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Objective: To see whether there was a link between blood transfusion and lipid peroxidation as
measured by urinary malondialdehyde (MDA) concentration in preterm infants.
Methods: Urine samples were collected before and after blood transfusions in preterm infants. Twenty
blood transfusion episodes were studied in 12 infants (some infants were studied on more than one
occasion). Twenty two infants who had not received a transfusion were used as controls. All infants
were preterm and less than 1500 g birth weight. Urinary MDA was measured using a thiobarbituric
acid assay and expressed as nmol/mg creatinine.
Results: The median (interquartile range) urinary MDA concentration before transfusion was 9.1 (6.4–
12.6) nmol/mg, and was not significantly different from that in the 22 non-transfused infants (11.3
(7.3–15.6) nmol/mg). There was a significant increase 24 hours after transfusion to 14.6 (7.3–23.7)
nmol/mg, but it decreased to 10.1 (6.6–15.4) nmol/mg when measured a median (range) of 6 (3–9)
days later.
Conclusions: Blood transfusions were associated with evidence of increased lipid peroxidation. If
lipid peroxidation contributes to the pathogenesis of retinopathy of prematurity and chronic lung disease, these results suggest an explanatory mechanism.

B

lood transfusions are commonly used in the course of
neonatal intensive care, and extremely low birthweight
infants often receive multiple transfusions.1 The number
of blood transfusions received has been independently associated with the development of chronic lung disease (CLD) and
retinopathy of prematurity (ROP).2–7 One explanation for the
association is that the sickest infants are likely to receive a
greater number of transfusions. There may be a causative link
through the release of oxygen derived free radicals.7 Blood
transfusions may provide excess ferrous iron, which then
facilitates formation of the highly reactive hydroxy radical
(.OH) from superoxide in the Haber-Weiss reaction:
O2− + Fe3+ → O2 + Fe2+
2O2− + 2H+ → O2 + H2O2
Fe2+ + H2O2 → Fe3+ + OH− + .OH
The reactive hydroxy radical causes lipid peroxidation and
therefore cell injury. Preterm infants are particularly susceptible to this effect of excess iron because of low oxidative
defences and low levels of iron binding protein.8–12
It is impossible to measure free radicals directly in vivo, and
it is necessary to rely on the quantification of their reaction
products such as protein carbonyls, modified DNA, and lipid
peroxidation products. Malondialdehyde (MDA) is the most
widely used index of lipid peroxidation13 and is easily
measured by the thiobarbituric acid reaction. Raised plasma
MDA in preterm infants has been associated with the duration
of oxygen treatment and ventilator support,14 and urinary
MDA concentration has been independently associated with
oxygen therapy, intraventricular haemorrhage, CLD, and
patent ductus arteriosus.15 Plasma MDA and urinary MDA
correlate reasonably, but urinary MDA increases about 24
hours after a rise in the plasma concentration.16
The advantage of urine analysis for MDA is that it is less
invasive than blood sampling, and urinary MDA may give a
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more accurate picture of whole body lipid peroxidation. The
effect of blood transfusions on MDA (or other markers of lipid
peroxidation) has not previously been studied.
The hypothesis for this study was that lipid peroxidation, as
evidenced by urinary MDA concentration, increases following
blood transfusion.

METHODS
Infants were all less than 1500 g birth weight. They were
included in the study at any time during their treatment on
the neonatal unit and were all participants in a trial of two
different blood transfusion regimens. Infants were divided
into two groups: those who were given a blood transfusion and
those who had not received any transfusions. Urine was
collected as three hour samples. In the transfused group, three
urine samples were obtained during the first one to three days
before transfusion, then within 24 hours after the transfusion,
and a further sample during the next seven days. Urine samples were obtained within 24 hours of the transfusion because
it is known that urinary MDA increases about 24 hours after
an oxidative insult.16 In the other group of infants, only one
sample was obtained.
Each transfused infant received 20 ml/kg packed red blood
cells over a four hour period. The indications for blood transfusion were based on the haemoglobin concentration, the
infant’s clinical dependency (ventilation status, FIO2), and
symptoms ascribed to anaemia. Some infants were also transfused as indicated by measurements of peripheral fractional
oxygen extraction made using near infrared spectroscopy with
venous occlusion.17
Urine samples were frozen to −20°C immediately after collection until analysis. The measurement of MDA was based on
the method of Chirico18 and as previously described.16 Urine
.............................................................
Abbreviations: MDA, malondialdehyde; CLD, chronic lung disease;
ROP, retinopathy of prematurity; IQR, interquartile range.
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Basic characteristics of the transfused and non-transfused infants

Gestational age (weeks)
Birth weight (g)
Postnatal age (days)
Ventilated
Receiving TPN
Fraction of inspired oxygen

Non-transfused infants
(n=22)

Transfused infants
(n=12)

p Value

29 (27–31)
1120 (1025–1174)
9 (6–14)
1 (5%)
11 (50%)
0.21 (0.21–0.23)

27 (26–30)
1060 (900–1160)
19 (8–42)
6 (30%)
13 (65%)
0.25 (0.21–0.40)

0.051
0.27
0.02
0.04
0.81
0.02

Values are median (interquartile range) unless otherwise indicated. The number of infants transfused was 12,
but some were studied on more than one occasion so the number of transfusions was 20. The percentages
are calculated on the basis of the number of transfusion episodes.
TPN, Total parenteral nutrition.

samples were also assayed for creatinine, and MDA was
expressed as µmol/mg creatinine.
All results were analysed using SPSS (version 6.1) and
non-parametric statistics, as urine MDA concentrations are
not normally distributed.
Ethical approval was gained from the local paediatric
research ethics committee, and written informed parental
consent was obtained.

RESULTS
Table 1 summarises the characteristics of the two groups
(transfused and non-transfused infants). Infants who were
transfused tended to be older, more immature, and more likely
to be ventilated at the time of the measurement. The median
(interquartile range (IQR)) MDA concentration before transfusion in the transfused group was 9.1 (6.4–12.6) nmol/mg.
This was not significantly different from that in the 22
non-transfused infants (11.3 (7.3–15.6) nmol/mg, p = 0.43).
Median (IQR) urinary MDA concentration rose within 24
hours after transfusion (14.6 (7.3–23.7) nmol/mg) (n = 20,
p = 0.03; median (IQR) change 4.6 (−2.87 to 14.11) nmol/
mg). The median (IQR) MDA concentration fell to 10.1 (6.6–
15.4) nmol/mg when measured a median (range) of 6 (3–9)
days later, and this was not significantly different from the
concentration in controls (p = 0.75).
There was no relation between urinary MDA concentration
and birth weight (r = 0.25, p = 0.15), gestational age
(r = 0.09, p = 0.62), or postnatal age (r = 0.11, p = 0.48).
MDA concentration did not correlate with the time since the
last transfusion (r = −0.02, p = 0.9). Infants who were ventilated did not have a higher urinary MDA concentration than
controls (p = 0.66), and there was no correlation between FIO2
and MDA concentration (r = 0.08, p = 0.62).

DISCUSSION
This study has shown an increase in MDA concentration after
a blood transfusion, reflecting an increase in oxygen derived
free radical activity. An increase in markers of lipid peroxidation has not previously been shown in preterm infants after
blood transfusion.
Transfusions of packed red blood cells may provide excess
ferrous iron,7 and this may accelerate the reaction between
superoxide and hydrogen peroxide, with production of
hydroxy radicals (the Haber-Weiss reaction). These oxygen
derived free radicals react readily with lipids to cause lipid
peroxidation. This is hypothesised to play a role in the
development of several of the diseases of prematurity including ROP and CLD. This theory is supported by data that show
a relation between transfusions and ROP and CLD.2–6 19–22 Our
data show that there is a rise in urinary MDA concentration
after transfusion, indicating a likely causal link between blood
transfusion and increased lipid peroxidation.

There are alternative explanations for the relation between
the number of transfusions received and the incidence of CLD
and ROP. Infants who develop these complications are likely to
be the most immature and the most sick, and the association
may be related to this. Many factors have been described that
are associated with an increased risk of ROP6 and CLD, and
these also need to be considered. We have not shown an
increase in the risk of transfused infants developing ROP or
CLD. Further study is required to determine whether the
increase in urinary MDA that we have shown is clinically significant and whether repeated episodes of transfusion result
in cellular damage and increased morbidity.
The change in MDA after blood transfusion seems to be
genuine. The infants who were transfused tended to be
smaller, more immature, and slightly older, although urine
MDA concentration in the infants in this study was not related
to gestational age, birth weight, or postnatal age. The
transfused infants were also more likely to be ventilated and
receiving oxygen. This reflects the fact that these criteria were
often used to determine whether a transfusion was necessary.
Despite this, these infants did not have significantly higher
MDA concentrations before transfusion. There are many possible explanations for this. MDA is affected by many variables
including oxygen exposure and ventilation requirement. The
large variation in MDA concentration within and between
individuals reflects the fact that many factors are involved,
and this variation may have hidden small differences related
to illness severity. Both the study group and the control group
were preterm infants, and many from both groups had
complications that may have influenced MDA concentration.
The change in MDA concentration over the relatively short
period of 24 hours in the transfused infants along with the fall
after a median of six days to a value that was not higher than
the non-transfused controls strongly supports the notion that
this change was due to the intervention (blood transfusion). It
is not possible to exclude the possibility that some other factor associated with transfusions may be responsible for the
change observed, but this seems unlikely.
Other studies have shown relations between markers of
lipid peroxidation and complications of prematurity. A raised
plasma MDA concentration in preterm infants has been associated with the duration of oxygen treatment and ventilator
support,14 and an elevated urinary MDA concentration has
been independently associated with oxygen therapy, intraventricular haemorrhage, CLD, and patent ductus arteriosus.15
This study was not designed, and is not large enough, to
examine relations between complications of prematurity and
MDA concentration. Further study is required to examine
whether the changes shown in infants following blood transfusion relate to differences in clinical outcome.
MDA concentration increased within 24 hours after a blood
transfusion was given but then returned to the normal reference range when measured after a longer period after the
transfusion. This change is in accordance with the finding that
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the urinary MDA concentration reflects events that occurred
about 24 hours earlier.16 The observation that the urinary MDA
concentration decreased to within the reference range a few
days after the transfusion is against the possibility that the
observed change in MDA concentration was due to other
causes of oxidative stress because these infants were sick,
receiving oxygen, and subjected to other factors that may have
led to the development of oxygen derived free radicals. It also
suggests that the oxidative stress resulting from blood
transfusion was relatively short lived.
It may be possible to limit oxidative damage by giving fewer
transfusions by using more restrictive transfusion regimens,23
alternative methods to predict benefit from transfusion,17 24 or
erythropoietin.20 Alternatively whole blood, containing plasma
antioxidants rather than packed cells, could be given to
preterm infants,22 or an antioxidant could be administered at
the time of each blood transfusion. Further research is necessary to determine whether it is feasible to attempt to limit
injury from oxygen free radicals in preterm infants and
thereby improve their outcome.
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