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Abstract : Cardiovascular disease (CVD) remains a global public health crisis, claiming millions of lives annually. Early and
accurate diagnosis plays a pivotal role in effective management and improved patient outcomes. Non-invasive imaging techniques
have revolutionized CVD diagnosis, providing clinicians with detailed insights into cardiac structure, function, and pathology
without the need for invasive procedures. This review comprehensively explores the current landscape and emerging trends in non-
invasive imaging for CVD diagnosis, covering established modalities like echocardiography, cardiac magnetic resonance imaging
(CMR), and computed tomography (CT) alongside novel approaches like radiofrequency (RF) imaging and artificial intelligence
(Al)-powered methods. We delve into the strengths, limitations, and evolving applications of these techniques in diagnosing various
CVDs, highlighting their potential to enhance diagnostic accuracy, refine risk stratification, and guide personalized therapy for
CVD patients.

Index Terms - Cardiovascular disease, non-invasive imaging, echocardiography, cardiac magnetic resonance imaging,
computed tomography, radiofrequency, artificial intelligence, diagnosis, personalized therapy, risk stratification, emerging
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1. Background:
1.1 Review of Literature:

CVD covers a broad range of ailments that affect the cardiovascular system in general, including its own blood supply, like
coronary artery disease, heart failure, arrhythmias, and diseases involving the valves. Although there has been massive improvement
in the technological advancements in the management and prevention of CVD, it is still one of the major causes of death across the
globe, with nearly 17.9 million deaths each year as per the recent data taken from the WHO (World Health Organization) [1].
Prompt and timely diagnosis is important for proper intervention and a better patient prognosis. Conventional methods like
electrocardiograms (ECG) and blood investigations like analysis of biomarkers usually come up with limited information about
heart structures and physiological functions. The recent non-invasive approach has emerged as a revolution in CVD diagnosis and
management, which provides detailed analysis of the blood vessels and heart, not just providing information on pathological aspects
but also providing guidance for better clinical decision outcomes.

1.1.1 Established Techniques:

Echocardiography: The conventional methodology consists of using the waves of sound for the imaging of the various anatomical
components of the heart, such as chambers, valves, and blood flow across the valves, while at the same time understanding and
reading the physiological impact created on the blood flow and heart. The advantages lie in the real-time imaging, accessibility, and
range of choices in assessment of the various cardiac pathological conditions. Despite this, the main dependencies for image creation
lie with the operator's hand-on operation, body habits, and orientation. Advancements like Adaptive contrast enhancement [4], Real
time 3D imaging tissue Doppler imaging for myocardial strain assessment [5] and speckle-tracking[6] for early wall motion
abnormalities are further refining its diagnostic capabilities.

1.1.2 Cardiac Magnetic Resonance Imaging (CMR): CMR provides dynamic and magnificent detailing of the anatomy and
tissue features while at the same time offering the highest protection and exposure to the radiation to the minimal.[7] The greater
advantage lies in the detailed assessment of the delineating myocardial fibrosis, the study of the perfusion abnormalities, and the
study of the congenital heart defects. Not only does it make the CMR one of the best tools for detailed cardiac evaluation, but it
also comes with the limitation of a higher cost and restricted availability. [8]

1.1.3  Computed Tomography (CT): A CT scan yields images of the coronary arteries with higher resolution, including the
major vessels. Cardiac CT angiography (CTA) provides the imaging of the coronary visualization in a non-invasive
way, aiding the diagnosis of the various CAD and guiding the revascularization procedures. For rapid scan times as well
as delayed exposure to radiation, multidetector CT comes with enhanced clinical application [10]. Despite that, the risk
of potential radiation and contrast-induced complications can’t be ignored. [11]

Fig- 1 — Sagittal Section for Abdominal Aorta Imaging on CT Angiography
Source - Glitzy queen00 , Wikimedia (Public domain) (https://commons.wikimedia.org/wiki/File:Sagital AAA.jpg)
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2. Emerging Trends:

2.1 Radiofrequency (RF) Imaging: The recent technological advancement that involves the usage of radiofrequency waves to
generate detailed images of the microstructure of the cardiac tissues. In contrast to conventional ultrasound, this technique
is free from acoustic impedance, providing better detailing of the subtle myocardial changes at the initial stages than most
of the other modalities. The potential of the detection of preclinical CVD even before the symptoms appear is helping with
further preventive measures.

2.2 Artificial Intelligence (Al)-powered Analysis: The use of the Al algorithm is enhancing the transformation of
cardiovascular imaging, providing automated image interpretation [12], better workflow capabilities, and enhanced disease
detection. Al tools can overcome inter-observer variability and increase diagnostic accuracy through automated
guantification of the CTA [13] . In addition to this, there is the ability to analyze the existing datasets of imaging data to
identify patterns and predict the future of cardiovascular events. [14] provides the way for understanding personalized risk
stratification and measures for preventive aspects.

2.3 Fusion Imaging: Instead of relying solely on the specific investigation, a combination of diagnostic modality like CMR and
PET provides even better insights about cardiovascular pathology [15] . This multidimensional and multiple parametric
method comes with a better diagnostic modality, particularly in complex cases. Considering the combination of CMR and
PET perfusion imaging, it can actually help in the differentiation of the scar tissue in patients with heart failure by guiding
targeted theraphy decisions. [16],[17]
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Fig- 2 — The visuals depict a 56-year-old male identified as patient 10. The images include both three-dimensional image fusion
(referred to as 'a’) and standard two-dimensional images (noted as 'b' for curved multiplanar CT coronary angiography reformation
of the left anterior descending artery [LAD] and 'c' for cardiac MRI late gadolinium enhancement [LGE]). The images reveal several
significant findings: there is a near-complete blockage in the proximal LAD, indicated by arrowheads in both 'a" and 'b’, leading to
decreased blood flow in the surrounding area. However, the viability of the myocardium remains relatively intact in the nearby
region (with scar transmurality less than or equal to 50%). Conversely, a complete blockage in the distal LAD has resulted in a
large area of extensive scar tissue formation in the distal region, denoted by **' in 'a' and 'c'. Additionally, due to a narrowing in the
proximal left circumflex artery (LCXx), the segmentation algorithm failed to accurately map its path, as shown by the dotted line in
‘a’. Nonetheless, it is evident that the reduced blood flow in the LCx is leading to decreased perfusion in the lateral wall of the heart,
although widespread scarring has not yet occurred. The text also mentions the CT-derived fractional flow reserve (CT FFR).

Source - https://doi.org/10.1148/ryct.2020190116

3 Limitations and Challenges:

While non-invasive imaging comes with lots of advantages, it does have certain limitations, such as echocardiography being
operator-dependent and body habits affecting the image quality. CMR and CT have a higher cost of operation, witha higher risk
associated with radiation exposure. Emerging techniques include RF imaging and Al, which are still under development and require
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further clinical review. Apart from that, providing equitable access to technologies is still a challenge, especially in resource-limited

settings.

4

Conclusion:

Non-invasive imaging modalities are the frontier pioneers in revolutionizing CVD diagnosis. Conventional modalities like
echocardiography, CMR, and CT play a pivotal role in the diagnosis. With these upcoming trends, the chances of precision are even
higher, which can help in making a diagnosis early.
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