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ABSTRACT

Background The need for effective early detection and opti-
mal therapy monitoring of cardiovascular diseases as the lead-
ing cause of death has led to an adaptation of the guidelines
with a focus on cardiac computed tomography (CCTA) in pa-
tients with a low to intermediate risk of coronary heart disease
(CHD). In particular, the introduction of photon-counting
computed tomography (PCCT) in CT diagnostics promises
significant advances through higher temporal and spatial re-
solution, and also enables advanced texture analysis, known
as radiomics analysis. Originally developed in oncological
imaging, radiomics analysis is increasingly being used in
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cardiac imaging and research. The aim is to generate imaging
biomarkers that improve the early detection of cardiovascular
diseases and therapy monitoring.

Method The present study summarizes the current develop-
ments in cardiac CT texture analysis with a particular focus
on evaluations of PCCT data sets in different regions, includ-
ing the myocardium, coronary plaques, and pericoronary/
epicardial fat tissue.

Conclusion These developments could revolutionize the dia-
gnosis and treatment of cardiovascular diseases and signifi-
cantly improve patient prognoses worldwide. The aim of this
review article is to shed light on the current state of radiomics
research in cardiovascular imaging and to identify opportuni-
ties for establishing it in clinical routine in the future.

Key Points

= Radiomics: Enables deeper, objective analysis of cardio-
vascular structures via feature quantification.

= PCCT: Provides a higher quality image, improving stability
and reproducibility in cardiac CT.

= Early detection: PCCT and radiomics enhance cardiovascular
disease detection and management.

= Challenges: Technical and standardization issues hinder
widespread clinical application.

= Future: Advancing PCCT technologies could soon integrate
radiomics in routine practice.
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ZUSAMMENFASSUNG

Hintergrund Die Notwendigkeit einer effektiven Friiherken-
nung und eines optimalen Therapiemonitorings kardiovasku-
ldrer Erkrankungen als haufigste Todesursache hat zu einer
Anpassung der Leitlinien mit Fokussierung auf die kardiale
Computertomografie (CCTA) bei Patienten mit einem niedri-
gen bis intermedidren Risiko fir eine koronare Herzkrankheit
(KHK) gefiihrt. Insbesondere die Einfiihrung von Photon-
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Counting-Computertomografen (PCCT) in der CT-Diagnostik
verspricht erhebliche Fortschritte durch eine héhere zeitliche
und rdumliche Auflésung und ermdoglicht auch fortgeschrit-
tene Texturanalysen, bekannt als Radiomics-Analysen.
Urspriinglich in der onkologischen Bildgebung entwickelt,
finden Radiomics-Analysen zunehmend Anwendung in der
kardialen Bildgebung und Forschung. Ziel ist es, sog. Ima-
ging-Biomarker zu generieren, die die Friiherkennung kardio-
vaskuldrer Erkrankungen und das Therapiemonitoring verbes-
sern.

Methode Die vorliegende Studie fasst die aktuellen Entwick-
lungen in der kardialen CT-Texturanalyse mit besonderer
Fokussierung auf Auswertungen an PCCT-Datensdtzen an
unterschiedlichen Regionen, u.a. dem Myokard, koronarer
Plaques und des perikoronaren/epikardialen Fettgewebes
zusammen.

Schlussfolgerung Diese Entwicklungen kénnten die Diagnos-
tik und Behandlung von Herz-Kreislauf-Erkrankungen revolu-

tionieren und die Prognosen fir Patienten weltweit erheblich
verbessern. Ziel dieses Ubersichtsartikels ist es, den aktuellen
Stand der Radiomics-Forschung in der kardiovaskuldren Bild-
gebung zu beleuchten und Mdglichkeiten der Etablierung in
der klinischen Routine in Zukunft aufzuzeigen.

Kernaussagen

= Radiomics: Ermoglicht tiefere, objektive Analyse kardio-
vaskuldrer Strukturen durch Merkmalsextraktion.

= PCCT: Bietet hohere Bildqualitdt, verbessert Stabilitdt und
Reproduzierbarkeit in der kardialen CT.

= Fritherkennung: PCCT und Radiomics verbessern Erken-
nung und Management von Herz-Kreislauf-Erkrankungen.

= Herausforderungen: Technische und Standardisierungs-
probleme erschweren die klinische Anwendung.

= Zukunft: Fortschritte bei PCCT-Technologien kénnten
Radiomics bald in die Routine integrieren.

Introduction

Cardiovascular diseases (CVD) are the leading causes of death
worldwide [1], and their prevalence is increasing due, at least in
part, to the demographic aging of the population [2]. Mortality
has risen slightly again, mainly due to heart attacks and heart fail-
ure. Older people are affected, in particular, although regional dif-
ferences in care are also discernible. However, new approaches in
diagnostics and therapy, including state-of-the-art imaging and
interventional procedures, are improving the prognoses of many
heart patients [3]. This development makes it critical to under-
stand more deeply the mechanisms leading to CVD, as well as
measures for early detection and personalized risk stratification.

In this context, the further development of imaging diagnos-
tics, especially through innovative technologies such as radiomics
analysis, can open transformative new possibilities [4]. Radiomics
refers to the advanced analysis of image features that have been
extracted from standard imaging data, and it has the potential to
provide deeper insight into subtle changes in cardiovascular
structures. By quantifying image patterns that the human eye
cannot capture, radiomics not only has the potential to enable
more precise diagnosis and characterization of cardiovascular
conditions but also to promote development of personalized ther-
apeutic approaches [5].

Radiomics techniques applied in cardiac computed tomog-
raphy (CCTA) can help analyze underlying discrete texture
changes that are important for early detection and management
of CVD [6]. Integration of radiomics in routine imaging could
significantly improve early detection of heart disease and opti-
mize the management of patients who are at increased risk for
cardiovascular events. However, radiomics has not yet been
integrated in clinical practice, as radiomics analyses suffer signifi-
cantly from a lack of comparability and reproducibility [6].

The development of the photon-counting computed tomog-
raphy (PCCT), which is known for its outstanding image quality

with high spatial and temporal resolution, improved signal-to-
noise ratio, and reduced hardening artifacts, marks the start of a
new era of radiomics imaging. Phantom studies have shown a
high stability of radiomics parameters in test-retest settings in
the past [7]. To ensure its integration in clinical routine, radiomics
analyses have to demonstrate a stable and reliable reproducibility.

In addition, the number of cardiac CT examinations in Germa-
ny is expected to increase in the coming years. The updated ESC
guidelines highlighted already in 2019 the benefits of CCTA in pa-
tients with intermediate risk for coronary heart disease [8]. The
DISCHARGE study also highlighted the benefits of CCTA compar-
ed to invasive cardiac catheterization (ICA), as CCTA is associated
with a lower periprocedural complication rate compared to ICA,
without increasing the risk of developing over time a major ad-
verse cardiovascular event (MACE) [9]. According to the latest
Federal Joint Committee (GBA) resolution, this will now also be
taken into account in Germany. As a result, CCTA is being intro-
duced on 01/01/2025 as a health insurance benefit [10].

This review aims to highlight the role of radiomics analysis in
cardiovascular imaging as well as its potential contributions to im-
proving diagnostic accuracy and therapeutic strategies, particu-
larly in light of PCCT’s increasing availability worldwide. A deeper
understanding of these advanced imaging techniques and their
areas of application can provide a comprehensive overview of
their importance in modern cardiovascular medicine and at the
same time open new perspectives for future research.

Radiomics

Radiomics is an advanced method of image analysis that extracts
highly detailed quantitative data from radiology images. This
technique makes it possible, in the age of big data, to capture
features that go far beyond what the human eye can detect,
including texture, shape, intensity, and spatial patterns in the
image [4]. In the context of cardiac imaging, radiomics focuses,
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» Fig.1 Segmentation example of the left ventricular myocardium.

in particular, on the myocardium, plaques, and perivascular adi-
pose tissue to detect subtle clues that can provide insight into
medical conditions, their evolution and, in the future, potentially
the response to treatments.

Radiomics functionality

The process of radiomics analysis involves several steps, starting
with the precise acquisition of images under standardized condi-
tions to ensure the comparability and reproducibility of the data.
After image acquisition, a careful segmentation is performed in
which the regions or volumes of interest (ROIs or VOIs - » Fig.1)
are segmented [4].

This is particularly important in the cardiac field, where specific
structures such as the myocardium, coronary plaques, or pericor-
onary adipose tissue have to be isolated precisely. The segmenta-
tion of the region to be examined can in principle be performed
manually, semi-automatically, or automatically, whereby the fo-
cus has to be strictly on the region of interest while omitting the
neighboring structures. In any case, the authors recommend that
an experienced radiologist checks the segmentation.

Hundreds to thousands of radiomics features are then extrac-
ted from the areas specified. These features include first-order
statistical information, shape-based features, texture-based fea-
tures, and higher-dimensional features generated by advanced
mathematical models. » Fig. 2 shows an overview of the different
feature groups. The extracted data is further processed using var-
ious analytical and machine learning processes in order to provide
diagnostic, prognostic, or predictive information. It is still possible
to correlate the information obtained with clinical parameters in
order to derive potential results [6, 11, 12, 13, 14]. » Fig.3 shows
the classic workflow of a radiomics analysis using the example of
cardiac imaging on a PCCT.
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Benefits of radiomics analyses

In the age of big data, radiomics is revolutionizing the way medi-
cal images are used in cardiac diagnostics by enabling objective
and quantitative analysis of image features. This method stands
in contrast to traditional CT imaging, whose interpretations are
qualitative and strongly dependent on the experience of the
radiologist [15]. Comprehensive data extraction makes it possible
to detect subtle and early changes that are often present long
before clinically noticeable symptoms appear. This offers the
possibility of an earlier diagnosis and allows the start of preventive
measures or early therapies, enabling a personalized treatment
approach.

Current state of studies

Radiomics analyses of the left ventricular myocardium

Although myocardial analysis is a domain of MRI imaging, several
studies in the past have focused on visualizing texture changes in
CT imaging, as well. Already in 2016, Antunes et al. demonstrated
the potential of radiomics parameters to differentiate between
patients with normal and scarred myocardial tissue after myocar-
ditis in a small group of seven patients. The authors investigated
first-order radiomics parameters for the left ventricular myocar-
dium on normal and scarred myocardial tissue in differently
contrasted CT scans of the heart, and they identified the “energy”
parameter as the best parameter for distinguishing between
normal and scarred tissue in all scans (p<0.001) [16]. Building on
these results, Hinzpeter et al. demonstrated in 2017 the feasibility
of radiomics texture analysis for differentiating healthy and
acutely infarcted myocardium in cardiac CT in 20 patients with
acute myocardial infarction and in 20 matched controls. Three
different radiomics features allowed a reliable distinction between
both groups (kurtosis (AUC: 0.78, p=0.002), correlation (AUC:
0.81, p=0.002) and Short Run High Gray-Level Emphasis
(SRHGLE) (AUC: 0.82, p=0.001)) [17].

Mannil et al. went a step further and investigated the potential
of texture analysis to detect myocardial fibroses that were not de-
tectable visually using native cardiac CT images. For this purpose,
their study included 27 patients with acute myocardial infarction,
30 patients with chronic myocardial infarction, and 20 patients
without cardiac pathologies. It was not possible to differentiate
visually between the groups. Texture analysis showed moderate
accuracy in distinguishing between the three groups, but this
was improved by combining the acute and chronic myocardial
infarction group compared to the reference group (AUC 0.78,
sensitivity 86 %, specificity 81%) [18].

With the implementation of PCCT, there was also an increase in
the number of cardiac radiomics analyses performed. A compara-
tive study between the radiomics signature on the left ventricular
myocardium in patients undergoing PCCT and energy-integrated
CT (EICT) found comparability of first-order features, but higher-
order features differed significantly between detector types. This
suggests an influence of the detector technology on the radiomics
signature, potentially due to the higher resolution of the PCCT [19].
Following this study, another study investigated the influence of
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» Fig.3 Workflow of a radiomics analysis for CCTAs using a photon-counting computed tomograph.

virtual monoenergetic reconstructions with different kV levels on
the radiomics stability at PCCT not only using a phantom model
but also using the left ventricular myocardium. This study demon-
strated that in the low kV range the stability of radiomics features
on the myocardium is significantly reduced. As a result, the spectral
reconstructions, both in vivo and in vitro, influence the radiomics
signature [20]. To exploit the potential of the high resolution of
PCCT, an in-house study investigated the influence of coronary

sclerosis on the left ventricular myocardium. The study was able to
demonstrate an influence on the texture of the left ventricular
myocardium depending on the severity of the Agatston score, po-
tentially in terms of fibrosing due to chronic hypoperfusion. For this
purpose, a radiomics signature was created by a random forest
feature selected from four different texture features [21]. Esposito
et al. investigated similarly discrete textural changes by correlating
radiomics features of late-phase cardiac CT images from the visu-
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» Table1 Overview of papers published on the topic of “Radiomics analyses of the left ventricular myocardium”.

Radiomics analyses of EICT
the left ventricular

3 Antunes et al. Annu Int Conf IEEE Eng Med
myocardium

Biol Soc 2016 [16]
Hinzpeter et al. PLoS ONE 2017 [17]

Mannil et al. Investigative Radiology 2018
(18]

Shu et al. J. Nucl. Cardiol 2022 [23]
Esposito et al. Mol Imaging Biol 2018 [22]

Kay et al. Circ: Cardiovascular Imaging
2020 [24]

Cavallo et al. Diagnostics 2022 [25]

PCCT
Ayx et al. Diagnostics 2022 [21]

Wolf et al. European Radiology
Experimental 2023 [20]

ally unscarred myocardium in patients with recurrent ventricular
tachycardia with left ventricular function, left ventricular remodel-
ing, and underlying cardiac disease. This study demonstrated an
association of heterogeneous myocardium with systolic and dias-
tolic function, as well as left ventricular dilatation. Using a radiomics
signature, different patterns of left ventricular structural myocar-
dial remodeling could be differentiated [22]. » Table 1 provides an
overview of papers published on the topic of “Radiomics analyses of
the left ventricular myocardium”.

Radiomics analyses of pericoronary or
epicardial adipose tissue

In recent years, the focus of cardiovascular CT research has in-
creasingly shifted to the role of perivascular adipose tissue. Vascu-
lar inflammation has been associated with structural changes and
remodeling of perivascular adipose tissue. The recently outlined
perivascular fat attenuation index (FAI) describes the inflamma-
tion-induced increase in Hounsfield Units (HU) and is considered
a strong predictor of cardiovascular events. The texture analysis
of perivascular adipose tissue is intended to go beyond the FAI
and define potential imaging biomarkers that indicate the develop-
ment of atherosclerosis at an early stage. In 2019, Oikonomou
et al. investigated the radiomics profile of PVAT remodeling to im-
prove cardiac risk prediction. Their first study took adipose tissue
biopsies from 167 patients and correlated radiomics features with
gene expressions representing inflammation, fibrosis, and angio-
genesis. Tissue inflammation, as represented by TNFA expression,
correlated best with the wave-transformed mean HU attenuation
of adipose tissue. However, fibrosis and vascularization could be
represented comparably or better by higher-grade textural fea-
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Radiomics features could differentiate between patients with normal
and scarred myocardial tissue after myocarditis.

Accuracy of differentiation between healthy and acutely infarcted
myocardium by radiomics analysis.

Radiomics features for detecting myocardial fibrosis in native low dose
CT imaging.
Radiomics machine learning model for predicting chronic myocardial

ischemia.

Radiomics analyses can distinguish different patterns of structural
remodeling in patients with rVT.

Prediction of high-risk left ventricular hypertrophy phenotypes detected
on MRI imaging on non-contrast cardiac CT by radiomics analysis.

CCTA-based radiomics approach to identify left ventricular remodeling
in patients with arterial hypertension.

Possible detection of myocardial fibrosis using radiomics features
depending on coronary artery sclerosis.

The stability of radiomics features in PCD-CT imaging decreases signifi-
cantly below 90 keV, underscoring the need to standardize VMI values in
order to ensure reproducibility in clinical applications.

tures than by mean HU attenuation. In addition, they analyzed
radiomics features in 101 patients, who experienced MACE within
5 years after CCTA, and 101 matched controls. The fat radiomics
profile (FRP) significantly improved MACE prediction compared to
traditional risk factors such as coronary calcium score, coronary
stenosis, and vulnerable plaque features (p<0.001). In line with
these results, FRP was significantly higher in patients with acute
myocardial infarction compared to matched controls (p<0.001)
and displayed negative PVAT remodeling [26]. In a supplementary
study, Lin et al. demonstrated that texture and geometry-based
radiomics parameters of pericoronary adipose tissue were able to
distinguish patients with myocardial infarction from patients with
stable or no coronary heart disease [27].

Kahmann et al. investigated the influence of hypercholestero-
lemia on pericoronary adipose tissue using PCCT. Two texture
characteristics were able to reliably distinguish between patients
with and patients without the clinical risk factor of hypercholes-
terolemia in the test and validation set. Patients with hypercholes-
terolemia displayed a higher level of high density values in adipose
tissue as a potential correlate of the inflammatory response,
which was not evident visually [28]. However, not only the peri-
coronary adipose tissue, but also the epicardial adipose tissue
has a physiological and pathophysiological influence on cardiac
biology. In this context, a recently published study by Mundt et al.
investigated the interaction between the radiomics signature of
epicardial adipose tissue (EAT) and coronary calcifications. Based
on 53 patients, who were divided into three different categories
depending on the severity level of the Agatston score, a radiomics
profile was created from four different texture features of the EAT,
which correlates with the presence of calcified coronary plaques
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» Table2 Overview of papers published on the topic of “Radiomics analyses of pericoronary and epicardial adipose tissue”.

Radiomics analyses EICT
of pericoronary and
epicardial adipose
tissue

Oikonomou et al. European Heart Journal
2019 [26]

Lin et al. JACC: Cardiovascular Imaging
2020 [27]

Shang et al. Eur Radiol 2022 [31]

Agnese et al. Heliyon 2023 [30]

Cundari et al. La radiologia medica 2024
(32]

Szabo et al. European Radiology 2023
(33]

Kim et al. Bioengineering (Basel) (2023)
(34]

PCCT

Tharmaseelan et al. Int | Cardiovasc
Imaging 2022 [35]

Mundet et al. Diagnostics 2024 [29]

Mundt et al. BMC Medical Imaging 2023
(36]

and serves as a potential surrogate parameter for atherosclerosis
in adipose tissue [29].

Furthermore, Agnese et al. (2023) investigated the influence of
obesity on epicardial and thoracic subcutaneous adipose tissue.
To do so, they divided the patient group into patients with a BMI
of <25kg/m? and patients with a BMI of >25 kg/m?. Although the
volume of epicardial adipose tissue differed between the two pa-
tient populations (p=0.014), there was no relevant difference in
the conventionally measured mean HU density (p=0.28). In con-
trast, however, a distinction between the two groups could be
made based on five radiomics features, whereby a pronounced
heterogeneity of gray levels deviating from the mean enabled a
differentiation [30]. » Table2 provides an overview of papers
published on the topic of “Radiomics analyses of pericoronary
and epicardial adipose tissue”.

Radiomics analyses of coronary plaques

In addition to the purely anatomical measurement of the degree
of stenosis of a plaque, plaque characteristics have also become
increasingly important and are taken into account as a supple-
mentary feature in the new CADRADS 2.0 criteria. This currently

Radiomics profile of the PVAT
remodeling to improve cardiac risk predication.

Differentiation of patients with myocardial infarction and stable or
non-existent coronary heart disease using radiomics parameters.

Predictive power of future acute coronary syndromes within 3 years by
radiomics analyses.

This study showed that texture analysis of epicardial fat (EF) and thoracic
subcutaneous fat (TSF) by cardiac CT (CCT) revealed significant differen-
ces in radiomics parameters between patients with BMI <25 kg/m2 and
BMI >25kg/m2.

CCTA is the standard for non-invasive diagnosis of CAD. New CT bio-
markers such as coronary calcium score and texture analysis of adipose
tissue improve risk stratification and personalized medicine.

Radiomics analysis of pericardial adipose tissue enabled effective differ-
entiation and prediction of cases of heart failure. Key features included
increased size and texture heterogeneity of pericardial adipose tissue.

Pericoronary adipose tissue analysis (PCAT) by coronary CT angiography
(CCTA) can identify both thin-cap fibroatheromas (TCFA) and micro-
channels through radiomics features, which is consistent with intra-
vascular optical coherence tomography findings and thus improves
non-invasive risk stratification of at-risk plaques.

Seven radiomics features of periaortic adipose tissue predicted the
presence of local aortic calcification.

In this study, four textural features of epicardial adipose tissue were
identified that show significant differences between patients with and
without coronary artery calcification. These features could serve as
imaging biomarkers for detecting atherosclerosis.

Radiomics analysis of periaortic adipose tissue from 55 patients revealed
features that correlate with coronary artery calcification. These features
may serve as potential biomarkers for cardiovascular risk.

includes four different conventionally detectable plaque features:
the napkin-ring sign, a low plaque density of less than 30 HU,
punctate calcifications, and positive remodeling [9]. Even in non-
obstructive stenoses, these parameters have an influence on pa-
tient outcomes [37, 38, 39]. In routine practice, however, risk
stratification can be difficult, particularly with limited image qual-
ity and limited experience on the part of the radiologist [39]. For
this reason, several studies have focused on radiomics analysis for
coronary plaques. Already in 2017, Kolossvary et al. analyzed
radiomics features to distinguish between plaques with and with-
out the napkin-ring sign. Using eight conventional factors (plaque
length and volume, mean plaque load, degree of stenosis, vascu-
lar wall remodeling, and mean, minimum, and maximum HU den-
sity), no reliable differentiation could be found between the two
groups. By contrast, 20.6 % of the radiomics parameters displayed
a significant difference and allowed a reliable discrimination of the
napkin-ring sign (p<0.0012) [40].

However, plaque analysis has also received a new boost
through the implementation of PCCT. In 2023, Dunning et al.
investigated the possibility of classifying coronary plaques into a
low- or high-risk group using various virtual monoenergetic
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» Table3 Overview of papers published on the topic of “Radiomics analyses of coronary plaques”.

Radiomics analyses of EICT

coronary plaques . )
yplaq Kolossvary et al. Circ: Cardiovascular

Imaging 2017 [40]

Kolossvary et al. European Heart Journal -
Cardiovascular Imaging 2019 [42]

Li et al. European Journal of Radiology
2021 [43]

Chen et al. Radiology 2023 [44]

PCCT

Dunning et al. Proc SPIE Int Soc Opt Eng
2023 [41]

Kahmann et al. Insights Imaging 2024
(28]

reconstructions (VMI) from the spectral dataset of the CCTA at
the PCCT, as well as virtual native images (VNC) using a machine
learning (ML) approach. A radiologist certified in cardiac imaging
assigned the plaques to relevant groups based on conventional
parameters. Semi-automatically segmented plaques could be
classified automatically in the corresponding risk group in
100 keV VMI and VNC images using an ML model [41]. Another
recently published study investigated the potential of radiomics-
based plaque analysis in identifying high-risk plaques and obstruc-
tive plaques in relation to conventional parameters of the plaques
themselves using 306 plaques and accompanying EAT. Patients at
increased risk for cardiovascular events, defined by conventional
parameters, were characterized by structural changes in plaque
texture, particularly in terms of pronounced heterogeneity. Fur-
thermore, it was possible to demonstrate an increased density of
the EAT [28]. » Table 3 provides an overview of papers published
on the topic of “Radiomics analyses of coronary plaques”.

Limitations and challenges of radiomics
analysis in cardiac imaging

Despite the significant potential that radiomics offers for cardiac
CT, the integration of this advanced analysis technique in clinical
routines has so far been limited. The challenges that arise in the
implementation of radiomics are varied, and they include techni-
cal, reproductive, and standardization-related aspects that can
affect the reliability and stability of the features obtained [6].
Technical variabilities such as the choice of contrast agent, the
image acquisition settings, different device manufacturers, as
well as the tube voltage, the reconstruction kernel and the slice
thickness have a significant influence on the consistency of the
radiomics features [6]. These factors lead to a variability that
limits the reproducibility of the data and thus the reliability of

Ayx | et al. Cardiac Radiomics Analyses... Rofo | © 2025. Thieme. All rights reserved.

Differentiation between plaques with and without napkin ring sign using
radiomics features.

Radiomics analysis outperformed conventional assessment of coronary
plaque vulnerability.

Radiomics analysis identifies hemodynamically significant coronary
artery stenoses better than conventional parameters.

A radiomics signature for vulnerable plaques developed using coronary
CT angiography enables detection of plaques associated with an
increased risk for future major cardiac events.

A machine learning model based on radiomics and PCCT successfully
differentiated between low and high-risk coronary plaques in 100 keV
VMI and VNC images.

A higher density of epicardial adipose tissue and a more heterogeneous
plaque texture, analyzed by radiomics and PCCT, potentially contributes
to identifying patients with increased cardiovascular risk.

the radiomics analysis. In addition, the methods used for segmen-
tation and the software used to extract features can vary, which
introduces further uncertainty to the data analysis.

Although innovative approaches such as the use of PCCT show
promising improvements in terms of signal-to-noise ratio and
spatial resolution, there are still differences in the radiomics
characteristics between PCCT and conventional EICT [19]. These
differences could be attributed to the special characteristics of
the new technology, and could thus influence the development
of cardiac radiomics analysis in the future. However, due to the
limited number of studies at present, it is important to view with
caution the potential of PCCT with regard to improved texture
analysis. A recently published study reported a very good test-
retest stability of 97.1% but a poor comparability between PCCT
and conventional CT scanners [45]. Nevertheless, radiomics ana-
lyses using PCCT have the potential to enable increased use and
become established in clinical routines once the widespread use
PCCT is feasible.

A major limitation of radiomics analysis is the high number of
characteristics examined, which in combination with mostly small
cohorts can lead to statistical problems. The high number of
characteristics tested increases the probability that significances
arise by chance (multiple testing problem), especially due to the
often used 5% standard error rate [46]. In addition, radiomics
studies often represent secondary analyses of existing cohorts
that were originally designed to address other questions. This
use leads to limitations in the statistical significance and reduces
the generalizability of the results [47]. Future studies should
therefore rely on larger cohorts and specific design strategies to
minimize these limitations and strengthen the robustness of
radiomics analyses.
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Outlook

In an era of big data and rapid advances in detector technology,
cardiac radiomics analyses are no longer a distant dream of the
future. Additionally, the rapid development of artificial intelli-
gence is opening new possibilities in texture analysis, for example,
using neural networks and machine learning solutions. Integra-
tion of cardiac radiomics in clinical routines can soon be a reality
thanks to the latest technology and advances in standardized
segmentation options. These advances are putting the future
within reach in terms of providing optimized patient care through
personalized cardiovascular risk stratification and therapy moni-
toring based on imaging biomarkers.
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