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Failure of indomethacin to close persistent ductus
arteriosus in, infants weighing under 1000 grams
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SUMMARY Six preterm infants with a persistent ductus arteriosus, who failed to improve with conven-

tional medical management, received indomethacin in an attempt to close the duct pharmacologically.
All infants weighed less than 1000 g when the drug was administered. All showed a transient response to
indomethacin; however, no infant demonstrated a permanent response, even though 5 of the 6 received
multiple doses. One of the patients developed a severe episode of anuria, uraemia, and gastrointestinal
bleeding. Of the 6 infants, 3 underwent subsequent successful surgical ligation of the ductus. It is sug-
gested that the extremely preterm infant may be a 'poor responder' to indomethacin. Since the side
effects of indomethacin may be life-threatening, it may be wise to consider surgical ligation in lieu of
indomethacin administration in these infants.

Management of persistent ductus arteriosus in pre-
term infants has been the subject of much research,
discussion, and debate (Zachman et al., 1974; Neal
et al., 1975; Thibeault et al., 1975). Until recently,
if medical management failed, the only alternative
was surgical ligation. In September 1976, the suc-
cessful use of indomethacin, a potent prostaglandin
synthetase inhibitor, was reported as promoting
pharmacological closure of the persistent ductus
arteriosus (Friedman et al., 1976; Heymann et al.,
1976). The possibility of avoiding surgery in tiny
preterm infants has led to the use ofindomethacin in
many institutions. However, in view of the pos-
sibility of side effects, several investigators have
cautioned against widespread use of prostaglandin
inhibitors before carefully designed clinical trials
(Nadas, 1976; Friedman et al., 1977). Review of the
data from 6 preterm infants who received the drug
in the past 8 months forms the substance of this
report.

Subjects and methods

PATIENT POPULATION
Between November 1976 and June 1977, preterm
infants with persistent ductus arteriosus were
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considered as candidates for the administration
of indomethacin according to the following
guidelines.

All preterm infants with clinical features thought
to be secondary to a persistent ductus arteriosus,
with or without respiratory distress syndrome,
received a trial ofmedical management for 48 hours.
This included digitalis, diuretics, and careful fluid
management. Failure of medical management was
defined as continued severe congestive heart failure
and/or inability to wean the infant from respiratory
support (including constant positive airway pres-
sure). In such cases, indomethacin was admini-
stered to those preterm infants who weighed less
than 1000 g. Preterm infants who weighed more
than 1000 g underwent prompt surgical ligation of
the persistent ductus arteriosus.
The diagnosis of persistent ductus arteriosus was

basedontypical physical, electrocardiographic, radio-
logical, and echocardiographic findings.

Indomethacin was administered as a single dose of
0-3 mg/kg through a nasogastric tube. If there was
no closure of the ductus within 48 hours (as
manifested by disappearance of murmur, improve-
ment in congestive heart failure, and discontinuance
of respiratory support), surgical ligation was con-
sidered. If there was a response which was then
followed by a relapse, a second dose of 0 3 mg/kg
was administered since the persistent ductus
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arteriosus presumably was responsive to indome-
thacin.

Results

From November 1976 to June 1977, 6 infants, each
weighing less than 1000 g, received indomethacm.
Clinical details are presented in the Table. The mean
gestational age of the infants who received indo-
methacin was 29 weeks. The mean age at which the
signs of persistent ductus arteriosus were first noted
was 10 days, with a range of 5 to 30 days of age.
Four of the 6 infants required respiratory asslstance
at the time the diagnosis of persistent ductus
arteriosus was made. One infant required mechanical
ventilation for his primary pulmonary disease and 3
required constant positive airway pressure for
apnoea. All 6 infants were receiving maintenance
digitalis, intermittent diuretics, and had their
fluids restricted to 120 to 150 ml/kg per 24 hours.
Two infants received aminophylline for treatment of
recurrent apnoea within 48 hours of the adminis-
tration of indomethacin.

All 6 infants exhibited the classical clinical signs
of persistent ductus arteriosus, including typical
murmur, gallop rhythm, full pulses, and hepato-
megaly. Additionally, all infants had cardiomegaly
and increased pulmonary vascularity on chest x-ray
examination.

All infants had a transient beneficial response
after the administration of indomethacin. This
consisted of a decrease in the intensity of the mur-
mur and of the peripheral pulses 6 to 12 hours after
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the administration of indomethacin. In all 6
infants, however. this response was short-lived,
lasting approximately 12 hours. Treatment was
repeated in 5 infants (5 doses in 1 case, and 3 in
another), but in no case was permanent closure of
the duct achieved with indomethacin.
Three of the 6 infants subsequently underwent

surgical ligation of the duct. These 3 infants were in
intractable congestive heart failure and, though
critically ill, it was felt that the risk of congestive
heart failure and its attendant problems outweighed
the risk of surgery. All 3 infants survived surgery,
had relatively benign postoperative courses, and
showed complete resolution of congestive heart
failure. Three infants did not undergo surgical
ligation of the duct, as their congestive heart failure
was relatively well controlled by medical manage-
ment alone. Maintenance digitalis was continued at
the time of discharge in 1 of these infants.

Side effects thought to be related to indomethacin
were noted in case 6. This patient was a preterm
infant requiring constant positive airway pressure
for apnoeic spells. She received indomethacin on the
seventh day of life, 0 3 mg/kg by oroduodenal tube.
Within 12 hours after this dose was administered,
her murmur decreased slightly in intensity and her
peripheral pulses decreased in amplitude. This
effect lasted for approximately 18 hours, at which
time her murmur increased in intensity and clinical
signs of congestive heart failure increased. A repeat
dose of indomethacin (0.3 mg/kg) was given by oro-
duodenal tube on the eighth day of life. Within 24
hours, she was anuric. Her congestive heart failure

Table

Case no. Gestational Birthweight Associated diagnosis Age Indomethacin Response PDA Side Outcome
age (wok) (g) and support PDA closure effects

noted Age Route Dose
(d) (d) (m'g/kg)

1 31 1000 CPAP and 5 13 Rectal 0 3 Transient Spontaneous None Survived
aminophylline for 14 0-12 None at 6 wk
apnoea

2 28 810 CPAP and 7 27 NG 0 3 Transient Spontaneous None Survived
aminophylline for tube at 6 wk
apnoea

3 34 1050 Respiratory distress 6 11 NG 0 3 Transient No None Survived
syndrome and tube 0 3 Transient Discharged
apnoea on digoxin

4 28 860 Apnoea 30 30 NG 0-2 Transient Surgical None Survived
31 tube 0 3 None at
32 0 3 None 35 days

5 26 720 Respirator for 5 30 NG 0 3 Transient Surgical None Died day
bronchopulmonary 31 tube 0-3 Transient at 90 from
dysplasia and 33 03 Transient 56 days necrotising
apnoea 37 0-3 None enterocolitis

42 03 None
6 28 890 CPAP for apnoea 5 7 NG 03 Transient Surgical Renal Survived

8 tube 0-3 None at 12 days failure
and GI
bleeding

PDA, persistent ductus arteriosus; NG. nasogastric; CPAP, constant positive airway pressure; GI, gastrointestinal.
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was exacerbated, and she required intubation and
respirator support. Her creatinine rose to 362 pmol/l
(4.1 mg/100 ml) and her blood urea rose to 31-0
mmol/l (87 mg/100 ml) on day 12. Additionally, she
developed bloody stools for 24 hours. On day 12 of
life, she underwent surgical ligation of her duct with
some resolution of her symptoms. Her urine output
began to increase in approximately one week. She
subsequently was weaned from the ventilator, and
her creatinine returned to a normal value in 24 days.
She was discharged with no medication. The indo-
methacin used in this child was tested' and found to
be the appropriate concentration as labelled by the
University of Virginia Hospital Pharmacy. We
found no error in the administration of this drug
when reviewing hospital charts and nursing records.

Discussion

Published reports, with one exception (Neal et al.,
1977), have been enthusiastic concerning the use of
indomethacin for the pharmacological closure of the
persistent ductus arteriosus. In the study by
Friedman et al. (1976), 6 preterm infants with
respiratory distress syndrome and persistent ductus
arteriosus responded to a single dose of indo-
methacin. The dosage used in this study was 2 5
mg/kg by mouth or 5 mg/kg per rectum. The only
side effects noted were transient reduction in renal
function in 2 infants. Heymann et al. (1976), using a
much lower dosage of indomethacin (0 1 to 0 3 mg/
kg), also felt indomethacin to be a valuable drug for
producing constriction of the persistent ductus
arteriosus. In their study, complete closure occurred
within 24 hours in 5 infants given 0 3 mg/kg. Two
of these infants received 3 doses, and a raised serum
creatinine was noted for 1 week. A very low dose,
0.1 mg/kg, of indomethacin was used in 10 infants;
ductal closure occurred within 24 to 30 hours in 8,
and no alteration in renal function was noted.
Heymann and Rudolph (1977) have subsequently
published, in abstract form, data from an expanded
trial, which apparently support their earlier findings,
though it is unclear whether a 'response' was meant
to indicate permanent or transient closure of the
duct.
Our experience differs from these previously

reported data, since none of our 6 preterm infants
had a permanent response to indomethacin adminis-
tration. Though we did observe transient responses,
which were dramatic at times, this response was not
sustained despite multiple doses. There are several
possible reasons for the lack of permanent response
in our infants. It has been suggested that there is
'Courtesy of Dr E. M. Cohen, Merck Sharp & Dohme
Research Laboratories, West Point, Penn. 19486, USA.

inadequate development of the smooth muscle in
the ductus arteriosus in the preterm infant (Danilo-
wicz et al., 1966). Since all of our infants were
premature (mean gestational age 29 weeks, with
birthweights ranging from 720 to 1050 g), it is quite
possible that there was insufficient musculature to
produce sustained constriction in response to either
oxygen or indomethacin. The birthweights of all
infants studied by Friedman et al. were over 1050 g,
with a mean weight of approximately 1500 g. The
group studied by Heymann et al., however, included
5 infants weighing less than 1000 g. Four of these
infants responded to indomethacin with permanent
ductal closure, and, of these responders, only 1
required a repeat dose (0-1 mg/kg x 2).

In previous studies the responsiveness of the duct
to pharmacological closure has not been related to
the postnatal age at which indomethacin was
administered. These data are not available in
Friedman's study. However, the mean age at which
indomethacin was administered in Heymann's study
was 10 days, with a range of 4 to 21 days. The mean
age in our infants was 20 days, with a range from 7
to 30 days. Data from Olley et al. (1976) indicate
that the ductus of preterm lambs will respond to
blockers of prostaglandin synthesis at an early fetal
age; however, there are no data concerning the
responsiveness of the duct at particular postnatal
ages in these same preterm animals. Since the
ductus appears to lose sensitivity to oxygen as post-
natal age increases (Nelson, 1976), it seems possible
that the duct similarly might be less responsive to
pharmacological agents later in the course of the
infant's disease.
There is no comment in the previous papers as to

whether or not the infants were receiving other
medications, such as aminophyUine. Many infants
with persistent ductus arteriosus are also being
treated for recurrent apnoea and may receive
xanthines as part of such treatment (Shannon et al.,
1975; Uauy et al., 1975). Two infants in our group
had received aminophylline less than 48 hours
before the administration of indomethacin. Theor-
etically, aminophylline might pharmacologically
inhibit the effects of indomethacin on ductal closure.
Aminophylline relaxes ductal tissue in vitro, pre-
sumably by increasing cyclic AMP (Kreil et al.,
1973). It has been suggested, however, that the doses
of aminophylline required to open the duct in vivo
would be far in excesss of those doses currently in
use for the treatment of apnoea (Soyka and Heese,
1975).
The lack of permanent response in our patient

population is disconcerting as the use of indometha-
cin was initiated in an attempt to avoid surgery and
its attendant risks in the tiny, preterm, critically ill
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infant. However, the risks of the drug also seem to be
significant. Reported side effects of the drug include
gastrointestinal toxicity, hepatitis, blood dyscrasias
(Goodman and Gilman, 1970), and a deterioration in
renal function (Friedman et al., 1976; Heymann et
al., 1976). One of our infants (case 6) had a severe
and potentially life-threatening episode of anuria
and gastrointestinal bleeding temporally associated
with the administration of indomethacin. Addition-
ally, 3 of the infants in whom indomethacin was
administered in an effort to avoid surgery ultimately
required surgical ligation of the duct. Surgery was

very well tolerated in all 3 patients, there were no
complications, and the clinical response to surgical
ligation was excellent.
Thus, in our experience, the ductus of the small

preterm infant does not appear to respond well to
indomethacin administration. Moreover, since the
incidence of the side effects of indomethacin is
unknown and the risk of surgical ligation appears
relatively low, we feel it may be wise to consider
early surgical ligation in preference to pharma-
cological treatment in these infants.
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