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Abstract 

 

Background: Severe anaemia is a major cause of childhood morbidity and mortality. It has 

been suggested that post-discharge mortality may be partly explained by an inadequate 

haematological response to blood transfusion.  

 Methods: A prospective cohort study was conducted at Queen Elizabeth Hospital, Blantyre in 

2007. All children meeting the WHO criteria for severe anaemia were recruited and transfused 

according to WHO guidelines. Regular clinical assessments were made and post-transfusion 

haemoglobin (Hb) measured after 24 hours. Transfusion failure was defined as a post-

transfusion Hb ≤6 g/dl.  

Results: 128 children aged 3-60 months were recruited. Malaria was seen in 73.4% of 

children, and 23.4% of children had transfusion failure. In the multivariate analysis, failure 

was predicted by pre-transfusion Hb (Adjusted OR 0.4; 95% CI 0.25 – 0.68; p=0.001) and little 

reduction in respiratory rate during transfusion (Adjusted OR 0.93; 95% CI 0.88 – 0.98; 

p=0.008), but not by malaria infection. Malaria parasitaemia was associated with a poor Hb 

response to blood transfusion (mean (SD) Hb change=2.6(1.1) versus 3.1(1.2) g/dl; p=0.02).  

Conclusion: Blood transfusion using the current WHO guidelines results in a high transfusion 

failure rate. Introducing post-transfusion Hb and malaria tests in malaria-endemic settings 

may help reduce post-discharge mortality. 
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Background 

Severe anaemia is major cause of childhood morbidity and mortality in Africa. In Malawi, 

severe anaemia accounts for up to 54% of malaria-related deaths (Slutsker, et al 1994). Most 

severe anaemia-related deaths occur in children with signs of respiratory distress and/or 

cardiac failure, often within the first 24 hours of admission (Marsh, et al 1995). The WHO 

advises to transfuse severely anaemic children with 10mls/kg of packed cells (PC) or 20mls/kg 

of whole blood (WB), if PC are not available (Organisation 2000). We have assessed the clinical 

and early haematological responses of severely anaemic children transfused according to WHO 

guidelines. In addition we have tried to identify clinical and laboratory markers that would 

predict a transfusion failure. 

 

Methods 

A prospective cohort study was conducted at the Paediatric Emergency of Queen Elizabeth 

Central Hospital (QECH), Blantyre, Malawi in March-April 2007. Children <5 years presenting 

with signs and symptoms suggestive of severe anaemia (defined as haemoglobin (Hb) of <4 

g/dl or Hb <6g/dl with evidence of hypoxia or hyperparasitaemia) were screened, and eligible 

children enrolled after obtaining informed consent. A clinical history was taken, physical 

examination performed and a sample of venous blood collected for Hb check (Hemocue Hb 

301; Angelholm, Sweden), thick film for malaria parasites, blood glucose (Hemocue B-glucose; 

Angelholm, Sweden), blood group and cross-match. When a diagnosis other than malaria was 

suspected, children were managed according to hospital protocol. 

Blood for transfusion was obtained from the Malawi Blood Transfusion Service (MBTS) and 

screened according to MBTS standard operating procedures. Severely anaemic children were 

transfused with either 10mls/kg of PC (or 20mls/kg of WB) over 3 hours based on hospital 

availability. Clinical assessments were done manually every 15 minutes for the first two hours 

and half-hourly for the last hour. Post-transfusion Hb was measured after 24 hours. Ethical 

approvals were obtained from the College of Medicine Research Ethics Committee and the 

Liverpool School of Tropical Medicine (LSTM) Ethics Committee.  

Statistical analysis was done using Stata version 10 (StataCorp, College Station, TX USA). 

Continuous data were analysed by independent samples Student t-tests; categorical data were 

analyzed using the chi-squared or Fisher’s exact test. The change in Hb (delta Hb) was defined 

as the difference between the post-transfusion Hb and the pre-transfusion Hb. Delta 
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respiratory rate (RR) and delta heart rate (HR) were defined as the difference in RR/HR 

between the start of transfusion and the RR/HR at 60, 120 and 180 minutes after transfusion 

was commenced. Transfusion failure was defined by a post-transfusion Hb ≤6 g/dl. Univariate 

and multivariate logistic regression using transfusion failure as the outcome was done looking 

at different clinical and laboratory markers. Important clinical and baseline parameters were 

analysed after patients were categorised into groups based on presence or absence of malaria 

parasitaemia. P-values of <0.05 were taken as statistically significant.  

 

Results 

128 children were recruited with a mean (SD) age of 22.6(13.8) months. Fever was the most 

common presenting symptom seen in 124 children (96.9%). Malaria parasites were found in 

73.4% of children, suspected septicaemia in 14.1% and suspected pneumonia in 7%. The in-

patient mortality rate was 4.7% (6/128). 

 

Table I: Baseline characteristics of study participants 
Baseline Parameter  Mean (SD) or N (%) 
 Age (months) 22.6 (13.8) 

Sex (male) 63/128 (49.2%) 
Weight (kg) 9.5 (2.5) 

Symptoms (history)  
Fever 124/128 (96.9%) 
Convulsions 6/128 (5.4%) 
Clinical Signs  
Fast breathing1 59/128 (46.1%) 
Bi-basal crackles  1/128 (0.8%) 
Impaired consciousness2 24/128 (18.8%) 
Enlarged liver 79/128 (61.7%) 
Enlarged spleen  72/128 (56.3%) 
Prolonged CRT3  3/128 (2.3%) 
Laboratory  

         Malaria Parasitaemia
  

94/128 (73.4%) 
Pre-transfusion Hb 

 
4 (1.0) 

Pre-transfusion Hb ≤4 
 

55/128 (43%) 
Hypoglycaemia4 12/128 (10.8%) 
Donor Hb (PC) in g/dl 18.9 (3.5) 

1>50 breaths/minute; 2Blantyre Coma Score ≤ 4/5; 
 3Capillary re-fill time ≥ 3 seconds; 4Blood sugar ≤ 2.2mMol/L (40 g/dl) 
 

Thirty children (23.4%) were classified as transfusion failures (post-transfusion Hb ≤6 g/dl). 

Multivariate analysis identified high pre-transfusion Hb (Adjusted Odds Ratio [adj. OR] 0.4; 

95% CI 0.25 – 0.68; p=0.001) and a reduction in respiratory rate (delta RR) (Adj. OR 0.93; 95% 
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CI 0.88 – 0.98; p=0.008) to be significantly associated with a reduced risk of transfusion failure 

(table II).   

 

Table II: Logistic regression of potential predictors of a low post-transfusion Hb (Hb ≤ 6g/dl) 

Outcome1  Uni-variate OR2 (95% 
 

P-value Multi-variate OR2 (95% C.I.) Adj.  P-value 
Malaria 1.25(0.48 – 3.25) 0.65 1.08(0.33 – 3.60) 0.90 
Age  1.00(0.97 – 1.03) 0.96 1.00(0.97 – 1.04) 0.89 
Weight 0.95(0.80 – 1.13) 0.58 0.95(0.74 – 1.20) 0.65 
Gender 1.56(0.68 – 3.59) 0.29 1.80(0.68 – 4.74) 0.24 
Glucose 0.96(0.84 – 1.11) 0.60 0.92(0.77 – 1.09) 0.33 
Blood type (PC or WB) 1.24(0.53 – 2.89) 0.61 3.11(0.95 – 10.2)  0.06 
Donor Hb  0.94(0.86 – 1.01) 0.13 0.89(0.78 – 1.01) 0.07 
Pre-transfusion Hb 0.47(0.30 – 0.73) 0.001 0.41(0.25 – 0.68) 0.001 
Delta RR3 0.92(0.88 – 0.97) 0.002 0.93(0.88 – 0.98) 0.008 
Delta HR4 0.98(0.95 – 1.00) 0.034 0.99(0.96 – 1.01) 0.420 
1 Post transfusion Hb ≤ 6 g/dl; N=30 (23.4%); 2 Odds Ratio; Change in RR3 and HR4 during transfusion period.  
 

Children without malaria had better early Hb responses (within 24hours) to blood transfusion 

compared with malaria-infected children (mean (SD) 3.1(1.2) to 2.6(1.1); p=0.02), but 

transfusion failures were not predicted by malaria infection (table II).  

 

Table III: Changes in clinical parameters and haemoglobin by malaria parasitaemia 
Parameters Malaria negative (N = 34) Malaria parasitaemia (N =  94) 

 
  

P-value 
 Change in RR (cycles/min)1 

After 60 minutes 8 (0 - 12) 

 

4 (-4 - 12) 0.88 
After 120 minutes 4 (-4 - 12) 

 

4 (-4 - 8) 0.27 
After 180 minutes 

 

7 (0 - 12) 4 (0 - 12) 0.60 
Change in HR (beats/min)1 

 

 

 

After 60 minutes 11 (4 - 20) 

 

10 (4 - 18) 0.91 
After 120 minutes 18 (8 - 34) 

 

18 (8 - 26) 0.61 
After 180 minutes 25 (12 - 36) 

 

21 (8 - 32) 0.73 
Haemoglobin (g/dl)2 

 

 

 

 

Pre-transfusion Hb 3.9 (1.2) 4.1 (0.9) 0.22 
Post-transfusion Hb 7.1 (1.6) 6.7 (1.0) 0.12 

Delta Hb 3.1 (1.2) 2.6 (1.1) 0.02 
Other 

Age (months)2 24.4 (14) 22.5 (14.2) 0.50 
Weight (kg)2 8.8 (2.6) 9.7 (2.4) 0.07 

Blood transfused (PC or WB)3 0.7 (0.54 – 0.86) 0.55 (0.45 – 0.65) 0.14 

1 Median (IQR); 2 Mean (SD); 3 Proportion (95% CI), Chi2 with one degree of freedom = 2.22 
 

Discussion 

The high transfusion failure rate (23.4%) observed in this study, comparable with the 24% 

transfusion failure rate (defined as post-transfusion Hb ≤5 g/dl) observed in Kenya, raises 
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concern as to whether the current WHO guidelines adequately treat severe anaemia in 

resource-limited settings (English, et al 2002). In many clinics across sub-Saharan Africa, 

access to laboratory investigations is limited and post-transfusion Hb checks are not routine. 

Children inadequately transfused, but clinically improved, are discharged home without a 

follow-up appointment- putting them at risk of rebound severe anaemia. When this occurs, 

parents may chose not to return to hospital but instead keep the child at home or seek advice 

from a traditional healer (Mota, et al 2009). In this way transfusion failures may contribute 

significantly to the high post-discharge mortality observed in Malawi, Kenya and Gambia 

following hospital admission for severe anaemia  (Bojang, et al 1997, Lackritz, et al 1992, 

Lackritz, et al 1997, Phiri, et al 2008, Zucker, et al 1996). Our results suggest that early 

identification of children at high risk of transfusion failure may be possible. A low pre-

transfusion Hb level and the absence of a significant reduction in respiratory rate (delta RR) 

during transfusion were reliable predictors of transfusion failure. 

Malaria infection was associated with poor early Hb response to blood transfusion. Adequate 

emphasis should be placed on parasitological clearance and close clinical monitoring during 

hospitalization in areas endemic for Falciparum malaria.  

A limitation of the study was that the type of transfusion (either PC or WB) given was based on 

availability and not random allocation. All clinical assessments were done manually so were 

subject to observer bias. HIV testing was not part of routine practice at the paediatric 

department during our study thus was a missed opportunity.  

 

Conclusions 

Blood transfusion in resource-limited settings using the current WHO guidelines results in a 

high transfusion failure rate. A low pre-transfusion Hb level and little reduction in respiratory 

rate during transfusion may help to detect early those at high risk of failing. Introducing post-

transfusion Hb checks in resource-limited settings and reviewing the ‘one-size-fits-all’ 

approach on transfusion policy may need to be considered. There is a need to evaluate the 

safety and efficacy of alternative transfusion strategies.  
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