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IMPORTANCE Mortality is a common outcome in trials comparing percutaneous coronary
intervention (PCI) with coronary artery bypass grafting (CABG). Controversy exists regarding
whether all-cause mortality or cardiac mortality is preferred as a study end point, because
noncardiac mortality should be unrelated to the treatment.

OBJECTIVE To evaluate the difference in all-cause and cause-specific mortality in randomized
clinical trials (RCTs) comparing PCI with CABG for the treatment of patients with coronary
artery disease.

DATA SOURCES MEDLINE (1946 to the present), Embase (1974 to the present), and the
Cochrane Library (1992 to the present) databases were searched on November 24, 2019.
Reference lists of included articles were also searched, and additional studies were included if
appropriate.

STUDY SELECTION Articles were considered for inclusion if they were in English, were RCTs
comparing PCI with drug-eluting or bare-metal stents and CABG for the treatment of
coronary artery disease, and reported mortality and/or cause-specific mortality. Trials of PCI
involving angioplasty without stenting were excluded. For each included trial, the publication
with the longest follow-up duration for each outcome was selected.

DATA EXTRACTION AND SYNTHESIS For data extraction, all studies were reviewed by 2
independent investigators, and disagreements were resolved by a third investigator in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses
guideline. Data were pooled using fixed- and random-effects models.

MAIN OUTCOMES AND MEASURES The primary outcomes were all-cause and cause-specific
(cardiac vs noncardiac) mortality. Subgroup analyses were performed for PCI trials using
drug-eluting vs bare-metal stents and for trials involving patients with left main disease.

RESULTS Twenty-three unique trials were included involving 13 620 unique patients (6829
undergoing PCI and 6791 undergoing CABG; men, 39.9%-99.0% of study populations; mean
age range, 60.0-71.0 years). The weighted mean (SD) follow-up was 5.3 (3.6) years.
Compared with CABG, PCI was associated with a higher rate of all-cause (incidence rate ratio,
1.17; 95% CI, 1.05-1.29) and cardiac (incidence rate ratio, 1.24; 95% CI, 1.05-1.45) mortality but
also noncardiac mortality (incidence rate ratio, 1.19; 95% CI, 1.00-1.41).

CONCLUSIONS AND RELEVANCE Percutaneous coronary intervention was associated with
higher all-cause, cardiac, and noncardiac mortality compared with CABG at 5 years. The
significantly higher noncardiac mortality associated with PCI suggests that even noncardiac
deaths after PCI may be procedure related and supports the use of all-cause mortality as the
end point for myocardial revascularization trials.
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D uring the course of the last 3 decades, several random-
ized clinical trials (RCTs)1-5 have compared the results
of percutaneous coronary intervention (PCI) and coro-

nary artery bypass grafting (CABG) in patients with stable is-
chemic heart disease and recent acute coronary syndromes. The
individual trials were underpowered to detect differences in
mortality, and all used a composite of major adverse cardiac or
cardiovascular events as the primary outcome. Although mor-
tality was included in the primary composite outcome of all the
trials, some used all-cause mortality and others used cardiac
mortality.

The use of all-cause mortality reduces the risk of adjudi-
cation bias due to incomplete, skewed, or inadequate support-
ing evidence,6 but it has the potential to dilute the treatment
effect due to the inclusion of events unrelated to interven-
tions for the coronary circulation.7 On the other hand, the use
of cause-specific mortality reduces the event rate, is subject
to bias, and can lead to underpowered comparisons.8

The controversy has been ignited by the recent publica-
tion of the 5-year results of the Evaluation of XIENCE vs Coro-
nary Artery Bypass Surgery for Effectiveness of Left Main Re-
vascularization (EXCEL) trial.1 In the EXCEL trial at 5 years, PCI
was associated with significantly higher all-cause mortality,
but the difference between the 2 groups was not observed when
considering cardiac mortality alone.1 To date, no systematic
evaluation of cause-specific mortality in PCI vs CABG trials has
been published. In this meta-analysis, we evaluate the differ-
ence in all-cause and cause-specific mortality in the RCTs that
have compared PCI and CABG for the treatment of patients with
coronary artery disease.

Methods
Search Strategy
Because no individual patient data are involved in the analy-
sis, there was no need for ethical approval or individual
patient consent according to the Weill Cornell Institutional Re-
view Board. A medical librarian (M.D.) performed comprehen-
sive searches to identify all RCTs comparing PCI vs CABG.
Searches were run on November 24, 2019, on the following
databases: Ovid MEDLINE (1946 to the present), Ovid Embase
(1974 to the present), and the Cochrane Library (Wiley; 1992
to the present). The full search strategy for Ovid MEDLINE is
available in eTable 1 in the Supplement. This review was reg-
istered with the PROSPERO register of systematic reviews
(CRD42020165349) and followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline.

Study Selection and Data Extraction
Searches retrieved 4916 results. After deduplication, 2 review-
ers (I.H. and M. Rahouma) independently screened a total of
4411 citations. Discrepancies were resolved by a third author
(M.G.). Titles and abstracts were reviewed against predefined
inclusion and exclusion criteria. Articles were considered for
inclusion if they were in English and were RCTs comparing PCI
with bare-metal or drug-eluting stents and CABG for the treat-

ment of coronary artery disease and reported mortality and/or
cause-specific mortality. Trials of PCI involving angioplasty
without stenting were excluded. For each included trial, the
publication with the longest follow-up duration for each out-
come was selected. Animal studies, case reports, conference
presentations, editorials, expert opinions, and observational
studies were excluded.

The full text was pulled for the selected studies for a sec-
ond round of eligibility screening. Reference lists of articles
were also searched to identify other relevant trials.

Two investigators (I.H. and M. Rahouma) performed data
extraction independently, and the extracted data were veri-
fied by a third investigator (M.G.) for accuracy. The following
variables were extracted: trial data, including number of en-
rolling centers, location, study period, number of patients ran-
domized, and mean length of follow-up; patient demograph-
ics, including age, sex, body mass index, New York Heart
Association Class, EuroSCORE (European System for Cardiac Op-
erative Risk Evaluation), SYNTAX (Synergy Between PCI
with Taxus and Cardiac Surgery) score, and comorbidities and/or
past treatment (diabetes, insulin therapy, statin therapy, smok-
ing, hypertension, hypercholesterolemia/hyperlipidemia, pe-
ripheral vascular disease, carotid artery disease, stroke, myo-
cardial infarction, heart failure, previous PCI/CABG, stable or
unstable angina pectoris, acute coronary syndrome);
procedure-related factors, including number of stents, type
of stent, total stent length, stent diameter, left main bifurca-
tion stent technique, intravascular ultrasonongraphy, use of
left or bilateral internal mammary arteries, off-pump CABG,
number of arterial and venous grafts, use of epiaortic or
transesophageal ultrasonography, and completeness of
revascularization; details of medical therapy; and all-cause
and cause-specific mortality in the CABG and PCI arms.
The quality of the included studies was assessed using the
Cochrane Collaboration’s tool for assessing risk of bias, ver-
sion 2, in randomized trials.9

Outcomes and Effect Summary
The primary outcomes were all-cause and cause-specific
(cardiac vs noncardiac) mortality. Subgroup analyses were per-
formed for trials comparing PCI using bare-metal or drug-
eluting stents vs CABG and for trials comparing PCI with CABG
in patients with left main disease.

Key Points
Question What is the difference in all-cause and cause-specific
mortality in the randomized clinical trials that have compared
percutaneous coronary intervention (PCI) with coronary artery
bypass grafting?

Findings In a pooled meta-analysis of 23 randomized clinical trials
(13 260 unique patients) comparing PCI vs coronary artery bypass
grafting, PCI was associated with a significantly higher rate of
cardiac mortality, noncardiac mortality, and all-cause mortality.

Meaning The significantly higher noncardiac mortality associated
with PCI suggests that even noncardiac deaths after PCI may be
procedure related and supports the use of all-cause mortality as
the end point for myocardial revascularization trials.

Research Original Investigation Mortality in Randomized Clinical Trials Comparing PCI With CABG

E2 JAMA Internal Medicine Published online October 12, 2020 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Western University User  on 10/12/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.4748?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4748
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=165349
https://www.equator-network.org/reporting-guidelines/prisma/
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4748


Meta-analysis
The generic inverse variance method was used to pool out-
comes as natural logarithms of the incident rate ratios (IRRs)
across studies to account for potentially different follow-up
durations between the groups. Fixed- and random-effects
inverse variance meta-analyses were performed using the
metafor and meta packages10 in R, version 3.3.3 (R Project for
Statistical Computing). Publication bias was assessed by fun-
nel plot (using the trim and fill method)11 and Egger test.
Heterogeneity was reported as low (I2 = 0%-25%), moderate
(I2 = 26%-50%), or high (I2>50%). Because the I2 value was
less than 50% in all primary comparisons, the fixed effect
was considered as the primary model and the random effect
as a sensitivity analysis. To better infer the predictive accu-
racy of the point estimates and minimize the selection
bias, a cross-validation leave-one-out analysis was per-
formed for the primary outcome. P value for interaction was
used to ascertain subgroup differences. Statistical signifi-
cance was set at the 2-tailed P = .05 level, without multi-
plicity adjustments.

Results

A total of 425 citations were evaluated, of which 23 trials in
24 studies1,2,5,12-32 met the eligibility criteria and were in-
cluded in the final meta-analysis, the details of which are
included in eTables 2 to 5 in the Supplement. Eighteen trials
used all-cause mortality in their composite primary end point
(eTable 6 in the Supplement). The details of the methods used
for adjudication of the cause of death for each trial are sum-
marized in eTable 7 in the Supplement. The full PRISMA flow
diagram outlining the study selection process is available in
eFigure 1 in the Supplement.33

A total of 13 620 patients were included (6829 undergo-
ing PCI and 6791 undergoing CABG). The number of patients
in the individual trials ranged from 44 to 1905. The mean
follow-up duration of the individual studies was 4.5 years
(range, 0.5-11.4 years). The mean age of patients ranged
from 60.0 to 71.0 years. Women constituted 1.0% to 40.0%
of the study populations (PCI, 1.0%-40.0%; CABG, 1.0%-

Figure 1. Pooled Incidence Rate Ratio (IRR) for All-Cause Mortality

Favors
PCI

Favors
CABG

0.01 101 1000.1
IRR (95% CI)

Source
IRR
(95% CI)

EXCEL,1 2020 1.34 (1.02-1.76)
NOBLE,15 2020 1.08 (0.74-1.59)
PRECOMBAT,13 2015 0.74 (0.39-1.38)
BEST,5 2015 1.32 (0.76-2.29)
SoS,16 2002 2.75 (1.22-6.18)

ARTS,17 2005 1.04 (0.70-1.56)
ERACI II,18 2005 0.62 (0.33-1.15)
LE MANS,19 2016 0.65 (0.30-1.38)
Boudriot et al,20 2011 0.40 (0.08-2.06)

MASS−II,21 2010 0.96 (0.65-1.42)
VA CARDS,14 2013 2.20 (0.76-6.33)
CARDIA,12 2010 1.00 (0.38-2.66)
FREEDOM,2 2012 1.42 (1.11-1.81)

Cisowski et al,24 2002 4.00 (1.13-14.17)
Blazek et al,25 2013 1.04 (0.59-1.82)
Drenth et al,26 2004 0.14 (0.01-2.77)
Kim et al,27 2005 1.00 (0.14-7.10)

SYNTAX,22,23 2013 and 2019 1.16 (0.96-1.39)

Myoprotect I,28 2004 1.00 (0.29-3.45)

Octostent,29 2003 0.11 (0.01-2.06)

Hong et al,31 2005 0.20 (0.01-4.17)
Fixed-effects model 1.17 (1.05-1.29)
Random-effects model 1.13 (0.97-1.31)

SIMA,30 2008 1.25 (0.34-4.65)

Heterogeneity: I2 = 31%; τ2 = 0.0296; P =.08

ARTS indicates Arterial Revascularization Therapies Study; BEST, Randomized
Comparison of Coronary Artery Bypass Surgery and Everolimus-Eluting Stent
Implantation in the Treatment of Patients With Multivessel Coronary Artery
Disease; CABG, coronary artery bypass grafting; CARDIA, Coronary Artery
Revascularization in Diabetes; ERACI II, Coronary Angioplasty With Stenting vs
Coronary Bypass Surgery in Patients With Multiple-Vessel Disease;
EXCEL, Evaluation of XIENCE vs Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization; FREEDOM, Future
Revascularization Evaluation in Patients With Diabetes Mellitus: Optimal

Management of Multivessel Disease; LE MANS, Left Main Stenting Trial;
MASS-II, Medicine, Angioplasty, or Surgery Study; NOBLE, Nordic–Baltic–British
Left Main Revascularisation Study; PCI, percutaneous coronary intervention;
PRECOMBAT, Premier of Randomized Comparison of Bypass Surgery vs
Angioplasty Using Sirolimus-Eluting Stent in Patients With Left Main Coronary
Artery Disease; SIMA, Stenting vs Internal Mammary Artery Grafting;
SoS, Stent or Surgery; SYNTAX, Synergy Between PCI With Taxus and Cardiac
Surgery; and VA CARDS, Veterans Affairs Coronary Artery Revascularization in
Diabetes. Different size markers indicate 95% CIs.
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30.5%); men, 39.9% to 99.0% (PCI, 60.0%-99.0%; CABG,
57.0%-99.0%). The prevalence of diabetes ranged from
6.0% to 100.0% (PCI, 8.0%-100.0%; CABG, 6.0%-100.0%).
The details of patient characteristics are summarized in
eTable 3 in the Supplement. The assessment of the quality
of the individual studies and of the evidence is reported
using the Cochrane risk of bias tool in the eMethods in the
Supplement.

The weighted mean (SD) follow-up was 5.3 (3.6) years.
Compared with CABG, PCI was associated with a higher rate
of all-cause mortality (IRR, 1.17; 95% CI, 1.05-1.29) (Figure 1
and Table), cardiac mortality (IRR, 1.24; 95% CI, 1.05-1.45)
(Figure 2 and Table), and noncardiac mortality (IRR, 1.19;
95% CI, 1.00-1.41) (Figure 3 and Table). Sensitivity analyses
confirmed the solidity of the primary analysis (eFigures 2-7
in the Supplement). The causes of noncardiac mortality in
each study are summarized in eTable 8 in the Supplement.

Subgroup Analysis
The pooled IRR for all-cause mortality was 1.22 (95% CI, 1.09-
1.38) for studies including drug-eluting stents vs 1.04 (95% CI,
0.84-1.29) for studies including bare-metal stents (P = .19 for
subgroups) (Figure 4A). In the analysis by anatomical extent
of coronary disease, the IRR was 1.11 (95% CI, 0.91-1.35) for stud-
ies including patients with left main disease vs 1.19 (95%

CI, 1.06-1.33) for the others (P = .56 for subgroups) (Table and
eFigure 8 in the Supplement).

The pooled IRR for cardiac mortality was 1.31 (95% CI, 1.09-
1.58) for studies including drug-eluting stents vs 1.04 (95% CI,
0.76-1.43) for studies including bare-metal stents (P = .21 for
subgroups) (Figure 4B). The pooled IRR was 0.96 (95% CI, 0.70-
1.30) for studies including patients with left main disease vs
1.36 (95% CI, 1.13-1.64) for the others (P = .06 for subgroups)
(Table and eFigure 9 in the Supplement).

The pooled IRR for noncardiac mortality was 1.28 (95% CI,
1.04-1.57) for studies including drug-eluting stents vs 1.02 (95%
CI, 0.75-1.38) for studies including bare-metal stents (P = .22
for subgroups) (Figure 4C). The pooled IRR was 1.41 (95% CI,
1.05-1.89) for studies including patients with left main
disease vs 1.09 (95% CI, 0.88-1.34) for the others (P = .15 for
subgroups) (Table and eFigure 10 in the Supplement).

Discussion
The outcomes of PCI and CABG have been extensively evalu-
ated, but comparative data on the cause of mortality after these
revascularization procedures are limited. Our meta-analysis
of 23 RCTs (13 620 patients) is the first, to our knowledge, to
compare all-cause and cause-specific mortality between the

Figure 2. Pooled Incidence Rate Ratio (IRR) for Cardiac Mortality

Favors
PCI

Favors
CABG

0.01 101 1000.1
IRR (95% CI)

Source
IRR
(95% CI)

EXCEL,1 2020 1.12 (0.73-1.72)
NOBLE,15 2020 1.00 (0.57-1.74)
PRECOMBAT,13 2015 0.55 (0.26-1.15)
BEST,5 2015 1.12 (0.57-2.21)
FREEDOM,2 2012 1.40 (0.98-2.00)

SYNTAX,22,23 2013 and 2019 1.81 (1.25-2.63)
SoS,16 2002 2.25 (0.69-7.31)
ARTS,17 2005 1.24 (0.65-2.34)
ERACI II,18 2005 0.57 (0.28-1.16)

MASS−II,21 2010 1.32 (0.76-2.29)
VA CARDS,14 2013 4.20 (1.58-11.14)
Blazek et al,25 2013 0.90 (0.37-2.21)
Drenth et al,26 2004 0.20 (0.01-4.17)

Octostent,29 2003 0.20 (0.01-4.17)
SIMA,30 2008 2.00 (0.18-22.06)
Thiele et al,32 2009 0.20 (0.02-1.71)

Kim et al,27 2005 0.33 (0.01-8.18)

Fixed-effects model 1.24 (1.05-1.45)
Random-effects model 1.16 (0.91-1.48)

Heterogeneity: I2 = 44%; τ2 = 0.0940; P =.03

ARTS indicates Arterial Revascularization Therapies Study; BEST, Randomized
Comparison of Coronary Artery Bypass Surgery and Everolimus-Eluting Stent
Implantation in the Treatment of Patients with Multivessel Coronary Artery
Disease; CABG, coronary artery bypass grafting; CARDIA, Coronary Artery
Revascularization in Diabetes; ERACI II, Coronary Angioplasty With Stenting
vs Coronary Bypass Surgery in Patients With Multiple-Vessel Disease; EXCEL,
Evaluation of XIENCE vs Coronary Artery Bypass Surgery for Effectiveness of
Left Main Revascularization; FREEDOM, Future Revascularization Evaluation in
Patients With Diabetes Mellitus: Optimal Management of Multivessel Disease;

MASS-II, Medicine, Angioplasty, or Surgery Study; NOBLE, Nordic–Baltic–British
Left Main Revascularisation Study; PCI, percutaneous coronary intervention;
PRECOMBAT, Premier of Randomized Comparison of Bypass Surgery
vs Angioplasty Using Sirolimus-Eluting Stent in Patients With Left Main
Coronary Artery Disease; SIMA, Stenting vs Internal Mammary Artery Grafting;
SoS, Stent or Surgery; SYNTAX, Synergy Between PCI With Taxus and Cardiac
Surgery; and VA CARDS, Veterans Affairs Coronary Artery Revascularization in
Diabetes. Different size markers indicate 95% CIs.
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2 revascularization modalities. Among the included patients,
compared with CABG, PCI was associated with higher all-
cause, cardiac, and noncardiac mortality at a mean follow-up
of 5.3 years. On subgroup analysis, PCI with drug-eluting stents
was associated with higher all-cause, cardiac, and noncar-
diac mortality compared with bare-metal stents, although the
test for interaction did not reach statistical significance.

Observational evidence shows that the causes of mortal-
ity after PCI and CABG are predominantly cardiac in the first
year after the procedure and noncardiac in the following
years.12,34-37 The common causes of cardiac mortality include
cardiogenic shock, heart failure, stent thrombosis, bleeding,
coronary dissection, malignant arrhythmia, and sudden
death,12,34,38 whereas cancer, sepsis, bleeding, and vascular,
pulmonary, and/or renal disease are among the most fre-
quent causes of noncardiac mortality.12,34,36,37

Our finding of higher all-cause mortality with PCI is
consistent with the most recent individual patient data meta-
analysis of 11 RCTs and 11 518 patients.39 Compared with PCI,
CABG offers additional protection against the evolution of
lesions that were non-flow limiting at the time of the proce-
dure, and this has been proposed as a potential mechanism for
the observed survival benefit in the surgical arm.40

We found PCI to be also associated with significantly higher
noncardiac mortality compared with CABG. All 6 revascular-
ization RCTs during the last decade have shown PCI to be as-

sociated with an increase in the rate of noncardiac mortality
compared with CABG.1-3,5,13,14 Large observational studies have
shown an increased risk of noncardiac mortality in the late post-
PCI period and independent of patients’ characteristics.41-43

This finding may have several explanations. Dual anti-
platelet therapy has been linked to non-cardiac-related deaths
in a large trial,44 but not in an individual data meta-analysis.45

Evidence suggests that longer duration of dual antiplatelet
therapy is associated with an increased risk of noncardiac
mortality.46 The reasons for these associations are not fully un-
derstood, but may include deaths due to major bleeding events
(that are often coded as noncardiac) or a higher bleeding-
related mortality in case of trauma or other acute events in
patients receiving dual antiplatelet therapy.

Another explanation—perhaps the most likely—is that car-
diac deaths were coded as noncardiac owing to bias or errors.
The risk that insufficient or inadequate supporting data and/or
assessors bias may lead to misclassification in the adjudica-
tion of cause-specific mortality is well known and has been de-
scribed in detail previously.47,48 This may be particularly true
in case of sudden cardiac death, a particularly frequent cause
of death in patients who presented with acute coronary
syndromes.38

In our analysis, PCI with drug-eluting stents was associ-
ated with higher all-cause and noncardiac mortality relative
to CABG compared with PCI with bare-metal stents, although

Figure 3. Pooled Incidence Rate Ratio (IRR) for Noncardiac Mortality

Favors
PCI

Favors
CABG

0.01 101 1000.1
IRR (95% CI)

Source
IRR
(95% CI)

EXCEL,1 2020 1.51 (1.05-2.17)
NOBLE,15 2020 1.16 (0.68-1.98)
PRECOMBAT,13 2015 2.00 (0.50-8.00)
BEST,5 2015 1.83 (0.68-4.96)
FREEDOM,2 2012 1.32 (0.83-2.11)

SYNTAX,22,23 2013 and 2019 0.92 (0.62-1.37)
SoS,16 2002 3.67 (1.02-13.14)
ARTS,17 2005 0.96 (0.57-1.64)
ERACI II,18 2005 0.80 (0.21-2.98)

MASS−II,21 2010 0.86 (0.50-1.47)
VA CARDS,14 2013 21.00 (1.23-358.37)
Blazek et al,25 2013 1.14 (0.56-2.34)
Drenth et al,26 2004 0.33 (0.01-8.18)

Octostent,29 2003 0.33 (0.01-8.18)
SIMA,30 2008 1.00 (0.20-4.95)

Kim et al,27 2005 2.00 (0.18-22.06)

Fixed-effects model 1.19 (1.00-1.41)
Random-effects model 1.19 (1.00-1.42)

Heterogeneity: I2 = 3%; τ2 = 0.0040; P =.42

ARTS indicates Arterial Revascularization Therapies Study; BEST, Randomized
Comparison of Coronary Artery Bypass Surgery and Everolimus-Eluting Stent
Implantation in the Treatment of Patients With Multivessel Coronary Artery
Disease; ERACI II, Coronary Angioplasty With Stenting vs Coronary Bypass
Surgery in Patients With Multiple-Vessel Disease; EXCEL, Evaluation of XIENCE
vs Coronary Artery Bypass Surgery for Effectiveness of Left Main
Revascularization; FREEDOM, Future Revascularization Evaluation in Patients
With Diabetes Mellitus: Optimal Management of Multivessel Disease;

MASS-II, Medicine, Angioplasty, or Surgery Study; NOBLE, Nordic–Baltic–British
Left Main Revascularisation Study; PRECOMBAT, Premier of Randomized
Comparison of Bypass Surgery vs Angioplasty Using Sirolimus-Eluting Stent in
Patients With Left Main Coronary Artery Disease; SIMA, Stenting vs Internal
Mammary Artery Grafting; SoS, Stent or Surgery; SYNTAX, Synergy Between
PCI With Taxus and Cardiac Surgery; and VA CARDS, Veterans Affairs Coronary
Artery Revascularization in Diabetes. Different size markers indicate 95% CIs.

Research Original Investigation Mortality in Randomized Clinical Trials Comparing PCI With CABG

E6 JAMA Internal Medicine Published online October 12, 2020 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Western University User  on 10/12/2020

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4748


Fi
gu

re
4.

Su
bg

ro
up

An
al

ys
is

fo
rA

ll-
Ca

us
e

M
or

ta
lit

y,
Ca

rd
ia

cM
or

ta
lit

y,
an

d
N

on
ca

rd
ia

cM
or

ta
lit

y
fo

rT
ria

ls
U

si
ng

D
ru

g-
El

ut
in

g
vs

Ba
re

-M
et

al
St

en
ts

Fa
vo

rs PC
I

Fa
vo

rs
CA

BG

0.
01

10
1

10
0

0.
1 IR

R 
(9

5%
 C

I)

So
ur

ce
IR

R
(9

5%
 C

I)

EX
CE

L,
1  2

02
0

1.
34

 (1
.0

2-
1.

76
)

N
O

BL
E,

15
 2

02
0

1.
08

 (0
.7

4-
1.

59
)

PR
EC

O
M

BA
T,

13
 2

01
5

0.
74

 (0
.3

9-
1.

38
)

BE
ST

,5  2
01

5
1.

32
 (0

.7
6-

2.
29

)
Bo

ud
rio

t e
t a

l,20
 2

01
1

0.
40

 (0
.0

8-
2.

06
)

VA
 C

AR
DS

,14
 2

01
3

2.
20

 (0
.7

6-
6.

33
)

FR
EE

DO
M

,2  2
01

2
1.

42
 (1

.1
1-

1.
81

)
SY

N
TA

X,
22

,2
3

20
13

 a
nd

 2
01

9
1.

16
 (0

.9
6-

1.
39

)

H
on

g 
et

 a
l,31

 2
00

5
0.

20
 (0

.0
1-

4.
17

)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

22
 (1

.0
9-

1.
38

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

22
 (1

.0
6-

1.
41

)

H
et

er
og

en
ei

ty
: I

2  =
 1

6%
; τ

2  =
 0

.0
72

; P
 =

.3
0

Al
l-

ca
us

e 
m

or
ta

lit
y 

A Dr
ug

-e
lu

tin
g 

st
en

t

So
S,

16
 2

00
2

2.
75

 (1
.2

2-
6.

18
)

AR
TS

,17
 2

00
5

1.
04

 (0
.7

0-
1.

56
)

ER
AC

I I
I,18

 2
00

5
0.

62
 (0

.3
3-

1.
15

)

Bl
az

ek
 e

t a
l,25

 2
01

3
1.

04
 (0

.5
9-

1.
82

)
Dr

en
th

 e
t a

l,26
 2

00
4

0.
14

 (0
.0

1-
2.

77
)

Ki
m

 e
t a

l,27
 2

00
5

1.
00

 (0
.1

4-
7.

10
)

M
yo

pr
ot

ec
t I

,28
 2

00
4

1.
00

 (0
.2

9-
3.

45
)

O
ct

os
te

nt
,29

 2
00

3
0.

11
 (0

.0
1-

2.
06

)
SI

M
A,

30
 2

00
8

1.
25

 (0
.3

4-
4.

65
)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

04
 (0

.8
4-

1.
29

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

08
 (0

.7
8-

1.
50

)

H
et

er
og

en
ei

ty
: I

2  =
 4

1%
; τ

2  =
 0

.1
00

3;
 P

 =
.0

8

Ba
re

-m
et

al
 st

en
t

O
ve

ra
ll

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

18
 (1

.0
7-

1.
31

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

15
 (0

.9
9-

1.
34

)

H
et

er
og

en
ei

ty
: I

2  =
 3

2%
; τ

2  =
 0

.0
29

3;
 P

 =
.0

8

M
AS

S−
II,

21
 2

01
0

0.
96

 (0
.6

5-
1.

42
)

Ci
so

w
sk

i e
t a

l,24
 2

00
2

4.
00

 (1
.1

3-
14

.1
7)

Fa
vo

rs PC
I

Fa
vo

rs
CA

BG

0.
01

10
1

10
0

0.
1 IR

R 
(9

5%
 C

I)

So
ur

ce
IR

R
(9

5%
 C

I)

EX
CE

L,
1  2

02
0

1.
12

 (0
.7

3-
1.

72
)

N
O

BL
E,

15
 2

02
0

1.
00

 (0
.5

7-
1.

74
)

PR
EC

O
M

BA
T,

13
 2

01
5

0.
55

 (0
.2

6-
1.

15
)

BE
ST

,5  2
01

5
1.

12
 (0

.5
7-

2.
21

)
FR

EE
DO

M
,2  2

01
2

1.
40

 (0
.9

8-
2.

00
)

SY
N

TA
X,

22
,2

3

20
13

 a
nd

 2
01

9
1.

81
 (1

.2
5-

2.
63

)

VA
 C

AR
DS

,14
 2

01
3

4.
20

 (1
.5

8-
11

.1
4)

Th
ie

le
 e

t a
l,32

 2
00

9
0.

20
 (0

.0
2-

1.
71

)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

31
 (1

.0
9-

1.
58

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

24
 (0

.8
9-

1.
73

)

H
et

er
og

en
ei

ty
: I

2  =
 6

2%
; τ

2  =
 0

.1
26

5;
 P

 =
.0

1

Ca
rd

ia
c 

m
or

ta
lit

y
B Dr

ug
-e

lu
tin

g 
st

en
t

So
S,

16
 2

00
2

2.
25

 (0
.6

9-
7.

31
)

AR
TS

,17
 2

00
5

1.
24

 (0
.6

5-
2.

34
)

ER
AC

I I
I,18

 2
00

5
0.

57
 (0

.2
8-

1.
16

)

Dr
en

th
 e

t a
l,26

 2
00

4
0.

20
 (0

.0
1-

4.
17

)
Ki

m
 e

t a
l,27

 2
00

5
0.

33
 (0

.0
1-

8.
18

)

O
ct

os
te

nt
,29

 2
00

3
0.

20
 (0

.0
1-

4.
17

)
SI

M
A,

30
 2

00
8

2.
00

 (0
.1

8-
22

.0
6)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

04
 (0

.7
6-

1.
43

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

04
 (0

.7
4-

1.
45

)

H
et

er
og

en
ei

ty
: I

2  =
 6

%
; τ

2  =
 0

.0
16

6;
 P

 =
.3

9

Ba
re

-m
et

al
 st

en
t

O
ve

ra
ll

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

24
 (1

.0
5-

1.
45

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

16
 (0

.9
1-

1.
48

)

H
et

er
og

en
ei

ty
: I

2  =
 4

4%
; τ

2  =
 0

.0
94

0;
 P

 =
.0

3

M
AS

S−
II,

21
 2

01
0

1.
32

 (0
.7

6-
2.

29
)

Bl
az

ek
 e

t a
l,25

 2
01

3
0.

90
 (0

.3
7-

2.
21

)

Fa
vo

rs PC
I

Fa
vo

rs
CA

BG

0.
01

10
1

10
0

0.
1 IR

R 
(9

5%
 C

I)

So
ur

ce
IR

R
(9

5%
 C

I)

EX
CE

L,
1  2

02
0

1.
51

 (1
.0

5-
2.

17
)

N
O

BL
E,

15
 2

02
0

1.
16

 (0
.6

8-
1.

98
)

PR
EC

O
M

BA
T,

13
 2

01
5

2.
00

 (0
.5

0-
8.

00
)

BE
ST

,5  2
01

5
1.

83
 (0

.6
8-

4.
96

)
FR

EE
DO

M
,2  2

01
2

1.
32

 (0
.8

3-
2.

11
)

SY
N

TA
X,

22
,2

3

20
13

 a
nd

 2
01

9
0.

92
 (0

.6
2-

1.
37

)

VA
 C

AR
DS

,14
 2

01
3

21
.0

0 
(1

.2
3-

35
8.

37
)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

28
 (1

.0
4-

1.
57

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

30
 (1

.0
0-

1.
69

)

H
et

er
og

en
ei

ty
: I

2  =
 1

6%
; τ

2  =
 0

.0
72

; P
 =

.3
0

N
on

ca
rd

ia
c 

m
or

ta
lit

y 
C Dr

ug
-e

lu
tin

g 
st

en
t

So
S,

16
 2

00
2

3.
67

 (1
.0

2-
13

.1
4)

AR
TS

,17
 2

00
5

0.
96

 (0
.5

7-
1.

64
)

ER
AC

I I
I,18

 2
00

5
0.

80
 (0

.2
1-

2.
98

)

Dr
en

th
 e

t a
l,26

 2
00

4
0.

33
 (0

.0
1-

8.
18

)
Ki

m
 e

t a
l,27

 2
00

5
2.

00
 (0

.1
8-

22
.0

6)

O
ct

os
te

nt
,29

 2
00

3
0.

33
 (0

.0
1-

8.
18

)
SI

M
A,

30
 2

00
8

1.
00

 (0
.2

0-
4.

95
)

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

02
 (0

.7
5-

1.
38

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

02
 (0

.7
5-

1.
38

)

H
et

er
og

en
ei

ty
: I

2  =
 4

1%
; τ

2  =
 0

.1
00

3;
 P

 =
.0

8

Ba
re

-m
et

al
 st

en
t

O
ve

ra
ll

Fi
xe

d-
ef

fe
ct

s m
od

el
1.

19
 (1

.0
0-

1.
41

)
Ra

nd
om

-e
ff

ec
ts

 m
od

el
1.

19
 (1

.0
0-

1.
42

)

H
et

er
og

en
ei

ty
: I

2  =
 3

2%
; τ

2  =
 0

.0
29

3;
 P

 =
.0

8

M
AS

S−
II,

21
 2

01
0

0.
86

 (0
.5

0-
1.

47
)

Bl
az

ek
 e

t a
l,25

 2
01

3
1.

14
 (0

.5
6-

2.
34

)

AR
TS

in
di

ca
te

sA
rt

er
ia

lR
ev

as
cu

la
riz

at
io

n
Th

er
ap

ie
sS

tu
dy

;B
ES

T,
Ra

nd
om

iz
ed

Co
m

pa
ris

on
of

Co
ro

na
ry

Ar
te

ry
By

pa
ss

Su
rg

er
y

an
d

Ev
er

ol
im

us
-E

lu
tin

g
St

en
tI

m
pl

an
ta

tio
n

in
th

e
Tr

ea
tm

en
to

fP
at

ie
nt

sW
ith

M
ul

tiv
es

se
lC

or
on

ar
y

Ar
te

ry
D

ise
as

e;
CA

BG
,c

or
on

ar
y

ar
te

ry
by

pa
ss

gr
af

tin
g;

ER
AC

II
I,

Co
ro

na
ry

An
gi

op
la

st
y

W
ith

St
en

tin
g

vs
Co

ro
na

ry
By

pa
ss

Su
rg

er
y

in
Pa

tie
nt

sW
ith

M
ul

tip
le

-V
es

se
lD

ise
as

e;
EX

CE
L,

Ev
al

ua
tio

n
of

XI
EN

CE
vs

Co
ro

na
ry

Ar
te

ry
By

pa
ss

Su
rg

er
y

fo
rE

ffe
ct

iv
en

es
so

fL
ef

tM
ai

n
Re

va
sc

ul
ar

iz
at

io
n;

FR
EE

D
O

M
,F

ut
ur

e
Re

va
sc

ul
ar

iz
at

io
n

Ev
al

ua
tio

n
in

Pa
tie

nt
sW

ith
D

ia
be

te
sM

el
lit

us
:O

pt
im

al
M

an
ag

em
en

to
fM

ul
tiv

es
se

lD
ise

as
e;

IR
R,

in
ci

de
nc

e
ra

te
ra

tio
;M

AS
S-

II,

M
ed

ic
in

e,
An

gi
op

la
st

y,
or

Su
rg

er
y

St
ud

y;
N

O
BL

E,
N

or
di

c–
Ba

lti
c–

Br
iti

sh
Le

ft
M

ai
n

Re
va

sc
ul

ar
isa

tio
n

St
ud

y;
PC

I,
pe

rc
ut

an
eo

us
co

ro
na

ry
in

te
rv

en
tio

n;
PR

EC
O

M
BA

T,
Pr

em
ie

ro
fR

an
do

m
iz

ed
Co

m
pa

ris
on

of
By

pa
ss

Su
rg

er
y

vs
An

gi
op

la
st

y
U

sin
g

Si
ro

lim
us

-E
lu

tin
g

St
en

ti
n

Pa
tie

nt
sW

ith
Le

ft
M

ai
n

Co
ro

na
ry

Ar
te

ry
D

ise
as

e;
SI

M
A,

St
en

tin
g

vs
In

te
rn

al
M

am
m

ar
y

Ar
te

ry
Gr

af
tin

g;
So

S,
St

en
to

rS
ur

ge
ry

;S
YN

TA
X,

Sy
ne

rg
y

Be
tw

ee
n

PC
IW

ith
Ta

xu
sa

nd
Ca

rd
ia

c
Su

rg
er

y;
an

d
VA

CA
RD

S,
Ve

te
ra

ns
Af

fa
irs

Co
ro

na
ry

Ar
te

ry
Re

va
sc

ul
ar

iz
at

io
n

in
D

ia
be

te
s.

D
iff

er
en

ts
iz

e
m

ar
ke

rs
in

di
ca

te
95

%
CI

s.

Mortality in Randomized Clinical Trials Comparing PCI With CABG Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online October 12, 2020 E7

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Western University User  on 10/12/2020

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.4748


the difference did not reach statistical significance. This re-
sult is consistent with a previous meta-analysis of 17 RCTs (8221
patients)49 comparing first-generation drug-eluting vs bare-
metal stents in which the use of sirolimus-eluting stents was
significantly associated with higher noncardiac and, in par-
ticular, cancer-related mortality. Although the reasons for this
association are unclear, it is most likely related to the differ-
ences in baseline characteristics and risk profile between pa-
tients with PCI in the era of bare-metal vs drug-eluting stents.

We also found that in patients with left main disease, the
benefit of CABG over PCI for cardiac mortality was reduced,
and the difference between the 2 revascularization modali-
ties was mostly based on a higher rate of noncardiac deaths
in the PCI arm. This finding is likely related to the reduced
power of the left main disease subgroup analysis, to hetero-
geneity in the population with left main disease, or to differ-
ences in baseline characteristics between patients with left
main disease compared with other types of coronary disease.

Our findings have implications for future RCTs compar-
ing the 2 revascularization modalities. The use of all-cause
mortality in myocardial revascularization trials remains
controversial,6 as recently highlighted by the difference in all-
cause, but not cause-specific, mortality in the EXCEL trial1 and
from the fact that 5 of the 23 trials included in our analysis used
cause-specific rather than all-cause mortality in their pri-

mary composite outcome. Based on our results, the use of car-
diac mortality may exclude deaths that are in fact related to
the procedure, either through noncardiac mechanisms or be-
cause of misclassification.

Limitations
Our results must be viewed in light of the limitations of this
analysis. Differences in procedural aspects, postprocedural
management, and follow-up protocol may have existed be-
tween the included trials. In addition, the exact causes of non-
cardiac mortality were not reported by several trials and could
not be independently compared between PCI and CABG.

Conclusions
This meta-analysis found that percutaneous coronary inter-
vention is associated with higher all-cause, cardiac, and non-
cardiac mortality compared with CABG. The significantly
higher noncardiac mortality associated with PCI suggests that
even noncardiac deaths after PCI may in fact be related to the
procedure and/or subsequent management, and our data
strongly support the use of all-cause mortality as the most com-
prehensive and unbiased end point for myocardial revascu-
larization trials.
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