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eTable 1. PRISMA Checklist.
Section/topic

#

Reported
on page #

Checklist item
TITLE

Title

1

Identify the report as a systematic review, meta-analysis, or both.

1

ABSTRACT
Structured
summary

2

Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants,
and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.

5-6

INTRODUCTION
Rationale

3

Describe the rationale for the review in the context of what is already known.

7-8

Objectives

4

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

7-8

METHODS
Protocol and
registration

5

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration
information including registration number.

8

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow‐up) and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.

8

Information
sources

7

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in
the search and date last searched.

Search

8

Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.

Study selection

9

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the
meta‐analysis).

Data collection
process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining
and confirming data from investigators.

8-9,
Supplementary
Appendix
Supplementary
Appendix

8-9,
Supplementary
Appendix

8-9,
Supplementary
Appendix
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Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications
made.

Risk of bias in
individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study
or outcome level), and how this information is to be used in any data synthesis.

Summary
measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of
results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each
meta‐analysis.

Risk of bias
across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within
studies).

Additional
analyses

16

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were
pre‐specified.

8-9
10-11,
Supplementary
Appendix

9
9-10
10,
Supplementary
Appendix

9-10,
Supplementary
Appendix

RESULTS
17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.

Study
characteristics

18

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the
citations.

Risk of bias
within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

20

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b)
effect estimates and confidence intervals, ideally with a forest plot.

Study selection

11-12,
Supplementary
Appendix

10-11,

Results of
individual
studies

Tables
Supplementary
Appendix
Supplementary
Appendix

13-15,
Figures,
Supplementary
Appendix

13-15,
Synthesis of
results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Figures,
Supplementary
Appendix
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Risk of bias
across studies

15,
22

Present results of any assessment of risk of bias across studies (see Item 15).

Supplementary
Appendix

13-15,
Additional
analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

Figures,
Supplementary
Appendix

DISCUSSION
Summary of
evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).

16-20

Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified
research, reporting bias).

20

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

16-20

FUNDING
Funding

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic
review.

2
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eTable 2. Literature Search
Database
PubMed

Key words

Results (n)

("Left Main" [All Fields] OR "Three‐Vessel" OR "Multivessel") AND ("heart"[MESH Terms] OR

4,113

"coronary"[All Fields] OR "artery"[All Fields]) AND ("stent" [All Fields] OR "drug eluting
stent"[All Fields] OR "DES"[All Fields] OR "percutaneous coronary intervention"[All Fields]
OR "PCI"[All Fields] OR "coronary artery bypass graft*"[All Fields] OR "CABG"[All Fields])
AND ("2000/12/18"[PDAT] : "2017/02/01"[PDAT])
Scopus

( TITLE‐ABS‐KEY( left main ) OR TITLE‐ABS‐KEY( three‐vessel ) OR TITLE‐ABS‐KEY( multivessel

5,699

) AND TITLE‐ABS‐KEY( myocardial ) OR TITLE‐ABS‐KEY( coronary ) OR TITLE‐ABS‐KEY( artery )
AND TITLE‐ABS‐KEY( stent ) OR TITLE‐ABS‐KEY( drug eluting stent ) OR TITLE‐ABS‐KEY( des )
OR TITLE‐ABS‐KEY( percutaneous coronary intervention ) OR TITLE‐ABS‐KEY( pci ) OR TITLE‐
ABS‐KEY( coronary artery bypass graft ) OR TITLE‐ABS‐KEY( coronary artery bypass grafting )
OR TITLE‐ABS‐KEY( cabg ) ) AND ( LIMIT‐TO(SUBJAREA,"MEDI" ) ) AND ( LIMIT‐
TO(DOCTYPE,"ar" ) OR LIMIT‐TO(DOCTYPE,"cp" ) OR LIMIT‐TO(DOCTYPE,"le" ) OR LIMIT‐
TO(DOCTYPE,"ip" ) ) AND PUBYEAR AFT 2001
EMBASE

(Left Main OR Three‐Vessel OR Multivessel) AND (revasc* OR coronary) AND (stent OR drug

9,979

eluting stent OR DES OR percutaneous coronary intervention OR PCI OR coronary artery
bypass graft* OR CABG))
PY>=2001. pps=Human

© 2017 American Medical Association. All rights reserved.5

Web of Science

((TI=(left main OR three vessel OR multivessel) AND TI=(revascular* OR percutaneous

1,949

coronary intervention OR PCI OR stent OR coronary artery bypass graft* OR CABG)))
DOCUMENT TYPES: (Article OR Abstract of Published Item OR Letter OR Meeting Abstract
OR Proceedings Paper OR Reprint)
Indexes=SCI‐EXPANDED, SSCI, CPCI‐S, CPCI‐SSH, BKCI‐S, BKCI‐SSH, CCR‐EXPANDED, IC
Timespan=2001‐2017
ScienceDirect

left main OR three vessel OR multivessel AND revascular* OR percutaneous coronary

3,193

intervention OR PCI OR stent OR drug eluting stent OR coronary artery bypass graft* OR
CABG
[Journals(Medicine and Dentistry)]=Articles, Articles In Press, Short Communication,
Correspondence, Letter
pub‐date > 2001
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eTable 3. Main trial‐level clinical characteristics.
Age

Male

(years)

DM

HTN

DSL

Smoker

CKD

Prior MI

Prior PCI

LVEF
e

Stable CAD

ACS

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

% or n (%)

n (%)

n (%)

65

520 (73.8)

174 (24.7)a

456 (64.7)

551 (78.1)

147 (20.9)

13 (1.8)c

190 (27.0)

0 (0)

10 (1.4)

495 (70.2)

210 (29.8)

PRECOMBAT

62

459 (76.5)

192 (32.0)a

317 (52.8)

227 (41.2)

172 (28.7)

5 (0.8)d

33 (5.5)

76 (12.7)

61

297 (49.5)

303 (50.5)

EXCEL

66

1464 (76.9)

554 (29.1)

1404 (74.2)

1320 (70.4)

415 (22.4)

308 (16.5)c

330 (17.5)

326 (17.1)

57

1148 (60.7)

1017 (53.8)

b

235 (19.8)

NR

NR

234 (19.8)

60

977 (82.5)

206 (17.4)

Left main coronary artery disease
SYNTAX
(LMCA Cohort)

NOBLE

66

928 (78.4)

176 (14.9)

775 (65.5)

946 (79.9)

ACS=Acute Coronary Syndrome, CABG=Coronary Artery Bypass Grafting, CAD=Coronary Artery Disease; CHF=Congestive Heart Failure, CKD=Chronic Kidney Disease, DM=Diabetes Mellitus,
DSL=Dyslipidemia, LMCA=Left Main Coronary Artery, LVEF=Left Ventricular Ejection Fraction, MI=Myocardial Infarction, NR=Not reported, PCI=Percutaneous Coronary Intervention.
All the within‐trial comparisons were not significantly different.
a

Medically‐treated.

b
c

Statin‐therapy.

Serum creatinine >200 μmol/L (2.26 mg/dL).

d
e

Creatinine clearance ≤60 mL/min according to Cockcroft–Gault formula.

For the SYNTAX trial1,2, only n (%) of patients with LVEF <30% was available. For the other trials the weighted average of arm‐level mean or median (NOBLE trial6) values is reported.
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eTable 4. Main trial‐level characteristics of coronary artery disease.
Complete Revascularization

SYNTAX Score

EUROscore

(weighted mean)

(weighted mean)

64.5 vs. 72.5a

29.9

3.9

68.3 vs. 70.3

25.1

2.7

c

NR

22.5

2.0

PCI vs. CABG
(%)
Left main coronary artery disease
SYNTAX
(LMCA Cohort)
PRECOMBAT
EXCEL
NOBLE

NR
91.7

26.5
b

CABG=Coronary Artery Bypass Grafting; LMCA=Left Main Coronary Artery; NR=Not reported; PCI=Percutaneous Coronary Intervention.
Within trial comparison between arm‐level values were not significant unless specified.
a

p=0.02

b
c

Only PCI was reported.

As assessed by Core‐laboratory.
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eTable 5. Main arm‐level procedural characteristics.

DES type

LMCA
Bifurcation or
Trifurcation
n (%)

LMCA
+
2‐/3‐Vessel
Disease
n (%)

Stent/Patient
mean (SD)

Total
Stent Length
mean (SD)

Graft/Patient
mean (SD)

Arterial
Graft/Patient
mean (SD)

Venous
Graft/Patient
mean (SD)

Left
IMA
n (%)

Bilateral
IMA
n (%)

Off‐Pump
n (%)

Left main coronary artery disease

SYNTAX
(LMCA Cohort)

Paclitaxel‐eluting
stainless steel
durable‐polymer
st
(1 ‐generation)

229 (64.1)

248 (69.5)

NR

NR

2.6 (0.8)

1.3 (0.6)

NR

305 (87.6)

78 (22.4)

56 (16.7)

PRECOMBAT

Sirolimus‐eluting
stainless steel
durable‐polymer
st
(1 ‐generation)

200 (66.9)

223 (74.3)

2.7 (1.4)

60.0 (42.1)

2.7 (0.9)

2.1 (0.9)

0.7 (0.8)

233 (93.6)

NR

155 (63.8)

2.6 (0.8)

1.4 (0.6)

1.2 (0.9)

908 (98.8)

265 (28.8)

271 (29.4)

2.3 (NR)

NR

NR

526 (93.4)

44 (7.9)

88 (15.6)

EXCEL

NOBLE

P
C
I

 99.2%
Everolimus‐eluting
cobalt‐chromium
durable‐polymer
nd
(2 ‐generation)
 0.8%
Others
 12%
Sirolimus‐eluting
stainless steel
durable‐polymer
(1st‐generation)
 88%
Biolimus‐eluting
cobalt‐chromium
biodegradable‐polymer
nd
(2 ‐generation)

771 (81.8)

487 (51.7)

2.4 (1.5)

49.1 (35.6)

508 (87.7)

NR

NR

NR

C
A
B
G

CABG=Coronary Artery Bypass Grafting; DES=Drug‐Eluting Stent; IMA=Internal Mammary Artery; LMCA=Left Main Coronary Artery; PCI=Percutaneous Coronary Intervention; SD=Standard Deviation.
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eTable 6. Inclusion and exclusion criteria in each trial.
Trial
Inclusion criteria
Left main coronary artery disease
SYNTAX
Stable
angina,
unstable
angina
or
documented silent ischemia; de novo LMCA
stenosis ≥50% or left main equivalent disease
defined as ≥50% stenosis of the ostium of the
left anterior descending and left circumflex
with or without stenosis in other vessels.
PRECOMBAT

EXCEL

Exclusion criteria
Previous PCI or CABG; acute myocardial infarction with creatinine kinase >2x
upper limit of normal; need for concomitant cardiac surgery (valve
reconstruction or replacement); inability to give informed consent due to
mental condition, mental retardation, or language barrier; participation or
planned participation in another cardiovascular clinical study before completion
of 1‐year follow‐up.

Previous PCI ≤1 year; previous CABG; intention to treat >1 totally occluded
major epicardial vessel; acute myocardial infarction ≤1 week; ejection fraction
<30%; cardiogenic shock; stroke ≤6 months; creatinine >2.0 mg/dL or dialysis‐
dependence; severe hepatic dysfunction (transaminases >3 times the normal
upper reference limit; gastrointestinal or genitourinary bleeding ≤3 months;
major surgery ≤2 months; history of a bleeding diathesis or coagulopathy or
refusal of blood transfusions; platelets <100,000 cells/mm3; hemoglobin <10
g/dL; planned elective surgery requiring interruption of thienopyridines within 1
year after enrolment; intolerance to study medications or contrast agents;
Age ≥18 years; silent ischemia, stable angina intravenous sirolimus use ≤1 year; pregnancy; comorbidity that may result in
pectoris, unstable angina pectoris, recent protocol non‐compliance; life‐expectancy <1 year.
myocardial infarction with normalized
creatine kinase‐MB, unprotected LMCA Prior PCI of the LMCA; prior PCI of any non‐LMCA lesion ≤1 year; prior CABG;
stenosis ≥70% by visual estimation or 50‐69% need for concomitant cardiac surgery; need for non‐cardiac surgery ≤1 year;
by visual estimation if deemed significant by intolerance to dual antiplatelet therapy for ≥1 year; LMCA lesion <50%; LMCA
non‐invasive or invasive testing (IVUS or FFR) reference diameter <2.25 mm or >4.25 mm; SYNTAX score ≥33; any recent
or LMCA equivalent disease defined as LMCA myocardial infarction with creatine kinase‐MB levels still elevated; presence of
bifurcation Medina 0,1,1 disease; low‐to‐ any clinical and anatomic condition(s) which leads the participating
intermediate anatomical complexity of interventional cardiologist and/or cardiac surgeon to believe that clinical
coronary artery disease defined by a SYNTAX equipoise is not present; pregnancy or intention to became pregnant; non‐
score of ≤32; clinical and anatomic eligibility cardiac co‐morbidities life‐expectancy <3 years; vulnerable population who in
by the heart team for revascularization by the judgment of the investigator is unable to give informed consent for reasons
Age ≥18 years; stable angina, unstable angina,
documented silent ischemia, or non‐ST‐
elevation myocardial infarction; de novo
unprotected LMCA stenosis >50% by visual
estimation with or without additional target
lesions >70% by visual estimation; all lesions
considered comparably treatable by PCI and
CABG by the heart team.
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NOBLE

either PCI or CABG; ability to sign informed of incapacity, immaturity, adverse personal circumstances or lack of autonomy;
consent and comply with all study procedures other investigational drug or device studies that have not reached their primary
including follow‐up ≥3 years.
endpoint
ST‐elevation myocardial infarction ≤24 hours; extreme risk for CABG; LMCA
Stable angina pectoris, unstable angina stenosis and >3 lesions or presence of complex lesions defined as chronic total
pectoris or acute coronary syndrome; LMCA occlusion; bifurcation lesion requiring a 2‐stent technique or tortuous vessel
ostium, mid‐shaft and/or bifurcation stenosis morphology; life expectancy <1 year; allergy to aspirin, clopidogrel or
≥50% by visual estimation or ≤0.80 by FFR ticlopidine, and biolimus.
with ≤3 additional non‐complex lesions
defined as non‐chronic total occlusion, non‐
bifurcation lesion requiring a 2‐stent
technique or non‐tortuous vessel morphology
coronary lesion; stable angina or acute
coronary syndrome, eligibility to be treated by
PCI or CABG; signed informed consent.

CABG=Coronary Artery Bypass Grafting; DES=Drug‐Eluting Stent; FFR=Fractional Flow Reserve; IVUS=Intra‐Vascular Ultrasound; LMCA=Left Main
Coronary Artery; PCI=Percutaneous Coronary Intervention.
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eTable 7. Main characteristics of the trials including multi‐vessel patients without left main coronary artery involvement.
Patients
Centre
Randomized
(n)
(PCI vs. CABG)
Multi‐vessel coronary artery disease
SYNTAX
(3‐Vessel Cohort)

546 vs. 549

85

FREEDOM

953 vs. 947

140

BEST

438 vs. 442

27

Region

Netherlands, US, Germany,
UK, France, Italy, Sweden,
Belgium, Hungary, Poland,
Austria, Denmark, Latvia,
Finland, Spain, Portugal
US, Canada, UK, France,
Poland, Germany, Spain, Italy,
Israel, Australia, India,
Mexico, Brazil, Argentina,
Colombia
South Korea, China, Malaysia,
Thailand

Enrolment Period

Design

Mar 2005‐Apr 2007 Non‐Inferiority

Primary Endpoint

Follow‐upa
(years)

Registrationb

All‐cause death, myocardial
infarction, stroke, or repeat
revascularization

5

NCT00114972

Apr 2005‐Apr 2010

Superiority

All‐cause death, non‐fatal
myocardial infarction, or non‐
fatal stroke

5

NCT00086450

Jul 2008‐Sept 2013

Non‐Inferiority

All‐cause death, myocardial
infarction, or target‐vessel
revascularization

5

NCT00997828

CABG=Coronary Artery Bypass Grafting; PCI=Percutaneous Coronary Intervention.
a
Longest follow‐up at Kaplan‐Meier analysis.
b
Registration number in www.clinicaltrial.gov database.
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eTable 8. Main trial‐level clinical characteristics of the multi‐vessel patients without left main coronary artery disease.
Age

Male

DM

HTN

DSL

Smoker

CKD

Prior MI

Prior PCI

LVEF

Stable CAD

ACS

(years)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

% or n (%)c

n (%)

n (%)

Multi‐vessel coronary artery disease
SYNTAX

65

878 (80.2)

337 (30.8)

740 (67.6)

842 (77.7)

217 (19.8)

13 (1.2)b

397 (36.7)

0 (0)

24 (2.2)

793 (72.4)

302 (27.6)

FREEDOM

63

1356 (71.4)

1900 (100)

NR

NR

298 (15.7)

129 (6.8)b

487 (25.6)

NR

66

NR

583 (30.7)

BEST

64

629 (71.5)

363 (41.3)a

591 (67.2)

461 (52.4)

177 (20.1)

16 (1.8)b

54 (6.1)

68 (7.7)

59

414 (47.0)

466 (53.0)

(3‐Vessel Cohort)

ACS=Acute Coronary Syndrome, CABG=Coronary Artery Bypass Grafting, CAD=Coronary Artery Disease; CHF=Congestive Heart Failure, CKD=Chronic Kidney Disease, DM=Diabetes Mellitus,
DSL=Dyslipidaemia, LMCA=Left Main Coronary Artery, LVEF=Left Ventricular Ejection Fraction, MI=Myocardial Infarction, NR=Not reported, PCI=Percutaneous Coronary Intervention.
All the within‐trial comparisons were not significantly different.
a

Medically‐treated.

b
c

Serum creatinine >200 μmol/L (2.26 mg/dL).

For the SYNTAX trial7, only n (%) of patients with LVEF <30% was available. For the other trials the weighted average of arm‐level mean value is reported.
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eTable 9. Main trial‐level anatomic characteristics of the included patients.
Complete Revascularization

SYNTAXScore

EUROscore

(weighted mean)

(weighted mean)

51.7 vs. 57.2

28.0

3.6

FREEDOM

NR

26.2

2.8

BEST

50.9 vs. 71.5a

24.4

2.9

PCI vs. CABG
(%)
Multi‐vessel coronary artery disease
SYNTAX
(3‐Vessel Cohort)

CABG=Coronary Artery Bypass Grafting; LMCA=Left Main Coronary Artery; NR=Not reported; PCI=Percutaneous Coronary Intervention.
All the within trial comparison between arm‐level values were not significant unless specified.
a

p<0.001.
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eTable 10. Main arm‐level procedural characteristics of trials including multi‐vessel patients without left main coronary artery disease.

DES type

LMCA
Bifurcation or
Trifurcation
n (%)

LMCA
+
2‐/3‐Vessel
Disease
n (%)

Stent/Patient
mean (SD)

Total
Stent Length
mean (SD)

Graft/Patient
mean (SD)

Arterial
Graft/Patient
mean (SD)

Venous
Graft/Patient
mean (SD)

Left
IMA
n (%)

Bilateral
IMA
n (%)

Off‐Pump
n (%)

0 (0)

0 (0)

5.3 (2.1)

99.4 (45.5)

2.9 (0.7)

1.5 (0.7)

1.4 (0.9)

NR

158 (30.6)

73 (13.9)

2.9 (0.8)

NR

NR

848 (94.4)

NR

165 (18.5)

3.1 (0.9)

2.1 (1.1)

1.0 (0.8)

398 (99.3)

NR

258 (64.3)

Multi‐Vessel Coronary Artery Disease
Paclitaxel‐eluting
stainless steel
durable‐polymer
st
(1 ‐generation)

SYNTAX
(3‐Vessel Cohort)

 51%
Sirolimus‐eluting
stainless steel
durable‐polymer
(1st‐generation)
a
 43%
Paclitaxel‐eluting
stainless steel
durable‐polymer
(1st‐generation)
a

FREEDOM

BEST

P
C
I

Everolimus‐eluting
cobalt‐chromium
durable‐polymer
nd
(2 ‐generation)

0 (0)

0 (0)

NR

26.1 (14.2)

0 (0)

0 (0)

3.4 (1.4)

85.3 (38.2)

C
A
B
G

CABG=Coronary Artery Bypass Grafting; DES=Drug‐Eluting Stent; IMA=Internal Mammary Artery; LMCA=Left Main Coronary Artery; PCI=Percutaneous Coronary Intervention; SD=Standard Deviation.
a

Exclusive use. In the remaining case also new‐generation drug‐eluting stents were implanted.
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eTable 11. Inclusion and exclusion criteria in trials including multi‐vessel patients without left main coronary artery disease.
Trial
Inclusion criteria
Multi‐Vessel Coronary Artery Disease
SYNTAX
Stable
angina,
unstable
angina
or
documented silent ischemia; de novo LMCA
stenosis ≥50% or LMCA equivalent disease
(defined as ≥50% stenosis of the ostium of the
left anterior descending and left circumflex)
with or without stenosis in other vessels.
FREEDOM

Diabetes mellitus (Type 1 or Type 2), defined
as either presence of classic symptoms of
diabetes mellitus with unequivocal elevation
of plasma glucose (2‐hour post‐prandial or
random of greater than 200 mg/dL
(11mmol/L) or fasting plasma glucose
elevation on more than one occasion of at
least 126 mg/dL (7mmol/L); pharmacological
or non‐pharmacological treatment for
diabetes; angiographic evidence of MV‐CAD
≥70% in ≥2 major epicardial vessels and in ≥2
separate coronary artery territories (left
anterior descending, left circumflex, right
coronary artery amenable to either PCI with
DES or CABG; indication for revascularization
based upon symptoms of angina and/or
objective evidence of myocardial ischemia.

Exclusion criteria
Previous PCI or CABG; acute myocardial infarction with creatinine kinase >2x
upper limit of normal; need for concomitant cardiac surgery (valve
reconstruction or replacement); inability to give informed consent due to
mental condition, mental retardation, or language barrier; participation or
planned participation in another cardiovascular clinical study before completion
of 1 year follow‐up.
Severe congestive heart failure as New York Heart Association (NYHA) class III or
IV or pulmonary edema; prior CABG surgery; prior valve surgery; prior PCI with
stent implantation ≤6 months; stroke ≤6 months; prior stroke occurred >6
months with Rankin Score >1; prior significant bleeding ≤6 months; in‐stent
restenosis of a target vessel; ≥2 chronic total occlusions in major coronary
territories; LMCA stenosis ≥50% diameter stenosis; acute ST‐elevation
myocardial infarction (Q‐wave) ≤72 hours requiring revascularization; abnormal
creatine kinase level >2 times the upper normal limit; abnormal creatine kinase‐
MB level at study entry; planned simultaneous surgical procedure unrelated to
coronary revascularization (e.g., valve repair/replacement, aneurysmectomy,
carotid endarterectomy, or carotid stent); unsuitability either of CABG or PCI
with DES because of a coexisting medical condition; significant leukopenia,
neutropenia, thrombocytopenia, anemia, or known bleeding diathesis;
intolerance to aspirin or both clopidogrel and ticlopidine; dementia with Mini
Mental Status Examination (MMSE) <20; extra‐cardiac illness expected to limit
survival to <5 years (e.g., oxygen‐dependent chronic obstructive pulmonary
disease, active hepatitis, significant hepatic failure, or severe kidney disease);
pregnancy; enrolment in another clinical trial; inability to attend required
follow‐up visits.
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BEST

Age ≥18 years; angiographic evidence of MV‐
CAD critical >70% in ≥2 major epicardial
vessels and in ≥2 separate coronary artery
territories (left anterior descending, left
circumflex, right coronary artery) and
amenable to either PCI or CABG; indication for
revascularization based upon symptoms of
angina and/or objective evidence of
myocardial ischemia; patient geographically
accessible and willing to come in for required
study visits; signed informed consent.

Severe congestive heart failure as New York Heart Association (NYHA) class III or
IV, or pulmonary edema; planned simultaneous surgical procedure unrelated to
coronary revascularization (e.g., valve repair/replacement, aneurysmectomy,
carotid endarterectomy or carotid stent); in‐stent restenosis of a target vessel;
prior CABG surgery; prior PCI with stent implantation ≤1 year; ≥2 chronic total
occlusions in major coronary territories; acute ST‐elevation myocardial
infarction (Q‐wave) ≤72 hours prior to enrolment requiring revascularization;
abnormal creatine kinase >2 times of upper normal limit and/or abnormal
creatine kinase‐MB levels and/or elevated troponin levels; prior stroke ≤6
months; prior stroke >6 months with Rankin Score >1; dementia with a Mini
Mental Status Examination (MMSE) score of ≤20; extra‐cardiac illness expected
to limit survival to <2 years (e.g., oxygen‐dependent chronic obstructive
pulmonary disease, active hepatitis or significant hepatic failure, severe renal
disease); prior significant bleeding ≤6 months; contraindication either to PCI
with DES or CABG because of a coexisting clinical condition; significant
leucopenia, neutropenia, thrombocytopenia, anemia, or known bleeding
diathesis; intolerance or contraindication to aspirin or both clopidogrel and
ticlopidine; suspected or documented pregnancy; concurrent enrolment in
another clinical trial.

CABG=Coronary Artery Bypass Grafting; DES=Drug‐Eluting Stent; LMCA = Left Main Coronary Artery; PCI = Percutaneous Coronary Intervention.
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eTable 12. Summary of findings according to GRADE.
Counts
(Crude Incidences)

Quality assessment
Trials

Study design

Risk of bias

Inconsistenc
y

Indirectness

Imprecision

PCI

CABG

Overall
Quality

All‐cause death, myocardial infarction, or stroke
4

Randomized
trials

Not serious

Not serious

Not serious

Not serious

319/2197 (14.5%)

292/2197 (13.3%)

Not serious

Not serious

Not serious

Not serious

313/2197 (14.2%)

184/2197 (8.4%)

⨁⨁⨁⨁
HIGH

Repeat revascularization
4

Randomized
trials

⨁⨁⨁⨁
HIGH

All‐cause death, myocardial infarction, stroke, or repeat revascularization
4

Randomized
trials

Not serious

Not serious

Not serious

Not serious

511/2197 (23.3%)

400/2197 (18.2%)

Randomized
trials

Not serious

Not serious

Not serious

Serious

169/2197 (7.7%)

157/2197 (7.1%)

Randomized
trials

Not serious

Not serious

Not serious

Serious

94/2197 (4.3%)

91/2197 (4.1%)

⨁⨁⨁⨁
HIGH

All‐cause death
4

⨁⨁⨁◯
MODERATE

Cardiac death
4

⨁⨁⨁◯
MODERATE
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Counts
(Crude Incidences)

Quality assessment
Trials

Risk of bias

Inconsistenc
y

Indirectness

Imprecision

PCI

CABG

Randomized
trials

Serious

Serious

Serious

Serious

135/2197 (6.1%)

108/2197 (4.9%)

Randomized
trials

Serious

Serious

Serious

Serious

43/2197 (2.0%)

49/2197 (2.2%)

Serious

Serious

Serious

Serious

32/1897 (1.7%)

77/1897 (4.1%)

Study design

Overall
Quality

Myocardial infarction
4

⨁⨁◯◯
LOW

Stroke
4

⨁⨁◯◯
LOW

Stent/Graft Occlusion
3

Randomized
trials

⨁⨁◯◯
LOW
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eMethods. Detailed Methodology
Three authors (R.C., A.H.F., J.W.) independently searched PubMed, Scopus, EMBASE, Web of
Knowledge and ScienceDirect electronic databases from December 18th, 2001 (first‐in‐man with DES) to
February 1st, 2017. No language restrictions or specific clinical subsets were imposed. The search
strategies applied for trial identification is reported in the eTable 2.
Tangential

exploration

of

scientific

websites

of

interest

(www.clinicaltrial.gov,

www.clinicaltrialresults.gov, www.tctmd.com, www.pcronline.com, www.acc.org, www.heart.org) and
screening of bibliographies of relevant reviews and book chapters on the topic were conducted to
minimize the risk of missing reports.
Results of search process at level of title and abstract were merged in a single dataset. After
removal of duplicates, full‐text screening was performed with resolution of divergences by consensus
(R.C., A.H.F., J.W., D.G.). The process led to the identification of the final dataset.
Data used in this meta‐analysis were exclusively from intention‐to‐treat analyses. For each
analysis, trial‐level risk estimates were extracted from retrieved reports and, in isolated cases, back‐
calculated from log‐rank test p value and observed events in the two groups14,16.
Trial‐level clinical and angiographic characteristics were extracted for each trial. Extracted data
were collected in specific electronic spreadsheets. Meta‐analysis feasibility and qualitative assessment
of the included trials was performed before statistical analyses.
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eFigure 1. Diagram Flow

Description of trials selection process and final inclusion for qualitative analysis and quantitative
synthesis by meta‐analysis.
a

Cumulative number of reports identified by application of algorithm used for each database.

b

Cumulative number of reports and conference proceedings deriving from tangential exploration
of major scientific website, relevant reviews and book chapters.
c

Duplicates were removed and different reports referring to the same trials were considered as
single and collected together.
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d

Reports screened at level of title and abstract.

e

Reports excluded after screening at level of title and abstract.

f

Reports clearly not satisfying prespecified eligibility criteria after screening at title and abstract
level. The Left Main Stenting (LE MANS) trial10 was excluded because only 35% of patients
undergoing PCI were treated with DES, while the trial by Boudriot et al.11 was not considered
because only 1‐year outcomes were available.

g

The SYNTAX trial had randomization stratified according to presence or absence of LMCA
stenosis. The cohort of patients with LMCA stenosis was included in primary analyses. Two
randomized clinical trials8,9 and the cohort of patients with three‐vessel CAD without LMCA
involvement of the SYNTAX trial7 were excluded form primary analyses and considered only for
secondary analyses (CAD with LMCA vs. MV‐CAD without LMCA).
Among trials including patients with MV‐CAD without LMCA involvement, the Coronary Artery
Revascularisation in Diabetes (CARDIa)12 trial was excluded because about one third of patients
assigned to PCI received bare‐metal stent and follow‐ up longer than 1 year has been not reported
yet.
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eFigure 2. Secondary end point of all‐cause death, myocardial infarction, stroke or repeat revascularization.

CABG=Coronary Artery Bypass Grafting; CI=Confidence Interval; DES=Drug‐Eluting Stent; HR=Hazard Ratio; PCI=Percutaneous
Coronary Intervention.
After addition of repeat revascularization to the primary composite endpoint there was a mild but significant risk increase in
patients assigned to PCI as compared with CABG. Individual trials did not significantly drive this result and no significant
heterogeneity was detected. Second‐generation DES was not associated with a significant variation of pooled estimate as
compared with first‐generation DES.
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eFigure 3. Influence analyses of the secondary end points of all‐cause death, cardiac death, myocardial infarction and stroke.

CABG=Coronary Artery Bypass Grafting; CI=Confidence Interval; HR=Hazard Ratio; PCI=Percutaneous Coronary Intervention.
Limited influence of individual trials was observed in terms of all‐cause death and cardiac death. Myocardial infarction pooled
estimated was strongly influenced by the contrasting results of the NOBLE trial6 – the trial which was associated with the
strongest effect towards CABG – and the EXCEL trial5 – the trial which was associated with the strongest effect toward PCI.
These two trials were mainly responsible for the high heterogeneity degree observed in the analysis. Stroke pooled estimate
© 2017 American Medical Association. All rights reserved. 24

was mainly influenced by the NOBLE trial6. This trial significantly attenuated the numerical reduction in stroke associated with
PCI as compared with CABG and introduced substantial heterogeneity in the analysis.
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eFigure 4. Stent/Graft occlusion.

CABG=Coronary Artery Bypass Grafting;
PCI=Percutaneous Coronary Intervention.

CI=Confidence

Interval;

HR=Hazard

Ratio;

Stent thrombosis occurred less frequently than graft occlusion but the difference did not reach
formal threshold of statistical significance using random‐effect model. Indeed, high heterogeneity
was detected and it was mainly due to the EXCEL trial5.
Data from the PRECOMBAT trial4 were not available. A total of 2 events of stent thrombosis (5‐
year cumulative incidence of 0.3%) are reported but no description of graft occlusion is available.
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eFigure 5. Individual end points of all‐cause death, myocardial infarction or stroke after inclusion of trials of patients with coronary artery disease without left main
coronary artery involvement.

Left: After pooling of trials including patients with MV‐CAD, CABG was associated with a mild but significant increase in the risk of all‐cause death. Pooled estimates of
the subgroup of trials including patients with coronary artery disease involving the LMCA and the subgroup of trials including patients with without LMCA were
significantly different.
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Middle: After pooling of trials including patients with MV‐CAD disease, CABG was associated with significant increase in the risk of myocardial infarction. Difference in
pooled estimates by random‐effects model of the subgroup of trials including patients with coronary artery disease involving the LMCA and the subgroup of trials
including patients without LMCA involvement did not reach the threshold of significance but a high degree of heterogeneity was observed.
Right: After pooling of trials including patients with MV‐CAD, CABG and PCI continued to be associated with similar risk of stroke.
*Between‐group comparison by using fixed‐effect and random‐effects models respectively.
CABG=Coronary Artery Bypass Grafting; CI=Confidence Interval; HR=Hazard Ratio; PCI=Percutaneous Coronary Intervention.

© 2017 American Medical Association. All rights reserved. 28

eFigure 6. Qualitative assessment of trials and exploration of potential
sources of bias.
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The included trials showed overall a low risk of bias. The systematic absence
of blinding of patient and personnel may have influenced results in all trials
but the characteristics of the two techniques obviously made this limitation
unavoidable. The cumulative risk of bias in trials including patients with
LMCA stenosis is illustrated in the upper panel, while the cumulative risk of
bias after addition of trials including patients with MV‐CAD without LMCA
stenosis is illustrated in the medium panel. The lower panel shows the
individual components of bias assessment in each trial.
In the NOBLE trial6 some important variables and some significant
cardiovascular outcomes were not collected or showed. The BEST trial9 was
concluded early due to slow enrolment making its conclusions
underpowered. Five trials were financially supported by companies that in
one have active involvement in data collection and analysis. Finally, some
definitions such as myocardial infarction differed in some trials from the all
the others.
In the FREEDOM trial8 the description of random sequence generation and
allocation concealment are almost missing, while some endpoints such as
major adverse cardiovascular events as all‐cause death, myocardial
infarction, stroke or repeat revascularization or the endpoint of repeat
revascularization at 5 years, are not reported and overall the number of
measured outcomes is limited as compared with the other trials. Finally,
Kaplan‐Meier incidences were not accompanied by risk estimates as HR and
95% CI.
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eAppendix 1. Trials Included In Analyses
Trials Included In Primary Analyses
 SYNTAX1,2 = Synergy between PCI with Taxus and Cardiac Surgery
 PRECOMBAT3,4 = Bypass Surgery Versus Angioplasty Using Sirolimus‐Eluting Stent in
Patients With Left Main Coronary Artery Disease
 EXCEL5 = Evaluation of XIENCE versus Coronary Artery Bypass Surgery for Effectiveness
of Left Main Revascularization
 NOBLE6 = Nordic‐Baltic‐British Left Main Revascularisation

Trials Included In Supplementary Analyses
CAD with LMCA involvement vs. MV‐CAD without LMCA involvement

 SYNTAX7 = Synergy between PCI with Taxus and Cardiac Surgery
 FREEDOM8 = Future Revascularization Evaluation in Patients with Diabetes Mellitus
 BEST9 =

Randomized Comparison of Coronary Artery Bypass Surgery and
Everolimus‐Eluting Stent Implantation in the Treatment of Patients with
Multivessel Coronary Artery Disease
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eAppendix 2. Supplementary Considerations

Revascularization completeness, arterial grafting and off‐pump surgery
Among additional procedural factors that have been traditionally advocated as partial
explanation for the dissimilar results between CABG and PCI, the completeness of
revascularization in PCI group, the use of both mammary arteries in CABG group, and use of
off‐pump revascularization in CABG group should be mentioned. A substudy from SYNTAX
trial13 and observational data14 support the relevance of revascularization completeness.
However, in this systematic review we observed the highest rate of complete
revascularization after PCI in NOBLE trial6, which overall favored CABG over PCI. The use of
bilateral mammary arteries in CABG is the other procedural factor traditionally called upon. In
observational studies, a revascularization with both mammary arteries has been associated
with improved outcomes as compared with single‐mammary artery CABG15,16. However, a
recent randomized trial comparing single mammary artery grafting with bilateral mammary
artery grafting showed no difference between the techniques at 5‐year follow‐up17. Finally,
the use of off‐pump CABG was higher in the PRECOMBAT22 but corresponding effect size was
overall similar to those of the other trials and a recent large randomized clinical trial
comparing off‐pump versus on‐pump CABG did not report significant differences between the
techniques at 5‐year follow‐up18.
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