) <0.01

Former 4,041 (38.5%) 2,419 (25.1%) 2,193 (26.6%)

Never 3,907 (37.2%) 4,757 (49.3%) 4,530 (54.9%)
CCS Class, n (%)*

0 1,236 (11.8%) 1,580 (16.4%) 1,346 (16.3%)

1 1,121 (10.7%) 1,125 (11.7%) 1,244 (15.1%)

2 2,806 (26.8%) 2,742 (28.4%) 2,796 (33.9%)

3 2,014 (19.2%) 1,809 (18.8%) 1,346 (16.3%) <001

4 309 (2.9%) 268 (2.8%) 136 (1.6%)

ACS Low Risk 1,133 (10.8%) 786 (8.2%) 498 (6.0%)

ACS Intermediate Risk 1,102 (10.5%) 829 (8.6%) 683 (8.3%)

ACS High Risk 460 (4.4%) 452 (4.7%) 178 (2.2%)

Unknown 762 (7.3%) 1,312 (13.6%) 401 (4.9%)
Congestive heart failure, n (%) 609 (5.8%) 573 (5.9%) 409 (5.0%) <0.01
Previous myocardial infarction, n (%) 2,254 (21.5%) 1,653 (17.1%) 1,578 (19.1%) <0.01
Peripheral vascular disease, n (%) 751 (7.2%) 608 (6.3%) 497 (6.0%) <0.01




Cerebrovascular disease, n (%) 804 (7.7%) 534 (5.5%) 493 (6.0%) <0.01

COPD. n (%) 638 (6.1%) 539 (5.6%) 302 (3.7%) <0.01

Creatinine, mean + SD 96.31+78.0 96.57 £ 75.2 99.68 + 87.9 0.01

Dialysis, n (%) 158 (1.5%) 125 (1.3%) 166 (2.0%) <0.01

eGFR, n (%)
<30 234 (2.2%) 229 (2.4%) 255 (3.1%)

30-59 1,654 (15.8%) 1,316 (13.6%) 1,198 (14.5%) 001
60 - 89 4,782 (45.6%) 4,050 (42.0%) 3,814 (46.2%)

>90 3,057 (29.1%) 2,735 (28.4%) 2,584 (31.3%)

Missing 762 (7.3%) 1,312 (13.6%) 401 (4.9%)

Left Main disease, n (%) 2,613 (24.9%) 2,180 (22.6%) 1,503 (18.2%) <.001
3-VD with proximal LAD, n (%) 1,814 (17.3%) 1,361 (14.1%) 1,460 (17.7%) <0.01
3-VD without proximal LAD, n (%) 1,929 (18.4%) 2,057 (21.3%) 1,665 (20.2%) <0.01
2-VD with LAD, n (%) 4,133 (39.4%) 4,044 (41.9%) 3,624 (43.9%) <0.01

PCI, n (%) 3,611 (34.4%) 4,728 (49.0%) 4,719 (57.2%) <0.01

Physician performing index angiogram, n

- II\Diagnostic cardiologist 2,136 (20.4%) 2,067 (21.4%) 2,823 (34.2%) <0.01
Interventional Cardiologist 8,353 (79.6%) 7,575 (78.6%) 5,429 (65.8%)

Hospital Type, n (%)

Community 5,311 (50.6%) 5,211 (54.0%) 3,636 (44.1%) <0.01
Teaching 5,178 (49.4%) 4,431 (46.0%) 4,616 (55.9%)
Hospital capability, n (%)
Angiography only 0 (0.0%) 0 (0.0%) 1,344 (16.3%) <0.01
Angiography and PCI only 1,649 (15.7%) 2,944 (30.5%) 2,292 (27.8%)
Angiography, PCl and CABG 8,840 (84.3%) 6,698 (69.5%) 4,616 (55.9%)
Primary Reason for Referral, n (%)
E: Elective, Stable Coronary Disease 4,180 (39.9%) 4,103 (42.6%) 4,855 (58.8%)
N: NSTEMI 0 0 0
<0.01

R: Rule out CAD

2,091 (19.9%)

2,241 (23.2%)

1,152 (14.0%)

U: Unstable Angina

3,362 (32.1%)

2,517 (26.1%)

1,907 (23.1%)

O: Other

856 (8.2%)

781 (8.1%)

338 (4.1%)

ACS: Acute Coronary Syndrome; CABG: Coronary Artery Bypass Grafting; CAD: Coronary Artery

Disease; CCS: Canadian Cardiovascular Society; COPD: Chronic Obstructive Pulmonary Disease; eGFR:

Estimated Glomerular Filtration Rate; LAD: Left Anterior Descending; NSTEMI: Non-ST-elevation

myocardial infarction; PCI: Percutaneous Coronary Intervention; SD: Standard deviation; VD: Vessel-

Disease.




Table S3. Non-patient related risk factors for long-term outcomes without NSTEMI cases.

Outcome Risk Factor HR (95% CI) p-value
MACCE Low Referent
Medium 1.10 (1.03-1.17) <0.01
High 1.22 (1.14 - 1.29) <0.01
With CABG capabilities Referent
Without CABG 1.08 (1.02 - 1.14) 0.01
MACCE-1 Low Referent
Medium 1.01 (0.94 - 1.09) 0.82
High 0.98 (0.91 - 1.06) 0.61
With CABG capabilities Referent
Without CABG 1.09 (1.02 -1.17) 0.01
Death Low Referent
Medium 0.99 (0.90 - 1.09) 0.86
High 0.93 (0.84 - 1.03) 0.18
With CABG capabilities Referent
Without CABG 1.10 (1.01-1.21) 0.03
Myocardial infarction Low Referent
Medium 1.09 (0.98 - 1.22) 0.13
High 1.08 (0.96 - 1.22) 0.20
With CABG capabilities Referent
Without CABG 1.15(1.03-1.27) 0.01
Repeat revascularization Low Referent
Medium 1.24 (1.10 - 1.39) <0.01
High 1.59 (1.41-1.78) <0.01
With CABG capabilities Referent
Without CABG 1.08 (0.97 - 1.20) 0.15

CABG: Coronary Artery Bypass Surgery; Cl: Confidence interval; HR: Hazard Ratio; MACCE: Major
Adverse Cardiac and Cerebrovascular Events — composite of death, stroke, myocardial infarction, and
repeat revascularization; MACCE-1: Composite of death, stroke, and myocardial infarction; PCI:
Percutaneous Coronary Intervention.




Table S4. Sensitivity analysis of outcomes in patients with diabetes.

Outcome Risk Factor HR (95% CI) p-value
MACCE Low PCI:CABG ratio Referent

Medium 1.20 (1.12-1.29) <0.01

High 1.21(1.13-1.31) <0.01

With CABG capabilities Referent

Without CABG 1.13 (1.06 - 1.20) <0.01
MACCE-1 Low PCI:CABG ratio Referent

Medium 1.12 (1.04 - 1.21) <0.01

High 1.04 (0.96 - 1.13) 0.331

With CABG capabilities Referent

Without CABG 1.17 (1.09 - 1.25) <0.01
Death Low PCI:CABG ratio Referent

Medium 1.08 (0.96 - 1.20) 0.1914

High 1.04 (0.93-1.17) 0.5023

With CABG capabilities Referent

Without CABG 1.13(1.02 - 1.25) 0.0224
Myocardial infarction Low PCI:CABG ratio Referent

Medium 1.21(1.09-1.34) 0.0005

High 1.13(1.00 - 1.27) 0.0456

With CABG capabilities Referent

Without CABG 1.19(1.08 - 1.31) <0.01
Repeat revascularization Low PCI:CABG ratio Referent

Medium 1.41 (1.24 - 1.60) <0.01

High 1.78 (1.56 - 2.04) <0.01

With CABG capabilities Referent

Without CABG 1.05(0.94-1.19) 0.376

CABG: Coronary Artery Bypass Surgery; Cl: Confidence interval; HR: Hazard Ratio; MACCE: Major
Adverse Cardiac and Cerebrovascular Events — composite of death, stroke, myocardial infarction, and
repeat revascularization; MACCE-1: Composite of death, stroke, and myocardial infarction; PCI:
Percutaneous Coronary Intervention.




Table S5. Sensitivity analysis of predictors of receiving PCI rather than CABG, including

total volume of revascularization procedures.

Odds ratio (95% CI) p-value
CCS Class
0 referent
1 0.99 (0.89 - 1.10) 0.82
2 0.98 (0.89 - 1.07) 0.63
3 0.97 (0.88 - 1.07) 0.55
4 151 (1.29 - 1.75) <0.01
ACS Low Risk 1.47 (1.33-1.63) <0.01
ACS Intermediate Risk 1.65 (1.51-1.80) <0.01
ACS High Risk 2.22 (1.99 - 2.48) <0.01
Age, per 10 years 1.23 (1.20 - 1.26) <0.01
Male 0.69 (0.66 - 0.73) <0.01
CHF history 1.34 (1.22-1.47) <0.01
Smoking status
Non-Smoker referent
Current 1.03 (0.97 - 1.10) 0.33
Former 0.94 (0.89-0.99) 0.03
COPD 1.26 (1.15-1.40) <0.01
Cerebrovascular disease 1.11 (1.02 - 1.22) 0.02
Diabetes 0.68 (0.65-0.72) <0.01
Hypertension 0.88 (0.83-0.93) <0.01
eGFR
<30 1.32 (1.15 - 1.51) <0.01
30-59 1.18 (1.10-1.28) <0.01
60 - 89 0.94 (0.89 - 0.99) 0.03
>90 referent
Previous Ml 1.22 (1.15-1.29) <0.01
Coronary anatomy
Left Main disease 0.47 (0.43 - 0.50) <0.01
3-VD with proximal LAD referent
3-VD without proximal LAD 1.97 (1.83-2.11) <0.01
2-VD with LAD 8.74 (8.18-9.35) <0.01
Physician performing index angiogram
Diagnostic cardiologist referent
Interventional Cardiologist 1.37 (1.23-1.52) <0.01

Hospital capabilities




Angiography only 1.92 (0.47 - 7.89) 0.38
Angiography and PCI 1.04 (0.44 - 2.46) 0.94
Angiography, PCI, and CABG referent

Annual total volume of PCl and CABG* 0.99 (0.95-1.04) 0.74

ACS: Acute Coronary Syndrome; CABG: Coronary Artery Bypass Grafting; CAD: Coronary Artery
Disease; CCS: Canadian Cardiovascular Society; COPD: Chronic Obstructive Pulmonary Disease; eGFR:

Estimated Glomerular Filtration Rate; LAD: Left Anterior Descending; PCI: Percutaneous Coronary
Intervention; SD: Standard deviation; VD: Vessel-Disease.

* per 100 patients




Table S6. Sensitivity analysis of outcomes forcing in revascularization procedure volume

into model.
Outcome Risk Factor HR (95% CI) p-value
MACCE Low PCI:CABG ratio Referent
Medium 1.18 (1.13,1.23) <0.01
High 1.20 (1.14, 1.26) <0.01
With CABG capabilities Referent
Without CABG 0.96 (0.91, 1.02) 0.15
MACCE-1 Low PCI:CABG ratio Referent
Medium 1.12 (1.07, 1.18) <0.01
High 1.03 (0.97, 1.09) 0.32
With CABG capabilities Referent
Without CABG 1.01 (0.95, 1.08) 0.72
Death Low PCI:CABG ratio Referent
Medium 1.04 (0.96, 1.13) 0.31
High 0.98 (0.91, 1.07) 0.70
With CABG capabilities Referent
Without CABG 1.02 (0.92,1.13) 0.69
Myocardial infarction Low PCI:CABG ratio Referent
Medium 1.23 (1.15,1.32) <0.01
High 1.11 (1.03, 1.20) 0.01
With CABG capabilities Referent
Without CABG 1.00 (0.92, 1.09) 0.97
Repeat revascularization Low PCI:CABG ratio Referent
Medium 1.30 (117, 1.44) <0.01
High 1.54 (1.38, 1.71) <0.01
With CABG capabilities Referent
Without CABG 0.89 (0.77, 1.03) 0.13




Table S7. Sensitivity analysis of predictors of receiving PCI rather than CABG, including

number of years since graduation of cathing cardiologist.

Odds ratio (95% CI) p-value
CCS Class
0 referent
1 0.99 (0.88 - 1.10) 0.80
2 0.98 (0.90 - 1.08) 0.71
3 0.97 (0.88-1.07) 0.57
4 1.52 (1.30-1.77) <0.01
ACS Low Risk 1.47 (1.33-1.62) <0.01
ACS Intermediate Risk 1.65 (1.51-1.81) <0.01
ACS High Risk 2.21 (1.98 - 2.47) <0.01
Age, per 10 years 1.23 (1.20 - 1.26) <0.01
Male 0.69 (0.66 - 0.73) <0.01
CHF history 1.34 (1.22-1.47) <0.01
Smoking status
Non-Smoker referent
Current 1.03 (0.96 - 1.10) 0.43
Former 0.94 (0.88 - 0.99) 0.02
COPD 1.27 (1.14 - 1.40) <0.01
Cerebrovascular disease 1.11 (1.01-1.22) 0.02
Diabetes 0.68 (0.65-0.72) <0.01
Hypertension 0.88 (0.84 - 0.93) <0.01
eGFR
<30 1.30 (1.13-1.49) <0.01
30-59 1.18 (1.09 - 1.27) <0.01
60 - 89 0.94 (0.89 - 1.00) 0.04
>90 referent
Previous Ml 1.21 (1.14 - 1.28) <0.01
Coronary anatomy
Left Main disease 0.46 (0.43 - 0.50) <0.01
3-VD with proximal LAD referent
3-VD without proximal LAD 1.96 (1.82 - 2.10) <0.01
2-VD with LAD 8.76 (8.20-9.37) <0.01
Physician performing index angiogram
Diagnostic cardiologist referent
Interventional Cardiologist 1.34 (1.20 - 1.49) <0.01

Hospital capabilities




Angiography only 2.40 (0.98 - 5.87) 0.07
Angiography and PCI 1.14 (0.64 - 2.03) 0.66
Angiography, PCI, and CABG referent

Years since graduation, per 5 years 0.96 (0.93 - 0.99) 0.01




Table S8. Sensitivity analysis of outcomes including years since graduation of cathing

cardiologist.
Outcome Risk Factor HR (95% CI) p-value
MACCE Low PCI:CABG ratio Referent
Medium 1.19 (1.14 - 1.24) <0.01
High 1.21 (1.15-1.27) <0.01
With CABG capabilities Referent
Without CABG 1.05(1.01 - 1.10) 0.02
MACCE-1 Low PCI:CABG ratio Referent
Medium 1.12 (1.07 - 1.18) <0.01
High 1.04 (0.98 - 1.10) 0.24
With CABG capabilities Referent
Without CABG 1.06 (1.01-1.12) 0.02
Death Low PCI:CABG ratio Referent
Medium 1.03(0.96 - 1.12) 0.40
High 0.99 (0.91-1.08) 0.82
With CABG capabilities Referent
Without CABG 1.08 (1.01-1.17) 0.03
Myocardial infarction Low PCI:CABG ratio Referent
Medium 1.25(1.17 - 1.34) <0.01
High 1.13(1.04 - 1.22) 0.00
With CABG capabilities Referent
Without CABG 1.08 (1.01 - 1.16) 0.02
Repeat revascularization Low PCI:CABG ratio Referent
Medium 1.30 (1.17 - 1.46) <0.01
High 1.58 (1.41-1.77) <0.01
With CABG capabilities Referent
Without CABG 1.07 (0.97 - 1.19) 0.18




Table S9. Sensitivity analysis of predictors of receiving PCI rather than CABG, including

age of cathing cardiologist.

Odds ratio (95% CI) p-value
CCS Class
0 referent
1 0.99 (0.89-1.11) 0.87
2 0.99 (0.90 - 1.08) 0.77
3 0.98 (0.88 - 1.08) 0.65
4 1.54 (1.32-1.79) <0.01
ACS Low Risk 1.47 (1.33-1.63) <0.01
ACS Intermediate Risk 1.66 (1.51-1.82) <0.01
ACS High Risk 2.22 (1.99 - 2.48) <0.01
Age, per 10 years 1.23 (1.20 - 1.26) <0.01
Male 0.69 (0.66 - 0.73) <0.01
CHF history 1.34 (1.22-1.47) <0.01
Smoking status
Non-Smoker referent
Current 1.03 (0.96 - 1.09) 0.46
Former 0.94 (0.88 - 0.99) 0.03
COPD 1.27 (1.15-1.40) <0.01
Cerebrovascular disease 1.11 (1.01-1.21) 0.03
Diabetes 0.69 (0.65-0.72) <0.01
Hypertension 0.89 (0.84 - 0.93) <0.01
eGFR
<30 1.29 (1.13-1.48) <0.01
30-59 1.17 (1.08 - 1.26) <0.01
60 - 89 0.94 (0.89 - 1.00) 0.04
>90 referent
Previous Ml 1.21 (1.14 - 1.28) <0.01
Coronary anatomy
Left Main disease 0.47 (0.43-0.51) <0.01
3-VD with proximal LAD referent
3-VD without proximal LAD 1.97 (1.83-2.12) <0.01
2-VD with LAD 8.80 (8.23-9.42) <0.01
Physician performing index angiogram
Diagnostic cardiologist referent
Interventional Cardiologist 1.33 (1.20 - 1.48) <0.01

Hospital capabilities




Angiography only 2.40 (0.98 - 5.85) 0.07
Angiography and PCI 111 (0.63-1.97) 0.72
Angiography, PCI, and CABG referent

Physician age, per 5 years 0.97 (0.94 - 0.99) 0.02




Table S10. Sensitivity analysis of outcomes including age of cathing cardiologist.

Outcome Risk Factor HR (95% CI) p-value
MACCE Low PCI:CABG ratio Referent

Medium 1.19 (1.14-1.24) <0.01

High 1.21 (1.15-1.27) <0.01

With CABG capabilities Referent

Without CABG 1.05(1.01 - 1.10) 0.02
MACCE-1 Low PCI:CABG ratio Referent

Medium 1.12 (1.07 - 1.18) <0.01

High 1.04 (0.98 - 1.10) 0.21

With CABG capabilities Referent

Without CABG 1.06 (1.01-1.11) 0.02
Death Low PCI:CABG ratio Referent

Medium 1.03(0.95-1.12) 0.44

High 0.99 (0.91 - 1.08) 0.82

With CABG capabilities Referent

Without CABG 1.08 (1.00 - 1.17) 0.04
Myocardial infarction Low PCI:CABG ratio Referent

Medium 1.25(1.17 - 1.34) <0.01

High 1.13 (1.05 - 1.23) <0.01

With CABG capabilities Referent

Without CABG 1.08 (1.01 - 1.16) 0.02
Repeat revascularization Low PCI:CABG ratio Referent

Medium 1.32 (1.18 - 1.47) <0.01

High 1.59 (1.42 - 1.78) <0.01

With CABG capabilities Referent

Without CABG 1.07 (0.97 - 1.19) 0.18




Table S11. Results of analysis using hospital as a random effect.

Hospital Random Effects

Outcome Risk Factor HR (95% CI) p-value
Death
PCI:CABG ratio Low Referent
Medium 1.08 (0.96 - 1.22) 0.20
High 0.99 (0.88-1.12) 0.89
Repeat revascularization
PCI:CABG ratio Low Referent
Medium 1.31 (1.09 - 1.58) <0.01
High 1.55 (1.28 - 1.88) <0.01




Figure S1.

category.
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Figure S2. Frequency of PCI as the revascularization procedure of choice, among all
revascularized patients for each category of coronary anatomy, after excluding NSTEMI
cases.
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Figure S3. Frequency of ad-hoc PCI for each category of coronary anatomy, among all PCI

procedures, after excluding NSTEMI cases.
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