










ARCHIVES OF DISEASE IN CHILDHOOD
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FIG. 3.-Pressure tracing showing normal pressures in pulmonary
artery and right ventricle in Case 1, 13 months after operation.
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FIG. 4.-Electrocardiogram showing increased R and S waves in
V3R and VI with a normal R wave in V6, a pattern commonly seen

in large patent ducts with marked pulmonary hypertension.

was sedated at catheterization (Table 2). Thoracotomy
was recommended and a. 14-mm. ductus was found.
The pressure in the pulmonary artery fell markedly
after clamping of the duct (Fig. 2) which was then
divided.
The child's general condition rapidly improved

following operation and breathlessness became less
marked. His subsequent progress has been excellent

with marked increase in activity; he has gained weight
more quickly and has been completely free from attacks
of bronchitis.

Recatheterization performed 13 months after operation
showed a normal right ventricular and pulmonary artery
pressure (Fig. 3). Chest radiographs show some pul-
monary hyperaemia but the heart size is now normal.
The electrocardiogram has also reverted to normal
though prominent Q waves persist in leads 11, 111, and
aVF.
COMMENT. This case illustrates how a large patent

ductus arteriosus with pulmonary hypertension at
systemic level may be mistaken for a more serious lesion.
This led to delay in carrying out special investigations
which enabled the diagnosis to be made.

Three other infants in this series (Cases 6, 14 and 15)
presented similar features and catheterization estab-
lished the diagnosis in two (Cases 6 and 15, Table 2).
All three were dyspnoeic, under weight and suffered from
recurrent pulmonary infections. All had 'waterhammer'
pulses of a variable degree and two had apical mid-
diastolic murmurs. All showed similar electrocardio-
graphic records (Fig. 4), and all had some cardiac
enlargement and pulmonary plethora. In these three
babies the clinical signs were inconclusive and the results
of routine investigations equivocal. It seems that all
such obscure cases should be catheterized at -an early
age if surgical treatment is to be performed while the
pulmonary hypertension is still completely reversible.

D.G. Compensatory Patent Ductus Arteriosus. This
infant was the first of binovular twins bom by breech
delivery at full term. She then weighed 4 lb. 12 oz.
Late pregnancy had been complicated by moderate
toxaemia. There was a history of breathlessness since
birth, but cyanosis had not been noticed. Pulmonary
infection occurred during the third week of life and
cardiac failure developed.
On admission to this clinic at 3 weeks of age the infant

was pink and breathless with oedema of feet, arms and
eyelids. The arterial pulse was waterhammer in character
and a long systolic thrill was present in the pulmonary
area. There was a long rattling systolic murmur extend-
ing into early diastole in the pulmonary area and an
independent mid-diastolic murmur at the apex.
Radiography showed marked cardiac enlargement

(C.T. 072) and moderate pulmonary hyperaemia
(Fig. 5).

Electrocardiography showed right atrial enlargement
(P2 = 3 mm. peaked) with low voltage complexes in
V3R and VI and left ventricular hypertrophy with
depression of the S-T. segments and inverted T waves
in V5 and V6.

Treatment with digoxin and diuretics was followed by
some improvement, but feeding remained difficult and
she did not gain weight. Heart failure persisted despite
treatment. Thoracotomy was therefore recommended
when she was 6 weeks of age and a 6 mm. patent ductus
was ligated. Following operation the infant's condition
deteriorated still further and she died 12 hours later.
Autopsy showed tricuspid atresia.
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PATENT DUCTUS ARTERIOSUS IN INFANCY

FIG. 5.-Radiograph showing plethoric lung fields in case of tricuspid
atresia with overcompensating patent ductus arteriosus.

COMMENT. This case illustrates the extent to which
a patent ductus arteriosus may completely dominate
the clinical picture even though it is compensating for
a lesion which causes pulmonary oligaemia.
Our experience of such dominance is, however,

limited to tricuspid atresia, for all our babies with Fallot's
tetralogy and pulmonary atresia with a patent ductus,
have shown not only central cyanosis, but also normal or

diminished pulmonary vascularity.
The fact that heart failure did not respond to medical

treatment in this infant and the presence of left ventricular
strain in the electrocardiogram should have made the
diagnosis of a simple patent ductus arteriosus suspect.
In a subsequent similar case attention to these findings
enabled us to diagnose the same combination of defects,
which were subsequently proved at autopsy.

D.E. Case of Persistent Truncus Arteriosus. This
premature infant was born by normal delivery after
eight months uncomplicated pregnancy. Initial progress
was satisfactory, but increasing breathlessness was
noted from the 5th week. On admission to this clinic
when 11 weeks old she was pink and moderately dys-
pnoeic at rest. The waterhammer quality of the arterial
pulse was striking. Blood pressure was 120/0 mm. Hg.

A continuous murmur was heard in the pulmonary area
and there was an apical mid-diastolic murmur. Phono-
cardiography confirmed these findings, but the second
sound was not seen owing to the high amplitude of the
murmur.

Radiologically the heart was enlarged (C.T. ratio 0 * 75)
the oblique views showed selective left ventricular
enlargement, and there was increase in the pulmonary
vascularity.
The electrocardiogram showed left ventricular hyper-

trophy with 1 mm. S-T depression and T wave inversion
in leads V5 and V6. Right ventricular activity was
within normal limits.
The diagnosis of patent ductus arteriosus was made

and thoracotomy recommended. At operation, how-
ever, a persistent truncus arteriosus was found. The
infant's condition deteriorated rapidly during explora-
tion of the chest; ventricular fibrillation developed
and she died.
COMMENT. In this case clinical examination sug-

gested a patent ductus arteriosus. The picture was,
however, incomplete because splitting of the second
sound in the pulmonary area was neither audible nor
clearly seen on the phonocardiogram and left ventricular
systolic overload in the electrocardiogram was an unusual
finding in patent ductus arteriosus in infancy.

This infant is one of a group of 10 cases of persistent
truncus arteriosus seen at this clinic. Although cyanosis
was prominent in half of these babies the other five
were pink when first seen and presented many of the
typical features of patent ductus arteriosus. The five
acyanotic infants had markedly collapsing pulses and
two of them had continuous basal murmurs with in-
dependent apical mid-diastolic murmurs. Radiographic
and electrocardiographic appearances were similar to
those seen in patent ductus arteriosus. These acyanotic
infants had severe symptoms and after observation for a
few weeks slight cyanosis with feeding became evident
and led to further investigation in all except the case
described. In two cases, cardiac catheterization
demonstrated a left-to-right shunt at pulmonary artery
level, but venous angiocardiography failed to reveal the
common truncus and patent ductus arteriosus was
wrongly diagnosed; both these patients died at thoraco-
tomy. In the other two cases selective angiocardio-
graphy with injection of dye into the right ventricle
outlined the common trunk and thoracotomy was
avoided.

Slight cyanosis after crying or feeding is an extremely
important feature in these cases. Angiocardiography
is required to make the diagnosis, for cardiac catheteriza-
tion alone may fail to indicate the ventricular septal
defect which is always present with persistent truncus
arteriosus, and the increased oxygen level in the blood
in the common trunk suggests patent ductus arteriosus.
If the right ventricular pressure is at systemic level and
the catheter is not passed through a ductus into the
descending aorta persistent truncus arteriosus should be
suspected and selective angiocardiography should be
performed.

Signs of left ventricular systolic overload in the electro-

471
copyright.

 on D
ecem

ber 3, 2021 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.35.183.465 on 1 O
ctober 1960. D

ow
nloaded from

 

http://adc.bmj.com/


ARCHIVES OF DISEASE IN CHILDHOOD

cardiogram occurred in three cases of truncus arteriosus,
but none of the patent ducts, so this should always
suggest the possibility of truncus arteriosus. If phono-
cardiography shows two sounds due to the independent
closure of the aortic and pulmonary valves, persistent
truncus arteriosus is eliminated.

DISCUSSION

Diagnosis
Clinical Signs. Most authors have emphasized

the value of the bounding or brisk peripheral
pulses and wide pulse pressure in the diagnosis of
patent ductus arteriosus, though varying emphasis
is based on their importance. This characteristic
pulse persists even during tachycardia or heart
failure, as long as the dominant shunt is from
aorta to pulmonary artery (Ziegler, 1952). When,
however, complete reversal of flow through the
ductus occurs the pulses are of normal or small
volume (Anderson, Adams and Varco, 1956).
Complete reversal of flow is rare in infancy so the
waterhammer pulse frequently provides an early
clue to diagnosis. It was present in all our cases
and we agree with Reinhold (1958) that it is the
most important diagnostic sign. There is usually
a wide pulse pressure, the aortic diastolic pressure
being low; nevertheless, waterhammer pulses were
also prominent in those infants with marked pul-
monary hypertension; this is probably because the
ductus in such cases is a large one and a significant
left-to-right shunt still occurs even though the
pulmonary artery pressure is very close to the
systemic pressure. Indeed, in the presence of
marked pulmonary hypertension a waterhammer
pulse may be the only clinical sign which suggests
a diagnosis of patent ductus arteriosus.
Waterhammer pulses may occur in conditions

other than a patent ductus arteriosus, but the most
marked examples of such pulsation were observed
in acyanotic infants with persistent truncus
arteriosus.
The proportion of cases with a continuous

murmur varies considerably in published reports
of series of patent ductus arteriosus. This may be
due in part to the varying number of infants with
marked pulmonary hypertension in each series.
In addition, the interpretation of the term 'con-
tinuous murmur' varies; it is used in this clinic
when the murmur continues through the second
sound into diastole regardless of its duration in
diastole. In our series all cases uncomplicated by
marked pulmonary hypertension did have a con-
tinuous murmur when first seen, the youngest
being 24 days old (Case 2). The typical machinery

qualities of the murmur were uncommon, but a
characteristic systolic rattle or crackle as described
by Keith, Rowe and Vlad (1958) was often heard.
A mid-diastolic murmur, attributed to increased

flow through the normal mitral valve, was a common
finding and gave rise to triple rhythm at the apex.
Since in some infants this may be the most striking
praecordial murmur, even in the presence of marked
pulmonary hypertension, its presence should always
suggest the possibility of patent ductus arteriosus.
An identical murmur, however, may occur in
association with ventricular septal defect, persistent
truncus arteriosus, aorto-pulmonary window and
congenital mitral stenosis.
Of particular interest are the three patients

(Cases 1, 6 and 15) in whom the pulmonary artery
and aortic pressures were so close. All these
patients showed a fall in pulmonary artery pressure
when the ductus was clamped at operation and all
have done extremely well since operation. In the
one which has been recatheterized, the right ven-
tricular and pulmonary artery pressures are normal
and there is no evidence of a shunt. This illus-
trates that despite almost balanced pressures in the
pulmonary artery and aorta, the pulmonary artery
pressure could revert to normal after treatment
and that the factors contributing to the marked
hypertension were completely reversible. We do
not know when irreversible changes may develop
in such a case, but it seems that the earlier the diag-
nosis is established and treatment carried out the
more likely is a complete cure. We stress then
the importance of finding a collapsing pulse in an
acyanotic patient who may or may not have an
apical diastolic murmur, who has plethoric lung
fields on the radiograph and electrocardiogram
changes described in Case 1. Catheterization
should be carried out in the hope of finding a patent
ductus arteriosus.

Phonocardiography. Experience with recent cases
in this clinic has confirmed the findings of Reinhold
and Nadas (1954) in the older child and convinced
us of the value of phonocardiography. The
graphic record illustrates the onset of the murmur
after the first sound and its late systolic accentuation,
and confirms its uninterrupted extension into
diastole (Fig. 6). Though the loud murmur may
mask the second heart sound at the base of the
heart, exploration of the whole precordium is
worth while as the separate closure of the aortic
and pulmonary valves can often be recorded from
the lower sternal edge (Fig. 6). The demonstration
of these two independent sounds is important in the
exclusion of a persistent truncus arteriosus.
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PATENT DUCTUS ARTERIOSUS IN INFANCY
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FIG. 6.-Phonocardiogram showing continuous murmur. The two
components of the second heart sound were best recorded at the left

sternal edge.

Radiography. Some cardiac enlargement and
pulmonary plethora is invariable and left ventricular
or left atrial enlargement common. The pulmonary
arc is often prominent after the early months of
life and both this vessel and the aortic knuckle
pulsate vigorously on screening. These appear-
ances, though frequent in patent ductus arteriosus,
are also found in other lesions, particularly ventri-
cular septal defects.

Electrocardiography. The electrocardiogram may
be within normal limits even though the child has
symptoms and there is convincing clinical and
radiological evidence of a left-to-right shunt (Cases
1, 8 and 22) or marked pulmonary hypertension
(Dammann and Sell, 1952). In most cases, how-
ever, the electrocardiogram is abnormal. In this
series, evidence of isolated left ventricular hyper-
trophy was the commonest finding. Isoelectric S-T
segment and upright T waves of normal or increased
amplitude were always present in the left ventricular
leads. In contrast, T wave inversion with or without
S-T depression appeared in two cases of persistent
truncus arteriosus and in both patients in whom
tricuspid atresia accompanied patency of the ductus.

Though left ventricular strain may occur in older
children with large uncomplicated patent ducts
(Cosh, 1957; Hay and Ward, 1956), when it is
thought to be due to coronary insufficiency, its
presence in infancy makes us suspect some other
lesion.

Isolated right ventricular hypertrophy was seen
in only one case (Case 19). Clinical examination
of this patient did not suggest either the presence of
marked pulmonary hypertension or an associated
pulmonary stenosis. Unfortunately the child died
from fulminating gastroenteritis and autopsy was
not allowed. Bauersfeld et al. (1957) have, how-
ever, reported the presence of isolated right ventri-
cular hypertrophy in patent ductus arteriosus
without pulmonary hypertension or pulmonary
stenosis being present.
Rudolph et al. (1958) stated that combined

ventricular hypertrophy frequently occurs in infants
with patent ductus arteriosus and this was present
in four of our cases (Cases 1, 3, 12 and 15). In
these records, left ventricular hypertrophy was
diagnosed because of the deep S waves in V3R
and VI ; the R wave in V6 was not increased in
amplitude. The three infants who were proved at
cardiac catheterization to have marked pulmonary
hypertension showed this pattern on the electro-
cardiogram and in all three the Q waves were deep
in leads Il l and aVF. Unfortunately, all the large
ducts have not shown these features and identical
records have been found in ventricular septal
defects. Nevertheless, when these electrocardio-
graphic changes occur in an infant the possibility
of patent ductus arteriosus should be considered.
Deep Q waves are a common feature in infant

records in leads 111 and aVF occurring in 40%
of normal infants. Nevertheless, deep Q waves
occurred in 80% of the infants who had patent
ductus arteriosus and their presence may be of
help in differential diagnosis as they are in the adult
patient with a patent ductus arteriosus accompanied
by marked pulmonary hypertension (Wood, 1958).

Right bundle branch block patterns have been
reported in infants with patent ductus arteriosus
(Ziegler, 1952; Nadas, 1957), but did not occur in
our series.

Cardiac Catheterization. This procedure is as
safe in infancy as in older patients. Over 50 infants
have been catheterized in this clinic without any
complication.

Catheterization was done only when the diagnosis
could not be established after clinical, radiographic
and electrocardiographic examination. In such
cases the pulmonary artery pressure is usually at or
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474 ARCHIVES OF DISEASE IN CHILDHOOD

near systemic level. The diagnosis of patent ductus
arteriosus is often established by passing the
catheter through the ductus, which is usually large
in such cases, and the presence of a left to right
shunt and any right to left shunt can be confirmed
by blood oxygen estimations. If, however, the
pulmonary artery pressure is at systemic level and
the catheter cannot be passed through a ductus
or enters a branch of the aorta, usually the right
subclavian artery, then further investigation by
angiography or aortography is required to differ-
entiate the lesion from patent ductus arteriosus,
aortopulmonary window or a high ventricular septal
defect in which there was no rise in oxygen satura-
tion at ventricular level.

Angiography. Venous angiocardiography will
demonstrate dilution of dye in the pulmonary
artery when a patent ductus arteriosus or aorto-
pulmonary window is present if there is a left to
right shunt. It may, however, fail to outline a
common truncus adequately and has largely been
replaced in this unit by selective angiocardiography.

Aortography. Injection into the brachial artery
may show a shunt from aorta to pulmonary artery
but fail to outline a common truncus. Retrograde
aortography when the dye is injected through a
catheter with the tip lying above the aortic valves
is probably the best way of differentiating the various
lesions when the right ventricular pressure is at
systemic level. This investigation has a 4%
mortality (Bauersfeld et al., 1957) and has not been
used in this clinic.

Treatment

It is generally accepted that patent ductus arterio-
sus should be treated surgically. If symptoms are
severe early operation is essential. In the absence
of symptoms, Carter and Waterston (1951) advise
operation shortly before children start school.
We favour earlier surgery when the diagnosis is
established in infancy and have advised operation
in this age group even though the infants have few
symptoms. Spontaneous closure of the ductus
is rare, recurrent bronchitis is common, and growth
and physical development are often retarded.
Infants tolerate operation very well and seem less
disturbed by admission to hospital than toddlers
and young children.
When the ducts are small they are doubly ligated

and in addition transfixed; when large (over 10 mm.)
they are divided.

It is important that operation should not be
undertaken during a respiratory infection or in the

presence of heart failure. Even when the ductus
is large the patient responds to treatment with
digoxin and diuretics, and it is our experience that
if congestive cardiac failure persists after medical
treatment there is some other lesion present.

SUMMARY

The findings in 28 infants in whom a patent ductus
arteriosus was the sole cardiac abnormality are
reviewed in an attempt to define the clinical features
in infancy and to assess the value of routine radio-
graphy and electrocardiography.
The different clinical findings in small and large

patent ducts are illustrated and the similarity of
this lesion to some cases of persistent truncus
arteriosus in the early months of life is described.
The pitfalls caused by an overcompensating ductus
are discussed.
The indications for cardiac catheterization and

angiocardiography and their value in differential
diagnosis are also considered. The problems of
surgical treatment are mentioned.

We are indebted to Professor J. D. Hay for his advice
and criticism of this paper, to Mr. F. R. Edwards and
Mr. B. J. Bickford who operated on these cases, and to
anaesthetists, Dr. G. J. Rees and Dr. A. Stead. We
are also grateful to Dr. Norah Walker and Dr. C. M.
Davies for their help in interpretation of the radiographs
and angiocardiograms.
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