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The role of percutaneous coronary intervention
(PCI) in left main revascularization

Significant left main coronary artery (LMCA) disease
is found in 4.8% of patients undergoing coronary
angiography (1). Historically, coronary artery bypass
graft (CABG) has been the mainstay of revascularization
strategy for LMCA disease (2). However, with the advances
in PCI techniques and devices as well as adjunctive
pharmacotherapy, PCI certainty has expanded its role in
left main revascularization over the past decade (3). The
previous guidelines discouraging unprotected left main PCI
(Class III indication) have been challenged and modified (4):
Class ITa-III in the 2012 ACC/AHA guidelines (5) and Class
I-III in the 2014 ESC guidelines depending on patient-
specific factors as well as anatomic considerations (6).
The left main cohort of the SYNTAX trial showed the
overall comparable 5-year survival between PCI and CABG,
though CABG is still preferred revascularization method
in patients with SYNTAX score >33 (7). In addition,
recent two large randomized trials, representing the most
contemporary data comparing PCI and CABG in patients
with low to intermediate SYNTAX score, demonstrated
comparable mid-term survivals between the groups (8,9).
Nevertheless, grafting and stenting are fundamentally
different; grafting will theoretically protect the distal vessel
(if no critical stenosis beyond anastomosis), whereas stenting
is, by nature, a focal “patch” to a lesion. There remains a
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concern for long-term (>10 years) durability of left main PCI
in comparison to the well-documented long-term excellent

patency of left internal mammary artery graft (10).

The optimal duration of follow-up

Follow-up length is one of the key considerations when
interpreting the results of clinical studies, especially ones
regarding CABG. A notable example is the STITCH trial,
which compared CABG versus optimal medical therapy
alone in patients with severe ischemic left ventricular
dysfunction (11). While no statistically significant difference
was found in all-cause death at 56-month follow-up (primary
endpoint) (11), a significant mortality reduction with CABG
became evident at the extended follow-up at 9.8 years (12).
In the previous landmark trials comparing PCI versus
CABG, the follow-up lengths for the assessment of primary
endpoints were relatively short ranging from 1-year in
the SYNTAX trial (13), Boudriot et 4l.’s trial (14), and
PRECOMBAT trial (15,16), 3-year in the NOBLE trial (8)
and the EXCEL trial (9). These relatively short follow-
up durations are arguably “unfair” for CABG, which is
expected to provide clinical benefits at longer follow-up
after overcoming the intrinsic early hazard with surgery. In
addition, with contemporary advanced medical therapy, the
majority of patients with LMCA disease indeed live beyond
10-year: 10-year mortality after CABG has been reported
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as 23% (17). Thus, sufficient longer follow-up is essential
when comparing PCI versus CABG, while acknowledging
down-side of longer follow-up such as increased cost
(especially in randomized studies), loss of follow-up, and
“background noise” due to events unrelated to the intended
comparison.

Summary of the 10-year follow-up of MAIN-
COMPARE registry

In the issue of 7ACC, Park et al. reported extended long-
term follow-up data from the MAIN-COMPARE registry,
which included 2,240 patients with LMCA disease (defined
as stenosis >50%) who underwent PCI or CABG between
January 2000 and June 2006 (18). The median follow-up
duration was 12.0 years with an excellent follow-up rate
(98.7%). This registry consisted of two phases according
to the type of stent. During the first half of the enrollment
period, bare-metal stents (BMS) were exclusively used.
During the second half of the enrollment period, drug-
eluting stents (DES) were exclusively used and a total 1,474
patients were enrolled (784 patients in DES cohort and
690 patients in CABG cohort). In the DES cohort, first-
generation DESs either sirolimus-eluting stents (77.4%)
or paclitaxel-eluting stents (22.6%) were used. The mean
number of stents in LMCA disease was 1.2+0.5. In CABG
cohort, 98.4% of the patients received at least one arterial
conduit. The rate of complete revascularization was not
reported in either PCI or CABG group.

After applying propensity score matching and inverse-
probability-weighting adjustment to adjust baseline
dissimilar characteristics inherent to observational
comparison, authors found no statistically significant
difference in adjusted risks of death and the composite
outcome (death, myocardial infarction, or stroke) between
the groups up to 10 years in the overall cohort. As expected,
the rate of target-vessel revascularization was significantly
higher in PCI cohort [hazard ratio (HR) 4.07; 95%
confidence interval (CI), 3.43-6.44]. Considering a different
time-dependent nature of treatment effects of PCI and
CABG, authors performed additional pre-specified analyses
dividing into two separate periods of before and after
S-year after the index procedure. There was no significant
difference between PCI with DES and CABG in the risks of
death and composite outcomes up to 5 years. However, after
5 years, PCI with DES, compared to CABG, was associated
with a higher rate of death (HR 1.35; 95% CI, 1.00-1.81)
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and composite outcomes (HR 1.46; 95% CI, 1.10-1.94).
In contrast, no significant difference was observed between
CABG and PCI with BMS in before or after 5-year point.

Higher risk of death beyond 5-year after PCI with
DES in comparison to CABG

These contrasting results between DES and BMS cohort
can be explained by different clinical and anatomical
characteristics of the patients in the two cohorts. In the
initial registry period [2000-2003] when left main PCI
was still regarded as class III indication (2), patients who
underwent PCI had less complex anatomy as indicated by
a lower rate of distal bifurcation lesion (31.4%) and left
main plus 3-vessel disease (10.4%). In contrast, in the latter
registry period [2003-2006], patients with more complex
anatomy underwent PCI as indicated by the higher rate of
distal bifurcation lesion (56.8%) and left main plus 3-vessel
disease (30.6%). The patients in DES cohort were older
and more likely to be diabetic. These high-risk clinical and
anatomical characteristics in patients in DES cohort, which
likely reflect our contemporary left main PCI cohort, would
explain worse clinical outcomes. In contrast, it is well-known
that anatomical feature such as SYNTAX score has little
impact on outcome after CABG (7). The overall results of
the current study suggest comparable long-term outcome
between PCI and CABG after careful selection of patients
with less complex coronary anatomy, but raise a concern for
long-term durability of PCI, even with the use of DES, in
those with highly complex coronary anatomy (18). Of note,
SYNTAX score, which is a key element in guiding an optimal
revascularization strategy in our contemporary practice (5-7),
was not available at the time of the study and thus not
reported in the current analysis. Its large cohort size and
excellent long-term follow-up rate are the key strengths of
the study. In addition, the nature of study being all-comer
registry indicates high generalizability, although it comes
with a concern for potential residual selection bias despite
extensive statistical adjustments. As acknowledged by authors,
frailty was not included in the adjustment method. In the
nested registry cohort of SYNTAX trial, the patients who
underwent PCI after deemed not a surgical candidate had a
higher mortality than patients who underwent CABG after
deemed not a PCI candidate (18.3% vs. 6.9% at 3-year) (19).
The observed higher risk of death beyond 5 years in the
DES cohort may still be due to residual or unmeasured
confounding factors.
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Prior landmark studies comparing PCI versus
CABG

Prior landmark randomized controlled trials comparing
percutaneous and surgical revascularization for LMCA disease
are summarized in Table 1. Prior randomized controlled trials
consistently demonstrated comparable survival between PCI
cohort and CABG cohort at relatively short follow-up periods
(7-9,14,16). A recent updated meta-analysis of randomized
trials demonstrated comparable composite outcome
(death, myocardial infarction, or stroke) at the longest
follow-up (21). A few randomized studies have reported
long-term follow-up beyond 10-year. The LE MANS
trial randomized 105 patients with unprotected LMCA
disease with low to intermediate SYNTAX score
to either PCI (mainly BMS) or CABG. Although it
showed comparable 10-year survival between the two
revascularization strategies, obviously the study was
not powered for hard endpoints such as death (20).
More recently, preliminary 10-year follow-up data of the
SYNTAX trial (72.3% follow-up of the original study cohort)
was presented at the 2018 Transcatheter Cardiovascular
Therapeutics annual conference. There was no significant
difference at 10-year mortality between PCI and CABG
cohorts (29.4% wvs. 25.6%, P=0.11) in the overall cohort.
In the subgroup of the patients with LMCA disease,
10-year morality was also comparable between PCI and
CABG cohorts (29.7% wvs. 31.9%, P=0.43). These lines
of evidence from randomized data suggest a comparable
long-term survival between percutaneous and surgical
revascularization in selected patients amenable to both
strategies.

A time lag inherent to long-term follow-up

The current study raised a concern about long-term
durability of PCI with DES, however, one may argue
that current second-generation or biodegradable polymer
thin strut DES would lead to better outcomes. Indeed,
first-generation sirolimus-eluting stent, in comparison to
everolimus-eluting stent, resulted in higher incidences of
ischemic events and mortality at 10-year follow-up at the
ISAR-TEST 4 randomized trial (22). Long-term follow-up
leads to an unavoidable time lag between the index procedure
and the completion of long-term follow-up, resulting in
significant differences between the practice at the time of
the index procedure and the ever-evolving contemporary
practice. This is particularly true in the field of rapidly
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evolving interventional cardiology. This time lag inherent
to long follow-up period is an important shortcoming of
long-term follow-up and it would be unrealistic to anticipate
10-year follow-up of “our contemporary practice”. Assuming
further sophistication in our skills and equipment, we will
keep facing this dilemma of a time lag. Long-term follow-
up data of the NOBLE and EXCEL trials are awaited,
but will need to be interpreted in the context of the future
advancements to be made during the follow-up period.

Future direction

The overall findings of the current study are in line
with the large body of evidence and current guideline
recommendation. PCI is a reasonable alternative to CABG
in selected patients with unprotected LMCA disease with
less complex coronary anatomy and comorbidities that
predict adverse surgical outcomes (5-7). A comparable
long-term survival can be achieved with PCI after careful
selection of patients, although PCI carries a higher risk of
subsequent revascularization. Perhaps a better selection
of optimal revascularization strategy for each patient is
clinically more important than the binary comparison
between PCI versus CABG in overall cohort. The current
guidelines endorse heart team approach (Class I) along
with SYNTAX score calculation (Class IIa) (5-7). SYNTAX
score II is another tool, which provides predicted 4-year
mortality with PCI and CABG and also provides treatment
recommendation as either PCI, CABG, or equipoise (23).
SYNTAX II study demonstrated that the revascularization
strategy incorporating heart team decision-making
based on SYNTAX score II as well as “state of the art”
revascularization resulted in better outcomes compared
to the PCI cohort in the original SYNTAX trial (24).
Patients’ preference is another key factor that needs to
be incorporated in decision making. Some patients may
well accept the increased risk of future revascularization
associated with PCI if both strategies provide similar long-
term survival, and some others may value early recovery as
important as long-term outcome.

In summary, the reported >10 years follow-up data
provide valuable insights, but is definitely not the end of
the story. More than 75% of the patients in the registry
were alive beyond 10 years, and even longer follow-up is
needed. Another key piece of the data is longer follow-up of
the recent two large randomized clinical trials (8,9), which
will further clarify the long-term durability of PCI using
second-generation stents in comparison to CABG. Our
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never-ending endeavor to ascertain long-term outcomes of 6.
our rapidly evolving “contemporary” practice will go on.
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