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Abstract

Purpose of Review This article reviews the latest data on unprotected left main (ULM) percutaneous coronary intervention (PCI)
versus coronary artery bypass graft (CABG) surgery, with a focus on the NOBLE and EXCEL trials.

Recent Findings In EXCEL trial, the primary endpoint at 3 years was 15.4% in the PCI group and 14.7% in the CABG group
(p =0.02 for non-inferiority of PCI versus CABG). In NOBLE, the primary endpoint at 5 years was 28% and 18% for PCI and
CABG, respectively (HR 1.51, CI 1.13-2.0, which did not meet the criteria for non-inferiority of PCI to CABG; p for superiority
of CABG was 0.0044). Higher repeat revascularization and non-procedural myocardial infarction were noted in PCI group but
there was no difference in all-cause or cardiac mortality between the two groups.

Summary A heart team approach with appropriate patient selection, careful assessment of LM lesions, and meticulous procedural
technique makes PCI a valid alternative to CABG for ULM stenosis.

Keywords Left main - Percutaneous coronary intervention - Coronary artery bypass graft

Introduction

The left main (LM) coronary artery supplies up to 84% of the
left ventricular myocardium [1]. Therefore, high-grade unpro-
tected (i.e., not protected by a patent bypass graft) left main
(ULM) stenosis places a large myocardial territory at risk for
ischemia [2]. Significant ULM stenosis, defined as >50%
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diameter stenosis, is noted in approximately 5% of patients
undergoing coronary angiography for any reason, and up to
25% of those with acute coronary syndrome (ACS) [2].
Medical therapy alone is inferior to CABG in patients with
significant ULM stenosis [3]. A meta-analysis of 8 trials in-
cluding 4850 patients demonstrated that coronary revascular-
ization in addition to medical therapy resulted in a 79% and
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80% relative risk reduction in 5-year mortality with CABG
and PCI, respectively, compared to medical therapy alone [4].
Stent restenosis was a significant drawback to the use of bal-
loon angioplasty or bare metal stents. This issue has been
largely overcome with drug-eluting stents (DES) [5]. Further
advancements in stent technology led to the development of
second-generation drug-eluting stents (DES2). These stents
have thinner struts (80-90 wm) composed of cobalt or plati-
num alloy in comparison to the first generation (DES1)
(sirolimus- and paclitaxel-eluting stents) that had much
thicker, 130—140 um, stainless steel struts [6]. Basic laborato-
ry and histopathological data reveals thinner struts exhibit
more complete endothelialization compared with thicker
struts with lower likelihood of intimal hyperplasia [6].
Vessels treated with DES2 experienced lower target lesion
revascularization compared to DES1. Therefore, outcomes
with DES2 are hypothesized to be improved as compared with
CABG. This paper summarizes the current body of RCT data
comparing PCI with CABG for ULM stenosis, with a focus on
the two recent RCTs which exclusively utilized DES2.

Discussion of Available Trial Data

Currently published randomized controlled trials (RCT) on
PCI versus CABG are summarized in Table 1. Approaches
in choosing PCI versus CABG for ULM stenosis in different
clinical scenarios are outlined in Table 2.

Four RCTs comparing PCI with DES1 and CABG for
ULM stenosis were published between 2008 and 2011.
These included LEMANS (2008), SYNTAX-LM (2010), a
study by Boudriot et al. (2011) and PRECOMBAT (2011)
[10, 12, 13, 14].

Four Previously Published Randomized Trials

In the LEMANS trial, patients were randomized to PCI re-
ceived either DES1 (35%) or bare metal stents (65%) versus
CABG. The initial study was reported in 2008 with the 10-
year follow-up of this trial published recently [9, 13]. There
were no differences in mortality, myocardial infarction (MI),
stroke, and repeat revascularization (RR) between PCI and
CABG at 10 years in patients with low to moderate complex-
ity disease. The probability of very long-term survival up to
14 years was comparable in the two groups, although there
was a trend for higher major adverse cardiovascular and cere-
brovascular event (MACCE)-free survival with PCI [9].
Boudriot et al. randomized patients to PCI with sirolimus-
eluting stents (DES1) or CABG. PCI was non-inferior to
CABG for 12-month MACCE-free survival but was associat-
ed with a higher RR rate [10]. The PRECOMBAT study re-
cently reported 5-year outcomes and showed no difference in
MACCE between PCI with sirolimus-eluting stents (DES1)
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and CABG, with higher ischemia-driven target vessel revas-
cularization with PCI [11¢]. The LM cohort of the 1800 pa-
tients included in the SYNTAX trial consisted of a pre-defined
and adequately powered group of 705 patients [12]. There was
no difference in MACCE between PCI with paclitaxel-eluting
stents (DES1) and CABG at 5 years in the entire LM cohort
[15]. However, RR was more common, and stroke was less
common with PCI. MACCE and cardiac death were signifi-
cantly higher in patients with SYNTAX score >33, who
underwent PCI compared with CABG.

Recently Published EXCEL and NOBLE Trial

The EXCEL and NOBLE trials were reported in 2016 and are
the only RCTs in which CABG was compared with DES2 for
the treatment of ULM stenosis [7¢¢, 8e°].

With 1905 patients in 17 countries at 126 centers, EXCEL
is the largest ULM PCI trial published to date [7¢¢]. In contrast
to the SYNTAX trial which used DES1, DES2 were used in
EXCEL. Patients with ULM with stable angina (60%) or ACS
(40%) were randomized to PCI or CABG. SYNTAX score
was < 22 in 32%, 23-32 in 43%, and > 33 in 25% of patients
in the PCI group. The DES2 used in this trial was
fluoropolymer-based everolimus-eluting stent (XIENCE,
Abbott Vascular). In the PCI group, 82% of cases involved
the LM bifurcation. Intravascular ultrasound (IVUS) was used
in 77% of cases. The primary composite endpoint of death,
stroke, or MI at 3 years was 15.4% in the PCI group and
14.7% in the CABG group (p =0.02 for non-inferiority of
PCI versus CABG; hazard ratio 1.00, 0.79, to 1.26; p =0.98
for superiority). Outcomes at 30 days were superior with PCI
due to fewer MI (3.9% vs. 6.2%, HR 0.63, 0.42-0.95, p =
0.02) [8e¢]. Of note, PCI offers the advantage of avoiding
surgically related complications of CABG (the secondary end-
points of major bleeding, infections, arrhythmias, and
reoperations 8.1% in the PCI group vs. 23.0% in CABG
group, p <0.001) [8e].

NOBLE was a European trial conducted at 36 sites includ-
ing 1201 patients [7+¢]. Patients with ULM and up to three
additional noncomplex lesions, with stable angina (82%) or
ACS (18%), were randomized to PCI or CABG. Patients with
complex multivessel coronary artery disease (CAD), chronic
total occlusions, and bifurcation lesions requiring two stents
were excluded. The DES2 used in this trial was the biolimus-
eluting stent (Biomatrix Flex, Biosensors, Morges,
Switzerland). In the PCI group, 88% of cases involved the
LM bifurcation, and a two-stent approach was used in 35%
cases. The majority (55%) underwent treatment of just the
LM, whereas 33% had one additional lesion and 9% had
two additional lesions treated. Post-PCI IVUS was used in
74% of cases [7+]. The primary endpoint was MACCE at
5 years, defined as the composite of all-cause mortality, stroke,
RR, or non-procedural MI. MACCE were 28% and 18% for
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PCI

CABG

Outcome

p

CABG PCI

Outcome

revascularization

(1 year)

0.03
0.53
0.10

0.57

1.5%
12.8%

8.2%

4.3%

Stroke (5 years)

1 and 5 years [12] ACS 30%

14,6%
4.8%

Death, stroke, or MI (5 years) 20.8%

Death (5 years)
MI (5 years)

19%
36.9%

0.12

31%

Death, stroke, mi, or repeat

revascularization (5 years)

ACS acute coronary syndrome, DM diabetes mellitus, LVEF left ventricular ejection fraction, MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft

PCI and CABG, respectively (HR 1.51, 1.13-2.0, which did
not meet the criteria for non-inferiority of PCI to CABG); p for
superiority of CABG over PCI was 0.0044. Interestingly, 1-
year MACCE rates were similar in PCI and CABG. Higher
RR (15% for PCI vs. 10% for CABG (HR 1.50, 1.04-2.17,
p =0.0304) and non-procedural MI (6% for PCI vs. 2% for
CABG (HR 2.87, 1.40-5.89, p = 0.0040) were responsible for
the higher MACCE rates with PCI. RR was due to new lesions
in non-stented segments rather than for the treated LM lesion
[7¢°]. There was no difference in all-cause or cardiac mortality
between the two groups. SYNTAX score was not associated
with MACCE in the PCI group. While early stroke was more
common in the CABG group, an unexpected, numerically
higher rate of late stroke was noted in the PCI group, with
no overall difference in the two groups at 5 years [7¢°].

The findings of NOBLE are similar to those of the
SYNTAX trial but differ from the findings of EXCEL. The
disparity in the conclusions between NOBLE and EXCEL
may be partly due to differences in study design, endpoints,
and the type of stent. The absolute margin for non-inferiority
in EXCEL was 4.2%, compared with a 35% relative non-
inferiority margin in NOBLE [16]. The primary endpoint as-
sessment was changed from 5 years to 3 years in the NOBLE
trial due to low event rates, and Kaplan Meier estimates were
used to report 5-year outcomes [7¢¢, 8+¢]. These estimates
could have been affected by a change in risk for patients en-
tering the study at different time points. Importantly, RR
(which is uniformly lower in patients treated with CABG
compared with PCI) was included in the primary composite
endpoint in NOBLE, but not in EXCEL [7e¢]. Periprocedural
ML, defined as creatine phosphokinase elevation > 10 x upper
limit of normal, was included in the composite endpoint in
EXCEL, whereas it was not included in NOBLE. A thin-
strut everolimus-eluting stent was used in EXCEL compared
with a thicker-strut biolimus-eluting stent was used in most
patients in NOBLE. The higher incidence of stroke, between 1

Table2  Approaches in choosing PCI versus CABG in different clinical
scenarios

Clinical situation PCI CABG Evidence

Limited life expectancy Favors Similar 1-year MACCE

PCI between PCI and CABG
in NOBLE trial
Complex LM Favors Despite a low SYNTAX
bifurcation stenosis CA- score, CABG may offer

BG an advantage over PCI
for this lesion subset

Isolated ostial or shaft ~ Favors
LM stenosis with PCI
low SYNTAX score

LM left main, PCI percutaneous coronary intervention, CABG coronary
artery bypass graft, MACCE major adverse cardiac and cerebrovascular
events, NOBLE Nordic-Baltic-British Left Main Revascularization trial
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and 5 years, among PCI treated patients in NOBLE contrib-
uted to the better composite outcome with CABG in NOBLE.
This finding is difficult to explain but may have been related
to discontinuation of dual antiplatelet therapy at 1 year. In
EXCEL, the rates of stroke at 3 years were comparable be-
tween PCI and CABG [8ee].

The divergence of outcome curves between PCI and
CABG often becomes evident in later years, when the inci-
dence of de novo lesions increases. This results in higher MI
and RR in patients treated with PCI. On the other hand, sa-
phenous vein graft degeneration is a continuous process and
this may influence even longer term (10 years) follow-up.
Longer term follow-up of the NOBLE and EXCEL might be
important in understanding the relative strengths and weak-
nesses of PCI and CABG for LM disease.

Post NOBLE and EXCEL Meta-analyses

Giacoppo et al. conducted a meta-analysis of 4 RCTs:
SYNTAX-LM cohort, PRECOMBAT, NOBLE, and
EXCEL [17]. Comparable rates of the composite outcome of
all-cause death, MI and stroke at the longest available follow-
up were noted in the PCI and CABG groups (HR 1.06, 0.90—
1.24, p =0.48). The highest relative weight in this meta-
analysis was from the EXCEL trial. A moderate degree of
heterogeneity was noted, due to NOBEL, which was the only
trial favoring CABG. PCI was associated with a significantly
higher risk of RR compared with CABG (HR 1.70, 1.42-2.05,
p <0.001), with no difference in RR risk between DES1 and
DES2. Palmerini et al. performed a meta-analysis of six RCTs
comparing outcomes between PCI with DES2 and CABG
with a total of 4686 patients [18]. Similar to the findings of
EXCEL, PCI was associated with significantly better 30-day
outcomes compared with CABG: all-cause death or MI (OR
0.69, 0.49-0.98, p =0.04), and stroke (OR 0.36, 0.16-0.82,
p =0.007). A significant interaction was noted between time
and treatment effect, and PCI associated with lower MI and
stroke in the first 30 days and CABG associated with lower
MI and RR thereafter [18]. At a median follow-up of
39 months, there was no difference in individual outcomes
of all-cause death, cardiac death, or stroke. A significant in-
teraction was also noted between cardiac death and RR with
the SYNTAX score, such that the upper SYNTAX score tertile
(>33) was associated with increased cardiac mortality and RR
with PCIL. One strength of this meta-analysis was that there
was no significant heterogeneity noted between trials for the
long-term outcomes of all-cause or cardiac mortality [18].
Sardar et al. performed another comprehensive meta-analysis
of data from five RCTs (one additional study was included to
the previous meta-analysis) comparing PCI with DES versus
CABG for ULMCA stenosis and demonstrated a similar risk
of all-cause mortality, cardiovascular death, MI, stroke, and
the combined risk of death, MI, or stroke (MACE) in the 2

treatment groups [19]. However, the risk of any revasculari-
zation or TVR was significantly higher in the PCI with DES
group [19]. Another recently published meta-analysis using
individual patient level data on 11,518 patients from 11 trials,
of which 4478 patients had ULM disease, demonstrated no
benefit of CABG over PCI in a 5-year mortality (HR 1-07,
0.93-1.91; p =0.65) [20]. Interestingly, the presence of dia-
betes and the SYNTAX score did not influence 5-year out-
comes in the ULM group [20].

Impact of DES Generation

PCI outcomes have improved significantly from the DES1 era
to the current era of DES2. In the EXCEL trial, stent throm-
bosis was noted in only 0.7% of cases and was lower than the
rate of symptomatic saphenous vein graft occlusion [7e, 8e].
In contrast, stent thrombosis with DES1 use was high and
similar to rates of saphenous vein graft occlusion in the
SYNTAX trial [12¢]. Stent thrombosis rate associated with
the biolimus-eluting stent in NOBLE was also significantly
higher at 3% compared with EXCEL in which a thinner-strut
stent was used [7ee, 8+¢]. However, DES2 have not had a
significant impact on the rate of RR following ULM PCI. In
the meta-analysis by Giacoppo, the risk of RR was not influ-
enced by DES generation [17, 18]. This can be hypothesized
that RR may be due to progression of de novo disease outside
the stented segment. This offers a clear advantage for CABG
which bypasses long segments of diseased coronary artery,
whereas stents have no effect on de novo lesions.

Left Main Revascularization Guidelines Overview

The 2017 ACC/AHA/SCALI appropriate use criteria for coro-
nary revascularization in patients with stable ischemic heart
disease give a class I recommendation for a heart team ap-
proach prior to both CABG and PCI in patients with ULM
stenosis [21]. Calculation of the SYNTAX score is a class Ila
recommendation. PCI for ULM stenosis is a class Ila recom-
mendation if anatomic complexity associated with a low risk
of PCI procedural complications and a high likelihood of good
long-term outcome (e.g., a low SYNTAX score < 22, ostial or
trunk left main stenosis, and clinical characteristics that pre-
dict a significantly increased risk of adverse surgical out-
comes) (such as STS-predicted risk of operative mortality
> 5%) are present. A class IIb recommendation is given for
PCI if there is bifurcation disease, or a SYNTAX score of 23—
32 and CABG morbidity is high or if STS score >2%. PCl is
rated class III or harmful if unfavorable anatomy for PCI is
present in patients who are good candidates for CABG. The
2018 ESC guidelines on myocardial revascularization give a
class I recommendation for ULM PCIif SYNTAX score <22,
class Ila for SYNTAX score between 23 and 32, and class III
for SYNTAX score > 33 [22].

@ Springer
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Left Main PCl: “The Pearls Are in the Details”
Role of the Heart Team

A heart team approach is recommended by the 2011 ACC/
AHA PCI guidelines [23]. In addition to technical feasibility,
the likelihood of achieving “complete revascularization” with
either approach should be assessed. The 2018 ESC guidelines
recommend completeness of revascularization should be pri-
oritized, when considering the decision between CABG and
PCI (class I recommendation) [22].

Risk Scores for Decision Making Between PCl and CABG

Both anatomic and clinical scores have been developed
and validated to predict outcomes with PCI and CABG,
and hence guide decision making. While the SYNTAX
score has been extensively validated as a tool of anatomic
complexity and predictor of short- and long-term out-
comes in patients with ULM stenosis, it does not take into
account any clinical variables [24]. The SYNTAX score
was not predictive of MACCE in the NOBLE trial.
Rather, CABG was associated with better outcomes, com-
pared with PCI, in the sub-group of patients with low
SYNTAX score (< 22) and equivalent outcomes in patients
with higher scores. This may be because most patients in
the NOBEL trial had bifurcation LM stenosis. In such a
patient group, the SYNTAX score can be low even in the
presence of an isolated complex bifurcation LM stenosis
as defined previously. Such patients may have improved
outcomes with CABG. This represents a limitation of the
SYNTAX score in guiding treatment selection in patients
with LM CAD, compared with its utility in patients with
non-left main multivessel CAD. This is highlighted by the
fact that a variable interaction between SYNTAX score
and PCI outcomes was noted in different RCTs. In the
SYNTAX trial and the meta-analysis by Palmerini et al.,
significant differences were noted in PCI outcomes based
on the SYNTAX score tertiles, whereas no interaction was
noted in PRECOMBAT, EXCEL, and NOBLE. Other risk
scores which take clinical variables into account in addi-
tion to anatomic variables in the SYNTAX score have
been developed and validated. These include the
SYNTAX II, Clinical SYNTAX Score (CSS), and the
Global Risk Score [25-27]. The SYNTAX score II adds
clinical factors, namely gender, age, chronic obstructive
pulmonary disease, peripheral vascular disease, left ven-
tricular ejection fraction (LVEF), and creatinine clearance
to the SYNTAX score [25]. Diabetes is an important co-
morbidity which favors CABG over PCI in multivessel
CAD but is not associated with a significant effect on 5-
year mortality for LM disease in the absence of significant
multivessel CAD [28].

@ Springer

Role of Intravascular Ultrasound and Fractional Flow Reserve

In a study comparing IVUS and fractional flow reserve (FFR),
an IVUS-derived minimum cross-sectional area (MLA) <
5.9 mm? correlated with an ischemic FFR [27, 29].
Therefore, in most cases, a MLA > 6 mm? indicates that LM
revascularization can be safely deferred. An MLA <4.5 mm2
has been proposed to indicate a significant stenosis in the case
of an isolated ostial or shaft stenosis [30]. FFR can also be
used in place of IVUS to determine if significant flow limita-
tion is present, and a value of 0.80 or lower is abnormal. The
details on technical issues and interpretation are beyond the
scope of this review. Briefly, in the presence of the down-
stream branch stenosis in addition to LM stenosis, placing
the FFR wire into a non-stenotic branch vessel will allow
measurement of the true FFR as long as the stenosis in the
other branch vessel is not severe. [31]. However, in case of
ambiguity, the LM MLA can be assessed with [IVUS to guide
decision making.

ULM PCl—Technical Issues

The details of how to perform ULM PCI are key to optimal
outcomes [16, 32]. However, a complete discussion of this
topic is beyond the scope of this review. The 2018 ESC guide-
lines provide a class Ila recommendation for an annual oper-
ator volume for left main PCI of at least 25 cases per year [22].
The DK-CRUSH V study showed lower rates of target vessel
failure, target vessel M1, and stent thrombosis in 482 patients,
with true bifurcation lesions of the distal LM, randomized to
DK-CRUSH versus provisional stenting (PS) [33]. Absolute
benefit of the two-stent approach was greater in patients with
complex LM bifurcation stenosis compared with simpler le-
sions. The most recent consensus statement from the
European Bifurcation Club recommends a provisional ap-
proach for the side branch in most cases of distal LM bifurca-
tion lesions [34]. The DK-CRUSH technique has shown su-
perior outcomes compared with culotte or provisional stenting
in patients with true LM bifurcation lesions [33, 35]. DK-
CRUSH technique is preferred over provisional T-stenting in
true LM bifurcation with a class IIb recommendation in the
2018 ESC guidelines [22]. The EBC MAIN trial is highly
anticipated among ULM PCI operators. The hypothesis is that
the single stent provisional approach is better than planned
two-stent approach [36]. Regardless of the technique, stent
optimization by using pre- and post-PCI IVUS, and ensuring
adequate minimum stent cross-sectional area using a proximal
optimization technique and final kissing balloon inflation
(FKBI) in cases of a two-stent strategy, is mandatory for im-
proved outcomes. Selection of an appropriately sized stent
with high-pressure post-dilatation is key in LM ostium steno-
sis. IVUS guidance was associated with a significant improve-
ment in a 3-year mortality compared with angiographic
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guidance in propensity-matched patients [37, 38]. Finally, risk
assessment to determine the safety of PCI is crucial. Adequate
hemodynamic support should be considered prior to complex
distal left main PCI, especially in the presence of an occluded
or non-dominant right coronary artery, left ventricular ejection
fraction <35%, multivessel CAD, need for atherectomy, or
significant comorbidities that may lead to hemodynamic in-
stability during procedure.

Conclusions

Favorable outcomes of ULM PCI with newer generation DES
may affect treatment decisions of CABG versus PCI. CABG
offers the advantage of bypassing long segments of disease. In
patients treated with PCI, de novo lesions outside the stented
segments can lead to recurrent MI and the need for RR. Higher
rates of residual angina in patients treated with PCI can also
contribute to higher rates of repeat revascularization. Despite
these limitations, excellent outcomes can be achieved with PCI,
in properly selected patients with ULM stenosis. Advances in
stent design and technology (such as newer generation DES)
and PCI technique (high-pressure stent deployment and IVUS
guidance) have contributed to the improved efficacy of PCL
Improved safety, with low 30-day mortality (< 0.5%) and pro-
cedural MI (5%), have been reported with PCI in RCTs. The
availability of mechanical circulatory support devices, although
less extensively studied in these trials (only 5.2% of patients in
Excel trial received mechanical circulatory support), may also
improve the safety of PCI in this setting. At the same time,
surgical techniques have also improved as reflected by lower
rates of stroke and death in a more contemporary trial like
EXCEL. A heart team approach with appropriate patient selec-
tion, careful assessment of LM lesions, and meticulous proce-
dural technique makes PCI a viable option for ULM stenosis.
With advances in stent technology and deployment techniques
in complex and high-risk ULM disease, further studies are
needed to validate the current optimism for PCI as a valid
alternative to CABG or perhaps as part of a hybrid revascular-
ization strategy with CABG.
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