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Contemporary cardiovascular medicine is complex, dynamic, and interactive. Therefore, multidisciplinary dialogue between different spe-
cialists is required to deliver optimal and patient-centred care. This has led to the concept of explicit collaborations of different specialists
caring for patients with complex cardiovascular diseases—that is ‘heart teams’. These teams are particularly valuable to minimize referral
bias and improve guideline adherence as so to be responsive to patient preferences, needs, and values but may be challenging to coordin-
ate, especially in the acute setting. This position paper—jointly developed by four cardiovascular associations—is intended to provide con-
ceptual and practical considerations for the composition, structure, and function of multidisciplinary teams. It focuses on patients with
complex coronary artery diseases in both elective and urgent setting and provide guidance on how to implement the heart team both in
chronic and in acute coronary syndromes patients, including cases with mechanical complications and haemodynamic instability; it also dis-
cuss strategies for clear and transparent patient communication and provision of a patient-centric approach. Finally, gaps in evidence and
research perspectives in this context are discussed.
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Introduction

There is an increasing emphasis on multidisciplinary decision-making
within clinical practice guidelines in patient populations with diverse
cardiovascular diseases.’ Given the potential for individual clinician
biases, team-based care has great potential merits. By bridging to-
gether specialists of different backgrounds, this approach acts to pro-
mote interdisciplinary dialogue with the principal goal of offering a
balanced, complementary, evidence- and experience-based approach
to patient care. However, multidisciplinary decision-making has been
criticized for its tendency to increase complexity in a number of
ways, potentially resulting in diagnostic and treatment delays.2

Despite proving to be beneficial in diverse patient populations
and being consistently recommended as the favoured approach
for decision-making by European and American guidelines, heart
teams still remain poorly implemented.? The wide variation in cor-
onary artery bypass grafting (CABG)-to-percutaneous coronary
intervention (PCI) ratios across countries cannot only be
explained by different geographical patterns of coronary artery
disease (CAD). This is likely due to several reasons potentially
including variability in scientific culture, resource availability, local
experience, competing economic interests and reimbursement
incentives, and/or referral (i.e. specialty) bias.

In 2019, a survey was sent to 1096 European cardiologists on the
pattern of use, frequency, and composition of heart teams, mostly
(68%) from hospitals with cardiac surgery available onsite
(Supplementary material, Figure). Almost one out of five respondents
(18%) answered that they did not have regularly planned heart team
meetings. Typically, the interventional cardiologist, the cardiac sur-
geon, and the patient’s clinical cardiologist were involved while other
members, such as the anaesthetist (20%), participated more rarely.

For these reasons, four cardiovascular associations—the
Association for Acute CardioVascular Care (ACVC), the
European
Interventions (EAPCI), the European Association for Cardio-

Association  of  Percutaneous  Cardiovascular
Thoracic Surgery (EACTS), and the European Association of
Cardiothoracic Anaesthesiology (EACTA)—have jointly devel-
oped the present collaborative position paper on the compos-
ition, structure, and function of heart teams. This article is
intended to provide conceptual and practical considerations for
multidisciplinary decision-making in patients with complex cardio-
vascular disease. It discusses strategies for professional and pa-
tient communication and promotion of a patient-centric
approach; it also provides guidance on optimal implementation of
the heart team concept in patients requiring complex myocardial
revascularization, from stable angina to acute coronary syndrome
including patients with mechanical complications and haemo-
dynamic instability. Finally, gaps in evidence and research perspec-
tives are discussed as so to complement clinical guidelines and
bridge the gap between scientific evidence and clinical practice.

Methodology for task force composition
and document development

The proposal of a joint, collaborative position paper on the compos-
ition, structure, and function of heart teams, has been formulated by
the Acute Cardiovascular Care Association to three cardiovascular

associations: the EAPCI, EACTS, and EACTA. As collaborative pos-
ition paper, the document underwent revision and approval from
relevant representative each association, typically from the scientific
document groups. The manuscript was jointly developed to identify
(i) a shared vision for the heart team concept, (i) practical examples
that could facilitate implementation of the heart team in clinical prac-
tice in patients with complex CAD, and (iii) research gaps and per-
spectives. All authors, as well as representatives of each association
leadership, approved the content of the manuscript.

Part 1. General considerations on
heart teams

The introduction of multidisciplinary teams for shared decision-
making have been successful in oncology where they now represent
the standard of care in the management of patients with complex
cancers: they provide effective, high-value and safe treatments as well
as end-of-life care consistent with individual needs, values, and prefer-
ences.* This success illustrates some of the potential opportunities of
team-based care that could be translated to patients with complex
cardiovascular disease. These include mitigation of decision-making
biases, enhanced adherence to guidelines and evidence-based treat-
ments toward the common goal of shared decision-making, the ‘pin-
nacle’ of patient-centred care. By patient-centred care, we mean a
‘care that is respectful of and responsive to individual patient prefer-
ences, needs, and values’ and that ensures ‘that patient values guide
all clinical decisions’?

Definition and composition

The heart team is defined as a group of different specialists who
optimally interact to provide a balanced, unbiased, timely, and—
where possible—evidence-based decision-making to patients
with complex cardiovascular diseases (Take Home Figure). The
type of specialists involved primarily depends on the disease of
interest: anaesthetists, cardiac surgeons, and interventional cardi-
ologists for patients with complex CAD and/or heart valve dis-
ease’; infectious disease specialists, microbiologists, imaging
specialists, neurologists, and neurosurgeons (in addition to cardi-
ologists and cardiac surgeons) for patients with complicated
endocarditis; interventional cardiologists, cardiac surgeons,
advanced heart failure, and critical care specialists for patients
with cardiogenic shock.® Clinical (i.e. non-invasive) cardiologists
(typically the treating physicians) are generally responsible to
summarize the discussion and communicate with the patient.
Other specialists with specific competences within (critical care
cardiologists, heart failure, and imaging specialists) or outside the
cardiovascular area (geriatricians, nephrologists) may be needed
depending on specific concomitant diseases or patients’ comor-
bidities as well as nurses to facilitate seamless care between doc-
tors and patients.

Function

Indications

A heart team is usually indicated when important decisions that inter-
sect multiples specialties have to be undertaken, such as the choice of
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Key Class | Recommendations on Heart Teams
— Each institution should produce a local protocol
— PCI centers w/o on-site surgery should partner
w/ institutions that provide cardiac surgery
— Calculate SYNTAX score in patients with complex CAD
and assess functionally intermediate-grade stenoses
— Calculate STS score in surgical candidates

Take Home Figure. The patient-centred heart team. The figure illustrates the concept of a team of different specialists, with complimentary
and at times overlapping expertise, caring for the patient with complex coronary artery disease. CABG, coronary artery bypass grafting; Communic:
patient communication; PCl, percutaneous coronary intervention; Revasc, revascularization'.

the mode of myocardial revascularization (surgical or percutaneous)
in patients with complex CAD." As timing may be crucial in acute set-
tings, it is essential that urgent/emergency diagnostic or therapeutic
algorithms as well as involved professional members to be contacted
are agreed upon in advance (e.g. 1-call ‘shock line’) with predefined
and clear communication channels to minimize delays.® In these set-
tings, it is helpful to define, in a written institutional heart team proto-
col, simple decisional pathways based on actionable steps as well as
local feasibility and expertise considerations to streamline the pro-
cess of care. These should include common scenarios and criteria to
distinguish between unplanned (urgent/emergency) meeting versus
planned decision-making in stable patients.

Considerations for optimal interaction

Interaction between members and interaction of the team with the
patient are essential for the heart team success. It is therefore rele-
vant to discuss requirements for balanced relationships between
members, detail its structure, and reflect on guiding principle of their
governance.

First, each hospital should always produce a written institutional
protocol on heart team implementation [Class | recommendation, level
of evidence (LoE) CJ*." This fundamental document should translate
locally relevant guidelines recommendations and considerations
based on feasibility and local expertise and address both clinical and
operational aspects of the heart team. The institutional protocol
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should be agreed upon designated representatives of each compo-
nent and include (i) clear clinical decision pathways (especially for ur-
gent or emergency situations) based whenever possible on scientific
evidence and appropriate guidelines; (i) instructions indicating crite-
ria for selecting patients who should be presented on heart team
meetings; and (iii) feasibility considerations and local expertise. The
protocol should be regularly revised as new evidence emerges or
local facilities/expertise evolve. It should also indicate how often
planned meeting should be convened and suggest modality of the un-
planned meeting (in person or remote) when rapid decision-making
is required. Importantly, institutional protocols must also be estab-
lished in institutions without onsite cardiac surgery, where interven-
tional cardiology departments should team up with a referral cardiac
surgery unit (Class |, LoE C)." In this setting, care delivery should be
highly coordinated using technology and communications system,
such as video or telemedicine consultations, that allow a rapid, accur-
ate, and comprehensive remote assessment. This is especially import-
ant when rapid decision-making is required to prevent unnecessary
transfers and ultimately optimize resource utilization and patient
outcome.

Second, responsibilities, roles, and area of expertise of each com-
ponent should be clearly outlined in the local protocol, including
overlapping areas of expertise (such as assessment of the complexity
of coronary anatomy for interventional cardiologist and cardiac sur-
geons) or areas where other specialists may be needed. This includes
team-based considerations on patient ownership and who will be re-
sponsible and accountable for implementing the decisions and
timelines.

Third, explicit reporting and decision-making tools may be consid-
ered to facilitate interactions. While team-based decisions should be
informed by and not rely solely on scores', the use of validated risk
scores, such as the Synergy Between Percutaneous Coronary
Intervention With Taxus and Cardiac Surgery (SYNTAX) scores, the
actionable SYNTAX Il score (that complement the angiographic as-
sessment of the SYNTAX score with clinical variables), the STS
score, and the EuroSCORE I, has potential advantages and might
therefore be considered to delineate an explicit risk assessment.” In
general, actionable (i.e. which provide risk/benefit stratification algo-
rithm to inform the decision-making on the preferable therapeutic
option) scores should be favoured. If there are other relevant non-
cardiovascular comorbidities (such as advanced dementia, advanced
hepatic dysfunction or frailty) that are not included in scores calcula-
tion, these should be reported in writing and considered for final
decision-making. A structured report may be helpful in non-urgent
settings (see Supplementary material, Appendix).

Last, management of disagreements between members should
be addressed. In general, different opinions should be viewed as an
opportunity, not as a barrier for decision-making. Concerns and
observations by any component should be adequately discussed,
analysed, and documented. While there is no monopoly on ex-
pertise and any effort should be made to reach a consensus, there
may be instances in which a complete consensus may not be
achieved. As a guiding principle, the team component with the
presumed highest expertise in the area of disagreement should
contribute relatively more for the final decision. For example, in
case of disagreement on the assessment of the surgical risk, such

as low predicted risk based on the score but perceived higher
based on other comorbidities, the opinion of the cardiac anaes-
thetist and surgeon should weigh relatively more than that of the
clinical cardiologist or interventional cardiologist. If, after exten-
sive discussion, major disagreements on patient management per-
sist, all information should be transparently and jointly
communicated to the patient by the whole team, particularly the
treating physician, with the ultimate goal to help patient’s deci-
sions and thus avoiding distrust and confusion. In fact in these sit-
uations, it is even more important to discuss together as a group
and illustrate different points of view, potential advantages, and
disadvantages of each discussed option. Providing separate opin-
ions has the potential to generate biased perception, confusion
(especially in challenging case or when conflicting evidence is pre-
sent), and may compromise patient trust.

Part 2. Heart teams in patients
with complex coronary artery
disease requiring
revascularization

The concept of heart team was first proposed by the task force of
ESC/EACTS 2010 Myocardial Revascularization Guidelines and
subsequently developed in patients with complex CAD to jointly
decide the optimal mode of revascularization, i.e., surgical or per-
cutaneous.? In this section, we provide guidance to implement the
heart team in these patients and specifically discuss indications, pa-
tient communication strategies, and specific considerations on
decision-making regarding optimal mode of revascularization.

Indications

Multidisciplinary decision-making is not required in all patients under-
going coronary revascularization but should be considered in patients
with complex CAD, including patients with the chronic coronary syn-
drome (elective patients) or stabilized non-ST-elevation ACS
(NSTEACS)."” This latter group includes patients admitted for ACS
but without evidence of recurrent myocardial ischaemia (symptoms
or dynamic ST changes on the ECG) as well as haemodynamic (acute
heart failure or cardiogenic shock) and/or electrical instability (car-
diac arrest or sustained ventricular arrhythmias)."'® A separate set-
ting (urgent or emergency indications) is represented by patients
with complex CAD and unstable ACS (including STEACS) or
patients experiencing mechanical complications.

Definition of complex coronary artery
disease
See Supplementary material, Abpendix.

Non-urgent indications (patients with a
chronic coronary syndrome or stabilized
NSTEACS)

Heart team meetings should be regularly planned in elective patients.
It would be desirable to plan at least one meeting per week, a
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situation that appear to be present in a limited number of centres
according to our survey.

While heart teams should ideally meet to discuss all stable patients
with complex CAD, there may be situations—advanced cancer with
palliative care, very elderly, frail patients, reduced life expectancy, and
advanced dementia—that indicate futility of and contraindicate an
intervention (surgery and/or PCI), and may not require formal heart
team meetings. These factors should be jointly and carefully discussed
by heart team member representatives and explicitly listed in the
written institutional protocol to minimize inappropriate heart team
meetings and possible treatment delays. In case of uncertain (or par-
tial) information, heart team should be instead convened to jointly
decide optimal diagnostic and treatment strategy.

Urgent or emergency indications

In urgent or emergency settings such as patients with unstable
NSTEACS or ACS with persistent ST-segment elevation and com-
plex CAD, a culprit-lesion PCl is generally indicated (Class I, LoE C)."°
In patients with residual multivessel CAD who may benefit from a
surgical completion of revascularization (e.g. residual involvement of
the proximal left anterior descending coronary artery or significant
left main stenosis), heart team discussion may occur after clinical
stabilization.

Uncommon but clinically important scenarios include mechanical
complications of acute M, such as papillary muscle rupture or ven-
tricular septal defect. In these situations, CABG with concomitant
surgical correction may be considered. A proposed flowchart
addressing critical ACS patients is presented in Figure 1. Patients pre-
senting with cardiogenic shock; relative hypotension or tachycardia
without signs of end-organ perfusion (pre-shock); a new (or presum-
ably new) loud systolic murmur; or flash pulmonary oedema should
routinely undergo emergency echocardiography to diagnose a pos-
sible mechanical complication while waiting (and without delaying)
coronary angiography (Class |, LoE €)."""? In patients with confirmed
mechanical complications without persistent myocardial ischaemia,
coronary angiography may be helpful to guide concomitant CABG
during surgical correction.’ In the unusual scenario of a patient with
mechanical complications confirmed by echocardiography and

Critical ACS Patients *

*  Cardiogenic shock

. Profound hypotension

*  Flash pulmonary edema

. New, intense systolic murmur

Emerg_enl:y Mechanical
Echocardiography |—— Complication (ie

(initially TT) surgical candidate) ? Y

suspected persistent transmural myocardial ischaemia (ST elevation
or ongoing ischaemic symptoms) from occlusion of an epicardial cor-
onary artery a balloon-only angioplasty may be considered if feasible
with IV aspirin and a quickly reversible IV P2Y4; inhibitors, such as
cangrelor, as a bridge to surgery.”® In these rare situations, heart
team discussion may occur after angioplasty to optimize the timing
for surgery. In some very high-risk patients with post-infarction ven-
tricular septal defect, multidisciplinary discussion may include the op-
tion of haemodynamic stabilization by intra-aortic balloon pump or
extracorporeal membrane oxygenation for a delayed repair as well
as consideration for percutaneous ventricular septal defect closure.
In urgent or emergency situations, patient communication should be
kept as simple as possible and only verbal consent should be
considered.

Highlights

® To streamline decision-making in urgent/emergency settings, it is
advisable to include in the written institutional protocol predefined
decisional steps as formal heart team meeting may delay life-saving
care.

® Urgent ad hoc meeting restricted to few heart team members may
be useful in this setting. A proposed flowchart addressing critical
ACS patients is presented (Fig. 1).

Patient communication strategies

In elective patients, communication about the possibility—and
mode—of myocardial revascularization should be performed when
first consenting for coronary angiography and even earlier (i.e. at the
time of indication to angiography) when possible and ideally targeted
to patient’s health literacy. This is the first important opportunity to
illustrate and discuss together therapeutic options that include the
cornerstone of optimal medical therapy and the possibility of myo-
cardial revascularization with discussion of pros and cons of percu-
taneous and surgical revascularization. The treating physician
(typically the clinical cardiologist) is generally involved at this stage. If
the patient, after adequate consent, expresses a clear preference for
one of the options, this should be preferably reported in writing in the
clinical chart and considered for decision-making at the time of

Coronary
angiography (PCI
& only if ongoing
Short-term transmural ischemia)
stabilization
expected ? A
s Consider
emergent surgery

Generally consider
culprit-lesion PCI

Figure 1. Proposed decision-making flowchart for critical ACS patients with suspected mechanical complications.
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angiography. The proportion of patients who refuse one type of
revascularization before diagnostic coronary angiography may be
influenced by the way this is communicated. For this reason, patients
who refuse CABG or PCI before coronary angiography could be
monitored (Table 1). To allow a balanced, complete, and true
multidisciplinary discussion, patient communication after coronary
angiography should be ideally performed by all heart team members
(surgeon, interventional cardiologist, anaesthetist, non-invasive cardi-
ologist, nurses, and others as appropriate) together and at the same
time, according to clinical status (i.e. urgent or not) and local
feasibility.

Highlights

® Deciding the mode of coronary revascularization during
coronary angiography in elective patients (i.e. stable CAD or

Table |
CAD or stabilized NSTEACS

stabilized NSTEACS) with complex CAD is discouraged. For the
same reason, ad hoc PCl in these patients should be generally
avoided.

Roles and responsibilities of team
components

The primary responsibilities of the clinical (i.e. non-invasive) cardiolo-
gist are: to lead and coordinate patient communication (both when
consenting for coronary angiography and subsequently during and
after team decision-making); to ensure decisions are respectful of and
responsive to individual patient preferences, needs, and values; to as-
sess clinical indications for revascularization (ischaemic threshold and
consequences of ischaemia on quality of life, presence of myocardial
viability) and adequacy of medical therapy; to define clinical factors
that may favour PCl or CABG in patients with an indication for revas-
cularization (such as diabetes, coronary artery anatomy, high bleeding

Proposed tools for heart team implementation in patients with complex coronary artery disease and stable

Indicator Description

1. Written Institutional protocol

protocol

2. Patients refusal before coronary

Presence of a written institutional

Monitoring and reporting of patients

Reporting Method Comments

Presence: YES/NO This should be agreed by the repre-
sentative of each component lo-
cally and include explicit eligibility
criteria to identify patients; feasi-
bility considerations (e.g. remote
video conferencing, timing of
planned meeting and, in general,
resource utilization), metrics to
assess quality and outcome.

Proportion Metric that may capture unbiased

angiography

3. Ad hoc PCl in non-urgent indica-
tions without heart team
discussion

4. Anatomical assessment of

coronary severity

5. Heart Team performed

who refuse CABG or PCl at the
time of consent (and thus before)
first coronary angiography among
all eligible patients

Monitoring and reporting of patients
who receive ad hoc PCl with no
heart team discussion among all
eligible patients

Monitoring and reporting of patients
who had the SYNTAX score cal-
culated and reported in the pa-
tient chart among all eligible
patients

Monitoring and reporting of patients
who underwent local heart team
assessment among all eligible
patients

communication

Proportion Patients who refused CABG while
consenting for angiography (to be
documented in writing) or
patients who were ‘waived’ as
defined by the institutional proto-
col should not be counted as part
of the denominator.

Proportion If feasible, this should be calculated
by both the interventional cardi-

ologist and the cardiac surgeon

Proportion This should be documented in writ-
ing in the patients chart and in-
clude at a minimum, the clinical
cardiologist, the interventional
cardiologist, and the cardiac

surgeon
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risk or contraindications to adequate dual antiplatelet therapy
(DAPT) duration, concomitant indications for surgery) and relevant
comorbidities, especially if not included in risk scores (such as
advanced dementia). The primary responsibilities of the intervention-
al cardiologist are: to quantify anatomical complexity and functional
severity of CAD; to anticipate completeness and complexity of per-
cutaneous revascularization (including anticipated contrast-medium
volume); to describe general procedural aspects (including number
and type of stents, anticipated DAPT duration, other aspects, such as
indications of mechanical circulatory support in patients undergoing
high-risk PCI). The primary responsibilities of the cardiac surgeon
are: to provide an opinion on feasibility; to anticipate completeness
and complexity of surgical revascularization; to describe general pro-
cedural aspects; to mention specific surgical risks and potential com-
plications. The primary responsibility of the anaesthetist is to assess
surgical risk together with the cardiac surgeon and potential meas-
ures to reduce this risk.

Notably, there are relevant areas of competence overlap, such as
the assessment of the severity of coronary anatomy for intervention-
al cardiologists and cardiac surgeons. In these overlapping areas, the
use of objective evidence [i.e. quantitative angiography or fractional
flow reserve (FFR)] may limit disagreement on subjective data (i.e.
visual degree of coronary stenosis) (Take Home Figure and
Supplementary material, Appendix, Q&A, Case 3).

Considerations on decision-making and
optimal mode of revascularization

The rational for revascularization is provided not only by the pres-
ence of severe coronary lesions producing ischaemia but also by an
underlying viable myocardium. In patients with normal systolic func-
tion, it can be generally assumed that the ischaemic myocardium is vi-
able and should be revascularized. Patients with systolic dysfunction,
especially if severe, may need further testing. It is now
established that markedly depressed left ventricular function in the
patients with ischaemic cardiomyopathy can be reversed with revas-
cularization, particularly surgical.™ In this setting, advanced imaging,
such as cardiac magnetic resonance imaging may be helpful. Based on
local availability and expertise, stress echocardiography with low
dose dobutamine could also be considered to assess myocardial
viability.

Finally, while coronary angiography is still the gold standard world-
wide to assess anatomical severity of coronary lesion, the SYNTAX
investigators have reported that, in 223 patients with left main or
three-vessel CAD, a heart team treatment decision-making based on
coronary computed tomography angiography showed high agree-
ment with the decision derived from conventional coronary angiog-
raphy suggesting the potential feasibility of a treatment decision-
making and planning based solely on this non-invasive imaging modal-
ity and clinical information.’

Optimal use (and potential limitations) of scores of
coronary anatomical complexity

The SYNTAX score, currently recommended in patients with com-
plex CAD (Class I, LoE B)" is intended to quantify anatomical com-
plexity of CAD. In brief, each coronary lesion with >50% luminal
stenosis in vessels >1.5 mm is independently scored considering the

presence of bifurcations, trifurcations, or aortic ostial localization;
chronic occlusion; vessel tortuosity, calcification, length, and throm-
bus formation. The score of each lesion is added to obtain the
patient’s final SYNTAX Score, with higher scores indicative of in-
creasingly complex coronary disease. After being derived from the
SYNTAX trial, the score has been validated in different patient popu-
lations. There are however several independent observations of sub-
stantial inter-individual variability in calculating the SYNTAX score.'
This may have implications for adoption of SYNTAX score in clinical
decision-making.'®

The residual SYNTAX score was developed to quantitatively as-
sess the degree and complexity of residual stenoses, based on recal-
culating the SYNTAX score after PCL" High residual SYNTAX
scores have been associated with worse outcome in patients under-
going angiography-guided PC1.'®"” Therefore the anticipated com-
pleteness of revascularization by PCl or CABG should be considered
and prioritized for decision-making (Class lla, LoE B).

The functional significance of a lesion, based on FFR or instantan-
eous wave-free ratio, is a more important determinant of future ad-
verse cardiac events in patients undergoing PCl than angiographic
severity.”® Percutaneous coronary intervention of lesions that are
angiographically but not functionally significant can be deferred safely
with good long-term outcomes in stable patients.”’ In patients with
stable angina and NSTEACS undergoing FFR-guided PCI, residual
angiographic disease as assessed by the residual SYNTAX score was
not predictive of adverse outcome, supporting the concept of func-
tionally complete revascularization.”?

Highlights

® The calculation of SYNTAX score should be performed by expe-
rienced operators and ideally confirmed independently by both
the interventional cardiologist and the cardiac surgeon.

® Functional assessment of coronary lesions (invasive or non-
invasive) should be routinely considered to guide revascularization
in stable patients in cases of lesions of intermediate-grade stenosis
(i.e. 50-90% by visual assessment) or without documented
ischaemia.

® |f functional assessment was not (or cannot be) performed, the re-
sidual SYNTAX score is useful to verify if the revascularization
was anatomically complete.

Percutaneous coronary intervention:
anatomical and procedural
considerations

In approaching complex CAD by means of PCl, the heart team has to
factor several anatomical and procedural decision-making
considerations.

Multivessel disease may present either with single, relatively short
lesions, or with complex, long and calcified lesions located along the
three main epicardial vessels. The SYNTAX score was originally con-
ceived with the aim of standardizing the anatomical extension of cor-
onary atherosclerosis. The information conveyed by the SYNTAX
score calculation includes aspects that are relevant to PCl complex-
ity, such as the extent of myocardium at jeopardy (e.g. a lesion in the
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proximal left anterior descending artery does not match the risk of a
lesion located in the apical portion of the vessel) and a number of le-
sion characteristics that convey higher peri-procedural and long-
term ischaemic risk in patients when treated with PCl (e.g. when the
lesion is long, the vessel is tortuous, the disease is diffused, or when
bifurcations or chronic total occlusions are present). Complex PCI
procedures may also require higher contrast-medium volume, and
thereby higher risk of acute kidney injury. In multivessel disease
patients with high SYNTAX score, if surgery is deemed contraindi-
cated by the heart team (e.g. due to comorbidities or poor quality of
distal vessels for grafting purposes), PCl can be accomplished using
standard of care techniques.”® These now include intracoronary
physiology assessment to avoid unnecessary stenting and use of
current-generation drug-eluting stents featuring thin platforms, and
biocompatible, biodegradable or no drug carriers. Calcified or resist-
ant lesions can be successfully dilated by means of atherectomy, scor-
ing, lithotripsy, or use of high-pressure non-compliant balloons. In
case of complex procedures in patients at risk of haemodynamic in-
stability or haemodynamically unstable, mechanical circulatory devi-
ces may provide useful. In heart team discussions, a key criterion for
considering PCl as an alternative to surgery should be the ability to
achieve the same level of complete functional revascularization.*

Coronary artery bypass grafting:
anatomical and procedural
considerations

While the discussion about which revascularization method to
choose (PCl or CABG) is more relevant for the heart team than the
technical considerations of the respective method, there are specific
points relevant to CABG, including anticipated completeness of
revascularization and conduit selection that deserve to be discussed
by the whole team.

Completeness of revascularization

Two large meta-analyses including both randomized and observa-
tional studies, showed a significant reduction in long-term mortality,
myocardial infarction, and repeat myocardial revascularization in
patients with anatomically complete revascularization, independently
if CABG or PCl was used.*?® The 2018 ESC-EACTS myocardial
revascularization guidelines recommend that completeness of revas-
cularization should be prioritized when choosing between CABG
and PCl in patients with multivessel disease (Class lla, LoE B)." In gen-
eral, complete revascularization is more often achieved after CABG
than after PCl. In the SYNTAX trial, 66.9% of patients allocated to
the CABG arm and 52.8% in the PCl arm received complete anatom-
ical revascularization. The FAME study showed that a more restrict-
ive selection of target lesions based on functional guidance resulted in
improved long-term outcomes after PCl compared with anatomically
guided lesion selection.”® Accordingly, complete revascularization
based on the functional definition is the preferred strategy for PCl’
while the role of functional guidance for CABG is still under
investigation.

Conduit selection
Conduit availability and selection in CABG have a key role in ensuring
completeness and durability of myocardial revascularization. In

general, the anticipated conduit to be used should be factored in the
multidisciplinary discussion on mode of revascularization. Indeed, if
surgical complete revascularization cannot be achieved due to lack of
conduits a hybrid approach may be an option.

Radial artery grafts is now recommended with a Class | indication
over saphenous vein graft in patients with severe stenosis’ particular-
ly in younger patients (<75 years), female patients, and patients with-
out renal insufficiency®’, but it is still used infrequently thus
representing an opportunity to improve quality of care (Class I, LoE
B). If the patient lacks sufficient graft material due to previous excision
of the saphenous vein or poor vein quality, and/or have widespread
peripheral atherosclerosis involving the radial or ulnar arteries, and/
or the patient has contraindications for vein harvesting due to leg
ulcers, conduits option selection may be limited. Reasons that may
limit the use of radial artery grafting include poor function of the ulnar
artery (positive Allen Test), lack of local expertise and patient charac-
teristics such as age and life expectancy. Hybrid procedures, defined
as consecutive or combined surgical and percutaneous revasculariza-
tion, may be considered in specific patient subsets at experienced
centres. For this type of revascularization, multidisciplinary decision-
making is particularly advantageous.

Anaesthetic risk

For the assessment of perioperative risk, anaesthetists usually rely on
the American Society of Anesthesiologists (ASA) classification of the
patient’s physical status (PS) (Supplementary material, Table). This
was introduced in the 40s and is now used worldwide after regular
updates.”® Originally developed to describe the PS as only one com-
ponent of the operative risk, the ASA PS classification has been re-
peatedly shown to be independently associated with postoperative
morbidity and mortality in a wide variety of disciplines.”® However,
its predictive value in cardiac surgery is less well established with
most cardiac surgical patients having an ASA PS of 3 (‘a patient with
severe systemic disease’) or 4 (‘a patient with severe systemic disease
that is a constant threat to life’), probably limiting the discriminatory
power. In a recent analysis of the National Anesthesia Clinical
Outcomes Registry (NACOR) of the Anesthesia Quality Institute
(AQI) encompassing 132 502 cases of CABG and valve surgeries,
only the presence of ASA PS 5 (‘a moribund patient who is not
expected to survive without the operation’) was identified as an inde-
pendent risk factor for death, whereas the other PS classes were not
associated with perioperative risk.>’

Final decision-making considerations

Utility and limitations of current risk scores to estimate surgical risk
in patients undergoing coronary artery bypass grafting are described
in the Appendix (Supplementary material, Appendix).

Current guidelines delineate specific aspects to consider in
decision-making that favour CABG or PCI (Figure 2).1 While the def-
inition of acceptable surgical risk is indicated (‘for example, absence
of previous cardiac surgery, severe morbidities, frailty, or immobility
precluding CABG’), no specific guidance on recommended risk
scores is provided. In general, a 30-day mortality risk <2-3%, prefer-
ably assessed using the STS score, may be considered as guidance to
define low risk in conjunction with other relevant patient-related
comorbidities not included in the risk scores. However, the terms
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‘acceptable’ and ‘low’ surgical risk have different meanings and impli-
cations. An ‘acceptable’ risk is related to the alternative treatment
option (such as PCl or optimal medical therapy in patients consid-
ered for CABG) and include patient’s preference while low risk is an
absolute concept, mostly related to explicit risk assessment by
score. If the expected risk and benefit alternatives are perceived as
unfavourable, the acceptable risk could thus be higher than what we
define as low risk.

Highlights

® Clinically, the presence of diabetes, left ventricular systolic dysfunc-
tion, high bleeding risk contraindicating appropriate DAPT

PCI

Left coronary artery

Circumflex

Right coronar
! ' coronary artery

artery

Left anterior

descending
coronary
artery
Distal right
coronary

artery

duration, high anatomical CAD complexity, and concomitant indi-
cation for valve or other concomitant procedures favour CABG
over PCl while the presence of severe comorbidities, especially if
not included in risk scores, such as frailty, dementia, advanced can-
cer, or other factors that may affect the rehabilitation process, fa-
vour PCl (Figure 2).

Heart teams are particularly valuable in complex decisions, such as
when factors favouring both PCl and CABG are present. In these
instances, it is important that the team comprehensively lists and
optimally quantifies each factor that may affect decision-making in
order to precisely assess the risk of mortality and morbidity and
appropriately inform patients about the decision.

CABG

Left internal thoracic
artery to left anterior
descending

Right internal thoracic
artery or radial artery

Sequential anastomosis
to obtuse marginal
land 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

FAVOURS CABG

Clinical characteristics
Diabetes

Reduced LV function (EF <35%)
Contraindication to DAPT

Recurrent diffuse in-stent restenosis

Anatomical and technical aspects

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®

Anatomical and technical aspects

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

Figure 2. Considerations for decision-making by the heart team between percutaneous coronary.

Legend. (a) Consider no-touch off-pump CABG in case of porcelain aorta. 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 dis-
ease; PCl, percutaneous coronary intervention; PDA, posterior descending artery; RA, radial artery; RIMA, right internal mammary artery.
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Part 3. Research perspectives

The evidence supporting multidisciplinary ~decision-making and
informing its use is very limited with most of the relevant recommen-
dations provided by expert consensus, ie. level of evidence C.
Traditional ways of hypothesis testing, such as randomized controlled
trial, can be challenging to apply to multidisciplinary decision-making
processes. In general, the rational for adopting heart team approach
to decision-making is the assumption that this approach minimizes
bias and thus incorrect decisions. Therefore, the heart team is not a
value per se but only if it facilitates implementation and adherence to
evidence-based care, an assumption that needs verification. To verify
this assumption we urgently need to design and disseminate registries
and quality improvement initiatives that explore not only the presence
of local heart teams but—most importantly—their outcome. If a local
heart team is routinely convened for patients with complex CAD, but
then it systematically excludes (or inappropriately decides) one treat-
ment option, it does not provide high-quality care. Therefore, obser-
vational studies and quality improvement initiatives collecting data on
appropriate information and considerations of patient preference,
concordant type of revascularization according to explicit decision-
making tools as well as other metrics suggested in Table 1 are needed
to promote high-quality heart teams. Heart team may also promote
standardization and reduce variability in decision-making, but data on
reproducibility are limited. Finally, the complexity of care is an obvious
downside of complex and multidisciplinary decision-making.
Therefore, along with data on implementation, it is important to col-
lect data that capture this intrinsic limitation, such as prolonged hospi-
talization or increased costs, to comprehensively characterize the
effect of heart teams.

Conclusions

In patients with complex cardiovascular disease, muiltidisciplinary
decision-making may reduce specialty bias, promote evidence-based
care, and help patients make informed decisions. We discuss strategies
to implement ‘heart teams’ in patients with complex CAD, including
patients with acute cardiovascular diseases, promote a patient-centric
approach, and suggest future research directions that comprehensive-
ly assess the added value of heart teams in view of the increased com-
plexity of care.

Supplementary material

Supplementary material is available at EJCTS online.
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