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Patent ductus arteriosus: current clinical status

In 1959, Burnard first drew attention to the associa-
tion of patent ductus arteriosus (PDA) and pre-
mature birth when he reported that PDA murmurs
could be heard more frequently in prematurely born
infants than in those born at term.' Subsequent
reports by Powell,2 Danilowicz et al.,3 and Auld4
indicated that, although PDA may commonly cause
clinical signs in infants born before term, the ductus
almost always closes spontaneously. In 1971,
Girling and Hallidie-Smith reported an incidence of
PDA of 19% among infants born before 36 weeks'
gestation at the Hammersmith Hospital;5 the
incidence was higher in infants with respiratory
distress syndrome (RDS). In their series, medical
treatment of the PDA failed in only one of 38
patients. The next year, Kitterman et al. reported a
similar incidence of PDA among infants with
birthweights 1750 g or less born at the University of
California, San Francisco during the years 1967 to
1970.6 They also noted a higher incidence in patients
with RDS. However, in their group, spontaneous
closure occurred in only 16 of 29 infants; 10 infants
underwent operative closure and 3 died with a PDA.
During the last 12 years the incidence of PDA at that
hospital has been higher (Table), and approximately
one-third of those infants with PDA have required
operative or pharmacological closure of their PDA.
Other authors have reported a similar high

incidence of PDA among prematurely born
infants,7-10 but they differ in the proportion in whom
medical treatment fails. In our experience, PDA is
most troublesome among very small infants with
severe RDS in whom the murmur can be heard in the
first 2 days of life. In two studies in which ligation was
rarely done,9-'0 infants who died before 60 and 72
hours of age respectively, were excluded; thus, it is
possible that infants most likely to develop uncontrol-
lable heart failure were not included in these reports.
The reasons for the increased incidence of PDA

among infants born prematurely appear to be
related to a higher rate of survival for these infants,

Table Patent ductus arteriosus among infants
<1750 g born at University of California, San
Francisco 1967-78 inclusive

Total Survived No. with Incidence No. with ligation
infants PDA ofPDA or indomethacin

451 325 142 31.4% 44 (31 % of those
with PDA)

particularly those with RDS." Incidence of PDA is
inversely related to birthweight and gestational age.8
These associations and the relation to RDS (due to
immaturity of the lungs) indicate that immaturity of
the ductus is a major factor. In immature infants
there is less ductal muscle,,2 and the subendothelial
cushions, which obliterate the lumen when the ductus
constricts, are absent.'3 In recent years, there has
been stricter control of inspired oxygen to prevent
high levels of arterial Po2 because of the risk of
retrolental fibroplasia. This may be an additional
factor in the higher incidence of PDA, as the muscle
of the immature ductus shows less contraction in
response to oxygen than that of the mature
ductus.'4-'5 Another likely contributing factor is
increased fluid intake which has been associated
with ductal patency in two reports.7 16
Recent studies suggest that prostaglandins may be

important.'7-'8 Overdistention of the dog lung
releases prostaglandin E from the lung.19 An intri-
guing possibility is that treatment of the atelectasis
of RDS with positive pressure may stimulate release
of prostaglandin E and thus contribute to ductal
patency; however, data supporting this concept are
lacking. (For further discussion, see preceding
Annotation.)
The diagnosis of a large PDA is relatively straight-

forward in infants without pulmonary disease. Such
infants exhibit typical cardiac signs and, in low
birthweight infants, other forms of congenital heart
disease are relatively rare.20 When RDS is present,
the diagnosis is not easy as the murmur may be
difficult to hear,21 and evaluation ofother signs-such
as tachycardia, tachypnoea, and retractions-is
complicated by the presence of pulmonary disease.
In such infants, a widened aortic pulse pressure
measured through an umbilical arterial catheter may
be the first sign of a clinically important PDA.22
Silverman and associates showed that echocardia-
graphic measurement of left atrial size, compared
with the aortic root, is an accurate indication of the
magnitude of ductal shunting in most cases.23 The
method has the advantages of being noninvasive,
rapid, and easily performed repeatedly as the infant's
condition changes; although in some cases it gives
results at variance with clinical findings.24 Other
diagnostic techniques reported to be helpful, but
not as widely used, are aortography,21 Doppler
ultrasonic measurement of brachial arterial flow,25
and analysis of aortic diastolic pressure.26
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Much discussion has been directed to the question
of whether the ductus may cause worsening or
prolongation of the course of RDS.6 27-28 Haemo-
dynamic studies in RDS indicate that left-to-right
shunting through the ductus is small or nonexistent
before 24 hours of age,29-30 but that after this time
large left-to-right ductal shunts are common.30
However, the contribution of these shunts to the
pulmonary disease remains uncertain.
PDA has been associated with necrotising

enterocolitis,'0 31 a condition in which bowel
ischaemia plays an important role. With a large
ductal shunt, decreased blood flow to the bowel is
probably caused by the large aortic runoff into the
pulmonary circulation, and possibly by decreased
cardiac output due to the effects of diastolic hypo-
tension resulting in decreased myocardial oxygena-
tion32 and myocardial necrosis.33

In most cases, medical treatment is adequate to
sustain the infant until the ductus closes
spontaneously. Identification of those who will
require more active intervention to close the ductus
is often difficult and the subject of debate. If con-
tinued ductal shunting is a cause of progressive
pulmonary disease in some infants, early recognition
is essential. Conversely, careful selection is necessary
to avoid unnecessary operative or pharmacological
intervention. There is a relatively large number of
infants who have RDS and who seem to have a
moderate-sized ductal shunt but no clear evidence of
heart failure; in these, the RDS frequently runs a
prolonged, chronic course. Since the report of
Siassi et al.,28 several authors have inferred that the
prolonged lung disease results from chronic pul-
monary oedema and have advocated early inter-
vention to close the ductus in such cases.6 3437
Although one prospective, random study supports
this view,38 further data are needed to resolve this
point.

Ligation ofPDA in small preterm infants has been
widely reported and has an extremely low operative
mortality.6-7 34 39-41 In those with slight RDS or
no lung disease, ligation leads to rapid improvement
in cardiorespiratory function and almost all survive.
In contrast, when PDA coexists with severe RDS,
improvement after ligation is slower and mortality
is relatively high due to progressive pulmonary
disease and other complications of prematurity.

Because of these problems, investigators have
sought nonoperative methods of closing the ductus.
Increased environmental oxygen has been suggested42
but is contraindicated in most preterm infants
because of the potential risk ofretrolental fibroplasia.
Acetylcholine was shown to constrict the ductus but
the effect was too short-lived to be clinically useful.43
More recently, inhibitors of prostaglandin synthesis

have been used. After studies which showed that
E prostaglandins relax ductal muscle,44 Coceani
et al. produced in vitro contraction of ductal muscle
with inhibitors of prostaglandin synthesis.45 Subse-
quent studies showed that these inhibitors produced
intrauterine constriction of the ductus arteriosus in
rats46 and lambs.47 Shortly thereafter, two clinical
studies (Friedman et al.17 and Heymann et al.'8)
showed that indomethacin, a potent inhibitor of
prostaglandin synthesis, was effective in constricting
the ductus arteriosus in most prematurely born
infants with PDA. Lucas and Mitchell found raised
plasma prostaglandin levels in infants with PDA;48
the prostaglandin levels were unaffected by ductal
ligation but decreased after treatment with indo-
methacin, supporting the concept that endogenous
prostaglandins have a part in maintaining ductal
patency in infants born before term.
Not all prematurely born infants with PDA

respond to indomethacin. Neal and associates found
it effective in only 2 of 11 patients with severe
RDS.49 Other authors have reported a low rate of
ductal closure when indomethacin is given after
14 days of age.50-52 The reason for failure of treat-
ment with indomethacin in these cases is unknown;
it suggests that factors other than prostaglandins are
responsible in some cases of PDA.
As prostaglandins are distributed throughout the

body, systemic administration of inhibitors of
prostaglandin synthesis could be expected to have
widespread effects. To date, the only serious com-
plication commonly reported is transient renal
insufficiency which appears to be dose related and is
accompaniedby oliguria, azotaemia, raised creatinine
concentration, and hyperkalaemia.17'18 52 A few
cases of gastrointestinal bleeding have been
described.5354 It is surprising that bleeding problems
have not been more common because indomethacin
markedly decreases platelet aggregation, and normal
function does not return until several days after
indomethacin treatment.53 As indomethacin in
blood is tightly bound to albumin,55 it may displace
bilirubin and should not be used in jaundiced
infants ;17 so far there have been no reported cases of
kernicterus associated with indomethacin. Recent
studies indicate that indomethacin decreases release
of pulmonary surfactant into the alveolar space of
adult and fetal rabbits ;56-57 further research is
essential to determine if these results in experimental
animals have clinical relevance. Because of the
uncertainties about indomethacin, several authors
have urged caution in its use and have stated that it
should be used only in controlled clinical trials until
more data are available on its efficacy and on the
incidence and type of complications.5860

In summary, PDA is a common and a serious
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clinical problem among prematuraly born infants.
Uncertainties about PDA persist regarding aetiology,
diagnosis, its role in severe RDS, selection of patients
for intervention, and the method of intervention-
ligation, indomethacin, or perhaps a newer, more
effective pharmacological agent.
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