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BACKGROUND: Long-term comparative outcomes after percutaneous 
coronary intervention (PCI) with drug-eluting stents and coronary-artery 
bypass grafting (CABG) for left main coronary artery disease are highly 
debated.

METHODS: In the PRECOMBAT trial (Premier of Randomized Comparison 
of Bypass Surgery versus Angioplasty Using Sirolimus-Eluting Stent 
in Patients with Left Main Coronary Artery Disease), patients with 
unprotected left main coronary artery disease were randomly assigned 
to undergo PCI with sirolimus-eluting stents (n=300) or CABG (n=300) 
in 13 hospitals in Korea from April 2004 to August 2009. The follow-up 
was extended to at least 10 years for all patients (median, 11.3 years). 
The primary outcome was the incidence of major adverse cardiac or 
cerebrovascular events (composite of death from any cause, myocardial 
infarction, stroke, or ischemia-driven target-vessel revascularization).

RESULTS: At 10 years, a primary outcome event occurred in 29.8% of 
the PCI group and in 24.7% of the CABG group (hazard ratio [HR] with 
PCI vs CABG, 1.25 [95% CI, 0.93–1.69]). The 10-year incidence of the 
composite of death, myocardial infarction, or stroke (18.2% vs 17.5%; 
HR 1.00 [95% CI, 0.70–1.44]) and all-cause mortality (14.5% vs 13.8%; 
HR 1.13 [95% CI, 0.75–1.70]) were not significantly different between 
the PCI and CABG groups. Ischemia-driven target-vessel revascularization 
was more frequent after PCI than after CABG (16.1% vs 8.0%; HR 1.98 
[95% CI, 1.21–3.21).

CONCLUSIONS: Ten-year follow-up of the PRECOMBAT trial of patients 
with left main coronary artery disease randomized to PCI or CABG did 
not demonstrate significant difference in the incidence of major adverse 
cardiac or cerebrovascular events. Because the study was underpowered, 
the results should be considered hypothesis-generating, highlighting the 
need for further research.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifiers: 
NCT03871127 and NCT00422968.
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Although coronary-artery bypass grafting (CABG) 
surgery has traditionally been the mainstay of 
treatment for patients with left main coronary 

artery (LMCA) disease, percutaneous coronary inter-
vention (PCI) has undergone considerable evolution.1,2 
Technical improvements in stent placement and the de-
velopment of drug-eluting stents (DES) led to greater 
use of PCI, and many studies have reported favorable 
outcomes after PCI with DES for this complex disease.3,4 
Subsequently, multiple comparisons between the 2 
competing revascularization strategies (CABG vs PCI 
with DES) have been conducted in randomized trials as 
well as registry studies,5–9 in most of which the 2 strate-
gies were associated with similar incidence of the com-
posite end point of death, myocardial infarction (MI), 
stroke, or all-cause mortality.

However, data are still limited on long-term (beyond 
5 years) outcomes of PCI or CABG in patients with 
LMCA disease. Available long-term studies showed 
conflicting results,10–14 and some studies reported a 
trend of late catch-up or crossover in the incidence 
of the primary composite outcome or all-cause death 
favoring CABG over PCI during extended follow-
up.11,13,14 Therefore, there remains uncertainty about 
long-term outcomes warranting additional longer-
term follow-up studies.

In the PRECOMBAT trial (Premier of Randomized 
Comparison of Bypass Surgery versus Angioplasty Us-
ing Sirolimus-Eluting Stent in Patients with Left Main 
Coronary Artery Disease), we randomly assigned pa-
tients with LMCA disease to receive either PCI with 
sirolimus-eluting stents or CABG.6 This trial showed no 
significant difference between the 2 strategies in the 
incidence of major adverse cardiac or cerebrovascular 
events and mortality at 2 and 5 years.6,15 To further 
characterize the long-term outcomes of PCI and CABG 
in patients with LMCA disease, we now present the 10-
year follow-up results of this trial.

METHODS
The data, analytic methods, and study materials will not be 
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure.

Study Design
The trial design and methods of the PRECOMBAT trial 
(NCT00422968) have been described previously.6,15 Briefly, 
the PRECOMBAT trial was a prospective, open-label, random-
ized trial that compared PCI with sirolimus-eluting stents with 
CABG in patients with LMCA disease. It was conducted at 
13 hospitals in Korea between April 2004 and August 2009. 
Details of the trial organization and participating centers are 
provided in the Data Supplement.

Although the PRECOMBAT trial was initially planned to 
complete follow-up at 5 years in the original protocol,6 all 
participating centers agreed to participate in the extended 
10-year follow-up study. This extended 10-year follow-up 
study was registered at https://www.clinicaltrials.gov as an 
investigator-driven extension of follow-up of the PRECOMBAT 
trial (NCT03871127) and was funded by the CardioVascular 
Research Foundation (Seoul, Korea). The sponsor had no role 
in the study design nor in the collection, analyses, or inter-
pretation of data. The institutional review board at each hos-
pital approved the protocol, and informed consent to obtain 
information on 10-year outcomes was waived. Follow-up was 
performed in accordance with the local law and regulations 
of each participating site and complied with the Declaration 
of Helsinki. The principal investigators had unrestricted access 
to the data, prepared the article, and vouch for the complete-
ness and accuracy of the data and analyses and for the fidelity 
of the trial to the protocol.

Patients, Randomization, and Procedures
Patients were eligible for participation in the trial if they had 
de novo stenosis of the LMCA of more than 50% (as esti-
mated visually) and had received a diagnosis of stable angina, 
unstable angina, silent ischemia, or non–ST-segment eleva-
tion MI. Clinical and anatomic eligibility of all participants had 
to be considered by the cardiologists and surgeons at each 
hospital to be equivalently suitable for both PCI and CABG. A 
complete list of inclusion and exclusion criteria are provided in 
Table I in the Data Supplement.

Patients were randomly assigned, in a 1:1 ratio, to 
undergo PCI with sirolimus-eluting stents or CABG. Central 

Clinical Perspective

What Is New?
• Long-term outcomes (beyond 5 years and up to 

10 years) after percutaneous coronary interven-
tion with drug-eluting stents and coronary-artery 
bypass grafting for left main coronary artery dis-
ease are highly debated and still limited.

• In this 10-year follow-up of the PRECOMBAT trial 
(Premier of Randomized Comparison of Bypass 
Surgery versus Angioplasty Using Sirolimus-Eluting 
Stent in Patients with Left Main Coronary Artery 
Disease), there was no significant difference 
between percutaneous coronary intervention and 
coronary-artery bypass grafting in the incidence of 
major adverse cardiac or cerebrovascular events, 
composite of death, myocardial infarction, or 
stroke, and all-cause mortality.

What Are the Clinical Implications?
• This extended follow-up of PRECOMBAT provides 

important insights on long-term outcomes, which 
could aid in decision-making for the optimal revas-
cularization strategy in patients with left main cor-
onary artery disease.

• However, our findings should be confirmed or 
refuted through adequately powered, larger-sized 
trials with long-term follow-up.D
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randomization was performed using an interactive web-based 
response system in permuted block sizes of 6 and 9, with strat-
ification according to the participating center. Details of the 
PCI and CABG procedures have been described previously.6,15 
PCI was performed with standard interventional techniques 
according to local practice, and sirolimus-eluting stents were 
used as the default device. Surgical revascularization was per-
formed with standard bypass techniques, and the internal-tho-
racic-artery graft was preferentially used for the left anterior 
descending coronary artery. Dual antiplatelet therapy (aspirin 
and clopidogrel) was administered before PCI, and for at least 
1 year thereafter. Aspirin was indefinitely used after CABG, 
and concomitant use of clopidogrel was at the discretion of 
the operators. During follow-up, guideline-directed medical 
therapy and management of risk factors for secondary preven-
tion were highly recommended for all patients.6,15

Outcome and Follow-Up
The primary outcome was a composite of major adverse car-
diac and cerebrovascular events (ie, death from any cause, 
nonfatal MI, nonfatal stroke, or ischemia-driven target vessel 
revascularization). Major secondary outcomes included the 
individual components of the primary composite outcome; 
a composite of death, MI, or stroke; any revascularization; 
and definite stent thrombosis or symptomatic graft occlu-
sion. Outcome definitions are provided in Table II in the Data 
Supplement. All primary and secondary outcome events were 
centrally adjudicated by an independent clinical-events com-
mittee, with source documents at each hospital. The extent 
of disease and a SYNTAX score (Synergy between PCI with 
Taxus and Cardiac Surgery; which was developed while the 
current trial was ongoing and thus measured as post hoc) 
was independently assessed by an angiographic core labora-
tory, in which members were blinded to randomization.6 The 
SYNTAX score reflects a comprehensive angiographic assess-
ment of the coronary vasculature, with higher SYNTAX scores 
indicating more complex coronary artery disease.

According to the original protocol recommendation, clini-
cal follow-up was performed at 1, 6, 9, and 12 months and 
then annually through 5 years.6 Ten years after the index 
treatment, all participants in this trial were invited to partici-
pate in 10-year follow-up evaluations. During the extended 
follow-up, if a patient was unwilling or unable to return to the 
enrolling center, follow-up was maintained by the enrolling 
investigators through telephone contact or medical records 
obtained from other hospitals, as necessary. Information on 
adverse clinical events and survival data (vital status, cause of 
death, and date of death) was obtained through (electronic) 
healthcare record review and national death registry checks of 
the Korean National Health Insurance Service database, which 
was merged from the Statistics Korea database. The National 
Health Insurance Service is a single-payer program of a univer-
sal health coverage system in Korea and provides mandatory 
health care for all Korean citizens, with an enrollment rate of 
more than 97%.16,17

Statistical Analysis
This report provides descriptive information on all end point 
events that occurred during 10-year follow-up. Therefore, 
we did not perform formal hypothesis testing for the 

noninferiority comparison between PCI and CABG with 
respect to the primary end point of major adverse cardiac 
or cerebrovascular events.6 All principal analyses were per-
formed according to the intention-to-treat principle, in other 
words, treatment groups were defined according to the 
original randomization. A descriptive analysis was performed 
by presenting data as mean (SD) or number (proportion). 
Continuous variables were compared with Student t test or 
the Wilcoxon rank-sum test, and categorical variables were 
compared with the χ2 test or Fisher exact test. Cumulative 
event rates were calculated using the Kaplan-Meier esti-
mates, with event or censoring times calculated from the 
date of randomization. Risk differences and corresponding 
95% CIs with the Wald approach were reported. We also 
compared the primary and secondary outcomes between the 
2 groups using Cox regression models with robust standard 
errors to account for the clustering effect of participating 
site. For these models, all available follow-up data were used 
for long-term outcome analyses without censoring clini-
cal events beyond 10 years. Patients lost to follow-up were 
included in the analyses for all outcomes by censoring at the 
date of last follow-up. The proportional-hazards assump-
tion was confirmed using the Schoenfeld residuals test and 
graphical log-minus-log method;18 no relevant violations of 
the underlying assumption were found.

Sensitivity analyses were conducted with the use of the 
as-treated analyses (in which patients were compared based 
on the treatment they actually received) and the per-protocol 
analyses (which included only patients who actually received 
their randomly assigned treatment). We also assessed the 
consistency of treatment effects in the prespecified subgroups 
using Cox regression models with tests for interaction: age 
(<65 vs ≥65 years), sex (male vs female), diabetes mellitus (yes 
vs no), acute coronary syndrome (yes vs no), left main dis-
ease location (ostium or shaft vs distal bifurcation), extent of 
combined diseased vessels (isolated LMCA disease, or LMCA 
disease in combination with 1-vessel, 2-vessel, or 3-vessel dis-
ease), SYNTAX score category (scores of ≤22 defined as low, 
23–32 as intermediate, and ≥33 as high),5,8,9 and complete 
revascularization (yes vs no). All statistical analyses were per-
formed using SAS software, version 9.4 (SAS Institute).

RESULTS
Patients and Treatment
From April 2004 through August 2009, a total of 600 
of patients with unprotected LMCA disease were ran-
domly assigned to PCI with sirolimus-eluting stents (300 
patients) or to CABG (300 patients). The baseline clini-
cal and angiographic characteristics are summarized in 
Table 1 and well balanced between the PCI and CABG 
groups. The mean (±SD) age of the trial participants 
was 62.3±9.7 years, 76.5% were men, and 32.0% had 
medically treated diabetes mellitus. Distal left main bi-
furcation disease was present in 64.6% of the patients, 
and the mean SYNTAX score was 24.8±10.3 (low in 
42.4%, intermediate in 35.3%, and high in 22.3%). 
Complete revascularization was achieved in 68.3% 
in the PCI group and 70.3% in the CABG group. 
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Procedural or operative data are provided in Table III in 
the Data Supplement. In the PCI group, intravascular 
ultrasound was used in 91.2% of the patients and a 
mean of 2.7 stents were implanted per patient. In the 
CABG group, 63.8% underwent off-pump surgery and 
93.6% underwent revascularization of the left anterior 
descending artery with an internal-thoracic-artery graft.

Follow-Up and Outcomes
The median duration of follow-up in all patients was 
11.3 years (interquartile range, 10.2 to 13.0; maximum 
follow-up, 14.7 years). The flow of patients through the 
trial up to 10 years of follow-up are provided in Fig-
ure I in the Data Supplement. Ten-year follow-up for all 
clinical end point events was achieved in 288 patients 
(96.0%) randomized to PCI and 288 patients (96.0%) 
randomized to CABG, respectively. Vital status was veri-
fied in all patients.

The primary end point of major adverse cardiac or 
cerebrovascular events at 10 years occurred in 29.8% of 
the patients in the PCI group and 24.7% of the patients 
in the CABG group (HR with PCI vs CABG, 1.25 [95% 
CI, 0.93–1.69]; Table 2 and Figure 1A). There was also 
no significant between-group difference with respect 
to the secondary composite outcome of death, MI, or 
stroke (18.2 vs 17.5%; HR 1.00 [95% CI, 0.70–1.44]) 
and death from any cause (14.5% vs 13.8%; HR 1.13 
[95% CI, 0.75–1.70]) at 10 years (Table  2; Figure  1B 
and 1C, respectively). The incidence of MI and stroke 
at 10 years did not significantly differ between the 2 
groups. However, the 10-year incidences of ischemia-
driven target-vessel revascularization and any revascu-
larization were higher after PCI than after CABG (Ta-
ble 2 and Figure 1D).

Sensitivity and Subgroup Analyses
We performed an as-treated analysis comparing 327 
patients who were actually treated with PCI and 272 pa-
tients who were actually treated with CABG (Figure I in 
the Data Supplement); the HR for the primary outcome 
with PCI was 1.51 (95% CI, 1.11–2.06; Table IV in the 
Data Supplement). We also performed a per-protocol 
comparison of 276 patients randomly assigned to PCI 
who actually received PCI and 248 patients assigned 
to CABG who actually underwent CABG; the HR for 
the primary outcome with PCI was 1.51 (95% CI, 1.09 
to 2.10; Table V in the Data Supplement). In addition, 
when we estimated the risks of cause-specific mortality 
and nonmortality related outcomes in competing-risks 
framework, overall results were consistent (Table VI in 
the Data Supplement).

The treatment effect for the primary outcome in pre-
specified subgroups is shown in Figure  2. The 10-year 
rate of primary outcome between PCI and CABG were 

Table 1. Baseline Characteristics of the Patients

Characteristic
PCI Group
(N=300)

CABG Group
(N=300)

Age, y 61.8±10.0 62.7±9.5

Male sex, No. (%) 228 (76.0) 231 (77.0)

Body mass index* 24.6±2.7 24.5±3.0

Diabetes mellitus, No. (%)

    Any diabetes mellitus 102 (34.0) 90 (30.0)

    Requiring insulin 10 (3.3) 9 (3.0)

Hypertension, No. (%) 163 (54.3) 154 (51.3)

Hyperlipidemia, No. (%) 127 (42.3) 120 (40.0)

Current smoker, No. (%) 89 (29.7) 83 (27.7)

Previous PCI, No. (%) 38 (12.7) 38 (12.7)

Previous myocardial infarction, No. (%) 13 (4.3) 20 (6.7)

Previous congestive heart failure, No. (%) 0 2 (0.7)

Chronic renal failure, No. (%) 4 (1.3) 1 (0.3)

Peripheral arterial disease, No. (%) 15 (5.0) 7 (2.3)

Chronic obstructive pulmonary disease, No. (%) 6 (2.0) 10 (3.3)

Family history of coronary artery disease, No. (%) 31 (10.3) 19 (6.3)

Clinical presentation, No. (%)

    Stable angina or silent ischemia 160 (53.3) 137 (45.7)

    Unstable angina 128 (42.7) 144 (48.0)

    Recent myocardial infarction 12 (4.0) 19 (6.3)

Left ventricular ejection fraction (%) 61.7±8.3 60.6±8.5

Electrocardiographic findings, No./total No. (%)

    Sinus rhythm 286/296 (96.6) 289/297 (97.3)

    Atrial fibrillation 5/296 (1.7) 5/297 (1.7)

    Other 5/296 (1.7) 3/297 (1.0)

EuroSCORE† 2.6±1.8 2.8±1.9

Left main disease location, No./total No. (%)

    Ostium or shaft 99/299 (33.1) 111/294 (37.8)

    Distal bifurcation 200/299 (66.9) 183/294 (62.2)

Extent of diseased vessel, No. (%)

    Left main only 27 (9.0) 34 (11.3)

    Left main plus 1-vessel disease 50 (16.7) 53 (17.7)

    Left main plus 2-vessel disease 101 (33.7) 90 (30.0)

    Left main plus 3-vessel disease 122 (40.7) 123 (41.0)

SYNTAX score by core-laboratory assessment‡

    Mean 24.3±9.6 25.3±10.9

    Category, No./total No. (%)

     Low (≤22) 131/291 (45.0) 109/275 (39.6)

     Intermediate (23 to 32) 102/291 (35.1) 98/275 (35.6)

     High (≥33) 58/291 (19.9) 68/275 (24.7)

Complete revascularization 205 (68.3) 211 (70.3)

Plus–minus values are mean±SD. Percentages may not total 100 because of rounding. 
CABG indicates coronary artery bypass grafting; and PCI, percutaneous coronary intervention.

*Body mass index is the weight in kilograms divided by the square of the height in meters.
†The EuroSCORE (European System for Cardiac Operative Risk Evaluation) is a clinical model 

for calculating the risk of death after cardiac surgery based on patient, cardiac, and operative 
factors. Possible scores range from 0 to 39, with higher scores indicating greater risk.

‡The SYNTAX score (Synergy between Percutaneous Coronary Intervention With Taxus 
and Cardiac Surgery) reflects a comprehensive angiographic assessment of the coronary 
vasculature, with a score of 22 or less indicating low anatomical complexity and scores of 
23 to 32 indicating intermediate anatomical complexity (0 is the lowest score and there is no 
upper limit).5 The SYNTAX score was measured by angiographic core laboratory assessment 
and was available for 291 patients in the PCI group and 275 patients in the CABG group 
who had available angiograms of sufficient image quality to make the assessment accurately.
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consistent across multiple subgroups, except for those 
stratified by the extent of concomitant coronary artery 
disease in which the event rate was higher after PCI than 
after CABG in patients with left main and 3-vessel disease.

Primary and key secondary outcomes, according 
to the SYNTAX score tertiles, are shown in Figures II 
and III in the Data Supplement. There was no notable 
trend across the ordered SYNTAX score tertiles in the 
incidence of the primary outcome; composite of death, 
MI, or stroke; and death from any cause. The rate of 
ischemia-driven target-vessel revascularization was sig-
nificantly higher after PCI than after CABG in the high 
SYNTAX score group.

DISCUSSION
PRECOMBAT was a randomized trial specifically tar-
geting patients with LMCA disease. In this longest 
extended follow-up, we did not detect significant dif-
ference between PCI with sirolimus-eluting stents and 
CABG in the primary composite endpoint of major ad-
verse cardiac or cerebrovascular events at 10 years. In 
addition, the 10-year incidence of composite of death, 
MI, or stroke, and all-cause mortality were also similar 
between the 2 groups. The 10-year rate of ischemia-
driven target-vessel revascularization was 8 percentage 
points higher with PCI than with CABG.

Although cumulative evidence have suggested that 
PCI with DES is an acceptable alternative to CABG in 
patients with LMCA disease,1–3 the relative benefit of 
CABG and PCI has been substantially different over 
time,9,11,13,14 but longer-term studies beyond 5 years 
were still limited. Limited follow-up could penalize the 
CABG group because the long-term benefits of CABG 
might not be fully evident until 5 to 10 years after re-
vascularization.19,20 Therefore, the extended follow-up 
of PRECOMBAT provides important insights on long-
term outcomes, which could aid in decision-making for 
the optimal revascularization strategy in patients with 
LMCA disease.

Recently, conflicting long-term findings from sev-
eral studies have been reported.11–14 The 10-year re-
port of the MAINCOMPARE registry (Revascularization 
for Unprotected Left Main Coronary Artery Stenosis: 
Comparison of Percutaneous Coronary Angioplasty 
Versus Surgical Revascularization) showed a benefit of 
CABG over PCI with DES on mortality and a composite 
of death, Q-wave MI, or stroke after 5 years.11 The 
SYNTAX trial showed similar 10-year incidence of all-
cause death with PCI and CABG for LMCA disease.12 
The 5-year follow-up of the EXCEL trial (Evaluation of 
XIENCE versus Coronary Artery Bypass Surgery for Ef-
fectiveness of Left Main Revascularization) reported 
no significant difference between PCI and CABG in 
the rate of the primary composite of death, stroke, or 

Table 2. Primary and Secondary Outcomes at 10 Years

Outcomes

PCI Group
(N=300)

CABG Group
(N=300)

Risk Difference
(95% CI)

Hazard Ratio
(95% CI)* No. of Events (%) at 10 Years Percentage Points

Primary outcome

Major adverse cardiac or cerebrovascular events† 87 (29.8) 72 (24.7) 5.2 (−2.1 to 12.4) 1.25 (0.93–1.69)

Secondary outcomes

Death, myocardial infarction, or stroke 53 (18.2) 51 (17.5) 0.7 (−5.6 to 6.9) 1.00 (0.70–1.44)

Death from any cause 42 (14.5) 40 (13.8) 0.7 (−5.0 to 6.4) 1.13 (0.75–1.70)

    Cardiovascular cause 22 (7.8) 25 (8.7) −0.9 (−5.5 to 3.6) 0.96 (0.56–1.65)

    Noncardiovascular cause 11 (3.9) 8 (2.9) 1.0 (−2.0 to 4.0) 1.55 (0.63–3.81)

    Undetermined cause 9 (3.4) 7 (2.7) 0.8 (−2.2 to 3.7) 1.27 (0.50–3.22)

Myocardial infarction 9 (3.2) 8 (2.8) 0.4 (−2.4 to 3.2) 0.76 (0.32–1.82)

    Q-wave 4 (1.4) 4 (1.4) −0.02 (−1.9 to 1.9) 0.82 (0.22–3.06)

    Non-Q-wave 5 (1.8) 4 (1.4) 0.4 (−1. to 2.5) 0.71 (0.22–2.26)

Stroke 5 (1.9) 6 (2.2) −0.3 (−2.7 to 2.1) 0.71 (0.22–2.23)

Ischemia-driven target-vessel revascularization 45 (16.1) 22 (8.0) 8.1 (2.8 to 13.5) 1.98 (1.21–3.21)

Any revascularization 59 (21.3) 29 (10.6) 10.7 (4.6 to 16.7) 2.04 (1.33–3.11)

Stent thrombosis or symptomatic graft occlusion 4 (1.4) 10 (3.7) −2.3 (−4.9 to 0.3) 0.56 (0.20–1.55)

Event rates (%) shown are the incidences as estimated with the use of a Kaplan-Meier survival analysis of data from the intention-to-treat population. 
CABG denotes coronary-artery bypass grafting; and PCI, percutaneous coronary intervention.

*Hazard ratios are for the PCI group as compared with the CABG group. For these models, all available follow-up data were used for long-term 
outcome analyses without censoring clinical events beyond 10 years. The CIs that are reported in this table have not been adjusted for multiple testing 
and therefore should not be used to infer definitive treatment effects.

†The primary end point of major adverse cardiac or cerebrovascular events was a composite of death from any cause, myocardial infarction, stroke, 
or ischemia-driven target-vessel revascularization.

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 18, 2022



Park et al PCI Versus CABG for Left Main Coronary Disease

May 5, 2020 Circulation. 2020;141:1437–1446. DOI: 10.1161/CIRCULATIONAHA.120.0460391442

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

MI.13 However, the 5-year incidence of all-cause death 
was significantly higher after PCI than after CABG. 
By contrast, updated 5-year report of the NOBLE 
trial (Nordic-Baltic-British Left Main Revascularisation 
Study) showed that PCI was associated with inferior 
primary composite outcome compared with CABG, 
which was mainly driven by higher rates of nonproc-
edural MI and repeat revascularization, but all-cause 
mortality was similar.14 In this extended report of the 
PRECOMBAT trial, we did not detect a significant dif-
ference between PCI and CABG in the rates of primary 
composite of major adverse cardiac or cerebrovascular 
events and all-cause mortality at 10 years. Recently, 
the discrepancy in the long-term incidence of all-cause 
mortality between trials has been highly debated. 
Given that all-cause deaths were consistently similar 

after PCI and CABG in several trials and meta-analy-
ses,9,12,21,22 the excess of all-cause mortality in EXCEL 
might be because of chance mainly driven by noncar-
diovascular deaths. Nonetheless, further studies are 
required to resolve this conflicting issue, because all-
cause mortality is the most robust and unbiased index 
for clinical assessment, and which is less likely influ-
enced by ascertainment bias.23

In the present trial, contrary to the intention-to-treat 
analysis, the as-treated and the per-protocol analyses 
showed that PCI was associated with a higher 10-year 
incidence of primary endpoint compared with CABG, 
which was mainly driven by repeat revascularization. 
The recent study showed that need for repeat revascu-
larization was independently associated with increased 
risk for all-cause mortality and cardiovascular mortality 

Figure 1. Time-to-event curves for the primary and key secondary outcomes through 10-year follow-up.
A, Results of the analysis of the primary composite outcome of death from any cause, myocardial infarction, stroke, or ischemic-driven target-vessel revasculariza-
tion at 10 years. The results of the analyses for key secondary outcomes are shown: (B)  composite of death from any cause, myocardial infarction, or stroke; (C) 
death from any cause; and (D) ischemia-driven target-vessel revascularization. Event rates were based on Kaplan-Meier estimates. The hazard ratios are for the 
percutaneous coronary intervention (PCI) group as compared with the coronary artery bypass grafting (CABG) group. In each panel, the inset shows the same data 
on an enlarged y axis.
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after LMCA revascularization.24 In this context, it war-
rants further studies to determine the potential clinical 
implications of a higher risk of repeat revascularization 
after PCI than after CABG. However, per-treatment 
analyses showed that the imbalance in crossover rates 
between groups modified the results of the primary 
intention-to-treat analysis. Particularly, a relatively high 
rate of crossover from the PCI group to the CABG 
group could have biased our findings toward a neu-
tral effect on outcomes. Therefore, this interpretation 
should be considered in a provisional and conserva-
tive manner. Nevertheless, the per-treatment analyses 
might be informative as they closely mirror real-world 
clinical decision making.

Current guidelines have adopted the SYNTAX score 
to aid the choice of the appropriate revascularization 
strategy in patients with LMCA disease.25,26 However, 
in our trial, SYNTAX score tertiles did not discriminate 

the more appropriate revascularization strategy with 
respect to primary and secondary outcomes. Similar 
findings were also identified in other recent clinical tri-
als.8,9,12–14,27 Although it is further determined whether 
the SYNTAX score should be central to the decision-
making process for LMCA revascularization, compre-
hensive approaches combining clinical and anatomic 
factors could be helpful for enhanced personalized 
assessment of patient risk.28 Furthermore, a more inte-
grated PCI approach that incorporates coronary physi-
ology and imaging may substantially improve PCI out-
comes in patients with multivessel or LMCA disease.29

The overall rates of adverse events and mortality in 
our trial were substantially lower than the event rates 
in other trials.12–14 Although this disparity is not fully 
elucidated, it may be partly explained by the differ-
ences in clinical or lesion characteristics, procedural 
practice, or race or ethnicity. For instance, intravascular 

Figure 2. Subgroup analyses of the primary composite outcome at 10 years.
Data are shown as the number of primary composite outcome (ie, composite of death from any cause, myocardial infarction, stroke, or ischemic-driven 
target-vessel revascularization) events per total number of patients in that subgroup and the event rate. Event rates were based on Kaplan-Meier estimates; 
thus, the rate is not the same as the ratio of the numerator and denominator. The hazard ratios are for the percutaneous coronary intervention (PCI) group 
as compared with the coronary artery bypass grafting (CABG) group. The confidence intervals that are reported in this figure have not been adjusted for 
multiple testing and therefore should not be used to infer definitive treatment effects. The P value for interaction represents the likelihood of interaction 
between the subgroups and the treatment.
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ultrasound was performed in >90% of patients for 
stent optimization and the proportion of off-pump 
surgery was high in our study. Also, the mean SYNTAX 
and EuroSCORE (European System for Cardiac Opera-
tive Risk Evaluation) were lower in our study than in 
the SYNTAX left main substudy.6,30 Nevertheless, the 
relative effect of PCI and CABG might be fairly tested 
in each trial setting. In addition, clinical practice stan-
dards at the institutions participating in this trial, as 
well as the expertise of the interventional cardiologists 
and cardiac surgeons who performed the procedures, 
may differ from those of other institutions and practi-
tioners, potentially limiting the reproducibility of these 
results in other settings.

The protocol definition of MI considerably varied 
among trials5,8,9 and specific criteria of various defini-
tions can penalize a specific treatment group.31 We used 
the original protocol definition of MI;6 among several 
criteria for MI, this definition may be the most stringent 
(which included only new pathologic Q-wave after pro-
cedure MI during the index hospitalization and clinically-
driven spontaneous MI during follow-up). It might partly 
explain the lower rates of MI in our study. To diminish 
uncertainty and to minimize ascertainment bias for MI, 
further research and consensus are warranted to imple-
ment a more applicable definition of periprocedural MI 
not penalizing a specific revascularization group.31

Our study had several limitations. First, as PRECOM-
BAT was an open-label trial, nonfatal outcomes could 
have been influenced by the knowledge of the treat-
ment received (ie, ascertainment bias). Second, the 
limited reproducibility of trial findings in real-world 
settings should be considered. Third, owing to the 
limited number of patients and low event rates, this 
trial did not have sufficient statistical power to detect a 
clinically significant difference in end points. Also, we 
cannot exclude the possibility that clinical events were 
underreported because of the nonprespecified 10-year 
follow-up and lack of yearly follow-up between 5 and 
10 years. Fourth, long-term medication use after PCI 
and CABG varied, which reflects differences in prac-
tice with respect to the 2 different treatments. Unfor-
tunately, we did not capture detailed information on 
concurrent cardiovascular medications during long-
term follow-up. Although the extent to which variabil-
ity in medication use contributed to the present results 
is uncertain, unmeasured confounding owing to differ-
ences in subsequent medication care cannot be ruled 
out. Finally, because we evaluated the first-generation 
sirolimus-eluting stents in comparison with CABG, our 
findings should be confirmed or refuted through 10-
year (or longer) follow-up of the recent EXCEL and 
NOBLE trials involving contemporary DES. Newer-gen-
eration DES were not only more effective but also safer 
than first-generation DES and bare-metal stents.32,33

Conclusions
In this 10-year follow-up of the PRECOMBAT trial that 
enrolled patients with LMCA disease, there was no 
significant difference between PCI and CABG in the 
incidence of major adverse cardiac or cerebrovascular 
events, composite of death, MI, or stroke, and all-cause 
mortality. However, the study had insufficient statisti-
cal power to allow for a firm conclusion, hence further 
research is needed in this area.
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