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Abstract 

Solid clinical and academic leadership remains necessary to ensure that healthcare based on digital technologies is 
relevant, meaningful, and stands on the best possible evidence. This compendium accompanying the “Digital Tech-
nologies in Cardiovascular Disorders” article collection in BMC Cardiovascular Disorders summarizes recent knowledge 
about robust and advanced digital tools for preventing, monitoring, diagnosing, and treating cardiovascular diseases.

The fruits of digital medicine are almost ripe and will 
unequivocally become prominent in modern clinical 
medicine. In the Digital Technologies in Cardiovascu-
lar Disorders article collection in BMC Cardiovascular 
Disorders, we present articles published in the journal 
between 2021–2022 with a focus on digital medicine, 
elaborating on recent progress in the field, as well as the 
relevance of the accomplishments to the routine clini-
cal practice, and the challenges modern-day technology 
faces today.

Many international institutions consider digital 
medicine as a tool for transforming healthcare. The 
EU4Health program 2021–2027 of the European Com-
mission [1] pursues four general objectives representing 
the ambitions of the program and ten specific objectives, 
amongst them strengthening healthcare systems through 

reinforcing health data, digital tools, and services, as well 
as the digital transformation of healthcare. Due to rapidly 
growing interest in the field, the DigitalHealthEurope ini-
tiative was created, which is a Co-ordination and Support 
Action that supports advancing the initiatives outlined in 
the European Commission’s Communication on the Digi-
tal Transformation of Health and Care [1].

Meanwhile, it should be noted that despite the particu-
lar success, this area of scientific knowledge continues 
to be a twilight zone due to the relative imperfection of 
technology and, perhaps, caution from clinicians embrac-
ing new technology. Indeed, digital technology remains 
extremely operator-dependent, adversely affecting the 
studies’ accuracy and implementability. The volume 
and quality of clinical trials also remain insufficient for 
certain technologies to be included in official clinical 
guidelines. Some new technologies require alternative 
methodological and statistical approaches. Whether we 
can trust the results from such trials to translate findings 
into daily caregiving in clinical, organizational, or policy 
attitudes remain unanswered. Therefore, more extensive 
clinical trials need to be set up. At the same time, digital 
medicine has a vast potential that should not be underes-
timated [2, 3]. In particular, the automation of physician 
diagnostics (including advanced cardiovascular imaging 
and challenges of genetics) or therapy-related informa-
tion is critical today for inpatient daily clinical practice. 
Moreover, the new types of smart devices and sensors 
can significantly increase the quality of outpatient home 
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diagnostics. Regardless of the diagnostic setting, these 
developments provide the possibility of an optimized 
individual approach to treatment.

Patient-generated data, including wearables, home 
monitoring of blood pressure, pulse, electrocardiogram, 
sleep parameters, pulse oximetry, and many others, may 
modify our health awareness [2, 3]. Such individualized 
interventions might be used for remote and home health 
monitoring, revealing daily physiological patterns and 
life-threatening or urgent conditions. They can provide 
caregivers with high-accuracy valuable clinical informa-
tion [4]. In the mixed-methods observational study of 
A’Court et al. [4], the research group sought to quantify 
instances of patient-initiated home monitoring (collected 
with, for example, blood pressure monitors, pulse oxime-
ters or internet-connected devices) as reported in letters 
by clinicians, characterize the contribution of patient-
generated data (e.g., blood pressure monitoring, weara-
bles, KardiaMobile, pulse oximeter, home 12-lead ECG, 
stopwatch, bike monitor, iPhone pulse monitor) to clini-
cal decision-making, and explore clinical experiences and 
views of self-monitoring practices. The self-monitoring 
devices contributed to clinical decision-making or man-
agement in 69% of cases. Data was successfully used in 
25% of cases to make cardiac diagnoses (mainly for nar-
row complex tachyarrhythmias and hypertension). This 
evidence suggests that digital technology benefits clinical 
decision-making, ultimately demonstrating its potential 
to enrich routine clinical practice and therefore reduce 
morbidity, improve outcomes and diminish mortality in 
cardiovascular patients.

Undoubtedly, the last decade’s progress cannot be 
ignored and is already beneficial nowadays against 
all odds, especially in machine learning (ML)-based 
advanced cardiovascular imaging for noninvasive and 
invasive cardiology needs. The developments of coronary 
computed tomography angiography (CCTA) and car-
diac magnetic resonance (CMR) already became a gold 
standard approach for diagnosing coronary artery dis-
ease, especially in the case of chronic coronary syndrome 
or tailoring the clinical strategy in acute care, vulnerable 
and stable patients [5]. Noninvasive imaging can provide 
a caregiver with information about coronary anatomy, 
localization, degree of stenosis, type of lesion, the volume 
of the associated ischemia, and the impaired function of 
the myocardium. This critical data is necessary for opti-
mizing any subsequent pharmaco-invasive strategy [6]. 
Novel imaging techniques in the invasive stage bear a 
solution for intervention with higher accuracy and safety. 
In the retrospective analysis (269 vessels in 141 patients) 
of Lossnitzer et  al. [7], the diagnostic performance of 
machine-learning computed tomography-based frac-
tional flow reserve (CT-FFRML) compared to stress 

perfusion cardiovascular magnetic resonance (CMR) 
was examined, evaluating whether there is an additional 
value of CT-FFRML over CCTA. The univariate logistic 
regression analysis demonstrated a significant associa-
tion between CT-FFRML (mainly for a stenosis ≥ 70%) 
and stress perfusion CMR with Chi2 = 47 (p < 0.0001). 
CCTA with ≥ 50% stenosis could not achieve the level 
of significance upon Chi2 testing. Ischemia remains a 
critical criterion for deciding on optimal invasive strat-
egy in patients with chronic coronary syndrome. The 
revelation of both significant artery stenosis with CCTA 
and confirmed ischemia in the specific coronary pool 
with CMR has promising potential for an individualized 
invasive approach. These results agree with the SCOT-
HEART (NCT01149590), PACIFIC (NCT01521468), 
ICONIC (the CONFIRM registry), PARADIGM 
(NCT02803411), CREDENCE (NCT02173275), and 
PROMISE (NCT01174550) trials underlying benefits of 
CCTA and exposing the valuable role of CMR in patients 
with chronic CAD [7]. In the future, the development of 
software can allow the merging of advanced data from 
CCTA, CMR, and positron emission tomography analy-
ses into a single coronary imaging report, providing com-
prehensive information about coronary anatomy, type of 
lesions, blood perfusion and function of the myocardium 
with the assessment of the associated cardiovascular risk. 
Increased knowledge on coronary status through mul-
timodality imaging may better identify stable patients 
not needing invasive interventions, but, importantly, the 
clinical effects need to be tested in a randomized setting. 
Indeed, the landmark ISCHEMIA trial (NCT01471522) 
[7] failed to show invasive superiority despite moderate 
and severe ischemia.

Modern medicine is on the verge of a new revolution, 
already integrating digital products into clinical practice 
[3–7]. This impending furtherance can significantly speed 
up and improve the quality of diagnostics in the future, 
thus ensuring timely medical care to patients and likely in 
a more cost-effective manner. Moreover, digital medicine 
will be able to provide valid and swift interpretation of 
diagnostic data, leading to the adoption of optimal treat-
ment strategies. Remote monitoring tools and an opti-
mized prevention scheme, including precision medicine 
data, will contribute to correctly identifying risk factors 
and creating practical approaches to improve preventive 
measures [8–10]. The massive whole-genome sequenc-
ing data arrays handled with artificial intelligence (AI) or 
ML software drive clinical medicine to a paradigm shift 
toward precision cardiology [3, 9]. ML, big data statistics, 
and advanced analytics accelerate development and cre-
ate novel methodologies and solutions for daily clinical 
practice.
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Paying attention to the development of AI and associ-
ated ML, that is, the processing and systematizing medi-
cal data, is vital [3]. Notwithstanding, AI technology 
for broader medical purposes is still in its infancy. The 
modern accomplishments in neurophysiology, biophys-
ics, and mathematics do not allow brain emulation even 
of one person, which means that a genuine breakthrough 
in technological development should be expected only 
in a few decades, taking into account the current pace 
of digital evolution [11]. Such a breakthrough is impos-
sible without the synergetic interaction of specialists in 
various fields within biomedical science and, first of all, 
in close collaboration with physicists, technologists, and 
engineers. Nonetheless, at this very moment, hypercon-
nected, predictive, and proactive solutions for AI are still 
missing.

Thus, there is no doubt that maturing digital medicine 
is a platform for advancing biomedical research, improv-
ing healthcare systems, and lower public health-related 
costs in the sense of greater productivity of science, oper-
ational efficiency of physicians, fulfilling the demands of 
patients for faster and more personalized care, reducing, 
therefore, morbidity rates, and creating the prerequisites 
for rocketing the duration and quality of life and, in gen-
eral, a substantial reduction in mortality rates.

Abbreviations
CCTA​	� Coronary computed tomography angiography
CT-FFRML	� Machine-learning computed tomography-based fractional flow 

reserve
CMR	� Cardiovascular magnetic resonance
CMR-FT	� CMR feature-tracking
BP	� Blood pressure
HBPM	� Home blood pressure monitoring
ECG	� Electrocardiogram
AI	� Artificial intelligence
CAD	� Coronary artery disease

Acknowledgements
None

Author contributions
Both authors read and approved the final manuscript.

Funding
Nothing to disclose.

Received: 22 November 2022   Accepted: 22 November 2022

References
	1.	 EU4Health programme 2021–2027—a vision for a healthier European 

Union. https://​health.​ec.​europa.​eu/​fundi​ng/​eu4he​alth-​progr​amme-​2021-​
2027-​vision-​healt​hier-​europ​ean-​union_​en. Accessed 03 November 2022.

	2.	 Vardas PE, Asselbergs FW, van Smeden M, Friedman P. The year in 
cardiovascular medicine 2021: digital health and innovation. Eur Heart J. 
2022;43(4):271–9. https://​doi.​org/​10.​1093/​eurhe​artj/​ehab8​74.

	3.	 Johnson KW, Torres Soto J, Glicksberg BS, Shameer K, Miotto R, Ali M, 
Ashley E, Dudley JT. Artificial intelligence in cardiology. J Am Coll Cardiol. 
2018;71(23):2668–79. https://​doi.​org/​10.​1016/j.​jacc.​2018.​03.​521.

	4.	 A’Court C, Jenkins W, Reidy C, Papoutsi C. Patient-initiated cardiovas-
cular monitoring with commercially available devices: How useful is 
it in a cardiology outpatient setting? Mixed methods, observational 
study. BMC Cardiovasc Disord. 2022;22(1):428. https://​doi.​org/​10.​1186/​
s12872-​022-​02860-x.

	5.	 Dey D, Slomka PJ, Leeson P, Comaniciu D, Shrestha S, Sengupta PP, 
Marwick TH. Artificial Intelligence in cardiovascular imaging: JACC state-
of-the-art review. J Am Coll Cardiol. 2019;73(11):1317–35. https://​doi.​org/​
10.​1016/j.​jacc.​2018.​12.​054.

	6.	 Sardar P, Abbott JD, Kundu A, Aronow HD, Granada JF, Giri J. Impact of 
artificial intelligence on interventional cardiology: from decision-making 
aid to advanced interventional procedure assistance. JACC Cardiovasc 
Interv. 2019;12(14):1293–303. https://​doi.​org/​10.​1016/j.​jcin.​2019.​04.​0484. 
Erratum in: JACC Cardiovasc Interv. 2019;12(16):1634

	7.	 Lossnitzer D, Klenantz S, Andre F, Goerich J, Schoepf UJ, Pazzo KL, Som-
mer A, Brado M, Gückel F, Sokiranski R, Becher T, Akin I, Buss SJ, Baumann 
S. Stable patients with suspected myocardial ischemia: comparison of 
machine-learning computed tomography-based fractional flow reserve 
and stress perfusion cardiovascular magnetic resonance imaging to 
detect myocardial ischemia. BMC Cardiovasc Disord. 2022;22(1):34. 
https://​doi.​org/​10.​1186/​s12872-​022-​02467-2.

	8.	 Krittanawong C, Zhang H, Wang Z, Aydar M, Kitai T. Artificial intelligence 
in precision cardiovascular medicine. J Am Coll Cardiol. 2017;69(21):2657–
64. https://​doi.​org/​10.​1016/j.​jacc.​2017.​03.​571.

	9.	 Johnson KW, Shameer K, Glicksberg BS, Readhead B, Sengupta PP, 
Björkegren JLM, Kovacic JC, Dudley JT. Enabling precision cardiology 
through multiscale biology and systems medicine. JACC Basic Transl Sci. 
2017;2(3):311–27. https://​doi.​org/​10.​1016/j.​jacbts.​2016.​11.​010.

	10.	 Quer G, Arnaout R, Henne M, Arnaout R. Machine learning and the future 
of cardiovascular care: JACC state-of-the-art review. J Am Coll Cardiol. 
2021;77(3):300–13. https://​doi.​org/​10.​1016/j.​jacc.​2020.​11.​030.

	11.	 Randi F, Leifer AM. Measuring and modeling whole-brain neural dynam-
ics in Caenorhabditis elegans. Curr Opin Neurobiol. 2020;65:167–75. 
https://​doi.​org/​10.​1016/j.​conb.​2020.​11.​001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://health.ec.europa.eu/funding/eu4health-programme-2021-2027-vision-healthier-european-union_en
https://health.ec.europa.eu/funding/eu4health-programme-2021-2027-vision-healthier-european-union_en
https://doi.org/10.1093/eurheartj/ehab874
https://doi.org/10.1016/j.jacc.2018.03.521
https://doi.org/10.1186/s12872-022-02860-x
https://doi.org/10.1186/s12872-022-02860-x
https://doi.org/10.1016/j.jacc.2018.12.054
https://doi.org/10.1016/j.jacc.2018.12.054
https://doi.org/10.1016/j.jcin.2019.04.0484
https://doi.org/10.1186/s12872-022-02467-2
https://doi.org/10.1016/j.jacc.2017.03.571
https://doi.org/10.1016/j.jacbts.2016.11.010
https://doi.org/10.1016/j.jacc.2020.11.030
https://doi.org/10.1016/j.conb.2020.11.001

	Digital medicine: the next big leap advancing cardiovascular science
	Abstract 
	Acknowledgements
	References


