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Abstract

Heart valve replacement is a common surgical procedure in treating heart conditions such as
stenosis or valvular insufficiency. The use of biomaterials in the manufacture of these valves is
crucial for ensuring sustainable and compatible results with the patient's body. This article
examines the different types of biomaterials used in heart valve manufacturing and their impact
on their performance and durability. Among the biomaterials discussed are dentures,
mechanical valves, and hybrid materials. Bioprostheses, made from treated biological tissues,
offer advantages such as the absence of the need for long-term anticoagulants but may have a
limited lifespan. Mechanical valves, made of synthetic materials, are durable but often require
long-term anticoagulants. Hybrid materials, combining biological and synthetic components,
are a promising innovation, offering durable functionality and improved compatibility with the
human body. Choosing the right biomaterial in heart valve replacement is crucial and should be
made taking into account factors such as the patient's age, and individual preferences, to ensure
the success of the procedure and improve the patient's quality of life.
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Introduction

Heart valves are fundamental elements for the normal functioning of the heart, ensuring
the correct direction of blood flow within it. Malfunctions or impairments of these valves can
have serious health consequences for patients, including heart failure, heart rhythm disturbances,
and even death [1-3].

Heart valve replacement is a common and effective solution for treating these problems.
In this context, choosing the right biomaterial to manufacture new heart valves becomes
essential for the success and sustainability of the procedure. The biomaterials used must be
compatible with the human body, provide long-term strength and functionality, and minimize
the risk of post-operative complications [1-3].

In this article, we aim to explore the different types of biomaterials used in heart valve
substitution and analyze their relevant characteristics. We will examine bioprosthetics,
mechanical valves, and hybrid materials, highlighting the advantages and limitations of each
type of biomaterial in the context of cardiac surgery. In addition, we will discuss the impact of
the use of these biomaterials on the performance and durability of heart valves, hoping to
provide comprehensive insight into this crucial aspect of modern medical practice [2-4].
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The heart valves are essential components of the human cardiovascular system,
responsible for directing blood flow through the heart. The heart has four main valves: tricuspid
valve, pulmonary valve, mitral valve, and aortic valve [2-4].
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Fig. 1. A visual scheme of the heart valves. [3]
Cardiac bioprostheses

Heart bioprostheses are a way of replacing damaged or dysfunctional heart valves using
biological materials. They are mainly made from biological tissues such as bovine or porcine
pericardial tissue. The manufacturing process involves treating these materials to minimize
immune reactions and improve their compatibility with the human body [3-6].

The advantages of using heart bioprostheses include the absence of the need for long-
term anticoagulants and biomechanical functionality similar to natural valves [3-5].

Since bioprostheses are made from biological tissues, they are less susceptible to blood
clots compared to mechanical valves. Therefore, patients receiving cardiac bioprostheses
generally do not require long-term anticoagulants, which may reduce the risk of complications
related to anticoagulant drugs [4-6].

Biodentures offer functionality similar to natural valves, which can improve blood
circulation and heart function compared to mechanical valves. This is important for patients'
quality of life and for avoiding bloodstream complications [4-6].

However, heart bioprostheses also present some limitations and challenges, such as
limited lifespan and the need for re-surgery [4-6]

Although dentures offer advantages in terms of the absence of the need for long-term
anticoagulants and biomechanical functionality similar to natural valves, they may have a
limited lifespan. The biological materials used in the manufacture of bioprostheses can undergo
degeneration over time, which can lead to malfunctions and the need to re-replace heart valves
[6-8].
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Fig. 2. A representation of calcification of a bioprosthetic heart valve. (A) Calcification of the bioprosthetic heart valve;
(B) Low energy X-ray; (C) The arrow represents the ultrastructure of calcium deposits in cell nuclei; (D) A scanned
electron microscopic image of calcification deposits on collagen and elastin fibers.; (E, F) Chalcospherules arranged in
concentric rings, some having a central core and others without a central core [6].

Due to the degeneration of biological materials, cardiac bioprostheses may require re-
surgery in the future to replace damaged or dysfunctional valves. These re-interventions may be
required at variable intervals and may be associated with additional risks and costs [6-8].

Heart bioprostheses are an important option in heart valve replacement surgery, offering
advantages such as no need for long-term anticoagulants and biomechanical functionality
similar to natural valves. However, it is important to consider the limitations and risks
associated with them, such as their limited lifespan and the potential need for re-surgery [5-8].

Mechanic Valve

Mechanical valves are devices used in heart valve substitution and are made of synthetic
materials such as metal or plastic. They are designed to be durable and durable over time,
providing an alternative to heart bioprosthetics [9-13].

The main characteristics of mechanical valves are durability, strength, the need for long-
term anticoagulation, and longer service life [9-11].

Due to the synthetic materials used in manufacturing, mechanical valves are known for
their durability and resistance to wear over time [9-11].

One of the main limitations of mechanical valves is that they pose an increased risk of
blood clots forming on their surface. To prevent this, patients receiving mechanical valves must
take long-term anticoagulants to thin the blood and prevent clots, thereby reducing the risk of
strokes or other complications [10-13].

Compared to heart bioprosthetics, mechanical valves can have a longer lifespan, making
them an appealing option for younger patients or those who want a long-term solution for heart
valve replacement [10-13].
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However, there are also certain negative aspects associated with mechanical valves, such
as complications related to anticoagulants, and the need for additional monitoring and
interventions [11-13].

Taking long-term anticoagulants may be associated with risks and complications, such as
excessive bleeding or clot formation in other parts of the body [11-13].

Patients receiving mechanical valves should undergo regular monitoring and may require
additional interventions to adjust doses of anticoagulants or to treat other complications
associated with the use of these devices [12-14].

Mechanical valves are an important option in heart valve replacement surgery, providing
durability and resistance over time. However, it is important to consider the risks and
complications associated with the need for long-term anticoagulation and the need for
additional monitoring and interventions. The choice between mechanical valves and heart
bioprostheses should be made taking into account the individual needs and preferences of each
patient [10-13].

Hybrid material

Hybrid materials are an innovation in the field of heart valve replacement surgery, being
developed in an attempt to combine the advantages of bioprosthetics and mechanical valves.
These materials are designed to provide durable functionality, eliminate the need for long-term
anticoagulation, and improve compatibility with the human body [15-18].

The use of biological and synthetic components, durable functionality, and improved
compatibility with the human body are the main characteristics of hybrid materials [15-18].

Hybrid materials are created by combining biological components, such as bovine or
porcine pericardial tissues, with synthetic materials, such as metal or plastic. This combination
allows us to obtain a structure that benefits from both types of materials [18-20].

By integrating biological and synthetic components, hybrid materials can provide
durable functionality, similar to that of mechanical valves, but without the need for long-term
anticoagulation. This can reduce the risk of complications associated with taking anticoagulants
and improve patients' quality of life [16-18].

Hybrid materials are designed to be compatible with the human body and minimize
immune and inflammatory reactions. They can reduce the risk of rejection and other
complications associated with the use of foreign materials in heart surgery [16-18].

Although hybrid materials are a promising innovation in heart valve substitution, they
can also present certain challenges and limitations, such as the manufacturing process and
associated costs, which may be higher than with other types of heart valves. However,
continued research and development in this area could lead to significant improvements and
wider adoption of hybrid materials in clinical practice [17-19].

Hybrid materials are a promising alternative to heart valve substitution, offering
advantages such as durable functionality and improved compatibility with the human body.
However, further research is needed to fully evaluate the efficacy and safety of these materials
in clinical practice [17-19].
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Bioprosthetic valves

There are three main types of bioprosthetic valve replacements, each with specific
characteristics and indications: stented bioprosthetic valves, stentless bioprosthetic valves, and
percutaneous bioprosthetic valves [20-24]

Sttented bioprosthetic valves are bioprosthetic valves that are supported by a metal
skeleton called a stent. The stent provides structural support and stabilizes the valves in the
correct position inside the heart.

Stetented bioprosthetic valves are often used in open surgery to replace heart valves [20-
22].

The advantages of these valves include stability and precise positioning but may be
associated with a higher risk of thrombosis compared to bioprosthetic valves without a stent
[20-22].

Stentless bioprosthetic valves are bioprosthetic valves that do not have a metal stent and
are only made of biological material, such as bovine or porcine pericardial tissue. They can be
surgically implanted into the heart and are fixed in place with the help of sutures [21-24].

Stent-free bioprosthetic valves may offer advantages such as a reduction in the risk of
thrombosis and improved compatibility with heart structures but may be more difficult to
position and stabilize compared to stented valves [21-24].

Percutaneous bioprosthetic valves are implanted into the heart through a percutaneous
process, that is, without the need for open surgery, they are inserted into the body through a
catheter that is guided to the heart, usually through a peripheral artery, such as the femoral
artery [20-23].

This type of valve may be an option for patients who are not candidates for open surgery
or who are at high risk associated with major surgery [20-23].

Although the percutaneous procedure may be less invasive than open surgery,
percutaneous bioprosthetic valves may be associated with specific risks, such as valve
dislocation or perforation during implantation [22-24].
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Fig. 3. Three main types of bioprosthetic valve replacements: stented bioprosthetic valves, stentless bioprosthetic valves,
and percutaneous bioprosthetic valves [22].
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Conclusion

Heart valve replacement is an essential procedure in the treatment of heart disease, and
choosing the right biomaterial can have a significant impact on patients' outcomes and quality
of life. Bioprosthetics, mechanical valves, and hybrid materials are all important options in
heart valve replacement surgery, each with distinct advantages and limitations.

Heart dentures offer the absence of the need for long-term anticoagulants and a
biomechanical functionality similar to natural valves, making them an attractive option for
patients who want to avoid the risk of complications related to anticoagulants. However, they
may have a limited lifespan and may require pre-surgery due to the degeneration of biological
materials.

Mechanical valves offer a longer lifespan and resistance over time but require long-term
anticoagulants to prevent blood clots. They may be an appropriate option for younger patients
or those who require a long-term solution for heart valve replacement but have risks and
complications associated with anticoagulation.

Hybrid materials are a promising innovation, combining the advantages of dentures and
mechanical valves to provide durable functionality and improved compatibility with the human
body. However, further research is needed to fully evaluate the efficacy and safety of these
materials in clinical practice.

In choosing between these options, it is essential to consider factors such as the patient's
age, their preferences, and the risks and benefits associated with each type of biomaterial. By
carefully evaluating these factors, the most appropriate decision can be made for each patient,
thus ensuring the best results and improving their quality of life.
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