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ABSTRACT

Objectives: To compare the safety and efficacy of percutaneous coronary
intervention (PCI) using drug-eluting stent (DES) and coronary artery bypass graft
(CABG) for the treatment of left main coronary artery (LMCA) disease.

Background: Several new randomized trials have recently examined the clinical
outcomes of PCI and CABG in LMCA disease. However, the results of these studies
were inconsistent.

Materials and Methods: We searched five online electronic databases to identify
all the randomized clinical trials assessing the outcomes of PCI using DES and CABG
in patients with LMCA. The clinical outcomes were the major adverse cardiac and
cerebrovascular event (MACCE), all-cause death, myocardial infarction (MI), stroke,
and repeat revascularization (RR).

Results: A total of 5 randomized clinical trials with 4595 LMCA patients were
included in this meta-analysis. For one year follow-up, the results indicated that
PCI were associated with a lower risk of stroke (RR = 0.21, 95% CI = 0.07-0.65,
P = 0.007), a higher risk of RR (RR = 1.72, 95% CI = 1.28-2.33, P < 0.001) than
CABG. Moreover, for long-term follow-up, there were significant higher risks of MACCE
and RR with PCI versus CABG (MACCE: HR = 1.26, 95% CI = 1.11-1.44, P = 0.001;
RR: HR = 1.70, 95% CI = 1.42-2.05, P < 0.001). However, there were no significant
differences between the two groups in all-cause death and MI risks, regardless of
follow-up duration.

Conclusions: PCI is noninferior to CABG in short term follow-up of patients with
LMCA disease, but CABG is more safety and efficacy than PCI using DES in long-term
follow-up.

trials have demonstrated that coronary artery bypass grafting
(CABQ) is beneficial for patient survival and quality of life
when compared with optimal medical therapy [4, 5]. As
the safety and durability of surgery, current international

INTRODUCTION

Left main coronary artery (LMCA) disease, one of
obstructive coronary artery diseases, is diagnosed in 5—7%

of patients who have been referred for coronary angiography
[1, 2]. As the extent of ischemic myocardium, patients with
significant LMCA disease have poor clinical outcomes and
50% three-year mortality [3]. Increasing numbers of clinical

guidelines have recommended CABG as the reference

standard for the treatment of LMCA disease [6, 7].
Percutaneous coronary intervention (PCI) with

stenting, a Class II alternative method of LMCA treatment
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by current guidelined recommend, is becoming more used
and shows favorable clinical outcomes for patients with
significant LMCA disease that have a high risk of surgery
and low or intermediated SYNTAX scores because
of many remarkable improvements in medical device
technology and adjunctive pharmacotherapies have been
achieved during the last decade [8—11]. For example, PCI
with drug-eluting stents (DES) using could significantly
reduce the risk of clinical restenosis [12, 13]. Recently,
randomized controlled clinical trials have compared the
safety and efficacy of PCI using DES and CABG for the
treatment of LMCA disease [14-21]. One recent meta-
analysis included randomized clinical trials to study the
1-year outcomes of PCI using DES versus CABG for
patients with LMCA and found that PCI using DES was
associated with a lower risk of stroke and a higher risk of
repeat revascularization compared with CABG [22].

However, this meta-analysis did not include the
latest and the largest study and did not study the long-
term outcomes of PCI using DES versus CABG. As a
matter of fact, the results of long-term outcomes of
PCI using DES versus CABG in these studies were
inconclusive. For example, the NOBLE trail found
CABG was better than PCI using DES with respect
to Kaplan-Meier 5 year estimates of MACCE and
revascularisation for treatment of LMCA disease [18].
However, the EXCEL trail demonstrated that PCI using
DES was noninferior to CABG in patients with LMCA
disease [19].

Therefore, we performed an updated meta-analysis
to systematically clarify whether PCI using DES was
noninferior on the safety and efficacy to CABG for
treatment of LMCA disease during 1-year and long-term
period.

MATERIALS AND METHODS

Literature search

We searched five online electronic databases,
including PubMed and the Excerpta Medica Database
(EMBASE), ISI Web of Science, Chinese Biomedical
Literature (CBM) database and Chinese National
Knowledge Infrastructure (CNKI) database, for all
publications examining the safety and efficacy of PCI
using DES compared with CABG for the treatment of
LMCA disease that had been published through December
31, 2016. The search strategy was based on combinations
of the following terms: “coronary artery disease”, “left
main”, “percutaneous coronary intervention or PCI”,
“drug-eluting stent or DES”, and “coronary artery
bypass”. To retrieve the most eligible studies, we manually
screened all relevant publications and their reference
lists. We included published papers on relevant studies
involving human subjects, with no restrictions regarding
publication language.

Inclusion and exclusion criteria

The following eligible studies were included in
the meta-analysis: (1) randomized controlled clinical
trials; (2) studies whose population of interest included
LMCA patients; and (3) studies making comparisons of
clinical outcomes between PCls using DES and CABG;
and (4) studies whose clinical outcomes included major
adverse cardiac and cerebrovascular event (MACCE),
all-cause death, myocardial infarction (MI), stroke, and
repeat revascularization (RR). The following studies were
excluded from the analysis: (1) duplicates of previous
publications; (2) abstracts, reviews, commentaries and
editorials; (3) animal studies; and (4) studies without
sufficient available original data, even after we had
contacted their corresponding authors.

Clinical outcomes and definitions

The clinical outcomes of this study included
MACCE, all-cause death, MI, stroke, and RR. MACCE
were defined as the composite of death, stroke, MI, or
RR. All-cause death was defined as death from any cause.
MI was defined as the documentation of a new abnormal
Q-wave after the index revascularization. Stroke was
defined as the rapid or sudden onset of new neurological
deficit persisting for > 24 hours with no apparent
nonvascular cause. RR was defined as ischemia-driven
revascularization by either PCI or CAGB. The short term
was defined as 1 year, and the long term was defined as
> 3 year in this meta-analysis.

Data extraction

Two reviewers independently extracted the
following information from the eligible trails using a
standardized data collection form: the trail’s name, period
of the procedures, location, ethnicities of the patients,
numbers of patients, follow-up duration, clinical outcomes,
characteristics of the subjects (age, gender, and underlying
diseases, such as hypertension, hyperlipidemia, and
diabetes mellitus), clinical characteristics of the patients
(previous MI, LVEF (left ventricular ejection fraction),
numbers of diseased vessels, EuroSCORE, SYNTAX
score, distal LMCA disease, and DES type) in the PCI
using DES and CABG groups, and clinical outcomes data.
Any disagreements regarding the data extracted by the two
reviewers were resolved by discussion until a consensus
was reached among all the authors.

Statistical analysis

The data regarding the one-year outcomes were
categorical, and pooled risk ratios (RRs) and their
corresponding 95% confidence intervals (Cls) were
performed for one-year outcomes’ summary statistics. All
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studies reported the Kaplan-Meier long-term estimates,
and pooled hazard ratios (HRs) and their 95% Cls were
conducted for long-term outcomes’ summary statistics.
The chi-square-based Cochran Q test and /7 statistic were
employed to assess between-study heterogeneity [23, 24].
Sensitivity analyses were conducted to assess differences
by DES type (early- versus newer-generation DES) for
long-term outcomes. Funnel plots, Begg’s rank test, and
Egger’s linear regression test were performed to examine
potential publication bias [25]. P value was two sided, and
< 0.05 was considered significant. All statistical analyses
were conducted using STATA statistical software (version
11.0; Stata Corp, College Station, TX, USA).

RESULTS
Characteristics of the included studies

The flow chart in Figure 1 displays information
pertaining to the comprehensive literature search for and
selection of studies assessing the safety and efficacy of
PCI using DES compared with CABG for the treatment
of LMCA disease. As a result of our careful search and
study selection process, 5 randomized clinical trials with
4595 LMCA patients, including 2297 patients undergoing
PCI using DES and 2298 patients undergoing CABG,
were included in our meta-analysis. SYNTAX trial
(Synergy Between Percutaneous Coronary Intervention
With TAXUS and Cardiac Surgery) was a prospective,
multinational, randomized trial, which was designed to

assess the optimal revascularization strategy between PCI
and CABG for patients with left main coronary disease.
PRECOMBAT (Bypass Surgery Versus Angioplasty
Using Sirolimus Eluting Stent in Patients With Left Main
Coronary Artery Disease) study was a prospective, open-
label, randomized trial conducted at 13 sites in South
Korea, and was designed to determine the outcomes
of PCI compared with CABG for the treatment of
unprotected left main coronary artery stenosis. EXCEL
(Effectiveness of left Main Revascularization) trial was
an international, open-label, multicenter randomized trial
that compared everolimus-eluting stents with CABG in
patients with left main coronary artery disease. NOBLE
(The Nordic-Baltic-British left main revascularization
study) study was a prospective, randomized, open-label,
non-inferiority trial, done at 36 hospitals in northern
Europe, and was to compare PCI and CABG for treatment
of left main coronary artery disease. The baseline clinical
and procedural characteristics of each trial are summarized
in Table 1 and Table 2. Among the 5 trails, 4 were from
Western countries and 1 from Asia. Regarding duration of
follow-up, 4 studies reported the data of 1-year follow-
up and 4 trials had 5-year follow-up clinical data. The
prevalence of previous MI ranged from 4% to 36%, with
distal LMCA disease ranged from 52% to 81%. The mean
EuroSCORE ranged from 2.0% to 3.9%, and the mean
SYNTAX score ranged from 22 to 30. Regarding DES
type, two trials used early-generation DES in PCI and two
trials used newer-generation DES in PCI.

Records identified through
database searching
(n=83)

Additional records identified
through other sources

(n=3)

Articles reviewed for duplicates

(n=86)
. A@nonal records Articles reviewed for
identified through other > duplicates

sources (a=8)

v
Records excluded due to

Records after duplicates N obvious imrelevance

removed (n="73)

n=78)

Y

Full-text articles assessed
for eligibility
(n=5)

Figure 1: Flow diagram of the study selection process.
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Table 1: Characteristics of eligible studies enrolled in the meta-analysis

Trial Period Location Ethnicity g)lzjnll/bce;Bog}))atients gﬁ:};):iv(;:p Outcomes
Boudriot etal.  2003-2009  Germany Caucasian 201 (100/101) 1-year MACCE/Death/MI/RR
PRECOMBAT  2004-2009 South Korea  Asian 600 (300/300) §§22§ and  \ 1 ACCE/Death/MI/Stroke/RR
SYNTAX 20052007 [EJ‘:I‘ES; ;‘:‘a‘fes Caucasian 705 (357/348) §§22§ and  \ 1 ACCE/Death/MI/Stroke/RR
NOBLE 20082015 Europe Caucasian 1184 (592/592) §§22§ and  \ 1 ACCE/Death/MI/Stroke/RR
EXCEL 2010-2016  United States Caucasian 1905 (948/957) 3-year Death/M1/Stroke/RR
Table 2: Patients and procedural characteristics of the included studies

Variable Boudriotetal. PRECOMBAT SYNTAX NOBLE EXCEL
Age,y 66/69 62/63 65/66 66/66 66/66
Male, % 72/77 76/77 72/76 80/76 76/78
Diabetes mellitus, % 40/33 34/30 24/26 15/15 30/28
Hypertension, % 82/82 54/51 67/62 65/66 75/74
Hyperlipidemia, % 68/64 42/40 81/75 82/78 72/69
Previous M1, % 19/14 4/7 29/25 NR 18/17
LVEF, % 65/65 62/61 NR 60/60 57/57
No. of diseased vessels, %

0 28/29 9/11 12/14 NR 17/18

1 35/27 17/18 19/20 NR 31/31

2 26/28 34/30 31/31 NR 35/32

3 11/17 41/41 38/35 NR 17/19
EuroSCORE, % 2.4/2.6 2.6/2.8 3.9/3.9 2/2 NR
SYNTAX score, mean 24/23 24/26 30/30 23/22 2121
Distal LMCA disease, % 74/69 67/62 56/52 81/81 NR
DES type SES SES PES BES EES

One-year outcomes

Five trails reported the one-year incidences of
MACCE, all-cause death, MI, and RR, and four trails
reported the outcome of stroke. Overall, when all the
studies were pooled in the meta-analysis, there were no
significant differences in one-year outcomes of MACCE,
all-cause death, and MI between PCI using DES and
CABG for the treatment of LMCA disease (MACCE: RR
=1.15,95% CI = 0.92-1.44, P = 0.232; all-cause death:
RR =0.70, 95% CI=0.45-1.09, P=0.112; MI: RR = 1.15,
95% CI = 0.70-1.88, P = 0.590), with no heterogeneity
(MACCE: I = 0%, P = 0.820; all-cause death: I> = 0%,
P=0.646; MI: I>= 0%, P =0.951) for the outcomes across
the trails (Figure 2 and Table 3). Moreover, the results of
our analysis indicated that compared with CABG, PCI
using DES can reduce the risk of stroke (RR = 0.21,

95% CI = 0.07-0.65, P = 0.007), with no heterogeneity
(I> = 0%, P =0.733) across the trails (Figure 2 and Table
3). However, there was a significant trend toward a higher
risk of RR with PCI using DES versus CABG (RR =1.72,
95% CI = 1.28-2.33, P < 0.001), with no heterogeneity
(I* = 0%, P = 0.653) across the trails (Figure 2 and
Table 3).

Long-term outcomes

Four trails reported the Kaplan-Meier long-term
estimates of MACCE, all-cause death, MI, stroke, and
RR. There were no significant differences in long-term
outcomes of all-cause death, cardiac-death, non-cardiac
death, MI, and stroke between PCI using DES and CABG
for the treatment of LMCA disease (all-cause death:
HR = 1.05, 95% CI = 0.85-1.31, P = 0.643; cardiac-
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Table 3: Summary estimates for 1-year outcomes of PCI using DES and CABG group

Test of association

Heterogeneity analysis Publication bias

Outcome
RR (95% CI) VA P-value Model QO-value 4 I? (%) Begg’s P Egger’s P
Overall
MACCE 4 1.15 (0.92-1.44) 1.2 0.232 F 0.92 0.82 0.0 0.308 0.287
Death 4 0.70 (0.45-1.09)  1.59 0.112 F 1.66 0.646 0.0 0.734 0.389
MI 4 1.15(0.70-1.88)  0.54 0.590 F 0.34 0.951 0.0 1.000 0.714
Stroke 3 0.21 (0.07-0.65)  2.68 0.007 F 0.62 0.733 0.0 1.000 0.656
RR 4 1.72(1.28-2.33)  3.54 <0.001 F 1.63 0.653 0.0 0.734 0.515

death: HR = 1.02, 95% CI = 0.76-1.36, P = 0.914; non-
cardiac death MI: HR = 1.65, 95% CI = 0.98-2.78, P
= 0.060; stroke: HR = 0.86, 95% CI = 0.39-1.92, P =
0.720), with no significant heterogeneity for all-cause
death (I> = 21.4%, P = 0.282), cardiac-death (1> = 20.5%,
P =0.287), and non-cardiac death (I*> = 0.0%, P = 0.781),
but significant heterogeneity for MI (I? = 67.3%, P =
0.027) and stroke (I> = 62.6%, P = 0.046) across the trails
(Figure 3 and Table 4). However, there were significant
trends toward higher risks of MACCE, RR and TVR with
PCI using DES versus CABG (MACCE: HR =1.26, 95%

CI=1.11-1.44, P = 0.001; RR: HR = 1.70, 95% CI =
1.42-2.05, P <0.001; TVR: HR = 1.57, 95% CI = 1.25—
1.98, P <0.001), with no heterogeneity (MACCE: I = 0%,
P=0.643; RR: I*=0.0%, P=0.872; TVR: I*=0.0%, P =
0.546) across the trails (Figure 3 and Table 4).

Sensitivity analysis
In sensitivity analyses performed by DES type

for long-term outcomes, there remained no difference
between PCI using DES and CABG in terms of death, MI,

%

Study Weight
D RR (95% Cl) (M-H)
MACCE |
SYNTAX —— 1.15(0.80, 1.65) 38.37
Boudriot et al t 1.37(0.73,2.58) 11.31
PRECOMBAT 1.30(0.74,2.28) 16.23
NOBLE —— 1.00 (0.66, 1.51) 34.09
M-H Subtotal (I-squared = 0.0%, p = 0.820) 1.15(0.92, 1.44) 100.00
D+L Subtotal 1.15 (0.92, 1.45)
Death
SYNTAX —— 095 (0.47,1.91) 33.94
Boudriot et al. ——— 0.40 (0.08,2.01) 11.01
PRECOMBAT —_— 0.75(0.26,2.14) 17.62
NOBLE —_— 0.53 (0.24, 1.18) 37.43
M-H Subtotal (I-squared = 0.0%, p = 0.646) < 0.70 (0.4, 1.09)  100.00
D+L Subtotal <> 0.70 (0.45, 1.11)
Myocardial infarction
SYNTAX —_—— 1.01(0.49,2.06) 50.78
Boudriot et al — 1.01(0.21,4.89) 10.51
PRECOMBAT —_—— 1.33(0.30,591) 10.56
NOBLE —_— 1.38 (0.56,3.39) 28.16
M-H Subtotal (I-squared = 0.0%, p = 0.951) <> 1.15(0.70, 1.88) 100.00
D+L Subtotal <> 1.14 (0.70, 1.88)
Stroke
SYNTAX 0.12(0.01,0.94) 49.16
PRECOMBAT 0.20 (0.01,4.15) 14.95
NOBLE —_—— 0.33 (0.07,1.64) 35.89
M-H Subtotal (I-squared =0.0%, p=0.733) == =0 0.21(0.07,0.65) 100.00
D+L Subtotal - 0.22 (0.07, 0.72)
Repeat revascularization
SYNTAX —— 1.94 (1.19,3.15) 36.12
Boudriot et al T 2.36 (0.94,5.89) 954
PRECOMBAT e 1.80 (0.84,3.83) 15.98
NOBLE —— 1.33(0.80,2.24) 38.35
M-H Subtotal (I-squared = 0.0%, p = 0.653) <> 1.72(1.27,2.33) 100.00
D+L Subtotal <> 1.72 (1.27, 2.33)

[ [

.00964

-

104

Figure 2: Forest plot for 1-year outcomes of PCI using DES and CABG group.
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Table 4: Summary estimates for long-term outcomes of PCI using DES and CABG group

Test of association

Heterogeneity analysis

Publication bias

Outcome
HR (95% CI) z P-value Model  Q-value P I* (%) Begg’s P Egger’s P
Overall
MACCE 4 1.26 (1.11-1.44) 3.47 0.001 F 1.67 0.643 0.0 0.602 0.949
Death 4 1.05 (0.85-1.31) 3.82 0.643 F 3.82 0.282 21.4 0.174 0.190
Cardiac 4 1.02 (0.76-1.36) 0.11 0.914 F 3.77 0.287 20.5
Noncardiac 2 1.65(0.98-2.78) 1.88 0.060 F 0.08 0.781 0.0
MI 4 1.48 (0.85-2.58) 1.38 0.168 R 9.19 0.027 67.3 0.497 0.446
Stroke 4 0.86 (0.39-1.92) 0.36 0.720 R 8.02 0.046 62.6 1.000 0.988
RR 4 1.70 (1.42-2.05) 5.72 <0.001 F 0.71 0.872 0.0 0.497 0.707
TVR 3 1.57 (1.25-1.98) 3.81 <0.001 F 1.21 0.546 0.0
Early generation DES
MACCE 2 1.24 (0.99-1.54) 1.95 0.052 F 0.02 0.897 0.0 0.317 -
Death 2 0.83 (0.59-1.17) 1.05 0.295 F 0.24 0.626 0.0 0.317 -
MI 2 1.56 (0.90-2.68) 1.6 0.111 F 0.24 0.626 0.0 0.317 -
Stroke 2 0.42 (0.17-1.03) 1.9 0.058 F 0.95 0.329 0.0 0.317 -
RR 2 1.83 (1.37-2.45) 4.07 <0.001 F 0.00 0.947 0.0 0.317 -
New generation DES
MACCE 2 1.27 (1.08-1.50) 2.88 0.004 F 1.63 0.202 38.5 0.317 -
Death 2 1.24 (0.93-1.64) 1.46 0.144 F 0.56 0.455 0.0 0.317 -
MI 2 1.13 (0.84-1.51) 0.78 0.434 R 7.89 0.005 87.3 0.317 -
Stroke 2 0.86 (0.39-1.92) 0.23 0.819 R 3.90 0.048 74.4 0.317 -
RR 2 1.63 (.29-2.06) 4.08 <0.001 F 0.32 0.872 0.0 0.317 -

and stroke (Table 4), PCI continued to have a significantly
higher risk of RR, regardless of DES type used (Table 4).
However, there was higher risk of MACCE with PCI
using DES versus CABG only in new-generation DES
group (HR =1.27, 95% CI = 1.08-1.50, P = 0.004), and
no significant difference in early-generation DES group
(HR =1.24, 95% CI = 0.99-1.54, P = 0.052) (Table 4).

Publication Bias

We constructed funnel plots and carried out Begg’s
rank test and Egger’s linear regression test to assess
whether publication bias affected the results of the studies.
We found no evidence of funnel plot asymmetry across
the studies with respect to each outcome (not shown). The
results of Begg’s rank test and/or Egger’s linear regression
test also showed no publication bias across the studies
with respect to each outcome (all P = nonsignificant)
(Table 3 and Table 4).

DISCUSSION

To our best of knowledge, this is the largest meta-
analysis of including a total of 5 randomized clinical
trials with 4595 LMCA patients to systematically clarify
whether PCIs using DES was noninferior on the safety
and efficacy to CABG for treatment of LMCA disease

during short-term and long-term period. The results of this
analysis indicated that PCI using DES was associated with
a lower risk of stroke, a higher risk of RR than CABG at
1-year follow-up. In addition, there were significant trends
toward higher risks of MACCE and RR with PCI using
DES versus CABG at long-term follow-up. The results
showed that PCI using DES is noninferior to CABG in
short term follow-up of patients with LMCA, but CABG
is more safety and efficacy than PCI using DES in long-
term follow-up. The reason for this might be CABG for
long lesion segments could protect against target lesion
and proximal de-novo lesion myocardial infarctions.

One previous meta-analysis identified 1611 patients
from 4 randomized clinical trials to determine the safety
and efficacy of PCI using DES compared with CABG in
patients with LMCA disease, and found that PCI using
DES was associated with nonsignificantly different 1-year
rates of MACCE, death and MI, a lower risk of stroke
and a higher risk of RR compared with CABG [22].
Although, our meta-analysis showed the same results
with this previous meta-analysis, the limitations of this
previous meta-analysis should not be ignored. First, this
previous meta-analysis included the randomized clinical
trials and the data regarding the 1-year outcomes were
categorical, RRs should be performed for summary
statistics, but it used Odds ratios (ORs) to represent the
effects which might overestimate effect size. Second, this
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previous meta-analysis did not enroll the latest NOBLE
trail which included 1184 patients with LMCA disease
[18]. Additionally, several clinical trials included by this
previous meta-analysis reported the long-term outcomes
of PCI using DES versus CABG in recent years, it is
imperative to evaluate the safety and efficacy of PCI
using DES compared with CABG in long-term follow-
up. A recent meta-analysis by Nerlekar et al. reported that
there was no significant difference in the primary safety
end point between the PCI using DES and CABG for
treatment of LMCA disease in long term follow-up [26].
However, our results indicated that there was significant
trend toward higher risk of MACCE with PCI using DES
versus CABG in long-term follow-up. The reason of
different results between the two meta-analyses may be
that this study by Nerlekar et al. extracted the categorical
data of long-term outcomes and used the ORs as the
summary statistics which may reduce the statistical power.
Actually, all of the trails reported the Kaplan-Meier long-
term estimates, and pooled HRs could better reflect the
long-term effects.

This meta-analysis included 4 trials which reported
the long-term outcomes of PCI using DES versus CABG

in patients with LMCA disease, two previous trials
(SYNTAX and PRECOMBAT trials) used the first-
generation drug-eluting stents and showed no significant
difference regarding the risk of MACCE between PCI
using DES and CABG [20, 21]. However, medical
technology and adjunctive pharmacotherapies of PCI and
CABG have developed rapidly, and these results may be
dated [27, 28]. Two recently large sample size clinical
trials (EXCEL and NOBLE trials) compared the long-
term outcomes of the current PCI and CABG practice
in LMCA disease [18, 19], but the results of the two
trials were inconsistent. The NOBLE trail found CABG
was better than PCI using DES with respect to Kaplan-
Meier estimates of MACCE and revascularisation for
treatment of LMCA disease at 5 years, while the EXCEL
trail demonstrated that PCI using DES was noninferior to
CABG with respect to the primary composite end point
of death, stroke or MI at 3 years. Several reasons may
explain the disparate results observed in the two trials.
First, the baseline, clinical, and procedural characteristics
were not the same in the two trials. For example, the
rates of diabetes mellitus, acute coronary syndrome,
Off-pump CABG and only arterial conduits used, and

%

Study Weight
D HR (95% ClI) V)
MACCE
SYNTAX (2014) T— 1.23 (0.95, 1.59) 2591
PRECOMBAT (2015) e 127 (0.84,1.90) 1032
EXCEL (2016) %‘— 1.18 (0.97, 1.45) 4252
NOBLE (2016) — 1.48 (1.11, 1.96) 21.26
1V Subtotal (-squared = 0.0%, p = 0.643) < 126 (1.11,1.44)  100.00
D+L Subtotal <> 1.26 (1.1, 1.44)
Death
SYNTAX (2014) P — 0.88(0.58,1.32) 2829
PRECOMBAT (2015) —_—— 0.73 (0.39, 1.37) 1212
EXCEL (2016) ——— 1.34(0.94,1.91)  38.06
NOBLE (2016) —_— 1.07 (0.67,1.72) 21.52
LV Subtotal (l-squared = 21.4%, p = 0.282) <§ 1.05 (0.85, 1.31) 100.00
D+L Subtotal <] 1.04 (0.81, 1.33)
Myocardial infarction
SYNTAX (2014) —_— 167(0.91,310) 17.92
PRECOMBAT (2015) -+ 1.20 (0.37, 3.93) 482
EXCEL (2016) ——— 0.93 (0.67, 1.28) 6425
NOBLE (2016) —_— 2.88(1.40,590)  13.01
LV Subtotal (l-squared = 67.3%, p = 0.027) - 1.21 (0.93,1.57) 100.00
D+L Subtotal - 1.48 (0.85, 2.58)
Stroke
SYNTAX (2014) - -+ 0.33 (0.12, 0.92) 17.66
PRECOMBAT (2015) 0.99 (0.14,7.02) 478
EXCEL (2016) ———— 0.77 (0.43, 1.37) 5456
NOBLE (2016) —— 2.25(0.92,5.48) 23.01
LV Subtotal (l-squared = 62.6%, p = 0.046) [ —=aie —— 0.86 (0.56, 1.32) 100.00
D+L Subtotal —— 0.86 (0.39, 1.92)
Repeat revascularization
SYNTAX (2014) — 1.82(1.28,257) 27.44
PRECOMBAT (2015) —_— 1.86 (1.09, 3.17) 11.70
EXCEL (2016) ———— 172(1.27,2.33) 36.21
NOBLE (2016) —— 1.50 (1.04,2.17) 2465
1V Subtotal (-squared = 0.0%, p = 0.872) < 1.70 (1.42,205)  100.00
D+L Subtotal <> 1.70 (1.42, 2.05)

T |

833

Figure 3: Forest plot for long-term outcomes of PCI using DES and CABG group.
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SYNTAX score were higher in EXCEL trial than those in
NOBLE trial. Baseline clinical and procedural risks may
affect the long-term outcomes of LMCA disease [29, 30].
Second, the duration of follow-up was 3 years in EXCEL
trial, while the follow-up of NOBLE was 5 years. More
adverse outcomes might be investigated in PCI using DES
than CABG for treatment of LMCA disease with longer
duration follow-up.

Some limitations of this meta-analysis should be
addressed. First, the analysis included only 5 studies
involving 2297 LMCA patients who underwent PCI
using DES and 2298 patients who underwent CABG.
The small sample size of the analysis is a major weakness
that may have decreased its statistical power to properly
compare the safety and efficacy of PCI using DES and
CABG. Regarding the analyses in which the studies were
stratified by sample size and DES type, the sample sizes
of the subgroups were too small, which greatly limited
our ability to explore effects in these subgroups. Second,
the unavailability of individual data in the trials, we
could not evaluate the baseline, clinical, and procedural
characteristics which may influence clinical outcomes
further. Third, this meta-analysis was based on unadjusted
estimates. More precise estimates should be performed to
account for the effects of various confounders, including
age, sex, disease status and postoperative care. Fourth,
for long-term follow-up, three trials reported the 5-year
outcomes and one trial showed the 3-year outcomes, thus
the long-term follow-up durations of the studies were
variable and the results could not truly reflect the long-
term effect between the two revascularization strategies.

CONCLUSIONS

In summary, the results of our meta-analysis
demonstrated that PCI using DES is noninferior to CABG
in short term follow-up of patients with LMCA disease,
but CABG is more safety and efficacy than PCI using
DES in long-term follow-up. However, additional well-
designed studies that are based on larger sample sizes and
involve patients of different clinical characteristics are
needed to validate these findings.

CONFLICTS OF INTEREST
None.

REFERENCES

1. Lee PH, Ahn JM, Chang M, Baek S, Yoon SH, Kang SJ,
Lee SW, Kim YH, Lee CW, Park SW, Park DW, Park SJ.
Left Main Coronary Artery Disease: Secular Trends in
Patient Characteristics, Treatments, and Outcomes. J Am
Coll Cardiol. 2016; 68:1233-46.

2. Fajadet J, Chieffo A. Current management of left main
coronary artery disease. Eur Heart J. 2012; 33:36-50b.

10.

I1.

12.

13.

14.

Taylor HA, Deumite NJ, Chaitman BR, Davis KB, Killip T,
Rogers WJ. Asymptomatic left main coronary artery disease
in the Coronary Artery Surgery Study (CASS) registry.
Circulation. 1989; 79:1171-9.

Yusuf S, Zucker D, Peduzzi P, Fisher LD, Takaro T,
Kennedy JW, Davis K, Killip T, Passamani E, Norris R.
Effect of coronary artery bypass graft surgery on survival:
overview of 10-year results from randomised trials by
the Coronary Artery Bypass Graft Surgery Trialists
Collaboration. Lancet. 1994; 344:563-70.

Caracciolo EA, Davis KB, Sopko G, Kaiser GC, Corley SD,
Schaff H, Taylor HA, Chaitman BR. Comparison of
surgical and medical group survival in patients with left
main coronary artery disease. Long-term CASS experience.
Circulation. 1995; 91:2325-34.

Taggart DP, Kaul S, Boden WE, Ferguson TB Jr, Guyton RA,
Mack MJ, Sergeant PT, Shemin RJ, Smith PK, Yusuf S.
Revascularization for unprotected left main stem coronary
artery stenosis stenting or surgery. ] Am Coll Cardiol. 2008;
51:885-92.

Nagqvi SY, Klein J, Saha T, McCormick DJ, Goldberg S.
Comparison of Percutaneous Coronary Intervention Versus
Coronary Artery Bypass Grafting for Unprotected Left Main
Coronary Artery Disease. Am J Cardiol. 2017; 119:520-527.
Lee PH, Ahn JM, Park SJ. Update on percutaneous
intervention for left main coronary artery stenosis. Expert
Rev Cardiovasc Ther. 2015; 13:933-43.

Palmerini T, Alessi L, Dangas G. Revascularization of
unprotected left main coronary artery disease: strategy
selection and systematic risk assessment. Catheter
Cardiovasc Interv. 2012; 80:199-205.

Head SJ, Bogers AJ, Kappetein AP. Drug-eluting stent
implantation for coronary artery disease: current stents and
a comparison with bypass surgery. Curr Opin Pharmacol.
2012; 12:147-54.

Park SJ, Park DW. Percutaneous coronary intervention with
stent implantation versus coronary artery bypass surgery for
treatment of left main coronary artery disease: is it time to
change guidelines? Circ Cardiovasc Interv. 2009; 2:59-68.
Remkes WS, Somi S, Roolvink V, Rasoul S, Ottervanger JP,
Gosselink AT, Hoorntje JC, Dambrink JH, de Boer MJ,
Suryapranata H, van 't Hof AW, Acute Myocardial
Infarction Study Group. Direct drug-eluting stenting to
reduce stent restenosis: a randomized comparison of direct
stent implantation to conventional stenting with pre-dilation
or provisional stenting in elective PCI patients. JACC
Cardiovasc Interv. 2014; 7:751-8.

Hill RA, Boland A, Dickson R, Diindar Y, Haycox A,
McLeod C, Mujica Mota R, Walley T, Bagust A. Drug-
eluting stents: a systematic review and economic evaluation.
Health Technol Assess. 2007; 11:iii, xi—221.

Buszman PE, Buszman PP, Kiesz RS, Bochenek A, Trela B,
Konkolewska M, Wallace-Bradley D, Wilczynski M,
Banasiewicz-Szkrobka I, Peszek-Przybyla E, Krol M,
Kondys M, Milewski K, et al. Early and long-term results

www.impactjournals.com/oncotarget

66456

Oncotarget



15.

16.

17.

19.

20.

21.

of unprotected left main coronary artery stenting: the LE
MANS (Left Main Coronary Artery Stenting) registry. J Am
Coll Cardiol. 2009; 54:1500-11.

Morice MC, Serruys PW, Kappetein AP, Feldman TE,
Stahle E, Colombo A, Mack MJ, Holmes DR, Torracca L,
van Es GA, Leadley K, Dawkins KD, Mohr F. Outcomes in
patients with de novo left main disease treated with either
percutaneous coronary intervention using paclitaxel-eluting
stents or coronary artery bypass graft treatment in the
Synergy Between Percutaneous Coronary Intervention with
TAXUS and Cardiac Surgery (SYNTAX) trial. Circulation.
2010; 121:2645-53.

Jayapal V, Thomas M, Mathew S, Augustine J, Santhamma K,
Vijayalekshmi N, Rajan GV, Chandrasekhar KP.
Waldenstrom’s macroglobulinaemia. J Assoc Physicians
India. 1990; 38:510-2.

Park SJ, Kim YH, Park DW, Yun SC, Ahn JM, Song HG,
Lee JY, Kim WJ, Kang SJ, Lee SW, Lee CW, Park SW,
Chung CH, et al. Randomized trial of stents versus bypass
surgery for left main coronary artery disease. N Engl J Med.
2011; 364:1718-27.

Makikallio T, Holm NR, Lindsay M, Spence MS, Erglis A,
Menown IB, Trovik T, Eskola M, Romppanen H, Kellerth T,
Ravkilde J, Jensen LO, Kalinauskas G, et al. Percutaneous
coronary angioplasty versus coronary artery bypass grafting
in treatment of unprotected left main stenosis (NOBLE): a
prospective, randomised, open-label, non-inferiority trial.
Lancet. 2016; 388:2743-52.

Stone GW, Sabik JF, Serruys PW, Simonton CA, Généreux P,
Puskas J, Kandzari DE, Morice MC, Lembo N, Brown WM
3rd, Taggart DP, Banning A, Merkely B, et al. Everolimus-
Eluting Stents or Bypass Surgery for Left Main Coronary
Artery Disease. N Engl J Med. 2016; 375:2223-35.

Ahn JM, Roh JH, Kim YH, Park DW, Yun SC, Lee PH,
Chang M, Park HW, Lee SW, Lee CW, Park SW, Choo SJ,
Chung C, et al. Randomized Trial of Stents Versus Bypass
Surgery for Left Main Coronary Artery Disease: 5-Year
Outcomes of the PRECOMBAT Study. ] Am Coll Cardiol.
2015; 65:2198-206.

Mohr FW, Morice MC, Kappetein AP, Feldman TE, Stahle E,
Colombo A, Mack MJ, Holmes DR Jr, Morel MA, Van
Dyck N, Houle VM, Dawkins KD, Serruys PW. Coronary
artery bypass graft surgery versus percutaneous coronary
intervention in patients with three-vessel disease and left
main coronary disease: 5-year follow-up of the randomised,
clinical SYNTAX trial. Lancet. 2013; 381:629-38.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Capodanno D, Stone GW, Morice MC, Bass TA, Tamburino C.
Percutaneous coronary intervention versus coronary artery
bypass graft surgery in left main coronary artery disease:
a meta-analysis of randomized clinical data. J] Am Coll
Cardiol. 2011; 58:1426-32.

Higgins J, Thompson S, Deeks J, Altman D. Statistical
heterogeneity in systematic reviews of clinical trials: a
critical appraisal of guidelines and practice. J Health Serv
Res Policy. 2002; 7:51-61.

DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials. 1986; 7:177-88.

Egger M, Davey Smith G, Schneider M, Minder C. Bias
in meta-analysis detected by a simple, graphical test. Bmj.
1997; 315:629-34.

Nerlekar N, Ha FJ, Verma KP, Bennett MR, Cameron JD,
Meredith IT, Brown AlJ. Percutaneous Coronary
Intervention Using Drug-Eluting Stents Versus Coronary
Artery Bypass Grafting for Unprotected Left Main
Coronary Artery Stenosis: A Meta-Analysis of Randomized
Trials. Circ Cardiovasc Interv. 2016; 9(12).

Cavalcante R, Sotomi Y, Lee CW, Ahn JM, Farooq V,
Tateishi H, Tenekecioglu E, Zeng Y, Suwannasom P, Collet C,
Albuquerque FN, Onuma Y, Park SJ, et al. Outcomes After
Percutaneous Coronary Intervention or Bypass Surgery in
Patients With Unprotected Left Main Disease. ] Am Coll
Cardiol. 2016; 68:999-1009.

Rodriguez AE. Second versus first generation DES in
multiple vessel disease and unprotected left main stenosis:
insights from ERACI IV Study. Minerva Cardioangiol.
2015; 63:317-27.

Kappetein AP, Mieghem NM, Head SJ.
Revascularization options: coronary artery bypass surgery
and percutaneous coronary intervention. Cardiol Clin. 2014;
32:457-61.

Huang F, Lai W, Chan C, Peng H, Zhang F, Zhou Y, Teng S,
Huang Z. Comparison of bypass surgery and drug-

van

eluting stenting in diabetic patients with left main and/or
multivessel disease: A systematic review and meta-analysis
of randomized and nonrandomized studies. Cardiol J. 2015;
22:123-34.

www.impactjournals.com/oncotarget

66457

Oncotarget



