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Abstract
Aim—To compare the eYcacy and safety
of an indomethacin treatment strategy
based on serial echocardiographic
measurement of patent ductus arteriosus
(PDA) flow pattern with a standard proto-
col.
Methods—Neonates weighing less than
1500 g at birth, who required respiratory
support, and who had developed sympto-
matic PDA, were studied. PDA was con-
firmed in all infants using colour Doppler
echocardiography, and serial observations
of the ductal flow pattern were made.
Infants randomly assigned to receive con-
ventional indomethacin treatment (proto-
col group) were given an initial dose of 0.2
mg/kg, followed by 0.1 or 0.2 mg/kg,
depending on age, 12 hourly for two
further doses, and were eligible for a
second course. Those randomly assigned
to the ductal flow pattern assessment
(ECHO group) received further doses of
indomethacin after 24 hours, only if their
flow pattern was “pulsatile” or “growing.”
Results—There was no significant diVer-
ence in the primary outcome measures
between the two groups. The closure rate
was 89.1% and 87.2%, respectively, in the
protocol and ECHO groups. The mean
(SD) doses of indomethacin were signifi-
cantly higher in the protocol group: 3.2
(1.4) doses compared with 1.6 (0.9) doses.
There was a significantly higher incidence
of hypoglycaemia, impaired urine output,
and gastrointestinal bleeding in the proto-
col group.
Conclusions—An indomethacin treat-
ment strategy for PDA based on measure-
ment of the ductal flow pattern is associ-
ated with a reduction in the total doses of
indomethacin administered, and a re-
duced rate of complications, compared
with a conventional protocol. There is no
diVerence in closure rate.
(Arch Dis Child Fetal Neonatal Ed 1999;81:F197–F200)
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Successful pharmacological closure of patent
ductus arteriosus (PDA) with indomethacin
was first reported in 1976.1 2 Since then
indomethacin treatment has become the stand-
ard or prophylactic treatment for clinically sig-
nificant PDA in premature infants. We have
dealt with premature infants who received an

incomplete indomethacin course because of
complications or contraindications following
the first doses of indomethacin, but in whom
the ductus eventually closed. On the other
hand, closure failures have been observed in
infants who received a complete or even repeat
courses of indomethacin treatment.

Ductal tissues are sensitive to the dilating
eVects of prostaglandins,3 4 and increased con-
centrations of prostaglandins have been associ-
ated with ductal patency in premature
infants.5–7 However, a recent report by
Gonzalez et al revealed that the increased risk
of failed closure of PDA in infants with
infection was not associated with an incom-
plete course of, or the absence of,
indomethacin.8 This suggests that a complete
course of indomethacin might not be war-
ranted if the ductus can be closed after the first
or second dose of indomethacin. This led us to
explore which indicator could be used to
determine the need for additional doses of
indomethacin in infants. Using pulsed Doppler
echocardiography, we have already reported
that there is an association between pulsatile
and growing patterns of PDA shunt flow and
the development of clinically significant PDA.9

This study aimed to test the reliability of the
assessment of PDA shunt flow pattern as a
guide to the need for indomethacin treatment.
We hypothesised that pulsatile and growing
patterns might indicate the need for indometh-
acin treatment, and that the closing and closed
patterns indicate that subsequent indometh-
acin doses could be withheld.

Methods
The study was conducted at the Tokyo Metro-
politan Tsukiji Maternity Hospital, Japan, from
August 1995 to December 1996, and at the
China Medical College Hospital, Taichung,
Taiwan, from February to October 1997.
Premature infants weighing less than 1500 g at
birth, who required assisted ventilation, and
had a symptomatic PDA, were enrolled.
General guidelines for the treatment of very
low birthweight infants were similar in Tokyo
and in Taichung. The fluid supply was 60–70
ml/kg on the first day, increasing by 10 ml/kg
daily, and adjusted to maintain serum electro-
lytes within the normal range, until intake
reached 120 ml/kg within the first week of life.
Respiratory distress syndrome (RDS) was
diagnosed according to clinical and chest
radiographic findings consistent with RDS and
requirements for inspired oxygen of >40% and
for mechanical ventilation. The surfactant
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preparations used were Surfacten TA (Sur-
facten, Tokyo-Tanabe Company, Japan) in
Tokyo and Survanta (Beractant, Abbott Labo-
ratories, Chicago, USA) in Taichung. The dos-
ing schedule was 1 phial Surfacten TA or 4 ml
Survanta per kg of body weight. Assisted venti-
lation was adjusted to maintain partial arterial
oxygen tension (PaO2) between 50 and 80
mmHg, partial arterial carbon dioxide tension
(PaCO2) between 40 and 50 mmHg, and pH
between 7.25 and 7.45.

Symptomatic PDA was diagnosed when
there was colour Doppler echocardiographic
evidence of left to right ductal shunt associated
with at least two of the following clinical signs:
heart murmur; persistent tachycardia (heart
rate >160/min); hyperactive precordial pulsa-
tion; bounding pulses; and radiographic evi-
dence of cardiomegaly or pulmonary conges-
tion. The patients were randomly assigned to
receive indomethacin treatment according to
the usual protocol (protocol group) or to
echocardiographic PDA flow pattern (ECHO
group).9 Excluded from the study were infants
with congenital anomalies, congenital infec-
tions, and those who died during the first 72
hours of birth. The eligible infants not
included during the study period were those
admitted when the investigator with echocar-
diographic skills (BHS) was on leave, or when
serial echocardiographic examination could
not be performed.

The study protocol was approved by the
review boards of both hospitals, and informed
consent was obtained from each infant’s
parents.

ECHOCARDIOGRAPHIC DATA COLLECTION

In Tokyo, the infants were studied using a
Hewlett-Packard 77020A or an Aloka SSD-
2000 scanner fitted with a probe which
incorporated a 5 MHZ colour and pulsed
Doppler transducer. The first echocardio-
graphic study confirmed cardiac normality and
the ductus arteriosus was imaged from the high
left parasternal view using colour Doppler

echocardiography. If PDA was present, the
pulsed Doppler gate was placed in the pulmo-
nary end of the ductus, taking care to ensure
the angle of insonation was below 20 degrees,
and the flow pattern of the shunt was recorded.

The PDA flow was classified as follows: (1)
pulmonary hypertension pattern, which has a
bi-directional flow profile with a predominant
right to left shunt (downward away from the
baseline); (2) growing pattern, which also has a
bi-directional flow but with a predominant left
to right shunt (upward away from the base-
line); (3) pulsatile pattern, which has a left to
right shunt with a pulsatile profile of peak flow
velocity about 1.5 m/second; and (4) closing
pattern, which also has a left to right shunt, but
with a characteristic continuous profile of peak
flow velocity of about 2 m/second (fig 1).9

In Taichung the infants were studied using
an Acouson 128XP/10 scanner with 5 or 7
MHZ colour and pulsed Doppler transducer.
The ductus arteriosus was imaged as in Tokyo.

INDOMETHACIN TREATMENT FOR PATENT

DUCTUS ARTERIOSUS

Protocol group
Colour Doppler echocardiographic examina-
tion was performed daily 12–24 hours after
birth until the ductus arteriosus closed. Infants
were examined at least twice daily for clinical
signs of PDA, and diagnosis and treatment
protocols were made by the attending clinician.
The management protocol for a symptomatic
PDA in both units included fluid restriction
and intravenous administration of indometh-
acin (0.2 mg/kg for the first dose, then 0.1
mg/kg in infants less than 48 hours old, 0.2
mg/kg in infants over 48 hours, every 12 hours
for another two doses) if not contraindi-
cated.9 10 A follow up echocardiogram was
obtained between 24 to 36 hours after comple-
tion of the course of indomethacin treatment.
If the PDA remained open, as documented on
colour Doppler echocardiography, a second
course of indomethacin was given and the
echocardiogram was repeated 24 to 36 hours
afterwards, and then every 24 hours until
closure. If the PDA had not closed and the
patient remained symptomatic after the second
course of indomethacin, surgical ligation was
considered. Surgery was also performed in
infants with symptomatic PDA in whom
indomethacin was contraindicated.

ECHO group
Infants in this group also received colour Dop-
pler echocardiographic and clinical assess-
ments. Similarly, indomethacin was given when
a symptomatic PDA was diagnosed. Pulsed
Doppler echocardiography was performed im-
mediately before indomethacin treatment to
determine the PDA flow pattern. A follow up
echocardiogram was obtained 24 hours after
the start of the first dose of indomethacin. The
echocardiographer (BHS) was blinded to the
clinical status of the infants. PDA flow pattern
and the treatment regimen were decided by the
attending clinician. Subsequent doses of in-
domethacin were given only if the pulsatile or
growing PDA flow pattern persisted on follow

Figure 1 Doppler flow patterns: (A) pulmonary hypertension pattern; (B) growing
pattern; (C) pulsatile pattern; (D) closing pattern; (E) closed pattern.
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up pulsed Doppler echocardiograms obtained
every 24 hours. The subsequent dose of
indomethacin was withheld if the closing or
closed pattern was documented. If a closing or
closed pattern was not observed after six doses
of indomethacin, surgical ligation was consid-
ered. Surgery was also considered in infants
with symptomatic PDA in whom indomethacin
was contraindicated.

OUTCOME MEASURES

General clinical data, total doses of indometh-
acin, PDA outcome, and the presence of com-
plications associated with prematurity and
indomethacin treatment, as well as neonatal
mortality and the incidence of chronic lung
disease were recorded. Complications associ-
ated with indomethacin occurring during
treatment or within 48 hours of its completion,
such as hypoglycaemia, impaired urine output,
necrotising enterocolitis and gastrointestinal
bleeding, were also recorded. Hypoglycaemia
was diagnosed if blood glucose fell to below 40
mg/dl; impaired urine output was defined as a
fall to less than half that before treatment
started. Necrotising enterocolitis was consid-
ered if there were signs of abdominal distension
and ileus, and was confirmed by a roentgeno-
gram showing a fixed dilated loop, pneumato-
sis, portal or hepatic venous air or pneumoperi-
toneum. Gastrointestinal bleeding was
considered if the aspirate had the appearance of
coVee grounds, or if there was fresh blood from
the gastric tube.

Cranial sonograms were obtained on days 1,
7, 28, and, if necessary, when intraventricular
haemorrhage (IVH) was suspected. IVH grad-
ing was performed according to Papile et al.11

PDA outcome was categorised as: (1) failure of
closure, if the PDA remained open as docu-
mented on echocardiography for at least 10
days or if surgical ligation was required for
symptomatic PDA, because of unresponsive-
ness or contraindication of indomethacin
treatment, or (2) reopening of PDA, if there

was clinical and echocardiographic evidence of
PDA after initial closure. Neonatal mortality
was defined as death within 28 days of age.
Chronic lung disease was defined as require-
ment for supplemental oxygen at 28 days of
age, with respiratory distress and characteristic
signs on chest x-ray picture.

STATISTICAL ANALYSIS

Our previous study showed that about half of
the infants, similar to those enrolled in this
study, had at least one of the major complica-
tions associated with indomethacin treat-
ment.10 12 To examine whether PDA flow
pattern is an eVective guide to indomethacin
treatment, we estimated that the sample should
comprise 45 infants in each group, to achieve a
power of 80% at a level of p=0.05. We expected
a decrease in the complication rate associated
with indomethacin treatment from 50% to
20%, when PDA flow pattern was adopted as a
guide to treatment. The observed PDA inci-
dence was 60% in infants weighing under 1500
g, therefore, a total of 150 infants were needed
for the study. Categorical variables were
analysed using Student’s t test, and the
comparisons of complication rates were carried
out using ÷2 analysis.

Results
A total of 173 infants weighing less than 1500
g at birth, and who required assisted ventila-
tion, were admitted during the study period. Of
these, 11 died during the first 72 hours of life,
109 developed clinical signs of suspected PDA,
and 10 (including two with congenital anoma-
lies, one with congenital infection, and seven
not confirmed by colour Doppler echocardio-
graphy) were excluded.

The remaining 99 infants had symptomatic
PDA confirmed by echocardiography and
received indomethacin. Of these, six did not
receive follow up echocardiography. Therefore,
93 infants with symptomatic PDA were eligible
for the final analysis; 46 in the protocol group,
and 47 in the ECHO group. The demographic
data of all infants are summarised in table 1.
There were no significant diVerences in mean
gestational age, mean birthweight, sex distribu-
tion and percentage of surfactant treatment
between the two groups.

The mean doses of indomethacin, the age at
first dose, PDA outcomes and complication
rates, as well as neonatal mortality and the
incidence of chronic lung disease are summa-
rised in table 2. There were no significant
diVerences between the two groups in the age
when given first indomethacin treatment, PDA
closure rates, re-opening rates or ligation rates,
neonatal mortality or the incidence of chronic
lung disease among survivors. Among the
major complications associated with in-
domethacin treatment, there was no significant
diVerence in the incidence of necrotising ente-
rocolitis, but significant diVerences were noted
in the incidences of hypoglycaemia, impaired
urine output, and gastrointestinal bleeding.
There were no significant diVerences in the
incidences of any grade of IVH or grades 3 and
4 IVH between the two groups.

Table 1 Demographic data of infants

Protocol group
(n=46)

ECHO group
(n=47) p Value

Gestational age (weeks) 27.8 (2.5) 27.2 (2.6) 0.277
Birthweight (g) 1039 (244) 955 (271) 0.09
Sex (male/female) 24/22 21/26 0.605
Surfactant treatment (n %) 40 (87%) 42 (89.4%) 0.967

The values are mean (SD) or number of infants (percentage).

Table 2 Clinical results after indomethacin treatment

Protocol group
(n=46)

ECHO group
(n=47) p Value

Age at treatment (days) 2.6 (1.9) 2.3 (1.1) 0.999
Doses of indomethacin (number) 3.2 (1.4) 1.6 (0.9) <0.01
Closure rates 41 (89.1%) 41 (87.2%) 0.999
Reopening rates 4 (8.7%) 5 (10.6%) 0.999
Ligation rates 5 (10.9%) 5 (10.6%) 0.999
Complications

Hypoglycaemia 21 (45.7%) 10 (21.3%) 0.02
Necrotising enterocolitis 4 (8.7%) 4 (8.5%) 0.999
Impaired urine output 26 (56.5%) 12 (25.5%) 0.0046
Gastrointestinal bleeding 18 (39.1%) 8 (17.0%) 0.03

IVH (all grades) 9 (19.6%) 9 (19.1%) 0.999
IVH (grades 3 and 4) 3 (6.5%) 3 (6.4%) 0.999
Neonatal mortality 9 (19.6%) 9 (19.2%) 0.999
Chronic lung disease in survivors 9 (24.3%) 10 (26.3%) 0.999

The values are mean (SD) or number of infants (percentage).
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Discussion
The overall closure rate of 88% (82/93) in this
series is consistent with that of a previous
report.13 Among the infants in whom PDA flow
pattern was used as a guide to indomethacin
treatment (ECHO group) and who did not
complete the full course of three doses, the clo-
sure rate was 87.2%. This study showed that
indomethacin treatment guided by the PDA
flow pattern is as good as our standard
indomethacin treatment protocol in terms of
PDA closure.

The introduction of surfactant replacement
therapy means that PDA is diagnosed earlier
and more frequently in premature infants.14–16

In our study 88% (82/93) infants received sur-
factant treatment. Our diagnosis of sympto-
matic PDA was made by combing through
prospective daily echocardiography data and
clinical findings.

A common indomethacin treatment strategy
is one dose every 12 hours over a course of
three doses. Clinically, there is a relatively high
incidence of complications associated with
indomethacin treatment, including hypogly-
caemia, necrotising enterocolitis, decreased
urine output and gastrointestinal haemor-
rhage.10 12 A more selective policy of indometh-
acin treatment would be a more eVective way of
reducing complications. However, it is diYcult
to predict those infants who will not require
indomethacin, those in whom the duct will
close after one or two doses of indomethacin,
and those who will fail to respond to the full
course of treatment. Colour Doppler echo-
cardiography, on the other hand, is a useful tool
to assess the patency of ductus arteriosus and
the direction of PDA shunt flow. Actual size of
shunt flow and haemodynamic changes are,
however, diYcult to measure. Methods for cal-
culating the PDA shunt volume from both
ventricular outputs to predict a clinically
significant PDA are complicated.17

We classified PDA shunt flow into four
patterns using pulsed Doppler echocardio-
graphy, and showed that serial changes in the
pattern can be used to predict the risk of devel-
oping clinically significant PDA.9 Our previous
study suggested that the pulmonary hyper-
tension pattern is common in early postnatal
life, and reflects a bi-directional shunt, with
only a little left to right shunting in the
presence of a high pulmonary artery resistance.
After the fall in pulmonary artery resistance,
the left to right shunting through a constricted
ductus produces a very rapid velocity, charac-
terised by the closing pattern. In contrast,
growing and pulsatile patterns are primarily
evidence of falling pulmonary artery resist-
ance, in the presence of a ductus which is not
completely restricted and becomes clinically
significant.

In this study we used PDA flow pattern
analysis as a guide to indomethacin treatment,
and this allowed us to use significantly fewer

doses of indomethacin than normal, but
without a higher incidence of closure failure.
Furthermore, fewer doses were associated with
a reduced rate of complications—hypo-
glycaemia, impaired urine output, and gastro-
intestinal bleeding. There was no obvious
eVect on neonatal morbidity or the incidence of
chronic lung disease.

In conclusion, although PDA flow pattern
assessment is a useful guide to the use of
indomethacin treatment in infants with a PDA,
it does require an operator who is skilled in the
use of colour Doppler echocardiography.
Moreover, the operator would need to be avail-
able on a daily basis, the implications of which
have been discussed before.18
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