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Abstract

Patients with severe coronary artery disease with a clinical indication for revascularization 

but who are at high procedural risk because of patient comorbidities, complexity of coronary 

anatomy, and/or poor hemodynamics represent an understudied and potentially underserved 

patient population. Through advances in percutaneous interventional techniques and technologies 

and improvements in patient selection, current percutaneous coronary intervention may allow 

appropriate patients to benefit safely from revascularization procedures that might not have been 

offered in the past. The burgeoning interest in these procedures in some respects reflects an 

evolutionary step within the field of percutaneous coronary intervention. However, because of the 

clinical complexity of many of these patients and procedures, it is critical to develop dedicated 

specialists within interventional cardiology who are trained with the cognitive and technical skills 

to select these patients appropriately and to perform these procedures safely. Preprocedural issues 

such as multidisciplinary risk and treatment assessments are highly relevant to the successful 

treatment of these patients, and knowledge gaps and future directions to improve outcomes in this 

emerging area are discussed. Ultimately, an evolution of contemporary interventional cardiology is 

necessary to treat the increasingly higher-risk patients with whom we are confronted.
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Coronary artery disease (CAD) is a leading cause of morbidity and mortality in the 

developed world, affecting 15.5 million adults in the United States, with 635 000 Americans 

projected to have a new coronary event (either first hospitalized myocardial infarction 

or CAD death) this year.1 The profound burden of CAD, coupled with these high 

event rates, underscores the need to identify and offer treatment to patients with CAD 

at higher risk for these adverse clinical events. Unfortunately, despite the availability 

and implementation of disease-modifying guideline-directed medical therapy (GDMT; eg, 

lifestyle modification, aspirin, statins, and control of risk factors such as blood pressure 

and diabetes mellitus), a significant proportion of patients still present with prognostically 

important and anatomically severe CAD as their initial manifestation of CAD.2

For these higher-risk CAD patients, coronary revascularization (in addition to GDMT) 

can both improve quality of life and reduce adverse clinical events.3–6 A strategy of 

offering revascularization to patients with high-risk clinical presentations (acute coronary 

syndromes or stable ischemic heart disease with high-risk anatomy or refractory symptoms) 

is supported in current clinical practice guidelines and appropriate use documents.7–10 

Nonetheless, the rate of revascularization procedures, especially for stable ischemic CAD, 

has declined considerably over the past decade.11–13 Several factors have been identified as 

contributing to this decline. More effective implementation of GDMT after the publication 

of randomized trials examining the role of revascularization strategies for patients with 

stable CAD,14,15 more judicious CAD screening protocols, and concerns about inappropriate 

percutaneous coronary intervention (PCI) have likely resulted in more selective use of 

diagnostic and revascularization procedures.12,16–18 Declines in revascularization because of 

these factors are entirely appropriate. However, it is possible that the decline in the rate of 

revascularization may be out of proportion to clinically inappropriate use. On the basis of 

a comprehensive analysis of the US CathPCI Registry frequently cited as evidence for the 

overuse of PCI in the midst of this decline, <5% of all urgent and electively performed PCIs 

were rated as inappropriate using appropriate use criteria.19 Thus, although revascularization 

may have been overused in lower-risk patients, within the overall decline in volume is 

the possibility of underuse of invasive testing and revascularization procedures in other 

subgroups of patients such as those at higher risk for adverse events.12,20–25

A patient population among the least likely to be offered PCI but with a clinical indication 

for revascularization consists of patients with CAD who also are at higher or extreme 

(inoperable) surgical risk.26–28 Although complete revascularization through PCI is a less 

invasive alternative to surgical revascularization and may therefore offer advantages to 

patients at high risk for surgery, early experiences with PCI conducted in the balloon 

angioplasty and early stent eras demonstrated lower success rates and higher rates of 

complications with PCI in this group of patients. Nonetheless, with improved patient 

selection, in conjunction with advances in interventional techniques and technologies, 

complete revascularization through PCI may allow appropriate patients to safely benefit 
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from revascularization procedures that otherwise might not have been possible or were 

unwise to offer in the past. Here, we attempt to characterize these patients, increasingly 

referred to as the “complex higher-risk (and indicated) patient” population, on the basis of 

growing interest within the field of interventional cardiology. We also examine the potential 

unmet need for revascularization in this patient subset and discuss the evolution in treatment 

paradigms essential for the effective care and treatment of these patients.

CANDIDACY FOR REVASCULARIZATION: AN UNMET NEED FOR PCI

Risk assessment with established and evolving contemporary risk models is an 

integral component for appropriately identifying and selecting patients for coronary 

revascularization. Objective risk assessment also can provide patients and referring providers 

with information to allow them to make shared and informed decisions about treatment. 

The risk selection algorithm for the advanced CAD patient should be an integrated 

process aimed at determining the risks of all potential therapies that can be offered 

to the patient: surgical, percutaneous, or GDMT alone. Large, multicenter, randomized 

trials have generally demonstrated superior outcomes with coronary artery bypass grafting 

(CABG) compared with PCI or GDMT in patients with complex multivessel/left main CAD 

and complex anatomy as identified through an intermediate to high SYNTAX (Synergy 

Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) score.29,30 

However, patients who are deemed either inoperable or at higher risk (eg, >5% estimated 

risk of mortality for a surgical revascularization procedure) are potential candidates 

for a percutaneous approach. An additional group of patients for whom percutaneous 

revascularization is frequently considered is composed of patients who have already had 

a CABG procedure, especially those for whom the left internal mammary has already been 

used as a conduit.

Contemporary data demonstrate that patients with higher-risk CAD (such as those with 

comorbidities or presentations with heart failure) are among the least likely to undergo or 

even be offered revascularization via a percutaneous approach.23,24,26–28 There are several 

possible reasons why this group of patients may not be offered PCI. Some patients may have 

comorbidities that are too extensive for a (potentially futile) revascularization procedure to 

make an appreciable difference in outcome. For other patients at high surgical risk, other 

practical obstacles can lead to the underuse of PCI. For most interventional cardiologists, 

the percutaneous treatment of these high-risk patients represents a challenge that is often 

avoided, given a lack of widespread technical expertise, the perception of low procedural 

success, and confusion about accepted indications for PCI in this population. Physicians 

may intuitively (and perhaps incorrectly) think that these patients have such far advanced 

CAD to preclude any meaningful clinical benefit. This is, no doubt, compounded by a 

relative scarcity of data on the efficacy of revascularization in this population. Public 

reporting of adverse outcomes can also serve as a deterrent to PCI among higher-risk 

patients.31

At the present time, it is not known precisely how many of these higher-risk patients who 

might potentially benefit from revascularization are not ultimately offered it. The difficulty 

in approximating this number stems from the fact that many of these patients may never 
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come to the attention of interventionalists or cardiac surgeons.24 Additionally, higher-risk 

patients are almost uniformly excluded from most clinical trials. Many of these patients do 

not even undergo the diagnostic testing necessary to make the diagnosis of severe CAD.24,32 

Furthermore, a misalignment exists in the use of cardiac catheterization in many patients 

relative to their predicted probability of severe CAD in which the use of catheterization 

appears to target patients who would derive less benefit from revascularization, consistent 

with a treatment-risk paradox.21

PCI may be considered a beneficial option for the subgroup of patients with severe 

CAD in whom the revascularization hypothesis (of incremental benefit compared with 

GDMT alone) may in fact be demonstrable, assuming that these patients can safely 

undergo revascularization. Even among patients who may be candidates for surgical 

revascularization, some patients may be willing to accept a higher rate of repeat 

revascularization with PCI if it minimizes stroke risk compared with CABG, whereas other 

patients may be willing to accept a longer perioperative recovery from a CABG in hopes 

of avoiding the need for repeat revascularization and potentially shorter overall longevity 

with PCI. If CABG is not an option or not desired by the patient, complete revascularization 

through PCI in many of these patients would require specialized technical and cognitive 

skills not readily possessed by most coronary interventionalists. Nevertheless, if complete 

revascularization can be safely and effectively achieved, these patients are among the most 

likely to derive a robust clinical benefit. Therefore, effective treatment of these patients falls 

into a true “higher risk, higher reward” paradigm.

DEFINING THE STABLE ISCHEMIC CAD PATIENT AT HIGHER RISK FOR 

ADVERSE OUTCOMES WITH REVASCULARIZATION THERAPIES

Accurate risk stratification is critical in the evaluation and management of patients with 

stable ischemic CAD who are candidates for revascularization therapies. The clinical 

characteristics and presentation, noninvasive testing including functional testing, and 

anatomic delineation of CAD all inform the overall risk assessment of CAD patients, and 

diagnostic and therapeutic strategies usually are tailored by weighing the anticipated benefits 

of treatment against an individual’s predicted risk for adverse events. Among patients who 

might benefit from revascularization, a careful assessment of anticipated procedural benefits 

and estimated procedural risk is critical, and communication of these benefits and risks to 

the patients, their family, and any physicians comanaging them is essential. Despite the 

presence of procedural risk calculators for both CABG and PCI, formal consensus on the 

exact definition of high procedural risk still remains somewhat of an art.33–35 This may 

be in part due to factors not currently captured in validated risk calculators,36,37 combined 

with the observation that in higher-risk patients, conventional risk calculators that estimate 

30-day mortality across both elective and emergent patients may be wanting, particularly for 

stable patients undergoing higher-risk interventions.34 In addition, there may be individual 

variability in levels of accepted or tolerated risk (by both patients and providers/institutions, 

and depending on the clinical scenario).
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All proposed definitions of risk for revascularization procedures incorporate features specific 

to 3 clinical spheres: patient risk factors and comorbid conditions (including those that 

preclude surgical or percutaneous revascularization); location and complexity of coronary 

anatomy (including adequacy of vessels for PCI or for surgical targets); and hemodynamics, 

ventricular function, and concomitant valvular disease (Figure). It is the composite risk 

derived from the integration of each of these 3 areas that leads to the cumulative procedural 

risk profile of any individual CAD patient for whom revascularization is considered.

Comorbid characteristics and adverse patient risk factors can result in increased mortality, 

decreased functional capacity, inferior quality of life, and greater cost and resource use, 

including rehospitalization. Epidemiologic data demonstrate that the odds of having multiple 

cardiovascular comorbidities in CAD patients has increased significantly over time.38 In 

addition, certain comorbidities may disproportionately modify procedural risk for CABG 

compared with PCI. In particular, patients with oxygen-dependent chronic obstructive 

pulmonary disease, severe liver disease, carotid artery disease, prior stroke, frailty, or 

even prior CABG have been shown to have increased risk with CABG compared with 

PCI.33,39–41 Other factors such as the presence of a hostile chest (eg, resulting from 

anatomic deformities or prior radiation therapy), severe aortic calcification (porcelain aorta), 

and other factors specifically increasing surgical risk may also weigh into the decision 

making for revascularization strategies in CAD.

When a revascularization strategy is being considered for patients with CAD, anatomic 

considerations such as the presence of unprotected left main CAD, complex bifurcation 

and trifurcation lesions, chronic total occlusions, and heavily calcified lesions, as well 

as high SYNTAX score, also can factor heavily into the estimation of risk, particularly 

for patients for whom PCI is being considered.42 Each of these factors can influence 

the degree of difficulty of a complex PCI procedure. There also is a disparate set of 

anatomic considerations that affect the risk and potential success of CABG, including 

suitability of conduits (arterial and venous) and the adequacy of distal targets within 

the native coronary arteries, especially because this may affect the suitability of left 

internal mammary placement to a diseased left anterior descending coronary artery. A 

fundamental assumption before consideration of higher-risk revascularization procedures is 

that the territories being revascularized are both ischemic and viable. In patients with severe 

left ventricular dysfunction or regional wall motion abnormalities, performance of either 

noninvasive testing to confirm ischemia/viability or fractional flow reserve to determine the 

physiologic significance of lesions should be considered to ensure that a meaningful degree 

of myocardium subtended by the vasculature to be intervened on is recoverable.

Poor hemodynamic status, impaired ventricular function, and the presence of concomitant 

valvular heart disease are the final critical components of the assessment of procedural 

risk. Patients with abnormalities in this sphere typically have low physiologic reserve 

and are at high risk for hemodynamic decompensation during either PCI or CABG. 

Revascularization in these patients also requires careful planning, with preprocedural 

hemodynamic optimization and consideration of the use of hemodynamic support before 

intervention in selected cases and continuing through the immediate postprocedural time 

period. An additional (often unrecognized) subgroup of patients at high risk for adverse 
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outcomes are those with pulmonary hypertension or right ventricular failure; surgical 

outcomes in this group in particular are among the poorest.43

MULTIDISCIPLINARY TEAM-BASED APPROACH TO HIGHER-RISK CAD 

PATIENTS

Given the complexity of managing higher-risk patients with CAD, a collaborative team-

based model is essential for appropriate patient selection, treatment, and subsequent care 

of these patients. The coordinated approach of a dedicated heart team has the potential 

to lead to enhanced decision making, superior outcomes, and ultimately exceptional 

overall patient care,7–9 although institutional protocols encapsulating heart team decision 

making algorithms may sometimes be substituted for formal heart team deliberations in 

an institution with well-established and high-quality practice patterns.44 Patients should 

be considered potentially for PCI or surgical revascularization if they have ongoing 

symptoms despite GDMT and are thought by the heart team to derive a likely meaningful 

clinical benefit from revascularization. A thorough assessment of the extent of CAD 

burden, hemodynamics, and global cardiac function should be undertaken. The optimal 

revascularization strategy, timing, and alternative approaches then should be closely mapped 

out within the constructs of the heart team. Given the nuances of clinical decision making 

in these patients and scenarios in which there may be clinical equipoise, the collective 

experience of the multidisciplinary heart team is vital to optimizing patient outcomes.

Beyond the decision making for a revascularization strategy, when patients with higher-

risk CAD are treated, input from primary treating physicians, interventional cardiologists, 

cardiothoracic surgeons, heart failure specialists, multimodality imaging specialists, 

intensivists, and even electrophysiologists (for patients with depressed ventricular function 

or concomitant arrhythmias) may become relevant (Table 1). For example, heart failure 

or critical care specialists with a dedicated interest in the acute care of decompensated 

congestive heart failure should be engaged when issues related to candidacy for advanced 

heart failure therapies or cardiac transplantation are being considered. Additionally, imaging 

experts with specific knowledge of applied imaging as an adjunct to interventional vascular 

procedures would be best suited to participate in discussions of the cause and management 

of concurrent valvular heart disease (eg, ischemic mitral regurgitation). Furthermore, it is 

important to explicitly state that all patients with CAD should have their medical regimen 

optimized before proceeding with any revascularization procedure. Optimization should 

include a thorough assessment of implementation and adherence to GDMT, related to 

both disease modification and symptom relief. A careful and systematic review of both 

medical and adjunctive lifestyle-modifying therapies can reveal significant opportunities 

for improvements in overall cardiac care. Finally, careful optimization of hemodynamic 

status and adjunctive periprocedural therapies (eg, management of kidney dysfunction, 

including optimization of hydration, in conjunction with low-contrast protocols, prophylaxis 

for contrast allergy as needed) can be critical to ensuring that a patient undergoes a safe 

procedure.
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SPECIALIZED COGNITIVE SKILLS AND TECHNICAL SKILLS 

REQUIREMENTS

To treat patients safely and effectively, there needs to be a cadre of interventional 

cardiologists who possess the skill sets necessary to perform complete revascularization 

safely and effectively in the most complex and higher-risk patients. In the current era of 

PCI with advances in functionally based revascularization, adjunctive pharmacology, and 

PCI techniques and devices, the success rates for treating the most complex lesion subsets 

have improved among operators trained in specialized techniques45,46 but have remained 

significantly lower among everyday interventionalists.47 Armed with the knowledge of how 

and when to use these techniques, dedicated interventionalists with expertise in treating 

these patients could be more apt to choose the optimal treatment strategies and, most 

important, improve overall outcomes in these patients.

For those interventionalists who wish to evolve beyond those performing conventional 

contemporary PCI, adequate technical training complemented by an adequate procedural 

volume of complex cases (eg, chronic total occlusions, calcified vessels, complex bifurcation 

disease, cases requiring hemodynamic support) and specific techniques and devices is 

a prerequisite (Table 2). The experience and clinical judgment required to perform 

these procedures in most cases will be beyond that obtained in traditional single-year 

interventional cardiology fellowships in which the exposure to the most complex patient and 

lesion subsets may be limited. Moreover, the nuances of case selection and clinical judgment 

necessary to become an expert interventional cardiologist require time and an accumulated 

case load.

The development and eventual success of this field are, however, predicated on appropriately 

identifying and treating the correct patient population and ensuring that the desired 

outcomes can be achieved. Although performing PCI in patients who are either ineligible 

or too high risk for surgical revascularization makes empirical sense, a movement 

toward the performance of PCI in these populations is not to be taken lightly. Given 

the procedural complexity and the patient comorbidities associated with an intrinsically 

high-risk population, the potential for considerable harm exists if potentially unprepared 

interventionalists are given free rein to perform the highest-risk procedures for contemporary 

PCI in a potentially vulnerable population. There is a difference between complex 

intervention and higher-risk intervention. Whereas complex intervention requires advanced 

and specialized techniques, not all of these confer increased risk to an individual patient. For 

example, although a patient with an ejection fraction of 10% and a focal noncomplex LAD 

lesion might not at first blush appear to be at significantly higher risk for an interventional 

procedure, if the patient had pulmonary artery pressures of 75 mm Hg with a pulmonary 

capillary wedge pressure of 35 mm Hg and a pulmonary artery saturation of 30%, that 

patient might indeed be at higher risk than a patient with a complex distal left main 

coronary artery lesion and normal ventricular function. Therefore, successful establishment 

of specialized programs must incorporate training/expertise in both complex techniques (eg, 

treating the distal left main bifurcation) and the adequate assessment of procedural risk (eg, 

through knowing when to perform right-sided heart catheterization before undertaking PCI).
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In many respects, a focused core curriculum for interventionalists performing procedures 

in these patients is therefore essential. Such a curriculum could focus not only on how 

to safely and skillfully treat these patients from a technical standpoint but also on the 

cognitive development necessary for preprocedural screening and evaluation in conjunction 

with an understanding of the rationale and goals for revascularization. Having a dedicated 

and case-based curriculum could additionally help to ensure a shared level of expertise 

and knowledge among interventional cardiologists performing these procedures. If this 

curriculum could be robustly developed and broadly applied, it could truly be transformative 

in defining what it means to be an advanced coronary specialist in an era of continued 

differentiation within the field of interventional cardiology.

The specialized techniques needed for effective treatment of higher-risk patients with 

indications for revascularization simply cannot be taught in an abridged course or without 

some element of hands-on training. Thus, a considerable investment in time and effort 

likely would be needed for physicians to become truly proficient. The development of 

formalized training programs, observerships, or even proctorships could help with some of 

the practical hands-on skills necessary, particularly for practitioners who lack the procedural 

experience and support to begin to tackle more complex procedures with the goal of 

complete revascularization. In addition, we could envision specific training and mock 

scenarios administered within the cardiac catheterization laboratory and intensive care units 

to ensure adequate training by staff in both areas. It is imperative, however, that designated 

specialists and programs continue to use their accumulated skills set on a regular basis 

because outcomes are undoubtedly likely to suffer if appropriate volume thresholds are not 

maintained. Finally, further work is required to address the ideal reimbursement and cost 

structures for these complex procedures that can often lead to substantial variances in time, 

equipment costs, and hospital use.

KNOWLEDGE GAPS AND FUTURE DIRECTIONS

There are still many unanswered questions related to the evolving population of higher-risk 

PCI patients. The exact size of the patient population that can benefit from higher-risk PCI 

procedures remains unknown because these patients have historically been underrepresented 

in clinical trials and registries, and many patients who could be eligible for revascularization 

never come to the attention of interventional cardiologists or cardiothoracic surgeons. There 

have also been no trials comparing PCI with GDMT in this patient population. Moreover, 

in patients with complex coronary anatomy at very high (but not inoperable) surgical 

risk, it is unknown whether PCI is truly a viable alternative to CABG over the long 

term. Whereas surgical ineligibility can confer risk independently for patients undergoing 

high-risk PCI,36,37 no risk models can calculate the differential risk of PCI appropriately 

compared with optimal GDMT. As a result, providers inappropriately may ascribe too high 

or too low a risk to PCI and adversely affect the decision about revascularization. Lastly, it 

is not known how many patients fall into an area of futility where no benefit can be achieved 

by revascularization.

To begin to answer some of these questions, it is critical to start gathering systematic 

disease-based data on patients with complex and severe CAD and the current treatments 
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offered to these patients. Various research priorities within this space are listed in Table 3. 

One of the first steps in investigating this patient population would involve the formation of 

a large, multicenter registry that could allow the systematic tracking of short- and long-term 

outcomes for higher-risk patients already undergoing more complex procedures. This has 

already started within the chronic total occlusion space.45 The data from similarly developed 

and more broadly based registries would be hypothesis generating but could help shape 

guidelines for the management of these patients. These registries ultimately could lead to the 

creation of a preliminary database infrastructure that could be used to construct formalized 

prospective studies (even randomized trials) within this population. Such registries and any 

subsequent studies also may be mined to develop finally an accurate risk model to help 

guide physicians in the decision making process for revascularization in this population. 

Ultimately, the recognition of the evolution in risk profiles among patients undergoing PCI 

concept may lead to the collective improvement in the quality of PCI as a whole because 

patients may be more apt to undergo PCI by well-trained interventionalists possessing the 

breadth and depth of technical and cognitive skills to treat them safely and effectively.

CONCLUSIONS

Patients with severe CAD who are candidates for PCI but at high risk for established 

coronary revascularization procedures such as CABG because of patient comorbidities, 

complexity of coronary anatomy, and/or poor hemodynamic status represent an understudied 

and potentially underserved patient population. The characterization of a new field of 

coronary interventional procedures aims to fulfill an unmet need to better define this 

population and to focus the use of PCI in these patients who potentially have the most to 

gain from coronary revascularization procedures. The most critical requirements at present 

relate to training adequately a dedicated cadre of coronary interventionalists who possess the 

cognitive and technical skills to manage these patients. The impact of these procedures on 

the hospital level and health system must be formally assessed, but it is our belief that this 

treatment paradigm has the potential to maximally benefit patients judiciously and safely.
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Figure. The increasingly high-risk patient population with indications for revascularization who 
may be considered for percutaneous coronary intervention.
Patient risk is reflected by the 3 separate (but overlapping and potentially additive) areas.
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Table 1.

Roles and Team Members Who May Be Called on in a Multidisciplinary Approach to Patients With Higher-

risk, severe CAD

Role Member

Patient/family Shared decision making Patient and family members

Physicians Defining goals of care and preprocedural optimization Primary care physician

Primary cardiologist

Advanced heart failure/critical care specialist (experience in 
advanced therapies, transplantation)

Formulating revascularization strategy Specialized coronary interventionalist

Cardiothoracic surgeon

Managing concomitant structural heart disease Multimodality imaging specialist

Structural heart interventionalist (for concomitant valvular disease)

Managing concomitant rhythm therapies Electrophysiologist

Postprocedural care Cardiac intensivist, primary cardiologist

Staff Care facilitation Nurse or advanced practice provider to assist in preprocedural/
postprocedural optimization Social worker/services

CAD indicates coronary artery disease.
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Table 2.

Technical Skills and Training/Infrastructure Requirements (for Physicians, Staff, and Institutions) for the Care 

and revascularization of Patients With Higher-risk, severe CAD

Patient/Lesion subsets Techniques/devices

Chronic total occlusions Dual access and injections

Antegrade and retrograde techniques, including dissection/re-entry devices 
Specialty wires, microcatheters, devices for increasing guide/catheter 

support, externalization techniques

Left main stenosis/ bifurcations Single- and 2-stent strategies (both primary and for provisional/bailout use) 
Intravascular imaging

Calcific disease Rotational/orbital atherectomy

Intravascular imaging

Multivessel disease Coronary physiological studies (eg, fractional flow reserve) Intravascular 
imaging

Poor hemodynamic status/ventricular function coexisting with 
complex anatomy

Left/right ventricular percutaneously implanted support devices

Intra-aortic balloon counterpulsation

Extracorporeal membrane oxygenation

Large-vessel access/closure management

Transradial expertise (when both femoral arteries are used)

Alternative access considerations (axillary, transcaval)

Stent underexpansion/ restenosis Intravascular imaging

Aggressive noncompliant and plaque-modification balloons

Atherectomy (laser, rotational)

Vascular brachytherapy

Complication management Echocardiography-guided pericardiocentesis

Covered stents, coils, beads

Snares/snaring techniques

Dual guide techniques

Dissection/re-entry to salvage distal flow

Endovascular rescue

CAD indicates coronary artery disease.
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Table 3.

Research Priorities in the Higher-Risk CAD Population Potentially Eligible for PCi

Research Priority/Question Study design/Cohort

What is the prevalence of severe (and nonrevascularized) CAD? Disease-based (as opposed to solely 
procedure-based) registries

What are the outcomes of PCI in higher-risk CAD patients (eg, nonsurgical patients), and 
are there specific operator/institution volumes that are required to achieve the best procedural 
outcomes?

Procedural registries

What are the costs associated with revascularization in higher-risk CAD patients? Dedicated cost-effectiveness studies within 
procedure- and disease-based registries

What are the outcomes with PCI, surgical revascularization, and medical therapy among 
higher-risk patients with an indication for revascularization?

Disease-based registries with embedded 
procedural data Potential randomized trials

What is the variability in care patterns for patients meriting consideration of 
revascularization?

Disease-based registries with embedded 
procedural data

To what extent are contemporary interventionalists trained and skilled to perform complete 
revascularization across complex lesion subsets?

Procedure- and disease-based registries

To what extent can PCI achieve surgery-like outcomes in higher-risk CAD patients? Randomized trials, possible comparative-
effectiveness assessments

CAD indicates coronary artery disease; and PCI, percutaneous coronary intervention.
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