Computed Tomography Coronary Angiogram; updates regarding evidence,
clinical applications, and emerging technologies : A literature of review

Abstract:

Assessing of the coronary artery disease (CAD) especially coronary stenosis by coronary computed
tomography angiography (CCTA) has shown a classic shift in the last decades. Recent advancements
in cardiac CT have improved the quality of image and decreased exposure of patients to radiation.
CCTA is a noninvasive technique for visualizing the anatomy of CAD. CCTA, in combination with
newer techniques like plaque characterization, physiologic and functional evaluation, leads to
accurate diagnostic and prognostic evaluation of any low to intermediate subjects for prevention.

Evidence strongly recommends the use of CCTA all over the stages of CAD, early from detecting of minute
subclinical diseases up to the estimation of acute chest pain. Furthermore, CCTA can be used to noninvasively
quantify plaque burden and identify high-risk plaque, which can help with diagnosis, prognosis, and treatment.
This is especially important in the evaluation of CAD in immune-driven conditions with a higher prevalence of
cardiovascular disease.

Furthermore, key findings from large cohort trials have contributed to a better understanding of cardiovascular
disease risk as a function of overall coronary plaque burden and the morphological appearance of individual
plaques. With the introduction of CT-derived fractional flow reserve, an anatomical and functional test will be
established within a single modality. Recent research has been published that looks at the short-term impact of
CT-derived fractional flow reserve on downstream care and clinical outcomes. Furthermore, machine learning
is a concept that is increasingly being applied to diagnostic medicine. Emerging CCTA applications based on
hemodynamic indices and plaque characterization may provide personalized risk assessment, influence disease
detection, and guide therapy further.

This review provides an update on the evidence, clinical applications, and emerging technologies related to
CCTA. We also discuss how CCTA could be used to characterize coronary atherosclerosis, stratify
asymptomatic subjects' prognosis, and guide medical therapy.
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Introduction:

CCTA is a useful noninvasive imaging modality that is becoming more widely regarded as the most important
and the first test for diagnosing (CAD) and has prognostic consequences for patient management. CCTA can
also be used to imaging anatomic different stages of atherosclerosis, early from formation of the plague along
through its progression and rupture especially in epicardial coronary arteries (1, 2). Also, it allows the least
exposure to radiation(3, 4). CCTA has shown to have a highest diagnostic accuracy when compared with
invasive coronary angiography (ICA), which has been the gold standard for evaluating coronary artery disease
until now(5, 6).

CCTA-derived tools aid in risk stratification and medical decision-making for patients with CAD by allowing
researchers to better comprehend the progression of atherosclerotic plaque. Minimal radiation exposure,
effective coronary characterization, and thorough imaging of atherosclerosis over time have all been made
possible thanks to advancements in CCTA. As a result, CCTA provides a central platform for a
multidisciplinary approach that includes immunology, pathology, radiology, and cardiology to improve patient
care and further our understanding of CAD.

Although many factors such as (e.g., arrhythmia, increase heart rate, and a high coronary calcium burden) may
restrict overall evaluability, significant technological advancements in recent decades have opened new
perspectives in cardiac imaging, allowing acquisition in a matter of seconds and with higher spatial
resolution(7-10). On a per patient basis, a sensitivity and specificity of 98 percent and 90 percent, respectively,
have been reported using at least a 64-slice multidetector row. To rule out obstructive coronary artery disease,
the increased sensitivity translates into a negative predictive value (NPV) ranging from 95 to 100 percent
(CAD)(11).

In this context, the severity of coronary stenosis is regarded as a powerful, albeit contentious, prognostic marker
of CAD prognosis. Invasive and noninvasive angiographic studies have shown a link between stenosis severity
and clinical outcomes Min et al. analyzed a large consecutive cohort of patients without a history of CAD and
found a similar incidence of all-cause death in nonobstructive and 1-vessel obstructive CAD as measured by
CCTA in a recent study (HR: 1.62 vs. 1.75)(12). Furthermore, non-obstructing lesions are thought to be
responsible for more than two-thirds of acute myocardial infarction (MI)(13). Other factors, in addition to the
degree of stenosis, have an important role in the course of events. Several clinical biomarkers and imaging
modalities have been studied over the last few decades in the hopes of being able to predict events in
individuals with plaques at high risk of rupturing (vulnerable plague). While ICA focuses solely on determining
the degree of coronary stenosis (lumino-graphy), CCTA consistently evaluates overall plague burden, classifies
plaque subtypes, and identifies unfavorable characteristics of coronary high-risk plaques by examining both the
wall and the lumen of the coronary artery(11, 14).

Indeed, because a variety of drugs, mostly those that affect the lipid profile and inflammation, can slow or even
reverse plaque progression, the hunt for simple procedures that can detect these changes could provide
physicians with a useful tool for patient management(4). World experts in CCTA gathered in November 2019 at
the National Heart, Lung, and Blood Institute for a summit to discuss the newest discoveries in the area,



consolidate the current research, and debate the evolving clinical applications of CCTA. In 2013, the European
Society of Cardiology recommended CCTA as a treatment option for individuals with suspected stable CAD
and a low-to-intermediate pre-test CAD risk. The NICE-UK guidelines for the therapy of patients with new
onset chest pain were recently updated, and CCTA was recommended as a first-line diagnostic test for those
with stable angina who couldn't be ruled out by clinical examination alone. Moving beyond coronary stenosis,
the current review will discuss the characteristics of coronary susceptible plaques as well as the capacity of
CCTA to perform noninvasive plaque characterization with practical prognostic implications in patient risk
assessment. In addition, existing and future therapeutic views are discussed.

Literature of review:
1- Vulnerable plague and its Characteristics by CCTA:

According to histological investigations it was found that plaque component appears to play an important role in
the development and clinical consequences of epicardial lesions. Experts agree that the form, content, and
degree of inflammation of coronary atherosclerotic plaques matter more than the degree of luminal stenosis(11).

If advancements in acute coronary syndromes (ACS) are to be made, it is crucial to understand the precursor
lesions of ACS15, 16). An abrupt luminal “"thrombosis™ produced by one of three diseases is assumed to be the
etiology of the majority of ACS. The most prevalent cause of thrombosis is plaque rupture. Less common dense
calcified nodules can pierce the fibrous cap and induce thrombosis. In both males and females, plaque rupture is
the most common cause of coronary thrombosis, accounting for roughly 76 percent of all fatal coronary
thrombi. As a result, while the phrase "vulnerable plaque™ should be used to describe plaques that mimic all
three types of luminal thrombosis, it is commonly used to describe a plaque that is prone to rupture(15, 16).

Intimal thickening is seen early in the illness process. Smooth muscle cells make up the early lesion, which is
influenced by an increase in macrophage and lipid influx. The following stage is the establishment of a necrotic
core and the development of a fibrous cap atheroma. The necrotic core contains a little quantity of lipid and
apoptotic macrophages. Intraplague hemorrhages are also common in this condition, and they contribute to the
expansion of the lipid core. A stable fibrous covering may prevent the lesion from rupturing. If the fibrous cap
loses matrix proteins and smooth muscle cells, a thin cap atheroma can form. CTCA (cardiac computed
tomography angiography) has emerged as a potential method for viewing the arterial lumen directly(17).

2. prognosis after localizing and detecting degree of stenosis

CAD stenosis severity was classified as 0 (0 percent), 1 (1 percent to 24 percent), 2 (25 percent to 49 percent), 3
(50 percent to 69 percent), 4A (70 percent to 99 percent in 1 to 2 vessels), 4B (70 percent to 99 percent in 3
vessels or 50 percent left main), or 5 (50 percent left main) using the novel coronary artery disease-Reporting
and Data System (CAD-RADS) scores used to standardize CCTA reporting (100 percent). It should come as no



surprise that the CAD-RADS system is good in identifying patients who are at risk for adverse outcomes. The
cumulative 5-year event-free survival rate for CAD-RADS 0 to 5 varies from 95.2 percent to 69.3 percent (p
0.0001). Increased event risk is linked to higher scores (hazard ratio: 2.46 to 6.09; p 0.0001). Its inclusion in
coronary CTA reports is considered a good opportunity to indorse evidence-based care(18).

High-risk plague (HRP) characteristics have also been linked to a higher incidence of events in those with
nonobstructive CAD. Beyond the standard clinical (Diamond & Forrester) and coronary (based on presence and
degree of stenosis) scores used in clinical practice, a recent study found that using an integrated score easily
obtained with CCTA (based on the presence of mixed and remodeled atherosclerotic plaques) may improve
MACE prediction in symptomatic patients without prior cardiovascular history but with intermediate pretest
likelihood of CAD. Despite the low prevalence of specific high-risk plaque features, our findings highlight the
importance of a complete coronary evaluation. (19).

It's impossible to know which plaques with high-risk characteristics may rupture and create problems. However,
the prognostic efficacy of risk assessment based solely on plaque anatomy has been partially disappointing due
to a low positive predictive value.(20).

3. Therapeutic Viewpoint

Non-obstructive CAD patients who seeking CCTA are offered aspirin or statins as a preventive therapy. This
was noticed to lower the risk of revascularization, mortality, and incident myocardial infarction (17, 21, 22). We
mainly focus on low-density lipoprotein (LDL) level, if it is equal or near normal, we give statin therapy which
lessens the progression of the plaque and progression of atherosclerosis(23, 24).

The Coronary Artery Calcification Score (CAC), which is significantly linked to an elevated risk of
cardiovascular disease, has traditionally been used in risk stratification with cardiac CT. New CAC scoring
methods that separate calcium density from volume may be able to provide a more accurate assessment of
treatment changes.(25)

Inoue et al. in a study on 32 suspected patients with CAD who performed CCTA, proved that statin reduces
plaque progression and core volume of necrosis. This was noticed mainly in the morphology of plaque
specifically when there is change in lipid profile(25).

Although serial scans are not currently indicated for monitoring the therapeutic efficacy of medical therapies,
plaque modulation as part of risk reduction is an option. Direct visualisation of atherosclerosis' natural course,
as well as the identification of clinical determinants of plaque progression or regression, has the potential to
shift the paradigm of CAD monitoring in low- to moderate-risk patients with suspected CAD, with the goal of
providing earlier therapeutic strategies. It is reasonable to anticipate that therapeutic intervention that reduces
plague vulnerability will lead to plaque stability and, as a result, decrease cardiovascular event rates. More
research is needed to fully understand this issue.

4-CCTA in Clinical Practice

In the United States, CCTA is used in a variety of settings, including the evaluation of suspected ACS in the
emergency room, planning before cardiac surgery, monitoring ischemic functional tests, and preceding lower-



probability catheterization cases. CCTA can also be used as part of the cardiac evaluation process prior to liver
transplantation(26, 27).

CCTA may be a better predictor of obstructive CAD compared to traditional functional testing. Clinical utility
is driven by its ability to effectively rule out CAD. A CCTA-first strategy significantly reduced the occurrence
of myocardial infarction (MI) and coronary heart disease death without increasing invasive testing(28, 29).

CCTA is critical in the emergency setting, where approximately 7 million emergency department visits for chest
pain occur each year, accounting for 5.4 percent of all visits and $10 billion in annual spending. Despite the fact
that the majority of these presentations are noncardiac in nature, missed diagnosis of acute MI accounts for
significant mortality and a significant proportion (20%) of emergency medicine litigation costs(30). Several
multicenter clinical studies in the emergency setting have shown that CCTA is a safe, quick, and effective tool
for ruling out CAD in patients at low to intermediate risk who present with acute chest pain, and it is associated
with a shorter time to diagnosis and a shorter length of stay(31).

Conclusions:

The ultimate purpose of events prediction is to monitor and guide the therapeutic strategy, and CCTA may be
able to do so. Early detection of CAD, description of atherosclerotic process, assessment of ischemia-related
plaque characteristics,, and assessment of "vulnerable plaque” are mandatory endpoints.

The ability of CCTA to quantify coronary plaque composition and identify coronary plaque morphology will
aid in therapy monitoring and may one day become a cornerstone in treatment personalization. Emerging
technologies that take advantage of lower radiation doses, advances in feature extraction, and computational
fluid dynamics have increased CCTA's prognostic value.
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