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Abstract

Organ transplantation is one of the most effective
treatments for end-stage organ failure, yet the shortage
of compatible donors remains a major global
healthcare challenge. Identifying a suitable donor-
recipient pair requires evaluation of numerous medical
parameters, including blood group compatibility, age,
organ type, tissue matching, urgency level, and overall
health condition. Traditional matching processes rely
heavily on manual assessment by medical experts,
which can be time-consuming and prone to human
error. This paper presents a machine learning—based
organ matching prediction system designed to
automate compatibility analysis using historical
transplant data. Multiple classification algorithms,
including Logistic Regression, Decision Tree, Support
Vector Machine, and Random Forest, are employed to
determine the most accurate predictive model.

Keywords: Organ Transplantation, Machine
Learning, Compatibility Prediction, Healthcare
Analytics, Decision Support System

1. Introduction

Organ failure is a leading cause of mortality
worldwide, affecting millions of individuals suffering
from chronic diseases such as kidney failure, liver
cirrhosis, and heart disease. Organ transplantation
offers a life-saving solution, but its success depends on
finding a compatible donor. Due to the limited
availability of organs and the complexity of
compatibility assessment, efficient allocation remains
a critical challenge. Traditional matching procedures
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consider factors such as blood group, tissue
compatibility, and medical urgency. However, manual
evaluation of these parameters may not capture
complex relationships among variables, leading to
delays or suboptimal matches. With increasing
transplant demand, there is a need for automated
systems capable of analyzing large volumes of medical
data quickly and accurately.

This study proposes a machine learning—based system
for organ matching prediction that integrates data
preprocessing, feature analysis, model training, and
evaluation. The goal is to support medical
professionals with reliable predictions while reducing
workload and improving efficiency.

2. Literature Survey

Organ donation plays a crucial role in modern
healthcare systems by saving the lives of patients
suffering from organ failure. However, the demand for
organs significantly exceeds the available supply due
to limited donor registration, lack of awareness, and
inefficient organ allocation systems. Traditional organ
donor management systems often rely on manual
processes and fragmented databases, which can delay
communication between donors, hospitals, and
recipients. With the advancement of information
technology, web-based and intelligent systems are
being developed to improve the efficiency of organ
donation management and to connect donors with
recipients more effectively.

Recent developments in *database systems, web
applications, and artificial intelligence technologies*
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have enabled the creation of digital platforms that
simplify organ donor registration, donor-recipient
matching, and hospital coordination. These systems
help maintain centralized databases of registered
donors and allow hospitals to quickly identify suitable
donors based on blood group, organ type, and medical
compatibility.

Several researchers have proposed different
approaches to improve organ donation systems using
modern technologies.

*Sharma et al. (2022)* developed a web-based organ
donor management system designed to connect
donors, recipients, and hospitals through an online
platform. The system allows users to register as organ
donors and enables hospitals to search for suitable
donors based on medical compatibility. The proposed
system improved communication and reduced the time
required to find matching donors. However, the
system relied heavily on manual verification of donor
information and required strong  database
management.

*Patel et al. (2021)* proposed an organ donation
system that uses a centralized database to store donor
and recipient details. Their system included features
such as donor registration, hospital login, and recipient
request management. The research showed that digital
platforms can improve transparency and efficiency in
organ donation processes. However, the system did
not include advanced automated matching techniques
or intelligent recommendation mechanisms.

*QGupta et al. (2023)* introduced a smart organ donor
matching system that utilizes machine learning
algorithms to analyze donor and recipient medical
data. The model helps predict compatibility between
donors and recipients based on factors such as blood
group, organ type, and medical history. Experimental
results indicated that the system improved the
accuracy of donor-recipient matching and reduced
waiting time for patients. However, the
implementation required large medical datasets and
proper privacy protection mechanisms.

*Rahman et al. (2020)* proposed a mobile-based
organ donor application aimed at increasing awareness
about organ donation and simplifying donor

registration. The application allows users to register as
donors, view available organs, and receive
notifications regarding donation requests. The system
helped increase public participation in organ donation
programs. However, the study highlighted the need for
stronger security mechanisms to protect sensitive
medical information.

*Singh et al. (2022)* developed a hospital
management system integrated with organ donor
databases to streamline organ allocation processes.
The system enables hospitals to maintain donor
records and quickly identify available organs for
transplantation. The study demonstrated that
integrated  healthcare systems can improve
coordination between hospitals and organ transplant
centers. However, the system lacked real-time
analytics and automated decision-making features.

With the increasing demand for organ transplants,
modern digital systems are becoming essential for
improving organ donation management. Web-based
platforms and intelligent matching algorithms can help
maintain accurate donor databases, improve donor-
recipient matching, and enhance communication
between hospitals and transplant centers. Despite
these advancements, challenges such as data security,
privacy concerns, lack of public awareness, and
limited donor participation still remain.

Therefore, there is a need for an efficient and secure
organ donor management system that can simplify
donor registration, improve organ allocation
processes, and increase awareness about organ
donation while ensuring proper management of
sensitive medical data.

Despite these advancements, existing studies often
focus on specific organs or limited clinical
parameters, which highlights the need for more
comprehensive predictive models that integrate
multiple compatibility factors.
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Table 1.1: Comparison of Exasting Ongan Matching Prediction Techniques

3. Analysis of Datasets

The performance of any machine learning model
largely depends on the quality and characteristics of
the dataset used for training and testing. In the
proposed organ matching prediction system, a
structured dataset containing donor and recipient

medical information is analyzed to identify
compatibility patterns. The dataset includes
multiple  parameters that influence organ

transplantation success, such as blood group
compatibility, age of donor and recipient, organ
type, medical urgency level, tissue matching
indicators, and overall health condition.

Initially, the dataset undergoes data cleaning and
preprocessing to remove
missing values. Duplicate records are eliminated,
and incomplete entries are handled using techniques
such as mean or mode imputation. This step ensures
that the dataset remains reliable and suitable for
machine learning analysis.

inconsistencies and

After preprocessing, exploratory data analysis
(EDA) is performed to understand the distribution
of different variables in the dataset. Statistical
measures such as mean, median, variance, and
standard deviation are calculated to study the

histograms, bar charts, and correlation matrices are
used to observe relationships between features such
as age difference, blood group compatibility, and
transplant success probability.

Overall, dataset analysis provides valuable insights
into the structure and characteristics of the data
before applying machine learning algorithms. A
thorough understanding of the dataset helps
improve model accuracy, reduce prediction errors,
and enhance the overall reliability of the organ
matching prediction system.

Comparison of Organ Matching Datasets
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Fig 3.0: Comparison of Datasets Used in Organ
Matching Prediction System

4. Methodology of Proposed System

The proposed organ matching prediction system is
developed using a supervised machine learning
approach to assist healthcare professionals in
identifying compatible donor—recipient pairs. The
methodology involves sequential stages,
including data collection, pre processing, feature
selection, model training, and prediction. Each stage
plays a crucial role in improving the accuracy and
efficiency of the system.

several

1. Data Collection

The first step involves collecting donor and
recipient medical data from reliable healthcare
datasets. The dataset includes important attributes
such as blood group, age of donor and recipient,
organ type, medical urgency, tissue compatibility
indicators, and other relevant clinical parameters.

central tendency and variability of medical
parameters.  Visualization  techniques  like
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These attributes serve as input variables for
training the machine learning model.

2. Data Preprocessing

Raw medical data often contains missing values,
inconsistencies, and redundant records. Therefore,
data preprocessing is performed to ensure data
quality and reliability. Missing values are handled
using appropriate imputation techniques, and
duplicate records are removed. Categorical
variables such as blood group and organ type are
converted into numerical representations using
encoding methods. Normalization techniques are
also applied to maintain consistency in the dataset.

3. Feature Selection

Feature selection is an important step in
identifying the most relevant parameters that
influence organ compatibility. Techniques such as
correlation analysis and statistical evaluation are
used to determine the significance of each
attribute. Parameters such as blood group
compatibility, tissue matching score, age
difference, and medical urgency are considered
critical features for accurate prediction.

4. Model Training

After pre processing and feature selection, the
dataset is divided into training and testing subsets.
Typically, 80% of the data is used for training the
model, while the remaining 20% is used for
testing. Multiple machine learning algorithms are
applied to the dataset, including Logistic
Regression, Decision Tree, Support Vector
Machine, and Random Forest. These models learn
patterns and relationships between donor and
recipient parameters during the training phase.

5. Model Evaluation

Once the models are trained, their performance is
evaluated using metrics such as accuracy,
precision, recall, and F1-score. Confusion matrix
analysis is also performed to measure the
effectiveness of each model in classifying
compatible and incompatible donor-recipient
pairs. Among the evaluated models, ensemble

methods such as Random Forest generally provide
better accuracy and stability.

6. Prediction and Decision Support

In the final stage, the trained model is used to
predict compatibility between a donor and a
recipient based on the provided medical
parameters. The system generates a prediction
result indicating whether the match is suitable or
not. This prediction can assist doctors and
transplant coordinators in making faster and more
informed decisions during the organ allocation
process.

Through this systematic methodology, the
proposed system improves the efficiency of organ
matching and reduces the time required for
compatibility assessment. By leveraging machine
learning techniques, the system supports data-
driven healthcare decisions and contributes to
improving transplant success rates.

Overall, the proposed methodology integrates data
preprocessing, feature selection, machine learning
model training, and prediction into a structured
workflow. This approach improves the efficiency
and accuracy of organ matching, enabling faster
and more reliable decision-making in transplant
management systems.
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Fig. 2.1: Organ Matching Prediction System
Architecture

The architecture of the proposed Organ Matching
Prediction System is designed to efficiently
process donor and recipient data and generate
accurate compatibility predictions using machine
learning techniques. The system follows a
modular structure where each component
performs a specific task in the overall workflow.
The architecture ensures smooth data flow from
data collection to prediction output, making the
system scalable and adaptable for healthcare
applications.

The first component of the system is the data
acquisition module, which is responsible for
collecting donor and recipient information from
medical databases or hospital records. The
collected dataset includes several important
attributes such as blood group, age, organ type,
tissue compatibility indicators, urgency level, and
other clinical parameters. These features serve as
the primary inputs for the prediction model.
Accurate and reliable data collection is essential
because the quality of the dataset directly
influences the performance of the machine
learning algorithms.

After data collection, the information is processed
in the data preprocessing module. Medical
datasets often contain missing values, redundant
records, or categorical attributes that need to be
converted into numerical format. In this stage, data
cleaning techniques are applied to remove
incomplete or inconsistent entries. Missing values

are handled wusing suitable strategies, and
categorical variables such as blood group and
organ type are encoded using techniques like label
encoding or one-hot encoding. Additionally,
normalization and scaling techniques may be
applied to ensure that all features are within a
similar range, which improves the performance of
machine learning models.

Following preprocessing, the system performs
feature selection, which identifies the most
relevant  attributes  that influence organ
compatibility. Selecting significant features helps
reduce computational complexity and improves
prediction accuracy by eliminating irrelevant data.
Important parameters such as blood group
compatibility, donor age, recipient age, organ
type, and urgency level are prioritized for model
training. Feature selection also helps in
simplifying the predictive model while
maintaining its effectiveness.

The processed dataset is then passed to the model
training module, where multiple machine
learning algorithms are implemented and
evaluated.  Algorithms such as Logistic
Regression, Decision Tree, Support Vector
Machine (SVM), and Random Forest are trained
using historical transplant data. The dataset is
typically divided into training and testing subsets
to evaluate model performance on unseen data.
During training, the algorithms learn patterns and

relationships between donor and recipient
characteristics ~ that  influence  transplant
compatibility.

Overall, the modular architecture of the proposed
system ensures scalability, flexibility, and efficient
processing of medical data. By combining data
preprocessing, feature selection, and advanced
machine learning algorithms, the system provides a
reliable decision support tool for organ matching
prediction.
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Fig 2.2: Block Diagram of the Proposed
Organ Matching Prediction System

The block diagram of the organ matching
prediction system illustrates the overall workflow
involved in predicting compatibility between
organ donors and recipients using machine
learning techniques. The system is composed of
multiple stages that process medical data step by
step to generate accurate compatibility
predictions.

The first stage of the system is the Donor and
Recipient Data Collection module. In this stage,
relevant medical information related to both
donors and recipients is gathered. The dataset
typically includes parameters such as blood group,
age, organ type, tissue compatibility indicators,
medical urgency level, and general health
condition. These attributes form the input data
required for the prediction process

S.Implementation

The proposed organ matching prediction system is
implemented using the Python programming language
due to its strong support for data analysis and machine
learning applications. Several open-source libraries

outside

hain

willluny

hain

and tools are used to develop and evaluate the
predictive models, including Pandas for data
manipulation, NumPy for numerical computations,
Matplotlib for data visualization, and Scikit-learn for
implementing machine learning algorithms.

The implementation process begins with loading the
organ transplantation dataset into the Python
environment. The dataset contains various attributes
related to donors and recipients such as blood group,
age, organ type, medical urgency, tissue compatibility
indicators, and health condition. These attributes serve
as input features for the machine learning model.

In the next stage, data preprocessing is performed to
ensure the dataset is clean and structured. Missing
values are handled using appropriate imputation
techniques, while categorical attributes such as blood
group and organ type are converted into numerical
format using encoding techniques like label encoding
or one-hot encoding. Data normalization is also applied
to scale numerical features so that all variables
contribute equally during model training.

by averaging the predicted probabilities

from all models.

After preprocessing, the dataset is divided into
training and testing sets using a standard 80:20
ratio. The training dataset is used to train multiple
machine learning algorithms including Logistic
Regression, Decision Tree, Support Vector
Machine (SVM), and Random Forest. These
algorithms analyze the patterns in the dataset to
learn relationships between donor-recipient
parameters and transplant compatibility.

Once the models are trained, they are evaluated
using performance metrics such as accuracy,
precision, recall, and Fl-score. The confusion
matrix is also used to analyze how effectively the
models classify compatible and incompatible
donor-recipient pairs. Among the tested models,
ensemble methods such as Random Forest
typically achieve better performance due to their
ability to reduce overfitting and capture complex
relationships in the data.

For practical usage, the trained model can be
integrated into a simple application interface
where users can input donor and recipient
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information. The system processes the input data
and generates a prediction indicating whether the
organ match is compatible. This implementation
enables healthcare professionals to quickly
analyze transplant compatibility and make
informed decisions during the organ allocation
process.

6.Experimental Results

The performance of the proposed organ matching
prediction system was evaluated using
severalmachine learning algorithms on the
prepared dataset. The experiments were conducted
to analyze the effectiveness of different
classification models in predicting compatibility
between donor and recipient pairs. The dataset
was divided into training and testing sets using an
80:20 ratio to ensure that the model performance
was evaluated on unseen data.

Multiple machine learning algorithms were
implemented, including Logistic Regression,
Decision Tree, Support Vector Machine (SVM),
and Random Forest. Each model was trained using
the training dataset and evaluated using standard
performance metrics such as accuracy, precision,
recall, and F1-score. These metrics help determine
how effectively the models classify compatible
and incompatible organ matches.

During experimentation, Logistic Regression
provided a moderate level of accuracy and served
as a baseline classification model. Decision Tree
algorithms demonstrated better interpretability by
creating rule-based predictions based on donor
and recipient parameters. However, decision trees
sometimes showed signs of overfitting when
handling complex datasets.

Support Vector Machine (SVM) produced
improved performance by effectively handling
high-dimensional data and identifying optimal
decision boundaries between compatible and
incompatible cases. Nevertheless, the
performance of SVM depended on proper
parameter tuning and kernel selection.

Among all the tested models, Random Forest
achieved the highest prediction accuracy. Random
Forest is an ensemble learning technique that

combines multiple decision trees to produce more
reliable and stable predictions. The algorithm
effectively handled complex relationships
between features such as blood group
compatibility, age difference, organ type, and
medical urgency. As a result, it minimized
classification errors and improved overall
prediction performance.

The confusion matrix analysis revealed that the
Random Forest model correctly classified the
majority of compatible and incompatible donor-
recipient pairs with very few false positives and
false negatives. This demonstrates the reliability
of the model in real-world transplantation
scenarios.

Overall, the experimental results indicate that
machine learning techniques can significantly
improve the efficiency of organ matching systems.
By automating compatibility analysis and
reducing manual effort, the proposed system has
the potential to assist healthcare professionals in
making faster and more accurate transplant
decisions.

7. GAPS IDENTIFIED IN EXISTING
RESEARCH

Despite significant advancements in healthcare
technology and the use of machine learning in medical
applications, several limitations still exist in current
organ matching and transplantation systems.
Identifying these gaps is essential for developing
improved predictive models that can support more
efficient and accurate organ allocation..

The analysis of existing research on organ matching
prediction reveals several important limitations in
current systems. Many studies rely on datasets that
contain only basic donor and recipient attributes such
as age, gender, and blood group, while important
medical parameters and genetic compatibility factors
are often missing. In addition, most available datasets
are relatively small and imbalanced, which affects the
reliability and generalization capability of machine
learning models. Another significant gap is the limited
use of genetic compatibility information such as
Human Leukocyte Antigen (HLA) matching, which
plays a crucial role in transplant success. Furthermore,
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many prediction models are evaluated only on
historical datasets and lack validation in real-world
clinical environments. These gaps highlight the need
for more comprehensive datasets, improved feature
selection, and robust machine learning approaches to
enhance the accuracy and reliability of organ matching
prediction systems.

Many studies rely on datasets that contain only basic
donor and recipient attributes such as age, gender, and
blood group, while important medical parameters and
genetic compatibility factors are often missing.

Gaps Identified in Organ Matching Prediction Research

»ANEA SUNMANY OF Cap IMPLICATIONS

Fig. 4.1: Gap Identification for existing
models

8. Future Enhancements Suggested
in the Literature

Several research studies have highlighted potential
improvements for organ matching systems
through the integration of advanced technologies
and more comprehensive medical data. One of the
most commonly suggested enhancements in the
literature is the incorporation of genetic
compatibility factors, particularly Human
Leukocyte Antigen (HLA) matching. Including
genetic-level information can = significantly
improve the accuracy of compatibility prediction
and reduce the risk of transplant rejection.

Another important enhancement proposed in
existing research is the use of deep learning
techniques for analyzing complex medical
datasets. Deep learning models, such as neural

networks, have the ability to identify hidden
patterns in large-scale healthcare data that
traditional machine learning models may not
easily capture. These models can improve
prediction accuracy and support more precise
donor-recipient matching.

Researchers have also suggested the development
of real-time decision support systems that can be
integrated with hospital information systems and
national transplant registries. Such integration
would allow healthcare professionals to access
updated donor and recipient information instantly
and make faster transplantation decisions,
particularly during emergency situations.

Another potential improvement discussed in
literature is the use of big data analytics and
cloud computing to manage and analyze large
volumes of transplantation data. Cloud-based
systems can provide scalable infrastructure for
storing medical records and running predictive
models, making organ matching systems more
efficient and accessible across multiple healthcare
institutions.

9. Conclusion

Organ transplantation plays a crucial role in saving
the lives of patients suffering from severe organ
failure. However, identifying a compatible donor-
recipient pair is a complex and time-sensitive
process that involves analyzing multiple medical
parameters. Traditional organ matching methods
rely heavily on manual evaluation, which can be
time-consuming and may not always capture
complex relationships among different clinical
factors.

In this study, a machine learning—based organ
matching prediction system has been proposed to
improve the efficiency and accuracy of
compatibility analysis. The system utilizes
important donor and recipient attributes such as
blood group compatibility, age difference, organ
type, and medical urgency to predict suitable
matches. Various machine learning algorithms
including Logistic Regression, Decision Tree,
Support Vector Machine, and Random Forest
were applied and evaluated to determine the most
effective predictive model.
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The experimental results demonstrate that
ensemble models such as Random Forest provide
higher accuracy and reliability in predicting
compatible donor-recipient pairs compared to
other classification algorithms. By automating the
compatibility prediction process, the proposed
system reduces manual effort and helps healthcare
professionals make faster and more informed
decisions during organ allocation.

Overall, the integration of machine learning
techniques into organ transplantation systems has
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