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Abstract

We’re currently witnessing an exponential surge in technological advancements, es-
pecially in the fields of Virtual Reality (VR) and Artificial Intelligence (AI). These technolo-
gies have found a dynamic role within the medical and healthcare sector, expanding the 
boundaries of patient care, diagnosis, treatment, and even medical education.

From enabling surgeons to meticulously plan complex procedures using VR, to AI’s 
role in patient treatment optimization, these modern tools have opened unprecedented 
opportunities in managing heart failure. They’ve even extended their impact to support-
ing patients’ physical and mental wellbeing.

The current digital transformation in healthcare is an opportunity to re-humanize 
medicine. The role of physicians and nurses is irreplaceable; their compassion and em-
pathy are the beating heart of patient care. The challenge, and the opportunity, lies in 
learning to harmonize technological support with this indispensable human component. 
This unique fusion could redefine the future of healthcare, augmenting our abilities 
while keeping us grounded in our shared humanity.

Keywords: Virtual reality; Augmented reality; Artificial intelligence; Heart failure; 
Treatment adherence; Virtual medical training; Surgical training; Patient recovery.
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Virtual reality

Virtual Reality (VR) is a computer-based simulated expe-
rience that can be more or less immersive depending on the 
hardware used to access it. This virtual environment allows the 
user to interact with scenarios and objects that simulate reality, 
thanks to the use of advanced computer technology.

Augmented Reality (AR), on the other hand, is the conflu-
ence of VR and the tangible world around us. It overlays digitally 
generated elements onto our real-world surroundings, enabling 
interaction with these virtual components. AR engages various 
sensory modalities, extending beyond the visual to include au-
ditory and tactile experiences [1].

When AR evolves further, allowing for seamless interaction 
between the real and virtual elements within a shared environ-
ment, it becomes Mixed Reality (MR). In this space, 3D virtual 
content reacts to the user as real-world objects would, enhanc-
ing the depth of interaction and immersion [2].

Haptics

Haptics is another technology associated with this virtual or 
augmented reality. It’s based on tactile feedback using sophis-
ticated devices and software, and can produce a differentiation 
between materials such as bone and soft tissue, giving a more 
realistic sense of touch in a simulation [3-5].

Figure 1: The Different Learning Mechanisms of AI.

Artificial intelligence

The roots of Artificial Intelligence (AI) trace back to the pio-
neering insights of Alan Turing in 1947, who envisioned a future 
enlivened by intelligent machines. Turing posited, “What we 
want is a machine that can learn from experience,” an idea that 
has, over the decades, sparked a revolution [6].

Since Turing’s prescient statement, AI has charted a transfor-
mative journey, morphing from the theoretical to the palpable. 
Today, AI’s prowess lies in its ability to dissect data, decipher 
patterns, and make data-driven decisions by harnessing ad-
vanced mathematical algorithms. The backbone of this intelli-
gent processing lies in two key techniques: Machine Learning 
(ML), which involves AI systems learning and improving from 
experience, and Natural Language Processing (NLP), which en-
ables AI to understand and interact using human language. But 
AI’s power extends beyond these, with a plethora of systems 
designed to process varied inputs, creating a vast matrix of pos-
sibilities (Figure 1). 

Machine Learning (ML) algorithms are able to sift through 
structured data, such as patient registries or medical images. 
They can tease out patterns, trends, and even make predictions 
about a patient’s disease progression or potential outcomes, 
providing valuable insights that might otherwise remain hidden 
[7].

Natural Language Processing (NLP) is another tool in AI’s 
arsenal, and it’s particularly adept at making sense of unstruc-
tured data, such as clinical notes or medical journals. It can or-
ganize this information into structured data, that can be further 
analyzed by AI systems, revealing meaningful conclusions [8]. 
This can be especially beneficial when the information is crucial 
for research purposes.

The ways in which machines learn are varied and complex.
The three basic categories are supervised, unsupervised, and 
semi-supervised learning, but many more sub-categories have 
evolved over the years, such as reinforcement learning and deep 
learning. For a more in-depth look into these learning methods, 
refer to comprehensive reviews such as the ‘Machine-Learning-
Based Disease Diagnosis: A Comprehensive Review’ [9].

Figure 2: Different types of machine learning.

Artificial intelligence has an impressive tenure in the field 
of medicine, predating both VR and AR. Its versatile applica-
tions span across the medical spectrum, enhancing areas such 
as medical training, education, patient diagnosis, and ongoing 
monitoring [10-12]. The source of the information used by the 
AI can come from the healthcare system or directed from the 
patients using electronic devices as medical monitors.

Wearables

When we think about the new digital tools we probably re-
member someone using a smart watch. These handy gadgets 
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exemplify the potent synergy of hardware and AI. Thanks to 
intricate AI algorithms, these devices have stepped beyond the 
realm of consumer electronics and found their niche in health 
diagnostics, enhancing capabilities and improving clinical 
decision-making through automated cardiac measurements 
[13].

The interplay of VR, AR, MR, AI, and ML creates a compre-
hensive ecosystem for virtual patient care. Certain tools shine 
in specific applications: VR and AR excel in medical training, 
while AI and ML are invaluable in patient care. To distill the 
breadth of applications, we’ve organized their use into three 
primary categories: patient care, diagnostics, and education/
training (Figure 3).

Figure 3: The Interplay of Artificial Intelligence and Healthcare. 
This diagram illustrates the principal components of AI, including 
Machine Learning (ML) and Natural Language Processing (NLP), 
and their key applications in modern healthcare. It provides a vi-
sual depiction of how AI is woven into various aspects of patient 
care, ranging from diagnosis and treatment to rehabilitation and 
preventive care.

Patient care

New technologies with telemonitoring and interventional 
characteristics can influence habits concerning exercise, nutri-
tion and medication adherence. The association of smart wear-
ables and AI data analyzing can be used to optimize their fol-
low up. These tools can also support their physical and mental 
health. 

The ML algorithms can monitor, process and organize 
physio-psychological and behavioral data, generating alerts in 
both directions: For the clinicians it can generate alerts when 
critical data is detected at home and, for the patients and care-
givers, notifications about medication intake with possibility to 
track the weekly consumption, exercise and nutrition routine, 
between other uses [14]. 

When comparing the management of HF patients with Ma-
chine learning versus conventional clinical methods, we find 6 
main areas where ML can make a positive impact [15] (Figure 
4).

Treatment adherence

Poor medication compliance is a common problem with HF 
patients, leading to increased exacerbations, reduced physical 
function, higher readmission and mortality rates [16,17]. In a 
review from 2019 [18] they found that the lower medication 
adherence is directly related to the patients´ low level of lit-
eracy, which leads to higher rehospitalization and death rates.

The use of ML to help with the adherence of medication 
has been studied for a long time. It can stratify the data and 
give us evidence-based conclusions to help make clinical deci-
sions [19]. In heart failure one of the biggest utilities of AI 

Figure 4: Types of machine learning used for heart failure care.

is in this line. It gives us organized information to understand 
each patient’s medication-taking behaviors, consider the side 
effects and assess health literacy. All this insight can bring us 
conclusions to reduce the complexity of the treatment and plan 
a better follow strategy [20].

This use of ML is very connected with the patient’s classifi-
cation and prediction of outcomes, the origin of the data and 
the way it is analyzed is very similar. In a recent review about 
the use of AI in the management of heart failure patients, 
it has been concluded that it may play an important role in re-
ducing adverse outcomes [21]. Machine learning predictive 
models can accurately prognosticate different types of clinical 
progress among this population. The combined approach us-
ing ML tools during hospitalization and in outpatient care may 
result in clinical benefits, reducing readmission after hospitaliza-
tion [22].

Pain management

Virtual reality is also found to be useful in the work of 
relieving chronic pain. Immersive VR has been found to effec-
tively distract and thus relieve pain for such patients, especially 
when the use of anesthesia or sedation is contraindicated. For 
hospitalized patients with heart failure it can be effective as a 
nonpharmacologic adjuvant for pain management [23,24].

Therapeutic Applications: Physical and Psychological Di-
mensions 

Virtual reality can be used for physical and cognitive reha-
bilitation in heart failure patients. It can speed up recovery time 
by making an exercise routine easier for patients. By construct-
ing alternative realities, VR helps in distracting patients from 
discomfort and pain during exercise routines, subsequently 
encouraging their participation and potentially accelerating re-
covery [25].

An array of studies highlight the potential of cognitive stimu-
lation through VR, showing positive impact in neuropsychologi-
cal stimulation and rehabilitation programs specifically targeting 
executive functions. Despite the scarcity of larger population-
based studies, and the need for more rigorous research designs, 
heart failure patients have demonstrated a good acceptance of 
these systems, which have proven to be safe and show potential 
to improve attention [26,27]. 

Despite the many studies, trials and reviews that show im-
pressive potential in increasing patient care, there is currently 
considerable heterogeneity. It is important to highlight that we 
need more organized specific parameters and directives. There 
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should be more structured models and evaluation rigor for 
studies using AI and ML in any specific pathology [28].

Immersive virtual reality exergames, the fusion of exercise 
and games, can significantly enhance physical exertion while 
promoting positive experiences. Advancements in technology 
promise to minimize side effects such as nausea, dizziness, eye 
fatigue, and headaches, in the future [29].

Another significant aspect to consider is the mental well-
being of patients with heart failure, given that the condition’s 
symptoms can often be restrictive. VR therapies have shown 
potential in fostering relaxation and wellbeing. Again we have 
the same limitation when we look further into the literature: A 
lack of randomized controlled trials and longer-term evidence. 
More structured guidelines for clinical research are needed to 
build more robust evidence. Despite that, a positive impact re-
ported on emotional, social, and functional aspects of wellbe-
ing can be seen, especially when the group studied is suffering 
from chronic pain or other situations that negatively impact 
their general wellbeing [30-32].

Diagnosis

Heart failure is in its essence a clinical diagnosis. Nevertheless 
echocardiography is a basic tool in evaluating the cardiac struc-
ture and function [33]. ML based systems have been developed 
to help improve the precision of its interpretation, functioning 
as an intelligent assistant for the sonographer [34]. The use of AI 
in echocardiography has the most capabilities in recognizing the 
standard section, cardiac cavity automatic segmentation, func-
tional left ventricle assessment, and cardiac disease diagnosis 
[35,36].

AI has matched or even surpassed experienced human coun-
terparts in evaluating echocardiography in some studies [37]. 
There are still some legal and ethical limitations to its imple-
mentation. The human expert should be the one controlling the 
diagnostic process, getting support from AI systems to guide de-
tection, functional evaluation, and disease diagnosis on request.

In the 2021 guidelines for the diagnosis and treatment of 
acute and chronic heart failure review of the European Society 
of Cardiology [38], we can find modern gadgets that can assist 
health professionals to correctly diagnose and early detect a sign 
of heart failure. Information collected by different devices (ECG 
recorders by mobile-health/smartphones, implantable loop re-

corders, image and genetic tests) can be analyzed by AI and find 
the origin of the heart failure condition. They can also impact the 
costs by reducing follow-up visits and re-hospitalizations by an 
early detection of negative outcomes [39].

Educational/training Surgery training and planning

Using 3D printed models based on real patients’ imagery has 
been used for decades to allow surgeons to decide the best sur-
gical approach. VR and AR are the natural evolution of that tool, 
especially for the environmental advantages and extra features 
that these new technologies can bring.

Some simulations offer the possibility to interact with the 
virtual objects in a more realistic way, using advanced haptic 
technology. It can be produced by simple stimuli like a vibration 
or rumble in a game controller or much more sophisticated ele-
ments such as some haptic gloves that can simulate the physical 
tension of a specific tissue, producing a braking force that blocks 
the finger’s movement [40].

In the surgical training field, the use of haptics technology is 
growing fast, since the sense of touch is primordial when a sur-
geon is performing surgery [41]. While the technology already 
exists, further improvements are needed for the implementa-
tion of these systems as a rule. Not only the costs, but the fine 
tuning of complex surgical procedures need time to be fully pos-
sible in a virtual simulation [42].

The data is compiled from CT, MRI and ultrasound scans, 
which are complemented by VR and haptics. The reconstruction 
looks and feels like the actual patient when in surgical surround-
ings. It’s not a new technology and has been used for planning 
and training surgical procedures for decades. One of its first ap-
plications was building the first augmented reality systems at 
U.S. Air Force laboratories in 1992 [43].

When planning complex operations, such as neonatal car-
diological procedures, VR and AR help the surgical team walk 
through the whole surgery and rehearse their planned interven-
tion. This maximizes safety and reduces time by minimizing sur-
prises [44].

Learning engagement

Part of the learning process in an educational program de-
pends on its capacity to retain the attention of the students. 
When you transform 2D objects into 3D interactive ones, and 
use them in an immersive digital environment, the learning ex-
perience is much more engaging [45].

Using immersive VR simulations with headsets has the ad-
vantage of fully engaging the user in the simulated environment 
and giving them a more thorough experience [46]. Another im-
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portant aspect when planning an educational program is its ef-
fectiveness as a competency-based system, which also can be 
enhanced [47].

VR simulations offer students a safe environment to perform 
skills and train protocols, some contexts would be expensive and 
dangerous to simulate in real life. Amongst the many skills we 
can teach in VR are procedures performance, clinical assessment 
and decision-making, team work, learning empathy, etc [48].

The technology is advancing fast. Training soft skills such as 
clinical decision-making or diagnosing is technically easier to 
do, but we can also find good results in training procedural skills 
such as a catheter training VR simulation for learning percutane-
ous coronary interventions, as in this study [49].

Final comments

As we navigate through the technological frontier in health-
care, we’re constantly amazed by the rapid development and 
utility of these innovative tools. AI and VR are revolutionizing our 
understanding and treatment of complex diseases such as heart 
failure, yet they are only tools in our ever-expanding medical kit.

Their acceptance, especially within public healthcare sys-
tems, is still a hurdle to overcome. The issues are multifaceted, 
from the cost of the technology to digital literacy and integration 
with the traditional clinical workflow. Not to mention the ever-
pressing concern of data privacy in our increasingly connected 
world.

While we benefit from the scientific knowledge gathered 
by these intelligent machines, we must remember the essence 
of healthcare. It’s not just about accurate diagnosis and effec-
tive treatment. It’s about the human connection that lies at the 
heart of all medical care.

In our pursuit of modern medical marvels, we must not for-
get that we’re humans treating fellow humans. We’re decipher-
ing their stories of suffering, putting together the pieces of their 
health puzzles, and offering them a hand to hold through their 
healing journey.

These digital tools, no matter how advanced, should augment 
rather than replace the intimate patient-doctor relationship. Af-
ter all, the art of medicine lies not just in the science of disease, 
but in the compassionate care of the person bearing it.

As we stride forward in this exciting era of medical technolo-
gy, let’s ensure we keep sight of the human soul amid the digital 
noise. Because it is our empathy and care that truly heal, some-
thing no machine can replicate.

Ethics considerations: Addressing the ethical considerations 
is crucial for the successful integration of AI and VR in health-
care. It will require collaboration among healthcare profession-
als, technologists, ethicists, and policymakers to create guide-
lines and regulations that ensure these technologies are used 
ethically and responsibly.

Declarations

Some points that can be important considering are:

-The Pandora's Box of Data Privacy: Our brave new world of 
AI and VR raises enormous questions around the sanctity of 
personal data. When we immerse ourselves into a VR therapy 
session or submit our vitals to an AI diagnostic tool, a 
wealth of private health information is generated, and with 
it emerges an imperative to protect this sensitive data from 
unauthorised access. Navigating this maze of privacy is as para-
mount as the technologies themselves.

- Consent: Patients need to understand and agree to how 
their health data is being used. We need to be clear with them 
about who is using their information and why.

- Bias: AI uses data to make decisions. If the data we give 
it is biased (for example, if it's mostly from a certain group of 
people), then the AI could make biased decisions too. We need 
to make sure we use diverse and fair data.

- Transparency: AI can be complicated and hard to under-
stand. We need to find ways to explain how AI makes deci-
sions, especially when it disagrees with human experts.

- Over-reliance on Technology: While AI and VR are useful 
tools, we can't forget to use our own skills too. We also need 
to be prepared for when technology breaks or fails.

- Responsibility: If an AI makes a mistake that harms a pa-
tient, who is to blame? This is a difficult question that we need 
to figure out as we use more AI in healthcare.

- Equity: AI and VR are amazing tools, but we need to make 
sure everyone can use them. They shouldn't be something only 
rich people or certain groups can benefit from.
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