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ABSTRACT

Cardiovascular diseases, particularly coronary artery diseases (CAD), remain a leading cause of mortality
worldwide. Early diagnosis and accurate prognosis are paramount for effective intervention and improved patient
outcomes. This article delves into the crucial role of non-invasive methods of cardiovascular tomography, with a
focus on Coronary Contrast Multispiral Computed Tomography (MSCT), in the early detection and prognosis of
CAD. Coronary artery diseases often progress silently, with destabilizing atherosclerotic plaques that can trigger
ischemic events. Non-invasive techniques such as stress echocardiography (SEKG) and cardiac computed
tomography (CT) with non-contrast coronary calcium scoring offer valuable insights into the presence and severity
of CAD. They aid in identifying patients at risk and enable timely interventions. Moreover, this article highlights
the advantages and innovations of invasive coronary angiography, a gold standard in CAD diagnosis. By
comparing non-invasive and invasive approaches, readers gain a comprehensive understanding of the diagnostic
landscape. In the realm of non-invasive imaging, MSCT angiography emerges as a powerful tool. Its ability to
visualize coronary anatomy with high precision and minimal invasiveness makes it an indispensable asset in CAD
assessment.

KEYWORDS: Coronary artery diseases, coronary contrast multispiral computed tomography, coronary calcium,
stress echocardiography, coronaroangiography, multislice computed tomography, cardiovascular risk assessment,
atheromatous plaque.

INTRODUCTION

Cardiovascular diseases (CVDs) pose a formidable
global health challenge, contributing significantly to
morbidity and mortality rates across the world. Among
the spectrum of CVDs, coronary artery diseases (CAD)
stand out as a major culprit, responsible for a substantial
number of cardiac-related deaths. Early detection,
accurate diagnosis, and timely intervention are pivotal in
mitigating the impact of CAD and improving patient
outcomes.

Based on the statistics of the World Health Organization
for 2018, acute myocardial infarction (AMI) is often a
manifestation of coronary heart disease (CHD), and
angina pectoris is the first symptom of pathology in
about 50% of patients.')

The modern algorithm for the diagnosis of coronary
heart disease includes both simple and well-known
instrumental research methods™™ and relatively new
variants of instrumental®, biochemical™ and molecular
genetic diagnostic techniques. Despite the widespread
use of existing risk scales in practical cardiology, the

prognosis of nonfatal and fatal cardiovascular events is
often given untimely.” Therefore, the identification of
new noninvasive biomarkers reflecting the influence of
various pathophysiological cascades of atherosclerosis as
the main etiological factor of coronary heart disease
increases the specificity of the results. This direction in
the diagnostic algorithm of coronary heart disease seems
to be one of the most important for obvious reasons.!!

Existing imaging methods contribute to the early
detection of coronary heart disease, but have one major
drawback: they are traditionally more often used for
symptomatic patients. Recently, they have also been used
and recommended for conditionally healthy individuals
with multiple risk factors for coronary heart disease, as
well as for patients whose mute myocardial ischemia is
suspected due to the peculiarities of their clinical
status.In recent years, the field of medical imaging has
witnessed remarkable advancements, ushering in a new
era of non-invasive diagnostic techniques. These
techniques have revolutionized the assessment of CAD
by providing clinicians with detailed insights into
coronary anatomy, plaque burden, and myocardial
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perfusion—all without the need for invasive procedures.
Among these non-invasive methods, Coronary Contrast
Multispiral Computed Tomography (MSCT) has
emerged as a promising frontier in cardiovascular
imaging.®

This article embarks on a journey to explore the
indispensable role of non-invasive cardiovascular
tomography, with a special emphasis on the application
of MSCT, in the early diagnosis and prognosis of CAD.
We delve into the principles, advantages, and
innovations  of  these  non-invasive  modalities,
juxtaposing them against the gold standard of invasive
coronary angiography.

Advantages of Non-Invasive Imaging Techniques

1. Early Detection: The insidious nature of CAD
demands early detection to prevent adverse events. Non-
invasive methods, such as stress echocardiography
(SEKG), excel in identifying subtle functional
abnormalities that signal the presence of CAD even
before symptoms manifest.

2. Calcium Scoring: Cardiac CT with non-contrast
coronary calcium scoring has become a cornerstone in
CAD assessment. It quantifies coronary calcifications,
providing a reliable marker for atherosclerotic burden.
High calcium scores are associated with a higher risk of
coronary events, allowing risk stratification and targeted
interventions.!”

3. Minimally Invasive: Unlike invasive coronary
angiography, non-invasive techniques spare patients the
risks and discomfort associated with invasive procedures.
They are particularly beneficial for patients with
comorbidities or contraindications for invasive
interventions.

The Role of Invasive Coronary Angiography

Invasive coronary angiography, while considered the
gold standard, is not without limitations. It involves the
insertion of a catheter into coronary arteries, which
carries inherent risks. Furthermore, it primarily provides
anatomical information and may not comprehensively
assess plaque composition and myocardial perfusion.

MSCT Angiography as a Game-Changer: Within the
realm of non-invasive imaging, MSCT angiography
emerges as a beacon of innovation. Its ability to produce
high-resolution images of coronary arteries with
remarkable precision positions it as a key player in CAD
assessment. We dissect the capabilities of MSCT
angiography, exploring its role in enhancing the
diagnostic accuracy and prognostic value of CAD
evaluation.™®

The silent progression of CAD, characterized by the
destabilization of atherosclerotic plaques, underscores
the critical importance of early detection. Non-invasive
techniques, such as stress echocardiography (SEKG) and
cardiac CT with non-contrast coronary calcium scoring,
empower clinicians to identify patients at risk and initiate

preventive measures. Moreover, these methods offer the
advantage of minimal invasiveness and the ability to
visualize coronary calcifications—a hallmark of CAD."!

As we navigate the evolving landscape of cardiovascular
diagnosis, we also shine a spotlight on the enduring
relevance of invasive coronary angiography. While non-
invasive methods provide invaluable insights, invasive
coronary angiography remains the gold standard for
assessing CAD. By comparing these approaches, we gain
a comprehensive understanding of their respective
strengths and limitations.

Within the realm of non-invasive imaging, MSCT
angiography emerges as a beacon of innovation. Its
ability to produce high-resolution images of coronary
arteries with remarkable precision positions it as a key
player in CAD assessment. We dissect the capabilities of
MSCT angiography, exploring its role in enhancing the
diagnostic accuracy and prognostic value of CAD
evaluation.”

This article serves as a guide for clinicians, researchers,
and healthcare stakeholders, offering insights into the
evolving landscape of CAD diagnosis and the
transformative potential of non-invasive cardiovascular
tomography. Together, we embark on a journey to
harness the power of medical imaging to combat CAD
and pave the way for improved cardiovascular care.

Non-Invasive Methods for Coronary Assessment

In the realm of non-invasive cardiovascular tomography,
several methods have emerged as valuable tools for the
assessment of coronary artery diseases. These methods
provide clinicians with a wealth of information to guide
diagnosis and prognosis.

1. Coronary Computed Tomography Angiography
(CCTA)

- High-Resolution Imaging: CCTA employs advanced
computed tomography technology to capture high-
resolution images of coronary arteries. It allows for the
visualization of even minor luminal irregularities.

- Assessment of Coronary Stenosis: CCTA is particularly
effective in evaluating the degree of coronary stenosis. It
can precisely measure the extent of luminal narrowing,
aiding in the determination of the severity of CAD.

- Characterization of Plaque: Beyond luminal narrowing,
CCTA provides insights into plaque composition. It can
differentiate between calcified, non-calcified, and mixed
plaques. This information is crucial for risk assessment
and treatment planning.'®}

2. Stress Echocardiography (SEKG)

-Functional Assessment: SEKG assesses the functional
aspects of the heart's response to stress. It can reveal
abnormalities in wall motion and contractility that
indicate myocardial ischemia.

- Risk Stratification: SEKG aids in risk stratification by
identifying patients at higher risk of adverse cardiac
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events. Abnormal stress echocardiograms can prompt
further evaluation and intervention.

3. Cardiac CT with Non-Contrast Coronary Calcium
Scoring

- Quantifying Atherosclerotic Burden: Coronary calcium
scoring, a component of cardiac CT, quantifies the
amount of calcium in coronary arteries. High calcium
scores correlate with a higher risk of coronary events.

- Predictive Value: This method has shown predictive
value in identifying individuals at risk of CAD. It
complements traditional risk assessment tools and guides
preventive strategies.

4. Magnetic Resonance Imaging (MRI)

- Myocardial Perfusion Imaging: Cardiac MRI can assess
myocardial perfusion, providing valuable information
about blood flow to the heart muscle. Areas with reduced
perfusion indicate ischemia.

- Tissue Characterization: MRI  offers tissue
characterization capabilities, enabling the differentiation
of healthy tissue from scarred or fibrotic regions.

5. Positron Emission Tomography (PET)

- Metabolic Imaging: PET scans provide metabolic
information about the heart. They can detect areas of
reduced glucose metabolism, which may signify
ischemia or infarction.

- Quantitative Assessment: PET allows for quantitative
assessment, aiding in the determination of myocardial
viability and ischemic burden.

6. Non-Invasive Fractional Flow Reserve (FFR)

- Functional Assessment: Non-invasive FFR techniques
use computational algorithms to assess the functional
significance of coronary stenosis. They help identify
lesions requiring intervention.

These non-invasive methods, with their unique strengths
and applications, empower clinicians to make informed
decisions regarding CAD diagnosis and patient
management. By combining anatomical and functional
data, these techniques enhance the accuracy of early
diagnosis and prognosis, ultimately improving patient
outcomes.

In the next sections of this article, we will delve deeper
into the specific applications and benefits of Coronary
Contrast Multispiral Computed Tomography (MSCT)
angiography and its role in the non-invasive assessment
of CAD.

Coronary Contrast Multispiral
Tomography (MSCT) Angiography
Coronary MSCT angiography represents a significant
advancement in non-invasive cardiac imaging. This
technique combines the principles of computed
tomography with contrast enhancement to provide
detailed visualization of the coronary arteries. Here are
some key aspects highlighting its importance.

Computed

1. Comprehensive Coronary Assessment

- Three-Dimensional Imaging: MSCT angiography
generates three-dimensional images of coronary arteries,
enabling a comprehensive assessment of their anatomy.
It can capture the entire coronary tree, including its
branches and tributaries.

- Visualization of Coronary Lumen: The technique
excels in visualizing the coronary lumen. It provides
precise measurements of luminal diameter and can
identify areas of luminal narrowing or occlusion.

- Atherosclerotic Plaque Detection: MSCT angiography
can detect atherosclerotic plaques within the coronary
arteries. This information aids in risk assessment and
guides treatment decisions.

2. Non-Invasiveness and Patient Comfort

- No Invasive Procedures: Unlike traditional coronary
angiography, MSCT angiography is non-invasive. It
eliminates the need for catheterization and the associated
risks, making it a safer option for patients.

- Enhanced Patient Comfort: Patients often find MSCT
angiography more comfortable than invasive procedures.
It involves minimal discomfort and shorter recovery
times.

3. Risk Stratification

- Assessing Coronary Stenosis: MSCT angiography is
highly effective in assessing the severity of coronary
stenosis. It provides quantitative data on luminal
narrowing, aiding in risk stratification.

- Identification of High-Risk Lesions: The technique can
identify high-risk lesions, such as vulnerable plaques
prone to rupture. This information is crucial for targeting
interventions effectively.

4. Prognostic Value

- Predicting Cardiac Events: MSCT angiography has
demonstrated prognostic value in predicting future
cardiac events. It can identify patients at higher risk,
allowing for more aggressive preventive measures.

5. Radiation Dose Reduction

- Advancements in Technology: Ongoing advancements
in MSCT technology have led to significant reductions in
radiation exposure. Low-dose protocols make it a safer
option for long-term monitoring.

6. Research and Innovation

- Continual Advancements: MSCT angiography remains
a focal point of research and innovation. Ongoing studies
aim to refine its capabilities, making it an even more
powerful tool for CAD assessment.

7. Clinical Applications

- Preoperative Evaluation: MSCT angiography is
increasingly used for preoperative evaluation in cardiac
surgery. It helps surgeons plan interventions and select
appropriate grafts.
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- Postoperative Assessment: It is also valuable in
postoperative assessment, allowing clinicians to evaluate
graft patency and assess for complications.

The undoubted advantage of MSCT in comparison with
CAG is the ability to directly visualize the
atherosclerotic plague and determine indirect signs of its
stability or instability. Most myocardial infarctions occur
due to coronary artery thrombosis caused by rupture of
an atherosclerotic plaque. Therefore, an important task is
to search for an unstable, potentially embolized plaque. It
is the composition of the plaque, and not the degree of
artery stenosis, that is considered today as the main risk
factor for myocardial infarction.™"!

The main signs of plaque instability are its large volume,
thinning of the fibrous covering and a decrease in the
collagen component, the structure (the presence of
inclusions of microcalcinates, a large and soft lipid core),
positive remodeling at the plaque level, as well as the
"ring-shaped glow" of the plaque contour. In this regard,
the assessment of the condition of an atherosclerotic
plaque includes a visual and semi-quantitative analysis of
the following parameters: the type, contour of the plaque,
its size and volume, the index of remodeling at the
plaque level, the percentage of areas of different plaque
densities corresponding to the presence of fibrous,
calcified and lipid components. Quantitative assessment
of the degree of stenosis according to MSCT is based on
standard angiographic criteria and is calculated
automatically.™*3!

MRI of the heart provides high contrast of soft tissues,
allowing for functional, perfusion, morphological and
anatomical assessment without exposing the patient to
ionizing radiation, as in CAG and MSCT with CA
contrast.’®) Recently, MRI has also been used for direct
anatomical visualization of coronary arteries, although
this method does not allow high-quality visualization of
distal coronary segments due to lower spatial resolution
compared to MSCT.

Currently, MRI of the heart allows™!

- to assess in detail the anatomy of the chambers of the
heart, the main vessels and valves of the heart;

- to assess the local contractility and global function of
the left ventricle;

- examine the areas of myocardial damage, visualize
areas of fibrosis and thrombosis;

- to assess the presence and severity of myocardial
edema in myocarditis or infarction;

- to determine the presence of fatty infiltration of the
myocardium or accumulation of iron in the myocardium;
- to give a detailed assessment of myocardial perfusion;

- to quantify the ratio of systemic and pulmonary blood
flow, to study the metabolism of the myocardium.
Coronary Contrast Multispiral Computed Tomography
angiography plays a pivotal role in the non-invasive
diagnosis and prognosis of coronary artery diseases. Its
ability to provide comprehensive coronary assessments,

detect atherosclerotic plaques, and offer valuable
prognostic information makes it an indispensable tool in
modern cardiology. As technology continues to evolve,
we anticipate further refinements in MSCT angiography,
enhancing its diagnostic accuracy and contributing to
improved patient outcomes.

CONCLUSION

In the realm of cardiovascular medicine, the early
diagnosis and effective CAD stand as paramount goals in
ensuring the well-being of individuals at risk. Among the
myriad of diagnostic tools and methods, Coronary
Contrast Multispiral Computed Tomography
angiography has emerged as a shining beacon of non-
invasive excellence. This advanced imaging technique,
blending the finesse of computed tomography with
precise contrast-enhanced imaging, has redefined the
landscape of CAD assessment. The significance of
MSCT angiography in the context of early diagnosis and
prognosis cannot be overstated.

With its capability to provide comprehensive
assessments of coronary anatomy, visualize coronary
lumens with  exceptional clarity, and detect
atherosclerotic plaques, MSCT angiography empowers
healthcare providers with invaluable insights into a
patient's cardiac health. It transforms the diagnostic
process into a proactive journey, enabling healthcare
teams to identify CAD at its nascent stages. The non-
invasive nature of MSCT angiography not only ensures
patient comfort but also eliminates the inherent risks
associated with invasive procedures. Patients can
undergo this diagnostic marvel with minimal discomfort
and shorter recovery times. Furthermore, MSCT
angiography extends its prowess into risk stratification,
assisting clinicians in identifying the severity of coronary
stenosis and high-risk lesions. It isn't merely a diagnostic
tool but also a prognostic oracle, capable of predicting
future cardiac events and guiding clinicians in delivering
targeted interventions.

Advancements in technology have driven substantial
reductions in radiation exposure, making MSCT
angiography safer for long-term monitoring and repeated
assessments. The ongoing commitment to research and
innovation promises further refinements, solidifying its
status as a cornerstone in contemporary cardiology.
Clinical applications have expanded, from aiding in
preoperative evaluations for cardiac surgery to
postoperative assessments to ensure graft patency and
identify complications. MSCT angiography has become
an integral companion in the journey to restoring and
preserving cardiac health. In the grand tapestry of
medical advancements, Coronary Contrast Multispiral
Computed Tomography angiography is a shining thread,
interwoven with precision and compassion. It embodies
the spirit of modern medicine, where innovation and
patient well-being unite.
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As we look to the future, we anticipate a continued
evolution in MSCT angiography, enhancing its
diagnostic accuracy, and further contributing to the
remarkable progress in cardiovascular care. It stands as a
testament to humanity's pursuit of knowledge and
excellence in the name of saving lives. In closing, the
importance of non-invasive methods of cardiovascular
tomography, particularly MSCT angiography, cannot be
overstated. It's not merely an advancement in
technology; it's a beacon of hope, guiding us toward a
future where CAD is diagnosed early, prognoses are
accurate, and lives are enriched with good health and
well-being.
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