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vVasc-Omics Integrated Techniques Mandate New Ontological 
Biological Approaches for Cardiovascular Disease 

vThe Lure of Obtaining Large Datasets Will Replace Any Clinical 
Trials & Investigators Must Understand Technical & Biological 
Strengths of Vasc-Omics Approaches

Radiation Levels are Currently Dangerous 
Modern Imaging Technology Should Be 

Considered A  Top Priority in Every Centre 
Providing Endovascular Management of 

Aortic Pathology in Order To Attract Trainees 
& Educated Patients 
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AI Used AI Not Used P Value

Operative Time 256.2 ± 111.2 330.0 ± 150.0 0.016

Contrast 101.1 ± 44.1 226.0 ± 85.8 <0.0001

Radiation Exposure 2819.8 ± 1691.9 4749.3 ± 3795.7 0.011

Fluoroscopy Time 71.8 ± 34.5 107.4 ± 65.7 0.008

Coefficient* 95% CI P Value

Operative Time -73.4 -120.7,-26.1 0.003

Contrast -126.6 -147.1,-106.0 <0.0001

Radiation Exposure -2182.1 -2934.5,-1429.7 <0.0001

Fluoroscopy Time -37.5 -53.8,21.2 <0.0001

Individuals Who Underwent A Procedure With Augmented Intelligence Had Superior 
Outcome Than Those Who Had  Procedures Without Augmented Intelligence

Narrow AI vMachine IQ = Zero

General AI
vRecurring Patterns, Machine 

Matching Human Cognitive 
Capacity 

Super AI
vMachine Super-

Passing Its 
Cognitive Capacity 

Artificial Intelligence 

Transformative Advancements in 
Vascular Clinical Practice

vVASC-Omics Identifies Resilient Vascular Trainee, Accelerates Discovery of 
Trainee Vascular Phenotypes That Withstand High Radiation Exposure

vAAA Sac Volume Mapping Enhances Predictive Modelling & Personalized 
Treatment Strategies As It Guides Interventions Based On Sac Expansion As A 
Surrogate Endpoint

vDynamic Fusion Imaging as it Reduces Intraoperative Radiation, 
Intervention Duration  & Contrast Use

Super AI & Quantum Computing in 
Translational Medicine

AI-Powered Multi-Omics Analysis for 
Personalised Decision-Making8 Henglin et al Machine Learning in Cardiovascular Imaging

amounts of data requires an extraordinary amount of computa-
tional power. Fortunately, large-scale computational resources 
are becoming more accessible. In particular, graphics process-
ing units have been optimized for the computational tasks on 
which machine learning models depend. The price of these 
devices has been declining, and they are also readily available 
for ad hoc rental on cloud platforms. A flexible cloud comput-
ing environment, notwithstanding access and privacy issues that 
continue to be evaluated,39 will be ideal for facilitating integra-
tion of imaging data that tend to exist in variable formats across 
multiple institutions and in siloed storage. On the research 
front, publicly funded initiatives are now underway to make 
biorepositories of imaging and imaging-derived data, collected 
from across research studies, available to the scientific commu-
nity for advanced and large-scale analyses via cloud computing.

Conclusions
Machine learning approaches have formed the core of many 
cardiovascular image acquisition and processing algorithms that 
are already in routine use. Given the rapid evolution of machine 
learning capabilities, continued advancements are being made 
in developing tools for optimizing not only how cardiovascular 

imaging measurements are performed but also how the results 
of these measurements can be interpreted. Currently avail-
able machine learning methods, particularly those based on 
deep learning, have generated growing interest in their poten-
tial to derive new insights from image-related data, as well as 
the images themselves, given the expanding size of existing 
databases. Increasingly large databases, however, will require 
increasing resources to create high-quality labels for enabling 
effective analyses. Therefore, continued progress will depend 
on a commitment to thoughtfully and strategically investing in 
such resources. Notwithstanding ongoing technical and logisti-
cal challenges facing the field, machine learning and particularly 
deep learning methods are very likely to substantially impact the 
future practice and science of cardiovascular imaging.
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Figure 3. Image analysis in context. HF indicates heart failure.
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Radiomics is Optimizing Cardiovascular Imaging Measurements &  How The 
Results of These Measurements Can Be Read & Utilised 

“Imaging + Biological Datasets = Radio-Gen-Omics=Vasc-Omics 

Infante et al Radiogenomics and AI in CHD

Circ Cardiovasc Imaging. 2021;14:e013025. DOI: 10.1161/CIRCIMAGING.121.013025 December 2021 1135

exclusion criteria (Table S4). From the literature search, 60 
studies were selected. Radiomic features extracted by both 
CCTA and CMR studies showed good diagnostic accuracy 
for the identification of coronary plaques and myocar-
dium structure; on the other hand, few studies exploited 

radiogenomics mainly in CCTA (n=4), thus suggesting the 
need for research efforts in this field. CCTA resulted in the 
most used noninvasive imaging modality for AI and ML 
applications and several studies (n=36) provided high per-
formance values for CHD diagnosis, classification, disease 
phenotyping, and prognostic assessment as compared 
with AI-based CMR studies (n=10). Below, we will discuss 
in detail all the selected studies from our search.

RADIOMICS IN CHD
Radiomics has the peculiarity to provide image character-
istics not visible to the human eye. Radiomics has been 
largely investigated in oncology23,35,36 while research in 
cardiovascular imaging is still limited. Nevertheless, dif-
ferent studies demonstrated the feasibility and potential 
clinical value of radiomics analysis in CCTA and CMR.

Radiomics and AI are strictly interconnected due to the 
capability of AI to manage and analyze the massive amount 
of data extracted from medical images as compared with 
the traditional statistical methods. Although AI techniques 
have been primarily applied to build classification and pre-
dictive models on unseen datasets, AI computational algo-
rithms are integrated in the radiomics workflow not only 
for the analyses of the extracted features but can directly 
analyze the images or perform segmentation tasks itself 
through DL algorithms.37 With the increasing use of nonin-
vasive imaging technique for CHD assessment, the focus 
of AI research and applications has strongly expanded.

Radiomics in CCTA
Radiomics based CCTA studies aimed to provide volu-
metric and radiomic analysis for improving the diagnostic 
performance and better characterizing atherosclerotic 
plaques. In particular, literature data reported the robust-
ness of diagnostic performance of radiomic models as 
compared with conventional CCTA features.38 In addi-
tion, CCTA-derived radiomic features were also effec-
tive to identify vulnerable plaques39 and to discriminate 
between Napkin-Ring Sign and non-Napkin-Ring Sign 
plaques with an area under the curve (AUC)>0.80.40

A radiomic analysis on 1103 parameters extracted 
from pericoronary adipose tissue scans of patients with 
stable CHD, acute MI, and controls was able to signifi-
cantly differentiate patients with MI versus controls and 
patients with MI from stable CHD. The most significant 
radiomic parameters were texture or geometry based. At 6 
months post-MI, there were no significant changes in peri-
coronary adipose tissue attenuation (PCAT) radiomic pro-
file, thus suggesting a specific PCAT radiomic signature.41

In a retrospective study, Mannil and coauthors analyzed 
radiomic features extracted by noncontrast-enhanced 
ECG-gated CCTA scans to detect patients with MI from 
healthy subjects. The model generated provided an AUC 
of 0.78 to discriminate controls and patients.42

Figure 1. Radiogenomics and artificial intelligence support to 
cardiovascular imaging analysis.
Data acquisition generally includes computed tomography 
(CT) assessment of coronary anatomy and myocardial function, 
strengthened by the possibility of multiplanar reconstructions and 
angiographic views or the possibility to obtain DICOM and molecular 
data from large databases. Paralleling, the possibility to collect 
biological samples from the same patient, provides a unique framework 
for integrated radiogenomics studies. During imaging, pre- and post-
processing on dedicated workstations is possible to finely segment 
plaque components (green for fibrotic, blue for lipidic, and yellow 
for the calcified, respectively); similarly, samples can be processed 
to extract plasma and serum parts or other nucleic/proteomic 
components. Data extraction represents the quantitative part of the 
pipeline allowing to achieve first, second, and third order features from 
radiomics algorithms and multiomics biological profiling/signatures by 
different samples. All the parameters can be analyzed mainly through 
machine learning (supervised and unsupervised) approaches, and the 
derived models validated through internal and external independent 
datasets to follow both diagnostic (patient classification) and 
prognostic purposes in coronary heart disease (CHD).
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ADVANCES IN CARDIOVASCULAR IMAGING

Radiogenomics and Artificial Intelligence 
Approaches Applied to Cardiac Computed 
Tomography Angiography and Cardiac Magnetic 
Resonance for Precision Medicine in Coronary 
Heart Disease: A Systematic Review
Teresa Infante , Biol.D; Carlo Cavaliere , MD, PhD; Bruna Punzo , R.Tech; Vincenzo Grimaldi , PhD; Marco Salvatore , MD;  
Claudio Napoli , MD, PhD, MBE

ABSTRACT: The risk of coronary heart disease (CHD) clinical manifestations and patient management is estimated according 
to risk scores accounting multifactorial risk factors, thus failing to cover the individual cardiovascular risk. Technological 
improvements in the field of medical imaging, in particular, in cardiac computed tomography angiography and cardiac magnetic 
resonance protocols, laid the development of radiogenomics. Radiogenomics aims to integrate a huge number of imaging 
features and molecular profiles to identify optimal radiomic/biomarker signatures. In addition, supervised and unsupervised 
artificial intelligence algorithms have the potential to combine different layers of data (imaging parameters and features, 
clinical variables and biomarkers) and elaborate complex and specific CHD risk models allowing more accurate diagnosis 
and reliable prognosis prediction. Literature from the past 5 years was systematically collected from PubMed and Scopus 
databases, and 60 studies were selected. We speculated the applicability of radiogenomics and artificial intelligence through 
the application of machine learning algorithms to identify CHD and characterize atherosclerotic lesions and myocardial 
abnormalities. Radiomic features extracted by cardiac computed tomography angiography and cardiac magnetic resonance 
showed good diagnostic accuracy for the identification of coronary plaques and myocardium structure; on the other hand, 
few studies exploited radiogenomics integration, thus suggesting further research efforts in this field. Cardiac computed 
tomography angiography resulted the most used noninvasive imaging modality for artificial intelligence applications. Several 
studies provided high performance for CHD diagnosis, classification, and prognostic assessment even though several efforts 
are still needed to validate and standardize algorithms for CHD patient routine according to good medical practice.

Key Words: artificial intelligence ◼ biomarkers ◼ cardiac magnetic resonance ◼ computed tomography angiography ◼ coronary heart disease

Despite the improvements in prevention and early 
disease intervention, coronary heart disease (CHD) 
remains leading cause of disability and death world-

wide.1–3 The risk to develop clinical manifestations of 
CHD and the clinical decision-making is currently esti-
mated using score algorithms where multifactorial car-
diovascular risk factors are the predominant indicators. 
However, this approach still fails to capture the individ-
ual cardiovascular risk.4 Hence, the discovery of novel 

biomarkers and approaches aimed to improve risk pre-
diction algorithms will be a key to accomplish the prom-
ise of personalized medicine.5

Different noninvasive imaging techniques are available 
in the clinical practice to detect and characterize CHD such 
as cardiac computed tomography angiography (CCTA), 
cardiac magnetic resonance (CMR).6–8 CCTA has gained 
a worldwide clinical acceptance for CHD evaluation and 
risk prediction for its ability to exclude coronary stenosis 
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vPredict Disease Risk Using 
Tools Like XGBoost & SHAP

vGuides Patient Care On 
Precision Risk Profiles

Vasc-Omics in Vascular 
Care . 

Vasc-Omics in PAD & EVAR Sac Behaviour

Vasc-Omics Identified Atherogenic Pathway & Created Therapeutic Targets To 
Address AAA & PAD, With CRISPER &  Gene Editing
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v Leveraging Advanced Genetic Screening To Identify RNA-Resilient 
Candidates Against Radiation, Ensuring Safer Selection Of Vascular 
Trainees

vThis Innovative Approach Prioritizes Radiation Resistance,
Future Vascular Surgeons ,  Minimizing Long-term Health Risks &   
Mitigating Medicolegal Liabilities While Redefining Safety Standards 
In Vascular Medicine

Integrating Vasc-Omics into Vascular Training

Professional Fees Doesn’t Equate For Life-Long Risk of 
Radiation Exposure  For Physicians , Hospitals & Patients 

Gut Microbial Taxonomy in Aortic 
Diseases 

v Significant Diversity & Abundance of Gut Microbiota 
Taxa Are Observed In Takayasu’s Arteritis, Giant Cell
Arteritis, Aortic Aneurysm, And Aortic Dissection, 
With Greater Dysbiosis Compared To Healthy Control 
Groups

v Beyond Traditional Interventions Like Faecal 
Transplantation, Probiotics & Dietary Changes
Vasc-Omics Will Enable Precise Modulation of Gut 
Microbiota

v Primary Outcomes Aim To Prevent Or Halt The
Progression of Aortic Diseases

vDynamic Volume-based Insights as it Tracks Sac Volume Changes & 
Behaviour Over Time, Delivering Critical, Objective Insights Into Progression & 
Treatment Efficacy

vData-driven Decision Making, Reduces Reliance On Subjective MDT 
Consensus By Employing Predictive Analytics For Conflict-free, Evidence-
based Outcomes

CYDAR Revolutionizing Precision in AAA Management

Avoiding Stroke in Complex Arch Procedures 

Intelligent Smart Fusion Imaging 

Allia GE AI-ML Fusion Imaging 
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My-IQ Image Guided System Auto-Right 6-P Control Device

OmniFyXR-Augmented Reality IOPS-EM- AI Navigation

vTransforming Antiquated Medical Education Through 
AI & Big Data Analytics, Both Will Set To Pioneer A 
New Era in Precision Medicine, Redefining Vascular 
Disease Management

vFutureproofing of Vascular Surgery by Building A 
Resilient Workforce Equipped With Advanced 
Scientific Insights & Predictive Tools To Address 
Modern Challenges With Confidence

Revolutionizing Vascular Medicine 
Through Vasc-Omics
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Vasc-Omics & How The Future Vascular 
Surgeons Will Be Chosen By 

AI  & Machine Learning


