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Randomized Trial of Stents versus Bypass
Surgery for Left Main Coronary Artery Disease
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Sung-Cheol Yun, Ph.D., Jung-Min Ahn, M.D., Hae Geun Song, M.D.,
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Seung-Whan Lee, M.D., Cheol Whan Lee, M.D., Seong-Wook Park, M.D.,
Cheol-Hyun Chung, M.D., Jae-Won Lee, M.D., Do-Sun Lim, M.D.,
Seung-Woon Rha, M.D., Sang-Gon Lee, M.D., Hyeon-Cheol Gwon, M.D.,
Hyo-Soo Kim, M.D., In-Ho Chae, M.D., Yangsoo Jang, M.D.,
Myung-Ho Jeong, M.D., Seung-Jea Tahk, M.D., and Ki Bae Seung, M.D.

ABSTRACT

BACKGROUND

Percutaneous coronary intervention (PCI) is increasingly used to treat unprotected left
main coronary artery stenosis, although coronary-artery bypass grafting (CABG) has
been considered to be the treatment of choice.

METHODS

We randomly assigned patients with unprotected left main coronary artery stenosis to
undergo CABG (300 patients) or PCI with sirolimus-eluting stents (300 patients). Using
a wide margin for noninferiority, we compared the groups with respect to the primary
composite end point of major adverse cardiac or cerebrovascular events (death from
any cause, myocardial infarction, stroke, or ischemia-driven target-vessel revascular-
ization) at 1 year. Event rates at 2 years were also compared between the two groups.

RESULTS

The primary end point occurred in 26 patients assigned to PCI as compared with 20
patients assigned to CABG (cumulative event rate, 8.7% vs. 6.7%; absolute risk differ-
ence, 2.0 percentage points; 95% confidence interval [CI], —1.6 to 5.6; P=0.01 for non-
inferiority). By 2 years, the primary end point had occurred in 36 patients in the PCI
group as compared with 24 in the CABG group (cumulative event rate, 12.2% vs. 8.1%;
hazard ratio with PCI, 1.50; 95% CI, 0.90 to 2.52; P=0.12). The composite rate of death,
myocardial infarction, or stroke at 2 years occurred in 13 and 14 patients in the two
groups, respectively (cumulative event rate, 4.4% and 4.7%, respectively; hazard ratio,
0.92; 95% CI, 0.43 to 1.96; P=0.83). Ischemia-driven target-vessel revascularization oc-
curred in 26 patients in the PCI group as compared with 12 patients in the CABG group
(cumulative event rate, 9.0% vs. 4.2%; hazard ratio, 2.18; 95% CI, 1.10 to 4.32; P=0.02).

CONCLUSIONS

In this randomized trial involving patients with unprotected left main coronary artery
stenosis, PCI with sirolimus-eluting stents was shown to be noninferior to CABG
with respect to major adverse cardiac or cerebrovascular events. However, the non-
inferiority margin was wide, and the results cannot be considered clinically directive.
(Funded by the Cardiovascular Research Foundation, Seoul, Korea, and others;
PRECOMBAT ClinicalTrials.gov number, NCT00422968.)
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STENTS VS. CABG FOR LEFT MAIN CORONARY ARTERY DISEASE

NUMBER OF REGISTRY REPORTS, AS

well as a substudy from a large, random-

ized trial, have indicated that percutane-
ous coronary intervention (PCI) may be an ac-
ceptable alternative to coronary-artery bypass
grafting (CABG) in some patients with unpro-
tected left main coronary artery stenosis.'** Re-
cent clinical guidelines have accordingly stated
that elective PCI can be considered for patients
who have unprotected left main coronary artery
disease, although they suggest that the aggre-
gated evidence favors CABG.'2'3 Whether the
outcomes after PCI are similar to those after
CABG remains uncertain, however, owing to the
lack of large, randomized clinical trials. Registry
results have an inherent limitation of selection
bias, preventing an accurate comparison of the
two treatments.'* The results observed in patients
with left main coronary artery stenosis in the Syn-
ergy between Percutaneous Coronary Interven-
tion with Taxus and Cardiac Surgery randomized
substudy (SYNTAX; ClinicalTrials.gov number,
NCT00114972), although hypothesis-generating,
nonetheless indicate the need for further random-
ized studies, owing to the limitations of such sub-
group analyses.®1> A recent small, randomized
study, which failed to show the noninferiority of
PCI as compared with CABG, was limited by inad-
equate statistical power.1*

In the Premier of Randomized Comparison of
Bypass Surgery versus Angioplasty Using Sirolim-
us-Eluting Stent in Patients with Left Main Coro-
nary Artery Disease (PRECOMBAT) trial, we com-
pared PCI using sirolimus-eluting stents with
CABG for revascularization in patients with un-
protected left main coronary artery stenosis.

METHODS

STUDY DESIGN

The PRECOMBAT trial was a prospective, open-
label, randomized trial conducted at 13 sites in
Korea. The trial was designed by the principal
investigator, and the protocol was approved by
the institutional review board at each participat-
ing center (see the trial protocol, available with
the full text of this article at NEJM.org). Funding
was provided by the Cardiovascular Research
Foundation, Seoul, Korea; Cordis; and the Kore-
an Ministry of Health and Welfare. The funders
assisted in the design of the protocol but had no
role in the conduct of the trial or in the analysis
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or interpretation of the data. The principal inves-
tigator (the first author) had unrestricted access
to the data after the database was locked, pre-
pared all drafts of the manuscript, and made the
decision to submit the manuscript for publica-
tion. The principal investigator vouches for the
completeness and accuracy of the data and the
analyses, as well as the fidelity of the study to the
trial protocol.

STUDY PATIENTS
Eligible study participants were older than 18
years of age and had received a diagnosis of sta-
ble angina, unstable angina, silent ischemia, or
non—ST-elevation myocardial infarction. All pa-
tients had to have newly diagnosed unprotected
stenosis of more than 50% of the diameter of the
left main coronary artery, as estimated visually,
and had to be considered by the physicians and
surgeons at each hospital to be suitable candi-
dates for either PCI or CABG. A complete list of
inclusion and exclusion criteria is provided in the
Supplementary Appendix, available at NEJM.org.
A separate registry was created to allow the fol-
low-up of patients who had unprotected left main
coronary artery stenosis but who were not eligi-
ble to participate in the trial. All study partici-
pants provided written informed consent using
documents approved by the local ethics board.

STUDY PROCEDURES
Study participants were randomly assigned, in a
1:1 ratio, with the use of an interactive Web-based
response system, to undergo PCI with sirolimus-
eluting stents or CABG. The randomization se-
quence was computer-generated; randomization
was performed in permuted block sizes of 6 and
9, with the use of sealed envelopes, and was strat-
ified according to participating center. Details of
the PCI and CABG procedures are provided in the
Supplementary Appendix.

FOLLOW-UP AND END POINTS
All patients who underwent PCI were asked to
return for follow-up angiography 8 to 10 months
after the procedure, or earlier if symptoms of an-
gina developed. In contrast, routine follow-up
angiography was not recommended for patients
who underwent CABG. All other follow-up as-
sessments were conducted in the hospital and at
30 days and 6, 9, and 12 months at a clinic visit
or by means of a telephone interview.
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The primary end point was a composite of
major adverse cardiac or cerebrovascular events,
including death from any cause, myocardial in-
farction, stroke, and ischemia-driven target-ves-
sel revascularization, for the 12-month period
after randomization. Secondary end points in-
cluded the individual components of the primary
end point; the composite of death, myocardial
infarction, or stroke; and stent thrombosis. Defi-
nitions of the end points are provided in the
Supplementary Appendix.

All clinical end points were assessed by the
event adjudication committee, whose members
were unaware of the study-group assignments.
Analyses of all angiographic data were per-
formed in the angiographic core laboratory of
the Cardiovascular Research Foundation.1®1?

STATISTICAL ANALYSIS
The primary analysis was a noninferiority com-
parison between the two treatments with respect
to the primary end point of major adverse cardiac
or cerebrovascular events, according to the inten-
tion-to-treat principle. On the basis of data from
large, randomized clinical trials evaluating the
efficacy of CABG in patients with multivessel
coronary disease,'® we estimated that the inci-
dence of the primary end point 1 year after CABG
would be 13%. A noninferiority margin of 7 per-
centage points was chosen for the absolute dif-
ference in risk at 1 year.'® We estimated that with
a total of 572 patients (286 per group), the study
would have 80% power to show noninferiority,
with a one-sided type I error rate of 0.05. Assum-
ing that 5% of patients would be lost to follow-up
at 1 year, we determined that the study should
have a final sample of 600 patients (300 per group).
When the significance level was fixed at 0.025, we
estimated that the study would retain 72% power
to show noninferiority with this sample size.
Baseline clinical and angiographic character-
istics and procedural data for the two trial
groups were compared with the use of Student’s
t-test for continuous variables and the chi-square
test or Fisher’s exact test for categorical variables,
as appropriate. The Kaplan—Meier method was
used to estimate survival for each of the two
groups. In addition to the primary analysis,
which compared events over the course of 1 year,
we performed post hoc survival analyses that
compared events in the two groups to 2 years,
because the event rate at 1 year did not reach the
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anticipated level. For these analyses, data on pa-
tient follow-up were censored at 2 years or when
the end point occurred. The noninferiority hy-
pothesis was assessed statistically with the use
of a z-test, which was based on the 95% confi-
dence interval for the absolute difference in the
rate of the primary end point at 1 year. Event
rates for other end points and 2-year event rates
were compared with the use of the log-rank test
of time to the first event after randomization.
Hazard ratios and 95% confidence intervals were
estimated with the use of Cox proportional-haz-
ards models; the proportional-hazards assump-
tion was confirmed for the primary end point.2°
We assessed the consistency of treatment effects
in prespecified subgroups, using Cox regression
models with tests for interaction. All reported
P values and confidence intervals are two-sided,
apart from those for noninferiority testing of the
primary end point. No adjustment has been made
for multiple testing. SAS software, version 9.1
(SAS Institute), and the R programming lan-
guage (R Foundation for Statistical Computing)
were used for statistical analyses.

RESULTS

TRIAL PARTICIPANTS
Between April 2004 and August 2009, a total of
1454 patients with unprotected left main coro-
nary artery stenosis were enrolled (Fig. 1 in the
Supplementary Appendix). We randomly assigned
600 of these patients to PCI with sirolimus-elut-
ing stents (300 patients) or to CABG (300 pa-
tients). The remaining 854 patients did not un-
dergo randomization for the reasons indicated in
Table 1 in the Supplementary Appendix but were
included in the registry.

The baseline clinical characteristics of the
PCI and CABG groups were similar (Table 1). The
mean age of the trial participants was 62 years,
and 76.5% were men. As assessed according to
the European System for Cardiac Operative Risk
Evaluation (euroSCORE),?* 6.0% of patients in
the PCI group and 8.0% of those in the CABG
group were at high operative risk (euroSCORE of
6 or greater, on a scale ranging from 0 to 39, with
higher scores indicating greater risk) (P=0.34).
The baseline angiographic characteristics of the
two groups were also similar (Table 2 in the
Supplementary Appendix).

Table 3 in the Supplementary Appendix shows
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Table 1. Baseline Clinical Characteristics of the Patients, According to Study Group.*

Characteristic
Age —yr
Male sex — no. (%)
Body-mass indexy
Medically treated diabetes — no. (%)
Any
Insulin-dependent
Hypertension — no. (%)
Hyperlipidemia — no. (%)
Current smoker — no. (%)
Previous PCI — no. (%)
Previous myocardial infarction — no. (%)
Previous congestive heart failure — no. (%)
Chronic renal failure — no. (%)
Peripheral vascular disease — no. (%)
Chronic obstructive pulmonary disease — no. (%)
Clinical presentation — no. (%)
Stable angina or no symptoms
Unstable angina
Unstable angina and recent acute myocardial infarction
Ejection fraction — %
Electrocardiographic findings — no./total no. (%)
Sinus rhythm
Atrial fibrillation
Other
EuroSCORE valuei

PCI CABG
(N=300) (N=300) P Value
61.8+10.0 62.749.5 0.24
228 (76.0) 231 (77.0) 0.77
24.6+2.7 24.5+3.0 0.74
102 (34.0) 90 (30.0) 0.29
10 (3.3) 9(3.0) 0.82
163 (54.3) 154 (51.3) 0.46
127 (42.3) 120 (40.0) 0.56
89 (29.7) 83 (27.7) 0.59
8 (12.7) 8 (12.7) 1.00
13 (43) 20 (6.7) 021
0 2(0.7) 0.16
4(13) 1(0.3) 037
15 (5.0) 7 (2.3) 0.08
6 ( 10 (3.3) 031
0.12
160 (53.3) 137 (45.7)
128 (42.7) 144 (48.0)
12 (4.0) 19 (6.3)
61.7+8.3 60.6+8.5 0.12
0.77
286/296 (96.6) 289/297 (97.3)
5/296 (1.7) 5/297 (1.7)
5/296 (1.7) 3/297 (1.0)
2.6+1.8 2.8+1.9 0.16

Plus—minus values are means +SD. The percentages shown are the incidences as estimated with the use of a Kaplan—

Meier survival analysis of data from the intention-to-treat population. P values were calculated with the use of the log-
rank test. CABG denotes coronary-artery bypass grafting, and PCI percutaneous coronary intervention.

" The body-mass index is the weight in kilograms divided by the square of the height in meters.
1 The EuroSCORE is a clinical model for calculating the risk of death after cardiac surgery on the basis of patient, cardiac,

and operative factors. Possible scores range from 0 to 39, with higher scores indicating greater risk.

the procedural characteristics of the study groups.
Complete revascularization was achieved in 205
patients (68.3%) in the PCI group and 211
(70.3%) in the CABG group (P=0.60). The mean
(+SD) duration of the hospital stay after the pro-
cedure was 8.4+14.5 days in the CABG group
and 3.1%5.8 days in the PCI group (P<0.001). At
the time of discharge, patients in the PCI group
more consistently received some medications,
including antiplatelet medications, beta-block-
ers, and calcium-channel blockers, than did pa-
tients in the CABG group (Table 4 in the Supple-
mentary Appendix).

Follow-up angiography at 8 to 10 months was
performed more frequently in the PCI group
than in the CABG group (in 75.3% of patients
vs. 24.7%, P<0.001). Table 5 in the Supplemen-
tary Appendix shows the baseline characteristics
of patients in the PCI group in whom follow-up
angiography was performed and those in whom
follow-up angiography was not performed.

TRIAL END POINTS
The median follow-up period was 24.0 months
in both the PCI and CABG groups. The primary
end point of major adverse cardiac or cerebrovas-
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Figure 1. Cumulative Incidence of the Primary End Point of Major Adverse
Cardiac or Cerebrovascular Events in the Two Study Groups.

The 2-year event rates were calculated with the use of Kaplan—Meier esti-
mates and were compared with the use of the log-rank test. The inset shows
the same data on an enlarged y axis and on a condensed x axis. CABG de-
notes coronary-artery bypass grafting, and PCI percutaneous coronary inter-
vention.
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Figure 2. Cumulative Incidence of Death from Any Cause, Myocardial
Infarction, or Stroke in the Two Study Groups.

The 2-year event rates were calculated with the use of Kaplan—Meier esti-
mates and were compared with the use of the log-rank test. The inset shows
the same data on an enlarged y axis and on a condensed x axis. CABG de-
notes coronary-artery bypass grafting, and PCI percutaneous coronary inter-
vention.
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cular events at 12 months occurred in 26 patients
assigned to PCI as compared with 20 patients as-
signed to CABG (cumulative event rate, 8.7% vs.
6.7%; absolute risk difference, 2.0 percentage
points; 95% confidence interval [CI], 1.6 to 5.6;
P=0.01 for noninferiority) (Fig. 1). When nonin-
feriority was tested at the one-sided 0.025 level,
the 97.5% CI was —2.3 to 6.3. The 1-year cumulative
event rates for the primary end point in an analysis
of patients according to the treatment received (as-
treated analysis) were 9.2% and 5.9%, respective-
ly (absolute risk difference, 3.3 percentage points;
95% CI, —0.2 to 6.8; P=0.04 for noninferiority)
(see Table 6 in the Supplementary Appendix).

There were no significant between-group dif-
ferences in the cumulative incidence rates of the
individual components of the primary end point
at 1 year, including death, myocardial infarction,
stroke, ischemia-driven target-vessel revasculariza-
tion, and the composite of death, myocardial in-
farction, or stroke (Fig. 2, and Fig. 2 in the Supple-
mentary Appendix). When the follow-up analysis
was extended to 2 years, there were no significant
differences in the incidence rates of the primary
composite end point or the individual end points
of death, myocardial infarction, or stroke (Table 2,
and Fig. 2 in the Supplementary Appendix). How-
ever, the 2-year rate of ischemia-driven target-ves-
sel revascularization was significantly lower in the
CABG group than in the PCI group. The rates of
clinically driven target-vessel revascularization did
not differ significantly between the groups (Table
7 in the Supplementary Appendix).

On the basis of the Academic Research Con-
sortium classification,?? definite or probable stent
thrombosis occurred in two patients in the PCI
group over the course of 2 years. Symptomatic
graft occlusion occurred in four patients in the
CABG group, of whom two died during the index
hospitalization and two underwent successful
target-vessel revascularization.

Formal testing for interactions showed that
the results of the comparison of the 2-year rate of
major adverse cardiac or cerebrovascular events
between PCI and CABG were consistent across
multiple subgroups (Fig. 3).

REGISTRY PARTICIPANTS AND END POINTS
Among the patients who did not undergo random-
ization but were included in the registry group,
more patients underwent PCI than CABG (55.6%
vs. 44.3%). The patients in the CABG registry
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Table 2. Clinical End Points.*

Hazard Ratio

PCI CABG with PCI
End Point (N=300) (N=300) (95% Cl)
no.of  cumulative no.of  cumulative

patients event rate (%) patients event rate (%)

Primary end point: major adverse cardiac
or cerebrovascular eventsT

30 Days after procedure 4 13 9 3.0
6 Mo after randomization 9 3.0 11 3.7
12 Mo after randomization 26 8.7 20 6.7
24 Mo after randomization 36 12.2 24 8.1 1.50 (0.90-2.52)

Secondary end points

Death, myocardial infarction, or stroke

12 Mo after randomization 10 33 12 4.0
24 Mo after randomization 13 4.4 14 4.7 0.92 (0.43-1.96)
Death
12 Mo after randomization 6 2.0 8 2.7
24 Mo after randomization 7 2.4 10 34 0.69 (0.26-1.82)
From cardiac causes 3 1.0 8 2.7
From noncardiac causes 4 1.4 2 0.7
Myocardial infarction
12 Mo after randomization 4 1.3 3 1.0
24 Mo after randomization 5 1.7 3 1.0 1.66 (0.40-6.96)
Q wave 3 1.0 3 1.0
Non-Q wave 2 0.7 0 0
Stroke
12 Mo after randomization 0 2 0.3
24 Mo after randomization 1 0.4 2 0.7 0.49 (0.04-5.40)
Ischemia-driven target-vessel revascularization3:
12 Mo after randomization 18 6.1 10 3.4
24 Mo after randomization 26 9.0 12 4.2 2.18 (1.10-4.32)
Stent thrombosis or symptomatic graft occlusion§
12 Mo after randomization 0 0 3 1.0
24 Mo after randomization 1 0.3 4 1.4 0.25 (0.03-2.22)

P Value

0.12

0.83

0.45

0.49

0.56

0.02

0.25

* The percentages shown are Kaplan—Meier estimates from the intention-to-treat analysis. Hazard ratios and 95% confidence intervals were
assessed for the events over the course of 2 years. P values were calculated with the use of the log-rank test. CABG denotes coronary-artery

bypass grafting, and PCl percutaneous coronary intervention.

7 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.

I Ischemia-driven target-vessel revascularization was defined as any repeat revascularization with the use of either PCl or CABG in the treated
vessel in which there was stenosis of at least 50% of the diameter in the presence of ischemic signs or symptoms or at least 70% stenosis
in the absence of ischemic signs or symptoms. Clinically driven target-vessel revascularization was defined as revascularization of lesions

for which ischemic symptoms or signs were present.
§ Stent thrombosis or graft occlusion was adjudicated according to the definition used in the SYNTAX trial.*®
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P Value for
Subgroup PCl CABG Hazard Ratio (95% Cl) P Value Interaction
no./total no. (%)
Overall 36/300 (12.2)  24/300 (8.1) - 1.50 (0.90-2.52)  0.12
Age 1 0.44
265 yr 15/129 (11.9)  14/149 (9.7) —-—.— 1.87 (0.88-3.97) 0.10
<65 yr 21/171 (12.5)  10/151 (6.7) —— 1.24 (0.60-2.56) 057
Sex 0.59
Male 26/228 (11.7)  16/231 (7.0) —m— 1.65 (0.88-3.07)  0.12
Female 10/72 (13.9) 8/69 (11.7) —— 1.22 (0.48-3.08)  0.68
Left main coronary artery stenosis 1 0.63
>70% 15/140 (10.8)  14/159 (9.0) - 119 (0.57-2.47)  0.64
50-70% 21/160 (13.6)  10/141 (7.1) —— 1.90 (0.89-4.03) 0.10
Coronary artery disease distribution E 0.14
Left main only 1/27 (3.8) 3/34 (8.8) n— 039 (0.04-3.72) 041
Left main with single-vessel disease 2/50 (4.1) 3/53 (5.8) Il : 0.70 (0.11-4.16) 0.69
Left main with double-vessel disease 13/101 (13.0) 11/90 (12.2) —— 1.04 (0.47-2.32) 0.93
Left main with triple-vessel disease 20/122 (16.8) 7/123 (5.8) E —ill— 3.05(1.29-7.21) 0.01
Bifurcation involvement | 0.83
Yes 23/200 (11.8)  13/183 (7.3) —— 1.62 (0.82-3.20)  0.16
No 13/99 (13.2)  10/111 (9.1) —— 1.46 (0.64-3.32) 0.37
Right coronary artery involvement E 0.27
Yes 3/149 (15.8)  13/159 (8.3) — 1.95 (0.99-3.84)  0.05
No 13/151 (8.7)  11/141 (7.9) —.— 1.07 (0.48-2.40)  0.86
Acute coronary syndrome H 0.44
Yes 21/140 (15.1)  19/163 (11.7) —— 1.34 (0.70-2.55)  0.38
No 15/160 (9.6) 5/137 (3.9) —— 2.07 (0.85-5.02) 0.11
Diabetes E 0.92
Yes 16/102 (16.3)  10/90 (11.1) — 1.43 (0.65-3.16)  0.37
No 20/198 (10.2)  14/210 (6.8) — 1.51(0.76-2.99)  0.24
SYNTAX score | 0.80
>29 14/89 (15.9)  10/91 (11.1) — 1.60 (0.73-3.54)  0.24
>19 to 29 14/105 (13.9) 5/93 (5.7) ~—— W 232(082-657) 011
<19 8/95 (8.5) 5/85 (5.9) —— 1.38 (0.40-4.21)  0.57
01 10 100
PCIl CABG
Better Better
Figure 3. Subgroup Analyses of the Primary End Point at 2 Years.
Hazard ratios, with 95% confidence intervals, are shown for the primary end point of major adverse cardiac or cerebrovascular events
(a composite of death from any cause, myocardial infarction, stroke, or ischemia-driven target-vessel revascularization) at 2 years, ac-
cording to subgroups of patients randomly assigned to the percutaneous coronary intervention (PCl) group or the coronary-artery by-
pass grafting (CABG) group. The percentages shown are Kaplan—Meier estimates from the intention-to-treat analysis. The P value for
interaction represents the likelihood of interaction between the variable and the relative treatment effect. The SYNTAX score ranges
from 0 to 83, with higher scores indicating more complex disease.

1724

group had more complex clinical and angiograph-
ic characteristics than did the patients in the PCI
registry group. The characteristics of the registry
cohort, as compared with those of the random-
ized cohort, are shown in Tables 8, 9, 10, and 11
in the Supplementary Appendix.

At 1 year, among patients in the registry cohort,
major adverse cardiac or cerebrovascular events
had occurred in 45 of the 475 patients who had
undergone PCI and in 24 of the 335 patients who
had undergone CABG (cumulative event rate, 9.9%

N ENGL J MED 364,18

vs. 7.6%) (Table 12 and Fig. 3 in the Supplemen-
tary Appendix). As in the randomized cohort,
there were no significant differences between the
PCI and CABG groups in the registry cohort with
respect to the rates of most of the major trial
end points at 1 or 2 years. The exception was the
end point of ischemia-driven target-vessel revas-
cularization, which occurred significantly more
frequently in the PCI group than in the CABG
group (Table 12 and Fig. 3 in the Supplementary
Appendix).
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DISCUSSION

In this prospective, randomized trial involving
patients with unprotected left main coronary ar-
tery stenosis, PCI with sirolimus-eluting stents
was noninferior to CABG with respect to the pri-
mary composite end point of major adverse cardiac
or cerebrovascular events at 1 year. In addition,
the two groups had similar rates of the individual
components of death, myocardial infarction, and
stroke. However, the rate of ischemia-driven target-
vessel revascularization at 2 years was lower in
the CABG group than in the PCI group.

Our major finding, that event rates after PCI
and CABG did not differ significantly in this
clinical setting, was in agreement with the re-
sults of the SYNTAX substudy involving patients
with left main coronary artery stenosis; however,
the event rates at 1 year in the SYNTAX substudy
were higher than those in our study (15.8% in
the PCI group and 13.7% in the CABG group,
P=0.44).° In both the SYNTAX substudy and our
study, the incidence of ischemia-driven target-
vessel revascularization was higher after PCI than
after CABG.

The rates of cardiac and cerebrovascular events
in our study were substantially lower than antici-
pated. We predicted a 1-year event rate for the
primary end point of 13% after CABG, but the
observed rates were only 6.7% in the CABG group
and 8.7% in the PCI group. In addition, the in-
cidence of stent thrombosis was less than 1% at
2 years. The low event rates in our study were
similar to those in the Revascularization for
Unprotected Left Main Coronary Artery Stenosis:
Comparison of Percutaneous Coronary Angio-
plasty versus Surgical Revascularization study
(MAIN-COMPARE)* but lower than those in
some previous randomized and nonrandomized
studies.”9-11,16

The low event rate may have been the conse-
quence of a number of possible factors. First,
our patients may have had less complex coronary
morphologic characteristics and clinical presen-
tations than did patients in other studies. The
angiographic severity of coronary disease was as-
sessed, in both our trial and the SYNTAX sub-
study, with the use of the SYNTAX score (a scale
with possible values ranging from 0 to 83, with
higher scores indicating more complex disease).
The mean SYNTAX score in the SYNTAX substudy
was 30, whereas in our study it was 25. Similarly,

the clinical risk of death after cardiac surgery was
assessed in both studies with the use of the euro-
SCORE. The mean euroSCORE in the SYNTAX
substudy was 3.8, whereas in our study it was 2.7.

Second, our study was a randomized study
specifically focusing on the treatment of patients
with unprotected left main coronary artery ste-
nosis, whereas such patients were only a sub-
group in the SYNTAX trial. Third, the devices
and techniques used during PCI or CABG proce-
dures may have influenced the results. Our ex-
tensive use of intravascular ultrasonography,
single stents in bifurcation lesions, off-pump sur-
gery, and internal thoracic artery for grafting onto
the left anterior descending artery may have im-
proved the outcomes reported here.232> Further-
more, although the relative efficacy of different
drug-eluting stents remains unclear,” the inci-
dence of repeat revascularization or stent throm-
bosis in the PCI group in our study may have
been low owing to the use of sirolimus-eluting
stents as compared with the use of paclitaxel-
eluting stents in the SYNTAX trial.2>2° Finally,
our study involved an Asian population, whereas
the SYNTAX study involved a U.S. and European
population, and there may be a racial or ethnic
difference in the propensity for ischemic or throm-
botic complications.3%-3!

Our study had several limitations. First, al-
though PCI was shown to be noninferior to
CABG in the analysis of the primary end point,
the study was underpowered as a result of the
unexpectedly low event rates. In fact, the nonin-
feriority margin of 7 percentage points was al-
most equivalent to a 100% increase in the ob-
served event rate of the primary end point in the
CABG group at 1 year. For this reason, the find-
ings of our trial cannot be considered to be
clinically directive. Second, a relatively high in-
cidence of crossover from the PCI group to the
CABG group could have biased our findings to-
ward a neutral effect on outcomes. However, the
prespecified criterion for noninferiority of PCI was
met in the as-treated analysis. Third, the system-
atic performance of repeat angiography in the PCI
group may have increased the rate of target-
vessel revascularization in that group. Notably, the
between-group difference in the rate of clinically
driven target-vessel revascularization, which was
reported only in patients with ischemic symp-
toms or signs, appeared to be smaller than the
difference in the rate of ischemia-driven target-
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vessel revascularization and was not significant.
Fourth, 2 years of follow-up may not be sufficient
to assess the late results after PCI with drug-
eluting stents as compared with CABG.32 Fifth,
owing to the restricted sample size, we cannot
fully investigate treatment effects in various sub-
populations. Finally, because the design of our
trial required that patients meet certain prespeci-
fied criteria, our findings may not be generaliz-
able to the entire population of patients with
unprotected left main coronary artery stenosis.
Larger, ongoing randomized trials, such as the
Evaluation of Xience Prime versus Coronary Ar-
tery Bypass Surgery for Effectiveness of Left Main
Revascularization trial (EXCEL, NCT01205776), in
which the outcomes of PCI with a second-gener-
ation drug-eluting stent are compared with those
of CABG in patients with unprotected left main
coronary artery stenosis, may provide further in-

In conclusion, our randomized trial compar-
ing PCI with CABG for the management of un-
protected left main coronary artery stenosis
showed that at 1 year, the rates of major adverse
cardiac or cerebrovascular events were similar in
the two treatment groups and met the prespeci-
fied criterion for noninferiority of PCI to CABG
in this setting. However, because the power of
the trial was lower than anticipated and because
the noninferiority margin was wide, these results
cannot be considered to be clinically directive.
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