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Abstract— Organs are the most vital source of living. And 

the need for it has increased in day to day life. Hence, the 

organs required for transplantation are in greater 

demand. But, due to the fewer preservation methodologies 

taken for the organs, the transplantation rate is less. By 

using this technique of preservation, the organs are 

maintained in a living state until it is been transplanted 

hence increasing the preservation time. The predefined 

medical parametric values of the organ make it user 

friendly and in addition to it, the real-time monitoring of 

the functionality of the organs is done, which makes it 

easier to find if any exceptional errors occur. 
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I.  INTRODUCTION 

                        Organ transplantation is one of the greatest 

medical marvels of the twentieth century, which has prolonged 
and improved the lives of hundreds of thousands of patients.[7]         

 It is the most effective therapy for patients with end-stage 
disease. A supply of high-quality donor organs is crucial to 

transplantation procedures; organ preservation has been described 

as “the supply line for organ transplantation”. [1] It allows time 
for preparation of the recipient, organization of staff and facilities, 

allocation and transportation of the organ, and laboratory 
tests.[2],[3]. 

        
           Every year 500,000 people in India, including kids, die 

waiting for an organ. This is due to the less organ preservation 
time taken by the static cold storage method (SCS).[7] This 

method of preservation and transportation system is most 
prevalent in India. And the other method called the Machine 

Perfusion method is rarely used as it is more complex and 
expensive.  

            
              This model is a perfusion system which can preserve a 

donor heart in a near-normothermic beating state from retrieval 
until it is transplanted, by maintaining the temperature, pressure, 

pH level, humidity of the organ. 

               

          In simple, the donor’s organs are maintained in a living 

and functioning state. The warm, oxygenated and nutrient-
enriched blood is used as perfusate and made to flow through the 

organ.  

               It makes the physician note the parameters instant to 
instant through the monitor and check its working condition. And 

it is fully automated in such a way that there is no requirement of 
perfect knowledge to operate it. And when it is manufactured in 

India, it becomes available to all kinds of people who require 
it.[1],[2] 

II. PRODUCT BRIEF 

                The innovative aspects are that it is the only system 
available in clinical practice that may preserve a donor heart in a 

near-normothermic and beating state from retrieval until heart 
transplantation.  

                Using this system, it allows the heart to be transported 
over a longer distance than cold storage and the real-time 

monitoring about the organ’s condition at any instant could also 
be done. Both of these factors may result in an increased number 

of hearts suitable for donation. 

III. PROPOSED DESIGN 

 

The device is a perfusion system that can preserve a donor's heart 
in a beating state from retrieval until it is transplanted. 

 

 The two main elements of the system are the console 

and the heart perfusion set, and each has several sub-

units.  

 The console is an electromechanical, portable console 

with a wireless monitor. It contains an infusion pump 

and circulatory pump, batteries, display, keypad, gas 

delivery subsystem, and probes.  

 The heart is continuously monitored concerning its 
physiological parameters such as coronary flow, 

aortic flow, mixed venous hemoglobin saturation 

percentage, blood temperature, pH level, humidity 

content of the blood and pulmonary artery pressure.  

 These are measured with the help of respective 

sensors. The analog value obtained as output from the 
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various sensors is converted to a digital value by 

ADC.  

 The blood pressure value obtained is sent to the signal 
conditioning unit to be made readable by the controller.  

 The console also provides a docking station for the 

display screen and storage for maintenance solutions.  

 The outer box provided is portable, weightless and is 

made up of fiber. It is temperature resistant and 

withstands at any kind of circumstance.  

 The console is reusable hardware that contains the 

components needed to drive (Driver unit), condition 

(Conditioning unit) and monitor the heart perfusion 

module, which is part of the heart perfusion set.  

 The heart perfusion set contains all of the components 
that directly contact blood and non-contact components 

are also used for the heart during heart preservation.  

 It is a single-use biocompatible perfusion and monitoring 

device, which includes the following: Heart perfusion 

module, which provides the sterile blood circuit and 

protected environment for the heart in the system. The 

module communicates wirelessly with the console 

monitor. 

 The heart is kept in the organ chamber of this module.  

 Blood collection set, including a blood collection bag, 

line, clamp, and a cytokine filter set. The blood 
collection set is used to collect blood from the donor for 

donor heart perfusion. The blood passes through the 

cytokine filter into the heart perfusion module reservoir.  

 The amount of flow of blood in the organ is to be set and 

this is achieved by the flow rate sensor.  

 The various values of the temperature, pressure, pH, 

humidity and the flow rate to be maintained are 

programmed in the controller.  

 The normal and average medical parameters in the 

human body are as follows:  

 Temperature: 37 degrees Celsius  

 Pressure:120/80 mmHg  

 pH:7(neutral)  

 Humidity: Varies according to the atmospheric  

o Condition that prevails  

 If there is any deviation in the values, the feedback is 

given and the appropriate value is set and made to work 

with the help of pump and driver modules.  

 Monitoring accessories package, containing valves to 

access the heart while it is being perfused on the system.  

 The donor heart is connected to the system immediately 

after explantation and is kept beating until disconnection 
for transplant. The system maintains heart viability by 

continuously perfusing the donated heart with warmed, 

oxygenated blood, supplemented with priming solutions 

(which maintain the heart during transport while 

reducing the possibility of inflammatory reactions).  

 The system needs nearly 1,000 ml-4,000 ml of blood 

from the heart donor for the entire process of 

transportation and until it is transplanted. This blood is 

filtered and continuously circulated in a closed circuit 

with the solutions.  

 All these activities, data and processes are real-time 

monitored with the help of the display screen & pi-camera 

and could be viewed in any place from the mobile or any 

other electronic device through IoT.  

 Implantation of the heart and subsequent patient care steps 

after the transplantation follow standard procedures.  
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IV. INNOVATIVENESS OF THE PROPOSED 

SOLUTION 

The two main methods of organ preservation are: 

                       • Static cold storage (SCS)  

                        • Machine perfusion[11] 

 

            Static cold storage (SCS) offers a simple and effective 

way to preserve and transport organs and is the most 

commonly used method.[4] The cost of this is approximately 
5,000-15,000INR.[9] 

  

            In India, the organ preservation is done only using the 

static cold storage method. In that, the preservation time for 

various organs are as follows:  

 

 Heart:4 hours  

 Kidneys:24 hours  

 Lungs:4 to 6 hours  

 Liver:6 to 10 hours  

 Pancreas: 12 to 18 hours  

 Intestines:6 to 12 hours [2]  

 

This causes the following issues: 

 

 Variability of packaging materials used 

 Biocompatibility of the material that touches the 

organ 

 Difficulty in assessing donor organ function and 

viability, the inevitability of  

Ischemia-Reperfusion Injury (IRI) 

 Tissue damage induced by prolonged hypothermic 
preservation[8] 

 Tissue injury due to movement or vibration. 

 Potential uneven cooling of organ tissue. [2,3] 

So, the method of perfusion is adopted. The perfusion 

methodology is, making the organ to work by circulating 

the blood through the various vascular channels. It is of 

two types 

 Hypothermic machine perfusion 

 Normothermic machine perfusion 

These are not available in India now and it is in the starting 

stage of implementation only. So, these equipment are taken 
on a rental basis and it is only by the multispecialty hospitals. 

Even though these are bought for rental, the cost for one use is 

approximately 25 lakhs INR and for reusable heart console, it 

is approximately one and a half crore INR. [10] As it is very 

much expensive, this device is rarely bought by the patients in 

India. 

Hence, this method is rarely used due to the above issues. All 

these problems are overcome in our method as follows:  

The unique features and advantages of the system are: 
 

 It decreases the amount of damage that occurs to the 

heart after removal, by reducing the rate of tissue 

deterioration compared with conventional cold 

ischemic storage.[10]  

 The system allows for hearts to be transported for 

longer distances in comparison with cold storage. 

 The preservation time is tripled for the organs when 

compared to the SCS system. 

 There is no need for manual control and it is fully 

automated 

 No need for prior knowledge about the operation of 

the device. 

 The real-time monitoring and data reporting of the 

organ can be done. 

 When the manufacturing is done in India, the cost 

could be reduced in further years and in future, it will 

be made available to all the people who require the 

organs.  

 The overall designed box is portable, weightless, 
unbreakable and user friendly. 

 

COMPARISON WITH THE EXISTING METHODS AND THE 

NEW PROPOSAL: 
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V. IMPACT OF THE PROPOSED SOLUTION 

Potential patient impact: 

 

 This method helps in increasing the number of hearts 

for transplantation, which were previously found 

reduced due to the complications & disadvantages of 

the existing system. 

 If this is made available in India, the annual heart 

transplant activity could potentially increase by 30% 

to 40%.  

 Increasing the number of donor's hearts would reduce 
the average waiting time for patients. 

 It may also reduce hospital admission rates for 

decompensation (functional deterioration of the 

heart), and waiting list mortality.[12] 

 The system offers improved outcomes through a 

reduction in primary graft dysfunction. 

 The system has the potential to expand the number of 

suitable donors, increase the likelihood of heart 

transplantation, decrease waiting times and 

potentially reduce mortality rates of people on the 

waiting list. [12] 
 

Potential system impact: 

 

 In increasing the range of donor hearts available, the 

system could increase the number of heart 

transplants.  

 This could affect staffing and theatre time (as the 

system needs more team members present for 

retrieval), bed usage and post-transplant follow-up. 

 These factors may have an impact on the workforce, 

costs as well as on other services that may be 
displaced because of the urgent nature of heart 

transplantation.[9] 

 The use of the system has the potential for cost 

savings by allowing more hearts to become available 

and reducing overall waiting times, thus limiting 

prolonged and recurrent hospital admissions 

associated with heart failure and in-hospital 

waits.[12] 

VI. CONCLUSION 

Thus, from the above explanations and comparisons, this 

system could save a lot of people who require organs. The 
versatility in the system and the real-time monitoring of the 

system makes it more convenient to use and monitor the organ 

conditions at ease. And this would improve the efficiency of 

the transportation of organs in the future. 
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