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The recent pandemic launched an acceleration in adopting telemedicine by cardiovascular health and trig-
gered the flourishing of technological advancements, such as the metaverse, which is a novel interactive
mix of digital worlds that leverages augmented reality with virtual reality. The CardioVerse represents
a theoretical term for the embracement of the metaverse by cardiovascular medicine, encompassing the
endless possibilities as well as the challenges that it holds and introduces new dimensions to disease
education, prevention and diagnosis. Its applications are numerous, notably in enhancing medical vis-

its, assisting cardiovascular interventions and reshaping the way medical education is provided. Although
obstacles are expected in diverse domains such as security, technical, legislative and regulatory, the uti-
lization of non-fungible tokens as a security asset for patient data appears as potential solution.
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Introduction

Traditionally, the fundamental component of the patient-doctor
relationship in cardiovascular medicine has been the hands-on
physical encounter. The most recent pandemic has put into chal-
lenge this unique connection distancing the patient from the
healthcare professionals and arising risks for the quality of pa-
tient care. This new reality triggered a revolutionary accelera-
tion in adopting innovative technologies in every sector of daily
life from social interactions and entertainment to medical services
[1,2]. Telemedicine, Augmented Reality (AR) and Virtual Reality
(VR) have flourished on this unprecedented global health land-
scape opening new horizons in cardiovascular medicine and more
than ever attaching it to technological advancements, in order to
achieve optimal patient care.

Recently, there has been a surge of widespread interest in one
of the most groundbreaking technological breakthroughs identified
as "the metaverse" promising a disruptive digital reality poised to
bring transformation in many aspects of life, including healthcare.
One by one, the biggest tech giants started to actively invest in
this previously untraveled area and evaluated the various possi-
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ble ways in which the technological sector could find applications.
Even Facebook declared that it would be officially changing its
name to Meta, expressing its ambitious objective to transform the
social media colossus into a massive metaverse world [3] The inter-
est was quickly passed on to various industries including business,
fashion, sports and even real estate where people started buying
virtual properties and land.

Consequently, it appears unavoidable that the healthcare will be
next to undergo in-depth analysis of the numerous applications of
the metaverse and how it can be implemented in cardiovascular
medicine.

Metaverse definition

The term was first described in the 1992 science fiction novel
Snow Crash where author Neal Stephenson described an internet-
connected, immersive virtual universe that served as an alternate
reality for its participants, calling it “the metaverse”. Since the in-
ternet expanded, the metaverse reference progressively found its
place in the tech lexicon describing any large-scale virtual setting
in the online space that users can be part of.

Simply put, the metaverse is a digital 3-dimensional (3D) envi-
ronment where AR/VR and artificial intelligence (Al) serve as the
basic visual providers and where individuals can have social, fi-
nancial and various other interactions using personalized digital
avatars mimicking real life experiences. [4] It represents a mix of
interconnected digital spaces permitting its users to engage in ac-
tivities like shopping, gaming and attending virtual events [5].
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Fig. 1. The modified model of the CardioVerse based on the axes and types of metaverset. The 4 types and 2 axis proposed for the metaverse can also be accordingly

applied to the CardioVerse concept. (AR, augmented reality)

Other investigators have categorized the metaverse in 4 dif-
ferent types (augmented reality, lifelogging, mirror world, virtual
world) based on 2 axes (external and intimate) [6]. The augmented
reality is the augmentation of the external world building a smart
digital environment (e.g. Pokemon Go, HoloLens, 3D medical an-
imations), the lifelogging represents the utilization of smart de-
vices to record their daily lives on the internet or smartphones
(e.g. Instagram, Facebook, health monitors), the mirror world re-
flects a map-based simulation of the external world (e.g. Google
Maps, Google Earth, educational spaces) and the virtual world con-
stitutes an entirely virtual online 3D reality that one can interact
solely via avatars (e.g. online multiplayer video games, virtual hos-
pitals and consultation rooms). The first axis is ranging from aug-
mentation (technologies that build on reality and add new capabil-
ities to existing real systems) to simulation (technologies that are
copying reality and perform as novel parallel reality). Finally, the
second axis is ranging from the technologies that are focusing on
the behavior and actions of individuals that have agency over their
environment (intimate) to mechanisms that are centering on the
development of the environment that surrounds the users (exter-
nal).

The key element of its function is that it performs on
blockchain highlighting the decentralized nature of its presence
without the need of third-party providers [7]. A blockchain is
an immutable distributed ledger that stores encrypted data into
blocks and records transactions securely eliminating intermediates
like a traditional database (for example central bank or servers)
[8]. Furthermore, the distributed ledger protocol ensures accessi-
bility of the data from any location (using with the appropriate de-
cryption key), consequently establishing a digital trust that leads to
more efficient transaction processing and eliminating the need for
expensive interfaces. The implementation of blockchain in health-
care has been actively investigated the recent years since the pop-
ularity of cryptocurrencies emerged [9].

Developing the CardioVerse

Although, healthcare and life sciences have been traditionally
slow to embrace technology-inspired changes to long-established
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ways of working [10,11], the cardiovascular community have al-
ways been exploring effective ways to apply modern and effec-
tive technological innovations into clinical practice [12,13]. The de-
velopment of an eventual cardiology-targeted metaverse (Cardio-
Verse), a theoretical term representing the adoption of the meta-
verse by cardiovascular medicine and including all the potential
applications and challenges that follow it, would focus on the var-
ious ways of how cardiology and heart surgery could benefit in
this digital trend. The modified model for the CardioVerse, that is
based on the 2 axes and 4 types of metaverse, is being illustrated
at Fig. 1. At first glance, the spectrum of possibilities and cutting-
edge medical applications provided by a CardioVerse appears im-
mense (Fig. 2), but at the same time, raises lots of security, techni-
cal and ethical questions [14].

Enhanced medical visits

Metaverse aspires to augment cardiology medical visits, where
patients and physicians can meet in a 3D virtual clinic giving a
much better user experience when it comes to telemedicine ser-
vices. A cardiologist or a cardiac surgeon can do virtual consul-
tations and follow-ups with patients to assess disease progress
and discuss exam results. Although haptic method technologies
mimicking physical touch are at early stages, not all cardiovas-
cular conditions are essentially depending on physical examina-
tion, introducing unique advantages as many physical visits can
be done virtually no matter the participants’ physical location
[15]. It is undeniable that the physical contact cannot be eas-
ily reproduced in a virtual world and the CardioVerse doesn’t
aspire to replace physical meetings. However, it aims to actu-
ally ameliorate the telemedicine visits and make them approach
as much as possible the physical ones which would be a note-
worthy asset, particularly for those who live in remote areas or
have trouble attending visits at the hospital or clinic. (e.g., phys-
ical disabilities). The patient could measure his blood pressure,
his glucose levels, his heart rate and even do an electrocardio-
gram by distant 12-lead ECG devices [16] (based on smartphone
apps and to directly integrate and project all of the results to
the metaverse platform where the physician and patient can in-
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Fig. 2. The possibilities of the CardioVerse. The CardioVerse (a term used to describe the adoption of the metaverse concept by cardiovascular medicine) introduces a
brand-new digital world full of possibilities to cardiovascular medicine. AR, augmented reality; VR, virtual reality

terrogate, examine and discuss the results making a virtual di-
agnosis. Virtual representation via avatars can transform the al-
ready existing remote video-call-based consultations to a more
vivid interaction between patient and doctor by providing high-
resolution illustrations, 3D character and environment reconstruc-
tion (face-scan applications are already being developed) and even-
tually safe and efficient data management. The younger patients
are the ones that will initially be easier to adapt and follow such
technologies that are focusing more on the young generation as
they are also more familiarized to the gamification of various as-
pects of everyday life. Virtual hospitals are already being built tar-
geting to accommodate this new way of delivering healthcare with
parallel possibilities for disease education, prevention and diagno-
sis [17].

Assisting surgical and interventional procedures

Building on the existing use of surgical robots via AR/VR and
Al, the metaverse could considerably contribute to increasing effi-
ciency and precision in cardiovascular interventional procedures of
various complexity along with decreasing the probabilities of com-
plications. Adopting such a technology will add another depth in
visualizing cardiac cavities, coronary anatomy and vascular system,
granting better operability with real-time guidance through inte-
gration with surgical navigation systems and blending of data from
multiple imaging sources. A digital environment where highly-
skilled cardiac surgeons-interventionalists can operate across the
world as well as train the new generation of physicians would
drastically remold healthcare. The Seoul National University Hos-
pital in Korea created in 2021 a combination of smart operating
room and metaverse environment, where more than 200 thoracic
surgeons from various countries attended and received lung can-
cer surgery education with high-resolution virtual reality cameras
broadcasting all surgical scenes in 360° [18]. The participants ei-
ther wore a VR headset in their respective laboratories or joined
the virtual environment with their laptops and indicated that it
seemed like they were observing the procedure in the actual oper-
ating room underlining the metaverse as a reproduction of reality
in a virtual space. This example could potentially be adapted by
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cardiac surgery and interventional cardiology and even go further
than that inside a CardioVerse.

Reshaping cardiovascular education

Last but not least, medical education seemingly holds unlimited
prospective in a CardioVerse adoption [19]. Since medical train-
ing varies by region and by time, all the healthcare staff can ex-
perience via the metaverse the same standardized, evidence-based
education, regardless where or when they are educated [20]. The
combined use of AR/VR and Al opens new perspectives for medi-
cal training allowing to see a virtual patient, make a diagnosis and
treat. It may even allow students to “enter” a virtual human body,
allowing for a 360° full-scale view of the cardiovascular system
or simulating actual cardiac procedures. Colored virtual anatom-
ical projections of the coronary arteries and heart valves are al-
ready getting developed in 3D and could be integrated inside the
metaverse to create complete AR/VR cardiology courses for medi-
cal students and fellows. Even virtual representations of coronary
angioplasties that can guide step by step interventional cardiol-
ogy trainees appear as possible educational application inside the
metaverse. As the opportunities for on-hand training in interven-
tional cardiology and cardiac surgery are not always easy to find
considering the rising demand and not sufficient training centers,
virtual educational courses could be a useful alternative in such
cases. There is vast potential for surgical and interventional train-
ing and also for medical schools to be completely revolutionised
within the metaverse [21]. In January 2022, medical students at
the Queen Mary hospital of London received the first surgery lec-
ture in the metaverse and the participants were connected via a
VR computer desktop application or via a VR headset, which gave
them the ability to enjoy a more interactive experience within the
metaverse compared to conventional online experiences [22]. As
a final point, patient education inside the CardioVerse will be up-
graded. The traditional explanation approaches via only graphs and
conversations can be tough and difficult to follow. With 3D simple
animations and VR equipment, patients can actually find out what
kind of cardiac problem they have, understand the basics of their
disease and adequately engage in the treatment decision options.
(e.g., surgical vs percutaneous interventions)
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Connecting with telemedicine technologies

Although the whole concept of the metaverse seems immense
and, it is not planning to be isolated from existing technologies
and telemedicine services. One of the biggest and most effective
functions is the integration and compatibility with currently avail-
able medical devices that will evolve the metaverse by building
on already working innovations. An optimal model of the Cardio-
Verse would be based on interoperability by integrating health de-
vices and applications available to the patient at home (distant 12-
lead electrocardiogram, blood pressure-heart frequency monitors,
oxygen saturation meters, blood glucose calculators) the results of
whom will be projected directly in the metaverse. The physician
will then discuss via a virtual avatar with the patient according to
the medical anamnesis and interpret the results of all the health
monitor devices reaching to a final diagnosis that can share to the
patient. A blending of telemedicine innovations with the metaverse
is considered as a key component to a functional, concrete and
evolving CardioVerse.

Challenges to face and the NFTs integration

As anticipated, with opportunities we can also presume en-
countering many challenges. (Fig. 3) The obstacles will likely en-
gage in diverse domains such as security, technical, legislative and
regulatory. The privacy and security of patient data is a major con-
cern in the metaverse, as breaches and violations could lead to ex-
posure or theft of sensitive information. The decentralized essence
of the metaverse running on blockchain could bring entirely new
ways of encrypting patient data and enforcing compliance to med-
ical standards in practices and processes.

One promising solution that is currently beginning to be evalu-
ated is the use of non-fungible tokens (NFTs) that have also seen a
surge of interest, simultaneously with the metaverse [23] An NFT
is a unique and non-interchangeable unit of data, registered in a
blockchain, that is used to record ownership of a digital asset [24].
It relies on a decentralised network of computers employing ad-
vanced cryptography to verify the validity of a transaction similar
to what cryptocurrencies like Bitcoin are based on. Unlike cryp-
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tocurrencies, which are considered as a form of money or digital
asset, NFTs are intended to be the equivalent of a certificate of au-
thenticity or a digital fingerprint of data and can hold numerous
files, with transaction IDs and detailed history [25] At first, NFTs
gained huge popularity in the art sector that were mostly being
used as validation of authenticity and rarity of specific digital art
creations [26] For example, an artist could make an NFT of a dig-
ital artwork which would represent a limited edition of this art,
making it valuable for digital art collectors or to investors that be-
lieve that it’s value would rise in the future. The core clue of all
this remains the ability of NFTs to have their digital warranty of
authenticity as a unique and immutable gather of data.

But how could NTFs be introduced in healthcare? What is so
valuable to remain secured, anonymized, well-guarded and impos-
sible to copy, transfer or delete without permission? The patient
medical status, data and disease information represents one of the
most precious assets in healthcare that their management, safe uti-
lization and sharing remains a non-stop pursuit. Tokenizing and
converting patient data (medical information, health conditions,
exam results and consent forms) into NFTs could enhance pri-
vacy and assure patient data integrity and confidentiality in clin-
ical practice as well as in research initiatives. Patients could visit
the emergency department and have their whole medical history,
disease, medication and allergies stored in their own personalized
NFT that only them and their doctor can access it (or any other
individual that the patient decides to give access to). This could
save time, effort and money for hospitals and patients instead of
waiting for external documents that many times are distributed to
various different physicians or hospitals and also gives more power
to the patients regarding their own medical dossier [27]. Nonethe-
less, regulatory oversight and standardization is required to estab-
lish trust to the technological enablers and eventually test their
impact in real-world settings.

Exploiting the full potential of the CardioVerse will require
state-of-the-art technology, the cost of which is definitely non-
negligible. More specifically, it requires high-tech hardware that
ideally demands the newest VR headsets, wireless blood pressure
and heart frequency monitors, future haptic gloves to mimic phys-
ical touch and the latest computer processors and graphic cards

CardioVerse - Challenges

Legal Regulations

Security and privacy

User Rights

v\///

Fig. 3. The Challenges of the CardioVerse. Overcoming challenges is essential that mainly concern legal regulation, security and privacy of patient data as well as clear

definition of patients' rights, as users of the CardioVerse.
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to support the CardioVerse at its maximum. On top of that, high-
end internet connectivity (5G and fiber-optic internet) and energy-
demanding blockchain deployments are essential for the smooth
function of the virtual environments, the economic aspect of which
is also considerably high. Although we can expect the cost to pos-
sibly progressively reduce as the adoption expands, it is undeniable
that it will be more difficult for unprivileged minorities to gain ac-
cess, in contrast to more advanced countries and parties that could
easier afford it [28] The overall infrastructure costs for healthcare
providers will not permit of imminent mass adoption and the dis-
proportionately large amounts of energy consumption necessitate
alternative sources of energy [29]. Future studies that could pro-
vide specific financial data aiming to accurately investigate and as-
sess the economic requirements of a CardioVerse adoption are of
special interest.

Tackling legislation and regulation issues will be necessary
when insurances, pharmaceutical companies and governments will
eventually become involved. It is essential to establish policies and
protective procedures that could protect the users in case of crimi-
nal or abusive behaviors under a clear legal framework [30]. It still
remains unclear who is responsible in case of such an event and
clarifying who bears the responsibility in a decentralized network
needs to be addressed. In an effort to promote fair competition
between participating companies and corporations, it is indispens-
able that the businesses conform to a well-defined regulating law,
avoiding anti-trust concerns [31].

One of the main issues still in question, is the where the meta-
verse could or should truly stay decentralized and public, once
multi-million companies start to join and participate in developing
and evolving the field. Decentralization offers more fair opportuni-
ties, less anti-trust challenges but could also masquerade as control
behind the scenes, making it harder to track or monitor actions.
As the concept is still in its infancy and continues to evolve, the
advantages and disadvantages of a private, public or decentralized
administration, are expected to be more diaphanous.

Last but not least, the implementation of the CardioVerse will
require the development of trust among the participants to the
idea of the concept. There are many valuable elements that make
the physical encounter unique such as facial expressions and non-
verbal language, that can be missed in virtual visits, as face-to face
contact is essential for building trust. The technology should be
evolved in a way that provides trust to the doctors that they will
require all the information needed for an optimal medical consul-
tation but also to the patients that they will be able to communi-
cate and create a strong relationship with their doctor inside the
CardioVerse.

Conclusion

The metaverse promises an unparalleled leap in the way
medicine is delivered and the development of a CardioVerse, focus-
ing exclusively on cardiovascular medicine, will introduce extraor-
dinary dimensions to the medical ecosystem for patients’ physi-
cians and trainees. Further research, primarily regarding the moral
and credibility aspects, is mandatory in order to leverage a univer-
sal metaverse adoption in healthcare. Having used a digital avatar
for a virtual event or meeting, provides a glimpse of what the fu-
ture might hold. However, whether it truly represents an emerging
technology bound to redefine our society and healthcare or just an
immature futuristic state, remains to be discovered.
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