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Abstract

Background: The field of cardiovascular medicine is driven by technological innovation. The concept of “creative destruction,” where
new paradigms dismantle and replace established ones, provides a powerful lens through which to analyze the evolution of myocardial
imaging.

Objective: This manuscript traces the arc of creative destruction in myocardium imaging, from its early foundations to the current state-of-the-
art, and explores the implications for future diagnostic pathways.

Methods: We conducted a narrative review of the scientific literature, focusing on pivotal technological transitions that fundamentally altered
the clinical assessment of myocardial structure, function, perfusion, and tissue characterization.

Results: The history of myocardial imaging is marked by successive waves of creative destruction. Planar scintigraphy was largely supplanted
by Single-Photon Emission Computed Tomography (SPECT), which offered superior 3D resolution. The diagnostic monopoly of invasive coronary
angiography was challenged by Coronary Computed Tomography Angiography (CCTA). Most significantly, Cardiac Magnetic Resonance (CMR)
emerged as a non-invasive gold standard for tissue characterization and viability, while Positron Emission Tomography (PET) set a new benchmark
for the quantitative assessment of myocardial perfusion. Concurrently, advanced echocardiography techniques like strain imaging uncovered
subclinical myocardial dysfunction. Each disruptive innovation rendered previous standards obsolete, creating new clinical capabilities and
economic paradigms while challenging existing expertise and workflows.

Conclusion: Creative destruction in myocardial imaging is an ongoing and accelerating process. The current integration of artificial intelligence
and machine learning represents the next disruptive wave, promising to redefine image acquisition, reconstruction, and interpretation. Embracing
this cycle is essential for clinicians, researchers, and healthcare systems to advance patient care through more precise, personalized, and
prognostically powerful diagnostics.
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Introduction

In economic theory, “creative destruction” describes the
process by which radical innovation dismantles long-standing
practices and technologies, simultaneously destroying old
economic structures and creating new, more efficient ones [1]. First
articulated by Joseph Schumpeter, this concept extends powerfully
beyond economics into the realm of medical technology, where it
drives profound improvements in patient care. Nowhere is this
dynamic more evident than in the rapid evolution of non-invasive
myocardial imaging. The accurate assessment of the myocardium
encompassing its perfusion, viability, function,
composition is fundamental to the diagnosis and management
of cardiovascular disease, the leading cause of death globally. For
decades, the diagnostic arsenal was limited to rudimentary tools
that provided incomplete windows into cardiac pathology. The
journey from basic planar imaging and invasive catheterization to
today’s sophisticated multi-parametric quantitative assessments
is a story not of linear progress, but of disruptive leaps. This
manuscript aims to chronicle this journey through the framework
of creative destruction. We will delineate the obsolete technologies

and tissue

that formed the initial paradigm, analyze the disruptive innovations
that dismantled them, and explore the profound clinical and
systemic consequences of these transitions. Finally, we will look
ahead to the emerging forces, particularly artificial intelligence,
that are poised to initiate the next cycle of destruction and creation,
shaping the future of cardiovascular diagnostics.

The Old Paradigm: Foundations and Limitations

The initial paradigm in myocardial imaging was characterized
by two-dimensional projections, invasive procedures,
qualitative or semi-quantitative assessments.

and

Planar Scintigraphy

Thallium-201 planar imaging was the first widely adopted
technique for assessing myocardial perfusion and viability [2].
While revolutionary for its time, it suffered from significant
limitations: poor spatial resolution, an inability to separate
overlapping structures, long acquisition times, and the inherent
physical drawbacks of Thallium-201, including a high radiation
dose and soft-tissue attenuation artifacts that often-confounded
interpretation.

Invasive Coronary Angiography as a Sole Diagnostic

Invasive coronary angiography (ICA) rightfully became the
gold standard for defining coronary anatomy. However, its use as
a primary diagnostic tool for chest pain revealed its fundamental
flaw: it is a luminogram. It visualizes the vessel lumen but provides
no direct information on the functional significance of a stenosis
on the downstream myocardium or the presence of scar tissue [3].
This led to a high rate of unnecessary procedures in patients with
anatomically borderline but functionally insignificant disease.

The Waves of Disruption: A New Diagnostic Era

The limitations of the old paradigm created fertile ground for
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a series of disruptive technologies that redefined the standards of
care.

The First Wave: From 2D to 3D - SPECT-MPI

The advent of Single-Photon Emission Computed Tomography
(SPECT) with Technetium-99m-based tracers (e.g, Sestamibi,
Tetrofosmin) was the first major disruption. By using rotating
gamma cameras to create tomographic (3D) images, SPECT offered
vastly improved contrast resolution and reduced the impact of
attenuation artifacts [4]. It became the dominant non-invasive
modality for diagnosing obstructive coronary artery disease for
over two decades, effectively destroying the market for planar
imaging. It provided a reliable, widely available method for risk
stratification and guiding revascularization.

The Second Wave: The Rise of Tissue Characterization -
Cardiac MRI

Cardiac Magnetic Resonance (CMR) represented a quantum
leap, introducing a “one-stop-shop” capability that disrupted
multiple domains simultaneously. Its key disruptive innovations
include:

a) Late Gadolinium Enhancement (LGE): LGE provided, for
the first time, a non-invasive histological map of myocardial
scar and replacement fibrosis [5]. This directly challenged
SPECT’s role in viability assessment, proving more accurate in
predicting functional recovery after revascularization.

b) Tissue Characterization: T1 and T2 mapping techniques
moved beyond fibrosis to detect diffuse interstitial disease and
edema, enabling the diagnosis of myocarditis, amyloidosis, and
sarcoidosis with a precision unattainable by other modalities.

c¢) Comprehensive Functional Assessment: CMR provides
the gold standard for ventricular volumes, ejection fraction, and
mass, free of geometric assumptions.

The Third Wave: Quantifying Physiology and Anatomy -
PET and CCTA

The creative destruction continued with two complementary
technologies that emphasized quantification and non-invasiveness.

a)  Positron Emission Tomography (PET): PET-MPI disrupted
SPECT by offering superior image quality, robust attenuation
correction, and, most importantly, the ability to quantitatively
measure myocardial blood flow (in mL/g/min) [6]. This allows
for the identification of balanced multi-vessel ischemia - a
critical blind spot of SPECT - and provides powerful prognostic
data.

b) Coronary CT Angiography (CCTA): With the development
of multi-slice temporal
resolution, CCTA disrupted the role of diagnostic invasive
angiography. Its near-perfect negative predictive value makes
it an ideal gatekeeper for the catheterization laboratory,

detectors and sub-millisecond

effectively preventing unnecessary invasive procedures in
patients with low to intermediate pre-test probability [7].
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Furthermore, its ability to characterize plaque composition
adds a prognostic dimension beyond lumenography.

The Concurrent Evolution: Advanced Echocardiography

While echocardiography remained a first-line tool, it underwent
its own internal creative destruction with the advent of Speckle-
Tracking Echocardiography (STE). Global Longitudinal Strain
(GLS) measurement provided an objective, highly sensitive marker
of subclinical systolic dysfunction, detectable before a decline in
ejection fraction [8]. This disrupted the traditional reliance on EF
and created new standards for monitoring cardiotoxicity and early-
stage cardiomyopathies.

Consequences and of Creative

Destruction

Implications

This relentless technological churn has had wide-ranging
effects.

Clinical and Patient Impact

The net effect is overwhelmingly positive: more accurate
diagnoses, earlier disease detection, personalized treatment plans,
and improved patient outcomes. The shift from “does the patient
have a blockage?” to “what is the composition, hemodynamic
impact, and tissue-level consequence of this disease?” represents a
fundamental advance in patient care.

Economic and Healthcare Systems

The cycle presents a dual challenge. The high capital cost of
new technologies (PET/CT, CMR, high-end CT) strains healthcare
budgets. Conversely, these technologies can create efficiency
by reducing downstream costs associated with unnecessary
procedures, misdiagnoses, and delayed treatments. Reimbursement
models often struggle to keep pace with innovation.

Training and Expertise

Creative destruction renders old skills obsolete and demands
new ones. The cardiology and radiology workforce must now be
proficient in CMR parametric mapping, CCTA plaque analysis, PET
flow quantification, and strain imaging. This fosters the growth of
new sub-specialties but also creates a training gap and necessitates
collaborative, heart-team approaches.

The Next Frontier: The Impending Disruption of
Artificial Intelligence

The cycle is far from over. Artificial Intelligence (Al) and
Machine Learning (ML) are poised to be the next great disruptive
force [9]. Their impact is anticipated in three key areas:

a) Image Acquisition and Reconstruction: Al can accelerate
CMR and CT scan times, reduce radiation/contrast doses, and
enhance image quality from noisy data.

b) Automated Analysis: Al algorithms can automate the
quantification of ejection fraction, chamber volumes, strain,
scar burden, and coronary stenosis with speed and precision
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exceeding human capability, reducing inter-observer variability.

c¢) Radiomics and Predictive Modeling: By extracting sub-
visual data from images, Al can identify patterns that predict
future events (e.g., heart failure hospitalization, arrhythmia),
moving imaging from a diagnostic tool to a prognostic engine.

Discussion

The history of myocardial imaging is a testament to the power
of creative destruction. Each disruptive technology solved the
key limitations of its predecessor but also created new standards
and new challenges. SPECT improved on planar but lacked
quantification; CMR provided tissue characterization but with
higher cost and limited availability; PET quantified flow but with
limited anatomic correlation; CCTA provided anatomy but with
limited functional data. The current era is thus not about a single
dominant technology, but about the intelligent, complementary use
of a multi-modality arsenal, guided by the clinical question. The
destruction is not always total; rather, it redefines roles, forcing
each modality to play to its unique strengths. The challenge for
the healthcare ecosystem is to manage these transitions effectively
- investing in new technologies, training the workforce, and
adapting reimbursement structures - to harness the full potential
of innovation for patient benefit.

Conclusion

Creative destruction is the engine of progress in myocardial
imaging. From the displacement of planar scintigraphy by SPECT
to the ongoing disruption led by CMR, PET, and CCTA, this cycle
has consistently delivered more precise, comprehensive, and
prognostically valuable diagnostics. As we stand on the brink of the
Al revolution, it is clear that this process is accelerating. Embracing,
rather than resisting, this relentless cycle of innovation is essential
for clinicians, researchers, and healthcare systems to continue
advancing the frontier of cardiovascular care, ultimately leading to
earlier interventions, more personalized therapies, and improved
survival for patients worldwide.
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