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ORIGINAL RESEARCH

Ten- year Outcomes After Drug- Eluting 
Stents or Bypass Surgery for Left Main 
Coronary Disease in Patients With 
and Without Diabetes Mellitus: The 
PRECOMBAT Extended Follow- Up Study
Yeong Jin Jeong , MD*; Jung- Min Ahn , MD*; Junho Hyun , MD; Junghoon Lee , MD; Ju Hyeon Kim, MD; 
Yujin Yang, MD; Kyungjin Choe, MD; Hanbit Park, MD; Do- Yoon Kang, MD; Pil Hyung Lee, MD; Soo- Jin Kang, MD; 
Seung- Whan Lee , MD; Young- Hak Kim, MD; Cheol Whan Lee, MD; Seong- Wook Park, MD;  
Seung- Jung Park , MD; Duk- Woo Park , MD, PhD

BACKGROUND: Several trials reported differential outcomes after percutaneous coronary intervention with drug- eluting stents 
(DES) and coronary- artery bypass grafting (CABG) for multivessel coronary disease according to the presence of diabetes 
mellitus (DM). However, it is not well recognized how DM status affects very- long- term (10- year) outcomes after DES and 
CABG for left main coronary artery disease.

METHODS AND RESULTS: In the PRECOMBAT (Premier of Randomized Comparison of Bypass Surgery versus Angioplasty using 
Sirolimus- Eluting Stent in Patients with Left Main Coronary Artery Disease) trial, patients with LMCA were randomly assigned 
to undergo PCI with sirolimus- eluting stents (n=300) or CABG (n=300). The primary outcome was the incidence of major 
adverse cardiac or cerebrovascular events (MACCE; a composite of death from any cause, myocardial infarction, stroke, or 
ischemia- driven target- vessel revascularization). Outcomes were examined in patients with (n=192) and without (n=408) medi-
cally treated diabetes. The follow- up was extended to at least 10 years for all patients (median, 11.3 years). The 10- year rates 
of MACCE were not significantly different between DES and CABG in patients with DM (36.3% versus 26.7%, respectively; 
hazard ratio [HR], 1.35; 95% CI, 0.83– 2.19; P=0.23) and without DM (25.3% versus 22.9%, respectively; HR, 1.15; 95% CI, 
0.79– 1.67; P=0.48) (P- for- interaction=0.48). There were no significant between- group differences in composite of death, MI, or 
stroke, and all- cause mortality, regardless of DM status. TVR rates were consistently higher after DES than CABG.

CONCLUSIONS: In this 10- year extended follow- up of PRECOMBAT, we found no significant difference between DES and CABG 
with respect to the incidences of MACCE, serious composite outcome, and all- cause mortality in patients with and without 
DM with LMCA disease. However, owing to the limited number of patients and no adjustment for multiple testing, overall find-
ings should be considered hypothesis- generating, highlighting the need for further research.
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Among various forms of obstructive coronary ar-
tery disease (CAD), the left main coronary artery 
(LMCA) disease is associated with high morbidity 

and mortality due to the large, jeopardized amount of 
myocardium at risk.1,2 Although coronary artery bypass 

graft surgery (CABG) has been the first choice of coro-
nary revascularization for LMCA disease, great strides 
have been made regarding percutaneous coronary 
intervention (PCI) in the treatment of complex CAD in-
cluding LMCA disease. Furthermore, recent evidence 
has demonstrated that PCI with drug- eluting stents 
(DES) is a safer and more effective modality for patients 
with LMCA disease and low- to- intermediate anatomic 
complexity as compared with CABG.3– 6

Diabetes mellitus (DM) is a major risk and prognos-
tic factor in patients with obstructive CAD.7,8 Patients 
with DM, compared with those without DM, usually 
have more diffuse, complex, and rapidly progressive 
forms of atherosclerotic CAD, which is associated 
with increased cardiovascular events and mortality.9 
Therefore, the guidelines on myocardial revascular-
ization recommend that CABG is still preferred to PCI 
for patients with DM and multivessel or complex ana-
tomic CAD including LMCA disease.10 However, until 
recently, there have been limited data regarding the 
impact of DM on the relative treatment effects of PCI 
and CABG as well as on decision making for specific 
revascularization strategies in patients with LMCA dis-
ease. In addition, given that a detrimental effect of DM 
on cardiovascular outcomes might be less prominent 
within a limited follow- up duration, there is scarce ex-
tended (>10 years) follow- up data to fully elucidate the 
extent to which DM influences the comparative out-
comes after PCI and CABG over a long time period.11,12 
We therefore determined whether an interaction ex-
ists between the presence of medically treated DM 
and long- term effects of PCI with DES versus CABG, 
using data from the extended 10- year follow- up of the 
PRECOMBAT (Premier of Randomized Comparison of 
Bypass Surgery versus Angioplasty using Sirolimus- 
Eluting Stent in Patients with Left Main Coronary Artery 
Disease) trial.5

METHODS
Study Design, Patient Population, and 
Follow- Up
Anonymized data and materials have been made 
publicly available from the corresponding author 
upon reasonable requests. The protocol, trial de-
sign, patient eligibility criteria, and methods of the 
PRECOMBAT trial have been described previ-
ously,13,14 and the primary results of the 10- year 
extended follow- up was recently reported.5 The 
PRECOMBAT trial was a prospective, multicenter, 
unblinded randomized trial, in which patients with 
unprotected LMCA 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. Patients were assessed for 
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What Is New?
• It is still unknown whether the presence of med-

ically treated diabetes mellitus can influence 
the very long- term (beyond 10 years) outcomes 
after percutaneous coronary interaction with 
drug- eluting stents and coronary artery bypass 
grafting in patients with left main coronary ar-
tery disease.

What Are the Clinical Implications?
• In this 10- year extended follow- up of the Premier 

of Randomized Comparison of Bypass Surgery 
versus Angioplasty using Sirolimus- Eluting 
Stent in Patients with Left Main Coronary Artery 
Disease trial specifically targeting patients with 
left main coronary artery disease, we observed 
that the 10- year rates of primary composite 
of major adverse cardiac or cerebrovascu-
lar events, mortality, and serious composite 
of death, myocardial infarction, or stroke were 
similar between percutaneous coronary inter-
action and coronary artery bypass grafting in 
patients with and without diabetes mellitus.

• Therefore, there was no substantial interaction 
between diabetes mellitus status and revascu-
larization type on 10- year clinical outcomes.

• Further larger studies are required to support 
our conclusion that the presence of diabetes 
mellitus should not penalize the specific re-
vascularization strategy for left main coronary 
artery disease in a heart team’s discussion for 
optimal decision making in contemporary clini-
cal practice.

Nonstandard Abbreviations and Acronyms

DES drug- eluting stent
DM diabetes mellitus
LMCA left main coronary artery
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clinical and anatomic eligibility by the cardiologists 
and surgeons at each participating site, which was 
considered equally suitable for both PCI and CABG. 
Randomization was performed using an interactive 
web- based response system and stratified accord-
ing to the participating centers. Details of the PCI 
and CABG procedures have been described pre-
viously.5,13,14 The trial was approved by the investi-
gational review board or ethics committee at each 
participating center. All patients provided written in-
formed consent before enrollment.

All participating centers agreed to participate in the 
extended 10- year follow- up study.5 During follow- up, 
guideline- directed medical therapy and management 
of risk factors for secondary prevention were highly 
recommended for all patients. To adequately maintain 
glycemic control, all patients were treated following the 
newest guidelines and managed by endocrinologists. 
Information on adverse clinical events and survival 
data (vital status, cause of death, and date of death) 
was obtained through a review of electronic health-
care records 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 universal health coverage system 
in Korea and provides mandatory health care for all 
Korean citizens, with an enrollment rate of more than 
97%.15 The trial is registered at clinicaltrials.gov with the 
identifier NCT03871127.

Study End Points and Definitions
The primary outcome was a composite of major ad-
verse cardiac and cerebrovascular events (MACCE; a 
composite of death from any cause, nonfatal myocar-
dial infarction [MI], nonfatal stroke, or ischemia- driven 
target vessel revascularization [TVR]).5 Major second-
ary outcomes included the individual components of 
the primary end point; serious composite outcome of 
death, MI, or stroke; any revascularization; and stent 
thrombosis or symptomatic graft occlusion.

The definitions of these outcome measures have 
been previously described in detail.5,13,14 In brief, death 
was considered to have a cardiovascular cause unless 
an unequivocal, non- cardiovascular cause could be es-
tablished. Protocol definition of MI was the appearance 
of both new Q- waves and creatine kinase- myocardial 
band to >5× the upper reference limit within 48 hours 
after PCI/CABG (periprocedural MI), or a rise in cre-
atine kinase- myocardial band >1× the upper reference 
limit plus new ischemic symptoms or signs >48 hours 
after PCI/CABG (spontaneous MI). Stroke was defined 
as a focal neurological deficit resulting from vascular 
lesions of the brain lasting >24  hours, confirmed by 
a neurologist and imaging. Revascularization events 

were classified as either ischemia- driven or non– 
ischemia- driven by pre- specified criteria.5 All primary 
and secondary outcome events were centrally adju-
dicated by an independent clinical- events committee, 
with source documents at each hospital.

Medically treated DM was defined as DM for which 
the patient was receiving oral hypoglycemic agents or 
insulin at the time of enrollment.

Statistical Analysis
Outcomes of patients randomized to PCI versus 
CABG were evaluated and stratified by the presence 
of medically treated DM. Although no formal statisti-
cal hypothesis was defined a priori, subgroup analysis 
according to DM status with formal interaction test-
ing was pre- specified in the statistical analysis plan in 
the PRECOMBAT 10- year follow- up study protocol. 
Primary analyses were performed with data from the 
time of randomization in the intention- to- treat popula-
tion, which included all patients according to the group 
to which they were randomly assigned, regardless of 
the treatment received.

A descriptive analysis was performed, and data was 
presented as the mean (SD) or number (proportion). 
Continuous variables were compared with Student’s 
t test or the Wilcoxon rank- sum test, and categorical 
variables were compared with the χ2 test or Fisher’s 
exact test. Cumulative event rates were calculated 
using the Kaplan- Meier estimates, with event or cen-
soring times calculated from the date of randomization. 
Event rates were based on Kaplan- Meier estimates in 
time- to- first- event analyses and were compared by the 
log- rank test. A Cox proportional- hazards model was 
used to compare the rates of primary and secondary 
end points between groups, and hazard ratios (HRs) 
were presented with 95% CIs. For these models, all 
available follow- up data were used for long- term out-
come analyses without censoring clinical events be-
yond 10  years; thus, patients lost to follow- up were 
included in the analyses for all outcomes by censor-
ing at the date of last follow- up. The assumptions of 
the Cox model were assessed statistically based on 
Schoenfeld residuals and graphically by log- log plots; 
they were found to be approximately satisfied for all 
variables.

As sensitivity analyses, we performed 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). 
Analyses according to conventional Synergy Between 
PCI with TAXUS and Cardiac Surgery (SYNTAX) score 
tertiles (low, <23; intermediate, 23– 32; high, >32) were 
also performed using 10- year Kaplan- Meier event 
estimates.
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All reported P values were two- sided, and P<0.05 
was considered significant for all tests. No adjust-
ment for multiple testing was undertaken. Because of 
the potential for type I error due to multiple compar-
isons, all findings of this study should be interpreted 
as exploratory. All statistical analyses were performed 
using R 3.6.1. (R Foundation for Statistical Computing; 
Vienna, Austria).

RESULTS
Study Population and Baseline 
Characteristics
From April 2004 through August 2009, in the 
PRECOMBAT trial, a total of 600 of patients with un-
protected LMCA disease were randomly assigned to 
PCI with sirolimus- eluting stents (300 patients) or to 
CABG (300 patients). A total of 192 patients (32.0%) 
had DM, of which 19 (9.9%) patients were treated with 
insulin and 173 (90.1%) patients with oral hypoglyce-
mic agents without insulin. Of the patients with DM, 
102 and 90 patients were randomized to PCI and 
CABG, respectively. Of the patients without DM, 198 
and 210 patients were allocated to PCI and CABG, 
respectively.

The baseline characteristics of the patients accord-
ing to DM status and revascularization assignment are 
summarized in Table  1. In general, patients with DM 
had a greater number of comorbidities compared with 
patients without DM, including hypertension, lower 
ejection fraction, a higher extent of diseased vessels, 
and a higher SYNTAX score. Most of the baseline char-
acteristics were not significantly different between PCI 
and CABG in both populations with and without DM, 
except that there were slightly imbalances in baseline 
characteristics between PCI versus CABG in the DM 
(chronic lung disease) and non- DM group (clinical pre-
sentation, ejection fraction, Euroscore, and SYNTAX 
score category). The procedural or operative data 
according to DM status are provided in Tables 2 and 
Table 3. The mean stent number and length per patient 
were significantly higher in patients with DM than in pa-
tients without DM. However, the number and length of 
stent implanted to the LMCA and bifurcation treatment 
were not significantly different between patients with 
DM and patients without DM. With respect to operative 
aspects, there were no significant difference in CABG 
characteristics between diabetic and non- diabetic 
groups.

Follow- Up and 10- Year Outcomes 
According to DM Status
The median duration of follow- up was 11.3 years (in-
terquartile range, 10.2– 13.0). The 10- year follow- up for 
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all clinical end point events was achieved in 288 (96.0) 
patients randomized to each of PCI and CABG.

Clinical outcomes according to DM status and 
treatment assignment are shown in Table 4. Compared 
with patients without DM, patients with DM had higher 
10- year rates of the primary composite end point 
of MACCE (Figure  1). The 10- year rates of all- cause 
mortality; serious composite of death, MI, or stroke; 
ischemic- driven TVR; and any revascularization also 
tended to be higher in patients with DM versus those 
without DM (Figure S1).

As shown in Table  4 and Figure  2, there were no 
significant differences with respect in the primary end 
point of MACCE in patients with DM randomized to 

PCI versus CABG (hazard ratio [HR], 1.35; 95% CI, 
0.83– 2.19; P=0.23). There were also no significant 
differences in the secondary outcomes of death, MI, 
stroke, and its composite outcomes in the diabetic 
population between the PCI and CABG groups 
(Figure S2). However, the rates of ischemic- driven TVR 
and any revascularization were significantly higher after 
PCI than after CABG in patients with DM. Similarly, 
there were no significant differences in primary end 
point of MACCE (HR, 1.15; 95% CI, 0.79– 1.67; P=0.48) 
and secondary outcomes of death, MI, stroke, and 
its composite in patients without DM randomized 
to PCI versus CABG. The rates of TVR and any 
revascularization was consistently higher after PCI 
even in the non- diabetic population. Therefore, there 
were no significant interactions between DM status 
and revascularization treatment for any of the 10- year 
study end points including MACCE (P=0.48); serious 
composite of death, MI, or stroke (P=0.70); all- cause 
mortality (P=0.76); and ischemic- driven TVR (P=0.60).

Sensitivity and Key Subgroup Analysis
We performed an as- treated analysis comparing pa-
tients who were actually treated with PCI or were 
actually treated with CABG (Table S1). There was no 
significant difference in the risk for the primary outcome 
of MACCE after PCI and CABG in patients with DM 
and without DM. This finding was also consistent in a 
per- protocol comparing patients randomly assigned to 
PCI who actually received PCI and patients assigned 
to CABG who actually underwent CABG (Table S2). In 
these sensitivity analyses including the as- treated and 
per- protocol populations, there were no significant in-
teractions between DM status and treatment effect of 
PCI versus CABG on 10- year rates of primary and any 
secondary outcomes.

We also analyzed the differences in outcomes 
after PCI and CABG according to SYNTAX cate-
gory (stratified by a low score of <23, an intermedi-
ate score of 23– 32, and a high score of >32) in the 
diabetic and non- diabetic populations (Figure  S3). 
In general, there was a stepwise increase in the 10- 
year event rates after PCI and CABG with increasing 
levels of SYNTAX scores. In patients with DM, there 
was no significant interaction between the SYNTAX 
categories and the relative treatment effect of PCI 
and CABG with regard to primary and key secondary 
outcomes. However, in patients without DM, there 
was a tendency for a higher relative risk of primary 
composite outcomes in higher SYNTAX categories 
(P- for- interaction=0.011). This was mainly driven by 
ischemia- driven TVR, which had occurred more 
often after PCI than after CABG in higher SYNTAX 
categories (P- for- interaction=0.001).

Table 2. Procedural Characteristics According to DM 
Status in Patients Who Allocated to PCI Group

DM (n=102)
No DM 
(n=198) P Value

PCI procedures

Total stent number in 
LMCA

1.8±0.8 1.6±0.9 0.09

Total stent length in 
LMCA

39.2±22.2 35.7±21.0 0.20

Total stent number 
per patient

3.0±1.4 2.5±1.4 0.01

Total stent length per 
patient, mm

74.0±42.2 60.2±38.1 0.01

Intravascular 
ultrasound- guided 
PCI

77 (77.0) 155 (77.5) 0.99

Distal LMCA 
bifurcation treatment

0.77

Single- stent 
technique

74 (72.5) 139 (70.2)

Two- stent 
technique

28 (27.5) 59 (29.8)

DM indicates diabetes mellitus; LMCA, left main coronary artery; and PCI, 
percutaneous coronary intervention.

Table 3. Operative Characteristics According to DM 
Status in Patients Who Allocated to CABG Group

DM (n=90)
No DM 
(n=210) P Value

CABG procedures

Number of grafts per 
patient

2.8±0.9 2.7±0.9 0.35

Number of arterial 
grafts

2.1±0.9 2.1±0.9 0.84

Number of vein graft 0.7±0.9 0.6±0.9 0.10

Use of left internal 
mammary artery

70 (93.3) 163 (94.2) 0.99

Off- pump surgery 52 (57.8) 103 (49.0) 0.21

CABG indicates coronary artery bypass grafting surgery; and DM, 
diabetes mellitus.
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DISCUSSION
The key findings from the present pre- specified 
PRECOMBAT sub- study, the longest follow- up study 
to date examining the impact of DM on clinical out-
comes after PCI with DES versus CABG in patients 
with unprotected LMCA disease, are as follows: (1) 
compared with patients without DM, patients with DM 
had a higher risk of primary composite outcome of 
MACCE at 10 years; (2) the 10- year rates of MACCE, 
death, MI, stroke, and its composite outcomes were 
not significantly different after PCI or CABG in patients 
with and without DM, but the risk of TVR and repeat 
revascularization was consistently higher after PCI, ir-
respective of DM; and (3) thus, there was no interac-
tion between DM status and treatment of PCI with DES 
compared with CABG for the 10- year primary and sec-
ondary outcomes.

DM is a leading cause of CAD and may be a predis-
position to more severe forms of atherosclerotic CAD. 
Therefore, over the past several decades, CABG has 
been considered to be the preferred revascularization 
option in patients with DM with multivessel or com-
plex CAD.7,16 As a result, DM has been regarded as 

a key determinant for predicting poor prognosis and 
selecting optimal myocardial revascularization among 
several clinical risk factors.17 However, with marked ad-
vancements in PCI devices (from balloon angioplasty 
to bare- metal stents and DES), technologies, experi-
ences, and adjunctive drug therapies, PCI outcomes 
have been dramatically improved over time, even in pa-
tients with DM with complex CAD.18 This has narrowed 
the revascularization gap in favor of CABG over PCI 
for patients with DM. Recent long- term report from the 
MAIN- COMPARE (Revascularization for Unprotected 
Left Main Coronary Artery Stenosis: Comparison of 
Percutaneous Coronary Angioplasty Versus Surgical 
Revascularization) registry reported that the clinical im-
pact of DM favoring CABG over PCI has diminished 
over time from the bare- metal stent to the DES.19 
Despite this, currently, no specific recommendations 
exist concerning the optimal revascularization strategy 
in patients with DM with LMCA disease.10

Given that PCI outcomes are rapidly improving and 
optimal medical therapy for DM is also continuously 
evolving,20 attenuating the treatment gap of the revas-
cularization methods of CABG over PCI, the clinical 
role of DM for an important decision- maker for specific 

Figure 1. Kaplan- Meier curves for the 10- year primary composite outcome, according to the 
presence or absence of diabetes mellitus.
The 10- y event curves after percutaneous coronary intervention and coronary artery bypass grafting 
are shown for primary composite outcome of death from any cause, myocardial infarction, stroke, or 
ischemic- driven target- vessel revascularization.
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revascularization approach is questioned in recent tri-
als comparing CABG and PCI with DES for LMCA or 
multivessel disease.21 Recently, the pre- specified sub- 
study of EXCEL (Evaluation of XIENCE versus Coronary 
Artery Bypass Surgery for Effectiveness of Left Main 
Revascularization) examined the impact of DM on clin-
ical outcomes after PCI with everolimus- eluting stents 
versus CABG for patients with LMCA disease.22 In this 
study, DM was a critical determinant of long- term out-
comes after myocardial revascularization. However, 
the relative 30- day and 3- year outcomes of PCI versus 
CABG were consistent in diabetic and non- diabetic 
strata, and thus there was no significant interaction 
between DM status and the comparative treatment 
effect. However, the follow- up durations of this study 
were relatively short to establish the full effects of DM 
and revascularization methods on hard clinical end 
point and survival, particularly considering the diverg-
ing or converging Kaplan– Meier curves in specific sub-
groups. In our longest (beyond 10- year) follow- up of 
PRECOMBAT trial targeting specifically patients with 

LMCA, we observed that although DM was a risk fac-
tor associated with a higher clinical event, there was 
no differential effect of DM on comparative outcomes 
after PCI and CABG; the 10- year rates of the primary 
end points of MACCE, serious composite outcomes, 
and mortality were similar between PCI and CABG 
in patients with DM and patients without DM. These 
findings may suggest that the presence of DM should 
not penalize the specific revascularization strategy for 
LMCA disease in terms of optimal decision making in 
contemporary clinical practice.

By contrast, discordant findings favoring CABG over 
PCI in patients with DM were still observed for patients 
with multivessel CAD.17 A recent large- sized pooled 
analysis showed that 5- year all- cause mortality was 
significantly better after CABG than after PCI in patients 
with multivessel disease, including in those with DM, 
but not in those without DM (P- for- interaction=0.045).23 
In this study, such finding was not consistent in the 
cohort with LMCA disease (P- for- interaction=0.13). 
Additionally, the FREEDOM (Future Revascularization 

Figure 2. Cumulative incidences of primary composite outcome, according to diabetes mellitus 
status and treatment assignment.
The 10- y event curves after percutaneous coronary intervention (PCI) and coronary artery bypass grafting 
(CABG) are shown for primary composite outcome of death from any cause, myocardial infarction, stroke, 
or ischemic- driven target- vessel revascularization. Hazard ratios are for the PCI group, as compared with 
the CABG group. DM indicates diabetes mellitus; and HR, hazard ratio.
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Evaluation in Patients with Diabetes Mellitus: Optimal 
Management of Multivessel Disease) follow- on study 
demonstrated that CABG was associated with lower 
all- cause mortality than PCI with DES in the long- term 
follow- up to 8  years.12 Although we did not fully ex-
plain the underlying mechanism with regard to such 
differential impact of DM on the relative outcomes after 
PCI and CABG between patients with LMCA disease 
and those with multivessel disease, the results might 
be largely influenced by the status of complete revas-
cularization.24 Therefore, the choice between CABG 
and PCI with DES may depend on whether complete 
revascularization can be achieved with PCI. In addition, 
optimizing guideline- directed medication therapy after 
both CABG and PCI is essential for patients to derive 
the most benefits from revascularization.

Lastly, in the original protocol of PRECOMBAT trial, 
routine follow- up angiography was recommended at 8 
to 10 months after the procedure for all patients who 
underwent PCI, but not for patients who underwent 
CABG.13 This practice patterns might do not fit with 
those of the contemporary clinical settings. The sys-
tematic performance of repeat angiography in the 
PCI group may lead to more follow- up angiography- 
induced TVR, which may bias the rate of TVR in the PCI 
group. In prior report, the between- group difference in 
the rate of clinically driven TVR with documented isch-
emic symptoms or signs, appeared to be smaller than 
the difference in the rate of ischemia- driven TVR.13

There were several limitations that should be noted. 
First, owing to the relatively small number of patients, 
our trial did not have sufficient statistical power to 
detect clinically significant differences in clinical end 
points in each subgroup according to DM status. In 
addition, analyses for outcome measures were not ad-
justed for multiple comparisons. Thus, the present find-
ings should be interpreted as hypothesis- generating 
only, and further investigation in dedicated trials of 
patients with DM are warranted. Second, detailed in-
formation on cardiovascular and DM medications after 
PCI and CABG during the long- term follow- ups was 
not available. Although the extent to which variability in 
medication use contributed to the results is uncertain, 
unmeasured confounding effects owing to differences 
in subsequent medication use cannot be ruled out. 
Third, there was a lack of detailed information on opti-
mal glycemic control and new onset of DM occurring in 
the long- term follow- up, which could affect the relative 
outcomes after CABG and PCI. Fourth, the number of 
patients treated with insulin was too small; therefore, 
clinically and statistically relevant analyses were not 
possible. Fifth, we cannot fully exclude the possibility 
that clinical events were underreported because of the 
non- prespecified 10- year follow- up and lack of routine 
annual follow- up between 5 and 10  years. Sixth, we 
only evaluated the first- generation DES and thus our 

findings should be further evaluated through long- term 
follow- up of the recent EXCEL and NOBLE trials using 
contemporary DES. Finally, the study was conducted 
on Korean subjects only; thus, observed findings may 
not be applicable to other ethnic groups.

CONCLUSIONS
In this longest follow- up of a clinical trial specifically 
targeting patients with LMCA disease, we observed 
that the 10- year rates of primary composite of MACCE, 
serious composite of death, MI, or stroke, and all- 
cause mortality were similar between PCI and CABG 
in patients with and without DM. Therefore, there was 
no substantial interaction between DM status and re-
vascularization type on 10- year clinical outcomes. 
However, owing to the limited number of patients and 
no adjustment for multiple testing, these findings must 
be interpreted conservatively and considered provi-
sional, highlighting the need for further research.

ARTICLE INFORMATION
Received November 12, 2020; accepted April 7, 2021.

Affiliation
Department of Cardiology, Asan Medical Center, University of Ulsan College 
of Medicine, Seoul, Korea.

Acknowledgments
The authors thank the staff of the PRECOMBAT trial, the other members 
of the cardiac catheterization laboratories and the cardiovascular surgery 
departments at the participating centers, and the study coordinators for their 
efforts in collecting clinical data and ensuring the accuracy and complete-
ness of the data.

Sources of Funding
This study was partly supported by the CardioVascular Research Foundation 
(Seoul, Korea). The sponsors had no role in the design and conduct of the 
study; collection, management, analysis, and interpretation of the data; 
preparation, review, or approval of the article; or decision to submit the arti-
cle for publication.

Disclosures
Dr D.- W. Park reports grants from Daiichi- Sankyo, Chong Kun Dang Pharm, 
and Daewoong Pharm, personal fees from Edwards, grants and personal 
fees from Abott Vascular, and personal fees from Medtronic, all outside the 
submitted work. Dr S.- J. Park reports grants and personal fees from Abott 
Vascular, grants from Daiichi- Sankyo, grants from Chong Kun Dang Pharm 
and Daewoong Pharm, grants and personal fees from Edwards, all outside 
the submitted work. The remaining authors have no disclosures to report.

Supplementary Material
Tables S1– S2
Figures S1– S3

REFERENCES
 1. Park DW, Park SJ. Percutaneous coronary intervention of left main dis-

ease: pre-  and post- excel (evaluation of xience everolimus eluting stent 
versus coronary artery bypass surgery for effectiveness of left main re-
vascularization) and noble (nordic- baltic- british left main revasculariza-
tion study) era. Circ Cardiovasc Interv. 2017;10:e004792. DOI: 10.1161/
CIRCI NTERV ENTIO NS.117.004792.

https://doi.org/10.1161/CIRCINTERVENTIONS.117.004792
https://doi.org/10.1161/CIRCINTERVENTIONS.117.004792


J Am Heart Assoc. 2021;10:e019834. DOI: 10.1161/JAHA.120.019834 11

Jeong et al Long- Term Outcomes for LMCA Intervention With DM

 2. Park DW, Ahn JM, Park SJ, Taggart DP. Percutaneous coronary in-
tervention in left main disease: SYNTAX, PRECOMBAT, EXCEL and 
NOBLE— combined cardiology and cardiac surgery perspective. Ann 
Cardiothorac Surg. 2018;7:521– 526. DOI: 10.21037/ acs.2018.04.04.

 3. Thuijs DJFM, Kappetein AP, Serruys PW, Mohr F- W, Morice M- C, Mack 
MJ, Holmes DR, Curzen N, Davierwala P, Noack T, et al. Percutaneous 
coronary intervention versus coronary artery bypass grafting in patients 
with three- vessel or left main coronary artery disease: 10- year follow- up 
of the multicentre randomised controlled syntax trial. The Lancet. 
2019;394:1325– 1334. DOI: 10.1016/S0140 - 6736(19)31997 - X.

 4. Stone GW, Kappetein AP, Sabik JF, Pocock SJ, Morice M- C, Puskas 
J, Kandzari DE, Karmpaliotis D, Brown WM, Lembo NJ, et al. Five- year 
outcomes after PCI or CABG for left main coronary disease. N Engl J 
Med. 2019;381:1820– 1830. DOI: 10.1056/NEJMo a1909406.

 5. Park DW, Ahn JM, Park H, Yun SC, Kang DY, Lee PH, Kim YH, Lim DS, 
Rha SW, Park GM, et al. Ten- year outcomes after drug- eluting stents 
versus coronary artery bypass grafting for left main coronary disease: 
extended follow- up of the precombat trial. Circulation. 2020;141:1437– 
1446. DOI: 10.1161/CIRCU LATIO NAHA.120.046039.

 6. Ahmad Y, Howard JP, Arnold AD, Cook CM, Prasad M, Ali ZA, Parikh 
MA, Kosmidou I, Francis DP, Moses JW, et al. Mortality after drug- 
eluting stents vs. coronary artery bypass grafting for left main coro-
nary artery disease: a meta- analysis of randomized controlled trials. Eur 
Heart J. 2020;41:3228– 3235. DOI: 10.1093/eurhe artj/ehaa135.

 7. Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G, Mack M, 
Yang M, Cohen DJ, Rosenberg Y, Solomon SD, et al. Strategies for 
multivessel revascularization in patients with diabetes. N Engl J Med. 
2012;367:2375– 2384. DOI: 10.1056/NEJMo a1211585.

 8. Kappetein AP, Head SJ, Morice MC, Banning AP, Serruys PW, Mohr 
FW, Dawkins KD, Mack MJ, Investigators S. Treatment of complex cor-
onary artery disease in patients with diabetes: 5- year results comparing 
outcomes of bypass surgery and percutaneous coronary intervention 
in the syntax trial. Eur J Cardiothorac Surg. 2013;43:1006– 1013. DOI: 
10.1093/ejcts/ ezt017.

 9. Frye RL, August P, Brooks MM, Hardison RM, Kelsey SF, MacGregor 
JM, Orchard TJ, Chaitman BR, Genuth SM, Goldberg SH, et al. A ran-
domized trial of therapies for type 2 diabetes and coronary artery dis-
ease. N Engl J Med. 2009;360:2503– 2515.

 10. Neumann FJ, Sousa- Uva M, Ahlsson A, Alfonso F, Banning AP, 
Benedetto U, Byrne RA, Collet JP, Falk V, Head SJ, et al. 2018 ESC/
EACTS guidelines on myocardial revascularization. Eur Heart J. 
2019;40:87– 165. DOI: 10.1093/eurhe artj/ehy394.

 11. Investigators B. The final 10- year follow- up results from the BARI ran-
domized trial. J Am Coll Cardiol. 2007;49:1600– 1606.

 12. Farkouh ME, Domanski M, Dangas GD, Godoy LC, Mack MJ, Siami FS, 
Hamza TH, Shah B, Stefanini GG, Sidhu MS, et al. Long- term survival 
following multivessel revascularization in patients with diabetes: the 
freedom follow- on study. J Am Coll Cardiol. 2019;73:629– 638.

 13. Park SJ, Kim YH, Park DW, Yun SC, Ahn JM, Song HG, Lee JY, 
Kim WJ, Kang SJ, Lee SW, et al. Randomized trial of stents versus 

bypass surgery for left main coronary artery disease. N Engl J Med. 
2011;364:1718– 1727. DOI: 10.1056/NEJMo a1100452.

 14. Ahn JM, Roh JH, Kim YH, Park DW, Yun SC, Lee PH, Chang M, Park 
HW, Lee SW, Lee CW, et al. Randomized trial of stents versus bypass 
surgery for left main coronary artery disease: 5- year outcomes of the 
precombat study. J Am Coll Cardiol. 2015;65:2198– 2206.

 15. Yun JE, Kim YJ, Park JJ, Kim S, Park K, Cho MS, Nam GB, Park 
DW. Safety and effectiveness of contemporary P2Y12 inhibitors in an 
East Asian population with acute coronary syndrome: a nationwide 
population- based cohort study. J Am Heart Assoc. 2019;8:e012078. 
DOI: 10.1161/JAHA.119.012078.

 16. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack 
MJ, Ståhle E, Feldman TE, van den Brand M, Bass EJ, et al. Percutaneous 
coronary intervention versus coronary- artery bypass grafting for se-
vere coronary artery disease. N Engl J Med. 2009;360:961– 972. DOI: 
10.1056/NEJMo a0804626.

 17. Bhatt DL. CABG the clear choice for patients with diabetes and mul-
tivessel disease. Lancet. 2018;391:913– 914. DOI: 10.1016/S0140 
- 6736(18)30424 - 0.

 18. Lee PH, Ahn JM, Chang M, Baek S, Yoon SH, Kang SJ, Lee SW, Kim 
YH, Lee CW, Park SW, et al. Left main coronary artery disease: secular 
trends in patient characteristics, treatments, and outcomes. J Am Coll 
Cardiol. 2016;68:1233– 1246. DOI: 10.1016/j.jacc.2016.05.089.

 19. Lee K, Ahn JM, Yoon YH, Kang DY, Park SY, Ko E, Park H, Cho SC, Park 
S, Kim TO, et al. Long- term (10- year) outcomes of stenting or bypass 
surgery for left main coronary artery disease in patients with and with-
out diabetes mellitus. J Am Heart Assoc. 2020;9:e015372. DOI: 10.1161/
JAHA.119.015372.

 20. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, 
Mosenzon O, Kato ET, Cahn A, Furtado RHM, et al. SGLT2 inhibitors 
for primary and secondary prevention of cardiovascular and renal out-
comes in type 2 diabetes: a systematic review and meta- analysis of 
cardiovascular outcome trials. Lancet. 2019;393:31– 39. DOI: 10.1016/
S0140 - 6736(18)32590 - X.

 21. Park SJ, Park DW. Diabetes in myocardial revascularization for left 
main coronary artery disease: predictor or decision maker? J Am Coll 
Cardiol. 2019;73:1629– 1632. DOI: 10.1016/j.jacc.2019.02.005.

 22. Milojevic M, Serruys PW, Sabik JF III, Kandzari DE, Schampaert E, van 
Boven AJ, Horkay F, Ungi I, Mansour S, Banning AP, et al. Bypass sur-
gery or stenting for left main coronary artery disease in patients with 
diabetes. J Am Coll Cardiol. 2019;73:1616– 1628.

 23. Head SJ, Milojevic M, Daemen J, Ahn JM, Boersma E, Christiansen EH, 
Domanski MJ, Farkouh ME, Flather M, Fuster V, et al. Mortality after 
coronary artery bypass grafting versus percutaneous coronary inter-
vention with stenting for coronary artery disease: a pooled analysis of 
individual patient data. Lancet. 2018;391:939– 948. DOI: 10.1016/S0140 
- 6736(18)30423 - 9.

 24. Bangalore S, Guo Y, Samadashvili Z, Blecker S, Xu J, Hannan EL. 
Everolimus- eluting stents or bypass surgery for multivessel coronary dis-
ease. N Engl J Med. 2015;372:1213– 1222. DOI: 10.1056/NEJMo a1412168.

https://doi.org/10.21037/acs.2018.04.04
https://doi.org/10.1016/S0140-6736(19)31997-X
https://doi.org/10.1056/NEJMoa1909406
https://doi.org/10.1161/CIRCULATIONAHA.120.046039
https://doi.org/10.1093/eurheartj/ehaa135
https://doi.org/10.1056/NEJMoa1211585
https://doi.org/10.1093/ejcts/ezt017
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1056/NEJMoa1100452
https://doi.org/10.1161/JAHA.119.012078
https://doi.org/10.1056/NEJMoa0804626
https://doi.org/10.1016/S0140-6736(18)30424-0
https://doi.org/10.1016/S0140-6736(18)30424-0
https://doi.org/10.1016/j.jacc.2016.05.089
https://doi.org/10.1161/JAHA.119.015372
https://doi.org/10.1161/JAHA.119.015372
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/j.jacc.2019.02.005
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1056/NEJMoa1412168


 

 

 

 

Supplemental Material 

 

  



Table S1. Ten-year clinical outcomes according to diabetes status and revascularization group in the as-treated analysis*. 

 Patients with DM  Patients without DM 

P-Int‡ Event rates, n (%) 

PCI 

(n = 109) 

CABG 

(n = 82) 

Hazard Ratio†  

(95% CI) P 

 PCI 

(n = 218) 

CABG 

(n = 190) 

Hazard Ratio†  

(95% CI) P 

Primary outcome           

MACCE§  37 (36.3) 24 (26.7) 1.35 (0.83–2.19) 0.23   50 (25.3) 48 (22.9) 1.15 (0.79–1.67) 0.48  0.67 

Secondary outcome           

Death from any cause  20 (18.3) 11 (13.4) 1.58 (0.79–3.18) 0.20   27 (12.4) 23 (12.1) 1.05 (0.62–1.79) 0.85  0.46 

Cardiac death  14 (12.8) 5 (6.1) 2.38 (0.94–6.05) 0.07   13 (6.0) 14 (7.4) 0.81 (0.38–1.72) 0.58  0.12 

      Non-cardiac cause  3 (2.8) 4 (4.9) 0.58 (0.13–2.60) 0.48  8 (3.7) 4 (2.1) 1.74 (0.52–5.78) 0.37 0.28 

      Undetermined  3 (2.8) 2 (2.4) 1.24 (0.21–7.41) 0.82  6 (2.8) 5 (2.6) 1.06 (0.32–3.46) 0.93 0.89 

Myocardial infarction  1 (0.9) 4 (4.9) 0.16 (0.02–1.35) 0.09   7 (3.2) 5 (2.6) 0.76 (0.28–2.10) 0.60  0.14 

Q-wave MI 1 (0.9) 3 (3.7) 0.25 (0.03–2.39) 0.23  2 (0.9) 2 (1.0) 0.88 (0.12–6.25) 0.90 0.45 

      Non-Q-wave MI 0 (0.0) 1 (1.2) NA NA  5 (2.3) 3 (1.6) 1.46 (0.35-6.12) 0.52 0.99 

Stroke 2 (1.8)  0 (0.0) 1.87 (0.17–21) 0.51   3 (1.4) 6 (3.2) 0.43 (0.11–1.73) 0.24  0.34 



*Event rates (%) shown are the incidences as estimated with the use of a Kaplan-Meier survival analysis of data from the as-treated population.  

†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. 

‡Formal interaction testing was performed to determine whether the presence of diabetes mellitus influenced the relative risk of PCI versus 

CABG for the occurrence of primary or secondary end points at 10 years. 

§The primary end point of MACCE was a composite of death from any cause, myocardial infarction, stroke, or ischemia-driven target-vessel 

revascularization. 

CABG, coronary artery bypass grafting; MI, myocardial infarction; MACCE, major adverse cardiac or cerebrovascular events; NA, not 

available; PCI, percutaneous coronary intervention; TVR, target-vessel revascularization. 

Death, MI or stroke  23 (21.1) 15 (18.3) 1.17 (0.64–2.14) 0.60   35 (16.1) 30 (15.8) 0.96(0.60–1.51) 0.85  0.71 

Ischemia-driven TVR  20 (18.3) 6 (7.3) 2.87 (1.15–7.16) 0.02   32 (14.7) 9 (4.7) 2.69 (1.40–5.18) <0.001  0.82 

Any revascularization  26 (23.9) 8 (9.8) 2.58 (1.21–5.52) 0.01   43 (19.7) 11 (5.8) 3.00 (1.67–5.36) <0.001  0.63 

Stent thrombosis (definite) or 

symptomatic graft occlusion  

3 (2.8) 3 (3.7) 0.91 (0.18–4.63) 0.92  

 

5 (2.3) 5 (2.6) 0.86 (0.25–2.99) 0.82  0.95 



Table S2. Ten-year clinical outcomes according to diabetes status and revascularization group in the per-protocol analysis*. 

 Patients with DM  Patients without DM 

P-Int‡ Event rates, n (%) 

PCI 

(n = 95) 

CABG 

(n = 75) 

Hazard Ratio†  

(95% CI) P 

 PCI 

(n = 181) 

CABG 

(n = 173) 

Hazard Ratio†  

(95% CI) P 

Primary outcome           

MACCE§  37 (38.9) 21 (28.0) 1.61 (0.94–2.76) 0.08   53 (29.3) 40 (23.1) 1.33 (0.88–2.00) 0.18  0.53 

Secondary outcome           

Death from any cause  18 (18.9) 11 (14.7) 1.41 (0.69–2.88) 0.35   23 (12.7) 22 (12.7) 1.04 (0.60–1.81) 0.90  0.56 

Cardiac death  12 (12.6) 5 (6.7) 1.95 (0.69–5.52) 0.21   10 (5.5) 14 (8.1) 0.68 (0.30–1.53) 0.35  0.12 

      Non-cardiac cause  3 (3.2) 4 (5.3) 0.60 (0.13–2.69) 0.51  8 (4.4) 4 (2.3) 1.9 (0.57–6.33) 0.29 0.25 

      Undetermined  3 (3.2) 2 (2.7) 1.25 (0.21–7.46) 0.81  5 (2.8) 4 (2.3) 1.20 (0.32–4.47) 0.79 0.98 

Myocardial infarction  1 (1.1) 2 (2.7) 0.29 (0.03–2.79) 0.28   6 (3.3) 5 (2.9) 0.70 (0.24–2.03) 0.51  0.43 

Q-wave MI 1 (1.1) 2 (2.7) 0.39 (0.04–4.36) 0.45  2 (1.1) 2 (1.2) 0.96 (0.14–6.84) 0.97 0.58 

      Non-Q-wave MI 0 (0.0) 0 (0.0) NA NA  4 (2.2) 3 (1.7) 1.29 (0.29–5.74) 0.33 >0.99 

Stroke 1 (1.1)  0 (0.0) 1.02 (0.06–16.66) 0.99   2 (1.1) 4 (2.3) 0.47 (0.09–2.57) 0.39  0.73 



*Event rates (%) shown are the incidences as estimated with the use of a Kaplan-Meier survival analysis of data from the per-protocol 

population.  

†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. 

‡Formal interaction testing was performed to determine whether the presence of diabetes mellitus influenced the relative risk of PCI versus 

CABG for the occurrence of primary or secondary end points at 10 years. 

§The primary end point of MACCE was a composite of death from any cause, myocardial infarction, stroke, or ischemia-driven target-vessel 

revascularization. 

CABG, coronary artery bypass grafting; MI, myocardial infarction; MACCE, major adverse cardiac or cerebrovascular events; NA, not 

available; PCI, percutaneous coronary intervention; TVR, target-vessel revascularization. 

Death, MI or stroke  20 (21.1) 13 (17.3) 1.17 (0.61–2.23) 0.47   29 (16.0) 28 (16.2) 0.93 (0.57–1.51) 0.76  0.62 

Ischemia-driven TVR  18 (18.9) 5 (6.7) 3.21 (1.19–8.64) 0.02   25 (13.8) 8 (4.6) 2.53 (1.26–5.08) 0.01  0.99 

Any revascularization  23 (24.2) 7 (9.3) 2.67 (1.19–5.97) 0.02   34 (18.8) 10 (5.8) 3.02 (1.61–5.67) 0.00  0.77 

Stent thrombosis (definite) or 

symptomatic graft occlusion  

3 (3.2) 2 (2.7) 1.25 (0.21–7.51) 0.81  

 

2 (1.1) 5 (2.9) 0.38 (0.07–1.94) 0.24  0.55 



Figure S1. The 10-year cumulative incidences of the key secondary outcomes, including 

A) composite of death, MI, and stroke, B) all-cause death, C) target vessel 

revascularization, according to the presence of diabetes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Figure S2. The 10-year cumulative incidences of the key secondary outcomes including 

A) composite of death, MI, and stroke, B) all-cause death, C) target vessel 

revascularization, according to the presence of diabetes and treatment assignment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hazard ratios are for the PCI group, as compared with the CABG group.  

*P for interaction was used to determine the statistical interaction between the presence of 

diabetes and the relative treatment effect (PCI vs. CABG) for 10-year rates of key secondary 

outcomes.  



Figure S3. Ten-year event rates of percutaneous coronary intervention (PCI) and coronary artery bypass 

grafting (CABG) according to SYNTAX category stratified by diabetes status. 
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*P for interaction was used to determine the statistical interaction between the SYNTAX score category and the 

relative treatment effect (PCI vs. CABG) for 10-year rates of primary and key secondary outcomes.  

 


