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Abstract 
Loss of cardiac function is caused by the physical damage that a cardiovascular disease inflicts on the heart. While medications 

can help reduce symptoms, treating the underlying cause of an injury by repairing damaged tissues will benefit patients more 

in the long run. Cardiovascular surgeons use various techniques, in addition to heart transplants, to repair damaged heart tissue, 

including the ventricular septal wall and valves. Damaged cardiac tissues are replaced and repaired using a wide range of 

biomaterials. The two primary types of biomaterials are natural and synthetic. Metals and polymers are among other examples 

of synthetic materials used in cardiovascular applications. Natural materials come from biological sources, including tissues 

taken from animals or donated by humans. To maximize the prospects and reduce the negative aspects of both synthetic and 

natural materials, a new class of composite materials has emerged. These materials give a variety of new and better options for 

a permanent or a more persistent cure of cardiac diseases. The present and future uses of biomaterials in cardiovascular therapy 

are reviewed in this article. This study is done to further elaborate and highlight the uses of different materials in regenerative 

therapy. Its main objective is to focus on commonly used biomaterials and to compare them in different parameters. 

Regenerative therapy is the future of modern medicine and many new methods are being studied on daily for advancement in 

regenerative therapy. This study focuses on different cardiac diseases and how different materials as a medium of regenerative 

therapy improve these conditions. 
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1. Introduction  

In the current world, various forms of 

cardiovascular diseases such as hypertension, 

stroke, heart failure, and arrhythmias— along 

with other diseases —critically impact a person’s 

life and overall well-being. It is becoming a global 

challenge to overcome these diseases (Li 2023). In 

2021 the approximate number of patients suffering 

from cardiovascular diseases globally was 20.5 

million and the predicted cardiovascular death 

rate of any given year over the ensuing hundred 

years in any country was estimated to be about 

1.05% (Oleg Gaidai 2023b). Symptoms of 

cardiovascular diseases vary from patient to 

patient (Corrine Y. Jurgens 2022) and can be 

caused by various factors such as smoking, diet, 

unhealthy lifestyle, obesity, and diabetes. (Dahlöf 

2010, R. Nangia 2016). Coronary artery disease 

most commonly arises as a result of cholesterol 

buildup in the coronary artery or due to damage 

of the arterial lining causing a decrease in blood 

supply to the heart (Peter Libby 2005, Valentin 

Fuster 1992). Hypertension is persistently 

alleviated blood pressure often caused by the  
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Figure 1. Biomaterials used for the treatment of cardiovascular diseases. 

 

narrowing of blood vessels or due to any defect in 

the blood pressure regulation mechanism (Jan A. 

Staessen 2003, Franz H. Messerli 2007). Stroke is 

commonly caused by blood-circulation blockage 

due to a blood clot (Feske 2021) or rupture of a 

blood vessel (Arturo Montaño 2021, Eric E. Smith 

2005); furthermore, they are among major reasons 

for incapacity and demise (Mendis 2013, Charles 

Ellis 2010). A number of cardiovascular conditions 

can result in heart failure, which further 

exacerbates cardiovascular disease burdens. 

Besides peripheral artery disease, arrhythmias, 

and other cardiovascular diseases contribute to 

this global health problem. Not only do 

cardiovascular diseases manifest in various forms, 

but they are also difficult to treat due to their 

sudden onset and chronic nature. In order to cure 

and cope with the difficulties of cardiovascular 

diseases engineers have innovated many 

biomaterials that are used as regenerative 

therapy(Yunbing Wang 2022). Hence an elaborate 

study is done in this review article that gives 

information and detail about the use of different 

biomaterials in cardiovascular disorders. For heart 

valves and stents, biomaterials based on metals, 

including alloys based on titanium and cobalt-

chromium, provide mechanical support and 

resistance from corrosion (K. Sangeetha 2018, 

Muhammad Asad 2023). Benefits of biomaterials 

made up of polymers include enhanced 

biocompatibility (Adrian JT. Teo 2016, Daniel 

Salthouse 2023), regeneration of tissue (B.L. Seal 

2001), and replication of the cardiovascular 

system's extracellular matrix (ECM) (Joseph M. 

Aamodt 2016). Bioprosthetic valves and allografts 

are biocompatible natural materials(Christine E. 

Schmidt 2000, Diana Elena Ciolacu 2022a), 

whereas biomimetic and physical surface 

modifications increase performance and 

biocompatibility, decreasing thrombosis, 

inflammation, and improving endothelialization 

(Megan Douglass 2022, Amisha S. Raikar 2023). In 

terms of biomedical devices, new developments 

such as biodegradable stents provide short-term 

support for weakened or constricted blood 

vessels, hence lowering the risks of serious 

cardiovascular events (Tingzhang Hu 2018). 

Additionally, metal stents—like those made of 
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zinc (Yi Qian 2020)—can replenish necessary 

metal elements in a patient while offering (David 

Hernández-Escobar 2019). A review of 

advancements in biomaterials recently is given in 

Figure 1. 

 

2. Different Biomaterials Used as Therapy 

in Cardiovascular Diseases 

Different types of materials are used along with 

different mechanisms in order to regenerate cells 

of the heart or to improve the current state of any 

cardiac disease. These biomaterials are usually 

mixed with the stem cells grown outside the body 

and then injected into the heart with other 

biomaterials as shown in Figure 2. 

 

3. Natural Biomaterials Used for 

Cardiovascular Diseases 

In the area of cardiovascular tissue regeneration 

and repair, natural biomaterials have shown great 

promise (Andrea S. Theus 2019). Natural 

biomaterials have intrinsic biocompatibility and 

functional characteristics, similar to those of the 

native ECM of the heart, and vascular tissues. 

They are derived from biological sources as 

opposed to synthetic ones (Qasim A. Majid 2020). 

Biological materials can be designed to have 

specific functionality (Xu Xue 2021b). To maintain 

the matrix and limit its breakdown, penta-galloyl 

glucose is applied, after porcine-derived ECM is 

used to create tissue-engineered mitral valve 

scaffolds (Tahera Ansari 2020). These scaffolds 

appear to be a viable alternative for mitral valve 

replacement due to their enhanced mechanical 

qualities and longevity. Some natural materials 

are written below. 

3.1. Bioprosthetic Valves 

The critically damaged heart valves must be 

replaced. Metal mechanical valves or 

bioprosthetic valves derived from animal or 

human donors are typically utilized. Blood clots 

can occur from blood's propensity to stick to the 

metal in mechanical valves. As a result, those who 

have mechanical valves will always need to take 

anticoagulant drugs (Eikelboom JW 2012). One 

benefit of natural tissue valves over mechanical 

valves is that they rule out anticoagulants. Tissues 

from cows or pigs are commonly used as sources 

for biological valves (McGregor CG 2011). Porcine 

valves normally survive 8–15 years, while bovine 

valves typically last 15–20 years. The primary 

cause of variations in commercial valves is the 

variance in the standards provided by 

manufacturers, which encompass several aspects 

like hemodynamics, implantation technique, and 

saturability. Patients who have mechanical valves 

implanted must continuously take an 

anticoagulant medicine (e.g., Coumadin®; Bristol-

Myers Squibb), even though mechanical valves 

composed of titanium or carbon are stronger and 

survive longer than biological valves (usually up 

to 25 years). The lifespan of a replacement valve is 

significantly influenced by age. Due to their 

increased activity and metabolism, children and 

younger patients use up replacement valves more 

quickly than older patient (Weber A 2012). 

Patients who are older than 65 or 70 usually have 

bioprosthetic valves, whereas younger patients 

usually get mechanical valves. Patients in their 

middle years may choose any kind of valve, but 

research suggests that bioprosthetic valves are a 

better option for them, since they are more likely 

to endure the rest of their lives without the need 

for anticoagulant drugs (Chikwe J 2010). 

3.2. Pericardium 

The fibroserous sac that envelops the mammalian 

heart is called the pericardium. It has been utilized 

for a very long time in cardiac repair for 

pericardial closure, valve repair, and 

reconstruction  (Inoue H 2009). The most prevalent 

sources of xenogeneic pericardium are pigs, cows, 

and less frequently, horses. Large patches of tissue 

from various sources are available for specific 

configurations with numerous cardiovascular 

applications. Its elastic qualities enable it to adapt 

to intricate anatomy. Collagen fibers make up the 

majority of its composition. Pericardial tissue 

exhibits consistent suture retention and excellent  
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Figure. 2.  Common method of using biomaterials as regenerative therapy. 

 

handling properties. Furthermore, it is naturally 

resistant to infection and non-thrombogenic (ASM 

2009). 

3.3. Vascular Tissue Engineering in situ 

Driven by Biomaterials 

Recent years have seen tremendous progress in 

the field of cardiovascular tissue engineering, with 

an increasing emphasis on in situ regenerative 

techniques. In vitro culture and conditioning 

phases are more laborious and tediously 

protracted in traditional tissue engineering 

procedures. In order to develop viable substitutes 

for injured or diseased cardiovascular tissues, like 

blood arteries, and heart valves robust techniques 

are needed (Chrysanthi-Maria Moysidou 2021). 

Nevertheless, a significant obstacle to accurately 

reproducing these dynamic tissues' intricate 

structure and mechanical characteristics, through 

in vitro engineering, has been their intrinsic 

complexity (Shantanu Pradhan 2020). In situ, 

tissue engineering provides a more practical and 

affordable method, which has become a pivotal 

technological advancement. This approach uses 

readily available, biodegradable, and cell-free 

scaffolds designed to promote endogenous 

regeneration within the functional zone right 

away (Xiuting Wang 2022). The fundamental idea 

of in situ tissue engineering is to make use of the 

host's innate ability to repair wounds and 

regenerate itself. This is accomplished by 

leveraging the interaction among resident tissue 

cells, stem/progenitor cells, and immune cells 

within the environment created by the implanted 

scaffold (Rebecca D. Bierman-Duquette 2022, 

Liangbin Zhou 2023). 

3.4. Biomaterials in Restoring Cardiac 

Tissues 

Autologous grafts, which are biomaterials derived 

from the tissues of the patient, have also been 

investigated for cardiovascular uses (Tristan Mes 

2022). Among these is the application of patient-

derived pericardial tissue (Mingze Sun 2022) that 

is utilized to fabricate heart valve replacements on 

demand or patch up congenital cardiac 

abnormalities (Carmen Kiper 2020). Bioprosthetic 

valves are frequently utilized in cardiovascular 
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applications; these valves are typically obtained 

from pig or cow sources (Diana Elena Ciolacu 

2022b). These valves are superior to mechanical 

heart valves because of their biocompatibility and 

durability (Williams et al. 2021). Glutaraldehyde 

cross-linking is one chemical process that can be 

utilized to increase the bioprosthetic valve 

stability and robustness (Tao Yu 2021). The 

possible use of decellularized porcine small 

intestine submucosa (DPSIS), as a scaffold for 

cardiac repair, is another example. Small intestinal 

submucosa (SIS) is gathered from the submucosa 

layer of the pig small intestine, which is rich in 

collagen, elastin, glycosaminoglycans, growth 

factors, and numerous other vital ECM 

components (Huimin Xiao 2023). The natural ECM 

structure is preserved, whereas cellular 

components are eliminated through the 

decellularization process (Xuewei Zhang 2022). 

This SIS-ECM scaffold was proven to have strong 

hemostatic properties, resistance to calcification, 

and the ability to promote tissue remodeling and 

revascularization following implantation 

(Frederick J. Schoen 2020). In animal trials, SIS 

emulsion injection into the heart resulted in an 

increase in angiogenesis and an improvement in 

cardiac function, suggesting potential benefits for 

SIS-based treatments of myocardial infarction. 

Furthermore, in chronic ischemia conditions, SIS 

scaffolds implanted with mesenchymal stem cells 

derived from bone marrow have shown 

encouraging outcomes in rebuilding heart tissue 

and function (Yun Jiang 2023). After being 

implanted, the DPSIS demonstrates tissue 

regeneration potential by promoting the 

formation of new tissue composed of 

myofibroblasts and small blood vessels (Pawan Kc 

2019, Simranjit S. Pattar 2019). Compared to 

mechanical valve replacements, bioprosthetic 

valves offer better hemodynamic performance 

and biocompatibility. Bioprosthetic valves are a 

favored option for many patients, particularly 

those who are elderly, as they do not require 

lifetime anticoagulation medication like 

mechanical valves do (Evangelia Sigala 2023). 

Nevertheless, there are still issues with 

bioprosthetic valve endurance, such as the 

possibility of structural degradation over time. 

The pericardium is another well-known natural 

biomaterial utilized in cardiovascular therapy (Ali 

Fatehi Hassanabad 2023). The xenogeneic 

pericardium has been widely used for a variety of 

cardiac repair and reconstruction treatments. It is 

primarily obtained from bovine, porcine, and 

horse sources (Ekaterina A. Grebenik 2020). The 

natural collagen structure and elastic qualities of 

the pericardial tissue are preserved, while cellular 

components are removed and mechanical 

characteristics are improved by cross-linking, and 

decellularizing the tissue. Heart tissue healing, 

valve replacement, and pericardial closure have 

all been accomplished with decellularized 

pericardial patches. When compared to synthetic 

materials, pericardial grafts have shown improved 

host tissue response, less adhesion formation, and 

increased resistance to infection (Alessandra Costa 

2019). 

For cardiovascular applications, autologous 

tissues—such as a patient's own valves or 

pericardium— are the best natural biomaterials. 

Because these tissues are autologous, they offer 

the highest degree of biocompatibility and 

functionality. However, the scarcity of autologous 

tissues and the additional surgery needed to 

harvest them may be significant drawbacks (Jamie 

L. Hernandez 2022, Xu Xue 2021a, b).  

 

4. Synthetic Biomaterials Used in 

Cardiovascular Diseases 

Synthetic biomaterials are materials created 

artificially with the goal of improving, 

substituting, or repairing biological tissues and 

organs in biomedical and pharmaceutical 

applications  (Satyavrata Samavedi 2014). These 

materials are designed with certain biological and 

physical characteristics in mind that allow them to 

be used in conjunction with the human body 

without a significantly negative impact (M. Sai 
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Bhargava Reddy 2021). Treatments for heart 

conditions employ ceramics far less frequently. 

Strength and durability are the primary 

advantages of synthetic materials, but there may 

be drawbacks due to biocompatibility problems. 

When it comes to synthetic materials, toxicity is a 

critical factor, particularly when it comes to 

biodegradable materials, which can release 

potentially hazardous breakdown products into 

the body. Chemically inert materials have 

provided a useful basis for implantable materials, 

enabling coating-based medication administration 

or stand-alone applications. The most commonly 

used synthetic biomaterials are: 

4.1. Expanded Polytetrafluoroethylene 

Because of its performance and convenience of 

use, expanded polytetrafluoroethylene (ePTFE) 

has become a standard material in cardiovascular 

applications. In the business world, this material is 

most commonly referred to as Gore-tex®. Using 

this material, Gore Medical produces 

cardiovascular products for vascular grafts, 

pediatric shunts, and general heart repair (Hamed 

Amani 2019). A fluorocarbon polymer is what 

gives ePTFE its sheets; they are created through 

extrusion. A microporous, elastic layer in the 

middle is encircled by two layers of polymer fibrils 

to form a three-layer polymer (Oleg Gaidai 2023a, 

b). The resulting structure offers resistance to 

dilatation and a high strength-to-weight ratio. 

Low thrombogenicity, decreased hemostasis, and 

restenosis rates, less calcification, and 

biochemically inert qualities are all encouraged by 

the chemical composition (Saha SP 2011). 

Furthermore, it has been demonstrated that ePTFE 

has strong resilience to inflammation and allergic 

reactions (Verbelen 2010). Because of the 

previously mentioned qualities, ePTFE has proven 

to be a great choice for shunt creation (Doble M 

2008), reconstruction (Miyazaki T 2011), valve 

repair (Ando M 2009), and even covering 

implanted devices to reduce inflammation. 

However, since ePTFE is a synthetic material, it 

may provoke immunological reactions and 

thrombosis. 

4.2. Polyethylene Terephthalate 

Maquet Cardiovascular produces Dacron®, or 

polyethylene terephthalate (PET) is a 

thermoplastic polymer whose chemical inertness 

enhances its biocompatibility. Although this 

material can be produced in various ways, it is 

usually utilized in cardiovascular applications as 

knitted or woven vascular grafts. The effectiveness 

of pre-lining PET vascular grafts with endothelial 

cells has been investigated. This strategy has 

enhanced graft performance in animals (Shayani V 

1994), but low patency rates were observed in 

human clinical trials as compared to autologous 

grafts (Jensen N 1994). PET grafts are being 

utilized more frequently than ePTFE grafts, yet 

recent data indicates that ePTFE has certain 

benefits, including reduced thrombogenicity. The 

use of either biomaterial depends on the 

specifications needed to replace or repair a 

particular cardiovascular tissue. 

4.3. Metals 

Because of their strength and biocompatibility, 

chemically nonreactive metals have been 

employed for a variety of medicinal applications 

for several decades. Biocompatible metals that are 

frequently utilized include gold, silver, stainless 

steel, and titanium. Metals are utilized in stents, 

which are devices used in the cardiovascular field, 

to open blocked arteries. Stents have traditionally 

been made of titanium and stainless steel, but 

because of their increased strength, more recent 

stents have been made of cobalt-chromium or 

platinum-chromium alloys (O’Brien BJ 2010). 

Owing to the form memory, nitinol stents 

constructed of an alloy of titanium and nickel in 

the past were renowned in the market, but their 

usage has since been discontinued because of 

nickel allergy (Rigatelli G 2007). Heart valve 

replacement is another common application for 

metals. Metals like titanium and stainless steel are 

used to make mechanical replacement heart 

valves (van Putte BP 2012). However, patients 
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with mechanical valves have an increased risk of 

blood clot development; they will need to use 

anticoagulants for the rest of their lives. 

Individuals who are unable to use anticoagulants 

are left with no other choice except to use natural 

tissue valves.  

4.4. Polyurethane 

Polyurethanes (PUs) are classified as reaction 

polymers. When an isocyanate group combines 

with a hydroxyl group, PU is produced. PU can 

also be made into a more robust thermoplastic that 

is used in medical environments. PU made of 

thermoplastic offers excellent elasticity, 

transparency, and shear strength. The exploration 

into PU, as a substrate in cardiac stem cell 

treatment, includes in vitro studies on the effects of 

patterned PU substrates on the phenotype of stem 

cell-derived cardiomyocytes (Parrag IC 2022). 

 

5. Conclusion 

To sum up, the scientific community is paying 

close attention to customizing biomaterials to 

tackle the challenges imposed by cardiac tissue 

engineering and regeneration. The management of 

cardiac injuries can be completely transformed by 

the creative combinatorial application of 

electrically conductive materials, stem and/or 

progenitor cells, bioactive chemicals, and natural 

and synthetic polymers. Adopting an 

interdisciplinary approach, a number of recently 

developed cardiac patches, hydrogels that may be 

injected, formulations based on extracellular 

vesicles, and biomaterial scaffolds have already 

shown promise in both in vitro and in vivo testing. 

To guarantee technological transfer to the clinical 

setting, further research and optimization of the 

suggested strategies are still needed. 

 

6. Future Directions 

In order to maximize the performance of 

implantable materials overall, future research 

should concentrate on optimizing composite 

materials to fully utilize the best blend of natural 

and synthetic biomaterials. The present 

conundrum of having to choose between synthetic 

or natural tissues and giving up the advantages of 

one material over the other may be resolved by 

composite biomaterials. Additionally, more 

should be done to boost stem cell survival and 

retention through the use of biomaterials. This can 

result in the routine use of tissue regeneration 

methods, which would provide the best remedy 

for the restoration of damaged cardiovascular 

tissue. Stem cells will become more prevalent in 

the field of cardiovascular therapy as it advances.  

In-depth research is being done to improve stem 

cell survivability and proliferation after 

transplantation; these solutions most likely 

involve the use of biomaterials. With the 

innumerable efforts made in this direction, 

material development could reach a breakthrough 

and result in a more specialized list of effective 

materials combined with the right stem cells. 

Although tissue replacement and repair have 

proven to be an effective therapeutic option, tissue 

regeneration is the next major goal to pursue in 

fully restoring a damaged heart's function. 

 

Conflict of Interest 

The authors declare that they have no conflicts of 

interest to disclose. 

 

Funding 

There was no specific funding available for this 

project. 

 

Study Approval 

There are no animal/human subjects involved so, 

this study requires no institutional or ethical 

review board approval. 

 

Consent Forms 

NA. 

 

Authors Contributions 

MA conceptualized the study and wrote the final 

manuscript, SGN, SS, CJ, and QA helped with the 

literature search analysis and writing the first 



 

          Pha. Com. 03 (01) 2024, 15-26 

draft, MA, EA, and MT did the literature search 

and review of the studies, and MA supervised the 

whole project and wrote the final manuscript. 

 

Acknowledgments 

The corresponding author acknowledges all the 

authors for their support, expertise, and assistance 

throughout the project. 

 

References 

Adrian JT. Teo, et al. 2016. "Polymeric biomaterials 

for medical implants and devices." ACS 

Biomater. Sci. Eng., 2 (4):454-472. 

Alessandra Costa, et al. 2019. "Biological scaffolds 

for abdominal wall repair: future in clinical 

application."  (12 (15)). doi: 

https://doi.org/10.3390/ma12152375. 

Ali Fatehi Hassanabad, Justin F. Deniset, Paul 

WM. Fedak. 2023. "Pericardial 

inflammatory mediators that can drive 

post-operative atrial fibrillation in cardiac 

surgery patients."  no. 39 (8):1090-1102. doi: 

https://doi.org/10.1016/j.cjca.2023.06.003. 

Amisha S. Raikar, et al. 2023. "Surface engineering 

of bioactive coatings for improved stent 

hemocompatibility: a comprehensive 

review." Materials, 16.21:6940. 

Ando M, Takahashi Y. 2009. " Ten-year experience 

with handmade trileaflet 

polytetrafluoroethylene valved conduit 

used for pulmonary reconstruction. ."  no. 

137 (1):124-131. doi: 

https://doi.org/10.1016/j.jtcvs.2008.08.060. 

Andrea S. Theus, et al. 2019. "Biomaterial 

approaches for cardiovascular tissue 

engineering." Emergent Materials, 2:193-

207. 

Arturo Montaño, Daniel F. Hanley, J. Claude 

Hemphill III. 2021. "Hemorrhagic stroke." 

Handb. Clin. Neurol., 176:229-248. 

ASM. 2009. "ASM International. Materials and 

Coatings for Medical Devices: 

Cardiovascular.". 

B.L. Seal, T.C. Otero, A.J.M.S. Panitch. 2001. 

"Polymeric biomaterials for tissue and 

organ regeneration." Mater. Sci. Eng. R Rep., 

34 (4–5):147-230. 

Carmen Kiper, et al. 2020. "Mitral valve 

replacement in pediatrics using an 

extracellular matrix cylinder valve: a case 

series."  no. 41:1458–1465 (2020). 

Charles Ellis, Yumin Zhao, Leonard E. Egede. 

2010. "Depression and increased risk of 

death in adults with stroke." J. Psychosom. 

Res., 68 (6):545-551. 

Chikwe J, Filsoufi F, Carpentier AF. 2010. 

"Prosthetic valve selection for middle-aged 

patients with aortic stenosis." Nat Rev 

Cardiol. 7(12): :711–719. 

Christine E. Schmidt, M. Baier Jennie. 2000. 

"Acellular vascular tissues: natural 

biomaterials for tissue repair and tissue 

engineering." Biomaterials, 21 (22) 2215-

2231. 

Chrysanthi-Maria Moysidou, Chiara Barberio, 

Róisín Meabh Owens. 2021. "Advances in 

engineering human tissue models." Front. 

Bioeng. Biotechnol., 8 no. 8. doi: 

https://doi.org/10.3389/fbioe.2020.620962. 

Corrine Y. Jurgens, et al. 2022. "State of the science: 

the relevance of symptoms in 

cardiovascular disease and research: a 

scientific statement from the American 

Heart Association." Circulation, 146 

(12):e173-e184. 

Dahlöf, Björn. 2010. "Cardiovascular disease risk 

factors: epidemiology and risk 

assessment." Am. J. Cardiol., 105 (1) no. 105 

(1):3A-9A. 

Daniel Salthouse, et al. 2023. "Interplay between 

biomaterials and the immune system: 

challenges and opportunities in 

regenerative medicine." Acta Biomater., 

155:1-18. 

David Hernández-Escobar, et al. 2019. "Current 

status and perspectives of zinc-based 



 

          Pha. Com. 03 (01) 2024, 15-26 

absorbable alloys for biomedical 

applications." Acta Biomater., 97:1-22. 

Diana Elena Ciolacu, Raluca Nicu, Florin Ciolacu. 

2022a. "Natural polymers in heart valve 

tissue engineering: strategies, advances 

and challenges." Biomedicines, 10 (5):1095. 

Diana Elena Ciolacu, Raluca Nicu, Florin Ciolacu. 

2022b. "Natural polymers in heart valve 

tissue engineering: strategies, advances 

and challenges." 

Doble M, Makadia N, Pavithran S, Kumar RS. 

2008. " Analysis of explanted ePTFE 

cardiovascular grafts (modified BT 

shunt)."  no. 3 (3). doi: DOI 10.1088/1748-

6041/3/3/034118. 

Eikelboom JW, Hart RG. 2012. " Antithrombotic 

therapy for stroke prevention in atrial 

fibrillation and mechanical heart valves."  

no. 87 (s1):S100-S107. doi: 

https://doi.org/10.1002/ajh.23136. 

Ekaterina A. Grebenik, et al. 2020. "Mammalian 

pericardium-based bioprosthetic materials 

in xenotransplantation and tissue 

engineeringMammalian pericardium-

based bioprosthetic materials in 

xenotransplantation and tissue 

engineering."  no. 15 (8). doi: 

https://doi.org/10.1002/biot.201900334. 

Eric E. Smith, Jonathan Rosand, Steven M. 

Greenberg. 2005. "Hemorrhagic stroke." 

Neuroimaging Clinics, 15 (2):259-272. 

Evangelia Sigala, et al. 2023. "Surgical aortic valve 

replacement in patients aged 50 to 70 years: 

mechanical or bioprosthetic valve? A 

systematic review."  no. 135 (4): 878-884. 

doi: 

https://doi.org/10.1016/j.jtcvs.2007.10.065. 

Feske, Steven K. 2021. "Ischemic stroke." Am. J. 

Med., 134 (12):1457-1464. 

Franz H. Messerli, Williams Bryan, Ritz Eberhard. 

2007. "Essential hypertension." Lancet, 370 

(9587):591-603. 

Frederick J. Schoen, et al. 2020. "Vascular tissue 

engineering: pathological considerations, 

mechanisms, and translational 

implications."95–134. doi: 

https://doi.org/10.1007/978-3-030-05336-

9_24. 

Hamed Amani, et al. 2019. "Controlling cell 

behavior through the design of biomaterial 

surfaces: a focus on surface modification 

techniques."  no. 6 (13). doi: 

https://doi.org/10.1002/admi.201900572. 

Huimin Xiao, et al. 2023. "Recent advances in 

decellularized biomaterials for wound 

healing."  no. 19. doi: 

https://doi.org/10.1016/j.mtbio.2023.10058

9. 

Inoue H, Iguro Y, Matsumoto H, Ueno M, Higashi 

A, Sakata R. 2009. " Right hemi-

reconstruction of the left atrium using two 

equine pericardial patches for recurrent 

malignant fibrous histiocytoma: report of a 

case."  no. 39 (August 2009):710–712. doi: 

https://doi.org/10.1007/s00595-008-3920-6. 

Jamie L. Hernandez, A. Woodrow Kim. 2022. 

"Medical applications of porous 

biomaterials: features of porosity and 

tissue-specific implications for 

biocompatibility."  no. 11 (9). doi: 

https://doi.org/10.1002/adhm.202102087. 

Jan A. Staessen, et al. 2003. "Essential 

hypertension." Lancet, 361 (9369):1629-

1641. 

Jensen N, Lindblad B, Bergqvist D. 1994. " 

Endothelial cell seeded dacron 

aortobifurcated grafts: platelet deposition 

and long-term follow-up."  no. 35 (5):425-

429. 

Joseph M. Aamodt, David W. Grainger. 2016. 

"ECM-based biomaterial scaffolds and the 

host response." Biomaterials, 86:68-82. 

K. Sangeetha, et al. 2018. "Degradable metallic 

biomaterials for cardiovascular 

applications." Fundamental Biomaterials: 

Metals, Woodhead Publishing:285-298. 

Li, Yan, et al. 2023. "Global trends and regional 

differences in incidence and mortality of 



 

          Pha. Com. 03 (01) 2024, 15-26 

cardiovascular disease, 1990− 2019: 

findings from 2019 global burden of 

disease study." European journal of 

preventive cardiology, 30(3): 276-286. 

Liangbin Zhou, et al. 2023. "Engineered 

biochemical cues of regenerative 

biomaterials to enhance endogenous 

stem/progenitor cells (ESPCs)-mediated 

articular cartilage repair."  no. 26:490-512. 

doi: 

https://doi.org/10.1016/j.bioactmat.2023.03

.008. 

M. Sai Bhargava Reddy, et al. 2021. "A 

comparative review of natural and 

synthetic biopolymer composite scaffolds."  

no. 13 (7). doi: 

https://doi.org/10.3390/polym13071105. 

McGregor CG, Carpentier A, Lila N, Logan JS, 

Byrne GW. 2011. " Cardiac 

xenotransplantation technology provides 

materials for improved bioprosthetic heart 

valves."  no. 141 (1): 269-275. doi: 

https://doi.org/10.1016/j.jtcvs.2010.08.064. 

Megan Douglass, et al. 2022. "Bio-inspired 

hemocompatible surface modifications for 

biomedical applications." Prog. Mater. Sci., 

130 no. 130. doi: 

https://doi.org/10.1016/j.pmatsci.2022.1009

97. 

Mendis, Shanthi. 2013. "Stroke disability and 

rehabilitation of stroke: world Health 

Organization perspective." Int. J. Stroke, 8 

(1):3-4. 

Mingze Sun, et al. 2022. "A biomimetic 

multilayered polymeric material designed 

for heart valve repair and replacement."  

no. 288. doi: 

https://doi.org/10.1016/j.biomaterials.2022.

121756. 

Miyazaki T, Yamagishi M, Maeda Y, et al. 2011. " 

Expanded polytetrafluoroethylene 

conduits and patches with bulging sinuses 

and fan-shaped valves in right ventricular 

outflow tract reconstruction: multicenter 

study in Japan."  no. 142 (5):1122-1129. doi: 

https://doi.org/10.1016/j.jtcvs.2011.08.018. 

Muhammad Asad, Muhammad Sana. 2023. 

"Potential of titanium based alloys in the 

biomedical sector and their surface 

modification techniques: a review." Proc. 

IME C J. Mech. Eng. Sci., 237 (23):5503-5532. 

O’Brien BJ, Stinson JS, Larsen SR, Eppihimer MJ, 

Carroll WM. 2010. " A platinum–

chromium steel for cardiovascular stents."  

no. 31 (14):3755-3761. doi: 

https://doi.org/10.1016/j.biomaterials.2010.

01.146. 

Oleg Gaidai, Yu Cao, Stas Loginov. 2023a. "Global 

cardiovascular diseases death rate 

prediction." 

Oleg Gaidai, Yu Cao, Stas Loginov. 2023b. "Global 

cardiovascular diseases death rate 

prediction." Curr. Probl. Cardiol., 48 (5) no. 

48 (5). doi: 

https://doi.org/10.1016/j.cpcardiol.2023.10

1622. 

Parrag IC, Zandstra PW, Woodhouse KA. 2022. " 

Fiber alignment and coculture with 

fibroblasts improves the differentiated 

phenotype of murine embryonic stem cell-

derived cardiomyocytes for cardiac tissue 

engineering."  no. 109 (3):813-822. doi: 

https://doi.org/10.1002/bit.23353. 

Pawan Kc, Yi Hong, Ge Zhang. 2019. "Cardiac 

tissue-derived extracellular matrix 

scaffolds for myocardial repair: 

advantages and challenges."  no. 6 (4):185–

199. doi: https://doi.org/10.1093/rb/rbz017. 

Peter Libby, Pierre Theroux. 2005. 

"Pathophysiology of coronary artery 

disease." Circulation, 111 (25):3481-3488. 

Qasim A. Majid, et al. 2020. "Natural biomaterials 

for cardiac tissue engineering: a highly 

biocompatible solution." Frontiers in 

cardiovascular medicine, 7 no. 7 (issue 2020). 

doi: 

https://doi.org/10.3389/fcvm.2020.554597. 



 

          Pha. Com. 03 (01) 2024, 15-26 

R. Nangia, Harpreet Singh, Kanwaljit Kaur. 2016. 

"Prevalence of cardiovascular disease 

(CVD) risk factors." Med. J. Armed Forces 

India, 72 (4):315-319. 

Rebecca D. Bierman-Duquette, et al. 2022. 

"Engineering tissues of the central nervous 

system: interfacing conductive 

biomaterials with neural stem/progenitor 

cells."  no. 11 (7). doi: 

https://doi.org/10.1002/adhm.202101577. 

Rigatelli G, Cardaioli P, Giordan M, et al. 2007. " 

Nickel allergy in interatrial shunt device-

based closure patients."  no. 2 (6):416-420. 

doi: https://doi.org/10.1111/j.1747-

0803.2007.00134.x. 

Saha SP, Muluk S, Schenk W, 3rd, et al. 2011. " Use 

of fibrin sealant as a hemostatic agent in 

expanded polytetrafluoroethylene graft 

placement surgery."  no. 25 (6):813-822. 

Satyavrata Samavedi, et al. 2014. "Artificially 

made materials called synthetic 

biomaterials are intended for use in 

biomedical and medicinal applications to 

improve, replace, or mend biological 

tissues and organs [29]. These materials are 

designed with certain biological and 

physical char."81-99. doi: 

https://doi.org/10.1016/B978-0-12-398523-

1.00007-0. 

Shantanu Pradhan, et al. 2020. "Biofabrication 

strategies and engineered in vitro systems 

for vascular mechanobiology."  no. 9 (8). 

doi: 

https://doi.org/10.1002/adhm.201901255. 

Shayani V, Newman KD, Dichek DA. 1994. " 

Optimization of recombinant t-PA 

secretion from seeded vascular grafts."  no. 

57 (4):495-504. doi: 

https://doi.org/10.1006/jsre.1994.1175. 

Simranjit S. Pattar, Fatehi Hassanabad Ali, WM 

Fedak Paul. 2019. "Acellular extracellular 

matrix bioscaffolds for cardiac repair and 

regeneration."  no. 7 (issue 2019). doi: 

https://doi.org/10.3389/fcell.2019.00063. 

Tahera Ansari, et al. 2020. "Development and 

characterization of a porcine liver 

scaffold." Stem Cell. Dev., 29 (5): 314-326. 

Tao Yu, et al. 2021. "A bioprosthetic heart valve 

cross-linked by a non-glutaraldehyde 

reagent with improved biocompatibility, 

endothelialization, anti-coagulation and 

anti-calcification properties."  no. 9 

(19):4031-4038. doi: 

https://doi.org/10.1039/D1TB00409C. 

Tingzhang Hu, et al. 2018. "Biodegradable stents 

for coronary artery disease treatment: 

recent advances and future perspectives." 

Mater. Sci. Eng. C, 91:163-178. 

Tristan Mes, et al. 2022. "Supramolecular polymer 

materials bring restorative heart valve 

therapy to patients."  no. 52: 175-187. doi: 

https://doi.org/10.1016/j.mattod.2021.12.00

3. 

Valentin Fuster, et al. 1992. "The pathogenesis of 

coronary artery disease and the acute 

coronary syndromes." N. Engl. J. Med., 326 

(4):242-250. 

van Putte BP, Ozturk S, Siddiqi S, Schepens MA, 

Heijmen RH, Morshuis WJ. 2012. " Early 

and late outcome after aortic root 

replacement with a mechanical valve 

prosthesis in a series of 528 patients. ."  no. 

93 (2):503-509. doi: 

https://doi.org/10.1016/j.athoracsur.2011.0

7.089. 

Verbelen, Famaey N, Gewillig M, Rega FR, Meyns 

B. 2010. "Off-label use of stretchable 

polytetrafluoroethylene: overexpansion of 

synthetic shunts."  no. 33 (5). doi: 

https://doi.org/10.1177/03913988100330050

1. 

Weber A, Noureddine H, Englberger L, et al. 2012. 

"Ten-year comparison of pericardial tissue 

valves versus mechanical prostheses for 

aortic valve replacement in patients 

younger than 60 years of age." J Thorac 

Cardiovasc Surg. no. 144 (5):1075-1083. doi: 

https://doi.org/10.1016/j.jtcvs.2012.01.024. 



 

          Pha. Com. 03 (01) 2024, 15-26 

Williams, David F., Deon Bezuidenhout, Jandre de 

Villiers, Paul Human, and Peter Zilla. 2021. 

"Long-Term Stability and Biocompatibility 

of Pericardial Bioprosthetic Heart Valves." 

Frontiers in Cardiovascular Medicine no. 8. 

doi: 10.3389/fcvm.2021.728577. 

Xiuting Wang, Jinlong Chen, Weidong Tian. 2022. 

"Strategies of cell and cell-free therapies for 

periodontal regeneration: the state of the 

art."  no. 13 (1):536. doi: 

https://doi.org/10.1186/s13287-022-03225-

z. 

Xu Xue, et al. 2021a. "Recent advances in design of 

functional biocompatible hydrogels for 

bone tissue engineering." 

Xu Xue, et al. 2021b. "Recent advances in design of 

functional biocompatible hydrogels for 

bone tissue engineering." Adv. Funct. 

Mater., 31 (19) no. 31 (19). doi: 

https://doi.org/10.1002/adfm.202009432. 

Xuewei Zhang, et al. 2022. "Decellularized 

extracellular matrix scaffolds: recent 

trends and emerging strategies in tissue 

engineering."  no. 10:15-31. doi: 

https://doi.org/10.1016/j.bioactmat.2021.09

.014. 

Yi Qian, Guangyin Yuan. 2020. "Research status, 

challenges, and countermeasures of 

biodegradable zinc-based vascular stents." 

Acta Metall. Sin., 57 (3) 272-282. 

Yun Jiang, et al. 2023. "Dual human iPSC-derived 

cardiac lineage cell-seeding extracellular 

matrix patches promote regeneration and 

long-term repair of infarcted hearts."  no. 

28:206-226. doi: 

https://doi.org/10.1016/j.bioactmat.2023.05

.015. 

Yunbing Wang, et al. 2022. "Development of 

innovative biomaterials and devices for the 

treatment of cardiovascular diseases." Adv. 

Mater., 34 (46) no. 34 (46). doi: 

https://doi.org/10.1038/s41467-024-44902-

2. 
 

 

 


	Abstract
	References

