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Abstract

Unprotected left main coronary artery (ULMCA) stenosis has relatively high prevalence and exposes patients
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surgery [CABG] or percutaneous coronary intervention [PCI]) for patients with complex coronary artery dis-
ease is a topic of continuing debate. The introduction of the newer-generation drug-eluting stents (DES) —
with documented improvements in both safety and efficacy — has prompted the interventional community
to design two new dedicated randomised trials comparing CABG and PCI: the NOBLE (Coronary Artery
Bypass Grafting Vs Drug Eluting Stent Percutaneous Coronary Angioplasty in the Treatment of Unprotected
Left Main Stenosis) and EXCEL (Evaluation of XIENCE Everolimus Eluting Stent Versus Coronary Artery
Bypass Surgery for Effectiveness of Left Main Revascularization) trials. The aims of the present review are
to describe the similarities and contrasts between these two trials as well to explore their future implications
in ULMCA treatment.
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Introduction

The relevance of an unprotected left main coronary artery
(ULMCA) stenosis was first described more than 100 years ago'.
James Herrick reported the story of a 55-year-old male who died in
cardiogenic shock after a period of 52 hours. The autopsy found an
extensive necrosis of the left ventricle associated with total occlu-
sion of the left main coronary artery by a thrombus overlying an
area of atherosclerotic narrowing'. The explanation for this mas-
sive necrosis is the large area of myocardium at risk in patients with
ULMCA. It has been shown that, in a usual right dominant coro-
nary anatomy, the left coronary artery supplies approximately 84%
of the flow to the left ventricle**.

Currently, the prevalence of significant ULMCA disease —
diameter stenosis greater than 50 percent— may vary from 4-6%
of all patients who undergo coronary arteriography to 24% of
patients with acute coronary syndrome>°. Most of these patients
are symptomatic and at high risk of cardiovascular events*>’.
In that sense, for over 30 years, coronary artery bypass grafting
(CABG) has been regarded as the standard of care for ULMCA
by improving long-term prognosis when compared with optimal
medical therapy?®.

Since its clinical introduction in 1977°, percutaneous coronary
intervention (PCI) has gradually matured. The advent of drug-elut-
ing stents (DES) has markedly improved the long-term outcomes
in patients with complex coronary anatomy. Numerous studies
have compared outcomes in subjects treated with either CABG or
PCI'*2, Meta-analytic combinations of these studies have basi-
cally shown that PCI has similar five-year mortality and myocar-
dial infarction, with a lower incidence of stroke and increased risk
of repeat revascularisation when compared to CABG!!'2,

The relatively high prevalence and substantial prognostic impact
of ULMCA with an unclear optimal therapeutic option added to the
introduction of the newer-generation DES — with proven improve-
ments in both safety and efficacy'*!°— has prompted the design of
two new dedicated randomised trials comparing CABG and PCI.
The aim of the present manuscript is to describe the design and
future perspectives proposed by the ongoing EXCEL (Evaluation
of XIENCE Everolimus Eluting Stent Versus Coronary Artery
Bypass Surgery for Effectiveness of Left Main Revascularization)
and NOBLE (Coronary Artery Bypass Grafting Vs Drug Eluting
Stent Percutaneous Coronary Angioplasty in the Treatment of
Unprotected Left Main Stenosis) trials.

EXCEL and NOBLE: similarities and contrasts
The EXCEL trial (ClinicalTrials.gov identifier: NCT01205776)
is an international, prospective, unblinded, randomised multicen-
tre trial which enrolled 1,905 subjects in 131 centres (Figure 1).
EXCEL was designed to establish the safety and efficacy of the
everolimus-eluting stent (XIENCE PRIME™ or XIENCE V® or
XIENCE Xpedition™ or XIENCE PRO™; Abbott Vascular, Santa
Clara, CA, USA) in patients with significant ULMCA disease.
The NOBLE trial (ClinicalTrials.gov identifier: NCT01496651)
is an international, prospective, unblinded, randomised multicentre

2,909 patients assessed
for eligibility

21 underwent medical treatment
4 randomisation errors

l

979 eligible for enrolment
in parallel registry

1,905 underwent
randomisation

649 enrolled in
CABG registry

330 enrolled in
PCl registry

948 assigned to
undergo PCI

957 assigned to
undergo CABG

Figure 1. Enrolment and randomisation of patients with previously
untreated left main coronary artery-disease in the EXCEL trial.

trial which randomised 1,200 patients in 36 centres. The biolimus-
eluting stent BioMatrix™ (Biosensors, Morges, Switzerland) is the
recommended study stent but other CE-marked DES may be used
at operators’ discretion. As shown in Table 1, although both trials
aim to compare PCI versus CABG for ULMCA treatment, they do
not have exactly the same design.

Comparison of anatomic selection criteria in the
EXCEL and NOBLE trials

The EXCEL and NOBLE trials have, as core for inclusion, an equi-
poised treatment for PCI and CABG as assessed by the local Heart
Team. It is mandatory in both trials that the interventional cardiolo-
gist and surgeon determine appropriateness and eligibility in their
respective area of expertise.

The first difference between EXCEL and NOBLE is how the
Heart Team assesses the ULMCA as being significant. The NOBLE
trial adopted as significant an ULMCA with a visually assessed
diameter stenosis (DS) >50% or fractional flow reserve (FFR)
<0.80. The EXCEL trial defines significant ULMCA as one of the
following: DS >70% (visually estimated) or DS >50% but <70%
(requiring non-invasive or invasive [FFR <0.80] evidence of ischae-
mia or intravascular ultrasound [IVUS] minimal lumen area [MLA]
<6.0 mm?). Additionally, the EXCEL trial has enrolled patients
with left main equivalent disease defined as Medina classification
0,1,1 bifurcation disease with both the ostial left anterior descend-
ing artery (LAD) and ostial left circumflex artery (LCX) stenoses
having >70% DS. If one or both of the ostial LAD and ostial LCX
stenoses are >50% and <70% stenotic by visual estimation, then this
lesion(s) is demonstrated to be significant either by non-invasive or
invasive (FFR <0.80) evidence of ischaemia in its myocardial distri-
bution or IVUS MLA <4.0 mm?®. By protocol, in EXCEL, FFR was
the preferred strategy to stratify lesion significance.



Table 1. Design of the EXCEL and NOBLE trials.

EXCEL trial

EXCEL and NOBLE trials

NOBLE trial

exclusion criteria

other (non-left main) coronary artery lesions within one year prior to
randomisation

— Prior CABG

— Need for any concomitant cardiac surgery

— Subjects unable to receive dual antiplatelet therapy for at least one year

— Subjects requiring or who may require additional surgery within one year

— Pregnancy or intention to become pregnant

— Non-cardiac comorbidities with life expectancy less than 3 years

— Other investigational drug or device studies that have not reached their
primary endpoint

Main inclusion |- Significant unprotected left main coronary artery (ULMCA) disease or left main | — Stable, unstable angina pectoris or ACS
criteria equivalent disease — Significant unprotected left main coronary artery (ULMCA) with no more
— Clinical and anatomic eligibility for both PCI and CABG as agreed to by the than three additional non-complex PCI lesions
local Heart Team — Patient eligible to be treated by CABG and by PCI
— Silent ischaemia, stable angina, unstable angina or recent MI (if recent MI,
CK-MB must have returned to normal)
— The subject must be >18 years of age
Key clinical — Prior PCI of the left main at any time prior to randomisation or prior PCl of any | — ST-elevation infarction within 24 hours

— Patient is too high risk for CABG

— Expected survival <1 year

— Allergy to aspirin, clopidogrel or ticlopidine
— Allergy to biolimus

Key angiographic
exclusion criteria

— SYNTAX score >33, as determined by the consensus of the local Heart Team
— Visually estimated left main reference vessel diameter <2.25 mm or
>4.25 mm (post-dilatation up to 4.5 mm is allowed)

— CABG clearly better treatment option (LMCA stenosis and >3, or complex
additional coronary lesions)

Primary endpoint

Death, Ml and stroke (modified Rankin scale [mRS] >1 and increase by >1 from
baseline at 3 years)

Death, stroke, non-index treatment-related Ml and new revascularisation
(PCl or CABG)

2016

Secondary — Composite measure of all-cause mortality, myocardial infarction, stroke or — Combined endpoint of death, stroke and non-index treatment-related M
endpoint unplanned revascularisation for ischaemia at 3 years post index procedure — Individual endpoints of death, stroke and non-index treatment-related MI
— Stroke at 30 days — New revascularisation by CABG or PCI
— Unplanned revascularisation for ischaemia at 3 years post index procedure — Definite stent thrombosis/symptomatic graft occlusion
— Health-related quality of life and treatment costs — Canadian Cardiovascular Society angina score
— New York Heart Association functional class
— Duration of admission for index treatment
Sample size 1,905 patients 1,200 patients
Participating 131 active sites worldwide 36
centres
Current status | Enrolment complete (03/June/2014). Report of the primary endpoint is expected in | Enrolment complete (22/January/2015). Report of the primary endpoint is

expected in 2016

ULMCA disease should be regarded as a heterogeneous pathol-
ogy when considering the choice of revascularisation modality.
The anatomical complexity of the left main may vary from a sin-
gle lesion in the shaft to distal trifurcation disease and its associ-
ation with more complex downstream (three-vessel) disease, and
may have been directly correlated to incomplete revascularisation
and to late all-cause mortality following PCI?*?2. The prevailing
international revascularisation guidelines recommend revasculari-
sation of ULMCA with CABG or PCI in subjects with SYNTAX
scores which are low (SYNTAX score <23: class | recommendation
for CABG or PCI [level of evidence B for both]) and intermedi-
ate (SYNTAX score 23-32: class I for CABG and class Ila for PCI
[level of evidence B for both]). The same guidelines recommend
against revascularisation with PCI of ULMCA disease with high
SYNTAX scores (SYNTAX score >33: class I for CABG and class
III for PCI [level of evidence B for both])’.

The EXCEL trial adopted an enrolment criterion of subjects with
ULMCA disease up to intermediate anatomical complexity defined
by a SYNTAX score <33 (assessed by the local Heart Team)*. On
the other hand, the NOBLE trial has been enrolling patients with
ostium, mid-shaft and/or bifurcation and with no more than three

additional non-complex PCI lesions. Non-complex lesions in the
NOBLE trial were defined as length <25 mm, non-chronic total
occlusion, non-two-stent bifurcation, non-calcified and non-tortu-
ous coronary lesions.

Study device

The EXCEL and NOBLE trials were designed to study the impact
of revascularisation on ULMCA disease, incorporating changes in
medical therapies, PCI technology and techniques, and advances
in CABG which had been introduced since the completion of the
SYNTAX and FREEDOM studies?*?°. In EXCEL, the workhorse
stent was the everolimus-eluting stent (EES) (XIENCE). The ran-
domised comparisons of everolimus- versus paclitaxel-eluting
stents were designed and powered for a combination of angio-
graphic, ischaemic and safety outcomes, and have consistently
shown the EES to be associated with more favourable outcomes
compared to paclitaxel-eluting stents'*-®. In addition, the largest
patient-level meta-analysis (n=4,989) of the SPIRIT clinical pro-
gramme has shown that EES were superior to paclitaxel-eluting
stents in reducing all-cause mortality (3.2% vs. 5.1%, HR: 0.65,
95% CI: 0.49 to 0.86; p=0.003)"".
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In NOBLE, the workhorse drug-eluting stent is a biolimus-elut-
ing stent (BES) (BioMatrix) with bioabsorbable polymer. The stent
was selected due to its high radial strength and expansion capacity,
especially cell opening?’. Furthermore, the biolimus-eluting stent
with bioabsorbable polymer has shown excellent results in compar-
ison with first®*" as well as second-generation DES?"32, The results
of NOBLE and EXCEL may help to understand the clinical impact
of EES and BES specifically for ULMCA.

Intravascular imaging to guide ULMCA PCI

IVUS guidance compared with angiography guidance has been
associated with reduced one-year rates of definite/probable stent
thrombosis, myocardial infarction and composite adjudicated
major adverse cardiac events (i.e., cardiac death, myocardial infarc-
tion, or stent thrombosis)*>**. Specifically for ULMCA PCI, a pro-
pensity score matching of the MAIN-COMPARE registry (n=201)
has associated IVUS-guided PCI to lower three-year mortality®. In
both NOBLE and EXCEL, IVUS-guided PCI is strongly recom-
mended pre-treatment and post-treatment to optimise lumen dimen-
sions in the left main segment and for all non-left main lesions*.
An exception is made for distal lesions or tortuous vessels. All left
main lesions in which IVUS is used will undergo rigorous core
laboratory evaluation (Cardiovascular Research Foundation, New
York, USA in the EXCEL trial and Belfast Health & Social Care
Trust, Belfast, Northern Ireland in the NOBLE trial).

In this regard, these trials will help to understand the PCI results
according to the baseline IVUS criteria and IVUS post-PCI predic-
tors of clinical events. Although a two by two randomised trial for
IVUS guidance would be ideal, the EXCEL and NOBLE protocols
are already sufficiently complex that adding another level of ran-
domisation is not practical. Moreover, although IVUS assessment
is relatively simple, not all sites are expert in the use of IVUS guid-

ance for complex left main stenosis.

Primary endpoints

EXCEL and NOBLE had different sample size calculation due to
the difference in their respective primary endpoints. In NOBLE, the
sample size calculation is based on the combined primary endpoint
of death, stroke (defined as ischaemic or haemorrhagic cerebrovas-
cular event verified by brain CT), non-index treatment-related MI
and new revascularisation (MACCE) after two years (Table 1). In
EXCEL, the primary endpoint is defined as death, MI and stroke
(modified Rankin scale [mRS] >1 and increase by >1 from baseline
at three years). EXCEL has completed its enrolment with a total
number of 1,905 patients (Figure 1).

Recommendations on bifurcation treatment

Bifurcation lesions may be present in about 70% of ULMCA
cases and have been associated with the occurrence of ischaemic
events after PCI?’. In EXCEL and NOBLE protocols, a single-stent
crossover provisional technique is recommended whenever pos-
sible for treatment of bifurcations. After implantation of the first
stent, if there is uncertainty concerning the adequacy of side branch

patency, an FFR determination is recommended, with a value of
<0.80 indicating that side branch dilatation should be performed.

The decision to use a primary two-stent technique is left to the
operator’s best judgement. However, a primary two-stent strategy
rather than a single crossover stent technique should be considered
when the side branch (usually the left circumflex) is large (>3 mm),
with significant disease (by angiographic or IVUS assessment) and
lesion length >5 mm, or when there are other special anatomic con-
siderations (e.g., heavy calcification).

In both trials, the strategy of a two-stent technique (crossover or
primary two stents) for bifurcation treatment may include any of
the following: T-stent, TAP, mini-crush (reverse crush), or culotte
bifurcation stent techniques. The final decision is made according to
the lesion morphology and the experience of the operator. The use
of kissing balloons after provisional second stents is strongly rec-
ommended in a two-stent strategy. However, based on the Nordic
Bifurcation study*®, in NOBLE the culotte technique is preferred in
case a two-stent strategy is needed.

Long-term forecasting and comparison of
mortality in the EXCEL trial using the SYNTAX
score 11 (SSII)

The SSII was developed in the landmark, all-comers, randomised
SYNTAX (Synergy between PCI with TAXUS and Cardiac
Surgery) trial (n=1,800)*** where selection bias would have
been minimal. The SSII is composed of the anatomical SYNTAX
score, presence of ULMCA disease, and six clinical characteristics
(age, creatinine clearance [CrCl], left ventricular ejection fraction
[LVEF], sex, chronic obstructive pulmonary disease [COPD], and
peripheral vascular disease [PVD]). SSII has been externally vali-
dated in the multinational DELTA (n=2,891) and CREDO-Kyoto
(n=3,896) registries***’. Moreover, international guidelines have
implemented the SSII as a risk stratification tool for complex coro-
nary artery disease (class Ila, level of evidence B)'.

Recently, a prospective validation of the SYNTAX score II has
been proposed to forecast and compare the four-year mortality
in the EXCEL trial*'. After completion of patient recruitment in
EXCEL, using the actual baseline clinical and angiographic data
from each enrolled patient, the SYNTAX score II was calculated.
Scores were assigned for the presence and magnitude of each
predictor directly based on the Cox proportional hazards model
coefficients generating different scores and four-year mortality
predictions for PCI and CABG*. To determine the 95% prediction
intervals (PI), the trial was simulated 10,000 times based on con-
secutive bootstrap samples®.

The SYNTAX score II indicated at least an equipoise for long-
term mortality between CABG and PCI in subjects with ULMCA in
the EXCEL trial. For the entire study cohort, the four-year predicted
mortalities were 8.5% and 10.5% in the PCI and CABG arms,
respectively (odds ratios [OR] 0.79; 95% PI: 0.43-1.50). Figure 2
demonstrates the first 1,000 trial simulations. It has been found that
there is a 40.4% (n=4,040) chance that the mortality predictions will
be significantly lower in favour of PCI, a 4.4% (n=440) chance that
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Figure 2. First 1,000 four-year mortality simulations of the EXCEL
trial on the SYNTAX score II. Each dot represents one simulated trial
mortality in both randomisation arms based on individual

predictions. The diagonal line represents identical mortality for:
CABG and PCI. A dot plotted to the left of the diagonal line favours
CABG (actual percentages shown in top left corner), and one to the

right favours PCI (actual percentages shown in bottom right corner).
Simulated trials with a significant (p<0.05) mortality difference
between CABG and PCI are coloured black (actual percentage
shown in parentheses in respective corners). Simulated trials with
a non-significant (p=0.05) mortality difference between CABG and
PCI are coloured grey. (Modified from Campos et al”')

EXCEL and NOBLE trials

the mortality will significantly favour CABG, and a 55.2% chance
of having neutral results. In subjects with low (<22) anatomical
SYNTAX scores, the predicted OR was 0.69 (95% PI: 0.34-1.45);
in intermediate anatomical SYNTAX scores?*2, the predicted OR
was 0.93 (95% PI: 0.53-1.62) (Figure 2).

Based on four-year mortality predictions in EXCEL, clinical
characteristics shifted long-term mortality predictions either in
favour of PCI (older age, male gender, COPD) or CABG (younger
age, lower creatinine clearance, female gender, reduced LVEF)
(Table 2). The explanation for these predictions is that, as men-
tioned previously, ULMCA revascularisation, when limited to
intermediate anatomical complexity, may have adequate results
with PCT".

The major limitation of these predictions is also their great-
est strength: the complete absence of the EXCEL trial outcomes.
Therefore, at present, it not possible to assess whether these predic-
tions are accurate. On the other hand, it enables unbiased validation
of the SYNTAX score II, promoting understanding of the multiple
risk factors involved in ULMCA disease and decision making on

the most appropriate revascularisation modality.

Conclusion

The main results of both the EXCEL and the NOBLE trials are
expected in 2016, which will therefore be a promising year for
cardiology. The similarities and differences between these studies
will, in the end, be complementary in the sense of throwing light on
numerous aspects of revascularisation strategies and increasing our
understanding of the role and mechanisms of their risk stratification
and correlated therapeutic adjunctive tools.
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Table 2. Four-year mortality prediction comparisons hetween CABG and PCI in the EXCEL trial*'.

Overall

PCl, 948 563 385 483 465 168 780 118 830 226 722 881 67 851 97
n (%) (59%) | (406%) | (30.9%) | (49.1%) | (17.7%) | (82.3%) | (124%) | (87.6%) | (23.8%) | (76.2%) | (92.9%) | (7.1%) | (89.8%) | (10.2%)
CABG, 957 589 368 486 471 147 810 119 838 214 743 876 81 873 84
n (%) (61.5%) | (38.5%) | (50.8%) | (49.2%) | (154%) | (84.6%) | (124%) | (87.6%) | (224%) | (77.6%) | (91.5%) | (8.5%) | (91.2%) | (8.8%)
Predicted 4-year| 8.5 713 101 54 118 19.7 6.1 183 71 131 71 79 16.7 6.9 225
mortality PCI, | (5.4-11.9) | (4.2-11.0) | (6.2-14.6) | (2.7-8.5) |(7.3-16.8) |(11.9-28.7)| (3.5-9.2) |(9.3-28.0) | (4.3-10.4) | (7.1-19.9) | (4.0-10.5) | (4.9-11.2) | (6.0-29.9) | (4.2-10.1) |(11.3-36.1)
% (95% PI)
Predicted 4-year|  10.5 103 108 58 1541 184 9.1 152 99 8.7 111 9.1 261 9.0 265
mortality CABG, | (6.6-15.1) | (5.9-15.6) | (6.5-15.5) | (2.7-9.5) | (9.3-22.5) | (9.5-28.6) | (5.2-13.6) | (6.1-25.8) | (5.9-14.4) | (3.3-15.9) | (6.7-15.9) | (6.3-13.5) |(12.4-40.7)| (5.3-13.3) | (13.1-41.7)
% (95% PI)
ORPCI.CABG | 0.79 0.69 0.93 0.92 0.73 1.08 0.65 1.25 0.70 1.59 0.61 0.86 0.57 0.75 081
(95% PI)  |(0.43-1.50)|(0.34-1.45)|(0.53-1.62)((0.38-2.25)|(0.37-1.48) (0.48-2.64)| (0.31-1.35)|(0.49-3.27)|(0.36-1.39) |(0.61-5.00)| (0.30-1.23)| (0.44-1.72)|(0.16-1.75)|(0.38-1.54) | (0.27-2.32)

*Separated by the median. CABG: coronary artery bypass graft surgery; COPD: chronic obstructive pulmonary disease; CrCl: creatinine clearance; LVEF: left ventricular ejection fraction;
PCI: percutaneous coronary intervention; PI: prediction intervals; PVD: peripheral vascular disease

m
=
=
=
=
-
(1]
=
=
(1]
=
=
o
=
N
o
—
o1
—
—
<
—_
—_
@
<
=
=
©




Online data supplement

References

1. Herrick JB. Landmark article (JAMA 1912). Clinical features
of sudden obstruction of the coronary arteries. By James B.
Herrick. JAMA. 1983;250:1757-65.

2. Dwyer EM Jr, Dell RB, Cannon PJ. Regional myocardial
blood flow in patients with residual anterior and inferior transmural
infarction. Circulation. 1973;48:924-35.

3. Kalbfleisch H, Hort W. Quantitative study on the size of coro-
nary artery supplying areas postmortem. Am Heart J. 1977;94:183-8.

4. Leaman DM, Brower RW, Meester GT, Serruys P, van den
Brand M. Coronary artery atherosclerosis: severity of the disease,
severity of angina pectoris and compromised left ventricular func-
tion. Circulation. 1981;63:285-99.

5. Ragosta M, Dee S, Sarembock 1J, Lipson LC, Gimple LW,
Powers ER. Prevalence of unfavorable angiographic characteristics
for percutaneous intervention in patients with unprotected left main
coronary artery disease. Catheter Cardiovasc Interv. 2006;68:
357-62.

6. Kotsia A, Brilakis ES, Held C, Cannon C, Steg GP, Meier B,
Cools F, Claeys MJ, Cornel JH, Aylward P, Lewis BS, Weaver D,
Brandrup-Wognsen G, Stevens SR, Himmelmann A, Wallentin L,
James SK. Extent of coronary artery disease and outcomes after
ticagrelor administration in patients with an acute coronary syn-
drome: Insights from the PLATelet inhibition and patient Outcomes
(PLATO) trial. Am Heart J. 2014;168:68-75.¢2.

7. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V,
Filippatos G, Hamm C, Head SJ, Jiini P, Kappetein AP, Kastrati A,
Knuuti J, Landmesser U, Laufer G, Neumann FJ, Richter DJ,
Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca L,
Valgimigli M, Wijns W, Witkowski A. 2014 ESC/EACTS
Guidelines on myocardial revascularization. Eurolntervention.
2015;10:1024-94.

8. Yusuf S, Zucker D, Peduzzi P, Fisher LD, Takaro T,
Kennedy JW, Davis K, Killip T, Passamani E, Norris R, et al. Effect
of coronary artery bypass graft surgery on survival: overview of
10-year results from randomised trials by the Coronary Artery Bypass
Graft Surgery Trialists Collaboration. Lancet. 1994;344:563-70.

9. Gruntzig AR, Senning A, Siegenthaler WE. Nonoperative
dilatation of coronary-artery stenosis: percutaneous transluminal
coronary angioplasty. N Engl J Med. 1979;301:61-8.

10. Farooq V, Serruys PW, Stone GW, Virmani R, Chieffo A,
Fajadet J. Percutaneous interventional cardiovascular medicine.
Left main coronary artery disease. In The PCR-EAPCI Textbook.
Toulouse, France: EUROPA edn: PCR Publishing; 2012.
p. 329-405.

11. Al AliJ, Franck C, Filion KB, Eisenberg MJ. Coronary artery
bypass graft surgery versus percutaneous coronary intervention
with first-generation drug-eluting stents: a meta-analysis of rand-
omized controlled trials. JACC Cardiovasc Interv. 2014;7:
497-506.

EXCEL and NOBLE trials

12. Athappan G, Patvardhan E, Tuzcu ME, Ellis S, Whitlow P,
Kapadia SR. Left main coronary artery stenosis: a meta-analysis of
drug-eluting stents versus coronary artery bypass grafting. JACC
Cardiovasc Interv. 2013;6:1219-30.

13. Gada H, Kirtane AJ, Newman W, Sanz M, Hermiller JB,
Mahaffey KW, Cutlip DE, Sudhir K, Hou L, Koo K, Stone GW.
S-year results of a randomized comparison of XIENCE V everoli-
mus-eluting and TAXUS paclitaxel-eluting stents: final results
from the SPIRIT III trial (clinical evaluation of the XIENCE V
everolimus eluting coronary stent system in the treatment of
patients with de novo native coronary artery lesions). JACC
Cardiovasc Interv. 2013;6:1263-6.

14. Brener SJ, Kereiakes DJ, Simonton CA, Rizvi A, Newman W,
Mastali K, Wang JC, Caputo R, Smith RS Jr, Ying SW, Cutlip DE,
Stone GW. Everolimus-eluting stents in patients undergoing percu-
taneous coronary intervention: final 3-year results of the Clinical
Evaluation of the XIENCE V Everolimus Eluting Coronary Stent
System in the Treatment of Subjects With de Novo Native Coronary
Artery Lesions trial. Am Heart J. 2013;166:1035-42.

15. Stone. GW, Rizvi A, Newman W, Mastali K, Wang JC,
Caputo R, Doostzadeh J, Cao S, Simonton CA, Sudhir K, Lansky AJ,
Cutlip DE, Kereiakes DJ; SPIRIT IV Investigators. Everolimus-
eluting versus paclitaxel-eluting stents in coronary artery disease.
N Engl J Med. 2010;362:1663-74.

16. Kedhi E, Joesoef KS, McFadden E, Wassing J, van
Mieghem C, Goedhart D, Smits PC. Second-generation everoli-
mus-eluting and paclitaxel-eluting stents in real-life practice
(COMPARE): a randomised trial. Lancet. 2010;375:201-9.

17. Dangas GD, Serruys PW, Kereiakes DJ, Hermiller J,
Rizvi A, Newman W, Sudhir K, Smith RS Jr, Cao S,
Theodoropoulos K, Cutlip DE, Lansky AJ, Stone GW. Meta-
analysis of everolimus-eluting versus paclitaxel-eluting stents in
coronary artery disease: final 3-year results of the SPIRIT clinical
trials program (Clinical Evaluation of the Xience V Everolimus
Eluting Coronary Stent System in the Treatment of Patients With
De Novo Native Coronary Artery Lesions). JACC Cardiovasc
Interv. 2013;6:914-22.

18. Zhang YJ, Zhu LL, Bourantas CV, Igbal J, Dong SJ,
Campos CM, Li MH, Ye F, Tian NL, Garcia-Garcia HM, Serruys PW,
Chen SL. The impact of everolimus versus other rapamycin deriva-
tive-eluting stents on clinical outcomes in patients with coronary
artery disease: a meta-analysis of 16 randomized trials. J Cardiol.
2014;64:185-93.

19. Palmerini T, Biondi-Zoccai G, Della Riva D, Mariani A,
Sabate M, Smits PC, Kaiser C, D’Ascenzo F, Frati G, Mancone M,
Genereux P, Stone GW. Clinical outcomes with bioabsorbable pol-
ymer- versus durable polymer-based drug-eluting and bare-metal
stents: evidence from a comprehensive network meta-analysis.
J Am Coll Cardiol. 2014;63:299-307.

11'GT0Z uonuaniauoiny |



m
=
=
=
=
=
[1-]
-
<
(1]
=
=
o
=
N
o
—
o
—
—

20. Morice MC, Serruys PW, Kappetein AP, Feldman TE,
Stahle E, Colombo A, Mack MJ, Holmes DR, Choi JW, Ruzyllo W,
Religa G, Huang J, Roy K, Dawkins KD, Mohr F. Five-year out-
comes in patients with left main disease treated with either percuta-
neous coronary intervention or coronary artery bypass grafting in
the synergy between percutaneous coronary intervention with taxus
and cardiac surgery trial. Circulation. 2014;129:2388-94.

21. FarooqV, Serruys PW, Bourantas CV, Zhang Y, Muramatsu T,
Feldman T, Holmes DR, Mack M, Morice MC, Stahle E,
Colombo A, de Vries T, Morel MA, Dawkins KD, Kappetein AP,
Mohr FW. Quantification of incomplete revascularization and its
association with five-year mortality in the synergy between percu-
taneous coronary intervention with taxus and cardiac surgery
(SYNTAX) trial validation of the residual SYNTAX score.
Circulation. 2013;128:141-51.

22. Genereux P, Campos CM, Yadav M, Palmerini T, Caixeta A,
Xu K, Francese DP, Dangas GD, Mehran R, Leon MB, Serruys PW,
Stone GW. Reasonable incomplete revascularisation after percuta-
neous coronary intervention: the SYNTAX Revascularisation
Index. Eurolntervention. 2014 Oct 14. [Epub ahead of print].

23. Zhang YJ, Igbal J, Campos CM, Klaveren DV, Bourantas CV,
Dawkins KD, Banning AP, Escaned J, de Vries T, Morel MA,
Farooq V, Onuma 'Y, Garcia-Garcia HM, Stone GW, Steyerberg EW,
Mohr FW, Serruys PW. Prognostic value of site SYNTAX score
and rationale for combining anatomic and clinical factors in deci-
sion making: insights from the SYNTAX trial. J Am Coll Cardiol.
2014;64:423-32.

24. Serruys PW, Morice MC, Kappetein AP, Colombo A,
Holmes DR, Mack MJ, Stahle E, Feldman TE, van den Brand M,
Bass EJ, Van Dyck N, Leadley K, Dawkins KD, Mohr FW;
SYNTAX Investigators. Percutaneous coronary intervention versus
coronary-artery bypass grafting for severe coronary artery disease.
N Engl J Med. 2009;360:961-72.

25. Head SJ, Davierwala PM, Serruys PW, Redwood SR,
Colombo A, Mack MJ, Morice MC, Holmes DR Jr, Feldman TE,
Stahle E, Underwood P, Dawkins KD, Kappetein AP, Mohr FW.
Coronary artery bypass grafting vs. percutaneous coronary inter-
vention for patients with three-vessel disease: final five-year fol-
low-up of the SYNTAX trial. Eur Heart J. 2014;35:2821-30.

26. Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G,
Mack M, Yang M, Cohen DJ, Rosenberg Y, Solomon SD, Desai AS,
Gersh BJ, Magnuson EA, Lansky A, Boineau R, Weinberger J,
Ramanathan K, Sousa JE, Rankin J, Bhargava B, Buse J, Hueb W,
Smith CR, Muratov V, Bansilal S, King S 3rd, Bertrand M, Fuster V;
FREEDOM Trial Investigators. Strategies for multivessel revascu-
larization in patients with diabetes. N Engl J Med. 2012;367:
2375-84.

27. Foin N, Sen S, Allegria E, Petraco R, Nijjer S, Francis DP, Di
Mario C, Davies JE. Maximal expansion capacity with current DES
platforms: a critical factor for stent selection in the treatment of left
main bifurcations? Eurolntervention. 2013;8:1315-25.

28. Windecker S, Serruys PW, Wandel S, Buszman P, Trznadel S,
Linke A, Lenk K, Ischinger T, Klauss V, Eberli F, Corti R, Wijns W,

Morice MC, di Mario C, Davies S, van Geuns RJ, Eerdmans P, van
Es GA, Meier B, Jiini P. Biolimus-eluting stent with biodegradable
polymer versus sirolimus-eluting stent with durable polymer for
coronary revascularisation (LEADERS): a randomised non-inferi-
ority trial. Lancet. 2008;372:1163-73.

29. Christiansen EH, Jensen LO, Thayssen P, Tilsted HH,
Krusell LR, Hansen KN, Kaltoft A, Maeng M, Kristensen SD,
Botker HE, Terkelsen CJ, Villadsen AB, Ravkilde J, Aaroe J,
Madsen M, Thuesen L, Lassen JF; Scandinavian Organization for
Randomized Trials with Clinical Outcome (SORT OUT) V investi-
gators. Biolimus-eluting biodegradable polymer-coated stent ver-
sus durable polymer-coated sirolimus-eluting stent in unselected
patients receiving percutaneous coronary intervention (SORT OUT
V): a randomised non-inferiority trial. Lancet. 2013;381:661-9.

30. Serruys PW, Farooq V, Kalesan B, de Vries T, Buszman P,
Linke A, Ischinger T, Klauss V, Eberli F, Wijns W, Morice MC, Di
Mario C, Corti R, Antoni D, Sohn HY, Eerdmans P, Rademaker-
Havinga T, van Es GA, Meier B, Jiini P, Windecker S. Improved
safety and reduction in stent thrombosis associated with biodegrad-
able polymer-based biolimus-eluting stents versus durable poly-
mer-based sirolimus-eluting stents in patients with coronary artery
disease: final 5-year report of the LEADERS (Limus Eluted From
A Durable Versus ERodable Stent Coating) randomized, noninferi-
ority trial. JACC Cardiovasc Interv. 2013;6:777-89.

31. Natsuaki M, Kozuma K, Morimoto T, Kadota K, Muramatsu T,
Nakagawa Y, Akasaka T, Igarashi K, Tanabe K, Morino Y,
Ishikawa T, Nishikawa H, Awata M, Abe M, Okada H, Takatsu Y,
Ogata N, Kimura K, Urasawa K, Tarutani Y, Shiode N, Kimura T;
NEXT Investigators. Biodegradable polymer biolimus-eluting stent
versus durable polymer everolimus-eluting stent: a randomized,
controlled, noninferiority trial. J Am Coll Cardiol. 2013;62:
181-90.

32. Smits PC, Hofma S, Togni M, Vazquez N, Valdes M,
Voudris V, Slagboom T, Goy JJ, Vuillomenet A, Serra A, Nouche RT,
den Heijer P, van der Ent M. Abluminal biodegradable polymer
biolimus-eluting stent versus durable polymer everolimus-eluting
stent (COMPARE 1I): a randomised, controlled, non-inferiority
trial. Lancet. 2013;381:651-60.

33. Witzenbichler B, Maehara A, Weisz G, Neumann FJ,
Rinaldi MJ, Metzger DC, Henry TD, Cox DA, Dufty PL, Brodie BR,
Stuckey TD, Mazzaferri EL Jr, Xu K, Parise H, Mehran R,
Mintz GS, Stone GW. Relationship between intravascular ultra-
sound guidance and clinical outcomes after drug-eluting stents: the
assessment of dual antiplatelet therapy with drug-eluting stents
(ADAPT-DES) study. Circulation. 2014;129:463-70.

34. Zhang YJ, Garcia-Garcia HM, Farooq V, Bourantas CV,
Serruys PW, Chen SL. Revisiting: “Comparison of intravascular
ultrasound versus angiography-guided drug-eluting stent implanta-
tion: a meta-analysis of one randomised trial and ten observational
studies involving 19,619 patients”. Eurolntervention. 2013;9:
891-2.

35. Park SJ, Kim YH, Park DW, Lee SW, Kim W], Suh J, Yun SC,
Lee CW, Hong MK, Lee JH, Park SW; MAIN-COMPARE



Investigators. Impact of intravascular ultrasound guidance on long-
term mortality in stenting for unprotected left main coronary artery
stenosis. Circ Cardiovasc Interv. 2009;2:167-77.

36. Campos CM, Lemos PA. Precise vessel sizing: a trivial but
crucial issue during left main stenting. Catheter Cardiovasc Interv.
2014;84:359-60.

37. Naganuma T, Chieffo A, Meliga E, Capodanno D, Park SJ,
Onuma Y, Valgimigli M, Jegere S, Makkar RR, Palacios IF,
Costopoulos C, Kim YH, Buszman PP, Chakravarty T, Sheiban I,
Mehran R, Naber C, Margey R, Agnihotri A, Marra S, Capranzano P,
Leon MB, Moses JW, Fajadet J, Lefevre T, Morice MC, Erglis A,
Tamburino C, Alfieri O, Serruys PW, Colombo A. Long-term clini-
cal outcomes after percutaneous coronary intervention for ostial/
mid-shaft lesions versus distal bifurcation lesions in unprotected
left main coronary artery: the DELTA Registry (drug-eluting stent
for left main coronary artery disease): a multicenter registry evalu-
ating percutaneous coronary intervention versus coronary artery
bypass grafting for left main treatment. JACC Cardiovasc Interv.
2013;6:1242-9.

38. Erglis A, Kumsars I, Niemela M, Kervinen K, Maeng M,
Lassen JF, Gunnes P, Stavnes S, Jensen JS, Galloe A, Narbute I,
Sondore D, Makikallio T, Ylitalo K, Christiansen EH, Ravkilde J,
Steigen TK, Mannsverk J, Thayssen P, Hansen KN, Syvanne M,
Helgvist S, Kjell N, Wiseth R, Aaroe J, Puhakka M, Thuesen L;
Nordic PCI Study Group. Randomized comparison of coronary
bifurcation stenting with the crush versus the culotte technique

EXCEL and NOBLE trials

using sirolimus eluting stents: the Nordic stent technique study.
Circ Cardiovasc Interv. 2009;2:27-34.

39. Campos CM, van Klaveren D, Igbal J, Onuma Y, Zhang Y],
Garcia-Garcia HM, Morel MA, Farooq V, Shiomi H, Furukawa Y,
Nakagawa Y, Kadota K, Lemos PA, Kimura T, Steyerberg EW,
Serruys PW. Predictive Performance of SYNTAX Score II in
Patients With Left Main and Multivessel Coronary Artery Disease-
analysis of CREDO-Kyoto registry. Circ J. 2014;78:1942-9.

40. Farooq V, van Klaveren D, Steyerberg EW, Meliga E,
Vergouwe Y, Chieffo A, Kappetein AP, Colombo A, Holmes DR Jr,
Mack M, Feldman T, Morice MC, Stahle E, Onuma Y, Morel MA,
Garcia-Garcia HM, van Es GA, Dawkins KD, Mohr FW,
Serruys PW. Anatomical and clinical characteristics to guide deci-
sion making between coronary artery bypass surgery and percuta-
neous coronary intervention for individual patients: development
and validation of SYNTAX score II. Lancet. 2013;381:639-50.

41. Campos CM, van Klaveren D, Farooq V, Simonton CA,
Kappetein AP, Sabik JF 3rd, Steyerberg EW, Stone GW, Serruys PW;
On Behalf of the EXCEL Trial Investigators. Long-term forecasting
and comparison of mortality in the Evaluation of the Xience
Everolimus Eluting Stent vs. Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization (EXCEL) trial: pro-
spective validation of the SYNTAX Score II. Eur Heart J. 2015 Jan
12. [Epub ahead of print].

42. Efron B, Tibshirani RJ. An Introduction to the Bootstrap.
Boca Raton, FL, USA: Taylor & Francis; 1994.

m
=
=
=
=
-
(1]
=
<
(1]
=
=
o
=
N
o
—
o
—
—




