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ABSTRACT 
Leucoreduction therapy, aimed at removing leukocytes from blood products before transfusion, has been 

extensively studied to evaluate its efficacy in clinical practice. This comprehensive review examines the impact of 

leucoreduction on patient outcomes, transfusion-related complications, and blood product safety. The review 

highlights the rationale behind leucoreduction and its mechanisms of action in reducing adverse reactions. It 

discusses the effectiveness of leucoreduction in mitigating febrile reactions, infections, transfusion-associated 

graft-versus-host disease, and alloimmunization. Furthermore, the review explores the safety aspects, including the 

impact on blood product quality and cost-effectiveness. Overall, leucoreduction therapy demonstrates effectiveness 

in reducing transfusion-related complications and improving blood product safety, with considerations for further 

research and optimization in different clinical settings. Leucoreduction therapy, also known as leukocyte reduction 

or leukodepletion, is a procedure aimed at removing leukocytes, primarily white blood cells, from blood products 

before transfusion. This comprehensive review evaluates the efficacy of leucoreduction therapy in clinical practice, 

focusing on its impact on patient outcomes, transfusion-related complications, and overall blood product safety. 

The review begins by examining the rationale behind leucoreduction therapy, which includes mitigating adverse 

reactions associated with transfusions, such as febrile non-haemolytic reactions, alloimmunization, and transfusion-

related acute lung injury (TRALI). It explores the mechanisms by which leukocytes contribute to these 

complications, emphasizing the immunological and inflammatory processes involved. The impact of 

leucoreduction on clinical outcomes is extensively discussed, incorporating findings from numerous studies across 

different patient populations and medical settings. The review addresses the effectiveness of leucoreduction in 

reducing febrile reactions, infection rates, transfusion-associated graft-versus-host disease (TA-GVHD), and 

alloimmunization. Additionally, it evaluates the role of leucoreduction in preventing TRALI, a severe pulmonary 

complication associated with transfusions. Furthermore, the review examines the safety of leucoreduced blood 

products by analysing the potential risks and benefits of the procedure. It explores the impact of leucoreduction on 

blood product quality, including red blood cell and platelet function, as well as the potential for increased storage 

lesions and decreased shelf life. The impact on the availability and cost-effectiveness of leucoreduced blood 

products is also addressed. The comprehensive analysis reveals that leucoreduction therapy is effective in reducing 

the incidence of transfusion-related complications, particularly febrile reactions, alloimmunization, and TRALI. 

However, its impact on infection rates remains inconclusive. While there are concerns regarding storage lesions 

and increased cost, the overall safety and availability of leucoreduced blood products are acceptable for clinical 

use. In conclusion, this comprehensive review provides valuable insights into the efficacy of leucoreduction 

therapy in clinical practice. Leucoreduction demonstrates significant benefits in reducing transfusion-related 

complications, enhancing patient safety, and improving the overall quality of blood products. Nonetheless, further 

research is warranted to address remaining uncertainties and optimize the implementation of leucoreduction 

strategies in different clinical settings. 
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INTRODUCTION 

Blood transfusion is a life-saving intervention, but it is 

not without risks. Transfusion-related complications, 

such as febrile non-haemolytic transfusion reactions, 

alloimmunization, and transfusion-related acute lung 

injury (TRALI), continue to pose challenges in 

transfusion medicine.
[1]

 Leucoreduction, the removal of 

leukocytes from blood components, has emerged as a 

strategy to mitigate these complications.
[2]

 

 

Benefits of Leucoreduction: Numerous studies have 

demonstrated the benefits of leucoreduction in reducing 

transfusion-related complications. Leucoreduction has 

been shown to decrease the risk of febrile non-

haemolytic transfusion reactions by 40-80%.
[3]

 It also 

reduces the incidence of alloimmunization, particularly 

in patients receiving multiple transfusions.
[4]

 

Furthermore, leucoreduction has been associated with a 

lower incidence of TRALI, a severe respiratory 

complication that can be life-threatening.
[5]

 

Leucoreduction has been extensively studied, and 

numerous clinical trials and observational studies have 

investigated its benefits in various patient populations. A 

systematic review and meta-analysis of randomized 

controlled trials found that leucoreduction of red blood 

cells reduced the incidence of febrile non-haemolytic 

transfusion reactions by 45% and the risk of 

alloimmunization by 28%.
[1]

 These findings highlight the 

significant impact of leucoreduction in enhancing the 

safety of blood transfusions. 

 

Leucoreduction of platelets has also been shown to 

reduce the risk of alloimmunization and improve platelet 

recovery and survival in patients receiving multiple 

transfusions.
[2]

 The removal of leukocytes from platelet 

concentrates mitigates the immune response and 

enhances the efficacy of platelet transfusions. 

 

Furthermore, leucoreduction of plasma has been 

demonstrated to reduce the risk of transfusion-related 

acute lung injury (TRALI), a rare but potentially fatal 

complication of blood transfusions.
[3]

 By eliminating 

leukocytes, which are implicated in the pathogenesis of 

TRALI, leucoreduced plasma reduces the likelihood of 

this severe adverse event. 

 

Leucoreduction may also yield benefits in specific 

patient populations. For example, a study of neonates 

and infants undergoing cardiac surgery found that 

leucoreduced red blood cell transfusions were associated 

with a lower incidence of necrotizing enterocolitis, a 

serious intestinal complication.
[4]

 Similarly, another 

study reported that leucoreduced platelet transfusions 

were linked to a reduced risk of bacterial infection in 

patients undergoing hematopoietic stem cell 

transplantation.
[5]

 These findings emphasize the potential 

of leucoreduction to improve outcomes in vulnerable 

patient groups. 

 

Implementation of Leucoreduction: The 

implementation of leucoreduction in blood banks and 

transfusion centres comes with challenges. One major 

consideration is the cost involved in implementing and 

maintaining leucoreduction procedures.
[6]

 This includes 

the acquisition and maintenance of specialized 

equipment, training of staff, and quality control measures 

to ensure the efficacy of the leucoreduction process. 

 

Additionally, there are concerns about potential loss of 

blood components during the leucoreduction process. 

Both filtration and centrifugation methods can result in 

the removal of not only leukocytes but also other 

valuable blood components, such as platelets, clotting 

factors, and plasma proteins.
[7]

 This loss of blood 

components may have clinical implications, particularly 

in patients with significant bleeding or coagulation 

disorders. 

 

Methods of Leucoreduction 

Leucoreduction can be achieved through two main 

methods: filtration and centrifugation. Filtration involves 

passing the blood product through a filter with a pore 

size that allows for the removal of leukocytes while 

retaining the other blood components. This method 

effectively eliminates leukocytes, including both 

granulocytes and lymphocytes, from the transfusion 

product.
[6]

 

 

On the other hand, centrifugation involves spinning the 

blood product at high speeds to separate the blood 

components based on their density. Leukocytes, being 

heavier than other blood components, are sedimented 

and can be physically removed from the product. This 

method can be performed with different types of 

centrifuges, such as top-and-bottom or apheresis-based 

systems.
[7]

 

 

Both filtration and centrifugation have demonstrated 

effectiveness in achieving leucoreduction. However, 

each method has its advantages and disadvantages. 

Filtration is generally more effective at removing 

leukocytes but may result in the loss of blood 

components such as platelets and clotting factors. 

Centrifugation, while less effective at removing 

leukocytes, may result in a lower loss of blood 

components.
[7]

 

 

Controversies Surrounding Leucoreduction 

Despite the compelling evidence supporting the benefits 

of leucoreduction, its universal implementation in all 

blood banks and transfusion centres remains a topic of 

debate. Several factors contribute to the ongoing 

controversies surrounding this practice. 

 

Cost is a significant consideration in the implementation 

of leucoreduction. The process of leucoreduction, 

whether through filtration or centrifugation, adds an 

additional step to the blood processing procedure, 

increasing the overall cost. This cost includes the 
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acquisition and maintenance of specialized equipment, 

training of staff, and expenses associated with quality 

control measures to ensure the efficacy of the 

leucoreduction process. 

 

Furthermore, there are concerns regarding the potential 

loss of blood components during the leucoreduction 

process. Both filtration and centrifugation methods can 

result in the removal of not only leukocytes but also 

other valuable blood components, such as platelets, 

clotting factors, and plasma proteins. This loss of blood 

components may have clinical implications, particularly 

in patients with significant bleeding or coagulation 

disorders. 

 

Additionally, the impact of leucoreduction on the storage 

and shelf-life of blood products is another area of 

concern. Leucoreduction has been associated with 

increased haemolysis of red blood cells and reduced 

storage duration of platelets.
[8]

 These factors may limit 

the availability and effectiveness of leucoreduced blood 

products, especially in situations where a longer shelf-

life is required. 

 

Another area of controversy is the optimal level of 

leucoreduction. Some studies have suggested that a 

higher level of leucoreduction, such as reducing 

leukocytes to below a certain threshold, may provide 

additional benefits in terms of reducing transfusion-

related complications.
[9]

 However, other studies have not 

found a significant difference in outcomes between 

different levels of leucoreduction.
[10]

 Further research is 

needed to determine the optimal threshold and intensity 

of leucoreduction that balances the reduction of 

complications with the preservation of blood 

components. 

 

Moreover, the impact of leucoreduction on the storage 

and shelf-life of blood products is another area of 

concern. Leucoreduction has been associated with 

increased hemolysis of red blood cells and reduced 

storage duration of platelets.
[8]

 These factors may limit 

the availability and effectiveness of leucoreduced blood 

products, especially in situations where a longer shelf-

life is required. 

 

Optimal Level of Leucoreduction: Another area of 

controversy is the optimal level of leucoreduction. Some 

studies have suggested that a higher level of 

leucoreduction, such as reducing leukocytes to below a 

certain threshold, may provide additional benefits in 

terms of reducing transfusion-related complications.
[9]

 

However, other studies have not found a significant 

difference in outcomes between different levels of 

leucoreduction.
[10]

 

 

Future Directions: Despite the controversies, there are 

ongoing efforts to improve the practice of leucoreduction 

and explore new strategies. One area of interest is the 

development of new filtration technologies that can 

effectively remove leukocytes while minimizing the loss 

of blood components.
[11]

 Furthermore, research is being 

conducted to identify specific subsets of leukocytes that 

are most responsible for transfusion-related 

complications, allowing for more targeted and efficient 

leucoreduction.
[12]

 

 

In addition, the use of pathogen reduction technologies in 

combination with leucoreduction is being explored. 

Combining these technologies may further enhance the 

safety of transfusions by inactivating viruses, bacteria, 

and other pathogens in blood products.
[13]

 

 

DISCUSSION 

The implementation of leucoreduction in transfusion 

medicine has been a subject of ongoing discussion and 

debate.
[14]

 While the benefits of leucoreduction in 

reducing transfusion-related complications are well 

established, several areas warrant further discussion and 

investigation.
[15]

 

 

Firstly, the impact of leucoreduction on the prevention of 

transfusion-transmitted infections requires careful 

consideration. Although the removal of leukocytes has 

been shown to reduce the risk of bacterial contamination 

in blood products, the risk of viral transmission remains 

a concern.
[16]

 Leukocytes can serve as reservoirs for 

certain viruses, and their removal may decrease the viral 

load in transfused blood components. However, it is 

important to note that leucoreduction does not eliminate 

the risk of all viral infections, and additional measures, 

such as rigorous donor screening and testing, are 

necessary to ensure the safety of blood products.
[17]

 

 

The potential impact of leucoreduction on immune 

modulation and transfusion efficacy is another topic of 

interest. Leukocytes play a crucial role in the immune 

response, and their removal from transfused blood 

products may alter the recipient's immune system 

dynamics.
[18]

 Some studies have suggested that 

leucoreduction may lead to a decreased incidence of 

transfusion-associated graft-versus-host disease (TA-

GVHD), a rare but potentially fatal complication.
[19]

 

However, the influence of leucoreduction on the immune 

response to transfusion and its long-term effects require 

further investigation.
[20]

 

 

Moreover, the economic considerations associated with 

implementing universal leucoreduction deserve attention. 

The costs associated with leucoreduction procedures, 

including equipment, training, and quality control 

measures, can be substantial.
[21]

 Blood banks and 

transfusion centres must weigh the benefits of 

leucoreduction against the financial implications and 

allocate resources accordingly. Cost-effectiveness 

analyses and further research into the economic impact 

of leucoreduction are necessary to inform decision-

making processes.
[22]
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In terms of practical implementation, standardizing 

leucoreduction practices and ensuring quality control 

across blood banks and transfusion centres pose 

additional challenges.
[23]

 Variability in techniques, 

equipment, and training can affect the efficacy and 

consistency of leucoreduction procedures. Collaborative 

efforts, including the development of guidelines and 

protocols, can help standardize leucoreduction practices 

and optimize patient outcomes.
[24]

 

 

While the focus of this review has been primarily on the 

benefits of leucoreduction, it is crucial to recognize that 

the practice is not without limitations. Leucoreduction 

may result in the loss of blood components, particularly 

platelets and clotting factors, which can have clinical 

implications, especially in patients with bleeding 

disorders or those requiring massive transfusion.
[25]

 

Striking a balance between reducing transfusion-related 

complications and maintaining an adequate supply of 

blood components is a key consideration. 

 

The future of leucoreduction lies in further refining 

techniques and optimizing its implementation. Advances 

in filtration technologies, such as the use of innovative 

filter materials and smaller pore sizes, may improve the 

efficiency and effectiveness of leucoreduction while 

minimizing the loss of beneficial blood components. 

Additionally, continued research into the 

immunomodulatory effects of leucoreduction and its 

impact on patient outcomes will provide valuable 

insights. 

 

CONCLUSION 
In conclusion, leucoreduction is an essential component 

of transfusion medicine that offers significant benefits in 

reducing transfusion-related complications. The evidence 

supports its effectiveness in decreasing the risk of febrile 

non-haemolytic transfusion reactions, alloimmunization, 

and transfusion-related acute lung injury.
[26]

 However, 

the implementation of leucoreduction poses challenges, 

including cost considerations, potential loss of blood 

components, and impact on storage duration. 

 

Further research and technological advancements are 

needed to optimize the practice of leucoreduction. This 

includes the development of improved filtration 

technologies that can effectively remove leukocytes 

while minimizing the loss of valuable blood components. 

Additionally, identifying specific subsets of leukocytes 

responsible for transfusion-related complications may 

allow for more targeted and efficient leucoreduction 

strategies.
[27]

 

 

Future directions also involve exploring the combination 

of leucoreduction with pathogen reduction technologies 

to enhance the safety of transfusions by inactivating 

pathogens. These advancements hold promise for further 

improving the efficacy and safety of blood transfusions. 

 

It is crucial for healthcare institutions and blood banks to 

assess the benefits and challenges associated with 

implementing leucoreduction protocols and consider the 

specific needs of their patient population. Collaboration 

between transfusion medicine specialists, clinicians, and 

researchers is necessary to establish standardized 

guidelines and best practices for leucoreduction. 
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