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Abstract—TFor nearly half a century, coronary artery bypass grafting has been the standard treatment for patients with
obstructive left main coronary artery (LMCA) disease. However, there has been considerable evolution in the field of
percutaneous coronary intervention, and especially, percutaneous coronary intervention for LMCA disease has been
rapidly expanded with adoption of drug-eluting stents. Some, but not all randomized trials, have shown that percutaneous
coronary intervention with drug-eluting stents might be a suitable alternative for selected patients with LMCA disease
instead of bypass surgery. However, none of previous trials involving early-generation drug-eluting stents was sufficiently
powered and comparative trials using contemporary drug-eluting stents were limited. Recently, primary results of 2
new trials of EXCEL (Evaluation of XIENCE Everolimus Eluting Stent Versus Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization) and NOBLE (Nordic-Baltic-British Left Main Revascularization
Study) were reported. However, these trials showed conflicting results, which might pose uncertainty on the optimal
revascularization strategy for LMCA disease. In this article, with the incorporation of a key review on evolution of
LMCA treatment, we summarize the similarity or disparity of the EXCEL and NOBLE trials, focus on how they relate
to previous trials in the field, and finally speculate on how the treatment strategy may be changed or recommended for
LMCA treatment. (Circ Cardiovasc Interv. 2017;10:€004792. DOI: 10.1161/CIRCINTERVENTIONS.117.004792.)
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Because of the large extent of jeopardized myocardium,
obstructive left main coronary artery (LMCA) disease
is associated with high morbidity and mortality. Coronary
artery bypass graft (CABG) surgery has long been the stan-
dard of care for patients with LMCA disease, whereas percu-
taneous coronary intervention (PCI) was only performed as
salvage treatment. However, over time, the PCI treatment has
undergone considerable therapeutic evolution. Remarkable
advancements in stent technology, technical refinement, and
adjunctive drug therapy have led to progressively improved
PCI outcomes for LMCA disease.'

With such dramatic changes of PCI field, the optimal
revascularization for LMCA disease has been the subject of
numerous randomized clinical trials (RCT). In the early period
of drug-eluting stents (DES), several RCT suggested that PCI
achieved similar rates of mortality and serious composite out-
come, but more frequent revascularization with PCI and more
frequent stroke with CABG.>® However, none of these trials
have been adequately powered or have included contempo-
rary second-generation metallic DES, which have a better
safety and efficacy profile compared with the first-generation

DES.*!® The long-awaited results of the 2 large-sized RCT,
the EXCEL (Evaluation of XIENCE Everolimus Eluting Stent
Versus Coronary Artery Bypass Surgery for Effectiveness of
Left Main Revascularization) and the NOBLE (Nordic-Baltic-
British Left Main Revascularization Study), have been pub-
lished.'"'? However, the 2 trials showed conflicting results;
EXCEL found that PCI is noninferior to CABG, whereas
NOBLE shows that CABG is superior to PCI. This opposing
finding may intensify the confusion in clinical decision mak-
ing for optimal revascularization strategy. On this background,
with understanding the evolution in LMCA treatment, we
would like to focus on the cutting edge contemporary reviews
of the recent trials, interpret how they relate to previous trials
in the field, and speculate on the future direction for optimal
LMCA management.

Historical Data for CABG Superiority
The natural prognosis of patients with medically treated
LMCA disease was very poor; previous old data showed that
5-year rate of cardiac mortality was >50% in medically treated
patients.'® Since RCTs comparing CABG with medical therapy
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alone were conducted more than half a century ago,'*'* CABG
has been the first choice of care for LMCA disease. How-
ever, the VA (Veterans Administration) Cooperative Study
involved only a subgroup of 113 patients with LMCA lesions
(53 medical therapy and 60 CABG) and the ECSS (European
Coronary Surgery Study) group study involved a subgroup of
59 patients with LMCA disease (31 medical therapy and 28
CABG). Although these results represented a subgroup of a
subgroup and were hypothesis generating, the VA and ECSS
study demonstrated that CABG was striking superior over
medical therapy. Other historical observational studies also
demonstrated a substantial benefit of CABG in patients with
LMCA disease.'*!" Since then, CABG has been always the
treatment choice for a long time, and PCI was performed on a
limited basis, mostly in surgically ineligible conditions.

Evolution in PCI for LMCA Disease

Coronary Stents

Although initial period of PCI with balloon angioplasty
showed unsuccessful results, refinement of the technique and
the introduction of coronary stents have led to progressively
improved results. The adoption of metallic stents dramati-
cally overcame inherent limitations of balloon angioplasty
(ie, acute recoil, abrupt closure, or dissection) and rejuvenated
interest in PCI for complex LMCA lesions. In the era of bare-
metal stents, among elective low-risk patients, PCI with stent-
ing showed acceptable in-hospital or midterm outcomes.!$%?
However, excessive risks of restenosis and repeat revascu-
larization hampered the wide expansion of LMCA stenting.
After a widespread use of DES with a lower risk of angio-
graphic and clinical restenosis, PCI for LMCA disease has
become much technically feasible and shows favorable short-
and long-term clinical outcomes.?*¢ Since the introduction of
the first-generation DES >10 years ago, the technology and
engineering of DES have continuously advanced. The second-
generation DES has adopted novel stent materials, thinner
strut platforms, easy delivery system, and more biocompatible
polymers (both durable and bioresorbable) than their prede-
cessors.”” Currently, newer-generation DES have become the
default device; several observational studies have suggested
similar or better outcomes with the second-generation DES
compared with the first-generation ones for LMCA PCL.*-

Imaging and Functional Tools

Accurate assessment of LMCA lesion is critical in determin-
ing PCI strategies and optimizing procedures. As stent tech-
nologies advance, there has been an evolution in invasive
techniques that allow detailed assessment of both anatomy
and function and an increased utilization of invasive imag-
ing (intravascular ultrasound [IVUS]) or functional (frac-
tional flow reserve [FFR]) tools.?’ The IVUS-guided PCI
for LMCA disease has been an approach widely adopted in
clinical practice. Although RCT data were not available, the
prognostic value and stent optimization of LMCA PCI with
IVUS have been examined in recent years.*>* Considering
the benefits of IVUS to define disease distribution, inform
stent sizing and technique, and enhance appropriate stent
expansion, the role of IVUS in reducing LMCA restenosis

and stent thrombosis-related complications may be clinically
meaningful.

The decision about whether to treat the LMCA stenosis
has already changed to include increased use of FFR.* Several
observational studies demonstrated excellent survival and low
event rates in medically treated patients with intermediate
LMCA disease and a measured FFR value of >0.75-0.80,%-%;
this value is generally accepted as a useful cutoff to determine
a functionally significant LMCA stenosis. In the contempo-
rary PCI practice, FFR-guided intervention can help to select
appropriate patients and lesions for treatment, avoid unneces-
sary procedures, reduce medical costs, and improve clinical
outcomes. In addition, an integrated use of IVUS and FFR
might provide an interactive insight for evaluation of LMCA
stenosis.’” There is always ambiguity and conundrum of the
FFR evaluation of LMCA stenosis and combined tandem
lesions in the large side branch mitigating the ability to maxi-
mize hyperemia; IVUS may be an appropriate guide at this
point and have a complementary role in functional evaluation
of LMCA stenosis.

The angiographic SYNTAX (Synergy Between PCI With
Taxus and Cardiac Surgery) score is a parameter derived to
express the overall anatomic complexity and frequently used
in decision making of revascularization for LMCA disease.’*
However, PCI has substantially evolved since completion of
the SYNTAX trial,* in which the first-generation paclitaxel-
eluting stent was used and disease severity was only assessed
according to the angiogram alone without use of FFR or
IVUS. Future role of this functional or imaging guidance for
treatment of LMCA or multivessel coronary artery disease
(CAD) should be further investigated through subsequent
clinical trials.*!

PCI Techniques and Adjunctive Pharmacotherapy
Alongside a revolution of stent devices, improved interven-
tional techniques and adjunctive pharmacotherapy have pro-
gressively resulted in enhanced PCI outcomes for LMCA
disease. Over time, there has been more experience and
expertise for LMCA PCI and technical advances for PCI
optimization. In the Interventional Research IRIS-MAIN reg-
istry (Incorporation Society-Left MAIN Revascularization),
stenting technique for LMCA PCI has been more simplified.!
For distal LMCA disease, although multiple techniques for
complex stenting have been proposed, a simple strategy with
provisional side-branch approach is the preferred strategy and
this pattern is observed in the real-world practice. In cases
requiring complex double stenting, improved stent design,
and thinner strut dimensions, evolving 2-stenting techniques
with continuous refinement may contribute to improved PCI
outcomes after complex LMCA stenting.

In addition, concomitant development of adjunctive phar-
macotherapy, involving periprocedural antithrombotic agents
(eg, unfractionated heparin, low molecular weight heparin,
glycoprotein IIb/Illa inhibitor, fondaparinux, or bivalirudin),
antiplatelet therapy (eg, ticlopidine, clopidogrel, prasugrel,
or ticagrelor), statins (first-, second-, and third-generation
statins), or other secondary preventive drugs might substan-
tially contribute to improvement of PCI outcomes for LMCA
disease.!
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Previous Trials of PCI and CABG for LMCA
Disease: Pre-EXCEL and NOBLE Era
Before EXCEL and NOBLE trial, 4 RCTs comparing PCI
involving the first-generation DES and CABG were con-
ducted.”® Study design, key findings, and strength/weakness

of each trial are summarized in Table 1.

In the left main subgroup of the SYNTAX trial,** there
were no significant differences in the rates of primary end point
of major adverse cardiac and cerebrovascular event (MACCE;
37% versus 31%), death (13% versus 15%), or myocardial
infarction (MI; 8% versus 5%) between PCI and CABG up to
5 years. PCI patients had a lower stroke (2% versus 4%), but
a higher revascularization (27% versus 16%) compared with
CABG patients. According to the SYNTAX score terciles,
there was no between-group difference in MACCE in the low
(0-22) and intermediate (23-32) score groups, but MACCE
was significantly higher after PCI in the high score (=33)
group. However, there were marked swings in mortality with
the lowest group (<32) having much lower mortality with PCI
(8% versus 15%) and a much higher mortality (21% versus
14%) in the higher score (=33) group, reflecting the inherent
limitation of subanalysis of a subgroup and a potential bias
because of small numbers.

The PRECOMBAT trial (Premier of Randomized
Comparison of Bypass Surgery Versus Angioplasty Using
Sirolimus-Eluting Stent in Patients With Left Main Coronary
Artery Disease) is a first, LMCA-specified, moderate-sized,
RCT comparing DES and CABG.”® Up to 5 years, the rates of
MACCE (18% versus 14%), death (6% versus 8%), MI (2%
versus 2%), or stroke (1% versus 1%) were similar between PCI
and CABG. However, target-vessel revascularization occurred
more common after PCI than after CABG (11% versus 6%).

The current European and US guidelines were primar-
ily based on the prespecified subgroup of 705 patients with

LMCA disease in the SYNTAX trial and also refer to the
findings of the LEMANS trial (Left Main Coronary Artery
Stenting; 100 patients), PRECOMBAT trial (600 patients),
and Boudriot et al trial (201 patients).’®* Considering wide
noninferiority margin and the limited power of these studies,
overall results should be interpreted with caution and cannot
be considered clinically directive. Also, none of trials have
included contemporary second-generation DES with a better
safety and efficacy profile. This clinical unmet need motivated
2 large-sized landmark trials of EXCEL and NOBLE.

EXCEL and NOBLE Trials

Similarity or Disparity Between Trial Design
and Outcomes
Details of design, organization, and major findings of the
EXCEL and NOBLE trial are summarized in Table 2. In the
EXCEL trial, 1905 patients with LMCA disease and low or
intermediate anatomic complexity (SYNTAX score <32) were
randomly assigned to undergo CABG or PCI with a fluo-
ropolymer-based, cobalt chromium, everolimus-eluting stent.
In the NOBLE trial, 1201 patients with the left main CAD
were randomly assigned to CABG or PCI (11% of the patients
received a first-generation DES and the rest a biolimus-elut-
ing stent). Although a SYNTAX score was not a prespecified
inclusion criteria, the NOBLE trial excluded patients with >3
additional noncomplex lesions or complex additional coro-
nary lesions (length >25 mm, chronic total occlusion, 2-stent
bifurcation, calcified or tortuous vessel morphology). Two tri-
als were not blinded, and a clinical and anatomic eligibility
for both PCI and CABG was assessed by an interventional
cardiologist and a cardiac surgeon at each participating site.
In the EXCEL trial, PCI was noninferior to CABG with
respect to the primary composite end point of death, stroke,
or MI at 3 years (15.4% versus 14.7%). The primary end

Table 1. Prior Trials of PCI Versus CABG for LMCA in the Era of the First-Generation DES
Recruitment . n (PCI/ Longest
Period CABG)  Follow-Up,y ' Primary End Point Key Findings Strength Weakness
LEMANS?® 2001-2004 52/53 10 Change in LVEF Improvement in First RCT comparing Very small number of
LVEF only with PCI, PCl and CABG for LM patients
comparable rates of disease Surrogate primary end
death, M, stroke, or point
TVRat1and5y DES used only in 35%
SYNTAX-Left | 2005-2007 | 357/348 5 Death, MI, PCl was noninferior to | First moderate-sized Subgroup analysis, only
MAIN*S stroke, or RR CABGat1and5y RCT, mainly used for hypothesis generating
the current guideline
recommendation
Boudriot et al® | 2003-2009 | 100/101 1 Cardiac death, PCl was inferior to First RCT comparing Limited sample size
MI, or TVR CABGat1y sirolimus-eluting stents | Lack of long-term follow-up
and CABG for LM Stroke was not included in
disease end point
PRECOMBAT"® | 2004-2009 | 300/300 5 Death, MI, PCl was noninferior to | First LM-specific, Noninferiority margin was
stroke, or TVR CABGat1and5y moderate-sized RCT wide
comparing DES and Routine angiographic
CABG for LM disease follow-up in the PCI group

CABG indicates coronary artery bypass grafting; DES, drug-eluting stents; LEMANS, left main coronary artery stenting; LM, left main; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; PRECOMBAT, Premier of Randomized Comparison of Bypass Surgery Versus Angioplasty
Using Sirolimus-Eluting Stent in Patients With Left Main Coronary Artery Disease; RR, repeat revascularization; SYNTAX, Synergy Between Percutaneous Coronary

Intervention With Taxus and Cardiac Surgery; and TVR, target vessel revascularization.
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Table 2. Key Study Features and Major Findings of EXCEL and NOBLE Trials

Pacific), prospective, open-label, randomized, noninferiority
design trial comparing PCl and CABG

Design EXCEL Trial™ NOBLE Trial'®
Study features
Study type Multicenter (126 sites in North/South America, Europe, Asia Multicenter (36 sites in northern Europe), prospective, open-

label, randomized, noninferiority design trial comparing PCI
and CABG

Main inclusion criteria Unprotected LMCA disease with angiographic DS >70%, as
estimated visually, or 50%<DS<70% with at least one of
following: (1) noninvasive evidence of ischemia referable to
LMCA lesion, (2) IVUS MLA <6.0 mm?, or (3) FFR <0.80

Unprotected LMCA disease with angiographic DS >50%, as
estimated visually, or FFR <0.8

Key exclusion criteria SYNTAX score >33, prior PCI at left main (any time) or any
other coronary artery (within 1'y), prior CABG, concomitant
valvular or aortic surgery, CK-MB>normal or recent MI with
CK-MB still elevated, left main reference vessel diameter
<2.25 or >4.25 mm

STEMI within 24 h, >3 or complex additional coronary lesions
(length >25 mm, chronic total occlusion, 2-stent bifurcation,
calcified or tortuous vessel morphology), patient is too high
risk for CABG or PCI, expected survival <1y

Recruitment period September 2010 to March 2014 December 2008 to January 2015
Follow-up period (median), y | 3.0 (2.4-3.0) 3.1(2.0-5.0)
No. of patients (PCI/CABG) 948/957 592/592
Stent type used for PCI XIENCE cobalt chromium, everolimus-eluting stent BioMatrix biolimus-eluting stent recommended since March
2010, but other CE-marked DES allowed
Major findings
Primary end point Composite of all-cause death, MI, or stroke Composite rate of all-cause death, nonprocedural MI, repeat

revascularization, or stroke

15.4% in PCland 14.7% in CABG at 3 y

28.9% in PCland 19.1% in CABG at 5y

HR (95% Cl), 1.00 (0.79-1.26)

HR (95% CI), 1.48 (1.11-1.96)

Death 8.2% in PCl and 5.9% in CABG at 3y

11.6% in PCl and 9.5% in CABG at 5y

HR (95% Cl), 1.34 (0.94-1.91)

HR (95% CI), 1.07 (0.67-1.72)

Mi Periprocedural and spontaneous Ml was included

Nonprocedural Ml was only included

8.0% in PCland 8.3% in CABG at 3y

6.9% in PCland 1.9% in CABG at 5y

HR (95% Cl), 0.93 (0.67-1.28)

HR (95% CI), 2.88 (1.40-5.90)

Stroke 2.3% in PCl and 2.9% in CABG at 3 y 4.9% in PCl and 1.7% in CABG at5 y
HR (95% Cl), 0.77 (0.43-1.37) HR (95% Cl), 2.25 (0.93-5.48)
Death, MI, or stroke 15.4% in PCl and 14.7% in CABG at 3 y 13% in PCl and 22% in CABG at 5 y
HR (95% Cl), 1.00 (0.79-1.26) HR (95% Cl), 1.47 (1.06-2.05)
Revascularization 12.9% in PCl and 7.6% in CABG at 3 y 16.2% in PCl and 10.4% in CABG at 5 y
HR (95% Cl), 1.72 (1.27-2.33) HR (95% CI), 1.50 (1.04-2.17)
Death, MI, stroke, or 23.1% in PCl and 19.1% in CABG at 3 y 28.9% in PCland 19.1% in CABG at 5y
revascularization

HR (95% Cl), 1.18 (0.97—1.45)

HR (95% CI), 1.48 (1.11-1.96)

Definite stent thrombosis or | 0.7% in PCl and 5.4% in CABG at 3 y
symptomatic graft occlusion

3% in PCl and 4% in CABG at 5y

HR (95% CI), 0.12 (0.05-0.28)

HR (95% CI), 0.59 (0.26-1.36)

CABG indicates coronary artery bypass grafting; CE, Conformite Europeenne; Cl, confidence interval; CK-MB, creatine kinase-myocardial band; DES, drug-eluting stent;
DS, diameter stenosis; EXCEL, Evaluation of XIENCE Everolimus Eluting Stent Versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization;
FFR, fractional flow reserve; HR, hazard ratio; IVUS, intravascular ultrasound; LMCA, left main coronary artery, MI, myocardial infarction; MLA, minimal lumen area;
NOBLE, Nordic-Baltic-British Left Main Revascularization Study; PCI, percutaneous coronary intervention; STEMI, ST-segment—elevation myocardial infarction; and

SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

point events were less common after PCI than after CABG major arrhythmia, and renal failure) within 30 days were sig-
within 30 days (4.9% versus 7.9%), whereas fewer primary nificantly lower with PCI than with CABG (3.9% versus 6.2%
end point events occurred in the CABG group than in the PCI and 8.1% versus 23.0%, respectively), but ischemia-driven
group between 30 days and 3 years. The rates of early MI and revascularization during follow-up was more frequent after

major periprocedural adverse events (ie, bleeding, infection, PCI than after CABG (12.6% versus 7.5%). In overall, these
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findings suggest that PCI offer an early safety advantage and
CABG offer greater long-term durability.

In the NOBLE trial, the 5-year rate of the primary end
point of MACCE (death, nonprocedural MI, repeat revascu-
larization, or stroke) was significantly higher after PCI than
after CABG (29% versus 19%). The 5-year rate of nonproc-
edural MI (7% versus 2%) and any revascularization (16%
versus 10%) were also higher after PCI. Although a lower
rate of stroke was observed after PCI than after CABG within
30 days (0% versus 0.7%), but an unexpected, the 5-year
of stroke tended to be higher in PCI patients than in CABG
patients (5% versus 2%). The 5-year rate of death was similar
between PCI and CABG (12% versus 9%). PCI was always
inferior to CABG irrespective of SYNTAX score.

Plausible Explanation of Conflicting Results of
EXCEL and NOBLE

Unexpectedly, the opposing results from 2 novel RCTs raise
uncertainty rather than clarity with regard to the relative safety
and effectiveness of PCI versus CABG for LMCA revascular-
ization. Careful review and interpretation of this discrepancy
may be helpful to understand and apply the trial findings for
optimal LMCA treatment in the clinical practice. Plausible
explanations of conflicting results could be (1) substantial
between-study differences in patient assessment, risk profiles,
trial process, or procedural characteristics, (2) a differential
adoption of the primary composite end point, (3) an interstudy
heterogeneity for the definition of MI, and (4) an unexplained
higher risk of stroke after PCI in NOBLE.

At first, the integrated and skilled heart team approach,
which was evident in EXCEL (but not in NOBLE), might
influence a fair assessment for eligibility and cause the dif-
ference of patient’s characteristics enrolled in trials. Also, the
particulars of clinical practice in the participating sites and
the specific expertise of the interventional cardiologists and
cardiac surgeons who performed the procedures may influ-
ence the comparative outcomes after LMCA revasculariza-
tion. A careful process of participating site selection might
be a key component ensuring that the majority of patients
with unprotected LMCA disease were equally treated well
by means of 2 strategies of revascularization. In addition, dif-
ferences in population size or follow-up might influence the
conflicting results. In the NOBLE, there was interim change
in the protocol and primary outcome reporting with exten-
sion of follow-up owing to lower than expected MACCE
rates; this drawback may influence trial integrity and internal
validation.

As a primary stent device, EXCEL used a thin-strut, fluo-
ropolymer-based cobalt chromium, everolimus-eluting stents,
which was associated with the lowest risk of stent thrombosis
of all available DES.** In contrast, NOBLE used first-gener-
ation, thicker-strut, stainless steel, sirolimus-eluting Cypher
stent (11%) or the biolimus-eluting Biomatrix Flex stent
(89%). In both trials, there was a substantial difference in rates
of definite stent thrombosis (0.7% in the EXCEL and 3% in
the NOBLE); as a result, the rate of definite stent thrombosis
or symptomatic graft occlusion was much higher after CABG
than after PCI (5.4% versus 0.7%) in EXCEL, but similar (4%
versus 3%) in NOBLE.

The EXCEL trial was the only trial adequately powered
to assess the hard safety end points as the primary outcome
measure, not including revascularization. It has been debated
for long time that the risk of repeat revascularization can
be equally balanced against the risk of death, MI, or stroke.
Previous SYNTAX trial showed that the increase in the rate
of repeat revascularization with PCI as compared with CABG
did not seem to translate into a significant overall increase
in the rate of death or ML.** By contrast, the NOBLE trials
included repeat revascularization in the primary composite
end point. As such, conflicting primary results between the
EXCEL and the NOBLE trial are largely driven by differential
defining primary composite end point.

In trials comparing PCI and CABG, the composite pri-
mary end point is sensitive to the definition of each event.
For most of the trials, the definitions of death and stroke were
similar. However, the protocol definition of MI was mostly
different in RCTs comparing PCI and CABG for LMCA dis-
ease**o1112 and in several expert consensus documents*
(Table 3). Owing to interstudy heterogeneity for MI definition,
trial results can vary widely and this disparity can lead to an
imprecise estimate of the overall treatment effect. Regardless
of any symptom, sign, or ECG criteria, an increase of cre-
atine kinase-myocardial band >10x the upper reference limit
was considered as MI events in EXCEL, but not in NOBLE.
The NOBLE trial did not routinely collect data on peripro-
cedural MI (eg, procedural MI was only assessable in 45%
of patients). Post-procedural increases of cardiac enzyme
might be more common after CABG than after PCI because
of more extensive manipulation and procedural features; thus,
less stringent defining of periprocedural MI based on isolated
creatine kinase-myocardial band elevation without additional
electrocardiographic, imaging, or angiographic evidence may
induce an unbalanced detection of periprocedural MI after
CABG or PCI. Whether clinically driven MI is only consid-
ered or biomarker-driven MI without ischemic symptoms or
signs is also included as a relevant clinical end point is not
yet clearly determined. Because uniform definition of MI
not penalizing one of the revascularization approaches is still
lacking, additional studies and efforts by trialists are war-
ranted to improve standardization of MI definition for future
clinical trials comparing PCI and CABG.

Unexpectedly, the 5-year risk of stroke was more than twice
higher after PCI rather than after CABG in NOBLE, which
was the opposite to the results of EXCEL. A higher stroke
risk after CABG was consistently observed in the SYNTAX
and FREEDOM trials (Future Revascularization Evaluation
in Patients With Diabetes Mellitus: Optimal Management of
Multivessel Disease).“*# Several meta-analyses also showed
similar findings.**° Because a greater rate of late stroke after
PCI in NOBLE lacks biological plausibility and clear expla-
nation for such a contradictory finding in NOBLE is still lack-
ing, this result is most likely because of chance effect.*

Representativeness and Generalizability of EXCEL
and NOBLE

In the clinical viewpoint, assessing the representativeness and
generalizability of patients enrolled in trials compared with the
real-world population is likely to be of considerable interest.



6TO0Z ‘6T AN Uo Aq Blo'sfeuinofeye//:dny woly papeojumod

6 Park and Park

Left Main PCI

Table 3. Various Definition of Myocardial Infarction Used in Trials Comparing PCI and CABG for Left Main Disease and Used in
the Expert Consensus Documents

Criteria PCI CABG Observed/Expected MI Rates
By each trial Observed Ml rates
LEMANS? CK-MB >3x the URL CK-MB >5x the URL 1 patient in PCI (n=52) and 3

patients in CABG (n=53)

SYNTAX-Left MAIN*

Periprocedural (<7 d after intervention): new Q waves and either
peak CK-MB/total CK >10% or CK-MB >5x the URL

Identical definition used

4.3% in PCl and 4.1% in
CABGat1y

Spontaneous (=7 d after intervention): new Q waves or peak CK-
MB/total CK >10% or CK-MB >5x the URL or CK >5x the URL

Boudriot et al® CK-MB >3x the URL and standard ECG criteria CK-MB >5x the URL and 3% in PCl and 3% in CABG
standard ECG criteria atly

PRECOMBAT’ Periprocedural (<2 d after intervention): new Q waves and Identical definition used 1.3% in PCl and 1.0% in
increase in the CK-MB>5x the URL CABG at 1y
Spontaneous (>2 d after intervention): new Q waves or CK-MB>
the URL, plus ischemic symptoms or signs

EXCEL™ Periprocedural (<3 d after intervention): CK-MB >10x the URL, or | Identical definition used 8.0% in PCl and 8.3% in
CK-MB >5x the URL plus new pathological Q waves or LBBB, or CABG at 3y
new native or graft vessel occlusion, or imaging evidence of loss
of viable myocardium or new regional wall motion abnormality
Spontaneous (>3 d after intervention): CK-MB or troponin >1 URL
plus ischemic ECG changes, or pathological Q waves, or new
native or graft vessel occlusion, or imaging evidence of loss of
viable myocardium or new regional wall motion abnormality

NOBLE™ Periprocedural: disregarded in primary composite end point Identical definition used 6.9% in PCl and 1.9% in

CABG at5y
Spontaneous: CK-MB or troponin >1 time the URL with at least
one of the following: (1) ischemic symptoms, (2) ischemic ECG
changes; or (3) pathological Q wave
By expert consensus Expected Ml rates
document

Second universal
definition*®

Periprocedural: cardiac biomarker (troponin or CK-MB) >3x the
URL

Periprocedural: cardiac
biomarker (troponin or CK-MB)
>5x the URL and any of the
following: new pathological

Q waves or LBBB, new native
or graft vessel occlusion,
imaging evidence of loss of
viable myocardium

Periprocedural MI events
may be much common after
PCl than after CABG

Spontaneous: cardiac biomarker (troponin or CK-MB) >1x the
URL with at least one of the following: (1) ischemic symptoms, (2)
ischemic ECG changes, (3) pathological Q wave, or (4) imaging
evidence of new loss of viable myocardium or new regional wall
motion abnormality

Spontaneous: identical
definition used

Third universal
definition*

Periprocedural: cardiac biomarker (preferably cardiac troponin)
>5x the URL or a rise >20% if the baseline values are elevated
and are stable or falling, and any of the following: (1) ischemic
symptoms, (2) new ischemic ECG changes, (3) angiographic
findings consistent with a procedural complication, or (4) imaging
evidence of new loss of viable myocardium or new regional wall
motion abnormality.

Periprocedural: cardiac
biomarker (preferably cardiac
troponin) >10x the URL or

a rise >20% if the baseline
values are elevated and are
stable or falling, and any of
the following: (1) pathological
Q wave or new LBBB, (2)
new graft or native vessel
occlusion, or (3) imaging
evidence of new loss of viable
myocardium or new regional
wall motion abnormality.

Overall rates of
periprocedural MI after
PCl or CABG may be low
compared to other criteria.
Periprocedural MI events
may be slightly common
after PCl than after CABG.

(Continued)



6TO0Z ‘6T AN Uo Aq Blo'sfeuinofeye//:dny woly papeojumod

7 Park and Park

Table 3. Continued

Left Main PCI

Criteria

PCI

CABG

Observed/Expected MI Rates

Spontaneous: cardiac biomarker (preferably cardiac troponin) >1x
the URL with at least one of the following: (1) ischemic symptoms,
(2) ischemic ECG changes, (3) pathological Q wave, (4) imaging
evidence of new loss of viable myocardium or new regional wall
motion abnormality, or (5) intracoronary thrombus by angiography
or autopsy

Spontaneous: identical
definition used

SCAI definition*

Periprocedural (<48 h after intervention): CK-MB >10x the URL,

Identical definition used

Periprocedural Ml events

new persistent LBBB

or CK-MB >5x the URL with new pathological Q waves or new
persistent LBBB. In the absence of CK-MB, troponin >70x the
URL, or troponin >35x the URL with new pathological Q waves or

may be much common after
CABG than after PCI

Spontaneous (>48 d after intervention): CK-MB or troponin >1
URL plus ischemic ECG changes, or pathological Q waves, or new
native or graft vessel occlusion, or imaging evidence of loss of
viable myocardium or new regional wall motion abnormality

CABG indicates coronary artery bypass grafting; CK-MB, creatine kinase-myocardial band; EXCEL, Evaluation of XIENCE Everolimus Eluting Stent Versus Coronary
Artery Bypass Surgery for Effectiveness of Left Main Revascularization; LBBB, left bundle branch block; LEMANS, Left Main Coronary Artery Stenting; MI, myocardial
infarction; NOBLE, Nordic-Baltic-British Left Main Revascularization Study; PCI, percutaneous coronary intervention; PRECOMBAT, Premier of Randomized
Comparison of Bypass Surgery Versus Angioplasty Using Sirolimus-Eluting Stent in Patients With Left Main Coronary Artery Disease; SCAI, Society for Cardiovascular
Angiography and Interventions; SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery; and URL, upper reference limit.

Key clinical and procedural characteristics of patients in EXCEL
and NOBLE and of those in the second-generation DES era of
all-comers IRIS-MAIN registry' are summarized in Table 4.
Approximately one third of patients in EXCEL and IRIS-MAIN
had diabetes mellitus, but the proportion of diabetes mellitus was
substantially lower in NOBLE. In addition, the proportion of
patients with acute coronary syndrome was substantially lower
in NOBLE. Patients with more complex CAD were more com-
mon in IRIS-MAIN (especially, in the CABG group).

With regard to procedural or operative characteristics,
total stent number and total stent length in PCI patients were
similar between RCTs and registry. In EXCEL and NOBLE,
>70% of patients underwent IVUS-guided PCI, which was
similar to IRIS-MAIN. In the CABG stratum, there was a
significant difference in operative characteristics between tri-
als and registry. The proportion of patients who underwent
off-pump surgery was substantially lower in EXCEL and
NOBLE than in IRIS-MAIN. The internal mammary artery
was used in >90% of patients in both RCTs and registry,
but the use of radial artery was <10% of patients in RCTs
(saphenous vein grafts were more commonly used in trials),
but >30% in the registry; thus, it is argued that the operative
practice in trials is probably less representative of real-world
practice. Although recent CABG trials suggest that a higher
arterial revascularization with bilateral internal mammary
artery and off-pump CABG would not have any difference to
the outcome,’>? further investigation is required to evaluate
how the surgical approach influence comparative outcomes in
trials of PCI and CABG.

Role of SYNTAX Score

To date, several scoring systems have been developed for
risk stratification and decision making of optimum revascu-
larization strategy in patients with multivessel CAD with or
without LMCA disease.***>*5* However, easy application of
these scoring systems in clinical practice might be hampered
because of limited clinical performance and complexities.

Also, it is noted that the SYNTAX score (CAD extent) is not
of major importance in the EXCEL and NOBLE trials.

In EXCEL, considerable difference of SYNTAX score by
site assessment and angiographic core laboratory assessment
exists. The SYNTAX score was underestimated at local sites.
Thus, although the investigators recruited only patients with low
and intermediate SYNTAX scores, 24.3% of randomized popu-
lation (25.1% of PCI patients and 23.4% of CABG patients)
had a high SYNTAX score according to the angiographic core
laboratory analysis. Such finding might suggest that if the deci-
sion making between CABG and PCI was solely based on
the anatomic SYNTAX score, the optimum revascularization
method can be inconsistently shifting in a quarter of patients
with LMCA disease with regard to interventional and surgi-
cal appropriateness and eligibility. In addition, there was no
remarkable and discriminating interaction between SYNTAX
score and revascularization type on clinical outcomes, contrast
to the results of the original SYNTAX study.*>4

In NOBLE, the predictive and discriminative capacity of
the SYNTAX score was much poor. The SYNTAX score was
not associated with adverse outcomes after PCI or CABG. In
particular, the unexpected finding of a substantially better out-
come after CABG than after PCI in the low SYNTAX score
group was found, suggesting a limited predictability of com-
parative outcomes by this score. These findings in the EXCEL
and NOBLE trials may represent a limitation of the SYNTAX
score for optimal decision making of revascularization strate-
gies in patients with LMCA disease. Therefore, the clinical
and practical usefulness of the SYNTAX score for treatment
of patients with LMCA disease should be further debated.

Updated Meta-Analysis and
Guideline Recommendation

Meta-Analysis

After publication of EXCEL and NOBLE trials, subse-
quent meta-analyses have been reported.>>* Nerlekar et al®
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Table 4. Comparison of Baseline Characteristics of Randomized Patients in EXCEL and NOBLE With Real-World

Patients in IRIS-MAIN

6T0Z ‘6T A2IA Uo Ag Blo'sfeulnofeyey/:dny woly papeojumod

PCl Patients CABG Patients
EXCEL NOBLE IRIS-MAIN EXCEL NOBLE IRIS-MAIN
Key Baseline Variables (n=948) (n=592) (n=1707) (n=957) (n=592) (n=774)
Patient characteristics
Age (mean, y) 66 66 64 66 66 65
Male sex (%) 76 80 78 78 76 80
Diabetes mellitus (%) 30 15 34 28 15 42
Previous PCI (%) 18 20 15 16 20 13
Clinical indication (%)
Stable angina or silent ischemia 61 82 41 61 83 44
Acute coronary syndrome 39 18 59 40 17 57
Ejection fraction (mean or median) 57 60 (median) 59 57 60 (median) 55
CAD extent
LM only 17 NA 11 18 NA 3
LM plus 1-vessel disease 31 NA 26 31 NA 6
LM plus 2-vessel disease 35 NA 36 32 NA 20
LM plus 3-vessel disease 17 NA 27 19 NA 71
LM location (%)
Ostium or shaft 18 19 33 21 19 28
Distal bifurcation 82 81 67 79 81 73
PCI characteristics
Total stent number (mean or median) 24 2 (median) 2.2
Total stent length (mean or median) 49 52 (median) 52
IVUS guidance, % 77 74 77
DES type, %
CoCr-EES 98 e 37
BES 89 8
PtCr-EES . e 22
Re-ZES 27
PC-ZES 2
Other second DES 4
SES 1
CABG characteristics
Off-pump surgery, % 29 16 69
No. of conduits (mean) 2.6 2.5 29
Use of internal mammary artery, % 99 93 94
Use of radial artery, % 6 5 37

BES indicates biolimus-eluting stent(s); CABG, coronary artery bypass graft; CAD, coronary artery disease; CoCr-EES, cobalt chromium,
everolimus-eluting stent(s); DES, drug-eluting stents; EXCEL, Evaluation of XIENCE Everolimus Eluting Stent Versus Coronary Artery Bypass Surgery
for Effectiveness of Left Main Revascularization; IRIS-MAIN, Interventional Research Incorporation Society-Left MAIN Revascularization; IVUS;
intravascular ultrasound; LM, left main; NA, not available; NOBLE, Nordic-Baltic-British Left Main Revascularization Study; PC-ZES, phosphorylcholine
polymer—based zotarolimus-eluting stent(s); PtCr-EES, platinum chromium everolimus-eluting stent(s); Re-ZES, resolute zotarolimus-eluting stent(s);
and SES, sirolimus-eluting stent(s).

performed a meta-analysis of 5 RCT (Boudriot et al, PRE-
COMBAT, SYNTAX, NOBLE, and EXCEL). This study
reported that the primary safety end point of death, MI, and

stroke was similar between PCI and CABG (odds ratio [OR],
0.97; 95% confidence interval [CI], 0.79-1.17; P=0.73). The
individual component of death (OR, 1.03; 95% CI, 0.78-1.35;
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P=0.61), MI (OR, 1.46; 95% CI, 0.88-2.45; P=0.08), and
stroke (OR, 0.88; 95% CI, 0.39-1.97; P=0.53) was also
similar, but PCI was associated with higher rates of repeat
revascularization (OR, 1.85; 95% CI, 1.53-2.23; P<0.001).
Upadhaya et al*® performed a similar meta-analysis involv-
ing 5 trials. They reported that MACCE (death, MI, stroke,
or repeat revascularization) (OR, 1.36; 95% CI, 1.18-1.58;
P<0.001) and repeat revascularization (OR, 1.85; 95% CI,
1.53-2.23; P<0.001) was significantly higher after PCI than
after CABG. Especially, based on SYNTAX score, CABG
was superior with regard to MACCE only in the subgroup
with SYNTAX score of >233. There were no significant differ-
ences in the incidence of MI, stroke, or cardiac and all-cause
mortality.

Guideline Updates

On the basis of cumulative evidence of comparative effective-
ness studies of LMCA revascularization, guideline recom-
mendation for LMCA PCI has been less stringent.! In current
2014 European and U.S. guidelines, % CABG is a class of
recommendation/Level of Evidence I B for LM revasculariza-
tion and PCI is a I B, Ila B, or III B based on the SYNTAX
score tertile. After recent publication of new landmark trials,
should the revascularization guidelines change on the basis of
the results of this trial? Although a dramatic change in class
of recommendation for LMCA PCI is rarely expected, these
trials provide additional evidence that may influence current
guidelines by proposing less restrictive PCI indication and by
expanding the patient pool that might be eligible for PCI. Also,
given that SYNTAX score was not important factor to guide
decision making for optimal revascularization and to differ-
entiate the comparative outcomes between CABG and PCI in
EXCEL and NOBLE, it may be further debated whether the

SYNTAX score can work as the pivotal factor in the future
revascularization guidelines.

Future Perspective

In the contemporary real-world practice, although clinical
equipoise was present for either PCI or CABG, patients with
less complex clinical and anatomic characteristics (ie, iso-
lated left main disease, ostial or shaft left main disease, or
additional noncomplex one- or two-vessel disease) might
be preferentially treated by PCI rather than by CABG. The
fact that >60% of patients are eligible for PCI in the EXCEL
screening registry suggests that the practical threshold in
choosing PCI for LMCA disease is likely to be less strin-
gent in the clinical practice. In addition, the rate of primary
end point was similar between PCI and CABG even in 24%
of the patients with a high SYNTAX score (as measured by
the angiographic core laboratory) of the EXCEL. However,
although PCI with contemporary DES is less restrictively
considered for a wide range of anatomic complexity, further
studies are required to determine whether PCI is an accept-
able alternative to CABG in patients with high anatomic
complexity of LMCA disease.

Another noteworthy finding of EXCEL and NOBLE was
a substantial interaction between treatment effect and time for
the risk of major adverse events—late catch-up (in EXCEL)
or late divergence (in NOBLE) in treatment effect of CABG
over of PCI during long-term follow-up. Until recently, long-
term follow-up studies up to 5 to 10 years are still limited.>-
Limited follow-up could have penalized the CABG group
because the long-term benefits of CABG over PCI have not
typically been fully evident until 5 to 10 years after the proce-
dure. In addition, whether treatment differences between PCI
and CABG will continue to accrue or diverge or are attenuated

- Urgent revascularization

- Serious comorbidity and high
Clinical surgical risk (i.e., chronic lung
Factors disease, advanced age, disability
from prior stroke, prior bypass
surgery, or poor general performance)

- Ostial or trunk LM disease

- Isolate LM disease (non-
bifurcational or bifurcational)

- LM plus additional 1-vessel
disease

Anatomical

Factors

Favor for PCI Recommendation Favor for CABG

- Clinical equipose

- LM plus additional 2-vessel
disease disease

Each patient’s individual circumstances and preferences

Heart

Team
Approach

- Low ejection fraction

- Longstanding diabetes

- Need for any concomitant
cardiac surgery

- High-bleeding risk unable to
comply with DAPT

- LM plus additional 3-vessel

- Combined complex anatomy
not suitable for PCI (i.e., severe
calcification or tortuosity, CTO,
multiple/diffuse long lesions, or
complex in-stent restenosis)

Figure. CABG indicates coronary artery bypass graft; CTO, chronic total occlusion; DAPT, dual antiplatelet therapy; LM, left main; M,

myocardial infarction; and PCI, percutaneous coronary intervention.



6TO0Z ‘6T AN Uo Aq Blo'sfeuinofeye//:dny woly papeojumod

10 Park and Park Left Main PCI

by degenerative saphenous vein graft disease with longer-term
follow-up deserves further investigation. Study patients in
EXCEL and NOBLE will be followed up at 5 and 10 years,
which will add additional valuable information.

In addition, as large-sized RCTs comparing PCI versus
CABG for patients with LMCA disease are unlikely to be
performed in the near future, further analyses in EXCEL and
NOBLE and new meta-analysis represent the most updated
and comprehensive evidence base to inform clinical decision
making for the treatment of unprotected LMCA disease.

Summary

Over the several decades, there has been a remarkable evolu-
tion in surgical or percutaneous part of revascularization for
patients with LMCA disease. The new results of EXCEL and
NOBLE trials not only add to the level of evidence for opti-
mal management of LMCA disease but also reposition the
therapeutic role of each revascularization approach. There
might be no clear-cut (all-or-none) right answer about the
optimal revascularization strategy (Figure); some patients
might prefer CABG surgery, and some patients might pre-
fer PCI. The Heart Team approach may also have the rel-
evant role in the individual patient decision making and for
patient-centered care. Finally, the optimal choice of revascu-
larization modality for LMCA disease should be made after
discussion among the heart team members for determining
appropriateness and eligibility of PCI or CABG and take
into account the specific circumstances of each patient and
individual preferences.

Disclosures
None.
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