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Aims: The applicability of the results of the SYNTAX trial comparing percutaneous coronary intervention

e ] (PCI) using first-generation drug-eluting stents (DES) with coronary artery bypass graft (CABG) surgery
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for the treatment of patients with complex coronary artery disease (CAD) has been challenged by recent
major technical and procedural developments in coronary revascularisation. Functional assessment of coro-
nary lesions has contributed to marked improvements in both safety and efficacy of DES implantation. In
addition, the recent development of the SYNTAX score 11, a clinical tool based on anatomical and clinical
factors, allows individualised objective decision making regarding the optimal revascularisation modality in
patients with complex CAD. The ongoing SYNTAX II trial is currently evaluating the effectiveness of the
clinical and technological advances in the treatment of patients with complex (de novo three-vessel) CAD.

Methods and results: The SYNTAX II trial is a multicentre, all-comers, open-label, single-arm trial aim-

ing to recruit 450 patients with de novo three-vessel CAD in approximately 25 European interventional car-

® percutaneous

coronary diology centres. All patients will be selected and treated following the SYNTAX II strategy, which includes:

intervention

¢ physiology
o SYNTAX score Il tional intracoronary assessment, c¢) implantation of the new-generation everolimus-eluting platinum chromium

a) establishing the appropriateness of revascularisation utilising the SYNTAX score II as a clinical tool to
allow objective decision making by the Heart Team, b) ischaemia-driven revascularisation based on func-

coronary stent with thin struts and abluminal bioabsorbable polymer coating to promote rapid vessel healing,
d) intravascular ultrasound-guided DES implantation, and e) treatment at centres with expertise in CTO recan-
alisation. The primary endpoint is a composite of the major adverse cardiac and cerebral events (MACCE) rate
at one-year follow-up compared to the historical PCI arm of the SYNTAX trial. An exploratory endpoint will
be MACCE at five-year follow-up compared to the historical surgical arm of the SYNTAX trial.

Conclusions: The SYNTAX II trial will provide valuable information on outcomes of state-of-the-art PCI
for the contemporary management of complex (de novo three-vessel) CAD. SYNTAX II will be of critical
value in the design of future trials in this arena. (ClinicalTrials.gov Identifier: NCT02015832)
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Rationale

The appropriateness of percutaneous coronary intervention (PCI)
to treat patients with complex coronary artery disease has histori-
cally remained an area of controversy'. In the drug-eluting stent
(DES) era, the SYNergy between percutaneous coronary interven-
tion with TAXUS and cardiac surgery (SYNTAX) trial? is undoubt-
edly the most important randomised trial comparing percutaneous
and surgical revascularisation, the findings of which have been
incorporated into international revascularisation guidelines®** and
prompted further trials*®, including the EXCEL (investigating
unprotected left main coronary artery disease) and the SYNTAX
II (investigating de novo three-vessel disease [3VD]) trials.

Within the SYNTAX trial, the pre-specified criteria for PCI
non-inferiority were not met due to a significantly higher inci-
dence of major adverse cardiac or cerebrovascular events
(MACCE) at 12 months in the PCI group (PCI: 17.8%, CABG:
12.4%; p=0.002), findings that were maintained up to five years
of follow-up (PCI: 37.5%, CABG: 24.2%; p<0.001)’. Further tri-
als and longitudinal data have provided additional support to the
SYNTAX results, with the recommendation that CABG remain
the default revascularisation strategy for most patients with de
novo 3VD?, Substudies of SYNTAX support percutaneous revas-
cularisation in specific subsets of patients with 3VD*!!.

The original SYNTAX trial protocol was registered on 20 June
2005, and the final five-year results were reported in 2012'>!3. The
applicability of scientific evidence in the rapidly evolving field of
interventional cardiology is typically hampered by the lag between
the design of a study such as SYNTAX and the availability, analy-
sis and reporting of the data. Throughout the seven-year period of
SYNTAX, a number of studies have demonstrated that applying
diagnostic and treatment strategies not implemented in SYNTAX
can substantially modify PCI outcomes. This raises the question,
do the findings of SYNTAX still apply to state-of-the-art, contem-
porary PCI practice'*?

In this paper we revisit some of the major developments in inter-
ventional cardiology over the seven-year period from the launch
of the SYNTAX trial to its conclusion. In addition, we provide
the rationale and design of the SYNTAX II trial (ClinicalTrials.
gov Identifier: NCT02015832) which aims to explore whether the
integration of new developments in PCI may potentially improve
patient outcomes compared to the relatively recently obtained
results from the SYNTAX trial (Table 1).

Technical and clinical improvements in the field
of PCI after SYNTAX

ISCHAEMIA-DRIVEN REVASCULARISATION

In SYNTAX the decision to treat each individual stenosis in a 3VD
context was predominantly based upon the angiographic stenosis
severity. The clinical value of pressure guidewire interrogation of
coronary lesions to ascertain haemodynamic severity — a critical
aspect of the appropriateness of revascularisation — was strongly
supported by the results of the FAME trial'>. FAME demonstrated
that limiting PCI to haemodynamically significant coronary

SYNTAX Il trial rationale and design

stenoses, based on a fractional flow reserve (FFR) assessment,
resulted in a significant decrease in target vessel revascularisation,
myocardial infarction and death, compared to the angiography-
based decision arm. Five-year follow-up data from FAME con-
firm that FFR-guided PCI is safe and efficacious in patients with
multivessel coronary artery disease'®. The RIPCORD study dem-
onstrated a major modification of the revascularisation strategy
in an all-comers population when the three major epicardial ves-
sels were interrogated with a pressure guidewire!”. The integration
of physiological and anatomical assessments of coronary lesions
allows calculation of a functional SYNTAX score'® and has been
shown to decrease the number of higher-risk patients and discrim-
inate the risk of adverse events better in patients with multives-
sel coronary disease undergoing PCI. In essence, the functional
SYNTAX score may be viewed as expressing the anatomical dif-
ficulty of PCI limited to those stenoses that warrant revascularisa-
tion on the grounds of haemodynamic significance, demonstrated
by interrogation with an intracoronary pressure wire.

The development of a new adenosine-independent pressure-
derived index, instantaneous wave free ratio (iFR), of stenosis
severity may prove particularly useful in the interrogation of mul-
tiple coronary segments. In the ADVISE II study'’, a hybrid iFR/
FFR approach substantially reduced the need for adenosine admin-
istration and consequently the time dedicated to physiological
interrogation during PCI, whilst maintaining a high (94%) correla-
tion with FFR, as also found in previous, retrospective studies®.

NEWER-GENERATION DES

In SYNTAX, PCI was performed using the first-generation pacli-
taxel-eluting stent (TAXUS®; Boston Scientific, Marlborough,
MA, USA). The TAXUS DES has been extensively used as
a comparator in non-inferiority studies of newer-generation DES
which incorporate biocompatible polymers, biodegradable poly-
mers, limus-based drugs, as well as thinner struts through the
incorporation of metallic alloys with greater radial strength. These
developments have translated into a greater safety and efficacy
profile, with more favourable vessel wall healing, less side branch
occlusion and increased deliverability of the devices?*>. A recent
meta-analysis®, comparing patient-focused outcomes, of studies
comparing first- and newer-generation DES demonstrated con-
sistently higher rates of TLR, MI and stent thrombosis with the
TAXUS compared to newer-generation DES. Based on this evi-
dence, it is entirely plausible that outcomes in the PCI cohort of
the SYNTAX trial may have had a more favourable outcome if
newer-generation DES had been used.

INTRAVASCULAR ULTRASOUND GUIDANCE

Optimisation of stent deployment in SYNTAX was based on
angiography alone. There is growing evidence that intravascular
ultrasound (IVUS) guidance to optimise DES implantation may
contribute to improved patient outcomes. Evidence of the value
of IVUS guidance can be found in a large meta-analysis by Zhang
et al**, which includes the recently published Assessment of Dual
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Antiplatelet Therapy with Drug-Eluting Stents (ADAPT-DES)
study®. In the meta-analysis*, which included 14 studies and
29,029 patients, IVUS guidance was associated with reductions
in death (hazard ratio [HR] 0.66, 95% confidence interval [CI]:
0.55-0.78, p<0.001), stent thrombosis (HR 0.57, 95% CI: 0.44-
0.73, p<0.001), myocardial infarction (MI) (HR 0.74, 95% CI:
0.62-0.90, p=0.002), TLR (HR 0.82, 95% CI: 0.68-0.97, p=0.02)
and MACE (HR 0.86, 95% CI: 0.77-0.95, p=0.003).

CHRONIC TOTAL OCCLUSION RECANALISATION

In the PCI arm of SYNTAX, the presence of a chronic total occlu-
sion (CTO) was identified as the strongest independent predic-
tor of incomplete revascularisation. Incomplete revascularisation
itself was proportionally associated with increased long-term mor-
tality**?”. Over the past decade, CTO revascularisation has rapidly
evolved, largely led by the development of new coronary wires
and devices, and the increased systematisation of the procedure®.
Whilst the success rate of CTO recanalisation in SYNTAX was
only 50%?2, contemporary success rates for experienced European

CTO operators are over 85%?7.

SYNTAX SCORE Il

A significant clinical advance comes from the development of the
SYNTAX score II'*'. The SYNTAX score II is a clinical tool
which was designed to improve decision making between CABG
and PCI by allowing a long-term, individualised, risk assessment
of patients with complex coronary artery disease. The SYNTAX
score II combines anatomically based characteristics (SYNTAX
score and presence of unprotected left main disease) with clini-
cal variables (gender, chronic obstructive pulmonary disease, age,
creatinine clearance, peripheral disease and left ventricular ejec-
tion fraction), that were shown to alter the threshold value of the
anatomical SYNTAX score in order for equipoise to be achieved
between CABG and PCI for long-term mortality'**. Importantly,
the SYNTAX score II was developed in the randomised SYNTAX
trial and validated in the multicentre Drug Eluting stent for
LefT main coronary Artery disease (DELTA; n=2,891) and the
Coronary Revascularisation Demonstrating Outcome study in
Kyoto (CREDO-Kyoto; n=3,986) registries!®**3!, Based on the
SYNTAX score II, approximately 80%, 60% and 30% of patients
in the low, intermediate and high anatomical SYNTAX score ter-
tiles, respectively, would have at least similar long-term mortality
between CABG and PCI (Appendix 1).

Summary

In summary, in the current post-SYNTAX era, several clinical
and technical developments in the field of PCI have indepen-
dently been shown to improve patient outcomes; however, their
combined, synergistic use has not been prospectively assessed.
Accordingly, the SYNTAX II trial will prospectively investigate
the clinical value of the SYNTAX score II for patient selection
and the effectiveness of state-of-the-art, contemporary PCI for

de novo 3VD using functional assessment of stenosis severity,

everolimus-eluting newer-generation stents with biodegradable
abluminal coating (SYNERGY™ DES; Boston Scientific), IVUS
stent deployment optimisation and modern CTO treatment
(SYNTAX II strategy). As the SYNTAX II study is testing a com-
prehensive PCI strategy in patients with 3VD, it is expected that
patient outcomes will not be linked to an individual component of
the above treatment strategy.

Purpose of the study

The aim of the SYNTAX II study is to investigate the management
of de novo 3VD in order to assess prospectively which patients
would have at least similar short- and longer-term clinical out-
comes between CABG and PCI, using contemporary PCI practice.
The SYNTAX II strategy, incorporating the SYNTAX score II to
recruit subjects objectively, ischaemia-driven revascularisation
with newer-generation stents (SYNERGY DES), IVUS-guided
DES implantation and modern CTO treatment, will be compared
with historical PCI and CABG (exploratory endpoint) practice in
the original SYNTAX trial.

Objectives

The objectives of the SYNTAX II trial are: 1) to evaluate the effec-
tiveness of contemporary PCI treatment of de novo 3VD, follow-
ing Heart Team selection using the SYNTAX score I, including
ischaemia-driven revascularisation with newer-generation stents
(SYNERGY DES), IVUS guidance and modern CTO treatment
(SYNTAX II strategy); 2) to establish superiority of the SYNTAX
IT strategy compared to the PCI arm of the SYNTAX I study
(primary endpoint); 3) to compare the SYNTAX II strategy to
CABG at long-term (five-year) follow-up (exploratory endpoint);
4) to assess prospectively the effectiveness of SYNTAX score
II for Heart Team decision making; 5) to validate prospectively
the SYNTAX score II for all-cause mortality at one-, two- and
five-year follow-up; and 6) to validate prospectively the residual
SYNTAX score (academic research).

Study design

The SYNTAX II trial is a multicentre, 3VD, all-comers, open-
label, single-arm trial of approximately 450 patients in 25 inter-
ventional cardiology centres in Europe. All patients will be

Table 1. New developments in PCI that could contribute to
improving outcomes in MVD patients.

1. Enhanced, objective decision making between CABG and PCI
based on anatomical and clinical variables.

2. Ischaemia-driven revascularisation using intracoronary
physiology.

3. Newer-generation drug-eluting stents.

4. Optimisation of DES implantation using intracoronary ultrasound
imaging.

5. Improvement of success rate in CTO recanalisation.




subject to the SYNTAX II strategy and be followed for five years
(Figure 1). An independent clinical endpoint committee will adju-
dicate the events.

SYNTAX Trial Il
Inclusion: all-comers, angiographic, de novo 3-vessel disease without
left main involvement (visual % diameter stenosis >50%)

Interm (23-32) anatomical
SYNTAX score

Low (0-22) anatomical
SYNTAX score

High (>33) anatomical
SYNTAX score

Screening according to
SYNTAX score Il

Heart Team Discussion
Confirm SYNTAX score Il calculation, and that recruitment of patients for PCI is based on
safety (long-term mortality comparisons between CABG and PCI)

SYNTAX score Il

SYNTAX score Il N
offers equipoise for PCl and CABG ot

favours CABG*  J“eligible”
*index revascularisation for PCI

procedure type collected (CABG,}

Can “equivalent” anatomical revascularisation PCI, medical or refusal)...
be achieved*

*Surgeon and interventional cardiologist in agreement

Patient “signed off” hy Heart Team for PCI

Exploratory study: MsCT scan — non-invasive computation of FFR

Figure 1. Flow diagram showing patient inclusion, risk stratification
and Heart Team discussion in the SYNTAX II study. Patients with de
novo 3VD (diameter stenosis >50%), with no left main involvement,
will be screened by the Heart Team. Initial enrolment criteria will be
unrestrictive, and prior CABG or PCI will be one of the very few
exclusion criteria. Eligible patients will have an anatomical SYNTAX
score and EuroSCORE undertaken, and the SYNTAX score II will be
prospectively determined. The SYNTAX score Il will be used to
establish objectively, on the grounds of safety, the suitability of the
patient for PCI, CABG, or both revascularisation modalities. Having
established that PCI may be a suitable revascularisation modality,

on the grounds of patient safety, the Heart Team will decide as to
whether “equivalent anatomical revascularisation” could potentially
be achieved between CABG and PCI. The Heart Team must clearly
establish that both CABG and PCI would be offered equally to the
patient. If the patient fulfils these criteria then the patient may be
recruited into the SYNTAX II trial.

Patient selection

Patients with de novo 3VD, using a >50% diameter stenosis
criterion for angiographic stenosis severity, with no left main
involvement will be screened by the local Heart Team (inter-
ventional cardiologist and cardiac surgeon). Enrolment criteria
will be all-comers, with minimal inclusion and exclusion crite-
ria (Table 2, Tahle 3). Eligible patients will have an anatomical
SYNTAX score and EuroSCORE calculated, and will undergo fur-
ther assessment by the Heart Team for enrolment in the study. The
SYNTAX score II will be prospectively determined by the Heart
Team using an online calculator (Appendix 1). The SYNTAX
score II will be used to establish objectively, on the grounds of
safety, the suitability of the patient for PCI, CABG, or both revas-
cularisation modalities (Appendix 1). In addition, subjects will be
assessed by the Heart Team as to whether “equivalent anatomical

SYNTAX Il trial rationale and design

Table 2. Inclusion criteria.

1. At least one stenosis (angiographic, visually determined de novo
lesions with >50% DS) in all three major epicardial territories
(LAD and/or side branch, CX and/or side branch, RCA and/or
side branch) supplying viable myocardium without left main
involvement (patients with ostial LAD or ostial CX - Medina
0,0,1 or Medina 0,1,0 - may be enrolled).

2. Patients with hypoplastic RCA with absence of descending
posterior and presence of a lesion in the LAD and CX territories
may be included in the trial as a 3VD equivalent.

3. Vessel size should be at least 1.5 mm in diameter as visually
assessed in diagnostic angiogram.

4. Patients with:

a. Stable (Canadian Cardiovascular Society Class I, II, Ill or IV)
angina pectoris;

b. Unstable (Braunwald class IB, IC, IIB, IIC, IIIB, IIIC) angina
pectoris and ischaemia; or

c. Atypical chest pain or those who are asymptomatic provided
they have myocardial ischaemia (e.g., treadmill exercise test,
radionuclide scintigraphy, stress echocardiography).

5. All anatomical SYNTAX scores are eligible for initial screening
with the SYNTAX score II.

6. Patient has been informed of the nature of the study and agrees
to its provisions and has provided written informed consent as
approved by the ethics committee of the respective clinical site.

7. Signed Heart Team decision form between local cardiologist and
surgeon that the selected case meets all of the inclusion and
exclusion criteria.

revascularisation” could potentially be achieved with either CABG
or PCI based on the original SYNTAX trial definition of vessels
greater than 1.5 mm being revascularised.

The Heart Team must clearly establish that both CABG and
PCI would be offered equally to the patient. In the case of clini-
cal equipoise (PCI or CABG) based on the SYNTAX score II, the
patient will undergo PCI as part of the SYNTAX II trial. If the
treatment recommendation of the SYNTAX score II is PCI alone,
the patient would also be suitable for recruitment to the SYNTAX

Table 3. Exclusion criteria.

1. Under the age of 21 years.

2. Known pregnancy at time of enrolment. Female of childbearing
potential (and last menstruation within the last 12 months), who
is not taking adequate contraceptives.

3. Female who is breastfeeding at time of enrolment.

4. Prior PCI or CABG.

5. Patients with ongoing acute myocardial infarction and enzymes
CKMB >2x upper limit of normal.

6. Concomitant cardiac valve disease requiring surgical therapy
(reconstruction or replacement).

7. Single or two-vessel disease at the time of Heart Team
consensus.

8. Participation or planned participation in another cardiovascular
clinical study before one-year follow-up is completed.

9. Mental condition (psychiatric or organ cerebral disease)
rendering the subject unable to understand the nature, scope,
and possible consequences of the study or mental retardation or
language barrier such that the patient is unable to give informed
consent and potential for non-compliance towards the
requirement in the study protocol.
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II trial. If the treatment recommendation of the SYNTAX score
II is CABG alone, the patient, with a clear mortality benefit with
CABG, would not be suitable for inclusion; however, the index
revascularisation mode will be collected for all screened patients
(i.e., CABG, PCI, medical treatment or refusal). By design, the
population enrolled in SYNTAX II will be different from that of
SYNTAX, as the purpose of SYNTAX II is to identify patients
who could safely and efficaciously be treated with CABG and/
or PCI. The SYNTAX score II will be used to ensure similarly
selected patients are enrolled from the original SYNTAX trial to
allow comparisons.

Prior to a planned PCI procedure, an optional multislice com-
puted tomography (MSCT) scan will be obtained (documentary
only). Offline non-invasive functional SYNTAX score calculation
will be carried out (HeartFlow FFR, Analysis; HeartFlow Inc.,
Redwood City, CA, USA) with the results blinded to the investiga-
tors and only made available after completion of the study.

Procedural techniques

The radial approach, although not mandatory, will be strongly
recommended®. Ischaemia-driven revascularisation of all target
lesions will be performed using a hybrid physiological iFR/FFR
approach that has the potential to reduce the need for vasodila-
tors (adenosine) significantly whilst maintaining a very high clas-
sification agreement with an FFR-alone strategy (Figure 2)*. In

subjects with contraindications to adenosine, revascularisation

Patient “signed off”’ by
Heart Team for PCI

| iFR in all intended to treat vessels |

¥ \
iFR <0.86* iFR 0.86-0.93

FFR <0.80

Implantation of
SYNERGY™ stent(s)

Optimisation by IVUS
guidance (modified
MUSIC criteria)

FFR >0.80

No stent implantation
in lesion

Optimal medical therapy with a strict control of LDL (<1.8 mmol)
*Consider FFR pullback with sequential lesions

Figure 2. Algorithm for ischaemia-driven revascularisation in
SYNTAX II. iFR should be measured in all target lesions, including
side branches. Given the very high reported positive and negative
predictive values of iFR <0.86 and >0.93 for iFR-defined ischaemia,
PCIwill be indicated and deferred below and above these values,
respectively. For iFR values between 0.86 and 0.93, standard FFR
should be measured and the value of <0.80 will be used as

a revascularisation trigger threshold as recommended in current
guidelines. In treated lesions, post-stent optimisation with IVUS is
mandatory (Appendix 2). Optimal medical treatment will be required
at follow-up.

will be performed using iFR as a dichotomous index (cut-off iFR
<0.89)*. In cases with sequential lesions, the algorithm depicted
in Figure 3 is advised. The SYNERGY DES will be exclusively
implanted according to routine local clinical practice’**. DES
implantation should be attempted for each physiologically sig-
nificant lesion in all vessels >1.5 mm. Pre-PCI IVUS use will
be at the discretion of the operator. Post-PCI IVUS assessment
is mandatory to optimise stent expansion and apposition (modi-
fied MUSIC criteria)®®; specific recommendations are provided
in Appendix 2. Treatment of bifurcation lesions will be consist-
ent with the European Bifurcation Club’s proposed principles
(Appendix 2)*. With respect to CTO revascularisation, it is recom-
mended that a dedicated operator be made available in all partici-
pating centres. CTO recanalisation techniques are at the discretion
of the operator: the antegrade or retrograde approach may be used,
as well as dedicated devices and dissection re-entry techniques’.
Myocardial viability assessment of CTO territories will be left to
the discretion of the operator and appropriateness of revascularisa-
tion agreed during the Heart Team discussion®*. A tolerant atti-
tude, refraining from stenting towards moderate stenoses distal to
the occluded segment, should be adopted due to vessel diameter
shift after recanalisation®.

Staged procedures are permitted, and encouraged, for more
complex cases to increase the likelihood of complete revasculari-
sation and to decrease the risk of contrast-induced nephropathy.
The recommended timing of a staged PCI procedure is within two
weeks post index procedure (with an upper limit of four weeks).
Staged procedures should be performed following the methodol-
ogy described above.

Sequential lesions:

iFR <0.86 or FFR <0.80 in distal vessel beyond all lesions

—— Treat visually most severe lesion |

Reassess vessel with iFR

iFR <0.86* iFR 0.86-0.93 iFR >0.93

FFR <0.80 FFR >0.80
No further stent
implantation

lantation of further
NERGY™ stent(s)
FFR hyperaemic pullback to guide sequential
lesion treatment can be alternatively performed
at the discretion of the operator

i

— Optimisation by IVUS
| guidance (modified
MUSIC criteria)

Figure 3. Flow chart depicting the physiological assessment and
treatment in cases with sequential stenosis. Pressure measurements
will be made distal to the most distal stenosis. If the iFR is <0.86 or
FFR is <0.80, the most severe angiographic stenosis should be
treated and physiological reassessment with the hybrid iFR/FFR
approach carried out. Stent optimisation with [VUS is mandatory in
all implanted stents.



Periprocedural management and follow-up

Baseline evaluation will include pre-procedural routine labora-
tory tests according to local hospital practice. Serum creatinine
and estimation of creatinine clearance (Cockcroft and Gault)* are
mandatory prior to procedure. Cardiac enzymes must be sampled
to detect periprocedural and post-procedural acute myocardial
infarction (AMI). Twelve-lead electrocardiograms pre and post

procedure and at discharge are mandatory.

Medical treatment

Dual antiplatelet therapy (aspirint+clopidogrel/ticagrelor/pras-
ugrel) will be mandatory for at least six months, whilst aspirin
will be recommended indefinitely as per current ESC/AHA/ACC
guidelines®*47,

As ticagrelor has been shown to have the best safety to efficacy
ratio it will be encouraged in patients already prescribed it*$4°. All
patients must receive aspirin >300 mg/day starting 12-24 hours
prior to the procedure (even if on chronic aspirin therapy).
Clopidogrel loading dose must be 600 mg, starting 12-24 hours
prior to the procedure (even if on chronic clopidogrel therapy).
In the rare event of a patient not receiving aspirin or clopidogrel
as outlined above, the procedure is to be deferred until appropri-
ate administration of antiplatelet therapy. Loading with antiplatelet
therapy immediately prior to PCI should be discouraged, as lack
of pre-procedural antiplatelet therapy was linked to post-PCI CK
rises and adverse mortality in SYNTAX"S!. From day one post-
procedure, aspirin 75-100 mg daily will be prescribed indefinitely
for all patients. Unless contraindicated, periprocedural GP IIb/Illa
inhibitors will be given according to guidelines®**’. Optimal med-
ical therapy (e.g., beta-blockers, ACE inhibitors) should be pre-
scribed in accordance with current guidelines®**7.

Strict control of LDL is strongly recommended in accordance
with current guidelines. Several randomised trials have demon-
strated a reduction in PCl-related myonecrosis with high-dose sta-
tin therapy in patients undergoing stent implantation, independent
of chronic statin therapy**". In the absence of absolute contraindi-
cations to statin therapy (e.g., severe allergy with prior use), either
atorvastatin (80 mg) or rosuvastatin (40 mg) must be administered
at least 12 hours (minimum one dose) prior to PCI, regardless of
LDL level and history of prior statin use.

In summary, patients will be treated according to ACC/AHA/
ESC guidelines®*, i.e., Heart Team discussion (Ia); functional eval-
uation for diagnosis in absence of objective evidence of ischaemia
(Ia); and LDL levels <1.8 mmol (Ia).

Hospital discharge and follow-up

The patient’s clinical status will be assessed at discharge. Hospital
visits will occur at one month (+7 days), six months (+14 days)
and one year (£30 days) post procedure. Assessment of angina sta-
tus, cardiovascular drug use and any serious adverse events (SAE)
will be recorded during each visit and a twelve-lead ECG obtained.
Telephone contact will be made at two years (£30 days), three
years (£30 days), four years (30 days) and five years (£30 days).

SYNTAX Il trial rationale and design

During these assessments, information will be gathered with regard
to any major adverse cardiac or cerebrovascular events (MACCE)

as well as angina status and cardiovascular drug use.

Endpoints

The primary endpoint is a composite of MACCE at one-year fol-
low-up compared to the PCI arm of the SYNTAX I trial (acting as
a historical control) (patient-oriented clinical endpoint). MACCE
is defined as: all-cause death, cerebrovascular event (stroke), doc-
umented myocardial infarction or all-cause revascularisation. To
allow comparison, MACCE will be adjudicated using SYNTAX I
trial definitions. Of note, periprocedural MI is defined as CK-MB
>5xULN and new pathological Q-waves in the ECG; should
CK-MB values not be available, a troponin >35 ULN, together
with new pathological Q-waves in the ECG, will be accepted as
evidence of periprocedural MI.

Secondary endpoints include: 1) composite of all-cause death,
cerebrovascular event (stroke), documented myocardial infarction
at one-year follow-up compared to the PCI arm of SYNTAX I
(safety endpoint); 2) composite of cardiovascular death, docu-
mented target vessel myocardial infarction and repeat target lesion
revascularisation at one-year follow-up compared to the PCI arm
of SYNTAX I (device-oriented clinical endpoint); 3) incidence of
individual components of MACCE (all-cause death, cerebrovas-
cular event [stroke], documented myocardial infarction and repeat
revascularisation) at one year; 4) composite of MACCE and its
individual components at two to five-year follow-up (patient
reported); 5) myocardial infarction; 6) stent thrombosis — accord-
ing to ARC definitions at all time points; 7) prospective valida-
tion of the residual SYNTAX score (academic research); 8) an
exploratory endpoint will be the composite of MACCE (all-cause
death, cerebrovascular event [stroke], documented myocardial
infarction or all-cause revascularisation) at five-year follow-up
compared to the CABG arm of the SYNTAX trial.

Statistical plan

This is a non-randomised single-arm study which aims to perform
a comparative analysis with historical controls. Patient recruitment
in SYNTAX II will utilise the SYNTAX score II, and the histor-
ical control will be similarly selected patients from the original
SYNTAX trial.

Analyses will be split into 1) descriptive (the results of
SYNTAX 1I), and 2) comparative (the comparison between
SYNTAX II and similarly selected patients from the PCI and
CABG cohorts of the SYNTAX I trial). Similarly selected
patients from SYNTAX I will be chosen utilising the SYNTAX
score II (to compare the primary endpoint for the PCI cohort,
and the exploratory endpoint for the CABG cohort). Other sta-
tistical methodologies to allow adjusted comparisons of subjects
between SYNTAX I and SYNTAX II will be undertaken (sec-
ondary endpoint).

No reference data for multivessel disease can be found in the
published literature for the SYNERGY DES; thus, the data are
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inferred from the Italian EXECUTIVE Pilot trial”! in which the
XIENCE everolimus-eluting stent was compared to the TAXUS
Liberté™ (paclitaxel-eluting stent [PES]) in multivessel coronary
disease. In the current trial, SYNERGY DES will be compared
to the selected PES arm (superiority) and the selected CABG
arm (non-inferiority - exploratory endpoint) of SYNTAX. In the
EXECUTIVE trial, the PES arm had an event rate for MACE
(major adverse cardiac events) at one year of 16.5%, and 11.1%
for the EES arm. This implies a ratio of 11.1/16.5, i.e., 0.67. We
assume the same ratio as the margin of effect of the new device
in SYNTAX II. We assume the incidence of stroke will be low
and unchanged in SYNTAX II compared to SYNTAX; there-
fore, the outcome of MACCE will be assessed in order to allow
exploratory comparisons with the CABG arm. The incidence of
MACCE at one year for the selected PES arm was 17.1%; assum-
ing a ratio of 0.67, we estimate 11.5% as the incidence of MACCE
in the SYNTAX II. The incidence of MACCE at one year for the
selected CABG arm was 10.8%. In our assumptions — as factor of
benefit — the hazard ratio of SYNERGY vs. TAXUS Liberté DES
does not account for any potential benefit for functional guidance/
IVUS assessment or CTO revascularisation.

SYNTAX II will not consider CABG as a separate arm and
therefore the uncertainty margins need to be defined in advance.
The point estimate of 10.8% for the selected CABG arm is accom-
panied by a 95% confidence interval of 7.7-14.6% (Clopper-
Pearson exact test). Although procedural improvements in CABG
have occurred since the SYNTAX study, it is assumed that the
magnitude of impact on long-term cardiac outcomes (in particular

mortality) is minimal®.

SAMPLE SIZE CALCULATION
A sample size of 416 patients will guarantee a power of 90% to
show superiority of SYNTAX II to the historical PES control group
in SYNTAX I. The assumptions used are: 1) a 5% two-sided level
of significance (alpha), and 2) an 11.5% MACCE rate at 360 days
for SYNTAX II, compared to the historical control of 17.1% in the
selected patients from the PES arm of the SYNTAX I trial.

As an exploratory endpoint, this sample size will guarantee
a power of 80% to show non-inferiority of SYNTAX II to the his-
torical CABG arm of the SYNTAX I trial. The assumptions used
are: 1) a 5% one-sided level of significance (alpha); 2) an 11.5%
MACCE rate at 360 days for the SYNERGY arm, compared to the
historical control of 10.8% in similarly selected patients from the
CABG arm of the SYNTAX trial, and 3) a non-inferiority margin
of 5%, as was used in the SYNTAX trial.

For the comparison with the selected PCI arm, a sample size of
450 patients was chosen to obtain a power of at least 90%.

Statistical analysis

The primary analysis will be based on the intention-to-treat prin-
ciple. Continuous variables will be presented using mean+SD,
median, interquartile ranges and minimum and maximum.

Discrete variables will be presented in terms of frequencies and

percentages. For the primary endpoint (MACCE at 360 days) the
log-rank test will be applied to compare the SYNTAX II with the
historical control of similarly selected patients in the PCI arm
of SYNTAX I. For the exploratory comparison to the similarly
selected CABG arm, a 90% CI for the incidence of MACCE at
360 days will be constructed. If the upper limit of 90% CI in
SYNTAX 1I is less than 15.8%, the SYNERGY DES will be
declared non-inferior to the selected CABG arm. Prospective vali-
dation of the SYNTAX score II for all-cause death at one, two and
five years will be undertaken. All statistical analyses will be per-
formed using SAS software, version 9.2 or above (SAS Institute
Inc., Cary, NC, USA; all rights reserved).

Stages of result reporting

The primary endpoint will be reported at one year. At two to
five-year follow-up all patients will be contacted by telephone to
check survival status and other components of MACCE (patient
reported). The index treatment (i.e., CABG, PCI, medical, other)
will be recorded for all screened patients.

Conclusions

By incorporating contemporary PCI techniques with optimal
patient selection using the SYNTAX score II, the SYNTAX II trial
will provide contemporary information on the role of state-of-the-
art PCI for management of patients with de novo 3VD. This infor-
mation will be useful in defining the optimal management of this
patient group and will help define the design of future compara-
tive studies.
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Supplementary data

Appendix 1. SYNTAX score Il

Mortality predictions for CABG versus PCI for each individual
patient in the randomised SYNTAX trial (n=1,800) are shown in
Appendix Figure 1.

Because of the rarity of complex coronary artery disease in pre-
menopausal women, mortality predictions in younger women are
predominantly based on the linear relation of age with mortal-
ity. The differences in mortality predictions in younger women
between CABG and PCI will therefore be affected by larger 95%
ClIs than those in older women.

The total number of points for eight factors can be used
for accurate prediction of four-year mortality for the individ-
ual patient proposing to undergo CABG or PCI. For example,
a 60-year-old man with an anatomical SYNTAX score of 30,

LMS, SYNTAX score<23

LMS, SYNTAX score 23-32

SYNTAX Il trial rationale and design

unprotected left main coronary artery disease, creatinine clear-
ance of 60 mL/min, an LVEF of 50%, and COPD, would have
41 points (predicted four-year mortality 16.3%) for CABG and
33 points (predicted four-year mortality 8.7%) for PCI, respec-
tively. The same example without COPD would lead to identical
points (29 points) and four-year mortality predictions (6.3%) for
CABG and PCI. COPD is defined using the EuroSCORE defini-
tion, long-term use of bronchodilators or steroids for lung dis-
ease. PVD is defined according to ARTS I definition, aorta and
arteries other than coronaries, with exercise-related claudication,
or revascularisation surgery, or reduced or absent pulsation, or
angiographic stenosis of more than 50%, or combinations of
these characteristics.

LMS, SYNTAX score>32
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Appendix Figure 1. Scatter plots illustrating mortality predictions for the left main (upper panel) and 3VD (lower panel) cohorts separated by
conventional tertiles of the SYNTAX score. The diagonal line represents identical mortality predictions for CABG and PCI. Individual
predictions plotted to the left of the diagonal line favour CABG (actual percentages shown in top left corner), and to the right favour PCI
(actual percentages shown in bottom right corner). Individual mortality predictions for CABG or PCI that could be separated with 95%
confidence (p<0.05) are coloured black (actual percentage shown in parentheses in respective corners). Mortality predictions that could not
be separated with 95% confidence (p>0.05) are highlighted in grey, and identify patients with similar four-year mortality. Percentages of
patients in each category are shown. CABG: coronary artery bypass surgery, LMS: left main stem; PCI: percutaneous coronary intervention;
3VD: three-vessel disease. An online version will be made available at the original SYNTAX score website (www.syntaxscore.com,).
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Appendix 2. Specific technical recommendations

A) INTRAVASCULAR ULTRASOUND
. Plaque preparation based on pre-procedural IVUS. Rotational

atherectomy or cutting balloon should be considered if a >270°
arc of superficial calcium is evident in pre-PCI IVUS*. Pre-
procedural IVUS is left to the discretion of the investigator (not
mandatory).

. Selection of stent dimensions. In non-bifurcation stenoses:

stent diameter matching distal vessel diameter or area (see
bifurcations management below). In bifurcation stenoses: stent
diameter matching distal (daughter) branch, with mandatory
post-dilation of the proximal (mother) segment and polygon of
confluence with a larger balloon size according to IVUS.

. Selection of stent length. IVUS can be useful in outlining the

presence of significant neighbour stenoses that might cause
in-flow or out-flow narrowing after DES implantation, a very
common finding in cases of DES thrombosis that is believed
to be causative.

. IVUS criteria for evaluation of appropriate stent apposition

(modified MUSIC criteria®”).

1. Complete apposition against the vessel wall of the entire
stent AND

2. Adequate stent expansion:

a. >290% of the average reference lumen area or >100%
of lumen area of the reference segment with the lowest
lumen area; or

b. MLA >5.5 mm?; or

c. MLA >80% of the average reference lumen area or >90%
of lumen area of the reference segment with the lowest
lumen area, AND

3. Symmetric stent expansion (Appendix Figure 2).

a. Symmetry check: LD min/LD max is close to 1, thus is
symmetric. Expansion check: the minimum lumen area
within the stent should be compared to that of the refer-
ence segments. Apposition check: there is a space behind

the struts, thus the stent is not lying on the vessel lumi-
nal wall and therefore is not well apposed. Post-dilation
is recommended, preferably with a non-compliant balloon
according to the inflation chart.

b. Symmetry check: LD min/LD max is far from 1, thus is
asymmetric. Post-dilation is recommended, preferably
with a non-compliant balloon according to the inflation
chart expansion check: the minimum lumen area within
the stent should be compared to that of the reference seg-
ments. Apposition check: there is a space behind the struts,
thus the stent is not lying on the vessel luminal wall and
therefore is not well apposed. Post-dilation is recom-
mended, preferably with a non-compliant balloon accord-
ing to the inflation chart.

c. Symmetry check: LD min/LD max is 1, thus is symmet-
ric. Expansion check: the minimum lumen area within
the stent should be compared to that of the reference seg-
ments. Apposition check: there is NO space behind the
struts, thus the stent is lying on the vessel luminal wall and
therefore is well apposed and therefore no extra actions
are needed.

d. Symmetry check: LD min/LD max is far from 1, thus is
asymmetric. Post-dilation is recommended, preferably with
a non-compliant balloon according to the inflation chart.
Expansion check: the minimum lumen area within the
stent should be compared to that of the reference segments.
Apposition check: there is NO space behind the struts, thus
the stent is lying on the vessel luminal wall and therefore is
well apposed and therefore no extra actions are needed.

B) TREATMENT OF BIFURCATIONS

All types of bifurcation may need stenting of the main vessel, and/
or the side branch, followed by kissing balloon post implantation
if a two-stent approach is adopted. The treatment goal is to avoid
gaps when more than one stent is used. Bifurcation techniques will

Symmetry >0.7-Yes Symmetry >0.7-No
I SA Reference Reference Reference Reference
Yes
Malapposition area _ Malapposition area _
I SA Reference Reference Reference Reference
LD LD 1 LD 4 LD
min max ) 1 min I max

Appendix Figure 2. Stent symmetry, expansion and apposition. The descriptions of the individual panels (4-D) are given under item 4, IVUS

criteria, section 3. ISA: incomplete stent apposition



be selected depending on the anatomy and morphology, although

it is expected that most lesions will require a simple (provisional)

approach, in keeping with recommendations from the European

Bifurcation Club®. Stent sizing in bifurcation stenoses should

take into account vessel diameter mismatch between mother and

daughter vessels, following the recommendations of the European
Bifurcation Club.
1. Principles - consistent with European Bifurcation Club:

1.
2.

Provisional T is the preferred strategy.
Two wires from the outset are recommended when the
branch is of sufficient size for the lesion to be considered
a bifurcation and it has some disease.

. Probably two stents (operator’s choice of technique) when

disease is in a suitably sized side branch and branch disease

extends >5 mm.

. When two stents are used kissing balloon post-dilatation is

mandatory at completion.

. When one stent is used, kissing balloon post-dilatation is not

mandatory at completion.

. Large side branch with proximal disease and very challenging

access should be stented once accessed - (no iFR/FFR required
of branch before treatment) - these are exceptional cases.

2. Performance/technique - pre-stent

1.

Plan to perform iFR/FFR to main vessel prior to
PCI — mandatory.

. When performing elective two-stent strategy, iFR/FFR to

main vessel prior to PCI mandatory and branch iFR/FFR at
operator’s discretion.

.Plan to perform provisional approach and branch appears

diseased and may require stenting, iFR/FFR of branch
recommended.

SYNTAX Il trial rationale and design

4.In 0,0,1 lesions iFR/FFR of main vessel mandatory and

branch recommended.

3. Performance/technique - post stent

1. Post stent deployment in main vessel, iFR/FFR recom-
mended of main vessel.

2. Post stent deployment in main vessel, treatment of branch
vessel:

a. Normal flow in branch with discrete pinched ostium —
operator’s discretion either leave it or iFR/FFR prior to
stenting — mandatory.

b. Reduced flow/dissection in significant branch - bail-out
strategy at operator’s discretion - can do iFR/FFR at com-
pletion at operator’s discretion. If two stents placed, final

kissing is mandatory.

C) TREATMENT OF CHRONIC TOTAL OCCLUSION

1. A dedicated chronic total occlusion (CTO) operator is rec-
ommended to be available in all participating centres.

2. Staging of the revascularisation procedure should be encour-
aged, to ensure CTOs are appropriately revascularised.

3. CTO recanalisation can be performed using the antegrade or
retrograde approach, as well as using specific re-entry tech-
niques such as the Stingray™ device (Boston Scientific).
Selection of stent length can be based on IVUS imaging.

4. The method to assess myocardial viability in the territory
distal to chronic total occlusions will be left to the discretion
of the operator.

5. A tolerant attitude, refraining from stenting towards moder-
ate stenoses located distal to the occluded segment should be
followed, on the grounds of important vessel diameter shift
after vessel recanalisation.
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