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Background: The incidence of patent ductus 
arteriosus (PDA) is high in extremely low birth weight 
(ELBW) infants. Indomethacin has been widely used 
in the prophylaxis and treatment of hemodynamically 
signifi cant PDA. This retrospective study was undertaken 
to identify factors such as birth weight, gestational age, 
gender, fetal growth retardation, ductal size, timing 
of the fi rst dose of indomethacin and side effects of 
indomethacin, which may affect the successful closure of 
the PDA with indomethacin in ELBW infants.

Methods: A cohort of 139 ELBW infants who had 
received indomethacin treatment for PDA during a 
consecutive period of more than three years (September 
2000 to December 2003) was retrospectively analyzed.

Results: Administration of indomethacin was 
associated with closure of PDA in 108 (77.7%) of 139 
ELBW infants, and only 19.4% of infants required 
surgical ligation of the ductus eventually. There was 
no signifi cant relationship between closure of PDA 
with gestational age, gender, fetal growth retardation, 
and ductal size. A higher birth weight and early use of 
indomethacin after birth could signifi cantly increase the 
closure rate of PDA (P<0.05). Side effects of indomethacin 
such as transient oliguria and hyponatremia during 
indomethacin therapy did not affect PDA closure.

Conclusions: Indomethacin is effective for the 
treatment of PDA in ELBW infants. A higher rate of 
ductal closure is related to the increase of birth weight. 
PDA closure with indomethacin is age-related, and early 

administration of indomethacin could increase PDA 
closure and reduce the incidence of hyponatremia. There 
is no signifi cant difference in major morbidities such as 
bronchopulmonary dysplasia (BPD), intraventricular 
hemorrhage (IVH), necrotizing enterocolitis (NEC), and 
retinopathy of prematurity (ROP) after early treatment. 
Early screening for hemodynamically signifi cant PDA in 
ELBW infants and early treatment with indomethacin 
are recommended.
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Introduction

The incidence of patent ductus arteriosus (PDA) is 
high in infants with extremely low birth weight 
(ELBW, birth weight less than 1000 g). As a 

cyclooxygenase (COX) inhibitor that causes constriction 
of vessels, indomethacin has been used widely in 
the prophylaxis and treatment of hemodynamically 
signifi cant PDA. It has been shown to be effi cacious in 
premature infants (gestational age less than 37 weeks) 
with a closure rate of 70%-90%. However, the use of 
indomethacin is inadequately studied in ELBW infants 
with regard to the timing and duration of indomethacin 
and the relationship between PDA closure and factors 
such as birth weight, gestational age, gender and side 
effects.

This retrospective study aimed to identify the 
factors affecting successful closure of PDA with 
indomethacin in ELBW infants.

Methods
Subjects
Between September 2000 and December 2003, 
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we studied a cohort of 139 ELBW infants who had 
received indomethacin treatment for PDA at the NICU 
of KK Women's and Children's Hospital, Singapore. 
Exclusion criteria included the presence of major 
congenital anomalies. The study was approved by the 
Hospital's Ethics Committee. The infants enrolled had 
hemodynamically signifi cant PDA documented by a 
cardiologist using echocardiography during the fi rst 24 
to 72 hours after birth or at any time if they manifested 
signs of PDA. The minimal diameter and the direction of 
shunting through the ductus were recorded. To document 
response, repeated echocardiography was performed 
between 48 to 72 hours after the last dose of a course 
of indomethacin. Additional scans were done when 
the infants were clinically suspected of having signs of 
a re-opened PDA or at the discretion of an attending 
physician. All the infants were managed according to the 
department protocol for ELBW infants.

Treatment schedule
Each infant received a conventional dose of 
indomethacin (Indocid I.V.; Merck, West Point, PA, 
USA) given at 0.2 mg/kg, 0.1 mg/kg, 0.1 mg/kg every 
12 hours for 3 doses if the postnatal age was <48 
hours; or 0.2 mg/kg every 12 hours for 3 doses if the 
postnatal age was >48 hours. The dose was given 
by infusion over half an hour. If the ductus failed 
to close or relapsed after the fi rst course and was 
hemodynamically signifi cant, a second course started 
after an interval of at least 48 hours from the last dose. 
The regimen of the second course was given at 0.2 
mg/kg every 12 hours for 3 doses. Surgical ligation was 
conducted if both courses failed.

The administration of indomethacin was delayed 
for the following reasons: platelet count <60 000 per 
cubic millimeters, intraventricular hemorrhage within 
the past 12 hours, active bleeding, urine output <1 
ml/kg per hour over the preceding 8 hours, and serum 
creatinine concentration >140 μmol/L.

Primary outcomes
The response to a course of indomethacin was defi ned 
echocardiographically as 1) closed if the ductus 
was closed (without relapse) and needed no further 
treatment, 2) open if the ductus was still open and 
hemodynamically signifi cant, and 3) relapsed if the 
ductus relapsed (closed initially but subsequently re-
opened) and was hemodynamically signifi cant. Failure 
of response would indicate that the status of the ductus 
was either open or relapsed after treatment.

Secondary outcomes
These included the outcomes of each course of 
indomethacin, the need for a second course of 

indomethacin, the number of surgical ligations, and 
side effects. Anticipated side effects were oliguria 
(urine output <1 ml/kg body weight per hour for the 
preceding 24 hours), serum creatinine >140 μmol/
L, serum sodium <130 mmol/L and <5 mmol/L of 
pretreatment value, brownish gastric aspirates needing 
treatment with ranitidine, fresh gastric bleeding, and 
focal gastrointestinal perforation. These ductal size 
were considered to be attributable to indomethacin if 
they occurred within a week of treatment.

Other variables recorded were gender, birth weight, 
gestational age, fetal growth retardation, size of the 
ductus before therapy, and timing of the fi rst dose of 
indomethacin.

Statistical analysis
Normal distribution data were displayed as means ± SD. 
Abnormal distribution data were taken as median. 
The data were analyzed with commercial statistical 
software SPSS for Windows, version 11.0. The Chi-
square test was used to analyze all variables. A value of 
P<0.05 was considered statistically signifi cant.

Results
Baseline characteristics
A total of 139 ELBW infants were included (Table 1). 
The mean postnatal age at which PDA was documented 
was 1.7±0.7 days. The mean diameter of the ductus 
before treatment was 2.0±0.7 mm (range: 0.8-3.9 mm). 
The mean age at the fi rst dose of indomethacin was 44.2
±24.7 hours (range: 8-226 hours). About 88.5% of the 
infants received a left-to-right shunt through the ductus. 

Table 1. Baseline characteristics of ELBW infants with PDA (n=139)
Male sex, n (%)  77 (55.4)
Mean birth weight in g ± SD 807.3±139.8
Mean gestational age in week ± SD (range)   26.3±1.6 (23.1-31)
State of fetal growth, n (%)
     Small for gestational age   20 (14.4%)
     Appropriate for gestational age 119 (85.6%)
     Large for gestational age     0 (0%)
Median Apgar score at 1 min (range)     5 (1-8)
Median Apgar score at 5 min (range)     8 (1-9)
Prenatal steroid treatment, n (%) 119 (85.6)
Hyaline membrane disease (HMD), n (%)
     HMD + Survanta, n

120 (86.3)
108

Bronchopulmonary dysplasia 28 day, n (%)   79 (56.8)
Intraventricular hemorrhage, n (%)
     Grade 3 or 4, n

  51 (36.7)
  13

Periventricular leukomalacia, n (%)     4 (2.9)
Necrotizing enterocolitis, n (%)   17 (12.2)
Retinopathy of prematurity, n (%)   71 (51.1)
Mean length of hospital stay in day ± SD 102±60
Death, n (%)   14 (10.1)
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In these infants, there were presence of heart murmur 
(55.6%), wide pulse pressure (37.3%, diastolic pressure 
less than half of systolic pressure), and hyperactive 
precordium (20.6%). In the 139 infants, altogether 
193 courses of the treatment with indomethacin 
were completed. Fig. 1 shows the fl ow diagram of 
treatment with indomethacin. Side effects caused by 
indomethacin were hyponatremia and mild bleeding 
tendency (brownish or bloody gastric aspirates), which 
did not affect the continuity of treatment. Because of 
side effects such as oliguria, suspected necrotizing 
enterocolitis (NEC) or intraventricular hemorrhage 
(IVH), indomethacin administration was delayed at the 
discretion of an attending physician.

Treatment response
The response to indomethacin is shown in Table 2. One 
hundred and eight infants with PDA were successfully 
treated with one or more courses of indomethacin, 
giving a closure rate of 77.7%. Twenty-seven infants 
(19.4%) had their ductus ligated. The remaining 4 infants 
(2.9%) had open ductus despite one, two or three courses 
of indomethacin, and they died before further medical or 
surgical treatment was given. Ten infants whose ductus 
closed with indomethacin died later, thereby giving a 
mortality rate of 10.1% (14/139) for this cohort.

Third indomethacin course, n=5

Closed, n=4

Open or relapsed, n=51Closed, n= 88

Died, n=8

Died, n=2

Open or relapsed, n=33Closed, n=16

PDA ligation, n=26

PDA ligation, n=1

Open, n=1

Died, n=2

Second indomethacin course, n=49

Died, n=2

Initial indomethacin course, n=139

Fig. 1. Flow diagram of treatment of ELBW infants with PDA.

Table 2. Response to indomethacin
First course Second or third course Final outcome
Number % Number % Number %

Closed   88   63.3 20   37.0 108   77.7
Relapsed   19   13.7   4     7.4 - -
Open   32   23.0 30   55.6     4     2.9
Required surgical ligation - - - -   27   19.4
Total 139 100 54 100 139 100

Factors affecting success of indomethacin treatment
The ELBW infants were grouped according to their 
birth weight, gestational age, gender, ductal diameter, 
timing of the fi rst dose of indomethacin, and fetal 
growth retardation. The effect of factors affecting 
the closure rate after the fi rst course and the fi nal 
closure rate are shown in Table 3. Birth weight and 

Table 3. Factors associated with successful ductal closure

Number First course Final outcome
Closed % χ2 Closed % χ2

Birth weight (g) ≤800   63 31 49.2 9.87
† 43 68.3 5.93*

>800   76 57 75.0 65 85.5
Gestational age (wk) ≤26   58 34 58.6 0.94 43 74.1 0.73>26   81 54 66.7 65 80.2
Gender Male   77 52 67.5 1.33 64 83.1 2.93Female   62 36 58.1 44 71.0
Ductal diameter (mm) ≤2.0   80 48 60.0 0.89 63 78.8 0.12>2.0   59 40 67.8 45 76.3
Age of fi rst dose of indomethacin (h) ≤40   68 51 75.0 7.83* 58 85.3 4.43*

>40   71 37 52.1 50 70.4
State of fetal growth SGA   20 15 75.0 1.38 18 90.0 2.04AGA 119 73 61.3 90 75.6
Oliguria Yes   23 16 69.6 0.46No 116 72 62.1
Hyponatremia Yes   42 28 66.7 0.29No   97 60 51.9
*: P<0.05, †: P<0.01. SGA: small for gestational age; AGA: appropriate for gestational age.
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early administration of indomethacin were correlated 
signifi cantly with the success of indomethacin 
treatment.

To further elucidate the effect of indomethacin 
on infants with varying birth weight, we stratifi ed 
the birth weight and the age at the administration 
of indomethacin into four groups according to birth 
weight, namely ≤700 g, 701-800 g, 801-900 g, and 
>900 g. The age for the fi rst dose of indomethacin was 
divided into within 24 hours, between 24-36 hours, 
between 36-72 hours, and more than 72 hours. Figs. 
2 and 3 show the closure rates and effects of birth 
weight, and timing of the fi rst dose of indomethacin. 
The closure rate was increased with the increasing 
birth weight and with the early administration of 
indomethacin in the fi rst course of treatment (P<0.05).

Timing of the fi rst dose and outcomes
The two groups of infants, divided by the timing of the 
fi rst dose (≤40 and >40 hours of age) showed that earlier 
administration of the fi rst dose (≤40 hours of age) was 
signifi cantly associated with the lower incidence of 
surgical ligation and hyponatremia (P<0.05) (Table 4). 
However, morbidities such as grades 3 or 4 IVH, NEC, 
bronchopulmonary dysplasia (BPD) and retinopathy 
of prematurity (ROP) were not signifi cantly different 
between the two groups (P>0.05).

Discussion
Indomethacin is effective for the treatment of patent 
ductus arteriosus.[1,2] In small premature infants, the 
closure rate was 70%-90%. However, about 13%-53% 
of cases relapsed or remained open after treatment 
with indomethacin and surgical ligation was required 
eventually.[3,4] In our study, the closure rate of PDA 
in ELBW infants with indomethacin was 77.7% and 
surgical ligation rate was 19.4%. Even in the ELBW 
infants, the ductus arteriosus responded well to 
indomethacin, a nonselective prostaglandin synthesis 
inhibitor. Moreover, the closure rate was 45.2% for 
infants who weighed less than 700 g at birth and 78.0% 
for those who weighed 900-999 g after one course of 
indomethacin.

PDA in small premature infants is often treated 
for decreasing morbidity, because a hemodynamically 
signifi cant left-to-right shunting through the ductus 
may increase the risk of intraventricular hemorrhage, 
bronchopulmonary dysplasia, necrotizing enterocolitis, 
respiratory distress syndrome, and death.[1,5,6] However, 
some studies[7,8] showed that prophylactic pharmacologic 
or surgical closure of PDA in small premature infants 
produced only short-term benefi ts like a decrease in 
later symptomatic PDA or a reduction in the duration 
of oxygen dependence. In an observational study,[9] 
a longer duration of indomethacin exposure was 
associated with less white matter injury in infants 

Table 4. Effects of timing of fi rst dose of indomethacin

Timing of fi rst dose Number
Ligation  Oliguria   Hyponatremia BPD IVH NEC ROP
n % n % n % n % n % n % n %

≤40 h   68   8 11.8 11 16.2 15 22.1 41 60.3 29 42.6 11 16.2 33 48.5
>40 h   71 19 26.8 12 16.9 27 38.0 38 53.5 22 31   6   8.5 38 53.5
Total 139 27 19.4 23 16.5 42 30.2 79 56.8 51 36.7 17 12.2 71 51.1
χ2 4.99* 0.01 4.20* 0.65 2.03 1.93 0.35
*: P<0.05. BPD: bronchopulmonary dysplasia; IVH: intraventricular hemorrhage; NEC: necrotizing enterocolitis; ROP: retinopathy of prematurity.

Fig. 2. Birth weight and its effect on PDA closure rate (P=0.014).
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Fig. 3. Timing of the fi rst dose of indomethacin and its effect on PDA 
closure rate (P=0.032).
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delivered before 28 weeks' gestation. There is no good 
evidence that any of the strategies can result in a long-
term benefi t, in particular, the morbidities of BPD, IVH 
and disability-free survival.[10-13] Conventional dose 
of indomethacin has shown to be effective in closing 
PDA in premature infants, but it could result in more 
severe side-effects. Prolonged administration of low-
dose indomethacin (0.1 mg/kg daily for 6 days) is 
equally, but not more, effective than the conventional 
dose. Also, there is a trend toward increased incidence 
of NEC.[14] Sperandio et al[15] reported recently that 
high-dose indomethacin resulted in an overall closure 
rate of 98.5% (single indomethacin doses up to 1 
mg/kg) and comparing with the conventional-dose 
indomethacin therapy, there were no differences in 
the incidences of renal or electrolyte abnormalities, 
gastrointestinal bleeding, intraventricular hemorrhage, 
or periventricular leukomalacia. Early prophylactic 
use of indomethacin can reduce the incidence of 
clinically signifi cant PDA in small premature infants 
from 56%-83% to 7%-20%,[3,16,17] but a signifi cant 
proportion of the ductus close spontaneously in preterm 
infants. Reller et al[18] reported that the spontaneous 
closure rate of PDA on day 3 of life in healthy preterm 
infants of more than 30 weeks' gestation ranged from 
81.3% to 87.5%, and nearly 27%-34% in infants of 
27 weeks' gestation.[19,20] The incidence of PDA in 
ELBW infants was approximately 60.3% at our NICU 
(KKWCH Singapore) during the years 2000 to 2003. 
Thus, prophylactic indomethacin may result in about 
40% of babies being treated unnecessarily. There has 
been a controversy as to whether or when the ductus 
arteriosus should be closed. In premature infants, left-
to-right shunt through the ductus arteriosus may be a 
normal mechanism by which pulmonary blood fl ow is 
maintained during the initial transition from fetal to 
neonatal circulation. Therefore, very early treatment to 
close the ductus arteriosus by pharmacologic or surgical 
methods may be contraindicated in some settings.[21]

Gersony et al[1] reported that the closure rate of 
PDA with indomethacin may reach 80% to 86% in 
infants who weighed 1000-1750 g at birth; however, 
the rate was only 54% in infants <1000 g. Our study 
also demonstrated that the closure rate of PDA with 
indomethacin increased signifi cantly when the birth 
weight increased. Many factors may infl uence the 
weight-dependent closure rate of PDA by indomethacin, 
such as the maturity of the contractile spiral smooth 
muscle fi bers of the ductus arteriosus, the presence and 
concentration of prostaglandin receptors in the ductus, 
and the effect of the immature respiratory system in 
infants with lower birth weight. These factors all affect 
the closure of the ductus arteriosus. 

Adverse side-effects might occur frequently during 
indomethacin treatment,[22-24] including hyponatremia, 
oliguria, active bleeding, and impaired renal function, 
which are transient and seem to have no long-term 
sequelae. Necrotizing enterocolitis (stage II and III), 
intraventricular hemorrhage, and focal gastrointestinal 
perforation are rarely found during therapy. These side-
effects of indomethacin are due to the nonselective 
vasoconstrictive effect of the drug and the reduction of 
blood fl ow through various organs. The two common 
side-effects, hyponatremia and oliguria, are secondary 
to vasoconstriction of the renal vasculature. Does the 
presence of these side-effects correlate with successful 
closure of the ductus since their presence in an infant 
probably indicates that the vasoconstrictive effects of 
indomethacin are strong? Our study did not show such 
an association. We speculate that this might attribute 
to the variable vasoconstrictive effects of indomethacin 
in different organs. In our study, early administration 
of indomethacin signifi cantly reduced the incidence of 
hyponatremia but not oliguria.

Interestingly, we found that the timing of the fi rst 
dose of indomethacin was signifi cantly associated 
with the closure rate, and that early administration 
reduced the need for surgical ligation. Up to 85.2% of 
PDA would close if the fi rst dose of indomethacin was 
administered within 24 hours after birth, and the rate 
decreased to 48.1% if it was started 72 hours or later 
after birth. The corresponding rates for surgical ligation 
were 3.7% and 25.9% respectively. Schmidt et al[10] found 
that in premature infants weighing <1000 g at birth, the 
incidence of severe periventricular and intraventricular 
hemorrhage ranged from 13% in infants with persistent 
patency of the ductus down to 9% in those whose PDA 
was closed earlier. Therefore, early administration of 
indomethacin in ELBW infants with signifi cant PDA 
not only resulted in a higher incidence of ductal closure 
and a lower incidence of surgical ligation, but also 
produced short-term benefi ts when a shunting through 
the ductus was stopped.

In summary, indomethacin is effective in treating 
PDA in ELBW infants. The rate of ductal closure is 
related to the birth weight of the infants. There was 
also an age-related mechanism for PDA closure with 
indomethacin. Early administration of indomethacin 
can increase the closure rate of PDA and reduce the 
incidence of some side effects. However, there is no 
signifi cant difference in major morbidities such as 
BPD, IVH, NEC and ROP after early treatment with 
indomethacin. Early screening for hemodynamically 
signifi cant PDA in ELBW infants and early treatment 
with indomethacin are recommended.
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