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Anaemia affects one-quarter of the world population, and about 
two-thirds of African children under the age of five years.[1] 
Transfusion with packed red blood cells (or packed cells) is a 
life-saving intervention among critically ill children, especially 
in Africa, where severe anaemia is an important cause of child 
morbidity and mortality.[2,3] It is global practice to check haematocrit 
or haemoglobin concentration after transfusion; this informs the 
decision to either administer more blood or discharge the patient if 
there is no other reason to remain in hospital. Packed cell transfusion 
is associated with physiological and biochemical changes in the 
blood.[4,5] The duration of these changes is crucial to the time that 
post-transfusion haematocrit begins to stabilise, and therefore the 
earliest time it can be reliably checked.[4]

Since the advent of blood transfusion, the optimal time for 
performing post-transfusion haematocrit check has not been 
conclusively determined. Contrary to the common, but largely 
unsubstantiated, practice of checking it at least 24 hours after 
transfusion,[4] recent data have supported much earlier timing.[6] 
In Israel, Glatstein et  al.,[6] in a prospective study of 24 preterm 
neonates compared 15-minute and 6-hour haematocrit levels 
after transfusion. They found haematocrit stabilisation from the 
15th minute. In a similar study of 20 neonates in the USA, Sekhsaria 
and Fomufod[7] showed that haematocrit levels stabilised from 
the first hour as compared with the 6-hour level. Audu et  al.,[8] at 

National Hospital, Abuja, Nigeria, compared haematocrit levels at 
1, 6, 12, 24 and 48 hours among 40 term and preterm infants aged 0 
to 3 months old. Even though levels at 1 and 6 hours were similar in 
the study, haematocrit stabilisation did not occur until the 12th hour. 
In a large retrospective review of 564 children aged 1 day to 17 years 
old in the UK, Davies et al.[9] demonstrated similarity between 1- and 
7-hour post-transfusion haemoglobin concentration. Among adult 
subjects, Elizalde et al.[10] in Spain and Wiesen et al.[11] in the USA in 
2 separate prospective studies, also reported early haematocrit and 
haemoglobin stabilisation from the 15th minute.

In many parts of Nigeria, the time of post-transfusion haematocrit 
check varies from 6 to 72 hours, with little or no supporting 
evidence.[12,13] No doubt, early timing of post-transfusion haematocrit 
will obviate unnecessary delay in clinical decision-making. Relevant 
studies on timing post-transfusion haematocrit checks are still 
limited, especially in Africa, and available data show inconclusive 
results. Also, prospective studies on post-transfusion haematocrit 
equilibration have only targeted young infants and adults. Hence, 
the present study was conducted in children above the neonatal 
age group up to 15 years old. We hoped the result would augment 
the pool of evidence-based data on the optimal timing of post-
transfusion haematocrit in children.

We aimed to document the changes in haematocrit after packed 
cell transfusion and to determine the earliest time that post-
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transfusion haematocrit stabilised. It was hypothesised that the mean 
haematocrit at 1 hour was not significantly different from levels at 6, 12, 
24 and 48 hours after packed cell transfusion of post-neonatal children.

Methods
Setting
National Hospital is a tertiary referral centre, located in Abuja – 
Nigeria’s Federal Capital Territory (FCT). The FCT has a population 
of 1.4 million people (2006 census) and an annual growth rate of 
9.3%.[14] The emergency and inpatient paediatric units with a 47-bed 
capacity receive post-neonatal children up to the age of 15 years from 
primary, secondary and occasionally other tertiary centres within 
the FCT and neighbouring states. Among the leading reasons for 
hospitalisation are malaria, acute respiratory infection, diarrhoeal 
disease and sickle cell disorders.[15]

Design
This was a prospective observational study of anaemic children 
aged between 29 days and 15 years old admitted to the paediatric 
department of National Hospital, Abuja (NHA).

Sample size estimation
The sample size was calculated using the formula:[16]

s_
p

2( )N = 1 + 2C 

A minimum sample size of 110 was obtained to detect a change of 
2.7%[17] in post-transfusion haematocrit levels with a power of 90% 
and 5% level of significance.

Ethical considerations
Ethical approval was obtained from the Ethics Committee of the 
NHA before embarking on the study (NHA/EC/053/2016). The 
parent or guardian consented and the child assented (if applicable) 
before recruitment. The subjects’ morbidity was managed according 
to the unit’s protocol.

Recruitment and procedure
The study was conducted between 1 May 2017 and 6 March 2018. 
Patients who required packed cell transfusion were recruited 
consecutively. Those with evidence of active haemolysis based on 
the presence of haemoglobinuria, elevated urine urobilinogen, or 
reticulocytosis were excluded from the study. Other exclusion criteria 
were active bleeding, transfusion within the previous 48 hours, and 
progressive decline in serial post-transfusion haematocrit to pre-
transfusion level or less. Sociodemographic data were obtained and 
relevant anthropometric measurements were taken. The pulse and 
respiratory rates were counted and the blood pressure was measured. 
Results of reticulocyte count (as part of complete blood count) and 
haemoglobin phenotype were obtained from the participants’ index 
admission records.

Blood transfusion
Preparation of packed cells was done in the blood bank by medical 
laboratory scientists and stored in citrate-phosphate-dextrose 
solution with adenine (CPDA). The required volume for transfusion 
was calculated based on the unit policy using the formulae:

Volume (mL) = Desired increment in haemoglobin (g/dL) × weight (kg) × 4[9,18]

Volume (mL) = × weight × 4
(Desired haematocrit – pretransfusion haematocrit) 

3

Subjects with haemodynamic instability as determined by easy 
fatiguability, tachypnoea, tachycardia and tender hepatomegaly had 
1 mg/kg of intravenous furosemide before transfusion. Transfusion 
was administered over approximately 4 hours.

Blood sampling and haematocrit measurement
A capillary blood sample was obtained just before transfusion 
commenced. Samples were also taken at 1, 6, 12, 24 and 48 hours 
after completion of transfusion. Blood samples were obtained from 
the medial or lateral plantar surface of the heel in subjects <6 months 
old, and from the lateral palmar surface of the middle or ring finger 
in those >6 months old.[20] A sterile puncture (not more than 2 mm 
deep) was made with a lancet, 3 - 5 minutes after application of a 
topical anaesthetic agent (10% xylocaine pump spray). Blood was 
allowed to flow as freely as possible into a heparinised capillary tube 
until three-quarters full and was sealed with plasticine.[20,21] Given a 
volume of 70 µL per capillary tube, 0.05 mL of blood was obtained 
from each subject before transfusion and a total of 0.26 mL was 
obtained after completion of transfusion. A donor blood sample was 
obtained from the blood bag into a heparinised capillary tube at the 
end of transfusion.

The samples were spun with a micro-haematocrit centrifuge at 
10 000 rpm (Heraeus, Germany) for 5 minutes. The haematocrit 
levels were then obtained on a micro-haematocrit reader.

Statistical analysis
Analysis was done with the Statistical Package for Social Sciences 
(IBM Corp., USA), version 25. The data were disaggregated into 
<1 year, 1 - <5 years, 5 - <10 years and 10 - 14 years. The mean 
and standard deviation (SD) were computed for pre-transfusion 
haematocrit and haematocrit levels at 1, 6, 12, 24 and 48 hours after 
transfusion. The differences between the mean post-transfusion 
haematocrit at 1 hour and other timed intervals were calculated. A 
clinically significant difference was taken to be more than 1.8%.[10,11,17] 
The student t-test was used to compare the mean pre-transfusion 
haematocrit and each of the serial post-transfusion levels. The same 
statistic was also used to compare the mean haematocrit at the 
earliest time of stabilisation and the mean expected haematocrit. 
Statistically significant difference was set at p <0.05.

Definitions
Post-transfusion haematocrit stabilisation
Stabilisation was considered to have occurred from the time 
beyond which there was no clinically significant difference in 
mean haematocrit within at least 3 consecutive timed intervals. 
A difference in post-transfusion haematocrit levels that was <1.8% 
was used as the basis for stabilisation, as changes in haemoglobin 
in the range of 6.6 - 10 g/L (haematocrit 1.98 - 3%) are considered 
clinically significant.[17]

Expected post-transfusion haematocrit
This was calculated from the primary formulae used in estimating 
the required volume of packed cells:[18]

Expected haematocrit – pretransfusion haematocrit
Donor blood haematocrit

× Estimated total blood volume

Thus, expected haematocrit =:

Volume of packed cells × Donor blood haematocrit
Estimated total blood volume

+ Pretransfusion haematocrit
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The total blood volume was estimated using 
80 mL/kg for subjects <12 months old and 
75 mL/kg for those ≥12 months old.[19]

Results
A total of 114 potential participants were 
recruited, of whom 11 were excluded from 
analysis. Two sickle cell anaemia subjects 
had a rapid decline in serial post-transfusion 
haematocrit levels that necessitated repeat 
transfusion within 24 hours. In 8 subjects, 
data on serial post-transfusion haematocrit 
were not complete. In 1 subject, the 
reticulocyte count was elevated. The age 
range of the 103 participants analysed was 
1.5 months - 14 years (median 48 months) 
(interquartile range 12 - 96  months). 
Table  1 shows the age-group distribution 
of subjects, with a preponderance of 
1 - <5 and 5 - <10 years age groups. Male 
subjects predominated in each group, and 
overall they were significantly more, with a 
male:female ratio of 1.7:1 (p <0.023). Table 2 
shows the vital signs of subjects prior to 
blood transfusion.

Table 3 displays the changes in haematocrit 
from pre-transfusion level to serial post-
transfusion measurements. Haematocrit 
increased significantly 1 hour after transfusion 
(p<0.001). Within each age group, all timed 
post-transfusion levels were higher than the 
pre-transfusion level (p<0.001). Haematocrit 
progressively declined from 1-hour post-
transfusion level through the 48-hour 
assessment. There were two exceptions: the 
first was in the <1-year group where the 
haematocrit did not change between 12 and 
24 hours, and the second was in the 5 - <10-
year group where the haematocrit was the 
same between 24 and 48 hours.

In aggregated analysis, the differences 
between the 1st-hour haematocrit and 
subsequent measurements were all less than 
1.8%, as shown in Table 4.

Table  5 shows the differences when the 
data were disaggregated. The differences 
between the 1st-hour assessment and other 
assessments were mostly less than 1.8% in all 
age groups; the exceptions were in subjects 
10 - 14 years old in whom differences of 
more than 1.8% were observed with the 
24th- and 48th-hour levels.

Paired student t-test comparison showed 
that the expected haematocrit was similar 
to the observed haematocrit, 1 hour after 
transfusion (Table 6). This was seen in both 
aggregated and disaggregated analysis.

Discussion
The present study demonstrated that 
haematocrit stabilised at the first hour after 

packed cell transfusion in children aged 
1.5 months - 14  years old. It agrees with 
previous studies that have shown that post-
transfusion haematocrit stabilises much 
earlier than 24  hours. In specific terms, 
our study supports the 1-hour stabilisation 
timing reported by Davies et  al.,[9] who 
examined subjects of comparable age in 
the UK. The similarity between the two 
studies underpins early post-transfusion 
haematocrit checks in general and 1st-hour 
checks in particular. Similarly, Sekhsaria 
and Fomufod[7] in their study of neonates, 
reported 1-hour stabilisation timing of post-
transfusion haematocrit checks. This may 
indicate that the physiological differences 
between neonates and older children do 
not influence the time of haematocrit 
equilibration after packed cell transfusion. 
We did not obtain samples earlier than 
1  hour for comparison. It is plausible that 
haematocrit may have stabilised earlier than 

1 hour, as reported in similar studies among 
preterm and adult populations.[6,10,11]

Stabilisation of haematocrit in the present 
study occurred earlier than the 12 hours 
reported from the same centre by Audu 
et al.,[8] among young infants up to the age 
of 3 months. Meanwhile, the methodology 
in these two studies was similar in being 
prospective, in performing 5-point serial 
post-transfusion checks and in using at 
least 3 consecutive levels as the basis for 
stabilisation. The larger sample size in 
this study and the difference in subject 
characteristics could, however, account 
for the variation in outcome. Nonetheless, 
the findings in both studies support early 
stabilisation of post-transfusion haematocrit 
in children.

The outcome of the present study was the 
same in both aggregated and disaggregated 
analysis, which indicates that, among post-
neonatal children, age does not influence 

Table 1. Age groups of subjects by sex
Sex

Age group (years) N (%) Male, n (%) Female, n (%)
<1 24 (23.3) 13 (54.2) 11 (45.8)
1 - <5 29 (28.2) 19 (65.5) 10 (34.5)
5 - <10 28 (27.2) 19 (67.9) 9 (32.1)
10 - 14 22 (21.4) 14 (63.6) 8 (36.4)
Total 103 (100.0) 65 (63.1) 38 (36.9)

Table 2. Pre-transfusion vital signs by age group

Age group 
(years)

T, PR, RR, SBP, DBP,
n (%) n (%) n (%) n (%) n (%)

<1 Normal 12 (50) 15 (62.5) 5 (20.8) 23 (95.8) 16 (66.7)
High 8 (33.3) 9 (37.5) 19 (79.2) 0 0
Low 4 (16.7) 0 0 1 (4.2) 8 (33.3)
Total 24 (100) 24 (100) 24 (100) 24 (100) 24 (100)

1 - <5 Normal 7 (24.1) 15 (51.7) 11 (37.9) 26 (89.7) 22 (75.9)
High 15 (51.7) 14 (48.3) 18 (62.1) 3 (10.3) 4 (13.8)
Low 7 (24.1) 0 0 0 3 (10.3)
Total 29 (100) 29 (100) 29 (100) 29 (100) 29 (100)

5 - <10 Normal 11 (39.3) 15 (53.6) 11 (39.3) 26 (92.8) 27 (96.4)
High 12 (42.8) 13 (46.4) 17 (60.7) 1 (3.6) 1 (3.6)
Low 5 (17.9) 0 0 1 (3.6) 0
Total 28 (100) 28 (100) 28 (100) 28 (100) 28 (100)

10 - 14 Normal 8 (36.4) 11 (50) 3 (13.6) 19 (86.4) 16 (72.7)
High 12 (54.5) 11 (50) 19 (86.4) 3 (13.6) 6 (27.3)
Low 2 (9.1) 0 0 0 0
Total 22 (100) 22 (100) 22 (100) 22 (100) 22 (100)

T = temperature; PR = pulse rate; RR = respiratory rate; SBP = systolic blood pressure; DBP = diastolic blood 
pressure.
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the time of haematocrit equilibration after packed cell transfusion. 
It also suggests that stabilisation of post-transfusion haematocrit 
may not be affected by physiological changes that occur with age 
in children, such as decreasing extracellular volume and increasing 

haematocrit. Lack of age influence was also demonstrated in similar 
studies, though in different age groups – preterm neonates, by 
Glatstein et al.,[6] and adults, by Elizalde et al.,[10] and Wiesen et al.[11] 
Among participants who were 10 - 14 years old in this study, it was 
not exactly clear why haematocrit levels at 24 and 48 hours after 
transfusion differed from  the 1st-hour level by more than 1.8%. 
Nonetheless, it may suggest that while haematocrit stabilises at the 
1st hour after transfusion, its readjustment after equilibration begins 
at 24 hours in this group of children. A similar study in the future 
involving a large sample size of children in this category may provide 
more information in this area.

Expected haematocrit was calculated using the primary formula 
that has been shown as most accurately predictive of the target 
post-transfusion haematocrit.[18] The present study demonstrated 
an agreement between the expected haematocrit and 1-hour levels 
in each of the age sub-groups and when all participants were 
analysed together. This finding further supports the argument that 
haematocrit stabilisation occurred from this time, irrespective of 
age. Audu et  al.[8] also demonstrated the same to corroborate the 
stabilisation of post-transfusion haematocrit at 12 hours.

The steady decline in serial post-transfusion haematocrit observed 
in this study is similar to what was reported by Davies et al.[9] among 
children aged 1 day - 17 years. While the actual reason for this 
decline may be difficult to propose, the haemodilution following 
efflux of red-cell sodium into the intravascular compartment after 
transfusion may be partly responsible.[22] Meanwhile, the plasma 
volume and red cell concentration of sodium have been reported 
to increase after red cell transfusion, and then normalise in 
24 hours.[4,22] However, the outcome of our study suggests that such 
physiological and biochemical changes, or a possible covert loss 
of red blood cells, do not result in clinically significant changes in 
haematocrit levels from the first hour after packed cell transfusion.

The findings of the present study indicate that haematocrit 
checks can be reliably done at the first hour after packed cell 
transfusion. Adoption of this timing would minimise unnecessary 
delay in repeating transfusion, or in discharging a patient from 
the hospital. This is relevant, especially in resource-poor settings 
where bedspace and healthcare facilities are limited. Although 
smaller sample sizes in the disaggregated analysis could have 
influenced the validity of stabilisation time in each age group, the 
results were not different from that of the composite analysis.

Conclusion
This study demonstrated that post-transfusion haematocrit 
stabilised at the first hour after packed cell transfusion in children 
aged 1.5 months - 14 years. We therefore recommend checking 
post-transfusion haematocrit as early as the first hour in children 
aged 1.5  months - 14 years. A future similar study that examines 

Table 3. Mean pretransfusion and serial post-transfusion 
haematocrit

Age group 
(years)

Time of 
haematocrit 
check Mean*(SD)

Pre v. post 
transfusion

t-value p-value
<1 Pre-transfusion 22.5 (4.6)

1 hour PT 39.2 (4.4) 18.66 <0.001
6 hours PT 38.8 (4.5) 17.54 <0.001
12 hours PT 38.5 (4.8) 16.36 <0.001
24 hours PT 38.5 (4.6) 17.18 <0.001
48 hours PT 38.1 (4.6) 16.68 <0.001

1 - <5 Pre-transfusion 18.6 (4.4)
1 hour PT 34.3 (5.4) 15.62 <0.001
6 hours PT 34.1 (5.6) 15.06 <0.001
12 hours PT 33.9 (5.7) 14.61 <0.001
24 hours PT 33.6 (5.6) 14.31 <0.001
48 hours PT 33.4 (5.7) 13.90 <0.001

5 - <10 Pre-transfusion 20.9 (3.6)
1 hour PT 32.6 (3.9) 16.02 <0.001
6 hours PT 32.5 (3.9) 15.86 <0.001
12 hours PT 31.9 (4.0) 14.59 <0.001
24 hours PT 31.5 (4.1) 13.60 <0.001
48 hours PT 31.5 (3.9) 14.48 <0.001

10 - 14 Pre-transfusion 21.6 (3.1)
1 hour PT 33.9 (3.7) 15.70 <0.001
6 hours PT 33.3 (3.3) 16.53 <0.001
12 hours PT 32.8 (3.2) 16.58 <0.001
24 hours PT 32.0 (3.1) 15.71 <0.001
48 hours PT 31.6 (3.6) 13.13 <0.001

PT = post-transfusion; SD = standard deviation.
*Values expressed in %.

Table 4. Post-transfusion haematocrit changes between the 
first hour and subsequent recordings in all subjects
Haematocrit changes Value (%)
1st hour minus 6th hour 0.3
1st hour minus 12th hour 0.7
1st hour minus 24th hour 1.1
1st hour minus 48th hour 1.3

Table 5. Post-transfusion haematocrit changes between 
the first-hour measurement and subsequent recordings by 
age group

Age group (years)
Haematocrit changes* <1 1 - <5 5 - <10 10 - 14
1st hour minus 6th hour 0.4 0.2 0.1 0.6
1st hour minus 12th hour 0.7 0.4 0.7 1.1
1st hour minus 24th hour 0.7 0.7 1.1 1.9
1st hour minus 48th hour 1.1 0.9 1.1 2.3

*Values expressed in %.

Table 6. Comparison between expected and observed mean 
post-transfusion haematocrit levels at the first hour
Age group (years) Expected* Observed* t-value p-value
<1 39.6 39.2 0.87 0.395
1 - <5 34.4 34.3 0.07 0.942
5 - <10 33.9 32.6 1.83 0.079
10 - 14 32.5 33.9 -2.03 0.055
1.5 months - 
14  years

35.1 34.9 0.45 0.656

*Values expressed in %.
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haematocrit stabilisation earlier than 1 hour, and one that involves a 
large number of children aged 10 - 14 years, will be beneficial.
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