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Abstract

Technological and procedural innovations presently permit the safe and effective performance of increasingly complex percutaneous coronary
interventions, while new mechanical circulatory support devices offer circulatory and ventricular support to patients with severely reduced left
ventricular systolic function and deranged cardiovascular hemodynamics. Together, these advances now permit the application of complex
percutaneous coronary interventions to higher-risk patients who might otherwise be left untreated. Increasing observational data support the
use of mechanical circulatory support in appropriate complex and high-risk patients as part of a larger multidisciplinary heart team treatment
plan. In-progress and upcoming randomized clinical trials may provide higher-quality evidence to better guide management decisions in the

near future.
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In the modern cardiac catheterization laboratory, technological and
procedural innovations increasingly permit the performance of ever more
cognitively and technically ‘complex’ and ‘high-risk’ percutaneous
coronary interventions (PCI)! Decades of stepwise advances in
interventional technology, techniques, and pharmacology have improved
the safety and efficacy of PCl in progressively more complicated patient,
anatomic, and lesion subsets. Safe and effective circulatory and ventricular
hemodynamic support may also now allow the appropriate application of
complex PCl to more comorbid and older high-risk patient populations
who might not otherwise be eligible for intervention.**

High-risk Versus Complex

High-risk and/or complex PCI may or may not coexist in an individual patient
—and are not synonymous. The term, ‘complex, typically encompasses both
lesion characteristics as well as advanced procedural skills and equipment —
whereas ‘high-risk’ is usually patient-focused, and is determined primarily by
comorbidities and clinical status.* At the dawn of PCI, all percutaneous
interventions were considered high risk, regardless of complexity. The initial
US experience published by the National Heart, Lung, and Blood Institute
Registry reported procedural PCl success rates of <60%, and emergent
coronary artery bypass surgery rates >6% during the performance of
interventions that would be considered non-complex by current standards.>®

Anatomically or procedurally complex interventions may include PCI
involving the distal left main (LM) coronary artery, vein grafts, at a

bifurcation or trifurcation, in a heavily calcified coronary artery, in-stent
interventions for re-stenosis or occlusion, or coronary chronic total
occlusions — and often require specialized mental decision-making,
equipment, and technical expertise. A procedure may be considered
high-risk in the presence of several anatomic features and/or patient
comorbidities and clinical conditions to include, but not limited to, last-
remaining vessel or LM coronary artery (particularly in left-dominant
systems or with a concomitant right coronary artery chronic total occlusion)
supplying a large myocardial territory, severe valvular disease, severely
reduced ejection fraction (EF), decompensated heart failure or cardiogenic
shock, significant peripheral vascular disease, pulmonary hypertension or
advanced lung disease, significant kidney or liver disease, and clinical
frailty. Often, many of these complex and high-risk characteristics travel
together and comprise the modern complex high-risk (CHIP) patient—
lesion—procedure triad — which may warrant consideration of adjunctive
mechanical circulatory support (MCS) to prevent severe adverse
periprocedural hemodynamic perturbations.*

Recently, the British Cardiovascular Intervention Society database of PCI
procedures performed in the UK from 2006 to 2016 was examined to
better define CHIP PCl. Variables associated with in-hospital major
adverse cardiac or cardiovascular events were identified and used to
construct a CHIP score. Several patient factors (age >80 years, female
sex, previous stroke, previous MI, vascular disease, EF <30%, and renal
disease) and procedural factors (rotational atherectomy, LM or 3-vessel
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Figure 1: Decision-making for Mechanical Circulatory Support Use in Complex High-risk

Percutaneous Coronary Interventions

. PCl with MCS may be preferred: Surgical ineligibility due to extra-cardiac medical comorbidities, technical barriers to successful CABG or postoperative
recovery and rehabilitation, ejection fraction <25%, cardiac index <2.0 I/min/m?, baseline SBP <100 mmHg, LVEDP >25 mmHg

-« CABG may be preferred: Diabetes, concomitant ascending aortic or valvular pathology, recerrent prior stent failure, complex multivessel CAD with good
distal surgical targets, technical barriers to successful PCI, contraindications to prolonged dual antiplatelet therapy

[ « Medical therapy may be preferred: High burden of severe comorbidities, severe frailty, limited life expectancy, informed patient preference ]

CAD (by either PCl or CABG)

‘ « VAD or transplant may be preferred: End-stage heart failure refractory to medical therapy with extensive non-viable myocardium or unrevascularizable ’

Patient

- Age Procedure
Left and right ventricular
systolic function

Systemic blood pressure

« Hemodynamics (e.g. Cl, CPO,
LVEDP, PAPi, PCWP, RA, PASP)
« Moderate-to-severe valvular

disease
Peripheral arterial disease
« Renal dysfunction

- Prolonged anticipated
procedural ischemic time
Extensive planned atherectomy
Large myocardial territory
subtended or at risk
(e.g. distal LM [with dominant
LCX or RCA CTO))
Surgical ineligibility

Operator and institution Clinical evidence
« Evidence-based medicine
(e.g. randomized controlled
trial data and clinical practice
guidelines) to guide
clinical decision-making

Operator and institution
expertise and outcomes:
for surgical and percutaneous
revascularization and
MCS utilization

Clinical decision-making for or against use of mechanical circulatory support in complex high-risk procedures should integrate patient, anatomic, procedural, and operator—institution factors and current
clinical guidelines. CABG = coronary artery bypass; CAD = coronary artery disease, Cl = cardiac index; CPO = cardiac power output; CTO = chronic total occlusion; LCX = left circumflex coronary artery;
LM = left main; LVEDP = left ventricular end-disstolic pressure; MCS = mechanical circulatory support; PAPi = pulmonary artery pulsatility index; PASP = pulmonary artery systolic pressure;

PCI = percutaneous coronary interventions; PCWP = pulmonary capillary wedge pressure; RA = right atrium,; RCA = right coronary artery; SBP = systolic blood pressure; VAD = ventricular assist device.

Source: Davidson et al. 2022.%° Adapted with permission from Elsevier.

PCl, dual arterial access, use of mechanical support, and lesion length
>60 mm) were associated with in-hospital major adverse cardiac and
cerebrovascular events, and defined as markers of both complexity and
risk. In accordance with other international analyses, the mean CHIP
score not surprisingly increased significantly during the 2006-2016
analysis period.

Multiple methods have been previously validated to determine patient
outcomes with surgical and percutaneous coronary revascularization to
include clinical systems, such as the Society of Thoracic Surgeons,
European System for Cardiac Operative Risk Evaluation, and National
Cardiovascular Data Registry (NCDR) CathPCl registry risk scores. "
Integrated anatomic and clinical scores, such as the SYNTAX score and
the SYNTAX Il 2020 update, provide additional value in assessing
comparative mortality rates of PCl and coronary artery bypass (CABG)."*
Unfortunately, historical risk scores have proven less concordant at higher
levels of procedural risk — although newer scoring systems may overcome
some of these limitations.*™ CHIP patients declined for surgical
revascularization based on elevated surgical risk and/or severe medical
comorbidities represent a particularly high-risk subgroup — with mortality
rates out of proportion to that assessed by traditional PCI risk stratification
tools.®"”

Rationale for Mechanical Circulatory Support Use
In clinical practice, decisions regarding the choice of medical therapy
alone, PCl, or CABG require a tailored multidisciplinary team-based and
patient-centered approach that integrates clinical factors, procedural
considerations, operator and institution issues, clinical trial data, and
clinical practice guidelines (Figure 1). Overall, the purpose of a

comprehensive pre-procedural assessment is to identify clinical,
anatomic, and procedural factors most favorable or unfavorable for short-
and long-term outcomes for medical therapy, PCl, and CABG, and best
align physician and patient objectives. Similarly integrated risk—benefit
decision-making is required to determine which patients may or may not
benefit most from MCS use for non-emergent high-risk PCI (HRPCI), and
which device may be most safe and effective.

Left ventricular systolic dysfunction, decompensated heart failure, and
other adverse hemodynamic factors increase the short-term risks of both
surgical and percutaneous approaches — and are typically key
determinants of consideration of elective MCS use. Although PCI is
generally well-tolerated in most patients, repeated procedural myocardial
ischemia may result in significant reductions in cardiac output and
increases in cardiac filling pressures, which may be poorly tolerated in
patients with little or no physiologic reserve® Maximally developed left
ventricular (LV) pressure may fall below mean arterial pressure — after
which the heart no longer ejects blood, the aortic valve no longer opens,
and systemic circulation is no longer maintained.® MCS devices may
prevent this cascade of hemodynamic instability, and facilitate more
complete and effective revascularization.

Recent data from 302 patients undergoing MCS-supported HRPCI
enrolled in the non-randomized PROTECT Ill observational study treated
at 38 US sites between 2017 and 2020 demonstrated that hemodynamic
status at the time of HRPCI, as opposed to patient comorbidities or
anatomic complexity, was most associated with loss of pulsatility, transient
dependence on MCS devices for circulatory support, and increased rates
of major adverse cardiac and cerebrovascular events — demonstrating
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the significance of ventricular dysfunction and the value of intraprocedural
invasive hemodynamic monitoring.?

Observational-only  studies  demonstrate  improved  procedural
cardiovascular hemodynamics and sometimes more complete
revascularization with MCS use, despite higher-risk patient profiles.”
Additional non-randomized data demonstrate survival benefit and
reduced rates of major bleeding when an up-front prophylactic MCS
strategy is employed compared with intra- or post-procedure bailout
use.?> Most recently, a non-randomized Premier Healthcare Database
propensity-adjusted observational analysis demonstrated that Impella
use during non-emergent HRPCI may be associated with improved
survival and reduced in-hospital MI compared with intra-aortic balloon
pump (IABP).2*

MCS use may also serve as an ‘auto-pilot, and provide background
ventricular and circulatory stability to permit an interventional cardiologist
‘pilot’ to perform safe multitasking while simultaneously performing and/
or supervising sedation and anesthesia, intracoronary imaging,
hemodynamic assessment and management, and PCI. The risk—benefit
analysis of MCS use may also evolve with operator and center annual and
lifetime volume and experience (and thus vary from one institution to
another). Finally, considerations for or against elective MCS use for HRPCI
may vary by country and region — often dependent on available
resources.”®

Current State of Affairs

The evidence for use of MCS in high-risk non-emergent PCl is limited and
presently inconclusive (Table 1). One recent analysis examined 2,108,715
consecutive patients with stable coronary artery disease (CAD) undergoing
elective PClin the CathPCl registry between 2009 and 2018, and noted an
increase in MCS use from 0.2% in 2009 to 0.6% in 2018.2° IABP was the
predominant device in this analysis and was associated with higher MACE
(9.6% versus 6.0%), but lower risk of complications (18.2% versus 19.1%)
compared with non-IABP MCS. The main high-risk features associated
with prophylactic MCS use were unprotected LM PCl, use of atherectomy,
and EF <30%. The MCS group had higher rates of previous heart failure,
diabetes, lung disease, three-vessel disease, and the presence of three
or more high-risk features together.

In a non-randomized observational analysis of 1,598 CTO PCls performed
from 2012 to 2017 at 12 high-volume US centers, a MCS device was used
electively in 4% of procedures and urgently in 1% of procedures. Patients
with elective MCS use had higher prevalence of heart failure, lesion
calcification, J-CTO scores, retrograde intervention, and lower EF (34 +
14% versus 50 + 14%; p<0.001). Despite more complex clinical and
angiographic characteristics, elective use of MCS in these high-risk
patients demonstrated similar technical and procedural success rates, but
with higher risk of complications, compared with cases without elective
MCS.”

The 2021 American College of Cardiology/American Heart Association/
Society for Cardiovascular Angiography and Interventions Guidelines
for Coronary Artery Revascularization presently provides a class 1 level
of evidence B recommendation for surgical revascularization to improve
survival in patients with stable ischemic heart disease and multivessel
CAD with severe LV systolic dysfunction, and notes that there may be an
advantage of PCl over medical therapy in patients who have a clinical
indication for CABG, but are deemed a prohibitive surgical risk.?® The
document further provides a class 2B level of evidence B

recommendation for elective insertion of a hemodynamic support
device as an adjunct to prevent hemodynamic compromise during PCl
in these patients.

One contemporary analysis of 1,013 patients undergoing non-emergent
PCl for unprotected LM or multivessel CAD demonstrated that 22% were
deemed ineligible for surgical revascularization.® Several observational
reports have demonstrated favorable outcomes with PCI for surgically
ineligible patients compared with those predicted for CABG.% In one
single-center report, 342 of 1,363 patients successfully underwent
coronary revascularization (80% PCl, 13% CABG, 7% hybrid surgical—
percutaneous) after a median interval of 2.2 years from a diagnosis of
‘unrevascularizable’ CAD.*® More recently, preliminary results of the
prospective OPTIMUM Registry examining outcomes of 750 patients
across 22 US centers deemed ineligible for surgery presented at
Transcatheter Cardiovascular Therapeutics 2021 demonstrated favorable
early outcomes (5.6% observed rate of death at 30 days) with PCl
compared with surgical estimates (10.4% predicted risk of death) with
CABG.*

A contemporary US NCDR assessment of unprotected LM (ULM) PCI
demonstrated that the mean annual ULM PCl volume was 0.5 procedures
per operator, and only 16% of operators performed an average of one or
more ULM PCl annually.> Another NCDR analysis revealed that the
median annual number of total PCl procedures performed per operator in
the US was 59, and 44% of operators performed <50 total PCI procedures
per year® In a separate study, an experienced, high-volume ULM PCl
operator was defined as one who performed at least 15 ULM PCls per year
for at least three consecutive years — and noted that this was correlated
with reduced 30-day and 3-year mortality.>* A similar analysis of the NCDR
CathPCl Registry identified distinct operator profiles (based on case
volume, anatomic complexity, and use of atherectomy, intracoronary
diagnostics, and mechanical circulatory support) that are differentially
associated with patient outcomes.® Yet another study demonstrated that
operator volume is an important factor in determining outcome after ULM
PCl — and a lower threshold of minimum operator ULM PCl volume
associated with improved survival was >16 cases/year.® Across multiple
observational analyses, an increase in both operator and institutional
volume of all-comer and CHIP PCl has been associated with a decrease in
adverse outcomes, length of hospital stay, and cost of hospitalization —
and should probably be factored into decision-making for CHIP
interventions.¥%

Contemporary Mechanical

Circulatory Support Devices

The ideal MCS device permits easy percutaneous implantation, effective
and reliable circulatory support and ventricular unloading, is simple to
manage post-insertion, has very low complication rates, and offers simple
and safe mechanisms for device removal, vascular closure, and
hemostasis. Unfortunately, no ‘perfect’ device presently exists, and the
sum of current evidence in favor of MCS includes limited randomized
data, small sample sizes, primarily surrogate outcomes, no comparisons
with medical or surgical therapy, and typically short-term follow-up.

Studies evaluating the use of adjunctive MCS devices during HRPCI
have reported mixed results. The BCIS-1 trial demonstrated that IABP
use led to fewer procedural complications (compared with no support)
during HRPCI with no difference in the primary endpoint of major
adverse cardiovascular events at 28 days.*® In the PROTECT I trial,
>65% of patients had class IlI/IV heart failure, the average EF was 24%,
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Figure 2: Mechanical Circulatory Support Devices for Complex High-risk Coronary Intervention
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Disadvantages

- Contraindicated with
mechanical aortic valve or
presence of left ventricular

function thrombus

Limited hemodynamic support

TandemHeart

Mechanism of action
Centrifugal flow continuous
pump (LA-to-AO)

Flow
Max 4.0 I/min

Access site
Femoral artery
Femoral vein

Cannula size
12-19 Fr arterial
21Fr venous

Advantages
Direct LA loading
Indirect LV unloading

Disadvantages
Requires transseptal access
Retrograde (non-physiologic)
blood flow

VA-ECMO

Mechanism of action
Centrifugal flow
continuous pump (RA-to-AO)

Flow
Max 7.0 I/min

Access site
Femoral artery
Femoral vein

Cannula size
14-19 Fr arterial
17—21Fr venous

Advantages
Simple cannulation
Biventricular support
Oxygenation support

Disadvantages
Retrograde (non-
physiologic) blood flow

High bleeding and
vascular complication rates

Mechanical circulatory support devices in current clinical use for complex high-risk coronary intervention procedures include the intra-aortic balloon pump, Impella, TandemHeart, and extracorporeal
membrane oxygenation — and each device has unique characteristics and risks. AO = aorta; IABP = intra-aortic balloon pump; LV = left ventricle; RA = right atrium; VA-ECMO = venoarterial extracorporeal
membrane oxygenation.

and 63% of patients were deemed surgically inoperable.® The
composite primary endpoint of major adverse events at 30 days was
similar between the IABP and Impella arms (40.1% versus 35.1%; p=0.28).
However, on per-protocol analysis, there appeared to be a benefit with
Impella for the composite endpoint at 90 days (51.0% versus 40.0%;
p=0.023), driven mostly by a reduction in the need for repeat
revascularization (8.1% versus 3.7%; p=0.06).

MCS devices can be divided into those that support the LV, right ventricle,
or both, and those that provide oxygenation support or not. The most
commonly used devices to support CHIP procedures are the LV support
devices. Percutaneous MCS devices currently in clinical use in the US are
summarized in Figure 2 and include:

IABP:

Requires a non-large-bore 7-8 Fr sheath — providing a safe option
for patients with small peripheral vasculature and/or significant
peripheral artery disease.

Only provides an estimated 0.5-11/min of support.

As a counterpulsation device, relies in part on intact underlying native
heart pulsation — thereby limiting its effectiveness in the setting of
severe ventricular dysfunction.”

Impella:

Impella CP requires a 14 Fr large-bore sheath most commonly
inserted via the femoral or axillary artery.
The Impella CP device can provide support up to 3.5 I/min and also

effectively lowers LV end-diastolic pressure, which may improve
coronary perfusion in the presence of critical coronary artery
stenoses.”

The 5.0 and 5.5 devices (providing 5.0 and 5.5 I/min output) are
typically placed surgically via an axillary conduit — and require a 21 Fr
sheath (although transcaval implantation has been described).”

TandemHeart:

Uses an extracorporeal centrifugal pump to create a left atrium to
femoral artery bypass circuit and commonly provides support >4 I/
min.

Arterial cannula sizes range from 15 to 19 Fr — with high rates of distal
limb ischemia as Fr size increases.

Requires experience in transseptal puncture and either
transesophageal or intracardiac echocardiography — which may not
be readily available at all times in all centers.

Suited to use in the presence of LV thrombus, severe aortic stenosis,
and/or a mechanical aortic valve.

Venoarterial extracorporeal membrane oxygenation (ECMO):

Provides maximal biventricular support and oxygenation support.
Support advantages come at a higher rate of bleeding and vascular
complications.*

Standard ultrasound-guided percutaneous arterial and venous
cannulation.

Complex follow-on intensive care unit indwelling management —
requiring trained and certified perfusionists.*
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Risks and Complications

Balancing benefits and risks when offering invasive therapies is an integral
part of caring for patients with complex CAD. The significantly elevated risks
of vascular and bleeding complications (Figure 3) with all current MCS
devices should be factored into decision-making and assessment of relative
risks of PCl with or without MCS compared with CABG or medical therapy
only.®* A recent analysis of non-IABP percutaneous ventricular assist
device use for HRPCI from 2008 to 2018 demonstrated a 27-fold increase in
use across a patient population with a higher burden of comorbidities and
with increased complexity of interventions (higher proportion of atherectomy
and multivessel intervention) — with lower vascular complication rates over
time (from 6% to 4%) and without a significant difference in mortality.** If
MCS devices are used, appropriate training and best practices for
ultrasound-guided large-bore access are paramount, and optimal efficient
PCl practices to minimize ischemic time during interventions are crucial %'

IABP has been associated with bleeding, vascular, and non-vascular
complications.®*** An improperly positioned or too large IABP can result in
decreased gastrointestinal, renal, or cerebral perfusion.®* Thrombus or
emboli may result in cerebrovascular accident or abdominal visceral
ischemia.”® Non-vascular complications include thrombocytopenia (from
deposition of platelets on the balloon and mechanical destruction of
thrombocytes) and hemolysis (from disruption of erythrocytes). Finally,
balloon rupture, while rare, may also occur.%

When compared with IABP, there is a significant increase in bleeding
and vascular complications with the larger-bore Impella devices. There
is also an elevated risk of hemolysis that may contribute to both acute
kidney injury and the need for blood transfusion — although these
events more typically occur with longer-term use in shock (versus CHIP
procedures). Device migration may also result in injury to the aortic
valve or mitral valve (or subvalvular apparatus) necessitating surgical
repair or replacement.®®

TandemHeart complications are mostly similar to other MCS devices.
However, unique complications related to the trans-septal puncture
include air embolism, cardiac tamponade, and atrial perforation.*”
Significant right-to-left shunting may also result if there is dislodgement of
the inflow cannula from the left to the right atrium.%° In some cases, a
residual atrial septal defect may later necessitate closure.®

Venoarterial extracorporeal ECMO carries the highest complication rates
of the MCS devices. Bleeding with ECMO is common, is not limited to
cannulation sites, and may involve the brain and gastrointestinal tract.
Risks of lower extremity ischemia may be reduced with the use of an
obligate distal perfusion cannula.® Other major risks of ECMO include LV
distention secondary to retrograde blood flow and loss of cardiac
pulsatility — with resultant pulmonary edema and/or intracardiac
thrombus.®® North—south syndrome, resulting in hypoxia of the head and
upper extremities, may also occur.®

Decision Algorithms

All high-risk and/or complex PCl should occur on a background of
optimized disease-modifying guideline-directed medical therapy, such
as lifestyle modification, antiplatelet and antihyperlipidemic therapy,
blood pressure and diabetes control, and cardiomyopathy medication
optimization (e.g. B-blocker, mineralocorticoid receptor antagonist,
angiotensin  receptor/neprilysin  inhibitor, and  sodium-glucose
cotransporter 2 inhibitor).% Decision algorithms to use a MCS device (or
not) during PCI typically incorporate the anatomic complexity, area of

Figure 3: Complications of Mechanical
Circulatory Support Use in Complex
High-risk Coronary Intervention
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Complications with mechanical circulatory support use in complex high-risk coronary intervention
procedures include, but are not limited to, bleeding, vascular complications, kidney injury, stroke,
and death — and remain high across the spectrum of devices. AKI = acute kidney injury;
PVAD-PCI = percutaneous ventricular assist device percutaneous coronary intervention. Source:
Lemor 2021.% 2022. Reproduced with permission from Elsevier.

myocardium to be treated or at risk, underlying chronic and acute
cardiac and systemic hemodynamic states, presence of significant
valvular disease and other major medical comorbidities, surgical
eligibility, operator and center expertise, and peripheral vascular
anatomy.*

Age, comorbidity, and clinical frailty often travel together, affect both
surgical and percutaneous outcomes, and should be considered in
conjunction with traditional risk factors when counseling patients
regarding the periprocedural risks associated with percutaneous or
surgical therapies.®® Integrating a multidisciplinary heart team into
institutional practice provides a formalized approach to evaluating
complex and high-risk CAD — and may reduce within and between facility
differences, and best ensures standardized decision-making and
management, and equitable care delivery.” This may include the
development and implementation of evaluation and management
algorithms and protocols, quality metrics, data collection and tracking for
ongoing quality improvement, patient education, and outreach and
communication with referring physicians and facilities. To best facilitate
these objectives and lead this initiative, a dedicated non-physician CHIP
coordinator should be strongly considered.®

Management decisions in the increasing population of older patients are
particularly challenging. Older (and frail) adults are more often focused on
nearer-term risks and outcomes, such as recovery time, stroke or
neurocognitive decline, and physical debility, and may thus favor less-
invasive therapeutic options.®’® Despite the established benefits of
coronary revascularization with or without MCS, medical therapy alone
may be preferred if the weight of comorbidities is high, life expectancy is
short, or the likelihood of benefit is low. In some instances, palliative care
may be most appropriate.

The importance of appropriate patient selection is further highlighted by
a recent analysis of 1,674 patients in the Veterans Affairs Health Care
System who died within 30 days of their PCI procedure between 2005
and 2016 — demonstrating that a minority of deaths (28%) were due to
cardiovascular causes and only a very small proportion (8%) were
attributable directly to the procedure.”
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Future Directions

With rapid advancements in the field of interventional cardiology, we
are able to treat a wide spectrum of coronary artery disease
percutaneously. There remains a large population of patients who may
be declined for revascularization due to comorbidities, surgical
ineligibility, complexity of coronary anatomy, or adverse hemodynamics.
Arisk—treatment paradox may exist where the highest-risk patients with
the greatest potential benefit may simultaneously be the least likely to
be offered treatment. As procedural risk increases, more advanced
skillsets are required to achieve high technical and procedural success
rates. There exists a need for standardized advanced coronary training,
maintenance of procedural volume and complexity, and lifelong learning
as new skills and technologies emerge.**"? It remains to be determined
whether high-risk and complex PCl safety and success could be
improved by selective referral to experienced operators at experienced
centers.

Multiple real-world studies and comparative effectiveness analyses
have been limited by measured and unmeasured confounding. Long-
term clinical follow-up data regarding survival, ventricular recovery,
heart failure hospitalizations, or target lesion revascularization are
unfortunately missing from most studies. Looking ahead, prospective
randomized trials are the standard by which the safety and efficacy of
MCS for use in HRPCI will be judged. Hopefully in-progress randomized
trials, such as PROTECT IV (NCT04763200) and CHIP-BCIS3
(NCT05003817), that compare outcomes between MCS-assisted and
MCS-unassisted PCl in patients with complex CAD and impaired LV
function will offer more definitive safety and efficacy data, and better
identify key comorbidity, hemodynamic, anatomic, and procedural
factors to better guide clinical decision-making for the use (and type) of
prophylactic MCS devices for elective HRPCI in stable CAD. The
PROTECT IV trial will also include a right heart catheterization substudy
— which should additionally provide important hemodynamic decision-
making data.

Conclusion

Adverse eventsin CHIP are high compared with non-high-risk interventions
— which serves as an important reminder that the non-surgical option is
not risk-free. Appropriate use of MCS devices is an important part of this
equation. Absent randomized data with similar patient demographics,
comorbidities, anatomy, and hemodynamics undergoing similar PCI
procedures — but with different or no MCS devices — make it difficult to
disentangle adverse cardiovascular events related to the patient, the
procedure, or the operator/center (or to compare outcomes with medical
therapy only or with surgery).”

While waiting for further evidence, we may therefore be well-served by
integrating a formal multidisciplinary heart team model into institutional
practice to best ensure standardized and equitable patient evaluation and
care delivery, optimize patient hemodynamics pre-PCl with best
contemporary medical therapy (which may eliminate any need for MCS in
many instances), and carefully assess and weigh the relative risks of both
MCS-assisted and MCS-unassisted PCl compared with medical therapy,
surgical revascularization, or durable left ventricular assist device
implantation or heart transplantation”” Ongoing research to best
identify the patients that may derive the greatest benefit from MCS-
assisted HRPCI is also needed. Technological innovations to include
lower-profile devices that maximize hemodynamic benefits while
minimizing vascular complications will be additionally critical to optimizing
safety—efficacy trade-offs.

While most contemporary PCl by far does not necessitate any consideration
of hemodynamic support, and more high-quality and randomized evidence
is surely needed, there is likely middle ground between the ‘therapeutic
nihilism’ and ‘irrational exuberance’ of both extreme sides of the argument.
In the end, for the time being, the complex decision-making process of
whether or not to use prophylactic MCS may never be wholly algorithmic,
but should be approached in a thoughtful and considered multidisciplinary,
team-based, patient-centered, and evidence-based manner. L)
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