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odern cardiology is rapidly devel-
oping, integrating diagnostic and
surgical approaches to improve the

which makes it possible to optimize therapeutic strate-
gies and minimize the risks of complications. The article
also highlights the prospects for the development of hy-

effectiveness of treatment of patients with cardiovascu-
lar diseases. This paper examines the scientific basis for
combining these methods, emphasizing their importance
for personalized medicine. The role of modern diagnos-
tic technologies such as magnetic resonance imaging
(MRI), computed tomography (CT), ultrasound examina-
tions and laboratory tests is emphasized, which make
it possible to accurately assess the patient’s condition
and identify pathological changes in the early stages.
At the same time, the possibilities of minimally invasive
surgical interventions, including coronary angioplasty,
stenting, and procedures using robotic systems, are be-
ing analyzed. Special attention is paid to the principles
of interaction between diagnosis and surgical treatment,

brid technologies that combine diagnosis and treatment
within a single protocol, as well as the importance of an
interdisciplinary approach in managing complex clinical
cases. It is emphasized that a successful combination of
diagnostic and operative methods requires not only high-
tech equipment, but also a deep understanding of the
pathophysiology of diseases, as well as continuous pro-
fessional development of doctors. Thus, the integration
of these approaches contributes to improving the quality
of medical care, reducing treatment costs and improving
prognosis for patients with cardiac diseases.

Keywords: cardiology, diagnostics, surgical treatment,
minimally invasive technologies, personalized medicine,
hybrid methods.
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ardiovascular diseases (CVD) remain one
of the leading causes of death and disabil-
ity worldwide, despite significant advances
in medicine over the past decades[1]. Effective treat-
ment of these diseases requires an integrated approach
that combines modern diagnostic methods and surgical
interventions. In the context of the growing prevalence
of CVD and the increasing complexity of their clinical
manifestations, the relevance of developing evidence-
based strategies for combining diagnosis and treatment
becomes especially obvious.

Diagnostic technologies play a key role in modern car-
diology, providing an accurate assessment of the state
of the cardiovascular system and the detection of patho-
logical changes at an early stage. However, diagnosis
in itself is not an end in itself — it serves as the basis for
making decisions about the need and type of therapeu-
tic or surgical intervention. Surgical approaches, in turn,
have evolved from traditional open surgeries to minimal-
ly invasive procedures that minimize injury, accelerate
patient recovery, and reduce the risk of complications.
Nevertheless, the success of any surgical intervention
directly depends on the quality of the preliminary diagno-
sis, which determines the treatment tactics and its tech-
nical parameters.

The integration of diagnostic and operative methods is
becoming an important direction in the development of
modern cardiology. Hybrid technologies that combine di-
agnosis and treatment within a single protocol make it
possible to optimize the treatment process and increase
its effectiveness. For example, simultaneous angiogra-
phy and stenting or the use of intraoperative imaging
opens up new opportunities for managing complex clini-
cal cases [2]. At the same time, an interdisciplinary ap-
proach involving the interaction of specialists of various
profiles becomes an integral part of the successful treat-
ment of patients with CVD.

The purpose of this work is to examine the scientific ba-
sis for combining diagnostic and surgical approaches
in the treatment of cardiac patients, emphasizing their
importance for personalized medicine. Special attention
is paid to the role of modern technologies such as mini-
mally invasive surgical techniques, artificial intelligence
and bioengineering, as well as the prospects for further
development of this field.
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arious theoretical research methods

were used in the preparation of this

work, which made it possible to sys-
tematize and analyze scientific data on the combination
of diagnostic and surgical approaches in the treatment of
cardiac patients. These methods provide a reliable ba-
sis for the formulation of conclusions and recommenda-
tions. In particular, a detailed review of modern scientific
literature was conducted, including articles from peer-
reviewed journals, monographs, clinical guidelines and
guidelines on cardiology. Special attention was paid to
publications devoted to innovative diagnostic and surgi-
cal technologies.

Databases such as PubMed, Scopus, Web of Science,
Cochrane Library and eLibrary were used, which pro-
vided up-to-date information on modern advances in
the diagnosis and treatment of cardiovascular diseases.
An analysis of the literature has helped to identify key
trends, problems and prospects in the development of
hybrid technologies, minimally invasive methods and in-
terdisciplinary interaction.

In addition, various diagnostic and operational methods
were compared in terms of their effectiveness, safety,
accessibility and economic feasibility. For example, tradi-
tional open surgeries have been compared with minimally
invasive procedures such as stenting or robotic surgery.

Based on the analysis of scientific data, a systematiza-
tion of modern approaches to the diagnosis and treat-
ment of cardiovascular diseases was carried out. Sum-
marizing the research results allowed us to formulate
general principles for integrating diagnostic and opera-
tional approaches.

To better understand the interaction between the diag-
nostic and surgical stages of treatment, modeling and
schematic representation of the processes were used,
which included a description of the sequence of actions,
starting from primary diagnosis to surgical intervention
and postoperative follow-up.

The application of the above theoretical methods has
provided a comprehensive analysis of the scientific
foundations of the combination of diagnostic and sur-
gical approaches in the treatment of cardiac patients.
These methods allowed not only to systematize existing
knowledge, but also to propose new ideas for improving
clinical practice. The results obtained are important for
the development of personalized treatment strategies,
the introduction of innovative technologies and improved
prognosis for patients with cardiovascular diseases.




eart pathologies are becoming more wide-
spread in the world today, moreover, the
prevalence of this condition is steadily in-
creasing. The increase in cases of heart failure may be
partially related to an aging population and a higher in-
cidence of cardiovascular risk factors such as hyperten-
sion, diabetes, and obesity®. Cardiac pathologies entail
a significant economic burden, as the health care costs
associated with this condition reach billions of dollars
every year*. In addition to the financial consequences,
such pathologies significantly worsen people’s over-
all well-being. This is evidenced by the appearance of
symptoms such as difficulty breathing (shortness of
breath), constant fatigue (fatigue) and decreased ability
to engage in physical activity (exercise intolerance). Ul-
timately, these symptoms contribute to a marked reduc-
tion in life expectancy®.

The treatment of cardiac pathologies has changed sig-
nificantly in recent decades, mainly due to advances in
research and clinical practice. Pharmacological thera-
pies such as angiotensin converting enzyme (ACE) in-
hibitors, beta blockers, angiotensin receptor blockers
(ARBs), and diuretics have historically served as a fun-
damental approach to the treatment of heart failure. The
main purpose of these drugs is to alleviate symptoms,
reduce fluid retention, and improve heart function®. In ad-
dition, implantable devices such as implantable cardio-
verter defibrillators (ICDs) and cardiac resynchronization
therapy (CRT) have become the most important tools in
the arsenal of combating heart diseases, demonstrating
a significant reduction in mortality and hospitalization
among certain patient groups’. Heart transplantation has
consistently been recognized as the preferred treatment
method for people with end-stage heart failure, offering
a vital opportunity for people with persistent symptoms
and impaired heart function. However, the limited avail-
ability of donor organs limits its potential implementation.
Effective treatment of cardiac pathologies requires an
integrated approach that combines modern diagnostic
methods and surgical interventions.

Diagnosis plays a key role in identifying pathologi-
cal changes at an early stage, predicting the risks of
complications, and developing personalized therapeu-
tic strategies. Modern technologies such as magnetic
resonance imaging (MRI), computed tomography (CT),
echocardiography, and laboratory tests allow doctors to
obtain accurate information about the patient’s cardio-
vascular systemé. However, diagnosis in itself is not an
end in itself — it serves as the basis for making decisions
about the need and type of treatment, including drug
therapy or surgery.

Surgical approaches in cardiology have also undergone
significant changes due to the development of minimally
invasive technologies. Procedures such as coronary an-
gioplasty, stenting, implantation of pacemakers, and the
use of robotic systems can minimize the trauma of inter-
ventions, shorten patient recovery time, and reduce the
risk of postoperative complications. Nevertheless, the
success of any surgical intervention directly depends on
the quality of the preliminary diagnosis, which determines
the treatment tactics and its technical parameters®.

The integration of diagnostic and operative methods is
becoming an important direction in the development of
modern cardiology. Hybrid technologies that combine di-
agnosis and treatment within a single protocol make it
possible to optimize the treatment process and increase
its effectiveness. For example, simultaneous angiogra-
phy and stenting or the use of intraoperative imaging
opens up new possibilities for managing complex clinical
cases. At the same time, an interdisciplinary approach
involving the interaction of specialists of various profiles
becomes an integral part of the successful treatment of
patients with CVD.

Diagnostic technologies play a key role in modern car-
diology, providing an accurate assessment of the state
of the cardiovascular system and the detection of patho-
logical changes at an early stage. The development of
medical imaging, laboratory research methods and func-
tional diagnostics has significantly expanded the possi-
bilities for timely detection of diseases such as coronary
heart disease, arterial hypertension, heart defects and
chronic heart failure™.

Modern diagnostic methods, such as magnetic reso-
nance imaging (MRI), computed tomography (CT),
ultrasound (echocardiography, Dopplerography) and
radionuclide methods, allow not only to visualize the
anatomical features of the heart and blood vessels, but
also to assess their functional state. For example, echo-
cardiography provides information about the size of the
chambers of the heart, the thickness of the walls, the
condition of the valve apparatus and the contractility of
the myocardium. MRI and CT, in turn, make it possible
to study in detail the structure of the coronary arteries,
identify areas of stenosis or occlusion, and evaluate
myocardial perfusion.

Laboratory tests, including blood tests for biomarkers (e.g.,
troponins, natriuretic peptide), are an important addition to
instrumental diagnostic methods. They help to confirm the
presence of acute coronary syndrome, assess the degree
of myocardial damage and predict the risk of complica-
tions. Functional tests, such as exercise tests and Holter
monitoring, make it possible to assess the response of
the cardiovascular system to physical activity and identify
hidden rhythm or conduction disturbances™.

Of particular importance is the possibility of diagnosis in
the early stages, when the clinical manifestations of the
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disease may be minimal or absent altogether. Early de-
tection of pathological changes allows treatment to begin
at the preclinical stage, which significantly reduces the
risk of serious complications such as myocardial infarc-
tion, stroke or chronic heart failure. In addition, accurate
diagnosis serves as the basis for making decisions about
the need and type of surgery, providing a personalized
approach to the treatment of each patient.

Diagnosis in itself is not an end in itself — it serves as
the basis for making decisions about the need and type
of therapeutic or surgical intervention. Modern diagnostic
methods provide doctors with detailed information about
the patient’s condition, allowing them to accurately deter-
mine the nature of the disease, its stage and prognosis.
These data are becoming critically important for choosing
the optimal treatment strategy, whether it is drug therapy,
minimally invasive procedures, or open surgery.

Surgical approaches, in turn, have evolved from tradi-
tional open surgeries to minimally invasive procedures
that minimize injury, accelerate patient recovery, and re-
duce the risk of complications. For example, instead of
cardiac cavities such as coronary artery bypass grafting,
endovascular techniques such as coronary angioplasty
and stenting are widely used today. Such procedures are
performed through small punctures in the vessels, which
significantly reduces the patient’s stay in the hospital and
reduces postoperative discomfort.

Technology development has also facilitated the intro-
duction of robotic systems such as the da Vinci Surgical
System, which allow complex operations to be performed
with high precision with minimal impact on the body.
Such systems are especially effective in cases where
precision manipulations are required on small structures
of the heart or blood vessels'. In addition, the use of
intraoperative imaging, such as three-dimensional echo-
cardiography or X-ray angiography, allows surgeons to
monitor the process in real time, which increases the
safety and effectiveness of interventions.

Minimally invasive technologies not only reduce the bur-
den on the patient’s body, but also allow them to return
to normal life faster, which is especially important for
elderly patients and people with concomitant diseases,
for whom traditional operations may be contraindicated
due to high risks. However, the success of minimally in-
vasive procedures largely depends on the quality of the
preliminary diagnosis. Accurate visualization, functional
tests, and laboratory analyses help determine the opti-
mal treatment approach, plan the course of surgery, and
anticipate possible difficulties™.

Accordingly, the combination of advanced diagnostic
technologies and modern operational approaches cre-
ates a synergistic effect that maximizes treatment out-
comes and minimizes risks to the patient. Diagnosis
forms the foundation on which successful surgical inter-
vention is built, and minimally invasive methods ensure

safety, effectiveness and comfort for the patient. This in-
tegrated approach is becoming the standard of modern
cardiology, opening up new horizons for the treatment of
cardiovascular diseases.

Special attention is paid to functional tests, which help
to assess not only anatomical, but also hemodynamic
features of the heart. These research methods play a
key role in understanding how the patient’s cardiovascu-
lar system copes with physical exertion, stress, or other
factors affecting its functioning. Functional tests such as
stress tests, Holter monitoring, treadmill tests, and radio-
isotope ventriculography can reveal hidden circulatory
disorders, myocardial ischemia, rhythm and conduction
disturbances that may be unnoticeable during a stan-
dard examination'.

For example, exercise tests (bicycle ergometry or tread-
mill test) allow you to evaluate the heart’s response to
physical activity, which is especially important for the di-
agnosis of coronary heart disease. Such tests help to
identify signs of ischemia, such as changes in the elec-
trocardiogram or the appearance of angina symptoms
that occur when the heart’s oxygen demand increases.
Holter monitoring, in turn, provides information about the
work of the heart for a long time (usually 24-48 hours),
which allows you to identify episodes of arrhythmias or
transient ischemia, which may not appear during a short
examination’.

Radioisotope ventriculography makes it possible to as-
sess the contractility of the heart and the volume of its
chambers, which is especially important in the diagnosis
of heart failure or after a myocardial infarction. These
data are crucial for determining treatment tactics: for ex-
ample, a patient with severe left ventricular dysfunction
may require surgery to implant a pacemaker or defibril-
lator, while for less severe disorders, drug therapy may
be sufficient.

Functional tests also help to evaluate the effectiveness
of treatment already performed. For example, repeated
exercise tests after a course of rehabilitation or sur-
gery can determine how much exercise tolerance has
improved and the likelihood of complications has been
reduced, which is especially important for patients with
chronic diseases such as hypertension or coronary heart
disease, where dynamic monitoring is a key element of
condition management.




he success of surgical treatment largely de-

pends on the accuracy of the preliminary di-

agnosis, which determines the tactics of the
intervention and its technical parameters. Modern medi-
cine demonstrates that surgical treatment, especially in
cardiology, is impossible without a clear understanding
of the patient’s condition obtained through a compre-
hensive diagnosis. Based on diagnostic data, the doctor
makes decisions about the need for surgery, selects the
most appropriate method of intervention and plans all
stages of the procedure®.

Diagnosis allows you to accurately identify the localiza-
tion of the pathological process, its nature and sever-
ity. For example, in coronary artery disease, coronary
angiography helps to identify areas of coronary artery
stenosis or occlusion, their extent and significance for
the blood supply to the myocardium. These data directly
influence the decision on the choice between stenting,
angioplasty or coronary artery bypass grafting. Without
accurate visualization, it is impossible to plan the tech-
nical aspects of the operation, such as the size of the
stent, the installation location, or the need for additional
manipulations”.

In addition, diagnosis plays a key role in assessing the
risks associated with surgery. For example, in patients
with severe left ventricular dysfunction or multiple con-
comitant diseases, open surgery may be associated with
a high risk of complications. In such cases, minimally in-
vasive methods such as endovascular interventions be-
come preferred'®. Functional tests, including stress tests
and radionuclide studies, help to assess the tolerability
of surgery and predict possible complications.

Diagnostic accuracy is also critically important for plan-
ning the technical parameters of an operation. For ex-
ample, when implanting pacemakers or defibrillators,
it is necessary to take into account the patient’s ana-
tomical features, the location of large vessels and the
condition of the myocardium. Three-dimensional recon-
struction of images obtained using MRl or CT allows sur-
geons to simulate the intervention process in advance
and minimize the likelihood of errors™. Similarly, in val-
vular surgery or the restoration of congenital heart de-
fects, preoperative diagnosis provides an understanding
of anatomical features and helps to choose the optimal
size and type of implantable devices.

It is especially important to emphasize the role of diag-
nostics in monitoring the results of surgery. Intraopera-
tive imaging, such as echocardiography or angiography,
allows monitoring the implementation of the intervention
in real time and correcting it if necessary?. After the op-
eration is completed, diagnostic methods are used to

evaluate its effectiveness, identify possible complica-
tions, and develop a plan for further patient monitoring.

Thus, diagnosis is an integral part of successful surgical
treatment. It provides the doctor with all the necessary in-
formation to make informed decisions, reduce risks and
improve the accuracy of surgical procedures. With the de-
velopment of modern technologies, where minimally inva-
sive methods are becoming the standard, the importance
of high-quality diagnostics is only increasing, as it forms
the foundation for achieving the best clinical results.

The role of an interdisciplinary approach in modern car-
diology cannot be overestimated, since it involves close
cooperation between specialists of various profiles:
cardiologists, surgeons, radiologists, anesthesiologists,
internists, intensive care specialists and other experts.
Such cooperation is necessary to manage complex clini-
cal cases that require comprehensive data analysis and
balanced decision-making?'. In the context of the in-
creasing complexity of the diagnosis and treatment of
cardiovascular diseases (CVD), an interdisciplinary ap-
proach is becoming a key success factor in providing
high-quality medical care.

Cardiologists play a central role in the diagnosis and
conservative treatment of patients, determining man-
agement tactics at the initial stages. However, when
complex pathologies are identified or surgery is needed,
their interaction with surgeons becomes critically impor-
tant. Surgeons, in turn, rely on accurate data provided by
radiologists who perform imaging studies such as MR,
CT or angiography to plan the technical aspects of the
operation. This is especially important when perform-
ing minimally invasive procedures, where accuracy is of
paramount importance?,

Anesthesiologists also play a key role in managing com-
plex clinical cases. Their task is not only to ensure safe
anesthesia during surgery, but also to maintain a stable
patient’s condition in the postoperative period. For ex-
ample, in patients with severe heart failure or multiple
concomitant diseases, anesthetic support requires spe-
cial attention and careful planning. The joint work of
anesthesiologists and surgeons minimizes the risks of
complications and ensures a comfortable recovery of the
patient.

In addition to providing data for preoperative planning,
radiologists can actively participate in the procedures
themselves, such as endovascular interventions. Their
skills in interventional radiology allow them to perform
complex manipulations, such as stent placement or vas-
cular embolization, making them indispensable mem-
bers of an interdisciplinary team.

Therapists and intensive care specialists provide long-
term monitoring of patients, monitor the effectiveness of
treatment and timely identify possible complications?.
This is especially important for patients with chronic dis-
eases such as hypertension, coronary artery disease, or
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chronic heart failure who require constant adjustment of
drug therapy?*.

The following models have been developed to visually
represent the interaction between diagnostic and sur-
gical stages of treatment, as well as to analyze hybrid
technologies. Such models help to better understand
the sequence of actions, their interrelationships, and the
benefits of integrating different approaches.

The general model of interaction between diagnosis and
surgical treatment (Fig. 1) demonstrates the sequence
of actions from primary diagnosis to surgical intervention
and postoperative follow-up.

The patient complains

!
Primary diagnosis: medical history, examination, ECG

!
Instrumental diagnostics: MRI/CT/EchoCG

!
Laboratory tests: biomarkers, lipidogram

!
Data analysis — Decision-making on treatment tactics

!
Drug therapy <= Surgical intervention

!
Minimally invasive procedures: stenting, angioplasty

!
Postoperative follow-up: monitoring, rehabilitation

!
Monitoring the effectiveness of treatment: re-diagnosis

Fig. 1 General model of interaction between diagnosis
and surgical treatment

Within the framework of this model, the sequence of
treatment stages is clearly shown, the importance of di-
agnosis at each stage is emphasized, and the possibil-
ity of adjusting treatment tactics based on postoperative
observation data is reflected.

A model of hybrid technologies (simultaneous angiog-
raphy and stenting) (Fig. 2). demonstrates the process
of simultaneous diagnostic and therapeutic procedures,
which is an example of hybrid technology.

The patient is admitted with suspected coronary artery disease

!

Coronary angiography — Detection of coronary artery stenosis

!
Assessment of the significance of stenosis — Making a deci-
sion on stenting

!
Stenting in the same procedure

1
Control X-ray — Confirmation of stenting success

!

Completion of the procedure — Monitoring in the ward

!
Patient discharge — Outpatient follow-up

Fig. 2. Hybrid technology model (simultaneous angiog-
raphy and stenting)

This model is characterized by minimizing the time be-
tween diagnosis and treatment, reducing the number of
procedures, which reduces stress for the patient, and
increasing the accuracy of treatment through immediate
monitoring of results.

The interdisciplinary interaction model (Fig. 3) reflects
the interaction of specialists of various profiles in the
management of a complex clinical case.

A patient with multiple pathologies
1

Cardiologist — Primary diagnosis and consultation

!
Radiological — Imaging (MRI/CT scan)

!

Surgeon — Assessment of the need for surgery
!

Anesthesiologist — Preparation for anesthesia

!
Intensive care specialist — Postoperative follow-up

!

Therapist — Long-term follow-up and correction of therapy

Fig. 3. The model of interdisciplinary interaction

This model is distinguished by a clear distribution of
roles between specialists, ensuring an integrated ap-
proach to treatment, as well as minimizing risks through
joint decision-making.

The model of introducing artificial intelligence into the
process of diagnosis and treatment (Fig. 4) demon-
strates the use of Al for data analysis, risk forecasting
and treatment optimization.

Data collection: ECG, MRI, laboratory tests

1
Al data analysis — Pathology detection

!

Risk prediction — Treatment recommendations

!

Automatic operation planning — Intraoperative control

1
Postoperative monitoring — Adjustment of treatment

Fig. 4. The model of artificial intelligence implementation
in the process of diagnosis and treatment

As part of the implementation of this model, it is possible to
accelerate the process of data analysis and decision-mak-
ing, improve the accuracy of diagnosis and forecasting, as
well as personalize treatment based on patient data.

The model of bioengineering solutions in cardiology (Fig.
5) demonstrates the use of bioengineering technologies
to repair or replace damaged heatrt tissues.




Pathology detection: myocardial infarction, valve defect
1

Development of biocompatible material — Bioprinting of tis-
sues

1
Implantation of an artificial valve or a section of the myocar-
dium

1

Monitoring of the implant function — Adjustment if necessary

!

Restoring normal heart function

Fig. 5. Model of bioengineering solutions in cardiology

The model provides an opportunity to restore heart func-
tion without using donor materials, reduce the risk of
rejection due to biocompatible materials, and opens up
new opportunities for the treatment of previously incur-
able diseases.

The above models clearly demonstrate the key stages
of interaction between diagnostic and operational ap-
proaches, as well as the advantages of integrating mod-
ern technologies into cardiology. They help to system-
atize the treatment process, identify weaknesses and
suggest ways to eliminate them. Such models can be
used both for training medical personnel and for devel-
oping new treatment protocols, which contributes to im-
proving the quality of medical care.

The interdisciplinary approach, therefore, promotes the
introduction of innovative technologies and techniques
into clinical practice®®. For example, the use of hybrid
operating rooms, where the possibilities of surgery and
imaging are combined, requires close cooperation be-
tween specialists in various fields. Robotic systems, ar-
tificial intelligence and bioengineering developments are
becoming more accessible thanks to the joint efforts of
doctors, engineers and researchers.

In addition, an interdisciplinary approach helps to in-
crease the level of professional competence of all par-
ticipants in the process. Discussion of complex cases in
consultations, exchange of experience and knowledge
between specialists help to find optimal solutions for
each patient, which is especially important in conditions
of limited resources and the need to improve the effec-
tiveness of treatment?.

Thus, an interdisciplinary approach in cardiology is a fun-
damental principle that allows combining the efforts of
specialists from different fields to achieve the best treat-
ment results. Such cooperation not only improves the
quality of medical care, but also promotes the develop-
ment of new technologies and techniques, opening up
new horizons in the fight against cardiovascular diseases.

The prospects for further development of technologies
such as artificial intelligence, machine learning, and bio-
engineering open up new horizons in the field of diag-
nosis and treatment of cardiovascular diseases?”. Such
technologies have the potential not only to improve the
accuracy and effectiveness of medical care, but also to

radically change the approach to disease management,
making it more personalized, predictable and accessible?.

Artificial intelligence and machine learning methods are
already being actively introduced into cardiology, offer-
ing revolutionary solutions for data analysis, process au-
tomation and decision support. Al can automate routine
tasks such as analyzing laboratory data, documenting
medical history, and even scheduling surgeries, which
frees doctors from performing technical work, allowing
them to focus on making key decisions®.

Bioengineering is one of the most promising areas in the
treatment of cardiovascular diseases. It combines ad-
vances in biology, medicine, and engineering to create
innovative solutions that can repair or replace damaged
tissues and organs. Bioprinting using stem cells and bio-
compatible materials makes it possible to create artificial
heart tissues such as valves, vessels, or even sections
of the myocardium. This opens up new possibilities for
the treatment of patients with congenital heart defects or
the consequences of a myocardial infarction.

Modern pacemakers, defibrillators, and artificial hearts
are becoming more and more miniature, reliable, and
“smart.” Thanks to bioengineering, these devices can be
integrated with Al systems, allowing them to adapt to the
patient’s condition in real time.

Nanotechnology makes it possible to create devices
and drugs that act at the level of cells and molecules.
For example, nanoparticles can deliver drugs directly to
the affected areas of the heart, minimizing side effects.
Gene therapy is becoming a real tool for the treatment
of hereditary heart diseases such as cardiomyopathy or
arrhythmias. Making changes to the DNA of heart cells
can help restore their normal function®.

One of the key trends of the future will be the integration of
various technologies into a single ecosystem. For exam-
ple, the combination of Al, bioengineering and telemedi-
cine will create systems that will not only diagnose and
treat diseases, but also monitor the condition of patients
in real time. Such systems will be able to warn doctors
about possible complications before they occur, which will
significantly improve the quality of medical care.

Artificial intelligence, machine learning, and bioengineer-
ing technologies have enormous potential to expand the
possibilities of diagnosis and treatment of cardiovascu-
lar diseases. They will make medicine more accurate,
personalized and effective, as well as reduce treatment
costs by automating processes and preventing complica-
tions. However, the implementation of these technologies
requires careful regulation, ethical expertise, and training
of specialists capable of working with new tools. The de-
velopment of these areas will become the basis for cre-
ating the medicine of the future, where treatment will be
based on a deep understanding of biological processes
and the use of advanced technologies to correct them.



www.revhipertension.com ISSN: 1856-4550

ISSN Digital: 2610-7996  (co)creative

Revista Latinoamericana de Hipertension. Vol. 20 - N° 5, 2025

he combination of diagnostic and surgical ap-

proaches in the treatment of cardiovascular

diseases is a multidimensional field that con-
tinues to evolve through the introduction of advanced
technologies and interdisciplinary collaboration. The
considered integrated approach allows not only to im-
prove the accuracy of diagnosis and the safety of treat-
ment, but also to make medical care more accessible
and personalized.

Modern diagnostic technologies such as MRI, CT, echo-
cardiography and laboratory tests are the foundation for
effective treatment of cardiovascular diseases (CVD).
They make it possible to identify pathologies at an early
stage, predict the risks of complications, and monitor the
effectiveness of treatment. Diagnostics not only provides
an accurate picture of the patient’s condition, but also
serves as the basis for making decisions about the need
and type of surgical intervention.

The development of minimally invasive technologies
such as coronary angioplasty, stenting, implantation of
pacemakers and the use of robotic systems has signifi-
cantly reduced the incidence of surgical interventions.
Such methods can speed up patients’ recovery, minimize
the risk of complications, and make treatment accessible
to a wider range of patients, including the elderly and
people with severe concomitant diseases.

The successful combination of diagnostic and operative
methods is becoming the standard of modern cardiology.
Hybrid technologies that combine diagnosis and treat-
ment within a single protocol (for example, simultaneous
angiography and stenting) ensure high accuracy and
safety of interventions. Intraoperative imaging and the
use of Al complement these approaches, making them
even more effective.

The management of complex clinical cases requires
close cooperation between specialists of various pro-
files: cardiologists, surgeons, radiologists, anesthesiol-
ogists and other experts. The interdisciplinary approach
allows for comprehensive data analysis, balanced deci-
sion-making, and optimization of the treatment process,
which is especially important when working with pa-
tients with multiple concomitant diseases or rare forms
of pathology.

Artificial intelligence, machine learning, and bioengineer-
ing are opening up new horizons in the diagnosis and
treatment of CVD. Al is already being used to analyze
medical images, predict risks, and personalize treat-
ment. Bioengineering offers innovative solutions such
as bioprinting of tissues, creation of artificial organs and
gene therapy. Such technologies have the potential to
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