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An overview of the digitalisation at Onassis Cardiac Surgery Center in Greece and 
the application of artificial intelligence (AI) to take advantage of the current real-
istic opportunities along with future perspectives offered by modern technology.
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There is enough scientific evidence that Artificial Intelligence 
(AI) will fundamentally transform diagnostic imaging. The 
use of intelligent algorithms for segment formation is now 
based on machine deep learning leading to more concrete, 
standardised and personalised imaging, propelling medical 
image analysis field at a rapid pace (Hosny et al. 2018; Yang 
et al. 2022). The use of AI in radiology has led to innovative 
applications throughout the entire radiology pipeline, from 
improved scanner performance to automatic disease detection 

and diagnosis (Decuyper et al. 2021; Slart et al. 2021). AI will 
provide healthcare professionals powerful data-driven tools 
that will meet the increasing need for accurate and rapid diag-
nostic imaging with the use of prognostic risk scores. The 
use of AI algorithms will reshape clinical workflows, decrease 
or even prevent diagnostic errors, increase productivity and 
decrease costs leading to a personalised outcome-oriented 
clinical decision-making (Lee et al. 2019; Lin et al. 2020; Lee 
and Yoon 2021).

• The use of AI in radiology has led to innovative applications 

throughout the entire radiology pipeline, from improved 

scanner performance to automatic disease detection and 

diagnosis.

• AI will provide healthcare professionals powerful data-

driven tools that will meet the increasing need for accurate 

and rapid diagnostic imaging with the use of prognostic 

risk scores.

• The contribution of AI to the interpretation of medical 

images can be considered a given for contemporary clinical 

practice with increasingly implemented applications in 

the near future.

• Onassis Cardiac Surgery Center, a tertiary hospital 

providing specialised cardiac care, is under a transi-

tional period during which the centre is developing full 

digitisation and investing in the targeted introduction of 

innovation and artificial intelligence. 

• Onassis Cardiac Surgery Center, in collaboration with a 

private company (3D Life) and the Centre for Research and 

Technology Hellas (CERTH) engaged the Project 3D4Kardia 

that offers an innovative approach for an optimal pre-inter-

ventional personalised assessment in patients with 

congenital and acquired heart diseases.
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 The contribution of AI to the interpretation of medical images 
can be considered a given for contemporary clinical practice 
with increasingly implemented applications in the near future 
(Tang 2019). A recent technology review concluded that “AI 
methods are now becoming an ubiquitous tool in any medical 
image analysis workflow and pave the way for the clinical 
implementation of AI-based solutions” (Barragán-Montero et 
al. 2021). 

 Onassis Cardiac Surgery Center is a tertiary hospital providing 
specialised cardiac care to patients of all ages with heart 
disease. The current era is under a transitional period during 
which the centre is developing full digitisation of its services 
and investing in the targeted introduction of innovation and 
artificial intelligence in order to excel its services for the benefit 
of cardiac patients in Greece. 
 This article focuses on the origin of this investment in order 
to take advantage of the current realistic opportunities along 
with the future perspectives offered by modern technology 
despite the unique challenges and barriers. Digital transfor-
mation is a change management process that increases value 
for patients, the hospital and the healthcare system.
 At a time when integration of technological innovation is 
considered a primary objective for many industries, many 
AI algorithms have already proven their benefits in health-
care. A projected next step would be helping everyday prac-
tice with intelligent software in order to significantly add value 
for the entire discipline, while at the same time improving the 
physician’s experience and preventing burnouts. Numerous 
case studies verify the tangible advantages brought about 
by AI. Numerous other applications are in development and 
can be expected in coming years providing added value in 
patients’ care (Dey et al. 2019). For example, in cardiovas-
cular imaging, AI algorithms are used to quantify prognostic 
imaging biomarkers, to predict cardiovascular risk from images 
and to integrate data from many different sources in order to 
provide individualised risk prediction (Lin et al. 2021). Like-
wise, AI applications for different imaging modalities have 
also proven their value. According to a three-month clinical 
implementation phase in a U.S. healthcare network, head CTs 
can be evaluated in seconds using an intelligent algorithm to 

detect unknown intracranial bleeding and prioritise the scans 
for rapid interpretation, which could literally save lives (Arbab-
shirani et al. 2017). This list could go on with other AI appli-
cations that are either at a practical development stage, or 
under imminent approval for clinical use by health regulatory 
authorities across the world. 
 Onassis Cardiac Surgery Center, in collaboration with a private 
company (3D Life) and the Centre for Research and Technology 

Hellas (CERTH) engaged the Project 3D4Kardia that offers an 
innovative approach for an optimal pre-interventional person-
alised assessment in patients for the whole range and cate-
gories of congenital and acquired heart diseases. It enables 
cutting-edge clinical research, 3D digital modelling, 3D printing 
and virtual reality technologies resulting in improvements in 
clinical outcomes, patient experience, clinician performance 
and cost reduction. Based on our preliminary analysis there 
is evidence that the pre-interventional assessment based on 
the combination of 3D-modelling and 3D-printing improves 
clinical outcome and performance in all moderate and high-
risk interventions of structural and congenital heart diseases 
and contributes to the following improvements:
 • Reduction of surgical/interventional time
 • Reduced rate of complications
 • More accurate and individualised selection of implants 
 • Reduction of cost
 • Faster recovery after surgery/intervention
 • Improved quality of life
 • Better care experience
 At the practical level it provides an optimal preoperative 
evaluation of patients and an improved training experience 
for our medical teams through the development of a virtual 
reality platform offering better semantic visualisation of each 
pathogenesis and details personalised to the patient, based 
on real clinical cases. The project has been co-financed by 
the European Regional Development Fund of the European 
Union and Greek national funds through the Operational 
Program Competitiveness, Entrepreneurship and Innova-
tion, under the call RESEARCH–CREATE–INNOVATE (project 
code:T2EDK-04012).
 All the above facts do not mean that there are no challenges 

AI algorithms will reshape clinical workflows, prevent 
diagnostic errors, increase productivity and decrease 

costs leading to personalised outcome-oriented  
clinical decision-making
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to be overcome. The first challenge we have to deal with is 
the increasing demand for diagnostic imaging in combination 
with the almost stable number of radiology specialists. This 
leads to greater demands for work efficiency and productivity. 
In our case the interpretation of heart and thorax imaging is 
demanding and the use of algorithms is beneficial. Moreover, 
the image resolution is continuously improving and the product 
is not just pictures but rather data. 
 In the case of radiology data, the volume of pictures is 
tripled every year and accurate interpretation without the use 
of computerised digital processing is quite demanding and 
time consuming. Use of imaging biomarkers and radiomics 
under automated procedures and extensive datasets seem to 
be the future (Hwang et al. 2019; Decuyper et al. 2021; Lin et 

al. 2020). The identification of novel biomarkers and applica-
tions of deep machine learning algorithms to cardiovascular 
imaging techniques will further improve diagnosis and prog-
nostication for patients with cardiovascular diseases. 
 Recently the European Association of Nuclear Medicine 
(EANM) and the European Association of Cardiovascular 
Imaging (EACVI) published a position paper to provide an 
overview regarding modern machine learning-based artificial 
intelligence, to highlight current applications and to enhance 
strategies that support its clinical application in the field of 
cardiovascular imaging using nuclear cardiology (hybrid) and 
CT techniques (Slart et al. 2021).
 Moreover, radiologists need to obtain new skills in order to 
facilitate deep learning. This means that they have to invest 
in long training cycles for a better understanding of big data 
usage and complex hardware specifications understanding 
(Yang et al. 2022). Therefore it is a challenge to decide the use 
of the existing algorithms because they usually only perform 
single tasks. This poses a dilemma for radiologists; either they 
will restrict the use of AI to specific cases, or they will try to 
integrate various algorithms developed from different vendors 
into their IT systems. The latter could raise issues as far as 
both practicability and compatibility are concerned. Hence, 
to fully take advantage of the benefits of AI applications new 
forms of comprehensive solutions for clinical routine should 
be developed (Kotter and Ranschaert 2021). Finally, there are 
also a variety of ethical implications around the use of AI in 
healthcare. As Davenport and Kalakota (2019) commented 
“the use of AI to make or assist clinical decisions raise issues 

of accountability, transparency, permission and privacy”.
 An additional challenge is the reduction or even prevention of 
diagnostic errors. Previous studies reveal that there is a mean 
of 4% error in radiology diagnoses, a rate that varies depending 
on the procedure and the available time (Sokolovskaya et al. 
2015; Waite et al. 2017; Kotter and Ranschaert 2021). Algo-
rithms that enable data-based image analysis with artificial 
intelligence and machine learning methods seem to be the 
optimal choice for the near future. 
 It is well known that the use of machine learning in medical 
imaging is not new. Nevertheless the current algorithms are 
more powerful than traditional applications. Notably, image 
data availability is an important hurdle for implementation of AI 
in the clinical setting. Willemink et al. (2020) proposed feder-

ated learning, interactive reporting, and synoptic reporting as 
approaches to address data availability in the future (Willemink 
et al. 2020; van Ginneken 2017). The use of artificial neural 
network for deep machine learning is promising in developing 
high complexity models even in non-linear contexts (Lee et 
al. 2019; Sarker 2021). Implementation of AI in clinical prac-
tice undoubtedly will result in many ethical, medical, occupa-
tional and technological changes in healthcare.
 To this effect, various strategies are emerging. Many soft-
ware providers form consortiums with an eye to coordinating 
their AI applications. At the same time, big companies of the 
industry are already working to design right from the start inte-
grated AI assistance systems so that they can provide multi-
functional support. Onassis Cardiac Surgery Center invested 
in state of the art technologies for outstanding image quality 
that combine AI in medical imaging, resulting in higher auto-
mation, productivity and standardisation. The use of a recog-
nition algorithm in combination with a 3D diagnostic software 
automatically detects anatomical structures, simplifies work-
flows in diagnostic imaging and decreases diagnostic errors 
(Hosny et al. 2018).
 In conclusion, let’s not forget that AI is a technology based 
on learning, in the sense that it is an innate characteristic of 
intelligent algorithms to learn by processing large amounts of 
data and then accordingly adjust and optimise their internal 
parameters. As Slomka et al. (2017) concluded “the upcoming 
developments will not replace the role of physicians but will 
provide them with highly accurate tools to detect disease, 
stratify risk in an easy-to-understand manner and optimise 

Radiologists need to obtain new skills in  
order to facilitate deep learning… they have to  

invest in long training cycles for a better  
understanding of big data usage
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patient-specific treatment and further tests”.
 It is only natural then, that regular updates of the applications 
are still necessary. This obviously means that already oper-
ating application with tangible results can only get better in 
the future. Cloud-based infrastructures along with user feed-
back will help algorithms to be adapted at a faster pace, and 
new applications to be integrated into existing AI systems. It 
seems that it will not be long before we can really talk about 

comprehensive, AI-powered whole-body imaging. Finally, 
healthcare managers should enhance transformation of AI 
implementation - from speeding up workflows to improved 
diagnostics and cost-effective outcomes - making patient 
care more effective and efficient.
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