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ABSTRACT

Intracoronary imaging (ICl) was introduced over 3 decades ago to complement conventional coronary angiography, yet its widespread uptake remains
limited. This paper seeks to explore the potential causes behind low ICl utilization. The concepts of acceptability, acceptance, and adoption were applied to
understand at which stage individual factors influence ICl implementation. Overall, the document aims at offering a comprehensive understanding of the
challenges affecting ICI adoption, laying the foundation for effective change strategies. This approach is intended to address the broader, multifaceted
nature of ICl implementation, providing a starting point for broadening its integration into clinical practice.

Introduction

Intracoronary imaging (ICl) was developed more than 3 decades ago
to complement conventional angiography and enhance the under-
standing of plaque and vessel morphology. The first intravascular ultra-
sound (IVUS) catheter delivering 2-dimensional images was developed in
1989," while light-based optical coherence tomography (OCT) for coro-
nary use became available in 2001.? Since its inception, ICI has been
used for multiple purposes, including characterization of atheroma,

understanding of vascular remodeling responses during atherogenesis,
planning and guidance of percutaneous coronary intervention (PCI) to
prevent restenosis and stent thrombosis, and assessment of plaque
regression associated with pharmacologic therapy.®" Most recent
meta-analyses of randomized controlled trials (RCTs) performed within
the drug-eluting stent (DES) era have shown superior patient outcomes,
including mortality benefit, when PCl is guided with ICI compared with
angiography.w’20 Current clinical practice guidelines include recom-
mendations for ICl in specific clinical and anatomical scenarios.?’%°

Abbreviations: BMS, bare metal stent; DES, drug-eluting stent; ICI, intracoronary imaging; IVUS, intravascular ultrasound; NAP, nurse and allied professional; OCT, optical
coherence tomography; PCl, percutaneous coronary intervention; RCT, randomized controlled trial.
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Currently, there are at least 14 commercially available ICl systems (Sup-
plemental Table S1). While all these seem to reflect a story of success for
ICl, there are multiple indicators that, on a global scale, the uptake of ICI
in clinical practice is very low, with high heterogeneity even at a country
or individual hospital level.

While scientific societies have issued dedicated expert documents
on ICl and with inclusion of dedicated sessions in scientific conferences
is the norm,? " there is a paucity of studies investigating the causes of
low ICI utilization in clinical practice. This document aimed to provide
an expert consensus on the barriers to ICl uptake and explore potential
solutions. In contrast to existing clinical consensus documents, it did not
intend to provide information on how to use ICl in clinical practice.
Instead, it aimed to achieve a broader understanding of factors that
influence ICl implementation, in the belief that this is a key starting
point in formulating change strategies and for testing their effectiveness
in real-world practice.

Organizational aspects of this document

This was an investigator-initiated project launched by a group of
interventional cardiologists with a track record in the field of ICl who
were willing to explore the causes of low ICI utilization today. Two online
and 1 in-person meetings led to the identification of key factors
affecting ICI utilization, the preparation of a white paper, and the dis-
tribution of tasks.

One of the basic premises of this document is that the problem of ICI
uptake is a multifaceted one and, thus, its analysis requires a broader
consideration of factors generally not addressed in other fora. Former
approaches have largely focused at a high level on a few variables, like
device costs or reimbursement, which cannot explain the vast differences
in ICl adoption within individual countries and institutions. This article
seeks to understand more deeply how the utilization of ICl is modulated
by factors that operate at the level of the interventional cardiologist,
catheterization laboratory nurses and allied professionals (NAPs), hospital
administrators, and health care policies. The document proposes
actionable outcomes based on addressing each of the identified factors.

Our analysis of the factors that influence the uptake of ICl is based
on concepts of acceptability, acceptance, and adoption. These 3
concepts have been used in investigating the success or failure of
technology uptaka32 In this document, acceptability refers to the
perception of ICl before its use by the interventional cardiologist.
Acceptance is the interventionalist's perception of ICl value and ease
of use after an initial application in clinical practice. Finally, adoption
refers to a multistage process that begins with the successful
acceptability and acceptance of ICI by PCl operators and gets
extended to other personnel involved in the interventional manage-
ment of patients. Ultimately, it ends up with the commitment of hos-
pital administrators and health care systems. In general, acceptability
and acceptance are considered prerequisites for adoption of a new
technology (Central lllustration).
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Auvailable supporting evidence and current recommendations on
ICI

Over the last 3 decades the use and applications of ICI have
changed according to the evolution of interventional cardiology
(Figure 1).1:249-11,18,21,23,25.33-40 The first wave of studies with IVUS
focused on in vivo assessment of coronary atheroma, providing
valuable observations on phenomena like vessel remodeling dur-
ing atherogenesis, along with differences in plaque structure in
chronic and acute coronary syndromes.*’** With the arrival of
bare metal stents (BMS) in the 1990s, IVUS demonstrated the
importance of achieving adequate stent expansion and apposition
to prevent stent thrombosis.*® The arrival of DES led to the hope
that stent restenosis had been eventually resolved, casting doubts
on the relevance of using IVUS for this purpose. However, growing
awareness that stent failure, in particular stent thrombosis, had not
disappeared with the arrival of DES led to a renewed interest in
using ICl to guide PCI,**" with multiple RCTs, registries, and
meta-analyses supporting the clinical value of ICI in multiple
scenarios,”!1:18-20.33-354849 pacently published American and
European guidelines recommend ICl for performing PCl on
anatomically complex lesions (including the left main stem) with a
class |, level of evidence A.2"?° The American College of Cardi-
ology (ACC) Interventional Council recently proposed the use of
ICl as an essential adjunct to angiography for specific (generally
complex) lesion subsets or any scenario where angiography may
inadequately elucidate anatomy.®'

Uptake of ICl in the real world

Despite all above-discussed evidence and recommendations, the
global utilization rate remains low®*>’ (Figure 2). An international
survey on ICl for interventional practice® reported overall consistent
results, with a very high penetration of ICl in Japan, while other re-
gions had a more selective use of imaging. Use of ICl varies enor-
mously between not only countries but also hospitals and operators
within the same institution. Data regarding the uptake of ICl mostly
stems from national or state registries and industry databases.
Comprehensive data from most countries and tracking of temporal
trends of the utilization of ICl in different countries are generally
wanting. Detailed information of uptake of ICI in the real world is
available in the Supplementary Material.

Reasons behind successful ICl uptake

Japan’s early and long-standing uptake of ICI has been attributed to
2 key factors: (1) an early interest in IVUS technology, which was intro-
duced in Japanese hospitals for clinical research as early as 1993 and
soon enabled the application in clinical practice of validated

Central lllustration.

Graphical summary of the concepts of acceptability,
. acceptance, and adoption of intracoronary imaging (ICl).
= Acceptability refers to the perception of ICI before its
M use by interventional cardiologists. Acceptance is the
n perception of its value and ease of use after initial clinical
practice. Adoption is a multistage process starting from
successful acceptability and acceptance by percuta-
neous coronary intervention operators, extending to
other interventional personnel and culminating in the
commitment from hospital administrators and health
care systems. Acceptability and acceptance are pre-

requisites for adoption.

Adoption
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Figure 1.

Historical timeline of intracoronary imaging.':>*7"118:21:23.25,35-40 ACC, American College of Cardiology; ACS, acute coronary syndrome; AHA, American Heart Association; BMS,
bare-metal stent; CCS, chronic coronary syndrome; DES, drug eluting stent; EACTS, European Association for Cardio-Thoracic Surgery; ESC, European Society of Cardiology; GL,
guidelines; ICI, intracoronary imaging; IVUS, intravascular ultrasound; OCT, optical coherence tomography; NIRS, near-infrared spectroscopy; PCI, percutaneous coronary interventions;

SCAI, Society for Cardiovascular Angiography and Interventions.

quantitative, outcome-based measurements such as minimum stent
area to predict future revascularization; and (2) a reimbursement
accreditation framework that facilitates the approval of new medical
devices based on a noninferiority criterion rather than requiring supe-
riority in all aspects, leading to reimbursement of IVUS in Japan in 1994.
This approach contrasts from that of many other countries, where
reimbursement policies often require extensive cost-effectiveness and
clinical utility data before approval, creating additional barriers to
adoption.’’

A recent study from Veterans Affairs hospitals in the United States
reported an increase in ICl utilization, reaching 43.1% in 2022 with a
notable inflection point in 2018 probably related to the results of
clinical trial data and endorsement of scientific societies.®? However,
the variability in ICI use was mainly driven by hospital and physician
rather than PCl complexity or patient-level characteristics, high-
lighting the separate role of lack of evidence and physician-level
factors in ICl uptake.

Analysis of factors influencing uptake of ICI

In the following sections, we provide an overview of the factors
that may contribute to the low uptake and high heterogeneity in uti-
lization of ICI in most countries highlighted by the above-discussed
registries.

Factors affecting acceptability of ICI

The key question in analyzing acceptability of ICl is why so many
interventionalists are inadequately motivated to use it. At a differ-
ence with emerging technologies, IVUS and OCT have been avail-
able for decades and no longer can be envisaged as emerging or
new technologies. Therefore, acceptability of ICI by operators is
likely to be influenced by their exposure to educational events,
scientific articles, and dedicated documents on the topic, as well to
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Identified key factors influencing acceptability of intracoronary imaging. ICl, intracoronary imaging; PCI, percutaneous coronary intervention; RCT, randomized controlled trial.

interactions with colleagues with a personal experience in using ICI.
Further, we discuss potential aspects affecting such behavioral
intention (Figure 3).

Underappreciation of the link between suboptimal PCl and
long-term patient outcomes. A driving force to improve PCl quality is
awareness of the consequences of a suboptimal intervention. Because
clinical events related to suboptimal PCI typically manifest in the mid-
term and long-term, interventional cardiologists rarely witness (or are
notified) of long-term cardiac events occurring in intervened patients.
Operators may be reinforced in believing that their PCl procedures are
always optimal despite not using ICl when they do not witness long-
term PCl-related events. Eg, before an episode of early stent throm-
bosis, the first question raised may be related to adherence to dual
antiplatelet therapy rather than whether optimal stent implantation had
been performed at the index PCl. The temporal dissociation between
the immediate PCl result and the subsequent outcomes may further
decrease the perceived usefulness of ICI.

Lacking ICI availability hinders the possibility of benchmarking and
assessing PCl results. Closely related to the previous topic, not hav-
ing the opportunity to access to ICl impedes the operators to bench-
mark their PCl results through the lens of ICl—which otherwise might
generate awareness of suboptimal PCl results despite what may appear
to be a sound angiographic result.

Lack of familiarity with data supporting the value of ICI. The way
supportive evidence for ICl is perceived, evaluated, and assimilated is
influenced by factors such as personal experience, training, and bia-
ses.%? Since ICI has been available for decades, gauging its value can
be a challenge for many physicians, as some studies are less relevant
(eg, those from the BMS era), while other focus on specific PCI niches.

As a result, many interventional cardiologists may be unfamiliar or have
an incomplete understanding of more recent evidence supporting the
use of ICl in specific anatomical or clinical subsets.

ICI not being consistently part of a default PCI strategy in major
clinical trials. Use of ICl has not been mandatory in most contemporary
PCl trials. This may generate the false impression that acute or long-
term PCl-related events are extremely rare when using contemporary
device technologies and that, therefore, patient outcomes will not be
further improved by using ICI. Rapid changes in the PCl landscape may
also explain why ICl can be perceived as no longer needed (eg, over the
transition from BMS to DES).

Misleading educational strategies deterring interventionalists
from ICI use. By assigning bold opposing positions in controversy/
debate sessions, anti-imaging statements can be viewed as indicating a
lack of consensus on its clinical value. Educational models portraying ICI
as something that requires the discourse of an expert analyst (quite
frequent in live case transmissions) may intimidate the average inter-
ventionalist and generate an unfavorable perception of ICl's ease of
use.

Safety concerns of ICl. Operators may mistakenly perceive that
incorporating ICl into procedures escalates procedural risks. In a
contemporary international survey, 9.5% of respondents identified risk
for procedural complications as the main factor limiting clinical use of
ICI in clinical practice.®® This misconception could stem from concerns
about prolonging procedural time or encountering technical challenges
associated with imaging modalities.

No request for IClI use from patients and referring
physicians. Acceptability of a PCI tool by operators is influenced by
the perception that referring physicians and patients have on its clinical
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relevance or of being a marker of procedural quality. While dedicated
surveys on this topic are lacking, it is quite likely that most referring
physicians and patients are not aware or have not been informed on the
impact of ICI guidance on PCl outcomes, including lower mortality.

Cognitive dissonance in an angiography-based culture. Psycho-
logical research has shown that opinions and attitudes tend to exist in
clusters that are internally consistent. When consistency is challenged
(dissonance), an individual will try to reduce it and avoid situations and
information that would likely increase such dissonance.®* Adding new
information from ICI, on top of what we have generationally grown
accustomed to from angiography, may create dissonance. The chal-
lenge of reconciling existing practices with new conflicting information
may trigger 3 psychological responses linked to cognitive dissonance:
avoidance, delegitimization, and limiting its impact.

Interventional cardiologists trained only on angiographic PCI guid-
ance may experience cognitive dissonance when prompted to uptake
ICl, as it somehow challenges or questions their way of proceeding for
years. Frustration arising from unsuccessful first ICl experience may also
polarize interventionalists against further ICI use. Far from dissipating
cognitive dissonance, unidimensional educational models on ICl, which
are leveraged on supportive evidence and clinical practice guideline
recommendations may instigate even further this psychological
response.

Factors affecting acceptance of ICI by interventional cardiologists

Successful incorporation of ICl is modulated by the personal expe-
rience of the operator (Figure 4). The key question in considering
acceptance is what has contributed to a positive or negative operator
experience in using ICl. Identified key factors influencing acceptance
are described further.

Nonavailability of ICI. A fundamental cause of low acceptance of a
technology is lacking personal experience with it. Only by getting
firsthand experience can operators see the benefits of ICl and build
confidence in its value. Having direct experience also implies that op-
erators can receive customized onsite training and, which can signifi-
cantly contribute to acceptance, which facilitates further steps toward
adoption of the technology.

Suboptimal training in image interpretation. A 2020 survey revealed
that a substantial proportion of interventional cardiology fellows-in-
training initially reported themselves as experts or with sufficient expe-
rience in intracoronary physiology, IVUS, and OCT. However, among
those who report such training, in fact, very few declared to be inde-
pendent in all components of performance and interpretation required
for clinical prac'cice.65 In another survey, almost 60% of respondents
wanted to increase appropriate ICl use and engage in online training.®®

Inability to obtain
actionable
information

Factors
impeding
a satisfactory
experience

Suboptimal
training

:

= Lack of
structured
collection/report

=N

Not
available

Figure 4.
Identified key factors influencing acceptance of ICI. ICl, intracoronary imaging.
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Acceptance of ICI

Lack of training and procedural lengthening associated to ICl were more
common concerns for operators with fewer years of experience (<5
years), which likely accounts, in part, for low use of ICl in those with lower
experience compared with that in more experienced operators.60

Inability to obtain actionable information from ICl. For many inter-
ventionalists, it may be unclear when and for whom ICl is indicated. The
sheer volume of information encoded in intracoronary images can be
overwhelming for operators embarking on a PCl during daily clinical
practice. Without proper guidance or training, physicians may struggle
to discern what matters most and how to extract and interpret relevant
information. This challenge is also compounded by the dynamic nature
of catheterization laboratory procedures, which require quick online
and real-time interpretations.

Factors impeding building a satisfactory experience in ICI

Several factors may impede building a satisfactory experience with
ICl in the catheterization laboratory:

1. Heavy case load: Incorporating ICl into the workflow in catheteri-
zation laboratories with packed case lists can be challenging, as the
learning curve is associated with more time required for preparing
and performing ICI studies.

2. Dependence of external support: In some countries, ICl procedures
are often performed only when a company representative is physi-
cally present to operate the machine assisting with image inter-
pretation. This reliance on external support may hinder operators
from independently gaining hands-on experience, limiting their
confidence and familiarity with the technology.

3. Lack of engagement of NAPs: Although NAPs are not the pre-
scribers and decision-makers in the use of ICl solutions, their active
engagement plays a very important role in building a satisfactory
experience and a favorable perception of ease of use of IC| tech-
nologies. This will be discussed in detail later when analyzing factors
influencing adoption of ICI.

4. Technical failures or unsuccessful integration of ICI system in the
catheterization laboratory: seamless integration of IClI can be
hampered by technical issues, which, if not overcome promptly, may
trigger resistance to further ICl use.

Lack of structured collection and reporting of ICl data. From a
broad perspective, documenting in medical reports relevant data that
underpin critical decisions contributes to robust reporting of an inter-
vention. Yet, this is rarely the case in PCl even when ICl is used, prob-
ably because operators often focus on adhering to operating room
schedules and ensure timely procedures. Deprioritizing reporting of ICI
data may contribute to lower acceptance of this technology.

Adoption of ICI

The ICl adoption process consists of several stages that begin with
the acceptance of the technology by PCl operators and extends to
other personnel involved in patient interventional management,
culminating with the commitment of hospital administrators and health
care systems (Figure 5). Some of the factors that may influence adoption
are discussed further.

Failed acceptability and acceptance

In the absence of a perceived usefulness and ease of use by the
interventional team, it is unlikely that ICI will be adopted in a medical
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institution. Failed acceptability and acceptance of ICI may explain the
high heterogeneity in ICl uptake noted between operators working in a
single institution, which is most likely to occur in health care environ-
ments with autonomous interventionalists not constrained by depart-
mental or service norms, leading to less uniform delivery of medical
care.

Limited evidence on the long-term cost-effectiveness of ICI

Assessing the cost-effectiveness of diagnostic methods like ICl is
inherently more complex than evaluating treatments due to the
nuanced nature of diagnostic benefits. In addition, cost-effectiveness
data are not always well-understood by physicians and health care
administrators. Detailed information about studies supporting cost-
effectiveness of ICl can be found in Supplemental Material. This infor-
mation gap is crucial, as robust data on long-term cost-effectiveness
could mitigate the reluctance of health care providers.

Costs and reimbursement issues

Device cost and lack of reimbursement are frequently reported
barriers to utilization of ICIl. Physician surveys have consistently
demonstrated cost as a deterrent to ICl uptake. In the EAPCI-CVIT ICI
survey, it was the primary barrier to use (66% of respondents), and in the
recent UK ICl survey, just under 50% and around one-third of physicians
reported upfront cost and a lack of demonstrated cost-effectiveness
data, respectively, as core barriers to use.b0:60

Reimbursement can be defined as the process by which clini-
cians or the hospital system are compensated for any costs asso-
ciated with the device, including the device itself, the procedure,
and any associated care settings. There are, however, many differ-
ences in the features of this process between countries and be-
tween health care models (eg, public or private). Due to this,
establishing when reimbursement is a critical factor in ICI uptake
can be challenging. Examples on the differences between reim-
bursement systems, and its impact on ICl uptake, are provided in
the Supplementary Material.

Resistance to change from hospital administrators or health care
systems

Although hospital administrators and health care systems are not
directly involved in the clinical application of ICI, their support and
approval are essential for its widespread adoption. Resistance from
these key decision-makers can significantly hinder the integration of
ICl into routine clinical practice. Several reasons contribute to this
resistance:

1. Financial constraints and budget priorities: Administrators may be
reluctant to invest in ICl technologies due to the costs associated
with equipment, training, and maintenance, particularly if the
perceived return on investment is not immediately clear.

2. Unfamiliarity with clinical benefits: A lack of understanding of the
clinical advantages (ie, reduced rehospitalization), and potential
long-term cost savings associated with ICl utilization can lead to
hesitancy in supporting its adoption.

3. Resistance to change: established protocols and workflows in hos-
pitals can create a preference for maintaining the status quo, making
it challenging to introduce new technologies like ICI.

Resistance to change from catheterization laboratory nurses and
technicians

Although NAPs are not the prescribers and decision-makers in the use
of ICl solutions, their engagement in these strategies is crucial to the
implementation and development of the technique. Although literature
is relatively limited, we can identify several reasons for this problem.

One key issue is the lesser degree of involvement that NAPs often
have in the procedure, particularly in tasks such as image acquisition
and data interpretation. This limited participation can diminish their
motivation for ICI utilization.

In low-volume centers, where opportunities to use ICl are infrequent,
a lack of familiarity with device preparation and handling can develop.
This creates a vicious circle, where reduced usage leads to decreased
confidence and comfort with the technique (the less you do, the less
comfortable you are). In particular, it can impact the confidence in inter-
preting imaging data and understanding the implications of ICI findings
for procedural outcomes. The latter is often related to local catheteriza-
tion laboratory policy and inadequate education on the latest de-
velopments in the field, including recent clinical trial results.

Additionally, organizational factors and issues for easy access to the
devices within the catheterization laboratory can pose significant chal-
lenges. This point could appear as somehow trivial but represents a real
bottleneck in the ICl-assisted PCl workflow. This is a special concern in
institutions where the ICl devices are mobile stations that are not stored
in the main operating room and are not easily accessible.

Suggested actions to improve uptake of ICI

By considering all above-discussed reasons impeding broader uti-
lization of ICl, the following actions are proposed to overcome identi-
fied obstacles and support wider adoption of ICl, as summarized in
Table 1.

Improving education and familiarity with evidence supporting ICI
among interventional cardiologists

Education can be improved by incorporating insights garnered from
surveys and educational frameworks that apply the Socratic method,®’
which encourages thinking critically and generating ideas instead of
relying on lectures and provision of direct information. A proposed
example is available in the Supplementary Material.

Existing and evolving technologies, such as coregistration tech-
niques68 and artificial intelligence (Al)-powered automated interpretation
tools, may be of support for ICl interpretation by reducing the cognitive
load on operators while enhancing efficiency and effectiveness.®” How-
ever, robust data supporting these educational approaches are still
lacking. For example, machine learing automatic segmentation of [IVUS
images has shown a very good correlation with expert IVUS analysts,
accurately selecting an appropriate balloon size in >90% of IVUS images
to guide PCIL.”% Furthermore, Al frameworks for automatic plaque char-
acterization in OCT have also provided an excellent diagnostic accuracy
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actions to overcome the identified

acles and support wider adoption of ICI.
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@)
J=0

Dissipating concerns on the safety of
intracoronary instrumentation with ICI

Addressing reimbursement issues

Structured collection and reporting of
ICl data in PCl reports

Fostering engagement of cath lab
nurses and technicians

¢ Training,

Be[ 9

)

=

\

@ Reducing cognitive dissonance
N\,

Patient and referring cardiologist
empowerment strategies

Implementing structured educational programs using:
+ Socratic method,

* Al-powered interpretation tools,

* Case-based learning.

Offering diverse learning strategies tailored to different levels of experience and procedural
complexity, including:

* Hands-on training,

+ Case-based learning,

* Regular assessment of acquired skills.

Enhancing confidence in ICI safety through:
+ Clinical studies further highlighting ICI’s safety,
+ Elaborate safety protocols.

+ Conducting health economic analyses alongside RCTs,
* Support reimbursement approval across healthcare systems in compliance with guideline
recommendations.

Standardizing ICl data reporting through automated integration with PCI reports, ensuring:
+ Comprehensive documentation and reporting of the procedure,
+ Improved data storage solutions.

Fostering NAPs’ engagement providing dedicated:

* Open communication,
* Peer-to-peer mentorship (catheterization laboratory imaging champions model).

Addressing biases by emphasizing the actionable insights provided by ICI over angiography alone,
reinforcing the necessity and utility of ICI in clinical practice.

Increasing awareness through media outreach and providing objective ICI data to patients and
referring cardiologists to support shared decision-making and procedural transparency.

Al, artificial intelligence; ICl, intracoronary imaging; NAP, nurse and allied professional; PCl, percutaneous coronary intervention.

reducing subjectivity in image interpretation and facilitating OCT quan-
tification of plaque composition, with promising clinical applications.”’

As these technologies continue to evolve, it is imperative to
adequately prepare interventionalists, especially those less familiar with
technological advancements, for their immediate clinical implementa-
tion through educational programs.

Choice of educational models

The type of educational product and model may significantly influ-
ence the uptake of ICl. Many interventional cardiologists may be reluc-
tant to use any ICl modality whose images they do not fully understand,
often leading to reliance on angiography guidance. Education should not
only promote IClI's clinical benefits but also focus on improving image
interpretation skills through structured leaming strategies.

For instance, hands-on or case-based learning models may facilitate
uptake of ICI more effectively than traditional evidence reviews or
technical lectures. On the contrary, educational models portraying ICI
as something that requires consultation with an expert analyst (quite
frequently during live case transmissions) may intimidate the inter-
ventionalist interfering with ICI utilization.

Regular assessment of acquired skills, combined with workshops
and online resources, can reinforce learning and track progress. The
educational needs may be different for operators who use ICl only for a
handful of cases as opposed to those who use it more regularly.
Different educational modules might be developed for different PCI
types or patient subsets. Therefore, developing an ICI compendium

focused on various clinical scenarios, such as acute coronary syndrome,
bifurcation lesions, calcific lesions, and chronic total occlusions, may
provide a structured resource for leamners to enhance their under-
standing and application of ICI.

As suggested by the VARK model, humans have different learning
preferences, like visual (V), auditory (A), read/write (R), and kinesthetic
(K), for acquiring and effectively processing information.”? Therefore,
each trainee may have a different learning modality underscoring the
need for dedicated and personalized curricula. It is foreseeable that
education on ICl interpretation based on Al platforms will also take
place in a near future.

The ACC Interventional Council recently proposed an approach for
the clinical use of ICI, which involves programmatic recommendations
at operator, institutional, and national levels. The authors highlight the
role of professional societies in developing and offering lifelong training
opportunities and competency tools. It also underscores the impor-
tance of national recommendations regarding training programs, which
should expose trainees to an adequate volume of ICl in order to achieve
an adequate competency.®! Examples of potential educational models
are available in the Supplementary Material.

Dissipating concerns on the safety of intracoronary instrumentation
with ICI

Highlighting the safety of ICl imaging in future studies using these
technologies may add to the already existent evidence on its safety.
Specific safety protocols to mitigate the risk of complications associated
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with ICl in specific clinical scenarios may also be useful. Examples of the
latter are avoidance of forceful crossing of a freshly implanted stent or
interrogation of spontaneous coronary dissection if a diagnosis has
been reached on angiographic grounds.

Addressing reimbursement issues

Future RCTs in ICI should include in-parallel prospective health
economic analysis, as undertaken in the RENOVATE-COMPLEX PClI
RCT’® and currently being undertaken in the IMPROVE Trial.”* This
approach, alongside active dissemination of existing health economic
data to physicians, administrators, and health technology assessment
boards, may help to facilitate improved understanding of the nonclin-
ical longer-term benefits of ICl and dispel assumptions of increased cost
as a barrier to utilization, particularly in complex patient and lesion
populations. It will also provide the evidence required to facilitate
health technology assessment approval and reimbursement across ju-
risdictions and different health care systems.

Payers may use clinical guidelines in deciding if an intervention is
needed and how should be performed, taking this into consideration
for reimbursement decisions. In this direction, endorsement of use ICl
by clinical practice guidelines may influence payers in linking PCI pro-
cedures to the use of ICI guidance.

Structured collection and reporting of ICI data in PCl reports

Incorporating detailed ICI data into the PCl report offers a
comprehensive description of the procedure. Additionally, transparent
documentation of ICI findings fosters accountability and trust among
patients and colleagues, enhancing both the actual and perceived
quality of the procedure performed.

However, a dissonance exists between various imaging end points
among different clinical trials, and operators may feel uncertain about
what data to report. An agreement regarding imaging end points that
should be reported from the EAPCI, as recently performed by the CVIT,
is needed.?®

To facilitate an efficient report of these extensive data, an auto-
mated transfer of information from imaging workstations to PCl reports
is suggested, akin to the process used for transthoracic echocardiogram
reports. This approach can streamline the documentation process,
ensuring consistency in reporting standards and potentially serving as a
quality measure for the procedure performed. Moreover, the auto-
mated system simplifies the compilation of standardized reports, facil-
itating effective communication of imaging findings also to colleagues
reviewing PCl reports.

Storage of ICI data are still a time-demanding and not fully
automated process, which may hamper ICl uptake. Enhanced solu-
tions such as the image-archiving and communications systems
(PACS) are imperative to streamline these processes and improve
efficiency in ICI utilization and reporting.>! Efforts from manufac-
turers should be directed toward developing these automated
reporting systems also addressing current challenge regarding
storage process. In Supplemental Material, we provide a suggested
framework for structuring and reporting ICl data in PCI.

Fostering engagement of catheterization laboratory nurses and
technicians

A number of strategies to improve engagement of NAPs in the
catheterization laboratory about using ICl techniques can be proposed.
The interventional community should develop comprehensive education
and dedicated training sessions for the NAPs on the importance and
benefits of ICI. This process could be achieved through scientific

meetings, workshops, or proctored sessions, which help them under
stand how ICl can improve patient outcomes and enhance the quality of
care. Providing hands-on practice with ICl devices would allow NAPs to
build confidence and familiarity with the equipment, making them more
likely to embrace the techniques in their practice.

Open communication and dialog should also be encouraged,
ensuring NAPs have the opportunity to express their concerns and
address any misconceptions about these techniques. Creating a sup-
portive environment fosters their engagement and comfort. Integrating
ICl devices more seamlessly within the catheterization laboratory may
decrease unneeded work by NAPs and increase time efficiency. Finally,
identifying catheterization laboratory imaging champions within the
NAPs staff, as recommended by the Society for Cardiovascular Angi-
ography & Interventions (SCAI),”® can facilitate peer-to-peer support
and guidance for the less experienced colleagues, favor intrateam
education, and ultimately increase ICl uptake.

Reducing cognitive dissonance

To reduce cognitive dissonance, educational efforts may need to
focus on specific and actionable information obtained from ICI but
missed by angiography. An example of this is the identification with ICI
of procedural complications like unintended stent deformation.”® By
institutionalizing the claim that additional information from ICl is often
needed to overcome limits of angiography, cognitive dissonance may
be reduced. On the contrary, by educating on well-defined, actionable
information from ICl, we reduce cognitive dissonance and increase
acceptance by enhancing its practicability and ease of use. Tackling
cognitive dissonance thus stands at the intersection of acceptability and
acceptance.

Patient and referring cardiologist empowerment strategies

Social media or traditional media can be used to effectively
communicate the clinical benefits of ICl in a clear and straightforward
manner to patients, referring cardiologists, and the overall population.
Sharing relevant ICl data or images with the PCl report may increase the
perceived quality of the intervention by referring cardiologists and
patients. It may also serve as a legal safeguard in the event of unwar-
ranted complaints by providing documentation of the quality care
delivered to address and treat the patient’s condition.

Conclusions

There are a multiplicity of factors influencing ICI uptake. Available
evidence and clinical practice guidelines recommendations supporting
the use of ICI constitute an urgent call to change the current landscape
of interventional cardiology practice, which is characterized by poor
acceptance, acceptability, and adoption of ICI. While additional factors
influencing ICl uptake are likely to exist, these problems are not insur-
mountable, and specific strategies need to be implemented in order to
expand the practice of ICI, a data-driven PCI quality indicator.
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