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BACKGROUND: Patient selection and outcomes for percutaneous coronary intervention (PCl) and coronary artery bypass graft-
ing (CABG) have changed over the past decade. However, there is limited information on outcomes for both revascularization
strategies in the same population. The study evaluated temporal changes in risk profile, procedural characteristics, and clinical
outcomes for PCI- and CABG-treated patients.

METHODS AND RESULTS: We analyzed all PCl and isolated CABG between 2005 and 2017 in nonfederal hospitals in Washington
State. Descriptive analysis was performed to evaluate temporal changes in risk profile and, risk-adjusted in-hospital mortality.
Over the study period, 178 474 PCl and 36 592 CABG procedures were performed. PCl and CABG volume decreased by
2.9% and 22.6%, respectively. Compared with 2005-2009, patients receiving either form of revascularization between 2014
and 2017 had a higher prevalence of comorbidities including diabetes mellitus and hypertension and dialysis. Presentation
with ST-segment—elevation myocardial infarction (17% versus 20%) and cardiogenic shock (2.4% versus 3.4%) increased for
patients with PCI compared with CABG. Conversely, clinical acuity decreased for patients receiving CABG over the study pe-
riod. From 2005 to 2017, mean National Cardiovascular Data Registry CathPCl mortality score increased for patients treated
with PCI (20.1 versus 22.4, P<0.0001) and decreased for patients treated with CABG (18.8 versus 17.8, P<0.0001). Adjusted
observed/expected in-hospital mortality ratio increased for PCI (0.98 versus 1.19, P<0.0001) but decreased for CABG (1.21
versus 0.74, P<0.0001) over the study period.

CONCLUSIONS: Clinical acuity increased for patients treated with PCI rather than CABG. This resulted in an increase in ad-
justed observed/expected mortality ratio for patients undergoing PCl and a decrease for CABG. These shifts may reflect an
increased use of PCl instead of CABG for patients considered to be at high surgical risk.
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CLINICAL PERSPECTIVE

What Is New?

e In an analysis from the Cardiac Care Outcomes
Assessment Program from Washington State,
178 474 patients undergoing percutaneous cor-
onary intervention and 36 592 patients under-
going coronary artery bypass grafting between
2005 to 2017 were evaluated.

¢ While medical comorbidities increased for both
groups, the percutaneous coronary intervention
cohort demonstrated an increase in both clini-
cal acuity (ST-segment-elevation myocardial
infarction, cardiogenic shock) and procedural
complexity (left main, atherectomy, chronic total
occlusion).

e Risk-adjusted in-hospital mortality increased
for percutaneous coronary intervention and de-
creased for coronary artery bypass grafting.

What Are the Clinical Implications?

e Patient selection for coronary revascularization
has shifted over the past decade with higher risk
patients undergoing percutaneous coronary in-
tervention with an accompanying increase in
risk-adjusted mortality.

Nonstandard Abbreviations and Acronyms

CABG coronary artery bypass grafting

COAP Cardiac Care Outcomes Assessment
Program

CTO chronic total occlusion

LM left main

Mi myocardial infarction

NCDR National Cardiovascular Data Registry

NSTEMI non-ST-segment—elevation myocar-
dial infarction

NYHA New York Heart Association

O/E observed to expected

PCI percutaneous coronary intervention

PAD peripheral artery disease

STEMI ST-segment-elevation myocardial
infarction

STROBE Strengthening the Reporting of
Observational Studies in Epidemiology

STS Society of Thoracic Surgery

s a result of improved risk factor control, declin-
Aicng rates of acute myocardial infarction, and similar
linical outcomes between initial medical and inva-

sive management for stable coronary disease, rates of
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coronary revascularization have decreased.' In addition,
the proportion of elderly patients and prevalence of medi-
cal comorbidities among patients treated with coronary
revascularization have increased in the contemporary
era*®

Concurrent innovation in percutaneous coronary
intervention (PCI) has enabled treatment of complex
coronary lesions in high-risk patients.® High-risk PCI
has increased as a result of trials demonstrating the
safety of unprotected left main (LM) stenting, atherec-
tomy devices for treatment of calcified lesions, percu-
taneous techniques for chronic total occlusion (CTO)
PCI, and use of temporary mechanical circulatory
support.” The influence of these shifts on the risk
profiles and clinical outcomes of patients undergoing
PCl or coronary artery bypass grafting (CABG) are not
well understood. Previous studies have either evalu-
ated revascularization trends for PCl or CABG in iso-
lation®1213 or studied an older cohort of patients.347

The objective of our study was to evaluate tempo-
ral trends in the risk profiles and clinical outcomes for
a contemporary cohort of patients undergoing PCI or
CABG in nonfederal hospitals in Washington State.
The COAP (Cardiac Care Outcomes Assessment
Program) registry captures all PCl and cardiac sur-
gery procedures performed in nonfederal hospitals
in Washington State, providing a unique opportunity
to examine shifts in revascularization strategies in the
same population. We hypothesized that the risk pro-
file and in-hospital mortality will increase for both PCI
and CABG. Furthermore, procedural complexity was
expected to increase for PCI.

METHODS

Data Source
Deidentified data can be made available for other
investigators by reasonable request. We used the
COAP database, which captures all PCl and cardiac
surgery procedures performed in nonfederal hospitals
in Washington State. The database has been previ-
ously described.’® Briefly, COAP is a physician-lead
initiative with universal participation from all nonfed-
eral hospitals in Washington State. Participating sites
provide clinical information on consecutive PCI and
cardiac surgeries for the purposes of quality improve-
ment. Deidentified hospital-level quality metrics are
discussed at monthly meetings to minimize care varia-
tion, initiate quality improvement initiatives, and share
best practices. All nonfederal PCl-capable hospitals
(83) and CABG hospitals (17) are currently compliant
with data submission. The quality of the data is main-
tained through routine audits.

From 2005 to 2007, COAP collected data for CABG
using its own case report form. Beginning in 2008,
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the Society of Thoracic Surgery (STS) data collection
form was used for CABG. Between 2005 and 2008,
COAP used its own data collection form for PCI and
subsequently transitioned to the American College
of Cardiology NCDR (National Cardiovascular Data
Registry) CathPCl data collection form in 2009. In addi-
tion to demographic information, clinical variables, pro-
cedural characteristics, and outcomes were captured.

Patient Population

We included all patients older than 18 years who were
treated with PCI or isolated CABG between May 9,
2005, and December 31, 2017. Patients who received
concurrent CABG at the time of valve surgery or had
missing clinical variables (5.6% for PCI and 4.1% for
CABG) were excluded from the analysis.

Statistical Analysis

We evaluated baseline demographics and clinical
presentation over 3 time periods: (1) 2005-2009, (2)
2010-2013, and (3) 2014-2017. Three time periods
of approximately equal length were selected to com-
pare baseline variables to evaluate secular trends; the
remainder of the analysis evaluated annual trends.
Because of the large sample size, we calculated the
standardized mean difference between the first and last
time period for baseline variables. Standardized mean
difference estimates the effect size and is calculated as
the difference between groups divided by the standard
deviation.

Annual volumes for PClI and CABG were ana-
lyzed from 2005 to 2017. Linear trend statistics were
utilized to analyze significance. The analysis further
stratified the indication for the invasive procedure as
ST-segment—elevation myocardial infarction (STEMI),
non-STEMI (NSTEMI), and elective. Temporal trends
were evaluated for a subpopulation of patients with di-
abetes mellitus who had multivessel coronary artery
disease undergoing elective revascularization.

We calculated the NCDR CathPCI mortality score
for PCI- and CABG-treated patients. The model was
derived from 181 775 PCI procedures and subse-
quently validated with prospective cohorts with excel-
lent discriminatory function (c-statistic 0.926) for 30-day
mortality.'® Variables included in the model were age,
presence of cardiogenic shock, prior congestive heart
failure, peripheral artery disease, chronic lung disease,
glomerular filtration rate, New York Heart Association
class IV symptoms, presence of STEMI, and PCI sta-
tus. We used all variables in the risk score calculation
except New York Heart Association class IV, which
was not collected for the years 2005 through 2007 for
CABG and 2005 through 2008 for PCIl. We stratified
the NCDR CathPCI mortality score into tertiles of low
risk (<20), intermediate risk (20—40), and high risk (>40).
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These tertiles reflect the distribution of the risk score in
our population. In addition, the difference in the mean
NCDR CathPCI mortality score from 2005 to 2017 was
calculated for the CABG and PCI groups. The absolute
difference was then compared with a 95% ClI.

Linear trends in PCI procedural characteristics were
evaluated with a focus on atherectomy use, LM inter-
ventions, and treatment of CTOs. The data collection
only captured CTO PCls following 2010.

Finally, linear trends for in-hospital mortality
were analyzed for the CABG and PCI groups and
expressed as an observed to expected (O/E) ratio.
Statistical analyses were performed with the chi-
square test for linear trend. The expected number
of deaths was calculated from the logistic function
adjusting for NCDR CathPCI mortality risk score
for the PCI and CABG groups. For the PCI group,
we performed additional adjustment for LM inter-
vention and atherectomy use. A sensitivity analysis
was performed by calculating the O/E mortality for
patients with CABG using the STS risk score be-
tween 2008 and 2016. The STS risk score was not
reliably available for other time periods and, there-
fore, not utilized for the primary analysis. We ex-
amined the association between year and the ratio
of O/E deaths with linear regression and used the
Durbin-Watson statistic to check for autocorrela-
tion. SPSS version 19.0 (IBM) was used for data
analysis.

All data are reported in accordance with STROBE
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. The
study was exempt from institutional review board
approval because the analysis was conducted for
quality improvement and did not involve human
participants.

RESULTS

Our study evaluated patients treated with PCl and
CABG between 2005 and 2017. In total, 178 474 pa-
tients treated with PCl and 36 592 treated with CABG
were included in the analysis. PCI volume decreased
by 2.9% over the entire study period, with a 19.1% de-
crease from 2005 to 2014 followed by a subsequent
increase (Figure 1A). Annual CABG volume decreased
consistently by 22.6% from 2005 to 2017 (Figure 1B),
with a relative 39.0% reduction in elective and 60.7%
reduction in STEMI indications. For a subpopulation of
patients with diabetes mellitus and multivessel coro-
nary artery disease undergoing elective revasculariza-
tion, utilization of CABG (n=9429) and PCI (n=14 031)
was evaluated over the study period. Total revascu-
larization volume decreased from 2005 to 2017 for
both strategies (2433 to 1581, P<0.0001), driven by
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reduction in PCI volume (decrease from 1624 to 856,
P=0.0003). CABG volume did not change substantially
over the study period. Proportional utilization of PCI
decreased from 66.7% to 54.1% (P<0.0001) and CABG

Trends and Outcomes for PCl and CABG
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Figure 1.

Annual percutaneous coronary intervention (PCl) volume (A) and annual coronary
artery bypass grafting (CABG) volume (B).

NSTEMI indicates non-ST-segment-elevation myocardial infarction; STEMI, ST-segment-elevation
myocardial infarction.

increased from 33.3% to 45.9% (P<0.0001) over the
study period.

Table 1 summarizes the clinical characteristics for
PCI over 3 time periods 2005-2009, 2010-2013, and
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2014-2017. Compared with 2005-2009, a higher pro-
portion of patients undergoing PCI between 2014 and
2017 were elderly patients older than 80 years (12%
versus 14%) and had increased medical comorbidi-
ties such as diabetes mellitus (30% versus 35%,), hy-
pertension (74% versus 78%), requirement of dialysis
(1.4% versus 2.6%), cerebrovascular disease (11% ver-
sus 13%), congestive heart failure (10% versus 15%),
and chronic kidney disease, defined as preprocedure
creatinine >2.0 mg/dL (3.7% versus 5.0%). History of
previous CABG decreased over the study period (18%
versus 16%). Clinical acuity for patients undergoing
PCI also increased over the study period, with higher
prevalance of STEMI (17% versus 20%), NSTEMI (18%
versus 28%), cardiogenic shock (2.4% versus 3.4%),
emergent or urgent procedures (50% versus 64%), and
use of intra-aortic balloon pump (0.9% versus 2.4%).

Compared with 2005-2009, CABG-treated pa-
tients between 2014 and 2017 also demonstrated
higher prevalance of diabetes mellitus (37% versus
45%), hypertension (80% versus 85%), requirement
of dialysis (1.6% versus 2.5%), cerebrovascular dis-
ease (14% versus 21%), and previous PCI (23% ver-
sus 29%) (Table 2). However, there was a decrease in
the proportion of elderly patients older than 80 years
(9% versus 7%), prevalence of chronic kidney disease
(4.7-41%), presentation with cardiogenic shock (2.4%
versus 1.3%), and STEMI (5.0% versus 4.3%). Re-do
CABG also decreased (4.0% versus 1.5%).

Annual risk profiles of patients treated with PCIl and
CABG stratified by tertiles of NCDR CathPCI mortality
score are displayed in Figure 2A and 2B. Low risk was
defined as an NCDR CathPCI score <20, medium risk
was defined as a score of 20 to 40, and high risk was
defined as a score >40. Over the study period, the pro-
portion of patients undergoing PCl who were consid-
ered at low risk decreased from 54.4% to 46.0%, while
those considered at high risk increased from 4.8% to
6.2% (Figure 2). Conversely, the proportion of patients
undergoing CABG who were considered at low risk in-
creased from 62.3% to 63.3%, while those considered
at high risk decreased from 3.0% to 1.6% (Table S1).
The mean NCDR CathPCI mortality score increased for
PCl by 2.3 points (95% Cl, 2.0-2.6) from 2005 to 2017
and decreased for CABG by —1.0 points (95% Cl, —1.5 to
-0.5), with an absolute difference between the groups of
3.3 points (95% Cl, 2.7-3.9) (Table S2 and S3).

For patients treated with PCI, high-risk interventions
such as atherectomy use (1.3-3.0%, P<0.0001) and LM
intervention (1.6-4.3%, P<0.0001) (Figure 3) increased
from 2005 to 2017. PCI for CTOs also increased from
2010 to 2017 (4.4% versus 7.6%, P<0.0001).

Over the study period, unadjusted in-hospital mor-
tality increased for PCl (1.5-2.3%, P<0.0001) and
decreased for CABG (2.3-1.2%, P<0.0001). After ad-
justment for baseline NCDR CathPCI mortality score
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and procedural characteristics unique to the PCI
group, the ratio of O/E deaths decreased for CABG
(1.21-0.74, P<0.0001) but increased for PCI (0.98-1.19,
P<0.0001) (Figure 4). Durbin-Watson statistics for both
CABG and PCI indicated that there was no autocor-
relation. Additional sensitivity analysis for O/E ratio for
CABG adjusting for NCDR CathPCl mortality score
and STS risk score between 2008 and 2016 showed
no difference in mortality (Table S4).

DISCUSSION

The present study evaluated temporal trends in the
procedural volume, risk profile, PCI procedural char-
acteristics, and clinical outcomes for a contempo-
rary cohort of patients treated with PCl and CABG
in nonfederal hospitals in Washington State between
2005 and 2017. Several important findings emerged
from our analysis. First, there was an overall 6.6%
decrease in all revascularization procedures, a find-
ing primarily driven by a relative 22.6% reduction in
CABG volume and a modest 2.9% reduction in PCI
volume. A unigue finding from our analysis was an
increase in PCI in the recent era from 2013 to 2017,
with a 20.0% increase in overall PCl and 30.3% in-
crease in elective PCIl. Second, the percentage
of patients with moderate to high composite risk
scores increased for PCl and decreased for CABG
despite higher medical comorbidities in both groups,
a finding driven by higher clinical acuity including
cardiogenic shock and STEMI among PCl-treated
patients. Third, high-risk PCl such as LM interven-
tion, atherectomy use, and CTO PCI increased.
Finally, risk adjusted O/E in-hospital mortality ratio
increased for PCl and decreased for CABG over the
study period.

Rates of coronary revascularization declined be-
tween 2005 and 2017, particularly for CABG. The
decreasing rates of revascularization for stable cor-
onary disease reflect cumulative forces of improved
risk factor control, lack of improvement in clinical
outcomes between initial medical and invasive man-
agement, adoption of appropriate use criteria for
coronary revascularization, and use of physiologic
hemodynamic assessment.'®20-26° A unique finding
from our analysis was a relative 20.0% increase in
PCI procedures from 2013 to 2017, with a 30.3%
increase in elective PCls. While previous studies
demonstrated steady reduction in annual PCI vol-
ume, a contemporary cohort had not been evalu-
ated.®'826 Reporting of PCI volume in California also
demonstrated a 14.3% increase from 2013 to 2016,
similar to our findings. Multiple forces may influence
the growth in elective PCI including increasing LM
and CTO interventions, which may shift patients who
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Figure 2. Annual risk profile of percutaneous coronary intervention coronary intervention (PCI)
(A) and coronary artery bypass grafting (CABG) (B) by NCDR (National Cardiovascular Data
Registry) CathPCI mortality score.

High indicates NCDR CathPCI morality score >40; low, NCDR CathPCIl morality score <20; and medium,
NCDR CathPCI mortality score 20 to 40.

were previously treated with CABG or untreated en- elective PCI. Other states participating in Medicaid
tirely. Furthermore, Medicaid expansion with the  expansion have also observed increased cardiovas-
Affordable Care Act may have influenced a rise in cular procedural volumes.?®
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Figure 3. Temporal trend left main (LM) coronary artery intervention, atherectomy use, and

chronic total occlusion (CTO) revascularization.

PCl indicates percutaneous coronary intervention.

Among patients who underwent any form of cor-
onary revascularization, the prevalence of older age
and medical comorbidities increased in our study and
national registries.>'32° The risk profile as assessed
by the NCDR CathPCI mortality score for patients
with CABG and PCI, however, diverged despite the
increased medical comorbidities in both groups. The
mean NCDR CathPCIl mortality score increased for
PCI (from 20.1 to 22.2) and decreased for CABG (from
18.8 to 17.8) from 2005 to 2017. In particular, the pro-
portion of high and moderate NCDR CathPCI mortal-
ity score increased for PCl and decreased for CABG.
An analysis from the Department of Veterans Affairs
demonstrated a similar increase in the median NCDR
CathPCI mortality score from 2009 to 2015 (14-15,
P=0.005)."® Conversely, an analysis of 65 097 patients
treated with CABG between 1997 and 2011 demon-
strated a lower predicted operative morality (3.1-1.7%)
despite an increase in medical comorbidities.® In our
study, the discordance between medical comorbidi-
ties and risk profile resulted from both higher-risk pa-
tients, such as octogenarians and those with chronic
kidney disease, and acute clinical presentations, such
as STEMI and cardiogenic, for patients treated with
PCI. The higher prevalence of cardiogenic shock in
the PCI group is particularly important as 30-day
mortality from cardiogenic shock complicating acute

J Am Heart Assoc. 2020;9:e015317. DOI: 10.1161/JAHA.119.015317

MI has remained unchanged at =45% over the past
decade despite the use of various percutaneous left
ventricular assist devices.®*-32 Together, our findings
highlight an important clinical and therapeutic shift in
coronary revascularization with increasing utilization
of PCl rather than CABG among moderate- and high-
risk patients, especially those with cardiogenic shock
or STEMI.

In addition to higher-risk patient profiles, proce-
dural complexity of PCI increased over the study
period. We discovered a consistent uptrend in LM
intervention, CTO PCI, and atherectomy use over the
study period. Current guidelines favor CABG over
PCI in the presence of LM or multivessel disease in
the context of complex coronary anatomy, diabetes
mellitus, and cardiomyopathy.®® Despite the guide-
lines, studies from national registries demonstrate
increased utilization of PCI in patients with complex
coronary anatomy, including those with a class | in-
dication for CABG.®43% Our study demonstrated a
reduction in combined revascularization volume for
patients with diabetes mellitus and multivessel coro-
nary artery disease, consistent with overall findings.
However, PCI remained the most common revascu-
larization strategy in this patient population. Similarly,
from an NCDR analysis, PCl was the most common
form of revascularization for patients with diabetes

10
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Figure 4. Risk-adjusted observed to expected ratio for in-hospital mortality for percutaneous
coronary intervention (PCI) and coronary artery bypass grafting (CABG).

*Outcomes adjusted for NCDR (National Cardiovascular Data Registry) CathPCI score and procedural
characteristic for PCI group (left main and atherectomy use).

mellitus and multivessel coronary artery disease
hospitalized with NSTEMI.3% Increase in LM interven-
tion may be related to numerous factors. With the
increased prevalence of octogenarians and medical
comorbidities, patients may be deemed surgically
ineligible for CABG. Alternatively, increased opera-
tor comfort and patient preference for PCI may drive
shared decision-making towards a percutaneous
procedure.

The adjusted O/E ratio for in-hospital mortality
decreased for CABG and increased for PCIl in our
analysis. Similar results were seen in a large study of
Medicare beneficiaries, which showed increased in-
hospital mortality for PCl and decreased in-hospital
mortality for CABG between 2008 and 2012.'® In our
study, adjusted O/E ratio for PCI initially remained sta-
ble between 2005 and 2013 (O/E ratio, 0.94-0.95)
followed by an increase from 2014 to 2017 (O/E ratio,
1.0-1.17). This temporally correlates with an uptrend
in high-risk PCI. However, higher mortality persisted
despite adjusting for LM intervention and atherectomy
device utilization, factors known to be associated with
increased procedural risk.®4%” While previous studies
have demonstrated improved short- and long-term
mortality for PCI, a contemporary cohort had not been
evaluated.*#?° In an analysis of US veterans treated
with PCI, Waldo et al'® demonstrated a trend towards

J Am Heart Assoc. 2020;9:e015317. DOI: 10.1161/JAHA.119.015317

decreased mortality from 2009 to 2015 (hazard ratio,
0.98; 95% Cl, 0.96-1.00). However, the population had
lower clinical acuity with a minor increase in STEMI
(2-4%) and unchanged rates of LM intervention (2%)
and intra-aortic balloon pump use (1%). Therefore, the
increased clinical acuity with STEMI and cardiogenic
shock along with the rise in PCI for high-risk lesions
may explain the increase in in-hospital mortality in our
cohort.

Finally, the adjusted O/E ratio for in-hospital mor-
tality decreased for patients with CABG over the
study period from 1.21 to 0.74 (P<0.0001). Analysis
of the VA and Medicare population undergoing
CABG also demonstrated similar improvement in
clinical outcomes.®>38 The national and regional shifts
in CABG outcomes may reflect changes in patient
selection owing to increased scrutiny on outcomes
of cardiac surgery, proposed changes for financial
reimbursement leading to risk avoidance in patients
at high or extreme risk, and increasing percutane-
ous options for complex lesions.?® These factors
may prompt the transition to PCI of patients who
were previously thought to only be amenable to sur-
gical revascularization. As the selection of the opti-
mal revascularization strategy continues to evolve, a
heart-team approach will be needed to determine the
optimal revascularization strategy.

11
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STUDY LIMITATIONS

Our study has several limitations that warrant discus-
sion. First, long-term outcomes of PCl and CABG
were not available. Therefore, conclusions regarding
the appropriate choice for revascularization cannot
be drawn from this analysis. Second, we could not
evaluate for staged PCI procedures (which may un-
derestimate the number of lesions treated) or crosso-
ver between revascularization strategies. Third, the
STS risk score could not be calculated for the CABG
group for all years because of lack of available data.
However, the NCDR CathPCI mortality score and
STS risk score for isolated CABG overlap on many
variables and our sensitivity analysis demonstrated
similar risk-adjusted mortality between 2008 and
2016. Fourth, we cannot exclude potential upcoding
of procedural urgency by providers. The rising rates
of STEMI, cardiogenic shock, and intra-aortic balloon
pump use in the PCI group, however, suggest an ob-
jective increase in clinical acuity and emergent pro-
cedures. Finally, changes in the data collection form
for PCI and CABG may have artificially altered vari-
able definition. We attempted to minimize the effect
of these changes by focusing on common variables
between the data collection forms.

CONCLUSIONS

Rates of coronary revascularization decreased for
both elective PCI and CABG from 2005 to 2017 in
nonfederal hospitals in Washington State. Risk pro-
file and procedural complexity increased for the PCI
group, whereas risk profile decreased for CABG. Our
findings suggest a shift in revascularization patterns,
with increasing rates of PCI in higher-risk patients
and acute clinical presentations. Adjusted in-hospital
mortality increased for PCl and decreased for CABG,
reflecting changes in patient selection for surgical
procedures.
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Table S1. Proportion of low, medium, and high-risk patients for PCl and CABG by tertiles

of NCDR CathPCI mortality score.

PCI (NCDR CathPCI CABG ((NCDR CathPClI
Mortality Score) Mortality Score)

Low Medium | High Low Medium | High

Year (<20) (20-40) | (>40) (<20) (20-40) (>40)
2005 0.544 0.408 0.048 0.623 0.346 0.03
2006 0.548 0.405 0.048 0.587 0.376 0.037
2007 0.515 0.430 0.055 0.599 0.363 0.038
2008 0.512 0.437 0.051 0.590 0.376 0.034
2009 0.497 0.444 0.059 0.613 0.367 0.020
2010 0.500 0.446 0.054 0.609 0.355 0.036
2011 0.488 0.461 0.051 0.575 0.396 0.029
2012 0.493 0.455 0.052 0.581 0.384 0.035
2013 0.477 0.464 0.059 0.594 0.382 0.024
2014 0.476 0.463 0.061 0.597 0.380 0.023
2015 0.472 0.468 0.06 0.632 0.351 0.016
2106 0.470 0.467 0.062 0.621 0.365 0.014
2017 0.460 0.478 0.062 0.633 0.351 0.016

PCI = percutaneous coronary intervention, CABG = coronary artery bypass grafting




Table S2. Annual mean NCDR-Cath PCI mortality score for PCl and CABG.

Year PCI (Mean, SD) CABG (Mean, SD)

2005 20.1 (11.9) 18.8(10.6)
(n=14,462) (n=3513)

2006 20.1 (11.9) 19.5(11.0)
(n=15,123) (n=3308)

2007 21.1(12.3) 19.4(11.0)
(n=13,673) (n=3078)

2008 20.9(12.0) 19.4(10.7)
(n=14,058) (n=2557)
2009 21.3(12.3) 18.7(9.9)
(n=12,816) (n=2400)

2010 21.2(11.9) 19.0(10.8)
(n=12,114) (n=2639)

2011 21.4(11.7) 19.3(10.4)
(n=11,954) (n=2439)

2012 21.3(11.9) 19.3(10.7)
(n=11,728) (n=2439)

2013 21.9(12.5) 19.0(10.2)
(n=11,412) (n=2512)
2014 22.0 (12.6) 18.7(9.9)
(n=11,849) (n=2550)
2015 22.0(12.4) 17.7(9.4)
(n=12,594) (n=2769)
2016 22.2(12.7) 18.2(9.2)
(n=13,649) (n=2529)
2017 22.4 (12.3) 17.8(9.0)
(n=14,485) (n=2738)

All 21.4(12.2) 18.8(10.3)

(n=168,431) (n=35,469)

PCI = percutaneous coronary intervention, CABG = coronary artery bypass grafting




Table S3. Mean differences in NCDR CathPCI mortality score from 2005-2017.

Year PCI CABG Absolute Difference
(PCI — CABG)
2005 20.1 (11.9) 18.8(10.6) 1.3 (1.1-1.9)
Mean (SD)
2017 22.4 (12.3) 17.8(9.0) 4.6 (4.2-5.1)
Mean (SD)
Mean difference, 2.3(25-2.1) -1.0(0.5-1.5) 3.3(2.7-3.9)
(95% confidence interval)

PCI = percutaneous coronary intervention, CABG = coronary artery bypass grafting, SD = standard
deviation



Table S4. Observed to Expected Deaths for CABG by NCDR CathPCI Mortality Score and
STS Risk Score.

Year O/E NCDR Adjusted | O/E STS Adjusted
2008 1.10 1.07
2009 0.99 0.99
2010 111 1.07
2011 0.89 0.82
2012 1.06 1.03
2013 111 1.06
2014 1.04 0.98
2015 0.77 0.69
2016 0.78 0.73

O/E = observed to expected mortality ratio, CABG = coronary artery bypass grafting



