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A B S T R A C T  

Objective: To evaluate the clinical effectiveness of bedside leukoreduction 
filters in reducing the occurrence of febrile non-hemolytic transfusion reactions 
(FNHTRs) among patients with beta-thalassemia major, by comparing their 
frequency in patients receiving blood through a filter versus those without a 
filter. 
Methodology: A retrospective cross-sectional comparative study was 
conducted at the Thalassemia Centre in collaboration with the Blood Bank, 
Pakistan Institute of Medical Sciences, from January to March 2024. A total of 
1,000 multi-transfused beta-thalassemia major patients with a history of 
FNHTRs were included and divided into two groups: 500 patients received blood 
through bedside leukoreduction filters, while 500 received non-filtered blood. 
Transfused red cell concentrates ranged in storage age from 2 to 14 days. Data 
were analyzed using SPSS Version 20, and the chi-square test was applied to 
compare the incidence of FNHTRs between the two groups. A p-value of <0.05 
was considered statistically significant. 
Results: Among the 500 patients receiving bedside leukoreduced blood, 7 
(1.4%) experienced FNHTRs during transfusion, presenting with symptoms such 
as fever, chills, cold extremities, abdominal pain, and facial flushing. In contrast, 
49 (9.8%) patients receiving non-filtered blood developed FNHTRs (p < 0.001). 
Conclusion: The incidence of FNHTRs was significantly reduced with the use of 
bedside leukoreduction filters compared to non-leukoreduced blood. 
Implementing this simple and cost-effective strategy in resource-limited settings 
can help prevent transfusion reactions, improve patient and staff satisfaction, 
and reduce the risk of transfusion discontinuation, prolonged hospitalization, 
and extensive laboratory investigations. 
Keywords: Beta-thalassemia major, Febrile non-hemolytic transfusion reactions, 
Leukoreduction filters, Bedside leukoreduction. 
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Introduction 

Leukocyte contamination in blood components can lead 

to various harmful transfusion-related effects, such as 

febrile non-hemolytic transfusion reactions (FNHTRs), 

transfusion-related immunomodulation, allergic 

reactions, transfusion-related acute lung injury, 

transfusion-transmitted infections etc. Different methods 

for leukoreduction include washing with normal saline, 

buffy coat removal, differential centrifugation, and 

leukocyte filtration. Among these, leukofiltration is the 

most effective, achieving a leukocyte count reduction of 

3 to 4 logs.1 This works by trapping the undesirable 

leukocytes, and allowing the passage of desired blood 

products.2 In particular, leukoreduction reduces the risk 

of three types of reactions; FNHTRs, HLA-

alloimmunization and transfusion-transmissible 

cytomegalovirus infection. In the United States of 

America, most of the cellular blood components are 

leukoreduced before storage to minimize these reactions.3 
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The differential diagnosis for fever caused by a 

transfused blood product includes FNHTR, transfusion-

transmitted infection (TTI), transfusion-associated acute 

lung injury (TRALI), and acute hemolytic transfusion 

reaction (AHTR). It is essential to correlate the signs and 

symptoms suggestive of a transfusion reaction with the 

patient's underlying clinical history.4 

Febrile non-hemolytic transfusion reactions are frequent 

non-infectious complications associated with transfusing 

allogeneic RBCs. In one study, FNHTR was the most 

frequently reported reaction (0.36% incidence), followed 

by allergic reactions.5 These reactions commonly occur 

during the transfusion process but can also present within 

4-6 hours post-transfusion. The occurrence rate of febrile 

reactions in non-leukoreduced red cells is estimated to 

range from 0.5% to 6.8% of all transfused units. FNHTRs 

are mostly self-limiting and characterized by a 

temperature rise of over 1°C, along with chills and rigors. 

Additional symptoms, such as nausea, vomiting, dyspnea, 

and hypotension, may also occur, but they are not 

typically considered life-threatening.6 

In patients with Beta Thalassemia Major who receive 

chronic transfusions, Febrile Non-Hemolytic Transfusion 

Reaction is a significant complication. These reactions 

are triggered by the recipient's immune response to the 

donor's leukocytes. Leukodepletion, which involves 

removing leukocytes from donated blood, can be carried 

out during the collection of blood, at the level of blood 

processing or at bedside.7 ensuring RBC units contain 

less than 5 x 10^6 leukocytes.8  

Most studies in the literature have focused on the use of 

pre-storage leukoreduction for preventing febrile non-

hemolytic transfusion reactions (FNHTRs) in patients 

with specific risk factors. However, in resource-limited 

settings, such as government institutions, implementing 

this strategy can be challenging due to financial 

constraints. In such cases, a more cost-effective 

alternative, such as post-storage leukoreduction using 

bedside filters, may help reduce the burden of febrile 

transfusion reactions. This study aimed to assess the 

clinical effectiveness of bedside leukoreduction filters in 

reducing the occurrence of FNHTRs among patients with 

beta-thalassemia major. 

Methodology 

It was a retrospective, cross-sectional, comparative study 

conducted at the Thalassemia Centre in collaboration 

with the Blood Bank, Pakistan Institute of Medical 

Sciences (PIMS), Islamabad, from January to March 

2024. The sampling technique used was consecutive non-

probability sampling. The sample size was calculated 

using the WHO calculator with the following parameters: 

confidence level = 95%, margin of error = 5%, 

population proportion = 50%, and population size = 

120.7, yielding a minimum required sample size of 92. 

However, we included 500 patients in the study who 

received red cell concentrates (RCC) through bedside 

leukoreduction filters. For comparison, a control group of 

500 beta-thalassemia major patients was recruited, who 

received RCC without a filter. 

All participants had a confirmed diagnosis of transfusion-

dependent beta-thalassemia major and a documented 

history of FNHTRs during previous transfusions. Both 

male and female patients, including pediatric and adult 

age groups, were included. Patients who were recently 

diagnosed with beta-thalassemia major or those with no 

known previous history of FNHTRs were excluded from 

the study. 

After approval from IRB, Ref F.1-

1/2015/ERB/SZABMU/1228, data record of all beta 

thalassemia major patients fulfilling the inclusion criteria 

receiving red cell concentrate transfusions through 

bedside leukoreduction filters was noted. Similarly, the 

data of patients who did not receive leuko-reduced blood 

(control group) was also recorded. No pre-transfusion 

medicines were given to any patient. Specific filters that 

reduce the WBC count provided by PuriBlood filters by 

Innovative Medical Manufacturing Company, Taiwan, 

were used at the bedside in thalassemia centre for 

transfusion of red cell concentrates. Informed consent 

performa was filled at the time of transfusion from each 

patient's attendant. The data analyzed included 

demographic details like age, gender, pretransfusion and 

post-transfusion vital signs, any adverse event noted 

alongwith the clinical signs and symptoms. Adverse 

transfusion events characterized by the onset of fever 

during or within 24 hours after a blood transfusion, 

excluding other identifiable causes of fever. These 

reactions typically involve an increase in body 

temperature of ≥1°C (1.8°F) from baseline and may be 

accompanied by chills, rigors, and other systemic 

symptoms. Their non-hemolytic nature was confirmed by 

laboratory evidence confirming the absence of significant 

hemolysis, such as a stable hemoglobin level, absence of 

hemoglobinuria, and negative Coomb's test. Resolution 

of fever and associated symptoms upon discontinuation 

of the transfusion support a causal relationship between 

the transfusion and the febrile reaction. The data was 
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analyzed using SPSS version 20. Qualitative and 

Quantitative variables were measured by using 

descriptive statistics. Qualitative variables such as 

gender, number of patients, number of patients 

experiencing any adverse event in the form of FNHTR, 

signs/symptoms of any adverse event, filter failure, 

medication given were expressed in terms of percentages.  

Quantitative variables for example mean age of patients 

and gender distribution were measured as Mean ± 

Standard Deviation or percentages. Qualitative variables 

were represented as Bar or Pie charts. Comparison was 

done between the two groups of patients, in terms of 

frequency of FNHTR noted. Chi-square test was 

employed to compare the FNHTR incidence between 

filtered vs. non-filtered groups. A p value less than 0.05 

was considered significant. 

Results  

A total of 1000 patients (500 who received blood through 

a filter, and 500 who received blood without a filter) were 

included in the study. The gender and age distributions of 

patients in both groups are depicted in Figures 1 & 2. The 

age range of patients enrolled in study was 2-37 years 

with a mean age of 10.5 ± 5.7 years in the filter group 

and 8.54 ±  3.17 years in the non-filter group.  

 

Figure 1. Gender distribution of patients receiving blood 

through bedside leukoreduction filter. 

 

Figure 2. Gender distribution of patients receiving blood 

without a filter 

 
Figure 3. Frequency of FNHTR following Transfusion 

using Bed-side Leukoreduction Filter 

 

Figure 4. Frequency of FNHTR following Transfusion 

without using a leukoreduction filter. 

Transfused red cell concentrates varied in age from 2-14 

days. We observed that the majority of our patients i.e. 

493/500 (98.6%), who received blood through a bedside 

leukoreduction filter did not experience FNHTR during 

or after transfusion. Only 7(1.4%) patients faced one or 

more signs or symptoms suggesting the occurrence of 

FNHTR. (Figure 3), In the control group, for whom 

leukoreduction filter was not employed, 49 (9.8%) 

patients experienced FNHTR signs and symptoms. (p 

value <0.001) Figure 4. Common symptoms experienced 

by patients were fever, chills, headache, nausea and 

vomiting. Common clinical signs observed were rise in 

temperature and tachycardia. 

Discussion 

Leukocytes are a component of human blood that play a 

key role in defense against bacterial infections. However, 

donor leukocytes in transfused blood products can lead to 

various adverse reactions in the recipient, including 

febrile non-hemolytic transfusion reactions, 

alloimmunization with human leukocyte antigen and 

platelet refractoriness. They can also be a source of 
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transmission for infectious agents, such as 

cytomegalovirus.9 FNHTR is among the most frequently 

observed transfusion reactions, occurring at a rate of 

86.4/100,000 transfused units. The suspected 

pathophysiology involves cytokines released by white 

cells present in stored blood components. 

Leukoreduction, a modification process that removes 

white blood cells from blood products, is an effective 

method for reducing the incidence of FNHTR.10 A 

previous study indicated that HLA-mediated antigen-

antibody reactions are a trigger for FNHTR.11 

FNHTR most commonly occurs in recipients who have 

undergone repeated transfusions.12 Patients may develop 

HLA antibodies after multiple blood transfusions or, in 

women, following pregnancy. Upon subsequent 

transfusions, these antibodies can react with transfused 

leukocytes or platelets, leading to the release of pyrogens 

and causing fever and further symptoms. Additionally, if 

the donors possess HLA antibodies, these can be 

transferred to recipients during transfusion, potentially 

resulting in febrile reactions.11 Blood filtration to remove 

these leukocytes can be performed during the processing 

stage, after processing, or at the time of transfusion.13 

Our study found that the use of bedside leukoreduction 

filters significantly reduced the incidence of FNHTRs in 

thalassemia major patients who undergo multiple 

transfusions from an early age. These findings are 

consistent with the limited available literature, which 

suggests that bedside leukoreduction effectively reduces 

FNHTRs by minimizing the leukocyte load in transfused 

blood—a known trigger for these reactions. One major 

concern with FNHTRs is the need for immediate 

cessation of transfusion to exclude hemolytic reactions. 

Although FNHTRs are generally benign, the implicated 

blood units are typically discarded, resulting in additional 

financial burden for healthcare facilities. 

Currently, pre-storage leukoreduction is favored, either 

through universal leukoreduction for all patients or 

selective leukoreduction for specific patient groups. The 

main drawback of universal leukoreduction is its high 

cost. On the other hand, selective leukoreduction presents 

challenges in inventory management, as predicting the 

need for leukoreduced blood components during 

preparation is difficult. In contrast, bedside 

leukoreduction can be selectively performed for patient 

groups that require leukoreduced blood components. 

However, studies have shown that bedside 

leukoreduction is not as effective as pre-storage 

leukoreduction in reducing the adverse effects of 

leukocytes.14 

In a study, the incidence of FNHTRs significantly 

decreased with pre-storage leukoreduced RBCs. In vitro 

studies showed elevated levels of cytokines like IL-1β 

and IL-8 in post-storage RBCs. These findings suggest 

that pre-storage leukoreduction reduces the accumulation 

of cytokines, thereby decreasing transfusion-associated 

adverse reactions.15 In another study, pre-storage 

leukoreduced apheresis platelets significantly reduce the 

occurrence of febrile non-hemolytic transfusion reactions 

compared to post-storage groups.16 Another study 

concluded that pre-storage leukoreduction reduced 

FNHTR from RBC units from 0.24% to 0.05%.17  

While most current studies focus on pre-storage filters, 

our study contributes for valuable data on effectiveness of 

bedside filters. Limited data is available for bedside 

filters. A study by Waheed et al.18 on thalassemia major 

cases reported a 26.3% incidence of transfusion-

associated reactions in 2193 red cell transfusions. 

FNHTR was found out as the most common reaction. A 

study by Nasir et al.7 found that the use of bedside filters 

eliminated FNHTRs, reducing the reaction rate to 0% in 

cases that previously had a high incidence. Conversely, 

using non-leukoreduced blood resulted in a 100% 

occurrence rate of FNHTRs. This demonstrates that 

bedside-filter leukoreduction significantly reduces 

FNHTRs compared to non-leukoreduced blood.  

Leukoreduction in thalassemic patients can be effective 

in preventing transfusion reactions. In a study from India 

by Devi et al., which assessed the leukodepletion status 

of blood products and associated transfusion reactions in 

thalassemic patients, reactions were observed in 3 (0.2%) 

out of 161 patients. Two reactions occurred with 

leukoreduced (buffy-coat method) transfusions, and one 

with non-leukoreduced PRBC. Notably, no reactions 

were observed in transfusions using bedside filters for 

leukodepletion. The study concluded that bedside filter 

leukodepletion is more effective in preventing transfusion 

reactions.19 

Similarly, a study from Malaysia evaluated the efficacy 

of leukocyte removal using two different filters during 

bedside transfusions for patients with transfusion-

dependent thalassemia. The study included 51 transfusion 

events, randomly using either a non-woven polyester 

filter or a polyurethane filter. The polyurethane filter 

achieved 98.4% leukocyte removal, while the polyester 
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filter achieved 96.2% (p = 0.022). No adverse events or 

transfusion reactions were reported in their study.20 

Our study demonstrates that bedside filters—though less 

commonly studied in the current era of universal pre-

storage filtration—also significantly reduce FNHTRs and 

provide a cost-effective solution in resource-limited 

settings. Where pre-storage filtration is not feasible due 

to higher costs, bedside filtration offers a practical and 

economical alternative, as evidenced by our results. This 

strategy may serve as a viable option to improve 

transfusion safety in such settings. 

The main strengths of our study were that it had a large 

sample size, enhancing reliability of our findings, The 

limitations of my study were that it was carried out at one 

point of time, with a lack of follow-up to determine trend 

of reactions in subsequent transfusions. Moreover, small 

number of studies are available for direct comparison 

highlighting the need for future studies in this area. 

According to findings of my study, implementing this 

practical strategy in resource-constrained settings may 

prove advantageous in preventing transfusion reactions, 

enhancing patient and staff satisfaction, reducing the risks 

of discontinuation of transfusion, prolonged hospital stay 

and the need for laboratory evaluation. This evidence 

further suggests the potential extension of this approach 

to other patient populations, including multiparous 

females and leukemia patients requiring transfusions. 

Future long-term prospective studies in terms of both 

cost-effectiveness and clinical outcomes are required to 

provide a more comprehensive analysis. 

Conclusion  

The frequency of FNTHR in thalassemic patients is 

significantly low when they are transfused bedside-

filtered leukoreduced blood.  
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