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SUMMARY Eight hundred and four patients with persistence of the ductus arteriosus were seen in
Edinburgh between 1940 and 1979. Thirty-seven of them reached the age of 50 years, and in 32 the
shunt was exclusively from left to right. Fifteen of the 32 were subsequently treated surgically.
None of the 32 was lost to follow-up. Duration of clinical observation averaged 17 years and extended
to over 30 years in eight patients. Their features have been correlated with those from reports of 48
comparable patients in an attempt to clarify the management of the persistent ductus in the older
patient. Impairment of left ventricular function is shown as the major risk, even when the ductus is
small. Bacterial endarteritis is infrequent.
Surgical treatment carries greater risk than in childhood and early adult life but usually reduces heart
size and restores exercise tolerance. Left ventricular dysfunction, however, occasionally vitiates the
benefits; symptoms are then incompletely relieved and death from heart failure may occur months or
years after operation. Experience in older patients thus emphasises the value of elective operation in
childhood, however well the child, however trivial the shunt.
It is concluded that in older patients, the presence or the development of symptoms or cardiac
enlargement are almost always indications for surgical treatment. As age increases, especially by the
eighth decade, medical treatment may be preferable. Continued follow-up of symptomless patients
without cardiomegaly is important because increase in heart size usually precedes further deterioration
which can then be prevented by timely surgical treatment.

Most patients with persistence of the ductus arteriosus
die before 50 years of age'-3 unless treated surgically.4 5
Occasional patients, however, survive with little disability and a few live a normal life span.6-9 In the
majority of adults, exercise tolerance is liable to
deteriorate rapidly'I and in them surgical treatment has
been of great benefit, even at over 65 years of age. 1"12
Available information, however, has been based on
single case reports with little long term follow-up.
The Edinburgh experience of the persistent ductus
since 1940, with and without surgical treatment, has
therefore been analysed and correlated with earlier
reports in an attempt to amplify knowledge of the
clinical course and improve the management of these
older patients.
Accepted for publication 29 June 1982

Patients and methods-Edinburgh experience 1940
to 1979
The 40 years, 1940 to 1979, have been selected in order
to encompass periods before and after 1%1 when the
first older patient with a persistent ductus was treated
surgically in Edinburgh. During this time 37 patients
(among a total of 804 with persistence of the ductus)
had reached 50 years of age before death, surgical
treatment, or their last medical assessment. Twentynine were women and eight were men. In five patients,
severe pulmonary hypertension was associated with a
right to left shunt. The progress of the 32 patients, in
whom the shunt was exclusively from left to right, is
the subject of the present study (Table). One of them
(case 17) had recanalised after earlier ligation during
bacterial endarteritis when 27 years old. Fifteen of
them were subsequently treated surgically by division
469
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of the ductus and suture ofaorta and pulmonary artery.
In Edinburgh the first ligation was performed in
194013 and some of the older patients have been under
observation for prolonged periods. The progress of 31
of the 32 patients was known beyond 50 years of age
from between four and 30 years, an average of 11 years,
a total of 347 patient years without surgical treatment.
The earliest physical signs had been noted at 19 years of
age (case 6) and in 22 patients they had been observed
repeatedly for more than a year, the longest for 39 years
(case 19), an average of 17 years, a total of 382 patient
years before operation or last medical follow-up.
Fourteen of the 15 operated upon between 50 and 64
years of age survived and have been followed after
operation for from eight months to 18 years, an average
of 11 years, a total of 159 patient years. Eleven of the 32
patients have died. Ten have been followed to the
eighth decade, three of them without surgical occlusion
of the ductus.
DIAGNOSIS

All 32 patients had a characteristic continuous
murmur; in all of them the clinical diagnosis was
supported by electrocardiographic and radiological
findings; it was confirmed by special investigation in
20, by surgical treatment in 15, and by necropsy in four
(Table).
SYMPTOMS

None of the patients could recollect disability in early
adult life; many had undergone routine medical
examination during intercurrent illness, during pregnancy, or before abdominal or other surgery; the heart
disease had usually escaped detection, had been misdiagnosed, or had been dismissed as trivial. Some may
have been unaware of diminished exercise tolerance, as
postulated by Cassels,14 but many had been leading full
and active lives. Twenty-eight patients denied disability at 50 years, 12 did not develop symptoms until
over 60 years, and three reached 70 years before their
exercise tolerance became impaired. Nevertheless, 19
patients developed left ventricular failure (with or
without secondary right ventricular failure): 10
between 50 and 59 years (cases 8, 14, 17, 18, 19, 20, 23,
24, 27, and 29), six between 60 and 69 years (cases 7, 9,
15, 21, 28, and 31), and two shortly after reaching 70
years of age (cases 5 and 11); only one patient had first
developed left ventricular failure at under 50 years of
age and that was during her third and last pregnancy
(case 32). It is probable that a mongol with known heart
disease had been disabled to some extent since birth;
this had been recognised on admission to a mental
hospital in childhood but a cardiac opinion had not
been sought until she had developed heart failure when
58 years of age (case 14); another woman with associated but initially mild aortic valve disease had first

471

noticed some exertional dyspnoea at 42 years of age
(case 20) but most patients had remained symptomless
until shortly before the onset of left ventricular failure.
Five patients, who had not been treated surgically,
died in congestive heart failure between the ages of 58
and 75 years (cases 7, 9, 11, 14, and 15). One of those
who went into congestive heart failure at 59 years ofage
had declined earlier surgical treatment, had borne 12
children without cardiac distress, and had been in full
time clerical work until the onset of failure (case 27).
Three patients developed angina of effort between 50
and 59 years (case 26, 29, and 30), one ofwhom also had
heart failure. One patient without previous disability
developed bacterial endarteritis at 54 years of age (case
25). One patient, who had been liable to palpitation
and syncope since the age of 45 years, died suddenly at
55 years of age (case 8), and another, who had previously been very active, experienced three episodes of
exertional syncope before presenting with acute left
ventricular failure when 61 years old (case 21).
The symptoms of most of these older patients with a
persistent ductus were thus more severe and occurred
earlier than could be accepted as a result of normal
ageing.
SIGNS AND RESULTS OF INVESTIGATION

Reliable records of the physical signs during childhood
were not available for any of these older patients. In
adult life the signs were known in only five patients at
under 30 years of age (cases 1, 6, 17, 19, and 27), and in
another seven at under 50 years of age (cases 2, 8, 13,
20, 22, 23, and 30). All had the characteristic continuous murmur though it had sometimes escaped
detection initially because of associated aortic valve
disease (case 20), or until heart failure had been
brought under control (cases 7, 15, and 32). Normal
rhythm was usual until the development of heart
failure. Atrial fibrillation was present in 11 (cases 5, 7,
9,11,14, 15, 17, 21,27, 28, and 31) ofthe l3 patients in
whom left ventricular failure had progressed to failure
of the right heart. Its onset was known to have preceded the left ventricular failure in one patient (case 17)
and to have developed before progression from left
ventricular failure in two others (cases 21 and 28). It is
not known in how many of the other patients the onset
of atrial fibrillation antedated the right ventricular
failure. The pulse pressure exceeded 40 mmHg in
every patient; the systolic pressure was raised more
often than the diastolic pressure was low and tended to
rise progressively with age (Table).
The heart was not enlarged (cardiothoracic ratio of
0 50 or less) in eight of the 12 patients examined at
under 50 years of age (cases 1, 2,12,13, 19, 22,23, and
30), or in six patients first diagnosed at 50 or more years
of age (cases 3, 4, 12, 16, 25, and 26). Whether the
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Fig. 1 Radiological appearances (A) at50years ofage and (B) at 75years of age in a woman with a large ductus at necropsy who had
denied disability and remained in active employment until 70years of age (case 11).
4.

-,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-----

ATRIAL FIRILLAIOWN
(A)

(B)

Fig. 2 Radiological appearances at57years of age (A) before and (B) after the onset of atrialfibrillation in a woman whose heart had
remained unenlarged since recanalisation of a ductus ligated during bacterial endarteritis 30years previously (case 17).

heart was initially large or small, subsequent increase in
heart size was usual as age advanced (Fig. 1 and 2).
Only four of the 16 patients of over 60 and only one of
the six over 65 still had normal sized hearts. Left
ventricular hypertrophy15 was present in only two of
the 12 patients examined electrocardiographically at
under 50 years of age but sometimes developed before
cardiac enlargement. It increased with inversion of the
left ventricular T waves as age advanced (Table; see
Fig. 9); in all but two patients (cases 5 and 32) the T
wave inversion preceded the administration of digoxin.
Left bundle-branch block occurred in three patients
(cases 9, 15, and 21), and right bundle-branch block

was present in one patient (case 31). Electrocardiographic evidence of left ventricular hypertrophy was absent in only one of the 19 patients with
heart failure (case 29).
Twenty of the 32 patients were investigated by
cardiac catheterisation but serial studies were not performed. Most had been investigated shortly after the
clinical diagnosis had been made (cases 4, 5, 12, 13, 14,
18,21,24, 26, and 31) but some not until shortly before
surgical treatment (cases 19, 20, 22,23, 27, 28, and 30).
In three patients operation was decided against or
declined at the time of their investigation (case 10 at 67
years; case 17 at 57 years; case 32 at 54 years). In each
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PERSISTENCE OF DUCtUS ARTERIOSUS
Outcome in 32 patients beyond 50 years of age
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Fig. 3 The outcome beyond 50years of age of the 32 Edinburgh patients. Non-surgical patients wereyounger and
became disabled later than patients in the surgical group. By 65years ofage, hovever, nine postoperative patients were
symptomless compared with four in the non-surgical group.

heart failure or other complication had been
brought under medical control before the cardiac
catheterisation. The ratio of pulmonary to systemic
blood flow was seldom greater than 2:1 and was often
less (Table); in two patients intracardiac oximetry did
not disclose a shunt and confirmation of the clinical
diagnosis required aortography (cases 10 and 13). The
pulmonary arterial pressure at rest was 30/16 mmHg or
less in eight patients (cases 10, 12, 13, 17, 19, 20, 26,
and 32).
Right ventricular failure had developed in 13
patients (cases 5, 7, 9, 11, 14, 15, 17, 21, 23, 27, 28, 29,
and 31) but had always been secondary to initial failure
of the left ventricle. Eight of these patients had been
investigated by cardiac catheterisation: in three of
them the pulmonary arterial pressure had measured
between 21/12 and 38/25 mmHg (cases 5, 17, and 23),
in four the pressure had been between 55/25 and 57/27
mmHg (cases 15, 21, 28, and 31), and the one patient in
whom the pressure had reached 105/35 mmHg had an
aortic pressure of 150/50 nmmHg. The relatively high
pulmonary arterial pressures in these last five patients
was associated with left to right shunts of 2:1 or more
and a rise in the pulmonary wedge pressures. They all
had typical continuous murmurs.
The course of the 32 patients and their outcome,

case
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with and without surgical treatment,
diagrammatically in Fig. 3.

are

illustrated

SURGICAL TREATMENT AND FOLLOW-UP

The ductus in 15 patients was divided surgically (cases
18 to 32), in one because of increasing heart size (case
22) and in 14 because of severe symptoms. Heart failure
had always responded to initial medical treatment,
sometimes with decrease in heart size; bacterial endarteritis in one patient (case 25) had responded to
antibiotics before operation was undertaken. Hardening with varying degrees of calcification of the ductus
and adjacent great vessels tended to make dissection
difficult. As this increased the risk of haemorrhage
prior preparation of aorta and pulmonary artery for
emergency clamping had usually been completed.
Haemorrhage from the back of the ductus or
pulmonary artery complicated dissection in two
patients with a small ductus (cases 21 and 26) and in
one in whom the ductus was large (case 27).
Application of a Potts vascular clamp lacerated a
partially calcified ductus in another patient (case 25)
and the risk of haemorrhage may also have been
reduced by induction of hypotension in a patient with
heavy calcification (case 28). The division of the ductus
was successful in all patients. One patient died from a

Marquis, Miller, McCormack, Matthews, Kitchin

(A)
(B)
Fig. 4 Radiological appearances at 63years ofage (A) before and (B)six months after division ofa 9mm ductus. Atrialfibrillation had
been returned to normal rhythm by direct current cardioversion after operation but exertional dyspnoea persisted and death in acute
pulmonary oedema occurred eight months later (case 28).

(A)Le0w

>zX-

Fig. 5 Radiological appearances (A) before and (B) 18years after division of a large ductus at 62years of age. This patient hadfirst
developed heart failure during her third pregnancy at 36years of age, been misdiagnosed as having rheumatic heart disease, and
maintained on digoxin until heartfailure became intractable. Well-being was restored by operation and she remains well at 80years ofage
(case 32).

cerebral infarct sustained at operation (case 275; her
postoperative cardiac state had been satisfactory, her
blood pressure was 130/60 mmHg, and post mortem the
hypertrophied left ventricular myocardium had only

mild patchy interstitial fibrosis. A second patient,
whose preoperative blood pressure had been 210/66
mmHg, required antihypertensive treatment in the immediate postoperative period, and mild hypertension
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(BP 200/100 mmHg) persisted subsequently. She remained severely disabled after operation, in spite of
considerable decrease in heart size (Fig. 4), and died in
acute left ventricular failure eight months after operation. Necropsy showed left ventricular fibrosis but no
coronary artery disease or myocardial infarction (case
28). In the 13 other patients, the operative result was
good. The external diameter of the ductus had been
less than 10 mm in five patients who had had severe
heart failure with gross cardiomegaly (cases 21, 24, 28,
29, and 31).
Decrease in heart size after operation was usual and
was often considerable (Fig. 5). Nine patients with
exertional dyspnoea, eight of whom had been in frank
heart failure, were restored to a normal exercise
tolerance (cases 18, 19, 20, 21, 23, 24, 29, 31, and 32);
the angina in three patients was relieved (cases 26, 29,
and 30); and the patient who had had bacterial endarteritis at 54 years was symptomless and had no
cardiac enlargement at 70 years of age (case 25). Of the
five patients with atrial fibrillation at the time of ductal
division, two reverted spontaneously to normal rhythm
several years after operation (cases 30 and 31), and one
responded to direct current cardioversion (case 28).
Atrial fibrillation persists in one patient with aortic
valve disease (case 21). The patient who died from
cerebral infarction sustained at operation was also
among those with preoperative atrial fibrillation (case
27). One patient, who had been in heart failure with a
small ductus, developed atrial fibrillation temporarily
during the immediate postoperative period (case 23).
Three others developed atrial fibrillation years later,

L

F
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two in association with valve disease (cases 20 and 22),
one in relation to ischaemic heart disease (case 29).
Unfortunately, other diseases of increasing age have
reduced the duration of improvement (Fig. 3). Deaths
10 and 18 years after operation resulted, respectively,
from cancer and myocardial infarction (cases 23 and
29). Severe valve disease developed in three patients; in
one with aortic regurgitation, gross left ventricular dysfunction eight years after division of the ductus
rendered him unsuitable for aortic valve replacement
(case 21) but calcific aortic stenosis (case 20) and
prolapse of the mitral valve (case 22) responded well to
valve replacement 15 and 14 years, respectively, after
ductal division. Peripheral vascular disease crippled
two patients three and six years after surgical treatment
(cases 18 and 30) and one patient developed bronchial
carcinoma, mitral valve prolapse, and renal carcinoma
between 10 and 12 years later (case 19). Five patients
(cases 24, 25, 26, 31, and 32), now between 65 and 80
years of age and from five to 18 years (average 13 years)
after operation, are leading normal lives without significant cardiac enlargement (Fig. 5).
TERM
LONG
TREATMENT

CARE

WITHOUT

SURGICAL

Eleven patients have remained relatively well without
surgical treatment (Fig. 3) but one of them, aged 80
years, has gross cardiomegaly and is house-bound as a
result of cerebrovascular disease (case 10); two with
atrial fibrillation and cardiomegaly have been in heart
failure but have responded well to medical treatment
(cases 5 and 17). One patient died from cancer at 64

x-3

Fig. 6 R adlologicalIappeara n-es ofa ZL',omanwizith a dcu(Adunng pregna nc a t40 vears o 'age and, B' /8 years later.
setond pregnancx at 45 vear, zwasalso)unicomplic,ated ands%he remai'nsssvptomlessat -9 vear c-ase 13.
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years of age; she had slight cardiomegaly but no cardiac
symptoms (case 16). The seven other patients deny
disability, although one has electrocardiographic
evidence of left ventricular hypertrophy and slight
cardiac enlargement (case 12) and one has advanced left
ventricular hypertrophy and gross cardiac enlargement
(case 6). Five have neither left ventricular hypertrophy
nor cardiac enlargement (cases 1, 2, 3, 4, and 13).
Surgical treatment had been considered for each of
these 11 patients. It was declined by two, one more
than 30 years ago (case 6) and the other after the
development of atrial fibrillation (case 17). Operation
was not advised in one patient with increasing cardiac
enlargement at 67 years of age because her left to right
shunt was too small to be detected by cardiac
catheterisation (case 10) and in another, with advanced
left ventricular hypertrophy and gross cardiomegaly,
because of her age and excellent response to medical
COMPARATIVE INCIDENCE OF CLINICAL FEATURES IN
AGE GROUPS OVER 50 YEARS OF AGE (80 patients)
Persistence of Ductus Arteriosus

z

z

0

z

tL

treatment (case 5). In the other seven patients (cases 1,
2, 3, 4, 12, 13, and 16) surgical treatment was not
advised when they were first seen because of their age
and well-being. Their lack of deterioration over the
years (Fig. 6) has not so far encouraged revision of the
initial decision, but three of them are still under 60
years and the oldest is only 66 years of age.

Discussion

Older patients with a persistent ductus and a left to
right shunt are probably less uncommon than is
generally believed. Most patients in whom a ductus was
identified in the 19th century were adults'6 and in the
presurgical era it was the associated disease which had
sometimes led to the reporting of such older patients. 17
In 1916 Mangesl8 mentioned a 50 year old woman who
had had eight children and he expressed the opinion
that persistence of the ductus arteriosus in adults was
being missed. During the past 40 years such opinions
have been overshadowed by the emphasis on diagnosis
and treatment in childhood in early reports of surgical
experience'9 20; the diagnosis of a congenital lesion may
not be considered in older adults; a continuous
murmur may not be present at the time of
examination2' or the murmurs may be attributed
incorrectly to valve disease"I 12 22 (cases 19, 20, 21, and
32). When not suspected, a persistent ductus can
readily be missed at routine necropsy.'3 23 In contrast,
the 32 Edinburgh patients were among 165 over 18
years of age in a consecutive series of 804 patients with a
persistent ductus seen over a 40 year period. Twelve of
80 in a necropsy series were over 50 years of age' as were
four of 59 in a regional series,24 five in a series of 43
adults,'0 four of a series of 82 patients managed
medically,25 and 11 of 102 adults treated surgically.26
Many other individual older patients have been
reported at the time of diagnosis, of surgical treatment,
or of necropsy; their ages have ranged up to 90 years
but follow-up details have usually been scanty though
there have been a few more detailed reports.69 27 28
CLINICAL FEATURES OF PERSISTENT DUCTUS IN

OLDER PATIENTS (Fig. 7)
<50
-

(80patients )

60'69
50'59
AGE GROUPS - Years -

(80)

(44 )

>70

17patients)

Fig. 7 Histogram combining information from 48 reports of
older patients with a persistent ductus (see footnote*) with the
32 Edinburgh patients. The comparative incidence of the
dominant features in the different age groups ofpatients who have
survived the first 50 years oflife is shown. All patients are
represented in the columns before and after theirSOth birthday: 44
of them followed to over 60 years are represented a third time and
the 17 who survived 70 years without surgical occlusion are also
included in the last columns. Only three patients reached 80 years
of age.

Patients with a persistent ductus arteriosus and left to
right shunt at over 50 years of age have been self
selected by survival. Their clinical behaviour differs
considerably from the well recognised patterns in
childhood. In order to clarify their special
characteristics, individual reports of 48 such patients,
about whom sufficient detail has been published (see
footnote*), have been analysed with the 32 Edinburgh
*References to the reports of persistence of the ductus at over 50 years
of age. 2,4,6-12, 17,2,22,24,27,28,30,35-46,48-50,59,6,66,72,80,91,
104
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patients. The female preponderance is greater than in
younger age groups; 60 of the 80 patients were women;
an overall female/male ratio of 3:1 which rose to 3 2:1
in the 17 patients over the age of 70 years; this compares
with the ratio of 2 3 and 2-7: 1 in younger patients.4 10 20
The absence of disability in earlier life is often
remarkable, multiparity has been common (one
woman operated upon at the age of 58 years had had 16
pregnancies with 13 living children),29 and some men
have enjoyed athletic activities.8 30 This contrasts with
the prolonged and severe symptoms of their contemporaries with a high pulmonary vascular resistance,
severe pulmonary hypertension, and a right to left
shunt through the ductus.4 3132
Heart failure
Most patients follow a remarkably consistent course.
Prolonged well-being in adult life is characteristic until
the late onset of exertional dyspnoea. Unless treated
surgically4 s this soon progresses to heart failure. In
contrast to an earlier opinion,33 electrocardiographic
evidence of left ventricular hypertrophy becomes
common in adults'0 34 and is usual over the age of 60
years (Table; see Fig. 9). Isolated case reports have
shown repeatedly that atrial fibrillation and gross cardiomegaly are the usual end-stage.4 6-10 12 22 27 28 30 35-45
The age at which the end-stage has been reached has
varied widely. Deterioration usually begins before the
age of 60 years and a high proportion of patients
operated upon at over 50 years have already had heart
failure.26 Exceptional patients, however, remain free
from exertional dyspnoea until the age of 70 years and
beyond689394046 (cases 5, 10, and 11).
All other modes of presentation of a persistent
ductus at over the age of 50 years are uncommon.

Bacterial endarteritis
Bacterial endarteritis used to cause more than twice as
many deaths as heart failure in patients of more than 3
years of agel2 but is a comparatively rare complication
of a persistent ductus in the older patient (Fig. 7).
Though three of the 100 reports of bacterial infection
collected by Cassels47 were over 50 years of age, only
four other instances of endarteritis in the elderly have
been traced.2 24 48 49 The oldest infected patient was 63
years of age50 and only one of the Edinburgh patients
was infected (case 25).
In any survey of the persistent ductus, heart failure
and bacterial endarteritis are the leading complications-the former at the extremes of life, the latter
in the middle years. Heart failure is the major risk at
under 2 years of age,51 is uncommon in childhood and
adolescence,25 becomes more frequent as middle age is
reached,5 and is the usual end-stage in older patients
(Fig. 7). Heart failure was the indication for extending
the initially accepted age range for surgery to the
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youngest and oldest patients in early surgical experience.52-54 In contrast, bacterial endarteritis is rare in
infancy, uncommon the first 10 years of life,55 has its
highest incidence in the second and third decades,47 56
and is infrequent in old age (Fig. 7). Though failure to
recognise bacterial endocarditis as such remains
common57 and unfamiliarity with the infected ductus
used to be widespread,58 there is no evidence that either
of these factors accounts for the reduced proportion of
patients in whom bacterial endarteritis is diagnosed at
over 50 years of age.
Exerional chest pain
This is a relatively uncommon feature of a persistent
ductus with a left to right shunt in the adult'° 28 38 59-61
(cases 26, 29, and 30). It has been attributed to
coronary atherosclerosis60 but this is not necessarily so;
it can be relieved by division of the ductus,'0 28 as it was
in three Edinburgh patients, two of whom were still
free from angina seven and 16 years, respectively, after
operation (cases 30 and 26). In one of them preoperative coronary arteriograms had been normal (case
30). In the third, chest pain recurred 11 years after
operation and increased in severity until death from
myocardial infarction seven years later (case 29). In
contrast, angina is common and occurs at a younger age
when severe pulmonary hypertension is secondary to a
high pulmonary vascular resistance. It is a common
feature of the ductus with a right to left shunt.31 32 62 63

Paroxysmal arrhythmias
Paroxysmal arrhythmias, other than atrial fibrillation,
are uncommon and of uncertain prognostic significance
in older patients with a persistent ductus. One of the
longest survivors had had paroxysmal supraventricular
tachycardia from the age of 74 years6 and one of the
otherwise symptomless Edinburgh patients was able to
terminate her paroxysms of supraventricular tachycardia by Valsalva's manoeuvre (case 3). On the other
hand, two severely disabled patients, one with
multifocal ventricular extrasystoles, syncope, and
paroxysms of undiagnosed tachycardia (case 8) and the
other with paroxysms of supraventricular tachycardia,30 died suddenly at 55 and 61 years of age,
respectively. They both had left ventricular hypertrophy and gross cardiomegaly. Sudden death has also
been reported in younger patients with persistence of
the ductus and a history of syncope.3
SYMPTOMS IN RELATION TO ANATOMICAL,
CLINICAL, AND HAEMODYNAMIC FEATURES

It is not known why some patients with persistence of
the ductus survive 50 years or why the prognosis
varies so widely among those who do. It has been
natural to assume that small size of the ductus is the
determining factor. Few patients with a ductus who
present clinically later than the neonatal phase of life
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have total persistence of the large fetal vessel with
equality of pressures in the aorta and pulmonary artery.
Partial closure is usual. It is an essential factor in
the haemodynamics of those who present with a continuous murmur, and all the older patients with a left to
right shunt fell into this category. Nevertheless, the
anatomical size of the ductus and the volume of the left
to right shunt has varied considerably in patients over
50 years of age. Size can he measured at operation or at
necropsy; the size increases with growth6465; a diameter
of 8 mm is average in childhood but large in infancy and
small in adult life; a ductus with a diameter of 10 mm or
more must be classed as large at any age. The longest
survivors without operation have had ductal lumina of
only 4 mm and 1 5 mm at the ages of 85 and 90 years,
respectively.6 9 Most of those who have survived 60
years have had lumina or diameters of6 mm or less736 39
42 (case 15), but four of the Edinburgh patients in
whom the ductus was known to be small developed
severe symptoms before the age of 60 years (cases 19,
21, 26, and 39). Moreover, a few patients with a large
ductus have survived to old age'2 24 28 (case 11).
Thrombotic occlusion of a small ductus has occurred at
over 50 years of age,66 and decrease in heart size with
disappearance of a typical or decreased intensity of the
continuous murmur between the ages of 61 and 71
years and at 81 years, respectively, have been
reported.89 No other evidence of spontaneous closure
has been reported in patients with a persistent ductus at
over 50 years of age. None of the 22 Edinburgh patients
whose physical signs had been observed for a total of
382 patient years before surgical treatment or death lost
their murmurs or decreased their heart size. Though it
is appreciated that neither measurements of ductal size
at operation or at necropsy nor calculations deduced
from ductal blood flow are always reliable, accumulated experience of all the evidence makes it improbable that late decrease in size of the ductus is common
or that small size of the ductus is the sole factor in
prolonged survival.
Comparatively little is known about the early
physical signs in the patient with a persistent ductus
who remains well until over 50 years of age. The fact
that most older patients had escaped early diagnosis

that the continuous murmur in childhood
had been faint or absent. A more likely explanation is
that auscultation had been inexperienced and that any
doubts had been dismissed because of the obvious
well-being of the patients. A patient of 68 years had
been known to have had a continuous murmur since
childhood45; the murmur was unmistakable by adult
life in the five Edinburgh patients examined at under
30 years of age; persistence of a continuous murmur has
also been recorded from 30 to 70 years of age.27 These
observations suggest that the auscultatory features
have varied little as age has increased. In contrast, there

may suggest
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is progressive increase in heart size,828 even when the
ductus is small7 (case 22) and other causes of cardiomegaly have been excluded. Eighteen of the
Edinburgh patients had no cardiac enlargement when
first examined, whereas only one of the six survivors
without surgical treatment at over 65 years ofage had a
normal sized heart (case 3). Delay in increase in heart
size until over 70 years7 27 or even until over 80 years of
age,9 is rare. On the other hand, a few older patients
may have developed their cardiac enlargement much
earlier in life; this was noted at 19 years (case 6) and at
25 years (case 27) in two of the Edinburgh patients.
Both had repeatedly declined surgical treatment and
had been as active as many without cardiac
enlargement.
The relative normality of pulmonary arterial pressures in the Edinburgh series (Table) can be explained
in part by the sizes of the ductus and of the left to right
shunt but it also shows that in these older patients the
long duration of an increased pulmonary blood flow has
not caused pulmonary vascular disease.67 The calculation of left to right shunts cannot be precise68 but
systolic pressures of over 70 mmHg in the pulmonary
circulation of older patients have characteristically
been secondary to relatively large shunts with left ventricular failure43 44 69 (case 27). The development of left
ventricular failure could also explain the rise of
pulmonary arterial pressure from 37/15 to 70/42
mmHg between the ages of 60 and 68 years in the
patient reported by Bell-Thomson and colleagues.45
Indeed the absence of earlier symptoms suggests that
this late sequence may be a feature of the older patient
with a large ductus. At all events, no patient with a
right to left shunt reaches 50 years without severe
symptoms3' 32 70-74 and the maintenance of a relatively
normal pulmonary vascular resistance is probably an
important factor in the long survival ofthe older patient
with a persistent ductus.
OPERATIVE PROCEDURE

When the diameter of the ductus is 8 mm or less, its
surgical treatment is usually a simple, straightforward
procedure. A large ductus is more readily damaged75
and ligation is hazardous.76 An infected ductus is
friable and tears readily.50 54 Calcification of the ductus
and of the adjoining great vessels,74 makes them brittle
and liable to rupture when a chlmp is applied77 (cases
21, 22, and 27). Whenever the risk of damage to the
ductus is above normal it is wise to obtain proximal and
distal control of the aorta before dissecting the ductus.
Induced hypotension (case 28) may make the whole
dissection easier and safer. In the Edinburgh series no
other special techniques have been employed but a
variety of methods with and without cardiopulmonary
bypass have been recommended in this high risk age
group.28 44 61 69 78-4 Transaortic43 85 and transvenous
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catheter closure86 may prove feasible alternatives to
surgical closure in some patients.

INFLUENCE OF AGE ON MANAGEMENT OF PERSISTENT DUCTUS: PATHOGENESIS OF HEART
FAILURE

POSTOPERATIVE RESULTS

The fundamental difference between a persistent
ductus in young and in older patients is the poor
correlation in the latter between eventual symptoms
and heart size on the one hand, and the size of the
ductus on the other. What is the evidence for an
additional factor to explain the relative well-being and
the prolonged survival of the older patients? Why does
the age at which disability develops vary so widely and
why does surgical treatment sometimes fail to arrest
deterioration? Associated lesions cannot be the factor;
postoperative subaortic stenosis9O is uncommon in
childhood and has not been noted in adults; abnormalities of aortic and mitral valves affect younger
and older patients alike6991-94(cases 19, 20, 21, and 22).
A large ductus often leads to heart failure in infancy.
When surgical treatment is delayed into later childhood
it may not relieve heart failure or prevent death.95
Experimental studies have also shown that a 35% left to

In the past, advanced age and calcification ofthe ductus
have been regarded as contraindications to surgical
treatment,25 87 but experience in Edinburgh has shown
that division of the ductus in older patients has carried
less risk and has afforded greater immediate benefits
than might have been expected. In most patients
symptoms have been relieved entirely and heart size
has decreased'0 12 28 80 (Fig. 4 and 5). Atrial fibrillation
may revert spontaneously to normal rhythm but
reversion may not occur for a year or more (cases 30 and
31) or may never occur26 27 (case 21). Experience in
younger patients has shown that liability to paroxysmal
tachycardia may be removed by surgical treatment.88
Nevertheless, in older patients operation does not
always relieve exertional dyspnoea26 or heart failure89
and may not prevent progression to death in the postoperative period2461 (case 28).
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Fig. 8 Photomicrograph of the left ventricular myocardium (Haematoxylin and eosin. Original magnification xSO) case I.(A)
Normal myocardium with minimalfibrosis in the subepicardial region. (B) Considerable myocardialfibrosis in the subendocardial
region.
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right shunt through a persistent ductus imposes a
greater load on the left ventricle than a comparable
shunt through a defect of the ventricular septum.96 97
Left ventricular overload and irreversiole dysfunction
have thus been shown in large left to right shunts
through the ductus. Left ventricular dysfunction has
also been correlated with myocardial histology in both
systolic and diastolic overloads of the left ventricle.98 99
Furthermore, left ventricular fibrosis (Fig. 8) has
sometimes been obvious in the older patient, with
persistence of the ductus7 (case 1 1) and has been noted
even when the ductus has been small (case 15). It has
been the only abnormality to explain death from acute
left ventricular failure months or years after successful
division of the ductus in older patients6' (case 28).
Cassels'00 has postulated that myocardial function may
also be impaired by a "coronary steal" from the aortic
arch as a result of a large diastolic flow through the
ductus, but this can hardly be a factor when the ductus
is small.
Unfortunately, the histological features of the left
ventricular myocardium in persistence of the ductus
have seldom been recorded; the incidence of myocardial fibrosis is thus uncertain and its aetiology is
unknown. It was present to some extent in all four of
the Edinburgh patients examined after death (cases 11,
15, 27, and 28); it was least in the youngest (case 27),
greatest in the oldest (case 11), and was predominantly
in the subendocardial region (Fig. 8). Even in the small
ductus (case 15) it was readily detected and quite
different from the minor increase in collagen which can
be detected histologically in the subendocardial regions
of the normal ageing myocardium."IO"1 Prolonged rise in
left ventricular end-diastolic pressure or increased left
ventricular mass could account for its subendocardial
distribution. This would accord with the increasing
frequency of heart failure (Fig. 7), increasing heart size
(Table), and increasing severity of electrocardiographic
changes as age advances (Table; Fig. 9). As these are
features of the older patient whether the ductus itself is
large or small, it is possible that the abnormal histology
(fibrosis) may result from a relatively small increase in
left ventricular stroke volume when this has continued
for over 50 years as a result of persistence of the ductus
arteriosus. In effect a small shunt of long duration in
some patients may be as important as a large diastolic overload for a shorter period has been shown to
be in inducing left ventricular dysfunction and
myocardial fibrosis. This could explain some of the
anatomical and haemodynamic differences between
the younger and the older patients with persistence of
the ductus. It could also explain why the left ventricle,
compromised by fibrosis in older patients, may not be
able to respond to surgical division of the ductus which
entails the loss of its outlet into the low resistance of the
pulmonary circulation and the increased afterload

Persistence of Ductus Arteriosus
AGE and LEFT VENTRICULAR HYPERTROPHY
100
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Fig. 9 Histogram showing electrocardiographic evidence of/lefi
ventricular hvpertrophy (LVH)15 in the 32 Edinburgh patients.
The numbers in each age group are indicated at the head of each
c olumnl; the upperfigures are those with LV'H. Left bundle-branch
block has been grouped under LVS (left ventricular 1Twave
Inversions).

imposed by the higher systemic vascular resistance.
Postoperative atrial fibrillation (case 23), continued
exertional dyspnoea,"'26 89 persistence of heart failure,
and postoperative death24 61 (case 28), could all be
explained by irreversible left ventricular dysfunction.
The detection of myocardial fibrosis in the older patient
with a persistent ductus is an illustration of how
necropsy findings may supplement clinical investigations in clarifying the course of disease. 102
Thus, though only a few older patients fail to
improve after division of the ductus, the development
of functional impairment of the left ventricle invalidates the proposition that the small persistent
ductus need not be treated surgically at an earlier
age.4 33 103-105 The assertion that absence of symptoms
and cardiac enlargement in older patients excludes
"'heart disease of any severity"'4 cannot be maintained
and the unsupported assertion that "it is inconceivable" that the small ductus predisposes "to premature
heart failure"'06 can also be dismissed (Fig. 10). The
heart will cease to remain small if left ventricular
function deteriorates; heart failure may develop soon
after the onset of symptoms and cannot always be
corrected by delayed operation.
Even so, the recommendation of surgical treatment
"regardless of age and lack of symptoms"'0 requires
qualification when the patient is already beyond 50
years of age. The increased risks of operation28 107108
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have to be balanced against the fact that a normal life
span is sometimes possible and may be more frequent
than suggested by reported experience. Furthermore,
long term control of atrial fibrillation and heart failure
by medical treatment may be possible8 (cases 17 and
32), and safer than operation27 (case 5). The optimal
time for surgical treatment is long past by 50 years of
age, but once symptoms have developed both the short
and long term benefits of operation far outweigh the
risks. Cardiac enlargement in the absence ofsymptoms
is also an indication for surgical treatment in most older
patients; the younger the patient the stronger the
indication. When an older patient has neither
symptoms nor cardiomegaly the indication for operation is no longer clear; the older the patient the more
likely it is that the ductus is small,69 and left ventricular
function little impaired. Full investigation to confirm
the diagnosis and clarify the haemodynamics may
simplify subsequent management (cases 10 and 13),
but the most important measure was recommended by
Hubbard 38 years agot; it remains "watchful waiting". Increase in the heart size is often the first
indication of deterioration which can then be arrested
by prompt surgical treatment before the development
of heart failure.

(2) Prolonged survival is usually, but not necessarily,
associated with a small ductus. Prolonged survival is
over three times more common in women. An increase
in the pulmonary vascular resistance is minimal in
these patients.
(3) The continuous murmur is the hallmark of the
persistent ductus in the older patient, as in younger age
groups. Characteristically their exercise tolerance
remains normal until shortly before terminal heart
failure. Atrial fibrillation, advanced left ventricular
hypertrophy, and gross cardiomegaly are usual before
death, whether the ductus itself is large or small.
(4) Other features of the terminal phase are uncommon: (a) bacterial endarteritis is infrequent; (b) a
minority present with acute left ventricular failure,
exertional chest pain, syncope, or bacterial endarteritis
before the development of cardiomegaly; (c) sudden
death is uncommon but does occur in patients with
paroxysmal arrhythmias, cardiac enlargement, and
advanced left ventricular hypertrophy.
(5) Operation is more hazardous and the outcome is
less certain than in younger patients; not only because
the patients are older but also because: (a) the risk of
haemorrhage during dissection or clamping of calcified
vessels is greater, and (b) successful division of the
ductus sometimes fails to relieve symptoms and
prevent death.
(6) Nevertheless, surgical treatment usually restores
normal exercise tolerance and reduces heart size on a
long term basis. Mvocardial damage secondary to long
duration of even a small left to right shunt may be the

Fig. 10 Radiological appearances at59years of age (A )before and (B) after medical treatment of acute pulmona?r oedema in a woman
with a small ductus. She had been svmptomless and her clinicalfeatures had not changed during the previous 39 years under medical
supervision. Well-being was restored by ductal division and at 71 years of age she has no cardiac disability (case 19).

Conclusions

(1) Few patients with persistence of the ductus and a
left to right shunt survive to over 50 years of age but
their numbers may have been underestimated.
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factor which determines the poor results in the
minority of these older patients.
(7) Satisfactory results have usually been obtained by
conventional division of the ductus, with suture of the
great

vessels but special techmques, with and without

cardiac bypass, have also been developed.
(8) Impairment of left ventricular function becomes a
greater risk than bacterial endarteritis in the older
patient and lends weight to the opinion that the
diagnosis of congenital persistence of the ductus
arteriosus in childhood is itself an indication for
elective surgical treatment.
(9) By 50 years of age, symptoms or cardiomegaly are
almost always indications for surgical treatment. In the
absence of both, however, continued medical supervision is usually more appropriate in this age group.
(10) When atrial fibrillation and heart failure respond
well to medical treatment, surgical treatment, especially in patients over 70 years of age, is not essential and
can be avoided.
We gratefully acknowledge the advice we have had
from Dr Rae Gilchrist which one of us (RMM) has
enjoyed for over 40 years. We also thank Dr David
Lamb for guidance on myocardial histology.
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