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Abstract 

The management of Thalassemia depends on the timely and continuous availability of compatible blood 

transfusions, which places ongoing coordination demands on patients, donors, and blood banks. Machine 

learning (ML) has increasingly been applied to healthcare logistics in recent years, particularly for studying 

donor behavior, forecasting blood inventory, and supporting operational decision-making. However, these 

efforts are largely oriented toward system-level efficiency, with limited focus on transfusion-dependent patient 

care. This paper reviews existing studies that apply ML techniques to blood donor prediction, inventory 

management, and donor retention. The surveyed work shows that ML-based approaches can improve 

population scale planning and resource utilization. At the same time, most solutions are designed for 

aggregate optimization and do not directly address the continuity required in chronic transfusion settings. For 

individuals with Thalassemia, care depends less on short-term efficiency and more on the sustained 

availability of suitable donors over long periods. Based on the reviewed literature, there is a need for ML 

frameworks that make use of longitudinal data and explicitly support patient-linked donor coordination in 

long-term transfusion management. 

Keywords: machine learning, systematic review, thalassemia, blood transfusion, donor management, 

predictive modeling, healthcare logistics, patient-centered analytics. 

 

1. Introduction  

Thalassemia is a hereditary blood disorder 

characterized by impaired hemoglobin production, 

and individuals diagnosed with it often depend on 

lifelong, periodic transfusions to maintain stable 

health. Unlike emergency transfusion cases, where 

demand is unpredictable and episodic, Thalassemia 

introduces a steady and recurring requirement for 

compatible blood. This ongoing dependency creates 

not only medical complexity but also sustained 

logistical pressure on patients, donors, and healthcare 

institutions. Because transfusions typically occur at 

regular intervals, effective management extends 

beyond simply sourcing blood units; it involves 

maintaining reliable donor compatibility and 

ensuring continuity of care over extended periods. 

Any disruption in this chain may delay treatment, 

potentially leading to complications such as iron 

overload or organ dysfunction, while simultaneously 

imposing emotional and financial strain on affected 

families. In parallel, healthcare systems over the past 

decade have increasingly adopted data-driven 

approaches to improve operational efficiency. 

Machine learning (ML), in particular, has gained 

prominence as a tool for extracting actionable 

insights from large clinical and logistical datasets. Its 

applications span appointment scheduling, demand 

forecasting, and supply chain optimization, among 

others. Within blood donation systems, ML 

techniques have been used to analyze donor 

participation patterns, predict retention, and improve 

recruitment strategies, thereby supporting more 

stable inventory management. Despite these 

advances, the majority of ML-driven solutions 

emphasize system-wide efficiency rather than 

individualized continuity of care. Most studies focus 

on aggregate donor populations or large-scale 

logistics, leaving the long-term coordination needs of 

transfusion-dependent patients relatively unexplored. 
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For conditions such as Thalassemia, however, the 

central challenge is not merely maximizing overall 

supply but ensuring the sustained availability of 

suitable donors for specific individuals over time. 

This review therefore examines existing research on 

ML applications in donor prediction, retention 

analysis, and blood resource management with 

particular attention to their relevance for chronic 

transfusion care. By synthesizing recent 

contributions, the study seeks to clarify prevailing 

methodological trends and to highlight opportunities 

for developing patient- linked, longitudinal ML 

frameworks tailored to Thalassemia management. 

2. Review Methodology 

To understand how machine learning (ML) has been 

applied within blood donor and resource 

management, this review followed a structured yet 

flexible screening process. Rather than merely 

cataloguing prior work, the intention was to ex- 

amine methodological tendencies, identify recurring 

technical approaches, and observe where gaps persist 

particularly in relation to transfusion-dependent care. 

a) Search Strategy: 

The literature search was conducted across widely 

recognized academic databases, including IEEE 

Xplore, ACM Digital Library, Springer Link, and 

Google Scholar. These platforms were selected to 

ensure adequate representation of both engineering-

oriented and healthcare-focused research. A 

combination of keywords was used in varying 

arrangements to expand retrieval scope. Primary 

terms included “machine learning,” “blood 

donation,” “donor prediction,” “donor retention,” 

“appointment scheduling,” and “healthcare supply 

chain.” Boolean operators and related term variations 

were incorporated where necessary to capture 

interdisciplinary contributions that might not fall 

under a single indexing category. 

b) Inclusion and Exclusion Criteria: 

To maintain clarity and relevance, inclusion and 

exclusion conditions were defined prior to the 

screening process. Studies were included if they met 

the following criteria: (1) publication in English 

between 2019 and 2025; (2) availability as peer-

reviewed journal articles, conference proceedings, or 

technically detailed preprints; and (3) explicit 

implementation or evaluation of computational 

models particularly ML techniques within blood 

donation systems or healthcare resource 

management. Publications that were purely editorial, 

opinion-based, or lacking methodological 

transparency were excluded. This filtering ensured 

that the final corpus emphasized technically 

substantive contributions rather than conceptual 

commentary alone. 

c) Selection Process: 

The initial database queries generated a broad pool of 

potentially relevant records. Titles and abstracts were 

first screened to remove clearly unrelated studies. 

Papers that satisfied preliminary relevance criteria 

were then examined in full to assess methodological 

depth and alignment with the defined scope. 

Following this two-stage evaluation, 19 studies were 

retained for detailed analysis. For each selected 

paper, in- formation regarding research objectives, 

modeling strategies, data sources, reported 

outcomes, and stated limitations was extracted. 

These elements were subsequently synthesized to 

reveal overarching trends and recurring 

methodological constraints within the field. 

3. Analysis of Surveyed Literature 
A closer examination of the selected studies reveals 
three dominant directions in current research: (1) 
predictive modeling of donor behavior, (2) 
architectural development of management platforms, 
and (3) optimization of operational workflows and 
supply chains. While these themes overlap in 
practice, they reflect distinct methodological 
priorities within the field. 

a) Predictive Modeling of Donor 

Behavior: 

A substantial portion of the literature concentrates on 

fore- casting donor-related behavior using supervised 

learning techniques, most commonly classification 

and regression models. The primary objective across 

these studies is to improve donor retention and 

enhance the stability of blood supply systems. For 

example, Kauten et al. [1] evaluated multiple ML 

algorithms and reported that Random Forest 

achieved comparatively strong performance in 

predicting donor return patterns. Similarly, Salazar-

Concha and Ram´ırez-Correa [2] applied a Decision 
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Tree model to analyze psychological determinants 

in- fluencing donation intention. Although these 

studies approach the problem from different 

analytical perspectives behavioral versus operational 

they both attempt to anticipate donor participation 

before shortages occur. Beyond individual donor 

prediction, Valero et al. [3] ex- tended predictive 

modeling to system-level inventory fore- casting. 

Their regression-based framework demonstrated 

improvements in estimating blood shortages under 

constrained resource conditions. However, across 

these efforts, a recurring limitation emerges: model 

performance is heavily dependent on the 

representativeness and scope of the training data. 

Many studies rely on geographically limited datasets 

or synthetically generated data, raising legitimate 

concerns about external validity and cross-context 

generalizability. 

b) System Architecture and Management 

Platforms 

Another stream of research focuses less on prediction 

and more on the structural design of digital 

management systems. Early contributions by 

Rahman [4] and Shah et al. [5] emphasized database 

architecture, proposing relational and object-oriented 

frameworks to centralize blood bank records. These 

works primarily address data organization and 

system efficiency rather than predictive intelligence. 

Subsequent developments moved toward more 

integrated platforms. Zulfiqar Ali and Ilyas [6] 

implemented a web-based blood donation system 

capable of centralized registration and real-time 

search during emergencies. Building on this 

trajectory, Ben Elmir et al. [7] incorporated machine 

learning directly into a blood management platform 

to forecast demand and reduce wastage. Taken 

together, these architectural studies illustrate a 

gradual transition from static database management 

toward data- driven, analytics enabled systems. 

Nonetheless, many implementations remain either 

conceptual or limited in scope, with advanced 

functionalities such as intelligent donor matching or 

adaptive scheduling frequently identified as future 

work rather than completed components. 

c) Optimization of Scheduling and Supply 

Chains 

Operational efficiency represents a third major focus 

within the surveyed literature. Here, research tends to 

separate into micro-level and macro-level 

optimization problems. At the micro level, the 

emphasis lies on appointment scheduling and patient 

attendance prediction. Toffaha et al. [8] and Deina et 

al. [9] developed interpretable ML models aimed at 

reducing hospital no-shows. Their approaches 

highlight the growing importance of transparency in 

predictive healthcare systems, particularly when 

models directly influence scheduling decisions. At 

the macro level, studies such as Khalilpourazari et al. 

[10] address large-scale supply chain optimization, 

especially under crisis scenarios. These models often 

incorporate multi-objective optimization techniques 

to balance cost, demand satisfaction, and distribution 

efficiency. Broader reviews by Niu et al. [11] and Ala 

and Chen [12] confirm that heuristic and 

evolutionary algorithms such as Genetic Algorithms 

remain prevalent in healthcare scheduling research. 

However, despite methodological sophistication, 

many optimization models simplify clinical realities. 

Factors crucial to transfusion medicine, including 

donor recipient compatibility constraints and 

longitudinal patient requirements, are frequently 

treated as secondary considerations. This 

simplification limits direct applicability to chronic 

transfusion-dependent settings. 

4. Literature Survey Matrix and Discussion 

Table I consolidates the core characteristics of the 19 

studies reviewed in this work, summarizing their 

aims, main outcomes, and reported limitations. The 

discussion that follows contextualizes these 

contributions, highlighting shared themes and 

methodological distinctions among them. 

a) A. Discussion of Individual Studies 
A closer reading of the selected contributions reveals 
both methodological diversity and recurring 
structural limitations across the field. Vassalli et al. 
[13] examine the socio-economic dimensions of 
blood donation through a micro-founded model, 
illustrating how financial incentives interact 
differently with social trust across European 
contexts. In contrast, Valero et al. [3] focus on 
operational constraints, demonstrating through 
synthetic datasets that heuristic allocation strategies 
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can significantly improve transfusion request 
acceptance while enabling shortage forecasting. As  

shown in Table 1. 

 
Table 1 Literature Survey Matrix 

Ref. Paper Title Key Finding Identified Gap / Limitation 

[13] 

Modeling Blood 

Donation Behavior and 

Social Cohesion in 

Europe. 

Financial incentives are not 

universally effective; they can 

crowd out altruism in high-trust 

countries but work in low trust 

environments. 

The analysis is correlational, not 

causal. Future work should use 

quasi- experimental methods 

to test causal prediction. 

[3] 

Optimizing Blood 

Transfusions and 

Predicting Shortages in 

Resource Constrained 

Areas. 

Heuristic matching algorithms 

improved blood request 

acceptance by 47.6%, and 

Linear Regression was effective 

for shortage prediction. 

The study was based on a 

synthetic dataset. Real-world 

data is needed for validation 

and improvement. 

[8] 

Predicting Hospital, No 

Shows: Interpretable 

Machine Learning 

Models Approach. 

Interpretable ML models like 

FIGS and TAO Tree achieved 

high accuracy (∼87.5%) in 

predicting patient 

no-shows. 

The model was trained on a 

single dataset, which may 

limit its generalization to 

other healthcare systems. 

[9] 

Decision analysis 

framework for 

predicting no-shows to 

Appointments using 

machine learning 

algorithms. 

A novel framework using 

Symbolic Regression and 

Instance Hardness Threshold 

(IHT) yielded superior 

sensitivity (¿0.94) for no-show 

prediction. 

The predictors were limited 

by what was available in the 

dataset; future work needs 

purpose-built datasets. 

[11] 

A Review of 

Optimization Studies 

for System 

Appointment 

Scheduling. 

Genetic Algorithms and 

simulation optimization are the 

most common methods for 

appointment scheduling, with 

deep learning emerging as a 

core technology. 

Concludes that more 

practical, domain-specific 

research is needed to tailor 

optimization algorithms for 

medical constraints. 

[7] 

Smart Platform for Data 

Blood Bank 

Management: 

Forecasting Demand in 

Blood Supply Chain 

Using Machine 

Learning. 

An integrated smart platform 

using ML for demand 

forecasting increased 

blood collection by 11% and 

reduced wastage by 20%. 

The system is highly 

dependent on continuous, 

high quality data. Future work 

needs to add a data cleaning 

module. 
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[14] 

Use of Machine 

Learning in Optimizing 

Medical Appointment 

Schedules. 

A qualitative review 

confirming that ML is feasible 

and effective for optimizing 

medical appointment 

scheduling by reducing wait 

times. 

The paper is a high-level 

review and recommends more 

specific future studies on 

predictive scheduling 

opportunities. 

[12] 

Appointment 

Scheduling Problem in 

Complexity Systems 

of the Healthcare 

Services: A 

Comprehensive Review. 

A comprehensive review 

identifying simulation and AI 

as the most practical 

approaches for optimizing 

appointment scheduling. 

A key gap is the need to 

model and optimize 

multistage and multi 

appointment health processes. 

[5] 

Blood Bank 

Management and 

Inventor Control 

Database Management 

System. 

A well-designed, cloud-hosted 

relational database can 

significantly improve the 

efficiency of blood bank data 

management. 

The paper presents a 

conceptual de- 

sign; the GUI-based 

application to interact with 

the database is cited as 

future work. 

[15] 

A Smart Chatbot for 

Interactive Management 

in Beta Thalassemia 

Patients. 

 

A rule-based chat-bot was found 

to be a useful and easy-to-use 

tool for Thalassemia patients to 

self-manage their assessments. 

The Chabot’s knowledge base 

was limited and needs to be 

expanded to cover all medical 

complications of the disease. 

[16] 

A Systematic Review on 

Smart Blood Bank 

System: Taxonomy, 

Motivations, 

Challenges, Study 

Directions and 

Recommendations. 

A systematic review that 

identifies key challenges in 

smart blood bank systems, 

including data security, privacy, 

and connectivity. 

The review itself was limited 

by a lack of access to certain 

databases, potentially 

overlooking the latest research. 

[2] 

Predicting the Intention 

to Donate Blood among 

Blood Donors Using a 

Decision Tree 

Algorithm. 

A Decision Tree model 

predicted donor re-donation 

intention with 84.17% accuracy 

using a minimal set of variables 

from the Theory of Planned 

Behaviour. 

Results are not generalizable 

due to a small, culturally-

specific sample (Chilean 

donors). 

[1] 

Predicting Blood Donors 

Using Machine Learning 

Techniques. 

 

Random Forest was the most 

reliable model (80.1% 

sensitivity) for predicting donor 

retention, with scheduling data 

being the most important 

feature. 

The study used data from a 

single regional blood center, 

making comparisons with 

other regions difficult. 

 

 

Recent intelligent 

Approaches for 

A comparative review finding 

that no single existing system 

Concludes the main gap is the 

need for a single, integrated 
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[17] 

 

 

Managing and 

Optimizing smart Blood 

Donation process. 

integrates all de- sired factors 

(prediction, optimization, geo-

location, etc.). 

system that combines all key 

functionalities. 

 

[4] 

Blood Bank 

Management System 

Proposes a conceptual design 

for a web-based, centralized 

blood bank management system 

using Object- Oriented analysis. 

The work is a design 

document; the actual 

implementation of the 

proposed system is stated as 

future scope. 

[18] 

Patient-Centered 

Appointment 

Scheduling: a Call for 

Autonomy, Continuity, 

and Creativity 

Argues for a patient-centered, 

decentralized scheduling model 

managed by the primary care 

team that knows the patient. 

The paper is a perspective 

piece that explicitly calls for 

research into applying AI and 

ML to this scheduling model. 

[10] 

Designing an efficient 

blood supply chain 

network in cri- sis: 

neural learning, 

optimization and case 

study 

A multi-objective optimization 

model successfully designed a 

blood supply chain for disaster 

scenarios, reducing unsatisfied 

demand to zero. 

The model did not incorporate 

blood group compatibility and 

needs to handle uncertainty 

using fuzzy math or robust 

optimization. 

[19] 

Matching Returning 

Donors to Projects on 

Philanthropic 

Crowdfunding Platforms 

A structural econometric model 

predicted donor choices on a 

crowd- funding platform more 

accurately than standard 

collaborative filtering bench- 

marks. 

The evaluation was a simulation 

based on historical data; a live 

field study is needed to validate 

the approach. 

 

[6] 

Design and 

Development of a Web 

Platform for Blood 

Donation Management 

A developed web platform 

provides a centralized solution 

for donor registration and real-

time searches in emergency 

situations. 

Future enhancements like AI-

based matching and automated 

reminders are not part of the 

current implementation. 

 

Several studies concentrate on appointment-level 
efficiency. Toffaha et al. [8] and Deina et al. [9] 
explore interpretable machine learning models for 
predicting patient no-shows, emphasizing the 
balance between predictive performance and 
transparency. Their findings reflect a broader trend 
toward explainable decision-support systems in 
healthcare. From a systems perspective, Ben Elmir et 
al. [7] integrate demand forecasting within a smart 
blood bank platform, re- porting measurable 
improvements in collection efficiency and reduced 
wastage. Complementary reviews by Niu et al. [11] 

and Ala and Chen [12] synthesize optimization 
techniques for appointment scheduling, noting the 
continued prominence of heuristic and evolutionary 
methods while highlighting the need for models that 
better reflect real-world clinical complexity. 
Infrastructure-focused studies by Rahman [4] and 
Shah et al. [5] primarily address database architecture 
and centralized record management. Similarly, 
Zulfiqar Ali and Ilyas [6] de- scribe a web-based 
emergency donation platform that enhances real-time 
coordination, though advanced predictive 
capabilities remain under development. On the 
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behavioral modeling side, Salazar-Concha and 
Ram´ırez-Correa [2] employ Decision Trees to 
estimate re- donation intention within a culturally 
specific cohort, whereas Kauten et al. [1] identify 
Random Forest as particularly effec- tive for 
predicting donor retention in regional datasets. Both 
studies, however, are constrained by localized data 
sources. Other contributions expand the scope 
beyond direct blood bank systems. Alturaiki et al. 
[15] investigate a rule-based chatbot supporting 
Thalassemia self-management, while Is- mael et al. 
[16] develop a taxonomy of smart blood bank 
challenges, including security and interoperability 
concerns. Khalilpourazari et al. [10] address crisis-
oriented supply chain optimization through a multi-
objective framework, though compatibility 
constraints remain simplified. Collectively, these 
studies demonstrate meaningful technical progress. 
At the same time, they reveal that most solutions 
remain either system-centric, dataset-limited, or 
narrowly scoped leaving individualized, longitudinal 
donor coordination largely unexplored. 
5. Identified Research Gap 

When the surveyed studies are considered 

collectively, a consistent pattern becomes visible. 

Machine learning has been effectively applied to 

large-scale donor analytics, inventory forecasting, 

and supply chain coordination. However, 

comparatively little attention has been directed 

toward the sustained, patient-level demands 

associated with chronic transfusion- dependent 

conditions such as Thalassemia. Most existing 

models are constructed using broad, cross- sectional 

datasets designed to capture aggregate donor 

behavior or optimize institutional workflows. These 

approaches are valuable for improving overall 

system efficiency, yet they are not inherently 

structured to address individualized continuity of 

care. In the context of Thalassemia management, the 

logistical question extends beyond predicting 

whether donors, in general, will return. Instead, it 

centers on whether specific compatible donors can be 

relied upon repeatedly within clearly defined 

transfusion intervals. This distinction may appear 

subtle, but it has important methodological 

implications. Models trained on large heterogeneous 

datasets often prioritize population-level trends, 

whereas chronic transfusion care requires sensitivity 

to small, stable donor groups and recurring temporal 

patterns. The perspective advanced by Matulis and 

McCoy [18], which advocates patient-centered 

scheduling, aligns conceptually with this need. 

Nevertheless, practical implementations that 

integrate such principles with advanced ML 

techniques remain limited. Accordingly, the 

principal gap lies not in the absence of predictive 

modeling itself, but in the absence of models 

explicitly designed for longitudinal, patient-linked 

donor coordination. Addressing this gap will require 

frameworks capable of learning from relatively 

sparse yet temporally structured data and adapting 

predictions to individualized transfusion cycles. 

Without this shift, system-wide optimization efforts 

risk overlooking the unique requirements of patients 

who depend on uninterrupted, long-term transfusion 

support. 

6. Future Directions 

Building on the identified gap, advancing this 

research area will require a shift toward more 

specialized and context- aware modeling strategies. 

Rather than extending existing population-level 

frameworks, future investigations may benefit from 

focusing on approaches that reflect the individualized 

and recurring nature of transfusion-dependent care. 

Several directions appear particularly promising: 

• Temporal and Sequential Modeling: 

Chronic transfusion management inherently 

follows a recurring time- line. Models 

designed to capture sequential dependencies 

such as Recurrent Neural Networks (RNNs), 

Long Short-Term Memory networks 

(LSTMs), or Transformer- based 

architectures could be adapted to learn donor 

participation patterns over repeated 

transfusion cycles. Emphasis should be 

placed not only on predictive accuracy but 

also on stability across extended time 

horizons. 

• Context-Specific Feature Design: Many 

existing studies rely heavily on demographic 

or static operational variables. For 

transfusion-dependent contexts, additional 

features may prove relevant, including 
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transfusion interval regularity, historical 

donor–recipient compatibility, 

communication responsiveness, and external 

temporal factors such as seasonal events or 

public holidays. Thoughtful feature 

construction will likely play a central role in 

improving model relevance at the patient 

level. 

• Interpretable and Clinically Transparent 

Systems: Given the clinical sensitivity of 

donor selection and scheduling decisions, 

predictive systems should support 

interpretability. Explainable AI (XAI) 

techniques can help clarify the reasoning 

behind donor recommendations or suggested 

scheduling adjustments. Such transparency is 

particularly important in settings where 

healthcare providers must justify decisions 

affecting patient safety. 

• Privacy Conscious Collaborative 

Learning: The sensitive nature of both 

patient and donor information necessitates 

careful handling of data. Approaches such as 

federated learning or distributed model 

training offer mechanisms for multi-

institutional collaboration without 

centralized data sharing. Future research 

should examine how such privacy-aware 

strategies can be integrated without 

compromising predictive performance. 

7. Conclusion 

This review has examined recent scholarly efforts 

exploring the integration of machine learning within 

blood donor coordination and resource management 

systems. The surveyed studies collectively 

demonstrate meaningful progress in predicting donor 

participation, designing digital management 

infrastructures, and optimizing large-scale logistical 

operations. These advancements indicate that ML 

has become an established analytical tool within the 

broader blood supply ecosystem. At the same time, 

the analysis highlights an imbalance in re- search 

focus. While system-wide optimization and 

population level forecasting have received 

substantial attention, comparatively limited work 

addresses the sustained, patient specific demands 

associated with chronic transfusion-dependent 

conditions such as Thalassemia. The distinction 

between improving overall efficiency and ensuring 

individualized continuity of care is more than 

conceptual it has practical implications for how 

predictive models are structured and evaluated. 

Moving forward, greater emphasis on longitudinal, 

patient linked modeling frameworks may help bridge 

this gap. Approaches that account for recurring 

transfusion cycles, stable donor compatibility, and 

adaptive scheduling could contribute to more reliable 

and personalized transfusion management. 

Strengthening this research direction has the 

potential not only to enhance operational stability but 

also to improve the long- term quality of care for 

individuals who depend on consistent transfusion 

support. 
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