Archives of Disease in Childhood 1995; 73: F27-F31

F27

G A B Russell, R W I Cooke

Abstract
Allopurinol, an inhibitor of xanthine oxidase (an enzyme capable of generating
superoxide radicals following hypoxiaischaemia), was investigated in preterm
infants to determine its ability to prevent
the complications of neonatal intensive
care which may be associated with oxidative injury. Four hundred infants of
between 24 and 32 weeks' gestation were
randomly allocated to receive enteral
allopurinol (20 mg/ml) or an equivalent
dose of placebo for seven daily doses. At
admission, plasma hypoxanthine concentrations were significantly higher
in infants who subsequently developed
periventricular leucomalacia (PVL),
bronchopulmonary dysplasia (BPD), or
retinopathy of prematurity (ROP), but
there was no difference in the primary
endpoint (PVL) between the treated and
control groups.
The failure of allopurinol prophylaxis in
this group of infants is probably related to
the complex nature of the pathological
processes and to the timing of treatment.
If oxidant injury is an important mechanism of cellular injury in these preterm
infants, an alternative biochemical modulator would be required, or a combination
of agents might be effective.

adenosine is utilised and purine metabolites,
such as hypoxanthine, accumulate. Superoxide
free radicals are produced during the oxidation
of hypoxanthine by xanthine oxidase in the
presence of oxygen supplied to the tissue
during reperfusion. Allopurinol is a synthetic
competitive inhibitor of xanthine oxidase and a
free radical scavenger. Treatment with allopurinol reduces free radical production following ischaemia and it reduces tissue injury in in
vitro and in vivo experiments.11-16 Boda et al,
in an unblinded controlled trial, demonstrated
reduced mortality from respiratory distress
syndrome in a group of preterm babies treated
with allopurinol for three days compared with
a control group, and suggested that allopurinol
may have reduced the generation of superoxide
radicals. 17
We hypothesised that in infants at risk of
complications of prematurity, raised concentrations of hypoxanthine would be associated
with an increased incidence of these disorders,
and secondly that prophylaxis with allopurinol
would result in a reduction in the overall incidence of these disorders. We have already
reported an association between raised hypoxanthine and periventricular leucomalacia.'8
The primary hypothesis for this study was,
therefore, that early allopurinol treatment
would reduce the incidence of PVL in preterm
babies.

(Arch Dis Child 1995; 73: F27-F31)
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A wide range of complications of neonatal
intensive care, such as bronchopulmonary
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dysplasia (BPD), periventricular haemorrhage
(PVH), periventricular leucomalacia (PVL),
retinopathy of prematurity (ROP), and necrotising enterocolitis (NEC) may be mediated by
oxidative tissue injury from the generation of
excess oxygen derived free radicals.' The use
of scavengers of free radicals such as vitamin E
and superoxide dismutase, has a limited effect
in reducing the severity of ROP2 and BPD,24
and possibly also PVH.5 6 The rationale for
these clinical trials of free radical scavengers
derives from studies suggesting that the
antioxidant defences of preterm infants are
incompletely developed thereby exposing them
to oxidant injury.7-9
An alternative might be to reduce free
radical production. Although free radicals are
produced by a wide variety of metabolic
processes, excess production in the newborn
may result from the ischaemia-reperfusion
phenomenon.10 During hypoxia-ischaemia,

Method
Periventricular leucomalacia was selected as
the target outcome variable for trial size estimation as this lesion is thought to represent
ischaemic infarction of the developing brain
and is strongly associated with subsequent
abnormalities of neurodevelopment. Initial
estimates based on a PVL incidence of 25%
(cavitating and non-cavitating lesions) needed
to be revised during the trial as it was clear that
the overall incidence of PVL was declining in
all patients. To show a 50% reduction in the
incidence of PVL (from 15% to 7-5%) in the
treatment group, 200 patients were required in
each group to detect this difference at the 5%
significance level (a=0-05) with a power of
80% (b=02). Less common complications
such as NEC (50/o) and severe blinding ROP
(2%) were therefore unlikely to be resolved by
this trial size.
Infants between 24 and 32 weeks' gestation
admitted to the regional neonatal intensive
care unit were considered for entry to the trial.
Babies of the appropriate gestation were
eligible if consent for inclusion was obtained
from their parents within six hours, if they were
inborn, and 18 hours, if they were outborn.
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DRUG FORMULATION AND DOSE

Allopurinol was formulated by suspending 20
mg of allopurinol in mucilage in a concentration of 20 mg/ml and a single dose of 20 mg/kg
was given daily by oesophageal-gastric tube for
seven days. The daily dose of 20 mg/kg was
based on the trial by Boda'7 and was diluted
with an equal volume of water for injection to
achieve an osmolality of 409 mOsm/kg.
A placebo, identical in appearance, was
formulated by suspending maize starch in
mucilage in a concentration of 20 mg/ml
which, when diluted with an equivalent
volume of water, gave a final osmolality of 475
mOsm/kg. The placebo was also administered
in a single dose of 20 mg/kg maize starch per
day for seven days. An enteral dose was given
because ethical approval was withheld for the
parenteral formulation in view of its extreme
alkalinity (pH= 10-5) and the parenteral formulation of the drug was only available on a
named patient basis for restricted indications.
The median time after birth of the first dose
was two hours and 40 minutes (interquartile
range one hour 18 minutes to five hours) in the
inborn patients and nine hours and 10 minutes
(interquartile range five hours 55 minutes to
11 hours 44 minutes) in the outborn patients.
The pharmacokinetics of a single oral dose of
20 mg/kg allopurinol were investigated before
the trial in a similar group of preterm infants
(Russell et al, findings submitted for publication). The median (interquartile range) time to
maximum plasma concentration (Tmax) was
15 hours (12-22), the median (interquartile
range) maximum plasma concentration (Cmax)
was 61-6 pumol/l (22-1-148-7), and the median
t1/2 was 11 7 hours (8-2-16-5).
ENDPOINTS OF THE INTERVENTION STUDY

The primary endpoint for the study was PVL,
with secondary clinical endpoints of PVH,
porencephaly, ROP, BPD, NEC and death.
PVH, porencephaly, and PVL were diagnosed
by real time cranial ultrasound scans performed after randomisation, on days 3 and 7,
and then weekly until discharge or as close as
possible to term. PVH severity was graded
according to the classification of Cooke,19 and
porencephaly was diagnosed if parenchymal
echodensities contiguous with large PVH
became cavities widely communicating with

the ventricles. Non-cavitating PVL was
diagnosed as being present if parenchymal
echodensity was present for more than 48
hours, and cavitating PVL was defined as one
or more echolucencies present in the periventricular parenchyma but not communicating with the ventricles. ROP was detected by
serial examinations by a consultant ophthalmologist from 32 weeks' postconceptual age or
at least four weeks after birth and every two
weeks thereafter. The ROP was classified
according to the International Classification of
Diseases. BPD was regarded as being present if
babies were ventilated for RDS and were still
oxygen dependent after 28 days, and if they
had a compatible chest x-ray picture. NEC was
defined as clinical evidence of abdominal distension and ileus, systemic illness, and a reduction in platelet count with or without blood
passed through the rectum. Abdominal x-ray
evidence of bowel distension, with or without
intramural air or perforation, was also
required.
BIOCHEMICAL ANALYSIS

Plasma samples were drawn from the umbilical
cord or baby as soon after admission as
possible and then on days 3 and 7. Estimations
were made of purines (hypoxanthine and
oxypurine), allopurinol and oxypurinol.
Purines and allopurinol were measured by high
power liquid chromatography (HPLC), as
reported before.18
Direct identification of free radical generation in preterm babies is technically difficult.
Indirect detection by measurement of lipid
peroxidation products (thiobarbituric acid
reacting substances or TBARS) has been
widely used, although this is a non-specific
method for detection of free radical activity.
TBARS were measured using the fluorometric
method of Yagi,20 but this method has since
been shown to be prone to artefact and HPLC
would now be used in preference.2' 22
STATISTICS

Predetermined endpoints were analysed
between groups on an intention-to-treat basis.
Dichotomous variables were analysed using
the x2 test and biochemical assays were
analysed using the Mann-Whitney U test.
Results
A total of 400 babies were enrolled in the trial.
Effective randomisation was achieved between
the two groups, but because of two changes in
code allocation to allow for interim analysis,
205 infants were randomised to the allopurinol
group and 195 to placebo (table 1).
Although the proportion of babies who died
(34/205 v 20/195) was higher in the allopurinol
group, the difference was not significant. No
significant differences were shown in the proportion of babies who developed PVH, PVL,
porencephaly, NEC, ROP, or BPD (table 2 ).
No difference was noted between inborn and
outborn babies except that the outborn
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Ethical approval for the trial was obtained from
the hospital ethics committee. Patients were
randomly allocated to allopurinol or placebo
groups by opening of sequentially numbered
envelopes in which treatment had been determined by computer generated random number
allocation, in blocks of 10 to ensure balance
between groups. The only stratification was
based on place of birth (inborn or outborn)
as delay in initiating treatment might have
influenced the effect of treatment.
Exclusion factors were restricted to major
life threatening malformations, hydrops fetalis,
and oesophageal atresia (enteral dosing route
was to be used).
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(5-8-14-7 pumoUl) on day 1, and significantly
lower on day 3 (2 8 ,umol/l (1 9-5 2 pRmoml);
P<0-0001) and on day 7 (2-3 ,umolI (1P3-4-5
Placebo
Allopurinol
pumol/l); P<0-0001). The hypoxanthine
195
205
Number
concentration in the allopurinol group was
29
29
Gestation (weeks)
27-31
27-31
(interquartile range)
7-6 pumoll (5-4-14-9 Vumol/1) on day 1 and, as
1240
1298
Weight (g)
expected, rose on day 3 (28-0 ptmoVl
970-1550
944-1540
(interquartile range)
54
48
Male sex (%)
(13-8-52A4 [imol/l)), because of xanthine
69-7
69-7
RDS (%)
oxidase inhibition, and returned to low values
48-9
49-4
Steroids (/)
18-5
Outborn (/)
18-5
by day 7 (4.15 ,umol/l (2.4-8.2 pumol/)).
There was no correlation between hypoxanthine on days 3 or 7 with morbidity in either
patients, as a whole, had a higher incidence of group.
The concentration of lipid peroxidation proPVH and parenchymal cavitation. Using
multiple logistic regression modelling with ducts (TBARS) rose during the seven days of
independent variables of treatment group, sampling from 2-05 pumol/l (1 4-2-7 umol/l)
weight, gestation, sex, antenatal steroids and (median (interquartile range)) on day 1 to 3-4
surfactant therapy, and the predefined end- pumo1/l (3-0-4-4 jxmoYl) on day 3, and to 3d18
points as dependent variables, no significant pumo1l (2A-444 pumo1l) on day 7. There were
differences were detected between groups that no differences in the values between the two
treatment groups. Only babies with PVL had a
did and did not develop specific outcomes.
significantly higher TBARS on day 1 (median
3-06 pumoll and interquartile range 1 78 to
4 44) compared with the group without PVL
BIOCHEMICAL ANALYSES
Stable levels of the major active metabolite (median 2-14 pumoI/l and interquartile range
oxypurinol were achieved during daily dosing 1P61-2-77 jimoll) (P<0 05).
with allopurinol and there was no significant
evidence of accumulation. The median oxypurinol concentration (95%/o CI) 24 hours Discussion
after the first dose of allopurinol was 26&4 In this trial of prophylactic allopurinol for the
,umol/l (11 7-32-0 pumol/l). The daily median prevention of PVL in preterm babies, no proconcentrations thereafter were 39 1 jimol/l tective effect was apparent. An excess of the
(31-0-56-8), 42-2 prmol/l (34-8-51-0), 44 0 primary endpoint of PVL and the secondary
,umol/l (32 4-72 6), 48&2 jrmoVl (40 4-56&3), endpoints of mortality, porencephaly, and
and 48-2 ,umol/l (37-9-63 3). A significant and NEC in the treated group compared with the
consistent decline in uric acid was observed control group was not significant. There were
within 24 hours of starting allopurinol and the no differences in the incidence of BPD and the
natural decline in uric acid was delayed until overall incidence of ROP, but although fewer
cases of severe ROP (treated) occurred in the
towards the end of the first week (figure).
Plasma hypoxanthine concentrations (pre- allopurinol treatment group, this difference
treatment) on admission of all 400 patients was also not significant: a much larger trial
were significantly higher in infants developing would be required.
These differences might have been due to
PVL, ROP, and BPD (table 3). The median
(interquartile range) hypoxanthine concentra- chance, such as recruitment of sicker infants to
tion in the placebo group was 8-0 ,umol/l
Table 2 Occurrence of primary (PVL) and secondary
endpoints in allopurinol treated and control groups

Allopurinol

Control

n

n

(%/6)

205
34

195
20

(16-6)
(11-8-22-4)

(10-2)
(6-4-15-4)

PVH (all grades):

114

97
(49 7)
(42 5-57 0)

PVL:
95% CI
Porencephaly:
95% CI

BPD:
95% CI
ROP (all grades):
95% CI
ROP (treated):
950/ CI

NEC:
950/ CI

(55 6)
(48 5-62-5)
9
(4 4)
(2-0-8-1)
14

(6 8)

(3-8-11-2)
48
(23 4)
(17-8-29-8)

5

(2 6)
(*)
10

(5.1)
(2 5-9 2)
48
(24 6)
(18-7-31-3)

46
(22 4)
(16-9-288)
6
(2 9)
(1 1-6 3)

48
(24 6)
(187-31-3)
11
(5 6)
(28-9 9)

(4 9)
(2 4-8 8)

(2 6)
(*)

10

Hypoxanthine (;Lmol/l)

(%)

Total
Died
95% CI
95% CI

Table 3 Admission hypoxanthine values and outcome
irrespective of treatment (medians and interquartile range)
P Value

7-55

U= 1893-0
P=0-5223

Outcome: Alive
158
Dead
26
PVH:
None or grade 1

9-2

PVL:

(5-60-18-1)
7-15
(5-30-12-82)

POR:

BPD:
ROP:

5

Complete fundoscopy results available on 59%/ of allopurinol
group and 610/ of controls only. *Too few for 950/ CI.

(median and IQR)

NEC:

(n=90)
Grade 2-3
(n=94)
None
(n= 130)
Present
(n= 16)
None
130
Present
17

No

123
Present
43
<Grade 3
82
>Grade 3
21
No
164
Present
10

5-58-14-7
5-5-17-48
7-10

(5-40-11-98)
8-85

U=3525 0
P=0 0509

U=399 5

P=0-0427

13-75

(6-15-56-48)

7-15
5-30-12-82
12-7
6-50-17-45

70

54-12-8
11-4
7-0-18-3

6-85
5-45-11-4
12-3
8-65-18-65
7-55
5-6-14-2
9-15
3-48-22-52

U=850 5
P=0-1230

U=1862
P=0 0039

U=437 5
P=0-005
U=775 5

P=0 7735
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Table 1 Demographic data (medians and interquartile
range or Vq)
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throughout gestation, particularly in liver and
intestine but activity is low in brain.26 The
enzyme is found predominantly in endothelial
IT
500
cells including cerebral capillary endothelium.24 27 Circulating xanthine oxidase
found in sick patients23 could also account for
400
jI
tissue injury even though the resident enzyme
activity is low.
±
EE
300
Antioxidants for cerebral protection in tissue
and animal models have demonstrated the role
of free radicals in cerebral injury and have
200
raised the possibility of their use in clinical
treatment. Clinical trials in newborn infants
have been confined to vitamin E for the pre100 i
i
i
vention of intraventricular haemorrhage5 6 but
allopurinol effects cerebral protection in rats
and
dogs. The high doses used in animal
4
0
1
2
3
6
7
5
experiments
(50-200 mglkg) compared with
Days
the dose of 20 mg/kg used in this trial may
Mean (SE) daily plasma urate concentration in babies
account for the cerebral protection seen in
receiving daily allopurinol (A) (n= 16) or placebo (0)
rats2829 and dogs30 but this effect may have
(n= 1 7).
been due to more effective xanthine oxidase
inhibition and possibly also to its ability to
the treatment group. Boys were overrepre- scavenge free radicals,3' and to chelate transisented in the treatment group, and are known tional metals such as copper" ions.32 All these
to have a poorer outcome. Alternatively, experiments used pretreatment (before the
allopurinol may accentuate rather than reduce hypoxic-ischaemic insult) with allopurinol
tissue injury or may have toxic effects which which may be more effective.
The use of superoxide dismutase to reduce
could have accounted for the differences in
outcome. No unexplained events were noted in oxidant lung injury in preterm infants and prethe treatment group and there was no excess of vent bronchopulmonary dysplasia3 is encourknown complications of allopurinol, such as aging but has not been confirmed in further
renal failure, hepatitis, or mucocutaneous clinical trials despite animal experiments
eruptions. The fact that not all endpoints demonstrating tissue protection.
showed differences in the same direction also
Allopurinol has not been used before to presuggests that allopurinol did not accentuate the vent BPD, but a recent report suggests that
injury. Organ specific effects, possibly due to allopurinol may modify acute lung injury in
differences in xanthine oxidase activity, are premature baboons requiring additional
possible; or allopurinol, by reducing plasma inspired oxygen and mechanical ventilation for
uric acid, may have reduced the potential respiratory distress.33 Allopurinol attenuates
antioxidant activity of plasma.23 There is no porcine pulmonary vascular vasoconstriction
evidence that enteral starch used in the placebo which occurs with infusion of xanthine oxidase
would confer a cytoprotective effect.
and hypoxanthine,34 and a hypoxanthine
Hypoxanthine concentrations on admission infusion plus oxygen causes lung injury in
to the trial were significantly higher in patients rats.35
who developed PVL, BPD, and ROP, suggestAlthough we found an association between
ing that these babies had experienced a period raised hypoxanthine activity and BPD, we
of hypoxia during the immediate antepartum were unable to demonstrate any difference in
period. Evidence of lipid peroxidation on day 1 the incidence of BPD with allopurinol treatwas also significantly greater in the nine babies ment. This may indicate that the acute lung
who developed PVL. A rise in the TBARS by injury was not primarily mediated by xanthine
day 3 was seen in most babies regardless of the oxidase, hypoxanthine, and oxygen, or that
presence of complications or treatment group. enteral allopurinol failed to inhibit the enzyme
Inhibition of xanthine oxidase was clearly before the injury had occurred.
The pathogenesis of ROP is also complex
demonstrated by the significant reduction in
uric acid and the rise in hypoxanthine in the but is thought to involve oxidant injury to the
treated patients. It is assumed that xanthine developing retinal vessels. The oxidant injury
oxidase at all relevant sites such as cerebral, may involve exposure to high partial pressure
retinal, hepatic and pulmonary vascular of oxygen, the presence of transitional metals
endothelial cells was inhibited. The presence such as ironl 1 ions or hypoxic ischaemia.
of xanthine oxidase in the organs affected in Despite the apparent protection by allopurinol
disorders of prematurity is central to the of cat retinal vessels following hypoxic
hypothesis of hypoxic ischaemia and the role of ischaemia36 we have not been able demonpharmacological inhibition in the prevention of strate a reduction in ROP in babies treated
these disorders. The distribution of xanthine with allopurinol.
Allopurinol has also been effective in modioxidase seems to be subject to both tissue24
and species25 variation and this may account fying injury in animal models of hypoxic
for the conflicting effects of allopurinol treat- ischaemic organ damage to 1netiel 12 kidney, '1314 and liver.'5 16 Gastrointestinal
ment in different animal models.
Human xanthine oxidase activity is present mucosal xanthine oxidase activity may have a
* Allopurinol
0 Placebo
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role in ischaemic injury such as NEC. The
greater number of cases of NEC in the
allopurinol group was not unexpectedly high
compared with the usual incidence, but
because of the enteral route used for dosing
and the possible association of hyperosmolar
feeds and NEC, the enteral route for administration could be a factor in the pathogenesis of
NEC. The osmolality of the placebo, however,
was higher than that of allopurinol and the
incidence of NEC was much lower, so this
explanation seems unlikely.
We have not been able to confirm the results
of Boda et al.17 Although we used the same
dose and route of administration of allopurinol, our patients were significantly smaller and
probably of a lower gestation as Boda selected
patients between 1000 g and 2500 g. The trials
are therefore not comparable.
The reasons for the failure of allopurinol to
prevent the complications of prematurity are
therefore unclear but could be due to one or
more of the following factors. Firstly, hypoxic
ischaemia may not be the primary pathogenic
mechanism of tissue injury. Secondly,
although xanthine oxidase may be inhibited by
the dose used, additional effects of allopurinol
may be dose dependent and higher doses may
have been effective. Thirdly, the enteral route
of administration or the timing of the first dose
(possibly after the first hypoxic ischaemic
insult) may have delayed xanthine oxidase
inhibition and allowed the tissue injury process
to become well established. Finally, the duration of treatment may have been too short, particularly for disorders which may involve
repeated insults such as ROP and BPD.
Further clinical work with allopurinol might
use higher doses or parenteral administration
to achieve protection.
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