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INTRODUCTION
Artificial Intelligence (AI) is defined by the European Commission as referring to 
“systems that display intelligent behavior by analyzing their environment and taking 
actions –with some degree of autonomy– to achieve specific goals”1. The integration 
of AI into transfusion medicine represents a revolutionary transformation in 
how blood products are managed, matched, and administered. AI technologies, 
particularly machine learning algorithms, have the potential to enhance predictive 
analytics, optimize donor recruitment, and ensure transfusion safety by mitigating 
risks associated with human error and inefficiencies. However, the application of AI 
in this domain raises ethical and practical concerns, including algorithmic bias, data 
privacy, and regulatory challenges2-6. This synthesis explores the future impact of AI 
on transfusion medicine, its challenges, and the future direction of research in the 
field (Figure 1).
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Figure 1 - Overview of AI applications in transfusion medicine
The diagram illustrates the multifaceted role of artificial intelligence in enhancing transfusion medicine, 
highlighting key areas such as blood supply management, donor recruitment, transfusion safety, and 
personalized transfusion. It also addresses future perspectives, ethical challenges, and the integration of 
innovative technologies to optimize patient outcomes and operational efficiency.
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AI IN BLOOD SUPPLY MANAGEMENT
AI has shown promise in significantly improving blood 
inventory management by predicting demand f luctuations 
and optimizing logistics. Machine learning models have 
been tested to analyze seasonal patterns, demographic 
trends, and unexpected events such as pandemics or 
disasters to forecast blood needs. Preliminary AI-driven 
logistics systems appear to enhance the efficiency of blood 
collection and distribution, potentially helping to reduce 
geographical disparities and ensure timely deliveries3,4,7.
Preliminary predictive models have shown potential in 
determining platelet usage, which is crucial given the short 
shelf life of platelets. AI-based forecasting techniques 
have been tested and may help to minimize wastage and 
improve blood bank efficiency3. Moreover, early-stage 
AI-driven approaches to quality assessments of stored red 
blood cells have been explored to help clinicians evaluate 
the viability of blood products, with the potential to extend 
shelf life and enhance transfusion outcomes8.

ENHANCING DONOR RECRUITMENT  
AND RETENTION
Donor recruitment remains a key challenge in transfusion 
medicine, and AI offers promising, though still emerging, 
solutions to personalize engagement strategies. By 
analyzing donor behaviors and preferences, AI tools 
have been tested to tailor communications that may help 
encourage repeat donations, contributing to a stable 
blood supply6. Predictive models have shown potential 
to identify possible donor attrition, allowing for targeted 
interventions to maintain participation rates. Additionally, 
experimental AI applications aim to determine optimal 
donation times and locations, with the goal of enhancing 
donor convenience and increasing overall participation9. 
Moreover, early AI-driven outreach strategies appear 
particularly promising in diversifying the donor pool by 
analyzing demographic data and addressing barriers to 
donation. These approaches may contribute to recruiting 
underrepresented populations, helping to ensure a more 
equitable and sustainable blood supply.

IMPROVING TRANSFUSION SAFETY
AI has demonstrated promising potential in improving 
transfusion safety by refining donor screening and 
blood testing procedures. Machine learning algorithms 
have been tested to assess donor health records and 

serological data, potentially detecting infectious risks 
with greater accuracy than traditional methods10. 
AI-powered methods for detecting transfusion-
transmitted diseases are emerging as promising tools 
to enhance the safety of transfusion recipients11,12. 
Additionally, experimental AI-driven tools for real-time 
monitoring of transfusion reactions have shown potential 
to enable early detection of adverse events, facilitating 
rapid intervention to protect patients. AI-assisted 
genomic approaches are being explored to enhance blood 
matching by reducing the risk of alloimmunization and 
transfusion-related complications. By integrating genetic 
and immunological factors into donor-recipient matching, 
AI may help to minimize the likelihood of transfusion 
reactions and improve overall patient outcomes3,9,13,14.

AI AND PERSONALIZED TRANSFUSION MEDICINE
AI holds promising potential in personalizing transfusion 
strategies by incorporating patient-specific data, 
such as genetic profiles and hemoglobin trends, to 
determine optimal transfusion thresholds. Preliminary 
AI-assisted decision-support tools aim to ensure 
that patients receive only the necessary amount 
of blood, potentially reducing the risks of over-
transfusion while optimizing resource utilization5,15-17. 
Furthermore, AI is currently being explored in the 
development of alternative blood products, such as 
hemoglobin substitutes, to address challenges in blood 
supply and compatibility. By leveraging AI’s predictive 
capabilities, researchers are investigating ways to enhance 
the safety and efficacy of manufactured blood products, 
which could potentially revolutionize transfusion 
medicine in the long term18.

CHALLENGES AND ETHICAL CONSIDERATIONS
Despite AI’s transformative potential, its implementation 
in transfusion medicine remains limited and poses several 
challenges. One major concern is algorithmic bias, which 
can arise when AI models are trained on non-representative 
datasets. Such biases may reinforce disparities in patient 
care, leading to inequitable access to blood products and 
differential treatment outcomes. Ensuring diversity in 
AI training data is crucial for minimizing these biases 
and promoting equitable healthcare delivery. Another 
challenge lies in the limited transparency of some AI 
algorithms, which can make it difficult for clinicians to 
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fully trust AI-generated recommendations, even when 
they appear straightforward. This lack of interpretability, 
still characteristic of many current models, can 
undermine trust among healthcare professionals 
and patients2. Developing explainable and  
clinician-oriented AI models that provide clear 
rationales for their recommendations is essential for 
fostering confidence in AI-driven transfusion practices. 
Data privacy and security are also critical concerns 
in AI applications for transfusion medicine. AI 
systems require access to vast amounts of sensitive 
patient information, raising questions about data 
governance and compliance with medical privacy laws2. 
Implementing robust data protection measures, such 
as federated learning, has been proposed to mitigate 
these concerns by allowing AI models to learn from data 
without transferring it outside secure environments19. 
Moreover, the successful adoption of AI in transfusion 
medicine will require significant investments in 
infrastructure, personnel training, and regulatory 
frameworks. Healthcare institutions must ensure that 
AI technologies are gradually integrated into existing 
workf lows while adhering to evolving legal and ethical 
guidelines.

FUTURE RESEARCH DIRECTIONS
As AI continues to evolve, several key research directions 
are emerging within transfusion medicine. One area 
of focus is developing AI models that minimize bias 
and ensure equitable care across diverse populations. 
Investigating strategies for protecting patient data 
while leveraging AI’s analytical capabilities, such 
as federated learning, remains a critical and active 
area of exploration. Longitudinal and prospective 
studies are needed to assess the long-term impact 
of AI-assisted decision-making on patient outcomes 
and to validate the clinical utility of AI interventions. 
Additionally, research into the potential integration of 
AI into pathogen detection and blood safety measures 
may contribute to improving transfusion protocols20. 
Another promising avenue is the application of AI in 
chronic transfusion-dependent conditions, such as 
sickle cell disease and thalassemia. AI-based tools 
are being explored for their potential to optimize 
transfusion schedules, which could help to improve 

long-term patient care and resource allocation4. 
Furthermore, early studies suggest that AI-based 
strategies for personalized donor engagement, 
predicting donor retention patterns, and enhancing 
recruitment efforts warrant further validation and 
refinement5,15.

CONCLUSIONS
The potential integration of AI in transfusion medicine 
holds immense promise for improving patient 
care, optimizing blood supply management, and 
enhancing transfusion safety. However, realizing 
AI’s full potential requires a careful and ethical 
approach that addresses algorithmic bias, data privacy 
concerns, and transparency in AI decision-making. 
Future research should focus on refining and validating 
personalized transfusion strategies, developing 
regulatory frameworks for responsible AI implementation, 
and fostering interdisciplinary collaboration between 
transfusion specialists, AI researchers, and policymakers. 
By embracing these advancements while acknowledging 
current limitations and actively mitigating associated 
risks, AI has the potential to revolutionize transfusion 
medicine and improve healthcare outcomes for patients 
worldwide.
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