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Abstract

Blood donation and organ transplantation require efficient coordination among the
healthcare stakeholders. The existing systems involve the use of separate applications leading
to delays in processing of requests for blood emergencies, inefficient donor-recipient pairing
and ineffective blood stock monitoring. To address such problems, LifeLink, a web-based
healthcare management system was designed to coordinate blood donor registration, organ
compatibility-based matching, emergency blood requests coordination and blood expiration
monitoring within a single integrated platform. This application was built through the use of
Python Flask framework together with HTML, CSS, Bootstrap, Jinja2 and MySQL relational
database which will facilitate the management of healthcare records, blood stock and
coordination. The evaluation of this web-based application was done using operational
healthcare records obtained from the participating hospitals, blood banks and verified
volunteers to evaluate the ability to perform donor search, blood record search, organ
compatibility check, emergency blood request coordination and blood expiration monitoring

functions.
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1. Introduction

Emergency medical treatment depends mainly on the availability of compatible blood
and organs. While developments in digital technology have helped improve the efficiency of
various healthcare services, blood donations and organ distribution still remain regulated by
separate information systems within many healthcare facilities. This results in slower donor
recognition, limited usage of blood stocks, and increased wastage caused by their expiration.
Furthermore, there is no integrated operating environment that could help coordinate the work
of all parties involved.

To overcome these challenges, LifeLink becomes a community-oriented web
application that combines all these functionalities including blood donation management,
organ matching based on compatibility, emergency blood request coordination, and expiry
tracking of the blood in one system. This system manages donor information, handles
emergency blood requests, performs organ matching based on compatibility, and creates alerts

when the blood approaches its expiry date.

The application works through a web-based structure including user authentication,
MySQL database management, and automatic alerts creation. The functionalities include donor
registration, blood inventory management, matching organs based on compatibility, emergency
requests, and tracking of blood expiration. This system will help in reducing delays,
minimizing wastage of blood, coordination between the donor and the recipient, and create a

strong framework for management of healthcare resources in healthcare communities.

2. Related Works

The increasing need to quickly acquire access to blood transfusions and organ
allocations has caused the quick adaptation of digital healthcare systems that increase the
availability of resources and the preparation for emergencies. According to global health
policies, there is an emphasis on the importance of maintaining an adequate stock of blood
supply by organizing inventory and active donors [1]. National health policy states the same

information about interoperable digital infrastructure [2].

The recent research on web-based healthcare applications, automation, and data
analysis have proven to be beneficial in resource management in medicine [3]. The application

of artificial intelligence has helped with organ compatibility and recipient prioritization in order
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to increase the efficiency of transplant operations [4]. Machine learning has also been used to
make predictions about health data and to process it for better decision-making [5]. However,
despite all of these achievements, the main problem is that most of them solve one task but not
the set of tasks mentioned above.

Some studies have focused on improving emergency blood donations during
emergencies through automatic donor alerts and health records [6], [7]. This system helps in
fast communications and makes it easier to access the data of donors in an emergency situation
[8]. However, such type of approach generally works on the level of one service only without

providing support for blood donation management and organ matching among others.

The current web-based blood bank management systems have improved by donor
registration, blood inventory management, and digital record maintenance [9], [10]. Although
these software applications provide an effective support for blood bank operations, they do not
integrate organ matching, blood expiry monitoring, emergency blood request processing, and

coordinated information sharing within a single operational environment.
3. Methodology

LifeLink application is developed as a community-based web application to support the
blood donation management, compatibility-based organ matching, emergency blood request
coordination, and blood expiry monitoring within a single operational environment. This
application connects donors, recipients, hospitals, blood banks, and administrative staff in a
shared web environment for coordinated access to healthcare services. The donor information,
recipient information, blood stock database, organ requests, emergency blood requests, and
blood expiration are managed within the MySQL database. User authentication, role-based
access control (RBAC), and alerting are key components of secure access and information

distribution.
3.1 System Architecture

The LifeLink architecture follows a layering of web-based workflow to ensure efficient
handling of blood donations, organ matching, emergency blood requests and blood expiration
tracking. The diagram shown in Figure 1 indicates that all users, including donors, recipients,
hospitals, blood banks and administrators, access the software using a web portal and go

through authentication process before performing any function.
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After successful authentication process, users' requests are handled by the Flask
application server that manages the running of the functional modules. The application server
runs the donor management module, the blood stock management module, the organ
compatibility test, or emergency blood requisition depending on the requested healthcare
service. Each of the functional modules interacts with the MySQL database for accessing,

modifying, and maintaining the operational records.

The MySQL database serves as the main source of donor information, recipients'
details, hospitals' details, blood stock, organ requests, emergencies, and blood expiry dates.
When any change occurs in records, the system sends notification. Such an arrangement helps
in ensuring the process of information sharing among various participants becomes easy at the

same time ensuring data consistency within the application.
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Figure 1. Multi-tier system architecture of the proposed LifeLink healthcare resource

management platform

Figure 1 shows the workflow of the proposed LifeLink architecture, starting with user

authentication, followed by request processing through the Flask application server, execution
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of the core functional modules, data management using the MySQL database, and generation

of operational notifications and alerts.

3.2 User Authentication, Registration, and Data Management

The LifeLink application provides a role-based registration and authentication system
that controls access to the resources of the system. Registration of users is done based on roles
such as donor, recipient, hospital, blood bank, and administrator depending on the function of
each user. During registration, vital information such as personal details, blood type, contact
details, and whether the person can donate organs or not is captured.

After registration, users log into the application through their unique usernames and
passwords. The passwords are encrypted using hashing algorithms, whereas role-based access
control (RBAC) grants access to the allowed functionalities based on the user’s privileges.
Such an approach allows donors to manage their own profiles, hospitals to send urgent requests
for blood, blood banks to keep track of inventory, and administrators to monitor the operations

of the users.
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Figure 2. Role-based user authentication and registration interface of the LifeLink platform

All newly submitted records are checked by the administrator before being entered into
the MySQL database. This enhances data integrity and ensures that no unapproved or partial
data gets into the operational database. The interface for user authentication and registration on

the LifeLink system is illustrated in Figure 2.
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3.3 Healthcare Data Collection and Validation

To measure the operational efficiency of the LifeLink system, the healthcare data was
manually collected from the hospitals, blood banks, and certified volunteers who had submitted
the data. The data about donors was manually collected from the hospital registration form and
blood donation form, while the data about blood stock, expiration date, request for organ
transplant, and emergency blood request was collected from the healthcare workers who were
authorized to supply such information. The certified volunteers were allowed to enter donor
information via the web interface, which was then approved by the system administrator before

entering into the database.

Table 1. Operational healthcare dataset used for LifeLink platform validation

L Number of
Data Categor Description
gory P Records
. Verified donor profiles collected
Registered Blood Donors P 400

from hospitals and volunteers

A . Healthcare institutions connected
Participating Hospitals 20
to the platform

Blood Inventory Records !BIOOd units ma}lntglned for 1,000
inventory monitoring

Recipient requests requiring

Organ Matching Requests - 75
compatibility assessment
Emergency requests submitted
Emergency Blood Requests through the platform 120
Blood Expiry Monitoring Blood units monitored for expiry 500

Records notifications

The validated healthcare records were stored in the MySQL relational database to
support efficient data organization, retrieval, and update operations throughout the proposed
LifeLink platform. The database consists of multiple relational tables, including donor profiles,
recipient information, hospital details, blood inventory records, organ matching requests,

emergency blood requests, and blood expiry records.

The validated healthcare records were entered into the MySQL relational database to
ensure that data is organized, retrieved, and updated efficiently within the LifeLink system.
This MySQL relational database has several relational tables like donor table, recipient table,
hospitals table, blood stock table, organ match request table, blood emergencies table, and

blood expiry record.
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3.4 Operational Feature Analysis

The developed LifeLink system includes several critical operational components that
will be useful when organizing the donation of blood, matching organs, handling emergencies,
and tracking blood expiration. All these operational components are based on accurate
information about donors, recipients, hospitals, and blood supplies collected through the
process of registration and functioning of the healthcare facilities. Every operational
component performs its specific function in the process of compatibility evaluation, resource
allocation, inventory control, or automatic notification creation. The importance of these

operational components in the proposed system is summarized in Table 2.

Table 2. Operational feature analysis of the proposed LifeLink platform

Operational Feature Description

Blood Group Determines donor—recipient blood compatibility.

Rh Factor Ensures compatible blood transfusion and organ allocation.
Organ Type Identifies suitable donors for transplantation.

Medical Eligibility Confirms donor suitability based on health status.

o Verifies whether a registered donor is currently eligible to
Donor Availability
donate.

Hospital Location Selects the nearest healthcare facility for timely coordination.

Blood Inventory Level | Monitors available blood units for emergency requests.

) Identifies blood units approaching expiration for timely
Blood Expiry Date

utilization.
Emergency Priority Prioritizes urgent blood and organ requests.
Contact Information Enables automated notifications to donors and hospitals.

3.5 Integrated Blood Donation Framework

The integrated blood donation framework enhances the process of blood donation by
integrating donor registration, blood inventory management, emergency request handling, and
compatibility assessment into a unified workflow. When a request comes for an emergency
blood donation, the framework checks the blood group, Rh type, and amount of blood required
by the recipient and performs a search within the database for availability of that blood. In
cases where such blood is not available, the donor database is searched in order to identify the
appropriate donors depending on compatibility, suitability, and location. Notifications are

generated to the selected donors and the respective healthcare facilities that requested blood.
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After a successful blood donation and or issue of the blood, the donor and inventory records
are updated in the MySQL database.

The donor registration interface used to capture donor profiles, medical eligibility, contact
information, and hospital details is shown in Figure 3.

@ Blood Donation Form

Figure 3. Blood donor registration and information management interface
3.6 Emergency Blood Request Coordination

The emergency blood request coordination module allows hospitals and healthcare
facilities to make their urgent blood requests using the LifeLink system. When an emergency
request is received, the system verifies the blood group, Rh factor, required blood units, and
hospital information, and then it searches its inventory for matching units of blood. In case of
the absence of requested blood the system searches the donor database for potential donors
considering their blood compatibility, availability of blood, eligibility to donate blood, and
their geographical location. Notifications are generated to the chosen donors and healthcare
facility requesting blood, whereas the request status is constantly updated in the MySQL
database. The interface developed for the emergency blood request coordination process is

shown in Figure 4.
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Figure 4. Emergency blood request coordination dashboard
3.7 Organ Matching Framework

The proposed Organ Matching Framework performs compatibility assessment between
a donor and a recipient using the integration of medical and logistical variables within the
community healthcare application. When the organ transplantation request is received, the
system uses information on the recipient such as blood type, Rh factor, organ needed, age, and

eligibility for organ donation to compare the information in the donor database.

® Organ Matching Portal

Q Find Compatible Donors

Q_ Find Compatible Donors Q Clear

Figure 5. Organ compatibility assessment and logistics-based matching interface

The organ matching interface illustrating recipient details, compatibility assessment,

and logistics-based donor prioritization is shown in Figure 5. The compatible donors are
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prioritized according to the distance, availability of hospitals, availability of organs, and the
allowable cold ischemia time to facilitate timely organ transplantations. Compatible donor
information is shared with the authorized hospitals and transplant coordinators, and the donor
database in MySQL is updated.

3.8 Blood Expiry Monitoring and Alert Framework

The Blood Expiry Monitoring and Alerts System periodically examines blood
inventory records to detect any expiry of the blood samples. The system regularly analyzes the
shelf life of each blood sample and categorizes the inventories based on the expiry threshold
that was predetermined. Automatic alerts and notifications are sent to blood banks and hospitals
whenever the system detects any expiry of blood samples in order to ensure their optimal use,
distribution, or replacement (Figure 6). After blood units are issued or inventory records are
updated to the inventories, the MySQL database is updated in order to update the inventory
details. This ensures optimal management of blood inventories within the participating

organizations.

9 SmartCare+ Dashboard
Oonate Sove Unes.

Figure 6. Automated blood expiry alert monitoring interface

4. Results and Discussion

4.1 System Implementation Environment

The LifeLink application was implemented and tested for functionality through a
software application that was set up to handle healthcare data, coordinate emergency requests

for blood, match organs, and monitor blood expiration. In implementing the LifeLink platform,
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the back end was developed using Python language and the Flask framework, while HTML,
CSS, Bootstrap, and Jinja2 were used to create the user interface. Donor, recipient, hospital,

and blood stock data were stored in a relational database. Specifications of the software and

hardware used in the implementation are shown in Table 3.

Table 3. System implementation environment

Parameter Specification
Processor Intel Core i7 (12th Gen)
Memory (RAM) 16 GB
Storage 512 GB SSD
Operating System Windows 11 (64-bit)
Programming Language Python 3.11
Backend Framework Flask
Frontend Technologies HTMLY5, CSS3, Bootstrap 5, Jinja2
Database MySQL
IDE Visual Studio Code

Web Browser

Google Chrome

Version Control

Git

4.2 Quantitative Performance Evaluation

The operational performance of the proposed LifeLink platform was evaluated to assess
the efficiency of its core functional modules under the implementation environment explained
in table 3. The purpose of the evaluation, operational data were used based on the system
implementation process. All the functionalities like search for donors, arranging blood
emergencies, retrieving blood records, matching the organs and blood expiry alerting

functionalities were tested by running them repeatedly in the same conditions.

For measuring the execution time, Python timer functions were used, whereas for blood
expiry alert functionality, manual verification was compared with system-generated alerts. To
ensure the uniform performance evaluation, of each functional module was repeated multiple
times under the same operating conditions, and then the average execution time was determined

by utilizing Python's internal timing tools before being presented in Table 4.
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Table 4. Quantitative performance evaluation of the proposed LifeLink platform

Performance Metric Result

Donor Search Time 1.8s

Emergency Alert Delivery Time 42s

Blood Record Retrieval Time 1.3s

Organ Match Processing Time 25s

4.3 Discussion

The implementation results indicate that the LifeLink application has been successful
in integrating blood donation management, organ matching, emergency blood request
processing, and blood expiration checking within the same web platform. Bringing these
features together into one application has reduced the complexity of information exchange
between different parties such as hospitals, blood banks, donors, and administrators because
there is no need for using multiple applications. The MySQL database ensured smooth
functioning of the application during the evaluation by allowing access and modification of the

required information without interfering with the functioning of other components.

From the performance analysis results, it is evident that the application provides
consistent performance when conducting normal processes like searching donors, retrieving
blood records, handling emergencies, and assessing the compatibility of organs. Without
engaging in manual coordination, the integrated system allows automated verification of
records, updating inventory records, and request handling, thus minimizing administrative

workload and ensuring availability of operational data.

Although the application performed satisfactorily during functional validation, several
practical considerations remain for large-scale deployment. The existing version of the
application was tested based on operational data gathered from hospitals, blood banks, and
confirmed volunteers in a controlled environment. Full-scale operation requires additional
database tuning and deployment techniques because of the need for constant synchronization
with the hospital information system, growing transactions, and multithreaded access to the
database. Hence, further improvement of the software should include incorporation of the real-

time hospital data, database scaling, and wider application deployment.

Journal of Information Technology and Digital World, September 2026, Volume 8, Issue 3 235



Development of LifeLink: A Smart Community Platform for Blood Donation, Organ Matching and Blood Expiry Alerts

5. Conclusion and Future Work

This research work has proposed LifeLink, a web-based software application that
combines blood donation management, organ matching based on compatibility, emergency
blood request coordination, and blood expiry monitoring within a unified operational
environment. The developed application addressed the limitations of isolated healthcare
applications by implementing unified management of donor records, blood inventory, organ
requests, and emergency services through a MySQL database. The testing validation using
operational healthcare records confirmed the successful implementation of the core modules,
while quantitative evaluation verified consistent performance during donor search, blood
record retrieval, organ compatibility assessment, emergency blood request processing, and
blood expiry monitoring. The developed system improves resource coordination, simplifies
information management, reduces manual administrative effort, and supports timely access to
compatible blood and organ resources within community healthcare services. Although the
current implementation demonstrated satisfactory performance, its further development is
going to concentrate on integration with hospital information systems and national healthcare
databases to provide automation of the data synchronization process. Future enhancements
include cloud-based deployment, scalable database management, predictive blood demand
analysis, and intelligent decision-support capabilities to support large-scale healthcare

environment.
References

[1] World Health Organization. Guidance on Ensuring a Sufficient Supply of Safe Blood
and Blood Components During Emergencies. World Health Organization 2023.

[2] Mandir, Ayushman Arogya. "Ministry of Health and Family Welfare." Government of
India 2023.

[3] Le Van, Hieu, Hong Khanh Vo, Luong Hoang Huong, Phuc Nguyen Trong, Khoa Tran
Dang, Khiem Huynh Gia, Loc Van Cao Phu et al. "Blood Management System based on
Blockchain Approach: A Research Solution in Vietnam." IJACSA) International Journal
of Advanced Computer Science and Applications 2022, vol 13, no. 8: 879-889.

[4] Deshpande, Rajkiran. "Smart Match: Revolutionizing Organ Allocation Through
Artificial Intelligence.” Frontiers in Artificial Intelligence 2024, vol 7: 1364149.

ISSN: 2582-418X 236



Kayalvizhi A., Joshika S., Sourabi R., Yoghadharshini R.

[5] Senan, Ebrahime Mohammed, Mosleh Hmoud Al-Adhaileh, Fawaz Waselallah Alsaade,
Theyazn HH Aldhyani, Ahmed Abdullah Algarni, Nizar Alsharif, M. Irfan Uddin,
Ahmed H. Alahmadi, Mukti E. Jadhav, and Mohammed Y. Alzahrani. "Diagnosis of
Chronic Kidney Disease using Effective Classification Algorithms and Recursive
Feature Elimination Techniques." Journal of Healthcare Engineering 2021, no. 1:
1004767.

[6] Alekhya, Inti, Mukesh Chinta, and Likitha Maddela. "RAKTAMITRA-AN Alert Centric
Blood Donation Initiative." In 2024 International Conference on Emerging Techniques
in Computational Intelligence (ICETCI), IEEE 2024, 477-482.

[7] Tarig, Sundus, Saba Tarig, and Ahmad Adnan Shoukat. "Centralized Healthcare
Database for Ensuring Better Healthcare: Are We Lagging Behind?" Pakistan Journal of
Medical Sciences, 2024, vol 40, no. 3, Part-II: 257.

[8] Kimmel, Hannah J., Yanick N. Brice, Thomas A. Trikalinos, Indra Neil Sarkar, and
Megan L. Ranney. "Real-Time Emergency Department Electronic Notifications
Regarding High-Risk Patients: A Systematic Review." Telemedicine and e-Health 2019,
vol 25, no. 7: 604-618.

[9] Eweoya, Ibukun, Sunday O. Oladipo, Kazeem Sodiq, Olivia Ebodaghe, Joseph
Adewuyi, Taiwo Adigun, Olufunmilayo Lawal, Jonathan Obed, and Babajide Adeoti.
"Design and Implementation of a Scalable, Real-Time, Web-based Blood Bank
Management System: Architecture, Features and Performance Analysis.” FUOYE

Journal of Engineering and Technology, 2025, vol 10, no. 3: 514-519.

[10] Sujatha, E., V. Manickavasagan, S. Lakshminarayanan, R. Ani Minisha, K. S. Rekha,
and V. Loganathan. "Interactive Blood Bank Repository: Django AWS Approach." 5th
International Conference on Intelligent Communication Technologies and Virtual
Mobile Networks (ICICV), IEEE 2024, 209-217.

Journal of Information Technology and Digital World, September 2026, Volume 8, Issue 3 237



