CHALLENGING PCI

Al for Lesion Assessment
and Multivessel PCI Strategy

Leveraging Al to refine lesion assessment and enhance decision-making in coronary interventions.
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oronary revascularization via percutaneous
coronary intervention (PCl) has significantly
advanced, achieving ever-improving outcomes
for high-risk patients, including those with mul-
tivessel disease and significant comorbidities. However,
it remains essential that unnecessary interventions are
avoided, particularly in stable coronary artery disease
(CAD) or chronic coronary syndromes (CCS). Accurate
lesion assessment and confirmation of functional signifi-
cance are essential for optimal outcomes. Traditionally,
visual assessment of coronary stenosis through coronary
angiography has been used to determine whether physi-
ologic evaluation is necessary to assess a lesion’s functional
relevance. However, this method is subject to interob-
server and intraobserver variability, leading to inconsistent
evaluations of lesion severity. This article explores how
artificial intelligence (Al) could enhance lesion assessment,
integrate functional assessments, and optimize clinical
decision-making in coronary interventions.

BACKGROUND

The benefits of coronary revascularization in acute
coronary syndromes are clear. However, its role in addi-
tion to optimal medical therapy (OMT) for CCS or
stable CAD compared to OMT alone has been a mat-
ter of debate and has faced significant challenges."?
Historically, reversing myocardial ischemia has been
considered imperative due to its significant impact on
outcomes, making its accurate identification crucial.?

Fractional flow reserve (FFR) was developed as a sur-
rogate for identifying coronary lesion physiological signifi-
cance (ie, those inducing substantial ischemia in a myo-
cardial territory large enough to have potential prognostic
implications), refining diagnostic accuracy. Its validation
was first established in the 1990s,* and its utility in guiding
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PCl in CCS was firmly demonstrated in three landmark
FFR studies, showing improved outcomes when revascu-
larization decisions are guided by physiologic relevance

of lesions.>” Regardless of one’s stance on the debate, it

is evident that if PCl is being considered in CCS, it should
be reserved only for physiologically significant lesions.
Historical evidence from Hachamovitch et al suggests that
patients with > 10% to 12.5% ischemic myocardium may
derive a survival benefit from revascularization compared
to medical therapy alone? Figure 1 illustrates the timeline
of landmark myocardial ischemia studies and their clinical
applicability in guiding revascularization decisions in CCS.2

Beyond physiologic assessments, other aspects of lesion
interrogation also continue to evolve, including intra-
vascular imaging (IVI) techniques such as intravascular
ultrasound (IVUS) and optical coherence tomography
(OCT). These tools not only aid in diagnosis but also form
an increasingly essential part of the interventional arma-
mentarium—facilitating effective lesion preparation and
optimal stent deployment by providing detailed anatomic
insights such as precise lesion characterization, stent sizing,
and detecting complications like dissections or stent malap-
position. Both modalities have been shown to reduce major
adverse cardiovascular events when used to guide PCl, par-
ticularly in procedurally challenging lesions> ™"

Al has evolved significantly since its inception,
enabling machines to perform complex tasks such as
data analysis, comprehension, and decision-making.
The term artificial intelligence was coined in 1956 dur-
ing the Dartmouth Conference, which is considered the
birthplace of the Al field.” Machine learning (ML) is a
subset of Al that focuses on developing algorithms that
allow computers to learn from data and improve over
time without explicit programming. The concept of ML
began to take shape in the 1950s and 1960s, with early
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Figure 1. Chronology of landmark myocardial ischemia trials and their clinical impact on guiding revascularization in stable
CAD. MACE, major adverse cardiovascular events; Ml, myocardial infarction. Created in BioRender. Kanoun Schnur, S. (2025)

https://biorender.com/e72d879

efforts including the creation of programs that could
play games, like checkers. Notably, Arthur Samuel at
IBM developed a checkers-playing program in 1959, one
of the earliest demonstrations of ML."™ Deep learning
(DL) is an advanced subset of ML that uses multilayered
neural networks to mimic human brain processes. Its
roots trace back to the 1940s with the foundational
work of Warren McCulloch and Walter Pitts on logical
neural networks, which conceptualized how neurons
might work together to perform computations.’
Although these foundational developments in Al have
been instrumental, recent advancements in ML algorithms,
increased computational power, and availability of large
data sets have propelled Al into practical applications
across various industries, including medicine, enhancing
decision-making and operational efficiencies. Through ML
and DL, early studies have demonstrated that Al's diagnos-
tic accuracy in some applications can match that of human
experts.'>'® Figure 2 illustrates the hierarchy of Al methods,
ranging from ML and DL to convolutional neural networks.
One example in the figure is image interpretation, which
involves these methods along with image enhancement

algorithms (IEAs) to enable advanced feature extraction
and enhance clinical imaging interpretation."”

CURRENT LANDSCAPE AND DEVELOPMENTS
Coronary Physiology

Overtreatment via unnecessary revascularization and
undertreatment by missing significant lesions both pose
short- and long-term risks.>”"® Furthermore, the limita-
tions of coronary angiography in identifying function-
ally significant stenoses'? have highlighted the supe-
riority of function-guided strategies over angiography
alone. However, functional guidance use remains low,
varying by country, center, and operator. Adenosine-
free methods have somewhat simplified the process,
but functional guidance still only accounts for 15% to
20% of cases, even in high-use centers.”

Recent advancements have introduced non—wire-
based functional assessments, such as quantitative flow
ratio (QFR), which are increasingly integrated into clini-
cal practice. These methods enable both immediate
and retrospective evaluations of coronary stenosis func-
tional relevance using three-dimensional angiogram-
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Figure 2. The hierarchy and integration of Al methods and their application in image
analysis and feature extraction. The interplay of convolutional neural networks (CNN),
DL, and IEA enhances clinical imaging interpretation. BN, Bayesian networks; DT, deci-
sion trees; LLM, large language models; SVM, support vector machines. Created in
BioRender. Kanoun Schnur, S. (2025) https://biorender.com/w97¢861

based calculations.?’ However, the connection between

visual assessment of coronary stenosis and a physiologic
evaluation still depends on operator judgment. As stud-
ies suggest, all severities of stenosis angiographically can
be misclassified functionally, not just moderate ones.?2?3

IVI and Coronary Physiology

In the assessment of coronary lesion physiology, FFR
serves as a reference standard against which other inva-
sive physiologic measurements are validated. Therefore,
establishing relationships between IVI cutoffs and physio-
logic flow correlations has been attempted by comparing
IVUS-derived metrics such as minimal lumen area (MLA)
to FFR values. Studies have explored MLA thresholds to
predict ischemia-inducing lesions; however, these correla-
tions can vary based on factors like lesion location, ves-
sel size, and patient demographics, with studies overall
showing a moderate correlation.?

Other recent studies have explored the correlation
between OCT and FFR beyond MLA measurements.
Notably, OCT-derived virtual FFR calculations use algo-
rithms based on fluid dynamics equations to estimate
pressure gradients across coronary lesions. Additionally,
the optical flow ratio (OFR) method employs OCT imag-
ing to estimate FFR without the need for pressure wires
or hyperemic agents, offering a less invasive approach
to functional assessment. Studies indicate that OFR
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As with all aspects of clinical
medicine, cardiology involves
managing vast data sets to craft
tailored management plans
and treat patients effectively.

4 (\D Although still in its early adop-
‘WJ: tion phase in cardiology, Al is

increasingly utilized, with several
applications gaining validation
and regulatory approval. For
example, Al algorithms have
been developed to interpret
electrocardiograms with high
accuracy.’® Devices like
KardiaMobile (AliveCor) have
even received FDA clearance for Al-driven ECG interpre-
tation capabilities.

In interventional cardiology, DL is increasingly being
explored to enhance procedural planning and execu-
tion. However, the majority of studies to date are small
scale, typically from single centers and often lacking
external independent validation.?®

FUTURE DIRECTIONS

Integration of Al in cardiology, especially PCl, could
address several key challenges faced by clinicians in daily
practice. One significant issue is the variability in inter-
pretation of clinical data and particularly in coronary
angiography and other diagnostic tests, which can lead
to inconsistent PCI planning and strategy selection. This
variability arises from both interobserver differences
between cardiologists and intraobserver variability within
the same cardiologist.

Al, through DL and ML algorithms, offers a promising
solution to standardize and enhance interpretation of
diagnostic data—for instance, the identification of subtle
patterns in angiographic images that might be otherwise
interpreted differently by operators. By providing a more
consistent analysis, Al may significantly reduce variabil-
ity in decision-making processes. Figure 3 highlights the
potential strategic points for Al integration to optimize
diagnostic and therapeutic processes, including use of
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Figure 3. Types of data and potential Al inputs in clinical decision-making for multivessel
disease, stable coronary disease, and PCl strategy selection. Created in BioRender. Kanoun

Schnur, S. (2025) https://biorender.com/v97i577

essential patient data such as demographics, frailty, and
clinical symptoms to perform a comprehensive risk assess-
ment.?”?8 Additionally, Al could enhance PCl decision-
making and strategy adoption by facilitating the selec-

tion of optimal interrogation techniques and seamlessly
integrating coronary angiography—derived physiologic
assessments. This ensures that only ischemia-producing
stenoses are considered for revascularization, addressing

a key limitation in coronary physiologic interrogation: the
reliance on operator “eyeballing” to make decisions regard-
ing lesion-level coronary physiologic assessments. The chal-
lenges in coronary physiology extend beyond the limited
adoption of interrogative assessments for moderate lesions
to include the functional misclassification of unsuspected
lesions. This includes visually or anatomically mild steno-
ses that are functionally relevant but not selected for PCl,
as well as visually severe stenoses that prompt stenting
despite being functionally insignificant. These issues persist
even in high-volume centers utilizing pressure wire studies
and non-wire-based assessments.”>?* Furthermore, such
misclassifications can impact SYNTAX scoring, which may
potentially influence decisions regarding coronary artery
bypass grafting (especially in multivessel disease) as well as
make predictions regarding graft patency.?*

Recent research has increasingly focused on plaque vul-
nerability and its role in predicting acute plaque rupture
and myocardial infarction. OCT allows for the identifica-
tion of plaque characteristics associated with vulnerability,
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on physicians, enabling both
experienced and inexperienced
operators to interpret OCT
images more efficiently.

CHALLENGES AND CONSIDERATIONS

Integration of Al in cardiovascular medicine presents
significant regulatory challenges, particularly concerning
patient safety and data privacy. The European Union has
recently introduced the Al Act, which adopts a risk-based
approach with requirements that scale according to the
potential risk posed by Al systems. Al-enabled medical
devices are classified as high risk and must comply with
stringent criteria, including risk management, cybersecurity,
data quality, human oversight, and quality management.
While necessary, there is potential that this may hinder
development and integration of Al in mainstream cardio-
vascular medicine. The European Society of Cardiology is
actively addressing these challenges by engaging with the
European Commission to clarify accountability and moni-
toring responsibilities, validate clinical evidence, assess data
set quality, develop educational programs for health care
professionals, and establish a European Union infrastruc-
ture to ensure data quality.?> Al-enabled medical devices in
the United States face similar rigorous regulatory demands
through the FDA, focusing on safety, effectiveness, and
cybersecurity in their design and function.

CONCLUSION

Significant progress has been made in coronary physi-
ology assessment and IVI. The integration of Al into
these domains holds promise for standardizing inter-
pretations and facilitating appropriate revascularization

.19, NO. 1



decisions. However, to fully realize and implement these
technologies in clinical practice, further large-scale, mul-
ticenter studies with external validation are necessary. |
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