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Chapter 1

GENERAL INTRODUCTION

Coronary artery disease

Coronary artery disease (CAD) is the most common type of heart disease and the leading
cause of death, responsible for 16% of the world’s total deaths /2. Patients with CAD typically
present with chest pain. CAD is caused by the blockage of blood flow to the myocardium due
to build-up plagque (atherosclerosis) in the epicardial coronary arteries. CAD is the process of
atherosclerotic plaque accumulation which is mainly caused by hypertension, diabetes,
dyslipidemia, and smoking. CAD can have long, stable periods but can also become unstable
at any time, typically due to an acute atherothrombotic event caused by plaque rupture or
erosion. Therefore, CAD is categorized into acute coronary syndrome (ACS) and chronic
coronary syndrome (CCS) according to its stability 3. The purpose of the treatment for CAD is
to modify the process of atherosclerotic plaque accumulation. The treatment of CAD includes
lifestyle adjustment, pharmacological therapies, and invasive intervention for
revascularization such as coronary bypass grafting (CABG) and percutaneous coronary
intervention (PCl). ACS patients are mainly treated with early invasive revascularization “.
While invasive revascularization plays an important role in the management of CCS on top of
medical treatment whenever pharmacological therapy fails to alleviate the anginal
complaints.

History of PCl and antithrombotic therapy

PCI with balloon angioplasty was introduced by Andreas Gruntzig in 1977 °. The limitation of
balloon angioplasty such as abrupt vessel closure due to dissection and restenosis,
prompted the development of bare metal stent (BMS) to maintain lumen integrity 6. BMS
improved procedural safety and efficacy and eliminated the need for surgical standby 7.
However, initial iterations were associated with elevated thrombosis rates 8. Antithrombotic
treatment following coronary stent implantation evolved significantly over the years and
after a period of extensive use of intravenous and oral anticoagulation, dual antiplatelet
therapy (DAPT) consisting of aspirin and ticlopidine became the mainstay strategy to reduce
stent thrombosis together with technical refinements such as the use of routine high-
pressure stent deployment °%. Subsequently, the introduction of clopidogrel led to the
popularization of the DAPT regimen that became a basic recommendation in the practice
guidelines in early 2000 1215,

Although BMS and DAPT solved the acute vessel closure problem, it was still
associated with high restenosis rate, prompted research toward the development of drug-
eluting stent (DES). The introduction of the first generation DES such as Cypher (Cordis,
Warren, New Jersey, USA) and Taxus (Boston Scientific, Natick, Massachusetts, USA) with
certification mark (CE Mark) approval acquired in 2002 (Cypher) and 2003 (Taxus) heralded
a major technological breakthrough, which resulted in a dramatic reduction of neointimal
proliferation, binary restenosis rate and subsequently repeat revascularization rate 6.
However, the potent antiproliferative effect and consequent partial non-coverage of thick
struts in the first-generation DES were responsible for the increased risk of late thrombotic
events associated with these stents, especially if they were not fully apposed 7. Therefore,
the Food and Drug Administration (FDA) supported empirical treatment of 12 months of
dual antiplatelet therapy (DAPT) on the basis of consensus opinion 8, Second generation
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DES was introduced to overcome this problem with thinner struts (80-90 um), new drugs
with better elution profiles and more biocompatible polymers. It showed better
antirestenostic properties coupled with adequate strut coverage ** 29, resulting in significant
lower rate of thrombotic complications when compared to first generation DES and BMS 2%,

The most challenging subset of patients for PCI
After the introduction of second generation DES, PCl has become the most frequently
performed therapeutic procedure in medicine 22. Despite the tremendous evolutions in PCI,
three-vessel disease (3VD) remains the most challenging subset of patients for PCI 23,
Current data show that in non-diabetic patients with 3VD and low anatomical complexity
(anatomical SYNTAX score <22) PCl and CABG achieve similar long-term outcomes in terms
of death and the composite of death, stroke, and myocardial infarction (Ml), and
consequently current guidelines give PCl a Class | (evidence level A) recommendation for
these patients 4. In contrast, percutaneous revascularization is not recommended in those
patients with 3VD at low surgical risk if the complexity of their coronary artery disease is
intermediate to severe (anatomical SYNTAX score >22), or if they have diabetes mellitus
regardless of anatomical complexity.

The results of a recent individual patient-level meta-analysis lead the ESC Guidelines
to downgrade PCl in diabetic patients with 3VD and a low SYNTAX score to Class Ilb, whilst
reaffirming a Class | (evidence level A) recommendation for CABG 2% 25,

OUTLINE OF THESIS

In this thesis we aim to evaluate the impact of contemporary best practice PCl strategy for
patients with 3VD and to explore further development of this strategy.

Part A: Best practice in coronary revascularization of three-vessel

disease

In chapter 2 we will investigate the impact of a contemporary best practice PCl strategy
(SYNTAX-II strategy) on clinical outcomes in patients with de novo 3VD, compared to a
prespecified and matched population of the SYNTAX-I trial, utilizing the SYNTAX score Il to
identify patients with equipoise for long term mortality between CABG and PCl 2628,

Part B: Standardization of the assessment of the device success in

the contemporary stent trials

The rate of device success has been recognized as an intraprocedural endpoint to evaluate
the mechanical ability to complete a procedure with the specific device assigned by protocol
in randomized comparative trials. Therefore, a consistent definition of device success is
essential to allow scientific comparisons of technical performance endpoints between
devices across different trials. In chapter 3, we will perform a systematic evaluation of
definitions and reporting of device success in clinical trials. We will propose an extended
definition as well as considerations for approaching the determination of the device success
rates in future percutaneous coronary intervention trials. In chapter 4 we will conduct an
all-comers trial to investigate non-inferiority of clinical outcomes after implantation of the
ultra-thin strut Supraflex DES compared with the Xience DES.

11



Chapter 1

Part C: Assessment of optimal coronary artery stenting with

intracoronary imaging

Intracoronary imaging modalities such as IVUS and optical coherence tomography (OCT)
enables the assessment of artery lumen and wall geometry as well as distribution, and
histological type of atherosclerotic plaque. Recently, IVUS and OCT have been used not only
for diagnosis but also for treatment guidance during PCI 2°31, In chapter 5 we will
investigate the impact of minimal stent area (MSA) evaluated by post-procedural IVUS on
clinical outcomes after best practice PCl in patients with 3VD. In chapter 6 we will
investigate clinical implication of 3-dimensional optical frequency domain imaging (3D-
OFDI)-guided stenting for bifurcation lesions in the randomized controlled trial.

Part D: Coronary physiology for optimal revascularization strategy
Physiological assessment of CAD has become one of the cornerstones of decision making for
myocardial revascularization, with a large body of evidence supporting the benefits of using
fractional flow reserve and other pressure-based indexes for functional assessment of
coronary stenoses. However, the clinical impact of post-PCl physiological assessment is
undetermined. In chapter 7 we will investigate the impact of post-PCl quantitative flow ratio
(QFR) on clinical outcomes in patients with de novo 3VD treated with best practice PCI. In
chapter 8, we will review more than 10 modalities of functional coronary assessment
according to their timing of use: outside the catheterization laboratory, in the
catheterization laboratory prior to PCl, and in the catheterization laboratory during or after
PCl.

Part E: Optimal antithrombotic therapy after stent implantation
Patients with CAD undergoing PCl are traditionally treated with aspirin and a P2Y12 inhibitor
during first period post procedure, followed by withdrawal of the P2Y12 inhibitor and
maintenance of aspirin as the single antiplatelet drug thereafter. However, the best
antithrombotic approach after stenting is still an open matter, currently under intense
clinical investigation. In this regard, several recent trials have shown promising results with

a scheme comprising short DAPT duration followed by the administration of solely a P2Y12
antagonist, instead of aspirin32. In chapter 9 we will investigate the clinical impact of
ticagrelor monotherapy following 1-month DAPT after PCl for bifurcation lesions which are
the one of the most challenging anatomical characteristics for PCI. In chapter 10 we will
evaluate the hypothesis that prasugrel monotherapy following successful everolimus-eluting
stent implantation is feasible and safe in patients with stable CAD.

12
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Chapter 2

Abstract

Aims

The purpose of the study was to investigate whether the favourable outcomes of state-of-
the-art PCl in the SYNTAX Il trial, demonstrated at one year, were maintained at two-year
follow-up.

Methods and results

The SYNTAX Il study was a multicentre, single-arm study that investigated the impact of a
contemporary PCl strategy on clinical outcomes in 454 patients with de novo three-vessel
coro- nary artery disease, without left main disease. Clinical outcomes in SYNTAX Il were
compared to the predefined PCI (SYNTAX-I PCl) and coronary artery bypass graft (SYNTAX-I
CABG) cohorts from the landmark SYNTAX trial (SYNTAX-I), selected on the basis of
equipoise for long-term (four-year) mortality utilising the SYNTAX score Il. At two years,
major adverse cardiac and cerebrovascular events (MACCE: a composite of all-cause death,
any stroke, myocardial infarction, or revascularisation) in SYNTAX Il were significantly lower
compared to SYNTAX-I PCI (13.2% vs. 21.9%, p=0.001). Furthermore, similar two- year
outcomes for MACCE were evident between SYNTAX Il PCI and SYNTAX-I CABG (13.2% vs.
15.1%, p=0.42).

Conclusions

At two years, clinical outcomes with the SYNTAX Il strategy remained superior to the pre-
defined SYNTAX-I PCI cohort, and similar to the predefined SYNTAX-I CABG cohort.
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Introduction

With the introduction of drug-eluting stents (DES), the efficacy of percutaneous coronary
intervention (PCI) has improved compared to bare metal stents®. Despite this, five-year
follow-up of the landmark SYNTAX-I (SYNergy between percutaneous coronary intervention
with TAXus and cardiac surgery) trial demonstrated that PCI with first-generation DES was
inferior to coronary artery bypass graft (CABG) surgery, being associated with a higher inci-
dence of a composite of all-cause death, any stroke, or myocardial infarction (Ml) (PCI 20.8%
vs. CABG 16.7%, p=0.03)2.

In the de novo three-vessel disease (3VD) cohort of SYNTAX-I, patients with a low
anatomical complexity (anatomic SYNTAX score <22) were shown to have similar outcomes
between CABG and PCI at five years. Conversely, in patients with more anatomically
complex coronary artery disease (anatomic SYNTAX score>22), CABG was demonstrated to
have superior clinical outcomes. As a reflection of these findings, 3VD with low anatomic
SYNTAX score (<£22) is now given a class la recommendation for PCI, with more complex
coronary artery disease (>22) given a class Ill recommendation for PCl, and patients
recommended to undergo CABG3. Furthermore, due to the results of a recent patient-level
meta-analysis®*, guidelines downgrade patients with 3VD with a low SYNTAX score and
diabetes mellitus to a class llb recommendation for PCl, and class la for CABG.

Since the completion of the SYNTAX-I trial, major technical and procedural advances
influencing PCl outcomes have taken place. The SYNTAX Il trial investigated the impact of a
contemporary PCl strategy (SYNTAX Il strategy) on clinical outcomes in patients with de
novo 3VD, compared to a pre-specified and matched population of the SYNTAX-I trial,
utilising the SYNTAX score Il to identify patients with equipoise for long-term mortality
between CABG and PCI.

At one year, the SYNTAX Il strategy was superior to predefined SYNTAX-I PCI with
respect to major adverse cardiac and cerebrovascular events (MACCE: a composite of all-
cause death, any stroke, Ml, or revascularisation, 10.6% vs. 17.4%, p=0.006). Furthermore,
the non-inferiority of the SYNTAX Il strategy compared to SYNTAX-I CABG was
demonstrated, with respect to one-year MACCE (10.6% vs. 11.2%, p for non-inferiority
<0.001)°. In terms of a composite of all-cause death, any stroke, or Ml, the SYNTAX ||
strategy was similar to predefined SYNTAX-I CABG (4.0% vs. 5.9%, p=0.20). The long-term
clinical outcomes of contemporary PCl remain to be proven.

The purpose of this paper was to investigate whether the favourable outcomes of
state-of-the-art PCl in the SYNTAX Il trial at one year were maintained at two-year follow-

up.

Methods

STUDY DESIGN

The design for this trial has been described previously>®. The clinical outcomes in SYNTAX Il
were compared with predefined PCI (SYNTAX-I PCI) and CABG (SYNTAX-I CABG) cohorts
from SYNTAX-I. These patients were selected on the basis of equipoise for long-term four-
year mortality between CABG and PCl utilising the SYNTAX score II.
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Following the selection of patients utilising the SYNTAX score Il, consensus of the
Heart Team (cardiac surgeons and interventional cardiologists) — that equivalent anatomical
revascularisation was achievable — was mandated. Only then was the patient eligible for
recruitment in SYNTAX II. Coronary lesions agreed by the Heart Team as requiring
revascularisation were identified as “target lesions”. Coronary lesions agreed by the Heart
Team as not requiring revascularisation were identified as “non-target lesions”.

Target lesions for revascularisation in SYNTAX Il were assessed with a hybrid
instantaneous wave-free ratio (iFR)/fractional flow reserve (FFR) approach. Physiologically
significant lesions were treated with the SYNERGY™ DES (Boston Scientific, Marlborough,
MA, USA). Post-PCl intravascular ultrasound assessment was mandatory to optimise stent
expansion and apposition, with a recommendation to use the modified MUSIC criteria’. In
addition, contemporary chronic total occlusion revascularisation techniques® by dedicated
operators, and guideline-directed medical therapy, including antiplatelet therapy and high-
intensity statin therapy®°, were recommended. The patient’s clinical status was assessed at
discharge, and at one- and two-year follow-up. Extended yearly follow-up is planned up to
five years. The local ethics committee approved the study in all participating sites. All
patients provided written informed consent before enrolment.

ENDPOINTS
MACCE was defined as a composite of all-cause death, any stroke, M, or revascularisation.

The primary analysis was two-year MACCE in the SYNTAX Il compared with the
SYNTAX-I PCI cohort. Spontaneous M| was defined as new Q-waves or one plasma level of
creatine kinase myocardial band (CK-MB) 5x ULN (or troponin =35 ULN if CK-MB not
available)® in the context of clinical syndrome consistent with acute coronary syndrome?!.
Secondary endpoints included the individual components of MACCE and definite stent
thrombosis (ST) according to Academic Research Consortium (ARC) definitions at two-year
follow-up*?.

By the SYNTAX Il trial design, non-target vessel revascularisation (non-TVR) at follow-
up was classified as:
1. occurring in a non-target lesion, anatomically assessed by visual inspection at the time of
screening by the Heart Team and agreed as not for revascularisation;
2. occurring in a deferred coronary lesion based on iFR/FFR at the index procedure.

As an additional exploratory analysis, two-year MACCE was compared with the
predefined SYNTAX-I CABG cohort of the original SYNTAX-I trial. Adverse events were
adjudicated by an independent clinical events committee.

STATISTICAL ANALYSIS
The statistical analysis for this trial has been described previously>® and is summarised in
Supplementary Appendix 1.

Results

BASELINE AND PROCEDURAL CHARACTERISTICS

Between February 2014 and November 2015, 454 patients out of 708 screened patients
were enrolled in SYNTAX II*3. In SYNTAX-I, 643 (58.8%) patients with 3VD without left main
disease had an equipoise recommendation for CABG or PCl based on the SYNTAX score Il
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and were used as the comparator. Baseline and procedural characteristics and achievement
of SYNTAX Il strategy are shown in Supplementary Table 1-Supplementary Table 3. In
SYNTAX I, the distribution of the anatomic SYNTAX score was as follows: low (£22) 298
patients (65.6%); intermediate (23—-32) 140 patients (30.8%), high (>32) 16 patients (3.5%).

In SYNTAX Il, statins were used in 97.3% and 92.3% of patients at discharge and two-
year follow-up, respectively. Dual antiplatelet therapy use involved 6.8% of patients at two-
year follow-up.

TWO-YEAR MACCE AND COMPONENTS

At two years in SYNTAX I, five patients withdrew their consent and six patients were lost to
follow-up, resulting in complete two-year follow-up in 97.6% (n=434). Comparatively, in
SYNTAX-I PCl, six patients were lost to follow-up, resulting in complete two-year follow-up
in 98.0% (n=309); in SYNTAX-I CABG, 25 patients were lost to follow-up, resulting in
complete two-year follow-up in 92.5% (n=309).

Table 1 and Figure 1 show MACCE and its components at two-year follow-up. The
incidence of MACCE was significantly lower in SYNTAX Il compared to SYNTAX-I PCI (13.2%
vs. 21.9%; hazard ratio[HR]0.57,95%confidenceinterval[Cl]:0.40-0.81],p=0.001). This
difference was driven by a reduction of 66% in any Ml and 38% in any revascularisation. We
found a trend towards lower incidences of all-cause death and stroke in SYNTAX ||
compared to SYNTAX-I PCI (2.7% vs. 5.5%, p=0.055, 0.4% vs. 2.0%, p=0.07, respectively).

There was no difference in MACCE between SYNTAX Il patients with low (£22) vs.
intermediate or high (>22) anatomical SYNTAX score (12.3% vs. 15.0%, p=0.439) (Figure 2),
patients with vs. without any diabetes mellitus (15.0% vs. 12.5%, p=0.50), or patients with
diabetes mellitus treated with insulin vs. without insulin (18.4% vs. 13.4%, p=0.46)
(Supplementary Figure 1, Supplementary Figure 2).

In multivariate analysis, chronic obstructive pulmonary disease (HR 2.90, 95% ClI:
1.30-6.44), peripheral vascular disease (HR 3.38, 95% Cl: 1.32-8.62), and anatomical SYNTAX
score per unit of score (HR 1.05, 95% Cl: 1.002-1.101) were significant (Supplementary
Table 4).

REPEAT REVASCULARISATION BETWEEN ONE-YEAR AND TWO-YEAR FOLLOW-
up

The description of the revascularisation procedures in SYNTAX Il is presented in
Supplementary Table 5. Between one-year and two-year follow-up, 22 revascularisations
occurred in 20 out of 1,559 lesions and two lesions were treated twice. Four lesions had
already experienced a first event up to one year. The majority of revascularisations occurred
in the initially stented lesions (77%, n=17 events), whereas there were few events in the
initially deferred lesions (14%, n=3 events) (Figure 3). No Ml in the territory of the initially
deferred lesions occurred.

STENT THROMBOSIS

The incidence of definite ST in SYNTAX Il was significantly lower compared to SYNTAX-1 PCI
(0.9% vs. 2.9%; HR 0.30, 95% Cl: 0.09-0.99, p=0.048] (Table 1, Figure 1). No difference was
found in the incidence of late (between 30 days and one year) and very late ST (after one
year) between groups. Between one- and two-year follow-up, only one ST occurred as Ml in
SYNTAX 1.
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Table 1. Two-year clinical outcomes between SYNTAX Il and SYNTAX-I PCI.

SYNTAX-II (n = SYNTAX-I PClI (n=  Hazard ratio (95% P-
Outcome 454) 315) Cl) value
MACCE*, % (n) 13.2% (59) 21.9% (68) 0.57 (0.40-0.81) 0.001
All-cause death, stroke and any
M, % (n) 4.7% (21) 10.6% (33) 0.43 (0.25-0.74) 0.002
All-cause death, % (n) 2.7% (12) 5.5% (17) 0.48 (0.23-1.02) 0.055
Cardiac death, % (n) 1.4% (6) 3.9% (12) - 0.025
Vascular death, % (n) 0.5% (2) 0.3% (1) - 0.80
Non-cardiovascular death, % (n) 0.9% (4) 1.3% (4) - 0.59
Stroke, % (n) 0.4% (2) 2.0% (6) 0.23(0.05-1.13) 0.07
Ischemic, % (n) 0.4% (2) 1.4% (4) - 0.19
Haemorrhagic, % (n) 0.2% (1) 0.7% (2) - 0.36
Any MI, % (n) 2.1%(9) T 5.8% (18) 0.34 (0.15-0.76) 0.008
<0.00
Periprocedural Ml, % (n) 0.2% (1) 3.8% (12) - 1
Spontaneous MI, % (n) 1.6% (7) 2.0% (6) - 0.66
Any revascularization, % (n) 10.2% (45) 15.7% (48) 0.62 (0.41-0.94) 0.022
CABG, % (n) 1.1% (5) 2.6% (8) - 0.12
PCl, % (n) 9.3% (41) 14.1% (43) - 0.036
Definite stent thrombosis, % (n) 0.9% (4) 2.9% (9) 0.30 (0.09-0.99) 0.048
Acute, % (n) 0.2% (1) 0.0% (0) - 0.40
Sub-acute, % (n) 0.0% (0) 1.6% (5) - 0.007
Late, % (n) 0.4% (2) 1.0% (3) - 0.37
Very late, % (n) 0.2% (1) 0.3% (1) - 0.78
Probable stent thrombosis, % (n) 0.2% (1) NA -

* MACCE was defined as all-cause death, any stroke, MI, or revascularization. T One Ml occurred after
enrolment before index procedure. The event rates are based on Kaplan-Meier estimates. CABG = coronary
artery bypass grafting, MACCE = major adverse cardiac and cerebrovascular events, MI = myocardial infarction,
PCI = percutaneous coronary intervention.

EXPLORATORY COMPARISON WITH SYNTAX-I CABG

The exploratory comparison with the predefined SYNTAX-I CABG demonstrated a similar
incidence of MACCE at two years (SYNTAX 11 13.2% vs. SYNTAX-I CABG 15.1%; HR 0.85, 95%
Cl: 0.58-1.25, p=0.42) (Table 2, Figure 4). The incidence of stroke was significantly lower in
SYNTAX Il compared to SYNTAX-I CABG (0.4% vs. 2.2%, p=0.045). The incidence of all-cause
revascularisation was similar (10.2% vs. 8.4%, p=0.41). We found a trend towards a higher
incidence of non-TVR in SYNTAX Il compared with SYNTAX-I CABG (2.0% [9/454] vs. 0.6%
[2/334], p=0.12).

Looking at the details of nine non-TVR in SYNTAX Il, seven non-TVR occurred in
initially deferred lesions based on iFR/FFR at the index procedure. One non-TVR occurred in
an anatomically non-target lesion at the index procedure. The second patient developed
unstable angina before a planned staged procedure at day 2.

At the time of revascularisation (day 544 and day 303, respectively), one lesion was
justified with FFR of 0.76, and one lesion had become a total occlusion.
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Figure 1. Two-year clinical outcomes among the study patients, compared with the SYNTAX-I PCI cohort.
Kaplan-Meier curves are shown for SYNTAX Il (blue) and SYNTAX-I PCI (red) for the composite endpoint of
major adverse cardiac or cerebrovascular events (MACCE) (A), all-cause death (B), stroke (C), any myocardial
infarction (D), any revascularisation (E), and definite stent thrombosis (F). MACCE was defined as all-cause
death, any stroke, Ml, or revascularisation.
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Figure 2. Kaplan-Meier cumulative incidence for major adverse cardiac or cerebrovascular events in SYNTAX ||
patients stratified by anatomic SYNTAX score <22 (blue) and >22 (red).
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Figure 3. Distribution of baseline lesion type that caused revascularisation from one-year to two-year follow-
up. In a total of 22 revascularisations, the majority of revascularisations occurred in the initially stented lesions
(77%, n=17 events, blue), whereas there were few events in the initially deferred lesions (14%, n=3 events,
red). *One revascularisation occurred in a distal lesion far from the initially stented lesion. In addition, one
revascularisation of a CTO lesion was staged and not treated at the index procedure (9%, n=2 events, grey).
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Figure 4. Two-year major adverse cardiac or cerebrovascular events among the study patients, compared with
the SYNTAX-I CABG cohort. Kaplan-Meier curves are shown for SYNTAX Il (blue) and SYNTAX-I CABG (red) for

the exploratory composite endpoint of major adverse cardiac or cerebrovascular events (MACCE). MACCE was
defined as all-cause death, any stroke, M, or revascularisation.
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Table 2. Two years clinical outcomes between SYNTAX-Il and SYNTAX-I CABG

SYNTAX-Il  SYNTAX-I CABG Hazard ratio

QOutcome (n =454) (n=334) (95% Cl) P-value
MACCE*, % (n) 13.2% (59) 15.1% (48) 0.85 (0.58-1.25) 0.42
All-cause death, stroke and any MI, % (n) 4.7% (21)  8.2% (26) 0.045
All-cause death, % (n) 2.7%(12)  5.1%(16) 0.52(0.25-1.11) 0.09
Cardiac death, % (n) 1.4% (6) 2.8% (9) 0.14
Vascular death, % (n) 0.5% (2) 0.7% (2) 0.71
Non-cardiovascular death, % (n) 0.9% (4) 1.7% (5) 0.37
Stroke, % (n) 0.4%(2)  2.2%(7) 0.20 (0.04-0.96) 0.045
Ischemic, % (n) 0.4% (2) 1.9% (6) 0.052
Haemorrhagic, % (n) 0.2% (1) 0.3% (1) 0.79
Any MI, % (n) 21%(9)  2.2%(7) 0.91(0.34-2.44) 0.85
Periprocedural Ml, % (n) 0.2% (1) 1.5% (5) 0.04
Spontaneous Ml, % (n) 1.6% (7) 0.7% (2) 0.25
Any revascularization, % (n) 10.2% (45) 8.4% (26) 1.23(0.76-1.99) 0.41
CABG, % (n) 1.1%(5)  1.0% (3) 0.83
PCl, % (n) 9.3% (41)  7.8% (24) 0.46

* MACCE was defined as all-cause death, any stroke, M, or revascularization. CABG = coronary artery bypass
grafting, MACCE = major adverse cardiac and cerebrovascular events, M|l = myocardial infarction, PCl =

percutaneous coronary intervention
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Discussion

The main findings of the study are the following: 1) PCI undertaken with the SYNTAX Il
strategy was associated with superior outcomes compared with the predefined SYNTAX-I
PCI cohort, with a lower incidence of MACCE predominantly driven by a reduction in M, all-
cause revascularisation, and definite ST at two-year follow-up; 2) the two-year outcomes of
patients with intermediate or high anatomical SYNTAX score (>22), treated with PCl using
the SYNTAX score Il risk stratification algorithm, were similar to those observed in patients
with the low anatomical SYNTAX score (<22); 3) the two-year outcome of deferred lesions
on the basis of a hybrid iFR/FFR approach was benign; 4) in an exploratory analysis at two
years, PCl with the SYNTAX Il strategy was similar to the predefined SYNTAX-I CABG cohort,
with respect to the incidence of MACCE.

Even if some of the elements of the SYNTAX Il strategy were not fully applied
(Supplementary Table 3), it is important for clinicians to realise that these results were not
just the outcomes of contemporary PCl, but instead were only obtained by “best of PCI
practice”, which includes adoption of the SYNTAX Il strategy in a high proportion if not all
3VD cases.

As shown in the FAME trial, physiology-guided revascularisation in patients with
multivessel disease resulted in a significant reduction of a composite of death or Ml at two-
year follow-up after the index procedure compared with angiography-guided
revascularisation®*. In the present study, the proportion of the initially deferred lesions
revascularised between one-year and two-year follow-up was quite low (14%, 3/22 lesions).
Notably, no Ml in the territory of the initially deferred lesions occurred. While recent trial
data have revealed excellent outcomes of revascularisation deferral based on either iFR or
FFR in low- and intermediate-risk populations?®, the findings in the SYNTAX Il trial
demonstrate that safe decision making can also be performed in the high-risk 3VD patients
who have been selected on the basis of equipoise for long-term mortality between CABG
and PCl utilising the SYNTAX score Il. Furthermore, as the decision to perform or defer
revascularisation was based on iFR in more than 75% of interrogated stenoses, the SYNTAX
Il study provides indirect support to the safety of resting pressure-derived indices to decide
revascularisation in this complex patient subset.

In the exploratory comparison with the predefined SYNTAX-I CABG cohort, no
significant differences were shown in the incidence of MACCE between groups. The similar
outcomes were maintained from one-year to two-year follow-up. Comparatively, the BEST
trial, in which second-generation everolimus-eluting stents were used to treat multivessel
disease, demonstrated that CABG was associated with a lower incidence of MACCE at five
years, driven by a reduction in the incidence of Ml and repeat revascularisation®®. In the
present study, the incidence of Ml and repeat revascularisation in the SYNTAX Il group
remained similar to the SYNTAX-I CABG cohort at two years.

In addition, the incidence of definite ST at two years in SYNTAX Il (0.9%) was
comparable with current all-comers trials with newer-generation DES (BIOSCIENCE: 0.8 to
1.1%, BIO-RESORT: 0.6 to 1.0%, DESSOLVE lII: 0.6 to 1.0%)"1°, and was lower than in the
ARTS Il trial (2.0%)%.

The favourable outcomes of the SYNTAX Il strategy are exemplified by the absence
of convergence and crossing over of endpoints at two years (Figure 4) which was evident in
ARTS I and Il. The incidence of non-TVR in SYNTAX Il was numerically higher compared to
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SYNTAX-I CABG (2.0% [9/454] vs. 0.6% [2/334], p=0.12). In SYNTAX Il, the majority of non-
TVR occurred in initially deferred lesions at the index procedure with negative iFR/ FFR
values (7/9, 77.8%). In addition, two patients (2/9, 22.2%) at follow-up were justified by
either anatomical character (total occlusion) or reduced FFR.

Study limitations

Firstly, this is a single-arm study comparing a contemporary PCl strategy with an historical
control group (SYNTAX-I). Secondly, because of the observed advantage of CABG in females
and young patients in the landmark SYNTAX trial, the SYNTAX score Il resulted in a low
proportion of these subgroups of patients in the present study. Thirdly, there is a nine-year
lapse of time between the enrolment periods of SYNTAX | and II; with recent improvements
in surgical techniques and concomitant medication, it is possible that the clinical results of a
randomised trial could be at variance with the results of this present observational
study?%?2, Fourthly, although the use of coronary physiology was mandatory in lesions
intended to be treated, mild stenoses not included in the anatomic SYNTAX score (i.e.,
<50%) may potentially be associated with physiological significance and were not
systematically assessed by iFR/FFR. Finally, these data cannot be extrapolated to patients
with left main disease and to 3VD patients without SYNTAX score Il equipoise.

Conclusions

At two years, the SYNTAX Il strategy was associated with improved clinical outcomes
compared with the PCI performed in patients with 3VD without left main disease matched
by the SYNTAX score Il from the original SYNTAX-I trial. At two years, clinical outcomes of
the SYNTAX |l strategy compared favourably with the SYNTAX-I CABG cohort. Later follow-
up is warranted, in addition to a randomised trial (with five to 10 years of follow-up) which
will be mandatory to shed light on the respective values of contemporary and future
surgical or percutaneous revascularisation treatments.
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Supplementary data

Supplementary Appendix 1. Statistical analysis

Continuous variables are presented as meantstandard deviation or median (interquartile range [IQR]) and
compared with the Student’s t-test or Mann-Whitney test as appropriate. Categorical variables are presented
as counts and percentages and compared with the chi- squared test.

The outcome analyses were performed according to the intention-to-treat principle and are presented as
Kaplan-Meier estimates and compared with Cox proportional hazards models. A separate multivariate analysis
was performed to determine independent predictors of MACCE within the SYNTAX Il population only. The
following variables were tested on a per-patient univariate analysis to determine suitability for inclusion in the
multivariate model: age, sex, diabetes mellitus, current smoking, previous MI, hypertension, hyperlipidaemia,
creatinine clearance, ejection fraction, peripheral vascular disease, chronic obstructive pulmonary disease
(COPD) and anatomic SYNTAX score. Finally, a multivariate Cox proportional hazards model was built using the
univariate predictors with p-value <0.25. A p- value <0.05 was considered significant. The statistical analyses
were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

Supplementary Table 1. Baseline clinical characteristics.

30

SYNTAX I SYNTAX-I PCl
(n=454) (n=315) p-value

Age (years) 66.7+9.7 (454) 66.749.1 (315) 0.99
Male 93.2% (423/454)  93.0% (293/315)  0.93
Body mass index (kg/m?) 28.9+4.7 (449) 28.2+4.4 (315) 0.032
Diabetes mellitus type 1 or 2 30.3% (135/446) 29.2% (92/315) 0.75

Insulin-treated 8.5% (38/446) 10.5% (33/315) 0.36

Oral medication 19.5% (87/446) 16.8% (53/315) 0.35

Diet only 2.0% (9/446) 1.9% (6/315) 0.91
Current smoker 14.7% (64/435) 17.8% (56/315) 0.26
Previous Ml 12.5% (56/44) 28.7% (89/310) <0.001
Previous stroke 5.6% (25/449) 1.9% (6/315) 0.01
Hypertension 77.0% (344/447) 73.4% (229/312) 0.26
Hyperlipidaemia 77.3% (341/441) 74.4% (232/312) 0.35
Creatinine clearance (ml/min) 82.0+26.9 (454) 87.3+28.5 (315) 0.008
LVEF (%) 58.1+8.3 (454) 61.8+11.3 (315) <0.001
Peripheral vascular disease 7.7% (35/454) 9.5% (30/315) 0.37
COPD 10.8% (49/454) 12.7% (40/315) 0.42
Clinical presentation <0.001

Silent ischaemia 5.5% (30/449) 13.3% (42/315)

Stable angina 68.8% (309/449) 61.6% (194/315)

Unstable angina 25.6% (115/449) 25.1% (79/315)
Anatomic SYNTAX score 20.3+6.4 (454) 22.8+8.7 (315) <0.001
SYNTAX score Il PCI 30.248.6 (454) 30.6%8.7 (315) 0.528
Predicted 4-year mortality PCI (%) 8.918.8 (454) 9.248.7 (315) 0.64
SYNTAX score Il CABG 29.1+10.4 (454) 29.149.6 (315) 1
Predicted 4-year mortality CABG (%) 9.0+9.3 (454) 8.5+8.1 (315) 0.44

CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular
ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary intervention
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Supplementary Table 2. Lesion and procedural characteristics and medication.

SYNTAX I SYNTAX-I PCI p-value
Lesions anatomical SYNTAX score per patient 4.16+1.17 (454) 4.31+1.34 (315) 0.1
Lesions intended to be treated per patient 3.49+0.97 (447) 4.6%1.55 (311) <0.001
Lesions treated per patient 2.64+1.11 (440) 4.02+1.34 (311) <0.001
Stents per patient 3.78+1.92 (440) 5.1942.04 (308) <0.001
Stents per lesion 1.4340.76 (1,165)  1.28+0.65 (1,251) <0.001
Vessel assessed by physiology (iFR/FFR)
Left main 0.9% (4/447) N/A
RCA 86.4% (386/447) N/A
LAD 98.9% (442/447) N/A
LCX 96% (429/447) N/A
Assessment in three vessels 82.8% (370/447)
Vessel treated
Left main 0.9% (4/441) 2.3% (7/311) 0.22
RCA 60.5% (267/441)  87.1% (271/311) <0.001
LAD 92.5% (408/441) 99% (308/311) <0.001
LCX 67.1% (296/441)  96.5% (300/311) <0.001
Treatment in three vessels 37.2% (164/441) 83.3% (259/311) <0.001
Mean stent length (per stent, mm) 24.43+9.18 (1,663) 18.82%7.04 (1,599) <0.001
Total stent length (per patient, mm) 92.32+52.78 (440) 97.71%43.66 (308) 0.13
Bifurcation treated (%) 35% (159/454) 60.6% (191/315) <0.001
Total occlusion treated (%) 27.8% (126/453) 28.3% (89/315) 0.88
Post-implantation IVUS MLA (mm?) 6.17+2.31 (1,094) N/A
Medication
Aspirin
At discharge 99.8% (448/449) 96.2% (302/314) <0.001
At 1 month 99.6% (443/445) 93.9% (292/311) <0.001
At 1year 95.6% (413/432) 92.1% (278/302) 0.046
At 2 years 91.9% (391/429) N/A
P2Y15 inhibitor
At discharge 99.3% (446/449)  98.4% (309/314) 0.234
Clopidogrel 66.8% (298/446) N/A
Prasugrel 4.5% (20/446) N/A
Ticagrelor 28.7% (128/446) N/A
At 1 month 99.6% (443/445) 97.1% (302/311) 0.004
Clopidogrel 66.8% (298/446) N/A
Prasugrel 4.5% (20/446) N/A
Ticagrelor 28.7% (128/446) N/A
DAPT at 1 year 61.8% (267/432)  72.2% (218/302) 0.0034
DAPT at 2 years 6.8% (29/429) N/A
Statin at discharge 97.3% (437/449) 85.4% (268/314) <0.001
Statin at 2 years 92.3% (396/429) N/A

DAPT: dual antiplatelet therapy; FFR: fractional flow reserve; iFR: instantaneous wave-free ratio; IVUS:
intravascular ultrasound; LAD: left anterior descending artery; LCX: left circumflex; MLA: minimal

lumenarea; PCl: percutaneous coronary intervention; RCA: right coronary artery
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Supplementary Table 3. Achievement of SYNTAX Il strategy.

SYNTAX I SYNTAX-1 PCI p-value
SYNTAX score Il calculated 100% (454/454) 100% (315/315) 1.000
iFR/FFR per patient 96.4% (431/447) NA NA
iFR/FFR per lesion 75.5% (1,177/1,559) NA NA
Post-stenting IVUS per patient 84.1% (384/454) 4.8% (15/311) <0.001
Post-stenting IVUS per lesion 76.4% (872/1,142) NA NA
Success rate of CTO PCl per lesion 87.0% (94/108) 57.4% (54/94) <0.001
Current-generation DES used 98.4% (440/447) 0% (0/315) <0.001

SYNERGY EES TAXUS PES
(strut thickness: 74 um)  (strut thickness: 132 um)

Statin at discharge 97.3% (437/449) 85.4% (268/314) <0.001

CTO: chronic total occlusion; DES: drug-eluting stent; FFR: fractional flow reserve; iFR: instantaneous wave-
free ratio; IVUS: intravascular ultrasound; PCl: percutaneous coronary intervention

Supplementary Table 4. Univariate and multivariate independent predictors of two-year MACCE* in SYNTAX
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Univariable predictors at 2

Multivariable predictors at 2

years years
Variables HR 95% ClI p- HR 95% Cl p-
value value
COPD 2.835 1.556- 0.010 2.899 1.304- 0.009
5.165 6.444
Female sex 2.508 1.190- 0.016 3.192 1.196- 0.200
5.285 8.518
Creatinine clearance (per  0.983 0.969- 0.022 0.987 0.972- 0.096
ml/min) 0.998 1.002
Peripheral vascular disease 1.941 0.921- 0.081 3.377 1.323- 0.011
4.089 8.624
Previous Ml 1.533 0.776- 0.219 1.637 0.677- 0.274
3.031 3.959
Anatomic SYNTAX score 1.024 0.985- 0.226 1.051 1.002- 0.040
1.064 1.101
Hypertension 1.330 0.690- 0.395
2.564
Diabetes mellitus 1.222 0.711- 0.469
2.099
Current smoking 1.152 0.564- 0.697
2.354
Age (years) 1.005 0.979- 0.713
1.032
Hyperlipidaemia 0.904 0.496- 0.743
1.650
LVEF (per %) 0.999 0.969- 0.933
1.029

* MACCE was defined as all-cause death, any stroke, MI, or revascularisation.
COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; MACCE: major
adversecardiac and cerebrovascular events; MI: myocardial infarction; PCI: percutaneous coronary
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Supplementary Table 5. Revascularisation at two years® in the SYNTAX Il study.

SYNTAXII

Outcome (n=454)2
Any revascularisation 10.2% (45)
Target vessel 8.6% (38)
Clinically driven 6.8% (30)
Non-clinically driven 2.0% (9)
Target lesion 8.1% (36)
Clinically driven 6.4% (28)
Non-clinically driven 1.8% (8)
Target vessel-non target lesion 1.6% (7)
Clinically driven 1.4% (6)
Non-clinically driven 0.2% (1)
Non-target vessel 2.0% (9)
CABG 1.1% (5)
Target vessel 1.1% (5)
Clinically driven 1.1% (5)
Non-clinically driven 0.2% (1)
Target lesion 1.1% (5)
Clinically driven 1.1% (5)
Non-clinically driven 0.0% (0)
Target vessel-non target lesion 0.7% (3)
Clinically driven 0.5% (2)
Non-clinically driven 0.2% (1)
Non-target vessel 0.5% (2)
Re-PCI 9.3% (41)
Target vessel 7.7% (34)
Clinically driven 5.9% (26)
Non-clinically driven 1.8% (8)
Target lesion 7.2% (32)
Clinically driven 5.4% (24)
Non-clinically driven 1.8% (8)
Target vessel-non target lesion 0.9% (4)
Clinically driven 0.9% (4)
Non-clinically driven 0.0% (0)
Non-target vessel 1.5% (7)

! two years: 730 days; % Kaplan-Meier estimates.

CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention
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Major Adverse Cardiac or Cerebrovascular Events
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Supplementary Figure 1. Kaplan-Meier cumulative incidence for major adverse cardiac orcerebrovascular
events in SYNTAX Il patients stratified by diabetes mellitus (red) and non-diabetes mellitus (blue).

Major Adverse Cardiac or Cerebrovascular Events
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Supplementary Figure 2. Kaplan-Meier cumulative incidence for major adverse cardiac orcerebrovascular
events in SYNTAX Il patients with diabetes mellites stratified by insulin treated (red) and non-insulin

treated (red broken).
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Chapter 3

Abstract

Percutaneous coronary intervention with implantation of drug-eluting stents has become
the most commonly performed revascularisation procedure in patients with symptomatic
coronary artery disease. Continuous iterations of coronary devices incorporating changes in
platform materials, geometry, strut thickness, drug release mechanisms and
antiproliferative drugs have progressively reduced the rate of device-related adverse clinical
events. Objective performance criteria have been proposed for clinical and angiographic
outcomes of drug-eluting stents. The rate of device success has been recognised as an
intraprocedural endpoint to evaluate the mechanical ability to complete a procedure with
the specific device assigned by protocol in randomised comparative trials. The European
Commission and the U.S. Food and Drug Administration both provide guidance documents,
including the mechanistic evaluation of coronary stents, which recommend operational
definitions of device success. While the majority of clinical trials investigating drug-eluting
stents have adopted this endpoint definition, inconsistencies in application limit the
reliability of comparisons across different trials reporting device success rates. In addition, it
is not uncommon that device success rates are not reported by investigators. A consistent
definition of device success is essential to allow scientific comparisons of this technical
performance endpoint between devices across different trials. Therefore, we performed a
systematic evaluation of definitions and reporting of device success in clinical trials. We
propose an extended definition as well as considerations for approaching the determination
of the device success rates in future percutaneous coronary intervention trials.
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Defining Device Success for Percutaneous Coronary Intervention Trials

Introduction

Percutaneous coronary intervention (PCl) with implantation of drug-eluting stents (DES) has
become the most commonly performed revascularisation procedure in patients with
symptomatic coronary artery disease (CAD). Iterative developments of coronary devices
that introduced changes in platform materials and geometry, strut thicknesses, drug release
mechanisms, and antiproliferative drugs have progressively reduced the rate of clinical
adverse events. Indeed, current stent technology is regarded as a mature field and it has
been proposed that optimal performance criteria might be used to evaluate clinical and
angiographic outcomes of new devices?. Most contemporary randomised PCl trials
compare a novel DES to a current standard-of-care DES, in terms of a device-oriented or
patient-oriented composite primary endpoint at one-year follow-up.

Device success rate is an important metric of acute stent performance in clinical
trials. Device success is generally defined as the likelihood of completing the goal of the PCI
procedure — to reduce a coronary obstruction to non-obstructive severity — using the
specific stent allocated by the trial protocol. In addition to the stent design per se, device
success may also be affected by the stent delivery system.

Device success is often reported in conjunction with a procedure success endpoint,
which reflects that the lesion treatment result is achieved without doing harm to the
patient. Assessment of device success is important in the evaluation of a new stent
technology. Regulatory authorities, such as the European Commission and the U.S. Food
and Drug Administration (FDA), provide guidance documents for the mechanistic evaluation
of coronary stents which recommend an operational definition of device success as an acute
device performance endpoint.

Although derivatives of this definition are frequently used in PCl trials, variable
implementation and inconsistencies in adjudication limit the capability of meticulous
comparisons across different trials reporting on device success rates. In addition, it is not
uncommon that device success rates are not reported by investigators. A consistent
definition is essential to allow scientific comparisons of this intraprocedural endpoint across
different trials reporting on different devices or in different patient populations or coronary
anatomy.

In contemporary trials, device failure rates range from <1% to 5%>*. Whether
observed variations in acute device success are in fact device design related or trial
ascertainment dependent is uncertain and provides a rationale for the development of
more consistent approaches and definitions. In the setting of low one-year clinical outcome
event rates across contemporary stent platforms, more technical stent features such as
deliverability reflected by device success may play a greater role for operators selecting
stents for clinical practice.

We performed a systematic review to evaluate device success rates and definitions
in clinical trials with broadly inclusive patient recruitment published in leading cardiology
journals, based on critical appraisal of the literature, and summarised case examples of
device failure. A summary of the literature search strategy and results is shown in
Supplementary Table 1 and Supplementary Figure 1. We propose a standardised extended
definition of device success for future PCl trials.
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DEFINITION OF DEVICE SUCCESS

In 2008, the European Commission and the U.S. FDA published guidance documents for
non-clinical and clinical evaluations of DES to provide recommendations to manufacturers
and notified bodies®®. In the guidance document published by the European Commission,
device success is defined as successful delivery and deployment of the device and
attainment of <50% diameter stenosis using only the study device (Table 1). Procedure
success must meet the angiographic criterion of device success plus additional criteria
related to the clinical outcome of the procedure regardless of whether the protocol-
assigned device is used. In cases of multiple lesion treatment, all treated lesions must meet
the clinical procedure success.

More specifically, procedure success requires the absence of ischaemia-driven
adverse events during the hospital stay up to a maximum of the first seven days after the
index procedure®. These adverse events include all-cause death, any myocardial infarction
(including periprocedural), all coronary revascularisations (target lesion revascularisation,
target vessel revascularisation or non-target vessel revascularisation), and coronary device
thrombosis. The U.S. FDA Guidance for Industry on Coronary Drug-Eluting Stents does not
refer specifically to device success, but rather to scenarios of device malfunction which
correspond to device failure. A malfunction is defined when the device does not meet its
performance specifications which include all claims made in the labelling for the device. This
approach requires consistency throughout the labelling process for coronary stents.

In 2013, the European Society of Cardiology (ESC) was requested by the European
Commission to make recommendations for a revision of the European Union medical device
advisory document on the evaluation of coronary stents. This work was carried out by a
Task Force established by the European Association of Percutaneous Cardiovascular
Interventions (EAPCI)!. The document summarises the process required for regulatory and
market approval for coronary stents in Europe. It offers the basis for establishing objective
performance criteria for clinical and angiographic outcomes when evaluating new devices. A
revision of the guidance document has not been published to date, though the
recommendations of the Task Force are likely to be taken into account in preparing a new
broadly similar type of document for coronary stents known as a Common Specification,
which is at draft stage. Furthermore, the Task Force was not asked to propose a
standardised methodology for the assessment of device success. In September 2018 the
FDA announced a public consultation concerning their guidance document, which is being
updated’.

The Academic Research Consortium (ARC) consensus documents for clinical
endpoint definitions in coronary stent trials®° do not include definitions of device success as
it is a mainly technical endpoint.
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Table 1. Current and proposed definition of device success for PCI.
Current EU definition of acute device success (MEDDEV 2.7.1Appendix 1)

- Successful delivery and deployment of the investigational stent(s)at the intended target lesion.
(This includes successful delivery and deployment of multipleoverlapping stents).

- Attainment of a final residual in-stent stenosis of less than 50% as observed by QCA, or by visual
estimation if QCA is not available, without use of a device outside the assigned treatmentstrategy.
(Standard predilation catheters and post-dilatation catheters [ifapplicable] may be used).

Recommended new definition of acute device success

Device success (applying a lesion-level analysis) is defined by all of the following conditions:

- Successful delivery, balloon expansion, and deployment of thefirst assigned device, at the intended target
lesion. (Multiple attempts using the same instrument are allowed; for example, success at a second
attempt with the same [first] investigational device after rewiring the vessel, use of a supportcatheter, or
additional ballooning, vessel preparation, etc.).

- Successful withdrawal of the device delivery system.

- Attainment of a final in-stent or in-scaffold residual stenosis of

<20% with final data reported by core laboratory QCA (preferredmethodology).

Additional notes for implementing the new definition

- All target lesions in which the assigned device is attempted areincluded as the denominator, e.g., a “per
protocol” analysis.

- The use of a second (or more) assigned device(s) or non-assigned devices, due to failure of the first assigned
device, is classified asdevice failure for the target lesion.

- When deployment of more than one assigned device is planned in advance, for a single target lesion (e.g.,
overlapping devices fora long lesion, or a two-stent strategy for a bifurcation lesion), all assigned devices are
assessed and reported as one device. In thatcase, only when all assigned devices are successfully implanted at
the intended target lesion is this classified as acute device success.

- The use of bail-out devices (as allocated by randomisation) dueto edge dissections or geographic miss is not
regarded as a device failure but rather as a clinical issue.

- Successful deployment includes the expansion of the deliveryballoon to its appropriate diameter as
indicated on the ballooncompliance chart.

- Deployment failure is classified as device failure, independently from whether or not the device was safely
removed; it needs to bedocumented.

- Additional intravascular image may be useful to confirm the stentdeployment, particularly when
interpretation of final angiographyis limited (e.g., tortuosity or angulation of the vessels, artery overlap, or
no-reflow phenomenon) after stent implantation.

MEDDEV: Medical Device Guidance document; QCA: quantitative coronary angiography

Table 2. Comparison of analytic methods for device success.

Analytic
method

Denominator

Intention-to-treat Per-protocol

Number of all targetlesions to be stented

(n)

Number of all target lesions in which the
assigned device has beenattempted (n-X)

the device, particularly when thenumber
of lesions inwhich the assigned device is
not attempted is large

- May overestimate the device success
rate

Pros - Performed well - Represents accurately the performance of
- Simple to analyse thedevice
Cons - Does not account forthe performance of - Detailed explanation of the change in

intention-to-treat needs to be captured
(mandatory) inthe case report form

-Selection bias might beintroduced if the
operator does not even try to implant the
assigned device (especially when treating
extremely challenging lesions)
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DEVICE SUCCESS IN ALL-COMERS TRIALS

Device success rate is usually reported in the first-in-human or pilot study results when
testing new coronary devices. However, the results from such studies frequently lack
generalisability due to the small sample size and the inclusion of highly selected patients
with less complex lesions. A comprehensive evaluation of device success can be further
substantiated in pivotal trial designs, which typically include a substantial number of
patients and are powered to evaluate clinical endpoints. Moreover, trials with an “all-
comers” design denoting inclusion of patients across the spectrum of clinical presentation
and lesion complexity and more representative of those encountered in real-world practice
have been introduced in the evaluation of coronary stents'®, Supplementary Table 2
summarises the definitions and success rates of devices used in all-comers trials.

Most PCl trials reporting on device success adopted the definition recommended by
the European Commission, but it is noteworthy that device success rates are not reported in
the same fashion and are not reported in all studies. The most common variation is the
definition of final in-stent residual stenosis, which ranges from <20% to <50%. According to
the principal angiographic endpoints recommended by the ESC/EAPCI Task Force on the
evaluation of coronary stents?, a post-procedural residual stenosis should be <20% as
assessed by coronary angiography. It has been shown that in-stent stenosis 220% is
associated with an increased risk of target lesion revascularisation'?. Since visual estimation
of coronary cineangiograms could have high interobserver and intraobserver variability*?13,
quantitative coronary angiography (QCA) is a preferred methodology for adjudication of
device success.

In the SORT OUT (Scandinavian Organization for Randomized Trials with Clinical
Outcome) trials (lll, IV, V and VI), the term “device failure” was used instead of device
success. The definition of device failure was stated, but the results were not provided*?'’. In
the BIOSCIENCE (Ultrathin Strut Biodegradable Polymer Sirolimus-Eluting Stent versus
Durable Polymer Everolimus-Eluting Stent for Percutaneous Coronary Revascularization)
trial, the first large randomised trial of a thin-strut cobalt-chromium sirolimus-eluting stent
with a biodegradable polymer, compared to the XIENCE stent (Abbott Vascular, Santa Clara,
CA, USA), the device success rate was also not reported*®. In the SORT OUT VI trial, only the
rate of device delivery failure was mentioned (Orsiro [Biotronik, Biilach, Switzerland] 1.6%
vs Nobori® [Terumo Corp., Tokyo, Japan] 1.7%)*°; the definition of device delivery failure
was not provided.

Recently, the TARGET (Targeted therapy with a localised abluminal groove, low-dose
sirolimus-eluting, biodegradable polymer coronary stent) all-comers trial was published. It
compared a low-dose sirolimus-eluting stent, Firehawk® (MicroPort, Shanghai, China) to the
XIENCE stent. The device success rate of Firehawk was significantly lower than that of
XIENCE (Firehawk 92.4% vs XIENCE 94.8%, p=0.025)%. The device success rate in the XIENCE
group in the TARGET trial was numerically lower than that reported in most previous all-
comers trials. In the Firehawk group, 2.1% of lesions were treated by a non-assigned stent,
0.7% of lesions were crossover to the XIENCE stent, and 2.5% of lesions were not treated by
stent implantation. These differences suggest a difference in the performance of the device
during the index procedure. However, possible alternative explanations could be
unbalanced differences in any of the following: protocol violation, assigned device not
available, change of indication for stent implantation (e.g., patient was referred to surgery),
PCl procedure failure (e.g., wire or balloon failed to cross target lesions), or failure to deliver
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or deploy the assigned device. In fact, the reported unsuccessful study-stent implantation
rate of Firehawk was only 0.9%.

Several factors affect the device success rate, including anatomical aspects, lesion
characteristics, experience and blinding of operators, properties of both the stent and
delivery system (balloon) design as well as the definition and reporting of device success.
Theoretically, the influence of these factors would be minimised and balanced in a
randomised trial. Thus, the device success rate of coronary devices could be attributed to
the trackability, crossability, and pushability of the device. An increasing number of
manufacturers are investing in and developing coronary stent/scaffold platforms worldwide.
In this context, clinicians and trialists should maintain a high degree of attention to device
success rates in PCl trials, as problems may first come to light after more widespread clinical
use and investigation in post-marketing studies.

SPECIAL CONSIDERATIONS

LESION-BASED ANALYSIS ISSUES

In contemporary large-scale PCl trials, device success rate is usually reported by a lesion-
based analysis, meaning that the numerator and denominator represent the number of
lesions, instead of the number of devices. We propose to use the denominator for device
success from “per-protocol” analysis, i.e., the denominator should consist of all target
lesions where the assigned device is at least attempted once before any other non-protocol
therapy. Therefore, target lesions for which PCl was not attempted, no device implantation
was attempted (e.g., failure to cross the lesion with guidewires or lesions treated only with
balloon angioplasty due to small vessel diameter or restenosis) and non-assigned device
implantations without attempt to use assigned device (e.g., assigned device was transiently
not available “on the shelf”) would be excluded from the denominator for device success.
This per-protocol analysis could ascertain more accurately the technical performance of the
device. However, it may be at variance with the conventional intention-to-treat analysis,
particularly if the operator changes his intention-to-treat without testing the assigned
device (e.g., when considering challenging lesions or for whatever reason). Therefore,
detailed explanation of the changes of device selection need to be captured (mandatory).
An intention-to-treat analysis for device success could be considered as a sensitivity analysis
to assess whether all the intended devices have indeed been implanted. A comparison of
analytic methods for device success is provided in Table 2 and Supplementary Figure 2.

USE OF MULTIPLE DEVICES

Another scenario to be considered for more consistent reporting is the use of multiple
devices in one target lesion. For instance, the first assigned device could not cross the target
lesion due to inadequate lesion preparation or less deliverability of the device and
subsequently the device (stent and its delivery system) was damaged or dislodged. Then, a
second assigned stent was eventually implanted after more aggressive balloon
predilatation. Normally this scenario would be considered as a device success. However, it
might be informative to subclassify device success per protocol according to the number of
assigned devices failing (replaced) before final deployment in the lesion. Another approach
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was seen in the AIDA (Amsterdam Investigator-initiateD Absorb strategy all-comers) trial,
where the investigators specified that the device success rate should be counted solely on
the basis of the first assigned stent or scaffold?!. Therefore, we suggest that the unplanned
use of a second (or more) assigned device due to the failure of the first device should be
considered as device failure irrespective of the mechanism (related to the device, the lesion
or the operator). Health economic reasons (e.g., cost of the second device) could be put
forward to rationalise and justify this recommendation. Careful consideration of additional
scenarios is required if this approach is taken. For instance, on the basis of lesion-based
analysis, when treating a long diffuse lesion or a bifurcation lesion, where implantation of
two (or more) assigned devices is planned, the implanted devices should be assessed and
reported as one, and all must be successfully implanted to meet the criteria of device
success.

MULTIPLE LESIONS IN THE SAME VESSEL

Another scenario to be considered is when multiple target lesions exist in one target vessel,
for instance, in the presence of a proximal and a distal lesion in the left anterior descending
artery. Assume, for example, that the operator was intending to deliver an assigned device
to a distal lesion first and had prepared both lesions for delivery. However, the operator
failed to cross the proximal lesion with the assigned device, but then successfully implanted
non-assigned devices in both the proximal and the distal lesions. Whether the treatment of
the proximal lesion should be counted as device failure and the treatment of the distal
lesion should be excluded from the denominator for device success analysis, or whether
both lesions would be counted as device failures should have clear definition in the protocol
or adjudication rules.

LESION SUCCESS VERSUS DEVICE SUCCESS
Lesion success rate, as opposed to device success rate, has been reported differently in
several trials and requires a brief discussion. In the DUTCH PEERS (DUrable polymer-based
sTent CHallenge of Promus ElemEnt versus ReSolute integrity) trial, lesion success was
defined as the attainment at the target site of a final residual diameter stenosis of less than
50% by any percutaneous method?2. In the BIOFLOW V (Ultrathin, bioresorbable polymer
sirolimus-eluting stents versus thin, durable polymer everolimus-eluting stents in patients
undergoing coronary revascularisation) trial, lesion success was also reported in a similar
fashion with final diameter stenosis less than 30%23. In some scenarios, the treating
physicians might change their mind during the procedure and decide not to implant the
assigned device at the target lesion (e.g., small vessel diameter, in-stent restenosis,
unsuccessful angioplasty, coronary slow-flow phenomenon). Thus, reporting lesion success
rates provides complementary information on top of device success rates in PCl trials.
Nevertheless, one major limitation of the definition of lesion success is that it is
based on the visual angiographic residual severity of the lesion after interventions, without
any objective quantitative information such as the assessment of coronary blood flow. Since
thresholds of fractional flow reserve (FFR) and instantaneous wave-free ratio (iFR) pressure-
derived parameters have been identified, and since the angiography-derived quantitative
flow ratio (QFR) might become available for every treated vessel (lesion) by off-line analysis
by a core laboratory, additional consideration should be given to an intraprocedural vessel-
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oriented composite endpoint. Such a definition may require further consensus and is
beyond the scope of this document.

RECOMMENDATIONS FOR FUTURE PCI TRIALS

The introduction of coronary stents for the treatment of CAD was accompanied by
important developments in clinical research and trial conduct. Numerous clinical trials have
been conducted to investigate new stent technologies in a protocolised and, as much as
possible, standardised manner. Therefore, an extended definition of device success and a
standardised methodology for assessing and reporting this acute performance endpoint in
PCl trials are timely. The proposed extended definition is presented in Table 1.

Step 1. Was there an attempt to No ~PCl was not attempted (e.g., patient referred to CABG)
cross the lesion withthe L.y »|  Xlesions [ »| — No device implanted (e.g., unsuccessful wiring of a CTO without attempt
assigned device? of stent implantation; balloon angioplasty only due to restenosis or small
vessel size)
— Non-assigned device implanted without attempt to use the assigned
n-X lesions Yes device (e.g., assigned device was not available; the operator decided

arbitrarily to use a different device)

A

Step 2. Was any device

g i y No : ~ Unsuccessful device delivery (i.e., no devices implanted):
:ielrvtgregl and implanted in any ke 1. Without crossover to non-assigned devices (e.g., the device was
ocation: dislodged and successfully removed with no further attempts)
l Yes 2. Crossover to non-assigned devices, but still unsuccessful
Step 3. Was a device implanted No Hadiedi i X : g
in the intended location? oo (RO, | »| ~Device “,“::“d“."","“_‘sjd;r:i;‘::‘&"ttﬂ, 1?"}"]"[::;5;)'“9 device was
l Yes S
- ? h?f?nnd assiﬂe: ﬂovllt;c lvg? Implantt:d (e.za;;elnano in nv:jhuch
; rst assigned device failed to cross the intended lesion a
:::i':;e‘}:llalsa ;?:J','ft assigned N°> ,,,,,,,,,, was considered damaged by visual inspection)
P 2 — Non-assigned device implanted after a failed attempt to use
the assigned device
l Yes
Step 5. Was the final residual No ~ Residual stenosis above accepted thresholds (e.g., assigned device
stenosis <20% (QCA is the coedml YA lggions [reeereed »| underexpansion)
preferred methodology)?**
Yes
Y

Device success rate per target lesion
=[n-(X+Y1+Y2+Y3+Y4)]/n-X

Figure 1: Algorithm for device success analysis. * Please refer to Table 1 if more than one assigned device is
planned upfront for one target lesion and Supplementary Figure 3 for details on potential scenarios. **
Additional intravascular image may be useful to confirm the stent deployment, particularly when
interpretation of final angiography is limited (e.g., tortuosity or angulation of the vessels, artery overlap, or no-
reflow phenomenon) after stent implantation. CABG: coronary arterial bypass grafting; CTO: chronic total
occlusion; n: total lesion number; PCl: percutaneous coronary intervention; QCA: quantitative coronary
angiography

Figure 1 illustrates a practical, mutually exclusive and chronological algorithm for
analysing the device success rate. Step 1 establishes the denominator consistent with a “per
protocol” analysis, and is the most crucial aspect of device success to decide upon for any
given trial design. This denominator definition has a great influence on the device success
rate. We suggest preferentially excluding target lesions where no implantation of the
assigned device was attempted. The denominator of the device success rate would thus be
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n-X, representing the number of lesions in which the operators did try to implant the
assigned device. Step 2 identifies lesions for which no device (either the assigned or any
non-assigned device) was implanted despite single or multiple attempts. Step 3 indicates
lesions for which devices were implanted outside the intended location (e.g., device
dislodgement with either deployment or crush of the device). Step 4 indicates lesions in
which non-assigned devices or second (or more) assigned devices were implanted, because
of the unsuccessful delivery or deployment or damage to the first assigned device (e.g.,
tortuosity/non-crossability of the lesion or defective delivery system/balloon). Lastly, step 5
excludes lesions with final in-stent/scaffold residual stenosis equal to or above 20% by QCA
(preferred methodology) or by visual estimation if QCA is not available, along with the
recommendation that final data reported for the trial ideally would rely on core laboratory
QCA of the final residual stenosis.

Calcified lesion ~  predjlation

L

Bi
Sequential target lesions

"4

%

Underexpansion of Extensive
balloon dissection

Crossover to Non-assigned
Jd .

non-assigned devices were

device implanted

Figure 2: Examples of device failure in the device success analysis. A1. One calcified lesion in right coronary artery
(segment 2). A2. Predilation. A3. Assigned device failed to cross the calcified lesion. No device was implanted.
A4. Because the assigned device failed to cross the lesion in the right coronary artery, the operator decided to
use a non-assigned device for treatment of left main stem (segment 5). Segment 5 should be excluded from the
denominator in the analysis of device success rate. Changes in intention-to-treat should be specifically reported
in the case report form. B1. Two sequential lesions in left circumflex artery (segments 11 & 13). B2. Predilation.
B3. Extensive dissection with compromised blood flow of side branch (*segment 12b). B4. Assigned device failed
to cross the proximal lesion, then crossover to a non-assigned device. B5. The operator decided to use non-
assigned devices for treatment of the distal lesion and the side branch. Segment 13 should be excluded in the
analysis of device success rate. Segment 12b should be reported as a procedural complication with bail-out
stenting of assigned device group based on intention-to-treat. Coronary artery segments are defined according
to the American Heart Association classification.
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Figure 2 summarises two examples of device failure and demonstrates the
importance of knowing whether the assigned stent was attempted or not, in order to assess
the device success rate. Potential scenarios after unsuccessful delivery of a first assigned
device to the intended lesion are summarised in Supplementary Figure 3.

Issues of potential operator bias in the assessment of device success must also be
considered. In current stent trials investigating two different platforms or iterations, it is not
possible to mask the operator who can recognise the commercial products. Behavioural
differences based on the experience of the operator cannot be avoided. In the TALENT
study?*, more crossover to non-assigned stents occurred in the investigational group.
Interestingly, this phenomenon was also observed in the TARGET study. It suggests that
operators might tend to crossover quickly to the device with which they are familiar when
facing difficulties during the PCI procedure, especially in treating patients with multivessel
disease. In the TALENT study, the crossover to non-assigned stents was clustered in seven
out of 23 centres and was related to the lesion complexity, PCl volume and possibly to the
expertise of the operators.

In addition, it is also possible that the assigned device per randomisation is not
available “on-shelf” at the time of the procedure, or that the available sizes and lengths of
the investigational platform offer fewer options than the comparator, increasing the chance
of crossover to the comparator. Alternatively, the new device may be truly less effective in
crossing lesions, requiring more frequent crossover. Differentiating between these
possibilities is problematic without detailed questioning in the case report form. It is
acknowledged that accurate determination of this more granular, consistent and
informative approach to device success will challenge existing clinical trial processes to
include site work documentation, monitoring visits to ensure accuracy, and a simple, flexible
case report form for study use. We propose an example of a case report form that will
capture important parameters for the adjudication of device success in PCl trials
(Supplementary Table 3).

FUTURE PERSPECTIVES OF DEFINING DEVICE SUCCESS

Stent underexpansion is usually defined according to the diameter stenosis after the
procedure, measured by QCA. Coronary angiography only assesses residual stenosis which
can be influenced by many factors (e.g., plaque prolapse). The discrepancy in QCA between
metallic DES and polymeric bioresorbable scaffolds has been reported?®. Intracoronary
imaging, such as intravascular ultrasound or optical coherence tomography, provides more
accurate ascertainment than angiography in optimising PCl procedures and improves clinical
outcome?®?’, The use of intracoronary imaging might be a preferred method rather than
QCA to assess acute performance of devices for state-of-the-art trials.

Computational fluid dynamic models have shown that, even at the same diameter
stenosis, anatomic differences such as stent eccentricity affect local haemodynamics which
are related to stent restenosis®®. On the other hand, post-PCl FFR has been shown to be a
predictor of long-term outcome?®3°. Suboptimal stent deployment is known to be
associated with a trans-stent FFR gradient after PCIL. Local haemodynamics and functional
assessment of stented vessels might become alternative approaches to evaluate the acute
performance of devices. Nevertheless, the systematic use of intravascular imaging or FFR
after PCl needs to be balanced with risks and costs. In this context, the use of angiography-
derived functional assessment such as QFR that does not require the use of additional
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catheters3%3* will probably become widely available in catheterisation laboratories and play
an increasing role in the assessment of device success, including the independent
assessment by core laboratories. The additional value versus the cost of such data collection
enhancements may vary across different study design applications.

Conclusions

Between devices with similar long-term clinical outcomes, device success rates may convey
important information for operators choosing devices in clinical practice. Consistent
approaches and definitions for device success may greatly enhance the value of such data.
This document proposes a feasible approach summarised in a simple algorithm which, if
embraced by international cardiovascular societies and clinical research organisations, will
allow meaningful comparisons among future studies and advance regulatory science for
informative device evaluation.
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Supplementary data

Supplementary Table 1. Eligibility criteria for the literature search.

Inclusion criteria

Coronary intervention randomised trials between 01/01/2007 and 12/04/2019
All-comers design

Published in NEJM, Lancet, EHJ, JACC or Circulation

Exclusion criteria

Extended follow-up report

Sub-analysis or post hoc analysis (e.g., imaging, gender)

Primarily imaging study

Non-coronary research

Not a randomised trial (meta-analysis, review, retrospective, etc.)Drug trial
Thrombolysis

Treatment modification trial (e.g., logistics, timing)

Magnetic navigation system

Regenerative therapy (cell, gene, drugs)

Thrombus aspiration and others (e.g., interventions targeting reperfusion)Pre-

conditioning/post-conditioning/cooling

Circulatory support (e.g., intra-aortic balloon pump)

Medical arm as control

Genetic study
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Supplementary Table 3. An example of a case report form.

Target lesion information

1. Specify which segments are diseased for this lesion

2. Did the operator make an attempt to delivery and deploy the assigned device?

Yes
2-1 Were any devices implanted at this target lesion?
Yes; how many devices were implanted?
Which type of device was implanted?

Assigned device; number

MNon-assigned device; number ;

Please specify reason(s) why it occurred.
|| Assigned device failed to cross the lesion
Assigned device dislodgement

|| Others

Noj; please specify reason(s) why it occurred.
"I No; please specify reason(s) why it occurred.
2-2 Were non-assigned devices implanted at this target lesion?
I'Yes; how many non-assigned devices were implanted?

Please specify reason(s) why it occurred.

"1 No; please specify reason(s) why it occurred.
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973 records identified through PubMed search

g |

2

g 973 records screened |

#
[ 847 records excluded

g [ 126 full-text articles assessed for eligibility |

g 104 not all-comers trial design
22 all-comers trial

% ] 22 studies included in the synthesis |

Supplementary Figure 1. Flow chart of the literature search and selection of studies.

1:1 randomisation

Investigational device Comparative device
Stent A Stent B
(n,=100 lesions) (n,=100 lesions)
* 2lesions: No stent implar was *  2lesions: No stent was implanted (e.g.
pted (e.g. with DCB) small vessel diameter treated with balloon
*  5|esions: Stent B was implanted (e.g. no angioplasty)
suitable size of stent A on the shelf) * 4 lesions: Stent B falled to cross intended
* 5lesions: Stent A failed to cross intended lesions and physicians elected to implant
lesions and physicians elected to impl Stent A

Stent B

v

98 lesions were stented 98 lesions were stented
(Stent A:88 lesions, Stent B: 10 lesions) (Stent A:4 lesions, Stent B: 94 lesions)

Intention-to-treat Per-protocol Intention-to-treat Per-protocol
98% (n,-2/n,) 94.6% (n,-12/n,X,) 98% (ny-2/ny) 96% (ny-6/ny-X,)

Supplementary Figure 2. An example of a trial comparing stent A versus stent B.

na: number of lesions to be treated with stent A;
ny: number of lesions to be treated with stent B;
X,: number of lesions in which the stent implantation (A) was not attempted;
Xo: number of lesions in which the stent implantation (B) was not attempted.

*e.g., single lesion trial, including restenosis
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First assigned device failed 1o cross the intended lesion in the first attempt

ged (e.g. stent delivery system broken)
Yes l l No
l Attempt to use an non-assigned device I I Attempt to use an non-assigned device
l No No
Further attempt using a second unit of the Further attempt using the first attempted device
assigned device Yo Yes (.. after rotablation)
Yes No Yes
3 P Yes
No Device deployment Device deployment s"“:"‘:‘;”"."““ Device deployment
F size of the same device) SO
7/ | | ! | / I
No Yes No Y.l. No No Yes
" Second assigned device - Non-assigned device 2 First attempted
No device A No device implanted No device foplanied®
No Yes
Device failure Device success

Supplementary Figure 3. Scenarios describing attempts with the assigned or non-assigned devices and

relationship to device success.

* Per consensus the use of a second device is considered as device failure independent of the mechanism

(related to the device, the lesion or the operator).
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Chapter 4

Summary

Background

Supraflex is a sirolimus-eluting stent with a biodegradable polymer coating and ultra-thin
struts. We aimed to compare Supraflex with the standard of care, Xience, an everolimus-
eluting stent with a durable polymer coating, regarding clinical outcomes with a randomised
trial in an all-comer population.

Methods

We did a prospective, randomised, single-blind, multicentre study (TALENT) across 23
centres in Europe (the Netherlands, Poland, the UK, Spain, Bulgaria, Hungary, and Italy).
Eligible participants were aged 18 years or older, had one or more coronary artery stenosis
of 50% or greater in a native coronary artery, saphenous venous graft, or arterial bypass
conduit, and had a reference vessel diameter of 2.25-4.50 mm. Patients underwent
percutaneous coronary intervention in an all-comer manner. We randomly assigned
patients (1:1) to implantation of either a sirolimus-eluting stent with a biodegradable
polymer coating and ultra-thin struts (Supraflex) or an everolimus-eluting stent with a
durable polymer coating (Xience). Randomisation was done by local investigators by use of a
web-based software with random blocks according to centre. The primary endpoint was a
non-inferiority comparison of a device-oriented composite endpoint—cardiac death, target-
vessel myocardial infarction, or clinically indicated target lesion revascularisation—between
groups at 12 months after the procedure, assessed in an intention-to-treat population. On
assumption of 1-year composite endpoint prevalence of 8.3%, a margin of 4.0% was defined
for non-inferiority of the Supraflex group compared with the Xience group. This trial is
registered with ClinicalTrials.gov, number NCT 02870140.

Findings

Between Oct 21, 2016, and July 3, 2017, 1435 patients with 1046 lesions were randomly
assigned to Supraflex, of whom 720 received the index procedure, and 715 patients with
1030 lesions were assigned to Xience, all receiving the index procedure. At 12 months, the
primary endpoint had occurred in 35 patients (4.9 %) in the Supraflex group and in 37
patients (5.3%) in the Xience group (absolute difference —0.3% [one-sided 95% upper
confidence bound 1.6%)], pron-inferiority <0.0001). Definite or probable stent thrombosis
prevalence, a safety indicator, was low in both groups and did not differ between them.

Interpretaion

The Supraflex stent was non-inferior to the Xience stent for a device-oriented composite
clinical endpoint at 12 months in an all-comer population. Supraflex seems a safe and
effective alternative drug-eluting stent to other stents in clinical practice.
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Introduction

The evolution of coronary stent technologies has led to reduced adverse outcomes in
patients who undergo percutaneous coronary intervention. These technological
developments stem from reductions in strut and polymer thickness, improvements in metal
alloys and biocompatibility of coating, and optimisation of the kinetics of drug release. The
second generation of drug-eluting stents was introduced with thin struts (80-90 um), new
antiproliferative drugs with better elution profiles, and biocompatible polymers. These new
stents had lower rates of restenosis coupled with adequate strut coverage,' resulting in
significantly lower rates of thrombotic complications compared with those of
first-generation, drug-eluting stents and bare metal stents.>* Subsequently, biodegradable
polymers were developed to disappear after drug release, thereby leaving a bare metal
stent-like platform. The efficacy of drug-eluting stents with biodegradable polymer coating
was shown to be non-inferior to that of stents with durable polymer coating in several
studies.> A study® published in 2017 showed that a drug-eluting stent with a biodegradable
polymer coating and ultra-thin struts was superior to a stent with durable polymer coating,
achieving a lower rate of target lesion failure at 12 months than that of the stent with
durable coating. Additionally, a metaanalysis® published in 2018 showed that drug-eluting
stents with ultra-thin struts (strut thickness <70 um) reduced the incidence of target lesion
failure compared with that of contemporary stents with thicker struts. Because clinical
outcomes of contemporary stents are reaching a safety plateau, it is probable that cost-
effectiveness might influence the decision on which stent to use.

The Supraflex is a sirolimus-eluting coronary stent made with a cobalt chromium
alloy that has a biodegradable polymer technology and an ultra-thin strut thickness of 60
um. With this stent, the drug is released over a short period of 48 days. Provided that
clinical outcomes are comparable with market-leading stents, the introduction of Supraflex
in the European market will increase competition and might drive down healthcare costs.'®
In the FLEX-Registry,'! Supraflex showed a low incidence of major adverse cardiac events at
12 months of follow-up (3.7%) and excellent strut coverage at 6 months of follow-up in 995
unselected realworld patients. Although the ultra-thin strut stent with biodegradable
polymer might have an important role in patients’ outcomes,” the Supraflex has not yet
been tested in the context of a randomised clinical trial.

We therefore did a trial to investigate non-inferiority of clinical outcomes after
implantation of the Supraflex stent compared with the standard of care for atherosclerotic
lesions (Xience, an everolimus-eluting stent with durable polymer coating) in broad patient
and lesion scenarios from an all-comer European population.

Methods

Study design and participants

The TALENT trial was a prospective, randomised, controlled, single-blind, multicentre study
in an all-comers population across 23 hospitals or specialised centres in Europe (the
Netherlands, Poland, the UK, Spain, Bulgaria, Hungary, and Italy). There were few inclusion
and exclusion criteria (appendix).? Briefly, patients aged at least 18 years, with one or more
coronary artery stenosis of 50% or greater in a native coronary artery, saphenous venous
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graft, or arterial bypass conduit with a reference vessel diameter of 2.25-4.50 mm, who
were suitable for coronary stent implantation were eligible for inclusion. Any type of
coronary artery lesions and anatomical locations were included. The number of stents,
treated lesions, and vessels and the length of lesions was unrestricted. All patients signed
informed consent, which was approved by the ethics committee of each enrolling centre.

Randomisation and masking

Patients who met the enrolment criteria were randomly assigned (1:1) to implantation of
either the Supraflex or the Xience stent. Randomisation was done by local investigators by
use of a web-based software with random blocks according to centre. Clinical data were
adjudicated by an independent clinical event committee, which was masked to the type of
stent allocated to the patient.

Procedures

The Supraflex is a new generation metallic stent (Sahajanand Medical Technologies, Surat,
India) consisting of an L605 cobalt—chromium alloy platform with ultra-thin struts (60 um)
across all stent diameters, highly flexible S-link connectors, and a biodegradable polymeric
matrix coating (poly L-lactide, 50:50 mixture poly D, L-lactide-co-glycolide and polyvinyl
pyrrolidone). Sirolimus, at a concentration of 1-4 pg/mm? and together with the polymeric
matrix, is coated on the conformal surface of the stent. The average thickness of coating
ranged from 4 um to 5 um. The drug is 70% released within 7 days, and the remainder is
released over a period of 48 days.'! The polymer gradually degrades over 9—12 months.
Available stent diameters for this trial were between 2:25 mm and 4:0 mm, and available
stent lengths were 8-48 mm. The crossing profile of Supraflex is 0:99 mm, whereas the
crossing profile of the newest Xience Alpine is 1-10 mm and of Xience Sierra is 0-99 mm.

The control stent with durable polymer coating, Xience (Abbot Vascular, Santa Clara,
CA, USA), is a cobalt—chromium alloy device with a strut thickness of 81 um and an 8
um-thick durable polymer coating. This polymer is made of polyvinylidene fluoride—
hexafluoropropylene loaded with everolimus.'®> We used only Xience stents with similar
diameter and length to those of Supraflex, thus Xience stents up to 48 mm in length and
with diameters between 2:25 mm and 4-0 mm were allowed for implantation.

Investigators determined lesion parameters by visual estimation with angiography or
online quantitative coronary angiography. Patients with stable coronary artery disease
received dual antiplatelet therapy for at least 6 months after percutaneous coronary
intervention, followed by aspirin monotherapy indefinitely. Patients with acute coronary
syndrome received dual antiplatelet therapy for at least 12 months after percutaneous
coronary intervention, followed by aspirin monotherapy indefinitely. For patients with acute
coronary syndrome, the order of preference for P2Y12 (P2Y purinoceptor 12) inhibitors was
ticagrelor, followed by prasugrel (or clopidogrel), according to local practice and drug
availability.

Cardiac biomarkers (creatine kinase, creatine kinase-myocardial band, and troponin |
or T) were measured within 24 h before percutaneous coronary intervention and 3-8 h after
the procedure (appendix). Patients were followed up by hospital visit at 1 month and 12
months and by phone contact at 6 months to assess clinical status and adverse events. All
information was recorded for data collection at each visit.
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Outcomes

The primary endpoint of the study was a non-inferiority comparison at 12 months between
the Supraflex group and the Xience group regarding a device-oriented composite endpoint
of cardiac death, target vessel myocardial infarction, and clinically indicated target lesion
revascularisation. The composite secondary endpoints were a patient-oriented composite
endpoint of all-cause death, any myocardial infarction, and any revascularisation, a target
vessel failure of cardiac death, target vessel myocardial infarction, and clinically indicated
target vessel revascularisation. Other secondary endpoints of the study included individual
components of composite endpoints and stent thrombosis (appendix).

Definite and probable stent thrombosis, which are safety indicators, were
adjudicated according to the definition of the Academic Research Consortium (ARC).*
Myocardial infarction was defined according to the Society for Cardiovascular Angiography
and Interventions consensus for periprocedural myocardial infarction (when occurring 48 h
or earlier after the index procedure) or according to the Third Universal Definition for
myocardial infarction (when occurring later than 48 h after the index procedure).*>¢ Device
success was defined as successful delivery and deployment of (only) the assigned device at
the intended target lesion and successful withdrawal of the delivery system with attainment
of final in-stent residual stenosis of less than 30% (preferably by online quantitative
coronary angiography).

Statistical analysis

The trial was powered for testing of non-inferiority for the primary endpoint at 12 months
after the procedure. After reviewing event rates from published data, we expected the
composite endpoint prevalences at 12 months for both treatment groups to be 8:3%.17 A
margin of 4% (50% of the expected event rate) was defined for the non-inferiority margin of
the Supraflex group compared with the Xience group. On the basis of this margin and a one-
sided type | error of 0-05, a total of 1386 patients (693 patients in each group) would have at
least 85% power to detect non-inferiority. Accounting for approximately 3% of patients lost
to follow-up, we randomly assigned a total of 1435 patients.

The primary analyses were based on an intention-to-treat population. For the
primary endpoint analysis, we used a standard normal distribution to create a one-sided
95% upper confidence bound for the difference in Kaplan-Meier rates for the
device-oriented composite endpoints of the Supraflex group and the Xience group. If the
one-sided 95% upper confidence bound was less than or equal to the non-inferiority margin
of 4-0%, Supraflex was declared to be non-inferior to Xience. This testing implied a 5:0%
one-sided significance level. A secondary analysis of the primary endpoint and all secondary
clinical endpoints was done in the per- protocol population, which consisted of patients who
had received only the assigned study stent. Continuous variables were presented as mean
(SD) and compared with the use of t test. Categorical variables were reported as n (%).
Categorical variables with more than two categories were assessed by Mantel-Haenszel rank
score test, and dichotomous variables were assessed by Fisher’s exact test. Composite
endpoints were calculated by use of time-to-first of any of the composite events per patient.
Patients started being at risk on the day of index percutaneous coronary intervention or, if
no procedure was done, on the day of randomisation. Survival curves were constructed with
use of Kaplan-Meier estimates and the log-rank test was used to compare between-group
differences. We pre-specified stratified analyses of the primary endpoint at 12 months for
subgroups of patients with diabetes, ST-segment elevation myocardial infarction, small
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vessels (£2:75 mm), multivessel treatment, long lesions (>18 mm), in-stent restenosis,
bypass graft, left main treatment, bifurcation treatment, or overl- apping stents. We
calculated the interaction p value for the subgroup analysis. Unless otherwise specified, a
two-sided p value of less than 0-05 was considered to indicate statistical significance. All
statistical analyses were done using SAS software version 9.3. An independent data safety
and monitoring board monitored the individual and collective safety of the patients in the
study during the enrolment phase. This trial is registered with ClinicalTrials.gov, number NCT
02870140.

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report, and did not participate in the decision to submit the
manuscript for publication. The executive committee (AZa, RJdW, UK, and PWS) had full
access to all the data in the study, and the corresponding authors (YO and PWS) had full
responsibility for the decision to submit for publication.

9470 patients treated with percutaneous
coronary intervention

—>| 8035 not screened or ineligible

| 1435 enrolled and randomly assigned ]

|
v v

Figure 1. Study profile

720 assigned to Supraflex 715 assigned to Xience
715 had percutaneous 715 had percutaneous
coronary intervention coronary intervention
5did not have

percutaneous coronary

intervention*
11 withdrew consent 7 withdrew consent
14 died 4died

7 cardiac deaths 2 cardiac deaths

—P 1vascular death
6 non-cardiovascular

—»  0vasculardeaths
2 non-cardiovascular

deaths deaths
1lost to follow up
v A

695 followed up at 12 months 703 followed up at 12 months
720 included in intention-to- 715 included in intention-to-

treat analysis treat analysis
660 included in per-protocol 685 included in per-protocol

analysis analysis

*Percutaneous intervention was cancelled in two patients on the basis of intravascular ultrasound finding. In one
patient, vasospastic stenosis observed during diagnostic angiography was not confirmed at the time of planned
coronary intervention; therefore the procedure was not done. One patient was referred after randomisation to
surgery because of concomitant mitral regurgitation. One patient did not receive percutaneous intervention
because of a randomisation error.
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Results

Between Oct 21, 2016 and July 3, 2017, we randomly assigned 1435 patients with a total of
2076 lesions to either the Supraflex group (720 patients with 1046 lesions) or the Xience
group (715 patients with 1030 lesions; figure 1). Five patients in the Supraflex group did not
undergo percutaneous coronary intervention. 11 patients (1-5%) in the Supraflex group and
seven patients (1:0%) in the Xience group withdrew consent within 12 months of the
procedure. Baseline clinical characteristics were similar in the two study groups (table 1).
429 patients (59-6%) in the Supraflex group and 405 (56:6%) in the Xience group presented
with acute coronary syndrome. To enable a timely report of the primary endpoint, the
steering committee decided to encourage patients who were randomly assigned between
June 3 and July 3, 2017 (last month of enrolment) to undergo the 1-year follow-up visit
before 360 days had passed, with a minimum of 330 days after the index procedure. 720
patients from the Supraflex group and 715 from the Xience group were included in the

intention-to-treat population.

Table 1. Patient baseline characteristics
Characteristic

Supraflex (n=720)

Xience (n=715)

Age (years)
Male
Body mass index (kg/m?)
Smoking status
Current
Previous
Never
Diabetes mellitus
Insulin-dependent
Non-insulin-dependent
No diabetes mellitus
Hypertension
Hypercholesterolemia
Family history of coronary artery disease
Previous Ml
Established Peripheral Vascular Disease
Previous PCI
Previous CABG
Heart Failure
Renal Insufficiency*
Indication
Stable angina
ACS
Unstable angina
Non-ST elevation Ml
ST-elevation Ml

65-0+10-3 (n=720)
546/720 (75-8%)
28-3+4-8 (n=719)

176/719 (24-5%)
286/719 (39-8%)
257/719 (35-7%)
157/720 (21-8%)
48/720 (67%)
109/720 (15-1%)
563/720 (78-2%)
470/720 (65-3%)
444/718 (61-8%)
311/671 (46-3%)
136/720 (18-9%)
51/720 (7-1%)
175/720 (24-3%)
33/720 (4-6%)
34/720 (4-7%)
20/720 (2-8%)

291/720 (40-4%)
429/720 (59-6%)
116/720 (16-1%)
194/720 (26-9%)
119/720 (16-5%)

64-7+10-1 (n=715)
547/715 (76-5%)
28-3+4-6 (n=715)

172/715 (24-1%)
311/715 (43-5%)
232/715 (32:4%)
178/715 (24-9%)
67/715 (9-4%)
111/715 (15-5%)
537/715 (75-1%)
472/714 (66-1%)
428/711 (60-2%)
303/671 (45-2%)
128/715 (17-9%)
64/715 (9-0%)
153/715 (21-4%)
55/715 (7-7%)
49/715 (6-9%)
14/715 (2-0%)

310/715 (43-4%)
405/715 (56-6%)
99/715 (13-8%)

189/715 (26-4%)
117/715 (16-4%)

Data are mean (SD) or n (%). PCl=percutaneous coronary intervention. CABG=coronary artery bypass graft.

*Defined as serum creatinine concentration>2-5 mg/dL or creatinine clearance <30 mL/min.
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Table 2. Angiographic and procedural characteristics.

Supraflex Xience
n=1046 lesions n=1030 lesions p value

Vessel location: 0-070

LAD 468 (44-7%) 432 (41-9%)

LCcX 220 (21-0%) 237 (23-0%)

RCA 338 (32:3%) 328 (31-8%)

Left main 15 (1-4%) 16 (1-6%)

Bypass graft 5(0-5%) 17 (1-7%)
Number of lesions treated 1-45+0-77 (n=720) 1-44+0-74 (715) 0:760
Total stented length per patients (mm) 37-2427-4 (n=709) 37-2427-0 (710) 0961
Index PCI performed 715 (99:3%) 715 (100%) 0-062
Reason PCI not performed

Medical treatment only 3 (0-4%) 0(0:0%)

Other reason 2 (0:3%) 0 (0-0%)
TIMI flow pre-procedure 0:122

Flow 0 143 (13-7%) 112 (10-9%)

Flow 1 40 (3-8%) 42 (4-1%)

Flow 2 66 (6-3%) 84 (8-2%)

Flow 3 758 (72:5%) 744 (72-2%)

Assessment not done 39 (3-7%) 48 (4:7%)
Restenotic lesion 44 (4-2%) 42 (4-1%) 0-883
Small vessel (< 2:75 mm) 420 (40-2%) 414 (40-2%) 0:999
Long lesion (> 18 mm) 518 (49:7%) 511 (49-6%) 0-964
Bifurcation involved 167 (16:0%) 157 (15-2%) 0-650
Thrombus aspiration 40 (3-8%) 39 (3-8%) 0:961
Pre-dilatation 807 (77-2%) 782 (75-9%) 0509

Maximum pressure (atm) 13:6+4-3 (n=801) 13-5+4-1 (n=777) 0:677

Maximum balloon length (mm) 15-75%4-77 (n=805) 15-40%4-50 (n=782) 0-130

Maximum balloon diameter (mm) 2:52+0-43 (805) 2:4610-43 (782) 0-006
Stent characteristics

Number of stents used per lesion 1-2+0-5 (1046) 1-2+0-5 (1030) 0:592

Total stent length per lesion (mm) 25-7+14-5 (1028) 26:0+14-5 (1015) 0623

Overlapping stents per lesion 221/1046 (21-1%) 201/1030 (19-5%) 0-361

Stent length per stent (mm) 21-348:3 (1239) 21-8+8-8 (1208) 0-120

Stent diameter per stent (mm) 3-010-5 (1239) 3-0£0-5 (1208) 0:186
Post-stenting balloon dilatation 544 (52:0%) 538 (52:2%) 0-918

Maximum pressure (atm) 17-144-3 (n=543) 17-5+3-9 (n=532) 0-096

Maximum balloon length (mm) 13-7914-83 (n=544) 14-39%4-88 (n=537) 0-041

Maximum balloon diameter (mm) 3:30£0-58 (n=544) 3-29+0-60 (n=538) 0-804
TIMI flow post-procedure 0-198

Flow 0 7 (0-7%) 1(0-1%)

Flow 1 2(0-2%) 3 (0-3%)

Flow 2 11 (1-1%) 9 (0-9%)

Flow 3 995 (95-1%) 975 (94-7%)

Assessment not done 31 (3-0%) 42 (4:1%)

Data are counts (percentage) or mean * SD (number).
LAD = Left anterior descending artery, LCX = Left circumflex artery, PCI = percutaneous coronary intervention

RCA = Right coronary artery, TIMI=thrombolysis in myocardial infarction.

Overall, lesion characteristics were similar between the two groups (table 2). Mean
pre-dilatation balloon diameter was larger in the Supraflex group than in the Xience group.
Mean stent length and diameter per stent were similar between groups. The number of
stents used was not different between both groups. Mean post-dilatation balloon length
was greater in the Xience group than in the Supraflex group. The device success proportion
was analysed in 2000 lesions in which investigators attempted to implant the allocated
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stent. The detailed reasons for not using the allocated stent are provided in the appendix.
The device success proportion per lesion in both groups was high, but there was significant
difference between the Supraflex and the Xience group (973 [97-6%] of 997 lesions vs 998
[99:5%] of 1003; difference —1:9%, 95% Cl —3-0 to —0-9; p=0-0003; appendix). This difference
was mainly driven by increased crossover to non-allocated stent in the Supraflex group
compared with that in the Xience group. There were no differences in the residual in-stent
stenosis of 30% or greater between groups. This difference in device success did not affect
in-hospital patient outcomes (in-hospital device-oriented composite endpoint 11 [1-5%] of
720 patients vs 10 [1-4%)] of 715; difference 0-1%, 95% Cl —1-2 to 1:5; p=0-837).

The primary device-oriented composite endpoint occurred in 35 (4:9%) of 720
patients in the Supraflex group and in 37 (5:3%) of 715 in the Xience group (table 3, figure
2A). Non-inferiority of the Supraflex stent compared with the Xience stent was shown, with
an absolute difference of —=0-3% and one-sided 95% upper confidence bound of 1-6%
(Pnon-inferiority <0-0001, Psyperiority=0-801). The frequencies of cardiac death, target vessel
myocardial infarction, and clinically indicated target lesion revascularisation were similar for
both stent types (table 3, figure 2). The details of cardiac deaths are described in the
appendix. Results of the device-oriented composite endpoint from the perprotocol analysis,
including 1345 patients, also showed non-inferiority of Supraflex compared with Xience (23
[3-5%] of 660 patients in the Supraflex group vs 30 [4-:4%] of 685 in the Xience group;
difference —0-9%, 95% Cl —3-0 t0 1-2; Pnon-inferiority <0-0001, Psuperiority=0-41), with a
significantly lower clinically indicated target lesion revascularisation in the Supraflex group
(8 [1-2%)] patients in Supraflex vs 21 [3-1%] in Xience; difference —1-9%, —3-5 to —0-3;
p=0-021; appendix).

At 12 months, definite or probable stent thrombosis did not differ between groups
(table 3). In the Supraflex group, there were two unexplained and unwitnessed deaths
attributed to possible stent thrombosis according to ARC-1 definition. Frequency of any
stent thrombosis (definite, probable, or possible) also did not differ between groups (table
3).

The patient-oriented composite endpoint was similar between the Supraflex group
and the Xience group (table 3). There were 18 all-cause deaths in the trial and, as described
previously, cardiac death was not statistically different between groups (table 3). Seven
deaths in the Supraflex group were related to non-cardiac conditions (eg, cancer, sepsis, and
pneumonia), compared with two deaths in the Xience group. The treatment effect of
Supraflex against Xience was consistent across subgroups, except for patients with small
vessels (£2:75 mm; figure 3). In the per-protocol analysis of our study (appendix), Supraflex
showed a 20% relative risk reduction in device-oriented composite endpoint at 1 year,
mainly driven by a 61% reduction in clinically indicated target lesion revascularisation.

The proportion of patients on dual antiplatelet therapy did not differ between the
two groups at 6 and 12 months (626 [89-9%] of 696 patients in the Supraflex group vs 642
[91-:3%] of 703 in the Xience group, p=0-376 at 6 months, and 552 [80-2%)] of 688 in the
Supraflex group vs 575 [81:8%] of 703 in the Xience group, p=0-458 at 12 months).
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Table 3. Clinical outcomes at 12 months after stent implantation (intention-to-treat basis).

Supraflex Xience
n=720 n=715 Percentage difference (95% Cl)  p value
Primary outcome
Device-oriented composite endpoint* 4-9% (35) 5-3% (37) -0-3% (-2:6 to 2:0%) 0-801**
Separate endpoints for the primary outcomes
Cardiac death 1-0% (7) 0-3% (2) 0-7% (-0-1 to 1-5%) 0-097
Target-vessel myocardial infarctiont 2:5% (18) 2:8% (20) -0:3% (-2-0 to 1-4%) 0-734
Clinically indicated target-lesion revascularization ~ 2:7% (19) 4-0% (28) -1:3% (-3-2 to 0:6%) 0-183
Secondary outcomes
Patient-oriented composite endpoint$ 9:9% (70) 8:7% (61) 1-2% (-1-8 to 4-3%) 0434
Target vessel failure§ 5-4% (38) 6:1% (43) -0-8% (-3:2to 1-7%) 0-565
Any death 2:0% (14) 0-6% (4) 1-4% (0-3 to 2-6%) 0-019
Cardiac death 1-:0% (7) 0:3% (2) 0:7% (-0-1 to 1-5%) 0-097
Any myocardial infarctiont 3:1% (22) 3-7% (26) -0-6% (-2-5 to 1-3%) 0-551
Qwave 0-4% (3) 0-4% (3) 0-0% (-0-7 to 0-7%) 0-996
Non-Q wave 2:7% (19) 3.4% (24)  -0-7% (-2'5 to 1-1%) 0-435
Target-vessel myocardial infarctiont 2:5% (18) 2:8% (20) -0-3% (-2:0 to 1-4%) 0-734
Qwave 0-3% (2) 0-4% (3) -0-1% (-0-8 to 0-5%) 0-651
Non-Q wave 2:3% (16) 2:6% (18)  -0-3% (-1-9 to 1:3%) 0721
Non-target-vessel myocardial infarctiont 0-6% (4) 0:9% (6) -0-3% (-1-2 to 0-6%) 0-523
Qwave 0-1% (1) 0-0% (0) 0-1% (-0-1 to 0-4%) 0317
Non-Q wave 0-4% (3) 0:9% (6) -0-4% (-1-3 to 0-4%) 0-314
Peri-procedural myocardial infarctiont 0:7% (5) 0-8% (6) -0:1% (-1-0 to 0-8%) 0-755
Any revascularisation 7-3% (51) 7-4% (52) -0-2% (-2-9 to 2:6%) 0914
Target-lesion revascularisation 3-5% (25) 4-3% (30) -0-7% (-2:8 to 1:3%) 0-494
Clinically indicated 2:7% (19) 4.0% (28)  -1-3% (-3-2 to 0-6%) 0183
Non-clinically indicated 1-0% (7) 0:8% (6) 0-1% (-0-9 to 1-1%) 0-788
Target-vessel revascularisation 4-1% (29) 5-4% (38) -1-3% (-3:6 to 0-9%) 0-263
Clinically indicated 3-3% (23) 5.0% (35)  -1:7% (-3-8 to 0-3%) 0-109
Non-clinically indicated 1-0% (7) 1-4% (10) -0-4% (-1-6 to 0-7%) 0-459
Non-Target Vessel revascularization 4-7% (33) 3-0% (21) 1.7% (-0-3 to 3:7%) 0-098
Thrombosis endpoints
Definite stent thrombosis 0:7% (5) 0:7% (5) -0-0% (-0-9 to 0:9%) 0-996
Acute (0-1 days) 0-1% (1) 0-0% (0) 0-1% (-0-1 to 0-4%) 0-319
Sub-Acute (2-30 days) 0-1% (1) 03% (2) -0-1% (-0-6 to 0-3%) 0-562
Late (31-360 days) 0-4% (3) 0-4% (3) -0-0% (-0-7 to 0-7%) 0-997
Definite or probable stent thrombosis 0:8% (6) 0-9% (6) -0-0% (-1-0 to 1-:0%) 0-996
Acute (0-1 days) 0-1% (1) 0:0% (0) 0:1% (-0-1 to 0-4%) 0-319
Sub-Acute (2-30 days) 03% (2) 03% (2) -0-0% (-0-6 to 0-5%) 0-998
Late (31-360 days) 0-4% (3) 0-6% (4) -0-1% (-09 to 0-6%) 0-701
Possible stent thrombosis 0-3% (2) 0-:0% (0) 0:3% (-0-1 to 0-7%) 0-159
Any stent thrombosis 1-1% (8) 0:9% (6) 0-3% (-0-8 to 1-3%) 0-597

Data are percentage (counts).

* Cardiac death, target-vessel myocardial infarction, or clinically-indicated target-lesion revascularisation.
** p value for non-inferiority was <0.001. One-sided 95% upper confidence bound was 1-6%.

T Determined on the basis of the SCAI 2013 definition within 48 hours post procedure or the third universal
definition after 48 hours post procedure.

¥ All-cause death, any myocardial infarction, or any revascularisation.

§ Cardiac death, target-vessel myocardial infarction, or clinically-indicated target-vessel revascularisation.

Cl = confidence interval.
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Figure 2. Kaplan-Meier plot for primary endpoint and its components over 360 days of follow-up
Kaplan-Meier curves show the cumulative incidence of device-oriented composite endpoint (primary endpoint;
A) and of its components: cardiac death (B), target-vessel myocardial infarction (C), and clinically indicated target

lesion revascularisation (D).
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Figure 3. Stratified analyses of the device-oriented composite endpoint at 12 months across subgroups
Hazard ratio (HR) with 95% CI and p value results were from Cox proportional hazards analysis. STEMI=ST-

segment elevation myocardial infarction.
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Discussion

In the TALENT study, we showed that Supraflex, a sirolimus-eluting coronary stent with
biodegradable polymer coating and ultra-thin struts, was non-inferior to the standard of
care, an everolimus-eluting stent with durable polymer coating, for a device-oriented
composite endpoint of cardiac death, target-vessel myocardial infarction, or clinically
indicated target lesion revascularisation at 12 months, in an all-comer European population.

Although device success was high in our study, we found a significant difference that
favoured Xience over Supraflex (appendix). This difference was mainly due to a crossover to
the comparator that has been on the market for over a decade and with which the
investigators are very familiar. When resistance in crossing a lesion was found, some
investigators (in seven of 23 centres) tended to quickly crossover to a familiar stent
technology. Despite the slight difference in device success proportions between the groups,
the success proportions of Supraflex are similar or even superior to other drug-eluting
stents in all-comer trials (appendix).}’~*° For instance, device success proportion in the
TARGET all-comer trial'® was 92-4% in the FIREHAWK group and 94-8% in the Xience group,
whereas in the BIOFLOW V trial,® a non-all-comer trial, it was 98% in the Orsiro group and
97% in the Xience group.

Supraflex, in line with current generation drug- eluting stents with a biodegradable
polymer coating and an ultra-thin strut thickness (60 um), was designed to overcome the
limitations of the second-generation drug-eluting stents with durable polymer coating,
which have been reported with 2-3% annual increased rate for the device-oriented
composite endpoint 1 year after the procedure.?’ By contrast with the Orsiro stent, all
Supraflex stents have the same strut thickness, irrespective of their diameter (from 2:00 mm
to 4-50 mm). In our study, visual assessment or quantitative coronary angiography online by
the operator showed absence of recoil, supporting findings already documented in a
previous study.?! Regarding the MiStent stent, there is a fundamental difference between
the drug release kinetics of MiStent and Supraflex. Drug release is completed in 48 days,
with a burst elution of 70% within the first 7 days, with the Supraflex stent, whereas MiStent
has no drug release within the first 3 days and its polymer is fully biodegraded and resorbed
within 3 months after implantation, but microcrystalline sirolimus is impacted and
embedded in the vessel wall, acting as a tissue reservoir for 270 days. The arterial sirolimus
concentrations still reach more than 2 ng/mg at 270 days. Additionally, the clinical outcome
of Supraflex in our study is similar to Orsiro and MiStent in their pivotal trials
(appendix).>®&22

A meta-analysis® published in 2018, of ten randomised trials including 11658
patients, compared the performance of three drug-eluting stents with ultra-thin struts
(Orsiro, MiStent, and BioMime) with that of three second-generation drug-eluting stents
with thicker struts (Xience, Resolute, and Nobori). The results showed that newer
generation stents with ultra-thin struts were associated with a 16% relative risk reduction in
device-oriented composite endpoint at 1 year. Additionally, in that meta-analysis, ultra-thin
strut stents had numerically, but not significantly, lower prevalences of stent thrombosis.®
One theoretical disadvantage of thicker struts compared with ultra-thin struts is that thick,
protruding struts disrupt the laminar flow and induce flow disturbance, which could further
activate a platelet-signalling procoagulation pathway.?>?* Whether the benefit of
drug-eluting stents with thin struts could improve clinical outcomes remains to be assessed
by studies with longer follow-up periods.
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Supraflex has both thinner total thickness (strut plus coating is 68—70 um) and
shorter duration of drug release (48 days) than those of Xience. In an optical coherence
tomography subanalysis in the FLEX registry,*! Supraflex showed excellent strut coverage of
98-1% at 6 months, whereas strut coverage of Xience was 94-1% in a previous study.?
Moreover, Supraflex had a favourable healing score in the FLEX registry, which might be
attributed to its ultra-thin strut thickness and shorter duration of drug release. The early
healing process of Supraflex might allow shorter duration of dual antiplatelet therapy,
although further study is needed to assess this.

Our study had some limitations. The observed device-oriented composite endpoint
in the control group was lower than the estimated event rate in the sample size calculation.
This was mainly due to lower prevalence of target vessel myocardial infarction in the Xience
group than in the referenced trial, RESOLUTE. This difference might be caused by different
definitions of periprocedural myocardial infarction. In the TALENT study, the Society for
Cardiovascular Angiography and Interventions consensus, which is more clinically relevant in
terms of prognosis, was adopted for defining periprocedural myocardial infarction.®®

The predefined non-inferiority margin might be considered, in retrospect, to be too
wide. The original non-inferiority margin of 4-0% was determined as half of the
device-oriented clinical endpoint prevalence of 8:3% in the Xience group of the RESOLUTE
trial.}” However, with a post-hoc non-inferiority margin of 2-1%, which corresponds to a
hazard ratio of 1-4 based on the observed device-oriented composite endpoint prevalence
in the Xience group, non-inferiority would still be met (post-hoc Phon-inferiority=0-019).

Although the trial was not powered for all-cause mortality, we found a significant
difference in all-cause death between the two groups. The all-cause mortality (0-6%) of the
TALENT trial was lower than that observed in the other all-comer trials, such as TARGET,*8
BIOSCIENCE,® TWENTE,?® and RESOLUTEY (2-2-2-8%), suggesting the play of chance
(appendix).

This trial was single-blinded, although the effect of this approach on event reporting
is minimal because of the adjudication by an independent blinded clinical event committee.

1-year follow-up visits were done up to 30 days earlier than 360 days in 55 patients,
although the effect of this early follow-up on primary endpoint measurement would be
minimal with the Kaplan-Meier method. Finally, our report was limited to a short follow-up
of 12 months. The protocol specifies that the follow-up of patients will continue for up to 3
years to assess the long-term benefits of biodegradable polymer coating (NCT02870140).

In conclusion, the Supraflex sirolimus-eluting stent with biodegradable polymer
coating and ultra-thin strut was non-inferior to the Xience everolimus-eluting stent with
durable polymer coating for a device oriented composite clinical endpoint at 12 months in
an all-comer population.
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Supplementary data

Inclusion and exclusion criteria

Subject selection

Subjects participating in the study met all the inclusion criteria. Subjects who met any of the exclusion

criteria could not be registered in the study.

Inclusion Criteria

1. Male or female patients 218 years;

2. Presence of one or more coronary artery stenosis of >50% in a native coronary artery orin a
saphenous venous or arterial bypass conduit suitable for coronary stent implantation.

3. The vessel should have a reference vessel diameter ranging from >2:25 mm to <4-5 mm (no limitation
on the number of treated lesions, vessels, or lesion length). All lesions of the patient must comply
with the angiographic inclusion criteria.

4. The patient (or legal guardian) understands the trial requirements and the treatment procedures and
provides written informed consent before any trial-specific tests or procedures are performed.
Patient is willing to comply with all protocol-required evaluations.

Exclusion Criteria

1. Known pregnancy or breastfeeding at time of randomization.

2. Known contraindication or hypersensitivity to sirolimus, everolimus, cobalt-chromium, or to

medications such as aspirin, heparin, bivalirudin, and all of the following four medications:

clopidogrel bisulfate, ticlopidine, prasugrel, ticagrelor.

Any PCl treatment within 6 months prior to the index procedure.

Concurrent medical condition with a life expectancy of less than 12 months.

Unwilling/ not able to return for outpatient clinic at 1 month and 12 months follow-up.

Currently participating in another trial and not yet at its primary endpoint.

o AW

Secondary Endpoints (evaluated at each follow-up visit/contact)

1. Composite Endpoints

- Patient-oriented composite endpoint defined as all-cause death, any myocardial infarction, or any
revascularization

- Target vessel failure defined as cardiac death, target vessel myocardial infarction, or clinically-indicated
target vessel revascularization

- Device-oriented composite endpoint defined as cardiac death, target vessel myocardial infarction or
clinically indicated target lesion revascularization (for all follow-up/visits other than 12 months)

2. Mortality

- All death

- Cardiac death

- Non-cardiac death (vascular and non-cardiovascular)

3. Myocardial Infarction

- All myocardial infarction

- Target vessel myocardial infarction

- Non-TV-MlI

4. Revascularization

- Target Lesion revascularization (TLR) (any, clinically-indicated TLR, non-clinically indicated TLR)

- Target Vessel revascularization (TVR) (any, clinically-indicated TVR, non-clinically indicated TVR)

- Non-TV revascularization

- Any revascularization

5. Stent thrombosis rates according to the Academic Research Consortium classification

- Early (Acute, Sub-acute), Late, Very Late.

- Definite, Probable, Possible

- Definite/Probable
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Safety and efficacy of a sirolimus-eluting coronary stent with ultra-thin strut for treatment
of atherosclerotic lesions (TALENT)

Online Table 3. Device success rate in clinical trials

Supraflex

Xience

Struct thickness of

TALENT n=720 patients n=715 patients study stent (um) p value
All-comers n=1046 lesions n=1030 lesions Y H
97-6% 99-5% 60 pm 0-0003
Firehawk Xience
TARGET n=823 patients n=830 patients p value
All-comers n=1221 lesions n=1179 lesions
92:4% 94-8% 86 um 0-025
Orsiro Xience
BIOSCIENCE n=1063 patients n=1056 patients p value
n=1594 lesions n=1545 lesions
All-comers 50 (2251030 )
um (2-:25 to 3-:0 mm
Not reported Not reported 80 pm (3-5 to 4-0 mm) NA
Resolute Xience
TWENTE n=697 patients n=694 patients p value
All-comers n=1080 lesions n=1036 lesions
98% 98-4% 91 pm 0-17
Resolute Xience
RESOLUTE n= 1140 patients n= 1152 patients
All-comers n= 1876 lesions n= 1954 lesions
97% 97% 91 pm 0-52
BioMatrix Cypher
LEADERS n= 857 patients n= 850 patients p value
All-comers n= 1256 lesions n= 1213 lesions
95-8% 94-2% 120 um 0-11
Orsiro Xience
BIOFLOW V n=884 patients n=450 patients gg “2 g;i;ilsoomr?nn)q) p value
(not all-comers) n=1111 lesions n=589 lesions K
98% 97% 0-415
Online Table 4. Peri-procedural complications
Supraflex SES Xience EES Difference (95% Cl) p-Value
(N=720) (N=715)
Any peri-procedural 6:7% (48/715) 5-6% (40/715) 1-1% [-1:4%, 3-6%) 0-379
complication
Dissection 2:8% (20/715) 2:2% (16/715) 0-6% [-1-1%, 2:2%)] 0-500
Occlusion 1-0% (7/715) 1-3% (9/715) -0:3% [-1-4%, 0-8%] 0615
Coronary spasm 0-0% (0/715) 0-0% (0/715) NA
Coronary embolism 0-4% (3/715) 0-3% (2/715) 0-1% [-0-5%, 0-8%)] 1-000
Coronary perforation 0-4% (3/715) 0:3% (2/715) 0-1% [-0-5%, 0-8%) 1-000
Thrombi at stented site 0-1% (1/715) 0-1% (1/715) 0:0% [-0-4%, 0-4%)] 1-000
Other 2:4% (17/715) 2:0% (14/715) 0-4% [-1-1%, 1-9%)] 0-586
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Online Table 5. List of cardiac deaths depicted

Patient
ID and
allocation

Days after
index
procedure

Type of death

Comments

NLOO7-
1116
Supraflex

0 days

e Explained
e  Witnessed

e Heavily calcified LAD in the angiography.

e Residual significant lesion at the proximal part of
the stent (untreated) and dissection in the
middle part of the vessel caused by cutting
balloon dilatation (untreated).

e Chronic total occlusion of the RCA, with grade 3
collateral from the left coronary system.

e No stent thrombosis seen in the angiography

e  Patient died 15 minutes after the procedure,
outside of the table but still in the
Catheterization Laboratory

e No stent thrombosis

PLOO5-
1047
Supraflex

0 days

e Explained
e  Witnessed

e Patient underwent PCl with a stent in the
proximal LAD.

e Left the catheterization laboratory with chest
pain and presented with an anterior STEMI in
the Intensive care Unit.

e New coronary angiography 2 hours later showed
patency of the arteries, absence of thrombus,
but with a translucent image in the proximal
edge of the stent characterized as a linear
dissection without limiting the distal flow. No
treatment was performed. Patient presented
with continuous deterioration of clinical status
during the procedure and cardiogenic shock.

e Transferred to the ICU, 20 minutes had a cardiac
arrest, successfully resuscitated with CPR. Later,
presented a new cardiac arrest in asystole,
without success in the CPR.

e No stent thrombosis

GB001-
1054
Supraflex

67 days

e Unexplained
e  Witnessed

e Thessite investigator, after consulting the
patient’s daughter confirmed that the patient
died at home, before the ambulance arrived. No
autopsy was performed.

e Therefore — unexplained death more than 30
days after PCI - possible stent thrombosis.

HU001-
1026
Supraflex

89 days

e Explained
e  Witnessed

e Patient was hospitalized due to decompensated
Chronic heart failure with severe ventricular
dysfunction.

e Was clinically treated and did not recover with
the use of levosimendan, ultrafiltration.

e Presented decrease of general clinical status
requiring mechanical ventilation.

e Died due to decompensation of HF.

e No stent thrombosis

PLOOS-
1020
Supraflex

114 days

e Unexplained
e  Witnessed

e Patient was hospitalized in the Neurology
Department one month before death without
discharge letter.

e Patient died in another hospital. Data obtained
from a family member who informed that the
patient had a circulatory and respiratory failure.
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Safety and efficacy of a sirolimus-eluting coronary stent with ultra-thin strut for treatment

of atherosclerotic lesions (TALENT)

No angiographies

No letter from the hospital

Unexplained death beyond 30 days of the
procedure = Possible stent thrombosis.

Found dead in his car.
Paramedics confirmed his death when getting in
site.

GBO13- Explained e Autopsy confirmed complete occlusion of the
1058 183 days Unwitnessed
Supraflex stent vessz.el.

e Thrombosis of the stented segment of the vessel
confirmed by autopsy = Definite stent
thrombosis.

e  Patient hospitalized due to heart failure
decompensation in the setting of acute

NLOO7- Explained pancreatitis.

1227 191 days Witnessed e Cause of death by the physician’s reports is

Supraflex cardiomyopathy caused by three-vessel chronic
coronary artery disease.

e No stent thrombosis

e  Patient presented with an anterior STEMI with
an occluded LAD to perform the index
procedure.

PLOO2- Explained e After stenting patient had a final TIMI 1 flow

1093 1day Witnessed (no-reflow phenomenon)

Xience e Presented progressive symptoms of cardiogenic
shock

e Had a cardiac arrest in the next morning.

e No stent thrombosis

e  Patient collapsed at home — had a ventricular
fibrillation that degenerated to asystole >

GB002- Explained declared dead after CPR attempts.
1002 104 days Unwitnessed e Autopsy was performed
Xience e  Cause of death was thrombus on the stented

vessel.
Definite stent thrombosis.

LAD: left anterior descending coronary artery; RCA: right coronary artery; PCl: percutaneous coronary
intervention; STEMI: ST-elevation myocardial infarction; ICU: intensive care unit; CPR: cardio-pulmonary

resuscitation; HF: heart failure.
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Online Table 6. 1-year all-cause mortality rate in clinical trials

Supraflex Xience

n=720 patients n=715 patients p value
TALENT All-comers n=1046 lesions n=1030 lesions

2:0% 0-6% 0-019

Firehawk Xience

n=823 patients n=830 patients p value
TARGET All-comers n=1221 lesions n=1179 lesions

2:2% 2:2% 0-98

Orsiro Xience

n=1063 patients n=1056 patients p value
BIOSCIENCE All-comers n=1594 lesions n=1545 lesions

3-3% 2:6% 0-360

Resolute Xience

n=697 patients n=694 patients p value
TWENTE All-comers n=1080 lesions n=1036 lesions

2:1% 2:2% 0-86

Resolute Xience

n= 1140 patients n= 1152 patients P value
RESOLUTE All-comers n= 1876 lesions n= 1954 lesions

1-6% 2-:8% 0-08

Orsiro Xience

n=884 patients n=450 patients p value
BIOFIOW V (ot all comers) n=1111 lesions n= 589 lesions

1-0% 1-0% 0-382

Online Table 7. 1-year device-oriented composite endpoint and components in pivotal clinical trials of Orsiro

and MiStent.
DESSOLVE | BIOSCIEN | SORT OUT
TALENT 11 CE VIl BIOFLOW V
All- All- All- Non-all-
comers | comers comers All-comers | comers
Suprafle
Study device X MiStent Orsiro Orsiro Orsiro
Device-oriented composite endpoint 4-9% 5-8% 6:7% 3-8% 6-0%
Cardiac death 1-0% 2:0% 1-9% 1-3% <1-0%
Target-vessel myocardial infarction 2:5% 1-9% 2:9% 1-0% 5-0%
Clinically-indicated target lesion
revascularisation 2:7% 1-9% 3-4% 2:0% 2:0%
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Safety and efficacy of a sirolimus-eluting coronary stent with ultra-thin strut for treatment
of atherosclerotic lesions (TALENT)

Online figure 1. Time points and availability for the assessment of post-procedural cardiac enzyme at index
procedure.

A)

B)
Q)

X axis indicates blood sampling time after procedure. Y axis indicates each patient ordered by the last
sampling time. Each dot represents one sample. Either CK-MB or troponin was available in 1,337 (93-2%)
patients.

Number and proportion of subjects having either missing enzyme, troponin only, CK-MB only, or both.
Cumulative distribution curve for maximum ratio of troponin to upper limit of normal in patients with
stable angina.

D) Cumulative distribution curve for maximum ratio of CK-MB to upper limit of normal in patients with stable

E)

F)

angina.
Cumulative distribution curve for maximum ratio of troponin to upper limit of normal in patients with
acute coronary syndrome.

Cumulative distribution curve for maximum ratio of CK-MB to upper limit of normal in patients with acute
coronary syndrome.
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Chapter 5

Abstract

Objectives:

To investigate the impact of minimal stent area (MSA) evaluated by post-procedural
intravascular ultrasound (IVUS) on clinical outcomes after contemporary PCl in patients with
three-vessel disease (TVD).

Background:
The impact of post-procedural MSA on clinical outcomes has not yet been extensively
studied in patients with TVD.

Methods:

The SYNTAX Il study is a multicenter, all-comers, open-label, single arm study that
investigated the impact of a state-of-the-art PCl strategy on clinical outcomes in patients
with TVD (454 patients with 1,559 lesions). The relationships between post-procedural MSA
and lesion-level outcomes at 2 years were investigated. Clinical events adjudicated per
patient by clinical event committee were assessed per lesion. Lesion-oriented composite
endpoint (LOCE) was defined as the composite of cardiac death, target-vessel myocardial
infarction, and ischemia-driven target lesion revascularization.

Results:

Eight hundred and nineteen lesions with post-procedural MSA available in 367 patients
were included in the analysis. The post-procedural MSA per lesion was divided into terciles
(smallest tercile: <5.0 mm?, intermediate tercile: 5.0-6.7 mm?, and largest tercile: >6.7
mm?). LOCE was observed in 16/288 (5.6%), 15/265 (5.7%), and 8/266 (3.0%) (P = 0.266).
Target lesion revascularization (TLR) was observed in 16/288(5.6%), 12/265 (4.5%), and
4/266 (1.5%) (P = 0.042). The multivariate analysis demonstrated that smaller post-
procedural MSA, as well as creatinine clearance, history of previous stroke, chronic total
occlusion, and lesion SYNTAX Score was an independent predictor of TLR.

Conclusions:
In the SYNTAX Il trial, larger post-procedural MSA was independently associated with the
lower rate of TLR at 2 years.
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Impact of post-procedural minimal stent area on 2-year clinical outcomes in the SYNTAX Il trial.

Introduction

The SYNTAX Il trial has shown that, in patients with three-vessel disease, contemporary PCl
strategy, in which target lesions were assessed with coronary physiology approach and
treated with the use of thin-strut drug-eluting stent (DES), was associated with improved
clinical results compared with patients from the SYNTAX | PCI cohort.*? In the SYNTAX Il
trial, protocol-mandated post-procedural intravascular ultrasound (IVUS) assessment was
used to optimize stent expansion and apposition based on MUSIC criteria.?

IVUS has an advantage of measuring luminal dimensions more precisely than
angiography especially when the lesion is eccentric.* A growing body of evidence suggests
that DES implantation with IVUS guidance in complex anatomical subsets may contribute to
better patient outcomes. Specifically, a meta-analysis of IVUS-guidance of DES implantation
in almost 20,000 subjects has reported significant reductions in stent thrombosis and
mortality.>®

There have been several reports showing the predictive value of post-procedural
minimum stent area (MSA) measured by IVUS on the incidence of restenosis.”® However,
these studies were conducted in patients with simple lesion characteristics excluding
chronic total occlusion (CTO) or long lesions. Although there has been an attempt to
elucidate the impact of post-procedural MSA in more complex anatomy,® to the best of our
knowledge, the impact of post-procedural MSA on clinical outcomes has not yet been
extensively studied in patients with three-vessel disease. It is also unclear whether MSA still
has a predictive value of clinical events in lesions treated with the contemporary PCI
strategy. The aim of this report is to evaluate the IVUS parameters (MSA, expansion index,
and stent symmetry) that best predicted clinical events at 2-year follow-up after PCl in
patients with three-vessel disease, eventually focusing on MSA.

Materials and Methods

Patient population and protocol

SYNTAX Il is a multicenter, all-comers, open label, single-arm study which included patients
with de novo three-vessel disease. Patients were enrolled in 22 interventional cardiology
centers from four European countries between February 2014 and November 2015. The
study design has been described previously.1? Briefly, patients with de novo three-vessel
disease with no left main involvement were screened by the local heart team
(interventional cardiologist and cardiac surgeon). All site-reported, anatomical SYNTAX
scores were eligible for initial screening.*! Eligible patients had a SYNTAX score Il (site-
reported) with an equipoise recommendation between CABG and PCl based on 4-year
mortality.'?> SYNTAX Il was an investigator-initiated study, sponsored by the European
Cardiovascular Research Institute (ECRI, Rotterdam, the Netherlands) with unrestricted
research grants from Volcano and Boston Scientific. The grant givers were not involved in
data collection, data interpretation or writing of the manuscript. The local ethics committee
approved the study in all participating sites. All the enrolled patients signed written
informed consent. This IVUS sub study is a post-hoc analysis of the SYNTAX Il trial.

Procedural characteristics
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Target lesions were assessed using a hybrid coronary physiology approach [Instantaneous
wave-free ratio (Volcano Corporation) and fractional flow reserve (iFR/FFR)] to define the
appropriateness of revascularization based on the presence of ischemia. An iFR <0.86
indicated need for revascularization, an iFR between 0.86 and 0.93 required decision making
based on FFR, and an iFR >0.93 indicated deferral of PCI.2° The thin-strut (<81 um)
bioabsorbable abluminal polymer-coated SYNERGY DES (Boston Scientific, Natick, MA, USA)
eluting everolimus was implanted according to routine local clinical practice. The use of
SYNERGY DES was supported by the favorable results of the EVOLVE Il pivotal and the BIO-
RESORT all-comer trials.*3%4

IVUS protocol and analysis

Pre-procedural IVUS was used at the discretion of the operator. Post-procedural IVUS
assessment was mandatory to optimize stent apposition, expansion and symmetry based on
MUSIC criteria.® Mechanical IVUS catheters (45 MHz Revolution® Rotational Imaging
Catheter / Volcano Therapeutics or 40 MHz Atlantis™ SR Pro or SR Pro2 Imaging Catheter or
Opticross™ / Boston Scientific Corp) or phased array IVUS catheters (20 MHz EagleEye®
Platinum Digital IVUS Catheter / Volcano Therapeutics) was used to guide SYNERGY
implantation. Use of either motorized or manual IVUS pullback was allowed, although
motorized pullback was recommended. The results of final IVUS pullback: presence of
malapposition; numerical values of MSA; minimum and maximum lumen diameter within
the stent; proximal and distal reference maximum lumen area (within 5 mm of the stent
edge) were reported by the sites in the electronic case report form (eCRF). Reference lumen
area was defined as an average of proximal and distal reference maximum lumen area.
Expansion index was calculated as MSA divided by reference lumen area. Stent symmetry
was defined as minimum divided by maximum lumen diameter throughout the pullback
within the stented segment.?

Endpoint definition

The study population of the present study is non-left main (non-LM) lesions with post-
procedural MSA measurement. Lesion-oriented composite endpoint (LOCE) was defined as
a composite of cardiac death, target-vessel myocardial infarction (TVMI), and ischemia-
driven target lesion revascularization (ID-TLR). Cardiac death was defined as any death due
to immediate cardiac causes (e.g. Ml, low-output failure, fatal arrhythmia). Unwitnessed
death and death of unknown cause were classified as cardiac death. The definition of Ml
was reported previously.? TLR was defined as any repeat percutaneous intervention of the
target lesion (a segment from 5 mm proximal to the stent and to 5 mm distal to the stent)
or bypass surgery of the target vessel performed for restenosis or other complication of the
target lesion. Target lesion revascularization (TLR) was considered as ischemia-driven when
repeat percutaneous intervention or bypass surgery was due to any of the following: 1. the
patient had a positive functional study corresponding to the area served by the target
lesion.; 2. ischemic ECG changes at rest in a distribution consistent with the target lesion.;
3. ischemic symptoms referable to the target lesion. Definite or probable stent thrombosis
(ST) was adjudicated according to the Academic Research Consortium definitions.*> All
clinical outcomes were adjudicated by an independent clinical event committee (CEC) at
patient level for the original SYNTAX Il trial. For the present analysis, all the available
information including angiogram at event and the site reports in eCRF were reviewed and
evaluated independently by 2 interventional cardiologists (Y.K. and N.K.), blinded to
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baseline clinical and procedural characteristics, as well as to post-PCl MSA value. Clinical
events per patient were adjudicated per lesion as lesion-related or not lesion-related. In
case the patient was adjudicated as cardiac death at follow-up, this was judged as an event
related to each lesion initially treated. In case of disagreement, angiogram at event and the
site reports in eCRF were reviewed by a third assessor and a 2:1 agreement was achieved.

Statistical methods

Categorical variables were summarized as frequencies and percentages and were compared
between groups using chi-square statistics or Fisher’s exact test, as appropriate. Continuous
variables were presented as mean + SD and compared between groups using 2-tailed,
unpaired t tests. Differences were considered to be statistically significant when the p value
was <0.05.

Clinical endpoints at 2 years were analyzed by log-rank test according to terciles of
post-procedural MSA, expansion index, and stent symmetry.

Multivariate Cox regression analysis was used to determine predictors of TLR. All
patient, lesion, and IVUS covariates listed in Table 1 and 2 were modeled first univariately
and multivariately using variables with univariate p value <0.05. Independency among
lesions were assumed throughout the analyses.'® However, as a sensitivity analysis, robust
sandwich variance estimator was used in the multivariate model,’” and the results were
compared with the former results of conventional Cox regression.

Receiver-operator characteristic (ROC) analysis was used to measure the ability of
post-procedural MSA to discriminate between those subjects with and without TLR. The
ROC curves plot the probability of detecting true positive fraction (sensitivity) against false
positive fraction (1-specificity) of 2-year clinical events over the entire range of observed
MSAs. In general: 1) ROC = 0.5 suggests no discrimination; 2) 0.7 < ROC < 0.8 is considered
acceptable discrimination; 3) 0.8 < ROC < 0.9 is considered excellent discrimination; and 4)
ROC 2 0.9 is considered outstanding discrimination. In order to determine the IVUS MSA
cut-off point value for each treatment group that best predicted TLR, the cross point of
sensitivity and specificity curves was used. Statistical tests were performed using SPSS
version 24.0.0.2 and R version 3.4.3.

Results

Patient baseline characteristics

Out of 454 patients included in the SYNTAX Il trial, 819 non-LM lesions with post-procedural
MSA measurement in 367 patients with at least one post-procedural MSA available were
included in the analysis. (Figure 1). Patient characteristics comparing patients with post-
procedural MSA measurement with those with no post-procedural MSA measurements at
all are shown in Table 1. Baselines demographics are comparable except for current
smoking status and unstable angina being more frequent in patients who had at least one
lesion with post-procedural MSA measurement; history of previous Ml and hyperlipidemia
being more frequent in patients without any post-procedural MSA measurement.
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Table 1. Baseline clinical characteristics in patients with post-procedural IVUS MSA measurement and those
without IVUS MSA measurement.

Patients with MSA Patients without any

measurement MSA measurement Pvalue
n=367 n=87

Age (years) 66.519.9 (367) 67.5+8.7 (87) 0.404
Male 93.2% (342/367) 93.1% (81/87) 1.000
Body mass index (kg/m?) 28.8+4.7 (367) 29.5+4.3 (82) 0.251
Diabetes mellitus type | or Il 29.7% (108/364) 32.9% (27/82) 0.595
Insulin treated 8.5% (31/364) 8.5% (7/82) 1.000
Oral medication 19.0% (69/364) 22.0% (18/82) 0.539
Diet only 1.9% (7/364) 2.4% (2/82) 0.673
Current smoker 16.7% (59/354) 6.2% (5/81) 0.015
Previous Ml 10.9% (40/366) 19.8% (16/81) 0.040
Previous stroke 5.4% (20/367) 6.1% (5/82) 0.791
Hypertension 75.1% (275/366) 85.2% (69/81) 0.058
Hyperlipidemia 75.3% (271/360) 86.4% (70/81) 0.039
Creatinine clearance (ml/min) 83.2427.2 (367) 76.9+25.5 (87) 0.050
Ejection fraction (%) 58.5+8.2 (367) 56.618.5 (87) 0.053
Peripheral vascular disease 8.2% (30/367) 5.7% (5/87) 0.654
COPD 10.9% (40/367) 10.3% (9/87) 1.000
Clinical presentation

Silent ischemia 5.7% (21/367) 10.3% (9/87) 0.041

Stable angina 66.8% (245/367) 73.6% (64/87)

Unstable angina 27.5% (101/367) 16.1% (14/87)
Anatomic SYNTAX Score 20.4+6.4 (367) 20.0+5.8 (87) 0.580
SYNTAX Score Il PCI 29.9+8.6 (367) 31.348.5 (87) 0.199
Predicted 4-year mortality PCI (%) 8.818.8 (367) 9.618.5 (87) 0.434
SYNTAX Score Il CABG 28.9+10.5 (367) 29.9+9.9 (87) 0.421
Predicted 4-year mortality CABG (%) 8.919.1 (367) 9.4+9.9 (87) 0.623

CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease; IVUS = intravascular

ultrasound; MI = myocardial infarction; MSA = minimum stent area; PCI = percutaneous coronary intervention.

Table 2. Lesion characteristics and post-procedural IVUS findings.
% (n) or mean#SD (n)

Lesion characteristics
Vessel Treated

RCA

LAD

LCx
Bifurcation
Total Occlusion
Post-dilatation done based on IVUS findings
Post-procedural IVUS findings
Minimum Stent Area (mm?)
Reference Lumen Area (mm?)
Expansion Index
Area Stenosis (%)
Minimum Lumen Diameter (mm)
Maximum Lumen Diameter (mm)
Stent Symmetry
Total Stent Length (mm)
Any Malapposition

25.5 % (209/819)
44.7 % (366/819)
29.7 % (243/819)
15.4 % (126/819)
26.0 % (213/819)
39.8 % (326/819)

6.15+2.24 (819)
7.30+2.95 (810)
0.92+0.37 (810)
8.9+36.8 (810)
2.65+0.70 (814)
3.48+1.18 (816)
0.79+0.15 (814)
32.45+19.65 (819)
6.8 % (56/819)

IVUS = intravascular ultrasound; LAD = left anterior descending artery; LCx = left circumflex; MLA = minimum

lumen area; RCA = right coronary artery; SD = standard deviation.
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Figure 1. Flowchart of th

SYNTAX Il PCI cohort (454 patients) |
Medical treatment (1 patient)

Disease prog| ferred to CABG (1 patient)
g by the physician (2 \
Patient declined further par 3 )

[ 1559 lesions in 447 patients I

361 lesions deffered based on ifR or FFR

35 lesions not treated without functional assessment
I 1163 lesions treated in 440 patients |

13 lesions underwent PCl without stent

I 1150 lesions treated with stent implantation in 440 patients |

274 lesions without post-procedural IVUS
1M lesion

[ 875 non-LM lesions with post-procedural IVUS in 384 patients I

l

I 819 non-LM lesions with post-procedural MSA available in 367 patients |
e IVUS MSA sub-study.

56 lesions without MSA reported by site

CABG = coronary-artery bypass grafting, IVUS = intravascular ultrasound, LM = left main; MSA = minimum stent

area, PCl = percutaneous

Frequency
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coronary intervention.

180 T5verail (n=818)

6.15£2.24 mm

RCA (n=209)

7.14+2.74 mm?*

LAD (n=366)

6.08+1.94 mm?*

LCx (n=243)

5.42+1.86 mm?*
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Figure 2. Frequency of minimum stent area post-procedure according to vessel location.

*Qverall P value was <0.

001. P values for any combinations of comparison (i.e., RCA vs. LAD, RCA vs. LCx, and

LAD vs. LCx) were <0.001.
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Post-procedural IVUS results
Lesion characteristics and post-procedural IVUS findings are tabulated in Table 2. Of note,
IVUS findings led to post-dilatation in 39.8% (326/819) of lesions. As a result, post-
procedural final MSA was 6.15+2.24 mm? with good expansion (expansion index 0.92+0.37)
and stent symmetry (0.79+0.15). Any malapposition was found in 6.8% (56/819). Histograms
of post-procedural MSA according to vessel location are shown in Figure 2. Post-procedural
MSA of lesions in RCA was larger than those in LAD; and post-procedural MSA of lesions in
LAD was larger than those in LCx.

Table 3. Frequency of clinical events per lesion up to 2 years according to terciles of IVUS metrics.

Smallest MSA tercile Intermediate MSA tercile Largest MSA tercile P value
(5.0 mm?) (5.0-6.7 mm?) (>6.7 mm?)
LOCE 6 / 288 ( 56 %) 15 / 265 ( 57 %) 8 / 266 ( 3.0 %) 0.266
Cardiac death 3 / 288 ( 1.0 %) 4 / 265 ( 15 %) 4 / 266 ( 15 %) 0.858
TVMI 4 / 288 ( 14 %) 5 / 265 ( 19 %) 1 / 266 ( 04 %) 0.269
TLR 6 / 288 ( 56 %) 12 / 265 ( 45 %) 4 / 266 ( 15 %) 0.042
ID-TLR 13 / 288 ( 45 %) 11 / 265 ( 42 %) 4 / 266 ( 15 %) 0.112
Definite/Probable ST 1 / 288 ( 03 %) 4 / 265 ( 15 %) 2 / 266 ( 08 %) 0322
Smallest Expansion Index Intermediate Expansion Index Largest Expansion Index P value
tercile tercile tercile
(<0.76) (0.76-0.96) (>0.96)
LOCE 1/ 271 ( 41 %) 14 / 270 ( 52 %) 14 / 269 ( 52 %) 0.798
Cardiac death 3 / 271 ( 11 %) 3 / 270 ( 11 %) 5 / 269 ( 19 %) 0.692
TVMI 4 / 271 ( 15 %) 6 / 270 ( 22 %) O / 269 ( 0.0 %) 0.061
TLR 9 / 271 ( 33 %) 12 / 270 ( 44 %) 11 / 269 ( 41 %) 0.803
ID-TLR 8 / 271 ( 30 %) 11 / 270 ( 41 %) 9 / 269 ( 33 %) 0.780
Definite/Probable ST 1 / 271 ( 04 %) 4 / 270 ( 15 %) 2 / 269 ( 07 %) 0.365
Smallest Stent Symmetry Intermediate Stent Symmetry Largest Stent Symmetry P value
tercile tercile tercile
(<0.74) (0.74-0.86) (>0.86)
LOCE 17 / 278 ( 61 %) 15 / 276 ( 54 %) 7 / 260 ( 27 %) 0.148
Cardiac death 5 / 278 ( 18 %) 4 / 276 ( 14 %) 2 / 260 ( 08 %) 0.577
TVMI 7 / 278 ( 25 %) 3 / 276 ( 11 %) O / 260 ( 0.0 %) 0.028
TLR 13/ 278 ( 47 %) 12 [/ 276 ( 43 %) 7 / 260 ( 27 %) 0.448
ID-TLR 12 / 278 ( 43 %) 11 / 276 ( 40 %) 5 / 260 ( 19 %) 0.256
Definite/Probable ST 3 / 278 ( 11 %) 3 / 276 ( 11 %) 1 / 260 ( 04 %) 0.601

ID-TLR = ischemia-driven target lesion revascularization, LOCE = lesion-oriented composite endpoint, MSA =
minimum stent area, ST = stent thrombosis, TLR = (all) target lesion revascularization, TVMI = target-vessel

myocardial infarction.

Clinical outcomes stratified by terciles of IVUS measurements.
Table 3 shows clinical endpoints at 2 years according to terciles of post-procedural MSA,
expansion index, and stent symmetry.
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A graded relationship that a lower tercile of MSA has more events was present
between MSA and the 2-year TLR and ID-TLR. However, statistical significance among MSA
terciles was only retained in the relationships between MSA terciles and TLR (p=0.042).
Figure 3 shows Kaplan-Meier cumulative incidence of TLR according to MSA terciles.

When lesions were divided into terciles of expansion index, there was no difference
for clinical endpoints amongst the terciles.

When lesions were divided into terciles of stent symmetry, a graded relationship
that a lower tercile of stent symmetry has more events was present in LOCE, cardiac death,
TVMI, TLR, ID-TLR. However, statistical significance was only retained in the relationships
between stent symmetry terciles and TV-MI (p=0.028).

The details of four non-ID-TLR cases were shown in Supplementary Table 1.
Interestingly, three of them were categorized in the smallest MSA tercile.

10F

- | MSA terciles

! —— Smallest: £5.0 mm?

—— Intermediate: 5.0-6.7 mm?
—— Largest: >6.7 mm?

P=0.042

Cumulative Incidence of TLR (%)

0 1 1] L 1 1 1 1 1
0 90 180 270 360 450 540 630 720
Time (Days)

Number at risk
Smallest MSA tercile: <5.0 mm?2

288 284 282 275 271 268 267 266 246
Intermediate MSA tercile: 5.0-6.7 mm?

265 261 291 281 249 247 245 242 237
Largest MSA tercile: >6.7 mm?
266 264 261 257 255 254 254 254 241

Figure 3. Kaplan-Meier cumulative incidence of TLR according to post-procedural MSA terciles.
MSA = minimum stent area, TLR = target lesion revascularization.

Independent predictors of target lesion revascularization
The result of univariate Cox regression analysis predicting TLR up to 2 years is tabulated in
Table 4. Although gender showed significance in univariate analysis, it was not entered into
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Table 4. Univariate Cox regression analysis per lesion predicting target lesion revascularization up to 2 years.

HR 95% Cl P value

Patient characteristics
Age (per year) 104 ( 100 , 1.08 ) 0.064
Male 0.31 ( 013 , 071 ) 0.006
Body mass index (per kg/m?) 1.06 ( 099 , 113 ) 0.114
Diabetes mellitus type l or Il 055 ( 023 , 133 ) 0.184
Current smoker 057 ( 017 , 1.87 ) 0.350
Previous Ml 0.56 ( 013 , 234 ) 0.425
Previous stroke 3.23 ( 113 , 9.22 ) 0.028
Hypertension 122 ( 053 , 282 ) 0.641
Hyperlipidemia 1.50 ( 0.62 , 3.65 ) 0.370
Creatinine clearance (per 10 ml/min decrease) 123 ( 108 , 143 ) 0.003
Ejection fraction (per %) 099 ( 095 , 1.04 ) 0.790
Peripheral vascular disease 1.25 ( 038 , 4.09 ) 0.717
COPD 2.18 ( 0.90 , 5.28 ) 0.086
Clinical presentation (Reference: silent ischemia)

Stable Angina 225 ( 030 , 1670 ) 0.427

Unstable Angina 2.13 ( 027 , 16.83 ) 0.473
Lesion characteristics
Vessel location

RCA 0.66 ( 0.27 , 1le61l ) 0.363

LAD 1.43 ( 071 , 287 ) 0311

LCx 0.92 ( 043 , 199 ) 0.832
Bifurcation 2.23 ( 103 , 481 ) 0.042
Total Occlusion 2.27 ( 113 , 456 ) 0.022
Lesion SYNTAX Score (per 1 increase) 115 ( 1.05 , 125 ) 0.001
Pre-dilatation performed 143 ( 044 , 471 ) 0.553
Post-dilatation done based on IVUS findings 118 ( 059 , 238 ) 0.637
Post-procedural IVUS findings
Minimum Stent Area (per mm? decrease) 127 ( 103 , 154 ) 0.023
Reference Lumen Area (per mm?) 08 ( 078 , 1.03 ) 0.108
Expansion Index (per 0.1) 100 ( 09 , 110 ) 0937
Minimum Lumen Diameter (per mm) 136 ( 093 , 198 ) 0.113
Maximum Lumen Diameter (per mm) 117 ( 097 , 141 ) 0.107
Stent Symmetry (per 0.1) 09 ( 071 , 114 ) 0.370
Total Stent Length (per mm) 101 ( 099 , 102 ) 0.358
Any Malapposition 150 ( 046 , 493 ) 0.502

CABG = coronary artery bypass graft, Cl = confidence interval, COPD = chronic obstructive pulmonary disease,
HR = hazard ratio, IVUS = intravascular ultrasound, LAD = left anterior descending artery, LCX = left circumflex,
MI = myocardial infarction, PCl = percutaneous coronary intervention, and RCA = right coronary artery.

the subsequent multivariate model considering the fact that female sex only accounts for
6.8% of the study population. Two separate multivariate models (Model A and B in Table 5)
were constructed as lesion SYNTAX Score includes CTO and bifurcation in its components.
Both models demonstrated that smaller MSA, as well as creatinine clearance was an
independent predictor of TLR up to 2 years, while CTO and history of previous stroke in
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Figure 4. Optimal MSA to predict TLR.
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(Left) Receiver-operator characteristic (ROC) analysis of the minimum stent area (MSA) for target lesion
revascularization (TLR). The c-statistic was 0.620 (95% confidence interval: 0.537-0.703, p=0.021). (Right)
Sensitivity and specificity curves for MSA predicting TLR. Thin lines represent 95% confidence interval. The single

post-procedural MSA value that best separated patients with TLR from those with no TLR was 5.2 mm2.
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Figure 5. Distribution of TLR as a function of post-procedural MSA and reference lumen area.
The cut point of MSA: 5.2 mm2 was derived from ROC analysis in Figure 4. MSA = minimum stent area, TLR =

target lesion revascularization.

Table 5. Multivariate Cox regression analysis per lesion predicting target lesion revascularization up to 2

years.
Model A
HR 95% Cl P value
Minimum Stent Area (per 1 mm2 decrease) 124 ( 101 , 153 ) 0.044
Creatinine clearance (per 10 ml/min decrease) 1.23 ( 1.06 , 1.43 ) 0.006
Previous Stroke 301 ( 105 , 859 ) 0.040
Chronic Total Occlusion 2.07 ( 102 , 420 ) 0.043
Bifurcation 195 ( 089 , 4.27 ) 0.095
Model B
HR 95% Cl P value
Minimum Stent Area (per 1 mm? decrease) 128 ( 101 , 161 ) 0.041
Creatinine clearance (per 10 ml/min decrease) 1.28 ( 1.08 , 1.51 ) 0.005
Previous Stroke 248 ( 074 , 828 ) 0.141
Lesion SYNTAX Score (per 1 increase) 119 ( 1.09 , 130 ) <0.001

Cl = confidence interval, HR = hazard ratio.
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Model A and lesion SYNTAX Score in Model B were additional independent predictors. The
analysis with robust sandwich estimator similarly confirmed that smaller MSA was an
independent predictor of TLR. (Model A’ and B’ in Supplementary Table 2).

Optimal MSA threshold to predict target lesion revascularization

The single post-procedural MSA value that best separated lesions with TLR from those with
no TLR was 5.2 mm? (Figure 4). Using this cut-point revealed that the rate of 2-year TLR was
5.2% for lesions with an IVUS MSA <5.2 mm? compared with 3.1% in lesions with an IVUS
MSA >5.2 mm? (p=0.132); and the sensitivity and specificity were 50.0% and 63.2%,
respectively. Figure 5 shows distribution of TLR as a function of post-procedural MSA and
reference lumen area. The reference lumen area was 5.64+1.82, 6.73+2.08, and 9.66+3.17
mm? in lowest, intermediate, and largest MSA terciles, respectively (p<0.001). Although
there was a linear relationship between post-procedural MSA and reference lumen area,
only post-procedural MSA was retained in the multivariate model.

Discussion

The current analysis explores the IVUS predictors of 2-year clinical events after thin-strut
biodegradable polymer drug-eluting stent implantation in three-vessel disease and, in
particular, the relationship between post-procedural IVUS MSA and TLR in more than 800
lesions. The main findings are as follows: 1) Among post-procedural IVUS predictors
including MSA, expansion index, and stent symmetry, MSA was the most predictive for TLR
at 2 years. 2) Multivariate analysis revealed that smaller MSA, creatinine clearance, history
of previous stroke, CTO and lesion SYNTAX Score were independent predictors of TLR up to
2 years. 3) A MSA threshold of 5.2 mm? or less predicted TLR at 2 years by ROC analysis.
Although expansion index, the relativity of MSA to the reference area, is another
parameter of interest, the present analysis showed absolute value of MSA had more
predictive value for TLR than expansion index. However, post-intervention IVUS may also
help to achieve optimal stent expansion after thin-strut DES implantation by reducing
underexpansion-related complications such as early/late thrombosis and restenosis.!®

The importance of post-procedural MSA after implantation of DES
Compared with first generation DES, newer generation DES reduce stent thrombosis and
improve clinical outcomes.!® This is largely attributed to improvement in the design of more
biocompatible polymers, biodegradable polymers, -limus based drugs, thinner stent struts
through the incorporation of metallic alloys with greater radial strength.20-22

Doi et al. reported the optimal thresholds of post-intervention IVUS MSA that best
predicted restenosis at 9 months were 5.7 mm? for Taxus paclitaxel-eluting stent.” Another
study by Song et al. suggested 5.5 mm? for Cypher sirolimus-eluting stent, 5.3 mm? for
Endeavor Resolute zotarolimus-eluting stent, and 5.4 mm? for Promus everolimus-eluting
stent as thresholds to predict in-stent restenosis at 9 months.?® Our finding that smaller
post-procedural MSA predicts clinical outcomes is in line with their findings. However, we
find that the threshold to predict TLR from the present study, is somewhat lower than
previously-described thresholds, at 5.2 mm?2. There are multiple factors which potentially
could explain the difference in threshold: difference in endpoint (angiographic in-stent
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restenosis (250%) at 9 months vs. TLR at 2 years), newer generation of DES in the present
study, and the difference in population included for analysis.

Is a MSA of 5.2 mm? large enough in all situations?

The Kaplan-Meier curves of the smallest (<5.0 mm?) and intermediate (5.0-6.7 mm?) MSA
terciles overlap while the largest MSA tercile (>6.7 mm?) had a lower rate of TLR (Figure 3).
On the other hand, Sensitivity/specificity curve analysis of TLR identified 5.2 mm? as a
threshold of MSA that best separates the subsequent presence of TLR from no TLR. The
Kaplan-Meier analysis according to MSA < 5.2 mm?; MSA >5.2 mm? in intermediate MSA
tercile (i.e., 5.2-6.7 mm?); and the largest MSA tercile (>6.7 mm?) showed a good separation
of all the three curves (Supplementary Figure 1). For treatment guidance, a post-procedural
MSA threshold of 5.2 mm? would be better than the cut-offs based on MSA terciles.
However, this cut-off was selected from the pooled MSA values observed in the current trial
and, therefore, cannot be generalized. There was a significant difference of MSA according
to vessel location (Figure 2). Indeed, a report from EXCEL trial suggested that final MSA may
impact long-term clinical outcomes after PCl of left main coronary artery disease,® with a
proposed cut-off of 9.8 mm?2. The large difference in cut-off value can be explained by lesion
location (left main [LM] or non-LM). However, studies have consistently showed a

relationship between smaller post-procedural MSA and restenosis or clinical event at follow-
up_7,23-26

Comparison of patient and lesion characteristics among MSA terciles
Supplementary Table 3 shows comparison of patient and lesion characteristics among MSA
terciles. Regarding patient characteristics, previous history of Ml was significantly less
frequent in patients in the largest MSA tercile. Regarding lesion characteristics, the lesions
in the smallest MSA tercile had significantly smaller reference lumen area, expansion index,
and stent symmetry; higher area stenosis post-procedure; and longer stent length. Although
the significant impact of these variables on TLR was not demonstrated in the regression
analysis, more aggressive post-dilatation especially in small vessels may be encouraged to
achieve better stent expansion, symmetry, and less area stenosis post-procedure.

Other predictors of TLR
Creatinine clearance has been shown to be predictive of clinical outcomes in logistic clinical
SYNTAX,?” and SYNTAX score 1.12 History of previous stroke was also identified as an
independent predictor of TLR, which is in line with the previous report.?® Identification of
these patients in a daily practice may provide an opportunity to reduce their excess risk by
intensive secondary prevention efforts.

Pre-procedural CTO in the lesion was identified as another independent predictor of
TLR in the present study. This is in line with a study by Farooq et al. showing patients with
total occlusion were associated with higher residual SYNTAX score, suggesting worse
outcome.?® A meta-analysis of 4394 patients suggests that the risk of restenosis following
DES for CTO was 10.7%.3° Over the last 10 years, the practice of CTO recanalization has been
largely modified by the systematization in the approach to CTO recanalization and the
development of new devices, however, the current study suggests that it still remains the
major determinants of patient prognosis.

While worse clinical outcomes in patients with higher SYNTAX Score was previously
shown,! the present analysis showed that SYNTAX Score per lesion was an independent
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predictor of TLR in addition to post-procedural MSA. The risk stratification by pre-
procedural anatomical assessment is still of importance in the contemporary PCl as well as
post-procedural MSA assessment.

Study limitations

First, the results obtained are limited to vessel diameters and stents (SYNERGY DES) used in
the SYNTAX Il trial. Second, pre-procedural IVUS was not mandatory and the results were
not collected. Third, there were 23.8% (274/1150) of lesions in which post-procedural IVUS
was not performed, which may cause potential bias. The reason for this was not available in
eCRF. Fourth, the post-procedural IVUS measurements were site-reported and not analyzed
by the core lab, which may result in bias. Fifth, limited number of patients did not allow us
to analyze relationship between MSA and clinical outcomes at the patient level (i.e.,
minimum MSA per patient and clinical outcomes). Sixth, female only accounts for 6.8%
presumably due to screening by SYNTAX Score 11,12 which limits generalizability. Seventh, the
low number of events per predictor may cause overfitting of the multivariate model,
although 5 events per predictor could be acceptable.?! Eighth, although post-procedural
MSA was an independent predictor of TLR in the present analysis, the c-statistic in the ROC
analysis was relatively low. Ninth, the use of iFR/FFR and IVUS in most patients is not yet a
routine approach for most operators and may have lowered the incidence of TLR. Finally,
this was a post-hoc analysis and the results are therefore hypothesis-generating.

Conclusion

In the IVUS sub-study of the SYNTAX Il trial, post-intervention MSA measured by IVUS could
predict TLR at 2 years.
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Supplementary Material

Supplementary Figure 1. Kaplan-Meier cumulative incidence of TLR in post-procedural MSA < 5.2;
5.2-6.7; and >6.7 mm?.
MSA = minimum stent area, TLR = target lesion revascularization.

Cumulative Incidence of TLR (%)
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Time (Days)
Number at risk
MSA <5.2 mm?
334 328 326 315 311 308 307 306 286
MSA 5.2-6.7 mm?
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MSA >6.7 mm?
266 264 261 257 255 254 254 254 241
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Supplementary

Table 1. Details of non-ischemia-driven target lesion revascularization.

Patient ID

Lesion
Location

MSA after
index
procedure
(mm?)

Angina
pectoris

Positive
functional
diagnostic
test

Diameter
Stenosis of
the lesion

Comment

ES001-1007

#7

4.5

No

No

<50%

It appears that the

operators

stent was crumpled distally
at the end of the
procedure. A further PCI
was performed the next
day with the new stent
implantation at the distal

edge.

considered the

ES001-1023

#7

6.3

Yes

<50%

Recurrent angina pectoris
presumably related to
target vessel. QCA on site
showed DS 41%.

GB014-1020

#12b

4.2

No

<50%

POBA was performed in
12b in the index
procedure. Now OM was

stented.

GB014-1054

#6, #7

3.8

No

No

<50%

Malapposition seen on

IVUS.

DS = diameter stenosis, IVUS = intravascular ultrasound, MSA = minimum stent area, OM = obtuse marginal,
PCl = percutaneous coronary intervention, POBA = plain old balloon angioplasty, and QCA = quantitative
coronary angiography.

Supplementary Table 2. Multivariate Cox regression analysis predicting target lesion revascularization up to
2 years with robust sandwich variance estimator to take into account clustering within patient.

Model A’
HR  95%ClI P value
Minimum Stent Area (per mm? decrease) 124 ( 103 , 149 ) 0.023
Creatinine clearance (per 10 ml/min decrease) 1.23 ( 1.00 , 1.52 ) 0.055
Previous Stroke 3.01 ( 0.78 , 11.58 ) 0.109
Chronic Total Occlusion 207 ( 081 , 530 ) 0.126
Bifurcation 195 ( 090 , 422 ) 0.088
Model B’
HR  95%Cl P value
Minimum Stent Area (per mm? decrease) 128 ( 102 , 159 ) 0.033
Creatinine clearance (per 10 ml/min decrease) 1.28 ( 1.03 , 159 ) 0.028
Previous Stroke 248 ( 049 , 1264 ) 0.273
Lesion SYNTAX Score (per 1 increase) 119 ( 108 , 131 ) 0.001

Cl = confidence interval, and HR = hazard ratio.
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Supplementary Table 3. Comparison of patient and lesion characteristics among MSA terciles.

Smallest MSA Intermediate MSA  Largest MSA

tercile tercile tercile P value*
Patient characteristics n=125 n=122 n=120
Age (years) 67.049.7 66.3+10.5 66.249.5 0.781
Male 93.6% (117/125)  91.0% (111/122)  95.0% (114/120)  0.452
Body mass index (kg/m2) 28.614.6 28.9+5.2 29.0+4.3 0.770
Diabetes mellitus type | or Il 29.6% (37/125) 30.8% (37/120) 28.6% (34/119) 0.929
Insulin treated 10.4% (13/125) 6.7% (8/120) 8.4% (10/119) 0.577
Oral medication 18.4% (23/125) 21.7% (26/120) 16.8% (20/119) 0.620
Diet only 0.8% (1/125) 2.5% (3/120) 2.5% (3/119) 0.529
Current smoker 12.5% (15/120)  15.3% (18/118) 22.4% (26/116)  0.109
Previous Ml 15.2% (19/125)  14.9% (18/121) 2.5% (3/120) 0.001
Previous stroke 4.8% (6/125) 5.7% (7/122) 5.8% (7/120) 0.925
Hypertension 76.0% (95/125) 77.7% (94/121) 71.7% (86/120) 0.537
Hyperlipidaemia 68.5% (85/124) 81.4% (96/118) 76.3% (90/118) 0.066
Creatinine clearance (ml/min) 80.2+27.1 83.9+29.9 85.7+24.2 0.282
Ejection fraction (%) 59.147.3 57.749.2 58.618.0 0.374
Peripheral vascular disease 6.4% (8/125) 6.6% (8/122) 11.7% (14/120) 0.235
COPD 6.4% (8/125) 14.8% (18/122) 11.7% (14/120) 0.103
Clinical presentation
Silent ischemia 4.8% (6/125) 5.7% (7/122) 6.7% (8/120) 0.916
Stable angina 67.2% (84/125) 64.8% (79/122) 68.3% (82/120)
Unstable angina 28.0% (35/125) 29.5% (36/122) 25.0% (30/120)
Anatomic SYNTAX Score 20.445.6 21.047.2 19.8+6.4 0.350
SYNTAX Score Il PCI 29.8+7.9 30.619.5 29.418.5 0.528
Predicted 4-year mortality PCI (%) 8.3+7.8 9.7+9.9 8.4+8.6 0.406
SYNTAX Score Il CABG 28.6%9.5 29.1+11.1 29.0£11.0 0.923
Predicted 4-year mortality CABG (%) 8.2+8.2 9.249.9 9.249.2 0.587
Lesion characteristics n=288 n=265 n=266
Bifurcation 16.7% (48/288) 16.2% (43/265) 13.2% (35/266) 0.467
Total Occlusion 23.6% (68/288) 30.2% (80/265) 24.4% (65/266) 0.165
Post-procedural IVUS findings
Minimum Stent Area (mm?) 4.11+0.66 5.83+0.50 8.69+1.93 <0.001
Reference Lumen Area (mm?) 5.64+1.82 6.73+2.08 9.6613.17 <0.001
Expansion Index 0.80+0.24 0.97+0.38 0.99+0.43 <0.001
Area Stenosis (%) 21.18+23.96 3.85%+37.99 0.62+43.18 <0.001
Stent Symmetry 0.76+0.18 0.80£0.12 0.80£0.13 0.001
Total Stent Length (mm) 34.75+21.72 31.81+19.41 30.60+£17.20 0.037
Any Malapposition 5.2% (15/288) 6.8% (18/265) 8.6% (23/266) 0.277

* By ANOVA or chi-square test.

Data are mean t standard deviation or percentage (n/N).
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Chapter 6

Abstract

BACKGROUND:

Clinical implications of online three-dimensional optical frequency domain imaging (3D-
OFDI) guided stenting for bifurcation lesions have not been investigated in the randomized
controlled trials. To determine whether online 3D-OFDI guided stenting is superior to
angiography-guided percutaneous coronary intervention (PCI) in terms of incomplete stent
apposition (ISA) at the bifurcation segment.

METHODS:

The OPTIMUM trial was a randomized multi-center clinical trial. Eligible patients had an
angiographically significant stenosis in the bifurcation lesion treated with a provisional
single stent strategy using the Ultimaster sirolimus eluting stent. Patients were randomly
allocated to either online 3D-OFDI guided or angiography guided PCI. Patients randomized
to 3D-OFDI guidance underwent online 3D-OFDI assessment after rewiring into the jailed
side branch after stenting and proximal optimization technique, while in the angiography
guidance arm, rewiring was performed using conventional fluoroscopic/angiographic
guidance. The primary endpoint of this trial was the post-procedural average percentage of
malapposed struts per lesion assessed by OFDI in the confluence zone of the main and side
branches.

RESULTS:

Between June 8, 2017, and Sep 26, 2018, 110 patients with 111 bifurcation lesions were
randomized at four Japanese centers. Of these, 56 patients with 57 lesions were treated
with 3D-OFDI guided PCl, whereas 54 patients with 54 lesions were treated with
angiography guided PCI. In the 3D-OFDI guidance arm, the feasibility of online 3D-OFDI was
98.2%. The average percentage of incomplete stent apposition per lesion at bifurcation was
lower in the 3D-OFDI guidance arm than that in the angiography guidance arm (19.5 +
15.8% vs 27.5 + 14.2%, p=0.008). The superiority of the 3D-OFDI guidance arm was also
confirmed in the strut level analysis (odds ratio: 0.54 [95% confidence interval: 0.36-0.81],
p=0.003).

CONCLUSIONS:
Online 3D-OFDI guided bifurcation PCI was superior to angiography guided bifurcation PCl in
terms of acute incomplete stent apposition at bifurcation.

Registration:
URL: https://www.clinicaltrials.gov. Unique identifier: NCT02972489.
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Introduction

Percutaneous coronary intervention (PCl) with drug eluting stent (DES) implantation is a
common revascularization method for coronary artery disease with appropriate complexity
of disease. By nature, coronary arteries taper at bifurcations with a flow conservation from
main vessel (MV) and side branch (SB). Currently, coronary bifurcation lesions account for
15% to 20% of all patients undergoing PCI 1. Due to the uneven distribution of shear stress
at the bifurcation lesions, early plaque progression occurs in the lateral aspect of the
bifurcation with low shear stress, often resulting in continuous atherosclerotic plaque
extending from the proximal MV towards the daughter branches 2. Stenting of the coronary
bifurcation is complex, and requires modification of the coronary stents shape from their
cylindrical geometry to fit the natural tapering anatomy of the bifurcation. This modification
of stent shape is achieved through balloon dilatation following stent deployment through
proximal optimization technique (POT), standard post dilatation, and kissing balloon
dilatation (KBD) technique.

The current guidelines for myocardial revascularization of coronary bifurcations,
recommend a provisional one stent strategy as a default stenting technique 3. After placing
a DES in the MV across SB ostium, POT with larger balloon is performed. This is followed by
recrossing the wire to the SB and the KBD is recommended “. Ideally to reconstruct natural
shape and restore rheology at the bifurcation, any presence of metallic strut in front of the
SB should be avoided. Technically, this could be achieved by re-crossing through the optimal
distal cell of the MV stent before the KBD (Supplemental figure 1) °.

Angiography is inherently limited in the visualization of both bifurcation carina and
the stent structure. Recently, optical frequency domain imaging (OFDI: LUNAWAVE, Terumo
Corporation, Tokyo, Japan) with its high-speed pullback has enabled three-dimensional (3D)
reconstruction of complex bifurcation anatomies and its relationship with the metallic
structure. This novel imaging functionality is available in consoles and ready to use in the
catheterization laboratory as an online software tool. Previous retrospective data and
published case reports have suggested that it is feasible to perform online visualization of
the bifurcation re-wiring position and that this approach can improve acute outcomes such
as incomplete stent apposition (ISA). However, additional OFDI pullback step in the
catheterization laboratories will increase the amount of total contrast volume as well as
procedural time for the patients ® 7. The efficacy of online 3D-OFDI guided PCl in reduction
of ISA has not yet been investigated prospectively in the context of a randomized controlled
trial.

The main objective of this trial was to determine the superiority of the online 3D-
OFDI guided PCI to angiography-guided PCl in terms of ISA at the coronary bifurcation
segment.

Methods

The authors declare that all supporting data are available within the article and its online
supplementary file.

Study design and patients
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The design of the OPTIMUM (On-line 3-dimensional OPTical frequency domain Imaging to
optimize bifurcation stenting using UltiMaster stent) trial (NCT 02972489) has been
described elsewhere 8. The OPTIMUM trial was a randomized (1:1; 3D-OFDI guidance arm
vs. angiography guidance arm), active control, multicenter clinical trial across 4 Japanese
canters (Supplemental table 1). Major eligibility criteria were the presence of de novo,
native, previously unstented bifurcation lesion(s) with a SB diameter of > 2.0 mm (by visual
estimation) to be treated by PCl with a single stent strategy. Detailed inclusion and
exclusion criteria are shown in Supplemental table 2. All patients signed the informed
consent. The study was approved by the central and local ethics committees.

Randomization

Patients who met the eligibility criteria were randomly assigned (1:1) to either 3D-OFDI
guided PCl or angiography guided PCIl. Randomization was performed by local investigators
using a web-based software with random blocks stratified by center 8.

Procedures

Detailed information on the study procedure has been provided elsewhere 8. For all
bifurcation lesions, the intention was to treat them with a provisional single stent strategy
with the Ultimaster sirolimus eluting stent(s) (Terumo Corporation, Tokyo, Japan). The
Ultimaster DES is available in diameters from 2.25 to 4.0 mm, and in lengths from 12 to 38
mm. Stent size was determined by the distal reference MV diameter. After stenting the MV,
POT was mandatory with 0.25 — 0.5 mm larger balloon than the device size following the
recommendations by the European Bifurcation Club °. In both arms, the proximal reference
measured by OFDI before stent implantation could be used for the selection of the balloon
size for POT. Patients randomized to 3D-OFDI guidance arm underwent online 3D-OFDI
assessment of the MV after rewiring into the jailed SB following stent implantation. The
OFDI image was acquired from approximately >10 mm distal to the distal edge of the MV
stent with blood removal by contrast media at a pullback-speed of 20 mm/sec. The
recrossing point was assessed with online 3D-OFDI image reconstruction on the console.
The TERUMO OFDI console incorporates online software of 3D imaging with a possibility of
stent enhancement, which enables the online reconstruction within one minute. If the wire
was not positioned in the optimal cell (as defined in Supplemental figure 2 2), further
attempts to redirect the wire through the right cell were performed, with subsequent OFDI
imaging to confirm the position in 2D and online 3D reconstructions. The final recrossing
position was recorded based on the online 3D OFDI image.

In the angiography guidance arm, wire recrossing into the SB was performed using
conventional fluoroscopic/angiographic guidance. Both groups received final kissing balloon
dilatation (FKBD) using balloons matching the size of the SB and of the distal MV. After
performing FKBD, final OFDI imaging was performed to document the primary endpoint for
both treatment arms.

OFDI recordings were assessed by an independent core laboratory (Cardialysis B.V.,
Rotterdam, The Netherlands). The OFDI analysts were blinded to the patient’s allocations.
Quantitative analysis was performed using a dedicated semi-automated contour- detection
system (QCU-CMS; Medis medical imaging systems bv, Leiden, The Netherlands) according
to standard methods © *°, Detailed methodology of the quantitative analysis of OFDI is
shown in Supplemental material. All angiography recordings were also analyzed by the core
lab with a bifurcation dedicated quantitative coronary angiography (QCA) software
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(Coronary Angiography Analysis System [CAAS], version 5.9, Pie Medical Imaging,
Maastricht, the Netherlands).

If a case a second stent at the SB was needed due to e.g. dissection, slow-flow, or
high residual stenosis, the additional stenting was performed at operator’s discretion.

Dual antiplatelet therapy (DAPT) was continued at least 6 months in accordance with
the European Society of Cardiology (ESC) guidelines 3.

End points

The primary endpoint was superiority of 3D-OFDI guidance on the average post-procedural
(FKBD) percentage of malapposed struts (or incomplete stent apposition) per lesion
assessed by OFDI in the main branch of the bifurcation, which was calculated for each
treated lesion as the ratio of the malapposed struts to the total number of struts in the
bifurcation region (Supplemental figure 3) '*. The primary endpoint was also analyzed on a
strut-by-strut basis considering each strut as a binary outcome (malapposed or apposed).
Malapposed struts included non-apposed struts at the SB orifice. Struts located at the
ostium of side branches, with no vessel wall behind, were defined as non-apposed struts at
the SB orifice 1%. Secondary OFDI endpoints are listed in Supplemental material 2. The
amount of contrast media, radiation time, and the procedure time at the index procedure
were evaluated as a secondary safety endpoint. Of note, this trial was designed as a proof-
of-concept, feasibility study of 3D-OFDI-guided, coronary bifurcation PCI with an imaging
primary endpoint (malapposition); the study is underpowered for clinical endpoints. The
clinical follow-up at 6- and 12-months post-procedure was performed to ensure the safety
of the patients by either hospital visit or telephone contact. All cause death, myocardial
infarction, revascularization, and stent thrombosis according to ARC definition were
reported 3,

Statistical methods

Based on the data from past registries, angio-guidance would result in a 26% average
malapposition rate per lesion (20% standard deviation) in bifurcation segment (confluence
zone of main branch and side branch) and a 5% attrition rate due to insufficient quality of
the OFDI image could be expected’ 4. Assuming that 3D-OFDI guidance reduces average
malapposition rate per lesions by 50% (a 13% for the 3D-OFDI-guidance with a 20% standard
deviation), a sample size of 106 patients would be needed to demonstrate superiority of 3D-
OFDI guidance with a 5% two-sided level of significance (alpha) and a statistical power of
90%. The primary analyses were based on the intentiontotreat population. The averaging
percentage method for the primary endpoint has to face the two following statistical issues:
i) the imposed limits on the distribution; ii) unequal weight for each strut. To address these
issues, as a post-hoc sensitivity analysis, the primary endpoint of the incidence of
malapposed struts at bifurcation was also analyzed considering each strut as a binary
outcome (malapposed or apposed) with a mixed-effects logistic regression model,
accounting for the correlation of multiple struts within the same patient/lesion by including
patient/lesion as a random effect. There were no formal interim analyses and stopping
guidelines.

Categorical variables are summarized as frequencies and percentages and were
compared between groups using Pearson chi-square or Fisher’s exact test, as appropriate.
Continuous variables are presented as mean + SD or median (interquartile), and compared
between groups using 2-tailed, unpaired t tests or Mann-Whitney test, as appropriate.
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Stratified analysis of lesions with three different patterns of configurations of overhanging
struts at the carina was performed on the average percentage of ISA per lesion at
bifurcation using one-way ANOVA. A Tukey test was performed to identify the group with
the greatest effect on the responsible variable.

A two-sided P value of less than 0.05 was considered to indicate statistical
significance. All statistical analyses were performed with SPSS (version 27.0.0, IBM, New
York).

Results

Between June 8, 2017, and Sep 26, 2018, 110 patients with 111 bifurcation lesions were
randomized to 3D-OFDI guided PCI (56 patients with 57 lesions) and angiography guided PCI
(54 patients with 54 lesions) (Figure 1). Representative cases in each arm are shown in
Figure 2.

Bifurcation PCI with provisional single stent strategy

3D-OFDI N=110,L =111 Angiography
guidance arm guidance arm
56 patients with 57 lesions 54 patients with 54 lesions
Implantation of Implantation of
Ultimaster stent Ultimaster stent
1 1
[__#or -
3D OFDI guidance 1: OFDI was not I Wire recross ]
1: OFDI was not
wire recross able to cross the Sarformad |
] OO 3 1: OFDI was not
[ Final KBD able to cross the | | Final KBD |
‘ lesion i —— I
OFDI OFDI
L =56 J 1: insufficient I 2: insufficient L=52
1_ __________ quality of OFDI qualityof OFDY | __ l
ISA was analyzable Primary endpoint ISA was analyzable
in 4583 struts Acute ISA at bifurcation in 4512 ss;:rub
L=55 =

Figure 1. Study flow chart

ISA = incomplete stent apposition, KBD = kissing balloon dilatation, L = lesion, OFDI = optical frequency domain
imaging, PCl = percutaneous coronary intervention, POT = proximal optimization technique, 3D = three
dimensional.

Baseline characteristics did not differ between the two arms (Table 1). A majority of
patients presented with stable angina or silent ischemia (91% in the 3D-OFDI guidance arm,
94% in the angiography guidance arm). Lesion and procedural characteristics are shown in
Table 2. In the 3D-OFDI guided treatment group, there were fewer left main (LM)
bifurcation lesions (1.8% vs 14.8% in the angiography guidance arm, p=0.013), but more left
anterior descending artery-diagonal branch (LAD-Dx) bifurcation lesions (73.7% in the 3D-
OFDIl arm vs 51.9% in the angiography arm, p=0.017). The parameters derived from QCA did
not differ between the treatment arms (Table 3). The mean angle between distal MV and SB
was relatively small in both arms (53.3 + 18.4° in the 3D-OFDI guidance arm vs 54.0 + 23.3°
in the angiography guidance arm, p=0.853).
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69 year-old female in the angiography guidance arm

= Proximal

58 year-old male in the 3D-OFDI guidance arm

"
Proximal

Figure 2. Representative cases of angiography guided and on-line 3D-OFDI guided PCI

Sixty-nine-year-old female with Medina 0, 1, 0 left main (LM) bifurcation lesion (diameter stenosis by
quantitative coronary angiography: 58% in left anterior descending artery (LAD)) was randomized to the
angiography arm (panel A). A 3.0 x 15 mm Ultimaster stent (panel B: yellow dotted line) was implanted in the
LM toward proximal LAD, followed by proximal optimization technique (POT) with a 4.0 mm balloon and
subsequent wire re-crossing to the left circumflex artery. After final kissing balloon dilatation (KBD), 3D-OFDI
was performed for documentation purpose which revealed presence of metallic struts in front of the side branch
ostium (panel C). The frequency of malapposed struts (panel D: yellow arrow) was 33.9% by cross-sectional
OFDI image. Fifty-eight-year-old male with Medina 1, 1, 1, LAD bifurcation lesion was randomized to the 3D-
OFDI arm (panel E). A 3.0 x 28 mm Ultimaster stent (panel F: yellow dotted line) was implanted in the LAD
followed by POT. After the first attempt of re-wiring to the diagonal branch, 3D-OFDI revealed suboptimal
position of the wire (A2-S) according to the specific classification (panel G). According to the protocol, crossing
of the wire to the diagonal branch was repeated to achieve optimal wiring through the distal cell. A subsequent
OFDI pullback confirmed the optimal position of the re-crossing wire (panel H: A1-L). After KBD, the final OFDI
image demonstrated wide opening of the sidebranch ostium without overhanging metallic structure (panel |
and panel J: yellow arrow indicates malapposed strut).

KDB: kissing balloon dilatation, LM: left main, LAD: left anterior descending, OFDI = optical frequency domain
imaging, POT: proximal optimization technique, 3D = three dimensional.
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Table 1. Baseline characteristics

3D-OFDI Angiography
guidance arm guidance arm
N=56 N=54
Age 68.9 + 10.2 (56) 69.4 +11.6 (54)
Male 44/56 (79) 40/54 (74)
BMI, kg/m2 25.3+4.2 (56) 24.1+4.1(54)

Medical history

Diabetes mellitus 29/56 (51.8) 25/54 (46.3)
Insulin-dependent diabetes mellitus 5/56 (8.9) 9/54 (16.7)
Hypertension 43/56 (76.8) 40/54 (74.1)
Hypercholesterolemia 48/56 (85.7) 46/54 (85.2)
Current smoker 13/56 (23.2) 10/54 (18.5)
Chronic obstructive pulmonary disease 23/56 (41.1) 32/54 (59.3)
Previous stroke 6/56 (10.7) 9/54 (16.7)
Previous myocardial infarction 9/56 (16.1) 8/54 (14.8)
Previous percutaneous coronary intervention 2/56 (3.6) 0/54 (0.0)
Previous coronary artery bypass grafting 12/56 (21.4) 19/54 (35.2)

Serum creatinine, mg/dL
Ejection fraction, %
Clinical presentation

0.79 (0.70-0.95)
60.8 +£14.3 (53)

0.81 (0.70-0.99)
59.7 £11.8(53)

NSTEMI 1/56 (1.8) 1/54 (1.9)
UAP 4/56 (7.1) 2/54 (3.7)
Stable angina/Silent ischemia 51/56 (91.1) 49/54 (90.7)

Data are mean + SD (N), median (interquartile 1-3), or n/N(%).

BMI = body mass index, NSTEMI = non ST-segment elevation myocardial infarction, OFDI = optical frequency
domain imaging, PCl = percutaneous coronary intervention, UAP = unstable angina pectoris, 3D = three

dimensional.

Procedures

All lesions were treated with the Ultimaster DES, and POT was performed in 98.2% of the
lesions (98.2% in the 3D-OFDI guidance arm vs 98.1% in the angiography guidance arm).
The final OFDI assessment after FKBD was successfully performed in 56 lesions

(98.2%) and 52 lesions (96.3%) in the 3D-OFDI guidance arm and the angiography guidance
arm, respectively (Figure 1). In a patient randomized to the angiography arm, a second
Ultimaster stent was implanted after the final OFDI assessment, using the T-stent technique
due to the dissection in the side branch. After the final OFDI assessment, additional POT was
performed in 7 lesions (12.7%) in the 3D-OFDI arm and 8 lesions (16.0%) in the angiography
arm (p=0.842) and additional KBD was performed in 6 lesions (10.9%) in the 3D-OFDI arm
and 4 lesions (8.0%) in the angiography arm (p=0.862).

3D-OFDI assessment of wire recrossing position

Identification of the wire recrossing point with 3D-OFDI imaging during the procedure was
feasible in 98.2% of lesions (56/57 lesions). The frequency of optimal cell rewiring identified
by the first 3D-OFDI was 55.4% (31/56); the success rate increased to 68% at the second
attempt and eventually increased to 100% after >3 attempts. The median number of 3D-
OFDI runs to achieve optimal cell rewiring was 1 (interquartile range: 1 — 3). Regarding
configurations of overhanging struts at carina, pattern A (no ring at carina) was observed in
19% of vessels, pattern B (ring at carina) was in 39%, and pattern C (ring at carina with
multiple second distal compartments) was in 40% (Supplemental figure 4).
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Table 2. Lesion and procedural characteristics at lesion level

3D-OFDI Angiography
guidance arm guidance arm
57 lesions 54 lesions p value
Vascular access site
Radial 31/57 (54.4) 35/54 (64.8) 0.263
Femoral 24/57 (42.1) 17/54 (31.5) 0.246
Brachial 2/57 (3.5) 2/54 (3.7) 0.670
Guide catheter size
6F 30/57 (52.6) 28/54 (51.9) 0.934
7F 25/57 (43.9) 26/54 (48.1) 0.650
8F 2/57 (3.5) 0/54 (0.0) 0.261
Target bifurcation
LMT 1/57 (1.8) 8/54 (14.8) 0.013
LMT or LAD proximal 27/57 (47.4) 25/54 (46.3) 0.910
LAD-Dx 42/57 (73.7) 28/54 (51.9) 0.017
LAD proximal-Dx 26/57 (45.6) 17/54 (31.5) 0.127
LCx-OM or PL 9/57 (15.8) 8/54 (14.8) 0.887
RCA PD-PL 5/57 (8.8) 10/54 (18.5) 0.133
Medina classification
(1,1,1) 6/57 (10.5) 3/54 (5.6) 0.272
(1,1,0) 28/57 (49.1) 35/54 (64.8) 0.095
(1,0,1) 3/57 (5.3) 1/54 (1.9) 0.330
(1,0,0) 5/57 (8.8) 4/54 (7.4) 0.534
(0,1,1) 2/57 (3.5) 0/54 (0.0) 0.261
(0,1,0) 13/57 (22.8) 10/54 (18.5) 0.577
(0,0,1) 0/57 (0.0) 1/54 (1.9) 0.486
True bifurcation*® 11/57 (19.3) 4/54 (7.4) 0.067
Calcified lesion 19/57 (33.3) 20/54 (37.0) 0.683
Thrombotic lesion 1/57 (1.8) 1/54 (1.9) 0.739
Rotablator 6/57 (10.5) 8/54 (14.8) 0.496
Directional coronary atherectomy 2/57 (3.5) 0/54 (0.0) 0.261
Pre-procedural OFDI assessment
for main branch 56/57 (98.2) 52/54 (96.3) 0.480
for side branch 3/57 (5.3) 6/54 (11.1) 0.218
Ultimaster stent 57/57 (100) 54/54 (100) NA
Size, mm 2.8+0.4(57) 2.7+0.3 (54) 0.505
Length, mm 30.0+7.3(57) 28.8+7.3(54) 0.364
POT 56/57 (98.2) 53/54 (98.1) 0.739
Balloon size, mm 3.3+0.5(56) 3.3+0.5(53) 0.940
Pressure, atm 13.6 £ 3.2 (56) 13.9+3.8(53) 0.581
KBD
Main branch balloon size, mm 3.0+ 0.4 (57) 3.0+ 0.4 (53) 0.961
Side branch balloon size, mm 2.1+0.3(57) 2.2+0.3(53) 0.507
Pressure, atm 9.0+3.3(57) 8.3+2.4(53) 0.214
Contrast volume, ml t 182.9 £ 56.0 (56) 185.1 £ 73.6 (54) 0.863
Radiation time, min T 42.3 +18.7 (56) 42.1+20.0 (54) 0.949
Procedure time, min t 118.9 + 43.4 (56) 118.1 +43.7 (54) 0.923

Data are mean + SD (n) or n/N (%). Dx = diagonal branch, KBD = kissing balloon dilatation, LAD = left anterior

descending coronary artery, LCX = left circumflex coronary artery, LM = left main, OFDI = optical frequency
domain imaging, OM = obtuse marginal, PCl = percutaneous coronary intervention, PD = posterior descending
branch, PL = posterolateral branch, POT = proximal optimization technique, RCA = right coronary artery, 3D =

three dimensional.

* True bifurcation was defined as Medina (1.1.1), (1.0.1), or (0.1.1) lesions.

T At patient level.
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Table 3. Dedicated bifurcation QCA results

.3D—OFDI Ar}glography o value
guidance arm guidance arm
QCA pre-procedure
PMV DS, % 34.2+17.8(57) 35.1+19.6 (53%) 0.809
DMV DS, % 46.9 +18.7 (57) 44.5+19.7 (53%) 0.497
SB DS, % 30.5+19.3(57) 27.3+20.5 (53%) 0.406
PMV RD, mm 2.73+0.59 (57) 2.94 +0.55 (53*%) 0.059
DMV RD, mm 2.18 +0.46 (57) 2.24 +0.43 (53%) 0.468
SB RD, mm 1.96 + 0.45 (57) 2.13 £0.48 (53%) 0.072
PMV-SB angle, ° 153.2£19.6 (57) 150.0 + 18.4 (53%) 0.370
DMV-SB angle, ° 53.3+18.4(57) 54.0 +23.3 (53%) 0.853
QCA post-procedure
PMV DS, % 12.1+6.9 (57) 10.3 £7.1(54) 0.183
DMV DS, % 11.1+6.6 (57) 11.2 +5.5 (54) 0.896
SB DS, % 23.1+13.8(57) 25.2 +15.9 (54) 0.459

Data are mean = SD (n). DMV = distal main vessel, DS = diameter stenosis, OFDI = optical frequency domain
imaging, PCl = percutaneous coronary intervention, PMV = proximal main vessel, QCA = quantitative coronary
angiography, RD = reference diameter, SB = side branch, 3D = three dimensional.

* One lesion in the angiography arm was chronic total occlusion.

Strut level post-hoc analysis with a mixed-effects logistic regression model
21.4% (981/4583 struts) vs 29.6% (1337/4512 struts)
odds ratio: 0.54 [95% confidence interval: 0.36-0.81], p=0.003

40
g S 30% 27.5% | +14.2
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Online 3D-OFDI Angiography
guidance arm guidance arm
L=55 L=50

Figure 3. Average percentage of acute incomplete stent apposition per lesion at bifurcation.
ISA = incomplete stent apposition, L = lesion, OFDI = optical frequency domain imaging, PCl = percutaneous
coronary intervention, 3D = three dimensional.

Acute incomplete stent apposition at bifurcation

OFDI assessment after the FKBD was successfully performed in 56 lesions (98.2%) in the 3D-
OFDI guidance arm and 52 lesions (96.3%) of the angiography guidance arm (Figure 1). Due
to insufficient imaging quality, the final assessment of ISA was not feasible in 3 cases (one in
the 3D-OFDI guidance arm and 2 in the angiography guidance arm). Final OFDI images after
the FKBD were analyzable and available in 55 lesions and 50 lesions in the 3D-OFDI guidance
arm and the angiography guidance arm, respectively.
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The primary endpoint of superiority of online 3D-OFDI guided PCI to the angiography
guided PCl was reached: the average percentage of malapposed struts at bifurcation in the
3D-OFDI guidance arm was significantly lower than in the angiography guidance arm (19.5 +
15.8% vs 27.5 + 14.2%, p=0.008, Figure 3). In the strut level post-hoc sensitivity analysis with
a mixed-effects logistic regression model, the incidence of malapposition in the 3D-OFDI
guidance arm was also significantly lower than in the angiography guidance arm (21.4%
[981/4583 struts] vs 29.6% [1337/4512 struts], odds ratio: 0.54 [95% confidence interval:
0.36-0.81], p=0.003, Figure 3). In the 3D-OFDI guidance arm, the risk of malapposed struts
was influenced by the complexity of configurations of overhanging struts at carina (12.0 £
10.1% in pattern A, 26.3 + 18.8% in pattern B, and 16.4 £12.4 in pattern C, p for overall p=
0.024, Supplemental figure 4).

The quantitative OFDI results in the entire stented segment of the main branch did
not differ between the two arms: the percentage of malapposed struts was 11.6 + 9.6% vs
11.7% + 8.6% (p = 0.973), minimum lumen area was 4.82 + 1.37 mm? vs 4.73 + 1.25 mm? (p
=0.721), and mean lumen area was 6.96 + 1.64 mm? vs 6.78 = 1.78 mm? (p = 0.592) in the
3D-OFDI guidance arm and the angiography guidance arm, respectively (Table 4). The
frequencies of incomplete stent apposition in proximal and distal main branch also did not
differ between the two arms. Quantitative OFDI results of the stented segment at
bifurcation, proximal and distal to bifurcation are tabulated in Supplemental table 3.

The amount of contrast media, radiation time and procedure time did not differ
between arms (Table 2).

Table 4. Secondary OFDI endpoints after final kissing balloon dilatation in the entire main branch
including proximal, bifurcation, and distal segment.

3D-OFDI Angiography
guidance arm guidance arm p

L=55 L=50 value
Frequency of malapposed struts, % 11.6+9.6 11.7+8.6 0.973
Mean ISA area, mm? 0.23+£0.20 0.27 £0.27 0.387
Minimum lumen area, mm? 4.82+1.37 4.73+1.25 0.721
Mean lumen area, mm? 6.96 + 1.64 6.78+1.78 0.592
Minimum stent area, mm? 4.68+1.42 451+1.24 0.513
Mean stent area, mm? 6.48 +1.61 6.20 £ 1.65 0.383
Mean protrusion area, mm? 0.11£0.09 0.08 £ 0.06 0.153
Maximum protrusion area, mm? 0.45+0.27 0.36+0.24 0.070
x;azn intrastent defect attached to/free from the vessel wall, 0.11 + 0.09 0.09 +0.06 0.147
Ma)amurrzl intrastent defect attached to/free from the vessel 0.45 +0.28 0.36+0.24 0.069
wall, mm
Minimum flow area, mm? 4.72+1.36 4.63+1.24 0.704
Maximum flow area, mm? 6.85+1.63 6.67 £1.78 0.596

ISA = incomplete stent apposition, L = lesion, OFDI = optical frequency domain imaging, 3D = three
dimensional.

Clinical outcomes up to 1-year follow-up

Target lesion related event was not observed in the participants over 1-year follow-up. Non-
target lesion revascularization occurred in 7 and 3 patients in the 3D-OFDI and angiography
arm, respectively. One patient in the 3D-OFDI arm died due to infectious myocarditis after
transcatheter aortic valve implantation.
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Discussion

To the best of our knowledge, the present study is the first randomized controlled trial to
evaluate feasibility and efficacy of online 3D-OFDI guided PCI for bifurcation. The main
findings are the followings:

1. Online 3D-OFDI for identification of the wire re-crossing point was feasible in all but
one case (56/57 lesions, 98.2%). Optimal wire re-crossing was achieved in all lesions
guided by the online 3D-OFDI (56/56 lesions, 100%).

2. Online 3D-OFDI guided PCl was superior to the angiography guided PCl in terms of
percentage of acute ISA at the bifurcation.

3. Optimal rewiring remained unachievable after POT in 45% of lesions.

4. The configurations of overhanging struts at carina might influence the risk of acute
ISA at bifurcation in patients treated with the online 3D-OFDI guided PCI.

In the present study, a superiority of the 3D-OFDI guided PCI over the angiography
guided PCl was demonstrated in relation to acute ISA in the confluence zone of bifurcation.
The feasibility of on-line 3D-OFDI in the present trial was as high as 98.2%, which was higher
than previous registries using off-line OCT assessment. In a study of Okamura et al, the
feasibility of the offline 3D-OCT assessment of the guidewire re-crossing point after MV
stenting was 89.9% 1. With the improvement of the console software, online assessment
likely contributed to excellent feasibility through timely feedback to operators regarding the
imaging acquisition.

In the OFDI-guidance arm, the rate of optimal cell rewiring at the first attempt was
55.4%, indicating that even after POT, in about half of the cases the wiring position was not
optimal. This underlines the importance of 3D-OFDI guidance to reduce the overhanging
struts in front of the side-branch ostium. Overhanging metallic struts in the bifurcation
could alter micro-circulation around the stent struts, reduce the coverage of struts with an
area of high shear rate (metallic carina), increase the neointimal growth within the area of
low shear stress causing neointimal bridge between the rim of the ostium and metallic
structure °, and finally may hinder the access to the side-branch in case of repeat
revascularization in the distal side-branch at later stage. Foin et al reported that ISA not
only affects blood flow patterns assessed by shear rate calculated in computational fluid
dynamic (CFD) simulation but also delays the process of strut coverage in the clinical OCT
study ®. The pathological study also demonstrated that a higher prevalence of late stent
thrombosis in DES in bare metal stent was associated with higher rate of uncovered struts at
flow divider sites such as the carina region, which is likely due to flow disturbances '’. In a
case report from a serial 3D-OCT follow-up of a natural course of jailed SB after MV stenting
without the FKBD 18, Diletti et al reported that neointimal tissue attached on jailed struts in
front of the SB ostium which resulted in reduced blood flow areas of the SB ostium at 6
months.

By implementing the OFDI-guidance, optimal wiring was achieved in 13% of lesions at
the second attempt and in 32% of lesions at >3attempts. Eventually, the frequency
increased to 100% with median numbers of attempts of 1 (interquartile range: 1 — 3). These
findings show that utilization of this technology can result in optimal rewiring and
subsequently superior stent apposition. To achieve the optimal wiring, pulling back of the
MB wire (or a third wire in the same direction) is recommended using angiographic
projection with best visualization of the ostia of two daughter branches*. When this
technique fails, the use of angiographic projection perpendicular to side-branch ostial plane
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may be useful; Although the distal main branch and side branch are overlapped in this
projection, this specific angiographic view corresponds to the 3D-OFDI image of the side
branch ostium, viewed from the main branch towards the distal side branch. The second
wire could be manipulated and advanced into the optimal crossing point using the first
recrossing wire (through the proximal cell) as landmark.

Despite a greater number of attempts to cross the optimal cell with OFDI imaging, there
were no significant differences between the 3D-OFDI guidance arm and the angiography
guidance arm in terms of amount of contrast media, radiation time, and procedure time.
This may be attributed to shorter length of the OFDI pullback with a small amount of
contrast media at the second or later attempts, since approximately 10 mm visualization
around polygon of confluence suffices for recognition of the wire recrossing point.

In the current study, the optimal recrossing point was identified differently according to
configurations of overhanging rings and links, to avoid extreme deformation of the stent.
Previous registry data have demonstrated that a link-free configuration is favorable for SB
dilatation *, however, the location of the link at the bifurcation is not controllable during
implantation by operators. In the current study, therefore, whenever the distal ring and/or
link were in contact with the carina, the second distal cell was defined as optimal recrossing
point instead of the most distal cell. This classification was incorporated into the electronic
case report form, and helped the operator to achieve the optimal recrossing point when the
3D-OFDI guidance was used. In addition, ring-free configuration (type A) was associated
with a lower incidence of ISA at bifurcation in the 3D-OFDI arm. However, it should be
acknowledged that ring-free configuration (type A) was observed only in 19.0% of lesions in
the 3D-OFDI arm and the high prevalence of non-ring-free configuration (type B: 39.0%)
with the worst incidence of ISA at bifurcation (26.3+18.8%) might result in moderate
incidence of ISA at bifurcation in the overall 3D-OFDI arm (19.5+15.8%). Even though, 61%
of lesions had type A and C configurations which potentially have derived benefit from the
3D-OFDI guided bifurcation PCl and might be worth the effort of achieving favorable
mechanical finding such as less incomplete stent apposition at bifurcation. However, this
stratified analysis by the configurations was post-hoc and underpowered for comparison of
three configurations. Furthermore, the distribution of the configurations in the angiography
arm could not be evaluated, since OFDI had not been performed before wire re-crossing in
the angiography arm according to the protocol. Further study is needed to evaluate this
specific question.

Finally, ISA in bifurcation is strictly dependent on a) the type of stent used, b) size of SB,
c) severity of the SB lesion and d) angle between MV and SB: a) DES with closed cell and
more-link design can be associated with more malapposition. However, most of the
currently available DESs have open cell and 2 or 3-link design. Therefore, the generalizability
of the present study is acceptable with regard to type of DESs; b) In our cohort, the
reference SB diameter was relatively small (1.96 mm in the 3D-OFDI arm and 2.13 mm in the
angiography arm) and large SB has theoretically advantage from distal crossing. In particular
in the 3D-OFDI arm, only one LM bifurcation was included despite randomization (8 in the
angiography arm); c) In the present study, the severity of the SB lesions was mild to
moderate (30.5% in the 3D-OFDI arm and 27,3% in the angiography arm) and resulted in a
few inclusions of the true bifurcation (19.3% in the 3D-OFDI arm and 7.4% in the
angiography arm). The bifurcation lesions with severe SB stenosis can further benefit from
distal crossing and the achievement of distal crossing in these lesions seems difficult even
under the 3D-OFDI guidance due to limited workspace for the wire; d) Theoretically, the
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narrow angle between MB and SB may advantageously allow distal crossing and the
bifurcation angle in the present trial was indeed relatively narrow (53.3° in the 3D-OFDI arm
and 54.0° in the angiography arm). Overall, it is impossible to discriminate the effect of
these four factors on acute ISA in the present trial due to limited sample size and
unbalanced bifurcation lesion characteristics. Further trial with more complex and higher
risk bifurcation lesion is needed to address this issue.

Limitations

The present study has several limitations. First, the clinical relevance of the overhanging
struts in the bifurcation cannot be proven due the limited sample size and the lack of clinical
follow-up. The study was not designed to evaluate clinical outcomes and the impact of
difference in ISA at bifurcation on clinical outcomes remains to be elucidated. Furthermore,
in the primary endpoint of the present trial the malapposition was strictly limited to few
struts across the origin of the SB appropriately quantified in this mechanistic evaluation of
the two strategies of implantation. However, this limited difference in malapposition may
be insufficient to influence the clinical outcome. Secondly, the allocation of guidance
strategy was not blinded for the operator, therefore there may be an inborn risk of bias
towards the technology. Thirdly, the generalizability of the LM bifurcation results is limited
due to a low prevalence and uneven distribution of LM bifurcation (1.8% in the 3D-OFDI arm
vs. 14.8% in the angiography arm). Along the same line, a low prevalence of true bifurcation
and relatively small mean SB diameter may limit the generalizability of the 3D-OFDI guided
bifurcation PCl, although these lesions theoretically might benefit from OCT

guidance. Fourthly, KBD was mandatory in the present trial, although a clinical advantage of
KBD after crossover stenting is controversial 2%, A main concern with KBD is the stent
deformation in the proximal MV, therefore POT after KBD is recommended by the European
Bifurcation Club ° to avoid the elliptical shape of stent dilation in proximal MV. However, in
the present trial, POT after KBD was not mandatory according to the protocol and
performed in minority of lesions (12.7% in the 3D-OFDI arm and 16.0% in the angiography
arm). Fifthly, pre-procedural OFDI assessment was performed in 96.3% of lesions in the
angiography guidance arm, which may result in similar minimum and mean stent area
between both arms (Table 4). Furthermore, the incomplete stent apposition in proximal and
distal main branch did not differ between the two arms probably due to mandated POT and
high adoption rate of pre-procedural OFDI assessment in the angiography arm
(Supplemental table 3). Finally, in the angiography guidance arm, final OFDI was mandatory
for documentation which may affect the amount of contrast media, radiation time, and
procedure time among patients in this arm. Furthermore, in the 3D-OFDI arm, the operator
may have intended to save angiographic contrast medium and shorten the radiation and
procedure time in the context of an open-label design.

Conclusion

In a series of predominantly non-LM bifurcation lesions, online 3D-OFDI guided PCI
demonstrated excellent feasibility and was superior to angiography guidance in reducing
acute incomplete stent apposition at bifurcation. 3D-OFDI imaging guidance may therefore
be preferable in bifurcation PCI. Further trials are warranted to confirm the long-term
clinical benefit of these favorable mechanical findings.
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Supplementary Material

Supplemental methods OFDI Core Lab analysis

OFDI recordings were sent to an independent core laboratory (Cardialysis B.V., Rotterdam, The Netherlands)
for the assessment. Core laboratory was blinded the patients allocation. Quantitative analysis was performed
using a dedicated semi-automated contour- detection system (QCU-CMS; Medis medical imaging systems by,
Leiden, The Netherlands) with the standard method ¥ 2. The region of interest (ROl) was the stented segment,
defined as the region between the first and the last frame in which struts were visible over 360 degree vessel
circumference, and 5 mm proximal and distal persistent site. Lumen contour was traced automatically for all
frames of ROI with minimal manual corrections if needed. Strut malapposition was defined as a separation of
luminal boundary of one or more of the stent struts from the vessel wall with a distance of more than the strut
thickness (80 um for Ultimaster stent) plus the axial resolution of the OCT (14 um) 3. Post-procedural
percentage of malapposed struts (primary endpoint) was assessed in the main branch bifurcation region
(Supplemental figure 2). Any struts without contact with vessel wall in 2-dimensional cross sections, taking into
consideration strut thickness, were considered as malapposed struts. Frame-by-frame cross-sectional images
were analyzed for the primary endpoint, while secondary endpoints were assessed with cross-sectional
analysis at 1 mm longitudinal intervals.

Secondary OFDI endpoints

Secondary OFDI endpoints at post procedure are as follows: In the entire main branch,

1) frequency of malapposed struts, 2) incomplete stent apposition (ISA) area, 3) minimum/mean lumen area,
4) minimum/mean stent area, 5) mean/ maximum protrusion area,

6) mean/ maximum intra-stent defect attached to/ free from the vessel wall and 7) minimum/mean flow area.
In the bifurcation region: 1) incidence of fulfilling optimal recrossing criteria on 3D-OFDI, 2) ISA area, 3)
minimum/mean lumen area, 4) minimum/mean stent area, 5) mean/ maximum protrusion area, 6) mean/
maximum intra-stent defect attached to/ free from the vessel wall and 7) minimum/mean flow area. Intra-
stent defect attached to the wall is defined as an irregular-shaped tissue attached to the luminal surface and

Intra-stent defect free from the wall defined as an isolated structure in the lumen distant from the vessel wall.
4
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Supplemental table 1. Number of patients randomized per site in Japan (Total number of patients: 110)

Site Name Principal City Patients Date first  |Date last
Investigator enrolled jpatient patient
enrolled enrolled
Osaka Police Hospital Dr. Sotomi Osaka 77 2017-07-31 [2018-09-04
Fujita Health University Hospital Dr. Muramatsu Toyoake 17 2017-06-08 [2018-08-09
'Yamaguchi University Graduate Dr. Okamura Ube 14 2017-08-02 [2018-09-26
School of Medicine
Teikyo University School of Dr. Kyono Tokyo 2 2018-07-18 [2018-08-16
Medicine

Supplemental table 2. Inclusion and exclusion criteria

Clinical inclusion criteria

1. Subject has coronary artery disease involving a bifurcation with objective evidence of ischemia
including patients with chronic stable angina, silent ischemia and NSTE-ACS

2. Subject is appropriate to be treated by PCl according to the local practice (operator’s judgment or
heart team decision)

3. Patientis at least 18 years of age.

4. Signed Informed Consent

5. The patient understands and accepts clinical follow-up and OFDI controls.

6. Patients residence is in the area covered by the hospital

Angiographic inclusion criteria

1. Patients with angiographically significant stenosis (>50 % by visual assessment) in de novo, native,
previously unstented bifurcation lesion(s) including left main lesion, which is in operator’s opinion
appropriate to be treated by PCl with a single stent strategy

2. The size of main vessel matches available Ultimaster stent sizes (<4.0 mm, and >2.0 mm by visual
assessment).

3. Thessize of side branch is >2.0mm in diameter by visual assessment.

4. The sidebranch is treatable with a sidebranch fenestration and/or kissing balloon

Exclusion criteria

1. Pregnancy.

2. Known intolerance to aspirin, clopidogrel, heparin, cobalt chromium, sirolimus, contrast material

3. Known thrombocytopaenia (platelet count< 100,000/mm?3)

4. Contraindications to PCI, stenting, ASA, clopidogrel, prasugrel or ticagrelor

5. Cardiogenic Shock

6. Significant comorbidities precluding clinical follow-up (as judged by investigators)

7. Major planned surgery that requires discontinuation of dual antiplatelet therapy

8. History of stenting in the target bifurcation lesion

9. Renalinsufficiency (GFR/MDRD <45 ml/min), which precludes in operator’s opinion contrast

injection during repeat OFDI pullback

10. Severely tortuous or angulated coronary anatomy of the study vessel that in the opinion of the

investigator would result in sub-optimal optical frequency domain imaging (OFDI) or excessive risk
of complication to place an OFDI catheter.

11. Target lesion reference vessel diameter (RVD) < 2.25 and >4 mm

12. Target bifurcation lesion has a previously implanted stent
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Chapter 6

Supplemental figure 1. Impact of the rewiring position and strut malapposition in bifurcation. Left column
(A, C, E, G, I and K) and right column (B, D, F, H, J, L) show distal rewiring and proximal rewiring, respectively.
Panels C and D are longitudinal OFDI images. The computational flow simulation of the shear rate is shown in
panels E and F. Panels G and H show the 3D reconstruction of struts in phantom. Panels | and J indicate the
wiring position in 3D OCT in human coronary bifurcation before kissing balloon dilatation (KBD), whereas
panels K and L are 3D reconstruction images after KBD.

Reprinted with permission from Onuma Y. et al. Joint consensus on the use of OCT in coronary bifurcation
lesions by the European and Japanese bifurcation clubs. Eurolntervention 2019; 14:e1568-e1577, with
permission from Europa Digital & Publishing °.
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Supplemental figure 2. Definition of optimal cell

The optimal recrossing point is defined according to the configuration of overhanging strut in front of the side
branch ostium. Three possible configurations are shown in panel A to C.

Panel A: When the most distal stent ring is not in contact with the rim of the carina, the most distal
compartment is considered as optimal cell.

Panel B: When the most distal stent ring is in contact with the rim of the carina, a second distal compartment
is considered as optimal cell.

Panel C: When the most distal stent ring is in contact with the rim of the carina in presence of multiple second
distal compartments, a larger compartment should be selected as optimal cell.

A. No ring at carina B. Ring at carina C. Ring at carina with multiple
2nd distal compartments

A avan

Distal

Proximal

™ N

‘ Side branch ostium 'rl;:e g]fotsrfedisi::t '%% Optima_l
within the %% L%‘ﬁssmg

Bifurcation carina bifurcation

Supplemental figure 3. OFDI core lab analysis.
Post-procedural percentage of malapposed struts (primary endpoint) was assessed in the main branch
bifurcation region.
OFDI = optical frequency domain imaging.
Distal reference
region of side
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bifurcation region
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Supplemental figure 4. Average percentage of acute ISA per lesion at bifurcation stratified by the patterns of
configurations of overhanging struts at carina in online 3D-OFDI guidance arm.

ISA = incomplete stent apposition, OFDI = optical frequency domain imaging, PCl = percutaneous coronary
intervention, 3D = three dimensional.
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Chapter 7

Abstract

Objectives:

The aim of this study was to investigate the impact of post percutaneous coronary
intervention (PCl) quantitative flow ratio (QFR) on clinical outcomes in patients with de novo
three vessel disease (3VD) treated with contemporary PCI.

Background:
The clinical impact of post-PCl QFR in patients treated with state-of-art PCI for de novo 3VD
is undetermined.

Methods:

All vessels treated in the SYNTAX Il trial were retrospectively screened and analyzed for
post-PCI QFR. The primary endpoint of this substudy was vessel-oriented composite
endpoint (VOCE) at 2 years, defined as the composite of vessel-related cardiac death,
vessel-related myocardial infarction, and target vessel revascularization. Receiving-
operating characteristic curve was used to calculate the optimal cut-off value of post-PCl
QFR for predicting 2-year VOCE. All the analyzable vessels were stratified on the basis of the
optimal cut-off value.

Results:

A total of 968 vessels treated with PCl were screened. Post-PCl QFR was analyzable in 771
vessels (79.6%). A total of 52 VOCE (6.7%) occurred at 2 years. The mean value of post-PCl
QFR was 0.91+0.07. The diagnostic performance of post-PCl QFR to predict 2-year VOCE was
moderate (area under the curve: 0.702 [95%Cl: 0.633-0.772]), with the optimal cut-off value
of post-PCl QFR for predicting 2-year VOCE 0.91 (sensitivity 0.652, specificity 0.635). The
incidence of 2-year VOCE in the vessels with post-PClI QFR <0.91 (n=284) was significantly
higher compared to vessels with post-PClI QFR 20.91 (n=487) (12.0% vs. 3.7%, HR 3.37
[95%Cl: 1.91-5.97], p<0.001).

Conclusions:

A higher post-PCl QFR value is associated with improved vessel-related clinical outcomes in
state of the art PCl practice for de novo 3VD. Achieving a post-PCl QFR value 20.91 in all
treated vessels should be a target when treating de novo 3VD. These findings require
confirmation in future prospective trials.
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Introduction

Pre-procedural assessment of fractional flow reserve (FFR) is the established gold standard
to evaluate the physiological severity of obstructive coronary stenoses in patients with
coronary artery disease (1). Evidence from a multitude of clinical trials have shown that FFR
guided percutaneous coronary intervention (PCl) reduces the number of stents implanted,
with improved clinical outcomes compared to angiography guided PCl (2,3). Notably, two
large randomized trials have shown instantaneous wave-free ratio (iFR) guided PCI to be
non-inferior to FFR guided PCl in predicting long-term clinical outcomes (4,5). As a result,
FFR and iFR guided PCl have been incorporated in to current European Society of Cardiology
revascularization guidelines, with a Class | indication (level of evidence A) in stable patients
with obstructive coronary stenosis without other objective evidence of ischemia (1).

Three-dimensional angiography-derived fractional flow reserve (QFR: quantitative
flow ratio) results in virtual color coded pullbacks of FFR without the use of pressure wire or
hyperemic agents (6). Several studies have reported substantial correlation between QFR
and coronary wire-derived FFR in patients with non-complex coronary artery disease.(7-10)
A recent Bayesian meta-analysis from 13 studies demonstrated the accuracy of
angiography-derived FFR, including QFR, irrespective of the computational approaches and
software packages used, to detect hemodynamically significant lesion, when pressure-wire
measured FFR was used as the reference measure (11). A recent substudy of the SYNTAX II
trial demonstrated substantial applicability of QFR in anatomically complex coronary artery
disease patients, namely de novo three-vessel disease (3VD), when compared to the hybrid
iFR/FFR approach (12).

With respect to post-PCl physiological assessments, several trials have demonstrated
the post-PCl FFR value to independently predict long-term clinical outcomes (13). The
clinical implication of a post-PCI QFR in patients with complex coronary artery disease has
not yet been investigated.

The aim of this study was to investigate the impact of post-PCl QFR on clinical
outcomes in patients with de novo 3VD without left main disease from the ongoing SYNTAX-
Il Trial.

Methods

Study design of the SYNTAX Il trial
The design and main results of the SYNTAX Il trial have been published previously. (14,15)
Briefly, SYNTAX Il was a multicenter, open-label, single arm study which investigated the
impact of state-of-the-art PCl on clinical outcomes in 454 patients with de novo 3VD,
without left main involvement.

The state-of-the-art PCl strategy included:
(i) patients selected on the basis of equipoise for long term (4-year) mortality between
coronary artery bypass graft (CABG) surgery and PCl utilizing the SYNTAX Score II; (ii) target
lesions for revascularization were assessed with hybrid iFR/FFR approach - the details of the
specific physiological assessments are described in the Online Appendix and Online figures
1 and 2; physiologically significant lesions were treated with the SYNERGY DES (Boston
Scientific, Natick, MA, USA); (iii) post-PCl intravascular ultrasound (IVUS) assessment was
mandatory to optimize stent expansion and apposition, with the recommendation to use
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the modified MUSIC criteria (16); (iv) contemporary chronic total occlusion revascularization
techniques by dedicated operators were recommended; (v) guideline-directed medical
therapy, including contemporary antiplatelet therapy and high-intensity statin therapy were
recommended (1).

The patient’s clinical status was assessed at discharge, and at one and two years
follow up. Extended yearly follow-up is planned up to 5 years. The local Ethics committee
approved the study in all participating sites. All patients provided written informed consent
before enrolment. The trial is registered with ClinicalTrials.gov, number NCT02015832.

The present post-PCl QFR substudy is a post-hoc analysis of the SYNTAX Il trial. In the
SYNTAX I, all patients had angiographic de novo 3VD based on visual estimation of a
diameter stenosis >50%. After wire-based physiological assessment, the majority of patients
had >2 functionally significant disease and underwent PCl treatment in >2 vessels. The
present subanalysis was therefore performed at vessel level. All available angiographic
characteristics, including the anatomical SYNTAX score, pre-procedural QFR, and IVUS
parameters have been analyzed and published previously. (12,17) Lesion characteristics
were identified according to the anatomical SYNTAX score definition (18).

Post-PCI QFR computation

Procedural coronary angiography was recorded and collected after the PCl without specific
acquisition guidelines for QFR analysis. Final angiography was preceded by an intra-coronary
injection of isosorbide dinitrate or nitroglycerin.

All vessels with at least one lesion treated with PCl were eligible for analysis. The
ramus vessel was included as LCX. Lesions were excluded from the analysis if they 1) were
located less than 3 mm from the aorta (i.e. ostial lesion), 2) had a reference lumen diameter
below 2.0 mm by visual assessment, 3) presented with no or slow coronary blood flow [TIMI
0-2], 4) were filmed with less than 2 projections with isocenter calibration information, 5)
had severe vessel overlap at the stenotic segments or 6) had a poor angiographic image
quality precluding precise contour delineation.

Off-line QFR analysis was performed by an independent academic corelab
comprising certified analysts for usage of the software with the QAngio XA 3D V1.1 software
package (Medis Medical Imaging System BV, The Netherlands). For the computation of QFR,
contrast QFR without hyperemic setting beside frame counting method was applied. The
analysts were blinded to clinical outcomes. Details regarding the QFR calculation have been
reported previously.(6,7) Briefly, the QFR calculation is based on the 3D QCA reconstructed
from 2 angiographic projections with angles > 25°apart and volumetric flow rate calculated
by using contrast bolus frame count.(7) The volumetric flow from the proximal to the distal
part of the quantified segment of the coronary artery was assessed by the product of area
times flow velocity based on frame count.

Vessel QFR was analyzed from the ostium of the main vessels (right, left anterior
descending, or left circumflex coronary artery) until the distal point defined in the present
subanalysis as follows: the distal point was placed at the most distal anatomical landmark
(e.g. side branch) in a vessel with diameter of 22.0 mm by visual estimation. If an anatomical
landmark is not present, the distal point was set 10 mm distal to the stent edge.(19)

If a vessel had two or more daughter branches in the distal segment (e.g. right
posterior descending artery or posterolateral branch from RCA, left posterolateral or
posterior descending in LCX), the vessel with a greater diameter was analyzed as main
vessel for the present analysis. The automatic reference interpolation function was used to
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establish the reference for the calculation. Whenever a proper reference interpolated line
could not be established, it was adjusted by using a selected non-diseased proximal/distal
segment.

QFR within stent was measured using lesion QFR function and regarded as “in-stent
QFR”. If a vessel had two or more separate stented sites, an in-stent QFR per vessel was
calculated as one minus the sum of two or more QFR gradients within stents.

Clinical endpoints per vessel

The primary endpoint of this substudy was the vessel-oriented composite endpoint (VOCE)
at 2 years, defined as a composite of vessel-related cardiac death, vessel-related myocardial
infarction (Ml), and target vessel revascularization (TVR). Secondary endpoints were
individual components of VOCE. All definitions of clinical endpoints were identical to the
SYNTAX Il study.(14) Cardiac death was defined as any death due to immediate cardiac
causes (e.g. MI, heart failure, fatal arrhythmia). Unwitnessed death and death of unknown
cause were classified as cardiac death. Periprocedural MI was defined according to the
historical definition of SYNTAX | and SYNTAX Il as following: CK-MB >5x ULN (or troponin
>35x ULN if CK-MB not available) with new pathological Q-waves in the ECG within 7 days
after PCl (14,20). Spontaneous Ml was defined as new Q-waves or one plasma level of CK-
MB 5x ULN (or Tn 235x ULN if CK-MB not available) in the context of acute coronary
syndrome (ACS). TVR was defined as any repeat percutaneous intervention of the target
vessel or bypass surgery of the target vessel performed for restenosis or other complication
of the target vessel. All clinical outcomes were adjudicated by an independent clinical event
committee (CEC) from the SYNTAX Il trial.

For the present analysis all the available information, including the coronary
angiogram were independently reviewed and evaluated by 2 interventional cardiologists
(N.K. and Y.K.), blinded to baseline clinical, procedural characteristics, and post-PCI QFR
value. Clinical events were re-adjudicated per vessel as vessel-related or none vessel-
related. In case the patient was adjudicated as cardiac death without clear relation to the
specific treated vessel (e.g. heart failure, fatal arrhythmia) at follow-up, the death was
adjudicated as a vessel-related cardiac death for all the vessels initially treated. Whenever
an Ml occurred without identifiable culprit vessel, it was adjudicated, as attributed to all the
vessels initially treated. In case of disagreement, angiogram at event and the source
documents were reviewed by a third assessor and a 2:1 agreement was achieved.

Statistical Analysis

Categorical variables are summarized as frequencies and percentages and compared
between groups using Pearson chi-square or Fisher’s exact test. Continuous variables are
presented as mean = SD or median (interquartile), and compared between groups using 2-
tailed, unpaired t tests or Mann-Whitney test. The predictive value of clinical and
angiographic characteristics on post-PCl QFR value was identified by a generalized linear
mixed-effects regression model with patient identification as random effect to account for
the non-independence of vessels within same patient.(21) The detailed methodology is
described in the online appendix. The predictive value of post-PCI QFR for 2-year VOCE and
TVR was analyzed using receiver-operating characteristic (ROC) curve, with cutoff value of
QFR, sensitivity, specificity, area under the curve (AUC), 95% confidence interval (Cl), and p
value. As an exploratory analysis, the predictive value of in-stent QFR and MSA derived from
IVUS was analyzed using ROC curve and compared by using the DeLong method.(22) Vessels
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were stratified by post-PCl QFR cutoff value. Survival curves were constructed using Kaplan-
Meier estimates and the log-rank test to compare between-group differences. A hazard
ratio (HR) was reported with 95% confidence intervals (Cl) based on the Cox regression
model. The impact of a low post-PCI QFR versus a high post-PCI QFR among vessels treated
with or without IVUS guidance was estimated with a Cox regression model. Multivariate Cox
regression analysis was used to adjust for baseline imbalances between groups. The
detailed methodology is described in the online appendix. Robust sandwich variance
estimator was used together with cox regression to account for possible lesion
correlation.(23) In addition, the patient level analysis was performed to confirm the
consistency with the vessel level analysis (Online appendix).

A two-sided P value of less than 0.05 was considered to indicate statistical
significance. All statistical analyses were undertaken in SPSS (version 25.0.0, IBM, New York)
and R (version 3.4.3, R Foundation for statistical Computing, Vienna, Austria).

| SYNTAX Il PCI cohort (454 patients) |

Medical treatment (1 patient)

Di progression, referred to CABG (1 patient)
Withdrawn by the physician (2 patients)

Patient declined further participation (3 patients)

[ 1559 lesions in 447 patients I

361 lesions deferred based on iFR or FFR

35 lesions not treated without functional assessment
[ 1163 lesions in 968 vessels treated (440 patients) |

}

| Post PCI QFR computation (968 vessels) |

197 vessels were non-analyzable for post PCI QFR
(20.4%)
* Ostial lesions less than 3 mm from the aorta: 0
* Lesion with reference lumen diameter below 2.0
mm by visual estimation: 5
* No or slow coronary blood flow [TIMI 0-2]: 3
* No appropriate 2 projections: 189
- No or one angiogram available: 133
- No auto-calibration data in DICOM file: 29
- No projection >25 degree apart: 19
- Severe vessel overlap at the stenotic
segments: 4
- Poor angiographic imaging quality: 4

771 vessels were analyzable for post PCI QFR
* Analyzability: 79.6% at vessel level

i

2-year vessel-oriented composite endpoint

Figure 1. Study flow chart

CABG = coronary artery bypass graft, DICOM = Digital Imaging and Communications in Medicine, FFR = fractional
flow reserve, iFR = instantaneous wave-free ratio, PCl = percutaneous coronary intervention, QFR = quantitative
flow ratio, TIMI = Thrombolysis In Myocardial Infarction.
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Results

In the SYNTAX Il trial, 1559 angiographically significant lesions (diameter stenosis 250% by
visual estimation) in 454 patients were screened. After hybrid wire-based physiological
assessment 1163 lesions in 968 vessels were treated with PCl and 361 lesions deferred. Out
of 968 treated vessels treated, 771 vessels were analyzable for post-PCl QFR (79.6%) (Figure
1). The most frequent reasons of non-analyzability for post-PCI QFR was unavailability of 2
projections post procedure (133/968, 13.7%) and lack of auto-calibration data (29/968,
3.0%). One vessel was treated without any stent (1/968, 0.1%). Baseline clinical
characteristics in patients with or without at least one post-PCl QFR measurement are
shown in Online table 1.
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Figure 2. Distribution of post-PCl QFR values.
PCI = percutaneous coronary intervention, QFR = quantitative flow ratio.

Distribution and predictor of post-PCI QFR value

The mean value of post-PCl QFR was 0.91 + 0.07. The distribution is shown in Figure 2.
Baseline clinical and pre/post procedural characteristics are shown in Table 1 and 2. Left
anterior descending (LAD) was the most frequently analyzed vessel (45.7%). Chronic total
occlusion was treated in 10.5% of vessels. Pre-procedural QFR value was available in 68.6%
of vessels. 103 vessels with TIMI flow <3 were excluded from denominator, resulting in
analyzability of 79.2% (528/668). The mean value of pre-procedural QFR was 0.67 + 0.18.
76.7% of vessels were assessed by iFR or FFR. IVUS for stent optimization was undertaken in
79.8% of patients (615/771).
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Utilizing a generalized linear mixed-effect regression model, previous myocardial

infarction, LAD stenosis, serial lesion, lower pre-procedural QFR value and lower MSA

derived from IVUS were shown to be a significant predictors of lower post-PCI QFR value

(Table 3).
Table 1. Baseline characteristics among the patients having at least one vessel with low post-PCI QFR (<0.91)
or not (20.91)
Total QFR<0.91 QFR20.91 p value
n=393 n=227 n=166
Age (years) 66.6 £ 9.8 (393) 66.7 £9.9 (227) 66.5 + 9.6 (166) 0.872
Male 92.6 (364/393) 91.6 (208/227) 94.0 (156/166) 0.380
Body mass index (kg/m2) 29.0+4.7 (393) 29.1+4.6(227) 28.9+4.9 (166) 0.811
Diabetes mellitus type | or Il 29.7 (116/391) 29.1(66/227) 30.5 (50/164) 0.763
Insulin treated 8.7 (34/391) 9.3 (21/227) 7.9 (13/164) 0.647
Oral medication 18.7 (73/391) 17.6 (40/227) 20.1(33/164)  0.531
Diet only 2.0 (8/391) 2.2 (5/227) 1.8 (3/164) 0.549
Current smoker 14.7 (56/381) 16.4 (36/220) 12.4 (20/161) 0.283
Previous myocardial infarction 12.3 (48/391) 12.9(29/225) 11.4 (19/166) 0.667
Previous stroke 5.3 (21/393) 6.2 (14/227) 4.2 (7/166) 0.396
Hypertension 75.4 (295/391) 74.8 (169/226) 76.4 (126/165) 0.719
Hyperlipidemia 77.1(297/385)  76.3(171/224)  78.3(126/161)  0.658
Creatinine clearance (ml/min) 81.8+27.2(393) 82.0+27.2(227) 81.4+27.2(166) 0.815
Ejection fraction (%) 58.3 +8.1(393) 58.9+7.0(227) 57.5+9.3(166) 0.118
Peripheral vascular disease 7.6 (30/393) 8.4 (19/227) 6.6 (11/166) 0.520
Chronic obstructive pulmonary disease 11.5 (45/393) 11.0(25/227) 12.0 (20/166) 0.750
Clinical presentation
Silent ischemia 5.6 (22/392) 5.3 (12/227) 6.1 (10/165) 0.742
Stable angina 69.4 (272/392) 66.5 (151/227) 73.3(121/165) 0.148
Unstable angina 25.0(98/392) 28.2 (64/227) 20.6 (34/165) 0.087
SYNTAX score 20.6+6.4(393) 21.2+6.7(227) 19.8+5.7(166)  0.031
Residual SYNTAX score 3.7+4.2(393) 3.4+4.2(227) 4.0+4.1(166) 0.157

Data are mean = SD or % (n/N).

PCl = percutaneous coronary intervention, QFR = quantitative flow ratio.

Optimal cutoff value of post-PCI QFR for predicting 2-year VOCE
At 2 years follow-up, 5 patients with 8 treated vessels were lost to follow-up, resulting in
complete 2-year follow-up in 99.0% (763/771) at a vessel level. A total of 52 VOCE (6.7%)

were recorded at 2 years. The distribution of VOCE stratified by post-PCl QFR value is shown
in Figure 3. The incidence of VOCE in non-analyzable vessels was similar to analyzable
vessels (11/197, 5.6%, Log rank p=0.529, in Online figure 3). When 2-year VOCE was used as
a binary variable irrespective of the time to event, ROC curve demonstrated that the cut off
value of post-PCI QFR for predicting 2-year VOCE was 0.91, with a sensitivity of 65% and
specificity of 64% (AUC: 0.702, [95%Cl: 0.633-0.772], p<0.001, Figure 4). After stratification
into 2 groups according to this cutoff value, there were 284 (37%) vessels with a low post-
PCI QFR (<0.91) and 487 (63%) vessels with a high post-PCI QFR (=0.91).
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Figure 3. Rate of VOCE at 2-year follow-up in each 0.05 post-PCl QFR unit.

PCI = percutaneous coronary intervention, QFR = quantitative flow ratio, VOCE = vessel-oriented composite
endpoint — a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization.
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Figure 4. Receiver Operating Characteristic Curve of post-PCl QFR for 2-year VOCE

Post-PCI QFR <0.91 had a sensitivity of 65% and specificity of 78%.

PCl = percutaneous coronary intervention, QFR = quantitative flow ratio, VOCE = vessel-oriented composite
endpoint — a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization.
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Table 2. Pre and post procedural characteristics of study vessels stratified by the cutoff value of post-PCI

QFR at vessel level

Total QFR<0.91 QFR20.91 p value
n=771 n=284 n=487
Vessel
RCA 22.8 (176/771) 20.4 (58/284) 24.2 (118/487)  0.224
LAD 45.7 (352/771) 59.5(169/284) 37.6(183/487)  <0.001
LCX 31.5(243/771) 20.1(57/284) 38.2(186/487)  <0.001
Number of lesions treated per vessel 1.44+0.64 (771) 1.50+0.64(284) 1.40+0.63(487) 0.037
Serial lesion* 37.1(286/771) 43.3 (123/284) 33.5(163/487) 0.006
CTO 10.5 (81/771) 10.2 (29/284) 10.7 (52/487) 0.839
Bifurcation and trifurcation 33.3(257/771) 37.7 (107/284) 30.8 (150/487) 0.051
Severe tortuosity 3.6 (28/771) 4.2 (12/284) 3.3 (16/487) 0.501
Length >20 mm 41.9(323/771) 41.5(118/284) 42.1(205/487) 0.882
Heavy calcification 14.9 (115/771) 19.0 (54/284) 12.5(61/487)  0.015
Diffuse disease 8.6 (66/771) 10.6 (30/284) 7.4 (36/487) 0.129
Pre procedural physiological and 3D-QCA assessment
Pre procedural QFR 0.67£0.18(529) 0.64 £0.19(195) 0.69+0.17(334) 0.007
Pre procedural iFR 0.69+0.22 (578) 0.67 £0.22(215) 0.70+0.21(363) 0.131
Pre procedural FFR 0.74+0.09 (175) 0.74+0.08 (65) 0.74+0.09(110) 0.599
Total lesion length per vessel (mm) 24.0+16.4 (538) 25.5+18.6(197) 23.2+14.9(341) 0.141
Reference luminal diameter (mm) + 2.41+0.50(538) 2.39+0.47(197) 2.43+0.51(341) 0.411
Diameter stenosis (%) T 60.9+11.1(535) 60.7+11.0(196) 61.1+11.2(339) 0.701
Procedural information
Number of stents used per vessel 1.7+0.9(771) 1.7+0.9 (284) 1.7+0.9 (487) 0.782
Total stent length per vessel (mm) 42,6 £24.2(771) 42.1+24.8(284) 42.9+23.8(487) 0.665
IVUS usage 79.8 (615/771) 80.6 (229/284) 79.3 (386/487) 0.647
Post dilatation based on IVUS finding 31.1(240/771) 33.8 (96/284) 29.6 (144/487) 0.221
Minimum stent area (mm?2) 6.03+2.03(492) 5.82+1.92(172) 6.15+2.09(320) 0.086
Post-PCI QFR 0.91+0.07 (771) 0.84+0.06(284) 0.96+0.03 (487) <0.001
In-stent QFR 0.98 £0.03(771) 0.97 £0.03(284) 0.99 +0.01 (487) <0.001
In-stent diameter stenosis (%) T 13.1+10.0(771) 12.8+10.5(284) 13.2+9.7 (487) 0.523

Data are mean + SD (n) or % (n/N). CTO = chronic total occlusion, FFR = fractional flow reserve, iFR =
instantaneous wave-free ratio, IVUS = intravascular ultrasound, LAD = left anterior descending coronary artery,
LCX = left circumflex coronary artery, PCl = percutaneous coronary intervention, QCA = quantitative coronary
angiography, QFR = quantitative flow ratio, RCA = right coronary artery.

* More or 2 vessels per vessel

T Value derived from 3-dimensional angiography in QFR analysis

Regarding baseline characteristics at a patient level, patients in the low post-PCI QFR
group had a higher anatomical SYNTAX score compared to the high post-PClI QFR group
(Table 1). In terms of procedural characteristics, vessels in the low post-PCl QFR group were
more frequently located in LAD, and had lower pre-procedural and in-stent QFR values and
a higher prevalence of serial lesion and heavy calcification, compared to the high post-PCl
QFR group (Table 2).

The diagnostic performance of post-stent QFR to predict 2-year TVR was similar to 2-
year VOCE (AUC: 0.707, [95%Cl: 0.629-0.785], p<0.001). The diagnostic performances of in-
stent QFR and MSA to predict 2-year VOCE and TVR were poor and worse than post-PCl QFR
(Online table 2).

Clinical outcomes stratified by the best cutoff value of post-PCl QFR
The incidence of VOCE at 2 years was significantly higher in the low post-PCI QFR group
(<0.91) compared to the high post-PCl QFR group (20.91) (12.0% in low group versus 3.7% in
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high group; hazard ratio (HR), 3.37; 95% confidence interval (Cl), 1.91 to 5.96; p<0.001)
(Central lllustration, Table 4). This difference was driven by >x3 higher risk of 2-year TVR in
the low group (10.6% versus 3.7%; HR, 3.83; 95% Cl, 1.95 to 7.54; p<0.001), whereas the
incidences of vessel-related cardiac death and Ml did not significantly differ between
groups. In vessels treated with or without IVUS guidance, the incidence of 2-year VOCE and
TVR were higher in the low post-PCI QFR group compared to the high post-PCl QFR. The
impact of low post-PCl QFR on 2-year VOCE was greater in vessels treated without IVUS
guidance compared to vessels treated with IVUS guidance (p for interaction=0.063) (Central
lllustration, Online table 3).

Two multivariate models demonstrated that the post-PCl QFR <0.91 remained as an
independent predictor of 2-year VOCE (HR, 3.38; 95% Cl, 1.85 to 6.20; p<0.001 in model 1,
HR, 2.45; 95% Cl, 1.07 to 5.64; p=0.035 in model 2) (Table 5). The result of univariate
analysis is shown in Online table 4. These findings were confirmed in the patient level
analysis (Central lllustration, Online appendix, Online tables 5 and 6).

Table 3. Predictive value of clinical and angiographic characteristics on the post-PCl QFR value
Model 1: pre-procedural variables

Standardized B-
Variable coefficient 95% Cl p value
Previous myocardial infarction -0.037 -0.055t0-0.020 <0.001
Left anterior descending stenosis -0.026 -0.040t0-0.012 <0.001
Serial lesion * -0.018 -0.031to-0.006  0.004
Pre-procedural QFR (each 0.10 increase) 0.005 0.0005t0 0.009  0.030
Male sex 0.022 -0.004 to 0.048 0.094
Baseline diameter stenosis (each 10% increase) 0.005 -0.002 to 0.012 0.157
Bifurcation or trifurcation lesion 0.007 -0.006 to 0.020 0.278
Heavy calcification -0.007 -0.024 to 0.009 0.381
Any diabetes mellitus -0.005 -0.018 to 0.008 0.447

Model 2: post-procedural variables
Standardized B-

Variable coefficient 95% Cl p value
Minimal stent area (each 1.0 mm?increase) t 0.004 0.001 to 0.007 0.009
Number of stents per vessel 0.004 -0.004 to 0.011 0.364
In-stent diameter stenosis (each 10% increase) t <0.001 -0.006 to 0.007 0.929

Cl = confidence interval, PCl = percutaneous coronary intervention, QFR = quantitative flow ratio.
* More or 2 lesions per vessel

T Value derived from 3-dimensional angiography in QFR analysis

¥ Value derived from intravascular ultrasound

Table 4. Two-year clinical outcomes in vessels with low (<0.91) or high post-PCl QFR value (20.91).

QFR<0.91 QFR20.91
(n=284) (n=487) HR (95%Cl) p value
Unadjusted
VOCE* 34 (12.0%) 18 (3.7%) 3.37(1.91-5.96) <0.001
Cardiac death 4 (1.4%) 4(0.8%) 1.72 (0.85-3.47) 0.133
MI 4 (1.4%) 4(0.8%) 1.72 (0.32-9.36) 0.528
TVR 30 (10.6%) 14 (2.9) 3.83 (1.95-7.54) <0.001

Cl = confidence interval, HR = hazard ratio, MI = myocardial infarction, PCl = percutaneous coronary
intervention, QFR = quantitative flow ratio, TVR = target vessel revascularization, VOCE = vessel-oriented
composite endpoint.

*VOCE: a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization
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A Vessel Level Analysis
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Central lllustration. Relationship between a low post-PCl QFR (<0.91) and 2-year composite clinical endpoints

at the vessel and patient level.

Kaplan—Meier curves show the cumulative incidence of vessel-oriented composite endpoint (VOCE) -a composite
of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel revascularization (TVR) -
over 730 days of follow-up among the vessels with low (<0.91) or high post-PCI QFR value (20.91) (Panel A). The
impact of the low post-PCl QFR (<0.91) on 2-year VOCE among vessels with or without IVUS guidance is shown
in Panel B (P for interaction 0.063). Kaplan—Meier curves show the cumulative incidence of target vessel failure
(TVF) - a composite of cardiac death, target vessel myocardial infarction, and TVR - over 730 days of follow-up
among the patients having at least one vessel with low post-PCl QFR (<0.91) or not (>0.91) (Panel C).

Cl = confidence interval, HR = hazard ratio, IVUS = intravascular ultrasound, PCl = percutaneous coronary
intervention, QFR = quantitative flow ratio, TVF = target vessel failure, TVR = target vessel revascularization,

VOCE = vessel-oriented composite endpoint.
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Table 5. Multivariate independent predictors of two-year VOCE* in the vessel level analysis.
Model 1

Variables HR 95%Cl p value
Post-PCI QFR<0.91 3.38 1.85-6.20 <0.001
Creatinine clearance (ml/min) 0.98 0.97-0.99 0.005
LAD stenosis 1.12 0.71-1.77 0.626
SYNTAX score 1.05 0.99-1.10 0.102
Model 2

Variables HR 95%Cl p value
Post-PCI QFR<0.91 2.45 1.07-5.64 0.035
Minimum stent area (mm?2) ** 0.92 0.73-1.15 0.453
Total stent length 1.00 0.98-1.01 0.621
In-stent diameter stenosis T 1.01 0.97-1.05 0.623
Residual SYNTAX score 1.00 0.88-1.15 0.948

Cl = confidence interval, HR = hazard ratio, LAD = left anterior descending coronary artery, PCl = percutaneous
coronary intervention, QFR = quantitative flow ratio, VOCE = vessel oriented composite endpoint.

* VOCE: a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization

** Value derived from intravascular ultrasound

T Value derived from 3-dimensional angiography in QFR analysis

Discussion

The main findings of this post hoc substudy of the SYNTAX Il study are the followings:

1. Post-PCl QFR was analyzable in 79.6% of treated vessels without specific acquisition
guideline in patients with de novo 3VD.

2. Previous myocardial infarction, serial lesions, LAD stenosis, lower pre-procedural
QFR value and lower MSA derived from IVUS were associated with a lower post-PCl
QFR value in patients with de novo 3VD.

3. The diagnostic performance of post-PCI QFR to predict 2-year VOCE was moderate
with AUC of 0.702, and the low post-PCI QFR (<0.91) was associated with 2-year
VOCE following adjustment for clinical, angiographic and procedural characteristics
in patients with de novo 3VD.

Feasibility of post-PClI QFR in patients with three vessel disease

A recent nationwide Italian cross-sectional study reported a low adoption rate of post-PCl
wire based physiological assessment (9%), even in patients who underwent wire based
physiological assessment before PCI.(24)

In the present post hoc substudy, the analyzability of post-PCI QFR was acceptable.
Notably, the majority of reasons for non-analyzability of post-PCl QFR can be avoided by
using specific acquisition guideline. Although post-PCI QFR computation was performed
offline in a blinded fashion to clinical outcomes, it is apparent that online computation of
QFR is more pragmatic for daily practice. In the FAVOR Il China trial utilizing invasive FFR as
a reference measure, offline computation of pre-procedural QFR demonstrated a high
diagnostic accuracy for hemodynamically significant coronary stenosis (93.3% in offline
versus 92.7% in online). (8). These findings require confirmation in a prospective trial.
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Clinical implication of post-PCl physiological assessment for predicting future
clinical events

Multiple large observational studies and post hoc analyses of randomized controlled trials
have established that the post-PCI FFR value to be an independent predictor of long-term
clinical outcomes. Previous trials have consistently demonstrated that “higher is better” for
post PCI FFR, although the optimal cut-off value of post-PCl FFR varied from 0.86 to 0.96 for
the prediction of clinical events, utilizing differing definitions of the primary endpoint
(19,25,26). Despite growing evidence, post-PCI FFR measurement has not yet become part
of established clinical practice based on the lack of international guideline
recommendations.(24)

To date little is known about the relationship between post-PClI QFR value and
clinical outcomes. In the present study, a higher post-PCl QFR value in patients with de novo
3VD was associated with improved vessel-related clinical outcomes. This result is in line with
previous trials of post-PCl FFR., The present study is unique for the following reasons:

Firstly, this study included relatively high-risk population, namely de novo 3VD
(mean anatomical SYNTAX score 20.6). Post-PClI QFR computation for anatomically complex
lesions is clinically relevant but challenging. Despite state-of-the-art PCI for de novo 3VD,
the post-PCl QFR was the strongest independent predictor of VOCE at 2 years. Therefore,
the operators should aim for a post-PCI QFR value 20.91 in all treated vessels for de novo
3VD.

Secondly, the usage of IVUS for stent optimization was relatively high in the present
study (79.8% of vessels). The relatively low incidence of residual ischemia after PCI
identified as post-PCI QFR <0.80 (7.4%) may be explained by the high usage of IVUS for stent
optimization in the present study. According to the results of stratified analysis by vessels
treated with or without IVUS guidance, post-PCl QFR may have a higher predictive value for
2-year VOCE in vessels treated without IVUS guidance compared to vessels treated with
IVUS guidance. Notably in the IVUS substudy of the SYNTAX Il trial, one third of the lesions
had a suboptimal minimal stent area (<5.2 mm?).(17) This finding suggests that post-PCl
physiological assessment, with FFR, iFR or QFR, may be feasible to guide further stent
optimization, even after IVUS guidance stent optimization.

Thirdly, target lesions were exclusively treated with current generation thin-strut
SYNERGY DES. This makes the impact of post-PClI QFR on clinical outcomes more likely.

In terms of a low adoption rate of post-PCl FFR in real world practice (24), the most
likely causes are the need for pressure-wire and hyperemic agents, and prolonged
procedural time. As compared to FFR, post-PClI QFR is a more user-friendly tool for
interventional cardiologist due to the unnecessity of both pressure-wire and hyperemic
agents, particularly for patients undergoing multivessel PCI. In addition, a previous trial has
demonstrated online QFR computation to have significantly shorter measurement times
compared to FFR.(10) Consequently, post-PCl QFR measurements may easily become part of
established clinical practice than FFR. The relationship between post-PCl QFR and clinical
outcomes, and its cost effectiveness, requires prospective validation in future trials with
online computation according to specific acquisition guidelines.

Study limitations

This retrospective and non-pre-specified sub-analysis of the SYNTAX Il study has several
limitations.
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Firstly, the angiography was not prospectively acquired according to a specific
acquisition protocol to fulfill all the technical requirements of QFR analysis. Therefore, QFR
was not analyzable in a significant proportion of vessels (20% in post-PCl and 30% in pre-
PCl) in this highly selected SYNTAX Il population, which may suggest that the post-hoc
analyzability of QFR could possibly be worse in real world practice.

Secondly, the study was not able to evaluate the impact of further intervention in
response to a suboptimal post-PCl QFR value on clinical outcomes. Functional optimization
using virtual pullback curves of post-PCl QFR should be investigated in future trial.

Thirdly, the correlation between QFR and iFR or FFR after the procedure was not
possible, since post-procedural iFR or FFR measurement was recommended but not
mandatory in the protocol.

Last, we considered the QFR value of the entire vessel until its diameter became <2.0
mm similar to previously published pre-procedural QFR analysis in the SYNTAX Il trial (12).
However, there is no consistent definition of the most distal analysis point of QFR for
predicting future clinical events.

Conclusion

A higher post-PCl QFR value is associated with improved vessel-related clinical outcomes in
patients with de novo three vessel disease treated with state-of-the-art PCI. The operators

should aim for post-PCI QFR value 20.91 in all treated vessels to improve clinical outcomes,
when treating de novo 3VD. These findings require confirmation in future prospective trials
with online computation according to the specific acquisition guidelines.
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Supplementary Material

Hybrid wire-based physiological assessment of the SYNTAX Il trial

Lesions were firstly interrogated with iFR. If a lesion had an iFR value <0.86, the lesion was treated with PCI. If
a lesion had an iFR >0.93, PCl for the lesion was deferred. When iFR of a lesion was between 0.86 and 0.93, the
lesion was re-interrogated with FFR to confirm the significance of ischemia. In those lesions assessed with FFR,
the lesions with FFR <0.80 were treated with PCl and the lesions with FFR >0.80 were not treated with PCI.
(Online figure 1). In case of sequential lesions, the protocol of the SYNTAX Il strongly recommended following
physiological assessment strategy (Online figure 2) (1):

. 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.

Detailed statistical methodology of the generalized linear mixed-effects regression model

investigating the predictors of the post PCI QFR

Firstly, 6 variables were selected according to the previous publication regarding post-procedural FFR as
follows: male sex, diabetes mellitus, LAD lesion, baseline diameter stenosis, pre-procedural QFR (instead of
FFR), and number of stents per vessel. (2) Secondly, we added prior myocardial infarction, since
angiographically severe stenoses in prior-Ml-related coronary arteries are not necessary to induce myocardial
ischemia due to reduction in the amount of viable myocardium.(3) Thirdly, we added variables derived from
angiography before procedure such as bifurcation or trifurcation, heavy calcification, and serial lesion. Finally,
we added in-stent diameter stenosis derived from 3-dimentional angiography and minimum stent area derived
from IVUS. A total of 12 variables were stratified according to pre-procedural or post-procedural variables.
Thereafter, the 9 pre-procedural variables were incorporated in the first generalized linear mixed model
(GLMM), and the remaining 3 post-procedural variables were incorporated in the second GLMM.

Detailed statistical methodology of the multivariate Cox regression analysis with robust
sandwich variance estimator

A total of 19 variables were selected according to the previous publications which investigated independent
predictors including post PCI FFR of clinical events as follows: post PCI QFR <0.91, age, female sex, diabetes
mellitus, previous MI, hypertension, hyperlipidemia, Creatine Clearance, left ventricular ejection fraction,
unstable angina, SYNTAX score, residual SYNTAX score, LAD stenosis, serial lesion, diffuse disease, baseline
diameter stenosis, total stent length, minimum stent area derived from IVUS, and in-stent diameter
stenosis.(2,4-6) All selected variables were modeled first univariately and multivariately using variables with
univariate P value <0.20. Consequently, the final model included post PCI QFR <0.91, Creatine clearance, LAD
stenosis, and SYNTAX score. Furthermore, additional model including following procedure related variables
was established: post PCI QFR <0.91, Minimum stent area, total stent length, in-stent diameter stenosis, and
residual SYNTAX score.

Methods and results of the patient level analysis

The patient level analysis was performed to confirm the results of the vessel level analysis. A total of 393
patients who had at least one vessel with post PCI QFR measurement were included in the patient level
analysis. Patients were stratified by either having at least one vessel with post PCI QFR <0.91 or not. Primary
endpoint was target vessel failure (TVF) at 2 years defined as a composite of cardiac death, target vessel
myocardial infarction, and target vessel revascularization. Vessel-oriented composite endpoint (VOCE: a
composite of a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target
vessel revascularization) which was used in the vessel level analysis, was derived from TVF with re-adjudication
of certain cardiac death and target vessel myocardial infarction by 2 interventional cardiologists (N.K. and
Y.K.). Therefore, TVF is reasonable endpoint for this sensitivity patient-level analysis. Individual components of
TVF were analyzed as secondary endpoints. Survival curves were constructed using Kaplan-Meier estimates
and the log-rank test was used to compare between-group differences. A hazard ratio (HR) was reported with
95% confidence intervals (Cl) based on the Cox regression model. Multivariate Cox regression analysis was
used to adjust for baseline imbalances between groups. Chronic obstructive pulmonary disease (COPD),
peripheral vascular disease (PVD), and SYNTAX score were selected as independent variable for multivariate
Cox regression analysis, since these three variables were independent predictors of a composite of all-cause
death, any stroke, any myocardial infraction, and any revascularization in the SYNTAX Il trial.(7)
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Baseline characteristics are shown in Table 1. The SYNTAX score was slightly but significantly higher in
patients with the low QFR (<0.91) when compared to ones with the high QFR (20.91) (21.2 vs. 19.8, p=0.031).
The incidence of TVF at 2 years was significantly higher in the low post PCI QFR group (<0.91) when compared
with the high post PCI QFR group (20.91) (15.0% in low group versus 3.6% in high group; hazard ratio (HR),
4.38; 95% confidence interval (Cl), 1.84 to 10.42; p<0.001) (Central Illustration (C) and Online table 5). This
difference was driven by more than 4 times higher risk of 2-year TVR in the low group (13.2% versus 3.0%; HR,
4.64; 95% Cl, 1.80 to 11.95; p<0.001), whereas the incidences of cardiac death and Ml did not differ between
groups. After adjustment for COPD, PVD, and SYNTAX score, the post PCl QFR <0.91 still remained as an
independent predictor of 2-year TVF (HR, 4.64; 95% Cl, 1.80 to 11.95; p<0.001) (Online table 6).

Online Table 1. Baseline clinical characteristics in patients with at least one post PCI QFR measurement and
those without any post PCI QFR measurement

Patients with at Patients
least one post PCI without any
QFR post PCI QFR
measurement measurement
(n=393) (n=61) p value
Age (years) 66.6 £ 9.8 (393) 67.1+8.9(61) 0.722
Male 92.6 (364/393) 96.7 (59/61) 0.184
Body mass index (kg/m2) 29.0 £ 4.7 (393) 28.5+4.2 (56) 0.452
Diabetes mellitus type | or Il 29.7 (116/391) 34.5(19/55) 0.461
Insulin treated 8.7 (34/391) 7.3 (4/55) 0.484
Oral medication 18.7 (73/391) 25.5(14/55) 0.234
Diet only 2.0 (8/391) 1.8 (1/55) 0.693
Current smoker 14.7 (56/381) 14.8 (8/54) 0.982
Previous myocardial infarction 12.3 (48/391) 14.3 (8/56) 0.671
Previous stroke 5.3(21/393) 7.1 (4/56) 0.381
Hypertension 75.4 (295/391) 87.5 (49/56) 0.045
Hyperlipidemia 77.1(297/385) 78.6 (44/56) 0.811
Creatinine clearance (ml/min) 81.8+27.2(393) 83.7+25.8(61) 0.600
Ejection fraction (%) 58.3£8.1(393) 57.0+£9.5(61) 0.269
Peripheral vascular disease 7.6 (30/393) 8.2 (5/61) 0.520
Chronic obstructive pulmonary disease 11.5(45/393) 6.6 (4/61) 0.252
Clinical presentation
Silent ischemia 5.6 (22/392) 3.6 (2/56) 0.402
Stable angina 69.4 (272/392) 66.1 (37/56) 0.616
Unstable angina 25.0(98/392) 30.4 (17/56) 0.391
Anatomic SYNTAX score 20.6 + 6.4 (393) 18.6 £ 5.8 (61) 0.026
SYNTAX Score Il PCI 30.3+8.6(393) 29.7+8.6 (61) 0.618
Predicted 4-year mortality with PCI (%) 9.0+9.0(393) 8.5+7.2(61) 0.671
SYNTAX score || CABG 29.1+10.4 (393) 29.2+10.3 (61) 0.951
Predicted 4-year mortality with CABG (%) 9.0+9.3(393) 9.0+8.8(61) 0.992

Data are mean + SD or % (n/N). CABG = coronary artery bypass grafting, PCl = percutaneous coronary
intervention, QFR = quantitative flow ratio.
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Online Table 2. Comparison of the predictive value for 2-year VOCE* and TVR among Post PCI QFR, In-stent
QFR, and minimal stent area derived from IVUS (MSA)

Predictive value for 2-year VOCE

vs. In-stent
AUC 95%Cl p value vs. Post PCI QFR QFR vs. MSA
Post PCI QFR 0.702 0.633-0.772 <0.001 NA <0.001 0.139
In-stent QFR 0.543 0.460-0.627 0.295 <0.001 NA 0.564
MSA** 0.569 0.470-0.669 0.217 0.139 0.564 NA
Predictive value for 2-year TVR
vs. In-stent
AUC 95%Cl p value vs. Post PCI QFR QFR vs. MSA
Post PCI QFR 0.707 0.629-0.785 <0.001 NA <0.001 0.263
In-stent QFR 0.522 0.430-0.615 0.622 <0.001 NA 0.960
MSA** 0.570 0.463-0.676 0.270 0.263 0.960 NA

Cl = confidence interval, HR = hazard ratio, MSA = minimum stent area, PCI = percutaneous coronary
intervention, QFR = quantitative flow ratio, TVR = target vessel revascularization, VOCE = vessel-oriented
composite endpoint.

* VOCE: a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization

** Value derived from intravascular ultrasound

Online Table 3. The impact of the low post-PCI QFR (<0.91) on 2-year VOCE* and individual components
among vessels with or without IVUS guidance.

With IVUS guidance (n=615) Without IVUS guidance (n=156)
QFR<0.9  QFR20.9 HR p QFR<0.9  QFR20.9 p p for
1 1 (95%C1)  value 1 1 HR(95%C) e '"ter:“m
2 years
23/229  16/386 248 11/55 2/101 11.29
*
VocE (10.0) @1 30478 0% (20.0) (20) (2834503 <0001 0063
Cardiac 4/229 3/386 224 0/55 1/101
death (1.7) (08 (084600 109 (0.0) (1.0) NA NA NA
3/229 4/386 1.26 1/55 0/101
TV-MI 797 NA NA NA
(1.3) (1o) (021754 °7° (1.8) (0.0)
22.45
19/229  13/386 253 11/55 1/101
TVR 0.016 3.45- 0.001 0.036
8.3) (3.4)  (119-5.39) (20.0) (1.0) 1(46 o)

Cl = confidence interval, HR = hazard ratio, PCI = percutaneous coronary intervention, QFR = quantitative flow
ratio, TV-MI = target vessel myocardial infarction, TVR = target vessel revascularization, VOCE = vessel-oriented
composite endpoint.

*VOCE: a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization
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Online Table 4. Univariate independent predictors of two-year VOCE* in the vessel level analysis.

Univariable predictors at 2 years

Variables HR 95%CI p value
Post PCI QFR<0.91 3.37 1.91-5.96 <0.001
Creatinine clearance (ml/min) 0.98 0.97-0.99 0.002
LAD stenosis 1.42 0.94-2.16 0.099
SYNTAX score 1.03 0.99-1.08 0.159
Baseline diameter stenosis ** 1.02 0.99-1.04 0.204
Hyperlipidemia 0.68 0.37-1.24 0.206
Diabetes mellitus 0.67 0.36-1.25 0.206
Hypertension 1.44 0.75-2.77 0.277
Minimum stent area (mm?2) * 0.90 0.72-1.13 0.367
Female sex 1.47 0.59-3.65 0.409
In-stent diameter stenosis ** 1.01 0.98-1.05 0.412
Diffuse disease 0.65 0.20-2.13 0.481
Total stent length 1.00 0.99-1.02 0.503
Residual SYNTAX score 1.02 0.94-1.11 0.610
Ejection fraction (%) 1.01 0.98-1.04 0.677
Serial lesion 0.89 0.49-1.60 0.690
Unstable angina 1.15 0.55-2.44 0.709
Previous myocardial infarction 0.85 0.33-2.19 0.729
Age 1.00 0.98-1.02 0.873

Cl = confidence interval, HR = hazard ratio, LAD = left anterior descending coronary artery, PCl = percutaneous
coronary intervention, QFR = quantitative flow ratio, VOCE = vessel oriented composite endpoint.

* VOCE: a composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization

** Value derived from 3-dimensional angiography in QFR analysis

T Value derived from intravascular ultrasound

¥ More or 2 lesions per vessel

Online Table 5. Two-year clinical outcomes among the patients having at least one vessel with low post PCI
QFR (<0.91) or not (20.91).

QFR<0.91 QFR20.91
(n=227) (n=166) HR (95%Cl) p value
Unadjusted
TVF* 34 (15.0%) 6 (3.6%) 4.38 (1.84-10.42) <0.001
Cardiac death 4 (1.8%) 1(0.6%) 2.92 (0.33-26.13) 0.315
TV-MI 6(2.6%) 1(0.6%) 4.43 (0.53-36.78) 0.132
TVR 30 (13.2%) 5(3.0) 4.64 (1.80-11.95) <0.001

*TVF: a composite of cardiac death, target vessel myocardial infarction, and target vessel revascularization

Cl = confidence interval, HR = hazard ratio, PCI = percutaneous coronary intervention, QFR = quantitative flow
ratio, TVF = target vessel failure, TVR = target vessel revascularization, TV-MI = target vessel myocardial
infarction.
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Online Table 6. Univariate and multivariate independent predictors of two-year TVF in the patient level

analysis.
Univariable predictors at 2 years Multivariable predictors at 2 years
Variables HR 95%Cl p value HR 95%ClI p value
Post PCI QFR<0.91 4.38 1.84-10.42 <0.001 4.59 1.92-10.98 <0.001
COPD 3.23 1.61-6.47 <0.001 3.45 1.72-6.95 <0.001
z&gz::ra' vascular 0.65 0.16-2.67 0.546 0.58 014241 0452
SYNTAX score 1.02 0.97-1.07 0.526 1.00 0.96-1.05 0.996

*TVF: a composite of cardiac death, target vessel myocardial infarction, and target vessel revascularization
Cl = confidence interval, COPD = Chronic obstructive pulmonary disease, HR = hazard ratio, PCl = percutaneous

coronary intervention, QFR = quantitative flow ratio, TVF = target vessel failure.
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Online Figure 1. Algorithm for ischemia-driven revascularization in SYNTAX II.

Reprinted with permission from Escaned J. et al. Rationale and design of the SYNTAX Il trial evaluating the
short to long-term outcomes of state-of-the-art percutaneous coronary revascularisation in patients with de
novo three-vessel disease. Eurolntervention 2016;12:e224-34.

FFR = fractional flow reserve, iFR = instantaneous wave free ratio, IVUS = intravascular ultrasound.

Patient “signed off” hy

Heart Team for PCI

| iFR in all intended to treat vessels |

iFR 0.86-0.93

FFR <0.80

IFR <0.86*

FFR >0.80

Implantation of No stent implantation
SYNERGY™ stent(s) in lesion
¥
Optimisation bg.IVUS
guidance (modified

MUSIC criteria

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

Online Figure 2. Flow chart depicting the physiological assessment and treatment in cases with sequential
stenosis.

Reprinted with permission from Escaned J. et al. Rationale and design of the SYNTAX Il trial evaluating the
short to long-term outcomes of state-of-the-art percutaneous coronary revascularisation in patients with de
novo three-vessel disease. Eurolntervention 2016;12:e224-34.

FFR = fractional flow reserve, iFR = instantaneous wave free ratio, IVUS = intravascular ultrasound.

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 0.86-0.93

Implantation of further No further stent
SYNERGY™ stent(s) implantation
— Optimisation by IVUS FFR raemic pullback to guide sequential
> gptfidance (mgyd,ified Iesiomahnem_ cgn be altemgauﬁveléz)?rfonned
MUSIC criteria) at the discretion of the operator
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Online Figure 3. Kaplan—Meier estimates for vessel-oriented composite endpoint over 730 days of follow-up
among the vessels stratified by analyzability for post PCI QFR.

Kaplan—Meier curves show the cumulative incidence of vessel-oriented composite endpoint (VOCE) -a
composite of vessel-related cardiac death, vessel-related myocardial infarction, and target vessel
revascularization.

PCI = percutaneous coronary intervention, QFR = quantitative flow ratio, VOCE = vessel-oriented composite
endpoint.

Online figure 3
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Chapter 8

Abstract

Physiological assessment of coronary artery disease (CAD) has become one of the
cornerstones of decision-making for myocardial revascularization, with a large body of
evidence supporting the benefits of using fractional flow reserve and other pressure-based
indices for functional assessment of coronary stenoses. Furthermore, physiology allows the
identification of specific vascular dysfunction mechanisms in patients without obstructive
CAD. Currently more than 10 modalities of functional coronary assessment are available,
although the overall adoption of these physiological tools, either of intracoronary or image-
based nature, is still low. In this article we review these modalities of functional coronary
assessment according to their timing of use: outside the catheterization laboratory (Cath
Lab); in the Cath Lab prior to the percutaneous coronary intervention (PCl) and in the Cath
Lab during or after PCI. We discuss how the obtained information can be used in setting the
indication for PCI, in planning and guiding the procedure, and in documenting the final
functional result of the intervention. The advantages and limitations of each modality in
each setting are discussed. Furthermore, the key value of intracoronary physiology in
diagnosing mechanisms of microcirculatory dysfunction, which account for the presence of
ischemia in many patients without obstructive CAD, will be revisited. Based on the
opportunities generated by the multiplicity of diagnostic tools described, we propose an
algorithmic approach to physiological coronary investigations in clinical practice, with the
key aims of 1) avoiding unneeded revascularization procedures, 2) improving procedural PCl
and long-term outcomes in patients with obstructive CAD and 3) diagnosing vascular
dysfunction mechanisms that can be effectively treated in patients with non-obstructive
CAD. We believe that such structured approach may also contribute to a wider adoption of
available technologies for functional assessment of patients with CAD.
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Introduction

Physiological assessment of coronary artery disease(CAD) has become one of the
cornerstones of decision-making for myocardial revascularization. To date we have more
than 10 modalities for coronary physiological assessment(Central illustration), although the
adoption of physiological assessment is still restricted and limited for multiple reasons. This
review classifies these modalities according to their timing of use: outside the
catheterization laboratory(Cath Lab) prior to the treatment decision; in the Cath Lab prior to
percutaneous coronary intervention(PCl) and in the Cath Lab during or after PCl. We have
elaborated on the advantages and limitations of each modality. Of note, the majority of
these modalities used in daily practice only focus on the epicardial artery disease, however,
a substantial number of patients suffer from combined epicardial and microvascular
disease. Therefore, it is essential to always take into consideration the presence/absence of
microvascular dysfunction and perform appropriate tests to identify that dominant
endotype of coronary microvascular dysfunction(CMD).

Clinical Scenario 1: Pre-procedural physiological assessment
of coronary stenoses outside the Cath Lab

Interventional cardiologists are becoming familiar with physiological assessment in the Cath
Lab such as fractional flow reserve(FFR) and instantaneous wave free ratio(iFR). Other non-
invasive functional tests are recommended by current guidelines in patients with suspected
CAD(1). In the MR-INFORM trial, the cardiac magnetic resonance(CMR)-guided PCl strategy
demonstrated a non-inferiority to the FFR-guided PCl strategy in terms of a composite
clinical outcome among patients with typical angina and cardiovascular risk factors(2).
However, several reports have shown that non-invasive functional tests can be falsely
negative or can underestimate the amount of ischemia, especially in patients with
multivessel disease(MVD)(3). In this regard, computed tomography(CT) derived FFR has
been introduced as a non-invasive physiological assessment to identify ischemia-generating
stenoses before procedure.

Development of coronary computed tomography angiography(CCTA)
In the SCOT-HEART trial, among patients with suspected CAD, the additional CCTA on top of
standard care did not improve symptom and quality of life at 6 months(4), but
demonstrated a lower incidence of a composite hard endpoint at 5 years compared with
standard care alone(5). The ongoing randomized DISCHARGE trial (NCT02400229) is
designed to investigate the comparative effectiveness of CCTA and invasive coronary
angiography(ICA) in 3546 patients with intermediate pretest probability of CAD(10-60%)(6).
In terms of recommendations from international guidelines, the CE-MARC2 trial
randomized patients with suspected angina to three arms: CMR-guided, single-photon
emission computed tomography(SPECT)-guided or National Institute for Health and Care
Excellence(NICE)2010 guidelines-based management. NICE2010 guidelines recommended
selecting the type of investigation according to CAD pretest likelihood(10-29%:CCTA, 30-
60%:SPECT, 61-90%:ICA). At 12 months, CMR-guided management resulted in a lower
probability of unnecessary angiography than NICE2010 guidelines-based management(7).
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Thereafter, NICE guidelines was updated in November 2016(8). The updated NICE guidelines
were notable for the use of CCTA as the first-line investigation in all patients with atypical or
typical angina symptoms or those who were asymptomatic with suggested
electrocardiogram(ECG) changes for ischemia. In current ESC guidelines for chronic coronary
syndrome(CCS), non-invasive functional imaging for myocardial ischemia or CCTA is also
recommended as the initial test for diagnosing CAD in symptomatic patients with Class
I(Level B) recommendation(1). The same guidelines proposed CCTA as preferentially
considered if the pretest likelihood of CAD is low and information on atherosclerosis
desired.

A

In the Catheterization Laboratory

Hyperemic
CT-Derived FFR Pressure
Ratio

i Hﬂ“hﬂ

<0.800.91-0.93 <0.89 <0.80

Nonhyperemic Wire

Derived Pressure Ratios Anglography-Derived FFR

Current cutoff criteria for revascularization

Central illustration. Currently available physiological assessment

Overview is shown in (A). Wire-based and imaging-derived physiological assessment with major trials are shown
in (B) and (C), respectively.

CT=computed tomography, DFR=diastolic hyperemia-free ratio, dPR=diastolic pressure ratio, FFR=fractional flow
reserve, iFR=instantaneous wave-free ratio, QFR=quantitative flow ratio, RFR=resting full-cycle ratio, vFFR=vessel
fractional flow reserve.
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CT derived FFR(Table 1)

High sensitivity of CCTA is accompanied by a moderate specificity and may result in an
increase of unnecessary ICA(9). In order to address the moderate specificity of CCTA, CT
derived FFR was introduced in the field. FFR derived from CCTA(FFRcr) was developed using
3-dimensional reconstruction of coronary arteries and computational fluid dynamics(10).
Three major prospective trials demonstrated feasibility and diagnostic performance of FFRct
using invasive FFR<0.80 as reference(Table 1)(11-13). The NXT trial, in which best practice
guidelines for the acquisition of CCTA and the updated Heart Flow FFRcr(v.1.3) software
were used, demonstrated the superiority of FFRcr over CCTA with higher area under the
curve (AUC) for FFR<0.80(13). The specificity of FFRcr for detecting invasive FFR<0.80 was
acceptable and higher than that of CCTA(79%vs.34%). In the PACIFIC study, FFRcr
demonstrated higher diagnostic performance for invasive FFR<0.80 than CCTA, SPECT and
positron emission tomography(PET) on a per vessel analysis, whereas PET had a favorable
performance in per-patient and intention-to-diagnose analysis compared with CCTA, FFRcr,
and SPECT(14).

The PLATFORM trial, which randomized patients with new onset chest pain to either
CCTA/FFRcr arm or usual testing arm, demonstrated that CCTA/FFRcr was a feasible and safe
alternative to ICA and was associated with a significantly lower rate of ICA showing no
obstructive CAD within 90 days(15). Furthermore, CTA/FFRcr guided care was associated
with equivalent clinical outcomes, QOL, and lower costs(33% reduction) compared with
usual care over 1-year follow-up(16). The ongoing FORECAST trial(NCT03187639), which will
randomize 1400 patients with new onset chest pain to either routine FFRcr strategy or
standard care according to updated NICE guidelines, is also investigating resource
utilization.

In terms of clinical outcome, the 1-year results of the ADVANCE registry, which
prospectively enrolled 5083 patients with suspected CAD, demonstrated that negative FFRcr
values(>0.80) was associated with favorable clinical outcomes compared with abnormal
FFRcr values(<0.80)(17). Median 4.7 years follow-up of the NXT trial also showed an
independent association of FFRcr with MACE(18). However, more outcome data is needed
especially from randomized controlled trials(RCT). The ongoing randomized PRECISE
trial(NCT03702244) will compare 1-year outcomes between usual care versus CCTA/FFRcr-
guided therapy in 2100 patients with suspected CAD.

Recently the potential of CCTA/FFRcr to help inform revascularization decision
making was investigated. In the SYNTAX Il trial, calculation of the non-invasive functional
SYNTAX score with CCTA/FFRcr was feasible and yielded similar results to those obtained
with invasive pressure-wire assessment in patients with three-vessel disease(3VD)(19).
Building on these findings, the hypothesis that combined non-invasive anatomy and
physiology derived from CCTA plus FFRct may allow heart teams to plan complex coronary
revascularization in patients with left main or 3VD was proven in the SYNTAX Ill trial(20).
FFRcr changed the treatment decision in 7% of the patients. These findings suggest that the
SYNTAX score Il has emerged as a potentially useful tool combining information from
physical comorbidities, coronary anatomy and physiology derived from a single scan for
decision making on the appropriate modality of revascularization(Figure 1).

The growing body of evidence suggests that the FFRcr will be potentially a game-
changer in the diagnosis of CCS patients. NICE(13 February 2017) issued guidance for the
use of FFRcr, which recommends FFRcr as the most cost effective option when CCTA shows
CAD with uncertain functional significance, or is non-diagnostic(21).
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However, several limitations and pitfalls of FFRcr should be noted before privileging
it as initial test. Suboptimal imaging quality of CCTA is one of the major limitations of FFRcr,
which can be attributed to irregular heart rate, significant obesity, or inability to cooperate
with breath-hold commands(1). The extra use of contrast media may also be one of
consequence. Despite optimizing image quality, severe and extensive coronary calcification
remains challenging for CCTA as well as FFRct; however, among patients with high Agatston
score, FFRcr provided high and superior diagnostic performance compared with CCTA alone
using invasive FFR <0.80 as a reference(22). The rejection rate of FFRcr ranged from 2.9% to
13% as determined in prospective trials and large clinical cohort(Table 1)(12,13,23). The
main reason for the inability to perform FFRcr was the presence of motion artifacts(23).
Thinner CT slice thickness and lower patient heart rate may increase the analyzability of
FFRcr. Furthermore, a history of prior myocardial infarction or the presence of a chronic
total occlusion may be a limitation of FFRcr. Indeed a study comparing FFRcr versus ICA
using invasive FFR as reference for staged evaluation of non-culprit lesions in STEMI patients
showed similar but moderate diagnostic accuracy of FFRcr compared to conventional
ICA(accuracy: 0.72 in both groups)(24). Of note, the use of FFRcr is not validated in vessels
previously revascularized. At the present time, the FFRcr analysis is only feasible in a central
core laboratory (HeartFlow, California, USA), limiting its real-time clinical use and
necessitating telemedicine.

Thereafter, three CT derived FFR software have been developed in order to address
longer computational time and inconvenience of off-site analysis. These modalities
demonstrated acceptable diagnostic accuracy for FFR<0.80 with shorter computational
time, although none of them are commercially available(Table 1)(25-27).

According to current guidelines, CCTA is the first-line test in patients with suspected
CAD especially with low clinical likelihood(1). Additional CT derived FFR will provide
anatomic and lesion specific physiological information as “one-stop shop”, which may
facilitate speed of diagnosis with a substantial impact on quality of life and cost-
effectiveness, despite a somewhat lower specificity (around 80%) when compared to
physiological assessment in the Cath Lab with pressure wire.

Table 1. Diagnostic performance of CT derived FFR using FFR <0.80 as reference.

i Patient/vessel Rejectionrate |\, |, itivi ifici PPV, NPV,
Trial or author name number of c % % % % %
CT derived FFR N
. 09
DISCOVER FLOW 103 patients A B 87 93 82 85 91
vessels
(11 159 vessel o 84 88 82 7 | 9
252 patients o8 73 90 54 67 84
FFRcr DeFACTO (12) 13%
407 vessels NA NA 80 61 NA NA
254 patients o9 a1 86 79 65 | 93
NXT (13) 11% -
484 vessels 3 86 84 86 61 95
116 patients NA NA NA NA NA NA
cFFR Coenen et al. (25) 5%
203 lesions NA 75 88 65 66 87
o 30 patients o8 NA 78 87 74 89
FER Ko et al. (26) 3% 07
58 vessels 7 84 79 74 60 88
cT- 134 patients NA 87 90 85 83 91
" Lietal. (27) 13%
Q 156 vessels NA 87 88 87 83 91

AUC = area under the curve, FFR = fractional flow reserve, NA = not available, NPV = negative predictive value,
PPV = positive predictive value.
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Male, 51 years old.

pulmonary disease: no, Peripheral vascular

disease: no.

Creatinine Clearance: 135 ml/min, Left ventricular ejection fraction: 50%, Left main disease: no, Chronic obstructive

RCA

Seg 1 ostial =3pts

Seg 1,2>20mm =5 pts

Seg 4,16 Bifur 0.1.1 = 6 pts.

Seg7=5pts

Segment 7= 5 pts Seg 11+3pts
RCA: 16 pts [ ] LAD: 10 pts [ ] LCX: 17.5 pts
MSCT SYNTAX score: 43.5
PCl: SYNTAX Score Il 26.1 (4-year mortality: 4.9%)
CABG: SYNTAX Score Il 12.7 (4-year mortality: 1.6%)
Tri rec dation by SYNATX score Il: CABG
RCA LAD Lex
Seg 1 ostial =3 D0 pts
Seg11=3pts
Seg 1,2>20mm =5 0 pts
Seg7=5pts Seg 12b,13 CTO = 13.5 pts
Seg2=2-> 0pts
Seg 4,16 Bifur 0.1.1=2 Seg7=5pts k Seg 14 =1pts
> 0pts
RCA: 0 pts [ ] LAD: 10 pts 1] LCX: 17.5 pts

Functional SYNTAX score: 27.5

Aati

PCl: SYNTAX Score 11l 21.5 (4-year mortality: 3.4%)
CABG: SYNTAX Score Il 13.3 (4-year mortality: 1.7%)
by SYNTAX score IlI: CABG or PCI

Figure 1. SYNTAX score Il calculation by CCTA and FFRcr
This figure shows representative case for the SYNTAX Score Ill calculation using CCTA and FFRcr. After
incorporation of FFRcr, the treatment recommendation was changed from CABG to equipoise risk between CABG

and PCI.

CABG=coronary artery bypass grafting, CCTA=coronary computed tomography angiography, CTO=chronic total
occlusion, LCX=left circumflect artery, LAD=left anterior descending artery, PCl=percutaneous coronary

intervention, RCA=right coronary artery.

Clinical
procedure in the Cath

Scenario 2:

Physiological
Lab

assessment before

The second opportunity to perform physiological assessment is in the Cath Lab prior to
revascularization when localized ischemia is not documented and stenosis severity between
50 to 90% diameter stenosis by visual estimation or MVD(1). Since less than half of all
patients with stable CAD have documented ischemia by non-invasive testing within 90 days
prior to elective PCI(28), a large number of patients are candidates to physiological
assessment in the Cath Lab. Furthermore, even when proof of myocardial ischemia is
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available, intracoronary interrogation may be required to identify which stenosis accounts
for ischemia.

Fractional flow reserve

FFR is the best-known index for physiological assessment in the Cath Lab. FFR is the
mean ratio of distal coronary pressure to aortic pressure at maximum hyperemia. Based on
the linear coronary pressure-flow relationship during maximal hyperemia with a few
assumptions incorporated into its theoretical framework, FFR expresses the percent
contribution of a coronary stenosis to myocardial flow impairment. The clinical significance
of FFR<0.75 was first validated against non-invasive functional test(29). The 2005 ESC
guidelines recommended, for the first time, considering the existence of a grey zone of FFR
values(between 0.75 and 0.80) in which the decision to perform revascularization should be
left to the operator(30). Since then, the cutoff threshold value of FFR<0.80 has been used in
most clinical studies.

Several studies and meta-analysis consistently demonstrated that FFR-guided PCI
improves functional class and outcomes(31), justifying the recommendation of performing
FFR to assess functional coronary relevance, whenever prior evidence of ischemia is not
available, laid out in the 2018 ESC guidelines(class I, evidence level A)(32). The first studies
on FFR focused on setting the indication for PCI, thus avoiding unneeded revascularization
of stenoses without functional relevance. DEFER study demonstrated the very long-term(15
years) safety and efficacy of deferral PCl in stenoses with FFR<0.75(Table 2)(33).

Table 2. Major randomized controlled trials using wire-based physiological assessment.

Follow-
Study name n up Population Comparison Primary endpoint Result p value
Defer 325 15years Patients with de novo  Deferral with FFR20.75vs Ml 2.2%vs 10.0% 0.033
stenosis (DS>50%) Performed PCl with
FFR>0.75
FAME 1005 5vyears Patients with FFR guided vs angiography Composite of death, MI, 28% vs 31% 0.31
multivessel disease guided PCI or revascularization
FAME Il 888 5Syears Patients with de novo  FFR guided PCl plus OMT vs Composite of death, MI, 13.9% vs 27.0% <0.001
stenosis with FFR<0.80 OMT alone or urgent
revascularization
DANAMI-3- 627 1lyear STEMI patients with one FFR guided complete Composite of death, non-13% vs 22% 0.004
PRIMULTI or more clinically revascularization vs no fatal Ml, or ischemia-
significant stenosis in further invasive treatment driven revascularization
the non-infract related  (culprit only)
vessel
COMPARE-Acute 885 1year STEMI patients with one FFR guided complete Composite of death, non-7.8% vs 20.5%  <0.001
or more clinically revascularization vs no fatal MI,
significant stenosis in further invasive treatment revascularization, and
the non-infract related (culprit only) cerebrovascular events
vessel
iFR- 2037 2years Patients with de novo  FFR guided vs iFR guided ~ Composite of death, non- 8.4% vs 8.7% 0.93
SWEDEHEART stenosis (DS 40-70%) PCI fatal M, or unplanned

revascularization
DEFINE-FLAIRE 2492 2years Patients with de novo  FFR guided vs iFR guided ~ Composite of death, non- 10.5% vs 11.8% 0.25
stenosis (DS 40-80%) PCI fatal M, or unplanned
revascularization

DS = diameter stenosis, FFR = fractional flow reserve, iFR = instantaneous wave-free ratio, Ml = myocardial
infarction, OMT = optimal medical therapy, PCl = percutaneous coronary intervention, STEMI = ST segment
elevated myocardial infarction.

The next large trial on FFR focused on its value in patients with MVD, a clinical scenario in
which non-invasive functional test does not always provide accurate information to decide
which stenoses should be considered for revascularization(3). FAME | demonstrated the
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superiority of the FFR-guided PCl over angiography-guided PCl among patients with MVD in
terms of a composite clinical endpoint at 1 year(34). Of note, the grounds of the
recommendations of the 2005 ESC Guidelines(30), the FAME study applied for the first time
an FFR<0.80 cutoff for decision making. The favorable results of the study were achieved
with lower cost and without prolongation of the procedure time(35). Even after 5 years,
differences persisted, but lost statistical significance due to the smaller number of patients
at risk(Table 2)(36).

Thereafter, FAME Il demonstrated that the FFR-guided PCl with medical therapy is
superior to medical therapy alone in clinical outcome in patients with at least one stenosis
with FFR<0.80(37). The 5-year follow-up clearly confirmed the initial results and extended
these findings to a reduction in the composite of death and myocardial infarction(Ml),
driven mainly by a reduction in spontaneous Ml with PCl compared to medical
therapy(Table 2)(38).

Of note, the FAME Il trial was launched in the aftermath of the COURAGE trial(39),
which demonstrated a lack of benefit of PCl over optimal medical therapy(OMT) alone in
terms of long-term death and Ml rates. The results of COURAGE were criticized due to the
inclusion of patients with mild myocardial ischemia. Recently, ISCHEMIA showed that in
patients with moderate or severe myocardial ischemia assessed by non-invasive test an
invasive strategy with OMT offers no clinical benefit compared to OMT alone strategy in
terms of the composite primary endpoint at a median of 3.3 years(40). From the viewpoint
of the physiological assessment, it is difficult to conclude that physiology-guided PCI plus
OMT is not superior to OMT alone in term of hard endpoint among CCS patients with
moderate or severe ischemia, since other important information such as the adoption rates
of FFR or iFR has not yet been provided.

Another important subset of patients who might benefit from FFR interrogation are
those presenting with ST-segment elevation myocardial infarction (STEMI) and MVD. Several
studies in this subset of patients have used FFR to ascertain the functional relevance of non-
culprit coronary stenoses(Table 2). In the COMPARE-acute and DANAMI-3-PRIMULTI trial,
FFR-guided complete revascularization strategy significantly reduced the incidence of the
composite clinical endpoint at 12 months when compared to the culprit only
revascularization strategy in patients with STEMI and MVD(41,42). However, in the
COMPLETE trial, angiography-guided complete revascularization of lesions with diameter
stenosis>70% clearly demonstrated superiority to culprit only revascularization strategy
among 4041 patients with STEMI and MVD in terms of the primary composite endpoint at 3
years(43). Further study is warranted to compare FFR-guided versus angiography-guided
complete revascularization in patients with STEMI and MVD as far as outcomes and cost-
effectiveness are concerned.

The growth of evidence supporting the clinical value of FFR was not mirrored by a
substantial increase in its adoption in clinical practice(44). A number of potential causes for
this(Table 3) include the following: i) Prolongation of procedural time; ii) Additional cost for
pressure wire and adenosine or other drugs; iii) Discomfort or side effect from vasodilator
drugs; iv) Submaximal hyperemia; v) Precise acquisition of coronary pressure measurement
for avoiding pressure drift, aortic pressure ventricularization and aortic waveform
distortion; vi) Suboptimal mechanical quality of pressure wire, which may result in difficult
wire manipulation in complex anatomy and procedural complication.
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Introduction of non-hyperemic pressure ratio (NHPR): iFR

To avoid adenosine administration NHPR has been recently introduced with iFR being the
first index(45). iFR is measured as the mean ratio of instantaneous phasic distal coronary
pressure to aortic pressure during a diastolic window free of newly generated wave activity
called the “wave-free period”. Interrogation of the coronary circulation over the wave-free
period has the advantage that microcirculatory resistance is considered to be stable and the
lowest value over the whole cardiac cycle(45). The wave-free period was calculated
beginning 25% of the way into diastole (identified from the dicrotic notch of pressure
waveform) and ending 5 ms before the end of diastole(Figure 2).

2001
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- \
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i
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Figure 2. Commercially available non-hyperemic pressure ratio.

iFR is defined as average Pd/Pa during the wave-free period(the pink shaded area). The wave-free period was
calculated beginning 25% of the way into diastole and ending 5 ms before the end of diastole(A). dPR is defined
as average Pd/Pa during entire diastole(B). DFR is defined as average Pd/Pa during Pa<mean Pa with negative
slope(B). RFR is defined as the lowest filtered mean Pd/Pa during entire cardiac cycle(B). Adopted with
permission from Van’t Veer et al(84).
Abbreviations as Central illustration.

The iFR concept has been tested in a number of validation studies with a direct
comparison with FFR(45,46). An iFR value of 0.89 was determined as the best cut-off value
to predict an FFR of 0.80(46), and has been widely used for decision-making.

Subsequent studies were performed focusing on head-to-head comparisons of iFR and FFR
against other independent standards used for the detection of ischemia. These studies
found no difference between iFR and FFR in terms of the diagnostic performance using as a
reference PET(47,48) and SPECT(49).

Thereafter, two largest randomized trials in coronary physiology compared iFR to
FFR with clinical outcomes as an endpoint (2042 patients in iFR-SWEDEHEART, 2492 patients
in DEFINE FLAIR) and reached the same conclusion: iFR-guided PCl was noninferior to FFR-
guided PCl in the selection of the vessels to be treated or deferred and in the resulting rates
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of MACE at 12 months(50,51) (Table 2). The incidences of MACE in both arms did not differ
up to 2 years in both trials(52). Nevertheless, limitations of iFR pertain to the lack of long-
term prognostic data as opposed to FFR(38). However, it should be noted that the FFR long-
term data is predominately in very significant lesions, and the first data to support the use
of coronary physiology whether FFR or iFR in intermediate lesions was generated in the iFR
outcomes studies.

Following iFR-SWEDEHEART and DEFINE-FLAIRE, the ESC guidelines were revised and
gave class | (evidence level A) recommendation for guiding PCl in both iFR and FFR(32). Of
note, iFR co-registration with angiography allows the physicians to identify the lesion and
the length of the narrowing that has to be treated(Figure 3)(44). Some advantages of iFR
over FFR include shorter procedure time, less patient discomfort, and easy pullback
especially for evaluation of serial lesions(Table 3). iFR can separately assess the severity of
each individual stenosis within the same tandem lesion but not FFR. Because in non-
hyperemic conditions the coronary flow remains relatively constant and stable regardless of
the severity of stenosis due to the autoregulation of microvascular circulation, whereas
during hyperemia the coronary flow becomes unpredictable if it passes through stenosis
with a dimeter stenosis 240%(53,54). In the iFR GRADIENT registry, iFR pullback predicted
the physiological outcome of PCl with a difference of 0.011 + 0.004 in tandem and diffuse
coronary disease(55). Whereas Modi et al. reported that individual stenosis severity is
significantly underestimated in the presence of serial disease, using both hyperemic and
resting pressure-based indices(56). An important limitation of iFR is that it cannot be
measured without the software of a specific vendor(Philips/Volcano, Amsterdam, the
Netherlands)(Table 3).

Figure 3. iFR co-registration

Figure shows the result of co-registering iFR pullback data with angiography in LAD with several irregularities.
Each yellow dot represents a modification of 0.01 iFR units. Plot location of pressure loss on angiogram in its
final interactive action allows the physicians to identify the lesion and the length of the narrowing that has to be
treated. Adopted with permission from Gotberg et al(44).

iFR=instantaneous wave free ratio.

The discordance between FFR and iFR

Approximately 20% of cases show discrepancies between FFR with the threshold of 0.80 and
iFR with the threshold of 0.89(57). The cause of the discordance may be attributable to
different thresholds, effects of hyperemia (e.g. 2 to 3 times larger pressure gradient at
maximum hyperemia than that at rest), and/or different responses to microvascular
dysfunction. Interestingly, with regard to wire-based CFR, iFR was found to have a better
diagnostic performance than FFR in three separate studies(58-60). This observation
provided important clues on one of the main causes for discrepancy between FFR and iFR.
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Yet, it has to be clarified that both FFR and iFR were unable to discriminate the impact of
epicardial and microvascular disease.

The discordance between FFR and iFR would partially depend on the lesion location
and type. Kobayashi, et al. reported that at a left main coronary artery (LMCA) or a proximal
left anterior descending artery (LAD), iFR were less correlated with the reference of FFR
compared to other lesion locations(61). In the sub-study of DEFINE-FLAIR trial, iFR-guided
deferral for LAD lesion was associated with lower MACE rates at 1 year compared to FFR-
guided deferral for LAD lesion(62). However, this result should be considered as a truly
hypothesis generating due to post-hoc character of the analysis with insufficient statistical
power. Thus, a further confirmatory randomized trial will be needed to conclude whether
FFR or iFR is better, or comparable for LAD lesion.

Of note, the methodology of available studies investigating the discrepancy between
FFR and iFR cannot rule out other important causes of FFR vs iFR discrepancy. As an
example, none of the reported trials checked for patient intake of coffee over the last 24
hours prior to FFR interrogation, which has been demonstrated to blunt the effect of
adenosine induced hyperemia and FFR values(63).

On the other hand, available evidence suggests that, overall, discordant FFR vs iFR
results lack clinical relevance. Lee et al found that the presence of discordance between FFR
and NHPRs including iFR was not an independent predictor of vessel-oriented composite
outcomes(64). This lack of clinical translation of the discordance between indices is most
likely related to its occurrence in borderline stenosis with a low risk of hard clinical events.
Although further research might be needed to clarify clinical relevance of discordance
between indices, it might be too challenging from a statistical standpoint. Based on some
premises derived from iFR-SWEDEHEART and DEFINE-FLAIR, it is hypothesized the study
would require the sample size of 290,000 patients to clarify the difference of predictive
value for MACE between FFR and iFR(65). Therefore, we would have to discuss the
appropriate clinical and lesional setting for the use of FFR or iFR, rather than to debate on
whether one is superior to the other.

The difference of FFR and iFR in some specific clinical settings

e Left main coronary artery disease

The importance of physiological assessments has been suggested even in the field of LMCA
diseases(66). The only dedicated study up to date is the DEFINE LM registry, which included
patients in whom LM stenosis was deferred (51.9%) or revascularized (48.1%) according to
the iFR cutoff of 0.89(67). The result suggests that decision making in the LMCA disease
based on iFR is safe in terms of composite clinical endpoint at 30 months. Ongoing research
includes the iLITRO study(NCT: 03767621) aims at demonstrating the actual feasibility and
efficacy of iFR compared to FFR in patients with intermediate LMCA disease.

o Diffuse and focal lesions

Physiological pattern of lesions such as focal or diffuse obtained over iFR pullback curves has
been reported as one of the factors of discordance between FFR and iFR. Warisawa et al
demonstrated that a focal pattern was associated with the discordance of FFR<0.80 and
iFR>0.89, whereas diffuse pattern was associated with the discordance of FFR>0.80 and
iFR<0.89(68). These discordances may stem on one hand for the higher turbulence-
generating potential of focal stenosis, which under hyperemia may cause lower FFR, and on
the other from microvascular dysfunction, since diffuse disease is associated with presence
of microvascular dysfunction(69) and response to microvascular dysfunction is different
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between FFR and iFR as previously described(59). Physiological pattern, which can be
derived from FFR(e.g. pullback pressure gradient(PPG) index)(70), may have the potential to
determine the eligibility of revascularization for those lesions with discordance. The PPG
index is a novel metric that is able to discriminate focal and diffuse functional coronary
artery disease; further validation of this metric is still required. In the occasional cases in
which the iFR/FFR discordance related to the focal and diffuse pattern is deemed to be
clinically relevant, other non-invasive functional tests may be considered.

e Multi-vessel disease

The efficacy of FFR-guided PCI for patients with MVD has been demonstrated as previously
described. From a practical perspective, the ease of performing multiple measurements and
pressure pullbacks without inducing hyperemia makes of iFR a very attractive alternative to
FFR in patients with MVD. iFR-SWEDEHEART and DEFINE-FLAIR trials included about 40% of
patients with MVD(50,51), and the sub-study of iFR-SWEDEHEART demonstrated no
significant difference between FFR- and iFR-guided revascularization in terms of MACE at 1
year in patients with MVD as well as single-vessel disease(71).

Recently, SYNTAX Il that prospectively enrolled patients with 3VD, demonstrated less
repeat revascularization in the deferred lesions based on iFR value than in the stented
lesions between 1 and 2 years(72). The results support the safety of iFR-guided decision
making for long-term results in patients with 3VD. iFR-guided PCl for MVD seems promising,
but more prospective data is warranted to reinforce the evidence.

o Non-infarct-related arteries at early phase of ACS

The interest on using iFR in patients with ACS relates, on one hand, to circumventing the
problem of blunted hyperemia associated to ACS and, on the other, to the reluctance of
many operators to use of vasodilators during primary PCl. Several studies have fostered the
interest of iFR as a faster and potentially safer alternative to FFR for interrogation of non-
culprit stenoses of ACS. The pooled analysis of DEFINE-FLAIR and iFR SWEDEHEART showed
the comparable clinical outcome between iFR- and FFR-guided PCl with more deferral in iFR
arm in patients presenting with ACS but not including STEMI(73). In non-infarct-related
lesions of STEMI, a substudy of REDUCE-MVI trial found lower iFR values in non-culprit
vessels at the time of primary PCl than in the subacute STEMI phase with 11% of false
positive classification of non-culprit stenosis(74). False positive measurements with iFR at
the time of primary PCI might be a result of the documented increase in resting flow in non-
culprit stenoses in patients with STEMI(75), potentially as a result of enhanced adrenergic
drive during the acute STEMI phase.

On the other hand, Choi et al reported that FFR and iFR values were not significantly
different between non-infarct-related vessels of acute Ml and target vessels of stable CAD
across all %DS groups, which contradicts the result of the previous report(76). Clarification
of this will be provided by future research. The ongoing randomized trials such as
iModern(NCT03298659) and SAFE-STEMI(NCT02939976) will provide key information on
then reliability of iFR-guided intervention of non-culprit lesions during STEMI.

e Severe aortic stenosis

In patients with severe aortic stenosis(AS), simultaneous revascularization of severe
coronary artery stenosis by visual estimation is recommended by the current guidelines(32).
Some studies showed the feasibility and safety of wire-based physiological assessment
including administration of adenosine in patients with severe AS(77), however, it is unclear
whether wire-based physiological assessment has clinical implications as far as decision-
making in patients with severe AS is concerned. The specific pathophysiological

162



The Impact of Coronary Physiology on Contemporary Clinical Decision Making.

characteristic of severe AS, including left ventricular hypertrophy, increased afterload and
microvascular dysfunction, make the interpretation of wire-based physiological
measurement difficult(78). The adjusted cutoff criteria of FFR and iFR for patients with
severe AS has been reported but not yet been firmly established(79).

Ahmad et al reported changes of coronary physiological status in intermediate
lesions before and after transcatheter aortic valve implantation(TAVI)(80). FFR was
significantly reduced after TAVI(pre0.86 vs. post0.83), whereas iFR was unchanged(pre0.87
vs. post 0.87). This finding can be explained by the improvement of coronary microvascular
circulation assessed by CFR after TAVI(prel.56 vs. post1.74), suggesting that FFR may
underestimate the severity of coronary stenosis in patients with severe AS. However,
Pesarini et al. showed that the FFR was unchanged before and immediately after
TAVR(pre0.89 vs. post0.89), although iFR was not measured in this study(77). These
inconsistent findings indicate that the data remains uncertain and the robustness of
previous analyses are debatable mainly due to small sample size. The ongoing
FORTUNA(NCT: 03665389) and FAITAVI trial(NCT: 03360591) will provide new insights and
evaluate the coronary physiology in severe AS.

Other NHPR

After the success of iFR, other NHPRs become commercially available such as: diastolic
hyperemia-free ratio(DFR;Boston Scientific), diastolic pressure ratio(dPR;Opsens Medical),
and resting full-cycle ratio(RFR;Abbott)(Central illustration and Figure 2). These novel
NHPRs are also proprietary and can only be used with the software provided by the vendor.
However, the fact that most of companies have their own pressure wires, wire-specific
consoles, and their own NHPR, may ultimately result in wider adoption of physiology-guided
PCI.

Pd/Pa is the oldest and straightforward NHPR. As early as in 1985, the first clinical
application of Pd/Pa in humans was reported(81). High correlation and excellent agreement
between Pd/Pa and iFR were reported(82). However, from a practical perspective, the use
of Pd/Pa is limited by a lower signal-to-noise ratio and significantly lower data spread than
iFR and other NHPRs, contributing to higher influence of pressure drift on
measurements(47,83).

Other NHPRs are using phasic and beat-by-beat Pd/Pa during part or the entire
diastolic phase except for RFR, since RFR is using the lowest filtered Pd/Pa over the entire
cardiac cycle(Figure 2). van’t Veer et al have evaluated 6 NHPRs and concluded that all
diastolic resting indices tested were identical to iFR, both numerically and with respect to
their agreement with FFR(84). Several studies also retrospectively demonstrated excellent
correlation and agreement of RFR, dPR and DFR with iFR(85,86). However, previous
validation studies were retrospective comparison using “cleaned” pressure database in the
core lab and prospective in-vivo validation study using commercially available system has
not yet been performed. Furthermore, we have to emphasize the fact that, until now, there
are no RCT evaluating the impact of those new NHPR-guided PCl on clinical outcomes
compared with established PCl strategies. The commonly shared opinion of experts in the
field is that if RCTs do take place, there would be a great likelihood that they would lead to
similar outcomes. Therefore, on top of in-vivo validation study, large-scale RCTs with clinical
outcomes may not be necessarily required and single-arm prospective trials with objective
performance criteria may be sufficient to demonstrate non-inferiority of non-iFR NHPR to
FFR-, or iFR-guided PCI, which also may result in faster and wider adoption of physiological
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assessment in daily practice. At this point, according to the latest appropriate use criteria for
coronary revascularization in patients with stable ischemic heart disease(87), it seems
reasonable to suggest that NHPR may be considered as substitution for FFR in most clinical

scenarios.

Angiography derived FFR
In the context of a growing interest on functional assessment of coronary stenoses,
advances in computational power and three-dimensional coronary angiography made
possible the development of functional coronary angiography. Currently, three technologies
are commercially available: quantitative flow ratio(QFR, Medis medical imaging system and
Pulse medical imaging technology), FFRangio(CathWorks), and vessel FFR(vFFR, Pie Medical
imaging)(Central illustration and Table 4). In general, mathematical formula related to the
Lance Gould equation has been used for the process of computation(88).

Table 4. Commercially available software for angio-derived fractional flow reserve

QFR

FFRangio

VFFR

Online computation
Required angiography

Process

Published clinical data

Incidence of non-
analyzable cases in each
study

Predictive performance
for predicating wire-
derived FFR <0.80 (AUC)

Time to computation

Available

2 projections
25 degrees apart
Integrated mathematical
approach
FAVOR pilot (89), Il
China (90) and
Europe/Japan (91), WiFi
11(92)

10%, 0.9%, 3.2%, 5.9%,
respectively

0.92-0.96

5 min

Available
> 2 projections

Rapid flow analysis

FAST-FFR (93)

3.7%

0.94

NA*

Available

2 projections
30 degrees apart
Integrated mathematical
approach

FAST (94)

49% (retrospective)

0.93

NA

* An average processing time was reported as 2.7 minutes, however this processing time did not include the

manual correction of the coronary reconstruction and lesion identification (93).

AUC = area under the curve, FFR = fractional flow reserve, NA = not available, QFR = quantitative flow ratio,
VFFR = vessel fractional flow reserve.

QFR has the largest published data including prospective multicenter trials(89-92).
FFRangio has been validated in the prospective multicenter FAST-FFR study(93). Recently
retrospective clinical validation data of vFFR was reported(94). Overall, all three
technologies show excellent AUC for predicting FFR<0.80 with a low incidence of non-
analyzable cases(0.9-10%) except for the retrospective FAST study(Table 4). A systematic
review and Bayesian meta-analysis demonstrated that there was no difference in diagnostic
performance of angiography derived FFR between methods for computation and
online/offline analysis(95).

Time to computation is a major argument in favor of adoption this technology and is
relevant for both patients and physicians. Only QFR was prospectively evaluated for “time to
computation of the entire procedure” versus FFR. In the FAVOR Il Europe/Japan study, the
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median time for QFR computation was significantly shorter than time for FFR(5.0min versus
7.0min)(Table 4)(91). Whether these differences can be observed outside of clinical trial
environment remains to be established.

There are advantages and limitations of angiography-derived FFR compared to wire-
based FFR(Table 3). Regarding the advantages, there is no requirement of wire and
hyperemic agent, and this result in shorter procedure time, less patient discomfort, and
elimination of erroneous coronary pressure measurement by pressure wire, which can
occur in up to one-third of cases(96). Furthermore, both on-line and off-line analysis can be
performed, allowing review of available angiograms from a functional standpoint. The major
limitation is of course absence of large RCT evaluating clinical outcomes versus established
PCl strategies. However, large RCTs to address this are ongoing: FAVOR Il
China(NCT03656848) and Europe/Japan(NCT03729739). Some specific lesion types such as
LMCA, bifurcation, or ostial lesion are confounding because of differences in interpretation
and results may not be reliable in these lesion subsets for the time being. Furthermore, it is
understood that the result depends strongly on the quality of acquisition in two or three
angiographic views.

Clinical Scenario 3: Physiological assessment after
procedure in the Cath Lab

Post-PCl physiological assessment has two potential purposes in clinical practice.

First, post-PCl physiological assessment can be used for the optimization of PCl result.
Agarwal et al. reported that in patients with satisfactory angiographic results after stent
implantation, post-PCl FFR reclassified 20% as inadequate physiological results which
required further intervention for complete functional optimization at the time of the index
procedure(97). The DEFINE PCl trial demonstrated that significant epicardial residual
ischemia after angiographically successful PCI defined as iFR<0.89 occurred in 24% of
patients(98). Of note, 81.6% of patients with suboptimal post-PCl iFR had focal residual
disease. Interestingly, about 60% of residual focal stenoses were located outside the
stented segment, although all target vessels were evaluated by iFR prior to PCI(98).
Therefore, post-PCl physiological assessment may play a more important role for evaluation
and localization of residual disease outside the stented segment rather than for stent
optimization, for which intracoronary imaging is the established method.

Second, post-PCl physiological assessment can be used as a predictor of long-term
clinical outcomes(Table 5). Multiple large observational studies and post hoc analyses of
RCTs have established that post-PCI FFR value is an independent predictor of long-term
clinical outcomes(99). Previous trials consistently demonstrated that “the higher is better”,
although the best cut-off value of post-PCl FFR varied from 0.86 to 0.96 for the prediction of
clinical events(97,100,101). Despite increasing evidence, recent study reported a low
adoption rate(9%) of post-PCl wire-based physiological assessment even in patients who
underwent wire-based physiological assessment prior to PCI(102). The most likely
deterrents are the need for pressure-wire, hyperemic agents, and prolonged procedure
time. When compared to wire-derived FFR, angio-derived FFR is a more user-friendly tool
for interventional cardiologist for the purpose.

Regarding angio-derived FFR, the HAWKEYE trial demonstrated that a low post-PCl
QFR(<0.89) was associated with higher 2-year vessel-oriented clinical endpoint rate
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compared to a high post-PCl QFR(>0.89)(Table 4)(103). A subanalysis of SYNTAX Il also
demonstrated same result with slightly different cut off value(0.91) in state-of-the-art PCI
practice for 3VD(104). We have no doubt about the “higher is better” concept of post-PCl
QFR is similar to post-PCl FFR; however, we need more confirmatory data and also
improvements of the QFR software for daily use, since the analyzability of post-PCI QFR is
still far from perfect with feasibility of analysis of 85% and 80% in HAWKEYE and SYNTAX II,
respectively .

Further studies are warranted to assess whether further intervention for residual ischemia
according to post-PCl physiological assessment can improve the clinical outcomes. The issue
will be addressed by the ongoing randomized FFR-REACT(105) and Target -FFR
trial(NCT03259815).

Table 5. Major trials investigating the impact of post PCI physiological assessment on clinical outcomes.

Cutoff value of FFR
(QFR) for predicting  Comparison of low vs. high

primary endpoint post PCI FFR (QFR) on
Primary end point (AUC) primary end point

Pressure wire derived FFR

2-Y VOCE 9.2% vs. 3.8%
FAME I and Il (vessel-related cardiac death, (lower (<0.88) vs.
(100) vessel-related M, ischemia-driven upper (>0.92)
n=838 vessels  TVR) FFR £0.92 (NA) tercile) p=0.037
DKCRUSH VI
(101) 1-Y TVF
n=1476 (cardiac death, target vessel-Ml,
patients clinically-driven TVR) FFR <0.88 (0.83) 8.0% vs. 4.0% p=0.001
Agarwal et al
(97) MACE (death, MI, TVR)
n=574 patients Mean follow-up 31+16 months FFR <0.86 (NA) 23% vs. 17% p=0.02
Angiography derived FFR

2-Y VOCE
HAWKEYE (vessel-related cardiac death,
(103) vessel-related M, ischemia driven-
n=751vessels  TVR) QFR <0.89 (0.77) 25% vs. 3.5% p<0.001
SYNTAX Il 2-Y VOCE
(104) (vessel-related cardiac death,
n=771vessels  vessel-related MI, TVR) QFR <0.91 (0.702) 12% vs. 3.7% p<0.001

AUC = area under the curve, FFR = fractional flow reserve, MACE = major adverse cardiac event, Ml =
myocardial infarction, NA = not available, PCI = percutaneous coronary intervention, QFR = quantitative flow
ratio, TVF = target vessel failure, TVR = target vessel revascularization, VOCE = vessel-oriented composite
endpoint.

Clinical Scenario 4: The coronary microvascular circulation
The previous chapters focused only on the coronary physiology of the epicardial arteries.
However, CMD is one of the major causes of angina and/or ischemia with non-obstructive

coronary artery disease(NOCAD). In a clinical practice, substantial number of patients with
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anginal symptom and/or documented ischemia by non-invasive test are diagnosed by ICA as
NOCAD(106). The 2019 ESC Guidelines on CCS(1) recommend considering NOCAD in
patients with angina and/or documented ischemia, who present either with coronary
arteries free of stenoses or with stenoses showing non-ischemic FFR or iFR values. NOCAD
should be also considered in cases of persistent angina after complete coronary
revascularization(107). The underlying cause of NOCAD should be assessed systematically by
non-invasive or invasive testing for diagnosing CMD, since these patients frequently
undergo repeated CCTA or ICA with increased health care costs(108). Furthermore, angina
and NOCAD are associated with an increased risk of adverse clinical events(109).

EFR, iFR, othgr NHPRs

CFR, pharmacological provocation test (Ach)
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Figure 4. Physiological indices and interrogated coronary domain.

Figure shows the normal structure and function of coronary macro- and microcirculation and the corresponding
action-fields of physiology techniques. Myocardial perfusion is governed by adequate orchestration of epicardial
arteries, microcirculation and myocardial bed. Different intracoronary physiology tools can approach each of
these domains. While CFR encompasses the overall coronary circulation, other indices have been developed to
evaluate specific domains of the heart circulation. Adoption with permission with Taqueti et al(69).
CFR=coronary flow reserve, HMR=hyperemic microvascular resistance, IHDVPS=instantaneous hyperemic
diastolic velocity pressure slope, IMR=index of microcirculatory resistance, NHPR=non-hyperemic pressure ratio,
Pzf=zero flow pressure. Other abbreviations as Central illustration.

Pressure-derived indices interrogate a very narrow domain of the coronary
circulation. They provide an estimate of the relative contribution of the stenosis to the
myocardial flow impairment, which explains why FFR values become non-ischemic when
downstream flow-limiting microcirculatory dysfunction is present(110). Furthermore, FFR
and NHPR are not applicable to a dynamic scenario of vasomotor disorders that involve the

167



Chapter 8

coronary arterioles, the epicardial vessels, or both(111). While future research may
contribute to establish the role of NHPR in the context of CMD(47,48,58-60), it has to be
made clear that, like FFR, these new indices cannot be used to interrogate the microvascular
domain of the coronary circulation.

The coronary arterial system consists of 4 sequential conduits with different vessel
size and function (Figure 4): epicardial arteries(>400um), pre-arterioles(100-400um),
arterioles(40-100um), capillaries(<10um). The epicardial arteries have a primary
conductance and distribution function, with minimal resistance to coronary flow(5%) in the
absence of stenosis, whereas pre-arterioles and arterioles are responsible for regulation and
distribution of blood flow to match dynamic needs of local tissue metabolism via the
capillaries with maximal resistance to coronary flow(69). The arteriolar tone enables to
maintain constant coronary blood flow over a wide range of coronary perfusion pressure,
resulting in a mitigation of ischemia during the progression of obstructive epicardial
atherosclerosis. Coronary angiography is basically not able to visualize the coronary
microcirculation (pre-arterioles, arterioles, and capillaries) with vascular
conduits<300um(111).

In discussing how to interrogate this complex functional and anatomical network we
should acknowledge that the term microcirculatory dysfunction is too vague to be used as a
diagnostic target, instead the use of distinct functional or pathobiological mechanism,
generally called endotypes, is recommended(111). Thus, in patients with CCS and NOCAD
the dysfunction mechanisms can be grouped in two dominant endotypes: 1) structural
changes in micro-vessels leading to reduced conductance and limited vasodilation; 2)
vasomotor disorders affecting the coronary arterioles and/or epicardial vessels. This
distinction clearly illustrates why a single physiological tool cannot be used to explore all
potential microcirculatory dysfunction pathways(Figure 4). The diagnosis of the first
endotype (structural remodeling) largely rests on measuring CFR and microcirculatory
resistance with endothelium-independent vasodilators, while vasomotor disorders are
diagnosed using acetylcholine challenge (Ach, an endothelium-dependent vasodilator) with
concomitant ECG monitoring(1). Available methods and technical details on the use of these
diagnostic techniques in the Cath Lab are discussed in the following paragraphs.

The invasive CFR is the ratio of hyperemic to resting blood flow by Doppler flow
velocity, thermodilution-derived mean transient time, or absolute flow measurement based
on thermodilution. In general, endothelium-independent vasodilator such as adenosine is
used to induce hyperemia. Studies demonstrating a prognostic value of thermodilution-
based CFR used a cut-off value of 2.0(112) as well as that of Doppler-based CFR used a
cutoff of 2.5 or lower(113,114). Endothelium-dependent microvascular dysfunction can be
assessed by the percent change in coronary blood flow with intracoronary flow doppler in
response to acetylcholine(CFR-Ach, increase>50% can be considered as normal)(113). An
additional advantage of Ach challenge is that it allows the diagnosis of epicardial vasospastic
angina(1).

The measurement of microvascular resistance requires simultaneous recording of
intracoronary pressure and flow with thermodilution-based data(IMR: index of
microvascular resistance)(115) or Doppler flow velocity(HMR: hyperemic microvascular
resistance index)(116).

IMR is calculated as the distal pressure divided by the inverse of the mean transient
time during maximal hyperemia. In patients with coronary stenoses with FFR>0.80, an
IMR>23 units increased the prognostic value of CFR(112). Furthermore, an abnormal IMR
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value immediately after PCl was also associated with adverse events in patients with stable
CAD(117). IMR 225 unit is considered as abnormal microcirculatory function.

HMR is calculated at the distal pressure divided by distal Doppler average peak flow
velocity during maximal hyperemia. Currently available data suggests HMR provides a more
accurate reflection of pathological change in the microcirculation compared with IMR(118).
The optimal HMR cutoff to predict abnormal microcirculatory function, as estimated by PET,
is 2.5 mmHg/cm/s(118).

After objective documentation of an abnormal microvascular function, in patients
with structural remodeling the aim of treatment is to decrease myocardial oxygen
consumption, typically with beta-blockers, while addressing any cardiovascular risk factor
accounting for arteriolar thickening or capillary rarefaction (such as hypertension or
diabetes). Conversely, in patients with vasomotor disorders (either at epicardial or arteriolar
level) calcium channel blockers, ACE inhibitors and statins are recommended to control
vasomotor tone and promote normal endothelial function. This tailored approach was
demonstrated in the randomized CorMiCa trial, which showed that treatment guided by the
result of CFR(<2.0), IMR(225), and Ach test resulted in a significant reduction of angina
symptom at 6 months compared with conventional non-guided treatment in patients with
angina symptoms and/or signs of ischemia and NOCAD(119). This reduction of angina
symptom was maintained up to 1 year without any difference in clinical outcomes(120).
Furthermore, this tailored approach is recommended by the current ESC guidelines(1).

Clinical perspective

Currently, we have three temporal opportunities to perform physiological assessment of a
coronary artery stenosis. Outside the Cath Lab, CT derived FFR may become not only a gate
keeper for conventional angiography but also a guide for revascularization when its cost-
effectiveness will be established. However, this methodology cannot detect microvascular
dysfunction that may lead to myocardial ischemia.

In the Cath Lab before procedure, FFR is the best-known index for coronary
physiological assessment due to large and broad evidence. However, iFR should be
considered as equivalent to FFR with a reduction in procedure time, cost, and patient
discomfort, because discordance between FFR and iFR which did not translate to difference
of outcome in the largest two randomized trials.

New NHPR seems promising and may contribute to further adoption of wire-based
physiological assessment, although more prospective data are needed. To date, we
recommend using new NHPR for non-complex lesions if iFR is not available.

Angio-derived FFR shows comparable diagnostic performance for the diagnosis of
hemodynamically significant stenosis defined by FFR <0.80. If further data of outcome and
cost-effectiveness from ongoing trials are positive, it will be a game changer in the Cath Lab.
It is premature to discuss about intracoronary imaging derived FFR.

In the Cath Lab after procedure, physiological assessment may predict future
outcome, but clinical impact of physiology guided PCl optimization has still to be
demonstrated.

CMD is a very different field of investigation which implies use of flow and pressure
since resistance is the issue at stake, but clinically important because in a large substantial
number of patients microvascular obstruction contribute to the myocardial ischemia and
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cardiovascular events. Further improvement of non-invasive assessment of CMD may
enable us to diagnose it easier.

For the time being, it is more important to adopt physiological assessment for
patients with its indication rather than which indices to use.
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Chapter 9

Abstract

Background:

The aim of this study was to investigate the impact of ticagrelor monotherapy following
one-month dual antiplatelet therapy (DAPT) after percutaneous coronary intervention (PCl)
for bifurcation lesions.

Methods:

GLOBAL LEADERS was a randomized, superiority, all-comers trial comparing one-month
DAPT with ticagrelor and aspirin followed by 23-month ticagrelor monotherapy
(experimental treatment) with standard 12-month DAPT followed by 12-month aspirin
monotherapy (reference treatment) in patients treated with a biolimus A9-eluting stent.
The primary endpoint was a composite of all-cause death or new Q-wave myocardial
infarction (M) at 2 years.

Results:

Amongst the 15,845 patients included in this subgroup analysis, 2,498 patients (15.8%)
underwent PCl for at least one bifurcation lesion. The incidence of the primary endpoint was
similar between the bifurcation and non-bifurcation group (4.7% vs 4.0%, p=0.083). The
experimental treatment had no significant effect on the primary endpoint according to the
presence/absence of a bifurcation lesion (bifurcation: HR: 0.74; 95% CI: 0.51-1.07, non-
bifurcation: HR: 0.90; 95% Cl: 0.76-1.07; p for interaction = 0.343), but was associated with
significant reduction in definite or probable stent thrombosis (p for interaction = 0.022) and
significant excess of stroke (p for interaction = 0.018) when compared with the reference
treatment.

Conclusions:

After PCI for bifurcation lesions, using one-month of DAPT, followed by ticagrelor
monotherapy for 23-month did not demonstrate explicit benefit regarding all-cause death
or new Q-wave Ml as in the overall trial.
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Introduction

Bifurcation lesions are associated with a lower rate of procedural success and a higher risk
of complications compared to non-bifurcation lesions in patients treated with percutaneous
coronary intervention (PCl) (1,2). A number of randomized controlled trials have
investigated the optimal intervention strategy in patients with bifurcation lesions and
showed no benefit in terms of clinical outcomes for the systematic two-stent approach
versus main branch-only stenting with provisional stenting of the side branch (2). Therefore,
this provisional side branch stenting strategy is the recommended treatment of bifurcation
lesions with a Class IA recommendation in current guidelines (3). In 5 to 25% of cases, a
second stent for the side branch may be needed (4-6), however the best two-stent
technique to use in these situations remains debatable (3).

The complexity and the numerous subtypes of two-stent techniques render their
comparison difficult. For that reason, the European bifurcation club (EBC) introduced the
MADS classification to standardize reports, that allow comparison between studies, and
facilitate interpretation of published results in the evolving literature (7,8). In the GLOBAL
LEADERS trial, the dedicated electronic case record form (e-CRF) based MADS classification
was achieved in all site-reported bifurcation lesions, which represents a unique opportunity
to analyze a cohort stratified for the presence of bifurcation lesions within a large
contemporary PCI trial (9).

In terms of antiplatelet therapy, whilst the increased complexity of PCl including 2-
stent technique for bifurcation lesions represent a driver for favoring more prolonged dual
antiplatelet therapy (DAPT), the evidence regarding the optimal duration of DAPT based on
the complexity of intervention is limited, especially due to the low prevalence of bifurcation
PCl in the previous clinical trials (10,11). Furthermore, the role of potent P2Y12 inhibitors
after bifurcation PCl is uncertain.

In this prespecified subgroup analysis of the primary endpoint such as all-cause
death and new Q-wave myocardial infarction (MlI) from the GLOBAL LEADERS trial (12), we
sought to investigate the impact of ticagrelor monotherapy following one-month DAPT after
bifurcation PCI.

Methods

The GLOBAL LEADERS trial

The design and main results of the GLOBAL LEADERS trial have been published previously
(13). Briefly, it was a prospective, multicenter, randomized, open-label, superiority trial
comparing two antiplatelet regimens in 15,991 all-comers patients who were exclusively
treated with a biolimus A9-eluting stent for stable coronary artery disease or acute coronary
syndromes.

Patients were randomly assigned in a 1:1 fashion to one-month DAPT with aspirin
and ticagrelor followed by 23 months of ticagrelor monotherapy (experimental treatment),
or standard DAPT with aspirin plus either clopidogrel (for patients with stable coronary
artery disease) or ticagrelor (for patients with acute coronary syndromes) for 12 months,
followed by aspirin monotherapy for 12 months (reference treatment). Regarding the
primary endpoint of all-cause death or new Q-wave Ml at 2 years, the overall trial failed to
demonstrate the superiority of experimental treatment compared with the reference

181



Chapter 9

treatment (3.81% in the experimental treatment vs 4.37% in the reference treatment,
p=0.073), although at one year the superiority of experimental treatment was
demonstrated (1.95% vs 2.47%, p=0.028).

The trial was approved by the institutional review board at each investigating center.
The study followed the ethical principles of the Declaration of Helsinki. All the participants
provided written informed consent at the time of participation in the trial. The trial is
registered with ClinicalTrials.gov, number NCT01813435.

Study population and data collection
According to the all-comers concept, only a limited number of in- and exclusion criteria
were applied in the GLOBAL LEADERS trial (Supplementary methods).

In this prespecified subgroup analysis of primary endpoint, patients undergoing
bifurcation PCl were identified from the dedicated e-CRF based MADS classification
reported by investigators. Bifurcation lesions were defined by investigators in accordance
with the practical definition of the European Bifurcation Club (7), as “a coronary artery
narrowing occurring adjacent to, and/or involving the origin of a significant side branch.” All
bifurcation PCls were classified whether treated with 1- or 2-stent technique using the
results of the MADS classification. Three-stent techniques such as “extended V” and
“trouser legs and seat” were included in the 2-stent technique. The stenting technique for
trifurcation lesion is not covered by the MADS classification, therefore trifurcation was
identified according to the definition of SYNTAX Score (14). The choice of bifurcation
treatment technique was left to the discretion of the operators.

As many as seven on-site monitoring visits were done at individual sites, with 20% of
reported events checked against source documents. Additionally, the trial was monitored
for event under-reporting and event definition consistency. However, no overall central
independent adjudication of clinical events was implemented.

Endpoint definitions

The primary endpoint was the composite of all-cause death or new Q-wave Ml up to two
years after randomization. Deaths from any cause were ascertained without
adjudication(15), due to the fact that the survival data were derived from thorough site
reports and search for vital status obtained from public domains. Q-wave Ml was centrally
adjudicated and defined in compliance with the Minnesota classification (new major Q-QS
wave abnormalities) or by the appearance of a new left bundle branch block in conjunction
with abnormal biomarkers.

The secondary endpoints included individual components of the primary endpoint
(all-cause death and new Q-wave MI); composite of all-cause death, stroke or new Q-wave
Ml; any stroke; ischemic stroke; any Ml; any revascularization; target vessel
revascularization (TVR); definite stent thrombosis (ST); definite or probable ST (16); and
bleeding defined according to the Bleeding Academic Research Consortium (BARC) criteria
(type 3 or 5) up to two years (17).

The third universal definition of MI was the recommended criteria to report MI (18).
Composite endpoints were analyzed hierarchically. Individual components were reported
non-hierarchically (19).

Statistical Analysis

182



Clinical relevance of ticagrelor monotherapy following 1-month dual antiplatelet therapy
after bifurcation percutaneous coronary intervention

Clinical outcomes were compared between patients treated for at least one bifurcation
lesion versus patients not treated for any bifurcation lesion (Bifurcation vs. non-bifurcation).

Thereafter, the effect of experimental versus reference antiplatelet therapy on
clinical outcomes according to presence/absence of bifurcation PCl was estimated with a
Cox regression model.

Eventually, we did a subgroup analysis of the primary endpoint only in patients
treated for at least one bifurcation lesion with tests for treatment-by subgroup interaction
according to prespecified baseline characteristics, and type of stenting technique such as 1-
stent vs. 2-stent. Due to the absence of classification for trifurcation PCl according to the
MADS classification, patients with trifurcation PCl were excluded from the analysis
comparing 1-stent vs. 2-stent.

Categorical variables were compared with the x2 test or Fisher’s exact test.
Continuous variables were compared with Student’s t test or Mann-Whitney U test for non-
normally distributed data. Composite endpoints were calculated using time-to-first of any of
the composite event(s) per patient. Patients started being at risk on the day of index PCl, or
if no procedure was performed, on the day of randomization. Survival curves were
constructed using Kaplan-Meier estimates and the log-rank test was used to compare
between-group differences. Landmark analyses were performed with prespecified cut-offs
at 30 days (at the time of the planned date of discontinuation of aspirin in the experimental
treatment) and one year (at the time of the planned dates of discontinuation of a P2Y12
inhibitor in the reference treatment). In total, there were six outpatient protocol visits at 30
days, 3, 6, 12, 18, and 24 months. A two-sided P value of less than 0.05 was considered to
indicate statistical significance. All statistical analyses were done in SPSS (version 25.0.0,
IBM, New York).

Figure 1

All patients:
15991

85 did not undergo PCI

64 treated with medical

—{  treatment without PCI

* 21 treated with urgent coronary
artery bypass graft

38 underwent PCI but detailed data
were missing

23 withdrew consent or objected to
further use of data

Patients available for analysis:
15845

| !

No bifurcation lesions: Atleast 1 bifurcation o
13347 (84.2%) trifurcation:
2498 (15.8%)

Trifurcation
lesions:
7(0.08%)

—

Bifurcation treated Bifurcation treated
with 1-stent with 2-stent

technique: technique:

2002 (80.1%) 489 (19.6%)

Figure 1. Study flow chart.
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Results

The GLOBAL LEADERS trial recruited a total of 15,991 patients(13), of whom 146 patients
were excluded from this analysis (Figure 1), leaving 15,845 patients of which 2,498 patients
(15.7%) underwent PCl for at least one bifurcation lesion and 7 patients (0.04%) at least one
trifurcation lesion. Amongst the patients with at least one bifurcation lesion, 2002 (80.1%)
were treated with PCl using a 1-stent technique, and 489 (19.6%) a 2-stent technique
(Figure 1).

Clinical outcomes: Bifurcation versus nonbifurcation group

Patients in the non-bifurcation group had a higher body-mass index and higher prevalence
of diabetes mellitus or previous revascularization, whereas patients in the bifurcation group
more often presented with acute coronary syndrome (Table 1). In terms of procedural
characteristics, patients in the bifurcation group as expected had more lesions, stents, and
longer total stent length per patient.

In terms of the primary endpoint (a composite of all-cause death or new Q-wave Ml)
at 2 years, there was a trend towards a higher incidence in the bifurcation group compared
with the non-bifurcation group (4.72% vs 3.98%, hazard ratio (HR) 1.19 [95% confidential
internal (95%Cl): 0.98-1.46], p=0.083) a difference driven by the significantly higher
incidence of new Q-wave Ml in the bifurcation group (1.84% vs 1.04%, HR 1.78 [95%Cl: 1.27-
2.48], p=0.001)(Table 2). These differences in any revascularization and TVR were also
observed at 30-day and 1-year follow-up, but not in the landmark analysis at 1 year.

Table 1. Baseline and procedural characteristics

Bifurcation Non-bifurcation p
n = 2498 n =13347 Value
Age, years 64.4+10.4 64.6 £10.3 0.601
1950/2498 10205/13347
Male (78.1) (76.5) 0.082
Body-mass index, kg/m2 28.0+4.5 28.2+4.6 0.034
Medical history
590/2495 3414/13339
Diabetes mellitus (23.6) (25.6) 0.040
Insulin-dependent diabetes mellitus 169/2490 (6.8) 1043/13308 (7.8) 0.071
1856/2491 9774/13300
Hypertension (74.5) (73.5) 0.289
1722/2429 8965/12915
Hypercholesterolemia (70.9) (69.4) 0.146
638/2498 3501/13347
Current smoker (25.5) (26.2) 0.471
Peripheral vascular disease 137/2469 (5.5) 857/13230(6.5)  0.082
Chronic obstructive pulmonary disease 109/2482 (4.4)  702/13292 (5.3)  0.065
Previous major bleeding 15/2498 (0.6) 83/13326 (0.6) 0.896
322/2488 1836/13273
Impaired renal function* (12.9) (13.8) 0.236
Previous stroke 70/2497 (2.8) 348/13325(2.6) 0.584
554/2494 3125/13305
Previous myocardial infarction (22.2) (23.5) 0.167
774/2498 4407/13333
Previous percutaneous coronary intervention (31.0) (33.1) 0.043
Previous coronary artery bypass grafting 108/2498 (4.3)  830/13334 (6.2) <0.001

Clinical presentation
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1277/2498 7127/13347
Stable coronary artery disease (51.1) (53.4) 0.036
1221/2498 6220/13347
Acute coronary syndrome (48.9) (46.6) 0.036
348/2498 1659/13347
Unstable angina (13.9) (12.4) 0.038
559/2498 2797/13347
Non-ST-elevation myocardial infarction (22.4) (21.0) 0.110
314/2498 1764/13347
ST-elevation myocardial infarction (12.6) (13.2) 0.380
Procedural characteristics
Vascular access site
679/2458 3589/13188
Femoral (27.6) (27.2) 0.675
Brachial 15/2458 (0.6) 91/13188 (0.7) 0.658
1872/2458 9827/13188
Radial (76.2) (74.5) 0.085
Number of lesions treated 1.7+09 1.4+0.7 <0.001
Number of stents 22+14 1.6+1.0 <0.001
Total stent length 47.3+31.6 33.2+23.2 <0.001
Randomization of antiplatelet therapy
Experimental treatment
(one-month DAPT followed by 23-month ticagrelor 1240/2498 6683/13347
monotherapy) (49.6) (50.1) 0.692
Reference treatment
(12-month DAPT followed by 12-month aspirin 1258/2498 6664/13347
monotherapy) (50.4) (49.9)

Data are mean * SD or counts (percentage).
*Impaired renal function is defined as estimated glomerular filtration rate of creatinine clearance of 60
mL/min per 1.73 m? based on the Modification of Diet in Renal Disease formula

Table 2. Clinical outcomes at 30 days, one, two years follow-up and landmark analysis at 30 days and 1 year
stratified by presence or absence of bifurcation.

Non-
Bifurcation bifurcation
n = 2498 n = 13347 HR (95%Cl) p Value
30-day outcomes
All-cause death or new Q-wave Ml 15(0.60%) 61(0.46%) 1.32(0.75-2.31) 0.340
All-cause death 13 (0.52%) 54 (0.40%) 1.29(0.70-2.36) 0.412
New Q-wave Ml 2(0.08%) 8(0.06%) 1.34(0.28-6.30) 0.712
Composite of all-cause death, stroke or new Q-wave MI 18 (0.72%) 86 (0.64%) 1.12 (0.67-1.86) 0.665
POCE* 86 (3.44%) 311 (2.33%) 1.49 (1.17-1.89) 0.001
Stroke 3(0.12%)  31(0.23%) 0.52(0.16-1.69) 0.267
Ischemic stroke 3(0.12%)  23(0.17%) 0.70(0.21-2.32) 0.554
Any M 38 (1.52%) 112 (0.84%) 1.82(1.26-2.63) 0.001
Any revascularization 55(2.20%) 189 (1.42%) 1.56(1.16-2.11) 0.003
TVR 35(1.40%) 124 (0.93%) 1.51(1.04-2.20) 0.030
Definite ST 10 (0.40%) 49 (0.37%) 1.09 (0.55-2.15) 0.802
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Definite or probable ST
BARC 3 or 5 bleeding

1-year outcomes

All-cause death or new Q-wave M|

All-cause death

New Q-wave Ml

Composite of all-cause death, stroke or new Q-wave MI

POCE*

Stroke

Ischemic stroke

Any MI

Any revascularization
TVR

Definite ST

Definite or probable ST
BARC 3 or 5 bleeding

2-year outcomes

All-cause death or new Q-wave Ml

All-cause death

New Q-wave Ml

Composite of all-cause death, stroke or new Q-wave Ml

POCE*

Stroke

Ischemic stroke

Any Ml

Any revascularization
TVR

Definite ST

Definite or probable ST
BARC 3 or 5 bleeding

Landmark analysis at 30 days

All-cause death or new Q-wave M|

All-cause death

New Q-wave Ml

Composite of all-cause death, stroke or new Q-wave MI

POCE*

Stroke

Ischemic stroke

Any MI

Any revascularization
TVR
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16 (0.64%) 69 (0.52%) 1.24 (0.72-2.14)
16 (0.64%) 82 (0.61%) 1.04 (0.61-1.78)

67 (2.68%) 284 (2.13%) 1.27 (0.97-1.65)
40 (1.60%) 197 (1.48%) 1.09 (0.77-1.53)
28 (1.12%)  89(0.67%) 1.69 (1.10-2.58)
80(3.20%) 352 (2.64%) 1.22(0.95-1.55)
276 (11.05%) 1138 (8.53%) 1.32 (1.15-1.50)
15(0.60%) 85 (0.64%) 0.94 (0.54-1.63)
13 (0.52%) 67 (0.50%) 1.04 (0.57-1.88)
64 (2.56%) 266 (1.99%) 1.29 (0.98-1.70)
216 (8.65%) 828 (6.20%) 1.41(1.22-1.64)
125 (5.00%) 433 (3.24%) 1.55 (1.27-1.90)
17 (0.68%)  77(0.58%) 1.18 (0.70-2.00)
24(0.96%) 101 (0.76%) 1.27 (0.81-1.98)
50 (2.00%) 202 (1.51%) 1.33(0.97-1.81)

118 (4.72%) 531 (3.98%) 1.19 (0.98-1.46)
75(3.00%) 399 (2.99%) 1.01(0.79-1.29)
46 (1.84%) 139 (1.04%) 1.78 (1.27-2.48)
138 (5.52%) 634 (4.75%) 1.17 (0.97-1.40)
376 (15.05%) 1771 (13.27%) 1.16 (1.03-1.29)
22(0.88%) 138(1.03%) 0.85 (0.54-1.34)
19 (0.76%) 110 (0.82%) 0.92 (0.57-1.50)
81(3.24%) 405 (3.03%) 1.07 (0.85-1.36)
280 (11.21%) 1227 (9.19%) 1.24 (1.09-1.41)
167 (6.69%) 645 (4.83%) 1.40 (1.18-1.66)
24(0.96%) 104 (0.78%) 1.23(0.79-1.92)
32(1.28%) 132(0.99%) 1.30 (0.88-1.91)
62 (2.48%) 269 (2.02%) 1.23(0.94-1.63)
103 (4.15%) 470 (3.54%) 1.18 (0.95-1.46)
62 (2.50%) 345 (2.60%) 0.96 (0.73-1.26)
44(1.77%) 131(0.99%) 1.80 (1.28-2.54)
120 (4.86%) 548 (4.15%) 1.17 (0.96-1.43)
290 (12.08%) 1460 (11.26%) 1.08 (0.96-1.23)
19 (0.77%) 107 (0.81%) 0.95 (0.58-1.54)
16 (0.65%)  87(0.66%) 0.98 (0.58-1.67)
43 (1.76%) 293 (2.23%) 0.79 (0.57-1.09)
225(9.29%) 1038 (7.96%) 1.18 (1.02-1.36)
132 (5.40%) 521 (3.98%) 1.37 (1.13-1.66)

0.439
0.876

0.082
0.630
0.015
0.112
<0.001
0.833
0.905
0.064
<0.001
<0.001
0.535
0.291
0.073

0.083
0.964
0.001
0.100
0.011
0.483
0.746
0.559
0.001
<0.001
0.353
0.188
0.134

0.134
0.776
0.001
0.110
0.210
0.831
0.948
0.145
0.025
0.001
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Definite ST 14 (0.57%) 55 (0.42%) 1.36(0.76-2.45)
Definite or probable ST 16 (0.65%) 63 (0.48%) 1.36(0.78-2.35)
BARC 3 or 5 bleeding 46 (1.87%) 187 (1.42%) 1.32(0.96-1.82)
Landmark analysis at 1 year
All-cause death or new Q-wave Ml 51(2.10%) 247 (1.89%) 1.11(0.82-1.50)
All-cause death 35(1.43%) 202 (1.54%) 0.93 (0.65-1.33)
New Q-wave Ml 18 (0.74%) 50(0.38%) 1.94(1.13-3.32)
Composite of all-cause death, stroke or new Q-wave M| 58 (2.43%) 282 (2.20%) 1.10 (0.83-1.46)
POCE* 100 (4.56%) 633 (5.25%) 0.86 (0.70-1.07)
Stroke 7(0.29%)  53(0.41%) 0.70(0.32-1.55)
Ischemic stroke 6 (0.25%) 43 (0.33%) 0.75(0.32-1.75)
Any Ml 17 (0.72%) 139 (1.09%) 0.65 (0.40-1.08)
Any revascularization 64 (2.88%) 399 (3.28%) 0.87 (0.67-1.14)
TVR 42 (1.82%) 212 (1.69%) 1.07 (0.77-1.50)
Definite ST 7 (0.29%) 27 (0.21%) 1.39(0.60-3.18)
Definite or probable ST 8(0.33%) 31(0.24%) 1.38 (0.63-3.00)
BARC 3 or 5 bleeding 12 (0.50%) 67 (0.52%) 0.96 (0.52-1.78)

0.301
0.275
0.092

0.500
0.676
0.014
0.492
0.171
0.382
0.498
0.097
0.318
0.672
0.440
0.419
0.897

Data are counts (percentage).
*POCE was defined as a composite of all-cause death, any stroke, any Ml, and any revascularization.

BARC = Bleeding Academic Research Consortium; Ml = myocardial infarction; POCE = patient-oriented composite

endpoint; ST = stent thrombosis; TVR = target vessel

Treatment effect of antiplatelet therapy according to presence/absence of
bifurcation lesions
There were no significant differences in baseline characteristics between experimental and
reference group stratified by presence/absence of bifurcation lesions (supplementary table
1).

The results for the experimental versus reference antiplatelet treatment in the

bifurcation and non-bifurcation groups are reported in Figure 2 and Supplementary table 2.

Compared to the reference strategy, the experimental strategy did not reduce the primary
endpoint at 2 years in patients undergoing PCl irrespective of the presence or absence of a
bifurcation lesion (bifurcation: HR: 0.74; 95% Cl: 0.51-1.07, non-bifurcation: HR: 0.90; 95%
Cl: 0.76-1.07; p for interaction = 0.343), however it did result in a significant reduction in
rates of definite or probable ST at 2 years in patients in the bifurcation (HR: 0.46; 95% Cl:
0.22-0.97) versus non-bifurcation group (HR: 1.20; 95% Cl: 0.85-1.69; p for interaction =
0.022) (Supplementary figure 1A). The same trend was observed on 1-year definite or
probable ST (p for interaction = 0.027), whereas this significant benefit of ticagrelor
monotherapy against aspirin monotherapy subsided beyond 1 year (p for interaction =
0.482) (Supplementary figure 1B). In terms of the 2-year incidence of stroke, the
experimental strategy showed a negative effect in patient undergoing bifurcation PCI
against the reference strategy (bifurcation: HR: 2.72; 95% Cl: 1.06-6.94 in Supplementary
figure 2A, non-bifurcation: HR: 0.82; 95% Cl: 0.58-1.14; p for interaction = 0.018). This
negative effect was observed at 1 year follow-up (p for interaction = 0.021), but not at 30
days (p for interaction = 0.480) and beyond 1 year (p for interaction = 0.479). In patients
undergoing bifurcation PCI, the majority of stroke was ischemic (experimental group: 13/16
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(81.2%), reference group: 6/6 (100%)), and the incidence of ischemic stroke was not
different between groups (experimental group: 1.0% versus reference group: 0.5%, HR 2.21;
95% Cl: 0.84-5.80, p=0.109 in Supplementary figure 2B). Only three hemorrhagic strokes
occurred in patient undergoing bifurcation PCI, 2 occurred in the first year (day 135 and
139) and the third one beyond 1 year (day 596) (experimental group: 0.2% versus reference
group: 0.0%, p=0.081 in Supplementary figure 2C).

Subgroup analysis of the primary endpoint in patients treated for at least one
bifurcation lesion

The subgroup analysis in patients with bifurcation PCl demonstrated no variation in
treatment effects for the primary endpoint according to prespecified baseline
characteristics as well as stenting technique (1-stent vs. 2-stent) (Figure 3). In patients
treated with 2-stent technique, the experimental treatment was associated with a
numerically lower incidence of the primary endpoint at 2 years when compared with the
reference treatment, but not statistically significant (4.6% vs 9.1%, HR 0.50 [95%Cl: 0.24-
1.02], p=0.056).

Discussion

The main findings of the study are following:

1. PClI for bifurcation lesions with a biolimus A9-eluting stent was not associated with
higher incidence of primary endpoint of all-cause death or new Q-wave Ml
compared with PCI for non-bifurcation lesions, whereas significant difference was
observed in new Q-wave M, any revascularization and TVR at 2 years between
groups.

2. In patients who underwent bifurcation PCl, one-month of DAPT with aspirin and
ticagrelor followed by 23-month ticagrelor monotherapy had no impact on the
primary endpoint but was associated with significant reduction in the risk of definite
or probable ST and significant excess of stroke compared with 12-month standard
DAPT followed by 12-month aspirin monotherapy.

Bifurcation vs. non-bifurcation group

In terms of the primary endpoint of death or new Q-wave M, the result of the study is in
line with previously published data from all-comers trials.(1,20) In contrast the higher rate
of new Q-wave Ml in the bifurcation group over the non-bifurcation group was observed
consistently at 1- and 2-year follow-up and in the and landmark analysis at 1 year, whereas
the incidence of any Ml was similar between groups. In the bifurcation subanalysis of the
Resolute all comers trial, 2-year Q-wave Ml rates in bifurcation and non-bifurcation groups
were similar to the present trial, but there was no significant difference due to less sample
size (1.6% in bifurcation vs. 0.6% in non-bifurcation, p=0.097, n=2,265).(20) Therefore, this
finding may suggest that bifurcation PCl can be associated with the occurrence of more
severe Ml up to 2 years when compared with non-bifurcation PCI.
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Figure 2. Treatment comparison of experimental versus reference antiplatelet strategy in randomized patients
with versus without bifurcation PCI at 1 year (A) and 2 years (B) follow-up
*POCE was defined as a composite of all-cause death, any stroke, any MI, and any revascularization.

#Values were compared with Fisher’s exact test.

BARC = Bleeding Academic Research Consortium; MI = myocardial infarction; POCE = patient-oriented composite
endpoint; ST = stent thrombosis; TVR = target vessel revascularization.
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Figure 3. Subgroup analysis of all-cause death or new Q-wave MI at 2 years in patients treated for at least one
bifurcation lesion.
Cl: confidence interval.

Optimal antiplatelet strategy for patients undergoing bifurcation PCI

The evidence for the optimal antiplatelet strategy after bifurcation PCl is scarce, especially
for potent antiplatelet drugs such as ticagrelor and prasugrel. Recent pooled patient-level
analysis demonstrated that short DAPT of 3 or 6 months is associated with a higher
incidence of 1-year major adverse cardiac events mainly driven by Ml, when compared with
prolonged DAPT of more than 1 year in patients undergoing PCI for complex lesions
including bifurcation lesions treated with a 2-stent technique (10). In addition, a multicenter
observational study reported that the risks of a composite of all-cause death or MI, Ml, and
definite or probable ST at 4 years were significantly lower in the prolonged (212 months)
versus shorter DAPT group (<12 months) after bifurcation PCl with DES (21). From these
results, it seems that patients undergoing bifurcation PCl need at least 12 months of DAPT.
The present study also shows no benefit of one-month DAPT followed by ticagrelor
monotherapy on the primary endpoint when compared with 12-month DAPT.

Stent thrombosis and stroke after bifurcation PCI

Previously coronary bifurcation lesions were reported as an independent risk factor for ST
(22-24) as consequence of several factors. Firstly, bifurcation stenting modifies local
hemodynamics and creates low endothelial shear stress and stagnant areas that could result
in local thrombogenicity (25). Secondly, pathological studies demonstrated that the flow
divider zone was associated with a high percentage of uncovered struts and fibrin
deposition several months after DES implantation, which could represent a substrate for ST
(26). Thirdly, two-stent strategies have been suspected of inducing overlapping device
segments that could result in local thrombogenicity (27). Finally, bifurcation stenting could
also encourage stent malapposition due to vessel dimension variation along the different
segments and promote future thrombotic events (28). In the present trial, the incidence of
ST did not statistically differ between bifurcation and non-bifurcation group. However,
ticagrelor monotherapy following one-month DAPT demonstrated significant treatment
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effect on definite or probable ST at 2 years compared with conventional aspirin
monotherapy following 12-month DAPT. This benefit was observed up to 1 year and
subsided beyond, although theoretically this benefit should be derived from the comparison
between ticagrelor monotherapy versus aspirin monotherapy beyond 1 year. In addition,
overall incidence of ST was quite low, and the treatment effect of the experimental strategy
on ST went into opposite directions in bifurcation and non-bifurcation group. Consequently,
these significant finding regarding ST can be considered as a play of chance.

On the other hand, in patients who underwent bifurcation PCl, harmful effect of
experimental treatment in 2-year stroke was observed compared with reference treatment.
This difference in stroke was mainly derived from the result between 30 days to 1 year.
Therefore, procedure itself was probably not associated with the occurrence of stroke.
These findings may suggest that DAPT is associated with lower incidence of stroke up to 1
year compared with monotherapy of ticagrelor. However, overall incidence of stroke was
quite low, and the treatment effect of the experimental strategy on stroke went into
opposite directions in bifurcation and non-bifurcation group. Consequently, these
apparently significant findings regarding stroke can be also considered as a play of chance
similar to ST.

Regarding composite hard endpoint of all-cause death, stroke or new Q-wave Ml at 2
years, there was no significant difference between groups in patients undergoing
bifurcation PCl, which suggests that early discontinuation of aspirin at 30 days after
bifurcation PCl followed by ticagrelor monotherapy may be as safe as conventional 12-
month DAPT followed by aspirin monotherapy.

Further evidence from dedicated bifurcation trial testing one-month DAPT followed
by P2Y12 monotherapy is warranted in order to further elucidate that possible duality of
effect (such as possible prevention of ST and possible increase in stroke) in patients
undergoing bifurcation PCI.

Study limitations
This prespecified subgroup analysis of primary endpoint has several limitations.

Firstly, in the context of the overall trial in which the primary endpoint was not met,
these findings need to be considered as hypothesis-generating.

Secondly, although this subgroup analysis of primary endpoint was prespecified and
information of bifurcation was prospectively collected(12), no formal power calculation was
performed. In addition, there exist limitations inherent in subgroup analysis such as
diminished power to detect real differences and increasing statistical likelihood of false
finding when many subgroups are examined with multiple testing. Therefore, the study
findings should be considered as hypothesis-generating (29).

Thirdly, clinical outcomes were not adjudicated by an independent clinical event
committee. All events were identified and confirmed by the investigators of each hospital.
There might be inaccuracies in determining cause of death or target vessel Ml. Therefore,
we chose all-cause death or new Q-wave Ml centrally adjudicated by core lab instead of
cardiac death or target vessel Ml as the primary outcome. Nevertheless, the result of
secondary endpoint should cautiously be interpreted in conjunction with the individual
components of the primary endpoint.

Fourthly, the analysis comparing 2- versus 1-stent was post-randomization and non-
prespecified analysis, therefore the findings are likely influenced by unmeasured
confounders.
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Fifthly, we did not collect the anatomic SYNTAX score including Medina classification
in all the patients, which limited the analysis regarding anatomical complexity of each
bifurcation lesion.

Finally, a biolimus A9-eluting stent has a relatively thicker strut of 120 um compared
with other current generation DES. This might result in worse outcomes in bifurcation
lesions treated with 2-stent technique using a biolimus A9-eluting stent due to the overlap
of relatively thicker struts. A meta-analysis published in 2018 showed that DES with
ultra-thin struts (strut thickness <70 um) reduced the incidence of target lesion failure
compared with that of contemporary stents with thicker struts (30). However, in the
present study, all patients were exclusively treated with a biolimus A9-eluting stent, and this
makes the effect of antiplatelet drug more likely.

Conclusion

After PCI for bifurcation lesions, using one-month of DAPT, followed by ticagrelor
monotherapy for 23-month did not demonstrate explicit benefit regarding all-cause death
or new Q-wave Ml as in the overall trial.
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Supplementary Material

Patients selection criteria

INCLUSION CRITERIA.

For inclusion in the study patients must fulfil the following criteria

1. Age 218 years;

2. Patients with any clinical indication for percutaneous coronary intervention

3. Presence of one or more coronary artery stenosis of 50% or more in a native coronary artery
or in a saphenous venous or arterial bypass conduit suitable for coronary stent implantation
in a vessel with a reference vessel diameter of at least 2.25 millimeter.

EXCLUSION CRITERIA.

1.
2.

Eal

Known intolerance to aspirin, P2Y12 receptor antagonists, bivalirudin, stainless steel or biolimus
Known intake of a strong cytochrome P3A4 inhibitor (eg, ketoconazole, clarithromycin,
nefazodone, ritonavir, and atazanavir), as co-administration may lead to a substantial increase in
exposure to ticagrelor

Use of fibrinolytic therapy within 24 hours of percutaneous coronary intervention

Known severe hepatic impairment

Planned coronary artery bypass grafting as a staged procedure (hybrid) within 12 months of the
index procedure

Planned surgery within 12 months of percutaneous coronary intervention unless dual antiplatelet
therapy is maintained throughout the peri-surgical period

Need for oral anti-coagulation therapy

PCl for a priori known stent thrombosis

Known overt major bleeding

. Known history of intracranial hemorrhage

. Known stroke from ischemic or unknown cause within last 30 days

. Known pregnancy at time of randomization

. Inability to provide informed consent

. Currently participating in another trial before reaching primary endpoint
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Supplementary figure 1. Kaplan—Meier estimates of cumulative incidence of definite or probable stent
thrombosis for experimental versus reference antiplatelet strategy in patients with or without bifurcation up
to 730 days (A) and up to 365 days and landmark analysis at 365 days (B).
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Supplementary figure 2. Kaplan—Meier estimates of cumulative incidence of stroke for experimental versus
reference antiplatelet strategy in patients with bifurcation up to 730 days.

Kaplan—Meier curves show the cumulative incidence of any stroke (Panel A); ischemic stroke (Panel B);
hemorrhagic stroke (Panel C).
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Clinical relevance of ticagrelor monotherapy following 1-month dual antiplatelet therapy

after bifurcation percutaneous coronary intervention
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Abstract

Objective:

To evaluate the hypothesis that a prasugrel monotherapy following a successful everolimus-
eluting stent (EES) implantation is feasible and safe in patients with stable coronary artery
disease (CAD).

Background:

Recent studies suggested that short dual antiplatelet therapy (DAPT) strategies may provide
an adequate balance between ischemic and bleeding risks. However, the complete omission
of aspirin immediately after percutaneous coronary intervention (PCl) has not been tested
so far.

Methods:

The study is a multicenter, single arm, open-label trial with a stopping rule based on the
occurrence of definite stent thrombosis (if >3, the trial enrollment would be terminated).
Patients undergoing successful EES implantation for stable CAD with a SYNTAX score <23
were included. All Participants were on standard DAPT at the time of index PCI. Aspirin was
discontinued on the day of the index procedure but given prior to the procedure; prasugrel
was administered in the Cath Lab immediately after the successful procedure and the
aspirin-free prasugrel became the therapy regimen from that moment. Patients were
treated solely with prasugrel for 3 months. The primary ischemic endpoint was the
composite of cardiac death, spontaneous target-vessel myocardial infarction or definite
stent thrombosis, whereas the primary bleeding endpoint was Bleeding Academic Research
Consortium type 3 and 5 bleeding up to 3 months.

Results:

From February 22, 2018, to May 7, 2019, 201 patients were enrolled. All patients underwent
PCl for stable CAD. Overall, 98.5% of patients adhered to prasugrel at 3-month follow-up.
The primary ischemic and bleeding endpoints occurred in one patient (0.5%). No stent
thrombosis event occurred.

Conclusion:

The aspirin-free prasugrel monotherapy following a successful EES implantation
demonstrated feasibility and safety without any stent thrombosis in selected low-risk stable
CAD patients. Our findings may help underpinning larger randomized controlled studies to
evaluate the aspirin-free strategy compared with traditional DAPT following PCI.
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Introduction

Patients with coronary artery disease (CAD) undergoing percutaneous coronary intervention
(PCI) are traditionally treated with aspirin and a P2Y12 inhibitor during the first period post-
procedure (the so-called dual antiplatelet therapy [DAPT]), followed by withdrawn of the
P2Y12 inhibitor and maintenance of aspirin as the single antiplatelet drug afterwards (1).
However, the best antithrombotic approach after stenting is still an open matter, currently
under intense clinical investigation. The adequate duration of the DAPT period, as well as
the best agent for the subsequent monotherapy phase, have been scrutinized in recent
studies (2). In this regard, a number of recent trials have shown promising results with a
scheme comprising short DAPT duration (i.e. one to three months) followed by the
administration of solely a P2Y12 antagonist, instead of aspirin (3-6). However, the complete
omission of aspirin immediately after PCl has not been tested so far.

Prasugrel is an irreversible oral P2Y12 receptor inhibitor that shows less variability in
platelet inhibition and has a faster onset of action than clopidogrel. Some data from in vitro
study suggested that aspirin demonstrated little additional inhibition in the presence of
strong blockade by prasugrel (7). Additionally, the administration of aspirin has been linked
to ominous hemorrhagic complications (8). Therefore, we hypothesized that a single
antiplatelet therapy with prasugrel started immediately after PCl would result in an
adequate stent thrombotic protection while avoiding an excess of bleeding risk. To test this
concept, we designed a proof-of-concept single arm trial in which selected low-risk patients
with stable CAD received prasugrel monotherapy immediately following a successful PCI
with everolimus eluting stent (EES).

Methods

Study design with a stopping rule

The design of the ASET (Acetyl Salicylic Elimination Trial) pilot study (NCT03469856) was
previously described elsewhere (9). The study was a multicenter, single arm, open-label,
first-in-man, proof-of-concept pilot trial. Due to the exploratory nature of this study, no
formal sample size calculations were performed. Based on previous pilot studies with similar
design such as BENESTENT-II pilot study which evaluated heparin-coated Palmaz-Schatz
stent with or without intravenous heparin infusion immediately post treatment, a sample of
200 patients would be enrolled with a safety stopping rule based on the occurrence of
definite stent thrombosis (10). The BENESTENT-II pilot, first-in-man study was successfully
completed without any stent thrombosis in 200 patients, and did precede the large
randomized BENESTENT Il trial with 827 patients (11). In the present trial, if during the
enrolment period more than 3 cases of definite stent thrombosis occurred following the
index procedure up to 3 months follow-up, patient recruitment would have been
terminated.

In the present trial the cut-off rate of definite stent thrombosis was determined
based on the incidence of stent thrombosis in the Bern-Rotterdam registry (1.2% at 30 days
and 1.7% at 1 year) (12) and considering current development of PCI (13,14). All potential
patients provided written informed consent prior to undergoing any study-specific
procedures including screening and diagnostic angiography potentially leading to an “ad
hoc” PCI. The central ethical committee (Comissdo de ética para analise de projetos de

205



Chapter 10

pesquisa - CAPPesq) and local ethical committee in each participating center approved the
study protocol.

Study participants

Patients requiring PCl for stable CAD with a baseline SYNTAX (SYNergy between PCl with
TAXUS and Cardiac Surgery) score <23 were screened and considered eligible for the study.
Complete Inclusion and exclusion criteria are listed in Table 1. We excluded patients with
absolute or relative contraindications for prasugrel use, high risk features for PCI (left main
disease, chronic total occlusion, bifurcation lesion requiring two stent treatment, saphenous
or arterial graft lesion and severe calcified lesion requiring the use of rotablator) in order to
minimize potential ischemic risks of implementing prasugrel monotherapy immediately
after PCI. Patients who required staged procedures were also excluded in order to avoid the
heterogeneity of duration of pharmacological treatment between index and staged
procedure. Patients with history of ACS within 12 months before index procedure were
excluded since these patients are recommended to receive DAPT for twelve months.

Patients screening before index PCI

The baseline anatomical SYNTAX score was calculated at each site by the investigators and
recorded. A standard 12-lead electrocardiogram (ECG) was performed within 72 hours prior
to the PCl and cardiac biomarkers (Creatine kinase myocardial band [CK-MB] or troponin)
were collected prior to the PCl to detect and rule out ACS. For inclusion, the value of CK-MB
should be less than 2-times the upper limit of normal (ULN). If the value of troponin was
elevated more than ULN at baseline (within 72 hours prior to the start of PCI) without any
ST-T change and/or typical symptom, an additional blood sample would have to be collected
prior to the PCI. If the second blood test showed either stable level of troponin (less than
20% increase of the value of baseline troponin) or a drop of troponin level, with normal
range of CK-MB, and normal ECG, the patient could be enrolled in the study.

Index PCI

Participants were loaded with standard DAPT (300 mg of aspirin and 600 mg of clopidogrel
unless patients were previously on long-term therapy) at least 2 hours prior to the index
PCI. The index PCl was performed with intention to achieve complete revascularization of all
vessels with at least 1.5 mm diameter showing a stenosis of 50% or more, as identified by
the local interventional cardiologist (15). Peri-procedural anticoagulation was used at the
operator’s discretion according to local or international guidelines (1,16).

All target lesions were exclusively treated with the everolimus-eluting platinum
chromium stent (Pt-EES). The Pt-EES elutes everolimus within three months from a 4 um
biodegradable PLGA (poly [lactic-co-glycolic acid]) coating that is located only on the
abluminal side of 74 um/79 um/81 um platinum-chromium struts (for the stent sizes <2.5
mm/3.0-3.5 mm/4.0 mm, respectively) and resorbed within four months.

The investigators performed the procedure aiming at achieving optimal stent
implantation according to local standard of care by angiography. The use of quantitative
coronary angiography (QCA) and/or intracoronary imaging (IVUS or optical coherence
tomography [OCT]) was recommended but let at the discretion of the operator. The
achievement of optimal stenting was judged by each investigator according to
recommended criteria shown in Online Table 1 and Online Figure 1 (17-19). All angiography
recordings were analyzed offline by an independent academic core lab (Academic research
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team, ART, Rotterdam) with a QCA software (Coronary Angiography Analysis System [CAAS],
version 5.9, Pie Medical Imaging, Maastricht, the Netherlands).

Table 1. Inclusion and exclusion criteria

Inclusion criteria
1. Successful PCI with optimal stent implantation of one or more SYNERGY stent(s).
2. SYNERGY stent implantation was performed to treat:

a. Presence of one or more de novo lesion with diameter stenosis 250% by visual estimation in at
least one native coronary artery with a reference vessel diameter ranging from 2.25 mm to
4.00 mm without left main stem involvement.

b.  Chronic coronary syndrome or stabilized acute coronary syndromes with normal cardiac
enzyme values prior to the index PCl, and evidence of myocardial ischemia by symptoms or
non-invasive test (e.g. treadmill exercise test, radionuclide scintigraphy, stress
echocardiography).

c.  Anatomic SYNTAX score <23 prior to PCI.

3. Patients has provided written informed consent as approved by the Ethical Committee of the
respective clinical site.
Exclusion criteria
1. Under the age of 18 years or 275 years.
Patients weighing <60 kg.
Glomerular filtration rate <60 mL/min
Previous PCl in the last 12 months.
Current or previous acute coronary syndrome within 12 months.
Patients with planned PCl or surgical intervention to treat any cardiac or non-cardiac condition
within next 6 months.
Concomitant cardiac valve disease requiring surgical therapy.

8. Following lesion characteristics: left main disease, chronic total occlusion, bifurcation lesion
requiring two stent treatment, saphenous or arterial graft lesion and severe calcified lesion
requiring the use of rotablator.

9. Patients concomitantly treated with any other non-study stent at the same procedure.

10. Previous history of definite stent thrombosis.

11. Previous history of stroke or transient ischemic cerebrovascular accident.

12. Atrial fibrillation or other indication for oral anticoagulant therapy.

13. Hemoglobin <10 g/dL or other evidence of active bleeding.

14. Peptic ulceration documented by endoscopy within the last 3 months unless healing proven by
repeat endoscopy.

15. Any other condition deemed by the investigator to place patient at excessive risk of bleeding with
prasugrel.

16. Known allergy to aspirin, prasugrel or diagnosed lactose intolerance.

17. Treatment in the last 10 days or requirement for ongoing treatment with a strong CYP3A4 inhibitor
or inducer.

18. Females of child-bearing potential unless negative pregnancy test at screening and willing to use
effective contraception for the duration of treatment with study medication.

19. Female who is breastfeeding at time of enrolment.

20. Participation in another trial with an investigational drug or stent.

21. Co-morbidity associated with life expectancy less than one year.

22. Assessment that the subject is not likely to comply with the study procedures.

23. Known drug or alcohol dependence within the past 12 months as judged by the investigator.

PCl, percutaneous coronary intervention.

ok wN

N

Antiplatelet treatment

After achievement of optimal Pt-EES implantation on standard DAPT administrated prior to
the index procedure, patients were finally enrolled in the study and loaded with 60 mg of
prasugrel while still in the catheterization laboratory (cath lab) in order to avoid further
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delay or omission of the loading dose (Central lllustration). In patients already on long-term
ticagrelor, we recommended the investigator to administer 60 mg of prasugrel in the cath
lab and discontinue ticagrelor just after the procedure. In patients already on long-term
prasugrel, there was no need for additional loading dose, and patients were treated with 10
mg of prasugrel once a daily for 3 months. Upon enrollment, aspirin was discontinued on
the day of the index procedure, and the prescription was maintained aspirin-free
throughout the 3-month follow-up.

A Aspirin-Free Prasugrel Monotherapy Started Immediately After PCl in ASET
Low ischemic and bleeding risk patients presented with stable CAD

lopidogrel|

Successful DES implantation All patients are treated

Loading dose of Prasugrel with DAPT at day O

Clopidogrel is Prasugrel Aspirin is
discontinued maintenance dose discontinued

Day O
(Index PCI)

Day1
(Next day of index PCI)

Day 90 No stent thrombosis
(3-month follow-up visit) occurred
B Future Perspective of Aspirin-Free Prasugrel Monotherapy
Moderate to high bleeding risk patients presented with stable CAD and ACS

Loading dose of Prasugrel

Prasugrel

maintenance dose

Day 0 - ) Al_l patients are treated
(Index PCI) Successful DES implantation with Prasugrel
monotherapy at day O
Day 1
(Next day of index PCI)
Less bleeding events
Day 365 and similar ischemic
(1-year follow-up visit) events compared with

standard DAPT

Central lllustration. Aspirin-free prasugrel monotherapy.

Panel A shows aspirin-free prasugrel monotherapy in ASET. Panel B shows future perspective of aspirin-free
prasugrel monotherapy.

ACS = acute coronary syndrome, CAD = coronary artery disease, DAPT = dual antiplatelet therapy, DES = drug
eluting stent, PCI = percutaneous coronary intervention.
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Study follow-up

After the index procedure, an assessment of the patient’s clinical status was performed.
Cardiac biomarkers were measured at discharge or at 3-8 hours post procedure. A standard
12-lead ECG was also performed at discharge or within 24 hours post procedure. Before
hospital discharge, all patients were diligently educated about the importance of
compliance with medication and the risk of stopping prasugrel using a specific educational
study card. This card contained important information on the study drug and a warning on
the risks of discontinuing the study drug without consultation of the research staff. If
prasugrel needed to be discontinued for any reason, aspirin and clopidogrel should be
considered as alternative treatment after consultation with the research staff.

A clinical follow-up was performed at 1 month by telephone contact to assess
treatment adherence and clinical events. After 3 months, an in-person visit was performed
and prasugrel monotherapy was replaced by aspirin monotherapy or DAPT according to
physician’s discretion. When switching from prasugrel back to aspirin monotherapy, a
loading dose of aspirin was recommended and was to be given in the hospital at the time of
the 3 months follow-up visit.

A telephone contact was performed at 4 months (final follow-up) for an
observational assessment of the switch to standard of care treatment (aspirin alone or
DAPT). An assessment of the angina status, cardiovascular drug use and any serious adverse
events were recorded during clinical follow-up visits.

Adherence to prasugrel

The number of remaining prasugrel tablets at 3 months follow-up was recorded in order to
assess adherence to prasugrel. Discontinuation and restart of any antiplatelet agents up to 4
months were recorded with the date and reason (20). Adherence to prasugrel was assessed
with two methods: cross-sectional binary assessment in each follow-up visit and tablet-level
assessment using drug accountability report at 3 months follow-up (i.e. [number of
prasugrel tablets prescribed at discharge - number of remaining prasugrel tablets at 3
months follow-up] / number of prasugrel tablets required from discharge to 3 months
follow-up).

Study endpoints

The primary ischemic endpoint was a composite of cardiac death, spontaneous target-vessel
myocardial infarction (Ml) (48 hours after index procedure) or definite stent thrombosis up
to 3 months after the index procedure.

The primary bleeding end point was any Bleeding Academic Research Consortium
(BARC) type 3 and 5 bleeding up to 3 months after the index procedure. Secondary
endpoints included all-cause death, stroke (subclassified as ischemic, hemorrhagic, or
unknown), all Ml, repeat revascularization, definite/probable/possible stent thrombosis,
BARC type 1-5 bleedings and each individual component of the primary endpoint.

All deaths were considered cardiac unless an undisputed non-cardiac cause was
present. Spontaneous Ml was defined according to Third Universal definitions (21).
Periprocedural Ml (<48 hours post PCl) was defined according to Society for Cardiovascular
Angiography and Interventions (SCAI) 2013 definition (22). Stent thrombosis was defined
and classified according to the Academic Research Consortium (ARC)-2 definition (23). BARC
bleeding was defined as previously reported (24). All endpoints were independently
adjudicated by the Clinical Event Committee (CEC). An independent Data Safety and
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Monitoring Board (DSMB) oversaw the individual and collective safety of the patients in the
study during enrollment and follow-up period. In order to provide the steering committee
with timely feedback on the potential safety issues, the DSMB reviewed the data three
times during the trial, when the 50" patient enrolled, when the 125t patient enrolled and
when the 200" patient completed 1-month follow-up. The listing of the members of CEC
and DSMB is shown in Online appendix.

Statistical analysis

Continuous variables were presented as mean with standard deviation, or median with
interquartile range as appropriate. Categorical variables were presented as frequencies and
percentages. All analyses were done using the SAS System software, version 9.2 or above
(SAS Institute Inc., SAS Campus Drive, Cary, North Carolina 27513, USA. All rights reserved).

[ 212 |
11 not enrolled Adherence

201 pts were enrolled after optimal stenting :: TI:"""" P ‘i; | 99"5;";2;0)
n + clo logre! .
All patients were loaded prasugrel 60mg immediate after PCI Asplrln + “c: wlgr 0.5% (1
1 month follow-up 1 month follow-up n=200
Prasugrel mono 99.5% (199)
n =200 (100%) IAspirin + clopidogrel 0.5% (1
o = 0 3 months follow-up n =200
3 months follow-up, n = 200 (100%) TNt o6 98.5% (197)
Primary endpoint, discontinuation of prasugrel Prasugrel + aspirin 0.5% (1)
IAspirin + clopidogrel 1.0% (2)
4 months follow-up :”":—;‘;’;’?’; :‘;’?“"" 2 (12‘;% )
n = 200 (100%) |Aspirin + clopidogrel _ 40% (80)

Figure 1. Study flow chart with adherence to antiplatelet agent
APT = antiplatelet therapy, PCI = percutaneous coronary intervention.

Results

Patients screening and enrollment

From February 22, 2018, to May 7, 2019, 212 patients with SYNTAX score <23 were
screened, and 201 patients were enrolled after successful PCl in the trial at 9 centers in
Brazil (Figure 1 and Online Table 2). Most of the reasons for non-enroliment were related to
suboptimal results of PCl such as left main stenting, 2-stent technique for bifurcation lesion
and side branch occlusion after stenting in 7 patients. In addition, a few more non eligible
cases related to non-significant stenosis and atrial fibrillation have to be mentioned (Table
2).

Baseline characteristics

Baseline characteristics are shown in Table 3. Mean age was 59.5 + 7.7 years and 35.3% of
patients were female. Diabetes mellitus was observed in 36.8% of patients. Before the
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procedure, 96.5% of patients (194/201) were diagnosed as stable CAD with normal troponin
| or T value (<upper limit of normal [ULN]), and 6 patients had CK-MB values <2 x ULN. One
patient was diagnosed as stable CAD without any pre-procedural measurement of cardiac
enzyme, whereas the post-procedural troponin T and CK-MB value was below ULN in this
patient. The mean site-reported SYNTAX score was 7.2 £ 4.5.

Table 2. The reasons of screened but not enrolled.

Reasons of not enrolled Number of patients
Non-significant stenosis (diameter stenosis <50%) 2
Left main disease 2
Bifurcation lesion requiring 2-stent technique 2
Stent edge dissection 1
Sidebranch occlusion after stent implantation 1
Presence of transient total occlusion 1
Atrial fibrillation 1
Enrollment was closed at the time of screening 1
Total 11
Table 3. Baseline characteristics
Characteristics n=201
Age, mean (SD), y 59.5(7.7)
Male, No. (%) 130 (64.7)
Female, No. (%) 71(35.3)
Body Mass Index, mean (SD), kg/m2 28.8 (4.4)
Medical history
Current smoker, No. (%) 33 (16.4)
Diabetes Mellitus, No. (%) 74 (36.8)
Insulin dependent, No. (%) 16 (8.0)
Hypertension, No. (%) 186 (92.5)
Dyslipidemia, No. (%) 140 (69.7)
Family history of coronary artery disease, No. (%) 118 (61.8)
Previous Myocardial Infarction, No. (%) 18 (9.0)
Established Peripheral Vascular Disease, No. (%) 11 (5.5)
Chronic Obstructive Pulmonary Disease, No. (%) 4(2.0)
Heart failure, No. (%) 5(2.5)
Major bleeding, No. (%) 1(0.5)
Renal insufficiency, No. (%)* 0(0)
Previous Percutaneous Coronary Intervention, No. (%) 25 (12.4)
Previous Coronary Artery Bypass Grafting, No. (%) 3(1.5)
Left ventricular ejection fraction, mean (SD), % 64.3(7.7)
SYNTAX Score, mean (SD) 7.2+4.5
Clinical presentation
Non-ST elevation myocardial infarction, No. (%) 0(0)
Unstable angina, No. (%) 0(0)
Chronic coronary syndrome, No. (%) 201 (100)
Stable angina, No. (%) 189 (94)
Silent ischemia, No. (%) 4(2)
Angina equivalent, No. (%) 8 (4)

* Impaired renal function is defined as estimated glomerular filtration rate of creatinine clearance < 60 mL/min
per 1.73 m2 based on the Modification of Diet in Renal Disease formula.
SD = standard deviation.
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Table 4. Lesion and procedural characteristics

Characteristics n=201
Vascular access site per patient
Femoral, No. (%) 31(15.4)
Radial, No. (%) 170 (84.6)
Brachial, No. (%) 0(0)
Lesions treated per patient
One lesion, No. (%) 159 (79.1)
Two lesions, No. (%) 36 (17.9)
Three or more lesions, No. (%) 6(3.0)
Treated lesions (n=250 lesions)
Left Main coronary artery, No. (%) 0(0)
Left anterior descending artery, No. (%) 131 (52.4)
Left circumflex artery, No. (%) 47 (18.8)
Right coronary artery, No. (%) 72 (28.8)
AHA lesion classification
A, No. (%) 39 (15.6)
B1, No. (%) 80 (32.0)
B2, No. (%) 51(20.4)
C, No. (%) 80 (32.0)
Direct stenting, No. (%) 168 (67.2)
IVUS used for stent optimization, No. (%) 42 (16.8)
Minimal lumen area, mean (SD), mm2 7.1(3.5)
Stent area, mean (SD), mm2 7.5 (3.0)
Post dilatation performed, No. (%) 144 (57.6)
Diameter stenosis by quantitative coronary angiography
Pre-procedure, mean (SD), % 58.9 (11.9)
Post-procedure, mean (SD), % 11.4(7.1)
<30%, No. (%) 1(0.4)
Pre-procedural TIMI flow
Flow 0, No. (%) 0(0)
Flow 1, No. (%) 4(1.6)
Flow 2, No. (%) 6(2.4)
Flow 3, No. (%) 240 (96.0)
Post-procedural TIMI flow
Flow 0, No. (%) 0(0)
Flow 1, No. (%) 0(0)
Flow 2, No. (%) 1(0.4)
Flow 3, No. (%) 249 (99.6)
Number of stents used per patient, median (IQR1-3) 1(1-2)
Patients with:
No Stent, No. (%) 0(0)
One Stent, No. (%) 142 (70.6)
Two Stents, No. (%) 50 (24.9)
Three or more Stents, No. (%) 9(4.5)
Total stent length per patient, mean (SD), mm 32.7 (18.0)
Per stent characteristics (n= 272 stents)
Pt-EES used, No (%) 272 (100)
Stent length, mean (SD), mm 24.2 (8.4)
Stent nominal diameter, mean (SD), mm 3.00(0.43)
Procedure time, mean (SD), minutes 45.8 (26.5)
Days in hospital, median (IQR1-3), days 2 (2-3)
Prasugrel loading dose given after successful PCl procedure, No. (%) 201 (100)

AHA = American Heart Association, IVUS = intravascular ultrasound, PCl = percutaneous coronary intervention,
Pt-EES = everolimus-eluting platinum chromium stent, TIMI = Thrombolysis in Myocardial Infarction.
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Table 5. Clinical outcomes at 3 months follow-up

Outcomes at 3 months follow-up n=201
Primary ischemic endpoint: a composite of cardiac death, TV-spontaneous myocardial
infarction, or definite stent thrombosis 1(0.5)
Cardiac death 1(0.5)
TV-spontaneous myocardial infarction (48 hours after PCl) 0(0)
Definite stent thrombosis 0(0)
Primary bleeding endpoint: BARC type 3 or 5 bleeding 1(0.5)
BARC type 3a 0(0)
BARC type 3b 0(0)
BARC type 5a 0(0)
BARC type 5b 1(0.5)
Secondary endpoints
All cause death 1(0.5)
Cardiac 1(0.5)
Stroke 1(0.5)
Ischemic 0(0)
Hemorrhagic 1(0.5)
Unknown 0(0)
Transient ischemic attack 0(0)
Myocardial Infarction 2(1.0)
Spontaneous 0(0)
- TV related 0(0)
- Non-TV related 0(0)
Peri-procedural 2 (1.0)
- TV related 2 (1.0)
- Non-TV related 0(0)
Bleeding: BARC type 1to 5 1(0.5)
BARC Type 5b 1(0.5)
All revascularizations 1(0.5)
Non-TV revascularization 1(0.5)
Stent Thrombosis 0(0)
Definite 0(0)
Probable 0(0)
Possible 0(0)

BARC = Bleeding Academic Research Consortium, TV = target vessel.

Lesion and procedural characteristics

Lesion and procedural characteristics are shown in Table 4. Diagnostic coronary angiograms
from all 201 enrolled patients are shown in Online Figure 2. The majority of patients
underwent PCl using radial access (84.6%). Half of lesions were classified as AHA lesion
classification B2 or C (52.4%). All patients were treated exclusively with Pt-EES. The median
number of implanted stents per patients was 1 (IQR1-3:1-2) and the mean total stent length
per patients was 32.7 + 18.0 mm. Overlapping stent was observed in 19 patients. Direct
stenting was performed in 67.2% of lesions, whereas post dilatation was performed in
57.6% of lesions with mean maximum pressure of 18.6 atm. IVUS guided stent optimization
was performed in 16.8% of lesions. After the procedure, TIMI flow 3 was achieved in 99.6%
of lesions (249/250). All lesions achieved post PCI diameter stenosis (DS) <20% by visual
estimation, whereas 99.5% of lesions (249/250) achieved DS <30% by QCA with mean DS of
11.4 + 7.1%. Peri-procedural Ml occurred in 2 patients (1.0%).
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Outcomes

All enrolled patients completed study follow-up over 4 months except one patient who died
3 days after index procedure (Figure 1). The primary ischemic endpoint occurred in one
patient up to 3 months follow-up (0.5%). The primary bleeding endpoint occurred in one
patient (0.5%). These primary endpoints occurred in the same patient. The patient was a 68-
year-old female with SYNTAX score of 3. She underwent successful PCI for a non-complex
target lesion in the mid right coronary artery. She was on long-term therapy of clopidogrel
before index procedure, so that clopidogrel loading dose was not administrated before
index procedure. Prasugrel 60mg was loaded immediately after PCI. The patient maintained
constant high blood pressure and a few hours after the index procedure, she presented with
severe headache and altered level of consciousness, becoming then comatose and needing
orotracheal intubation. Computed tomography revealed massive intracranial bleeding and
the patient was referred to emergency neurosurgical decompression. After surgery there
was severe deterioration of the neurological status and the patient eventually died 3 days
after index procedure. This event was adjudicated as cardiac death, BARC type 5b bleeding,
and hemorrhagic stroke. The complete list of clinical outcomes is presented in Table 5. In
terms of secondary endpoints, no spontaneous Ml and stent thrombosis were observed up
to 3 months follow-up, while one non-target vessel revascularization was observed.

Adherence to antiplatelet agents

Adherence to antiplatelet agents is shown in Figure 1. First of all, before index procedure, all
participants were on standard DAPT by design. Of these 99.5% were on DAPT with aspirin
plus clopidogrel. One hundred four patients were prescribed clopidogrel loading dose,
whereas 96 were on long-tern therapy of clopidogrel with maintenance dose. Only one
patient was on long-term DAPT with aspirin plus ticagrelor before PCI. Immediately after
PCI, all 201 patients received loading dose of prasugrel 60 mg and aspirin was discontinued
on the day of the index procedure. At 3-month follow-up, three patients did not adhere to
study medication. Two patients presented with recurrent angina during follow-up. One
underwent revascularization for a non-target vessel and subsequently restarted the DAPT
(aspirin and clopidogrel). The other restarted DAPT (aspirin and clopidogrel) without having
undergone an invasive coronary angiography and subsequently angina subsided. The
remaining patient did not discontinue prasugrel up to 3-month follow-up, but restarted
aspirin 10 days before 3-month visit on his own decision. Overall, 98.5% of patients adhered
study medication at 3-month follow-up in the cross-sectional analysis. In drug accountability
analysis for prasugrel among 198 patients with available data, the adherence to prasugrel
was 98.3% (18055/18353 tablets). Both analyses demonstrated high adherence to prasugrel
monotherapy without any side effect. At 4-month follow-up, 60% of patients received
aspirin monotherapy, and the remaining patients received DAPT with aspirin and
clopidogrel.

Discussion

We present here a proof-of-concept trial in which selected stable CAD patients were treated
with aspirin-free prasugrel monotherapy following a successful Pt-EES implantation. One
patient presented a primary bleeding endpoint. Importantly, no stent thrombosis event
occurred. This finding is not surprising, but to the best of our knowledge, this is the first
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prospective experience of withholding aspirin the next day of index PCI while administrating
a monotherapy of P2Y12 inhibitor (25).

Recently, several randomized controlled trials (RCT) have been conducted to
investigate different antithrombotic strategies including a monotherapy of P2Y12 inhibitor,
aiming to assess the best balance between ischemic and bleeding risks after PCI. The
STOPDAPT-2 trial showed that 1-month DAPT followed by clopidogrel monotherapy
provided a beneficial net clinical effect for ischemic and bleeding events, compared with 12-
month DAPT with aspirin and clopidogrel (3). Likewise, in the SMART-CHOICE study, 3
months of DAPT followed by P2Y12 inhibitor monotherapy for 9 months was noninferior to
12 months of DAPT (4). Similar results were reported in a high-risk population from the
large-scale randomized TWILIGHT study (5) and in ACS patients from the TICO trial (6).
Additionally, albeit not showing superiority, the GLOBAL LEADERS trial suggested no harm of
a scheme comprising one-month DAPT (aspirin and ticagrelor) followed by 23-month
ticagrelor monotherapy (26). It is interesting to note that all those trials included patients
undergoing PCl in both acute and stable settings.

When compared with patients treated with standard DAPT, patients with moderate
to high bleeding risk should derive benefit from a strategy of aspirin-free prasugrel
monotherapy by reducing the bleeding events without increasing the ischemic events. In
numerous RCTs with short DAPT followed by P2Y12 inhibitor monotherapy, P2Y12 inhibitor
monotherapy was started at least one month after index procedure (3-6). But until now, no
trial has evaluated a P2Y12 monotherapy strategy initiated immediately after DES
implantation and this type of strategy should be evaluated with special consideration for
safety due to the high frequency of stent thrombosis observed during the first month (13).
Therefore, before starting a RCT to prove the superiority of aspirin-free strategy in reducing
bleeding, the safety concern with regard to an excess of early stent thrombosis should be
excluded. If we aim to demonstrate the non-inferiority of aspirin-free therapy against
standard DAPT on definite stent thrombosis at three months, we need more than 11,000
patients in each arm (Expected 3-month definite stent thrombosis rate of standard DAPT
group: 0.44% from SYNTAX Il [using Pt-EES and IVUS guided stent optimization], non-
inferiority margin: 0.22%, one-sided alpha: 0.05, 80% power) (27). It is unrealistic or even
unethical to implement such a trial without any evidence of feasibility and safety. Therefore,
we needed such a small first-in-man study with maximum consideration for safety (i.e. early
stent thrombosis prevention) such as careful patient selection using SYNTAX Score, strict
screening based on cardiac enzyme, strong recommendation of imaging guided stent
optimization, strict protocol of switching antiplatelet drugs and extended follow-up up to 4
months as well as patient education using specific study card, and a stringent careful data
monitoring by DSMB. In terms of changes in antiplatelet therapy regimen, we decided to
initiate prasugrel monotherapy in the catheterization laboratory immediately after
confirmation of a successful EES implantation in order to minimize the risk of stent
thrombosis, since suboptimal stent implantation or unexpected complex stenting are
performed with a certain probability (3.3% [7/212] among all the patients screened in the
present trial). This strategy of switching P2Y12 inhibitor is in line with international
consensus on switching therapies and being supported by the pharmacodynamic studies
(28-31). In a previous trial, it has been demonstrated that a prasugrel loading dose following
a clopidogrel loading dose results in rapid and substantial decrease in high platelet reactivity
in patients undergoing PCI (31).
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The safety profile of prasugrel monotherapy following DES implantation in this study
may be attributed, at least in part, to the exclusive use of newer generation thin-strut
biodegradable polymer EES, since these new stents demonstrated lower rate of thrombotic
complications compared with those of first-generation DES (14). Additionally, we included
only patients with non-complex, non-acute CAD in whom optimal PCl results were achieved.
Although intracoronary imaging guided stent optimization was strongly recommended by
the protocol, only 16% of patients underwent IVUS guided stent optimization. A low
adoption of IVUS for stent optimization was somewhat disappointing, but in-stent DS <30%
by QCA was achieved in almost all lesions (99.5%) with a mean DS of 11.4 + 7.1%.

Potent P2Y12 blockage by prasugrel monotherapy with an excellent adherence
(98.5%) may have led to downregulation of other markers of platelet reactivity including
arachidonic acid- and collagen-induced aggregation (32,33), resulting in no case of stent
thrombosis. The adherence to prasugrel in the present trial was relatively higher compared
with those in the trials which implemented P2Y12 monotherapy with ticagrelor (at 3
months: 86.0% and 87.3% in the GLOBAL LEADERS trial and the TWILIGHT trial,
respectively), although the present trial enrolled far less patients than the others. In the
ISAR-REACT 5 trial, among 4018 patients with ACS randomized to either prasugrel or
ticagrelor, the incidence of death, Ml, or stroke was significantly lower among those who
received prasugrel than among those who received ticagrelor, and the incidence of major
bleeding was not significantly different between the two groups. In addition to the main
findings, prasugrel was associated with a lower incidence of drug discontinuation at 1-year
follow-up compared with ticagrelor (12.5% in the prasugrel arm vs 15.2% in the ticagrelor
arm, p = 0.03) (34), which can be at least partially explained by the specific side effects of
ticagrelor (e.g. dyspnea) and its BID prescription. Furthermore, in the present study we
diligently educated participants about the importance of compliance with medication and
the risk of stopping prasugrel using a specific study card, which may have contributed to the
high adherence to prasugrel. These findings may suggest that prasugrel is a preferable drug
as P2Y12 inhibitor monotherapy when compared with ticagrelor.

In the present trial, maximal consideration for early stent thrombosis resulted in the
enrollment of very low bleeding risk patients, but the efficacy of aspirin-free strategy in
reducing bleeding among high bleeding risk patients is of interest and should be
investigated in a large-scale RCT. The completion of the present trial without any stent
thrombosis allows us ethically to plan further trials. Theoretically, patients with moderate to
high bleeding risk are ideal candidates for a large RCT to prove efficacy in bleeding reduction
as shown in the recent trials with short DAPT strategy followed by P2Y12 monotherapy (35-
37). Of note, these patients frequently have complex PCl features and ACS presentation
which are well known ischemic risk factors and were systematically excluded from the
present trial according to the exclusion criteria applied in this first in man study investigating
for the first time a regimen of aspirin-free prasugrel monotherapy. Therefore, before
starting large RCT, additional pilot study may be needed to demonstrate safety (absence of
early stent thrombosis) in patients with a more complex coronary syndrome (e.g. Non-ST
elevation ACS population like in the ASET Japan trial).

Limitations

The present trial has several limitations. First, this was a non-randomized study without any
comparator. Therefore, no conclusion could be drawn in terms of superiority or inferiority
of prasugrel monotherapy compared with conventional DAPT, since this was not the
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objective of this study. Second, the external validity of the result of the present pilot study
may be limited to a population selected with the stringent criteria of selection applied in the
present study which is only one exploratory step toward “an aspirin-free era post PCI” (38).
However, the completion of the present trial without any stent thrombosis allows us to plan
further trials and expansion of the inclusion criteria (e.g. Non-ST elevation ACS population
in the ASET Japan trial). Third, the cut-off rate of definite stent thrombosis adopted in the
present study was relatively high when compared with the stent thrombosis outcome of
current stent trials with contemporary DES in which a definite stent thrombosis rate of
0.72% at a median follow-up of 3.8 years in Cobalt Chromium or Platina Chromium EES is
reported (14). Fourth, the administration of prasugrel loading dose immediately after PCI
potentially may have contributed to the fatal intracranial bleeding in one patient who was
on long-term therapy of aspirin plus clopidogrel before PCI. A single event of intracranial
hemorrhage in a very small sample size population as in the ASET trial represents
theoretically a rate of 0.5% over 3 months in very low-risk patients and is concerning, since
in previous RCTs with short DAPT strategies among higher-risk patients than in the present
trial, intracranial hemorrhage rate ranged from 0 to 0.13% over an observation period of 1
year (3,26). This single case of intracranial hemorrhage may have been caused more
specifically by the switching between P2Y12 inhibitors with loading dose of prasugrel rather
than by the aspirin-free prasugrel monotherapy itself. Initiation of prasugrel with or without
aspirin prior to the procedure might be a desirable alternative in future trials, since the
switching from clopidogrel to prasugrel could be then avoided. Although prasugrel
monotherapy starting before PCl is the desirable final strategy (Central lllustration B), it was
premature to implement that strategy during this first in man study without applying the
switching of P2Y12 recommended in the literature (28). Finally, the lack of platelet
functional test is a major limitation, since we have missed the opportunity to evaluate the
incidence and impact of high platelet reactivity (HPR) under prasugrel treatment without
aspirin in clinical practice. HPR has been observed in around 10% of patients treated with
prasugrel (39), and might be associated with worse ischemic outcome in patient on
prasugrel monotherapy than on standard DAPT. However, an individual patient-level meta-
analysis from more than 6000 patients showed that HPR was not predictive of recurrent
ischemic events in low-risk patients treated with clopidogrel (40). In the present trial,
careful patient selection and strong recommendation of imaging guided stent optimization
may have minimized the risk of ischemic event in patients with HPR on prasugrel
monotherapy.

Conclusion

The aspirin-free prasugrel monotherapy was feasible and safe following a successful DES
implantation in a population of selected stable CAD patients with low anatomical
complexity. Our findings may help underpinning larger randomized controlled studies to
evaluate the aspirin-free strategy compared with traditional DAPT following PCI.
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Supplementary Material

Patients selection criteria

Supplementary methods

Definitions of the study endpoints

All deaths will be considered cardiac unless an undisputed non-cardiac cause is present. Spontaneous Ml will
be defined according to Third Universal definitions. Periprocedural Ml (<48 hours post PCI) will be defined
according to Society for Cardiovascular Angiography and Interventions (SCAI) 2013 definition. Stent thrombosis
will be defined according to the Academic Research Consortium (ARC)-2 definition. BARC bleeding will be
defined as previously reported.

Listing of the members of clinical event committee (CEC) and data safety and monitoring board (DSMB)
= CEC
Dr. E. McFadden (Cork University Hospital, Ireland)
Dr B.J.W.M. Rensing (St. Antonius Hospital, the Netherlands)
Dr O. Soliman (National University of Ireland Galway, Ireland)
Dr. S. Garg (Royal Blackburn Hospital, UK)
Prof. G. Andersen (Aarhus University Hospital, Denmark)
= DSMB
Prof. F.W.A. Verheugt (Radboud UMC, the Netherlands)
Prof. J. Tijssen (Academisch Medisch Centrum, University of Amsterdam, the Netherlands)
Dr. P.C. Smits (Maasstad Ziekenhuis, the Netherlands)
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Online Figure 1. Assessment of symmetric stent expansion with asymmetry index in longitudinal IVUS image
Asymmetry index was calculated per stented segment as (1 — minimal lumen diameter/maximal lumen
diameter). Minimal lumen diameter was the minimal value of minimal lumen diameter throughout stent
segment (red arrow), maximal lumen diameter was the maximal value of maximal lumen diameter throughout
stent segment (blue arrow). Therefore, the minimum lumen diameter and maximum lumen diameter could
derive from different cross-sections in the stent segment.

Al = asymmetry index, IVUS = intravascular ultrasound.
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Online Figure 2. Diagnostic coronary angiograms from all 201 enrolled patients
Panel A to S show the pictures of diagnostic coronary angiogram from all participants. The target lesion is
marked with an asterisk.
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Online Table 1. Recommended criteria of optimal stent implantation
Angiography including quantitative coronary angiography
Residual diameter stenosis <20% by visual estimation or <30% by quantitative coronary angiography (QCA)
without edge dissection, thrombus, major side branch occlusion, no-reflow.
Intravascular ultrasound (IVUS) criteria (Modified MUSIC Criteria) *
Stent deployment is suboptimal when at least one of the below IVUS findings is present:
1. Complete apposition against the vessel wall of the entire stent.
2. Adequate stent expansion:

a) Incasein-stent minimal lumen area (MLA) £5.5 mm?, In-stent MLA 290% of the average
reference lumen area or 2100% of lumen area of the reference segment with the lowest lumen
area; or

b) In case in-stent MLA >5.5 mm?, in-stent MLA >80% of the average reference lumen area or
2>90% of lumen area of the reference segment with the lowest lumen area.

3.  Symmetric stent expansion defined by asymmetry index (1 — minimal lumen diameter per pullback

/ maximal lumen diameter per pullback) <0.3 (Online Figure 1).

OCT criteria [Prati et al.]
Stent deployment is suboptimal when at least one of the below OCT findings is present:

1) Edge dissection: the presence of a linear rim of tissue with a width 2200 um and a clear separation from
the vessel wall or underlying plaque that was adjacent (<5 mm) to a stent edge.

2) Reference lumen narrowing: lumen area <4.5 mm? in the presence of significant residual plaque
adjacent to stent endings.

3) Malapposition: stent-adjacent vessel lumen distance >200 um.

4) In-stent MLA <4.5 mm?.

5) In-stent MLA <70% of the average reference lumen area;

6) Intrastent plague/thrombus protrusion: tissue prolapsing between stent struts extending inside a
circular arc connecting adjacent struts or intraluminal mass 2500 pum in thickness, with no direct
continuity with the surface of the vessel wall or highly backscattered luminal protrusion in continuity

with the vessel wall and resulting in signal free shadowing.
IVUS, intravascular ultrasound; MLA, minimum lumen area; OCT, optical coherence tomography.

Online references

1. de Jaegere P, Mudra H, Figulla H, et al. Intravascular ultrasound-guided optimized stent deployment.
Immediate and 6 months clinical and angiographic results from the Multicenter Ultrasound Stenting in
Coronaries Study (MUSIC Study). Eur Heart J. 1998;19(8):1214-1223.

2. Prati F, Romagnoli E, Burzotta F, et al. Clinical Impact of OCT Findings During PCI: The CLI-OPCI Il Study.
JACC Cardiovasc Imaging. 2015;8(11):1297-1305.
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Samenvatting van het proefschrift
Deel A: Beste praktijk bij coronaire revascularisatie van drie-

vatslijden

Ondanks de enorme evoluties in drug-eluting stent (DES), implantatietechnieken en post-
procedurele anti-bloedplaatjestherapie, blijft drie-vatslijden (3VD) de meest uitdagende
subgroep van patiénten voor PCl *. Van de verschillende onderzoeken die coronaire bypass-
transplantatie (CABG) vergelijken met PCl bij patiénten met 3VD, identificeerde de SYNergy
tussen percutane coronaire interventie met TAXus en hartchirurgie (SYNTAX trial), CABG als
de voorkeursstrategie voor revascularisatie, vergeleken met PCl met eerste generatie DES 2.
Sinds de patienten inclusie van de SYNTAX-I trial in 2007 waren er grote technische en
procedurele vorderingen die de resultaten na PCl beinvloedden. In hoofdstuk 2 hebben we
de 2-jarige uitkomst van de SYNTAX Il studie gerapporteerd. De SYNTAX ll-studie was een
multicenter, eenarmige studie die de impact onderzocht van een hedendaagse beste
praktijk PCl-strategie (SYNTAX-II-strategie) op klinische resultaten bij 454 patiénten met de
novo 3VD zonder linker hoofdstam ziekte. Klinische resultaten in SYNTAX Il werden
vergeleken met de vooraf gedefinieerde PCI (SYNTAX-I PCl) en CABG (SYNTAX-I CABG)
cohorten uit de historische SYNTAX-studie (SYNTAX-I), geselecteerd op basis van evenwicht
(equipoise) voor lange termijn (vier- jaar) sterfte met behulp van de SYNTAX-Score Il 3. De
SYNTAX-II-strategie omvat: besluitvorming door het hartteam met behulp van de SYNTAX
Score Il (een klinisch hulpmiddel dat anatomische en klinische factoren combineert),
coronaire fysiologie begeleide revascularisatie, implantatie van dunne biologisch
afbreekbare polymere drug-eluting stents, intravasculaire echografie (IVUS) begeleide
stentimplantatie, chronische totale occlusie revascularisatie met hedendaagse technieken
en medische therapie volgend de richtlijnen. Na twee jaar waren ernstige ongunstige
cardiale en cerebrovasculaire gebeurtenissen (MACCE: een samenstelling van overlijden
door alle oorzaken, elke beroerte, myocardinfarct of revascularisatie) in SYNTAX Il
significant lager in vergelijking met SYNTAX-I PCl (13,2% vs. 21,9%, p=0,001). Dit verschil
werd veroorzaakt door een vermindering van 66% bij alle myocardinfarcten (Ml) en 38% bij
alle revascularisaties. Bovendien waren vergelijkbare resultaten over twee jaar voor MACCE
duidelijk tussen SYNTAX Il PCI en SYNTAX-I CABG (13,2% vs. 15,1%, p=0,42). Er is een
duidelijke verbetering in klinische resultaten tot 2 jaar na PCl binnen een tijdsverloop van 9
jaar tussen de inclusie van patiénten van de SYNTAX | en Il.

Deel B: Standaardisering van de beoordeling van het succes van het

hulpmiddel in de hedendaagse stent studies.

De evolutie van coronaire stents heeft het meest bijgedragen aan het verbeteren van de
algehele PCl-prestaties. Het gebruik van DES van de tweede generatie maakt deel uit van de
best praktijk PCl-strategie. Onlangs toonde een meta-analyse aan dat DES met ultradunne
struts (strutdikte <70 m) de incidentie van het falen van het behandelde bloedvat
verminderde in vergelijking met die van de hedendaagse tweede generatie DES met dikkere
struts 6. Het gebruik van DES met ultradunne stut zal waarschijnlijk deel uitmaken van de
best praktijk PCl-strategie, maar het mechanische vermogen van DES met ultradunne struts
moet nauwkeurig worden geévalueerd. Daarom hebben we in hoofdstuk 3 een
systematische evaluatie van definities en rapportage van het succes van het hulpmiddel
(stents) in klinische onderzoeken uitgevoerd. De meeste PCl-onderzoeken die rapporteren
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over succes, hebben de definitie overgenomen die wordt aanbevolen door de Europese
Commissie en de Amerikaanse Food and Drug Administration, maar het is opmerkelijk dat
de succespercentages van hulpmiddelen niet op dezelfde manier worden gerapporteerd en
niet in alle onderzoeken worden gerapporteerd. De meest voorkomende variatie is de
definitie van definitieve stenose in de stent, die varieert van <20% tot <50%. We hebben
een uitgebreide definitie voorgesteld die niet alleen een succesvolle implantatie van het
hulpmiddel verklaart, maar ook een succesvolle ballonexpansie en terugtrekking van het
plaatsingssysteem. Bovendien wordt het bereiken van een uiteindelijke in-stent residuele
stenose van <20% met gegevens gerapporteerd door de QCA van het core laboratorium
(voorkeurs methodologie) overgenomen in de uitgebreide definitie volgens de belangrijkste
angiografische eindpunten aanbevolen door de ESC/EAPCI Task Force op de evaluatie van
coronaire stents 7. We hebben ook speciale overwegingen voorgesteld, zoals op laesie
gebaseerde analyseproblemen, gebruik van meerdere hulpmiddelen/stents en laesiesucces
versus succes van het hulpmiddel.

In hoofdstuk 4 rapporteerden we het primaire eindpunt van de TALENT-studie, een
gerandomiseerde, gecontroleerde studie voor iedere patiént om de non-inferioriteit van
klinische uitkomsten te onderzoeken na implantatie van de ultradunne Supraflex DES in
vergelijking met de Xience DES. Na 12 maanden was het primaire eindpunt van een device
(hulpmiddel) georiénteerd samengesteld eindpunt opgetreden bij 35 patiénten (4,9%) in de
Supraflex-groep en bij 37 patiénten (5,3%) in de Xience-groep. Non-inferioriteit van de
Supraflex-stent vergeleken met de Xience-stent werd aangetoond, met een absoluut
verschil van —=0,3% en een eenzijdige 95% bovengrens van 1,6% (p voor non-inferioriteit
<0,0001, p voor superioriteit=0,801). Het succespercentage van het hulpmiddel per laesie in
beide groepen was hoog, maar er was een significant verschil tussen de Supraflex- en de
Xience-groep (973 [97,6%)] van 997 laesies versus 998 [99,5%] van 1003; verschil —1,9%,

95 % BI —3-0 tot —0-9; p=0,0003). Dit verschil werd voornamelijk veroorzaakt door een
grotere cross-over naar de niet-toegewezen stent in de Supraflex-groep in vergelijking met
die in de Xience-groep. Er waren geen verschillen in de resterende in-stent stenose van 30%
of meer tussen groepen. Dit verschil in het succes van het hulpmiddel had geen invioed op
de resultaten van de patiént in het ziekenhuis (in het ziekenhuis gericht samengesteld
eindpunt 11 [1,5%] van 720 patiénten versus 10 [1,4%] van 715; verschil 0,1%, 95% Cl —1,2
tot 1,5; p=0,837). In de TALENT-studie is de definitie van succes van het hulpmiddel
vergelijkbaar met de uitgebreide definitie, met slechts een klein verschil in de mate van een
resterende stenose (<30%). Verder onderzoek is nodig om de superioriteit van de
ultradunne DES stent struts aan te tonen in vergelijking met DES van de 2e generatie.

Deel C: Beoordeling van optimale coronaire stenting met

intracoronaire beeldvorming

Intravasculaire echografie (IVUS) en optische coherentietomografie (OCT) zijn de afgelopen
drie decennia ontwikkeld en verbeterd als diagnostische en begeleidingsinstrumenten voor
interventionele procedures. IVUS heeft een resolutie van 100 um met een hoge
weefselpenetratie en het vermogen om de volledige structuur van een kransslagader te
beoordelen, inclusief het externe elastische membraan, terwijl OCT een hogere resolutie
heeft van 10-20 um om endoluminale structuren met een beperkte weefselpenetratie te
beoordelen in vergelijking met IVUS 2. In hoofdstuk 5 onderzochten we de impact van
minimaal stentoppervlak (MSA) geévalueerd door post-procedurele IVUS op klinische
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uitkomsten na beste praktijk PCI bij patiénten met 3VD in de SYNTAX ll-studie. In de SYNTAX
II-studie was post-procedurele IVUS-beoordeling verplicht en uitgevoerd bij 84,1% van de
patiénten (76,4% van de laesies) om stentappositie, expansie en symmetrie te optimaliseren
op basis van MUSIC criteria °. Van de 819 laesies die werden behandeld met de beste
praktijk PCl strategie, was grotere post-procedurele MSA onafhankelijk geassocieerd met
het lagere percentage van target laesie revascularisatie (TLR) na 2 jaar (16/288 [5,6%],
12/265 [4,5%] en 4/266 [1,5%)] [P = 0,042]). Een MSA-drempel van 5,2 mm2 of minder
voorspelde TLR na 2 jaar door ROC-analyse met een relatief lage c-statistiek van 0,620. In
hoofdstuk 6 onderzochten we de klinische implicaties van 3-dimensionale optische
frequentiedomein-beeldvorming (3D-OFDI)-geleide stents voor bifurcatielaesies in de
gerandomiseerde OPTIMUM-studie (Online 3-Dimensional Optical Frequency Domain
Imaging to Optimize Bifurcation Stenting Using UltiMaster Stent). In deze studie
rapporteerden we uitstekende haalbaarheid van online 3D-OFDI (98,2%) en superioriteit
van online 3D-OFDI-begeleide bifurcatie-PCl ten opzichte van angiografie-begeleide
bifurcatie-PCl in termen van acute onvolledige stentaanbrenging bij bifurcatie (19,5 + 15,8%
versus 27,5 +14,2%, P=0,008). Verdere onderzoeken zijn nodig om het klinische voordeel op
lange termijn van online 3D-OFDI-begeleide stents voor bifurcatielaesies te bevestigen.

Deel D: Coronaire fysiologie voor optimale revascularisatiestrategie
In de context van de groeiende belangstelling voor functionele beoordeling van coronaire
stenosen, hebben vorderingen in rekenkracht en driedimensionale coronaire angiografie de
ontwikkeling van functionele coronaire angiografie mogelijk gemaakt. In het algemeen is
een wiskundige formule met betrekking tot de Lance Gould-vergelijking gebruikt voor het
proces van berekening 1°. Een van de commercieel beschikbare technologieén is de
kwantitatieve stroomverhouding (QFR) (Medis Medical Imaging System, Leiden, Nederland,
en Pulse Medical Imaging Technology, Shanghai, China), met de meest gepubliceerde
gegevens, waaronder prospectieve multicenter-onderzoeken. In hoofdstuk 7 werden alle
vaten die werden behandeld in de SYNTAX Il studie retrospectief gescreend en geanalyseerd
op post-PCl QFR. In deze analyse wordt een hogere post-PCl QFR-waarde (20,91)
geassocieerd met verbeterde bloedvat gerelateerde klinische resultaten in de beste PCI-
praktijk voor de novo 3VD (12,0% in post-PCl QFR <0,91 vs. 3,7% in post-PCl QFR >0,91;
hazard ratio: 3,37; 95% betrouwbaarheidsinterval: 1,91 tot 5,97; p < 0,001). Volgens deze
bevinding kan het bereiken van een post-PCl QFR-waarde van 20,91 in alle behandelde
vaten deel uitmaken van de beste praktijk PCl-strategie bij de behandeling van de novo 3VD.
In hoofdstuk 8 hebben we uitgebreid de klinische waarde van post-PCl fysiologische
beoordeling besproken. Post-PCl fysiologische beoordeling heeft twee mogelijke doelen in
de klinische praktijk. Ten eerste kan post-PCl fysiologische beoordeling worden gebruikt als
een voorspeller van klinische resultaten op lange termijn, zoals onderzocht in hoofdstuk 7.
Ten tweede kan post-PCl fysiologische beoordeling worden gebruikt voor de optimalisatie
van PCl-resultaten. Post-PCI fysiologische beoordeling kan een belangrijkere rol spelen voor
evaluatie en lokalisatie van resterende ziekte buiten het stentsegment dan voor
stentoptimalisatie, waarvoor intracoronaire beeldvorming de gevestigde methode is.
Verdere studies zijn nodig om te beoordelen of verdere interventie voor resterende
ischemie volgens post-PCl fysiologische beoordeling de klinische resultaten kan verbeteren.

Deel E: Optimale antitrombotische therapie na stentimplantatie
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In het SYNTAX ll-onderzoek werd de dubbele antibloedplaatjestherapie (DAPT) voortgezet
bij 99,3% van de patiénten na 1 maand, 59,7% na 1 jaar en 7,0% na 2 jaar. Ongeveer 70%
van de patiénten kreeg clopidogrel als P2Y12-remmer en P2Y12-remmer werd zelden
gebruikt als monotherapie na stopzetting van DAPT. Na de voltooiing van het SYNTAX II-
onderzoek hebben een aantal recente onderzoeken veelbelovende resultaten opgeleverd
met een schema dat een korte DAPT-duur omvat, gevolgd door de toediening van alleen
een P2Y12-antagonist in plaats van aspirine 1. Daarom moet een nieuw antitrombotisch
regime na het plaatsen van een stent worden toegepast in de beste praktijk PCl-strategie.
In hoofdstuk 9 onderzochten we de klinische impact van ticagrelor monotherapie na 1
maand DAPT na PCl voor bifurcatielaesies, een van de meest uitdagende anatomische
kenmerken voor PCI. In de GLOBAL LEADERS-studie ondergingen, van de 15.845 patiénten
die in deze subgroepanalyse waren opgenomen, 2.498 patiénten (15,8%) PCl voor ten
minste één bifurcatielaesie. Na PCl voor bifurcatielaesies met 1 maand DAPT gevolgd door
ticagrelor monotherapie gedurende 23 maanden was er geen hogere incidentie van
overlijden door alle oorzaken of een nieuw Qwave-myocardinfarct vergeleken met
conventionele DAPT-strategie. De verkorte DAPT-strategie was echter geassocieerd met een
significante vermindering van definitieve of waarschijnlijke stenttrombose (p voor interactie
=.022) en significante overmaat aan beroerte (p voor interactie = .018) in vergelijking met
de referentiebehandeling. Verder bewijs van speciale bifurcatiestudies die DAPT van 1
maand testen, gevolgd door P2Y12-monotherapie, zijn gerechtvaardigd om die mogelijke
dualiteit van het effect (zoals mogelijke preventie van ST en mogelijke toename van
beroerte) bij patiénten die een bifurcatie-PCl ondergaan, verder op te helderen.

In hoofdstuk 10 evalueerden we de hypothese dat prasugrel monotherapie na succesvolle
everolimus-eluting stent implantatie haalbaar en veilig is bij patiénten met stabiel CAD. De
ASET-studie (Acetyl Salicylic Elimination Trial) was een multicenter, eenarmige, open-label
studie met een stopregel op basis van het optreden van definitieve stenttrombose (indien
>3 zou de studie worden beéindigd). Patiénten die een succesvolle everolimus-afgevende
stentimplantatie ondergingen voor stabiel CAD met SYNTAX-scores <23 werden
geincludeerd. Alle deelnemers waren op standaard dual-antiplatelet-therapie op het
moment van index-PCl. Aspirine werd voorafgaand aan de procedure gegeven maar
stopgezet op de dag van de indexprocedure; prasugrel werd direct na een succesvolle
procedure in het katheterisatielaboratorium toegediend en vanaf dat moment werd
prasugrel zonder aspirine het therapie regime. Patiénten werden gedurende 3 maanden
uitsluitend met prasugrel behandeld. Bij 201 patiénten toonde prasugrel-monotherapie de
haalbaarheid en veiligheid aan na succesvolle everolimus-afgevende stentimplantatie
zonder enige stenttrombose bij geselecteerde laagrisicopatiénten met stabiel CAD. Deze
bevindingen kunnen helpen bij het ondersteunen van grotere gerandomiseerde
gecontroleerde onderzoeken om de aspirinevrije strategie te evalueren in vergelijking met
traditionele dubbele antibloedplaatjestherapie na PCI.

Toekomstperspectieven

In de laatste 5 jaar follow-up van het SYTNTAX Il-onderzoek blijven de voordelen van de
beste praktijk PCl-strategie voor de novo 3VD behouden 2. Er is een duidelijke verbetering
in klinische resultaten tot 5 jaar na PCl binnen een tijdsverloop van 9 jaar tussen de inclusie
van patiénten in de SYNTAX | en Il studies. Vooraf gedefinieerde verkennende analyse vond
geen significant verschil in ernstige ongunstige cardiale en cerebrovasculaire gebeurtenissen
(MACCE) tussen SYNTAX Il PCl en gelijksoortige SYNTAX | CABG-patiénten bij een follow-up
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van 5 jaar. Over een periode van 5 tot 7 jaar wordt echter ook een significante verbetering
van de gebeurtenisvrije overleving na CABG gesuggereerd in een propensity-matched
analyse van patiénten gerandomiseerd naar CABG in de SYNTAX (inclusieperiode 2005 tot
2007) en EXCEL (inclusieperiode 2010 tot 2014) proeven 13,

Onlangs is de FAME 3-studie uitgevoerd om FFR-begeleide PCI, uitgevoerd met DES van de
huidige generatie, te evalueren in vergelijking met CABG met betrekking tot de incidentie
van MACCE bij patiénten met 3VD. In deze studie toonde FFR-begeleide PCl geen non-
inferioriteit aan CABG in termen van MACCE na 1 jaar (10,6% vs. 6,9%, HR 1,5 [1,1-2,2], p
voor non-inferioriteit = 0,35) 4. Hoewel intravasculaire beeldvorming werd gebruikt bij
slechts 12% van de patiénten die werden behandeld met PCl, en ultradunne DES werd niet
gebruikt in de FAME 3-studie.

Deze bevindingen suggereren dat de beste PCl-praktijk richtlijnen moet worden bijgewerkt
na de voltooiing van de SYNATX Il-studie (inclusie periode 2014-2015). Volgens de
bevindingen van dit proefschrift hebben we de mogelijkheid overwogen van verdere
updates in individuele componenten van de beste praktijk PCl-strategie:

i) gebruik van ultradunne strut DES; ii) gebruik van angiografie afgeleide FFR-begeleide PCl;
iii) nieuw antibloedplaatjesregime zoals korte DAPT gevolgd door krachtige P2Y12-
monotherapie. Een nieuwe beste praktijk PCI-strategie, inclusief voorgestelde updates, zal
worden geévalueerd bij patiénten met 3VD in de lopende Multivessel TALENT-studie °.
Naarmate de beste PCl-strategie evolueert, moeten we ook de haalbaarheid ervan in de
dagelijkse klinische praktijk overwegen. Vanuit het dagelijkse praktijkperspectief maken de
lage acceptatiegraad van intravasculaire beeldvorming en fysiologische beoordeling het
moeilijk om de beste praktijk PCl-strategie te implementeren. Een angiografie afgeleide FFR
kan operators helpen om fysiologische beoordeling uit te voeren, aangezien een van
angiografie afgeleide FFR het gebruik van een drukdraad en hyperemie niet vereist, wat
leidt tot kortere proceduretijden dan met een draad afgeleide FFR. In termen van minder
invasieve onderzoeken zou FFRCT-afgeleide revascularisatie de ultieme optie zijn voor
besluitvorming tussen CABG en PCl bij patiénten met 3VD. Het nut hiervan werd
aangetoond in de SYNTAX llI-studie, waar het combineren van niet-invasieve verworven
anatomie en fysiologie van coronaire CT-angiografie en FFRCT hart-teams in staat stelde

complexe coronaire revascularisatie te plannen bij patiénten met linker hoofdstam- of 3VD
16
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Summary of the thesis

Part A: Best practice in coronary revascularization of three-vessel disease
Despite the tremendous evolutions in drug eluting stent (DES), three-vessel disease (3VD) remains
the most challenging subset of patients for PCl and the optimal stent implantation techniques and
post-procedural anti-platelet therapy after PCI of the high-risk population are still to be determined
. Among several trials comparing coronary bypass grafting (CABG) with PCl in patients with 3VD,
the pivotal SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery
(SYNTAX) trial identified CABG as the preferred revascularization strategy, compared with PCl with
first-generation DES 2. However, since the completed enrolment of SYNTAX-I in 2007 there have
been major technical and procedural advances influencing outcomes after PCI. In chapter 2 we
reported 2-year outcome of the SYNTAX Il trial. The SYNTAX Il study was a multicenter, single-arm
study that investigated the impact of a contemporary best practice PCl strategy (SYNTAX-II strategy)
on clinical outcomes in 454 patients with de novo 3VD without left main disease. Clinical outcomes
in SYNTAX Il were compared to the predefined PCl (SYNTAX-I PCI) and CABG (SYNTAX-I CABG)
cohorts from the landmark SYNTAX trial (SYNTAX-I), selected based on equipoise for long-term
(four-year) mortality utilizing the SYNTAX score Il 3. The SYNTAX-II strategy includes: heart team
decision-making utilizing the SYNTAX Score Il (a clinical tool combining anatomical and clinical
factors), coronary physiology guided revascularization, implantation of thin strut bioresorbable-
polymer drug-eluting stents, intravascular ultrasound (IVUS) guided stent implantation,
contemporary chronic total occlusion revascularization techniques and guideline-directed medical
therapy. At two years, major adverse cardiac and cerebrovascular events (MACCE: a composite of
all-cause death, any stroke, myocardial infarction, or revascularization) in SYNTAX Il were
significantly lower compared to SYNTAX-I PCI (13.2% vs. 21.9%, p=0.001). This difference was driven
by a reduction of 66% in any Ml and 38% in any revascularization. Furthermore, similar two-year
outcomes for MACCE were evident between SYNTAX Il PCl and SYNTAX-I CABG (13.2% vs. 15.1%,
p=0.42). There has been a clear improvement in clinical outcomes up to 2 years after PCI within a 9-
year lapse of time between the enrolment periods of the SYNTAX | and II.

Part B: Standardization of the assessment of the device success in the

contemporary stent trials

The evolution of coronary stent has contributed most to the overall improvement of PCI
performance. Use of second-generation DES is part of the best practice PCl strategy. Recently, a
meta-analysis showed that DES with ultra-thin struts (strut thickness <70 um) reduced the
incidence of target lesion failure compared with that of contemporary second-generation DES
with thicker struts®. The use of ultra-thin strut DES is likely to be part of best practice PCl strategy,
but the mechanical ability of ultra-thin strut DES should be evaluated precisely. Therefore, in
chapter 3, we performed a systematic evaluation of definitions and reporting of device success in
clinical trials. Most PCl trials reporting on device success adopted the definition recommended by
the European Commission and the U.S. Food and Drug Administration, but it is noteworthy that
device success rates are not reported in the same fashion and are not reported in all studies. The
most common variation is the definition of final in-stent residual stenosis, which ranges from <20%
to <50%. We proposed an extended definition accounting for not only successful delivery and
deployment but also successful balloon expansion and withdrawal of the delivery system. In
addition, attainment of a final in-stent residual stenosis of <20% with final data reported by core
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laboratory QCA (preferred methodology) is added to the extended definition according to the
principal angiographic endpoints recommended by the ESC/EAPCI Task Force on the evaluation of
coronary stents 7. We also proposed special considerations such as lesion-based analysis issues, use
of multiple devices, and lesion success versus device success.

In chapter 4 we reported the primary endpoint of The TALENT trial, which was an all-comers
randomized controlled trial to investigate non-inferiority of clinical outcomes after implantation of
the ultra-thin strut Supraflex DES compared with the Xience DES. At 12 months, the primary
endpoint of a device oriented composite endpoint had occurred in 35 patients (4.9 %) in the
Supraflex group and in 37 patients (5.3%) in the Xience group. Non-inferiority of the Supraflex stent
compared with the Xience stent was shown, with an absolute difference of —0.3% and one-sided
95% upper confidence bound of 1.6% (p for non-inferiority <0.0001, p for superiority=0.801). The
device success proportion per lesion in both groups was high, but there was significant difference
between the Supraflex and the Xience group (973 [97.6%] of 997 lesions vs 998 [99.5%] of 1003;
difference —1:9%, 95% Cl —3-0 to —0-9; p=0-0003). This difference was mainly driven by increased
crossover to non-allocated stent in the Supraflex group compared with that in the Xience group.
There were no differences in the residual in-stent stenosis of 30% or greater between groups. This
difference in device success did not affect in-hospital patient outcomes (in-hospital device-oriented
composite endpoint 11 [1.5%] of 720 patients vs 10 [1.4%] of 715; difference 0.1%, 95% Cl —1.2 to
1.5; p=0.837). In the TALENT trial, the definition of device success is similar to the extended
definition, with only a slight difference in the degree of a residual stenosis (<30%). Further trial is
needed to demonstrate a superiority of ultra-thin strut DES compared to 2"¢ generation DES.

Part C: Assessment of optimal coronary artery stenting with

intracoronary imaging

Intravascular ultrasound (IVUS) and optical coherence tomography (OCT) have been developed and
improved as both diagnostic and guidance tools for interventional procedures over the past
three decades. IVUS has a resolution of 100um with a high tissue penetration and
capability of assessing the entire structure of a coronary artery including the external elastic
membrane, whereas OCT has a higher resolution of 10—20 um to assess endoluminal
structures with a limited tissue penetration compared to IVUS 2. In chapter 5 we investigated
the impact of minimal stent area (MSA) evaluated by post-procedural IVUS on clinical outcomes
after best practice PCl among patients with 3VD in the SYNTAX Il trial. In the SYNTAX Il trial, post-
procedural IVUS assessment was mandatory and performed in 84.1% of the patients (76.4% of the
lesions) to optimize stent apposition, expansion and symmetry based on MUSIC criteria °. Among
819 lesions treated with best practice PCl strategy, larger post-procedural MSA was independently
associated with the lower rate of target lesion revascularization (TLR) at 2 years (16/288 [5.6%],
12/265 [4.5%], and 4/266 [1.5%] [P = 0.042]). An MSA threshold of 5.2 mm? or less predicted TLR at
2 years by ROC analysis with a relatively low c-statistic of 0.620. In chapter 6 we investigated clinical
implication of 3-dimensional optical frequency domain imaging (3D-OFDI)-guided stenting for
bifurcation lesions in the randomized OPTIMUM (Online 3-Dimensional Optical Frequency Domain
Imaging to Optimize Bifurcation Stenting Using UltiMaster Stent) trial. In this trial, we reported
excellent feasibility of online 3D-OFDI (98.2%) and superiority of Online 3D-OFDI-guided bifurcation
PCl to angiography-guided bifurcation PCl in terms of acute incomplete stent apposition at
bifurcation (19.5+£15.8% versus 27.5+14.2%, P=0.008). Further trials are warranted to confirm the
long-term clinical benefit of online 3D-OFDI guided stenting for bifurcation lesions.
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Part D: Coronary physiology for optimal revascularization strategy

In the context of growing interest in functional assessment of coronary stenoses, advances in
computational power and 3- dimensional coronary angiography have made possible the
development of functional coronary angiography. In general, a mathematical formula related to the
Lance Gould equation has been used for the process of computation °. One of the commercially
available technologies is quantitative flow ratio (QFR) (Medis Medical Imaging System, Leiden, the
Netherlands, and Pulse Medical Imaging Technology, Shanghai, China), which has the most
published data, including prospective multicenter trials. In chapter 7 all vessels treated in the
SYNTAX Il trial were retrospectively screened and analyzed for post-PCI QFR. In this analysis, a
higher post-PCl QFR value (20.91) is associated with improved vessel-related clinical outcomes in
best PCl practice for de novo 3VD (12.0% in post-PCl QFR <0.91 vs. 3.7% in post-PCl QFR >0.91;
hazard ratio: 3.37; 95% confidence interval: 1.91 to 5.97; p < 0.001). According to this finding,
achieving a post-PCl QFR value 20.91 in all treated vessels can be part of best practice PCl strategy
when treating de novo 3VD.

In chapter 8 we extensively reviewed clinical value of post-PCl physiological assessment.
Post-PCl physiological assessment has 2 potential purposes in clinical practice. First, post-PCl
physiological assessment can be used as a predictor of long-term clinical outcomes as investigated
in chapter 7. Second, post-PCl physiological assessment can be used for the optimization of PCI
result. Post-PCl physiological assessment may play a more important role for evaluation and
localization of residual disease outside the stented segment rather than for stent optimization, for
which intracoronary imaging is the established method. Further studies are warranted to assess
whether further intervention for residual ischemia according to post-PCl physiological assessment
can improve clinical outcomes.

Part E: Optimal antithrombotic therapy after stent implantation

In the SYNTAX Il trial, dual antiplatelet therapy (DAPT) was continued in 99.3% of patients at
1month, 59.7% at 1 year, and 7.0% at 2 years. About 70% of patients received clopidogrel as P2Y12
inhibitor and P2Y12 inhibitor was rarely used as monotherapy after discontinuation of DAPT. After
the completion of the SYNTAX Il trial, several recent trials have shown promising results with a
scheme comprising short DAPT duration followed by the administration of a P2Y12 antagonist as a
single antiplatelet therapy, instead of aspirin'!. Therefore, novel antithrombotic regimen after
stenting should be adopted in best practice PCl strategy.

In chapter 9 we investigated the clinical impact of ticagrelor monotherapy following 1-
month DAPT after PCI for bifurcation lesions which are the one of the most challenging anatomical
characteristics for PCI. In the GLOBAL LEADERS trial, among the 15,845 patients included in this
subgroup analysis, 2,498 patients (15.8%) underwent PCl for at least one bifurcation lesion. After
PCI for bifurcation lesions using 1-month of DAPT followed by ticagrelor monotherapy for 23
months was not associated with higher incidence of all-cause death or new Q-wave myocardial
infarction compared with conventional DAPT strategy. However, abbreviated DAPT strategy was
associated with a significant reduction in definite or probable stent thrombosis (p for interaction
=.022) and a significant excess of stroke (p for interaction = .018) when compared with the
reference treatment. Further evidence from dedicated bifurcation trial testing 1-month DAPT
followed by P2Y12 monotherapy is warranted to further elucidate that possible duality of effect
(such as possible prevention of ST and possible increase in stroke) in patients undergoing
bifurcation PCI.

In chapter 10 we evaluated the hypothesis that prasugrel monotherapy following successful
everolimus-eluting stent implantation is feasible and safe in patients with stable CAD. The ASET
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(Acetyl Salicylic Elimination Trial) trial was a multicenter, single-arm, open-label trial with a stopping
rule based on the occurrence of definite stent thrombosis (if >3, trial enrollment would be
terminated). Patients undergoing successful everolimus- eluting stent implantation for stable CAD
with SYNTAX scores <23 were included. All participants were on standard dual-antiplatelet therapy
at the time of index PCI. Aspirin was discontinued on the day of the index procedure but given prior
to the procedure; prasugrel was administered in the catheterization laboratory immediately after
the successful procedure, and aspirin-free prasugrel became the therapy regimen from that
moment. Patients were treated solely with prasugrel for 3 months. In 201 patients, aspirin-free
prasugrel monotherapy following successful everolimus-eluting stent implantation demonstrated
feasibility and safety without any stent thrombosis in selected low-risk patients with stable CAD.
These findings may help underpin larger randomized controlled studies to evaluate the aspirin-free
strategy compared with traditional dual-antiplatelet therapy following PCI.

Future perspectives

In final 5 years follow-up of STNTAX Il trial, the benefits of best practice PCI strategy for de novo 3VD
are maintained 2. There has been a clear improvement in clinical outcomes up to 5 years after PCI
within a 9-year lapse of time between the enrolment periods of the SYNTAX | and Il. Predefined
exploratory analysis found no significant difference in major adverse cardiac and cerebrovascular
events (MACCE) between SYNTAX Il PCl and matched SYNTAX | CABG patients at 5-year follow-up.
However, over a 5- to 7-year period, significant improvement in event-free survival after CABG is also
suggested in a propensity-matched analysis of patients randomized to CABG in the SYNTAX
(enrollment period 2005 to 2007) and EXCEL (enrollment period 2010 to 2014) trials 3.

Recently, the FAME 3 trial was conducted to evaluate FFR-guided PCl performed with current-
generation DES as compared with CABG with respect to the incidence of MACCE among patients with
3VD. In this trial, FFR-guided PCI did not show noninferiority to CABG in terms of MACCE at 1 year
(10.6% vs. 6.9%, HR 1.5 [1.1-2.2], p for noninferiority = 0.35) . However, intravascular imaging was
used in only 12% of the patients treated with PCl, and ultra-thin strut DES was not used in the FAME
3 trial.

These findings suggest that the best PCI practice should be updated after the completion of
the SYNATX Il trial (enrollment period 2014-2015). According to the finding of this thesis, we
considered the possibility of further updates in individual components of the best practice PCI
strategy:

i) use of ultra-thin strut DES; ii) angiography-derived FFR guided-PCl; iii) novel antiplatelet regimen
such as short DAPT followed by potent P2Y12 monotherapy. A novel best practice PCl strategy
including suggested updates will be evaluated among patients with 3VD in the ongoing Multivessel
TALENT trial 5.

As the best PCl strategy evolves, we also need to consider its feasibility in routine clinical
practice. From a daily practice perspective, the low adoption rates of intravascular imaging and
physiological assessment make it difficult to implement the best practice PCl strategy. An
angiography-derived FFR may prompt operators to perform physiological assessment, since an
angiography-derived FFR do not require the use of a pressure wire and induced hyperemia, leading
to shorter procedure times than wire-derived FFR. In terms of less invasive investigations, CT-
derived FFR guided revascularization would be the ultimate option for decision making between
CABG and PCl among patients with 3VD. The utility of this was demonstrated in the SYNTAX Il trial,
where combining non-invasively acquired anatomy and physiology from coronary CT angiography
and FFRcr allowed heart teams to plan complex coronary revascularization among patients with left
main or 3VD 6,
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