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Abstract
A total of 121 infants who required
indomethacin for persistent ductus arteriosus
in Liverpool and Cambridge over a four year
period were randomised to receive either 0-1
mg/kg daily for six days or 0-2 mg/kg every 12
hours for three doses. The groups were of
similar birth weight and gestational and postnatal age, though those treated with a low
dose were by chance receiving a higher percentage of oxygen at the start of treatment and
there were more deaths from bronchopulmonary dysplasia in this group. Of 59 infants
treated with the prolonged course 53 (90%)
responded initially to indomethacin compared
with 48 of 62 (77%) treated conventionally-a
difference of 13% (95% confidence interval for
the difference 0 to 26%). Of the 53 responders
11 (21%) relapsed after low dose indomethacin, whereas after the shorter course 19 of 48
(40%) relapsed. This difference was significant (95% confidence intervals 3 to 37%). Side
effects, mainly gastrointestinal haemorrhage,
were similar in both groups. Significantly
fewer infants experienced a rise in serum
creatinine or urea concentration after treatment with low dose indomethacin. A prolonged low dose course of indomethacin
offers advantages over conventional treatment.
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Several double blind trials have shown that
indomethacin is capable of reducing left to right
shunt through a persistent ductus arteriosus in
preterm infants. 2 The success rate after treatment is between 60 and 80%, with a relapse rate
of about 30%."5 The observation that infants
treated at greater postnatal age seemed to
respond less well,6 resulted in studies of early
treatment either as prophylaxis given to a cohort
on the basis of birth weight,7-9 or after identification of shunting with an early aortogram or
contrast echocardiography.'0
Prophylactic
indomethacin reduced subsequent ductal shunting, but as only 30% of a very low birthweight
cohort develop an important left to right shunt,
many would consider that the risk of side effects
outweighs any potential benefit. Early treatment (at a mean of 2-9 days, as soon as any clinical signs were detected) was associated with a
reduction in the amount of oxygen needed by
those weighing less than 1000 g in one study,'2
but this has not always been confirmed and one
small trial has recently shown the opposite.13
Pharmacokinetic studies have also been used
in attempts to improve the response to
indomethacin. These have shown that the

absorption is erratic after enteral administration,'4 and that even after an intravenous dose
plasma concentrations vary 20-fold and overwhelm any differences in half life and clearance
related to postnatal and gestational age.'5 In
general the response of the ductus and the side
effects of indomethacin do not correlate well
with the plasma indomethacin concentration. 16 17 Brash et al proposed a threshold of 250
ng/ml and noted that relapse occurred on about
the fifth day when concentrations of indomethacin had fallen to about 50 ng/ml.'5 Seyberth et al
used on line monitoring, and thought that a
plasma concentration of 1000 ng/ml may be
needed for as long as a week.'8 Our previous
work showed, however, that five of the seven
infants who had gastrointestinal bleeds were
among the seven with concentrations above
1000 ng/ml at any time.7 In further trials
Seyberth et al have initiated treatment starting
with indomethacin concentrations of 1000 ng/
ml and continuing at 150-750 ng/ml.'9
Inhibition of prostaglandin synthesis can be
achieved even with low plasma concentrations
of indomethacin in the newborn,7 as well as in
adults.20 This may explain the poor correlation
between response and plasma concentrations.
Both plasma and urinary prostaglandin synthesis returns about five days after indomethacin
has been stopped,7 21 corresponding to the time
at which indomethacin concentrations are falling and possibly thereby contributing to failure
of treatment. These results have led to trials of
prolonged low dose indomethacin,22 23 which
appears to be safe.'8 In the study we compared
prolonged low dose indomethacin with three
higher doses at intervals of 12 hours in infants
requiring treatment for left to right shunt due to
persistent ductus arteriosus that had been
diagnosed clinically.
Patients and methods
Babies weighing less than 2500 g at birth who
developed clinical signs of persistent ductus
arteriosus that required treatment with
indomethacin were enrolled in Liverpool and
Cambridge. Treatment was allocated by opening a sealed envelope randomising the baby to
receive either a six day course of 0 1 mg/kg or
three doses at intervals of 12 hours of 0-2 mg/kg.
The course was completed unless treatment was
stopped because of a complication. Information
on the subsequent course was collected prospectively; relapse was defined as a recurrence of
systolic murmur and increased pulse volume.
Between September 1985 and July 1989, 123
babies were enrolled; one was excluded because
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package for the social sciences (SPSS).27 The x2
used for comparison of groups, and
Student's t test or the Mann-Whitney U test
where appropriate. Results are also reported
test was

with calculation of 95% confidence intervals
(CI) as suggested by Gardner and Altman.28

POWER

The study design allowed us to examine two end
points: response to treatment and relapse after
treatment. From the results of previous work,
about 70% of babies could be expected to
respond to indomethacin with a relapse rate of
30%.4 Assuming that an improvement in the
response rate to 90% might occur, a formula
was used to calculate numbers.24 Calculating
the formula for alpha=0-05-that is, for a 5%
chance of rejecting the null hypothesis and
detecting a difference in treatments when none
exists-and beta=0-2-giving a 20% chance of
committing a type II error and failing to detect a
true difference-a total of 122 babies would be
needed. The power of the study with this number of babies would be 80%. A similar calculation using the sample size tables of Fleiss25
results in a total of 142 babies for 80% power,
but Pocock26 has pointed out that these tables
are designed for the analysis to be done using x2
with Yates's correction and that if this is not
necessary then the numbers are an overesti-

Results
RESPONSE AND RELAPSE
The treatment groups were

well matched for
birth weight and gestational age, and there were
no differences between centres or in the postnatal age at which the babies received treatment
(table 1). Of 59 babies, 53 responded to the low
dose course (90%) compared with 48 of 62
(77%) after a conventional course (table 2). This
represents a treatment difference of 13% with
(95% CI 0 to 26%, X2 4-32, p=0 06). Eleven of
the 53 babies who responded to the prolonged
course subsequendy relapsed (21%) compared
with 19 of 48 after the conventional course
(40%); the difference between treatments was
19% (95% CI 3 to 37%, X2=4-28, p<0-05).
Three of these babies required ductal ligation.
The results are shown graphically in the figure,
together with the treatment differences and 95%
CI for the other clinically relevant outcomes.

mate.

SIDE EFFECTS

For the end point of relapse, in order to
detect a reduction in the relapse rate from the
expected figure of 30% to 15% with 80% power
192 babies would be needed: 122 babies gives
only 65% power, and therefore a 35% chance of
failing to detect a true difference.

There was no significant difference in side
effects recorded during the administration of
indomethacin, with 10 and 13 babies, respectively, experiencing any side effect that was
possibly due to treatment; most of these were
gastrointestinal haemorrhages. Treatment was
stopped in a total of eight babies: two had
gastrointestinal perforations after a conventional course of treatment and required ductal
ligation because of treatment failure; six had

STATISTICAL ANALYSIS

To analyse the results

we

used the statistical

Table I Comparison of 59 babies treated with prolonged low dose of indomethacin and 62 treated with conventional dose
Indomethacin
01 mglkgx6

Mean (SD) birth weight (g)
Mean (SD) gestational age (weeks)
Centre:

(low dose)
1116 (340)
27 (2-2)

Liverpool
Cambridge
Time treated:
Postnatal age <7 days
Postnatal age >7 days
Median (interquartile range) maximum
oxygen concentration day 1

Statistical
test

p
Value

t Test
t Test

0-71
0-72

0-2 mglkgx3
(conventional dose)

1135 (340)
27 (2-2)

23
36

32
30

X2

0-2

32
27

39
23

X2

0-43

40 (30-60)

30 (25-45)

Mann-Whitney

0-01

Table 2 Outcome after treatment with either prolonged low dose of indomethacin (n=59) or conventional course (n=62).
Results are given as number (%) of babies
Indomethacin

Response
Relapse
Retreated
Side effects

01 mglkgx6
(low dose)

0-2 mg/kgx3
(conventional dose)

53
11
10
10

48
19
11
13

(90)
(21)
(19)
(17)
Rise in serum urea or creatinine
17 (29)
concentration
34 (68)
Reduction in inspired oxygen at 6 days
10 (17)
Died
*These results are with (and without) Yates's correction.

(77)
(40)
(23)
(21)
33 (53)
21 (34)
3 (5)

X2

p
Value

3-37
4-28
0 25
0-32

0)06
0104

6-68
6-60
4-62 (3-44)*

0 009
0 009
003 (0 06)*

0-62
0 57
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of a diagnosis of hydrops fetalis, and another
because the course was stopped after an incorrect prescription of 1-0 mg/kg. The trial was
approved by the ethics committees of both
hopitals.
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Relapse

Side effects or retreated
Rise in serum urea concentration

Reduction in inspired oxygen
Death
00 -80 -60 -40 -20
Benefit for conventional
treatment (%)

X

X

l

-1

0

|

20
40 60 80 100
Benefit for low dose

treatment

(%)

Differences in treatment and 95% conftdence intervals of
differences in outcomes.

bleeding complications; and two went into acute
renal failure (short course). Significantly fewer
babies had any rise in serum urea or creatinine
concentrations after treatment with the low dose
regimen: 29% compared with 53% (X2 6-68,
p=0009) (table 2).
DEATHS

There were significantly more deaths after the
long course: 10 of 52 (17%) compared with
three of 62 (5%) (p=0 03). Only two of the
deaths occurred during the first month of life.
One was after intensive care had been withdrawn because of periventricular leucomalacia
and periventricular haemorrhage in a severely ill
baby, and the second was due to persistent pulmonary hypertension, possibly related to
showers of platelet emboli (seen at necropsy)
from a umbilical catheter that was rather high.
This baby had received only one dose of
indomethacin, as the platelet count fell rapidly
over the first few days. Five of the remaining
eight deaths in the long course group were at
several months of age of bronchopulmonary
dysplasia, the remaining three being from sepsis
at about 1 month of age. The remaining deaths
in the short course group were due to a late cot
death and bronchopulmonary dysplasia. Thus
no deaths could be directly attributed to treatment, and the higher incidence of deaths from
bronchopulmonary dysplasia in the group
receiving the long course may reflect the fact
that the babies were receiving a significandy
higher percentage of oxygen at the start of treatment: median 40% (interquartile range 30 to
60%) and 30% (25 to 45%).
SUBGROUP INFORMATION

Analysing subgroups of babies treated at less
than or greater than one week postnatal age and
who were less than or greater than 28 weeks'
gestation or weighed less than 1000 g also
showed no significant differences in outcome.
Initial response to treatment was between 68%
and 92%, the best response being in babies of
less than 1 week postnatal age treated with a
long course. A good response was also achieved,
however, at a postnatal age of greater than 1
week in 39 babies. Babies of gestational age less
than 28 weeks or birth weight less than 1000 g

Discussion
Relapse after functional closure of the persistent
ductus arteriosus with indomethacin has been a
problem since the early days. Attempts at limiting side effects have resulted in a reduction of
the dose by some 10-fold from that used originally in the newborn and prescribed for adult
patients.29 Indomethacin is an extremely powerful prostaglandin synthetase inhibitor and
because prostaglandins are widely distributed
and involved in the control of the microcirculation throughout the body the drug has widespread effects. Perhaps the most important of
these in preterm babies are those regulating the
renal and cerebral circulations. Studies examining the effect of indomethacin on cerebral blood
flow velocity have consistently shown a
reduction.30 31 Although some workers have
suggested that this may be of benefit in the
prophylaxis of periventricular haemorrhage,32
this is not a consistent finding.33 Few long term
follow up studies have been reported: low cerebral blood flow may be detrimental in the
immediate postpartum period. Most of the evidence, therefore, is against the use of prophylactic indomethacin and more studies of the
type reported here are needed in order to establish the best timing, duration, and dose, if the
drug is to be used effectively in a 'rescue'
fashion.
In this study we examined the effects of the
same total dose of indomethacin given in two
different ways. There was a trend towards an
improvement in the initial response rate after
the prolonged course, with 95% CI for the difference in response compared with a conventional short course falling between no fewer
responses and 25% more closures. The high
relapse rate often reported after indomethacin
probably results from a resurgence of prostaglandin synthesis and makes prolonged treatment logical.7 21 The results showed a significant difference in relapse rate although the risk
of a type II error was high. Few of the relapses
noted in this study were thought to be important enough to require retreatment or to require
an increase of ventilatory support.
The increase in mortality after a prolonged
course has not been reported before, and
although it was probably explained by the
highly significant difference in inspired oxygen
concentration at the start of treatment in this
group, the observation reminds us of the need
to evaluate new treatments carefully and to
sound a note of caution. The concern about
impaired renal function in babies receiving prolonged indomethacin has not been supported by
this study-in which there were fewer babies
who experienced a rise in serum creatinine or
urea concentrations after treatment-or by
other work.'8 Relatively large numbers of
infants weighing less than 1000 g at birth were
treated, and responded equally well to indomethacin as those of higher birth weights.
Prolonged low dose indomethacin offers an
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responded well to treatment without the
increase in side effects described in some
studies.
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alternative effective way of achieving reduction
of left to right shunt in babies in whom a clinical
diagnosis of persistent ductus arteriosus has
been made. Prolongation of treatment improves
the initial response and reduces the relapse rate.

