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Percutaneous interventional treatment for disease affecting the 
left main stem has historically been considered problematic for 
a number of reasons. Firstly its site, at the origin of the coronary 
tree, means that any percutaneous therapy has to be absolutely 
robust. A post-procedural occlusion of a mid or distal circumflex 
or right coronary artery, while less than ideal, carries far less risk 
than occlusive stent thrombosis affecting the left main stem. Only 
recently has stenting become predictably safe through advances in 
techniques, devices and adjunctive pharmacology. Secondly, left 
main stem disease is heterogeneous. Treating ostial/shaft disease is 
very different from treating complex distal bifurcation/trifurcation. 
Finally, and as a follow on, we have failed to develop standard 
strategies for bifurcation disease in general. Provisional crossover 
stenting appears to be the best there is currently, but for significant 
disease in the side branch (which may be the large circumflex) this 
procedure can be far from satisfactory. Despite some data on their 
value, bifurcation techniques such as double-kiss-crush appear to 
have failed to have been taken up. Unfortunately, up to 70% of 
LMS disease affects the distal bifurcation.

Recent trial data have confirmed, however, that the role of 
PCI in LMS disease can be expanded. It remains essential that, 
if LMS intervention is being considered, the following basics are 
understood: one should know the published data, understand the 

angiogram in detail, consider the whole patient and their comor-
bidities, consider the risks; have a management strategy and 
specifically a PCI strategy (and especially be experienced in the 
various bifurcation techniques if appropriate), and be able to inter-
pret intravascular imaging.

The old and new data
Based on historic data, caution around treating LMS disease with 
PCI was justified. While many of these data were limited through 
being registry-based, the conclusions were sobering. The ULTIMA 
registry was published in 2001. In 250 patients, the 12-month 
MACE rate was 24% and the 12-month cardiac mortality rate was 
9.1%1. In-hospital mortality for higher-risk patients (elderly, bifur-
cation disease and surgical rejects) was 15%. Subsequent smaller 
registries reported similar findings. In those days, the use of bare 
metal stents meant that the restenosis rate was high, varying from 
17.4%2 to 33.6%1. In 2005, Park et al reported a dramatic fall in 
MACE due to a reduction in restenosis (from 17.4% to 2%)3 with 
the use of drug-eluting stents. However, as a prelude to contempo-
rary results, Takagi et al4 showed that MACE was doubled if distal 
bifurcation disease was treated with two stents. This was supported 
by a later report by Takagi et al which showed higher event rates 
especially driven by restenosis, even with the use of “generation 2” 
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drug-eluting stents5. In 2008, Kim et al6 reported an event-free sur-
vival of 95% for overall LMS stenting, but a death, MI and TVR 
event-free survival of only 71% (with an HR for MACE of 12.9) 
when bifurcation disease was being treated. All these published data 
were in the absence of randomised trials of PCI versus coronary 
artery bypass surgery (CABG). Patient presentation also had an 
impact, with worse outcomes in those with emergent presentation7.

Therefore, at this time the indications for percutaneous interven-
tion in LMS disease were: patients refusing CABG, those at very 
high risk for CABG, those with limited life expectancy, patients 
presenting with acute MI and/or cardiogenic shock, or those with 
protected LM disease. A number of studies, beyond registry data, 
then emerged. While these were still substudies, they added to our 
knowledge base with a picture emerging of likely outcomes with 
patients treated with either PCI or CABG. Firstly, there was the 
LMS substudy of the SYNTAX trial. The results of the substudy 
were dictated by the extent of non-LMS disease (as adjudicated 
by the SYNTAX score [SS]). Thus, for patients with an SS <32 
(n=221), the MACE rate at five years was 31.3%, and with CABG 
(n=196) 32.1%. For those with an SS >32, the respective outcomes 
were 46.5% for PCI (n=135) but 29.7% for CABG (n=149), HR 
1.78, p=0.0038. Such results, together with those from a meta-ana-
lysis, such as that from Cavalcante et al (n=1,305)9, which com-
bined SYNTAX LMS and the PRECOMBAT trial, confirmed the 
impact of SS. A larger meta-analysis of four randomised trials 
from Capodanno et al10 showed no difference in death or MI, but 
an excess of strokes with CABG (HR favouring PCI 0.15 [0.03-
0.67], p=0.01) and excess need for revascularisation with PCI (HR 
favouring CABG 2.25 [1.54-3.28], p<0.001). A picture emerged 
– in lower SS patients mortality may be no different, but revascu-
larisation was higher in PCI patients.

The SYNTAX trial LMS substudy drove the US and 2014 ESC/
EAPCI/EACTS Guidelines – SS 0-22, USA: PCI=IIa B/CABG=I B; 
ESC: I B for both. With SS 23-32, USA: PCI=IIb B/CABG=I B; 
ESC: PCI=IIa B/CABG=I B. For SS >32 for both USA Guidelines 
and ESC Guidelines, PCI=III B and CABG=I B11,12.

All of the data up until this time had been either registry data, or 
substudies of primarily non-LMS trials, and none reflected contem-
porary revascularisation practice. First-generation stents were used 
(which had in the interim been shown to be significantly inferior to 
contemporary stents), intravascular ultrasound and fractional flow 
reserve were uncommon adjuncts, discretionary angiographic fol-
low-up had tended to overinflate the number of events in the PCI 
arms, and best standards of coronary surgery were also underused. 
All patients had been included in the SYNTAX trial but this study 
had shown survival advantage for CABG in those patients with an 
SS >32. A randomised trial comparing contemporary revascularisa-
tion for LMS disease in appropriate, lower SS patients was clearly 
needed. Then, just when one trial was needed, two came along. 
The relative merits of these studies (EXCEL13 and NOBLE14) 
have been hotly debated. They were certainly different studies in 
some ways but similar in others. Both used contemporary drug-
eluting stents (although 10% first-generation stents were used in 

NOBLE), both supposedly enrolled patients with an SS <32 (speci-
fied in EXCEL), IVUS and FFR were recommended in both stud-
ies and routine angiography mandated against. Follow-up was for 
three years. The difference between the trials, which dictated some-
what the outcomes, was in the primary endpoint which consisted 
of MACCE comprising death, MI and cerebrovascular accident 
(CVA) in EXCEL, but these plus target vessel revascularisation in 
NOBLE. The former thus rather favoured PCI, the latter CABG. 
NOBLE excluded MI in the first 30 days.

EXCEL recruited 1,905 patients at 126 sites in 17 countries in 
the USA and the EU, between 2010 and 2014. NOBLE recruited 
1,201 patients at 36 sites in nine EU countries between 2008 and 
2015. Diabetics made up 30% of EXCEL and 15% of NOBLE 
patients, distal location was 80% in both, IVUS use approximately 
75% in both, but off-pump and arterial conduit-only use were differ-
ent (29% EXCEL versus 16% NOBLE, and 25% EXCEL versus 14% 
NOBLE, respectively). The value of the SS in LMS assessment has 
come to be questioned since, contrary to trial protocol in EXCEL, 
17% of PCI patients and 14% of CABG patients were classified by 
the core lab as having an SS >32 – suggesting that there is great vari-
ance in physicians’ ability to calculate the SS accurately. Similarly 
with NOBLE, an SS >32 occurred in 33% of the PCI group and 24% 
of the CABG group when this too was meant to be a “low SS” trial.

Both trials were presented back-to-back at TCT 2016. The major 
findings in EXCEL were that there was no difference in MACE 
at median follow-up of three years (15.4% versus 14.7%, HR 1.0) 
but an excess of morbidity in CABG patients at 30 days (the rate 
of death, stroke, or MI was significantly higher among the CABG-
treated patients [4.9% vs. 7.9%; HR 0.61, 95% CI: 0.42-0.88]). 
This difference was driven by a significantly increased risk of MI 
(3.9% vs. 6.2%; HR 0.63, 95% CI: 0.42-0.95) at this time point. The 
EXCEL trial investigators concluded that “In patients with left main 
coronary artery disease and low or intermediate SYNTAX scores by 
site assessment, PCI with everolimus-eluting stents was non-infe-
rior to CABG with respect to the rate of the composite end point 
of death, stroke, or myocardial infarction at 3 years”. There was, 
however, still a significant excess of the need for revascularisation 
(secondary endpoint) in the PCI arm despite third-generation DES.

There were some interesting observations in the NOBLE 
study. The MACE primary endpoint was significantly higher in 
the PCI arm, 28.7% versus 19.1% (difference exceeded limit for 
non-inferiority [p=0.007 for superiority]). Mortality (11.6% PCI 
versus 9.5% CABG) was no different. Oddly, there was an accu-
mulation of MIs over time, with an incidence of 6.9% in the PCI 
arm versus 1.9% in the CABG arm up to five years (albeit only 
120 in each arm at this time). This is something intervention-
ists do not recognise (or do not look for), as was the rather unex-
pected reported excess of strokes in the PCI arm (4.9% versus 
1.7%). Even more counterintuitive was the finding in NOBLE 
that the MACCE rate was higher in the PCI arm in the SS <22 
subgroup as well as in the (to be expected) SS >32 subgroup.

These were similar but different trials that reported similar, but 
also different, outcomes.
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Are there any absolute messages about LMS revascularisation 
that can be derived from these two studies? The following can 
probably be considered true:
– There is no difference between PCI and CABG in overall or 

cardiovascular mortality (3%-3.5% for both groups, both trials 
at median three years).

– Incidence of MI appears to depend on how it is defined and how it 
is measured (early excess in EXCEL in CABG group to 30 days; 
cumulative excess in the PCI arm to five years in NOBLE).

– CABG is associated with a significant excess morbidity – for 
both trials. Any periprocedural event in EXCEL was seen in 
8.1% of the PCI arm but in 23.0% of the CABG arm (p<0.001). 
In NOBLE, re-operation and blood transfusion occurred highly 
more significantly in CABG and length of stay was significantly 
longer (nine days versus two days).

– Despite the use (even in EXCEL) of third-generation contem-
porary stents, revascularisation is required more often in PCI. 
This difference is about 4-5 absolute % points between PCI 
and CABG. However, we should note that this is for all cases - 
a post hoc analysis of EXCEL has been completed and this may 
not be true for ostial/shaft lesions.

– Excess of strokes in the CABG patient appears not to be con-
firmed by these two trials.

– The SYNTAX score appears to be of limited value in LMS 
disease. It was underestimated by 75% by the sites in EXCEL 
compared to the core lab.

– Five-year follow-up (and beyond) is essential.
What can we conclude so far? In the treatment of LMS coro-

nary disease, PCI compared to CABG results in equivalent mor-
tality benefits, lower rates of procedural morbidity, lower rates of 
periprocedural MI but higher rates of non-procedural MI, greater 
need for repeat revascularisation, and SYNTAX scoring is of 
limited use. Will these trials change the guidelines? Maybe not, 
since that would have been likely only if PCI had been shown 
to be superior, but they should help guide physicians and the 
Heart Team in deciding on strategies in individual patients (taking 
account of the skills of the operators and patient preference when 
there is revascularisation equipoise). It is unlikely that there will 
be further large randomised trials, but this will depend on hypo-
thesis-generating information from the substudies.

There are indeed many a priori post hoc substudies from 
these studies still to come. For TCT 2017, 29 EXCEL abstracts 
have been accepted for presentation. These two trials and their 
substudies will help in smart decision making around LMS 
revascularisation – but we have to move on from the past and 
definitively not get stuck with “LMS disease automatically 
means CABG”. That is old thinking and definitely not in the 
patient’s best interest.
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