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Abstract

Background: The choice of multiple arterial bypass graft surgery (MAG) versus drug-eluting stent (DES) among patients

with multivessel coronary artery disease (MCAD) or left main coronary artery disease (LMCAD) continues to be challeng-

ing.

Objectives: The aim of this study was to evaluate the efficacy and safety of MAG with DES- percutaneous coronary interven-

tion (PCI) in patients with multivessel coronary artery disease or left main coronary artery disease.

Methods: PubMed, EMBASE and Clinical trials were systematically searched for studies which reported the clinical out-

comes of MAG versus DES-PCI in patients with three-vessel or left main coronary artery disease. Clinical endpoints includ-

ing all cause death, myocardial infarction (MI), stroke, repeat revascularization and major adverse cardiac and cerebrovascu-

lar events (MACCE) were assessed.

Results: From 2000 to 2023, 13 clinical studies comprising 17255 patients were identified. Pooled results shown similar safe-
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ty between MAG and DES-PCI after short-term follow up. While, MAG was associated with significant lower incidence of

death from any cause, MI, repeat revascularization and MACCE with long-term follow up.

Conclusions: Among patients with multivessel coronary artery disease or left main coronary artery disease, MAG led to

comparable clinical outcomes to PCI with short-term follow up, and shown superior clinical outcomes after long-term fol-

low up.

Keywords: Multiple Arterial Bypass Graft Surgery; Percutaneous Coronary Intervention; Bilateral Internal Thoracic Arte-

rial; Drug-Eluting Stent

Introduction

Optimal revascularization approaches for patients

with  multivessel  coronary  artery  disease  (MVCAD)  or  left

main coronary artery disease (LMCAD) remain controver-

sial despite multiple randomized trials and retrospective se-

ries [1,2]. The choice of coronary artery bypass graft surgery

(CABG)  versus  percutaneous  coronary  intervention  (PCI)

among patients  with MVCAD or LMCAD continues  to  be

challenging. Overall, data from both randomized and obser-

vational  studies  suggest  that  CABG  should  be  preferred

over PCI in patients with MVCAD [3,4]. US and European

guidelines recommend CABG for patients with three-vessel

or two-vessel disease with proximal left anterior descending

CAD (class I); while PCI recommend as an option of uncer-

tain benefit (class IIb) in this population [5,6]. As a less inva-

sive  approach,  PCI  benefit  from  earlier  recovery,  lower

periprocedural  risk,  smaller  periprocedural  MI,  less  risk  of

procedural complications and periprocedural bleeding, was

usually considered in patients unsuitable for operation. Re-

cently,  advances in PCI techniques, such as physiologic as-

sessment of  lesions,  intravascular imaging guidance,  use of

a new-generation stent have resulted in improved degree of

revascularization  [7].  PCI  with  stent  implantation  for  LM-

CAD had become technically feasible and had shown favor-

able clinical outcomes, especially in people with low or inter-

mediate SYNTAX scores [8]. Improved long-term mortality

with  drug-eluting  stent  (DES)-PCI  helped  to  drive  in-

creased use of PCI in the treatment. What is more, PCI has

achieved recognition as a reasonable therapeutic alternative

to  CABG for  unprotected  LMCAD [9].  In  a  recent  pooled

analysis  of  11  randomized  trials  comparing  CABG  with

PCI,  5-year  all-cause  mortality  was  not  significantly  lower

in  CABG  group  without  diabetes  [4].  On  the  other  hand,

CABG  offers  the  advantage  of  bypassing  long  segments  of

disease  or  diffuse  disease  and  complete  revascularization.

Which is a more durable procedure with less repeat revascu-

larization. CABG has also evolved significantly over the last

two  decades  with  increasing  utilization  of  multiple  arterial

grafts (MAG) and more sophisticated surgical revasculariza-

tion techniques [10]. Compelling evidence has rapidly accu-

mulated  over  the  past  decade  suggesting  a  second  arterial

graft improves intermediate and long-term outcomes subs-

tantially compared with those of single arterial-CABG [11].

It’s  important  to  consider  different  surgical  techniques

when comparing outcomes  of  CABG with  PCI.  To further

confirm the efficacy of MAG over DES-PCI, we performed

meta-analysis  focused  on  contemporary  outcomes  after

MAG  or  DES-PCI  in  patients  with  MVCAD  and/or  LM-

CAD.

Methods

Systematic  database  search  was  performed  on

PubMed,  EMBASE  and  Clinicaltrials.gov  for  relevant  arti-

cles. The key words we used for screening included follow-

ing  terms:  “percutaneous  coronary  intervention”,  “PCI”,

“drug-eluting stent”, “DES”, “multiple arterial bypass graft”,

“MAG”,  “bilateral  internal  thoracic  arterial”  and  “BITA”.

The  references  of  relevant  studies  and  reviews,  editorials,

and letters,  together with related conference abstracts were

also searched.

Inclusion  criteria  for  study  selection  were  clinical

trials directly comparing clinical outcomes between PCI us-

ing  DES  and  MAG  in  patients  with  left  main  coronary

artery disease or multivessel coronary artery disease. All ti-

tles  and  abstracts  were  screened.  If  either  reviewer  judged

that the study could meet the inclusion criteria, we assessed
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eligibility using the full text. We excluded studies that were

non-human  or  without  clinical  data.  We  also  excluded

studies using bare metal stent or balloon angioplasty mixed

with DES in PCI group.

The efficacy endpoints of the analysis include: (a)

Death from any cause, (b) Cardiovascular death, (c) non car-

diovascular  death,  (d)  Myocardial  infarction  (MI),  (e)

Stroke,  (f)  Repeat  revascularization  and  (g)  Major  adverse

cardiac  and  cerebrovascular  events  (MACCE).  All  of  them

were defined according to respective study definition.

Two  investigators  independently  assessed  reports

for  eligibility  at  title  and/or  at  abstract  level,  with  diver-

gences resolved by a third reviewer; studies that met inclu-

sion  criteria  were  selected  for  further  analysis.  The  risk  of

bias was evaluated by the same two reviewer reviewers, in ac-

cordance with The Cochrane Collaboration methods [12].

Data  was  analyzed using  the  Review Manager  5.3

statistical software. Reported event frequencies were used to

calculate  risk  ratios  (RR)  with  95%  confidence  intervals

(CI).  Heterogeneity  of  the  trial  results  was  quantified  with

the Chi2  heterogeneity statistic,  inconsistency assessed by

means of I2. Results were reported as the p value of the Chi2

test (p <0.05 for heterogeneous results) and percent of the

I2. Interpretation of the I2 was made by assigning attribute

of low, moderate, and high in case of 0–25%, 50–75% and

more than 75%, respectively. The trials included in the me-

ta-analysis had heterogeneous patient cohorts with differing

clinical presentations, treatment indications, coronary ana-

tomy, and procedural characteristics, we used a random ef-

fects model based on associated heterogeneity, with the lat-

ter used when I2>50%. To study the relevance of publication

bias, funnel plots were constructed plotting the trial results

against their precision.

Results

After  deduplication,  screening  of  titles  and  abs-

tracts, and full text review based on inclusion and exclusion

criteria,  13  observational  studies  involving  17255  patients

were  qualified  for  the  analysis  [13-25]  (Figure1).  The  de-

tailed  characteristics  of  the  included  studies  are  shown  in

Supplementary table1.  Studies varied according to the year

published  clinical  presentation  and  duration  of  follow  up.

In general, 9292 (53.9%) patients were treated with DES-P-

CI, while 7963 (46.1%) treated with MA-CABG. 7 trials us-

ing bilateral internal thoracic arterial (BITA) in CABG arm.

In PCI with DES implantation, 4 studies only used second--

generation DES.

Figure 1: Flowchart of study selection

We  first  investigated  the  short-term  clinical  out-

comes  (in-hospital  or  30  days)  of  MAG  and  PCI.  MAG

group was associated with non-significantly lower incidence

of  all-cause  death  (RR  0.67;  95%CI:  0.34-1.31;  p=0.24;

I2=61%), MI (RR 0.82; 95%CI: 0.35-1.94; p=0.66; I2=66%).

However, MAG might increase the rate of stroke with no
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significant difference (RR 2.86; 95%CI: 0.84-9.78; p=0.09;

I2=0%),  MACCE  (RR  1.48;  95%CI:  0.94-2.34;  p=0.09;

I2=0%) and significant increase the incidence of bleeding

events (RR 3.14; 95%CI: 1.78-5.53; p＜0.0001; I2=0%) (Fig-

ure2).

Figure 2: MAG vs. DES-PCI with short-term follow up

Forest plot for short-term incidence of MACCE, all cause death, stroke, MI, repeat revascularization and major bleeding. Risk ratio for indivi-
dual studies (squares) and meta-analysis (diamonds) and 95% CI (horizontal lines) are presented.

Supplementary Table 1: The characteristics of the study included

Author Bianco Rocha Davierwala Nambiar Raja

Acronym SYNTAX Extended

Date 2023 2022 2021 2019 2018

Follow-up 5 years 5 years 11.9 years 3years 5 years

 PCI(n=838) MAG(n=838) PCI(n=1027) MAG(n=1027) PCI(n=901) MAG(n=310) PCI(n=903) MAG(n=940) PCI(n=1126) MAG(n=1030)

Age (years)   59.8(7.4) 59.5(7.4) 65.3(9.6) 62.4(9.9) 65.2(9.7) 61.7(8.9) 55 62

Male sex (%) 77.8 83.1 84.8 85.4 76.5 85.2 76.4 64.9 77.6 87.7

CAD risk
factors           

Diabetes (%) 44.2 41.6 42.9 42.6 25.7 23.2 25.6 89.2 21.3 18.1

Hypertension
(%) 86.9 87.1 70.6 69.3 69.4 63.2 68.9 61.2 53.2 78.1

Dyslipidaemia
(%) 86.8 89.3 40.5 40.2 78.3 78.6 78.7 46.8   
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Current
smokers (%) 25.4 24.5 19.5 19.6 18.3 24.4 18.5 16.7 19.1 12

Preoperative
risk factors           

Previous MI
(%)   12.7 12.6 32 29.2 31.9 56 35.4 43.5

Previous
cerebrovascular

disease
16 16.9 2.4 2.3 13.4 16.8 8.2 2.4 1.8 3.5

Peripheral
vascular disease

(%)
17.5 19.1   9 9.7   1.5 7.8

COPD (%) 15.8 15.5 12.5 12.9 8.1 6.8  13   

Congestive
heart failure

(%)
11.6 8.7 6.4 5.6 3.9 2.6 4    

Clinical
presentation           

Stable angina
(%) 45.1 51.3   57 51.6 56.9  45.7 65.9

Disease type           

3-vessel disease
(%) 73.3 80 41.9 40.5 59 64.5     

LMCAD (%)   2.6 2.4 41 35.5     

Author Thuijs Benedetto Locker Habib Moshkovitz

Acronym EXCEL

Date 2018 2016 2016 2015 2012

Follow-up 3years 3.1years 7.9 years 9years 5years

 PCI(n=948) MAG(n=217) PCI(n=483) MAG(n=483) PCI(n=872) MAG(n=872) PCI(n=546) MAG(n=546) PCI(n=271) MAG(n=226)

Age (years) 66.0(9.6) 64.5(9.3) 66(12) 65(9) 66.8(11.6) 62.4(9.9) 60.1(12.8) 60.7(8.1)   

Male sex (%) 76.2 85.7 75.6 79.9 26.4 85.2 77.3 75.6 73.4 85.8

CAD risk
factors           

Diabetes (%) 30.2 33 19 16.8 32.6 34.9 38.5 37 100 100

Hypertension
(%) 74.5 67.3 68.7 69.6 80.7 83 59.5 9.5 68.6 78.3

Dyslipidaemia
(%) 71.5 67.7       75.6 70.4

Current
smokers (%) 24.1 62 20.7 18.2       

Preoperative
risk factors           

Previous MI
(%) 18.1 11.5 33.5 32.5 27.3 27.1 34.6 33.7 21.8 33.6

Previous
cerebrovascular

disease (%)
5.5 4.6 2.9 2.3 8.4 8.2     

Peripheral
vascular disease

(%)
10.3  11.2 9.1 12.5 12   5.2 11.9

COPD (%) 6.9 6   10.8 10.5 6 8.4 3.7 3.5

Congestive
heart failure

(%)
7.1 5.1 26.5 25.7 9.7 9.9 5.5 5.5 9.6 12.4

Clinical
presentation           

Stable angina
(%) 53.1          

Disease type  
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3-vessel disease
(%)   24.6 24.6 57.8 61.2 83.3 84.1 57.6 21.2

LMCAD (%) 100 100 15.1 17.2 5.6 6.5 29.3 8.2 4.1 27

Author Herz Herz Locker

Acronym    

Date 2006 2005 2004

Follow-up 1year 3years 6.5years

 PCI(n=87) MAG(n=87) PCI(n=113) MAG(n=113) PCI(n=363) MAG(n=439)

Age (years)   60.0(10) 60.1(10)   

Male sex (%) 93.1 93.1 95.6 95.6 73 71

CAD risk factors       

Diabetes (%) 44.8  36.3 32.7 100 100

Hypertension (%) 64.4  61.1 59.3 49 57

Dyslipidaemia (%) 70.1  72.6 70.8   

Current smokers (%)       

Preoperative risk factors       

Previous MI (%) 32.2  38.9 35.4 37 39

Previous cerebrovascular
disease (%)       

Peripheral vascular disease
(%) 5.7  8.3 6.7 10 9.8

COPD (%) 4.6  4.4 2.7 3 8.4

Congestive heart failure (%) 6.9  6.2 6.2   

Clinical presentation       

Stable angina (%)       

Disease type       

3-vessel disease (%) 51.7 51.7 54 54 27 87

LMCAD (%) 3.5 29.1 3.5 26.5 3.3 28

CAD=coronary artery disease; COPD=chronic obstructive pulmonary diseases; LMCD=left main coronary artery disease: MAG=multiple ar-
terial bypass graft surgery; MI=myocardial infarction; PCI=percutaneous coronary intervention.

For  the  long-term clinical  outcomes,  the  cumula-

tive  incidence  of  all  cause  death  was  7.09%  in  the  MAG

group  and  17.6%  in  the  PCI  group  with  significant  differ-

ence  (RR  0.40;  95%CI:  0.30-0.53;  p＜0.00001;  I2=84%).

MAG also have significant benefit in cardiovascular death

(RR 0.22; 95%CI: 0.06-0.80; p=0.02; I2=0%), non- cardiovas-

cular death (RR 0.16; 95%CI: 0.03-0.88; p=0.04; I2=0%), my-

ocardial infarction (RR 0.29; 95%CI: 0.14-0.60; p=0.0008;

I2=83%),  repeat  revascularization  (RR  0.17;  95%CI:

0.11-0.27; p＜0.00001; I2=91%) and MACCE (RR 0.42; 95%-

CI: 0.38-0.47; p＜0.00001; I2=47%). MAG might decrease

the incidence of stroke (RR 0.39; 95%CI: 0.10-1.58; p=0.19;

I2=77%) with no significant difference (Figure3).
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Figure 3: MAG vs. DES-PCI with long-term follow up

Forest plot for long-term incidence of MACCE, all cause death, stroke, MI and repeat revascularization. Risk ratio for individual studies
(squares) and meta-analysis (diamonds) and 95% CI (horizontal lines) are presented.

Subgroup  analysis  for  MAG  with  first-generation

DES-PCI was performed. After long-term follow up, MA--

CABG  was  associated  with  significant  lower  incidence  of

MACCE, all cause death and repeat revascularization. MA--

CABG might decrease the incidence of stroke without signif-

icant difference. Same results were confirmed when compar-

ing MA-CABG with second-generation DES-PCI. Pervious

study  demonstrated  bilateral  internal  thoracic  artery  graft-

ing is superior to other forms of multiple arterial grafting in

providing  survival  benefit  [26].  We  pooled  results  in  trials
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using BITA in CABG arm, CABG with BITA also superior to PCI in MACCE, all cause death, stroke, MI and repeat re-

vascularization (Table1).

Table 1: Subgroup analysis

CABG PCI RR 95%CI p I
2

(%)

MA-CABG vs F-DES

MACCE 339 384 0.40 0.30-0.54 <0.0001 0

All cause death 2835 2489 0.27 0.11-0.63 0.02 90

MI 1579 1466 0.20 0.04-1.03 0.05 75

Repeat revascularization 1805 1737 0.17 0.05-0.60 0.006 95

MA-CABG vs S-DES

MACCE 1244 1975 0.41 0.26-0.63 <0.0001 66

All cause death 2274 3101 0.39 0.23-0.68 0.0009 69

MI 1244 1975 0.43 0.11-1.68 0.22 92

Repeat revascularization 1244 1975 0.16 0.12-0.22 <0.0001 28

BITA-CABG vs PCI

MACCE 556 1332 0.45 0.35-0.57 <0.0001 0

All cause death 2022 2685 0.26 0.09-0.72 0.009 89

Stroke 1270 1964 0.19 0.08-0.47 0.0004 16

MI 1796 2414 0.30 0.06-1.49 0.14 88

Repeat revascularization 2022 2685 0.15 0.05-0.47 0.001 94

MA-CABG= multiple arterial coronary artery bypass graft; F-DES=first-generation drug-eluting stent; S-DES=second-generation drug-elut-
ing stent; MACCE=major adverse cardiac and cerebrovascular events; MI= myocardial infarction; BITA= bilateral internal thoracic arterial;

PCI= percutaneous coronary intervention.

Bias  assessment  showed  low-to-moderate  risk  of bias in all studies. The funnel plot did not show asymmetry

consistent with publication bias (Figure 4).

Figure 4: The funnel plot for incidence of all cause death with long-term follow up.
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Discussion

Optimal revascularization approaches for patients

with multivessel  coronary artery  disease  or  left  main coro-

nary  artery  disease  remain  controversial.  Advances  in  PCI

techniques  have  resulted  in  improved  degree  of  revascu-

larization  and  clinical  outcomes.

As a less invasive approach, PCI offers quicker re-

covery,  lower  incidence  of  early  adverse  cardiovascular

events  and  possibly  short-term  reduced  risk  of  stroke.

While  higher  rate  of  residual  angina  was  seen  in  patients

treated with PCI that contributes to higher rates of repeat re-

vascularization. The SYNTAX II trial compared patients un-

dergoing  PCI  with  contemporary  techniques,  shown  im-

proved clinical outcomes even compared with the SYNTAX

I  CABG  arm  [27].  In  a  recent  pooled  analysis  of  11  ran-

domized trials comparing CABG with PCI, 5-year all-cause

mortality  was  significantly  lower  after  CABG  in  patients

with diabetes  but  not  in  those  without  diabetes  [4].  As  the

gap in the treatment effect between two strategies has gradu-

ally  diminished.  The  less  invasive  interventional  approach

has been recognized as a reasonable therapeutic alternative

for  LMCA  disease  instead  of  CABG  with  the  widespread

use of drug-eluting stents [28,29]. However, the recommen-

dation of optimal revascularization approaches for patients

with LMCAD also were debated.

The  pathophysiological  effects  of  CABG  were

quite different with PCI. The cardioprotective superiority of

CABG  was  postulated  to  result  from  bypass  grafts  to  the

mid-coronary  vessels  that  not  only  treat  culprit  lesion,  but

also  afford  prophylaxis  against  new  proximal  disease  by

mitigating the impact of plaque rupture and atherothrombo-

sis  on  future  events.  While,  CABG  is  associated  with  de-

layed recovery,  longer  length  of  stay  in  hospital  and issues

with healing and infection, in addition to higher costs. Nev-

ertheless, outcomes following CABG may vary according to

the  type  of  grafts  used.  Pervious  retrospective  and  pooled

observational studies have shown lower long-term mortality

when  both  internal-thoracic-artery  grafts  are  used  for

CABG  than  single  internal-thoracic-artery  graft  CABG

[30-33]. There remains an ambiguity regarding the superior-

ity  of  multiple  arterial  grafts  compared  to  single  arterial

grafts (SAG) in randomized controlled trials. ART trial con-

cluded there was no significant between-group difference in

the  rate  of  death  from  any  cause  at  10  years  in  the  inten-

tion-to-treat analysis [34]. Changal et al also shown similar

survival  advantage  between MAG and SAG,  but  MAG has

better revascularization and stroke outcomes in randomized

data  [35].  When  directly  compares  short-term/long-term

outcomes of PCI vs CABG with MAG, current evidence was

limited and conflicting.

In  our  analysis,  we  included  studies  direct  com-

pare clinical outcomes of MAG with PCI using DES in MV-

CAD/LMCAD.  Most  of  pooled  results  shown  significant

benefit in MAG arm with long-term follow up. As previous

study  demonstrated  the  use  of  all-cause  mortality  reduces

the risk of adjudication bias. In our study, MA-CABG signif-

icant  decrease  the  incidence  of  all  cause  death  (RR  0.40;

95%CI:  0.30-0.53;  p＜0.00001;  I2=84%),  while  there  was

high heterogeneity in the overall  pooled result.  The high

heterogeneity was mostly associated with the study pub-

lished  by  Nambiar.  The  heterogeneity  between  pooled

studies decreased when exclude this study (RR 0.47; 95%CI:

0.38-0.59; p<0.00001; I2=69%), without change the result.

Nambiar et al retrospective 940 patients underwent multi-

vessel minimally invasive cardiac surgery (MICS) CABG via

a left mini-thoracotomy as MA-CABG arm, giving excellent

short-term  and  long-term  mortality.  When  propensity

score matched with PCI arm from SYNTAX trial, the mor-

tality of CABG arm was significantly lower than PCI arm

(0.9% vs 11.4%). This result might partly because of higher

rate of complete revascularization in CABG arm (97% vs

56%). Incomplete revascularization is common after PCI in

patients with three-vessel disease and/or left main coronary

artery disease, the degree of incompleteness was associated

with long-term mortality [36]. Our study also demonstrated

superiority of MAG-CABG in patients with three-vessel dis-

ease and/or left main coronary artery disease even compar-

ing  with  second-generation  DES.  CABG  might  still  the

most  optimal  revascularization  approaches  for  these  pa-

tients.

Our study has several  limitations.  First,  there was

no  randomized  clinical  trials  direct  compare  MAG  with

DES-PCI,  we  included  observational  and  observational

propensity-score  matched  studies  in  this  meta-analysis,

which was prone to selection bias and confounding. Indeed,



10

JScholar Publishers J Cardio Vasc Med 2023 | Vol 9: 102

the complexity of equipoise and influence of surgical exper-

tise  are  herculean  challenges  for  randomized  clinical  trials

[37].  while  traditional  RCTs  have  low  external  validation,

high costs,  need for numerous staff  and heavy documenta-

tion leading to low adherence from surgeons [38]. As the ob-

servational  study  represent  the  everyday  practice,  our

pooled results from these studies might also give a primary

conclusion. Second, half of included studies using first-gen-

eration DES in PCI arm, which may lead to inferior clinical

outcomes.  However,  in  our  subgroup  analysis,  the  result

from  MAG-CABG  vs.  second-generation  DES  was  consis-

tent  with  the  result  from  MAG-CABG  vs.  first-generation

DES. Third, most studies compare MAG vs PCI included pa-

tients  with left  main or multivessel  coronary artery disease

at the same time. In our study, we performed a meta-analy-

sis in study level and included these patient groups together.

Recent study demonstrated lesion site (ostial or shaft vs. dis-

tal bifurcation) and PCI technique (1-stent vs. 2-stent) main-

ly  affected  the  efficacy  of  intervention  therapy  [39].  LM-

CAD might  a  specify  situation when compare  surgery  and

intervention. It is still doubt whether the long-term adverse

events following the use of a single stent for distal LMCA le-

sions can be comparable with CABG. Unfortunately,  with-

out  data  from  patient  level,  we  cannot  perform  a  detailed

analysis  with  separated  situation  (MVCAD/LMCAD).  As

CABG mainly performed in both patients with left main or

multivessel  coronary  artery  disease  in  the  real-world  prac-

tice, our analysis given a general conclusion. What is more,

our analysis could not control for variations in clinical prac-

tice in different study centers, although our funnel plot did

not  show  significant  publication  bias  between  included

studies,  publication bias  may still  exist  despite  our  best  ef-

forts to conduct a comprehensive search.

Conclusion

Our  meta-analysis  showed  that  among  patients

with multivessel  coronary artery  disease  or  left  main coro-

nary  artery  disease,  multi  arterial  coronary  artery  bypass

graft  was  associated  with  comparable  clinical  outcomes  in

short-term, and superior efficacy with long-term follow up

compared  with  PCI.  As  the  existence  of  a  learning  curve

and  perception  of  increased  sternal  wound  problems  were

still  the  concerns over  MAG. These findings  should be ex-

tended to large, multi-site randomized controlled trials.
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