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Intravenous indomethacin for patent ductus
arteriosus
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Regional Neonatal Intensive Care Unit, General Infirmary at Leeds, and Department of Paediatrics and Child
Health, University of Leeds

SUMMARY Intravenous indomethacin was given to 36 neonates with a patent ductus arteriosus
who where receiving ventilatory support for respiratory distress syndrome. Permanent closure of
the ductus arteriosus occurred in 21 (58%) infants and in this group the mean 24 hour plasma
indomethacin concentration was 037 Ag/ml. Partial success was achieved in 6 (17%) infants
(mean 24 hour indomethacin concentration 0-34 Ag/ml) but in 9 patients (mean 24 hour
indomethacin concentration 0-29 ,ug/ml) there was no clinical change. Although the mean 24
hour indomethacin concentration was lower in the group with no clinical change, this was not
statistically significant. Five of the 21 patients in whom there was permanent closure of the ductus
required more than one dose of indomethacin. The possible effects of birthweight and age at
indomethacin treatment were difficult to separate because of the high negative correlation
between these two variables. The chance of closure was enhanced significantly if the patient had
either a birthweight of at least 1 kg or the age at indomethacin treatment did not exceed 10 days,
or both. Six hour but not 24 hour indomethacin concentrations were higher in patients with a high
birthweight treated at an early age.

Indomethacin has gained wide acceptance as a
potent constrictor of the ductus arteriosus in pre-
term infants with the respiratory distress
syndrome.'-3 While both oral and rectal administra-
tion of indomethacin have led to variable closure
rates-6 the closure rates with intravenous adminis-
tration seem to be consistently higher.3 There have
been no published studies from the United Kingdom
on the use of intravenous indomethacin in ductal
closure or on plasma indomethacin concentrations
related to therapeutic effect. We have therefore
studied the effect of this drug on preterm neonates
who were being ventilated for active lung disease.
We also measured the drug concentrations and
related these to clinical effect.

Patients and methods

Preterm infants born in the West Yorkshire region
who required ventilation for respiratory distress
syndrome and were considered to have a haemo-
dynamically patent ductus arteriosus were eligible
for inclusion in the study. Twenty five of 38 infants
were studied at one of two hospitals in Leeds; the
remainder were at other hospitals in the region.

We used the following clinical and radiological
criteria for the diagnosis of patent ductus arteriosus:

(1) A systolic murmur in the pulmonary area
which did not have to extend throughout
systole.

(2) Bounding peripheral pulses.
(3) Cardiomegaly and pulmonary plethora on

chest radiograph.

Criteria for exclusion from treatment with in-
travenous indomethacin were:

(1) Tendency to excessive bleeding, a prolonged
prothrombin time, prolonged partial throm-
boplastin time or a platelet count in periph-
eral blood of less than IOOx10'/l.

(2) Recent haemorrhage or haemorrhagic illness.
(3) Poor urinary output and blood urea concen-

tration of greater than 8 mmol/l.
(4) Serum bilirubin concentration high enough to

require treatment with phototherapy.

Before treatment with indomethacin all patients
had been managed conservatively by fluid re-
striction (between 90 and 120 ml/kg/day) and
parenteral frusemide for at least 24 hours. Daily
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measurements were made of blood urea and electro-
lytes and full blood counts including platelets were
made before and after treatment with indomethacin.
The lyophilised indomethacin powder was sup-

plied in vials under licence by Merck, Sharpe, and
Dohme Research Laboratories. The powder was
reconstituted with sterile water and injected as a
bolus directly into a peripheral vein. The dose used
was 0-2 mg/kg and was repeated at 24 hour intervals
to a maximum of three doses. The infants were
examined clinically 6 hours and 24 hours after the
drug was given. The character of the murmur,
ventilation settings, and results of routine blood gas
estimations were noted.

Treatment was considered successful if the mur-
mur disappeared and did not recur before discharge
home. Partial success was assumed if the murmur
disappeared but then recurred or if there was a
diminution in the intensity of the murmur and a
decrease in the volume of peripheral pulses with
a corresponding reduction in ventilation require-
ments. Treatment was considered to have failed if
there was no change in the character of the murmur
and no reduction in ventilation requirements.
Two ml of capillary blood were taken at 6 and 24

hours. The plasma was separated by centrifugation
and stored at -20°C for up to four weeks before
analysis. The plasma indomethacin concentration
was measured by high performance liquid
chromatography.7

Table Birthweight, age at indomethacin treatment, and
outcome in 36 infants with patent ductus arteriosus

Suc ess Partial suc ess Failure

Number (n =36) 21 6 9
Birthweight (g)
Median 1068 1174 835
(Range) (650-1700) (8(X)-I 3(X)) (640-1080)

Age at treatment (dys)
Mean 7-7 1t02 16-6
(Range) ( 1-16) (4-20) (3 -50)

Gestational age (wks)
Mean 29-8 27-4 28X)
(Range) (26-35) (25-29) (25-31)

Birthweight and age at indomethacin treatment.
Birthweight and age at indomethacin treatment
were recorded in 35 patients and a high negative
correlation between these two variables was found
(Fig. 1) which prevented the separate statistical
analysis of their effects.

Eighteen (72%) of the 25 patients whose birth-
weight was 1 kg or more and who were aged 10 days
or less when indomethacin treatment began were
successfully treated; five (20%/) were partial suc-
cesses and two (8%) were treatment failures. Two
(20%) of the 10 patients whose birthweight was less
than 1 kg and who were older than 10 days when
indomethacin treatment began were successfully
treated; one (10%) was a partial success and 7
(70%) were treatment failures. Analysing this data

Results

Fifty doses of intravenous indomethacin were given
to 38 patients. Two patients were later shown to
have other heart lesions-one had total anomalous
pulmonary venous drainage and the second has an
atrioventricular canal. Only the remaining 36 infants
will be considered.

Pharmacologically induced closure of a patent
ductus arteriosus occurred within 24 hours of the
first dose of indomethacin in 16 patients (45%) and
after the second or third dose in a further five
patients. The total closure rate was therefore 58%
(Table). Partial success was achieved in 6 patients
(17%) and the drug was considered to have failed in
9 (25%). Seven of the patients who failed to respond
to medical management underwent surgical closure
of the ductus arteriosus. In one patient ductal
closure occurred 7 days after indomethacin treat-
ment and in the remaining patient 8 days after
treatment. In 12 of 21 of the successfully treated
group weaning from ventilation was achieved by a
mean of 3-5 days (range I to 8 days) from the time of
indomethacin treatment.

Bir1weight
( kg)

Sucoess a
Partial success o

Failure x

.

50days
x_..

10 20
Age at treatment ( days)

Fig. 1 Outcome in relation to age at indomethacin
treatment and birthweight in 36 infants with patent ductus
arteriosus.
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as a 3 x 2 contingency table, the difference in success
rates between these two groups of patients was
significant at the 5% level.

Plasma indomethacin concentration (single dose).
The mean plasma indomethacin concentration at 6
hours in the successfully treated group was 0-59
,ug/ml (range 0-10 to 1-00 ,ug/ml); in the partially
treated group it was 0-53 ,ug/ml (range 0-16 to 0-80
p.g/ml); in the non-responders it was 0-44 Lg/ml
(range 0-23 to 0-60 ,g/ml) (Fig. 2). The statistical
analysis of this data using analysis of variance
showed no significant differences in mean 6 hour
indomethacin concentrations between the three
groups.
The mean plasma indomethacin concentration at

24 hours in the successfully treated group was 0-40
,ug/ml (range 0-10 to 0-62 ,ug/ml); in the partially
treated group it was 0-34 Asg/ml (range 0-06 to 0-66
,ug/ml); in the non-responders it was 0-24 ,ug/ml
(range 0-18 to 0-36 ,ug/ml). The statistical analysis of
this data using analysis of variance showed no
significant differences in the mean 24 hour in-
domethacin concentration between the three
groups.

Plasma indomethacin concentrations (multiple
doses). Eleven patients were given more than one
dose of indomethacin at 24 hour intervals; five
responded fully and four failed completely. The
mean 6 hour plasma concentration in the 11 patients
was 0-61 ,ug/ml (range 0-22 to 1-00 ,ug/ml) and the

mean 30 hour plasma concentration was 0-44 ,ug/ml
(range 0-15 to 0-65 ,ug/ml (6 patients)).
The mean 24 hour plasma concentration was 0-34

,g/ml (range 0-10 to 0-59 ,g/ml (11 patients)) and
the mean 48 hour plasma concentration was 0-33
,g/ml (range 0-10 to 0-65 ,ug/ml (7 patients)).

Indomethacin concentration related to age at treat-
ment and birthweight. The effects of age at
treatment and birthweight on indomethacin concen-
trations were investigated by the statistical method-
ology of multiple regression analysis. For the 33
patients for whom the relevant data were recorded
the 6 hour plasma indomethacin concentration was
fitted by the equation:

Plasma indomethacin at 6 hours=0-275-0-0024
(Age (days)+0-30 birthweight (kg)).

This equation accounts for only 15% of the variation
in the 6 hour plasma indomethacin concentration
among the patients, is significant only at the 10%
level, and thus either age or birthweight, or both
have only a marginal effect on the 6 hour plasma
indomethacin concentration.
As a result of the high negative correlation

between the age at treatment and birthweight, the
most acceptable interpretation of the above analysis
is that the 6 hour indomethacin concentration is
slightly higher on average for patients with higher
birthweights and lower ages at treatment. This
marginal effect had essentially disappeared by the
time the 24 hour indomethacin samples were taken
(30 patients) and a similar statistical analysis showed
no significant effects of either age or birthweight, or
both.

Side effects. There were no clinically significant
24 hours changes in the blood parameters measured and no

infant sustained any clinical deterioration after the
rn I indomethacin treatment.

Discussion

Persistent patency of the ductus arteriosus is a cause
of increased morbidity and mortality8 in very low
birthweight infants. Patency of a ductus arteriosus
increases both oxygen dependency9 and the risk of
developing bronchopulmonary dysplasial( in those
infants who require assisted ventilation. The inci-
dence of patent ductus arteriosus in infants with
birthweights under 1 kg is approximately 80%
compared with 10% to 20% for those with birth-
weights greater than 1 kg.3 This former group of
infants is also more likely to develop bronchopul-
monary dysplasia"' and eye oxygen toxicity."

Spontaneous closure of a clinically detectable
duct occurs in between 20% and 60% of patients8
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Fig. 2 Plasma indomethacin concentrations at 6 and 24
hours after intravenous indomethacin and clinical outcome
in 36 infants with patent ductus arteriosus.
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but fluid restriction and the use of some diuretics
increase this closure rate. Medical management has
been expanded by the use of prostaglandin syn-
thetase inhibitors, the most widely investigated one
being indomethacin.

Early studies with oral and rectal indomethacin
achieved closure rates that were marginally greater
than those expected with conservative medical
management. One explanation offered for these
disappointing results was that the enteral absorption
of indomethacin is unpredictable.12 The peak con-
centrations obtained in some of these patients were,
however, similar to those found in patients after
intravenous indomethacin treatment.4 The
parenteral route has now been widely studied and
reported ductal closure rates are encouragingly
high-up to 85% in some series.3 Our closure rate
after a single dose is disappointingly low at 45% but
this may be explained by the fact that all our
patients, unlike those of other studies, needed
ventilation for active lung disease. Further doses
increased the closure rate to 58%. We did not
persist with indomethacin in all of the non-
responders or partial responders but it may be that
the reported prolonged elimination half life of the
drug'3 may have encouraged more of the ducts to
close. This may explain why the two late closures
occurred in the failed treatment group. Further-
more, for indomethacin to have been considered a
success in our series the duct had to remain closed
and it is now known that subsequent re-opening is
common.14 In order to achieve ductal closure it is
probable that repeated doses may be necessary by
prolonging continuous exposure to the drug.

It is accepted that the factors that determine the
chance of success are the age at indomethacin
treatment3 15 and the infant's birthweight.3 It was
not possible statistically to separate birthweight and
age at treatment in our study but there was a clear
statistical relation between these variables and
success. If the drug was given early (before 10 days
of age) and to a larger infant (birthweight over 1 kg)
the chance of success was very high (72%). These
results are in keeping with the study of Firth and
Pickering'5 who reported that the success rate was
greater than 75% in those patients treated before
12-5 days of age. Early 'prophylactic' closure of a
patent ductus arteriosus has been reported by
Mahoney et al 9 who found that the only benefit
obtained was a reduction in the duration of oxygen
treatment to those patients with birthweights less
than 1 kg, thus confirming our observation of little
success in these patients.

Variable plasma concentrations of the drug have
been reported at both 6 hours and 24 hours after
administration.16 This study confirms that there is a

10 fold variation in the 6 hour concentration and a 6
fold variation in the 24 hour concentration. Vari-
ations at later times after further doses are much
less, being two or threefold.

Although there was no statistically significant
difference between the concentrations achieved in
patients of lower birthweight, there was a trend
toward lower concentrations where birthweight was
below 1 kg. This finding is similar to that of Yeh et
al. 17 They gave 0-3 mg/kg of indomethacin in-
travenously and found that after four hours the
plasma concentration was significantly lower for
babies weighing less than 1 kg at birth than for those
weighing more than 1 kg. This may be explained by
the increased body water as a proportion of body
weight and hence the volume of distribution of the
drug may be increased.

Nevertheless there seems to be no clear statistical
relation between either 6 hour or 24 hour in-
domethacin concentrations and ductal closure.
There did not seem to be a minimum effective
concentration at 24 hours as suggested by Brash et
al'8 who reported that if the concentration fell below
0-25 Ag/ml closure occurred in only one out of 7
patients compared with an 84% closure rate (32 out
of 38) when the concentration was above 0-25
gg/ml. In our series 10 infants had a concentration
below 0-25 g.g/ml at 24 hours; in four of these ductal
closure took place and four failed to respond. Brash
et al suggested that monitoring of the plasma
concentration between 6 and 24 hours after in-
domethacin treatment might be useful in predicting
the need for further doses but our study failed to
confirm this observation. More frequent administra-
tion (for example at 12 hourly intervals) may
increase plasma concentrations but as we failed to
show a clear concentration-effect relation this may
not be any more successful than the 24 hour
regimen.

We thank Merck, Sharpe, and Dohme Research Laboratories for
supplying the indomethacin powder; Dr P J Dear, Dr G Lealman,
Dr N Boyle, Dr G Wilson, Dr V Rajan, and Dr H Heggarty for
permission to study the infants under their care; Dr A Baines for
statistical advice; and Dr A Mehta for the indomethacin assays.
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