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1 Preamble

Clinical practice guidelines summarize and evaluate all available
evidence at the time of the writing process on a particular issue
with the aim of assisting physicians in selecting the best manage-
ment strategies for an individual patient with a given condition,
taking into account the impact on outcome as well as the risk-
benefit ratio of particular diagnostic or therapeutic means. Clinical
practice guidelines are no substitutes for textbooks, but comple-
ment them, and cover the European Society of Cardiology (ESC)
Core Curriculum topics. As such they should help physicians to
make decisions in their daily practice. However, final decisions
should be individualized by responsible physicians and the patient.
A great number of clinical practice guidelines have been issued in
recent years both by the ESC as well as by other societies and organ-
izations. Because of the impact on clinical practice, quality criteria
for the development of guidelines have been established in order
to make all decisions transparent to the user. The recommendations
for formulating and issuing ESC and joint society guidelines can
be found on the ESC website (https://www.escardio.org/Guidelines/
Clinical-Practice-Guidelines/Guidelines-development/Writing-ESC-
Guidelines). These Guidelines represent the official position of the
ESC and the European Association for Cardio-Thoracic Surgery
(EACTS) on this given topic and will be regularly updated.
Members of this Task Force were selected by the ESC and
EACTS to represent professionals involved with the medical care
of patients with this pathology. Selected experts in the field under-
took a comprehensive review of the published evidence for diag-
nosis, management (including treatment) and/or prevention of
a given condition according to the ESC Committee for Practice

Table 1. Classes of recommendations.

Classes of
recommendations

Definition

Class Il Conflicting evidence and/or a divergence of opinion about the usefulness/
efficacy of the given treatment or procedure.

ESC/EACTS Guidelines

Guidelines (CPG) and EACTS policy. A critical evaluation of
diagnostic and therapeutic procedures was performed including
assessment of the risk-benefit ratio. Estimates of expected health
outcomes for larger populations were included, where data exist.
The level of evidence and the strength of recommendation of par-
ticular treatment options were weighed and graded according to
predefined scales, as outlined in Tables 1 and 2.

The experts of the writing and reviewing panels completed dec-
larations of interest forms on what might be perceived as real or
potential sources of conflicts of interest. These forms were com-
piled into one file and can be found on the ESC and EACTS web-
sites http://www.escardio.org/guidelines and http://www.eacts.org).
Any changes in declarations of interest that arise during the writing
period must be notified to the ESC and EACTS and updated. The
Task Force received its entire financial support from the ESC and
EACTS without any involvement from the healthcare industry.

The CPG-ESC and EACTS supervised and coordinated the pre-
paration of these new Guidelines produced by the joint Task Force.
These entities are also responsible for the endorsement process of
these Guidelines. The ESC/EACTS Guidelines underwent extensive
review by a wide panel of relevant external experts. After appropri-
ate revisions it was approved by all the experts involved in the Task
Force. The finalized document was approved by the ESC CPG and
EACTS for joint publication in the European Heart Journal and the
European Journal of Cardio-Thoracic Surgery.

The task of developing clinical practice guidelines covers not
only the integration of the most recent research, but also the crea-
tion of educational tools and implementation programmes for the
recommendations. To implement the guidelines, condensed pocket
guidelines, summary slides, booklets with essential messages, and
an electronic version for digital applications (smartphones, etc.) are
produced. These versions are abridged and, thus, if needed, one

Table 2. Levels of evidence.

Level of evidence A | Data derived from multiple randomized clinical
trials or meta-analyses.

Level of evidence B | Data derived from a single randomized clinical
trial or large non-randomized studies.

Suggested wording to use

Class lla

Weight of evidence/opinion is in favour of usefulness/efficacy.

Should be considered

Class Ilb

Usefulness/efficacy is less well established by evidence/opinion.

May be considered
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should always refer to the full text version, which is freely avail-
able on the ESC and EACTS websites. The National Societies of
the ESC are encouraged to endorse, translate, and implement the
ESC Guidelines. Implementation programmes are needed because
it has been shown that the outcome of disease may be favourably
influenced by the thorough application of clinical recommendations.

Surveys and registries are needed to verify that real-life daily
practice is in keeping with what is recommended in the guide-
lines, thus completing the loop between clinical research, writing
of guidelines, and implementing them in clinical practice.

The guidelines do not, however, override the individual respon-
sibility of healthcare professionals to make appropriate decisions
in the circumstances of the individual patients, in consultation with
that patient, and where appropriate and necessary the patient’s
guardian or carer. It is also the health professional’s responsibility
to verify the rules and regulations applicable to drugs and devices
at the time of prescription.

2 Introduction
These Guidelines represent the third time that the ESC and
EACTS have brought together cardiologists and cardiac surgeons

in a joint Task Force to review the ever-increasing body of evi-
dence, with the mission of drafting balanced, patient-centred prac-
tice Guidelines on myocardial revascularization. Summaries of the
key changes in comparison with the previous Guidelines are pro-
vided in Figures 1 and 2.

There is considerable overlap of the current document with
other Guidelines, specifically those on stable coronary artery
disease, non-ST-elevation myocardial infarction, ST-elevation
myocardial infarction, heart failure, valvular heart disease and
the Focused Update on Dual Antiplatelet Therapy. Unless sup-
ported by new evidence, we followed the recommendations
of these Guidelines where pertinent to our Guidelines, and
refer the reader to the respective sections in those documents
for detailed discussion. We reserve more in-depth discussion
for topics that are specific to issues pertaining to myocardial
revascularization that are not covered in other Guidelines. To
keep the current document concise and reader-friendly, we also
moved some of the detailed descriptions of study results to the
online Supplementary Data.

2.1 WHAT IS NEW IN THE 2018 GUIDELINES?

vs PCI

Completeness of revascularization
prioritized, when considering CABG

Routine non-invasive imaging
surveillance in high-risk patients
6 months after revascularization

treatment

NOAC preferred over VKA in patients
with non-valvular AF requiring
anticoagulation and antiplatelet

Double-kissing crush technique
preferred over provisional T-stenting
in true left main bifurcations.

Cangrelor in P2Y,,-inhibitor naive

patients undergoing PClI

No-touch vein technique, if open vein
harvesting for CABG

Annual operator volume for left main
PCI of at least 25 cases per year

GP lIb/llla inhibitors for PClin P2Y,,-
inhibitor naive patients with ACS
undergoing PCI

Pre- and post-hydration with isotonic
saline in patients with moderate or
severe CKD if the expected contrast

Dabigatran 150-mgq dose preferred
over 110-mg dose when combined with
single antiplatelet therapy after PCI

volume is >100 mL

De-escalation of P2Y,, inhibitor guided

by platelet function testing in ACS

Class |

Class lla

patients

Class Ilb

Class Il

PCl as alternative to CABG

The figure does not show changes
compared with the 2014 version of
the  Myocardial  Revascularization
Guidelines that were due to updates for
consistency with other ESC Guidelines
published since 2014.

©ESC 2018

ACS = acute coronary syndromes; AF = atrial fibrillation; BRS = bioresorbable scaffolds; CABG = coronary artery bypass grafting; CAD = coronary artery disease;
CKD = chronic kidney disease; DES = drug-eluting stents; FFR = fractional flow reserve; GP = glycoprotein; IRA = infarct-related artery; LVEF = left ventricular
ejection fraction; NOAC = non-vitamin K oral anticoagulants; NSTEMI = non-ST-elevation; PCI = percutaneous coronary intervention; SCAD = stable coronary

artery disease; VKA = vitamin K antagonists.

Figure 1. New recommendations.
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UPGRADES

DOWNGRADES

For PCI of bifurcation lesions, stent implantation in
the main vessel only, followed by provisional balloon
angioplasty with or without stenting of the side branch

Immediate coronary angiography and revascularization,
if appropriate, in survivors of out-of-hospital cardiac arrest
and an ECG consistent with STEMI

Assess all patients for the risk of
contrast-induced nephropathy

OCT for stent optimization

The figure does not show changes compared with the 2014
version of the Myocardial Revascularization Guidelines
that were due to updates for consistency with other ESC
Guidelines published since 2014.

Distal protection devices for PCI of SVG lesions
Bivalirudin for PCl in NSTE-ACS
Bivalirudin for PCl in STEMI
PCI for MVD with diabetes and SYNTAX score <23

Platelet function testing to quide antiplatelet therapy
interruption in patients undergoing cardiac surgery

EuroSCORE Il to assess in-hospital mortality after CABG

Class | Class lla
Class llb Class llI

©ESC 2018

CABG = coronary artery bypass grafting; MVD = multivessel coronary artery disease; NSTE-ACS = non-ST-elevation acute coronary syndromes; OCT = optical
coherence tomography; PCI = percutaneous coronary interventions; STEMI = ST-elevation myocardial infarction, SVG = saphenous vein grafts

Figure 2. Changes in class of recommendation.

3 Diagnostic tools to guide myocardial
revascularization

The use of diagnostic imaging and functional testing modalities to
detect patients with coronary artery disease (CAD) is discussed in
detail in the clinical practice Guidelines for patients with SCAD.!
Further diagnostic assessment of patients with obstructive CAD is
critical in order to identify patients and select specific lesions that
are likely to benefit from myocardial revascularization, in addition

to optimal medical therapy.

3.1 NON-INVASIVE DIAGNOSTIC TOOLS
3.1.1 ASSESSMENT OF MYOCARDIAL ISCHAEMIA
Non-invasive diagnostic assessment of patients with CAD being
considered for myocardial revascularization comprises the assess-
ment of ischaemia and the evaluation of viability in patients with
regional wall motion abnormalities or reduced ejection fraction (EF).

Functional testing to assess ischaemia is critical for the assess-
ment of stable patients with CAD. Documentation of ischaemia
using functional testing before elective invasive procedures for
CAD is the preferred approach. It may also have a role in the
assessment of some patients presenting with acute coronary syn-
drome (ACS). Because of the low sensitivity of exercise elec-
trocardiogram (ECQG) testing in the assessment of patients with
symptoms of angina, non-invasive imaging is recommended as
the first-line test.! Detection of a large area of myocardial ischae-
mia by functional imaging is associated with impaired prognosis
of patients and identifies patients who should undergo revasculari-
zation (see section 5).

In patients undergoing coronary computed tomography (CT),
both CT-derived fractional flow reserve (CT-FFR) and CT

perfusion represent possible approaches to evaluate lesion-specific
ischaemia. Although the evidence for both is limited at present,
there are considerably more data from clinical investigations of
CT-FFR. A number of trials have shown that correlation between
CT-derived FFR and invasive FFR is high.>* The non-randomized
PLATFORM (Prospective LongitudinAl Trial of FFRct: Outcome
and Resource Impacts) study showed that in patients referred for
invasive angiography due to chest pain (predominantly atypical
angina) and intermediate pre-test probability of CAD, assessment
with CT and CT-FFR reduced the number of patients with sub-
sequently normal invasive coronary angiograms compared with
standard care.* Currently, clinical trial data with CT-FFR are insuf-
ficient to make a recommendation for its use in clinical practice.
3.1.2 ASSESSMENT OF MYOCARDIAL VIABILITY IN
PATIENTS WITH HEART FAILURE AND CORONARY ARTERY
DISEASE

In patients with regional wall motion abnormalities or ventricular
dysfunction, heart failure (HF) can be caused by stunned or hiber-
nating myocardium and may be reversed by revascularization.
Assessment of myocardial viability may be done in order to select
patients that are more likely to benefit from myocardial revascu-
larization and can be achieved with several imaging modalities:
myocardial contrast echocardiography, single-photon emission CT
(SPECT), and late gadolinium enhancement cardiac magnetic res-
onance (LGE-CMR) all assess cellular integrity; positron emission
tomography (PET) assesses cellular metabolism; and dobutamine
techniques assess contractile reserve.”> Assessment of ischaemia
provides incremental benefit over viability in mild to moderate
CAD, but with extensive CAD viability assessment may be suffi-
cient.® Patients with advanced HF and viable myocardium should
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first undergo revascularization with coronary artery bypass graft-
ing (CABG) or percutaneous coronary intervention (PCI) before
being considered for mechanical circulatory support (MCS) or
heart transplantation.”®

The PARR-2 (PET and Recovery following Revascularization)
trial included patients with severe left ventricular (LV) dysfunc-
tion being considered for revascularization or HF/transplantation
workups, and randomized them to management assisted by fluoro-
deoxyglucose PET (FDG-PET) or standard care.® The primary
outcome of cardiac death, myocardial infarction (MI), or recurrent
hospital stay for cardiac cause at 1 year was not improved in the
group managed by FDG-PET [relative risk (RR) 0.82, 95% confi-
dence interval (CI) 0.59-1.14, P=0.16], though the rate of compli-
ance with the treatment recommended by FDG-PET was variable.

The viability substudy of the STICH (Surgical Treatment
for Ischemic Heart Failure) trial found viable myocardium in
487/601 patients (81%) and none in 114 (19%).° There was a signi-
ficant association between myocardial viability and outcome by
univariate analysis, but not on multivariable analysis. The lack of
correlation between myocardial viability and benefit from revas-
cularization indicates that this strategy should not be the only test
when selecting the optimal therapy.

Recommendations for non-invasive imaging in patients with
coronary artery disease and heart failure with reduced ejection

fraction

Recommendations \ Class® \ Level®

Non-invasive stress imaging (CMR, stress

echocardiography, SPECT, or PET) may be

considered for the assessment of myocar-dial

ischaemia and viability in patients with HF and 11b B
CAD (considered suitable for coronary

revascularization) before the decision on

revascularization.®!!

CAD: coronary artery disease; CMR: cardiac magnetic resonance;
HF: heart failure; PET: positron emission tomography;

SPECT: single-photon emission computed tomography. 2Class of
recommendation. "Level of evidence.

3.2 INVASIVE DIAGNOSTIC TOOLS

3.2.1 PRESSURE-DERIVED FRACTIONAL FLOW RESERVE
3.2.1.1 Use of fractional flow reserve in patients with intermedi-
ate-grade coronary stenosis including left main stenosis
Coronary pressure-derived FFR is the current standard of care for
the functional assessment of lesion severity in patients with inter-
mediate-grade stenosis (typically around 40-90% stenosis) with-
out evidence of ischaemia in non-invasive testing, or in those with
multivessel disease.

Multiple studies have shown that PCI can be safely deferred if
FFR is >0.75."%'5 The DEFER trial enrolled 325 patients sched-
uled for PCI of an intermediate stenosis.'”” If FFR was >0.75,
patients were randomly assigned to deferral (defer group; n=91)
or performance (perform group; n=90) of PCI. The composite rate
of cardiac death and acute MI (AMI) in the defer and perform
groups was 3.3 vs. 7.9% (P=0.21).

However, most contemporary studies use an FFR cut-off of
0.80. A recent large-scale observational study supports the use of
FFR >0.80 rather than 0.75 as a cut-off.!® Indeed, the two largest
studies in this field, DEFINE-FLAIR (Define Functional Lesion
Assessment of Intermediate Stenosis to Guide Revascularization
DES drug-eluting stent)'”” and iFR-SWEDEHEART (Swedish
Web-system for Enhancement and Development of Evidence-
based care in Heart disease Evaluated According to Recommended
Therapies),'® used the 0.80 cut-off for lesion selection by FFR,
with favourable event rates at 1 year. Thus, 0.80 is the accepted
FFR threshold for defining haemodynamically relevant lesions.

Haemodynamic relevance, as defined by FFR < 0.80, correlates
poorly with diameter stenosis by visual assessment. In the FAME
(Fractional Flow Reserve versus Angiography for Multivessel
Evaluation) trial, only 35% of the 50-70% stenoses were haemo-
dynamically relevant and, of the 71-90% stenoses, 20% were not.
Only an estimated diameter stenosis >90% predicted haemody-
namic relevance with high accuracy (96% correct classification).
A number of studies have shown that utilization of an FFR-based
assessment strategy at the time of angiography results in reclassi-
fication of the revascularization strategy (PCI, bypass surgery, or
medical therapy) in a high proportion of patients with intermedi-
ate-grade lesions (>40% of patients are reclassified).!*?* In addi-
tion, separate and pooled analyses of the patients included in those
studies have shown that the end results of 'FFR-based reclassi-
fication’ in patients investigated at the time of diagnostic angio-
graphy is neutral overall for the number of patients indicated for
revascularization.

A patient-level and study-level meta-analysis of 9173 lesions
demonstrated that with lesions with FFR <0.75, revascularization
reduced the 1 year risk of major adverse cardiac events (MACE),
including a reduction in the composite risk of death and MIL.*
Thus, the FFR threshold of 0.75 is used to define more severe
ischaemia that is of prognostic relevance.

The presence of intermediate grade left main stem (LMS)
disease is not infrequent and angiographic evaluation may be
challenging. Assessment using pressure-derived FFR is more chal-
lenging in comparison with non-LMS stenosis due to the require-
ment for disengagement of the guiding catheter and an inability
to administer intracoronary adenosine. Some observational data
exist to support the use of FFR in order to decide if revasculariza-
tion should be deferred or performed.? In the largest study, which
included 230 patients with intermediate-grade LMS stenosis, only
23% showed an FFR <0.80. Treatment was deferred in patients
with an FFR >0.80 and bypass surgery was done in patients with
an FFR <0.80.% Clinical outcomes at 5 years were similar in both
groups. However, it is important to consider the potential influence
of any untreated downstream disease in the left anterior descend-
ing (LAD) or left circumflex arteries, which may be associated
with an increased risk of a false negative FFR.”

The value of FFR to evaluate intermediate stenosis and guide
selection of lesions for revascularization at the time of bypass
surgery has been shown in an observational study.?® Of the



627 patients with intermediate stenosis that were evaluated, 429
had bypass without FFR and 198 had bypass with FFR; in the
latter group, the proportion of patients with three-vessel disease
was reclassified from 94 to 86%. Outcomes were similar in both
groups at 3 years [hazard ratio (HR) for death/MI/target vessel
revascularization (TVR)=1.03, 95% CI 0.67-1.69], though the
group with FFR guidance was associated with a lower number of
graft anastomoses and a lower rate of on-pump surgery compared
with angiography-guided CABG surgery.

3.2.1.2 Use of fractional flow reserve to identify lesions requir-
ing revascularization in patients with multivessel coronary artery
disease undergoing percutaneous coronary intervention

FFR may also be useful for the selection of lesions requiring
revascularization in patients with multivessel CAD. The FAME
trial showed that in patients with multivessel disease randomized
to an FFR-guided PCI strategy (using a cut-off <0.80 to indicate
requirement for PCI), outcomes at 12 months in terms of death,
non-fatal MI, and repeat revascularization were superior com-
pared with angiography-guided PCI and utilized fewer resources.”
In addition, the 2 year composite risk of death or MI was signi-
ficantly lower with the FFR-guided PCI strategy.*® Long-term fol-
low-up at 5 years showed broadly consistent findings, although
differences between groups in relation to the primary endpoint
were no longer significant.?! This suggests that FFR-guided PCI
should be the preferred management strategy in these patients.
3.2.1.3 Fractional flow reserve-guided management vs. medical
therapy in patients with coronary artery disease

In patients with SCAD and at least one stenosis with FFR <0.80,
the FAME 2 trial showed that PCI using drug-eluting stent (DES)
implantation improved the primary endpoint of death, non-fatal
MI, or urgent revascularization within 2 years compared with
medical treatment alone, which was driven by a lower need for
urgent revascularization.?> The advantage of FFR-guided PCI over
medical therapy alone was maintained at 3 years.®

3.2.2 OTHER PRESSURE-DERIVED INDICES

FFR evaluation requires maximal and stable hyperaemia, which is
usually obtained by the administration of intravenous (i.v.) aden-
osine. Recently, there has been renewed interest in resting indi-
ces derived from resting gradients alone [distal coronary to aortic
pressure (Pd/Pa) or instantaneous wave-free ratio (iwFR)]. Two
recent large-scale randomized trials showed broadly compar-
able results between FFR-guided and iwFR-guided revasculari-
zation strategies in patients with intermediate-grade stenosis.!”!8
Revascularization was indicated in both trials if FFR was <0.80 or
if iwFR was <0.89. In the DEFINE-FLAIR trial, the primary end-
point of MACE at 1 year occurred in 6.8% in patients randomized
to iwFR-guided revascularization vs. 7.0% in patients randomized
to FFR-guided revascularization (P <0.001 for non-inferiority; HR
0.95, 95% CI 0.68-1.33, P=0.78)."” In the iFR-SWEDEHEART
trial, the primary endpoint of death from any cause, non-fatal MI,
or unplanned revascularization was 6.7% in the iwFR group and
6.1% in the FFR group (P=0.007 for non-inferiority; HR 1.12,
95% CI 0.79-1.58, P=0.53)."® In this trial, 17.5% of patients had
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ACS at the time of presentation. There was no interaction with
outcomes. Both trials are limited by having a follow-up duration
of only 1 year.

The SYNTAX II study (Synergy between Percutaneous Coronary
Intervention with TAXUS and Cardiac Surgery), a single-arm,
prospective study in patients with multivessel disease incorporat-
ing a management strategy including combined iwFR/FFR assess-
ment of stenosis severity in addition to intravascular ultrasound
(IVUS)-guided stent implantation and guideline-directed medical
therapy, showed encouraging outcomes compared with a historical
cohort enrolled in the SYNTAX trial 3

Randomized trials comparing iwFR-guided revascularization
with angiography-guided revascularization or medical therapy are
not available. iwFR has not been extensively validated for patients
with LMS stenosis.

There is no adequate randomized controlled trial (RCT) data to
support the use of whole-cardiac cycle Pd/Pa for the guidance of
revascularization decisions.

3.2.3 USE OF FRACTIONAL FLOW RESERVE AND
PRESSURE-DERIVED INDICES IN PATIENTS WITH SEVERE
AORTIC STENOSIS

In patients with intermediate coronary stenosis and concomitant
severe aortic stenosis, although some observational studies exist
(see section 11), there are no adequate RCT data to support the use
of FFR or iwFR for the guidance of revascularization decisions.
3.2.4 USE OF INTRAVASCULAR IMAGING FOR THE
DIAGNOSTIC ASSESSMENT OF STENOSIS

IVUS is an ultrasound-based modality of intravascular imaging
with an axial resolution of about 150 mm. IVUS imaging allows
real-time tomographic assessment of vessel size, lumen area,
and plaque composition and volume. In comparison with optical
coherence tomography (OCT), it has more limited spatial resolu-
tion, but better penetration depth and potential advantages in terms
of vessel sizing. OCT is a light-based modality of intravascular
imaging with higher axial resolution compared with IVUS (15 vs.
150 mm). The disadvantages of OCT imaging are that it requires
complete blood clearance from the lumen for imaging and that it
has more limited penetration, which can limit the assessment of
complete plaque burden and may impair accurate vessel sizing.

Potential clinical uses of intravascular imaging for diagnostic
assessment in patients being considered for myocardial revascu-
larization are the evaluation of stenosis severity in lesions with
intermediate-grade stenosis, evaluation of lesion morphology in
lesions ambiguous with angiographic assessment, and the char-
acterization of plaque composition. The majority of the existing
data from clinical trials relate to the use of intravascular imaging
guidance during PCI and are discussed in section 16. The use of
intravascular imaging to evaluate patients with stent failure is dis-
cussed in section 13.

Regarding the assessment of intermediate-grade stenosis, a num-
ber of studies have evaluated the optimal cut-off of minimal lumen
area for the identification of haemodynamically relevant lesions.

One prospective registry showed overall moderate correlation of
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minimal lumen area with FFR values, with cut-off values for detect-
ing haemodynamically relevant stenosis (<2.4, <2.7, and <3.6 mm?)
dependent on vessel size (reference vessel diameters <3.0, 3.0-3.5,
and >3.5 mm, respectively).>* Generally, haemodynamic assess-
ment with FFR should be preferred for this indication.

The presence of intermediate-grade LMS disease is not
infrequent and angiographic assessment may be challenging.
Assessment using IVUS evaluation of intermediate-grade LMS
disease in patients being considered for bypass surgery or PCI
is supported by data from a number of observational studies.’*-
In a multicentre, prospective study, revascularization was mainly
deferred if the minimal luminal area (MLA) was >6 mm? and per-
formed in cases of an MLA <6 mm?.7 After a 2 year follow-up,
cardiac death-free survival was similar in both groups (98 and
95%, respectively). Another study suggested that deferral of inter-
vention in 131 patients with an MLA >7.5 mm? showed favourable
clinical outcomes.* In Asian patients with generally smaller heart
sizes, studies have suggested that an IVUS MLA of 4.5-4.8 mm’

may be the most appropriate.*®

Recommendations on functional testing and intravascular
imaging for lesion assessment

Recommendations Class? | Level
When evidence of ischaemia is not available, FFR
or iwFR are recommended to assess the

X ! . | A
haemodynamic relevance of intermediate-grade
stenosis.1%17:18:39
FFR-guided PCI should be considered in patients lla B
with multivessel disease undergoing PCl.23!
IVUS should be considered to assess the severity lla B
of unprotected left main lesions.35-37

FFR: fractional flow reserve; iwFR: instantaneous wave-free ratio;
IVUS: intravascular ultrasound; PCI: percutaneous coronary intervention.
2Class of recommendation. °Level of evidence.

3.3 GAPS IN THE EVIDENCE

Further studies investigating the role of novel, combined, non-
invasive anatomical and functional imaging are needed, such as
randomized clinical trials with CT-FFR in patients with suspected
and known CAD, as well as further clinical investigation of per-
fusion CT.

Randomized trials comparing iwFR-based management of
patients with intermediate-grade stenosis compared with medical
therapy are missing. Further study of whole-cardiac cycle Pd/Pa
for the guidance of revascularization in the setting of randomized
clinical trials is also required.

Further studies including randomized trials are needed to assess
the value of functional vs. anatomical guidance for CABG.

4 Process for decision-making and patient
information

4.1 PATIENT INFORMATION AND INFORMED CONSENT
Informed consent requires transparency, especially if there is debate
over various treatment options. Active patient participation in the
decision-making process should be encouraged. Patient information

needs to be unbiased, evidence-based, up-to-date, reliable, acces-
sible, relevant, and consistent with legal requirements. Use of
terminology that the patient understands is essential. Short-term
procedure-related and long-term risks and benefits — such as sur-
vival, relief of angina, quality of life, the potential need for late
reintervention, the need for prevention measures, and uncertainties
associated with different treatment strategies — should be thoroughly
discussed. Although current recommendations are mostly based on
the ability of treatments to reduce adverse events including mor-
tality, there is growing interest in patient-reported outcome meas-
ures.***! Patients are not only interested to know how recommended
treatment impacts on prognosis but also on their quality of life in the
way they perceive it. A written evidence-based patient information
document should be provided, potentially with decision aids.

Patients must have the time to reflect on the trade-offs imposed
by the outcome estimates. In order to seek a second opinion or to
discuss the findings and consequences with referring physicians,
enough time should be allowed — up to several days, as required
— between diagnostic catheterization and intervention. These
recommendations pertain to patients in a stable condition, for
whom various treatment options exist and who can make a deci-
sion without the constraints of an urgent or emergent situation
(Table 3). The patient’s right to decline the treatment option rec-
ommended by the Heart Team has to be respected. Patient refusal
of a recommended treatment should be acknowledged in a writ-
ten document after the patient has received the necessary informa-
tion by the Heart Team members. In this case, the patient may be
offered an alternative treatment option by the Heart Team.

The patient has the right to obtain information on the level
of expertise of the operator, the workload of the centre, whether
all treatment options — including surgery — are available on-site,
and local results in the performance of percutaneous and surgical
myocardial revascularization procedures. Patients considered for
revascularization should also be clearly informed of the continu-
ing need for medical therapy, as well as lifestyle modification and
other secondary prevention strategies (see section 19).4?

4.2 MULTIDISCIPLINARY DECISION-MAKING (HEART TEAM)
The Heart Team — comprising clinical or non-invasive cardio-
logists, cardiac surgeons, and interventional cardiologists, as well
as anaesthetists and other specialists if deemed necessary — should
provide a balanced, multidisciplinary decision-making process.*
Additional input may be needed from other specialties involved in
the care of the patient. The Heart Team should meet on a regular
basis to analyse and interpret the available diagnostic evidence,
determine the need for myocardial revascularization, and assess
the relative short- and long-term safety and effectiveness of the
percutaneous and surgical options. Ad hoc meetings of the Heart
Team should facilitate and support efficient clinical workflows.
The need for an interdisciplinary approach is underlined by
reports on (i) the underuse of revascularization procedures in
18-40% of patients with CAD* and (ii) inappropriate use of
revascularization strategies with a lack of case discussions.”



The marked variability in PCI-to-CABG ratios between European
countries (ranging from 2.4-7.6 in 2013, for example) has raised
concerns regarding the appropriate selection of revascularization
strategies.*® Rates for the inappropriate use of PCI (10-15%)%34748
and CABG (1-2%) are reported. Multidisciplinary decision-mak-
ing in a Heart Team can minimize specialty bias and prevent self-
referral from interfering with optimal patient care.*

Several reports from different centres have established that the
treatment recommendations made in multidisciplinary Heart Team
discussions are reproducible and implemented in the vast majority
of cases (93-95%).505!

Interdisciplinary institutional protocols should be developed
for common case scenarios to avoid the need for systematic
case-by-case review of all diagnostic angiograms. However,
complex cases — defined by the protocols — should be discussed
individually. In these cases, revascularization should not be per-
formed at the time of diagnostic angiography, to allow sufficient
time to assess all available information and clearly explain and
discuss the findings with the patient. The rationale for a decision
and consensus on the optimal revascularization treatment should
be documented on the patient’s chart. In institutions without an
on-site cardiac surgery unit, collaboration with an external car-
diac surgery unit is required to design protocols that define when
Heart Team discussion is needed.

ESC/EACTS Guidelines

4.3 TIMING OF REVASCULARIZATION

Patients requiring myocardial revascularization may be at increased
risk of adverse events during the waiting period.”> A recent
meta-analysis of observational studies calculated that a waiting
period of 3 months for surgical myocardial revascularization may
be associated with the risk of 1 death among 80 patients.>* Table 3
shows the preferred timing of revascularization depending on the
clinical presentation and the extent and localization of CAD.*
Sections 7 and 8 show additional and more specific information in
this regard for patients with ACS.

Ad hoc PCI is defined as a therapeutic intervention performed
within the same procedure as the diagnostic coronary angiography.
Ad hoc PCI is convenient, often cost-effective and safe, and is
associated with fewer access site complications and lower radia-
tion exposure.’>*® However, in the USA, up to 30% of patients
undergoing ad hoc PCI are potential candidates for CABG.>® This
number may be lower in Europe.** Although it is not advisable for
ad hoc PCI to represent the default approach for complex SCAD,
it may be justified if a full diagnostic work-up, including func-
tional testing, is available and the patient is adequately informed
on both percutaneous and surgical myocardial revascularization
options (see section 4.1). Institutional protocols developed by the
Heart Team in accordance with current Guidelines should define
specific anatomical criteria and clinical subsets that may be — or

Table 3. Multidisciplinary decision pathways, patient informed consent, and timing of revascularization.

SCAD without ad hoc
PCI indication

SCAD with ad hoc
PCl indication
according to Heart
Team protocol

according to Heart
Team protocol

NSTE-ACS

Multidisciplinary
decision-making

Not mandatory during
the acute phase;
mechanical circulatory
support according to
Heart Team protocol

Not mandatory during
the acute phase

Not mandatory during
the acute phase; after
stabilization,
recommended as in
SCAD

Required

Not required

Informed consent

Witnessed verbal

Witnessed verbal

Written informed

Written informed

Written informed

revascularization

within 72 h depending
on the risk criteria

high-risk patients®
and within 6 weeks
for all other patients

informed consent or informed consent may | consent?; in emergency | consent? consent?
family consent if be sufficient unless cases witnessed verbal
possible without delay written consent is informed consent may
legally required be sufficient
Time to Emergency: no delay Emergency: no delay Urgency: within 2 h to | Within 2 weeks for Ad hoc

Procedure

Proceed with
intervention based on
best evidence/
availability. Ad hoc
treatment of culprit
lesion, staged treatment
of non-culprit lesions
according to institutional
protocol or Heart Team
decision.

Proceed with
intervention based on
best evidence/
availability. Non-culprit
lesions treated
according to
institutional protocol or
Heart Team decision.

Proceed with
intervention based on
best evidence/
availability. Non-culprit
lesions treated
according to
institutional protocol or
Heart Team decision.

Allow for enough time
from diagnostic
catheterization to
decide on the
appropriate
intervention.

Proceed with
intervention according
to institutional protocol
defined by Heart
Team.

ACS: acute coronary syndromes; CCS: Canadian Cardiovascular Society; ESC: European Society of Cardiology; EACTS: European Association for
Cardio-Thoracic Surgery; NSTE-ACS: non-ST-segment elevation acute coronary syndrome; PCI: percutaneous coronary intervention; SCAD: stable coronary
artery disease; STEMI: ST-segment elevation myocardial infarction. 2This may not apply to countries that are not legally required to ask for written
informed consent. The ESC and EACTS advocate the documentation of patient consent for all revascularization procedures. *Severe symptoms (CCS
class 3), anatomy (left main disease or equivalent, three-vessel disease or proximal left anterior descending artery), or depressed ventricular function

m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
—
2
—
S
B
w
ol
oy
ol
w
H




YEGL-GEVLVT'6T0C UoUaAIBUOINT

1448

potential therapeutic consequences, ahead of the procedure.

Recommendations for decision-making and patient information in the elective setting

Recommendations | Class® | Level’

It is recommended that patients undergoing coronary angiography are informed about benefits and risks, as well as |

It is recommended that patients are adequately informed about short- and long-term benefits and risks of the revascularization |
procedure with information about local experience, and allowed enough time for informed decision-making.

revascularization strategy in accordance with current Guidelines.

It is recommended that institutional protocols are developed by the Heart Team to implement the appropriate |

institutions providing cardiac surgery.

In PCI centres without on-site surgery, it is recommended that institutional protocols are established with partner |

PCI: percutaneous coronary intervention. 2Class of recommendation. ®Level of evidence.

should not be — treated ad hoc. Stable patients with complex CAD,
as reflected by a high SYNTAX score, should in general be dis-
cussed by the Heart Team and not be treated ad hoc.

5 Revascularization for stable coronary artery
disease

5.1 RATIONALE FOR REVASCULARIZATION

The indications for revascularization in patients with SCAD who
receive guideline-recommended medical treatment are the persis-
tence of symptoms despite medical treatment and/or the improve-
ment of prognosis.'

Several studies have shown that myocardial revascularization by
PCI or CABG more effectively relieves angina, reduces the use of
anti-anginal drugs, and improves exercise capacity and quality of
life compared with a strategy of medical therapy alone during short-
and long-term follow-up (Supplementary Table 1).323357-62 Recently,
the ORBITA (Objective Randomised Blinded Investigation with
optimal medical Therapy of Angioplasty in stable angina) trial ran-
domly compared PCI with placebo (sham procedure) in patients
with SCAD due to single-vessel CAD (diameter stenosis >70%)
and preserved LV function in the presence of moderate symptoms
of angina [Canadian Cardiovascular Society (CCS) class II in 59%
of patients, duration 9 months] for the first time.® After 6 weeks
of medication optimization (mean number of anti-anginal drugs: 3)
and baseline cardiopulmonary exercise testing, 200 patients were
randomized (105 PCI and 95 placebo). Following a 6-week post-
randomization period, the primary endpoint of increment in exercise
time was not significantly different, but estimates were imprecise
(PCI minus placebo 16.6 sec, 95% CI —8.9 to 42.0, P=0.20). The
dobutamine stress echocardiography peak stress wall motion score
index improved with PCI (-0.09, 95% CI —0.15 to —0.04, P=0.001).
ORBITA raises the issue of whether the symptom relief of PCI in
the specific setting of stable single-vessel CAD may be related at
least in part to a placebo effect. Limitations of the study, as acknow-
ledged by the investigators and outlined elsewhere, include the short
observation period (6 weeks), the inclusion of patients with mild
symptoms pre-randomization (CCS class 0-I in 25% of patients),
the group imbalance in ostial and proximal lesions (37 vs. 57%,
P=0.005), loss to follow-up after randomization, and the insufficient
power to detect a true difference.** This precludes definite conclu-
sions at this stage. Nevertheless, the ORBITA study underlines the
value of optimal medical therapy in the management of SCAD.

Three year follow-up of the FAME 2 study indicated yearly and
sustained improvement of angina (10.2 vs. 28.5% at 1 month and
5.2 vs. 9.7% at 3 years) in favour of FFR-guided PCI, despite con-
siderable crossover in the medical therapy arm.>* Among patients
with multivessel disease, the assessment of frequency of angina
and quality of life measures in the SYNTAX, FREEDOM (Future
Revascularization Evaluation in Patients with Diabetes Mellitus),
and EXCEL (Evaluation of XIENCE Versus Coronary Artery
Bypass Surgery for Effectiveness of Left Main Revascularization)
trials consistently showed early and sustained improvement for
both PCI and CABG during long-term follow-up.®*-¢”

5.2 EVIDENCE BASIS FOR REVASCULARIZATION
The indications for revascularization in patients with stable angina
or silent ischaemia are summarized in the recommendation table.
5.2.1 REVASCULARIZATION WITH THE USE OF
PERCUTANEOUS CORONARY INTERVENTION
Several meta-analyses comparing a strategy of PCI with initial
medical therapy among patients with SCAD found no or only
modest benefits in terms of survival or MI for an invasive strat-
egy, taking into account the fact that up to 40% of patients crossed
over after to revascularization during longer-term follow-up.*%%
A network meta-analysis of 100 trials with 93 553 patients and
262 090 patient-years of follow-up comparing a strategy of initial
medical therapy with revascularization reported improved survival
using PCI with new-generation DES (everolimus: rate ratio 0.75,
95% CI 0.59-0.96; zotarolimus: rate ratio 0.65, 95% CI 0.42-1.00)
compared with initial medical treatment.!®

In the FAME 2 trial,*? patients with SCAD and at least one func-
tionally significant stenosis (invasive FFR <0.80) were randomly
assigned to medical therapy or medical therapy plus FFR-guided
PCI using new-generation DES. The 3 year report of the FAME 2
trial reported a lower incidence of the primary composite end-
points of death, MI, and urgent revascularization (10.1 vs. 22.0%;
P <0.001), driven by a lower incidence of urgent revascularization
in the PCI group (4.3 vs. 17.2%; P <0.001) and without significant
differences in the rates of death and MI.* At 2 years of follow-
up, the rate of death or MI was lower in the PCI than the medical
therapy group (4.6 vs. 8.0%; HR 0.56, 95% CI 0.32-0.97, P=0.04)
in a landmark analysis between 8 days and 2 years of follow-up,
whereas event rates were higher during days 0-7 due to periproce-
dural MI (for overview of studies see Supplementary Table 2).”
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Indications for revascularization in patients with stable angina or silent ischaemia

Extent of CAD (anatomical and/or functional)

For prognosis | Left main disease with stenosis >50%.¢ 6871

Proximal LAD stenosis >50%.¢ 62687072

Two- or three-vessel disease with stenosis >50% with impaired LV function (LVEF < 35%).c 616268,70.73-83
Large area of ischaemia detected by functional testing (>10% LV) or abnormal invasive FFR.4 24598490
Single remaining patent coronary artery with stenosis >50%.¢

For symptoms | Haemodynamically significant coronary stenosisc in the presence of limiting angina or angina equivalent, |
with insufficient response to optimized medical therapy.e 24:63.91-97

| Class® | Level®
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CAD: coronary artery disease; FFR: fractional flow reserve; iwFR: instantaneous wave-free ratio; LAD: left anterior descending coronary artery; LV: left
ventricular; LVEF: left ventricular ejection fraction. 2Class of recommendation. Level of evidence. °With documented ischaemia or a haemodynamically
relevant lesion defined by FFR <0.80 or iwFR <0.89 (see section 3.2.1.1), or >90% stenosis in a major coronary vessel. “Based on FFR <0.75 indicating
a prognostically relevant lesion (see section 3.2.1.1). ¢In consideration of patient compliance and wishes in relation to the intensity of anti-anginal therapy.

5.2.2 REVASCULARIZATION WITH THE USE OF CORONARY
ARTERY BYPASS GRAFTING
The superiority of CABG over a strategy of initial medical ther-
apy was established in a meta-analysis of seven RCTs®*® more
than two decades ago, demonstrating a survival benefit of CABG
in patients with SCAD and left main (LM) or three-vessel dis-
ease, particularly when the proximal LAD coronary artery was
involved, and has been corroborated in more recent studies. %!
A network meta-analysis of 100 trials with 93 553 patients com-
paring a strategy of initial medical therapy with revasculariza-
tion reported improved survival (RR 0.80, 95% CI 0.63-0.99)
and a reduced risk of MI (RR 0.79, 95% CI 0.83-0.99) among
patients undergoing CABG compared with initial medical
treatment.!®

In the STICH trial, 1212 patients with CAD and an LV ejection
fraction (LVEF) <35% were randomized to initial medical ther-
apy or CABG. The extended 10 year follow-up of the STICH trial

reported a significant reduction in all-cause (59 vs. 66%; HR 0.84,
95% CI 0.73-0.97; P=0.02) and cardiovascular mortality (41 vs.
49%; HR 0.79, 95% CI 0.66-0.93; P=0.006).%' For an overview of
studies, see Supplementary Table 2.

5.3 PERCUTANEOUS CORONARY INTERVENTION VS.
CORONARY ARTERY BYPASS GRAFTING

The recommendations for the type of revascularization (CABG
or PCI) in patients with SCAD with suitable coronary anatomy
for both procedures and low predicted surgical mortality are sum-
marized below. The Heart Team should take into consideration
the individual cardiac and extracardiac characteristics, in addi-
tion to patient preference, in the overall decision-making pro-
cess (Figure 3). A summary of trials comparing the outcomes of
patients treated with angioplasty vs. CABG and bare-metal stent
(BMS) vs. CABG is shown in Supplementary Table 3, and of
studies comparing DES and CABG in Table 4.

Table 4. Randomized clinical trials comparing percutaneous coronary intervention with drug-eluting stents vs. surgical revascularization.

Stent type Baseline characteristics Primary endpoint? Secondary endpoints?
and year of Wome betes MV disease | EF .
publication Age (y) %) %) . Definition Y Stroke
PES 2009 | SYNTAX!® 1800 | 65 22 25 MV61LM39 | — |Death, MI, stroke,or | 1 | 17.8vs. | 5 | 13.9vs. | 9.7vs. | 259vs. | 2.4vs.
repeat revasc 12.4% 114% | 3.8%* | 13.7%* | 3.71%
SES 2011 | Boudriot'® 201 68 25 36 LM 100 65 |Death, Ml,orrepeat | 1 | 13.9vs. | 1 | 2vs.5% | 3vs.3% | 14vs. -
revasc 19% 5.9%
SES 2011 | PRECOMBAT'* | 600 | 62 24 32 LM 100 61 |Death, MI, stroke,or | 1 | 87vs. | 2 | 24vs. | L7vs. | 9.0vs. | 0.4vs.
TR 6.7%" 3.4% 1.0% 4.2%* 0.7%
EES 2015 | BEST!® 880 64 29 11 MV 100 60 |Death, MI, or TVR 2 | 11.0vs. | 5 | 6.6vs. 48vs | 134vs. | 2.9vs.
1.9% 5.0% 2.7% 6.6% 3.3%
BES 2016 | NOBLE® 1201 66 22 15 LM 100 60 |Death, MI, or TVR 5| 154vs. | 5| 11.6vs. | 69vs. | 16.2vs. | 49vs.
1.2% 9.5% 1.9%*c | 104%* | 1.7%
EES 2016 | EXCELY’ 1905 66 24 30 LM 100 57 |Death, MI, or stroke | 3 | 154vs. | 3 | 82vs. | 80vs. | 13.4vs. | 2.3vs.
14.7%" 5.9% 8.3% 6.6%* 2.9%

bNon-inferiority met. °Non-procedural Ml (exclusion of periprocedural MI)

Age and EF are reported as means. *P<0.05. BES: biolimus-eluting stents; BEST: Randomised Comparison of Coronary Artery Bypass Surgery and Everolimus-Eluting Stent Implantation in the
Treatment of Patients with Multivessel Coronary Artery Disease; DES: drug-eluting stents; EES: everolimus-eluting stent; EF: ejection fraction; EXCEL: Evaluation of XIENCE Versus Coronary
Artery Bypass Surgery for Effectiveness of Left Main Revascularization; LM: left main coronary artery disease; MI: myocardial infarction; MV: multivessel coronary artery disease;

NOBLE: Nordic-Baltic-British Left Main Revascularization Study; PES: paclitaxel-eluting stents; PRECOMBAT: Premier of Randomised Comparison of Bypass Surgery versus Angioplasty Using
Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; Revasc: revascularization; SES: sirolimus-eluting stents; SYNTAX: Synergy between Percutaneous Coronary
Intervention with TAXUS and Cardiac Surgery; TVR: target vessel revascularization; Y: years. ?Results are reported as percutaneous coronary intervention vs. coronary artery bypass grafting.




m
=
=
=
=
-
[1:]
=
<
(1]
=
=
o
=
N
o
—
L
—
5
H
w
(4]
iy
ol
w
H

Left coronary artery

Circumflex

Right coronar
9 y coronary artery

artery

Left anterior

descending
coronary
X X artery
Distal right
coronary
artery

Left internal thoracic
artery to left anterior
descending

Right internal thoracic
artery or radial artery

Sequential anastomosis
to obtuse marginal
1and 3

FAVOURS PCI

Clinical characteristics

Presence of severe co-morbidity (not adequately reflected
by scores)

Advanced age/frailty/reduced life expectancy

Restricted mobility and conditions that affect the
rehabilitation process

Anatomical and technical aspects

MVD with SYNTAX score 0-22

Anatomy likely resulting in incomplete revascularization
with CABG due to poor quality or missing conduits
Severe chest deformation or scoliosis

Sequelae of chest radiation

Porcelainaorta®

FAVOURS CABG

Clinical characteristics
Diabetes

Reduced LV function (EF <35 )
Contraindication to DAPT

Recurrent diffuse in-stent restenosis

Anatomical and technical aspects

MVD with SYNTAX score =23

Anatomy likely resulting in incomplete revascularization
with PCI

Severely calcified coronary artery lesions limiting lesion
expansion

Need for concomitant interventions
Ascending aortic pathology with indication for surgery
Concomitant cardiac surgery

©ESC 2018

CABG = coronary artery bypass grafting; Cx = circumflex; DAPT = dual antiplatelet therapy; EF = ejection fraction; LAD = left anterior descending
coronary artery; LIMA = left internal mammary artery; LV= left ventricular; MVD = multivessel coronary artery disease; PCl = percutaneous
coronary intervention; PDA = posterior descending artery; RA =radial artery; RIMA =right internal mammary artery; SYNTAX = Synergy between

Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.
aConsider no-touch off-pump CABG in case of porcelain aorta.

Figure 3. Aspects to be considered by the Heart Team for decision-making between percutaneous coronary intervention and coronary artery

bypass grafting among patients with stable multivessel and/or left main coronary artery disease.

5.3.1 CRITERIA FOR DECISION-MAKING

Predicted surgical mortality, the anatomical complexity of CAD,
and the anticipated completeness of revascularization are impor-
tant criteria for decision-making with respect to the type of revas-
cularization (CABG or PCI). Whether conservative therapy, PCI,
or CABG is preferred should depend on the risk-benefit ratios of
these treatment strategies, weighing up the risks of periprocedural
complications (e.g. cerebrovascular events, blood transfusions,
renal failure, new onset arrhythmias, or wound infections) against
improvements in health-related quality of life, as well as long-term
freedom from death, MI, or repeat revascularization.

5.3.1.1 Predicted surgical mortality

To assess the predicted surgical mortality, the European System
for Cardiac Operative Risk Evaluation (EuroSCORE II)

(www.euroscore.org/calc.html) and the Society of Thoracic
Surgeons (STS) score (http://riskcalc.sts.org) were both developed
based on clinical variables to estimate the operative in-hospital or
30 day mortality risk'®!"'" (Supplementary Table 4). Both scores
have demonstrated their value in specific cohorts of patients
undergoing CABG.!"! Calibration of the STS score is updated on
a regular basis. It has been suggested that the STS score outper-
forms the EuroSCORE II when compared directly in a cohort of
CABG patients,"? although other studies have found comparable
performance of both models.!'*!*

There are no established cut-offs for low predicted surgical
mortality based on the EuroSCORE II or STS score. Thus, indi-
vidualized treatment decisions are needed. These decisions should
respect the range of predicted surgical risks in the major RCTs



that inform the choice of revascularization modality (Table 5). In
these studies, the predicted surgical risk was assessed by the logis-
tic EuroSCORE. Compared with the more recent EuroSCORE 11,
the logistic EuroSCORE has similar discrimination but poorer
calibration and, thus, overestimates surgical mortality by roughly
two-fold.'"

Table 5. Logistic EuroSCORESs in major randomized trials
comparing percutaneous coronary intervention with coronary
artery bhypass grafting.

Trial | EuroSCOREPCI | EuroSCORE CABG
SYNTAX 3.8+2.6 3.8+2.7
BEST 2.9+2.0 3.0+£2.1
FREEDOM 2.7+2.4 2.8+2.5
PRECOMBAT 2.7+1.8 2.8+1.9
EXCEL Not reported Not reported
NOBLE 2 (2-4) 2 (2-4)

Numbers are presented as mean+SD or median (interquartile range).
BEST: Randomised Comparison of Coronary Artery Bypass Surgery and
Everolimus-Eluting Stent Implantation in the Treatment of Patients with
Multivessel Coronary Artery Disease; CABG: coronary artery bypass
grafting; EuroSCORE: European System for Cardiac Operative Risk
Evaluation; EXCEL : Evaluation of XIENCE Versus Coronary Artery
Bypass Surgery for Effectiveness of Left Main Revascularization;
NOBLE: Nordic-Baltic-British Left Main Revascularization Study;

PCI: percutaneous coronary intervention; PRECOMBAT: Premier of
Randomised Comparison of Bypass Surgery versus Angioplasty Using
Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery
Disease; SYNTAX: Synergy between Percutaneous Coronary Intervention
with TAXUS and Cardiac Surgery

Despite the usefulness of these scores, there is not a single risk
model that provides perfect risk assessment because the scores
are limited by (i) the specific definitions used or the methodology
applied, (ii) the absence of important variables such as frailty, (iii)
the practicability of calculation, (iv) a failure to reflect all relevant
mortality and morbidity endpoints, and (v) limited external vali-
dation. Decision-making should not be solely dependent on risk
scores. These scores should be used as a guide within the multi-
disciplinary Heart Team discussion.

To combine clinical and anatomical risk estimation, the
SYNTAX 1II score was retrospectively derived from the
SYNTAX cohort'?” and subsequently externally validated.!2%128.129
Nevertheless, compared with the SYNTAX score, its value in
assigning patients to PCI or CABG is less well investigated.
The fact that the SYNTAX II score failed to predict the outcome
of the EXCEL trial raises additional concern.'*
5.3.1.2 Anatomical complexity of coronary artery disease
The SYNTAX score (http://www.syntaxscore.com) was prospec-
tively developed for the SYNTAX trial to grade the anatomical
complexity of coronary lesions in patients with LM or three-ves-
sel disease (Table 6 and Supplementary Table 4)."'¢ In the cohort
of the SYNTAX trial, and subsequently in external validation
cohorts, the SYNTAX score was found to be an independent pre-
dictor of long-term major adverse cardiac and cerebrovascular
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events (MACCE) and of death in patients treated with PCI but
not CABG.!"7120

In the SYNTAX trial, tertiles of SYNTAX score with low, inter-
mediate, and high anatomical complexity stratified patients into
those who had similar outcomes with both PCI and CABG and
those who derived significant benefit from CABG.'*"'> In subse-
quent RCTs, the interaction of the strata of SYNTAX score with the
effect of the randomized treatment was less pronounced and did not
reach statistical significance.!®"'” However, in a recent collabora-
tive individual patient pooled analysis of randomized trials includ-
ing 11 518 patients,'? the test for trend across the ordered tertiles of
the SYNTAX score of the SYNTAX study was positive at P=0.0011
(unpublished analysis), confirming the strata of the SYNTAX score
as an effect modifier to be considered. There is concern about bias
and inter-individual variability in calculating the SYNTAX score.'?
This should be minimized by adequate training.
5.3.1.3 Completeness of revascularization
The aim of myocardial revascularization is to minimize residual
ischaemia. In support of this concept, the nuclear substudy of the
COURAGE (Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation) trial demonstrated an incremental
benefit in reducing the risk of death and MI by reducing residual
stress-induced ischaemia from >10% of the myocardium to <5%.%

In the SYNTAX trial, anatomical complete revascularization
was defined as PCI or bypass of all epicardial vessels with a dia-
meter exceeding >1.5 mm and a luminal reduction of >50% in at
least one angiographic view.!3! A meta-analysis of 89 883 patients
enrolled in RCTs and observational studies revealed a lower long-
term mortality (RR 0.71, 95% CI 0.65-0.77, P <0.001), MI (RR
0.78, 95% CI 0.68-0.90; P=0.001), and repeat myocardial revas-
cularization (RR 0.74, 95% CI 0.65-0.83; P <0.001) by complete
revascularization (based on anatomical definition in 87% of
the patients) as compared with incomplete revascularization.!3?
The benefit of complete revascularization was independent of
the treatment modality. A more recent meta-analysis suggested
enhanced benefit when complete revascularization is performed
with state-of-the-art techniques in high-risk patients.'** Likewise,
in a post hoc analysis of the SYNTAX trial, anatomical incom-
plete revascularization was associated with inferior long-term
outcomes after both CABG and PCL"! A residual SYNTAX
score >8 after PCI was associated with significant increases
in the 5-year risk of death and of the composite of death, MI,
and stroke, and any residual SYNTAX score >0 was associated
with the risk of repeat intervention.”** In an observational study
from the New York State registry that compared CABG with
PCI using new-generation DES [everolimus-eluting stent (EES)]
in 9223 pairs of propensity-matched patients with multivessel
CAD, the significantly higher risk of MI associated with PCI
as compared with CABG was not seen among matched pairs
of patients in which the PCI group had complete revasculari-
zation (Pinteraction=0.02).'* Consistent findings were obtained
in a pooled analysis of 3212 patients of the SYNTAX, BEST
(Randomised Comparison of Coronary Artery Bypass Surgery
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Recommendations on criteria for the choice between coronary artery hypass grafting and percutaneous coronary intervention

Recommendations Class? | Level®
Assessment of surgical risk®

It is recommended that the STS score is calculated to assess in-hospital or 30 day mortality, and in-hospital morbidity after
CABG_112,114,138

Calculation of the EuroSCORE Il score may be considered to assess in-hospital mortality after CABG.1!2
Assessment of CAD complexity

In patients with LM or multivessel disease, it is recommended that the SYNTAX score is calculated to assess the anatomical
complexity of CAD and the long-term risk of mortality and morbidity after PCI.117-124

When considering the decision between CABG and PCI, completeness of revascularization should be prioritized.!31:132.134-136

EuroSCORE: European System for Cardiac Operative Risk Evaluation; CABG: coronary artery bypass grafting; CAD: coronary artery disease; LM: left
main; PCI: percutaneous coronary intervention; STS: Society of Thoracic Surgeons; SYNTAX: Synergy between Percutaneous Coronary Intervention with
TAXUS and Cardiac Surgery. 2Class of recommendation. °Level of evidence. Level of evidence refers to prediction of outcomes.

Recommendation for the type of revascularization in patients with stable coronary artery disease with suitable coronary anatomy for
both procedures and low predicted surgical mortality®

CABG PCI

| Class® | Level” | Class® | Level

Recommendations according to extent of CAD

One-vessel CAD

Without proximal LAD stenosis.

With proximal LAD stenosis.58101,139-144

Two-vessel CAD

Without proximal LAD stenosis.

With proximal LAD stenosis.®870.73

Left main CAD

Left main disease with low SYNTAX score (O - 22).69:121,122,124,145-148

Left main disease with intermediate SYNTAX score (23 - 32).69:121,122,124,145-148
Left main disease with high SYNTAX score (>33).¢ 69:121,122.124,146-148
Three-vessel CAD without diabetes mellitus

Three-vessel disease with low SYNTAX score (0 - 22),102,105,121,123,124,135,149
Three-vessel disease with intermediate or high SYNTAX score (>22).¢ 102:105.121,123,124,135,149
Three-vessel CAD with diabetes mellitus
Three-vessel disease with low SYNTAX score 0-22,102,105,121,123,124,135,150-157 A m
Three-vessel disease with intermediate or high SYNTAX score (>22).¢ 102105,121,123,124,135,150-157 A

SYNTAX score calculation information is available at http://www.syntaxscore.com. CABG: coronary artery bypass grafting; CAD: coronary artery disease;

LAD: left anterior descending coronary artery; PCI: percutaneous coronary intervention; SYNTAX: Synergy between Percutaneous Coronary Intervention
with TAXUS and Cardiac Surgery. ?Class of recommendation. *Level of evidence. cPCI should be considered if the Heart Team is concerned about the

morbidities, frailty, or immobility precluding CABG (also see Table 5).

surgical risk or if the patient refuses CABG after adequate counselling by the Heart Team. dFor example, absence of previous cardiac surgery, severe

and Everolimus-Eluting Stent Implantation in the Treatment
of Patients with Multivessel Coronary Artery Disease), and
PRECOMBAT (Premier of Randomised Comparison of Bypass
Surgery versus Angioplasty Using Sirolimus-Eluting Stent in
Patients with Left Main Coronary Artery Disease) trials.!*
A mean SYNTAX score of 27 and an LVEF of 59% were
obtained. In a propensity-matched analysis, mortality and the
composite risk of death, MI, and stroke were significantly lower
after PCI with complete vs. incomplete revascularization. After
PCI with complete revascularization, the risk of death or of the
composite of death, MI, or stroke was not significantly different
from that after CABG with complete revascularization (adjusted
HR 1.16, 95% CI 0.83-1.63, P=0.39, and 1.14, 95% CI 0.87-
1.48, P=0.35, respectively), whereas these risks were signi-
ficantly elevated after PCI with incomplete revascularization.

Functional complete revascularization is achieved when all
lesions causing resting or stress-induced ischaemia are bypassed
or treated by PCI. Given the limitations of non-invasive imaging
techniques (see section 3), these lesions are best identified by FFR
or iwFR during diagnostic angiography. For PCI, the FAME study
demonstrated that the more restrictive selection of target lesions by
functional guidance conferred superior long-term outcomes com-
pared with anatomically guided lesion selection (see section 3).3!
In contrast, leaving functionally relevant lesions untreated resulted
in a high rate of reinterventions in the FAME 2 study.>* Based on
the data of the FAME and FAME 2 studies, complete revasculari-
zation based on the functional definition is the preferred strategy
for PCI.

The role of functional guidance for CABG is less clear.?®!¥’
One of the potential benefits of CABG is protection against
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Table 6. Guide for calculating the SYNTAX score.

Steps CETEND Description
assessed
Step 1 Dominance The weight of individual coronary segments varies according to coronary artery dominance (right or left).

Co-dominance does not exist as an option in the SYNTAX score.

Step 2 | Coronary segment | The diseased coronary segment directly affects the score as each coronary segment is assigned a weight depending
on its location, ranging from 0.5 (i.e. the posterolateral branch) to 6 (i.e. left main in case of left dominance).

Right dominance
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Step 3 Diameter stenosis | The score of each diseased coronary segment is multiplied by two in case of a stenosis 50-99% and by five in
case of total occlusion.
In case of total occlusion, additional points will be added as follows:

— Age >3 months or unknown +1

— Blunt stump +1

— Bridging +1

— First segment visible distally +1 per non-visible segment
— Side branch at the occlusion +1 if <1.5 mm diameter

+1 if both <1.5 mm and >1.5 mm diameter
+0 if >1.5 mm diameter (i.e. bifurcation lesion)

Step 4 | Trifurcation lesion | The presence of a trifurcation lesion adds additional points based on the number of diseased segments:

— 1 segment +3
— 2 segments +4
— 3 segments +5
— 4 segments +6

Step 5 Bifurcation lesion | The presence of a bifurcation lesion adds additional points based on the type of bifurcation according to the
Medina classification:126

- Medina 1,0,0-0,1,0-1,1,0 +1

- Medina 1,1,1-0,0,1-1,0,1-0,1,1  +2

Moreover, the presence of a bifurcation angle <70° adds one additional point

Step 6 | Aorto-ostial lesion | The presence of aorto-ostial lesion segments adds one additional point

Step 7 Severe tortuosity | The presence of severe tortuosity proximal of the diseased segment adds two additional points

Step 8 Lesion length Lesion length >20 mm adds one additional point
Step 9 | Calcification The presence of heavy calcification adds two additional points
Step 10 | Thrombus The presence of thrombus adds one additional point

Step 11 | Diffuse disease/ The presence of diffusely diseased and narrowed segments distal to the lesion (i.e. when at least 75% of the
small vessels length of the segment distal to the lesion has a vessel diameter <2 mm) adds one point per segment number

SYNTAX: Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery
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disease progression in proximal segments, which may be dimin-
ished by restricting the bypass targets to functionally relevant
lesions. This has to be weighed against the risk of bypass closure
when native vessel flow is high. Thus, for ambiguous lesions,
functional testing may also help guide the surgical revasculariza-
tion strategy.

5.3.2 ISOLATED PROXIMAL LEFT ANTERIOR DESCENDING

CORONARY ARTERY DISEASE

Comparing CABG and PCI among patients with isolated proximal
LAD disease, the available evidence suggests similar outcomes in
terms of death, MI, and stroke, but a higher risk of repeat revascu-
larization with PCL.68.70.73.101.139-144

5.3.3 LEFT MAIN CORONARY ARTERY DISEASE

The available evidence from RCTs and meta-analyses compar-
ing CABG with PCI using DES among patients with LM disease
suggests equivalent results for the safety composite of death, MI,
and stroke up to 5 years of follow-up.'*® A significant interaction
with time is notable, providing early benefit for PCI in terms of
MI and peri-interventional stroke, which is subsequently offset
by a higher risk of spontaneous MI during long-term follow-up.
The need for repeat revascularization is higher with PCI than
with CABG.

The EXCEL trial compared CABG with PCI using new-gener-
ation DES (EES) among 1905 patients with significant LM dis-
ease.'”” At 3 years of follow-up, the primary endpoint of death,
stroke, or MI occurred with similar frequency in the CABG and
PCI group (14.7 vs. 15.4%; HR 1.00, 95% CI 0.79-1.26, P=0.98).
The pre-planned landmark analysis from 30 days to 3 years
showed a significant difference for the primary endpoint in favour
of CABG (7.9 vs. 11.5%, P=0.02).

The NOBLE (Nordic-Baltic-British Left Main Revascularization
Study) trial compared CABG with PCI using new-generation DES
[biolimus-eluting stents (BES)] among 1201 patients with signi-
ficant LM disease (mean SYNTAX score of 23).!% At a median
follow-up of 3.1 years, the primary endpoint of death, non-proce-
dural M1, stroke, and repeat revascularization occurred more fre-
quently in the PCI than the CABG group (29 vs. 19%; HR 1.48,
95% CI 1.11-1.96, P=0.007).

A recent collaborative individual patient pooled analysis of
randomized trials including 11 518 patients reviewed the cur-
rently available evidence from randomized trials comparing
CABG with PCI for LM or multivessel disease.'” The primary
outcome was all-cause mortality. In the overall cohort, CABG
was associated with a significant survival benefit during a mean
follow-up of 3.8+1.4 years (5 year all-cause mortality 11.2%
after PCI vs. 9.2% after CABG; HR 1.20, 95% CI 1.06-1.37,
P=0.0038). There was a linear trend for HRs of death increasing
with increasing SYNTAX tertiles [P=0.0011 for trend (unpub-
lished analysis)]. However, among 4478 patients with LM dis-
ease, those randomly assigned to CABG or PCI with a mean
follow-up of 3.4+1.4 years reported similar risks for the pri-
mary outcome all-cause mortality (PCI 10.7 vs. CABG 10.5%;
HR 1.07, 95% CI 0.87-1.33, P=0.52) at 5 years. There were no

significant differences in mortality between PCI and CABG in
subgroup analyses according to SYNTAX scores. Nevertheless,
in patients with a high SYNTAX score, a trend towards better
survival was noted with CABG. The proportion of patients with
a high SYNTAX score was limited in view of the inclusion cri-
teria of the respective studies.

Current evidence indicates that PCI is an appropriate alter-
native to CABG in LM disease and low-to-intermediate ana-
tomical complexity. Among patients with LM disease and low
anatomical complexity, there is evidence that the outcomes
with respect to major clinical endpoints are similar for PCI and
CABG, resulting in a class I recommendation. Among patients
with LM disease and high anatomical complexity, the number
of patients studied in RCTs is low due to exclusion criteria;
the risk estimates and Cls are imprecise, but suggest a trend
towards better survival with CABG. Therefore, PCI in this set-
ting cannot be endorsed as reflected by a class III recommenda-
tion. For PCI in LM with intermediate anatomical complexity,
the previous class Ila recommendation was maintained in view
of the incomplete 5 year follow-up of the two largest RCTs in
this setting.

5.3.4 MULTIVESSEL CORONARY ARTERY DISEASE

The observation of a survival advantage of CABG over PCI has
been. consistent among patients with severe three-vessel CAD
(intermediate to high SYNTAX score), and has been attributed at
least in part to the placement of bypass grafts to the mid coronary
vessels providing prophylaxis against the development of new
proximal disease.

The BEST trial, comparing CABG with PCI using new-gen-
eration DES (EES) among patients with multivessel CAD (77%
three-vessel CAD and 23% two-vessel disease, mean SYNTAX
score 24), prematurely stopped enrolment after the inclusion of
880 patients due to slow recruitment.'” At a median follow-up of
4.6 years, PCI was associated with a higher incidence of the pri-
mary endpoint (death, MI, and TVR) (15.3 vs. 10.6%; HR 1.47,
95% CI 1.01-2.13, P=0.04) than CABG. The risk of death, MI,
and stroke was not statistically different between the two treat-
ment groups (11.9 vs. 9.5%; HR 1.26, 95% CI 0.84-1.89, P=0.26),
whereas repeat revascularization of any vessel (11.0 vs. 5.4%; HR
2.1, 95% CI 1.28-3.41, P=0.003) but not target lesion revasculari-
zation (5.7 vs. 3.8%; HR 1.51, 95% CI 0.82-2.80, P=0.19) was
more frequent in the PCI group. CABG resulted in more complete
revascularization (71.5 vs. 50.9%; P<0.001) and a lower incidence
of revascularization for new lesions (5.5 vs. 2.3%; HR 2.47, 95%
CI 1.18-5.17, P=0.01).

Consistent with findings in the overall cohort (see sec-
tion 5.3.3), the collaborative individual patient pooled analy-
sis found that in 7040 patients with multivessel disease, those
assigned to CABG had significantly lower 5 year all-cause mor-
tality than those assigned to PCI (PCI 11.5 vs. CABG 8.9%;
HR 1.28, 95% CI 1.09-1.49, P=0.0019)."** Outcomes for the
endpoint all-cause mortality were modified by two variables,
diabetes and disease complexity, as assessed by the SYNTAX



score. Compared with patients without diabetes (8.7 vs. 8.0%;
HR 1.08, 95% CI 0.86-1.36, P=0.49), mortality was higher
after PCI than CABG in patients with diabetes (15.5 vs. 10.0%;
HR 1.48, 95% CI 1.19-1.84, P=0.0004, Pinteraction=0.045).
There was a gradient of risk with a stepwise increase in mor-
tality for PCI according to SYNTAX score tertile (SYNTAX
score 0-22: 10.5 vs. 8.4%; HR 1.11, 95% CI 0.77-1.62, P=0.57;
SYNTAX score 23-32: 14.0 vs. 9.5%; HR 1.50, 95% CI 1.09-
2.08, P=0.0129; SYNTAX score >32: 19.2 vs. 11.2%; HR 1.70,
95% CI 1.13-2.55, P=0.0094).

An individual patient data pooled analysis of SYNTAX
and BEST, comparing CABG with PCI using DES among
1275 patients with multivessel disease in the absence of diabe-
tes (89% three-vessel CAD, mean SYNTAX score 26), reported
a lower risk of death (6.0 vs. 9.3%; HR 0.65, 95% CI 0.43-
0.98, P=0.04) and MI (3.3 vs. 8.3%; HR 0.40, 95% CI 0.24-
0.65, P <0.001) in the CABG group at a median follow-up of
61 months.'® The risk of death was not significantly different
among patients with a low (0-22) SYNTAX score (6.0 vs. 7.5%,
P=0.66), whereas the benefit of CABG over PCI was greater
in patients with an intermediate-to-high (>22) SYNTAX score
(7.1 vs. 11.6%, P=0.02). Another individual patient data pooled
analysis of SYNTAX and BEST, comparing CABG with PCI
using DES among 1166 patients with multivessel disease involv-
ing the proximal LAD (88% three-vessel CAD, mean SYNTAX
score 28), reported a higher risk of the composite of death, MI,
and stroke (16.3 vs. 11.5%; HR 1.43, 95% CI 1.05-1.96, P=0.02),
cardiac death, MI, and repeat revascularization in the PCI group
at 5 years of follow-up.'” Of note, outcomes were not signi-
ficantly different for CABG and PCI for any endpoint except
for MI among the subgroup of patients with low SYNTAX score
(0-22).

The available evidence suggests that in multivessel CAD with-
out diabetes and low anatomical complexity, PCI and CABG
achieve similar long-term outcomes with respect to survival and
the composite of death, MI, and stroke, justifying a class I recom-
mendation for PCIL. In patients with multivessel CAD and inter-
mediate-to-high anatomical complexity, the two large trials using
DES, SYNTAX and BEST, found a significantly higher mortal-
ity and a higher incidence of death, MI, and stroke with PCI in
the absence of diabetes. Consistent results were also obtained for
patients with multivessel CAD in the recent individual patient-
level meta-analysis.!?* Thus, the previous class III recommendation
for PCI in multivessel CAD and intermediate-to-high complexity

was maintained.

5.4 GAPS IN THE EVIDENCE

It remains to be determined whether revascularization by PCI
improves prognosis in patients with SCAD. The ISCHEMIA
(International Study of Comparative Health Effectiveness With
Medical and Invasive Approaches) study (NCT01471522) is cur-
rently recruiting 5000 patients with SCAD and evidence of mod-

erate-to-severe ischaemia detected by non-invasive imaging, who
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are randomized before coronary angiography to medical therapy or
an invasive strategy to detect differences in the primary endpoint
of death or MI. Current techniques rely on coronary angiography
and the detection of ischaemia-producing lesions. However, future
adverse events are related at least in part to non-flow limiting,
vulnerable plaques. Better identification of vulnerable plaques
and the development of appropriate treatment strategies is needed.
Along the same lines, the completeness and timing of revasculari-
zation are not well defined, and neither are the roles of residual
ischaemia and lesions. Moreover, we need more research on the
use of the SYNTAX and other scores for informing treatment allo-
cation, as well as dedicated trials in specific subsets. Very long-
term, extended follow-up (10 years) of trials comparing PCI and
CABG, particularly in the setting of LM disease, will provide
further insights into the relative merits of both revascularization

techniques.

6 Revascularization in non-st-elevation acute
coronary syndrome

Myocardial revascularization in patients with non-ST-segment ele-
vation ACS (NSTE-ACS) is addressed by prior Guidelines that are
endorsed by the current Task Force.'® In the present Guidelines,
we discuss new evidence where previous recommendations require
an update.

6.1 EARLY INVASIVE VS. CONSERVATIVE STRATEGY
An invasive strategy has become the standard of care for high-
risk patients.'® This approach allows prompt diagnosis of the
underlying CAD, identification of the culprit lesion, guidance
for antithrombotic management, and the assessment of the suit-
ability of coronary anatomy for PCI or CABG. Numerous factors
interplay in the decision-making process, including clinical pres-
entation, comorbidities, risk stratification (Figure 4), and high-
risk features specific for a revascularization modality such as
frailty, cognitive status, estimated life expectancy, and the func-
tional and anatomical severity of CAD.

Up to 40% of NSTE-ACS patients with obstructive CAD pre-
sent with multiple complex plaques'®*'%? and 25% with an acute

163 5o that identification of the culprit

occluded coronary artery,
lesion may be challenging. Correlation with ECG or echo changes
and the use of OCT in the 25% of NSTE-ACS patients with angio-
graphically normal epicardial coronary arteries'**'% may be help-
ful for identifying the culprit lesion, or rule out other mechanisms
such as dissection or haematomas [MI with non-obstructive coro-
nary arteries (MINOCA)].1¢7-1¢

A routine invasive strategy in NSTE-ACS has been shown
to improve clinical outcomes,'”® and benefit was mainly con-
fined to biomarker-positive patients'’! and patients with other
high-risk features as defined in Figure 4. Of importance, the
use of a radial approach, new-generation DES, and more effec-
tive P2Y -inhibitors were not available or broadly imple-
mented in these trials, and led to a magnified benefit in frail
ACS populations.!7>!7
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=
[ Invasive evaluation in Non-ST-Elevation Acute Coronary Syndromes
High-Risk Intermediate Risk
= Established diagnosis of non-ST-elevation * Diabetes mellitus or renal
myocardial infarction based on cardiac insufficiency®
troponins * LVEF <40% or congestive heart failure
+ Dynamic ST/T-changes (symptomatic * Early post-infarction angina or prior
or silent) PCI/CABG
* GRACE score >140 * GRACE risk score >109 and <140 or
recurrent symptoms/ischaemia on
non-invasive testing.

|

'
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CABG = coronary artery bypass grafting; GRACE = Global Registry of Acute Coronary Events; LVEF = left ventricular ejection fraction; Ml =myocardial infarctior;

PCl = percutaneous coronary intervention.

*Particularly intermittent ST-elevatior; *Estimated glomerular filtration rate <60mL/min/L73m?

According to ESC NSTE-ACS 2015 Guidelines

Figure 4. Selection of non-ST-elevation acute coronary syndrome treatment strategy and timing according to initial risk stratification.

6.2 TIMING OF ANGIOGRAPHY AND INTERVENTION

The current recommendations on the timing of angiography
and intervention, as defined in Figure 4, are based on evidence
discussed in detail by the prior Guidelines on NSTE-ACS.!8
Specifically, a reduction in recurrent or refractory ischaemia and
length of hospital stay was found with early intervention.!’+!7
More recently, an updated collaborative meta-analysis on individ-
ual published and unpublished data (n=5324 patients with a median
follow-up of 180 days) suggested that early intervention might
also be associated with decreased mortality.'’® This meta-analysis
showed a statistical trend towards decreased mortality with an
early invasive strategy compared with a delayed invasive strategy
in unselected patients with NSTE-ACS (HR 0.81, 95% CI 0.64-
1.03, P=0.088). The survival benefit of the early invasive strategy
appeared more pronounced in high-risk subsets, including elevated
cardiac biomarkers at baseline (HR 0.76, 95% CI 0.58-0.996), dia-
betes (HR 0.67, 95% CI 0.45-0.99), a Global Registry of Acute
Coronary Events risk score >140 (HR 0.70, 95% CI 0.52-0.95),
and age 75 years or older (HR 0.65, 95% CI 0.46-0.93), although
tests for interaction were inconclusive.

6.3 TYPE OF REVASCULARIZATION

6.3.1 PERCUTANEOUS CORONARY INTERVENTION

6.3.1.1 Technical aspects

Implantation of new-generation DES is the standard treatment
strategy even when dual antiplatelet therapy (DAPT) cannot be
sustained beyond 1 month post-intervention'”!”-1" (see sec-
tion 17), and the radial approach has also become the standard of
care.'”” DAPT is recommended for 12 months irrespective of stent
type, while in patients at high ischaemic risk not experiencing

bleeding events, DAPT may be extended (see section 17). There is
no evidence for any additional benefit of thrombectomy in patients
undergoing PCI in the setting of NSTE-ACS.!* While FFR is con-
sidered the invasive gold standard for the functional assessment
of lesion severity in SCAD, it has been shown to be feasible, reli-
able, safe, and effective in NSTE-ACS patients with multivessel
disease, although its prognostic value is unclear.?>!37-18!

6.3.1.2 Revascularization strategies and outcomes

Complete revascularization of significant lesions should be
attempted in multivessel disease NSTE-ACS patients, given that
it was mandated in trials testing early vs. late intervention!7!-182183
and that the prognosis of patients with incomplete revasculariza-
tion is known to be worse."’"'¥* In addition, it seems that com-
plete one-stage revascularization is associated with better clinical
outcome than multistage PCL.'® The risk of periprocedural com-
plications of PCI defined as MI or myocardial injury, as well
as that of long-term ischaemia, remains higher in NSTE-ACS
than in stable patients.'®” For ACS patients who have under-
gone PCI, revascularization procedures represent the most fre-
quent, most costly, and earliest causes for rehospitalization.'s8!%
As in ST-elevation myocardial infarction (STEMI), routine treat-
ment of non-culprit lesions during the primary intervention by
PCI is harmful in NSTE-ACS patients with cardiogenic shock,
as shown by the recently published CULPRIT-SHOCK (Culprit
Lesion Only PCI versus Multivessel PCI in Cardiogenic Shock)
trial (see section 7.3).'°

6.3.2 CORONARY ARTERY BYPASS GRAFTING

Approximately 5-10% of NSTE-ACS patients require CABG,!
and they represent a challenging subgroup given their high-
risk characteristics compared with patients undergoing elective



CABG.'*? In the absence of randomized data, optimal timing for
non-emergent CABG in NSTE-ACS patients should be deter-
mined individually. The risk of ischaemic events possibly related
to suboptimal antiplatelet therapy while awaiting surgery is <0.1%,
while that of perioperative bleeding complications associated with
platelet inhibitors is >10%.' In patients with ongoing ischaemia
or haemodynamic instability with an indication for CABG, emer-
gency surgery should be performed and not postponed as a conse-
quence of antiplatelet treatment exposure.
6.3.3 PERCUTANEOUS CORONARY INTERVENTION VS.
CORONARY ARTERY BYPASS GRAFTING
There is no randomized comparison of PCI vs. CABG in the spe-
cific setting of NSTE-ACS. The currently available evidence indi-
rectly suggests that the criteria applied to patients with SCAD to
guide the choice of revascularization modality should be applied
to stabilized patients with NSTE-ACS.100121.150.19 Recent individ-
ual-patients data analysis from the BEST, PRECOMBAT, and
SYNTAX studies compared the outcome of CABG with that of
PCI in 1246 patients with stabilized NSTE-ACS and multivessel
or LM disease.'”* The 5 year incidence of the primary outcome —
the composite of death, MI, or stroke — was significantly lower
with CABG than with PCI (13.4 vs. 18%, P=0.036). The findings
of this meta-analysis were consistent with the main findings of the
studies included, thus supporting the concept that the principles of
SCAD should apply to stabilized patients with NSTE-ACS as well.
For complex cases, Heart Team discussion and use of the
SYNTAX score are recommended,'® given its ability to predict
death, MI, and revascularization in patients with NSTE-ACS and

Recommendations for invasive evaluation and revascularization
in non-ST-elevation acute coronary syndrome

Recommendations | Class? | Level®

Urgent coronary angiography (<2 h) is
recommended in patients at very high ischaemic
risk (Figure 4).1%7

An early invasive strategy (<24 h) is
recommended in patients with at least one
high-risk criterion (Figure 4).164174.176

An invasive strategy (<72 h after first
presentation) is indicated in patients with at least
one intermediate-risk criterion (Figure 4) or
recurrent symptoms. 170171

It is recommended to base the revascularization
strategy (ad hoc culprit lesion PCl/multivessel
PCI/CABG) on the clinical status and
comorbidities, as well as the disease severity [i.e.
the distribution and angiographic lesion
characteristics (e.g. SYNTAX score)], according to
the principles for SCAD.c 194

In cardiogenic shock, routine revascularization of
non-IRA lesions is not recommended during
primary PCJ.1%°

CABG: coronary artery bypass grafting; IRA: infarct-related artery;
NSTE-ACSO: non-ST-elevation acute coronary syndrome;

PCI: percutaneous coronary intervention; SCAD: stable coronary artery
disease; SYNTAX: Synergy Between Percutaneous Coronary Intervention
with TAXUS and Cardiac Surgery. 2Class of recommendation.’Level of
evidence. “May apply to stabilized NSTE-ACS patients.
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multivessel disease undergoing PCI. In patients with multives-
sel disease and diabetes in particular, recent evidence suggests
a greater benefit of CABG vs. PCL.!%¢

6.4 GAPS IN THE EVIDENCE

In the setting of NSTE-ACS, there are no dedicated prospective
studies on the revascularization strategy with multivessel disease.
Thus, current recommendations on the choice of lesions to be
treated and treatment modality (PCI or CABG) are based on an
analogy to findings obtained in SCAD or STEMI. Likewise, the
prognostic role of FFR and iwFR in guiding myocardial revascu-
larization needs additional clarification.

7 Revascularization in ST-segment elevation
myocardial infarction

Myocardial revascularization in patients with STEMI is addressed
by the 2017 ESC Guidelines on STEMI. After reviewing the
subsequent literature, the current Task Force endorses most

recommendations of these Guidelines.!'*

7.1 TIME DELAYS
Delays in the timely implementation of reperfusion therapy are key
issues in the management of STEMI. Detailed recommendations
on timelines, logistics, and pre-hospital management have been
provided in the recent ESC STEMI Guidelines (Figure 5).'%8

A recent analysis of 12 675 STEMI patients in the FITT-STEMI
(Feedback Intervention and Treatment Times in ST-Elevation
Myocardial Infarction) trial emphasizes the strong impact of time
delays on mortality, particularly in STEMI patients with cardio-
genic shock or out-of-hospital cardiac arrest.”” In shock with-
out out-of-hospital cardiac arrest, every 10 min treatment delay
between 60-180 min from the first medical contact resulted in
3.3 additional deaths per 100 PCl-treated patients, and in 1.3
additional deaths after out-of-hospital cardiac arrest without car-
diogenic shock. In stable STEMI patients, time delays were sub-
stantially less relevant (0.3 additional deaths per 100 PCI-treated
patients for every 10 min delay between 60-180 min from the first
medical contact). Thus, high-risk STEMI patients with cardio-
genic shock or out-of-hospital cardiac arrest are those who benefit
most from expediting all steps of the care pathway.

7.2 SELECTION OF REPERFUSION STRATEGY

Primary PCI, defined as percutaneous catheter intervention in
the setting of STEMI without previous fibrinolysis, is the pre-
ferred reperfusion strategy. It has replaced fibrinolysis in patients
with STEMI, provided it can be performed in a timely manner
in high-volume PCI centres with experienced operators and 24
h/7 days a week catheterization laboratory activation.!'#%200:201
In settings where primary PCI cannot be performed in a timely
fashion, fibrinolysis should be administered as soon as possible.
If first medical contact (FMC) is out-of-hospital, lysis should be
implemented pre-hospital (e.g. in the ambulance) (Figure 5).202-206
It should be followed by transfer to PCl-capable centres for
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The recommended mode of patient presentalion is by alerting the EMS (call nalional emergency number; T2 or similar number according lo region). When STEMI
diagnosis is made in the out-of-hospital setting {via EMS) or in a non-PCI centre, the choice of reperfusion strateqy is based on the estimated time from STEMI
diagnosis to PCH-mediated reperfusion (wire crossing). System delay for patients alerting the EM5 starts at the time of phone alert, althowgh FMC occurs when
the EMS arrives at the scene. EMS = emergency medical service.

FMC = first medical contact; PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction. ‘denotes minutes.

“Patients receiving fibrinolysis should be transferred to a PCI centre immediately alter administration of the lylic bolus.

Figure 5. Modes of patient s medical contact, components of ischaemia time, and flowchart for reperfusion strategy selection.

routine coronary angiography in all patients, and should be
performed without delay for rescue PCI in the case of unsuc-
cessful fibrinolysis or within 2-24 h after bolus administration.'*
Emergency CABG may be indicated in selected STEMI patients

unsuitable for PCI.

7.3 PRIMARY PERCUTANEOUS CORONARY INTERVENTION
Key points for optimizing and guiding primary PCI are summa-
rized below.

The infarct-related artery (IRA) should be systematically treated
during the initial intervention. Patients with extensive CAD in
vessels remote from the IRA have an adverse prognosis following
primary PCL?7 Staged PCI in patients with multivessel disease
and no haemodynamic compromise is an independent predictor of
survival, and more frequent ischaemic events have been reported

in direct vs. staged revascularization of STEMI patients with mul-
tivessel disease.20%2!°

Four major randomized trials-PRAMI (Preventive Angioplasty
in Acute Myocardial Infarction),?'! CvLPRIT (Complete Versus
Lesion-Only Primary PCI trial),’’> DANAMI-3-PRIMULTI (The
Third DANish Study of Optimal Acute Treatment of Patients with
ST-segment Elevation Myocardial Infarction: PRImary PCI in
MULTlIvessel Disease),?!* and Compare-Acute®!*-have consistently
shown a benefit of complete revascularization (performed imme-
diately or staged) as compared with IRA-only PCI in patients with
STEMI and multivessel disease (for details see the Supplementary
Data). A recent meta-analysis of 10 trials has shown that complete
revascularization was associated with a lower risk of MACE (RR
0.57, 95% CI 0.42-0.77), due to a lower risk of urgent revasculari-
zation (RR 0.44, 95% CI 0.30-0.66), with no significant difference



in mortality (RR 0.76, 95% CT 0.52-1.12) or MI (RR 0.54, 95% CI
0.23-1.27).*"® This meta-analysis did not include Compare-Acute.
Yet, similar to earlier studies, the benefit of complete revasculari-
zation over culprit-only revascularization seen in Compare-Acute
was driven by a lower need for unplanned reintervention, whereas
the incidences of death and recurrent MI were similar between the
two strategies.?'*

Most of the studies support the concept of full revascularization
either during the initial hospital stay for STEMI or a staged admis-
sion,?’® but it remains to be determined how clinicians can identify
lesions that should be revascularized beyond the culprit lesion and
whether complete revascularization should be performed in single-
or multi-stage procedures. Moreover, there is a lack of evidence
on the optimal timing of staged procedures. In most of the studies,
staged procedures were performed during the initial hospital stay.
At present, one-stage multivessel PCI during STEMI without car-
diogenic shock should be considered in patients in the presence of
multiple, critical stenoses or highly unstable lesions (angiographic
signs of possible thrombus or lesion disruption), and if there is
persistent ischaemia after PCI on the supposed culprit lesion.

In patients with multivessel disease and AMI with cardiogenic
shock, the recently published CULPRIT-SHOCK trial showed that
a strategy with PCI of the culprit lesion only with possible staged
revascularization determined a lower 30 day risk of the compos-
ite of all-cause mortality or severe renal failure compared with
immediate multivessel PCL." This was driven by a significant
risk reduction in 30 day all-cause mortality by the culprit lesion-
only strategy compared with immediate multivessel PCI (43.3 vs.
51.6%; HR 0.84, 95% CI 0.72-0.98, P=0.03). These findings need
to be interpreted in light of a low 12.5% (43 out of 344 patients)
crossover rate from culprit lesion-only to immediate multives-
sel PCI based on physicians’ judgment. Based on these findings,
culprit lesion-only PCI is recommended as the default strategy in
patients with AMI with cardiogenic shock. A more detailed discus-
sion of the revascularization strategy in MI patients with cardio-
genic shock is found in the Supplementary Data.

In patients with STEMI, DES (in particular new-generation
DES) have demonstrated better efficacy as compared with BMS
and should be used as the default strategy in STEMI patients, even
when DAPT cannot be sustained beyond 1 month.!”7178216218 (gee
section 16.1.2). As discussed in section 16.4, radial access is pre-
ferred over femoral access.

Delaying stenting in primary PCI has been investigated as an
option to reduce microvascular obstruction (MVO) and preserve
microcirculatory function in two small trials with conflicting
results.?!*??* More recently, in the larger deferred vs. conventional
stent implantation in patients with STEMI [The Third DANish
Study of Optimal Acute Treatment of Patients with ST-segment
Elevation Myocardial Infarction: DEFERred stent implantation
in connection with primary PCI (DANAMI 3-DEFER)] trial in
1215 STEMI patients, there was no effect on the primary clinical
outcome (composite of death, non-fatal MI, or ischaemia-driven

revascularization of non-IRA lesions) over a median follow-up
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of 42 months.??! Routine deferred stenting was associated with
a higher risk of TVR.

Thrombus aspiration has been proposed as an adjunct dur-
ing primary PCI to further improve epicardial and myocardial
reperfusion by the prevention of distal embolization of throm-
botic material and plaque debris.?”> Two landmark RCTs, which
were adequately powered to detect the superiority of routine man-
ual thrombus aspiration vs. conventional PCI, showed no benefit
on clinical outcomes of the routine aspiration strategy overall or
in any subgroup of patients indicating high thrombotic risk.??3-22¢
A safety concern emerged in TOTAL (Trial of Routine Aspiration
Thrombectomy with PCI versus PCI Alone in Patients with
STEMI) trial with an increase in the risk of stroke.?”>??” Taken
together, these results suggest that the routine use of thrombus
aspiration is not indicated. In the high-thrombus burden subgroup,
the trend towards reduced cardiovascular death and increased
stroke/transient ischaemic attack (TIA) provides a rationale for
future trials of improved thrombus aspiration technologies in this
high-risk subgroup (although statistical tests did not support signi-

ficant subgroup interaction).??

7.4 PERCUTANEOUS CORONARY INTERVENTION AFTER
THROMBOLYSIS AND IN PATIENTS WITH LATE DIAGNOSIS
The benefits of early, routine PCI after thrombolysis were seen
in the absence of an increased risk of adverse events (stroke or
major bleeding). Based on data from the four most recent trials,
all of which had a median delay between the start of thrombolysis
and angiography of 2-6 h, a time frame of 2-24 h after successful
lysis is recommended.?*¢?%-2! In cases of failed fibrinolysis, or if
there is evidence of re-occlusion or reinfarction with recurrence
of ST-segment elevation, the patient should undergo immedi-
ate coronary angiography and rescue PCI.?*? Patients presenting
between 12 and 48 h after the onset of symptoms, even if pain
free and with stable haemodynamics, may still benefit from early
coronary angiography and possibly PCI.%*234 [n patients present-
ing days after the acute event with a completed MI, only those
with recurrent angina or documented residual ischaemia — and
proven viability on non-invasive imaging in a large myocardial
territory — may be considered for revascularization when the
infarct artery is occluded. Routine late PCI of an occluded IRA
after MI in stable patients has no incremental benefit over medi-
cal therapy.?®

7.5 GAPS IN THE EVIDENCE

Patients undergoing primary PCI benefit from full revasculariza-
tion, but the optimal timing of treatment of the non-culprit lesion
is not known. More studies evaluating the assessment of non-cul-
prit lesions by FFR or iwFR at the time of acute PCI, and studies
investigating whether intravascular imaging guidance of primary
PCI can improve the outcomes of STEMI patients, are needed.
Future trials of improved thrombus aspiration technologies may
address the role of this strategy in patients with high-risk features,
such as large thrombus burden.??®
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Primary percutaneous coronary intervention for myocardial reperfusion in ST-elevation myocardial infarction: indications and logistics

Recommendations Class? | Level®
Indication

Reperfusion therapy is indicated in all patients with time from symptom onset <12 h duration and persistent ST-segment
elevation,200:201,236

In the absence of ST-segment elevation, a primary PCI strategy is indicated in patients with suspected ongoing ischaemic
symptoms suggestive of M| and at least one of the following criteria present:

— haemodynamic instability or cardiogenic shock

— recurrent or ongoing chest pain refractory to medical treatment

— life-threatening arrhythmias or cardiac arrest

— mechanical complications of Ml

— acute heart failure

— recurrent dynamic ST-segment or T-wave changes, particularly with intermittent ST-segment elevation.

A primary PCI strategy is recommended over fibrinolysis within the indicated time frames,200.201,237.238

In patients with time from symptom onset >12 h, a primary PCI strategy is indicated in the presence of ongoing symptoms
or signs suggestive of ischaemia, haemodynamic instability, or life-threatening arrhythmias.

A routine primary PCI strategy should be considered in patients presenting late (12-48 h) after symptom onset.?33:234.239
Logistics
It is recommended that the pre-hospital management of STEMI patients should be based on regional networks that are

designed to deliver reperfusion therapy effectively in a timely fashion, and to offer primary PCI to as many patients as
possible.240:241

It is recommended that all EMS, emergency departments, coronary care units, and catheterization laboratories have

a written updated STEMI management protocol, preferably shared within geographical networks.

It is recommended that primary PCl-capable centres deliver a 24 h/7 day service and ensure that primary PCl is performed
as fast as possible.?42244

It is recommended that patients transferred to a PCl-capable centre for primary PCI bypass the emergency department and
CCU/ICCU, and are transferred directly to the catheterization laboratory.24>-247
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CCU: coronary care unit; EMS: emergency medical services; ICCU: intensive coronary care unit; MI: myocardial infarction; PCI: percutaneous coronary
intervention; STEMI: ST-segment elevation myocardial infarction. ?Class of recommendation. °Level of evidence.

. . . . of ischaemic origin and is recommended in clinical practice.’!-**
Primary percutaneous coronary intervention for myocardial

reperfusion in ST-elevation myocardial infarction: procedural However, the optimal revascularization strategy is not defined.
aspects (strategy and technique) The choice between CABG and PCI should be made by the Heart

Team after careful evaluation of the patient’s clinical status and

Level®

Class?

Recommendations

Strategy

Routine revascularization of non-IRA lesions
should be considered in patients with multivessel
disease before hospital discharge.?!1-214

CABG should be considered in patients with
ongoing ischaemia and large areas of jeopardized
myocardium if PCI of the IRA cannot be
performed.

In cardiogenic shock, routine revascularization of

non-IRA lesions is not recommended during
primary PCI.1%0

coronary anatomy, expected completeness of revascularization (see

section 5.3.1.3), myocardial viability, coexisting valvular disease,
and comorbidities. Considerations relating to the need for viability

testing prior to revascularization are discussed in section 3.
Randomized clinical trial data comparing revascularization with

medical therapy exists only for CABG in the setting of the STICH

trial.*' One analysis from this trial showed that CABG can be per-

formed with acceptable 30 day mortality rates (5.1%) in patients
with LV dysfunction (LVEF <35%).2* Extended follow-up in the
STICH Extension Study (STICHES) supports a significant sur-

Routine use of thrombus aspiration is not . . . . .
P vival benefit of CABG combined with medical therapy vs. medi-

recommended.?23-226:228

; ; 0 81
CABG: coronary artery bypass grafting; IRA: infarct-related artery; cal therapy alone in a 10 year observation period.

PCI: percutaneous coronary intervention; STEMI: ST-segment elevation There are currently no dedicated randomized clinical trials
myocardial infarction. 2Class of recommendation. ®Level of evidence.

comparing PCI vs. medical therapy in patients with HF with
reduced EF (HFrEF). In addition, CABG vs. PCI randomized
8 Myocardial revascularization in patients with trials have excluded patients with severe HF. In one prospec-

heart failure tive registry including 4616 patients with multivessel disease and
8.1 CHRONIC HEART FAILURE severe HFTEF, propensity score-matched comparison revealed
8.1.1 RECOMMENDATIONS FOR MYOCARDIAL similar survival (mean follow-up 2.9 years) with PCI (using
REVASCULARIZATION IN PATIENTS WITH CHRONIC HEART  EES) vs. CABG.*" PCI was associated with a higher risk of MI,
FAILURE particularly in patients with incomplete revascularization, and

When compared with medical therapy alone, coronary revascu-  repeat revascularization. CABG was associated with a higher
larization is superior in improving survival in patients with HF  risk of stroke. The conclusion of the study was that multivessel




PCI can be a valuable option in HF patients if complete revas-
cularization is possible. A systematic review of studies compar-
ing revascularization with medical therapy in patients with an
EF <40% showed that there was a significant mortality reduc-
tion with CABG (HR 0.66, 95% CI 0.61-0.72, P <0.001) and
PCI (HR 0.73, 95% CI 0.62-0.85, P <0.001) vs. medical therapy,
though these finding are limited by the predominantly observa-
tional nature of the included studies and missing information on
the completeness of revascularization.?*

A recent observational study investigated outcomes with PCI
or CABG for multivessel CAD and LV dysfunction in 1738 pro-
pensity-matched patients with diabetes mellitus.®! Similar to the
findings in the absence of LV dysfunction, when CABG was com-
pared with PCI it was associated with a significantly lower risk of
MACE, which included a significant reduction in mortality. Event
curves separated early during the first year and continued to sepa-
rate out to 12 years.

PCI should be considered in older patients without diabetes
in whom complete revascularization can be achieved, whereas
CABG is preferred in younger patients with more extensive CAD
or those with diabetes. In patients with diabetes and LV moderate
or severe dysfunction (EF <50%), CABG is associated with better
long-term survival and reduced incidence of MACCE.?0-!

8.1.2 VENTRICULAR RECONSTRUCTION AND ANEURYSM
RESECTION

The aim of surgical ventricular reconstruction (SVR) is to restore
physiological volume, and achieve an elliptical shape of the LV, by
scar resection and LV wall reconstruction on a mannequin of pre-
defined size. The aim of ventricular aneurysmectomy is to remove
fibrous scars in cases of severe dilatation, thrombus formation, or
as a source of life-threatening ventricular arrhythmias.

The STICH trial revealed no difference in the primary out-
come (total mortality or cardiac hospitalization) between patients
randomly allocated to CABG vs. combined CABG and SVR.>?
Subgroup analyses of patients with a less dilated LV and better
LVEF showed benefit from SVR.?* In the STICH trial, a post-
operative LV end-systolic volume index <70 mL/m?, after CABG
plus SVR, resulted in improved survival compared with CABG
alone.”>** In experienced centres, SVR may be done at the time
of CABG if HF symptoms are more predominant than angina, and
if myocardial scar and moderate LV remodelling are present.

8.2 ACUTE HEART FAILURE AND CARDIOGENIC SHOCK
Acute myocardial ischaemia in the setting of AMI is the ante-
cedent event for the majority of patients with cardiogenic shock
undergoing percutaneous revascularization. Mechanical complica-
tions — such as papillary muscle rupture with severe mitral valve
regurgitation, ventricular septal defect, or free wall rupture — are
additional precipitating causes.

8.2.1 REVASCULARIZATION

The SHOCK (Should We Emergently Revascularize Occluded
Coronaries for Cardiogenic Shock) trial demonstrated that in
patients with cardiogenic shock complicating AMI, emergency

ESC/EACTS Guidelines

Recommendations on revascularizations in patients with
chronic heart failure and systolic left ventricular dysfunction

(ejection fraction <35%)

| Class® | Level®

Recommendations

In patients with severe LV systolic dysfunction
and coronary artery disease suitable for I B
intervention, myocardial revascularization is
recommended.81:250

CABG is recommended as the first
revascularization strategy choice in patients with I B

multivessel disease and acceptable surgical
risk.68‘81‘248,255

In patients with one- or two-vessel disease, PCI
should be considered as an alternative to CABG
when complete revascularization can be
achieved.

In patients with three-vessel disease, PCI should
be considered based on the evaluation by the
Heart Team of the patient’s coronary anatomy, the | lla
expected completeness of revascularization,
diabetes status, and comorbidities.

LV aneurysmectomy during CABG should be
considered in patients with NYHA class I11/1V,
large LV aneurysm, large thrombus formation, or
if the aneurysm is the origin of arrhythmias.
Surgical ventricular restoration during CABG may
be considered in selected patients treated in
centres with expertise.?52254256.257

lla

lla

CABG: coronary artery bypass grafting; LV: left ventricular; NYHA: New
York Heart Association; PCI: percutaneous coronary intervention. 2Class
of recommendation. °Level of evidence.

revascularization with PCI or CABG improved long-term survival
when compared with initial intensive medical therapy. All-cause
mortality at 6 months was lower in the group assigned to revas-
cularization than in the medically treated patients (50.3 vs. 63.1%,
respectively; RR 0.80, 95% CI 0.65-0.98, P=0.03).%®

The revascularization strategy for patients with cardiogenic
shock and multivessel disease is addressed in section 7.

A subanalysis of the SHOCK trial comparing patients treated
with CABG or PCI showed similar survival rates between the
two subgroups.? There were more patients with diabetes (48.9
vs. 26.9%; P=0.02), three-vessel disease (80.4 vs. 60.3%; P=0.03),
and LM coronary disease (41.3 vs. 13.0%; P=0.001) in the CABG
group. The findings of this non-randomized comparison suggest
that CABG should be considered in patients with cardiogenic
shock who have suitable anatomy, particularly if successful PCI
is not feasible.

8.2.2 MECHANICAL CIRCULATORY SUPPORT

Short-term MCS devices that are currently available are the
intra-aortic balloon pump (IABP), veno-arterial extracorporeal
membrane oxygenation (ECMO), and percutaneous left ventri-
cular assist devices (pLVADs). Short-term MCS may be consid-
ered in refractory cardiogenic shock depending on patient age,
comorbidities, neurological function, and the prospects for long-
term survival and quality of life.

8.2.2.1 Intra-aortic balloon pump

IABPs are low-cost devices that are easy to insert and remove.
They moderately increase cardiac output and coronary and
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cerebral perfusion, while decreasing ventricular workload. In
patients with cardiogenic shock complicating acute MI, the
IABP-SHOCK 1II (Intraaortic Balloon Pump in Cardiogenic
Shock II) randomized trial (600 patients) showed that the use
of IABPs did not reduce 30 day mortality and that there was
no evidence of long-term benefit.26*2! A recent Cochrane review
of seven trials (790 patients) showed that IABPs may have
a beneficial effect on some haemodynamic parameters but did
not result in survival benefits.?®> Thus, the routine use of IABPs
in patients with cardiogenic shock complicating acute MI is not
recommended.

8.2.2.2 Extracorporeal membrane oxygenation

Veno-arterial ECMO (VA-ECMO), also known as extracorpor-
eal life support (ECLS), in its current form is a modified form
of cardiopulmonary bypass. It decompresses the venous system;
increases coronary, cerebral, and peripheral perfusion; and also
provides supplementary blood oxygenation. When performed per-
cutaneously, it does not allow for LV decompression and leads to
increasing LV afterload.

In patients with cardiac arrest, evidence from observational tri-
als supports better survival in patients treated with VA-ECMO
compared with those without.?® When compared with IABP,
VA-ECMO provides superior circulatory support.2%42> Moreover,
a meta-analysis of observational studies suggested that in patients
with cardiogenic shock post-ACS, VA-ECMO showed a 33%
higher 30 day survival compared with IABP [95% CI 14-52%,
P <0.001; number needed to treat (NNT) 13].2* However, the low
number of patients included in the analysed studies and the non-
random treatment allocation are important limitations.
8.2.2.3 Percutaneous left ventricular assist devices
The majority of clinical experience with currently available
pLVAD:s is limited to two types of device: (i) a transaortic micro-
axial pump (Impella) that directly unloads the LV providing
2.5-5 L/min blood flow and (ii) a transseptal centrifugal assist
device (TandemHeart) that unloads the LV via a cannula intro-
duced into the left atrium through a transseptal puncture.

A recent meta-analysis on MCS in cardiogenic shock included
four randomized trials investigating the efficacy and safety of
pLVADs vs. IABP, and demonstrated similar short-term mor-
tality despite initial beneficial effects on arterial blood pressure
and peripheral perfusion, measured by serum lactate levels.?¢
In all trials, a higher rate of bleeding from vascular access sites
and a significantly higher incidence of limb ischaemia following
pLVAD was noted. Similar outcomes were noted in an RCT of
high-risk PCI in patients with impaired LV function. The 30 day
incidence of major adverse events was not different for patients
with pLVAD vs. IABP.>’

In summary, the evidence for pLVAD is insufficient to provide
a recommendation on its clinical use in cardiogenic shock.
8.2.2.4 Surgically implanted left ventricular assist devices
There are limited data on surgically-implanted LV assist device
(LVAD) therapy in patients with AMI and cardiogenic shock. One
multicentre registry showed that despite being more critically ill

prior to implantation, patients with acute MI managed with LVAD
had outcomes similar to other LVAD populations.®®

A suggested algorithm for the management of patients with car-
diogenic shock is shown in Figure 6.

8.3 GAPS IN THE EVIDENCE
There is no RCT comparing revascularization with PCI vs. CABG
in patients with HF.

There is limited evidence on the role of active MCS in patients
with cardiogenic shock compared with standard therapy.

Recommendations for the management of patients with
cardiogenic shock

Class? | Level®

Recommendations

Emergency coronary angiography is indicated in
patients with acute heart failure or cardiogenic | B
shock complicating ACS.258269

Emergency PCI of the culprit lesion is indicated
for patients with cardiogenic shock due to STEMI

or NSTE-ACS, independent of time delay of | B
symptom onset, if coronary anatomy is amenable

to PCI.2%8

Emergency CABG is recommended for patients

with cardiogenic shock if the coronary anatomy is | B

not amenable to PCI.2%8

In cases of haemodynamic instability, emergency
surgical or catheter-based repair of mechanical |
complications of ACS is indicated, as decided by
the Heart Team.

In selected patients with ACS and cardiogenic
shock, short-term mechanical circulatory support
may be considered, depending on patient age, b
comorbidities, neurological function, and the
prospects for long-term survival and predicted
quality of life.

Routine use of IABPs in patients with cardiogenic
shock due to ACS is not recommended.?50-262

ACS: acute coronary syndrome; CABG: coronary artery bypass grafting;
IABP: intra-aortic balloon pump; NSTE-ACS: non-ST-elevation acute
coronary syndrome; PCI: percutaneous coronary intervention;

STEMI: ST-elevation myocardial infarction. 2Class of recommendation.
°Level of evidence

9 Revascularization in patients with diabetes
Patients with diabetes mellitus have a higher prevalence of CAD,
which often manifests earlier in life and confers a substantially
worse prognosis than for patients without diabetes.’’”’ Patients
with diabetes who have suffered an MI have a worse prognosis,
particularly those requiring treatment with insulin, and the pres-
ence of diabetes amplifies the risk of any cardiovascular event.?”!
Diabetes mellitus is present in 25-30% of patients admitted with
ACS and in up to 40% of patients undergoing CABG.?”

The anatomical pattern of CAD in patients with diabetes clearly
influences their prognosis and response to revascularization.
Angiographic studies have demonstrated that patients with dia-
betes are more likely to have LM disease and multivessel CAD,
with more diffuse disease involving smaller vessels.””? In addi-
tion, patients with diabetes have a greater atherosclerotic burden
and an increased number of lipid-rich plaques, which are prone to
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Figure 6. Algorithm for the management of patients with cardiogenic

rupture,”*?7 and those with unstable angina have more fissured
plaques and intracoronary thrombi.?”® Patients with diabetes under-
going revascularization, either with CABG or PCI, are at greater
risk of kidney injury than patients without diabetes.

9.1 EVIDENCE FOR MYOCARDIAL REVASCULARIZATION
In patients with diabetes, the indications for myocardial revascu-
larization are the same as those in patients without diabetes (see
sections 5, 6, and 7). A meta-analysis of nine RCTs with 9904
ACS patients did not show an interaction between diabetic sta-
tus and the benefit from invasive management and revasculari-
zation.””” Yet, absolute risk reductions were larger in the diabetic
subsets compared with non-diabetic subsets. Consistent with the
findings in the absence of diabetes, the adverse impact of incom-
plete revascularization in patients with diabetes was also demon-
strated in the BARI-2D (Bypass Angioplasty Revascularization
Investigation 2 Diabetes) trial.>®

Data from randomized trials on revascularization in patients
with diabetes are summarized in Supplementary Table 5.

9.2 TYPE OF MYOCARDIAL REVASCULARIZATION
The selection of the optimal myocardial revascularization strat-
egy for patients with diabetes and multivessel CAD requires

shock.

particular consideration. The recommendations are provided in
section 5.
9.2.1. RANDOMIZED CLINICAL TRIALS
The FREEDOM trial compared elective revascularization with
CABG or PCI with first-generation DES (94%) in 1900 patients
with diabetes (6% of the screened population) with multives-
sel disease but without LM stenosis.'*® The primary endpoint of
any-cause death, non-fatal MI, or stroke at 5 years occurred in
26.6% in the PCI group, compared with 18.7% in the CABG
group (absolute difference 7.9%, 95% CI 3.3-12.5%, P=0.005).
The incidences of death (16.3% in the PCI group vs. 10.9% in
the CABG group; absolute difference 5.4%, 95% CI 1.5-9.2%,
P=0.049) and MI (13.9% in the PCI group vs. 6.0% in the CABG
group, P <0.001) were higher in the PCI group, but the inci-
dence of stroke was lower (2.4 vs. 5.2%; P=0.03). Within the
FREEDOM trial at 5 years, patients with diabetes treated with
insulin had higher event rates, but there was no significant interac-
tion of treatment and insulin requirement for the primary endpoint
(Pinteraction=0.40), even after adjusting for SYNTAX score: the
NNT with CABG vs. PCI to prevent one event was 12.7 for insu-
lin-treated patients and 13.2 in those not requiring insulin.?”
VACARDS (Veterans Affairs Coronary Artery Revascularization
in Diabetes Study) compared CABG with PCI in patients with
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diabetes and extensive CAD in the USA.'* Only 198 patients with
diabetes were randomized due to early termination of the study. The
combined risk of death or non-fatal MI was 18.4% for the CABG arm
and 25.3% for the PCI arm (HR 0.89, 95% CI 0.47-1.71, P <0.05).'%*

In the CARDia (Coronary Artery Revascularization in Diabetes)
trial, 510 patients with diabetes and multivessel or complex sin-
gle-vessel CAD were randomly assigned to either CABG or PCI,
with the use of either BMS or DES and routine use of abcixi-
mab."* There were no differences between CABG and PCI for the
primary endpoint of 1 year composite of death, MI, or stroke, but
the trial was underpowered to detect these differences. However,
repeat revascularization was more likely to occur in patients
treated with PCI (P <0.001).'%¢

In the subset of 452 patients with diabetes and multivessel CAD
who were enrolled in the SYNTAX trial, there were no differences
in the composite safety endpoint of all-cause death, stroke, and MI
at 5 year follow-up.'> However, the need for repeat revasculari-
zation (HR 2.01, 95% CI 1.04-3.88, P <0.001) was significantly
more frequent in patients with diabetes treated with PCI than in
those who underwent CABG.'%?"

Patients with diabetes had a higher rate of repeat revasculariza-
tion after PCI when compared with CABG in the low (<22) (38.5
vs. 18.5%, respectively, P=0.014) and intermediate (23-33) (27
vs. 13.4%, respectively, P=0.049) SYNTAX score tertiles. Further
analyses according to treatment with either oral hypoglycaemic
agents or insulin showed that the MACCE rate was significantly
greater after PCI in both the oral hypoglycaemic agent group (PCI
40.4 vs. CABG 26.4%, P=0.022) and the insulin-dependent group
(PCI 56.2 vs. CABG 32.6%, P=0.002). A higher incidence of car-
diac death was noted in the insulin-dependent patients treated with
PCI (PCI 18.8 vs. CABG 7.1%, P=0.023).

In the SYNTAX trial, diabetes was not an independent predic-
tor of outcomes once the SYNTAX score was entered into the
multivariable model.'”” Consequently, the SYNTAX 2 score does
not include diabetes as one of the eight variables that impacts
on the preferential selection of revascularization modality.'?’
Conflicting data were seen in a patient-level pooled analysis of
6081 patients treated with stents (75% newer generation DES),
stratified according to diabetes status and SYNTAX score.'s” After
Cox regression adjustment, SYNTAX score and diabetes were
both associated with MACE (P <0.001 and P=0.0028, respec-
tively). At 2 years, patients with diabetes had higher MACE (HR
1.25,95% CI 1.03-1.53, P=0.026) and TVR, and similar death and
MI rates.'”’

In the BEST trial, patients with diabetes treated with PCI had
a higher rate of the primary endpoint of death, MI, or TVR com-
pared with CABG (EES: n=177; CABG: n=186) (19.2 vs. 9.1%,
P=0.007) (see section 5).'%

9.2.2 META-ANALYSIS OF CORONARY ARTERY

BYPASS GRAFTING VS. PERCUTANEOUS CORONARY
INTERVENTION IN PATIENTS WITH DIABETES

A meta-analysis — restricted to four RCTs covering 3052 patients-
compared PCI with the use of early-generation DES vs. CABG in

patients with diabetes and multivessel CAD. It suggested a higher
risk of death and MI with revascularization by early-generation
DES (RR 1.51, 95% CI 1.09-2.10; P <0.01), but a lower risk of
stroke (2.3 vs. 3.8%; RR 0.59, 95% CI 0.39- 0.90; P <0.01).'
A sensitivity analysis revealed that this superiority of CABG over
early-generation DES for the endpoint MACCE was most pro-
nounced among patients with a high SYNTAX score. A network
meta-analysis had suggested that the survival benefit of CABG
over PCI in patients with diabetes might be lost when using
EES,"' though this was not confirmed in a subsequent meta-ana-
lysis that also included the direct comparison between EES and
CABG in the subset of BEST.'®

In a collaborative, individual patient data pooled analysis of
11 518 patients with multivessel or LM disease randomized to
CABG or PCI with stents, all-cause death was significantly dif-
ferent after CABG (9.2%) and PCI (11.2%) (P=0.0038), which
was evident in patients with diabetes (10.7 vs. 15.7%, respec-
tively; P=0.0001) but not in patients without diabetes (8.4 vs.
8.7%, respectively; P=0.81) (Pinteraction=0.0077).'** Similar
results were found in the subgroup of 7040 patients with multives-
sel disease (Pinteraction=0.0453), while the interaction with dia-
betes was not significant in the 4478 patients with LM disease
(Pinteraction=0.13).

A recent population-based analysis has confirmed the benefit of
CABG compared with PCI in patients with diabetes when patients
present with an ACS." Consequently, overall current evidence
continues to favour CABG as the revascularization modality of
choice for patients with diabetes and multivessel disease. When
patients present with a comorbidity that increases surgical risk,
the choice of revascularization method is best decided by multi-
disciplinary individualized risk assessment.

9.3 REVASCULARIZATION WITH THE USE OF
PERCUTANEOUS CORONARY INTERVENTION

For the reasons discussed above, PCI in patients with diabe-
tes is often more complex than PCI in the absence of diabetes.
Nevertheless, irrespective of diabetic status, the same principles
apply as discussed in section 16. Placement of a new-generation
DES is the default strategy.

9.4 ANTITHROMBOTIC PHARMACOTHERAPY

In the current context of the use of oral P2Y ,-inhibitors, there is
no indication that antithrombotic pharmacotherapy should differ
between diabetics and patients without diabetes who are undergo-
ing revascularization. For detailed discussion refer to section 17.

9.5 METFORMIN

There is a theoretical risk of lactic acidosis and deteriorating renal
function in patients treated with metformin who are exposed to
iodinated contrast media.”®® Consequently, it is generally rec-
ommended that in elective cases, metformin should be with-
held before angiography or PCI for 48 h, as the plasma half-life
of metformin is 6.2 h,?° and reintroduced 48 h later. However,



clinical experience suggests that the actual risk of lactate acidosis
is very small, and that checking renal function after angiography
in patients on metformin and withholding the drug when renal
function deteriorates appears to be an acceptable alternative.”®® In
patients with renal failure, metformin should be stopped before
the procedure. Accurate recognition of metformin-associated lac-
tic acidosis based on arterial pH <7.35, blood lactate >5 mmol/L
(45 mg/dL), and detectable plasma metformin concentration
should prompt the initiation of haemodialysis.

Recommendation for patients on metformin

\ Class® \ Level®

Recommendation

It is recommended to check renal function if
patients have taken metformin immediately
before angiography and withhold metformin if
renal function deteriorates.

2Class of recommendation. °Level of evidence.

9.6 GAPS IN THE EVIDENCE

Following successful revascularization, the rate of events during
follow-up remains high in patients with diabetes, independent of
the mode of revascularization. Future research should be focused
on identifying new disease-modifying therapies to influence the
progression of vascular disease in this high-risk cohort.

10 Revascularization in patients with chronic
kidney disease

10.1 EVIDENCE BASE FOR REVASCULARIZATION AND
RECOMMENDATIONS

Myocardial revascularization in patients with chronic kidney dis-
ease (CKD), specifically National Kidney Foundation stage 3 or
higher, is addressed by the 2014 ESC/EACTS Guidelines on myo-
cardial revascularization. After reviewing the subsequent litera-
ture, the current Task Force has not found any evidence to support
a major update. A recent post hoc analysis of the SYNTAX trial on
patients with CKD confirms the principles for allocating patients
to PCI or CABG,?! as discussed in section 5 of this document.

10.2 PREVENTION OF CONTRAST-INDUCED NEPHROPATHY
The risk of contrast-induced nephropathy (CIN) depends on
patient-related factors, such as CKD, diabetes mellitus, conges-
tive HF, haemodynamic instability, reduced plasma volume,
female sex, advanced age, anaemia, and periprocedural bleeding,
as well as on the type and volume of contrast administered.?s>-2%
When the ratio of total contrast volume (in mL) to glomerular fil-
tration rate (in mL/min) exceeds 3.7, the risk of CIN increases
significantly.?$7-2%8

Adequate hydration remains the mainstay of CIN preven-
tion.?®-?* High-dose statins, as indicated for secondary prevention
irrespective of the risk of CIN are also beneficial.®** All other strat-
egies for the prevention of CIN do not have sufficient evidence
to justify a recommendation in favour or against.?>** For more
detailed discussion refer to the Supplementary Data.

ESC/EACTS Guidelines

10.3 GAPS IN THE EVIDENCE

Thus far, patients with CKD have been excluded from randomized
trials on myocardial revascularization, hence current data are
based on observational studies only. A randomized trial on optimal
long-term revascularization strategies in patients with moderate-
to-severe stress-induced ischaemia and severe CKD is currently
ongoing (ISCHEMIA-CKD, https://clinicaltrials.gov/ct2/show/
NCT01985360). Moreover, additional randomized evidence on
optimal strategies for CIN prevention is needed.

Recommendations for the prevention of contrast-induced
nephropathy

Recommendations Dose Class? | Level®

Patients undergoing coronary angiography or MSCT

It is recommended that all
patients are assessed for
the risk of contrast-
induced nephropathy.

Adequate hydration is
recommended.

Patients with moderate or severe CKD (National Kidney
Foundation stages 3b and 4)

Use of low-osmolar or
iso-osmolar contrast
media is
recommended.?84-286

It is recommended that
the volume of contrast
media be minimized.?87.288

In statin-naive patients,
pre-treatment with
high-dose statins should
be considered.?%3

Pre- and post-hydration 1 ml/kg/h 12 h

with isotonic saline should | before and continued
be considered if the for 24 h after the
expected contrast volume | procedure (0.5 mL/
is >100 mL. kg/h if LVEF <35% or
NYHA >2).

Total contrast
volume/GFR <3.7.¢

Rosuvastatin
40/20 mg or

atorvastatin 80 mg. =

lla

As an alternative to the
pre- and post-hydration
regimen, tailored 11b
hydration regimensd may
be considered.?952%7
Patients with severe CKD (National Kidney Foundation
stage 4)
Prophylactic Fluid replacement
haemofiltration 6 h before |rate 1000 mL/h
complex PCI may be without negative loss
considered.?98-300 and saline hydration
continued for 24 h
after the procedure.

Haemodialysis is not
recommended as

a preventive
measure.300:301

CKD: chronic kidney disease; GFR: glomerular filtration rate; LVEF: left
ventricular ejection fraction; MSCT: multi-slice computed tomography;
NYHA: New York Heart Association; PCl: percutaneous coronary
angiography. 2Class of recommendation. °Level of evidence.

¢Example: 370 mL of contrast medium in a patient with a GFR of

100 mL/min will yield a ratio of 3.7. ¢Options are: infusion of normal
saline adjusted to central venous pressure®®® or furosemide with
matched infusion of normal saline®*®2?7 (for details see the
Supplementary Data).
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11 Revascularization in patients requiring valve
interventions

11.1 PRIMARY INDICATION FOR VALVE INTERVENTIONS
Myocardial revascularization in patients undergoing primary valve
interventions, either by surgery or transcatheter routes, is addressed
by the 2014 ESC/EACTS Guidelines on myocardial revasculari-
zation. After reviewing the subsequent literature, the current Task
Force endorses the recommendations of the 2014 Guidelines and
has not found any evidence to support a major update. These
recommendations are included below for ease of reference. Of
note, the available evidence on invasive functional assessment of
CAD (with FFR or iwFR) in patients with severe aortic stenosis
(AS) is limited to a few small-scale observational studies. These
studies support the feasibility of FFR and iwFR in this setting.3>3%
Notwithstanding, the available evidence is insufficient to support
the use of invasive functional assessment of coronary lesions in
patients with AS, particularly in consideration of the altered haemo-
dynamic condition related to the presence of AS. Therefore, the
Task Force is in consensus that indications for myocardial revas-
cularization based on angiographic assessment of CAD should be
maintained, consistent with the 2014 ESC/ EACTS Guidelines on
myocardial revascularization and the 2017 ESC/EACTS Guidelines
for the management of valvular heart disease.®

11.2 PRIMARY INDICATION FOR MYOCARDIAL
REVASCULARIZATION

11.2.1 AORTIC VALVE DISEASE

The recommendations for patients undergoing CABG for the clin-
ically leading problem of CAD, who also have coexisting severe
aortic stenosis or regurgitation, remain unchanged from those of
the 2014 Guidelines and support replacement of the aortic valve.’%
However, in the current era of rapid developments in transcatheter
valve implantation technologies, a decision regarding replacement of
the aortic valve for moderate stenosis/regurgitation should be care-
fully considered on a case-by-case basis in discussion with the Heart
Team. The patient’s age, type of prosthesis, pathogenesis of aortic
stenosis/regurgitation, aortic annular size, predicted size of implanted
valve, transcatheter aortic valve implantation (TAVI) access
routes, and technical feasibility of a TAVI procedure in the future
in case of disease progression should all be taken into account.?
11.2.2 MITRAL VALVE DISEASE

Patients with concomitant severe primary mitral regurgitation (MR)
should undergo mitral valve repair at the time of CABG in keep-
ing with guidance for the surgical repair of primary MR.>* There
is also consensus based on expert opinion on the surgical repair of
severe secondary MR at the time of CABG.3**3%7 However, consid-
erable controversy exists about the treatment of moderate secondary
or ischaemic MR in patients undergoing CABG. Until the publi-
cation of 2 year outcomes of the CTSN (Cardiothoracic Surgical
Trials Network) randomized trial on treatment of ‘moderate’ ischae-
mic MR, the literature in this field was limited to small single-centre
randomized trials, observational studies, and case series, and failed
to provide clear direction. The CTSN trial showed that addition of

surgical mitral valve repair to CABG made no significant differ-
ence to survival, overall reduction of adverse events, or LV reverse
remodelling at 2 years.*®3% Increased length of intensive care and
hospital stay and perioperative morbidity, including neurological
complications and supraventricular arrhythmias, were reported in
the CTSN and other randomized trials in this group of patients.3-310
Because the CTSN trial used a very broad definition of moder-
ate MR, including an effective regurgitant orifice area (EROA)
<0.2 cm? plus additional criteria, no firm conclusions can be drawn
concerning patients with an EROA >0.2 cm?. Observational data
suggest that in secondary MR, an EROA >0.2 cm? and regurgitant
volume >30 mL indicates greater risk of cardiovascular events.’!'*1?
In the absence of dedicated trials in this setting, the decision to com-
bine mitral valve surgery with CABG in patients with an EROA
>(0.2 cm? and regurgitant volume >30 mL needs to be made on
a case-by-case basis by the Heart Team. For a more detailed discus-
sion of this issue, please refer to the Supplementary Data.

11.3 GAPS IN THE EVIDENCE

In patients with concomitant valvular and coronary disease, the
possibility of future transcatheter therapy for the aortic and mitral
valves has made a significant impact on decision-making for
patients with predominantly coronary disease with moderate valve
lesions. However, there is currently little evidence on this topic.

Recommendations for combined valvular and coronary
interventions

Recommendations Class® | Level®
Primary valve intervention and coronary revascularization
CABG is recommended in patients with a primary

indication for aortic/mitral valve surgery and |
coronary artery diameter stenosis >70%.

CABG should be considered in patients with
a primary indication for aortic/mitral valve surgery | lla
and coronary artery diameter stenosis of 50-70%.
PCI should be considered in patients with
a primary indication to undergo TAVI and

coronary artery diameter stenosis >70% in la
proximal segments.

PCI should be considered in patients with

a primary indication to undergo transcatheter lla

mitral valve interventions and coronary artery
diameter stenosis >70% in proximal segments.

Primary myocardial revascularization and valve intervention

SAVR is indicated in patients with severe AS
undergoing CABG, or surgery of the ascending |
aorta or another valve.

Mitral valve surgery is indicated in patients with
severe secondary MR undergoing CABG and LVEF I
>30%.

Mitral valve surgery should be considered in
symptomatic patients with severe secondary MR
and LVEF <30%, but with evidence of myocardial | lla
viability and an option for surgical
revascularization.

AS: aortic stenosis; CABG: coronary artery bypass grafting; LVEF: left
ventricular ejection fraction; MR: mitral regurgitation; PCI: percutaneous
coronary intervention; SAVR: surgical aortic valve replacement;

TAVI: transcatheter aortic valve implantation. ?Class of recommendation.
5Level of evidence.




The need for and timing of PCI in patients undergoing TAVI is also
an area with limited evidence. The long-term outcomes of patients
with concomitant surgical repair of ischaemic MR are also awaited.

12 Associated peripheral artery diseases

12.1 PREVENTION OF STROKE ASSOCIATED WITH CAROTID
ARTERY DISEASE AND MYOCARDIAL REVASCULARIZATION
The early risk of stroke after myocardial revascularization is
higher after CABG than after PCL.3"* After 30 days, stroke rates
between revascularization techniques were similar in a recent indi-
vidual patient data meta-analysis of 11 randomized trials.’'®

Ischaemic stroke after CABG is multifactorial: thrombo-embo-
lism from the aorta, its branches, or the heart; atrial arrhythmias;
inflammatory pro-thrombogenic milieu; lower levels of antiplatelet
therapy perioperatively; and haemodynamic instability. However,
the most consistent predictor of perioperative stroke is previous
stroke or TIA. There is no strong evidence that carotid artery ste-
nosis is a significant cause of perioperative stroke except for bilat-
eral severe carotid bifurcation stenosis.’'* Therefore, indications for
preoperative carotid bifurcation screening by duplex ultrasound are
limited.?"™> Also, there is no evidence that prophylactic revasculari-
zation of unilateral asymptomatic carotid stenoses in CABG candi-
dates reduces the risk of perioperative stroke. It may be reasonable
to restrict prophylactic carotid revascularization to patients at high-
est risk of post-operative stroke, i.e. patients with severe bilateral
lesions or a history of prior stroke/TIA.3'¢ Hence, the indication for
revascularization, and the choice between carotid endarterectomy or
carotid artery stenting in these patients, should be made by a multi-
disciplinary team including a neurologist.

The 2017 Guidelines on the diagnosis and treatment of periph-
eral arterial diseases in collaboration with the European Society
of Vascular Surgery cover the screening for and management of
carotid artery disease in patients scheduled for CABG, including
screening, indications, and the timing and type of carotid revascu-
larization.?'” Its recommendations are reproduced here.

Particularly for patients at high risk for perioperative stroke after
CABG, such as elderly patients or patients with previous TIA/
stroke, specific preventive measures have been suggested. CT scan
screening of the ascending aorta/arch atheroma has been proposed
to better assess risk stratification and guide the surgical strategy in
elderly patients.>'® It is recommended that acetylsalicylic acid is
restarted 6 h, or at the latest 24 h, after surgery, and that clopidogrel
or ticagrelor are added in patients with ACS. New-onset atrial fibril-
lation (AF) is associated with a risk of stroke that increased two-to-
three times after CABG. Its management is discussed in section 14.

12.2 ASSOCIATED CORONARY AND PERIPHERAL ARTERY
DISEASES

Of all patients with CAD, 7-16% have lower extremity artery dis-
ease (LEAD), which is associated with a worse prognosis, even
if it remains frequently asymptomatic, masked by cardiac symp-
toms. On the other hand, in patients with LEAD, CAD is present
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in up to 70% of patients.’'” The choice between CABG and PCI
is controversial and, in the absence of solid data, it should follow
a multidisciplinary approach.'?”” In patients undergoing CABG,

Recommendations on the management of carotid stenosis in
patients undergoing coronary artery bypass grafting

| Class® | Level®

Recommendations

In patients scheduled for CABG, it is
recommended that the indication (and if so the
method and timing) for carotid revascularization I
be individualized after discussion within

a multidisciplinary team, including a neurologist.

In patients scheduled for CABG, with recent
(<6 months) history of TIA/stroke:

— Carotid revascularization should be considered
in patients with 50-99% carotid stenosis.3132°

— Carotid revascularization with CEA should be
considered as first choice in patients with lla B
50-99% carotid stenosis.3!932°

— Carotid revascularization is not recommended
in patients with carotid stenosis <50%.

In neurologically asymptomatic patients
scheduled for CABG:

— Carotid revascularization may be considered in
patients with bilateral 70-99% carotid stenosis b
or 70-99% carotid stenosis and contralateral
occlusion.

— Carotid revascularization may be considered in
patients with a 70-99% carotid stenosis, in the
presence of one or more characteristics that b
may be associated with an increased risk of
ipsilateral stroke,c in order to reduce stroke risk
beyond the perioperative period.

— Routine prophylactic carotid revascularization
in patients with a 70-99% carotid stenosis is
not recommended.

CABG: coronary artery bypass grafting; CEA: carotid endarterectomy;
TIA: transient ischaemic attack. 2Class of recommendation. *Level of
evidence. cContralateral TIA/stroke, ipsilateral silent infarction on
cerebral imaging, intraplague haemorrhage or lipid-rich necrotic core on
magnetic resonance angiography, or any of the following ultrasound
imaging findings: stenosis progression (>20%), spontaneous
embolization on transcranial Doppler, impaired cerebral vascular reserve,
large plaques, echolucent plaques, or increased juxta-luminal
hypoechogenic area.3!’

Preoperative strategies to reduce the incidence of stroke in
patients undergoing coronary artery bypass grafting

| Class® | Level®

Recommendations

In patients undergoing CABG, carotid DUS is
recommended in patients with recent
(<6 months) history of stroke/TIA.321.322

In patients with no recent (<6 months) history of
TIA/stroke, carotid DUS may be considered
before CABG in the following cases: age

>70 years, multivessel coronary artery disease,
concomitant LEAD, or carotid bruit.321:322

Screening for carotid stenosis is not indicated in
patients requiring urgent CABG with no recent
stroke/TIA.

CABG: coronary artery bypass grafting; DUS: duplex ultrasound;
LEAD: lower extremity artery disease; TIA: transient ischaemic attack.
Class of recommendation. "Level of evidence.
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the saphenous vein should be preserved or harvested guided by the
results of clinical examination including the ankle-brachial index.
In addition, inter-arm blood pressure asymmetry should lead to the
investigation of subclavian artery stenosis. Further details are pro-
vided in the 2017 peripheral arterial diseases Guidelines.?!”

13 Repeat revascularization

13.1 EARLY GRAFT FAILURE

Early graft failure after CABG is reported in up to 12% of grafts,
as evaluated by intraoperative angiography.’”® However, only
a minority (around 3%) are clinically apparent. Graft failure can
be due to conduit defects, anastomotic technical errors, poor native
vessel run-off, or competitive flow with the native vessel. When
clinically relevant, acute graft failure may result in MI with con-
sequently increased mortality and major cardiac events. The sus-
picion of early graft failure should arise in the presence of ECG
signs of ischaemia, ventricular arrhythmias, biomarker changes,
new wall motion abnormalities, or haemodynamic instability.32*32°
Owing to the low specificity of ECG changes and echocardio-
graphic wall motion abnormalities during the post-operative
course, and the delay in the appearance of biomarker changes,
a careful assessment of all variables will influence decision-mak-
ing for angiographic evaluation.

Perioperative angiography is recommended in cases of sus-
pected severe myocardial ischaemia to detect its cause and aid
decision-making on the most appropriate treatment.’?3-2532¢ In
symptomatic patients, early post-operative graft failure can be
identified as the cause of ischaemia in 40-80% of cases.’4326-328
The optimal treatment strategy in patients with acute graft failure
should be decided by ad hoc consultation between the cardiovas-
cular surgeon and the interventional cardiologist, on the basis of
the patient’s clinical condition and the extent of myocardium at
risk. In the case of early post-operative graft failure, emergency
ad hoc PCI may limit the extent of infarction, if technically feas-
ible. The target for PCI is the native vessel or the internal mam-
mary artery (IMA) graft, while the acutely occluded saphenous
vein graft (SVG) and any anastomotic site should be avoided, if
possible, due to concerns regarding embolization or perforation.
Redo surgery should be favoured if the anatomy is unsuitable for
PCI, if several important grafts are occluded, or in the case of
clear anastomotic errors. In asymptomatic patients, repeat revas-
cularization should be considered if the artery is of an appropriate
size and supplies a large territory of myocardium.

Further details on the diagnosis and management of peri-

operative MI are provided in a recent ESC position paper.’?

13.2 ACUTE PERCUTANEOUS CORONARY INTERVENTION
FAILURE

The need for urgent surgery to manage PCl-related complications
is uncommon (<1%) and only required in patients with major
complications that cannot be adequately resolved by percutaneous
techniques.***! The need for emergency CABG is mainly con-
fined to patients with a large, evolving MI due to iatrogenic vessel

occlusion that cannot be salvaged percutaneously, or in patients
with recurrent cardiac tamponade after pericardiocentesis follow-

ing PCl-related vessel rupture, 330332333

13.3 DISEASE PROGRESSION AND LATE GRAFT FAILURE
Ischaemia after CABG may be due to the progression of disease
in native vessels or de novo disease of bypass grafts.** Repeat
revascularization in these patients is indicated in the presence of
significant symptoms despite medical treatment, and in asympto-
matic patients with objective evidence of large myocardial ischae-
mia (>10% of the LV).32%
13.3.1 REDO CORONARY ARTERY BYPASS GRAFTING OR
PERCUTANEOUS CORONARY INTERVENTION
PCI in patients with prior CABG has worse acute and long-term
outcomes than in patients without prior CABG.?3%¢ Likewise,
redo CABG has a two- to four-fold increased mortality compared
with first-time CABG, and repeat CABG is generally performed
infrequently.33+373% There are limited data comparing the effi-
cacy of PCI vs. redo CABG in patients with previous CABG. The
proportion of patients undergoing PCI, redo CABG, or conserva-
tive treatment differs significantly between studies; in one study,
PCI was favoured in 50% of patients with only 22% undergo-
ing redo CABG, while another study favoured CABG in 67% of
patients.>****! In the AWESOME (Angina With Extremely Serious
Operative Mortality Evaluation) RCT and registry, overall 3 year
mortality was comparable between redo CABG and PCIL*!3%
A more recent study also found comparable rates of death and MI
between redo CABG and PCI, although there were significantly
more repeat revascularizations with PCL.3#34

In view of the higher risk of procedural mortality with redo
CABG and the similar long-term outcome, PCI is the preferred
revascularization strategy in patients with amenable anatomy.**
PCI via the bypassed native artery should be the preferred
approach. If PCI in the native vessel fails or is not an option, PCI
in the diseased SVG should be considered. CABG should be con-
sidered for patients with extensively diseased or occluded bypass
grafts and diffuse native vessel disease, especially in the absence
of patent arterial grafts.’** The IMA is the conduit of choice for
revascularization during redo CABG if not previously used, or can
be salvaged and reused in specific cases. 34
13.3.2 PERCUTANEOUS CORONARY INTERVENTION FOR
SAPHENOUS VEIN GRAFT LESIONS
PCI in SVGs is associated with an increased risk of distal coro-
nary embolization, frequently resulting in periprocedural MI.3*
PCI of de novo SVG stenosis is considered a high-risk intervention
because SVG atheroma is friable and more prone to distal emboli-
zation. Several different approaches have been evaluated to prevent
the distal embolization of particulate debris, including distal occlu-
sion/aspiration, proximal occlusion, suction, filter devices, or cov-
ered stents. Distal protection devices using filters have shown the
most encouraging results. However, although a single randomized
trial supports the use of distal embolic protection during SVG PCI,
observational studies including data from large-scale registries are



conflicting.*"* Outcomes from studies with other devices used for
SVG PCI are not sufficient to recommend its use.*>*3%

Based on data from a small number of randomized trials,
implantation of DES in SVG lesions is associated with a lower
risk of repeat revascularization than with BMS at 1 year follow-
up.3*3% In the only trial powered for a clinical endpoint — the
ISAR-CABG (Is Drug-Eluting-Stenting Associated with Improved
Results in Coronary Artery Bypass Grafts) trial** — the primary
endpoint of death, MI, and target lesion revascularization was
significantly reduced with DES vs. BMS. However, at 5 year fol-
low-up, the advantage of DES over BMS was lost due to a higher
incidence of target lesion revascularization between years 1 and
5 in patients treated with DES.*’ Longer-term follow-up of the
two smaller trials is available; one suggested sustained superiority
of DES over BMS, while the other suggested loss of the efficacy
advantage of the DES.3583%

13.4 REPEAT PERCUTANEOUS CORONARY INTERVENTION
Recurrence of symptoms or ischaemia after PCI is the result of
restenosis, incomplete initial revascularization, or disease progres-
sion.*** Patients may require repeat PCI due to late and very late
stent thrombosis.

13.4.1 RESTENOSIS

Restenosis associated with angina or ischaemia should be treated
by repeat revascularization, and repeat PCI remains the strategy of
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choice for most of these patients. In this setting, the results from
DES are superior to those obtained with balloon angioplasty, BMS
implantation, or brachytherapy.3¢-3¢¢

For restenosis within BMS, drug-coated balloon (DCB) proved
superior to plain balloon angioplasty>¢>-3¢7 and comparable to first-
generation DES.3633663¢8-372 One trial showed inferior angiographic
outcomes in comparison to new-generation DES,*”* while a second
trial showed comparable outcomes.>™ For restenosis within DES,
DCBs also proved superior to plain balloon angioplasty3¢7-36%371
and comparable to first-generation DES.*”! In one study, DCBs
were inferior to new-generation DES in terms of the primary
angiographic outcome measure.>”” In a more recent study, includ-
ing patients with any type of in-stent restenosis, outcomes between
DCB and repeat stenting with new-generation DES were compar-
able.’’® A single randomized trial of patients undergoing DCB for
restenosis within DES showed superior angiographic outcomes in
patients who underwent lesion preparation with scoring balloons
vs. standard angioplasty balloons.?”

Network meta-analysis suggests that repeat stenting with
new-generation DES (with EES) and DCB are ranked first and
second as the highest efficacy treatments.’’®*” The superior angio-
graphic antirestenotic efficacy of new-generation DES should be
weighed against a possible excess of long-term adverse events
with repeat stenting during longer-term follow-up of these tri-
als.*0381 However, observations in relation to clinical events must

Recommendations on repeat revascularization
Recommendations

Early post-operative ischaemia and graft failure

Coronary angiography post-CABG is recommended for patients with:

— ischaemic ECG changes indicating large area of risk
— new significant wall motion abnormalities
— haemodynamic instability.

— symptoms of ischaemia and/or abnormal biomarkers suggestive of perioperative Ml

Class? | Level®

Disease progression and late graft failure

therapy.84334

It is recommended that either emergency reoperation or PCl is decided upon by ad hoc consultation in the Heart Team,
based on the feasibility of revascularization, area at risk, comorbidities, and clinical status.

Repeat revascularization is indicated in patients with a large area of ischaemia or severe symptoms despite medical

Procedural aspects of the revascularization modalities
CABG

If considered safe, PCI should be considered as first choice over CABG.

IMA is the conduit of choice for redo CABG in patients in whom the IMA was not used previously.3**

Redo CABG should be considered for patients without a patent IMA graft to the LAD.340:341,344

PCI

Distal protection devices should be considered for PCI of SVG lesions.348:3%0351

Restenosis

PCI of the bypassed native artery should be considered over PCI of the bypass graft.

DES are recommended for the treatment of in-stent restenosis of BMS or DES.373:375.378,379

Drug-coated balloons are recommended for the treatment of in-stent restenosis of BMS or DES.373:375:378,379

PCI attempt.

In patients with recurrent episodes of diffuse in-stent restenosis, CABG should be considered by the Heart Team over a new

IVUS and/or OCT should be considered to detect stent-related mechanical problems leading to restenosis. lla

BMS: bare-metal stent; CABG: coronary artery bypass grafting; DES: drug-eluting stent; ECG: electrocardiogram; IMA: internal mammary artery;
IVUS: intravascular ultrasound; LAD: left anterior descending artery; MI: myocardial infarction; OCT: optical coherence tomography; PCl: percutaneous
coronary intervention; SVG: saphenous vein graft. 2Class of recommendation. ®Level of evidence.
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be interpreted with caution, as none of the trials was powered for
clinical endpoints and the comparator stent in studies with long-
term follow-up was an early-generation DES.

The use of intracoronary imaging provides unique insights into
the underlying mechanisms of in-stent restenosis (see section
16.2). OCT is able to detect the presence of neoatherosclerosis
in a significant number of these patients. Underexpanded stents
should be aggressively tackled with high-pressure dilatations
using non-compliant balloons. The optimization of the final results
remains crucial during reinterventions for in-stent restenosis and,
in this regard, the use of intracoronary imaging may be particu-
larly helpful. Outcomes of patients with in-stent restenosis after
DES are poorer than those in patients with BMS in-stent resteno-
sis, independently of the therapeutic modality.*®? In patients with
recurrent episodes of diffuse in-stent restenosis in large vessels —
and in those with associated multivessel disease, especially in the
presence of other complex lesions such as chronic total occlusions
— CABG should be considered before a new PCI attempt.

13.4.2 DISEASE PROGRESSION

Patients with symptomatic disease progression after PCI account
for up to 50% of reinterventions.?*-% They should be managed
using criteria similar to those applied to patients without previous
revascularization.

13.4.3 STENT THROMBOSIS

Although stent thrombosis is very rare, particularly since the

advent of new-generation DES, it may have devastating clinical

consequences. Stent thrombosis usually presents as a large MI and
patients should be treated according to the principles outlined in
section 8.3%° Aggressive, high-pressure balloon dilation should be
used to correct underlying, stent-related, predisposing mechanical
problems.’¥37 Liberal use of intracoronary imaging in order to
detect and modify underlying mechanical factors is recommended
(Figure 7) (see section 16.2).

Although repeat stenting in patients with stent thrombosis may
be avoided when satisfactory results are obtained with balloon
dilation, a new stent may be required to overcome edge-related
dissections and adjacent lesions, or to optimize final results.3%

There is no evidence that the post-interventional management of
patients with stent thrombosis should differ from that of patients

with thrombosis of a de novo lesion resulting in STEMI.

14 Arrhythmias

14.1 VENTRICULAR ARRHYTHMIAS

14.1.1 REVASCULARIZATION FOR THE PREVENTION OF
SUDDEN CARDIAC DEATH IN/PATIENTS WITH STABLE
CORONARY ARTERY DISEASE AND REDUCED LEFT
VENTRICULAR FUNCTION

Revascularization plays an important role in reducing the fre-
quency of ventricular arrhythmias in patients with normal or mildly
reduced LV function,*®*3* as well as the risk of sudden cardiac
death in patients with CAD and LVEF <35%.%' Indirect evidence

for a protective effect of revascularization was demonstrated in the

Stent

Evaginations

Neointimal
Hyperplasia

Assessment
Crush of stent
failure

Neoatherosclerosis

Late Acquired
Malapposition

Underexpansion

©ESC 2018

Examples of intravascular imaging findings (IVUS or OCT) in patients with stent failure. Panel A displays OCT (left) and WUS (right) examples of in-stent restenosis
due to excessive neointimal hyperplasia. Panel B displays two OCT examples of in-stent restenosis due to necatherosclerosis. Panel C displays OCT (left) and
IVUS (right) examples of late acquired malapposition. Panel D displays IVUS (left) and longitudinal OCT reconstruction (right) images of stent underexpansion.
Panel E displays two OCT examples of in-stent evaginations, a typical finding of delayed arterial healing. Panel F displays OCT (left) and IVUS (right) examples of
stent crush. Panel G displays an OCT (left) and IVUS (right) case of coronary dissection at the stent edge.

IVUS = intravascular ultrasound; OCT = optical coherence tomography.

Intracoronary images for this figure were kindly provided by Drs Nicolas Amabile, Fernando Alfonso, and Gennaro Sardella.

Figure 7. Intracoronary imaging for the assessment of stent failure.




MADIT II (Multicenter Automatic Defibrillator Implantation Trial
II) and SCD-HEFT studies (Sudden Cardiac Death in Heart Failure
Trial), where the efficacy of implantation cardioverter defibrilla-
tors (ICDs) was reduced if revascularization was performed prior
to implantation.®*>** CABG in patients with reduced EF reduces
cardiac and overall mortality for a follow-up of 10 years.”®®! In
view of the protective effect of revascularization on ventricular
arrhythmias, patients with ischaemic LV dysfunction (LVEF
<35%) who are considered for primary preventive ICD implanta-
tion should be evaluated for ischaemia and/or for potential revas-
cularization targets.

14.1.2 REVASCULARIZATION FOR THE TREATMENT OF
ELECTRICAL STORM

Electrical storm is a life-threatening syndrome related to inces-
sant ventricular arrhythmias, which is most frequently observed
in patients with ischaemic heart disease, advanced systolic HF,
valve disease, corrected congenital heart disease, and genetic dis-
orders such as Brugada syndrome, early repolarization, and long
QT syndrome.*** Urgent coronary angiography and revasculariza-
tion should be part of the management of patients with electrical
storm, as well as antiarrhythmic drug therapy and/or ablation of
ventricular tachycardia.

14.1.3 REVASCULARIZATION AFTER OUT-OF-HOSPITAL
CARDIAC ARREST

Approximately 70% of survivors of out-of-hospital cardiac arrest
have CAD, with acute vessel occlusion observed in 50%.° Multiple
non-randomized studies suggest that emergency coronary angio-
graphy and, if appropriate, PCI after out-of-hospital cardiac arrest
yield a favourable survival rate of <60% at 1 year, which is con-
siderably higher than the 25% overall survival rate in patients with
aborted cardiac arrest.****” More recent data suggest that almost
one-quarter of patients, resuscitated from cardiac arrest but without
ST-segment elevation, show a culprit lesion (either vessel occlusion
or irregular lesion).*4! Recent large-scale observational studies
have shown an impact on mortality of early angiography after out-
of-hospital cardiac arrest.*>*® Thus, in survivors of out-of-hospital
cardiac arrest, early coronary angiography and PCI, if appropriate,
should be performed irrespective of the ECG pattern if no obvious
non-cardiac cause of the arrhythmia is present.**

14.2 ATRIAL ARRHYTHMIAS

The management of AF in patients with ischaemic heart disease
is addressed by the 2016 ESC Guidelines for the management
of AF developed in collaboration with EACTS.* After review-
ing the subsequent literature, the current Task Force endorses the
recommendations of the 2016 Guidelines and has not identified
a need for any major update. Accordingly, the recommendation
tables are taken from the 2016 Guidelines. For a detailed discus-
sion, we refer to the previous Guidelines.**

14.2.1 ATRIAL FIBRILLATION COMPLICATING
PERCUTANEOUS CORONARY INTERVENTION

New-onset AF in patients undergoing PCI occurs in 2-6% of pro-
cedures and increases with age, pre-existing HF, AMI, and arterial

ESC/EACTS Guidelines

hypertension.**-* Notably, new-onset AF [defined as change
from sinus rhythm (SR) at admission to AF during/after PCI] typi-
cally occurs during the first 4 days after AMI, and is associated
with impaired prognosis and a more than doubling of the risk of
death, congestive HF, and stroke.*

The use of oral anticoagulation (OAC) for stroke prevention in
patients with AF occurring during or after PCI should follow the
ESC Guidelines on Atrial Fibrillation for antithrombotic treatment
of AF that occurs outside the setting of PCI,** although prospec-
tive studies are scarce. The combination and duration of antico-
agulation and antiplatelet therapy should be assessed according
to the clinical situation, as outlined in section 17 as well as in
the ESC Guidelines on Atrial Fibrillation*” and the ESC Focused
Update on Dual Antiplatelet Therapy.*'°
14.2.2 ATRIAL FIBRILLATION COMPLICATING CORONARY
ARTERY BYPASS GRAFTING
Post-operative AF affects one-third of patients undergoing cardiac
surgery. ! The main risk factor for post-operative AF is age,
and it is associated with an increased immediate risk of stroke,
increased morbidity, and 30 day mortality.*'>*'7 In the long-term,
patients with an episode of post-operative AF have a two-fold
increase in cardiovascular mortality, and a substantially increased
risk of future AF and ischaemic stroke compared with patients
who remain in SR after surgery.*!6418-422

Post-operative AF is a common complication, in which prophy-
lactic treatment has a moderate effect. Pre-operative anti-arrhyth-
mic drug treatment may be initiated but will have to be weighed
against side effects. Beta-blockers decrease the incidence of post-
operative AF after CABG.#12:423-42
14.2.3 POST-OPERATIVE ATRIAL FIBRILLATION AND
STROKE RISK
Patients with post-operative AF have an increased stroke risk
post-operatively as well as during follow-up,*#¥* and warfa-
rin medication at discharge has been associated with a reduced
long-term mortality.**! To date, there are no studies indicating
that post-operative AF is less harmful than any other form of
AF, and good quality data are needed. Anticoagulation treatment
with warfarin or non-vitamin K antagonist oral anticoagulants
(NOAGC:) for stroke prevention in patients with post-operative
AF should therefore follow the guidelines for the antithrombotic
treatment of AF occurring outside the setting of CABG using
the CHA,DS,-VASc [Cardiac failure, Hypertension, Age >75
(Doubled), Diabetes, Stroke (Doubled) - Vascular disease, Age
65-74 and Sex category (Female)] score. The duration and tim-
ing of OAC in post-operative AF patients should be assessed
individually.

Whether or not surgical left atrial appendage (LAA) oblitera-
tion reduces stroke risk has been studied in smaller trials and
registry studies with conflicting results,**>** and is currently
under investigation in a large randomized trial.*** Removal
or closure of the LAA should be considered as an adjunct to
anticoagulation and not as an alternative until more data are

available.
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Recommendations

Recommendations for the prevention of ventricular arrhythmias by revascularization

| Class® | Level®

A primary PCI strategy is recommended in patients with resuscitated cardiac arrest and an ECG consistent with | B
STEM | .395,397,436,437

Urgent angiography (and PCI if indicated) should be considered in patients with resuscitated cardiac arrest without lla
diagnostic ST-segment elevation but with a high suspicion of ongoing myocardial ischaemia.

In patients with electrical storm, urgent coronary angiography and revascularization (as required) should be considered. lla

evidence.

ECG: electrocardiogram; STEMI: ST-elevation myocardial infarction; PCl: percutaneous coronary intervention. 2Class of recommendation. ®Level of

Recommendations

Recommendations for the prevention and treatment of atrial fibrillation in the setting of myocardial revascularization

| Class® | Level®
Perioperative oral beta-blocker therapy is recommended for the prevention of post-operative AF after CABG surgery.*12:438 |

haemodynamic instability.

Restoration of sinus rhythm by electrical cardioversion or antiarrhythmic drugs is recommended in post-operative AF with |

Perioperative amiodarone should be considered as prophylactic therapy to prevent AF after CABG surgery.#12:43° lla

the individual stroke and bleeding risk.*40:441

Long-term anticoagulation should be considered in patients with AF after CABG or PCI who are at risk of stroke, considering

Rate control and anticoagulation should be considered as the initial management of asymptomatic post-operative AF.*42 Ila

sinus rhythm.

Antiarrhythmic drugs should be considered for symptomatic post-operative AF after CABG or PCI in an attempt to restore

surgery. 432434

Surgical occlusion or exclusion of the LAA may be considered for stroke prevention in patients with AF undergoing CABG b

o

recommendation. °Level of evidence.

AF: atrial fibrillation; CABG: coronary artery bypass grafting; LAA: left atrial appendage; PCI: percutaneous coronary intervention. 2Class of

14.3 GAPS IN THE EVIDENCE

The duration of anticoagulation and their combination with anti-
platelet therapy in patients with new-onset AF after PCI or CABG
has not been studied sufficiently. Likewise, the role of routine left
atrial exclusion at surgery for the prevention of stroke is currently

unclear.

15 Procedural aspects of coronary artery bypass
grafting

CABG remains the most common cardiac surgical procedure, and
the techniques have been refined during 50 years of evolution.**
Perioperative medication and blood management are covered in

separate Guidelines. #0444

15.1 SURGICAL TECHNIQUES
15.1.1 COMPLETENESS OF REVASCULARIZATION
Current surgical practice is largely based on an anatomical defi-
nition of complete revascularization, and aims to bypass all epi-
cardial vessels with a diameter exceeding >1.5 mm and a luminal
reduction of >50% in at least one angiographic view."*! Depending
on the definition of completeness of revascularization, the out-
come after CABG in patients with incomplete revascularization
was either similar**-** or inferior!3"-132449-451 to that of patients with
complete revascularization. Certainly, in some patients with a ste-
nosis in small vessels with little myocardium at risk, complete
revascularization may not be necessary.

FFR-guided surgical revascularization has been associated with
improved graft patency, but more studies are needed to investigate

whether it improves clinical outcomes.?®#? Further discussion of
FFR-guided revascularization is provided in sections 3.2.1.1 and
5.3.1.3.

15.1.2 CONDUIT SELECTION

In addition to patient-related factors, the outcome following
CABG is related to the long-term patency of grafts and there-
fore is maximized with the use of arterial grafts, specifically
the IMA. %34 Except in rare circumstances, all patients should
receive at least one arterial graft — the left IMA (LIMA) — prefer-
entially to the LAD.**%5 SVG patency rates for non-LAD targets
have been reported to be suboptimal.**¢ Bilateral IMA (BIMA) and
radial artery for non-LAD targets have been shown to provide bet-
ter patency rates than SVG, particularly for the left coronary artery
system.*’ Therefore, a second arterial graft should be considered
depending on the patient’s life expectancy, risk factors for sternal
wound complications, coronary anatomy, degree of target vessel
stenosis, graft quality, and surgical expertise.

Whether or not the use of additional arterial grafts can trans-
late into prolonged survival remains debatable. Data from non-
randomized studies suggest that the use of BIMA over single
IMA (SIMA) use is associated with improved long-term survival,
as well as fewer non-fatal events such as MI, recurrent angina,
and the need for re-operation.***4% However, observational studies
are subject to selection bias, despite propensity matching, and the
effect of prolonged survival with additional arterial grafts has not
been confirmed in randomized trials.*®®

The ART trial (Arterial Revascularization Trial) has been
designed to answer the question of whether BIMA can improve



10 year survival when compared with SIMA. Interim analy-
sis showed no difference at 5 years in the rate of death or the
composite of death, MI, or stroke, and 10 year results are war-
ranted to draw final conclusions.*’ Limitations of the ART trial
include a high crossover rate from the BIMA arm to the SIMA
arm and a high rate of radial artery use in the SIMA arm that may
have diluted the benefit of BIMA.*347° The use of BIMA graft-
ing is associated with an increase in sternal dehiscence, and an
increased rate of mediastinitis in obese patients and patients with
diabetes.*8464471-475 Tn the ART trial, the use of BIMA was assoc-
iated with a 1.0-1.5% absolute risk increase in the need for sternal
would reconstruction, and a subsequent subanalysis has found that
this risk is minimized with skeletonized harvesting.*’® While we
await the 10 year data of the ART trial, BIMA grafting should be
considered in patients with a reasonable life expectancy and a low
risk of sternal wound complications.

The radial artery constitutes an alternative as the second arte-
rial graft in patients in whom BIMA grafting is not feasible,
patients with a high risk of sternal wound complications, or
as a third arterial graft. There is a strong, adverse influence on
radial artery patency when the native coronary artery stenosis is
<70%, and therefore its use should be limited to coronary artery
stenosis >70% and ideally >90%.*7 Use of the radial artery as
the second conduit of choice has been linked to improved sur-
vival in registry studies.*’®*° Available RCTs testing the radial
artery vs. saphenous vein graft used angiographic patency as the
primary endpoint, and none was powered to detect differences in
clinical outcomes.*! A recently published patient-level meta-ana-
lysis pooling six RCTs comparing radial artery vs. saphenous
vein graft showed that the use of the radial artery was associated
with a lower rate of the primary endpoint (composite of death,
myocardial infarction, and repeat revascularization) at mean fol-
low-up of 50 months, mainly driven by a significantly strong
reduction of need for reintervention and a more modest reduc-
tion in subsequent MIL.*? Despite a significantly lower risk of
occlusion at follow-up angiography, no difference in all-cause
mortality was found.

15.1.3 MAMMARY ARTERY HARVESTING

While the skeletonized technique of harvesting the IMA has
a higher theoretical potential for injury, the potential benefits
include a longer conduit, more versatility (sequential anastomo-
sis), higher blood flow, and fewer wound-healing problems.*7!483-488
Therefore, in patients at higher risk of sternal wound complica-
tions, skeletonization is recommended.

15.1.4 RADIAL ARTERY HARVESTING

Radial artery harvesting is associated with negligible morbid-
ity if preceded by assessment of the hand’s collateral circulation.
Endoscopic radial harvesting is possible, but robust evidence con-
cerning its safety and efficacy is scarce.***° Use of the radial artery
after recent coronary angiography with radial access should be dis-
couraged due to potential endothelial damage.”' Harvesting of the
whole radial artery pedicle, together with the intraluminal and subad-
ventitial injection of vasodilators, are useful steps to prevent spasm.

ESC/EACTS Guidelines

15.1.5 SAPHENOUS VEIN HARVESTING

Saphenous vein harvesting can be accomplished using open and
minimally invasive techniques, which include interrupted incisions
and partial or full endoscopic procedures. Endoscopic vein graft
harvesting leads to a reduced rate of leg wound complications,***>
but the short- and long-term patency of endoscopically harvested
vein grafts, compared with openly harvested grafts, has been chal-
lenged.*64%¢-4% Although there is no unequivocal evidence concern-
ing patency rates, most data from meta-analyses and randomized
and non-randomized trials do not demonstrate inferior clinical out-
comes with endoscopic vein harvest.#24%34950 If an endoscopic
vein graft harvest is performed, it should be undertaken by expe-
rienced surgeons or physician assistants with appropriate training
and reasonable caseloads.®' If an open technique is used, the
‘no-touch’ technique has shown superior patency rates in multiple
randomized trials,®**%7 with a patency rate >80% after 16 years.’"’
15.1.6 CROSS-CLAMPING

A single cross-clamp technique may be preferred to multiple
manipulations of the aorta, with the aim of reducing atheroembolic
events, but a strict no-touch technique most effectively reduces
embolization of atherosclerotic material.>**!° In cases of off-pump
surgery, devices that allow a clampless procedure may help reduce
the incidence of cerebral vascular complications.>!'*12

15.1.7 INTRAOPERATIVE QUALITY CONTROL

Besides continuous ECG monitoring and transoesophageal
echocardiography immediately after revascularization, intraop-
erative quality control may also include graft flow measurement
to confirm or exclude a technical graft problem.’® Transit-time
flow measurement is the most frequently used technique for graft
assessment and has been able to detect 2-4% of grafts that require
revision.’'** In observational studies, the use of intraoperative
graft assessment has been shown to reduce the rate of adverse
events and graft failure, although interpretation can be challenging
in sequential and T-graft configurations.>!3-15517

15.1.8 ON-PUMP AND OFF-PUMP PROCEDURES

Two large, international randomized trials have shown no dif-
ference in 30 day or 1 year clinical outcomes between on- and
off-pump surgery when performed by experienced surgeons.’'820
There is also evidence to conclude that, for most patients and sur-
geons, on-pump surgery provides excellent short- and long-term
outcomes.’ #3253 For some surgeons, off-pump surgery is assoc-
iated with inferior early and late graft patency rates, and possibly
compromised long-term survival; however, aortic no-touch/clamp-
less off-pump procedures in the hands of highly trained teams
appear to be associated with a reduced risk of early morbidity,
such as stroke, and fewer transfusions.’%-510524-528 Ty the subgroup
of patients with end-stage CKD, there is some evidence that off-
pump surgery is associated with lower in-hospital mortality and
less need for new renal replacement therapy.*”

A summary of these technical aspects can be found in Figure 8.
15.1.9 MINIMALLY INVASIVE AND HYBRID PROCEDURES
Minimally invasive coronary surgery with LIMA, harvested either
directly or under video-assisted vision, may represent an attractive
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Figure 8. Technical aspects of CABG. BIMA: bilateral internal mammary artery;, CABG: coronary artery bypass grafting; IMA: internal

mammary artery; LAD: left anterior descending coronary artery.

alternative to a sternotomy.> It has a similar safety and efficacy
profile to conventional on-pump and off-pump procedures, with
a markedly reduced post-operative length of stay and an early
quality of life benefit, although spreading of the ribs is associated
with increased post-operative pain.!*** It has been shown to be
safe and effective in the treatment of proximal LAD stenosis or
chronically occluded LAD arteries.'** Moreover, when compared
with PCI in a setting of single-vessel proximal LAD disease, mini-
mally invasive coronary surgery was associated with less need
for coronary reintervention.!*%3453% When combined with PCI to
non-LAD vessels, it provides the opportunity for hybrid coronary
revascularization to be performed in selected patients with multi-
vessel disease.™¢

Hybrid revascularization can be performed consecutively in
a hybrid operating room, or sequentially on separate occasions in
the conventional surgical and PCI environments.>* In a small

randomized trial of 200 patients, 1 year and 5 year rates of death,
M1, stroke, and major bleeding or repeat revascularization were
not significantly different between hybrid revascularization and
CABG.*%! Heart Team discussion and the prospective planning
of a joint strategy are critical for the success of a hybrid revascu-

larization strategy.**?

15.2 REPORTING PERIOPERATIVE OUTCOMES

Perioperative reporting of outcomes after CABG procedures should
be done on a risk-adjusted basis. The early risk period after CABG
extends up to 3 months, is multifactorial, and depends on the inter-
face between technical variability and patient comorbidity.’*

15.3 GAPS IN THE EVIDENCE
The role of FFR and iwFR in guiding surgical revasculariza-
tion needs further investigation into whether it improves clinical
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Recommendations

General considerations
Complete myocardial revascularization is recommended.c ¥++32

Recommendations on procedural aspects of coronary artery bypass grafting

Class? | Level®

Minimization of aortic manipulation is recommended.508:509.:544.545

optimal surgical strategy.
Conduit selection
Arterial grafting with IMA to the LAD system is recommended.*53454546

Routine intraoperative graft flow measurement should be considered.516:517 lla
CT scans of the ascending aorta should be considered in patients over 70 years of age and/or with signs of extensive lla
generalized atherosclerosis.

Prior to aortic manipulation, epiaortic ultrasound should be considered to identify atheromatous plaques and select the lla

An additional arterial graft should be considered in appropriate patients.467482,547-551

StenOSiS.d 482,549,550,552,553

The use of the radial artery is recommended over the saphenous vein in patients with high-grade coronary artery

Vessel harvesting

BIMA grafting should be considered in patients who do not have a high risk of sternal wound infection.e #67:547:548,551

Skeletonized IMA dissection is recommended in patients with a high risk of sternal wound infection.*71484485

Compl iCati0n5.490'493’494’500'554

Endoscopic vein harvesting, if performed by experienced surgeons, should be considered to reduce the incidence of wound

Minimally invasive techniques

patients with significant atherosclerotic aortic disease.508:509,544,557-559

No-touch vein harvesting should be considered when an open technique is used.506:507:555,556

Off-pump CABG and preferably no-touch techniques on the ascending aorta, by experienced operators, are recommended in

Off-pump CABG should be considered for subgroups of high-risk patients by experienced off-pump teams.525.557-560

Where expertise exists, minimally invasive CABG through limited thoracic access should be considered in patients with
isolated LAD lesions or in the context of hybrid revascularization.43534535561

specific patient subsets at experienced centres,536:561-563

Hybrid procedures, defined as consecutive or combined surgical and percutaneous revascularization, may be considered in

BIMA: bilateral internal mammary artery; CABG: coronary artery bypass grafting; CT: computed tomography; IMA: internal mammary artery;
LAD: left anterior descending coronary artery. 2Class of recommendation. °Level of evidence. ¢Definitions of complete revascularization are
provided in section 5.3.1.3. ¢Particularly in patients with poor vein grafts. The radial artery should not be used if previously catheterized, if the
Allen test is positive or if calcific degeneration is present. ¢Patients with diabetes mellitus, chronic pulmonary obstructive disease, previous
mediastinal radiation, and obesity, particularly when multiples of these are present.

outcomes. Likewise, there are insufficient data on the impact of
intraoperative assessment of graft flow on outcomes.

In view of the limitations of observational studies compar-
ing BIMA with SIMA and the limitations of the ART trial, the
ROMA (Randomization of Single vs. Multiple Arterial Grafts)
trial is recruiting to answer the question of whether the use of
additional arterial conduits (either BIMA or radial artery) trans-
lates into superior clinical outcomes when compared with SIMA
supplemented by SVG only.

Hybrid procedures, which combine minimally invasive arterial
grafting with PCI, proved feasible and safe. However, multicentre
studies are required to prove the efficacy and superiority of this
approach in stable, multivessel coronary disease.

16 Procedural aspects of percutaneous
coronary intervention

16.1 PERCUTANEOUS CORONARY INTERVENTION DEVICES
16.1.1 BALLOON ANGIOPLASTY

Plain balloon angioplasty has been superseded in the treatment of
de novo coronary lesions after demonstration of the superiority
of stenting in terms of the requirement for repeat revasculariza-
tion.>* Balloon angioplasty might be considered for the treatment

of selected patients in whom implantation of stents is not techni-
cally feasible, or in a vessel that is considered to be too small to
be stented. Balloon angioplasty is no longer preferred to stenting
with DES for patients who require urgent non-cardiac surgery as
short-duration DAPT may be reasonable with both strategies. %566
16.1.2 CHOICE OF CORONARY STENTS
Stenting with BMS results in an approximately 30% lower rate
of restenosis in comparison with plain balloon angioplasty.’*
Although many efforts have been made to further reduce reste-
nosis by the modification of stent designs and materials, reducing
the thickness of stent struts has been the only proven modification
capable of reducing restenosis of BMS.¢7-%¢8

A major reduction in the risk of restenosis has been achieved
with DES technology. Early-generation DES released sirolimus®®
or paclitaxel®”° from a permanent polymer matrix coating on a rel-
atively thick-strut (120-140 mm) stainless steel backbone. These
devices reduced angiographic and clinical restenosis by approxi-
mately 50-70%, but increased the risk of very late stent thrombo-
sis compared with BMS. 336571

Early-generation DES have now been supplanted by new-gen-
eration DES. These stents represented an iterative development of
early generation technology, including polymers with enhanced
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biocompatibility (permanent or biodegradable), exclusively siroli-
mus-analogue active drugs, and stent backbones with thin struts
(50-100 mm) composed of stainless steel, cobalt chromium, or
platinum chromium.’’>*”” New-generation DES have higher effi-
cacy and safety in comparison with both early-generation DES
and BMS. 36571578 Although stenting with new-generation DES
confers a similar risk of death or MI at mid- to long-term follow-
up in comparison with BMS,3” the risk of subacute and late stent
thrombosis is significantly lower.”>% Moreover, the risk of very
late stent thrombosis is at least comparable to that of BMS and
lower than that of early-generation DES.3¢57:57580 Thege obser-
vations were confirmed in a recent trial enrolling patients aged
75 years or older and demonstrating superior outcomes (composite
of all-cause mortality, MI, stroke, or ischaemia-driven target lesion
revascularization) with DES as compared with BMS with similar
duration of intended DAPT (1 month or 6 months) in both treat-
ment arms.*®! Similarly, there is no clear evidence of a difference
between DES and BMS on the risk of stent thrombosis following
unplanned disruption of DAPT.> Accordingly, new-generation
DES should be preferred to BMS for routine use.

A large number of new-generation DES have received approval
for use and CE mark in Europe.’’® Supplementary Table 6 displays
a list of new-generation DES with the CE mark and evidence from
large-scale clinical trials powered for clinical primary endpoints.

Biodegradable polymer and polymer-free DES offer the poten-
tial to reduce late adverse events after PCI by eliminating inflam-
matory reactions to permanent polymer coatings. A number of
large-scale trials showed comparable efficacy and safety com-
pared with permanent polymer stents.””>576:582-5% However, at the
moment, there is no evidence of differential efficacy with new-
generation biodegradable polymer DES in comparison with new-
generation permanent polymer DES ‘in large-scale randomized
trials with follow-up out to 5 years.>?!-%

Regarding polymer-free DES, two large-scale trials with dif-
ferent devices showed comparable results with new-generation
DES and superior results to BMS.!7>%77 Long-term follow-up from
randomized trials vs. new-generation permanent polymer DES is
only available for a single device and shows comparable outcomes
between the devices.”!

The high clinical efficacy and safety of new-generation DES
support their preferred use in patients with an indication for PCI,
including patients with diabetes, CKD, multivessel and LMS dis-
ease, AMI, vein grafts, restenotic lesions, and chronic total occlu-
sions. New-generation DES should therefore be considered as the
default stent type for PCI regardless of clinical presentation, lesion
subtype, concomitant therapies, or comorbidities.

16.1.3 BIORESORBABLE SCAFFOLDS

Completely bioresorbable scaffolds (BRS), which degrade to pre-
dominantly inert end products after fulfilling their scaffold func-
tion in the lesion site of the coronary vessel, have been developed
with the goa<l of reducing or eliminating stent-related adverse
events at long-term follow-up. Current scaffold platforms to have
reached clinical testing are based on two different technologies:

bioresorbable, polymer-based scaffolds (resorption up to 3-4 years)
and resorbable, metallic (magnesium) scaffolds (resorption up to
1 year).® Although a number of devices have received approval
for use in Europe (see Supplementary Table 7), randomized trial
data are available only with the Absorb bioresorbable vascular
scaffold (BVS) (Abbott Vascular).

The safety and efficacy profile of the Absorb BVS has been com-
pared with contemporary DES in several trials. Findings of these
trials as well as meta-analyses consistently indicate the inferior
efficacy and safety of Absorb BVS compared with contemporary
DES during long-term follow-up. Specifically, the Absorb BVS is
associated with a significantly increased risk of target lesion revas-
cularization and device thrombosis, with numbers needed to harm
of 40-60.5¢%7 Of note, commercial use of the Absorb BVS was
stopped in 2017 (for additional details see the Supplementary Data).

Available evidence on the magnesium scaffold is limited to
small observational studies. Initial results appear encouraging, but
further evaluation is needed. Therefore, the Task Force endorses
the recommendation of the recent ESC/European Association for
Percutaneous Cardiovascular Interventions (EAPCI) document on
bioresorbable scaffolds that any BRS should not be used outside
well-controlled clinical studies. In patients who have been treated
with BRS, prolonged-duration DAPT for 3 years or longer may
be considered.
16.1.4.DRUG-COATED BALLOONS
The rationale for using DCBs is based on the concept that with
highly lipophilic drugs, even short contact times between the bal-
loon surface and the vessel wall are sufficient for effective drug
delivery. There are various types of DCB that are approved for use
in Europe and their main characteristics are listed in Supplementary
Table 8. Although specifically designed comparative randomized
trials are lacking, a class effect for all DCBs cannot be assumed.>8
Randomized trial data supporting the use of DCB angioplasty are
limited to the treatment of in-stent restenosis (see section 13.4). In
terms of the use of DCB angioplasty for de novo disease, a num-
ber of small randomized trials have been reported with somewhat
conflicting results.®-%°! At present, there are no convincing data to
support the use of DCB angioplasty for this indication.

16.1.5 DEVICES FOR LESION PREPARATION

Lesion preparation is critical for successful PCI. In addition to
plain balloon angioplasty (with standard or non-compliant bal-
loons), cutting or scoring balloon angioplasty or rotational atherec-
tomy may be required in selected lesions — particularly those with
heavy calcification — in order to adequately dilate lesions prior to
stent implantation. However, studies investigating the systematic
use of these adjunctive technologies, such as rotational atherec-
tomy, have failed to show clear clinical benefit.5?

16.2 INVASIVE IMAGING TOOLS FOR PROCEDURAL
GUIDANCE

16.2.1 INTRAVASCULAR ULTRASOUND

The majority of the existing clinical trial data relate to the use
of IVUS guidance during PCIL. In the BMS era, several RCTs



addressed the potential of IVUS in reducing restenosis and
adverse events after stenting, with somewhat conflicting results.
Findings from one meta-analysis of randomized trials suggested
better outcomes with IVUS guidance in terms of acute procedural
results and reduced angiographic restenosis, repeat revasculariza-
tion, and MACE, with no effect on death and MI.%% In the DES
era, meta-analysis of randomized and observational studies also
suggests better clinical outcomes with IVUS-guided vs. angio-
graphy-guided PCL.%%% However, the contribution of findings
from observational studies must be weighed against the likelihood
of considerable residual confounding due to treatment selection
bias. Similarly, findings of improved outcome in patients undergo-
ing LM stem PCI with IVUS-guided PCI vs. angiography-guided
PCI from a propensity score matched analysis must be interpreted
with caution.’

In cases of stent failure, including restenosis and stent thrombo-
sis, the use of IVUS should be considered in order to identify and
correct underlying mechanical factors (see section 13).3%

16.2.2 OPTICAL COHERENCE TOMOGRAPHY

A number of studies have assessed OCT imaging for PCI guid-
ance. Two observational studies show that while OCT imaging
changes operator behaviour, its impact on clinical outcomes is
unclear.®”6% Indeed, OCT is more accurate than angiography or
IVUS in detecting subtle morphological details including malap-
position, residual thrombus, plaque prolapse, and residual dis-
sections, although many of these additional findings may have
a benign course.®®% A single randomized trial compared OCT
with IVUS and coronary angiography, and showed that OCT-
guided PCI was safe and resulted in a similar minimum stent area
to that of IVUS-guided PCL.®"" However, OCT guidance was not
superior to either IVUS or angiography alone. An additional ran-
domized trial that enrolled patients with NSTE-ACS compared
OCT-guided PCI with angiography-guided PCI and found no sig-
nal of impact on clinical outcomes.*'?

A number of observational studies have shown that OCT is feas-
ible and safe in the assessment of stent failure due to thrombosis,
and may yield information that may be clinically useful.3¢.387:613.614
Likewise, in cases of in-stent restenosis, intrastent neointimal tis-
sue may be characterized by OCT, enabling for example the detec-
tion of neoatherosclerosis.3#¢15616 Tn cases of stent failure, the use
of OCT should be considered in order to identify and correct
underlying mechanical factors (see section 13).

16.3 SPECIFIC LESION SUBSETS

16.3.1 BIFURCATION STENOSIS

A number of RCTs have investigated the optimal intervention
strategy in patients with bifurcation lesions and showed no benefit
for the systematic two-stent approach vs. main branch-only stent-
ing with provisional stenting of the side branch in terms of clinical
outcomes.*'” A recent pooled analysis of two RCTs showed lower
5 year survival in patients randomized to a systematic two-stent
approach.®’® In addition, procedure time, contrast volume, radia-
tion exposure, and cost are higher with a two-stent approach.*'®

ESC/EACTS Guidelines

The EBC TWO (European Bifurcation Coronary TWO) trial
found no difference between a provisional T-stent strategy and
a systematic two-stent strategy (culotte technique) in terms of the
composite endpoint of death, MI, and TVR at 12 months among
200 patients with large-calibre true bifurcation lesions (side
branch diameter >2.5 mm) and significant ostial disease length
(>5 mm).%"” Thus, main branch-only stenting with provisional
stenting of the side branch should be the preferred approach for
most bifurcation lesions. Exceptions to this rule, where upfront
side branch stenting may be preferable, include the presence of
a large side branch (>2.75 mm) with a long ostial side branch
lesion (>5 mm) or anticipated difficulty in accessing an important
side branch after main branch stenting, and true distal LM bifur-
cations. Recently, a multicentre trial conducted in China directly
compared a double-kissing crush two-stent strategy with provi-
sional stenting of the main branch in 482 patients with distal LM
bifurcation disease. Double-kissing crush resulted in a lower risk
of the primary endpoint target lesion failure at 1 year compared
with provisional stenting.5*

When a two-stent strategy is necessary, which two-stent tech-
nique should be preferred is debated. The three most widely used
contemporary two-stent techniques are culotte, crush (classic or
double-kissing crush), and T and protrusion (TAP).%21622 Several
RCTs have compared these techniques. In non-LM bifurcation
lesions, there is no compelling evidence that one technique is
superior to the others in terms of major clinical endpoints.®!622
In LM true bifurcation lesions, double-kissing crush has the most
favourable outcome data.®”

Final “kissing’ balloon dilation is generally recommended when
two stents are eventually required, with no advantage from final
kissing with the one-stent technique.®*%*> Several stents, designed
specifically for the treatment of bifurcation lesions, have under-
gone extensive evaluation with promising angiographic and clini-
cal results, though RCTs against current recommended therapy are
limited.®* Further technical details relating to bifurcation PCI are
described in the consensus document of the European Bifurcation
Club.%?

16.3.2 CHRONIC TOTAL CORONARY OCCLUSION

Dedicated RCTs examining the outcomes of patients with chronic
total occlusion (CTO) allocated to revascularization or conservative
therapy are scarce. One trial randomized patients with STEMI and
CTO in a non-culprit vessel to CTO-PCI vs. conservative therapy,
and found no difference in the primary endpoint of LVEF and LV
end-diastolic volume at 4 months.®?® More recently, the prospective
randomized EUROCTO (Randomized Multicentre Trial to Compare
Revascularization With Optimal Medical Therapy for the Treatment
of Chronic Total Occlusions) trial showed symptomatic improve-
ment by PCI of CTO.®” This trial included 396 patients who were
randomly assigned to PCI of CTO with optimal medical therapy, or
optimal medical therapy alone. During the 12 month follow-up, the
primary endpoint-the change in health status assessed by the Seattle
angina questionnaire-showed significantly greater improvement of
angina frequency and quality of life with CTO PCI as compared
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with optimal medical therapy alone. Yet, MACE were comparable
between the two groups. A systematic review of 25 observational
studies showed that at median follow-up of 3 years, successful CTO-
PCI was associated with improved clinical outcomes in comparison
with failed revascularization, including overall survival, angina bur-
den, and the requirement for bypass surgery.®® Broadly speaking,
the treatment of CTOs may be considered analogous to the treat-
ment of non-CTO lesions (see recommendations in section 5). In
cases of regional wall motion abnormalities in the territory of the
CTO, objective evidence of viability should be sought. The decision
to attempt CTO-PCI should be considered against the risk of greater
contrast volume, longer fluoroscopy time, and higher MACE rates
in comparison with non-CTO PCI patients.®*' Ad hoc PCI is gener-
ally not recommended for CTOs, although it may be necessary in
selected cases (e.g. acute bypass graft failure not amenable to reca-
nalization of the bypass graft).

Recent developments in catheter and wire technology, and
increasing operator expertise with both antegrade and retrograde
approaches as well as wire escalation and dissection/re-entry tech-
niques, have translated into increasing success rates of CTO-PCI
with low rates of MACE.%3!633 Success rates are strongly depend-
ent on operator skills, depending on experience with specific pro-
cedural techniques, and the availability of dedicated equipment,
and vary from 60-70% to >90%.631-63
16.3.3 OSTIAL LESIONS
In ostial coronary lesions, additional judgement and caution
is essential before proceeding to PCI. In particular, a catheter-
induced coronary spasm must be rigorously excluded. Lesion
assessment with IVUS may be helpful, particularly in LM ostial
stenosis. FFR measurement may also be valuable in the assess-
ment of ostial lesions of borderline significance,** taking spe-
cial care to avoid a wedge position of the guiding catheter and
using i.v., rather than intracoronary, adenosine. When performing
an intervention, due to interaction between the guide catheter and
the proximal stent edge, the risk of longitudinal stent deformation
must be considered®® and avoided with careful catheter manipula-
tion. The accurate positioning of the stent, precisely in the coro-
nary ostium, may be technically challenging and some specialized
techniques that may help to achieve optimal stent placement have
been described.536:6%7

16.4 VASCULAR ACCESS

A number of RCTs have compared radial access with femoral access
for diagnostic angiography and PCI. The two largest were RIVAL
(Radial versus femoral access for coronary angiography and inter-
vention in patients with acute coronary syndromes) and MATRIX
(Minimizing Adverse Haemorrhagic Events by Transradial access
Site and Systemic Implementation of AngioX)."”>%*® In the RIVAL
trial, which enrolled 7021 patients, the primary outcome of death,
MI, stroke, or non-CABG-related major bleeding at 30 days
occurred at a similar rate in radial vs. femoral access (HR 0.92,
95% CI 0.72-1.17, P=0.50).® In the MATRIX trial, 8404 ACS
patients were randomly allocated to radial or femoral access.'”

Recommendations on choice of stent and access site

Recommendations | Class® | Level®

DES are recommended over BMS for any PCI
irrespective of:

— clinical presentation
— lesion type 1
— planned non-cardiac surgery
— anticipated duration of DAPT
— concomitant anticoagulant therapy.100:578:579,640

Radial access is recommended as the standard
approach, unless there are overriding procedural |
considerations, 172638641

BRS are currently not recommended for clinical
use outside of clinical studies.842-650

BMS: bare-metal stents; BRS: bioresorbable scaffolds; DAPT: dual
antiplatelet therapy; DES: drug-eluting stents; PCI: percutaneous
coronary intervention. 2Class of recommendation. ®Level of evidence.

In terms of the first co-primary endpoint of 30 day MACE, there
was no significant difference between radial access and femoral
access (RR 0.85, 95% CI 0.74-0.99, two-sided P=0.031; non-sig-
nificant at a pre-specified a of 0.025). The second co-primary out-
come of 30 day net adverse clinical events [MACE or non-CABG
BARC (Bleeding Academic Research Consortium (major bleeding]
was significantly lower with radial access (RR 0.83, 95% CI 0.73-
0.96; P=0.009). Major BARC 3 or 5 bleeding was significantly
reduced in the radial group (1.6 vs. 2.3%; RR 0.67, 95% CI 0.49-
0.92; P=0.013), and radial access was associated with a lower risk
of all-cause mortality (1.6 vs. 2.2%; RR 0.72, 95% CI 0.53-0.99,

Recommendations on intravascular imaging for procedural
optimization

| Class® | Level®

Recommendations

IVUS or OCT should be considered in selected
patients to optimize stent lla B
implantation,603:612:651-653

IVUS should be considered to optimize treatment
of unprotected left main lesions.3®

lla B

IVUS: intravascular ultrasound; OCT: optical coherence tomography.
Class of recommendation. °Level of evidence.

Recommendations on specific lesion subsets

| Class® | Level®

Recommendations

Stent implantation in the main vessel only,
followed by provisional balloon angioplasty with | A
or without stenting of the side branch, is

recommended for PCI of bifurcation lesions.554658

Percutaneous revascularization of CTOs should
be considered in patients with angina resistant to
medical therapy or with a large area of lla B
documented ischaemia in the territory of the
occluded vessel.629.659-663

In true bifurcation lesions of the left main, the
double-kissing crush technique may be preferred 11b B
over provisional T-stenting.62°

CTO: chronic total occlusion; PCI: percutaneous coronary intervention.
2Class of recommendation. °Level of evidence.




P=0.045). However, the benefit of radial over femoral access
depends upon the operator’s expertise in the radial technique.®
Treatment of restenotic and saphenous vein graft lesions are dis-

cussed in section 13.3.

17 Antithrombotic treatments

Antithrombotic treatment is mandatory in CAD patients under-
going myocardial revascularization. The choice of treatment, the
combination, the time point of initiation, and the duration depend
on the patient’s characteristics, comorbidities, the clinical set-
ting (elective revascularization vs. ACS), and the mode (PCI vs.
CABQG) of revascularization. Both ischaemic and bleeding events
significantly influence the outcome of CAD patients and their
overall mortality risk during and after myocardial revasculariza-
tion.** Thus, the choice of treatment should reflect the ischaemic
and bleeding risk. The recommended drugs (Figure 9) and doses
(Table 7) for anticoagulant and antiplatelet drugs used in conjunc-
tion with myocardial revascularization are summarized below.

17.1 PERCUTANEOUS CORONARY INTERVENTION IN
STABLE CORONARY ARTERY DISEASE

17.1.1 CHOICE OF TREATMENT AND PRE-TREATMENT
DAPT consisting of aspirin and a P2Y, receptor inhibitor repre-
sents the cornerstone of treatment in patients undergoing elective

ESC/EACTS Guidelines

PCL%* The P2Y, receptor inhibitor clopidogrel is recommended
for elective stenting procedures. For routine clopidogrel pre-treat-
ment (administration of the drug when the coronary anatomy is
unknown), there is no compelling evidence for a significant clini-
cal benefit in SCAD patients.®®*® Thus, pre-treatment may only
be an option in selected patients with high probability of PCI or
before staged PCI procedures. Figures 9 and 10 summarize the
commonly used antiplatelet and anticoagulant drugs in SCAD
patients undergoing PCI.

17.1.2 PERI-INTERVENTIONAL TREATMENT

While aspirin and clopidogrel are indicated for elective stenting
procedures, prasugrel or ticagrelor may only be considered in
selected patients for specific high-risk situations of elective stent-
ing (e.g. complex PCI procedures such as LM stenting and CTO
procedures) or in patients with a history of stent thrombosis on
clopidogrel treatment.

In parallel with antiplatelet treatment, the use of anticoagu-
lants is standard of care during elective PCI to inhibit thrombin
generation and activity. Different agents, including unfraction-
ated heparin (UFH) and bivalirudin, have been evaluated for
their use in clinical practice. The REPLACE-2 (Randomised
Evaluation in PCI Linking Angiomax to Reduced Clinical Events
2) trial demonstrated that the outcome with bivalirudin and pro-
visional glycoprotein (GP) IIb/IIla blockade is similar to that of
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The figure lllustrates anticoagulant and antiplatelet drugs being used during and after myocardial revascularization (percutaneous coronary intervention or
coronary artery bypass grafting). Drugs with oral administration are shown in black letters and drugs with preferred parenteral administration in red.
ADP = adenosine diphosphate; DAPT = dual antiplatelet therapy; FXa = factor Xa GP = glycoprotein; TxAz = thromboxane Az UFH = unfractionated heparing

VKAs = vitamin K antagonists.

Figure 9. Antithrombotic treatment for myocardial revascularization and its pharmacological targets.
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Table 7. Doses of antiplatelet and anticoagulant drugs used during
and after myocardial revascularization.

Antiplatelet drugs

Aspirin Loading dose of 150-300 mg orally or 75-150 mg
i.v. if oral ingestion is not possible, followed by
a maintenance dose of 75-100 mg/day.

Clopidogrel Loading dose of 600 mg orally, followed by

a maintenance dose of 75 mg/day.

Prasugrel Loading dose of 60 mg orally, followed by

a maintenance dose of 10 mg/day.

In patients with body weight <60 kg,
a maintenance dose of 5 mg is recommended.

In patients aged >75 years, prasugrel is generally
not recommended, but a dose of 5 mg should be
used if treatment is deemed necessary.

Ticagrelor Loading dose of 180 mg orally, followed by

a maintenance dose of 90 mg b.i.d.

Bolus of 0.25 mg/kg i.v. and 0.125 lg/kg/min
infusion (maximum 10 Ig/min) for 12 h.

Double bolus of 180 Ig/kg i.v. (given at a 10 min
interval) followed by an infusion of 2.0 Ig/kg/min
for up to18 h.

Bolus of 25 Ig/kg over 3 min i.v., followed by an
infusion of 0.15 Ig/kg/min for up to 18 h.

Bolus of 30 mg/kg i.v. followed by 4 mg/kg/min
infusion for at least 2 h or duration of procedure,
whichever is longer.

Anticoagulant drugs for PCI

Unfractionated |- 70-100 U/kg i.v. bolus when no GP IIb/llla

Abciximab

Eptifibatide

Tirofiban

Cangrelor

heparin inhibitor is planned.

—50-70 U/kg i.v. bolus with GP lIb/llla inhibitors.
Enoxaparin 0.5 mg/kg i.v. bolus.
Bivalirudin 0.75 mg/kg i.v. bolus followed by i.v. infusion of

1.75 mg/kg/h for up to 4 h after the procedure as
clinically warranted.

Oral anticoagulant drugs (concomitant treatment after PCI)

Vitamin K Dosing is based on INR value and the respective
antagonists (e.g. | clinical indication.

warfarin,

phenprocoumon)

Apixaban Maintenance doses of 5 and 2.5 mg b.i.d.
Dabigatran Maintenance doses of 150 and 110 mg b.i.d.
Edoxaban Maintenance doses of 60 and 302 mg/day

Rivaroxaban Maintenance doses of 20 and 152 mg/day, and

2.5 mg b.i.d. (vascular dose).

2Specific criteria for reduced dose apply (see recommendation table in
section 17.5.1). b.i.d.: twice daily; GP: glycoprotein; INR: international
normalized ratio; i.v.: intravenous; PCI: percutaneous coronary intervention.

UFH plus planned GP IIb/Illa inhibition during elective PCL.%
The ISAR-REACT (Intracoronary Stenting and Antithrombotic
Regimen Rapid Early Action for Coronary Treatment) 3 trial also
showed a similar outcome for bivalirudin vs. UFH treatment.*”
In ISAR REACT 3A,! evaluating a lower dose of 100 U/kg
UFH, this lower dose showed net clinical benefit compared with

the historical control cohort and this benefit was mostly driven
by a reduction in bleeding events. In view of the primary end-
point results of the RCTs and in view of a trend towards a lower
risk of MI, UFH remains the standard anticoagulant for elective
PCI. Based on the results of the STEEPLE (Safety and Efficacy
of Intravenous Enoxaparin in Elective Percutaneous Coronary
Intervention Randomised Evaluation) trial, enoxaparin should be
considered as an alternative anticoagulant drug.®”

Drugs for parenteral antiplatelet treatment include cangre-
lor and GP IIb/Illa inhibitors. Cangrelor is a direct reversible,
short-acting P2Y  -inhibitor that has been evaluated during PCI
for SCAD and ACS in clinical trials comparing cangrelor with
clopidogrel, administered before PCI [CHAMPION (Cangrelor
versus Standard Therapy to Achieve Optimal Management of
Platelet Inhibition) PCI] or after PCI (CHAMPION PLATFORM
and CHAMPION PHOENIX).?® A meta-analysis showed a bene-
fit with respect to major ischaemic endpoints that is counter-
balanced by an increase in relevant bleeding.®”> Moreover, the
benefit of cangrelor with respect to ischaemic endpoints was
attenuated in CHAMPION PCI with upfront administration of
clopidogrel. Nevertheless, due to its proven efficacy in pre-
venting intraprocedural and post-procedural stent thrombosis in
P2Y ,-inhibitor naive patients, cangrelor may be considered in
P2Y , -inhibitor naive patients undergoing PCI (for more detailed
discussion see the Supplementary Data).

Available GP IIb/Illa inhibitors include abciximab, eptifiba-
tide, and tirofiban. In a setting of elective PCI, clinical trials did
not demonstrate an additional benefit of GP IIb/Illa inhibitor
administration in SCAD patients in a setting of DAPT treatment
that includes loading with clopidogrel.’+¢”> A meta-analysis on
this topic revealed no mortality benefit of GP IIb/Illa treatment
and while non-fatal MlIs were reduced, (minor) bleeding events
were significantly higher when utilizing these agents.®’® Thus, GP
IIb/IIa inhibitors may only be considered in specific ‘bail-out’
situations including high intraprocedural thrombus burden, slow
flow, or no-flow with closure of the stented coronary vessel.

An algorithm for the use of antithrombotic drugs in patients
undergoing PCI is shown in Figure 10.

17.1.3 POST-INTERVENTIONAL AND MAINTENANCE
TREATMENT

Following elective stenting, DAPT consisting of clopidogrel in
addition to aspirin is generally recommended for 6 months, irre-
spective of the stent type. In specific clinical scenarios, this stand-
ard DAPT duration can be shortened (<6 months) or extended
(>6-12 months). For a more detailed description of the pertinent
clinical trials in the field of DAPT duration, we refer the reader
to the 2017 ESC Focused Update on Dual Antiplatelet Therapy
in Coronary Artery Disease.*!® Following DAPT, a life-long sin-
gle antiplatelet therapy (usually with aspirin) is recommended,
and patients should be advised not to prematurely discontinue
oral antiplatelet therapy after stenting due to the risks of stent
thrombosis and recurrent MI.¢”7 Recently, the value of a vascular
dose of rivaroxaban (2.5 mg b.i.d.) in conjunction with aspirin
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Recommendations

Pre-treatment and antiplatelet therapy

Recommendations for antithrombotic treatment in stable coronary artery disease patients undergoing percutaneous coronary intervention

Class? | Level®

indication for PCl is confirmed.

Peri-interventional treatment
Aspirin is indicated before elective stenting.681-683

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once the coronary anatomy is known and | A
a decision is made to proceed with PC|.867.679.680

Pre-treatment with clopidogrel may be considered if the probability of PCI is high. 11b

In patients on a maintenance dose of 75 mg clopidogrel, a new loading dose of 600 mg may be considered once the b

An oral loading dose of aspirin (150-300 mg p.o. or 75-250 mg i.v.) is recommended if the patient is not pre-treated.

Clopidogrel (600 mg loading dose, 75 mg daily maintenance dose) is recommended for elective stenting.584688

Glycoprotein lIb/llla antagonists should be considered only for bail-out.

or left main stenting).

Prasugrel or ticagrelor may be considered in specific high-risk situations of elective stenting (e.g. history of stent thrombosis b

Unfractionated heparin is indicated as the standard anticoagulant (70-100 U/kg).670:671

heparin-induced thrombocytopenia.

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) is indicated in the case of |

Enoxaparin (i.v. 0.5 mg/kg) should be considered as an alternative agent.67268° lla B

Cangrelor may be considered in P2Y,,-inhibitor naive patients undergoing PCI.673

Life-long single antiplatelet therapy, usually aspirin, is recommended.8!683 | A

Instruction of patients about the importance of complying with antiplatelet therapy is recommended. I

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is
generally recommended for 6 months, irrespective of the stent type.c 690-694

1 A

In patients with SCAD treated with BRS, DAPT should be considered for at least 12 months and up to the presumed full
absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.

lla

In patients with SCAD treated with DCB, DAPT should be considered for 6 months.36%37 lla :

In patients with SCAD considered at high bleeding risk (e.g. PRECISE-DAPT >25), DAPT should be considered for

3 months.d 695.69 lla 2
In patients with SCAD who have tolerated DAPT without a bleeding complication and who are at low bleeding risk but high b -
thrombotic risk, continuation of DAPT with clopidogrel for >6 months and up to 30 months may be considered.5%7-7%°

In patients with SCAD in whom 3 month DAPT poses safety concerns, DAPT may be considered for 1 month. 11b

conjunction with a 3 month DAPT regimen.

BRS: bioresorbable scaffold; CAD: coronary artery disease; DAPT: dual antiplatelet therapy; DCB: drug-coated balloon; i.v.: intravenous; MI: myocardial
infarction; PCI: percutaneous coronary intervention; p.o.: orally; PRECISE-DAPT: PREdicting bleeding Complications In patients undergoing Stent
implantation and subsEquent Dual Anti Platelet Therapy; SCAD: stable coronary artery disease. 2Class of recommendation. °Level of evidence. These
recommendations refer to stents that are supported by large-scale randomized trials with clinical endpoint evaluation leading to an unconditional CE
mark. ¢The evidence supporting this recommendation comes from two studies where the zotarolimus-eluting Endeavour stent was investigated in

was demonstrated in the large-scale COMPASS (Rivaroxaban
for the Prevention of Major Cardiovascular Events in Coronary
or Peripheral Artery Disease) trial.*”® However, its utilization in
SCAD patients is a matter of secondary prevention and is not

linked to myocardial revascularization procedures.

17.2 NON-ST-SEGMENT ELEVATION ACUTE CORONARY
SYNDROME

The activation of blood platelets and the coagulation cascade plays
a key role in the initial phase and evolution of an ACS. Hence,
sufficient platelet inhibition and anticoagulation is essential during
ACS, and especially in ACS patients undergoing PCI.

17.2.1 CHOICE OF TREATMENT AND PRE-TREATMENT

For NSTE-ACS patients, DAPT including aspirin and a potent
P2Y,, receptor inhibitor (prasugrel or ticagrelor) is recom-
mended (see the Supplementary Data).”2 Clopidogrel should
only be used when prasugrel or ticagrelor are not available or
are contraindicated. Based on the results of the ACCOAST

(Comparison of Prasugrel at the Time of Percutaneous Coronary
Intervention or as Pretreatment at the Time of Diagnosis in
Patients with Non-ST Elevation Myocardial Infarction) trial,'®’
it is not recommended that prasugrel is administered in patients
in whom coronary anatomy is not known. Nevertheless, pre-
treatment with ticagrelor was part of the PLATO trial (Study of
Platelet Inhibition and Patient Outcomes) and was associated
with an early benefit over clopidogrel.”” For these reasons, pre-
treatment with ticagrelor can be used, although there is no direct
evidence from head-to-head comparisons between pre-treatment
strategies.

17.2.2 PERI-INTERVENTIONAL TREATMENT

Anticoagulation is recommended for all patients in addition to
antiplatelet therapy during PCI for NSTE-ACS.”® In general,
a crossover between anticoagulants should be avoided [especially
between UFH and low-molecular-weight heparin (LMWH)], with
the exception of adding UFH to fondaparinux when a patient pro-
ceeds to PCL7%7% The respective agents should be discontinued
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Figure 10. Algorithm for the use of antithrombotic drugs in patients undergoing percutaneous coronary intervention. High bleeding risk is
considered as an increased risk of spontaneous bleeding during DAPT (e.g. PRECISE-DAPT score >25). Colour-coding refers to the ESC
classes of recommendations (green: class I; yellow: class Ila; and orange. class IIb).

after PCI except for specific clinical settings, such as the presence
of an LV aneurysm with thrombus or AF requiring anticoagulation.

A number of trials have compared bivalirudin with UFH in
ACS patients undergoing PCI (see the Supplementary Data).
Some of these trials pursued a balanced use of adjunctive GP I1b/
IIIa inhibitors with both bivalirudin and heparin, whereas others,
predominantly the older ones, had selective use of GP IIb/Illa
inhibitors in the heparin arm. These trials have been reviewed
extensively in a number of meta-analyses.”*’® A meta-ana-
lysis that included the MATRIX trial but not VALIDATE-
SWEDEHEART (Bivalirudin versus Heparin in ST-Segment and
Non-ST-Segment Elevation Myocardial Infarction in Patients
on Modern Antiplatelet Therapy on the Swedish Web-system
for Enhancement and Development of Evidence-based care in
Heart disease Evaluated According to Recommended Therapies)
showed no significant benefit of bivalirudin compared with UFH
with respect to death, MACE, and ML Nevertheless, bivali-
rudin was associated with a significant increase in the risk of
stent thrombosis and a significant decrease in the risk of bleed-
ing. However, the reduction of bleeding risk was linked to unbal-
anced use of GP IIb/Ila inhibitors predominantly with UFH.
Recently, the VALIDATE-SWEDEHEART study’” compared
UFH vs. bivalirudin in a background of radial access and lim-
ited use of GP IIb/IIla inhibitors. The study demonstrated similar

risk patterns for both ischaemia and bleeding when comparing
the two drugs. Of note, while prior studies reported a reduced
bleeding risk with bivalirudin vs. UFH, this was not confirmed
in VALIDATE-SWEDEHEART and in a contemporary setting of
preferred radial access and selective use of GP Ilb/Illa inhibi-
tors. More recently, a meta-analysis updated for the results of
VALIDATE-SWEDEHEART confirmed that bivalirudin com-
pared with heparin was associated with a similar incidence
of all-cause death and ischaemic events after PCI for ACS.”"?
A significant association of bivalirudin with decreased risk of
bleeding was only found with unbalanced use of GP IIb/Illa
inhibitors in conjunction with heparin. In summary and based
on the above-mentioned trials, UFH is primarily recommended
as an anticoagulant for PCI. Due to its short half-life and favour-
able results in some of the studies, bivalirudin may be considered
as an alternative to UFH in selected cases.

Patients may undergo cardiac catheterization after a conserva-
tive treatment phase and these patients are commonly treated with
fondaparinux during the conservative treatment phase. This regi-
men is based on the OASIS-5 (Optimal Antiplatelet Strategy for
Interventions 5) trial.”"" Of note, catheter thrombus formation was
an issue with fondaparinux and therefore full-dose UFH must be
added to prevent thrombus formation when the patient proceeds
to PCI. Enoxaparin should be considered as anticoagulant for PCI



in patients pre-treated with subcutaneous enoxaparin. A benefit of
enoxaparin over UFH in reducing mortality and bleeding compli-
cations was recently reported in a meta-analysis including NSTE-
ACS patients.®® Yet, this meta-analysis did not include a dedicated
randomized study in NSTE-ACS and was largely based on non-
randomized comparisons.

Most of the trials evaluating GP IIb/IIIa inhibitors in PCI-treated
patients pre-date the era of routine oral DAPT treatment. These
early trials demonstrated a reduction in the incidence of ischaemic
events in favour of GP IIb/I1la treatment in combination with UFH
compared with UFH alone, primarily through a reduction in M1.7"
However, coronary angiography and PCI were delayed compared
with what is recommended now, and a consistent major bleed-
ing risk was observed. Overall, there is no compelling evidence
for an additional benefit of routine upstream use of GP IIb/Illa
inhibitors in NSTE-ACS patients scheduled for coronary angio-
graphy and receiving DAPT treatment.””"* In a setting of potent
platelet inhibition with ticagrelor or prasugrel, where randomized
data on GP IIb/IIla inhibitor use is limited, routine use of these
agents cannot be recommended. Nevertheless, it should be consid-
ered for bail-out situations or thrombotic complications, and may
be used for high-risk PCI in patients without pre-treatment with

ESC/EACTS Guidelines

P2Y -inhibitors. The available evidence on cangrelor suggests
that the potential benefit is independent of the clinical presenta-
tion. Thus, similar to SCAD patients, cangrelor may be considered
in specific settings in P2Y ,-naive patients undergoing PCL.
17.2.3 POST-INTERVENTIONAL AND MAINTENANCE
TREATMENT

Following PCI for NSTE-ACS, DAPT consisting of a P2Y ,
receptor inhibitor in addition to aspirin is generally recom-
mended for 12 months, irrespective of the stent type. Recently,
the SMART-DATE (Smart Angioplasty Research Team-safety of
6-month duration of Dual Antiplatelet Therapy after percutaneous
coronary intervention in patients with acute coronary syndromes)
prospective multicentre randomized trial supported this notion in
the setting of contemporary interventional practice. The study ran-
domly assigned 2712 patients undergoing PCI for NSTE-ACS or
STEMI to either 6 month DAPT or 12 month or longer DAPT.
Although the primary endpoint — a composite of all-cause death,
M1, or stroke — did not confirm the benefit of prolonged DAPT
over 6 month DAPT (cumulative event rate 4.7 vs. 4.2%; abso-
lute risk difference 0.5%; upper limit of one-sided 95% CI 1.8%;
Pnon-inferiority=0.03 with a predefined non-inferiority margin of
2.0%), MI occurred more frequently in the 6 month DAPT group

coronary intervention
Recommendations

Pre-treatment and antiplatelet therapy

Aspirin is recommended for all patients without contraindications at an initial oral loading dose of 150-300 mg (or |
75-250 mg i.v.), and at a maintenance dose of 75-100 mg daily long-term 681683721

Recommendations for antithrombotic treatment in patients with non-ST-elevation acute coronary syndromes undergoing percutaneous

Class? | Level®

as an excessive risk of bleeding.”01.702722.723 Qptions are:

A P2Y,, inhibitor is recommended in addition to aspirin, maintained over 12 months unless there are contraindications such |

Prasugrel in P2Y,,-inhibitor naive patients who proceed to PCI (60 mg loading dose, 10 mg daily dose).”®! I

Ticagrelor irrespective of the preceding P2Y,, inhibitor regimen (180 mg loading dose, 90 mg b.i.d.).”®? |

contraindicated.”?>724

Clopidogrel (600 mg loading dose, 75 mg daily dose) only when prasugrel or ticagrelor are not available or are |

o oW >

GP IIb/Illa antagonists should be considered for bail-out if there is evidence of no-reflow or a thrombotic complication. lla

considered as soon as the diagnosis is established.

For pre-treatment in patients with NSTE-ACS undergoing invasive management, ticagrelor administration (180 mg loading
dose, 90 mg b.i.d.), or clopidogrel (600 mg loading dose, 75 mg daily dose) if ticagrelor is not an option, should be lla

Cangrelor may be considered in P2Y,,-inhibitor naive patients undergoing PCI.673 11b A

GP IIb/Illa antagonists may be considered in P2Y,,-inhibitor naive patients undergoing PCI.

Pre-treatment with GP Ilb/Illa antagonists in patients in whom coronary anatomy is not known is not recommended.”13714725 A

Peri-interventional therapy
Anticoagulation is recommended for all patients in addition to antiplatelet therapy.’0372¢ | A

Administration of prasugrel in patients in whom coronary anatomy is not known is not recommended.6° B

It is recommended that anticoagulation is selected according to both ischaemic and bleeding risks, and according to the |
efficacy-safety profile of the chosen agent.

UFH is recommended.

inhibitors) is indicated.”?”

In patients on fondaparinux, a single bolus UFH (85 IU/kg, or 60 IU in the case of concomitant use of GP IIb/llla receptor

Enoxaparin should be considered in patients pre-treated with subcutaneous enoxaparin.58°

Discontinuation of parenteral anticoagulation should be considered immediately after an invasive procedure.

alternative to UFH.163708710,714,728

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mg/kg/h for up to 4 h after the procedure) may be considered as an

Crossover of UFH and LMWH is not recommended.’%®

b.i.d.: twice daily; GP: glycoprotein; i.v.: intravenous; LMWH: low-molecular-weight heparin; NSTE-ACS: non-ST-segment elevation acute coronary
syndromes; PCl: percutaneous coronary intervention; UFH: unfractionated heparin. 2Class of recommendation. ®Level of evidence.
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Recommendations

225)_701,702,722,723

In patients with ACS treated with coronary stent implantation, DAPT with a P2Y , inhibitor on top of aspirin is
recommended for 12 months unless there are contraindications such as an excessive risk of bleeding (e.g. PRECISE-DAPT | A

Recommendations for post-interventional and maintenance treatment in patients with non-ST-elevation acute corenary syndromes and
ST-elevation myocardial infarction undergoing percutaneous coronary intervention

| Class® | Level®

P2Y,, inhibitor therapy after 6 months should be considered.”2%730

In patients with ACS and stent implantation who are at high risk of bleeding (e.g. PRECISE-DAPT >25), discontinuation of

lla B

In patients with ACS treated with BRS, DAPT should be considered for at least 12 months and up to the presumed full
absorption of the BRS, based on an individual assessment of bleeding and ischaemic risk.

12-month potent platelet inhibition.””

De-escalation of P2Y,, inhibitor treatment (e.g. with a switch from prasugrel or ticagrelor to clopidogrel) guided by platelet
function testing may be considered as an alternative DAPT strategy, especially for ACS patients deemed unsuitable for 11b B

In patients with ACS who have tolerated DAPT without a bleeding complication, continuation of DAPT for longer than

parenteral anticoagulation.”2°

12 months may be considered.”®73! s e
In_patients with Ml and high ischaemic riskc who have tolerated DAPT withoyt a bleeding complication, ticagrelor 60 mg b B
b.i.d. for longer than 12 months on top of aspirin may be preferred over clopidogrel or prasugrel.”32-734

In ACS patients with no prior stroke/TIA, and at high ischaemic risk as well as low bleeding risk, receiving aspirin and

clopidogrel, low-dose rivaroxaban (2.5 mg b.i.d. for approximately 1 year) may be considered after discontinuation of 11b B

ACS: acute coronary syndrome; b.i.d.: twice daily; BRS: bioresorbable scaffold; DAPT: dual antiplatelet therapy; MI: myocardial infarction;

PCI: percutaneous coronary intervention; PRECISE-DAPT: PREdicting bleeding Complications In patients undergoing Stent implantation and
subsEquent Dual Anti Platelet Therapy; TIA: transient ischaemic attack. *Class of recommendation. "Level of evidence. °Defined as >50 years of age
and having one of the following additional high-risk features: age >65 years or older, diabetes mellitus requiring medication, a second prior spontaneous
MI, multivessel coronary artery disease, or chronic renal dysfunction, defined as an estimated creatinine clearance <60 mL/min.

than in the prolonged DAPT group (1.8 vs. 0.8%; P=0.02). The rate
of BARC type 2-5 bleeding was not significantly affected by pro-
longed DAPT (HR 0.69, 95% CI 0.45-1.05, P=0.09). The authors
stated that the increased risk of MI with 6 month DAPT and the
wide non-inferiority margin prevented them from concluding that
short-term DAPT was safe in this setting, and suggested that pro-
longed DAPT should remain the standard of care in patients with
ACS without excessive risk of bleeding.”"

In specific clinical scenarios, this standard DAPT duration can
be shortened (<12 months) or extended (>12 months). Further on,
switching and especially a de-escalation of DAPT (switching from
potent P2Y -inhibitors to clopidogrel) was subject to a number
of randomized clinical trials.”'%”"7 Triggers for DAPT de-escala-
tion include clinical (bleeding events or presumed high bleeding

716 Based on recent results from

risk) and socio-economic factors.
the randomized TROPICAL-ACS (Testing responsiveness to plate-
let inhibition on chronic antiplatelet treatment for acute coronary
syndromes) trial’'’, an approach of DAPT de-escalation guided
by platelet function testing may be considered in ACS patients
(NSTE-ACS and STEMI) as an alternative to 12 months potent
platelet inhibition, especially for patients deemed unsuitable for
maintained potent platelet inhibition. For a more detailed descrip-
tion of the pertinent clinical trials in the field of DAPT duration and
switching antiplatelet drugs, we refer the reader to the International
Expert Consensus document on Switching Platelet P2Y , Receptor-
Inhibiting Therapies”® and the 2017 ESC Focused Update on Dual
Antiplatelet Therapy in Coronary Artery Disease.*’® Following
DAPT, lifelong single antiplatelet therapy (usually with aspirin) is
recommended and patients should be advised not to prematurely
discontinue oral antiplatelet therapy after stenting.*”’-7"

Based on the results of the ATLAS-ACS 2-TIMI 51 (Anti-Xa
Therapy to Lower cardiovascular events in Addition to Standard
therapy in subjects with Acute Coronary Syndrome-Thrombolysis
In Myocardial Infarction 51) trial in NSTE-ACS and STEMI
patients,’ low-dose rivaroxaban may be considered after discon-
tinuation of parenteral anticoagulation for patients with no prior
stroke/TIA, and at high ischaemic risk as well as low bleeding
risk, receiving aspirin and clopidogrel. Of note, rivaroxaban has

not been investigated in a background of potent P2Y -inhibitors.

17.3 ST-SEGMENT ELEVATION MYOCARDIAL INFARCTION
17.3.1 CHOICE OF TREATMENT AND PRE-TREATMENT
STEMI patients undergoing primary PCI should receive aspirin and
a P2Y  receptor inhibitor as soon as the diagnosis of STEMI is
established. In line with the treatment recommendations for NSTE-
ACS patients, DAPT is the cornerstone of treatment for STEMI
patients and includes aspirin and a potent P2Y, receptor inhibi-
tor (prasugrel or ticagrelor).””'7 For both antiplatelet drugs, pub-
lished subgroup analyses on STEMI patients are available (see the
Supplementary Data). Randomized data on a comparison of tica-
grelor vs. prasugrel in STEMI patients are limited, but the recently
published randomized PRAGUE-18 (Comparison of Prasugrel
and Ticagrelor in the Treatment of Acute Myocardial Infarction)
trial” with limited statistical power found similar safety and effi-
cacy profiles of ticagrelor and prasugrel in a setting of primary
PCI. When potent P2Y , receptor inhibitors are contraindicated
or are not available, clopidogrel should be given for primary PCI
instead.”™ The value of pre-treatment with ticagrelor was addressed
in the ATLANTIC (Administration of Ticagrelor in the Cath Lab or
in the Ambulance for New ST-Elevation Myocardial Infarction to



Open the Coronary Artery) trial.”® No significant differences were
observed in the levels of the two co-primary surrogate endpoints
measured before PCI (thrombolysis in Myocardial Infarction flow
and ST-segment resolution). Likewise, the incidence of a combined
ischaemic endpoint (death, MI, stroke, stent thrombosis, and urgent
revascularization) did not differ between the two treatment arms.
Nevertheless, in both the TRITON (TRial to Assess Improvement
in Therapeutic Outcomes by Optimizing Platelet InhibitioN with
Prasugrel-Thrombolysis In Myocardial Infarction) and PLATO tri-
als, pre-treatment was part of the therapeutic regimen in STEMI.
17.3.2 PERI-INTERVENTIONAL TREATMENT

Immediate and sufficient anticoagulation is mandatory in the set-
ting of primary PCI for STEMI and available options include
UFH, bivalirudin, and enoxaparin. A number of RCTs compared
bivalirudin vs. UFH in different settings and with different uti-
lization of GP IIb/Illa inhibitors (see the Supplementary Data).
The primary recommendation of UFH, reserving bivalirudin for
selected cases, is essentially the same for primary PCI as for PCI
in NSTE-ACS, and is mostly based on the same clinical trials7"%
(see section 17.2.2).

Enoxaparin was compared with UFH in the randomized open-
label ATOLL (Acute STEMI Treated with primary PCI and intra-
venous enoxaparin Or UFH to Lower ischaemic and bleeding
events at short- and Long-term follow-up) trial,”’ and based on
the trial results, enoxaparin should be considered as an alternative
to UFH treatment in STEMI patients.

A number of clinical trials, performed at a time when pre-treat-
ment and potent platelet inhibition was not part of routine clini-
cal practice, have documented clinical benefits of GP IIb/Illa
inhibitors as an adjunct to primary PCI performed with UFH.7%73
A meta-analysis showed a significant survival benefit, especially
in high-risk STEMI patients, but also a higher risk of bleeding
with GP IIb/Illa administration.”* Dedicated trials have investi-
gated the value of upstream treatment in the past.”*!2 Based upon
the available evidence, the routine use of i.v. or intracoronary GP
1Ib/ I1la inhibitor administration — regardless of whether treatment
starts upstream or in the catheterization laboratory — cannot be rec-
ommended. Especially in a setting where potent P2Y -inhibitors
like prasugrel or ticagrelor are used, the value of GP Ilb/Illa
inhibitors remains uncertain as these agents exhibit a fast onset
of action (usually <1 h). GP IIb/Illa inhibitors remain an option
as bail-out therapy or in high-risk PCI without pre-treatment with
P2Y  -inhibitors. Of note, the bail-out scenarios have never been
addressed in randomized controlled trials. For reasons discussed
above (see sections 17.1 and 17.2), cangrelor may be considered
in specific settings in P2Y ,-naive patients undergoing PCL.
17.3.3 POST-INTERVENTIONAL AND MAINTENANCE
TREATMENT
Following PCI for STEMI, DAPT consisting of a P2Y,, recep-
tor inhibitor in addition to aspirin is generally recommended for
12 months. Recommendations for maintenance DAPT treatment
are generally consistent with those for NSTE-ACS patients and
are detailed in section 17.2.3.

ESC/EACTS Guidelines

Recommendations for antithrombotic treatment in ST-elevation
myocardial infarction patients undergoing percutaneous
coronary intervention

Recommendations Class? | Level
Pre-treatment and antiplatelet therapy

Aspirin is recommended for all patients without
contraindications at an initial oral loading dose of
150-300 mg (or 75-250 mg i.v.), and at |
a maintenance dose of 75-100 mg daily long-term
regardless of treatment strategy.®81:683.721

A potent P2Y,, inhibitor (prasugrel or ticagrelor),
or clopidogrel if these are not available or are

contraindicated, is recommended before (or at |
latest at the time of) PCl and maintained over
12 months, unless there are contraindications
such as excessive risk of bleeding.”01.702.724,743

GP l1b/Illa inhibitors should be considered for
bail-out if there is evidence of no-reflow or lla
a thrombotic complication.

Cangrelor may be considered in P2Y, -inhibitor b
naive patients undergoing PCI.673

GP Ilb/Illa antagonists may be considered in
P2Y,,-inhibitor naive patients undergoing PCI.
Peri-interventional therapy

Anticoagulation is recommended for all patients in |
addition to antiplatelet therapy during PCI.703.726
Routine use of UFH is recommended. I
Routine use of enoxaparin should be
considered.”?’

Routine use of bivalirudin may be b
Considered'708,710,728,744—746

GP: glycoprotein; i.v.: intravenous; PCI: percutaneous coronary
intervention; UFH: unfractionated heparin. ®Class of recommendation.
bLevel of evidence.

11b

17.4 CORONARY ARTERY BYPASS GRAFTING

Antithrombotic treatment before and after CABG is addressed in
the 2017 ESC Focused Update on Dual Antiplatelet Therapy in
Coronary Artery Disease.*’ After reviewing the subsequent lit-
erature, the current Task Force endorses the recommendations of
the update on DAPT and does not identify a need for any major
update. Accordingly, the recommendation tables in this section are
taken from the Focused Update. For a detailed discussion, we refer
the reader to the Focused Update.

17.5 SPECIAL CONDITIONS

17.5.1 ANTITHROMBOTIC THERAPY AFTER
PERCUTANEOUS CORONARY INTERVENTION IN PATIENTS
REQUIRING ORAL ANTICOAGULATION

Compared with OAC therapy alone, the addition of DAPT to
OAC therapy results in a two- to three-fold increase in bleeding
complications, suggesting that every effort should be undertaken
to avoid bleeding (Table 8).73 Assessing the balance of ischae-
mic and bleeding risks of relatively short (i.e. <6 months) tri-
ple therapy duration compared with double therapy consisting of
clopidogrel and an OAC requires patient-by-patient decisions. Of
note, previous randomized studies evaluating the duration of tri-
ple therapy or the benefit of NOACs vs. vitamin K antagonists
(VKAs) were not adequately powered to assess ischaemic events,
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Dual antiplatelet therapy in patients undergoing cardiac surgery

Recommendations | Class® | Level®

It is recommended that the Heart Team estimates
the individual bleeding and ischaemic risks, and I
guides the timing of CABG as well as the
anti-thrombotic management.

In patients on aspirin who need to undergo
non-emergent cardiac surgery, it is recommended I
to continue aspirin at a low daily regimen
throughout the peri-operative period.

In patients treated with DAPT after coronary stent
implantation who subsequently undergo cardiac
surgery, it is recommended to resume P2Y;, I
inhibitor therapy post-operatively as soon as it is
deemed safe, so that DAPT continues until the
recommended duration of therapy is completed.

In patients with ACS (NSTE-ACS or STEMI)
treated with DAPT who are undergoing CABG and
do not require long-term OAC therapy, resumption I
of P2Y,, inhibitor therapy as soon as deemed safe
after surgery and its continuation up to

12 months is recommended.

In patients on P2Y , inhibitors who need to
undergo non-emergent cardiac surgery,
postponing surgery for at least 3 days after

discontinuation of ticagrelor, at least 5 days after 1 =
clopidogrel, and at least 7 days after prasugrel

should be considered.”47-74°

In CABG patients with prior Ml who are at high

risk of severe bleeding (e.g. PRECISE-DAPT lla

>25), discontinuation of P2Y , inhibitor therapy
after 6 months should be considered.

Platelet function testing may be considered to
guide the decision on the timing of cardiac b B
surgery in patients who have recently received
P2Y,, inhibitors.193750-752

In patients perceived to be at high ischaemic risk
with prior Ml and CABG, who have tolerated
DAPT without a bleeding complication, treatment | llb
with DAPT for longer than 12 months and up to
36 months may be considered.

ACS: acute coronary syndrome; CABG: coronary artery bypass grafting;
DAPT: dual antiplatelet therapy; MI: myocardial infarction; NSTE-
ACS: non-ST-elevation acute coronary syndrome; OAC: oral
anticoagulant; STEMI: ST-elevation myocardial infarction. PRECISE-
DAPT: PREdicting bleeding Complications In patients undergoing Stent
implantation and subsEquent Dual Anti Platelet Therapy. #Class of

recommendation. °Level of evidence.

and data are lacking on the efficacy of dual therapy in patients
at high risk of stroke or recurrent ACS.”*7’ In the major trials,
there was no interaction between the duration of triple therapy
and clinical presentation (ACS vs. no ACS). The rate of bleeding
events peaked within the first 30 days of initiation of triple ther-
apy, and was twice as high when compared with the rate of acute
coronary events including recurrent MI and stent thrombosis. For
these reasons, the duration of triple therapy should be minimized
depending on bleeding and ischaemic risks (see Tahles 8 to 10
for guidance in decision-making). In stabilized event-free patients,
discontinuation of any antiplatelet agent at 1 year after stenting is
encouraged, while dual therapy may be continued beyond 1 year
according to the stent-driven risk shown in Table 9.

Based on the favourable bleeding risk in the large phase 3 stud-
ies, a NOAC should be preferred over a VKA. The PIONEER"¢

Table 8. Strategies to avoid bleeding complications in oral
anticoagulation patients.

Assess ischaemic and bleeding risks using validated risk predictors
(e.g. CHA,DS,-VASc, ABC, and HAS-BLED) with a focus on
modifiable risk factors.

Keep triple therapy duration as short as possible; dual therapy after
PCI (OAC and clopidogrel) to be considered instead of triple therapy.

One should consider the use of a NOAC instead of a VKA when
NOACSs are not contraindicated.

Consider a target INR in the lower part of the recommended target
range and maximize time in the therapeutic range (i.e. >65%) when
a VKA is used.

Clopidogrel is the P2Y,, inhibitor of choice.

Use low-dose (<100 mg daily) aspirin.

Routine use of PPls.

ABC: Age, Biomarkers, Clinical history; CHA,DS -VASc: Congestive heart
failure, Hypertension, Age >75 years (doubled), Diabetes mellitus, prior
Stroke or transient ischaemic attack or thromboembolism (doubled),
Vascular disease, Age 65-74 years, Sex category (female); HAS-

BLED: Hypertension, Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile INR, Elderly, Drugs/alcohol
concomitantly; INR: international normalized ratio; NOAC: non-vitamin K
antagonist OAC; OAC: oral anticoagulant; PPIs: proton pump inhibitors;
VKA: vitamin K antagonist. Adapted from Valgimigli et al.*°

Table 9. High-risk features for ischaemic events.

Prior stent thrombosis on adequate antiplatelet therapy

Stenting of the last remaining patent coronary artery

Diffuse multivessel disease, especially in diabetic patients

Chronic kidney disease (i.e. creatinine clearance <60 mL/min)

At least three stents implanted

At least three lesions treated

Bifurcation with two stents implanted

Total stented length >60 mm

Treatment of a chronic total occlusion

History of STEMI

STEMI: ST-elevation myocardial infarction.

Table 10. Unfavourable patient profile for a combination of oral
anticoagulant and antiplatelet therapy.

Short life expectancy

Ongoing malignancy

Poor expected adherence

Poor mental status

End-stage renal failure

Advanced age

Prior major bleeding/prior haemorrhagic stroke

Chronic alcohol abuse

Anaemia

Clinically significant bleeding on dual antithrombotic therapy
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Recommendations

implantation.

Dual antiplatelet therapy duration in patients with indication for oral anticoagulation

It is recommended that periprocedural aspirin and clopidogrel are administered to patients undergoing coronary stent |

Class® Level®

considered for 1 month, irrespective of the type of stent used.”®®

In patients treated with coronary stent implantation, triple therapy with aspirin, clopidogrel, and an OAC should be

lla

risk.”%®

Triple therapy with aspirin, clopidogrel, and an OAC for longer than 1 month and up to 6 months should be considered in
patients with high ischaemic risk due to ACS or other anatomical/procedural characteristics, which outweigh the bleeding lla

Dual therapy with clopidogrel 75 mg/day and an OAC should be considered as an alternative to 1-month triple
antithrombotic therapy in patients in whom the bleeding risk outweighs the ischaemic risk.”54756:757

lla

VKASs. 758-760

In patients with non-valvular AF requiring anti-coagulation and antiplatelet treatment, a NOAC should be preferred over

lla

range >65%.7547%°

In patients with an indication for a VKA in combination with aspirin and/or clopidogrel, the dose intensity of the VKA should
be carefully regulated with a target INR in the lower part of the recommended target range and time in the therapeutic lla

Discontinuation of antiplatelet treatment in patients treated with OAC should be considered at 12 months.”53 lla

prevention tested in AF trials should be considered.

When a NOAC is used in combination with aspirin and/or clopidogrel, the lowest approved dose effective for stroke

rivaroxaban 20 mg q.d.”%®

When rivaroxaban is used in combination with aspirin and/or clopidogrel, rivaroxaban 15 mg q.d. may be used instead of b

110 mg b.i.d.”®’

When dabigatran is used in combination with aspirin or clopidogrel, a dose of 150 mg b.i.d. may be preferred over a dose of b

The use of ticagrelor or prasugrel is not recommended as part of triple antithrombotic therapy with aspirin and an OAC.

B
B
A
A
B
B
o
B
B

clearance 30-49 mL/min.

ACS: acute coronary syndrome; AF: atrial fibrillation; b.i.d.: twice daily; INR : international normalized ratio; OAC: oral anticoagulant; NOAC: non-
vitamin K oral anticoagulant; g.d.: once daily; VKA: vitamin K antagonist. 2Class of recommendation. "Level of evidence. cApixaban 5 mg b.i.d. or
apixaban 2.5 mg b.i.d. if at least two of the following: age >80 years, body weight <60 kg, or serum creatinine level >1.5 mg/dL (133 mmol/ L);
dabigatran 110 mg or 150 mg b.i.d.; and edoxaban 60 mg g.d. or edoxaban 30 mg qg.d. if any of the following: creatinine clearance of 30-50 mL/min;
body weight <60 kg; concomitant use of verapamil, quinidine, or dronedarone; and rivaroxaban 20 mg q.d. or rivaroxaban 15 mg q.d. if creatinine

(Prevention of bleeding in patients with AF undergoing PCI) trial
and the more recent RE-DUAL (Randomised Evaluation of Dual
Antithrombotic Therapy with Dabigatran versus Triple Therapy
with Warfarin in Patients with Nonvalvular Atrial Fibrillation
Undergoing Percutaneous Coronary Intervention)’®’ trial com-
pared a NOAC plus single antiplatelet therapy with triple therapy
with a VKA plus DAPT and consistently showed significantly
lower bleeding risks with the dual antithrombotic regimen. In
RE-DUAL, both dosing regimens for dabigatran (150 mg and
110 mg b.i.d.) vs. warfarin triple therapy were associated with
a significant reduction of major or clinically relevant bleeding
events. However, as compared with triple therapy, an increase
in both MI (4.5 vs. 3.0%, P=0.09) and stent thrombosis risk (1.5
vs. 0.8%, P=0.15) was reported for the lower dabigatran dose
(110 mg b.i.d.), but not for the higher dabigatran dose (150 mg
b.i.d.). Although statistical significance was missed, these find-
ings raise concern about the efficacy of the lower dabigatran
dose in combination with single antiplatelet therapy in prevent-
ing coronary events. Thus, the 150 mg b.i.d. dose of dabigatran
is preferred. At present, evidence for a dual treatment approach
is available for VKA, rivaroxaban,”® and dabigatran,” but
none of these studies were powered to assess the efficacy of
preventing stent thrombosis or thrombo-embolic events and
only RE-DUAL used a NOAC dose that was previously shown
to be effective in the prevention of thrombo-embolic events.
The ongoing AUGUSTUS trial (ClinicalTrials.gov Identifier:
NCT02415400) will address the value of apixaban in a similar

setting, and with and without aspirin. Edoxaban is currently being
investigated in a setting of triple treatment in the ENTRUST-
AF-PCI (Evaluation of the safety and efficacy of an edoxaban-
based antithrombotic regimen in patients with atrial fibrillation
following successful percutaneous coronary intervention) trial
(ClinicalTrials.gov Identifier: NCT02866175).

Figure 11 illustrates applicable DAPT algorithms in patients
with an indication for OAC undergoing PCI with the respective
classes of recommendations for the different treatment regimens.
For more details on the pertinent studies in the field of triple treat-
ment (DAPT plus OAC) and the associated issues, we refer the
reader to the 2017 ESC Focused Update on Dual Antiplatelet
Therapy in Coronary Artery Disease.*!

17.5.2 REVASCULARIZATION IN PATIENTS WITH RENAL
FAILURE

See the Supplementary Data.

17.5.3 MONITORING OF ANTIPLATELET DRUGS
(PLATELET FUNCTION TESTING AND GENOTYPING)

See the Supplementary Data.

17.5.4 SURGERY IN PATIENTS ON DUAL ANTIPLATELET
THERAPY

See 2017 ESC Focused Update on Dual Antiplatelet Therapy in
Coronary Artery Disease.*!?

17.6 GAPS IN THE EVIDENCE
The value of pre-hospital pre-treatment with prasugrel in STEMI
patients, as well as the safety and efficacy of ticagrelor given at
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Colour-coding refers to the number of concomitant antithrombotic medication(s). Triple therapy denotes treatment with DAPT plus oral anticoagulant (OAC). Dual
therapy denotes treatment with a single antiplatelet agent (aspirin or clopidogrel) plus OAC.
ABC = Age, Biomarkers, Clinical history; AF = atrial fibrillation; HAS-BLED = Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition,

Labile INR, Elderly, Drugs/alcohol concomitantly; VKA = vitamin K antagonist.

Non-vitamin K antagonist oral anticoagulant (NOAC) preferred over VKA in patients with non-valvular AF. (Class IlaA).
2Periprocedural administration of aspirin and clopidogrel during PCl is recommended irrespective of the treatment strategy.
3High ischaemic risk is considered as an acute clinical presentation or anatomical/procedural features which might increase the risk for myocardial infarction.

“Bleeding risk can be estimated by HAS-BLED or ABC score.

Figure 11. Algorithm for dual antiplatelet therapy in patients with an indication for oral anticoagulation undergoing percutaneous coronary

intervention.

hospital admission in NSTE-ACS patients, has not been addressed
in dedicated randomized studies.

The safety and efficacy of short-term potent antiplatelet treatment
with either prasugrel or ticagrelor in SCAD patients is unknown,
and is subject to ongoing clinical trials [the ALPHEUS (Assessment
of Loading With the P2Y , Inhibitor Ticagrelor or Clopidogrel to
Halt Ischemic Events in Patients Undergoing Elective Coronary
Stenting) trial: NCT02617290 and the SASSICAIA (Comparison of
Loading Strategies With Antiplatelet Drugs in Patients Undergoing
Elective Coronary Intervention) trial: NCT02548611].

The clinical benefit of a short-term DAPT duration followed
by long-term ticagrelor monotherapy (and stopping aspirin)
remains unknown. The ongoing GLOBAL LEADERS (Long-
term ticagrelor monotherapy versus standard dual antiplatelet
therapy followed by aspirin monotherapy in patients under-
going biolimus-eluting stent implantation) and TWILIGHT
(Ticagrelor With Aspirin or Alone in High-Risk Patients
After Coronary Intervention) trials aim to close this gap in
our current knowledge (NCTO01813435 and NCT02270242,
respectively).



18 Volume outcome relationship for
revascularization procedures

Operator experience influences outcomes, particularly in critical,
complex situations. Greater total experience of an entire hospi-
tal team — consisting of the supporting members in the operating
room or catheterization laboratory and those responsible for post-
operative care — results in more favourable outcomes.

18.1 CORONARY ARTERY BYPASS GRAFTING

Studies have suggested that the volume of CABG surgery in a hos-
pital significantly impacts in-hospital mortality, although no consist-
ent cut-offs for volume were used in these studies.”®'7*> This increase
in mortality observed in lower volume centres seems to be attribut-
able to so-called “failure to rescue’: although patients operated on at
low-volume centres are not at particularly higher risk of suffering
a major complication, they are more likely to die from such a com-
plication should it occur.”® Therefore, consideration should be given
to the performance of CABG in centres with an annual volume of at
least 200 CABG cases. Apart from hospital volume, higher surgeon
volume also appears to be inversely related to operative mortality.
Birkmeyer et al. provided evidence suggesting that both hospitals
and surgeons have some impact on outcomes.”**

Several studies suggest that quality measures are more impor-
tant than volume per se.’>% Missing quality indicators in hos-
pitals strongly predicted mortality, irrespective of surgeon or
hospital case volumes.”” Therefore, it is recommended that such
quality measures (as an example see Supplementary Table 9) are
adopted and reported to facilitate focused quality improvement.”®®

18.2 PERCUTANEOUS CORONARY INTERVENTION

Numerous studies have investigated the relationship between the
volume of procedures and outcomes of PCI, suggesting a vol-
ume-outcome relationship at the operator level, as well as at the
institutional level.”'7%-77 A population-based study from the PCI
reporting system of New York indicated that hospital case volumes

ESC/EACTS Guidelines

<400 PCIs per year and operator case volumes <75 PClIs per year
were associated with impaired outcomes.”®

Among patients with ACS, particularly STEMI, operator and
hospital volumes play important roles. A large study in the USA
reported that, in a cohort of 36 535 patients undergoing primary
PCI, in-hospital mortality was significantly lower in institutions
with higher primary PCI volumes (5.7% in hospitals performing
>33 primary PCls/year vs. 7.7% in hospitals performing <12 pri-
mary PCls/year).””*

Operator volume has also been shown to impact outcomes in
LM PCI. A single-centre study of 1948 patients who underwent
unprotected LM PCI, performed by 25 operators over a 7 year
period, showed reduced 30 day and 3 year mortality for patients
who had their PCI performed by a high-volume operator (defined
as >15 LM PCl/year; mean 25/year) vs. a low-volume operator
(<15 LM PCl/year).”

An example of quality measures for PCI is provided in
Supplementary Table 10.

18.3 TRAINING IN CARDIAC SURGERY AND
INTERVENTIONAL CARDIOLOGY FOR MYOCARDIAL
REVASCULARIZATION

A European training programme in interventional cardiology has
been proposed by the EAPCI in order to ensure the high quality of
patient care and clinical excellence.””® The programme should last
1-2 years at high-volume institutions that handle >800 PCIs per
year and that have an established 24 h/7 day service for the treat-
ment of patients with ACS.

For CABG, no standardized European programme exists at this
time. However, the pace at which proficiency reaches certain accept-
able standards differs from trainee to trainee. Therefore, although
it is recommended that trainees perform >200 CABG procedures
under supervision before becoming completely independent, a com-
petency-driven residency programme with regular evaluation of

progress is recommended over a volume-driven programme.

Recommendations
CABG

Recommendations for operator/institutional volume in myocardial revascularization

It should be considered that CABG be performed at institutions with annual institutional volumes of >200 CABG cases. m_
PCI

It should be considered that PCI for ACS be performed by trained operators with annual volumes of >75 procedures at
institutions performing =400 PCls per year with an established 24 h/7 day service for the treatment of patients with ACS.

Class? | Level®

lla

institutions performing >200 PCls per year.

It should be considered that PCI for SCAD be performed by trained operators with annual volumes of >75 procedures at

Ila

It should be considered that institutions with annual volumes of <400 PCls collaborate in networks with higher-volume
institutions (>400 PCls per year), with shared written protocols and exchange of operators and support staff.

lla

year.

It should be considered that PCI for LM be performed by trained operators with an annual volume of >25 LM PCI cases per

lla

that have access to circulatory support and intensive care treatment.

It should be considered that non-emergency high-risk PCI procedures — such as for LM disease, single remaining patent
coronary artery, and complex chronic total occlusions — are only performed by adequately experienced operators at centres lla

artery disease. 2Class of recommendation. °Level of evidence.

ACS: acute coronary syndromes; CABG: coronary artery bypass grafting; LM: left main; PCI: percutaneous coronary intervention; SCAD: stable coronary
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Recommendations for training in myocardial revascularization
Recommendations Class? | Level®

Training in CABG

It is recommended that trainees in cardiac surgery and interventional cardiology follow a competency-driven residency
programme with regular evaluation of progression.

It should be considered that trainees in cardiac surgery perform >200 CABG procedures under supervision before being
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independent. 1z
It shoqld be considered thatltrainees in interventiona! cardiology perform _2200 PCI pro_cedlures as first operator, with lla
one-third of PCI procedures in emergency or ACS patients under supervision, before being independent.

It should be considered that trainees in interventional cardiology complete formal training according to a 1-2 year curriculum lla

at institutions with >800 PCls per year and an established 24 h/7 day service for the treatment of patients with ACS.

ACS: acute coronary syndrome; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention. 2Class of recommendation. °Level of

evidence.
Recommendations for outcome registration, monitoring, and Strategies for follow-up and management in patients after
benchmarking myocardial revascularization

Recommendations \ Class® \ Level®

After CABG or PCI for AMI, participation in
a cardiac rehabilitation programme is
recommended to improve patient outcomes.””’

It is recommended that secondary prevention
measures, including medical therapy and lifestyle
changes, are started and reinforced after
myocardial revascularization.583.778-785

It is recommended that patients are re-evaluated
after myocardial revascularization (e.g. at

CABG: coronary artery bypass grafting. 2Class of recommendation. Level 3 months and thereafter, at least on an annual

of evidence. basis) in order to reassess symptoms and
adherence to secondary prevention measures,
and reinforce medical therapy and lifestyle
changes when appropriate.

Symptomatic patients

Recommendations \ Class® \ Level’

It is recommended that specific quality
performance measures for CABG are adopted at
a national level to allow outcome monitoring and
benchmarking.

It is recommended that national societies
establish national databases on CABG practice
and outcomes.

It is recommended that CABG outcome data are
reported by hospitals to national databases.

19 Medical therapy, secondary prevention, and Coronary angiography is recommended in patients
tratesi for foll with intermediate- to high-risk findingsc at stress

strategies 1or roliow-up testing.

Myocardial revascularization must be accompanied by medical An imaging stress test should be considered in

therapy and other secondary prevention strategies for risk factor E%tée?st: with prior revascularization over stress lla

modification and permanent lifestyle changes.” Secondary pre- Asymptomatic patients

Surveillance by non-invasive imaging-based
ment after revascularization because such measures reduce future stress testing may be considered in high-risk 1Ib
morbidity and mortality in a cost-effective way, and can further patient subsets 6 months after revascularization.
After high-risk PCI (e.g. unprotected LM
stenosis), late (3-12 months) surveillance

vention and cardiac rehabilitation are an integral part of manage-

improve symptoms. These measures are discussed in detail in the

European Guidelines on Cardiovascular Disease Prevention that angiography may be considered, irrespective of IIb
were published in 2016.4 symptoms.
The need to detect restenosis has reduced in the DES era. Routine non-invasive imaging-based stress
testing may be considered 1 year after PCI and 11b

Likewise, the durability of CABG results have increased with the >5 years after CABG.

use of arterial grafts, and ischacmia stems mainly from SVG atri- AMI: acute myocardial infarction; CABG: coronary artery bypass grafting;

tion and/or progression of CAD in native vessels. Nevertheless, ECG: electrocardiogram; LM: left main; PCI: percutaneous coronary
intervention. 2Class of recommendation. °Level of evidence.

. . . cIntermediate- and high-risk findings at stress imaging are ischaemia at
sion or restenosis deserves attention. low work-load with exercise stress testing, early-onset ischaemia with
pharmacological stress testing, an inducible wall motion abnormality, or
a reversible perfusion defect in >10% of LV myocardium.

the recurrence of symptoms or ischaemia due to disease progres-

19.1 GAPS IN THE EVIDENCE
In all studies to date on the optimal follow-up after PCI, the

gain from discovering patients with restenosis is obscured by the  Specific studies to clarify which subset of patients benefits more
high rate of false positive exercise ECG tests indicating ischae-  from a specific follow-up approach are missing. More studies are
mia. Therefore, simple exercise ECG testing is not recommended  needed to assess the role of CT angiography in patient surveillance
for follow-up and a non-invasive imaging approach is preferred.  after myocardial revascularization.
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20 Key messages (7) After PCI of the culprit lesion in ACS, the choice of further %
(1) Myocardial revascularization is performed for the relief of revascularization modality should follow the criteria applied 3
symptoms of myocardial ischaemia and the improvement of to patients with SCAD. g".
prognosis. In SCAD, the prognostic benefit is dependent on  (8) Radialaccessispreferred forany PClirrespective of clinical pres- 2
the extent of myocardium subject to ischaemia. entation, unless there are overriding procedural considerations. %
(2) The prognostic and symptomatic benefits of myocardial (9) DES are recommended for any PCI irrespective of clinical [
revascularization critically depend on the completeness of presentation, lesion type, anticipated duration of DAPT, or 5
revascularization. Therefore, the ability to achieve complete concomitant anticoagulant therapy. N
revascularization is a key issue when choosing the appropri-  (10) Even though 6 months of DAPT is generally recommended §
ate treatment strategy. after PCI in SCAD and 12 months of DAPT after ACS, the
(3) Apart from issues of individual operative risk and technical type and duration of DAPT should be individualized accord-
feasibility, diabetes mellitus and the anatomical complexity ing to the ischaemic and bleeding risks, and appropriately
of CAD determine the relative benefits of PCI and CABG. adapted during follow-up. Based on this judgement, treat-
(4) The SYNTAX score is the recommended tool to gauge the ment durations for DAPT after DES that are as short as
anatomical complexity of coronary disease. 1 month or even as long as lifelong may be reasonable.
(5) In some instances, both PCI and CABG are equally reason-  (11) Off-pump surgery with no-touch aorta for high-risk patients
able, or sometimes even equally problematic, options. This should be considered when expertise exists.
calls for the Heart Team to be consulted to develop individu-  (12) Multiple arterial grafting should be considered using the radial
alized treatment concepts, with respect for the preferences artery for high-grade stenosis and/or BIMA grafting for patients
of the patient who has been informed about early and late who do not have an increased risk of sternal wound infection.
outcomes.
(6) Timely PCI of the culprit lesion remains the mainstay of 21 Evidence-based ‘to do’ and ‘not to do’
treatment of ACS. messages from the Guidelines

Risk models to assess short- and long-term outcomes after myocardial revascularization \ Class® \ Level®

When evidence of ischaemia is not available, FFR or iwFR are recommended to assess the haemodynamic relevance of
intermediate-grade stenosis.

It is recommended that the STS score is calculated to assess in-hospital or 30 day mortality, and in-hospital morbidity, after
CABG.

In patients with LM or multivessel disease, it is recommended that the SYNTAX score is calculated to assess the anatomical
complexity of CAD and the long-term risk of mortality and morbidity after PCI.

Indications for revascularization in patients with stable angina or silent ischaemia
For prognosis | LM disease with stenosis >50%.¢

Any proximal LAD stenosis >50%.¢

Two- or three-vessel disease with stenosis >50%c with impaired LV function (LVEF <35%).°
Large area of ischaemia detected by functional testing (>10% LV) or abnormal invasive FFR.¢

For symptoms | Any haemodynamically significant coronary stenosis in the presence of limiting angina or angina equivalent,
with an insufficient response to optimized medical therapy.

Type of revascularization (CABG or PCI) in patients with SCAD with suitable coronary anatomy for both procedures and low predicted

surgical mortality
__caes | ol

Class? | Level® | Class? | Level®

Recommendations according to the extent of CAD

One-vessel CAD
With proximal LAD stenosis

Two-vessel CAD

With proximal LAD stenosis

LM CAD

LM with low SYNTAX score O - 22

LM with intermediate SYNTAX score >22 and <32

LM with high SYNTAX score >32.¢

Three-vessel CAD without diabetes mellitus

Three-vessel disease with low SYNTAX score O - 22

Three-vessel disease with intermediate or high SYNTAX score >22¢
Three-vessel CAD with diabetes mellitus

Three-vessel disease with low SYNTAX score O - 22

Three-vessel disease with intermediate or high SYNTAX score >22¢

continued
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Invasive evaluation and revascularization in NSTE-ACS
An early invasive strategy (<24 h) is recommended in patients with at least one high-risk criterion (Figure 4).

An invasive strategy (<72 h after first presentation) is indicated in patients with at least one intermediate-risk criterion
(Figure 4) or recurrent symptoms.

It is recommended that the revascularization strategy (ad hoc culprit-lesion PCl/multivessel PCI/CABG) is based on the
patient’s clinical status and comorbidities, as well as the disease severity, i.e. distribution and angiographic lesion
characteristics (e.g. SYNTAX score), according to the principles for SCAD.

In cardiogenic shock, routine revascularization of non-IRA lesions is not recommended during primary PCI.
Primary PCI for myocardial reperfusion in STEMI
Indication

Reperfusion therapy is indicated in all patients with time from symptom onset <12 h duration and persistent ST-segment
elevation.

A primary PCI strategy is recommended over fibrinolysis within indicated timeframes.

Logistics

It is recommended that the pre-hospital management of STEMI patients be based on regional networks that are designed to
timely and effectively deliver reperfusion therapy, and to offer primary PCI to as many patients as possible.

It is recommended that primary PCl-capable centres deliver a 24 h/7 day service and ensure that primary PCI is performed
as fast as possible.

Patients transferred to a PCl-capable centre for primary PCl should bypass the emergency department and be transferred
directly to the catheterization laboratory.

Strategy/technique

In cardiogenic shock, routine revascularization of non-IRA lesions is not recommended during primary PCI.

Routine use of thrombus aspiration is not recommended.

Recommendations on revascularizations in patients with chronic heart failure and systolic LV dysfunction (EF <35%)

In patients with severe LV systolic dysfunction and coronary artery disease suitable for intervention, myocardial
revascularization is recommended.

CABG is recommended as the first revascularization strategy choice in patients with multivessel disease and acceptable
surgical risk.

Revascularizations in patients with cardiogenic shock
Emergency invasive evaluation is indicated in patients with acute heart failure or cardiogenic shock complicating ACS.

Emergency PCl is indicated for patients with cardiogenic shock due to STEMI or NSTE-ACS, independent of time delay of
symptom onset, if coronary anatomy is amenable.

Emergency CABG is recommended for patients with cardiogenic shock if the coronary anatomy is not amenable to PCI.

Routine use of IABP in patients with cardiogenic shock due to ACS is not recommended.

Prevention of contrast-induced nephropathy

Patients with moderate-to-severe CKD
Use of low- or iso-osmolar contrast media is recommended.

It is recommended that the volume of contrast media is minimized.

Severe CKD

Haemodialysis therapy is not recommended as a preventative measure.
Pre-operative strategies to reduce the incidence of stroke in patients undergoing CABG

Disease progression and late graft failure

Repeat revascularization is indicated in patients with extensive ischaemia or severe symptoms despite medical therapy.
IMA is the conduit of choice for redo CABG in patients in whom the IMA was not used previously.

DES are recommended for the treatment of in-stent restenosis within BMS or DES.

Drug-coated balloons are recommended for the treatment of in-stent restenosis within BMS or DES.

Prevention of ventricular arrhythmias by revascularization

A primary PCI strategy is recommended in patients with resuscitated cardiac arrest and an ECG consistent with STEMI.
Perioperative oral b-blocker therapy is recommended for the prevention of post-operative AF after CABG surgery.
Procedural aspects of CABG

Arterial grafting with an IMA to the LAD system is recommended.

Use of the radial artery is recommended over the saphenous vein in patients with high-degree stenosis.
Skeletonized IMA dissection is recommended in patients with high risk of sternal wound infection.
Minimization of aortic manipulation is recommended.

Procedural aspects of PCI

DES' are recommended over BMS for any PCI irrespective of:
— clinical presentation

— lesion type

— planned non-cardiac surgery

— anticipated duration of DAPT

— concomitant anticoagulant therapy.

continued
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Radial access is recommended as the standard approach, unless there are overriding procedural considerations.

branch, is recommended for PCI of bifurcation lesions.
Antithrombotic treatment in SCAD patients undergoing PCI

been made to proceed with PCI.

Stent implantation in the main vessel only, followed by provisional balloon angioplasty with or without stenting of the side

Treatment with 600 mg clopidogrel is recommended in elective PCI patients once anatomy is known and the decision has

Aspirin is indicated before elective stenting.

Clopidogrel (600 mg loading dose and 75 mg daily maintenance dose) is recommended for elective stenting.

UFH is indicated as a standard anticoagulant (70-100 U/kg).

Life-long single antiplatelet therapy, usually aspirin, is recommended.

generally recommended for 6 months, irrespective of the stent type.
Antithrombotic treatment in NSTE-ACS patients undergoing PCI

In patients with SCAD treated with coronary stent implantation, DAPT consisting of clopidogrel in addition to aspirin is

Aspirin is recommended for all patients without contraindications at an initial oral loading dose of 150-300 mg (or
75-250 mg i.v.) and at a maintenance dose of 75-100 mg daily long-term, regardless of treatment strategy.

>

as an excessive risk of bleeding. Options are:

A P2Y,, inhibitor is recommended in addition to aspirin, maintained over 12 months unless there are contraindications such

Prasugrel in P2Y,,-naive patients who proceed to PCI (60 mg loading dose and 10 mg daily dose)

Ticagrelor irrespective of the pre-treatment and revascularization strategy (180 mg loading dose, 90 mg twice daily)

contraindicated.

Clopidogrel (600 mg loading dose and 75 mg daily dose), only when prasugrel or ticagrelor are not available or are

Pre-treatment with GP IIb/Illa antagonists in patients in whom coronary anatomy is not known is not recommended.

Administration of prasugrel to patients in whom coronary anatomy is not known is not recommended.

Peri-interventional anticoagulation is recommended for all patients in addition to antiplatelet therapy.

GP Ilb/Illa receptor inhibitors) is indicated.

In patients on fondaparinux (2.5 mg daily s.c.), a single bolus UFH (85 IU/kg, or 60 IU in the case of concomitant use of

Crossover of UFH and LMWH is not recommended.

Antithrombotic treatment in STEMI patients undergoing PCI

In patients with ACS treated with coronary stent implantation, DAPT with a P2Y,, inhibitor on top of aspirin is recommended
for 12 months unless there are contraindications such as an excessive risk of bleeding (e.g. PRECISE-DAPT >25).

Aspirin is recommended for all patients without contraindications at an initial oral loading dose of 150-300 mg (or
75-250 mg i.v.), and at a maintenance dose of 75-100 mg daily long-term regardless of treatment strategy.

> 0 @ > 0>r T 0o >

contraindications such as an excessive risk of bleeding.
Strategies for follow-up and management

outcomes.

A potent P2Y , inhibitor (prasugrel or ticagrelor), or clopidogrel if these are not available or are contraindicated, is
recommended before (or at the time of PCI at the latest) PCl and should be maintained over 12 months, unless there are

After CABG or PCI for AMI, participation in a cardiac rehabilitation programme is recommended to improve patient A

reinforced after myocardial revascularization.

It is recommended that secondary prevention measures, including medical therapy and lifestyle changes, are started and A

evaluation leading to an unconditional CE mark.

ACS: acute coronary syndrome; AF: atrial fibrillation; AMI: acute myocardial infarction; BMS: bare-metal stent; CABG: coronary artery bypass grafting;
CAD: coronary artery disease; CKD: chronic kidney disease; DAPT: dual antiplatelet therapy; DES: drug eluting stents; DUS: duplex ultrasound;

ECG: electrocardiogram; EF: ejection fraction; FFR: fractional flow reserve; GP: glycoprotein; IABP: intra-aortic balloon pump; iwFR: instantaneous
wave-free radio; IMA: internal mammary artery; IRA: infarct-related artery; i.v.: intravenous; LAD: left anterior descending; LM: left main; LMWH:
low-molecular-weight heparin; LV: left ventricular; LVEF: left ventricular ejection fraction; NSTE-ACS: non-ST-elevation acute coronary syndrome;
PCl: percutaneous coronary intervention; PRECISE-DAPT: PREdicting bleeding Complications In patients undergoing Stent implantation and
subsEquent Dual Anti Platelet Therapy; s.c.: subcutaneous; SCAD: stable coronary artery disease; STEMI: ST-elevation myocardial infarction;

STS: Society of Thoracic Surgeons; SYNTAX: Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery; TIA: transient
ischaemic attack; UFH: unfractionated heparin. 2Class of recommendation. ®Level of evidence. °With documented ischaemia, a haemodynamically
relevant lesion defined by FFR <0.80 or iwFR <0.89, or >90% stenosis in a major coronary vessel. “Based on FFR <0.75 indicating a prognostically
relevant lesion. ¢PCI should be considered, if the Heart Team is concerned about the surgical risk or if the patient refuses CABG after adequate
counselling by the Heart Team. 'These recommendations refer to stents that are supported by large-scale randomized trials with clinical endpoint
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ESC Committee for Practice Guidelines (CPG): Stephan Windecker
(Chairperson) (Switzerland), Victor Aboyans (France), Stefan
Agewall (Norway), Emanuele Barbato (Italy), Héctor Bueno
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ESC National Cardiac Societies actively involved in the review
process of the 2018 ESC/EACTS Guidelines on myocardial revas-
cularization: Algeria: Algerian Society of Cardiology, Mohamed
Chettibi;  Armenia: Armenian  Cardiologists  Association,
Hamayak Sisakian; Austria: Austrian Society of Cardiology,
Bernhard Metzler; Azerbaijan: Azerbaijan Society of Cardiology,
Firdovsi _Ibrahimov; Belarus: Belorussian Scientific Society of
Cardiologists, Valeriy I. Stelmashok; Bulgaria: Bulgarian Society
of Cardiology, Arman Postadzhiyan; Croatia: Croatian Cardiac
Society, Bosko Skoric; Cyprus: Cyprus Society of Cardiology,
Christos Eftychiou; Czech Republic: Czech Society of Cardiology,
Petr Kala; Denmark: Danish Society of Cardiology, Christian Juhl
Terkelsen; Egypt: Egyptian Society of Cardiology, Ahmed Magdy;
Estonia: Estonian Society of Cardiology, Jaan Eha; Finland:
Finnish Cardiac Society, Matti Niemeld; The Former Yugoslav
Republic of Macedonia: Macedonian FYR Society of Cardiology,
Sasko Kedev; France: French Society of Cardiology, Pascal
Motreff; Georgia: Georgian Society of Cardiology, Alexander
Aladashvili; Germany: German Cardiac Society, Julinda Mehilli;
Greece: Hellenic Society of Cardiology, Ioannis-Georgios
Kanakakis; Hungary: Hungarian Society of Cardiology, David
Becker; Iceland: Icelandic Society of Cardiology, Thorarinn
Gudnason; Ireland: Irish Cardiac Society, Aaron Peace; [ltaly:
Italian Federation of Cardiology, Francesco Romeo; Kosovo:
Kosovo Society of Cardiology, Gani Bajraktari; Kyrgyzstan:
Kyrgyz Society of Cardiology, Alina Kerimkulova; Latvia: Latvian
Society of Cardiology, Ainars Rudzitis; Lebanon: Lebanese
Society of Cardiology, Ziad Ghazzal; Lithuania: Lithuanian
Society of Cardiology, Aleksandras Kibarskis; < Luxembourg:
Luxembourg Society of Cardiology, Bruno Pereira; Malta: Maltese
Cardiac Society, Robert G. Xuereb; The Netherlands: Netherlands
Society of Cardiology, Sjoerd H. Hofma; Norway: Norwegian
Society of Cardiology, Terje K. Steigen; Poland: Polish Cardiac
Society, Adam Witkowski; Portugal: Portuguese Society of
Cardiology, Eduardo Infante de Oliveira; Romania: Romanian
Society of Cardiology, Stefan Mot; Russian Federation: Russian
Society of Cardiology, Dmitry Duplyakov; San Marino: San
Marino Society of Cardiology, Marco Zavatta; Serbia: Cardiology
Society of Serbia, Branko Beleslin; Slovakia: Slovak Society
of Cardiology, Frantisek Kovar; Slovenia: Slovenian Society of
Cardiology, Matjaz Bunc; Spain: Spanish Society of Cardiology,
Soledad Ojeda; Sweden: Swedish Society of Cardiology, Nils
Witt; Switzerland: Swiss Society of Cardiology, Raban Jeger;
Tunisia: Tunisian Society of Cardiology and Cardio-Vascular
Surgery, Faouzi Addad; Turkey: Turkish Society of Cardiology,
Ramazan Akdemir; Ukraine: Ukrainian Association of Cardiology,
Alexander Parkhomenko; United Kingdom: British Cardiovascular
Society, Robert Henderson.
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1. Supplementary tables and text

Supplementary Table 1 Revascularizationvs.medicaltherapy:angina,exercisetime,and
numberofmedications at early and late follow-up

(MT) free of angina* at| (MT) free of
| year angina* at 10 years

Study Angina Exercise time Number of medications
Early Late Early Late Early Late
ACME' 64 vs. 46%* free of 62 vs. 47%* free of | |1.2 vs. 9.5 min* 10.0 vs. 8.5 min* 30 vs. 50% on beta- | 28 vs. 39% on OF
angina at 6 months angina at 3 years exercise time duration | exercise time blocker*, 35 vs. 71% | beta-blocker, 47 vs.
at 6 months duration at 3 years | on CCB*, and 24vs. | 72% on CCB*, and 201
50% on nitrate® at6 |24 vs. 52% on
months nitrate* at 3 years
RITA-22 19.4 vs. 35.9%* at 3 15.0 vs. 21.4%* at | 37 s in favour of 25 s in favour of 37 vs. 57% on >2 31 vs. 45% on >2
months 5 years PCI* at 3 months PCI* at 3 years drugs at 3 months drugs at 5 years
AVERT? Improvement in = = = 6l vs. 60% on beta- | —
angina 54 vs. 41%* at blocker, 44 vs. 49%
I.5 years on CCB, and 50 vs.
60% on nitrate at
1.5 years
TIME* Significant No differences in - - Significant reduction | Significant
improvement in | angina class at | of number of drugs at | reduction of
angina class at 6 |year 6 months number of drugs at
months | year
MASS 1P 21 (PCl) vs. 12 41 (PCI) vs. 36 - - - -
(CABG) vs. 54% (CABG) vs. 57%




SWISSI 116 - - Max workload at Max workload at 49 vs. 86% on beta- 39 vs. 84% on
bicycle ergometry bicycle ergometry | blocker®, 21 vs. 51% | beta-blocker*, 17
169 vs. 148 W* at 173 vs. 136 W¥at | on CCB* and I2vs. |vs.32% on CCB,
4 years 10 years 47% on nitrate*at and 4 vs. 45% on
4 years nitrate* at
10 years
COURAGE | 56 vs. 47%* free of 59 vs. 56% free of | — = 85 vs. 89% on beta- | 85 vs. 86% on
angina at 6 months angina at 3 years blocker, 40 vs. 49% beta-blocker, 42 vs.
on CCB¥, and 53vs. [ 52% on CCB¥, and
67% on nitrate* at | | 40 vs. 57% on
year nitrate® at 5 years
FAME 118 91 vs. 80%* free of |94 vs. 88%* free of | — - 81% vs. 82 on beta- 77 vs. 80% on
angina (CCS II-IV) |angina (CCS lI-IV) blocker and 25 vs. beta-blocker and
at 6 months at 2 years 30% on CCB at 6 30 vs. 32% on
months CCB* at 2 years
ORBITA? 51% vs. 45% = Difference in = 2.9 anginal =
improvement by at increment of 16.6 s in medications in both
least | CCS classat6 favour of PCl at 6 arms at 6 weeks
weeks weeks
*P <0.05.

CABG = coronary artery bypass grafting; CCB = calcium-channel blocker; CCS = Canadian Cardiovascular Society; MT = medical therapy; PCI
= percutaneous coronary intervention; W = watts.




Supplementary Table 2 Revascularization vs. medical therapy: study, baseline characteristics, primary endpoint, maximum clinical follow-up

Year of Study n Baseline characteristics Primary endpoint Maximum clinical follow-up ©
publication . . .
Age | Women | Diabetes | MVD | EF Definition Years Results |Years Death MI Revascularization ESC
W) | % | ) | % 2018
CABG vs. MT
1980 ECSS 768 <65° 0 - 100 | >50° |- - - 8 I1.4vs. - -
20.1%*
1984 VA 686 - - - 86 - |- - - 18 70 vs. 67% 49 vs. 41% 41 vs. 62%¢
1984 CASS 780 51 10 9 73 - |- - - 10 19.2 vs. 21.8% - 8.9 vs. 36.9%
2011/2016 STICH 1212 60 12 39 9l 27 | Death 47 36 vs. 41% 9.8 58.9 vs. = =
66.1%*
PTCA vs. MT
1997 RITA-2 1018 - 18 9 40 — | Death or MI 2.7 6.3 vs. 3.3%* 7 8.5 vs. 8.4% 6.3 vs. 27.2 vs. 35.4%¢
4.5%
1999 AVERT 34| 58 16 16 43 61 | Cardiac death, cardiac 1.5 20.9 vs. 1.5 0.6 vs. 0.6%* 2.8 vs. 16 vs. 12%:¢
arrest, MI, CVA, 13.4%* 2.4%¢

revascularization, or

hospitalization due to

angina

2003 ALKK 300 58 13 16 0 - M|, revascularization, or | 10 vs. 18% 4.7 |4.0vs. 11.2%* 6.7 vs. 17 vs. 24%
rehospitalization for 7.9%
severe angina

2007 SWISSI-II 201 55 12 Il - 57 [ Cardiac death, Ml, or 10.2 28.1 vs. 10.2 | 6.3 vs. 21.0%* 1.5 vs. 27.1 vs. 43.8%*
revascularization 63.8%* 38.1%*

BMS/CABG vs.
MT

2001 TIME 305 80 43 23 79 53 [ Death, Ml, or 0.5 19.0 vs. I I1.1vs. 8.1% - -
hospitalization for ACS 49.3%*




2007 MASS-II 611 60 31 29 100 | 67 [ Cardiac death, Ml, or | 6.4 (CABG)| 10 25.1 (CABG) 10.3 7.4 (CABG) vs. 41.9
revascularization vs. 24.4 vs. 24.9 (PCI) (cABG) | (PCI)vs. 39.4% (MT)*
vs. 31% (MT)
(BMS) vs. vs. 13.3
14.3% (PCI) vs.
(MT)* 20.7%
(MT)*
BMS vs. MT
2006 OAT 2166 59 22 21 18 48 | Death, Ml, or NYHA 4 17.2 vs. 4 9.1 vs. 9.4% 6.9 vs. 18.4 vs. 22.0%*
class IV heart failure 15.6% 5.0%
2007 COURAGE| 2287 62 15 33 69 61 | Death or Ml 4.6 19.0 vs. 4.6 7.6 vs. 8.3% 13.2 vs. 21.1 vs. 32.6%*
18.5% 12.3%
2008 JSAP 384 64 26 40 32 65 | Death, ACS, CVA, or 33 22.0 vs. 33 2.9 vs. 3.9% 1.6 vs. 21.4 vs. 36.5%*
emergency 33.2%* 3.8%
hospitalization
DES vs. MT
2012/2014 FAME-2 888 64 22 27 42 — | Death, MI, or urgent | 4.3 vs. | 1.3 vs. 1.8% 5.8 vs. 8.1 vs. 40.6%*
revascularization 12.7%* 6.8%

Age and ejection fraction are reported as means. *P <0.05.

ACS = acute coronary syndrome; BMS = bare-metal stents; CABG = coronary artery bypass grafting; CVA = cerebrovascular accident; DES = drug-eluting stents; EF = left ventricular ejection fraction; Ml = myocardial infarction; MT = medical
therapy; MVD = multivessel coronary artery disease; NYHA = New York Heart Association; PCl = percutaneous coronary intervention; PTCA = percutaneous transluminal coronary angioplasty.

*Cardiac death.

®Inclusion criteria.

“No statistical analyses performed.
dRepeat CABG, excluding PTCA.

Supplementary Table 3 Percutaneous vs. surgical revascularization: study, baseline characteristics, primary endpoint, maximum clinical follow-up

Year of Study n Baseline characteristics Primary endpoint Max clinical follow-up

publication . . L.
Age | Women| Diabetes | MVD | EF Definition | Years Results |Years Death MI Revascularizatio| Stroke
(v) (%) (%) (%) | (%) n

PTCA




1993 RITA-I 1011 - 19 6 55 — | Death or MI 2.5 9.8vs.86% | 65 7.6 vs.9.0% | 10.8 vs. 7.4% 44.3 vs. 10.8%* 1.8 vs. 2.0%
(at 2.5 years)
1994 GABI 359 - 20 12 100 | — |[Angina | 29 vs. 26% 13 25.0 vs. 4.3 vs.5.6% 82.9 vs. 58.8%* -
21.9%

1994 EAST 392 62 26 23 100 | 61 |Death, Ml, ora 3 28.8 vs. 8 20.7 vs. 3.0 vs. 65.3 vs. 26.5%* 0.5 vs. 1.5%
large defect at 27.3% 17.3% 10.3%* (at 3 (at 3 years)
thallium scan year)

1995 CABRI 1054 60 22 12 99 | 63 | Death | 3.9 vs. 2.7% 4 10.9 vs. 7.4% | 4.9 vs.3.5% 33.6 vs. 6.5%* -

(at | year) (at | year)
1996 BARI 1829 62 27 25 100 | 57 | Death 5 13.7 vs. 10 29.0 vs. = 76.8 vs. 20.3%* 0.2 vs.0.8%
10.7% 26.5% (in hospital)

BMS

2001 AWESOME 454 67 - 31 82 | 45 |Death 3 20 vs. 21% 3 20 vs. 21% - - -

2001 ERACI II 450 62 21 17 100 | — [ Death, Ml, 0.1 3.6 vs. 5 7.0 vs. 11.5% | 2.8 vs. 6.2% 28.4 vs. 7.2%* 0 vs. 0.9% (at
stroke, or repeat 12.3%* 30 days)
revascularization

2001 ARTS 1205 6l 23 17 99 | 61 |Death, Ml, | 26.2 vs. 5 8.0 vs. 7.6% | 6.7 vs. 5.6% 30.3 vs. 8.8%* 3.8vs. 3.5%
stroke, or repeat 12.2%*
revascularization

2002 SoS 988 61 21 14 100 | 57 |Repeat 2 21 vs. 6%* 6 10.9 vs. 5 vs. 8% 21 vs. 6%* -
revascularization 6.8%* (at 2 years) (at 2 years)

2003 OCTOSTEN 280 60 29 I 29 — | Death, Ml, | 14.5 vs. 8.5% | 0vs.2.8% | 44vs.49% 15.2 vs. 4.2%* 0 vs. 0%

T stroke, or repeat
revascularization

2005 Thiele 220 62 25 30 0 63 | Cardiac death, 0.5 3l vs. I5%* | 5.6 10 vs. 12% 5vs. 7% 32 vs. 10%* (TVR) -

Ml, or TVR

© ESC
2018

Age and ejection fraction are reported as means. *P <0.05.

BMS = bare-metal stents; EF = ejection fraction; Ml = myocardial infarction; MVD = multivessel coronary artery disease; PTCA = percutaneous transluminal coronary angioplasty; TVR = target vessel revascularization.




Supplementary Table 4 Scoring systems used in conjunction with myocardial revascularization

Score

Pur
po
se

URL

Outcomes dfter

myocardial revascularization or ACS

EuroSCORE || Prediction of in-hospital mortality Www.euroscore.org
STS Prediction of in-hospital or 30-day mortality, and in- www.sts.org

hospital morbidity
SYNTAX Prediction of medium- and long-term MACCE after PCI Www.syntaxscore.com
SYNTAX I Prediction of mortality after CABG or PCI WWww.syntaxscore.com
GRACE Prediction of death or death/myocardial infarction following ACS | www.gracescore.org
DAPT treatment duration

PRECISE-DAPT

To determine short (3—6 months) vs. standard/long (1224
months) DAPT duration at the time of coronary stenting

www.precisedaptscore.com

DAPT

To determine standard DAPT (12 months) vs. long
DAPT (30 months) after 12 months of uneventful
DAPT

www.daptstudy.org

Embolic and bleeding risk prediction

CHA,DS;-VASc

Prediction of stroke risk in patients with atrial fibrillation
(relevant in a setting of PCl to determine the indication for
OACQ)

www.chadsvasc.org

HAS-BLED Prediction of bleeding risk, e.g. in a setting of DAPT and OAC www.chadsvasc.org
(triple treatment)

ABC Prediction of bleeding risk, e.g. in a setting of DAPT and OAC www.ucr.uu.se/en/services/abc-risk-calculators
(triple treatment)

Frailty

Clinical Frailty To assess frailty as a predictor of death and length of hospital stay | http://geriatricresearch.medicine.dal.ca/

Score

clinical_frailty_scale.htm

ABC = Age, Biomarkers, Clinical History; ACS = acute coronary syndrome; CABG = coronary artery bypass grafting; CHA2DS-VASc = Cardiac failure,
Hypertension, Age >75 (Doubled), Diabetes, Stroke (Doubled) — Vascular disease, Age 65—-74 and Sex category (Female); DAPT = dual antiplatelet
treatment; GRACE = Global Registry of Acute Coronary Events; HAS-BLED = Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or
predisposition, Labile INR, Elderly, Drugs/alcohol; MACCE = major adverse cardiovascular events; OAC = oral anticoagulation; PCl = percutaneous
coronary intervention; PRECISE-DAPT = PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual Anti Platelet
Therapy; STS = Society of Thoracic Surgeons; SYNTAX = Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery.




Supplementary Table 5

Randomized trials on revascularization in diabetic patients

Year of publication Study n Baseline Primary endpoint Max clinical follow-
characteristics up
Age | Women | MVD | EF Definition |Years Results Years| Death cv MI Revasculari | Stroke
(y) (%) (%) | (%) death zation
Revascularization
© ESC
vs. MT
2018
2009 BARI-2D'"° 2368 62 30 31 57 | Death 5 11.7 vs. 12.2% 5 11.7 vs. 5.9 vs. 11.5vs. — 2.6 vs. 2.8%
12.2% 5.7% 14.3%
CABG vs. MT
2009 BARI-2D" '°| 763 63 24 52 | 57 | Death 5 13.6 vs. 16.4% 5 13.6 vs. 8.0 vs. 10.0 vs. - 1.9 vs. 2.6%
16.4% 9.0% 17.6%*
PCl vs. MT
2009 BARI-2D" '°| 1605 62 33 20° 57 | Death 5 10.8 vs. 10.2% 5 10.8 vs. 5.0 vs. 12.3 vs. - 2.9 vs. 2.9%
10.2% 4.2% 12.6%
PCl vs. CABG
2009 SYNTAX: ''| 452 65 29 100 [ — | Death, Mi, | 26.0 vs. 14.2%* 5 19.5 vs. 12.7 vs. 9.0 vs. 35.3% vs. 3.0vs. 4.7%
stroke, or $x-Sc 0-22:20.3 12.9% 6.5%* 5.4% 14.6%*
repeat vs. 18.3%;23-32:
revascularization 26.0 vs. 12.9%;
>33:32.4 vs.
12.2%*
2010 CARDia'? 510 64 26 93 — | Death, Ml, or | 13.0vs. 10.5% | 3.2 vs. - 9.8 vs. 11.8% vs. 0.4 vs. 2.8%
(DES/ BMS stroke 32% 5.7% 2.0%*
vs. CABG)




2012 FREEDOM!3 1900 63 29 100 | 66 | Death, MI, or 38 26.6 vs. 18.7%* 38 16.3 vs. 10.9 vs. 13.9 vs. 12.6% vs. 24 vs.
(DES vs. stroke Sx-Sc 0-22:23 10.9%* 6.8% 6.0%* 4.8%" (at | 5.2%*
CABG) vs. 17%;23-32: year)
27 vs. |8%%;
>33:31 vs.23%
2013 VA-CARDS'#| 207 62 | - — | Death or Ml 2 253 vs. 18.4% 2 21 vs. 10.8 vs. 6.2 vs. 18.9% vs. 1.0 vs. 1.2%
(DES vs. 5.0%* 5.0% 15.0% 19.5%
CABG)

Age and ejection fraction are reported as means. *P <0.05.

BMS = bare-metal stents; CABG = coronary artery bypass grafting; DES = drug-eluting stents; EF = ejection fraction; Ml = myocardial infarction; MVD = multivessel coronary artery disease; MT = medical therapy; PCl = percutaneous coronary
interventions; Sx-Sc = SYNTAX score
*Three-vessel disease.

®Randomization stratified by revascularization modality.
“Subgroup analysis.



Supplementary Table 6 CE-approved new-generation drug-eluting stents recommended for
clinical use based on randomized trials with a primary clinical endpoint (in alphabetical

order)
DES Stent platform Polymer coating ‘ Drug References © ESC 2018

Based on durable polymer coatings
Promus element Platinum—chrome PBMA and PVDF-HFP Everolimus .16
Resolute Cobalt—chrome PBMA, PHMA, PVP, and PVA Zotarolimus re-18
Xience Cobalt—chrome PBMA and PVDF-HFP Everolimus 12
EluNIR (BioNIR) Cobalt—chrome PBMA and TSPCU Ridaforolimus 2
Based on biodegradable polymer coatings
Biomatrix Stainless steel PDLLA Biolimus A9 23,24
Nobori Stainless steel PDLLA Biolimus A9 2527
Orsiro Cobalt—chrome PLLA Sirolimus 2829
Synergy Platinum—chrome PLGA Everolimus 22
Ultimaster Stainless steel PDLLA/PCL Sirolimus 30
Yukon Choice PC Stainless steel PDLLA Sirolimus 3
Polymer-free
BioFreedom Stainless steel - Biolimus A9 32
Yukon Choice PF Stainless steel - Sirolimus 3

DES = drug-eluting stent; PBMA = poly n-butyl methacrylate; PC = polymer-coated; PDLLA = poly(D,L)-lactic acid; PDLLA/PCL = poly (D,L)-lactide-co-
caprolactone; PF = pol ymer-free; PHMA = polyhexyl methacrylate; PLGA = poly(d,l-lactide-co-glycolide); PLLA = poly-L-lactic acid; PVA = polyvinyl
acetate; PVDF-HFP Y4 poly(vinylidene fluoridecohexafluoropropylene); PVP = polyvinyl pyrrolidone; TSPCU = thermoplastic silicone-polycarbonate-urethane.



Supplementary Table 7 Overview of CE-marked bioresorbable scaffolds

Commercial Manufacturer | Backbone Coating Device Drug Drug Duration of | Bioresorptio Year of Year Year of
name material material thickness releas load drug release | n in pre- |CE- of PMDA (Japan)
e clinical mark FDA approval

swine appro
models val

ABSORB BVS 1.1 Abbott Vascular PLLA PDLLA 156 mm Everolimus | 76-308 1g/ 3 months 36 months 2011 2016 2016

stent

DESolve (p DESolve | Elixir Medical PLLA PLLA 100-150 mm | Novolimus NA 3 months 24 months 2014 NA NA

100/ DESolve Cx/

DESolve NXT)

ART Pure ART PDLLA NA 170 mm No drug NA NA 24 months 2015 NA NA

elution
Magmaris Biotronik Magnesium alloy | PLLA 150 mm Sirolimus 1.4 1g/mm? 3 months 9-12months | 2016 NA NA
Fantom Reva PTD-PC PTD-PC 125 mm Sirolimus 115 mg NA <3 years 2017 NA NA

© ESC
2018

BVS = bioresorbable vascular scaffold; FDA = US Food and Drug Administration; NA = not available; PDLLA = poly(D,L)-lactic acid; PLLA = poly-L-lactic acid; PMDA = Pharmaceuticals and Medical Devices Agency; PTD-PC = poly-

tyrosine-derived polycarbonate.




Supplementary Table 8 CE-approveddrug-coated balloons (in alphabetical order)

Device ‘ Carrier Drug ‘ References © ESC
Agent ATBC Paclitaxel 2018
Angiosculpt NDGA Paclitaxel -

Danubio BTHC Paclitaxel -

Dior Il Shellac Paclitaxel 3438

Elutax - Paclitaxel 36

IN.PACT Falcon | Urea Paclitaxel 7

MagicTouch Phospholipid- based Sirolimus

Moxy Polysorbate Paclitaxel 38

Pantera Lux BTHC Paclitaxel 39

Protégé NC BTHC Paclitaxel -

SeQuent Please lopromide Paclitaxel 044

ATBC = acetyl tributyl citrate; BTHC = butyryl-tri-hexyl citrate; NDGA = nordi-hydroguaiaretic acid.

Supplementary Table 9 Quality indicators for coronary artery bypass grafting

Pre-operative

© ESC 2018

Beta-blocker therapy

Operative technique

Percentage of internal mammary artery use

Selection and duration of antibiotic prophylaxis

Post-operative outcome rates

Death

Stroke

Renal failure requiring dialysis

Re-exploration for bleeding

Re-intervention for graft failure

Prolonged intubation time >24 h

Deep sternal wound infection requiring sternal

reconstruction

Discharge

Antiplatelet medication prescription

High-dose lipid-lowering treatment prescription

Adherence to guideline-recommended discharge
medications depending on clinical setting

Follow-up

Readmission rates at 90 days




30 day and | year mortality

Unplanned repeat revascularization at | year

Reference: http://www.sts.org/quality-safety/performance-measures (accessed 4 February 2018).

Supplementary Table 10 Quality Indicators for percutaneous coronary intervention

Pre-interventional © ESC 2018

Adherence to guideline-recommended pre-treatment

Interventional technique

Procedural success

Percentage of radial arterial access

Percentage of drug-eluting stent implantation

Peri-interventional outcome rates

Death

Periprocedural myocardial infarction

Stroke

Contrast-induced nephropathy

Major bleeding (BARC 3 - 5)

Emergency coronary artery bypass surgery

Discharge

Antiplatelet medication prescription

High-dose lipid lowering treatment prescription

Adherence to guideline-recommended discharge medications depending on clinical setting

Follow-up

Readmission rates

30 day and | year mortality

Unplanned repeat revascularization at | year

Stent thrombosis according to ARC criteria

Major bleeding (BARC 3 - 5)

Composite of all-cause death, any myocardial infarction, and any unplanned repeat revascularization at | year

ARC = Academic Research Consortium; BARC = Bleeding Academic Research Consortium.

Supplementary Table 11 Antithrombotic drug dose adjustment in patients with chronic
kidney disease

Normal kidney Stage 3 CKD (=30- Stage 4 CKD (15— Stage 5 CKD
function or stage 1-2 59 mL/min/ 1.73m?) 29 (<15
CKD (260 mL/min/1.73m?) mL/min/1.73m?)

mL/min/1.73m?)

ASA No dose adjustment No dose adjustment No dose adjustment No dose adjustment




Clopidogrel

No dose adjustment

No dose adjustment

No dose adjustment

Use only for
selected indications
(e.g. stent
thrombosis
prevention)

Prasugrel No dose adjustment No dose adjustment No dose adjustment Not recommended
Ticagrelor No dose adjustment No dose adjustment No dose adjustment Not recommended
Cangrelor No dose adjustment No dose adjustment No dose adjustment No dose adjustment

Enoxaparin

1 mg/kg s.c. twice a day

1 mg/kg s.c. once a
day; monitor anti-
factor-Xa activity

Not recommended

Unfractionated heparin

o Prior to coronary angiography: 60-70 IU/kgi.v.
(max 5000 IU) and infusion 12—15 IU/kg/h
(max 1000 IU/h), target aPTT 1.5-2.5x control
o During PCI: according to ACT or 70—-1000 IU/kg
i.v. in patients not anticoagulated (50-70 1U/kg

if concomitant with GP llb/llla inhibitors)

No dose adjustment

No dose adjustment

Fondaparinux

2.5 mg s.c. once a day

1.5 mg s.c. once a day

Not recommended if
eGFR <20 mL/min/
1.73m?)

Not recommended

Bivalirudin Bolus 0.75 mg/kg i.v., Bolus 0.75 mg/kgii.v., Not recommended Not recommended
infusion 1.75 mg/kg/h infusion 1.4 mg/kg/h
Abciximab Bolus 0.25 mg/kg i.v., No specific recommendations for the use of abciximab, or for dose
infusion rate 0.125 g/ adjustment in the case of renal failure; careful evaluation of haemorrhagic
kg/min (maximum 10 risk is needed
g/min)
Eptifibatide Bolus 180 g/kgii.v., No adjustment of Not recommended Not recommended
infusion rate 2 g/kg/ min bolus, reduce infusion
rate to 1 g/kg/min if
eGFR <50
mL/min/1.73m?
Tirofiban Bolus 25 g/kg or 10 g/kg i.v., | No dose adjustment No adjustment of bolus, [ Not recommended

infusion rate 0.15 g/kg/min

reduce infusion rate to
0.05 g/kg/min

Supplement to chapter 7: revascularization in ST-segment elevation
myocardial infarction

aPTT = activated partial thromboplastin time; ACT = activated clotting time; ASA = acetylsalicylic acid (aspirin); CKD = chronic kidney disease; eGFR =
estimated glomerular filtration rate; GP = glycoprotein; i.v. = intravenous; PC| = percutaneous coronary intervention; s.c. = subcutaneous.

Studies on the revascularization strategy in patients presenting with ST-elevation myocardial infarction
and multivessel disease

In the PRAMI (Preventive Angioplasty in Acute Myocardial Infarction) trial (n = 465), preventive PCI in the non-
IRA with stenosis = 50% during the index PCI, when compared with PCI limited to the IRA, was associated with a
reduced risk of the composite of death, MI, or refractory angina (HR in the preventive PCI group 0.35, 95% CI
0.21-0.58, P <0.001).2 CvLPRIT (Complete Versus Lesion-Only Primary PCI Trial) randomized 296 STEMI
patients with multivessel disease into either in-hospital complete revascularization (simultaneous or staged) or
IRA-only revascularization.« The primary endpoint-a composite of all-cause death, recurrent MI, HF, and




ischaemia-driven revascularization within 12 months-occurred in 10.0% of the complete revascularization group
vs. 21.2% in the IRA-only revascularization group (HR 0.45, 95% CI 0.24—0.84, P = 0.009).

The DANAMI-3-PRIMULTI study allocated 627 patients after successful IRA PCI to either no further invasive
treatment or complete FFR-guided revascularization of the non-IRA before discharge. The primary endpoint of
all-cause mortality, non-fatal MI, and ischaemia-driven revascularization of lesions in the non-IRA at median
follow-up of 27 months occurred in 68 (22%) patients who had IRA PCl only and in 40 (13%) patients who had
complete revascularization (HR 0.56, 95% CI 0.38-0.83; P = 0.004).« The benefit was driven by a reduction in
repeat revascularization.

The Compare-Acute trial randomized 885 patients with STEMI and multivessel disease undergoing primary PCI
to either complete revascularization of the non-IRA (guided by FFR) or no revascularization of the non-IRA.% The
main finding was a reduction in the primary endpoint incidence (death, MI, revascularization, or stroke) (HR 0.35,
95% CI 0.22-0.55; P <0.001), with multivessel PCI driven mainly by a reduction in the need for revascularization
at a later time point by non-IRA FFR-guided revascularization. However, it might also be observed that the overall
rate of revascularization was considerably higher in the complete revascularization group.

Revascularization strategy in patients with myocardial infarction and cardiogenic shock

One-year data from the SHOCK (Should We Emergently Revascularize Occluded Coronaries for Cardiogenic
Shock) trial (n = 302) showed a significant advantage of early revascularization over medical therapy among
patients younger than 75.2 A subanalysis comparing CABG to PCI revealed similar survival rates between the
two subgroups despite the fact that CABG was more often performed in patients with advanced, multivessel
disease including LM disease, while patients with one- or two-vessel disease prevailed in the PCl arm.=

The SHOCK registry demonstrated that emergency revascularization with PCl or CABG improved long-term
survival when compared with initial intensive medical therapy.==2 All-cause mortality at 6 months was lower in the
group assigned to revascularization than in the medically treated patients (50.3 vs. 63.1%, respectively; RR 0.80,
95% CI 0.65-0.98; P < 0.03). The findings of this non-randomized comparison suggest that CABG should be
considered in patients with cardiogenic shock who have suitable anatomy, particularly if successful PCl is not
feasible. A recent analysis of the Korean Acute Myocardial Infarction Registry (16 620 STEMI patients)
suggested that multivessel revascularization at the time of primary PCl was associated with better outcomes in
patients with STEMI and cardiogenic shock compared with culprit vessel revascularization only.= These studies
suggested that multivessel PCI should be considered in STEMI patients with cardiogenic shock.

In the CULPRIT-SHOCK (Culprit Lesion Only PCI Versus Multivessel PCl in Cardiogenic Shock) trial, patients
with STEMI or non-ST-segment elevation myocardial infarction (NSTEMI) with cardiogenic shock were
randomized to culprit lesion-only PCI or immediate PCI of all obstructive lesions (i.e. those with >70% stenosis of
the diameter). In the multivessel PCI group, recanalization of chronic total occlusions was performed when
possible, and complete revascularization was achieved in 81% of patients. Staged revascularization was
performed in 17.7% of the patients in the culprit lesion-only PCI group, and the crossover rate was relatively low
(12.5% in the culprit lesion-only PCI group and 9.4% in the multivessel PCI group). The primary endpoint of death
or severe renal failure leading to renal replacement therapy was higher with immediate multivessel PCI than with
culprit lesion-only PCI. The results were similar for death from any cause (RR 0.84, 95% CI 0.72-0.98, P = 0.03)
and were consistent across pre-specified subgroups, including subgroups defined according to the presence or
absence of a chronic total occlusion.

The CULPRIT-SHOCK trial used modern PCI technique and periprocedural management, and provides clear
evidence that a strategy of culprit lesion-only PCl is preferred over initial multivessel PCI for patients with
cardiogenic shock. Multivessel PCI should not be performed on a routine basis but may be considered in some
patients, e.qg. if there is uncertainty in identifying the culprit lesion.

Supplement to chapter 10: revascularization in patients with chronic kidney
disease

Prevention of contrast-induced nephropathy

The risk of CIN depends on patient-related factors, such as CKD, diabetes mellitus, congestive HF,
haemodynamic instability, reduced plasma volume, female sex, advanced age, and anaemia, as well as on the
type and volume of contrast administered.=s As compared with high-osmolar contrast agents, low- or iso-osmolar
contrast agents reduce the risk of CIN.s=% The preference for iso- over low-osmolar contrast agents, suggested



by an initial small study,® could not be confirmed subsequently.2 When the ratio of total contrast volume to GFR
exceeds 3.7, the risk of CIN increases significantly.2¢ Performing diagnostic and interventional procedures
separately reduces the total volume exposure to contrast media. On the other hand, the risk of renal
atheroembolic disease increases with multiple catheterizations. Therefore, in CKD patients with diffuse
atherosclerosis, a single invasive approach (diagnostic angiography followed by ad hoc PCl) may be considered
if the contrast volume can be maintained at <4 mL/kg.

It is generally recommended that all patients with CKD who undergo catheterization should receive preventive
hydration with isotonic saline.22 Nevertheless, this recommendation is based on limited data on the comparison of
isotonic saline with hypotonic salines or with sodium bicarbonate.=s However, no randomized trial until recently
had compared intravenous pre-hydration with no prophylaxis. Moreover, the superiority of isotonic saline over
sodium bicarbonate seen in the initial studies did not prevail in a recent meta-analysis.® Likewise, in the
contemporary AMACING (A Maastricht Contrast-Induced Nephropathy Guideline) randomized trial, intravenous
0.9% sodium chloride was directly compared with no prophylaxis in 660 patients with an estimated GFR of 30-59
mL/min/1.73 m2 undergoing an elective procedure requiring iodinated contrast material.&z Within 2-6 days after
contrast exposure, no prophylaxis was non-inferior to intravenous hydration for the prevention of CIN and cost-
saving. These findings need to be interpreted with consideration of the single-centre design of the trial and the
relatively small sample size of the low-risk cohort.er

Given the known impact of low effective circulating volumes on the risk of CIN, there is still consensus that
adequate hydration is needed to prevent CIN. Based on previous experience,=&s preventive hydration with
isotonic saline should be started in patients at increased risk approximately 12 h before angiography and
continued for at least 24 h afterwards to reduce the risk of CIN, especially if GFR is <40 mL/min/1.73 mz. The
optimal duration of the infusion therapy is not fully known. Recently, promising results were obtained by adjusting
the infusion rate to central venous pressure.© Two targeted hydration regimens starting shortly before
catheterization have shown superiority over conventional hydration schemes.»? |[n the POSEIDON (Prevention of
Contrast Renal Injury with Different Hydration Strategies) study, patients with CKD stage 3 were randomly
assigned to infusion rates adjusted to LV end-diastolic pressure or to standard infusion rates. CIN occurred less
frequently in patients of the targeted hydration group (6.7%) than in the control group (16.3%; RR 0.41, 95% CI
0.22-0.79, P = 0.005). Similarly in a high-risk group of patients with CKD, the REMEDIAL Il (Renal Insufficiency
After Contrast Media Administration Il) trial showed that a strategy of controlled hydration with forced diuresis and
matched saline infusion using an automated system was superior to the control group [incidence of CIN 11 vs.
20.5%; odds ratio (OR) 0.47, 95% CI 0.24—0.92).” The findings of REMEDIAL Il were confirmed in a recent meta-
analysis including three additional studies.2 Thus, in specific patient subsets, the targeted hydration regimens
represent a valuable alternative to standard hydration.

Apart from adequate hydration, several preventative strategies for CIN have been tested in a number of studies
with inconsistent results, as reviewed by several meta-analyses.®%z |n a recent hierarchical Bayesian network
meta-analysis of 124 trials and 28 240 patients undergoing cardiac catheterization,® only high-dose statins
showed an unequivocal beneficial effect that-according to another meta-analysis-appeared to be independent of
the concomitant hydration protocol.” Although theophylline, N-acetylcysteine (NAC), sodium bicarbonate,
peripheral ischaemic pre-conditioning, and natriuretic peptide also showed some benefit over saline alone in the
overall analysis, these findings were highly heterogeneous across studies and did not prevail in sensitivity
analyses.® None of the apparent benefits were detectable in diabetics and some (theophylline and sodium
bicarbonate) were mitigated in patients with CKD stage 3 or 4.& The results were confounded by publication bias,
the inclusion of trials with lower methodological quality, and suboptimal posology.e More recently, the
PRESERVE (Prevention of Serious Adverse Events Following Angiography) trial tested the efficacy of
intravenous sodium bicarbonate or oral acetylcysteine in preventing CIN.= This randomized controlled trial
included 5177 patients at high risk for renal complications who were scheduled for angiography. Using a two-by-
two factorial design, PRESERVE did not show any benefit of intravenous sodium bicarbonate over intravenous
sodium chloride, or of oral acetylcysteine over placebo, for the prevention of death, need for dialysis, or persistent
decline in kidney function at 90 days.

In summary, adequate hydration remains the mainstay of CIN prevention. High-dose statins are also beneficial.
Since they are indicated for secondary prevention in patients undergoing coronary revascularization irrespective
of the risk of CIN, no specific recommendation for CIN is needed. All other strategies for the prevention of CIN do
not have sufficient evidence to justify a recommendation in favour or against.

For patients undergoing CABG, the effectiveness of the implementation of pharmacological preventive
measures—such as clonidine, fenoldopam, natriuretic peptides, NAC, or elective pre-operative haemodialysis—
remains unproven.



Supplement to chapter 11: revascularization in patients requiring valve
interventions

Surgical repair of secondary mitral regurgitation in patients undergoing coronary artery bypass grafting

Controversy exists regarding the definition of ‘'moderate’ MR used in the CTSN trial. In the CTSN ftrial, the
integrative approach for the classification of MR, inclusive of an EROA of 0.2—0.39 cm?, as described by the
American Society of Echocardiography (ASE), was used to define moderate MR. However, both the ASE and
European Association for Cardiovascular Imaging Guidelines for valvular regurgitation acknowledge that in
ischaemic MR (IMR), an EROA of >0.2 cmz2 and a regurgitant volume of >30 mL indicates a worse prognosis and
greater risk of cardiovascular events.= The 2017 ESC/EACTS Guidelines for the management of valvular heart
disease define an EROA of >0.2 cm2 and a regurgitant volume of >30 mL as the cut-off for severe secondary
MR. Furthermore, due to several screening failures in the early phase of the CTSN trial, thought to be due to
overly restrictive EROA, the criteria were broadened to include patients with EROA <0.2 cmz and other integrative
criteria of more than mild MR.2 In summary therefore, the CTSN trial on moderate IMR included patients with
IMR defined by EROA <0.4 cmz?, and did not demonstrate an improvement in outcomes with surgical correction of
secondary MR in combination with CABG compared with CABG alone. While this is not consistent with current
Guidelines on the classification of IMR as described above, the main value of the reduced threshold for severe
IMR is based on prognostic outcomes of patients with EROA >0.2 cmz. The use of this classification in guiding
treatment would present challenges with either leaving clinically significant IMR (EROA >0.4 cm?) untreated or the
over-treatment of patients with EROA <0.4 cm?, where the addition of mitral repair has not been shown to
improve outcomes.

The dynamic nature of IMR also needs consideration and stress echo may be used to guide treatment, although
no robust evidence is available to guide this recommendation. Ultimately, IMR remains a complex area with
unanswered questions despite several randomized trials. The present Guidelines express the expert opinion and
consensus of the Task Force, and are also in keeping with the valvular heart disease Guidelines. Treatment
decisions should be made in the context of the Heart Team taking into account the severity of MR, comorbidities,
symptoms, LV and LA size, the viability of revascularized myocardium, completeness of revascularization, tenting
area, and coaptation height. Additionally, with the advent of rapidly advancing techniques for transcatheter mitral
valve repair/replacement and mitral annuloplasty, a Heart Team discussion on the feasibility of future
transcatheter treatment options in patients undergoing myocardial revascularization may be used as a guide to
decision-making.

Supplement to chapter.16: procedural aspects of percutaneous coronary
intervention

Studies on the Absorb bioresorbable vascular scaffold

Primary endpoint results from the ABSORB Il (A Bioresorbable Everolimus-Eluting Scaffold Versus a Metallic
Everolimus-Eluting Stent II) trial failed to demonstrate superiority of the Absorb BVS (bioresorbable vascular
scaffold) vs. conventional DES in terms of vasomotor response to intracoronary nitrate in the stented segment at
3 years.®2 Moreover, the co-primary endpoint late lumen loss was inferior with BVS and there was no difference in
terms of patient-reported angina symptoms. There was a significant increase in the device-oriented composite
endpoint of cardiac death, target vessel Ml, and clinically indicated target lesion revascularization (TLR) with BRS
compared with DES (10.4 vs. 4.9%; P = 0.043), which was driven by a significant difference in target vessel Ml (6
vs. 1%; P =0.011) and in definite or probable device thrombosis (3 vs. 0%; P = 0.033). This excess in late
adverse clinical events was also seen in the 2 year results of the ABSORB Il and ABSORB Japan trial.&

ABSORB |V, the largest available trial on BRS, which applied a dedicated technique for BRS implantation,
showed inferior procedural outcomes with BRS as compared with EES. The ABSORB IV demonstrated the non-
inferiority of BRS as compared with EES for the primary endpoint target lesion failure (a composite of cardiac
death, MI, and ischaemia-driven TLR) at 30 days (HR 1.36, 95% CI 0.93—1.97, Py = 0.02). Device
thrombosis tended to be higher with BRS than EES at 30 days (HR 4.05, 95% CI 0.86-19.07; P = 0.06).

The AIDA (Amsterdam Investigator-Initiated Absorb Strategy All-Comers) investigator-initiated trial enrolled
relatively unselected patients undergoing intervention in routine practice including patients with ACS. The trial
intended to test the non-inferiority of BRS vs. EES at 2 years. However, during follow-up and after full enrolment,
the data and safety monitoring board of the trial recommended early reporting due to safety concerns. At the time
of reporting, the median duration of follow-up was 707 days. The primary endpoint—a composite of cardiac



death, target vessel MI, or TVR—was similar in both groups (11.7 vs. 10.7%; HR 1.12, 95% CI 0.85-1.48, P =
0.43). Definite/probable stent thrombosis was significantly higher in the BRS treatment group (3.5 vs. 0.9%; P
<0.001).

Meta-analyses including mid- to long-term follow-up of randomized trials of Absorb BRS vs. conventional DES
showed that the risk of adverse events beyond 1 year is also significantly increased with BRS.e-¢

A recently published individual patient data pooled analysis of 3389 patients from four randomized trials on BRS
vs. EES (ABSORB II, ABSORB lll, ABSORB China, and ABSORB Japan) showed a higher risk of target lesion
failure (a composite of cardiac death, MI, and ischaemia-driven TLR) with BRS as compared with EES at 3 years.
This difference was the result of inferior effectiveness (ischaemia-driven TLR; HR 1.46, 95% CI 1.06—2.02) and
inferior safety (device thrombosis; HR 3.79, 95% CI 1.72-8.36) with BRS compared with EES at 3 years of
follow-up.e

Supplement to chapter 17: antithrombotic treatments

TRITON-TIMI 38: NSTEMI and STEMI patients

Prasugrel, a third-generation thienopyridine, is a pro-drug that irreversibly inhibits the P2Y:. receptor on blood
platelets. The drug, administered at a 60 mg loading dose and a 5/10 mg maintenance dose, shows fast and
predictable platelet inhibition.e” Prasugrel was tested against clopidogrel in the TRITON-TIMI 38 (TRial to Assess
Improvement in Therapeutic Outcomes by Optimizing Platelet InhibitioN with Prasugrel-Thrombolysis In
Myocardial Infarction 38) study.z In the entire trial cohortz (n = 13 608) and specifically for the 10 074 NSTE-ACS
patients in TRITON-TIMI 38,2 the primary endpoint was reduced in prasugrel- vs. clopidogrel-treated patients,
while TIMI non-CABG major bleeding complications were more common with prasugrel, as were fatal bleeds.
Excluding patients with a higher bleeding risk, prasugrel offers significant benefit over clopidogrel with respect to
ischaemic events without significantly increasing major bleeding.2 Especially in diabetic ACS patients, prasugrel
showed a net clinical benefit with a substantial reduction in.ischaemic events without a significantly increased
bleeding risk.2 Based on an unfavourable risk-benefit profile observed in the TRITON TIMI 38 study cohort,s a
maintenance dose of prasugrel is contraindicated in patients with a history of stroke or TIA. Further on, treatment
with prasugrel should be used with caution in patients 275 years of age or with a low body weight (<60 kg). If,
after a careful assessment of thrombotic and bleeding risk, treatment is deemed necessary in these patients, a
reduced maintenance dose of 5 mg should be prescribed.«

In a pre-specified subgroup analysis of STEMI patients (n = 3534) in the TRITON-TIMI 38 trial,2 the benefit of
prasugrel was consistent for the primary endpoint and stent thrombosis risk at 15 months. Of note, no significant
increase in non-CABG-related major bleeding events was observed and cardiovascular mortality was in favour of
prasugrel at 30 days. Thus, for the STEMI group of patients, prasugrel was found to be more effective when
compared with clopidogrel, without an apparent excess in bleeding complications.

PLATO: NSTEMI and STEMI patients

Ticagrelor is a cyclopentyl triazolopyrimidine that reversibly inhibits the P2Y:. receptor. Along with a PCI
procedure, it is administered at a 180 mg loading dose followed by a 90 mg b.i.d. daily maintenance dose.
Ticagrelor was tested against clopidogrel in the PLATO (Platelet Inhibition and Patient Outcomes) trial in
medically and invasively (PCIl or CABG) managed patients.= The PLATO study randomly assigned 18 624 ACS
patients to treatment with ticagrelor or clopidogrel and showed a significant improvement in the composite
ischaemic endpoint, including a mortality benefit in favour of ticagrelor.= Ticagrelor was associated with a higher
rate of major non-CABG-related bleeding events, including more fatal intracranial bleeds and fewer fatal bleeds
of other types. Within the PLATO study cohort, 11 080 patients were categorized as NSTE-ACS at
randomization and 46% of those were treated with PCI. In the NSTEMI cohort, the primary study endpoint of
cardiovascular death as well as all-cause death was reduced with ticagrelor. Of note, ticagrelor was associated
with an increase in non-CABG major bleeding and with an increased rate of adverse effects including dyspnoea,
increased frequency of ventricular pauses, and asymptomatic increases in uric acid in all its major trials.e-
These adverse effects, especially the temporary occurrence of dyspnoea, may influence patient compliance, and
close surveillance and patient education is required to avoid premature treatment discontinuation. Comparative
data coming from randomized comparisons of ticagrelor vs. prasugrel in NSTEMI patients are limited. The
ongoing ISAR-REACT 5 trial, enrolling NSTEMI as well as STEMI patients (>4000) with planned invasive
management, will provide evidence in this respect.



In the subset of STEMI patients randomized in the PLATO ftrial, the benefit of ticagrelor over clopidogrel for the
primary endpoint was borderline significant but consistent with the overall study results. As for prasugrel, no
excess in bleeding events was observed. In a pooled analysis of 48 599 patients, of whom 94% presented with
ACS and 84% had PCI, novel P2Y+ inhibitors, including prasugrel and ticagrelor, have been associated with a
mortality benefit and no significant excess of major bleeding among STEMI patients.s

Studies on cangrelor for percutaneous coronary intervention

In two initial clinical trials on clopidogrel-naive patients, cangrelor was compared with clopidogrel, administered
either before PCI in CHAMPION (Cangrelor versus Standard Therapy to Achieve Optimal Management of
Platelet Inhibition)-PCI (n = 8714) or after PCl in CHAMPION-PLATFORM (n = 5362). Both studies failed to show
a significant benefit with respect to the composite endpoint of death, Ml, or ischaemia-driven revascularization at
48 h. Yet, in CHAMPION-PLATFORM, there was a significant reduction in the rate of stent thrombosis from 0.6 to
0.2% (OR 0.31, 95% CI 0.11-0.85; P = 0.02), which was not seen in CHAMPION-PCI with upfront administration
of clopidogrel. In both trials, there was an increase in ACUITY major bleeding that approached (P = 0.06 in
CHAMPION-PCI) or reached (P <0.001 in CHAMPION-PLATFORM) statistical significance.

A third trial, CHAMPION PHOENIX, was designed that administered clopidogrel after PCI, included stent
thrombosis in the primary endpoint, and chose GUSTO (Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries) severe bleeding as the primary safety endpoint. In this
trial including 11 145 P2Y . inhibitor-naive patients, the primary efficacy endpoint of death, MI, ischaemia-driven
revascularization, and stent thrombosis at 48 h was met (4.7% in the cangrelor group and 5.9% in the clopidogrel
group; adjusted OR 0.78, 95% CI, 0.66—-0.93, P = 0.05). There was a significant reduction in stent thrombosis
(0.8 vs. 1.4%) that was predominantly driven by intra-procedural stent thrombosis (0.6 vs. 1.0%; P = 0.04). A
subsequent meta-analysis of all CHAMPION trials revealed a statistically significant 0.7% absolute reduction in
death, MI, ischaemia-driven revascularization, and stent thrombosis at 30 days (P = 0.008), and a significant
0.5% absolute reduction in death, Q-wave MI, and stent thrombosis (P = 0.009), which includes a significant
0.4% absolute reduction in intra-procedural and post-procedural stent thrombosis (P = 0.018). These benefits
occurred at the expense of a significant increase in ACUITY major bleeding (4.2 vs. 2.8%, P <0.001), which
prevailed after the exclusion of major haematomas. There were no significant differences in GUSTO severe or
TIMI major bleeding. In the meta-analysis as well as in CHAMPION PHOENIX, the benefit of cangrelor with
respect to ischaemic endpoints was independent of the clinical presentation with stable angina, NSTE-ACS, or
STEMI.

In summary, the available evidence on cangrelor suggests a numerically small benefit with respect to major
ischaemic endpoints that is counterbalanced by an increase in relevant bleeding, but not severe bleeding.
Moreover, comparison between CHAMPION-PLATFORM and CHAMPION-PCI suggests that the benefit of
cangrelor might have been diminished by upstream administration of clopidogrel at the time of PCI. Of note, the
drug was never evaluated in a randomized fashion for NSTEMI or STEMI patients when potent P2Y.. inhibitors
were used for oral antiplatelet treatment (either upfront or subsequently). Nevertheless, due to its proven efficacy
in preventing intra-procedural and post-procedural stent thrombosis, cangrelor may be considered in P2Y+»
inhibitor-naive patients, particularly when the risk of PCI is high.

Studies on bivalirudin vs. unfractionated heparin

A number of large-scale clinical trials have compared bivalirudin vs. UFH (plus GP lIb/llla blockade). In the
ACUITY (Acute Catheterization and Urgent Intervention Triage strategy) trial, no significant differences were
observed for UFH/LMWH plus GP llIb/llla inhibitor vs. bivalirudin plus GP lIb/llla inhibitor for the composite
ischaemia endpoint at 30 days or for major bleeding complications. Bivalirudin alone (with bail-out use of a GP
IIb/ llla inhibitor) was also non-inferior to UFH/LMWH combined with a GP IIb/llla inhibitor with respect to the
ischaemic endpoint, but it was associated with a significantly lower rate of major bleeding. ISAR-REACT 4
(Intracoronary Stenting and Antithrombotic Regimen Rapid Early Action for Coronary Treatment) compared the
outcome of UFH plus abciximab vs. bivalirudin.®» The primary ischaemic endpoint did not differ between the two
groups, while the risk of major bleeding was significantly higher in the UFH plus abciximab group. It must be
acknowledged that the above-mentioned evidence in support of bivalirudin is derived from clinical trials where
bivalirudin was compared with UFH plus the use of a GP lIb/llla inhibitor, a combination that is not used on a
routine basis anymore.

In the HORIZONS-AMI (Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial
Infarction) trial in 3602 STEMI patients, bivalirudin was superior to UFH with respect to the two primary
endpoints of net adverse clinical events, which included a significant survival benefit. In contrast to that, the risk
of stent thrombosis was higher during the first 24 h in the bivalirudin group. In a background of potent antiplatelet
agents (approximately 50% utilization of prasugrel or ticagrelor) including pre-treatment and a high rate of radial
access (47%), the open-label EUROMAX (European Ambulance Acute Coronary Syndrome Angiography) trial



compared a strategy of pre-hospital bivalirudin vs. UFH or LMWH with optional use (69%) of GP lIb/llla inhibitors
in 2218 STEMI patients.»2 The primary endpoint of death or non-CABG maijor bleeding at 30 days was
significantly reduced by pre-hospital administration of bivalirudin compared with UFH plus optional GP IIb/llla
inhibitors. Mortality rates were similar and a lower risk of major bleeding (mainly driven by blood transfusion) was
observed for bivalirudin. Again, the risk of stent thrombosis was higher in the bivalirudin group. Further data on
bivalirudin vs. UFH was generated in the single-centre HEAT-PPCI (How Effective are Antithrombotic Therapies
in primary PCI) study,*= a randomized trial comparing bivalirudin and UFH in 1829 STEMI patients undergoing
primary PCI. Of note, HEAT-PPCI is characterized by contemporary practice including the restriction of GP
IIb/llla inhibitors to bail-out situations (<10% patients) only, frequent (>90%) use of potent P2Y. inhibitors, and a
radial approach with preferred DES implantation in STEMI. The primary endpoint was significantly higher in the
bivalirudin compared with the UFH group, which includes a substantially higher risk of stent thrombosis for
bivalirudin vs. UFH but no significant difference in mortality. For major bleeding events, no significant differences
were observed either. The BRAVE (Bavarian Reperfusion Alternatives Evaluation) 4 trial examined the
hypothesis of whether a strategy of prasugrel plus bivalirudin (n = 269) was superior compared with a strategy of
clopidogrel plus UFH (n = 275) in primary PCI STEMI patients.

While it has to be acknowledged that the trial was terminated prematurely, the investigators were unable to show
any significant differences in net clinical outcome between prasugrel plus bivalirudin and clopidogrel plus UFH.

More data on the comparison of bivalirudin vs. UFH alone and with very limited use (<1%) of GP llb/llla inhibitors
in the study arms comes from the MATRIX trial, where 7213 ACS patients with planned PCI were enrolled.
Patients in the bivalirudin group were also randomized to post-PCI bivalirudin infusion or not. The primary
outcomes, 30 day MACE and net adverse clinical events (a composite of major bleeding or MACE), were not
significantly lower with bivalirudin than with heparin (10.3 vs. 10.9%, P = 0.44, and 11.2 vs. 12.4%, P = 0.12,
respectively). Concerning secondary endpoints, bivalirudin compared with heparin was associated with a lower
rate of death from any cause (1.7 vs. 2.3%, P = 0.04), a higher rate of definite stent thrombosis (1.0 vs. 0.6%, P =
0.048), and a lower rate of major bleeding (1.4 vs. 2.5%, P <0.001). Of note, a post-PCI bivalirudin infusion, as
compared with no infusion, did not affect outcome.

Recently, the VALIDATE-SWEDEHEART study,® a randomized, registry-based, open-label clinical trial, enrolled
6006 patients with STEMI or NSTE-ACS who were undergoing PCI by predominantly radial access and receiving
treatment with a potent P2Y:. inhibitor (ticagrelor, prasugrel, or cangrelor) without the planned use of GP lIb/llla
inhibitors. The primary endpoint-the 180 day composite incidence of death from any cause, MI, or major
bleeding-was reached in 12.3% of the patients in the bivalirudin group and 12.8% in the heparin group (P = 0.54).
There were no significant differences in any component of the primary endpoint or in stent thrombosis. Thus, the
study demonstrated similar risk patterns for both ischaemia and bleeding when comparing the two drugs.

Summarizing currently available evidence on the comparison between bivalirudin and heparin for PCl in ACS, a
recent study-level meta-analysis identified 12 randomized trials with 33 844 patients included.” The 30 day
incidences of MACE and all-cause mortality were not significantly different between bivalirudin and heparin (OR
1.06, 95% CIl 0.96-1.17, P =0.24 and OR 0.95, 95% CI 0.76-1.20, P= 0.68, respectively). There were trends for
an increased risk of stent thrombosis (OR 1.24, 95% CI 0.99-1.56; P= 0.06) and for a decreased risk of major
bleeding (OR 0.68, 95% CI 0.41-1.11; P= 0.07) with bivalirudin as compared with heparin. Except for bleeding
risk, the findings were consistent irrespective of balanced use of GP IIb/llla inhibitors in both arms or preferential
use in the heparin arms. Concerning the bleeding risk, there was a significant heterogeneity between trials
stratified by use of GP lIb/llla inhibitors (P<0.01), with a significant reduction of bleeding risk only in trials with
preferential GP lIb/llla inhibitor use in the heparin arms (OR 0.53, 95% CI 0.41-0.68, P<0.0001). In the subsets
with STEMI or NSTE-ACS, the findings were also largely consistent with the overall analysis. There was only a
trend towards a lower risk of death with bivalirudin in the subgroup of patients presenting with STEMI (OR 0.84,
95% CI1 0.70-1.01, P=0.06) with P= 0.07 for heterogeneity. Yet, no firm conclusion could be drawn from this
finding given the inconclusive P-values, the absent effect in the overall analysis, and the fact that the STEMI
subset comprised a higher proportion of trials with predominant use of GP lIb/llla inhibitors in the UFH arm than
the studies in NSTE-ACS. In summary, the available evidence from randomized trials does not favour bivalirudin
use over heparin as the anticoagulant of choice for PCl in ACS.

Revascularization in patients with renal failure

Renal dysfunction is present in 30—40% of patients with CAD and the extent of CKD is strongly related to the risk
of in-hospital adverse outcomes. = Creatinine clearance should be calculated with the Cockroft—Gault formula
to comply with drug labelling and avoid overdosing with antithrombotics leading to increased bleeding risk.112 [n
patients referred for acute PCI, the first dose of an antithrombotic drug does not usually add to the risk of
bleeding in the case of CKD. Repeated infusion or intake might lead to drug accumulation and an increase in
bleeding risk. Accordingly, patients with CKD should receive the same first-line treatment as any other patient in
the absence of contraindications. Thereafter, dose adaptation is mandatory with respect to kidney function and
specific antithrombotic agents may be preferred (Supplementary Table 11).




Monitoring of antiplatelet drugs (platelet function testing and genotyping)

There is a potential value of antiplatelet treatment monitoring on a prognostic level, and on the level of testing for
modifying and individualizing treatment. Based on the results of a collaborative meta-analysis that represents the
largest dataset available to date (n = 20 389 patients), platelet reactivity assessment during P2Y.. inhibitor
treatment identifies PClI-treated patients with a high on-treatment platelet reactivity who are at higher risk for
mortality and stent thrombosis, and patients with a low on-treatment platelet reactivity who are at an elevated risk
for major bleeding. This dataset and study data from the ADAPT-DES (Assessment of Dual Antiplatelet
Therapy With Drug-Eluting Stents) trial,» representing the largest prospective registry in this field, showed that
platelet function (PF) testing provides relevant prognostic information on the outcome of PCl-treated patients.

Prior randomized trials [GRAVITAS (Gauging Responsiveness with A VerifyNow assay-Impact on Thrombosis
And Safety), TRIGGER-PCI (Testing platelet Reactivity In patients underGoing elective stent placement on
clopidogrel to Guide alternative thErapy with pRasugrel), and ARCTIC (Assessment by a Double Randomization
of a Conventional Antiplatelet Strategy versus a Monitoring-guided Strategy for Drug-Eluting Stent Implantation
and of Treatment Interruption versus Continuation One Year after Stenting)], testing the hypothesis of the clinical
benefit of PF monitoring to adjust therapy, have so far failed to demonstrate clinical benefit with PF monitoring.=
17 These initial trials had a common approach of escalating treatment based on testing results obtained during or
early after PCI. A further study, the ANTARCTIC (Platelet function monitoring to adjust antiplatelet therapy in
elderly patients stented for an acute coronary syndrome) trial, addressed some limitations of prior studies and
specifically focused on elderly ACS patients. This study also provided neutral results and utilized a standard
treatment with a reduced dose of 5 mg prasugrel,® aiming to treat patients towards a therapeutic window of
platelet inhibition.

A pure DAPT de-escalation strategy with a stage-adapted treatment approach was investigated in the
randomized TROPICAL-ACS (Testing responsiveness to platelet inhibition on chronic antiplatelet treatment for
acute coronary syndromes) trial.# In that trial, the primary endpoint was met and a strategy of PF testing-guided
DAPT de-escalation (early switch from prasugrel to clopidogrel) was found to be non-inferior and safe in terms of
ischaemic risk when compared with potent platelet inhibition for 12 months after ACS-PCI. Thus, a guided de-
escalation of P2Y+ inhibitor treatment (e.g. with a switch from prasugrel or ticagrelor to clopidogrel) may be
considered as an alternative treatment strategy in ACS patients, and especially for patients deemed unsuitable
for 12 months potent platelet inhibition.

The influence of genetic variants on the response to antiplatelet agents, especially clopidogrel, has been well
established in patients with ACS and planned PCI.z2 Rapidly obtained genetic information on the 2C19 genotype
can help in reaching the optimal window of P2Y:. inhibition according to the cytochrome P2C19 profile,2.2 but no
randomized trial has ever demonstrated any clinical benefit of such an approach. A number of clinical trials in this
field are ongoing.

In summary, neither PF testing nor genetic testing can be recommended on a routine basis for tailoring and
escalating DAPT after stenting in all PCI-treated patients. Testing may be considered to: (i) de-escalate DAPT
treatment, (ii) test the compliance to treatment, or (iii) obtain prognostic information on the individual patient for
the time period after PCI.
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