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Passé
III. Original Communications. 

1. ON A CASE OF PATENT DUCTUS ARTERIOSUS, WITH 
ANEURISM OF THE PULMONARY ARTERY. 

By James Foulis, M.D., Edinburgh. 

Mr President and Gentlemen,?One morning, early in the 
year 1882, a young girl came to my consulting-room for advice for 
the following distressing symptoms :?Great palpitation of the 
heart on slight exertion, breathlessness, and buzzing noises in her 
chest, in her head and ears. She was very nervous, and her face 
bore an extremely anxious expression. The nose and lips were 
pale, with a slightly bluish tinge, and the conjunctival mucous 
membranes were very anaemic and flabby. There was no cough. 
Concluding from her pale face and lips that her symptoms were in 
a great measure due to bloodlessness, I made a very superficial ex- 
amination at this time; but on placing the stethoscope over the 
base of the heart, I heard a loud blowing murmur, and at the same 
time felt a strong heaving impulse accompany the heart's systole. 
Immediately following the systolic murmur, another softer murmur 
was heard. These extraordinary murmurs puzzled me very much, 
as they were not at all like the ordinary humming murmurs of 

PATrENT DUCTUS ARTERIOSUS WITH
INFEICTIVTE PULMO\10NARY END)ARTERITIS.

B3Y MORRIS MANGES, M.D.
NEW YORK.

1MIs. R. B., aged 32, housewvife, enitered AMount Sinai
IHospital on October 21, 1915.

Previous history negative, except a severe grip fifteen
years ago. No tonsillitis or rheumatism. She always con-
sidered herself well until eleven years ago, when, at the time
of her marriage, she applied for life insurance, and to her
surprise she was rejected because of heart disease. She had
had no cardiac sx-mptoms then or as a child. She had, borne
two children, Which are now 5 and 3 years old; there were
no cardiac symptoms during pregnancy or labour.

Present History.-For the past three months she has had
fever and chilliness; there were also vague joint pains, cardiac
palpitation, and increasing weakness.

Examination showed a slight cyanosis. The heart was
moderately enlarged to the rioht and to the left, the right
border being just beyond the right sternal border; the left
horder 43 in. to the left of the mid line. Apex normal.
There was a Gerhardt dulness in the first and second left
spaces reaching I in. from the left sternal border. At the
apex there was a soft systolic blowing murmur; in the second
left space and transmitted into the vessels of the neck there
was a loud, rumbling systolic murmur which ran into the
diastole. The second pulmonary sound was sharply accen-
tuated. The lower border of the liver was one finger's
breadth below the costal border; the spleen extended to 2 in.
below its costal border. Around both legs there was a crop
of small petechke.
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this approach, there was no disability from section and suture of the pectoral muscles.
The heart, which had been so active prior to operation, now -had a beat of normal in-
tensity. The thrill has disappeared and absolutely no murmurs can now be heard. The
diastolic blood pressure showed a marked change. Before operation this had varied from
30 to 50, and beats could be heard all the way down to zero. After operation the diastolic
pressure was almost constantly at 8o and no beats could be heard below 65 or 70 (Chart
4). Postoperative electrocardiograms showed no change (Graph i). Reexamination of

2nd & 3rd Costal Cartilages

Phrenic Nerve

Ductus Arteriosus

Recurrent Laryngeal Nerve
Pulmonary Artery

Collapsed Lung

FIo. I2.Case 3: Operative- exposure uf patent ductus arteriosus which was 7 Mm. in diameter.
Incision of pleura made posterior to the phrenic nerve. After dissecting fatty and areolar tissue from
the sulcus between aortic arch and pulmonary artery, the recurrent laryngeal nerve and the ductus were
brought into view. The origin of the left subclavian artery is just seen on the aortic arch, opposite to
and a little proximal to the ductus opening. Aneurysm needle passed around the ductus. Second and
third costal cartilages both cut in this case. Insert shows position of the skin incision which in this
patient was made above the breast.

the heart, two months after operation, showed the left auricle to be smaller and there was
a diminution in the transverse dimension of the heart of i cm. (Fig. I5). Kymograms
also showed diminished ventricular excursions after operation. Of particular interest
was the pulmonary artery, which had collapsed but little as viewed in the roentgenogram.
However, by kymogram, this vessel as well as the aortic knob was seen to pulsate much
less than before operation (Graph 2). The child's general condition has been excellent;
she has returned to school and in the first two months after operation she has gained
three pounds in. weight.

Case 4.-M. F., female, age 17, entered the Peter Bent Brigham Hospital, Novem-
ber 28, 1938, for study of her cardiac condition. At the age of three, a cardiac murmur
was first disco-vered. At the age of five, she entered another hospital for treatment
of marked cardiac decompensation and at that time was hospitalized for six months.
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Persistent Ductus Arteriosus in Ill and
Premature Babies

DAVID J. GIRLING* and KATHERINE A. HALLIDIE-SMITHt
From the Neonatal Research Unit, Institute of Child Health and Department of Clinical Cardiology, Hammersmith

Hospital, London

Girling, D. J., and Hallidie-Smith, K. A. (1971). Archives of Disease in
Childhood, 46, 177. Persistent ductus arteriosus in ill and premature babies.
Thirty-eight ill and premature babies with a diagnosis of persistent ductus arteriosus
(PDA) are described. All were patients in the Neonatal Unit of Hammersmith
Hospital. 16 of them, who were born during a year in which all babies in the Unit
were examined repeatedly and specifically for clinical evidence of PDA, have been
compared to a control group in respect of sex, gestational age, weight for dates, birth
asphyxia, and respiratory distress.

It is concluded that PDA in this selected group of babies was significantly associated
with female sex and respiratory distress but not with gestational age, weight for dates,
or birth asphyxia.
Though in these babies clinical evidence of PDA often persisted for several

weeks, closure was spontaneous in the great majority.
Five babies developed heart failure and 4 of these responded well to medical

treatment. It is suggested that in view of the frequency of spontaneous closure
there is no indication to administer oxygen-enriched air to premature babies solely for
the purpose of encouraging their ductuses to close.

Anatomical closure of the human ductus arterio-
sus may occur from a few days to a few months
after birth, but occurs by the age of 4 weeks in the
great majority of cases (Christie, 1930; Jager and
Wollenman, 1942; Mitchell, 1957; Wilson, 1958)
and is preceded by functional closure which
occurs from a few hours to a few days after birth
(Eldridge and Hultgren, 1955; Adams and Lind,
1957; Burnard, 1958, 1959; Braudo and Rowe,
1961; Moss, Emmanouilides and Duffie, 1963).
The factors which precipitate closure, or which may
delay it, are only partly understood, but prematurity,
birth asphyxia, and the respiratory distress syn-
drome have been thought to delay or prevent it.
Rowe and Lowe (1964) described the murmurs

which could be heard in infants with persistent
ductus arteriosus (PDA) in most of whom the
diagnosis was confirmed by cardiac catheterization
or at open operation, and they emphasized that
accurate diagnosis in the great majority could be

Received 9 September 1970.
*Percy J. Neate Research Fellow of the Company of Clothworkers.
tAssistant Lecturer in Paediatric Cardiology.

made on auscultation. Using their clinical criteria
we have examined a group of ill and premature
babies and have related the clinical diagnosis of
PDA to sex, gestational age, birthweight, birth
asphyxia, and the occurrence of the respiratory
distress syndrome.

Material and Methods
Thirty-eight babies in whom a diagnosis of PDA was

made while they were patients in the Neonatal Unit of
this Hospital during the period 1963 to 1969 are reported.
Of these 38, 16 have been selected for comparison with
a control group. These 16 were all born during the
year 1 October 1963 to 30 September 1964, at a gesta-
tional age of between 27 and 35 weeks inclusive, and they
have been compared in respect of sex, gestational age,
weight for dates, birth asphyxia, and respiratory
distress to a control group consisting of all other babies
admitted on to the Unit during the same year and of
the same range of gestational age. The babies
admitted on to the Unit that year were selected for
comparison, because during that period one of us
(K.A.H-S.) examined all the babies on the Unit at
least twice a week for clinical evidence of PDA, and
these 16 patients are therefore thought to represent a
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SURGICAL MANAGEMENT OF THE PATENT DUCTUS
ARTERIOSUS*

WITH SUMMARY OF FOUR SURGICALLY TREATED CASES

ROBERT E. GROSS, M.D.
BOSTON, MASS.

FROM THE CHILDREN S HOSPITAL, THE PETER BENT BRIGHAM HOSPITAL, AND THE SURGICAL LABORATORY OF THE HARVARD
MEDICAL SCHOOL, BOSTON, MASS.

DURING FET.AL LIFE the incomplete expansion of the lungs produces a high
resistance to blood flow in the pulmonary vascular bed. It is necessary, there-
fore, to have a compensatory mechanism whereby blood can be short-circuited
around the lungs. Nature provides this shunt in the form of the ductus
arteriosus which diverts blood from the pulmonary artery directly into the
aorta. When the fetus is born and the lungs expand, the ductus normally
closes and all of the blood passes through the lung bed to be aerated. If
this vessel fails to close, a reversal of flow takes place within the ductus be-
cause pulmonary artery pressure is reduced and aortic pressure is increased.
Blood then passes from the aortic arch into the lesser circulation (Fig. I)
and the patient possesses what is essentially an arteriovenous aneurysm (Hol-
man14).

There is considerable difference of opinion regarding the time when the
ductus Botalli ceases to function. Patten20 has pointed out that degenera-
tive intimal changes begin in the latter part of fetal life, and it is his concept
that increasing amounts of blood flow through the lungs even before birth.
The histologic findings in the closing ductus resemble those of endarteritis
obliterans, according to Schaeffer's24 studies, and the diminution in size of
the ves4el is a gradual process requiring many weeks before occlusion is com-
pleted (Scammon and Norris23). Christie5 studied a large series of routine
postmortem specimens from babies to determine the time at which the ductus
was normally obliterated. As older and older subjects were examined, the
number of open ducti diminished to 44 per cent at one month, I2 per cent at
two months, and 2 per cent at eight months of age (Chart I). Following
this, there was a small group of individuals in whom the vessel remained
open permanently. At what age, then, can the persistence of the vessel be
considered as pathologic? Arbitrarily, we might say that the ductus Botalli
which is still open after the first year of life should be regarded as abnormal.

The child or youth who possesses a patent ductus faces an uncertain future.
He may live in relatively good health till old age, or his life might be quickly
terminated by some complication arising from his long existing lesion. Like

* Read before the American Surgical Association, Hot Springs, Va., May II, I2, I3,
'939.
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The Patent Ductus Arteriosus
Observations from 412 Surgically Treated Cases

By ROBERT E. GROSS, M.D., AND LUTHER A. LONGINO, M.D.

A patent ductus arteriosus can be recognized with a high degree of accuracy by auscultation and
simple office examination. Electrocardiographic and fluoroscopic studies are helpful, but it is rarely
necessary to employ more elaborate and expensive forms of investigation. While the condition
seldom causes serious incapacitation in early life, it is apt to be accompanied by a very high per-
centage of serious complications in later life. These facts give strong backing to the conviction that
it is desirable to operate upon all children possessing a patent ductus-even though they are asymp-
tomatic at the time-because it is technically much easier to perform a surgical closure of the vessel
in this period. Ligation or suture-ligation is successful in a high proportion of cases, but a complete
division of the vessel is the ideal method of therapy. In a consecutive series of 369 cases of division
there have been no deaths from hemorrhage. The total mortality rate has been 2.1 per cent. For pa-
tients who had no complications prior to surgery, the mortality rate was under one-half of one per
cent.

T HERE have been many recent thera-
peutic advances in the fields of cardi-
ology and surgery, among which is the

fascinating chapter of cooperation between
medical man and surgeon in the recognition
of and the treatment of the patent ductus
arteriosus and its various complications. Dur-
ing the past 11 or 12 years many articles have
been written about various aspects of these
problems, but no attempt will be made here to
summarize in detail all of this material. Our
purpose is merely to set forth for those in-
terested in the subject a few comprehensive
statements regarding the detection of the
anomaly, the prognosis in untreated cases, the

From the Department of Surgery of the Harvard
Medical School, and the Surgical Services of The
Children's Hospital and the Peter Bent Brigham
Hospital.

The work upon which this paper was based was
supported in part by a grant from the American
Heart Association.
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methods which are available for surgical cor-
rection, and the results of such operative
procedures.

THE CLINICAL PICTURE

When a ductus arteriosus remains open be-
yond the neonatal period, the individual has
a shunt which is similar to an arteriovenous
fistula. Such a communication may be toler-
ated extremely well if the possessor is fortunate
enough to escape superimposed infection and
if the shunt is a small one. Under such cir-
cumstances humans have had little or no
incapacitation, and indeed have lived to ad-
vanced age. Unfortunately, such a favorable
outcome is not encountered in a high percent-
age of cases; there are certain hazards which
occur rather frequently: (1) The shunt may
divert so much blood from the aorta that the
peripheral circulation is robbed and the in-
dividual has a retarded physical development.

Circulation, Volume III, January, 1951
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LIGATION OF PATENT DUCTUS ARTERIOSUS
IN PREMATURE INFANTS

M. LIPPMANN, R. J. NELSON, G. C. EMMANOUILIDES, J. DISKTN AND D. W. THIBEAULT

SUMMARY

Twenty-four neonates, at 25-34 weeks' gestation with a weight range of 570-1530 g underwent
ligation of patent ductus arteriosus (PDA). The infants had mild to severe respiratory distress
syndrome at birth and later developed signs of heart failure as a result of left-to-right shunting
through a PDA. Surgical closure of the PDA was performed within 2-31 days after birth. In the
period before operation the heart rate was monitored constantly and the arterial blood-gases were
assessed frequently. The trachea was intubated and respiration was controlled with a ventilator.
Surgery was performed under controlled ventilation and no anaesthesia was used. Care was taken
not to overventilate the lungs. Nine infants died. Death was associated with higher peak inspiratory
ventilator pressures at the time of operation and with comphcations occurring during or after the
operation. The most common complication was tension pneumomediastinum which appears to be
related to excessive ventilator pressures during surgery.

Heart failure secondary to a patent ductus arteriosus
(PDA) in premature infants has been recognized
increasingly in recent years (Kitterman et al., 1972).
Heart failure may be present in the first days of life,
often associated with the respiratory distress syndrome
(RDS) (Rudolph et al., 1961; Kitterman et al., 1972;
Gay et al., 1973; Thibeault et al., 1975). If medical
management is inadequate, surgical ligation of the
PDA is required. To obtain high survival rates,
intensive care of the infant must be employed before,
during and after surgery. This communication
defines some of the high-risk factors associated with
PDA ligation, and describes a method for optimizing
the conditions for PDA ligation.

METHODS

Twenty-four infants, 25-34 weeks' gestation, with a
weight range of 570-1530 g (mean 1000 g) had
developed the respiratory distress syndrome, (RDS)
in varying severity, during the first few hours of life.
This was characterized by tachypnoea, intercostal
retraction, increased inspired oxygen requirements
and a diffuse granular pattern and prominent air
bronchograms on chest x-ray. Umbilical artery
catheters were inserted for blood sampling and fluid

MAURICE LIPPMANN, M.D.; RONALD J. NELSON, M.D.;
GEORGE C. EMMANOUILIDES, M.D.; JOHN DISKIN*; DONALD
W. THIBEAULT, M.D.; Departments of Anesthesiology,
Surgery, and the Division of Perinatal Medicine, Depart-
ment of Pediatrics, Harbor General Hospital, UCLA
School of Medicine, Torrance, California, U.S.A.

* Neonatal Inhalation Therapist.

was administered using infusion pumps. The tips of
the catheters were placed above t ie diaphragm at the
level of T6 to T10 approximately. RDS was treated
conventionally by temperature control, correction of
hypoxaemia, parenteral fluid therapy and sodium
bicarbonate infusion (Hobel et al., 1972). Blood
transfusions were given to replace blood removed for
blood-gas analysis. If respiratory failure became
worse, the infant received continuous positive airway
pressure (CPAP) or intermittent positive pressure
ventilation (IPPV).

The infants with RDS were divided arbitrarily into
two groups: (a) severe: those infants who required
IPPV and more than 20 cm H2O peak inspiratory
pressure to maintain P&Q^ in the range 50-70 mm Hg
while breathing 100% oxygen, and (b) moderate: those
infants who required no IPPV, or IPPV with less than
20 cm H2O peak pressure, or CPAP (less than 10 cm
H2O).

In all infants, the patency of the ductus arteriosus
was established either by single film retrograde
aortography (Thibeault et al., 1975) or by clinical
diagnosis with confirmation at the time of surgery.
Retrograde aortograms were performed while the
infant remained undisturbed in the neonatal intensive
care unit (NICU), by injecting 1 ml/kg body weight
of a mixture of meglumine diatrizoate and sodium
diatrizoate through the umbilical artery catheter. An
appropriately timed, single antero-posterior chest
x-ray was taken, at the time of injection, with a
portable x-ray machine. No adverse clinical side-
effects were noted during or after the injection of the
contrast medium.
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Transfemoral Plug Closure
of Patent Ductus Arteriosus
Experiences in 61 Consecutive Cases

Treated Without Thoracotomy

By KENJI SATO, M.D., MASAOKI FUJINO, M.D., TAKAHIMO KOZUKA, M.D.,
YASUAKI NAITO, M.D., SOICHIRo KITAMURA, M.D., SUSUMU NAKANO, M.D.,

CHOKEN OHYAMA, M.D., AND YASUNARU KAWASHIMA, M.D.

SUMMARY
We successfully closed the isolated patent ductus arteriosus in 58 of 61 consecutive patients using the

transfemoral-catheter method originally introduced by Porstmann in 1968. To perform this technique more
safely and reliably, some instrumental and technical improvements were made. The indications for this
method have been expanded to include the cylindrical or window-type ductus as well as the conical-shaped
ductus. Classification into three groups of the configuration of the ductus by angiography has been useful in
selecting the shape of the closing plug.
Whenever feasible, we consider the catheter technique to be the method of choice to close the ductus.

Additional Indexing Words:
Porstmann's method Cl.
Ivalon

assification of patent ductus arteriosus Closing plug configuration

IN 1966, Porstmann1' 2 was the first to success-
fully apply a new method by which a patent

ductus arteriosus (PDA) was closed by a plug
transported by catheters through the femoral artery.
Thereafter, he reported successful procedures in 56 of
62 patients. Takamiya3 had used this method in ten
patients by October, 1971. Lack of mortality, minor
morbidity, and no recurrence of shunting in their
long-term follow-up studies encouraged us to use this
method in our patients.4
To date, we have successfully accomplished the

transfemoral plug closure of PDA in 58 of 61 patients.
Though the principle of the method has been un-
altered, as our experience broadened the technical
details were modified. The purpose of this report is to
describe our experiences with this new method.

Material and Methods
Nonsurgical transluminal ductus closure was attempted in

61 patients, 14 males and 47 females, ranging from three to
38 years of age (table 1). There was no particular method for

From the Department of Radiology and the First Department of
Surgery, Osaka University Medical School and the Division of Car-
diovascular Surgery, Toyonaka Municipal Hospital, Osaka, Japan.

Address for reprints: Kenji Sato, M.D., Department of Radiology,
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selecting candidates, except for the size and age of the
patients and the shape and size of the ductus. All patients
underwent ductus and femoral artery angiography in ad-
vance to evaluate the shape and the relative sizes of the
lumens. The diameter of the plug should be 20-40% larger
than that of the ductus. Particular attention was given to rul-
ing out all other associated heart anomalies.
The principle of Porstmann's method is as follows (fig. 1).

A long catheter is inserted through the femoral artery, up
the aorta, and across the ductus. The arterial catheter is
caught in the right heart by a catching wire and catheter,
passed through a femoral vein. The arterial catheter is then
drawn by the venous catheter through the right heart, down
the inferior vena cava, and out the femoral vein. A long,
steel guide wire, lying within the lumen of the above-
mentioned arterio-transductal-venous catheter loop, serves
as a track over which a closure plug will be guided into the
ductus from the aortic side. The plug, which is made of
ivalon foam plastic, is conical in shape and is stabilized by
an inner steel-wire frame.
The plug is introduced through a tubular applicator and

threaded over the track wire. After complete closure is
achieved with the aid of the pushing catheter, the steel wire
(track wire) is withdrawn from the venous side. The plug
remains wedged in the no-longer-patent ductus (fig. 2).

Although the principle of Porstmann's method has not
been altered, the following technical modifications were
made as our experience progressed.

Modification of the Closing Plug
Before the plug is boiled for sterilization, a short steel wire

of the same caliber as the transductal arteriovenous track
wire is placed in the center of the frame (fig. 3). This process
insures an adequate opening for insertion of the track wire
into the center of the plug during the procedure, as well as
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Table 1

Age and Sex Distribution of 61 Patients Undergoing
Transfemoral Closure of Patent Ductus Arteriosus
Age (yrs) 3-4 5-9 10-14 15-19 20-29 30-39 Total

Male 0 6 3 1 4 0 14
Female 5 15 7 7 10 3 47

Total 5 21 10 8 14 3 61

facilitating easy withdrawal of the wire after plug place-
ment. This prevents the plug from sliding into the
pulmonary artery.

Modification of Insertion of Closing Plugs via the Femoral Artery
When this procedure is done by the percutaneous

method, the thin-walled teflon tube of the applicator is in-
serted percutaneously into the femoral artery with the aid of
a telescopically fitted coaxial inner tube. Blood spurts when
the inner tube is replaced by a rubber plug and when the
latter is replaced by the closing plug (fig. 4, left). Excessive
bleeding is prevented when the femoral artery is exposed
surgically by the following modified technique (fig. 4, right).
The tapered tip of a thin-walled teflon tube of the
applicator, without inner components, is inserted into the
exposed femoral artery with a closing plug placed in the
metal funnel by means of a strong 25 cm blunt-ended needle
(pushing pipe) traveling on the wire.

Test Injection from Venous Side

Complete closure of the duct with a plug is confirmed by
phonocardiography, dye dilution study, and the injection of

Figure 1

Schematic drawing of Porstmann's method. The plug is moved into
position along a previously placed arterio-transductal-venous loop.

contrast material through a thrust catheter into the aorta at
the base of the seated plug. The position of the closing plug
is again confirmed by test injection, through the loop
catheter, in the pulmonary artery at the tip of the seated
plug. This is particularly important when a dumb-bell-
shaped plug is used for the window-type ductus.5

Results

Complete closure of PDA was achieved in 58 of 61
patients (95%). In three patients, the transfemoral
closure had to be abandoned because the ductus was
so distensible the plug passed through the ductus
while the track wire was being pulled out; the plug
was removed from the femoral vein along the track
wire. Later, one of these patients was treated sur-
gically, and the remaining two patients are awaiting
surgical treatment. The plug fell back into the aorta
during the procedure in three patients; in one of them
the plug was removed from the artery and the duct
was replugged on another day. In the remaining two,
the duct was replugged before the removal of the plug
from the artery. One of these patients developed acute
renal failure with satisfactory recovery a month later.
Excluding this patient, there were no complications or
mortality in the current series of 61 consecutive
patients. All of the patients have been closely
followed, and up to two and one-half years, no plugs
have been displaced.
Although the simple ductus is basically conical in

shape, the exact shape and size of the ductus and the
aortic infundibulum vary widely in each patient. The
configuration of the ductus must be established by
aortography (fig. 5, table 2). Group 1 (conical type) in-
cludes the cases of a conical or cylindrical ductus with
a deep infundibulum. Group 2 (cylindrical type) in-
cludes cases of a cylindrical ductus with a shallow in-
fundibulum. Group 3 (window-type) includes the
cases of a short ductus with a shallow infundibulum.
The morphological condition in which the ductus

and the aortic infundibulum were conical in shape
(group 1) was the original requirement for successful
closure. However, the technical modifications
described above have made it possible to close a
cylindrically-shaped ductus (group 2) by using
modified plugs of a long-nosed shape and a window-
type ductus (group 3) by using modified plugs of a
dumb-bell shape5 (fig. 3).

Discussion

The transfemoral approach (Porstmann's method)
is less complicated than thoracotomy because it is
carried out under local anesthesia except in younger
children and leaves no large operative scar on the
chest. The absence of a scar is desirable because pat-
ent ductus arteriosus is more common in females.

Circulation, Volume 51 February 1975
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TRANSFEMORAL CLOSURE OF PDA

Figure 2
Left) preoperative aortograni. Right) prstoperative aortograrn A wire franu of a plug which remains we(ged ill nio-
longer-patent duie ts is 5CCO.

It is difficult to make a closing plug in which the
diameter of the base is less than 3 mm. For this reason,
candidates for ductus closure by this method should
have a femoral artery greater than 3 mm in diameter.
Generally speaking, the patients over three years of
age meet this requirement. Porstmann1 has
successfully applied this method in patients older than
five years and Takamiya3 in patients over seven years.

Figure 3

Closing plug configuration. The standrard plug (upper) is ulsed for
the conical ductui.sE (groul)p 1); the long-nose plug (middle) for tle
cyhliudrical duictu.s (group 2); the dumb-bell plug (lower) for the
uwindou-type durtuts (group 3) The short steel ires are mounted in
the ceniter of the plu1g frame. These short wires are remuoed after
steriliZation.

Circulation. SVolune .51, Febrl)ary 197.5

We have performed this method successfully on two
thiree-year-old and three four-year-old patients.
A closing plug of adequate size must be selected for

each patient. The plug is made of a fine textured
ivalon which is compressed against the central frame
in a ratio of 5 or 6 to 1. We designed a plug of suitable
size and shape for each ductus. The diameter of the
plug should be 20-40% larger than that of the ductus
shown by aortography. When a plug is too small for
the ductus or the distensibility of the ductus is too
great, the plug may slip into the pulmonary artery. If
this occurs, the plug can be easily removed from the
femoral vein along the guide wire followed by a thrust
catheter. On the other hand, when the plug is too
large or the ductus is too rigid to accept the plug,
difficulties of stable insertion of the plug into the duc-
tus occur, and the plug may fall back into the aorta
after the track wire has been removed. This is the
most serious problem with this method. In this series
of 61 patients, there were three such incidents,
whereas Porstmann' reported two of 62 patients and
Takamiya3 reported one of 28 cases. When the plug
becomes lodged around the aortic bifurcation, we
usually try to plug the ductus with the second plug
before removal of the first. However, if the plug
lodges further up in the abdominal aorta, the plug
should be removed first to prevent renal ischemia,
which occurred in one of our patients. The embolizing
plug in the aorta can be pulled down into the femoral
artery by a balloon catheter (Fogarty), and can be
removed by arteriotomy, as in the usual case of em-
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PasséBRIEF REPORTS 

(range 3.8 to 95) underwent angiography at the Hospital 
for Sick Children (n = 74) or the Toronto General Hos- 
pital (n = 5) before attempted percutaneous catheter 
placement of a Rashkind PDA occluder (USCI Angio- 

FIGURE 2. Configuration of the ductus seen angiographically 
(see text). 

FIGURE 3. Lateral angiograms of ductal types. A, type B. B, 
ductal type C. C, ductal type D. D, ductal type E. Asferisks 
indicate narrowest PDA areas whereas the arrow shows the 
anterior tracheal air shadow. 

graphic Systems, C.R. Bard Inc.) using a transvenous 
approach. Angiographic catheters (Gemini or multipur- 
pose type, 8Fr) were positioned into the aortic end of the 
PDA from the right-sided heart and angiograms ob- 
tained using 0.5 to I ml/kg of contrast (Hexabrix, Mal- 
linckrodt, Inc.) with an injection rate of 20 ml/s in the 
frontal and lateral projections (Figure 1). Two occluder 
sizes were available. Thus, our devices had a diameter of 
either 12 or I7 mm when the narrowest constriction was, 
respectively, <5 or >5 mm, regardless of other anatomic 
considerations. Angiograms were reviewed with special 
reference to PDA aorticopulmonary configuration, rela- 
tion of the pulmonary insertion of the ductus to the 
tracheal air shadow, and areas of narrowing. The abso- 
lute diameter of the narrowest end of the PDA was esti- 
mated using magnification correction by comparison 
with known angiographic catheter diameters. 

Data are presented as mean f I standard deviation. 
Where indicated, standard linear regressions were used 
to determine correlations. 

The configuration of the PDA varied considerably. 
The majority tended to have a funnel or conical shape 
due to ductal smooth muscle constriction at the pulmo- 
nary artery insertion, although narrowings in the middle 
or aortic ends were also observed. Using the narrowest 
end of the ductus as a landmark, 5 groups were noted. 
Within groups A and B, the relation of the pulmonary 
artery insertion to the trachea allowed further division 
into 3 subgroups (Figure 2). In group A (Figure IA) the 
narrowest segment was at the pulmonary insertion, with 
a well-defined ampulla at the aortic end, whereas in 

PDA S!ZE(mm) 

30, ’ c 

Al A2 A3 El 82 83 C D E 

PM l-WE 

FIGURE 4. A, frequency distribution of ductal sizes. B, 
frequency distribution of ductal types. 
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ported.237–295 Both safety and efficacy have been established
in many series, and this treatment modality has become a
standard of care at many centers except in very low birth-
weight patients or those with unsuitable anatomy, such as the
type B (also known as the AP window type) PDA.296 In the
mid-1990s, the PDA Coil Registry, which represented 46
institutions, reported a 95% success rate in a series of 535
patients with a median minimal PDA diameter of 2.0 mm,
with complete occlusion achieved in 75% within 24 hours.240

The European Pediatric Cardiology Registry reported a large
series of 1291 attempted PDA coil occlusions in 1258
patients with an immediate occlusion rate of 59%, which
increased to 95% at 1-year follow-up.241 Complete closure
has approached 100% in late-term follow-up in later series.
Subsequently, moderate-sized and large PDAs were closed
successfully with multiple coils or other devices by use of a
variety of techniques.237,244,253,261,262,264,270,280,283,284,286,288–290,295

One study reported a series of 104 patients with moderate
to large PDAs who underwent coil occlusion with a success rate
of 100% and 98% complete occlusion at 2- to 16-month
follow-up, respectively.237 With the recent US Food and
Drug Administration approval of the AMPLATZER Duct
Occluder in 2003, PDAs as large as 16 mm can be closed
rather easily with no long-term residual shunting. Al-
though original recommendations from the manufacturer
for ductal occlusion exclude patients who weigh !6 kg,
successful use in infants as small as 2.5 kg has been
reported, although such patients are more challenging
technically.

The most common devices used currently are various kinds
of coils and the AMPLATZER ductal occluder device. Many
prograde and antegrade techniques have been developed to
deliver coils to maximize occlusion and to minimize the risk
of coil embolization.237,242,297–302 The AMPLATZER ductal
occluder device is generally implanted by the antegrade
approach. Standard delivery techniques are well described in
the literature.

Indications for PDA occlusion are elimination of pulmo-
nary overcirculation and subsequent development of obstruc-
tive pulmonary vascular disease, as well as prevention of
endocarditis/endarteritis. There is controversy related to oc-
clusion of so-called silent ductus. Endocarditis in the silent
ductus has been found only in single-case reports.303 In
general, there are few data on the benefits of occluding the
silent ductus because of its small size and presumably lack of
significant flow turbulence and endothelial damage.

In those patients with a large PDA and bidirectional flow
due to pulmonary vascular disease, occlusion may be bene-
ficial only if the pulmonary lung bed shows some reactivity to
pulmonary vasodilator therapy.304,305 These patients should
undergo hemodynamic assessment and pulmonary vasoreac-
tivity testing before consideration for ductal occlusion. How-
ever, data on this group of patients are scant, and long-term
follow-up data are unknown. Should pulmonary vascular
disease continue to progress, the ductus will no longer be
available to prevent the RV pressures from becoming
suprasystemic.

Finally, in older patients who have developed Eisenmenger
syndrome due to an unrestrictive ductus, occlusion of the

ductus is contraindicated. At the other end of the spectrum,
small infants (!2.4 kg) would benefit from elimination of
their ductus, but risks of the transcatheter approach render
this option less desirable than surgical ligation and division.

Risks/Complications
The PDA occlusion procedure is relatively straightforward.
Rare complications have been reported, including inadvertent
device embolization into the pulmonary and systemic circu-
lation; device obstruction to aortic (creating an iatrogenic
coarctation) or pulmonary flow, especially in small infants;
transient left ventricular systolic dysfunction; hemolysis; and
recanalization.237,241,252,278,279,285,289,306–312 Careful ductal and
ampulla measurements for device selection and postimplan-
tation evaluation before device release are of the utmost
importance to minimize these risks. Residual shunting after
coil occlusion may require additional coils. Although it is
common to see initial residual shunting through an AM-
PLATZER PDA occluder, a multicenter trial indicated 99.7%
complete occlusion at 1-year follow-up.252 More challenging
anatomy includes the type B PDA and the calcified ductus in
the elderly, whereas small infants and patients with pulmo-
nary vascular disease pose another set of issues related to
PDA occlusion.

Recommendations for Transcatheter
PDA Occlusion
Class I

1. Transcatheter PDA occlusion is indicated for the
treatment of a moderate-sized or large PDA with
left-to-right shunt that results in any of the follow-
ing: Congestive heart failure, failure to thrive, pul-
monary overcirculation (with or without pulmonary
hypertension), or an enlarged left atrium or left
ventricle, provided the anatomy and patient size are
suitable (Level of Evidence: B).

Class IIa
1. Transcatheter PDA occlusion is reasonable in the

presence of a small left-to-right shunt with
normal-sized heart chambers when the PDA is
audible by standard auscultation techniques
(Level of Evidence: C).

Class IIb
1. In rare instances, transcatheter PDA occlusion may

be considered in the presence of a bidirectional PDA
shunt due to pulmonary hypertension and obstruc-
tive pulmonary vascular disease but reversible to
pure left-to-right shunting with pulmonary vasodi-
lator therapy (Level of Evidence: C).

2. Transcatheter PDA occlusion may be considered in a
PDA associated with a small left-to-right shunt with
normal heart size and an inaudible murmur (Level
of Evidence: C).

Class III
1. Transcatheter PDA occlusion should not be at-

tempted in a patient with a PDA with severe pulmo-
nary hypertension associated with bidirectional or
right-to-left shunting that is unresponsive to pulmo-
nary vasodilator therapy (Level of Evidence: C).
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A B S T R A C T

Background: Catheter based treatment has gained wide acceptance for management of patent ductus
arteriosus (PDA) ever since its introduction. Percutaneous closure in adults can be challenging because of
anatomical factors including large sizes, associated pulmonary arterial hypertension (PAH) and co-
morbidities. This study aimed to provide comprehensive contemporary data on the safety and efficacy of
percutaneous device closure of PDA in adult and adolescent population at a large referral center.
Methods: This single-center retrospective analysis included 70 patients (33 adolescents and 37 adults)
who underwent successful percutaneous device closure of PDA between January 2011 and February 2017.
Baseline patient demographics, clinical characteristics, procedural and device related variables, and
immediate outcomes during hospital stay were recorded. Patients were followed up for residual shunt
and complications.
Results: Of 70 PDA device closure cases, 71.4% were females; the mean age was 23 years (range:10-
58years). Devices used were 4-Cook’s detachable coils, 64-occluders (ADO-I and II, Lifetech, Cardi-O-Fix),
1-vascular plug and 1-ventricular septal occluder device. Device success was achieved in all including
those with very large PDAs. At 24-h post-procedure, the success rate of transcatheter intervention was
95.7%. At 6-months follow up, complete closure was observed in all (mean follow up duration-531 days).
In patients with severe PAH, significant immediate and sustained reduction of the mean pulmonary
pressure was observed(77 mmHg to 33 mmHg;P = 0.014). No procedure-related complications including
death, device embolization and stenosis of aorta or pulmonary artery occurred.
Conclusions: In contemporary practice, percutaneous device closure is an effective and safe treatment
option for adolescent and adult PDA patients.
© 2017 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Patent ductus arteriosus (PDA) is abnormal communication
between the descending thoracic aorta and the pulmonary artery
that results from persistent patency of the foetal ductus arteriosus,
and accounts for 6–11% of all congenital heart defects.1 While most
cases of PDA are detected and treated in infancy and early
childhood, it has a prevalence of 0.05% in adulthood.2 Prior to the
era of surgical and percutaneous closure, untreated PDA had an
annual mortality rate of1% (20–29 year age group) and 1.8% (30
years of age and above).3 Successful closure of PDA can
significantly reduce the long-term risk of endocarditis,

arrhythmias and mortality. Percutaneous transcatheter closure
of PDA has been established as a safe and effective alternative to
surgical closure in infants, but contemporary data focussing on
adolescents and adults are limited. In the current era, surgical
closure is mainly indicated for large and complex forms of ductus
not amenable for transcatheter closure and ductus associated with
additional complex cardiac anomalies requiring surgical manage-
ment. Percutaneous closure of the ductus in adults can be
challenging because of anatomical variations, associated findings
and complications such as pulmonary arterial hypertension (PAH),
left ventricular systolic dysfunction, infective endocarditis, calcifi-
cation and aneurysm formation. Much of the published data of PDA
device closure in adults is focussed on the Amplatzer duct occluder
(ADO I and II, AGA Medical Corporation, Golden Valley, Minnesota,
USA) whose largest available size is 16/14 mm4,5 Devices larger
than this size are now available from other manufacturers (Lifetech
Scientific and Starway Medical Corporation, both China), and has
made device closure of very large ductus feasible. However, there is
a paucity of data on the use of these devices in adults. Aim of this

Abbreviations: ADO, Amplatzer duct occluder; PAH, pulmonary arterial
hypertension; PDA, patent ductus arteriosus; PVR, pulmonary vascular resistance;
SVR, systemic vascular resistance; VSD, ventricular septal defect.
* Corresponding author at: Department of Cardiology, Christian Medical College

Hospital, Vellore, 632004, India.
E-mail address: sudhipgowda@gmail.com (S. P).
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0019-4832/© 2017 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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cardiac lesions: 2 device closure of atrial septal defect, 1 balloon
aortic valvuloplasty. Mean procedure time for all patients was
71 !32 min.

3.4. Outcomes

Device success was achieved with the first chosen device in all
except 1 patient who needed a larger size device. Immediate
complete occlusion was achieved in 38.6% on angiography. On
echocardiography at 24 h, the occlusion rate was 95.7%.The
remaining 4.3% (3 patients) achieved complete closure at 6-
months echocardiographic follow up. These three patients had
their ductus closed with the following devices: ADOII (6/6), Cera
occluders 18/16 and 12/10.There was no statistically significant
difference between the Cera occluder and ADOI device with regard
to immediate (62.5% versus 57.1%;p = 0.99) or 24-h post-procedure
(3.6% versus 0; p = 0.99) residual shunt. Among the 29 large size
PDAs,20 (69%) had residual shunt immediate post-procedure. At
24-h post procedure, residual shunt was present in only 1of them.
In patients with severe PAH (mean pulmonary artery pressure
>50 mmHg; n = 8), successful device deployment resulted in
significant immediate reduction of the mean pulmonary artery
pressures (77–33 mmHg; p = 0.014). There were no procedural or
in-hospital deaths, device embolization, cardiac perforation,
tamponade, post-procedural left ventricular systolic dysfunction
or infection. Median (interquartile range) duration of hospital stay
was 3 (3–4) days.

3.5. Follow up

Mean follow up duration was 531 days (range 11–2059 days).
Fifty-five (79%) and 43 (61.4%) patients had more than 6 months
clinical and echocardiographic follow up, respectively. Complete
closure of the ductus and clinical improvement was documented
in all patients who had follow up (Fig. 4). In patients who had
baseline PAH, there was significant reduction of the peak
tricuspid valve systolic gradient at follow up (33 ! 17–19 ! 7
mmHg; p = 0.03). No complications such as device migration,

recanalization, hemolysis or endocarditis were encountered
during follow up.

4. Discussion

Since the first percutaneous closure of PDA by Porstman in 1967,
device technology has evolved and a variety of devices and
techniques are currently available for catheter based treatment in
children and adults.9 In current practice, while small to moderate
size ductus are closed easily with various devices such as
detachable coils, occluder devices and vascular plugs, surgery is
mainly reserved for large complex ductus not amenable to
transcatheter closure. Present study sought to provide contempo-
rary data on the safety, efficacy, and follow up results of
percutaneous device closure of PDA in adolescents and adults at
a large referral center, spanned over a period of 6 years. Successful
device deployment without immediate or long-term complica-
tions was achieved in all 70 study patients. All patients had
complete occlusion of the ductus at follow up. Although the
observed immediate complete occlusion rate on angiography was
lower than those in previous reports, the 24-h post-procedure and
follow up occlusion rates were comparable to previously reported
data in adults.4,10,11 The benefits were valid across all device types
and sizes.

Clinical manifestation of PDA in adults varies from asymptom-
atic (incidental diagnosis) to overt heart failure, severe PAH or
Eisenmenger’s syndrome.12 In this adolescent and adult series,
most patients were symptomatic; dyspnea and palpitations being
their predominant symptoms. Indications for device closure in this
series included audible small PDAs, PDAs with features of left
ventricular volume overload, and severe PAH with demonstrated
vasoreactivity or >20% drop in pulmonary artery systolic pressure
with constant systemic pressure on balloon or device occlusion
testing. PDA was not closed in 3 patients who had severe PAH and
no significant drop in pulmonary artery systolic pressure on
balloon/device occlusion testing. One patient who had bronchiec-
tasis and left segmental pulmonary artery aneurysm underwent
left lower lobectomy and ligation of the PDA. Another patient with
a very large ductus (>18 mm) was referred for surgery (Fig. 1).

Fig. 3. PDA devices and sizes.
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significantly with the PDA size (correlation coefficient, r = 0.732,
p < 0.001). The mean PDA size was 4.5 ! 2.2 mm on echocardiog-
raphy (Fig. 2).

3.3. Procedural details

Type and size of the devices used are presented in Table 2 and
Fig. 3. Lifetech duct occluder device was the commonest device
used. Coils were used in four patients. In most cases (90%), PDA was

crossed anterogradely through the venous side. In remaining cases
except 1 patient with interrupted inferior vena cava, the ductus
was crossed retrogradely from the aortic side and the wire was
snared and exteriorised at the femoral vein. Four devices (3 coils, 1
ADO II) were deployed retrogradely from the aortic side. One
patient with type D ductus had kinking of the introducer sheath
during device advancement. Device deployment was achieved by
snaring the sheath from the aortic side and applying traction from
both ends. Three patients had concomitant interventions for other

Table 2
Procedural characteristics and outcome.

Total N = 70 Adolescence N = 33 Adults N = 37 p value

PDA size, mm (Echocardiography) 4.8 ! 2.2 4.6 ! 2.4 5.1 ! 2.0 0.33
PDA type

A1 44 (62.9) 18 (54.5) 26 (70.3) 0.18
A2 7 (10) 3 (9.1) 4 (10.8)
B1 2 (2.9) 1 (3) 1 (2.7)
B2 1 (1.4) 0 1 (2.7)
C 6 (8.6) 2 (6.1) 4 (10.8)
D 2 (2.9) 2 (6.1) 0
E 4 (5.7) 3 (9.1) 1 (2.7)
Unclassified 4 (5.7) 4 (12.1) 0

Minimum diameter of the ductus, mm 4.7 (3.3–6.7) 4.1 (2.4–5.5) 4.9 (4–8.2) 0.21
Diameter at the aortic end, mm 10.8 (7.5–15.5) 9.1 (7.4–14.4) 11.2 (7.7–19.1) 0.46
PDA length, mm 8.9 (5.1–13.4) 8.9 (5–14.3) 8.9 (5.2–12) 0.97
Mean PA pressure, mmHg 23 (16–30) 18 (14–27) 26 (22–33) 0.02
Mean aortic pressure,mmHg 84 ! 19 74 ! 16 93 ! 18 <0.001
Approach for crossing PDA

Antegrade 63 (90) 29 (87.9) 34 (91.9) 0.58
Retrograde 7 (10) 4 (12.1) 3 (8.1)

Procedure time, min 71 ! 32 74 ! 37 68 ! 27 0.41
Type of device

Duct Occluder ADO I and II 7 (10) 3 (9.1) 4 (10.8)
Lifetech 56 (80) 24 (72.7) 32 (86.5)
Cardiofix 1 (1.4) 1 (3) 0
Vascular plug 1 (1.4) 1 (3) 0
Muscular VSD device 1 (1.4) 1 (3) 0
Coil 4 (5.7) 3 (9.1) 1 (2.7)

Residual shunt
Immediate post-deployment (Aortogram) 43 (61.4) 19 (57.6) 24 (64.8) 0.53
At 24 h (Echocardiography) 3 (4.3) 0 3 (8.1) 0.24

Data are expressed as mean ! standard deviation, median (interquartile range) or as counts (percentages). PDA-patent ductus arteriosus; ADO-Amplatzer duct occlude; VSD-
ventricular septal defect.

Fig. 2. PDA morphological types and devices.
Arrows indicate PDA.Top panel shows PDA morphological types based on Krischenko classification. Bottom panel shows the correspondingpost-deployment angiographic
pictures.
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retrospective analysis was to present our recent data on 70
adolescent and adult patients who underwent percutaneous PDA
closure using contemporary devices.

2. Materials and methods

2.1. Study design, population and setting

Between January 2011 and February 2017, 266 patients with
PDA underwent catheterization study with intent to perform
device closure at Christian Medical College Hospital, a large referral
center performing interventional procedures for paediatric and
grown-up congenital heart diseases in India (Fig. 1).For the current
retrospective analysis, we included all patients 10 years or older
who underwent successful percutaneous PDA closure during the
above-mentioned period. Adolescence was defined by age group
10–19 years and adults as those who were 20 years or older.6,7 All
patients had complete physical examination followed by routine
blood chemistry, 12-lead electrocardiography, chest radiograph
and transthoracic echocardiography. Demographics, clinical and
procedural details were recorded for each patient.

2.2. Procedure details

Transcatheter device closure of PDA was indicated in any of the
following: signs of left ventricular volume overload, patients with
PAH but with pulmonary artery pressure (PAP) <2/3 of systemic

pressure or pulmonary vascular resistance (PVR) less than 2/3 of
systemic vascular resistance (SVR), small PDAs with continuous
murmur, and patients with PAH and PAP> 2/3 of systemic pressure
or PVR >2/3 of SVR if the net left to right shunt was more than 1.5
or favourable response on pulmonary vasoreactive/balloon occlu-
sion testing, provided the anatomy is suitable. Device occlusion
procedures were performed by experienced operators and usually
done under local anesthesia for adults. General anesthesia was
reserved for those under 15 years of age and adults who requested
it. A single dose of intravenous antibiotic was administered
(cefazolin) 25 mg/kg of body weight (max 1 g) 30 min before the
procedure. Femoral arterial and venous access was obtained for all
patients following which they received 100 international unit (IU)/
kg (maximum 5000 IU) of intravenous heparin. After hemody-
namic measurements, aortic angiogram was performed in lateral,
right oblique, and/or left oblique views to visualize the ductus. PDA
was categorized based on the angiographic classification described
by Krichenko et al.8 Conventional antegrade approach was used to
cross the PDA in most patients, while snare assisted retrograde
approach was utilized in whom the conventional approach failed.
The choice of the device was at the discretion of the operator and
was influenced by ductus morphology, availability of device sizes
and cost considerations. In general, detachable coils were used if
the PDA size was !3 mm at the narrowest diameter (usually at the
pulmonary arterial end of the duct). Duct occluders were used for
PDAs that were >3 mm. The duct occluder sizes were at least 2 mm
larger than the narrowest diameter of the PDA. Devices were

Fig. 1. Study flow chart.
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Outcomes of Surgical Ligation after Unsuccessful Pharmacotherapy for

Patent Ductus Arteriosus in Neonates Born Extremely Preterm
Dany E. Weisz, MD, MSc1,2, Lucia Mirea, PhD3, Maura H. F. Resende, MD4, Linh Ly, MD2,5, Paige T. Church, MD1,2,
Edmond Kelly, MD2,5, S. Joseph Kim, MD, PhD6, Amish Jain, MD, PhD2,5, Patrick J. McNamara, MD, MSc2,4,7,8, and

Prakesh S. Shah, MD, MSc2,5,9

A retrospective cohort study of neonates born extremely preterm with persistent patent ductus arteriosus after un-
successful pharmacologic closure compared outcomes between 166 surgically ligated and 142 nonligated neo-
nates. After adjustment for confounders, ligation was not associated with the composite outcome of death or
neurodevelopmental impairment, neurodevelopmental impairment alone, chronic lung disease, or retinopathy of
prematurity among survivors. (J Pediatr 2018;195:292-6).

T he selection of extremely preterm infants with persis-
tent patent ductus arteriosus (PDA) for surgical liga-
tion after the failure of pharmacologic closure remains

controversial in neonatology. No randomized clinical trial has
examined the efficacy of surgery compared with conservative
management (ie, no ligation) among infants with persistent
hemodynamically significant patent ductus arteriosus (HSPDA)
after nonsteroidal anti-inflammatory drug (NSAID) treat-
ment. Recent, large observational studies have associated PDA
surgery after failure of pharmacotherapy with increased chronic
lung disease (CLD), retinopathy of prematurity (ROP), and
neurodevelopmental impairment (NDI) in early childhood.1-7

Although these publications have coincided with a secular
trend toward a reduction in the number of infants treated with
ligation,8,9 significant methodologic shortcomings of these
studies exist. Failure to adjust for postnatal morbidities arising
before surgery may have resulted in residual bias against ligated
infants due to confounding by indication, as they frequently
have greater pretreatment illness severity than nonligated infants
(eg, dependence on invasive mechanical ventilation), which may
affect the decision to refer for surgery. In addition, studies com-
paring outcomes of ligated and nonligated infants after un-
successful pharmacotherapy have inappropriately included all
medically treated, nonligated infants irrespective of ductal
patency. Infants whose PDA closed with pharmacotherapy
should be considered to have been ineligible for ligation. If these
infants were systematically healthier than infants whose PDAs
remained open, then their inclusion may introduce selection
bias in favor of the nonligated group. Finally, the contempo-
rary use of ligation as a rescue treatment after failure of medical
management confers an apparent mortality advantage for
ligated infants that may be due to survival bias. The objective

of this study was to evaluate the association between surgical
ligation and neonatal and neurodevelopmental outcomes
among infants with persistent HSPDA after failure of phar-
macologic closure.

Methods

We conducted a subcohort analysis of a retrospective cohort
of infants born extremely preterm at ≤276/7 weeks gestational
age (GA), with a clinical and echocardiography diagnosis of
HSPDA (defined as ductal diameter ≥1.5 mm on at least 1
echocardiogram) who were treated at 3 tertiary neonatal in-
tensive care units in Toronto, Canada, from January 1, 2006,
to December 31, 2012. Data from the entire cohort have been
reported previously, where we compared all ligated and
nonligated infants, irrespective of previous NSAID treatment
and persistent ductal patency.10 The population of interest in
this study comprised infants with echocardiography-proven
HSPDA (defined as at least “moderate” in significance) after
their final course of NSAID therapy.

Treatment for PDA was at the discretion of the attending
neonatologist and was administered for clinical and
echocardiography evidence of a HSPDA. Medical treatment
aimed at facilitating ductal closure (with NSAID such as in-
domethacin or ibuprofen) was used as first-line therapy and
could be repeated. The decision to refer an infant for PDA
ligation after failure of pharmacologic closure was made by
the attending neonatologist at each site in conjunction with
a neonatologist with expertise in echocardiography.

The hemodynamic significance of the PDA and date of as-
sessment were abstracted from all echocardiography reports

CLD Chronic lung disease
DOL Day of life
GA Gestational age
HSPDA Hemodynamically significant patent ductus arteriosus
NDI Neurodevelopmental impairment
NSAID Nonsteroidal anti-inflammatory drug
PDA Patent ductus arteriosus
ROP Retinopathy of prematurity
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developed in one patient. Five infants died. Four deaths were related to complications
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INTRODUCTION

Treating the hemodynamically significant patent
ductus arteriosus (HSPDA) in preterm neonates
remains a dilemma for neonatalogists. Patent ductus
arteriosus (PDA) occurs in more than 50% of prema-
ture neonates born at less than 27 weeks of gestational
age [1–3]. In this population, HSPDA is associated
with high morbidity and mortality and the risk of death
in neonates with a PDA is eight times higher than in
those with a closed ductus [4]. For years therapeutic
options have included prostaglandin synthesis inhibitors
(cyclo-oxygenase 1 and 2 inhibitors) [5] surgical liga-
tion [6], and more recently paracetamol [7], and no
treatment at all [8]. Because medical treatment fails in
20–30% of the sickest and most immature infants
[8,9], conservative management [7] or surgery [6,8]
has been recommended either as the first option or fol-
lowing the failure of medical treatment [9].

With the advent of the Amplatzer Duct Occluder II
Additional Sizes (ADOIIAS) (St.Jude Medical, St Paul,
MN) [10], transcatheter occlusion performed with a 4F
antegrade delivery sheath has become a viable option.
Ideally adapted to occlude tubular ducts, its protrusion
into the adjacent vasculature is negligible. Due to these
characteristics, we tested each part of the procedure for
its safety and efficacy in performing PDA occlusion in
critically ill premature neonates.

MATERIAL AND METHODS

From September 2013 to June 2015, premature neo-
nates weighing less than 2500 grams who presented
with HSPDA or PDA associated with ventricular septal
defect (VSD) were included in this study. HSPDA was
defined by echo-Doppler criteria combining the pres-
ence of high pulmonary blood flow as demonstrated by
a mean arterial pulmonary branch velocity> 42 cm/sec
[11], associated with a low arterial systemic blood
flow defined by absence or reverse diastolic flow in
the mid-cerebral, renal and mesenteric arteries. Ductal
sizing, diameter and length were assessed by 2D and
color Doppler, US examinations were performed using
a CX-50 scanner (Philips Ultrasound, Bothell, WA)
and a L12–3-MHz linear transducer. Ductal length was
measured sagittally and frontally (Fig. 1) between the
emergence of the left pulmonary artery (LPA) and the
aortic isthmus. The measurements were always verified
at the last moment in the catheterization room for siz-
ing the appropriate occluder.

When associated with clinical complications,
HSPDA was treated with ibuprofen prescribed between
day 3 and day 5 with a 10 mg/kg bolus followed by 5
mgkg/d for 2 additional days. The failure of repeated,

prolonged, higher-dose treatment with ibuprofen in
infants less than 28 weeks led us to try conservative
therapy. When indicated, transcatheter occlusion or sur-
gery was offered to the parents if they signed consent
for the procedure.

Procedural Technique

All the procedures were performed by experienced
pediatric cardiologists. Intravenous sedation with mida-
zolam (0.05–0.1 mg/kg), general anesthesia with keta-
mine (1–2 mg/kg) and antibiotic therapy with
cefotaxime (50 mg/kg) were administered. Under
mechanical ventilation, the neonate was transferred
into the catheterization laboratory where the infant was
enveloped in a warm blanket (388C) to maintain body
temperature. The cannulation was performed exclu-
sively via the femoral vein with a 21-gauge needle
(Vygon, Ecouen, France) through which a 0.018-inch
straight guidewire was introduced (Terumo, Leuven,
Belgium) to allow insertion of a 4F sheath (Terumo).
A 3F TempoVR Aqua hydrophilic coated vertebral 1358
catheter (Cordis, Fremont, CA) led by a 0.014-inch
floppy coronary guide wire (Biotronik, Norwell,
MASS) was used to cross the right heart and posi-
tioned into the descending aorta. After exchange for a
4F vertebral catheter (Cordis, Fremont, CA), a 0.035-
inch teflon guide wire (St Jude Medical, Minneton-
ka,Mn) was introduced into the descending aorta to
lead the Amplatzer 4FTorqVueTM delivery sheath (St
Jude Medical StPaul, MN). The tip of the sheath was
positioned at the diaphragm level. To preserve renal
function no contrast angiography was performed. Pul-
monary or aortic pressures were not recorded to reduce
the duration of the procedure. The occluder waist was
selected 1 mm larger than the measured PDA diameter

Fig. 1. PDA sizing.
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and a length similar to or smaller than the PDA. Posi-
tioning was done under lateral fluoroscopy and US.
The distal disc was opened at the DA-aortic junction
and the whole assembly pulled back to superimpose
the disk onto the posterior wall or mid trachea (Fig. 2)
with the feeling of resistance. The occluder was then
deployed. Exact positioning was defined by the
absence of aortic or LPA obstruction as identified by
US and color Doppler. If a periprosthetic shunt was
present or the device unstable, an occluder with a
1 mm larger waist was used to replace the former
selected device. After the position and absence of
shunting was verified, the occluder was released and
the sheath withdrawn.

After the procedure, oxygen saturation, blood pres-
sure, blood gases, serum lactate level, ventilation
parameters and urine output were measured. The
device position, leaks and US hemodynamics were
monitored at follow-up.

The first procedures were performed in September
2013 on premature neonates weighing more than
2000 g and progressively, with increased experience,
we treated neonates of lower weight and gestational
age. We expanded our experience and trained other
centers in France. Six procedures included in this study
were done in other centers in France.

RESULTS

A total of 31 PDA successful closures were per-
formed in 32 neonates from September 2013 to June
2015 (Table I). The mean6SD gestional age at birth

was 286 3 weeks (range, 23w1 4d–36 weeks), the
mean birthweight 10546 406g (range 530–2,080). The
mean weight at procedure was 13736 535g (range
680–2,380); ten neonates weighed less than 1001g. The
mean age at procedure was 25 days (range, 8 days–9
weeks).

Twenty five of the 32 neonates received ibuprofen
therapy. Of the seven neonates not treated, one had a
DA that had previously closed but reopened after a
sepsis, three were in renal failure, and three had associ-
ated significant VSDs and elevated pulmonary pres-
sures; one of the latter weighed 1,069 g at procedure
and had bronchopulmonary dysplasia. Among the 25
neonates treated with ibuprofen, fourteen infants were
dependent on assisted ventilation, five had already
developed pulmonary hemorrhage, nine showed pulmo-
nary arterial hypertension, fourteen were in renal fail-
ure, four in cardiac failure and two had gut perforation.
In one infant, pulmonary hypoplasia and pulmonary
hypertension were treated by high-frequency oscillatory
ventilation, nitric oxide therapy and dobutamine. One
infant was operated on for DA closure at day 18, but
the surgery was discontinued when the duct was
clipped, with resultant bradycardia and pulmonary
hypertension. Three infants had multi-level left-to-right
shunts and pulmonary arterial hypertension. Patient 9
presented with PDA, a VSD, bronchopulmonary dys-
plasia, cardiac and renal failure. At one month she
weighed 1,069 g and she was mechanically ventilated.
US showed a 3.8 mm diameter-4 mm length PDA and
a 5 mm perimembranous VSD. After closing the duct,
she was weaned off mechanical ventilation and after
five months, the VSD closed spontaneously. Two
others, patients 1 and 8, required surgical closure of
their VSD afterward.

Morphology and sizes

All ducts were tubular with a mean diameter of
3.26 0.6 mm (range 2.2–4) and a mean length of
5.26 2.0 mm (range 2–10). All the ducts displayed
HSPDA without constriction.

Thirty one occluders were implanted: their mean
waist diameter was 4.4 mm and the mean length
3.6 mm. Only one 3 mm waist occluder was implanted.
The mean procedure duration was 28 min (range10–90
min) and the mean fluoroscopy exposure duration was
11 min (range 3–24 min).

We observed transient atrial or ventricular premature
beats when crossing the right atria or right ventricle.
Bradycardia occasionally occured due to the stretching
of the right ventricle when positioning the 0.035 guide-
wire into the descending aorta. In five cases, the pro-
trusion of the device into the aortic lumen required its

Fig. 2. Device positioning in lateral fluroscopy.
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Results: Demographic data

N GA BW Procedural age Procedural weight

> 2	kg 22 30.3+/-4.5 1458	+/-730 71	+/-32 2707	+/-413

>1	to	2	kg 59 26.5	+/-1.3 882	+/-195 32	+/-13 1334	+/-234

< or	=1	kg 21 25.8	+/-1.4 682	+/- 110 22	+/-8 880	+/-105



Procedural data
PDA size Fluoroscopy

minutes
device Dose

mG
complications

Total 2.9	Pulm
3.2 Ao

6.5	minutes MVP	10
ADO	II	AS	91
Coil 1

30	+/- 52 TR	3
Late CoA 1;	Mild Ao obstr 1	LPA	
obstruction	3

>	2	kg 2.8	Pulm
3.6 Ao

6.9 minutes MPV	4
ADO	II	AS	17
(5*2, 5*4,	5*6)
Coil 1
1	sheathless

49	+/- 74 1	failure:	too large,	spontaneous
closure 72h	post	procedure

1	à	2	kg 2.8	Pulm
3.1	Ao

6.5	minutes MVP	4
ADO	II	AS	54
(4*2	et	5*2)
1	sheathless

29 +/- 49 LPA	obstruction	3
TR	2

<	1	kg 3.2	mm 6.1	minutes MVP	2
ADO	II	AS	19

11 +/- 9 Late CoA
TR	1
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 Table 2.1.3. Dose according to the year of KT surgery 

 

 2013 
(N = 6) 

2014 
(N = 11) 

2015 
(N = 20) 

2016 
(N = 33) 

2017 
(N = 32) 

Dose (in mg), n 5  10  19  32  32  
Missing data, n 1  1  1  1  0  
   Mean (Std) 88 (74.3) 42.9 (32.8) 46.9 (80.6) 14.1 (21.7) 22.7 (46.2) 
   Median (IQR) 100 (20;100) 34.3 (19;76) 27 (7;43) 5.7 (4;13) 5.4 (3;10) 
   [Min - Max] . [20-200] . [5-100] . [3-355] . [1-97] . [2-233] 

 
  

 Figure 2.1.4. Dose according to the year of KT surgery 
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 Figure 1.5.2. Categorized prothesis diameter according to the weight birth group 
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 Figure 1.5.3. Categorized prothesis length according to the weight birth group 
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 Figure 1.5.8. Weight/prothesis diameter according to the year of KT surgery 
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• Succès 99%


• Complications: 2 occlusions APG traitées par chirurgie, 1 
sténose APG traitée par KT, 1 coarctation dell’arte tardive 
traitée par chirurgie, 3 fuites tricuspides par rupture de 
cordage suivies, 1 accélération sur l’arc aortique 
suivie)LPA occlusions treated by surgery


• Décès: 7 non liés à la procédures (IRA, hémorragie 
cérébrale, hémochromatose, entérocolite, insuffisance 
respiratoire)

Results



• plus large série 


• taux acceptable de complication


• learning curve


• décès non liés à la procédure


• traitement de seconde ligne à la place de la chirurgie


• traitement de première ligne ????

Présent: The French Multicenter Data on Transcatheter PDA closure in 
Premature infants
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• Registre prospectif multicentrique


• Prématurés de moins de 2 kg


• Résultats de la procédure


• Evolution à 1 an


• Inclusions débutées
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Surgical management of a patent ductus arteriosus: Is this still an option?
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A R T I C L E I N F O
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A B S T R A C T

The evolution of neonatal intensive care over the past decade has seen the role of surgical patent ductus ar-
teriosus (PDA) ligation in preterm infants both decrease in scope and become laden with uncertainty.
Associations of ligation with adverse neonatal and neurodevelopmental outcomes have rendered the ligation
decision more challenging for clinicians and have been associated with a decline in surgical treatment, but these
findings may be due to bias from confounding by indication in observational studies rather than a causal det-
rimental effect of ligation. Accordingly, ligation may still be indicated for infants with large ductal shunts and
moderate–severe respiratory insufficiency in whom the prospect of timely spontaneous closure appears low.
Ultimately a randomized trial of surgical ligation versus conservative management is necessary to assess the
efficacy of this invasive intervention in a population of extremely preterm infants with large ductal shunts.
Simultaneously, the transcatheter approach to ductal closure in the very immature infant represents an exciting
therapeutic alternative but which is still in its infancy. Insights into the pathophysiology of postoperative car-
diorespiratory deterioration, including the importance of left ventricular afterload, may help clinicians avoid
instability and mitigate a potentially injurious aspect of surgical treatment. This review examines the evidence
regarding the benefits and risks of PDA surgery in preterm neonates and provides a pathophysiology-based
management paradigm to guide perioperative care in high-risk infants.

1. Introduction

Surgical patent ductus arteriosus (PDA) ligation provides an im-
mediate and definitive interruption of the ductal shunt and is con-
sidered for hemodynamically significant shunts when pharmacological
treatment (with non-steroidal anti-inflammatory drugs or acet-
aminophen) is either contraindicated or has failed to elicit sufficient
ductal constriction and reduction in shunt volume to effect clinical and
echocardiographic improvement. The selection of preterm infants for
surgical treatment, however, remains one of the most enduring con-
troversies in neonatal medicine. Observational studies have associated
PDA ligation with adverse neonatal and neurodevelopmental outcomes,
though residual bias due to confounding by indication threatens the
validity of some studies. In addition, recent studies have described the
natural history of PDA in preterm infants as toward spontaneous clo-
sure. The publication of these studies has been associated with de-
creasing rates of ligation as reported by international neonatal networks
[1–4], though the reasons behind this secular trend are likely multi-
factorial.

Concern for harm may prompt clinician hesitance in referring

infants for ligation. In addition, given that dependence on mechanical
ventilation is the sine qua non for referring an infant for surgical in-
tervention, newer advanced methods of non-invasive ventilation may
permit earlier successful endotracheal extubation and alter clinician
perception of the relative merit or urgency of surgical ligation, though
this management strategy has not been evaluated in controlled studies.
Thus, contemporary practice is dominated by considerable uncertainty
regarding the role of surgical ligation. This review will examine the
evidence regarding the benefits and risks of PDA surgery in preterm
neonates and provide a pathophysiology-based management paradigm
to guide perioperative care in high-risk infants.

2. PDA ligation: evidence of benefit versus harm in randomized
clinical trials

A small number of randomized clinical trials have evaluated the
impact of surgical ligation in preterm infants on neonatal outcomes,
though all were conducted more than 30 years ago in the pre-surfactant
era and enrolled relatively mature preterm infants (Table 1). Of these,
three trials were conducted prior to the routine use of pharmacological

https://doi.org/10.1016/j.siny.2018.03.003
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