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ABSTRACT

Background: To compare the long-term incidence of myocardial infarction (Ml) and death in patients randomized to coronary artery bypass grafting (CABG)
vs percutaneous coronary intervention (PCI) for treatment of isolated left anterior descending (LAD) coronary artery disease.

Methods: We systematically identified all randomized controlled trials comparing PCl with stenting to CABG with a left internal mammary artery (LIMA) graft
in patients with isolated LAD disease who had at least 4 years of follow-up. The primary outcome of interest was MI. Secondary outcomes were all-cause
mortality and target vessel revascularization (TVR).

Results: Four trials were included in the current analysis, with a total of 573 patients randomized to CABG with a LIMA (n = 285) vs PCl (n = 288) and followed
for 4 to 10 years. At latest follow-up (weighted mean 8.3 years), there was no statistically significant difference in the risk of Ml between CABG and PClI
(relative risk [RR], 1.33; 95% Cl, 0.62-2.83; P =.46), nor was there a statistically significant difference in mortality between the groups (RR, 1.04; 95% Cl, 0.70-
1.65; P =.84). There was a significantly lower risk of TVR after CABG compared with PCI (RR, 0.27; 95% Cl, 0.15-0.46; P <.001).

Conclusions: The current meta-analysis suggests that there is insufficient evidence that CABG with a LIMA confers protection against MI or death compared
to PCl with a stent for isolated LAD disease. CABG was, however, associated with reduced rates of TVR.

Introduction

The optimal revascularization strategy for patients with isolated
disease of the left anterior descending (LAD) coronary artery is uncer-
tain in part due to the limited number of randomized controlled trials
(RCTs) comparing clinical outcomes with percutaneous coronary inter-
vention (PCI) and coronary artery bypass graft surgery (CABG) in pa-
tients with isolated LAD disease.'” CABG has been suggested to be
associated with improved long-term survival compared with PCl in
patients with complex multivessel disease by preventing late myocar-
dial infarction (MI) arising not only from severe target lesions but also

DOI of original article: https://doi.org/10.1016/j.jscai.2023.100611.

from proximal nonobstructive vulnerable plaques.’** In this regard, it
has been stated that the left internal mammary artery (LIMA) grafted to
the mid or distal LAD confers the greatest survival benefits and pro-
tection against MI. Conversely, PCl has been described as having no
impact on proximal nonstented lesions and is thought to prevent late
MI only by focal treatment of flow-limiting lesions.®

Despite these considerations, PClis commonly used to treat isolated
LAD disease due to its minimally invasive nature with low rates of early
morbidity and mortality. However, there is little data evaluating the long-
term differences in the occurrence of Ml and death in patients with iso-
lated LAD disease treated with CABG vs PCL° We therefore

Abbreviations: CABG, coronary artery bypass graft; LAD, left anterior descending artery; LIMA, left internal mammary artery; MI, myocardial infarction; MIDCAB, minimally invasive

direct coronary artery bypass; PCI, percutaneous coronary intervention.
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hypothesized that CABG does not confer a long-term reduction in Ml
and death when compared to PCl and performed a systematic
meta-analysis to evaluate the long-term differences in outcomes in pa-
tients undergoing CABG with a LIMA vs PCl with a stent for isolated LAD
disease.

Methods
Data sources and search strategies

An investigator and a senior librarian (M.P. and L.P.) indepen-
dently conducted a comprehensive search of eligible studies from
January 1, 2002 to June 4, 2022. Two additional investigators
(M.V.M. and J.B.) reviewed the eligible studies and ensured that they
met the inclusion criteria. The databases included Ovid MEDLINE
Epub Ahead of Print, Ovid MEDLINE In-Process & Other Non-
Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid Cochrane
Central Register of Controlled Trials, Ovid Cochrane Database of
Systematic Reviews, and Scopus. Additional studies were retrieved
using reference lists of included articles, abstracts, and expert bib-
liographies. We limited our search to publications in the English
language and in humans.

Eligible studies met the following inclusion criteria: (1) RCTs of PCI
with a stent (bare metal stent [BMS] or drug-eluting stent) vs CABG with
a LIMA in patients with isolated LAD disease; (2) incidences of death
and Ml were reported with TVR reporting being optional; (3) follow-up
duration of >4 years. Included studies were assessed using the
Cochrane Risk of Bias tool (Supplemental Figure $1).° Funnel plots to
assess publication bias were not included due to there being <10 trials
included in our meta-analysis.

Data extraction

Data extraction was performed by 2 independent investigators (M.P.
and J.B.) and confirmed by a third independent investigator (J.W.M.).
Each study was independently summarized with variables including first
author, year of publication, population characteristics, design, follow-up,
use of cardiopulmonary bypass, and clinical outcomes.

Outcomes of interest and definitions

To determine whether CABG confers a benefit in preventing Ml in
patients with isolated LAD disease, the primary outcome of interest was
MI (both Q wave and non-Q wave, procedural and nonprocedural) at
latest follow-up. Secondary outcomes included all-cause death and
target vessel revascularization (TVR) at latest follow-up.

Statistical methodology

Statistical analysis was conducted according to Cochrane collabo-
ration recommendations and quality of reporting of meta-analysis
guidelines.® Outcomes were analyzed on an intention-to-treat basis.
Random-effect meta-analyses were performed using the restricted
maximum likelihood estimator. As a sensitivity analysis, fixed-effect
analyses were also performed using a Mantel-Haenszel model. All
outcomes were assessed as relative risks (RR) at the time of last
follow-up available for each trial. Heterogeneity was assessed using the
2 statistic, with <25% defined as low heterogeneity, 25% to 50%
defined as moderate heterogeneity, and >50% defined as high het-
erogeneity.” Continuous data are expressed as mean + standard
deviation unless otherwise stated, and statistical significance was set at
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Table 1. Description of the 4 studies included in the meta-analysis.

Reference, year Geography of Enrollment period Longest Total Age, y Male (%)  LIMA Stent Stent
enrollment follow-up, y enrolled (mean) use (%) use (%) type
Blazek et al,’! 2013 Germany June 1997-June 2001 10 220 62.1 74.5 100 100 BMS
Drenth et al,'® 2004 The Netherlands March 1997-September 1999 4 102 60.5 76.5 100 100 BMS
Goy et al,® 2008 Europe October 1994-March 1998 10 121 59.5 79.3 100 100 BMS
Blazek et al,” 2015 Germany January 2003-October 2007 7 129 66.0 70.0 100 100 DES

BMS, bare meta stent; DES, drug-eluting stent; LIMA, left internal mammary artery.

P <.05. All analyses were performed with the metafor package from R
version 4.2.1.

Results
Studies and patients

The search yielded 2239 relevant reports, 4 of which met all inclu-
sion criteria® !’ (Figure 1). A total of 573 patients were randomized,
including 285 patients to CABG and 288 patients to PCI. All studies
were found to be of moderate-to-high or high quality by the Cochrane
bias tool. Details from each study are shown in Table 1. The study
population had a mean age of 62.0 years, and the majority of patients
were male. A LIMA was used in all patients in the CABG arm whereas a
stent was used in all patients in the PCl arm (mostly BMSs). The longest
follow-up from each study ranged from 4 to 10 years (weighted mean
average 8.3 years). The end points of death, MI, and TVR were available
from all 4 trials.

Risk of Ml

As shown in the Central lllustration, MI during follow-up occurred in
39 patients, with 22 Mls after CABG and 17 after PCl. There was no
statistically significant difference in the risk of MI between groups (RR,
1.33;95% Cl, 0.62-2.83; P =.46). There was low heterogeneity between
studies (12 = 19.0%).

Risk of all-cause mortality

As shown in Figure 2, all-cause mortality during follow-up occurred
in 81 patients, with 42 deaths in the CABG group and 39 deaths in the

PCI group. There was no statistically significant difference in the risk of
all-cause mortality between groups (RR, 1.04; 95% CI, 0.70-1.55; P =
.84). There was no heterogeneity between studies (12 = 0%).

Risk of TVR

As shown in Figure 3, TVR during follow-up occurred in 73 patients,
including 14 patients after CABG and 59 patients after PCI. The risk of
TVR was significant reduced after CABG compared with PCI (RR, 0.27;
95% Cl, 0.15-0.46; P < .001). There was no heterogeneity between
studies (I2 = 0%).

Fixed-effect analyses

Fixed-effect analyses were consistent with the random-effect find-
ings for MI (RR, 1.41; 95% Cl, 0.73-2.74), all-cause mortality (RR, 1.04;
95% Cl, 0.70-1.55), and TVR (RR, 0.27; 95% Cl, 0.15-0.46).

Discussion

The current meta-analysis examined the long-term clinical outcomes
of patients with isolated LAD disease who were randomized to either
CABG with a LIMA or PCl with a BMS or drug-eluting stent. At a longest
weighted mean follow-up of 8.3 years, no differences were found in the
long-term risks of Ml or death between the 2 revascularization modal-
ities. PCl was, however, associated with an increased risk of TVR
compared with CABG. Our analysis is limited by wide confidence in-
tervals and inability to ascertain timing of events, and thus, caution is
warranted in drawing strong conclusions from these findings.

The reported findings question whether the long-term rates of Ml
(and death) are reduced by CABG compared with PCl, at least in

CABG PCI
Study and Year Events N Events N Weight (%) Relative Risk (95% CI)

Risk of all MI

Blazek, 2015 6 65 4 65 29.6 I 1.50 [0.44, 5.07]
Goy, 2008 3 59 3 62 19.8 —_— 1.05[0.22, 5.00]
Drenth, 2004 1 51 5 51 1.6 - 0.20 [0.02, 1.65]
Blazek, 2013 12 110 5 110 39.0 H— 2.40[0.87, 6.58]
REML Model for All Studies (Q = 4.50, df = 3, p for heterogeneity = 0.21; I> = 19.0% —i— 1.33[0.62, 2.83]
Prediction interval -0.72 -1.29 p for overall effect = 0.461

I I I 1
0.04 0.2 1 5 25

Favors CABG < Relative risk > Favors PCI

Central lllustration.
Risk of myocardial infarction. CABG, coronary artery bypass graft surgery; MI, myocardial infarction PCl, percutaneous coronary intervention; REML, restricted maximum likelihood.
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CABG PCI
Study and Year Events N Events N Weight (%) Relative Risk (95% CI)
Risk of Death
Blazek, 2015 11 65 9 65 23.9 —j— 1.22[0.54, 2.75]
Goy, 2008 4 59 5 52 9.8 —_— 0.84 [0.24, 2.98]
Drenth, 2004 3 51 0 51 1.8 ———=— 7.00[0.37, 132.17]
Blazek, 2013 24 100 25 110 64.5 —— 0.96 [0.59, 1.57]
REML Model for All Studies (Q = 1.98, df = 3, p for heterogeneity = 0.58; 12 = 0.0% - 1.04 [0.70, 1.65]
Prediction interval -0.36 -0.44 p for overall effect = 0.843
T T T 1
0.04 0.2 1 5 25

Figure 2.

Favors CABG < Relative risk > Favors PCI

Risk of all-cause mortality. CABG, coronary artery bypass graft surgery; Cl, confidence interval; MI, myocardial infarction PCI, percutaneous coronary intervention; REML, restricted

maximum likelihood.

patients with isolated LAD disease. Several prior meta-analyses have
examined the outcomes of CABG and PCl in LAD disease (Table 2),"’
reaching varying conclusions. While an early meta-analysis suggested
that cardiac events and death were reduced with surgical manage-
ment of isolated LAD disease, more recent data has not shown a clear
reduction in Ml with CABG in these patients.?'%"*"° |n a
meta-analysis of RCTs, Kapoor et al' also noted no difference in Ml
and death, with reduced TVR and improved angina relief in patients
undergoing CABG, but had shorter follow-up, included balloon an-
gioplasty studies, and did not include additional data present in this
meta-analysis. Several other previous meta-analyses with significantly
shorter follow-up and variability in design from the present
meta-analysis have also shown similar rates of Ml and death in patients
undergoing CABG or PCI for isolated LAD disease?'?'3'® Deo et al?
observed no difference in mortality or Ml with CABG vs PCl but found
an increased rate of TVR after PCI. Since the publication of these early
analyses, longer-term follow-up of the previous RCTs has been re-
ported. Moreover, since many of these previous meta-analyses, there
have been additional data included with longer follow-up in our
analysis. Additionally, our study excludes balloon angioplasty studies

and focuses only on patients that received stents. We have thus
importantly noted that despite only including stent studies, there is
only a higher risk of TVR, but not MI. Another principal difference
between the present report and prior meta-analyses is the require-
ment for follow-up of at least 4 years in the present study, providing a
long-term perspective on the outcomes of CABG and PCl for isolated
LAD disease.

It has been argued that CABG may reduce the risk of late MI
compared with PCI by bypassing severely diseased coronary segments
as well as nonobstructive vulnerable plaques, theoretically preventing
the clinical sequelae from plaque rupture and vessel occlusion, as most
infarctions arise from proximal or mid vessel atherosclerosis.®> %1% n
this regard, the bypass graft mimics the protection provided by native
collateralization.”"”?° While the rate of late Mis may be reduced after
CABG in patients with complex multivessel and left main disease
compared with PCI,>" such patients have substantially more diffuse
atherosclerosis and greater myocardium at risk than those with
single-vessel LAD disease. Thus, the results of the present study apply
only to patients undergoing isolated LAD revascularization and not
multivessel or left main intervention.

CABG PCI
Study and Year Events N Events N Weight (%) Relative Risk (95% Cl)

Risk of target-vessel revascularization

Blazek, 2015 1 65 13 65 7.3 -—— 0.08 [0.01, 0.57]
Goy, 2008 0 59 2 62 3.2 - 0.21[0.01, 4.28]
Drenth, 2004 2 51 8 51 13.1 i 0.25[0.06, 1.12]
Blazek, 2013 11 110 36 110 76.3 —— 0.31[0.16, 0.57]
REML Model for All Studies (Q = 1.69, df = 3, p for heterogeneity = 0.64; 12 = 0.0% —— 0.27 [0.15, 0.46]
Prediction interval -1.87 -0.78 p for overall effect < 0.001

I I 1 1
0.04 0.2 1 5 25

Figure 3.

Favors CABG < Relative risk > Favors PCI

Risk of target vessel revascularization. CABG, coronary artery bypass graft surgery; Cl, confidence interval; MI, myocardial infarction PCI, percutaneous coronary intervention; REML,

restricted maximum likelihood.
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Table 2. Comparison of the present and prior meta-analyses of randomized trials of PCI vs CABG in isolated LAD disease.

Reference, year Follow-up No. of No. of observational Total Stent Principal findings
range RCTs studies enrolled type(s)

Harskamp et al,’? 2014 6moto5y 2 2 941 DES Lower TVR rates with CABG but otherwise similar clinical
outcomes compared to DES

Raja et al,’® 2018 1t07.3y 3 9 7710 DES Reduced TVR with CABG, but similar mortality, MI, and MACCE
compared to PCI with DES for proximal LAD disease

Kapoor et al,'* 2008 <5y 9 0 1210 BMS/DES Similar survival in CABG and PCI groups, but significantly
reduced angina and repeat revascularizations with CABG

Kinnaird et al,’® 2016 6moto7y 3 8 5044 DES Similar mortality, MI, and stroke rates to CABG at the expense of
increased TVR.

Boodhwani etal,’* 2005  émoto5y 8 9 13,319 PTCA/ Reduced MACE, mortality and MI and reduced angina with

BMS/ DES surgery
Deo et al,” 2014 <5y 7 5 >2000 BMS/DES Similar survival with PCl and CABG, however higher rates of
patients angina recurrence and TVR with PCI
Prasad et al, 2023 41010y 4 0 573 BMS/DES Similar long-term rates of Ml and all-cause death after PCl and

(present study)

CABG; reduced TVR with CABG.

BMS, bare metal stent; CABG, coronary artery bypass graft surgery; DES, drug-eluting stent; LAD, left anterior descending artery; LIMA, left internal mammary artery;
MACE, major adverse cardiac event; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction;. PCI, percutaneous coronary intervention;
PTCA, percutaneous transluminal coronary angioplasty; RCT, randomized controlled trial; TVR, target vessel revascularization.

Prior meta-analyses have not distinguished between periproce-
dural and spontaneous Ml and thus technically are not able to address
the underlying question of whether CABG is protective purely against
long-term M1.2%2%23 While this is a limitation of our study as well, the
longer-term follow-up from the present report more heavily weights
the accrual of late Mls compared with early periprocedural events.
With follow-up between 4 and 10 years in the 4 component studies of
the present analysis, no significant difference in long-term Ml risk was
noted between CABG and PCI after treatment of isolated LAD dis-
ease. It is important to note however, that there is evidence of flawed
data in one of the meta-analyses due to erroneous inclusion of the
same study with multiple articles describing various timepoints of
follow-up."®

Concordant with the similar risk of Ml we also observed a similar risk
of all-cause mortality with CABG and PCI. However, TVR was performed
in substantially fewer patients during follow-up after CABG compared
with PCI. These data may be useful to the heart team as they discuss the
risk vs benefit profiles of each procedure in a patient with isolated LAD
disease.

Limitations

An inherent issue in all meta-analyses is that the aggregate results
are drawn from studies with inherent variability between patient pop-
ulations and treatments. By excluding observational studies, and only
including RCTs with isolated LAD disease, LIMA and stent treatment,
and long-term follow-up, we have attempted to limit potential con-
founding. However, RCTs enroll a highly selected group of patients and
may exclude higher-risk cohorts in whom equipoise between PCl and
CABG does not exist (eg, extremely diffuse disease favoring CABG, or
frailty or other comorbidities favoring PCI). Additionally, information
about lesion complexity that may affect the relative outcomes of CABG
vs. PCl was not routinely available, nor were we able to account for
differences in interventional or surgical technique and operator skill/
experience in our analysis. Follow-up time varied between studies, and
hazard ratios were not available, requiring a reliance on RRs at the
longest follow-up time available, which may have introduced some
imprecision. Additionally, it is important to consider that while we aimed
to understand long-term events, the analysis may have been influenced
by early events as the timing of events within each study was not able to
be ascertained. Lastly, our analysis is limited by wide confidence in-
tervals for the outcomes studied, and thus caution is warranted in
drawing strong conclusions from these findings.

Conclusions

The present meta-analysis of RCTs of patients with isolated LAD
disease undergoing PCl with stenting (mostly BMS) or CABG with a
LIMA shows that there is insufficient evidence to establish that CABG
confers protection against MI, as we note a similar risk of Ml and all-
cause mortality with both procedures at long-term follow-up, with an
increased risk of TVR after PCl. These findings must be placed into
context given the significant advances in stent technology, interven-
tional and surgical techniques, and operator skill since these trials were
conducted. Our findings suggest that in noncomplex patients with
single-vessel LAD disease in whom there is equipoise for revasculari-
zation between CABG and PCl, there is insufficient evidence to suggest
that CABG is associated with reduced long-term risk of Ml or death
when compared with PCI. Further studies examining the origin of Mls
after CABG and PCl (whether type |, II, IV, or V)24 and whether arising
from the target lesion, target vessel, or nontarget vessel are needed to
further delineate the causes of Ml after both procedures and to explore
the protective effects of CABG in patients with complex multivessel and
left main disease.

Acknowledgments

We would like to acknowledge librarian Larry Popko and graphic
designer Amy Mousley for their contributions to this manuscript.

Declaration of competing interest

Megha Prasad is a consultant for Abbott and Conavi and serves on a
speaker’s bureau for Philips. James Howard is funded by the British Heart
Foundation (FS/ICRF/22/26039). Ajay Kirtane reports institutional
funding to Columbia University and/or Cardiovascular Research Foun-
dation from Medtronic, Boston Scientific, Abbott Vascular, Amgen, CSl,
Philips, ReCor Medical, Neurotronic, Biotronik, Chiesi, Bolt Medical,
Magenta Medical, Canon, SoniVie, Shockwave Medical, and Merck. In
addition to research grants, institutional funding includes fees paid to
Columbia University and/or Cardiovascular Research Foundation for
consulting and/or speaking engagements in which Ajay Kirtane
controlled the content. Ajay Kirtane reports consulting fees from IMDS,
and travel expenses/meals from Medtronic, Boston Scientific, Abbott
Vascular, CSl, Siemens, Philips, ReCor Medical, Chiesi, OpSens, Zoll, and
Regeneron. Margaret McEntegart received consultant fees or honoraria
from Boston Scientific, Biosensors, Shockwave Medical, and Teleflex.
Gregg Stone discloses speaker honoraria from Medtronic, Pulnovo,



6 M. Prasad et al. / Journal of the Society for Cardiovascular Angiography & Interventions 2 (2023) 100636

Infraredx, Abiomed, and Abbott. Gregg Stone serves as a consultant to
Valfix, TherOx, Robocath, HeartFlow, Ablative Solutions, Vectorious,
Miracor, Neovasc, Ancora, Elucid Bio, Occlutech, CorFlow, Apollo
Therapeutics, Impulse Dynamics, Cardiomech, Gore, Amgen, Adona
Medical, and Millennia Biopharma and holds equity/options from
Ancora, Cagent, Applied Therapeutics, Biostar family of funds, Spec-
traWave, Orchestra Biomed, Aria, Cardiac Success, Valfix, and Xenter.
Institutional disclosures: Gregg Stone’s employer, Mount Sinai Hospital,
receives research support from Abbott, Abiomed, Bioventrix, Cardio-
vascular Systems Inc, Phillips, Biosense-Webster, Shockwave, Vascular
Dynamics, Pulnovo, and V-wave. Gregg Stone’s daughteris an employee
at IQVIA.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Ethics statement and patient consent

Ethical approval was not required because this was a meta-analysis
of existing clinical trials that were independently reviewed and
approved by respective committees.

Supplementary material

To access the supplementary material accompanying this article,
visit the online version of the Journal of the Society for Cardiovascular
Angiography & Interventions at 10.1016/j.jscai.2023.100636.

References

1. Doenst T, Haverich A, Serruys P, et al. PCl and CABG for treating stable coronary
artery disease: JACC review topic of the week. J Am Coll Cardiol. 2019;73(8):964-976.

2. Deo SV, Sharma V, Shah IK, Erwin PJ, Joyce LD, Park SJ. Minimally invasive direct
coronary artery bypass graft surgery or percutaneous coronary intervention for
proximal left anterior descending artery stenosis: a meta-analysis. Ann Thorac
Surg. 2014;97(6):2056-2065.

3. Habib RH, Dimitrova KR, Badour SA, et al. CABG versus PCl: greater benefit in long-
term outcomes with multiple arterial bypass grafting. J Am Coll Cardiol. 2015;
66(13):1417-1427.

4. Doenst T, Sigusch H. Surgical collateralization: the hidden mechanism for improving
prognosis in chronic coronary syndromes. J Thorac Cardiovasc Surg. 2022;163(2):
703-708.e2.

5. Opie LH, Commerford PJ, Gersh BJ. Controversies in stable coronary artery disease.
Lancet. 2006;367(9504):69-78.

6. Higgins JP, Altman DG, Ggtzsche PC, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.

11.

12.

16.

17.

18.

20.

21.

22.

23.

24.

. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med.

2002;21(11):1539-1558.

. Goy JJ, Kaufmann U, Hurni M, et al. 10-year follow-up of a prospective randomized

trial comparing bare-metal stenting with internal mammary artery grafting for
proximal, isolated de novo left anterior coronary artery stenosis the SIMA
(stenting versus internal mammary artery grafting) trial. J Am Coll Cardiol. 2008;
52(10):815-817.

. Blazek S, Rossbach C, Borger MA, et al. Comparison of sirolimus-eluting stenting

with minimally invasive bypass surgery for stenosis of the left anterior descending
coronary artery: 7-year follow-up of a randomized trial. J Am Coll Cardiol Intv.
2015;8(1 Pt A):30-38.

. Drenth DJ, Veeger NJ, Grandjean JG, Mariani MA, van Boven AJ, Boonstra PW.

Isolated high-grade lesion of the proximal LAD: a stent or off-pump LIMA? Eur J
Cardiothorac Surg. 2004;25(4):567-571.

Blazek S, Holzhey D, Jungert C, et al. Comparison of bare-metal stenting with
minimally invasive bypass surgery for stenosis of the left anterior descending
coronary artery: 10-year follow-up of a randomized trial. J Am Coll Cardiol Intv.
2013;6(1):20-26.

Harskamp RE, Bagai A, Halkos ME, et al. Clinical outcomes after hybrid coronary
revascularization versus coronary artery bypass surgery: a meta-analysis of 1,190
patients. Am Heart J. 2014;167(4):585-592.

. Raja SG, Uzzaman M, Garg S, et al. Comparison of minimally invasive direct

coronary artery bypass and drug-eluting stents for management of isolated left
anterior descending artery disease: a systematic review and meta-analysis of
7,710 patients. Ann Cardiothorac Surg. 2018;7(5):567-576.

. Kapoor JR, Gienger AL, Ardehali R, et al. Isolated disease of the proximal left

anterior descending artery comparing the effectiveness of percutaneous coronary
interventions and coronary artery bypass surgery. J Am Coll Cardiol Intv. 2008;
1(5):483-491.

. Kinnaird T, Kwok CS, Narain A, et al. Meta-analysis of percutaneous coronary

intervention with drug-eluting stent versus coronary artery bypass grafting for
isolated proximal left anterior descending coronary disease. Am J Cardiol. 2016;
118(8):1171-1177.

Boodhwani M, Rubens FD, Sellke FW, Mesana TG, Ruel M. Mortality and myocardial
infarction following surgical versus percutaneous revascularization of isolated left
anterior descending artery disease: a meta-analysis. Eur J Cardiothorac Surg.
2006;29(1):65-70.

Al Ali J, Franck C, Filion KB, Eisenberg MJ. Coronary artery bypass graft surgery
versus percutaneous coronary intervention with first-generation drug-eluting
stents: a meta-analysis of randomized controlled trials. J Am Coll Cardiol Intv.
2014;7(5):497-506.

Zhang M, Guddeti RR, Matsuzawa Y, et al. Left internal mammary artery versus
coronary stents: impact on downstream coronary stenoses and conduit patency.
J Am Heart Assoc. 2016;5(9):e003568.

. Jeon C, Candia SC, Wang JC, et al. Relative spatial distributions of coronary artery

bypass graft insertion and acute thrombosis: a model for protection from acute
myocardial infarction. Am Heart J. 2010;160(1):195-201.

Boden WE, Taggart DP. Diabetes with coronary disease-a moving target amid
evolving therapies? N Engl J Med. 2009;360(24):2570-2572.

Sabatine MS, Bergmark BA, Murphy SA, et al. Percutaneous coronary intervention
with drug-eluting stents versus coronary artery bypass grafting in left main
coronary artery disease: an individual patient data meta-analysis. Lancet. 2021;
398(10318):2247-2257.

BARI 2D Study Group, Frye RL, August P, et al. A randomized trial of therapies for
type 2 diabetes and coronary artery disease. N Engl J Med. 2009;360(24):
2503-2515.

Takagi H, Umemoto T. Drug-eluting stents vs bypass surgery for multivessel
disease. Circ J. 2010;74(9):2021-2022; author reply 2023.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of myocardial
infarction (2018). J Am Coll Cardiol. 2018;72(18):2231-2264.


https://doi.org/10.1016/j.jscai.2023.100636
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref1
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref1
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref1
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref2
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref2
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref2
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref2
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref2
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref3
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref3
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref3
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref3
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref4
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref4
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref4
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref4
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref5
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref5
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref5
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref6
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref6
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref7
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref7
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref7
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref8
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref9
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref9
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref9
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref9
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref9
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref10
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref10
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref10
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref10
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref11
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref11
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref11
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref11
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref11
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref16
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref16
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref16
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref16
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref15
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref15
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref15
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref15
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref15
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref14
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref14
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref14
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref14
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref14
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref13
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref13
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref13
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref13
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref13
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref12
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref12
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref12
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref12
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref12
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref24
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref24
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref24
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref24
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref24
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref17
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref17
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref17
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref18
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref18
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref18
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref18
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref19
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref19
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref19
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref20
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref20
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref20
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref20
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref20
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref21
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref21
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref21
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref21
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref22
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref22
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref22
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref23
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref23
http://refhub.elsevier.com/S2772-9303(23)00069-8/sref23

	Long-term Incidence of Myocardial Infarction and Death After CABG and PCI for Isolated Left Anterior Descending Artery Dise ...
	Introduction
	Methods
	Data sources and search strategies
	Data extraction
	Outcomes of interest and definitions
	Statistical methodology

	Results
	Studies and patients
	Risk of MI
	Risk of all-cause mortality
	Risk of TVR
	Fixed-effect analyses

	Discussion
	Limitations
	Conclusions

	Acknowledgments
	Declaration of competing interest
	Funding sources
	Ethics statement and patient consent
	Supplementary material
	References


