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Abstract— Over a decade, cardiac defect plays a vital role in 

young adults on frequent basis. The major cause is due to 

thrombosis, calcification, stress induced and deposition of 

fats on the aortic valves. The occurrence of defect is mainly 

on aortic and bicuspid valves as it blocks the blood flow 

from heart to other parts of the body. To remove the blocks 

arising from these valves, prosthetic valve replacement had 

born to become a saviour. At first, the prosthetic valves 

were designed mechanically or biologically to overcome this 

defects. However, such valves lead to patient risks, 

including thrombosis, coagulation, reduced flexibility due to 

hydrolysis reaction and limited valve durability. To resolve 

that polymeric heart valves are stepped in to healthcare with 

a better resolution. These polymeric heart valves are 

designed with simple technique on having di-isocyanate and 

diol as a major product with additives that runs as a catalyst. 

In our project, Polyurethane based material is preferred to 

design a polymeric heart valves. These polyurethane based 

polymeric heart valves have good hemodynamic 

performance, improved biocompatibility and biostability 

good durability with fatigue stress resistance and cost 

effective. 
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I. INTRODUCTION 

Cardio-Vascular disease had been rapidly increasing for the 

past three decades. The major cause is due to obese, lipid 

secretion, thromboembolism, highly stressed, arrhythmias, 

physical inactivity and so on. This defects can be treatable 

through various techniques. The treatment is liabled to the 

patient depend on the state of defects. One of the cardiac 

disorder which is highly curable was Angina Pectoris. The 

term indicates that "Narrowing of Blood Vessels" leads to 

poor blood circulation process. 

These can be retrieved back to normal stage by 

Angiography, Angioplasty, Angiogram techniques. At some 

instant, the defects may prolonged and leads to severe 

damage in valves. Then the surgeons have a final word 

called "Coronary bypass surgery". Through this cardiac 

defects arising from patients can be treated. As per the 

survey taken by WHO in 1998, which says that estimated 

mortality rate in European Union due to Cardio-Vascular 

diseases is found to be 43%. 

To outrun the above dilemma, Prosthetic heart 

valves had been fabricated to safeguard the patients. Even 

these prosthetic heart valves designed as mechanically and 

biologically. Firstly, Biological heart valves are designed by 

graft rejection technique like xenograft i.e., porcine heart 

valves. These valves have higher bleeding rate, scar tissue 

ingrowth, stroke and reduced survival rate around 35 – 40%. 

Secondly, mechanical heart valves are designed by 

using highly resistive and anti-corroded materials like 

titanium. Later on usage, it had been came to know that the 

life span of these mechanical heart valves are degraded due 

to thrombotic  complications, haemorrhage, impingement 

and scar tissue growth with a better survival rate of 65-70%. 

Then the newly advanced technique called polymeric heart 

valves are designed to obtain the efficient survival rate. 

Polymeric heart valves are obtained by using di-isocyanate 

and diol as a major product. To hustle the reaction some 

amount of additives can be used. Polymeric heart valves are 

produced by having polycarbonate, polyurethane as a major 

polymer type. 

In this Project, 1,4-phenylene di-isocyanate and 

vegetable oil with a little amount of additives has been 

mixed to produce polyurethane. These polyurethane heart 

valves have good biocompatibility, highly resistive, anti-

coagulant, cost effective with extended life span around 15-

20 years. Comparing to polycarbonate these valves can be 

easily affordable and will be implanted to obtain a better 

outcome to healthcare field. 

This polyurethane heart valves has a good response 

to physio-chemical, mechanical and biological behaviour. 

Through FTIR it has been confirmed that the obtained 

product is polyurethane and from XRD it is handy to know 

the crystalline property of the material. In AFM, the 

topographical surface(3D-view)of material with its 

roughness is known to identify its porosity nature. 

From mechanical testing, it is well known that the 

material attains a good flexible property by tensile testing 

and also its extended lifespan through durability tests. On 

view of implants, biological testing is highly mandatory to 

analyse the compatible nature of the material with respect to 

human body. Biocompatability tests shows that the 

polyurethane heart valves has good compatible nature when 

it is implanted to human. Haemocompatability tests also 

have a good interaction between blood and the material 

through its haemolytic index. 

II. MATERIALS AND METHODS 

A. Materials  

The materials such as 1,4 Phenylene diisocyanate (Product 

no. 262242), Polyethylene glycol (Product no. 202398), 

Castor oil (Product no. 259853) were purchased from 

Sigma-Aldrich were of analytical grade and used as 

received. 

B. Preparation of polyurethane heart valve 

Polyurethane was synthesised using condensation method. 

1,4 Phenylene diisocyanate, castor oil and polyethylene 

glycol in the ratio 4:3:1 is mixed using magnetic stirrer 

under the temperature range around 70° to 80°C for 15 

minutes. At certain point, the solution reach semi-solid state 

which was then poured into the heart valve moulding which 

is made of aluminium. 
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C. Characterization 

The phase identification and crystalline nature were carried 

out with an X-ray diffractometer (XRD) (MiniFlex600, 

Rigaku, Japan) using Cu as radiation source (wavelength λ = 

0.15406). Using spectrometer (spectrum 100, Cary 630 

FTIR, Agilent Technologies, USA) Fourier transform 

infrared (FTIR) spectra by passing infrared radiation 

through the sample was analysed. The surface morphology, 

dispersion, domain size, internal structures were examined 

using atomic force microscopy (AFM) (Agilent 

Technologies, USA) was performed using contact mode 

AFM in air. The experiment was performed with the scan 

range of 80µm in x-y. 

1) Mechanical characterization 

The tensile strength and young’s modulus was examined 

using universal testing machine (UTM) (Inspekt 50 desk, 

Hegewald and peschke). 

D. Antimicrobial activity 

The antimicrobial activity of polyurethane heart valve 

material was obtained against the infecting organism 

Escherichia coli (ATCC 25922) which was purchased from 

microbial type culture collection and gene bank, 

Chandigarh, India. In 2ml nutrient broth the bacteria 

obtained were cultured overnight and then to 100ml nutrient 

broth it was transferred and incubated at 37°C for 3 to 4 hrs. 

In a Muller-Hinton agar plate the newly grown cell 

suspension was spreaded. For the prepared polyurethane 

heart valve material the disc diffusion method was used to 

analyse the antibacterial activity.   

E. Haemocompatibility   

Haemocompatibility of the material was evaluated by 

haemolysis tests. The test was performed on swollen 

polyurethane heart valve material in PBS. Haemolysis was 

determined using 0.25ml of blood, collected on 3.8% 

sodium citrate solution as anticoagulant in 9:1 v/v ratio 

which was incubated with 1cm2 surface area polyurethane 

heart valve material for 30 min at 37°C. By spectrometric 

method haemoglobin released from lysed erythrocytes was 

measured at λ = 545. The method was applied using PT kit 

(Biodevice, Italy) and ACL 100 coagulometer. After 1 hr 

incubation of polyurethane heart valve material in blood 

plasma prothrombin time was measured. Blood plasma was 

obtained by blood centrifugation (1000G for 10 min).   

III. RESULT AND DISCUSSION 

A. Fourier Transform Infrared Spectroscopy 

FTIR spectra of the polyurethane heart valve material is 

shown in the Fig. 2. The peak observed at 3301cm-1 indicate 

the –NH- stretching, this broadband is due to the 

intermolecular hydrogen bonding. Bending modes of –C=O- 

is confirmed by the corresponding peak at 1715cm-1. The 

characteristic peak observed at 1602cm-1 reveals the 

presence of –CH- aromatic bending. The bonding shows that 

the tearing strength is good. 

 
Fig. 1: FTIR spectra of polyurethane heart valve material 

B. X-Ray diffraction 

The crystalline nature and phase identification of the 

polyurethane heart valve material were obtained by the X-

ray diffraction analysis. Fig 1 depicts the diffraction peaks 

of the material at 2θ = 20.8° of the reflection plane with 

interchain (d) spacing of 4.254 Å, respectively, which shows 

the existence of short range regular ordered structure of both 

soft and hard domains along with the disordered structure of 

amorphous phase of the polyurethane matrix. The average 

crystalline size of material are 1.7nm. The XRD graph 

shows that the material formed is a semi crystalline material 

[16]. 

 
Fig. 2: X-ray diffraction of polyurethane heart valve 

material 

C. Atomic Force Microscopy 

The morphology of the surface of Polyurethane heart valve 

material was examined. The topographic image of the AFM 

provides the information about the roughness of the 

material. The root mean square (rms) roughness value of the 

material is 16.59. The rms roughness represents the standard 

deviation of the heights in the topographical image [17]. 
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Fig. 3: AFM view of polyurethane material 

D. Tensile Strength 

To analyze the mechanical behavior of the material tensile 

testing is being done. The change in polyol bonding, chain 

extender and its color are identified by this analysis. The 

result can be studied by using stress-strain graph and 

depends on curve the physical nature of the material such as 

brittle, hardness, ductile and softness are known. It has been 

well known that the chain extender is directly proportional 

to the tensile strength and the presence of pattern in ZIG-

ZAG mode also proves that the material has higher tensile 

strength. 

 
Fig. 4: Stress-Strain relationship curve 

E. Antimicrobial test 

The antimicrobial effects of the material against E.coli is 

evaluated. The material shows the good antimicrobial 

effects against the gram positive and gram negative bacteria. 

The formation of the clear zone around the disc indicates the 

bacterial inhibition. The material shows the increased 

antimicrobial activity against the E.coli and is suitable for 

heart valve implant application. 

F. Haemocompatibility test 

Haemocompatibility indicates the non thrombogenic 

behavior. The test was performed and the result shows that 

the polyurethane are promising material for heart valve 

implant. 

S.No Wavelength (nm) Hemolytic Index 

1. 545.0 1.393 

Table 3.1: Signal Wavelength Analysis 

IV. CONCLUSION 

The polymeric heart valve paves the perfect platform to 

avoid cardiac issues and also reduces mortality rate in 

healthcare. Though it has many advantages, it has severe 

demerit in financial site. This can be reduced by designing 

polymeric heart valves using polyurethane as a polymeric 

material. Polyurethane heart valves are easily designed 

using di-isocyanate and vegetable oil as major ingredient. 

This may create improved flexibility with low cost 

availability in healthcare. The biological test tend to prove 

that the heart valve has good biocompatible and has perfect 

anti-coagulant response to foreign materials. Through anti-

bacterial test, it is well known that the material has good 

response against microbial action. Even the mechanical 

testing also proves that the material has higher tensile rate 

which holds that the materials sustainability to the pressure 

being applied. Then the durability of the material also 

evaluates its lifespan in human. The biopolymer based 

bileaflet valve thus provides higher flexibility and stays 

stable. This biopolymer is non-biodegradable, So there is no 

chance of degradation. Life time of the valve gets increased 

by placing this biopolymer. 
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