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Embryologie

• Structure vasculaire 
entre Ao/APG
• Dérive de la partie 

distale du 6e arc aortique 
gauche dont la partie 
proximale forme l'origine 
de l’APG  
• Fœtus:  ø CA= Ao.Desc



Physiopathologie : Pendant la vie fœtale
• Les shunts et la circulation en 

parallèle : 
• Le placenta et le Ductus Veinosus
• Le Ductus Arteriosus qui court-

circuite la circulation pulmonaire
• Le Foramen Ovale qui permet 

d’alimenter le cœur gauche

• Pour l’oxygénation le cœur est 
quasiment en série
• Pl->VO->PFO->OG->VG->AoA-

>VCS->OD->VD->AP->AoD->AO-
>Pl

• Le sang oxygéné va en priorité au 
cerveau

• Flux peu oxygéné dans l’aorte 
descendante favorisant 
l’hématose par le placenta

Courtesy Pr Damien Bonnet



Formes anatomiques variables

Krichenko et al. Angiographic classification of the isolated, persistently patent ductus arteriosus and implications for 
percutaneous catheter occlusion. Am J Cardiol 1989



Épidémiologie 

• Persistance > 3 mois (Nné terme)

• 5 à 10 % des cardiopathies congénitales

• Prédominance féminine (3/1)

• Incidence env. 1/2000 naissances (probablement plus)

• Etiologies: 

• Sporadique ++

• Infectieuse: Rubéole congénitale

• Génétique: S. CHARGE, Char, Moat-Wilson, Loeys-Dietz, Holt Oram, Di 

george, Noonan, T21

• Fermeture physiologique dans les premiers jours de vie

Hoffman et al., the incidence of congenital heart disease, JACC 2002



Histologie

• Média riche en CML ++ 
• Intima épaisse (coussins 

intimaux; substances 
mucoïdes)

• AP/Ao: tissu élastique 
prédominant

Matsui et al, Images Pediatric Cardiol 2008



Facteurs régulant la vasomotricité du CA

Vasodilatateurs

• PaO2 basse
• Prostaglandines (PGE2) ++
• ↗ PA ductale (↗ flux 

sanguin transductal)
• NO 
• Adénosine

Vasoconstricteurs

• PaO2 haute
• Inhibiteurs de la Cox 
• ↘ PA ductale (↘ du flux 

sanguin transductal)
• Endothéline 1 
• Noradrénaline
• Bradykinine
• Acétylcholine



A la naissance 
Le premier cri… La ligature du cordon…..

↗ RVS et ↘ des RVP:
• Baisse flux transductal
• ↗ de la paO2 

• Chute du taux de prostaglandines



Fermeture physiologique du CA
• Etape 1 dite « fonctionnelle »
• Vasoconstricton CML : ↗ rapide PaO2, ↘ 

PGE circulante,  ↘pression intraluminale
• Protrusion et oblitération lumière du CA
• Versant APG ++

• Etape 2 dite « anatomique »
• Hypoxie : Atrophie des CML, ↘ NO et PE 

circulant (bloque réouverture 2nd)
• Fibrose => structure ligamentaire

Matsui et al, Images Pediatric Cardiol 2008



Restriction - Fermeture anténatale du CA
• Rare avant 27 SA, plutôt >31 SA
• Causes: prise d’AINS++, glucocorticoïdes, non retrouvé dans 

nombreux cas 

• Restriction lorsque:
• Vmax systolique >1.4 m/s 
• Vmax diastolique > 0.3m/s 
• Index de pulsatilité < 1.9 

• ↗ débit sanguin à travers le foramen ovale 
• ↗ de la post-charge du VD : Hypertrophie VD, fuite tricuspide, 

ischémie piliers, insuffisance cardiaque droite
• Hypertension artérielle pulmonaire par remodelage vasculaire
• Risque hydramnios et MFIU



Fermeture anténatale CA: prise en charge

• Prévention ++: Education des femmes enceintes sur AINS 
(risques de l’automédication)

• En anténatal :  
• Surveillance écho rapprochée +/- extraction fœtale selon tolérance 

fœtale et terme

• En post-natal : 
• Clinique: détresse respiratoire, CA non visible, HVD, fuite tricuspide..
• Traitement symptomatique, PEC facteurs aggravant 

• Régression spontanée en quelques jours à mois après la 
naissance selon les cas



PERSISTANCE DU CANAL ARTERIEL

•Diagnostic clinique
• Evaluation Echographique
• Indications et options de Fermeture
•Cas particulier du CA du prématuré



Clinique
• Variable
• Souffle continu sous clavier G à renforcement télésystolique
• Signes cliniques d’hyperdébit pulmonaire selon importance du shunt 

(polypnée, sueurs tétées, difficulté prise de poids)
• Pouls amples, PA diastolique basse

• ECG: le plus souvent normal (HAG parfois) 

• Radio Pulmonaire:
• Normale le + souvent
• Signes d’hyperdébit pulmonaire :surcharge vasculaire
• Signes de shunt: cardiomégalie
• Calcifications du canal parfois



Différents cadres nosologiques
• Petit CA silencieux
• CA restrictif soufflant
• Large CA symptomatique 
• CA avec RVP élevées
• CA du prématuré



Evaluation échographique

• L’importance du shunt dépend 
• Taille du canal 
• Rapport RVP/RVS 

• Eléments à analyser:
• Taille des cavités gauches (Z-score): Surcharge volumique > témoin shunt 

important

• Taille et anatomie du canal (petit: < 2mm, moderé: entre 2-5mm, large: > 
5 mm)

• Vélocité flux transductal: caractère restrictif ? Si large, egalisation des 
pressions

• Sens du shunt > témoin des résistances

• Flux dans Aabdo ou AMC (vol diastolique ?)



Coupe PSPA haute – « Trepied »



Coupe PSPA haute – « Trepied »



Coupe PSPA haute – « Trepied »

Mesure « bout pulmonaire »



Coupe supra-sternale



Coupe 4C : Cavités G dilatées



Coupe PSGA: VG dilaté



Coupe PSGA: OG dilatée





Evolution naturelle et complications CAP
• Hémodynamiques :
• Surcharge volumique cavités G  > I.Cardiaque
• Hypertension pulmonaire

• Rythmiques :
• TDR supra-ventriculaires (dilatation OG). Tardif …

• Infectieuses :
• EI sur les canaux de petit calibre « silencieux »

• Anévrysmes:
• Incidence estimée 8% . Cadre syndromique
• Risque thrombose, rupture, infection



Indications de fermeture
Indications : 
• CA symptomatique/Large CA avec HTP/CA restrictif avec 

hyperdébit (dilatation des cavités gauches)
• CA petit shunt G-D avec souffle, sans dilatation des cavités 

gauches
• Peut être envisagée : 

• CA petit shunt G-D sans souffle ni dilatation des cavités gauches ; 
• CA bidirectionnel avec HTP réversible après administration de 

vasodilatateurs pulmonaires. 

Contre-indication : CA bidirectionnel ou D-G avec maladie 
hypertensive pulmonaire sévère ne répondant pas à 
l’administration de vasodilatateurs pulmonaires

Principales complications si laissé à son évolution 
naturelle : 
• Insuffisance cardiaque
• Syndrome d’Eisenmenger
• Endocardite 
• Anévrysme, dissection aortique

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).

Feltes et al Cardiac Catheterization in Pediatrics 2629
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Fermeture chirurgicale 

Première fermeture chirurgicale en 1938, chez un enfant de 7 ans (Gross et Hubbard)



Fermeture chirurgicale 

• Thoracotomie postéro-latérale 
gauche

• Ligature chez les prématurés
• Section-suture chez les autres

Valentík P et al. Surgical closure of patent ductus arteriosus in 
pre-term babies. Images Paediatr Cardiol. 2007;9:27-36



Risques et complications de la chirurgie

• Hémorragie
• Lésion du nerf récurrrent G = paralysie corde vocale G
• Lésion nerf phrénique G = paralysie de coupole 

diaphragmatique G 
• Plaie du canal thoracique = Chylothorax
• Coarctation
• Ligature APG/Ao descendante



Fermeture percutanée

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.
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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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Première fermeture en 1966 par Porstmann: patient de 17 ans



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).

Feltes et al Cardiac Catheterization in Pediatrics 2629
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Fermeture percutanée: 1ère intention



• Migration/Embolisation
• Coarctation
• Sténose APG
• Shunt résiduel
• Hémolyse
• Point de ponction : thrombose, hématome

Taux de fermeture > 95%

Options thérapeutiques
Cathétérisme et Complications



Fermeture par ADO II





Fermeture par coil



Options thérapeutiques
Standard of care : cathétérisme

Passé

• Accès veineux
• Standardisation
• Miniaturisation
• Nombreuses prothèses

• Plus petits poids
• Canaux plus larges

Futur

• Fermeture PCA prématuré 
gold standard

• Fermeture écho-guidée à la 
couveuse
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Surgical management of a patent ductus arteriosus: Is this still an option?
Dany E. Weisza,b,∗, Regan E. Giesingera,c
a Department of Paediatrics, University of Toronto, Toronto, Canada
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A R T I C L E I N F O

Keywords:
Patent ductus arteriosus
Ligation
Bronchopulmonary dysplasia
Post-ligation cardiac syndrome
Milrinone
Extremely low birth weight
Neurodevelopment

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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Cas particulier du CA du prématuré
• CAP lorsque ouvert > 72h de vie
• 10% entre 30 et 37 SA
• 80% entre 25 et 28 SA,
• 90% des 24 SA

• Perméabilité prolongée associée avec ventilation assistée 
prolongée, dysplasie bronchopulmonaire, hémorragie 
pulmonaire, ECUN, HIV, leucomalacie périventriculaire et 
paralysie cérébrale. 



Enjeux de la fermeture du CA chez le prématuré: Limiter les 
complications liées à la prématurité

Hyperdébit Pulmonaire Hypoperfusion systémique

Bronchodysplasie Pulmonaire
Maladie respiratoire chronique

Ventilation prolongée

Entérocolite Ulcéronécrosante
Hémorragie Intra-ventriculaire

Sepsis

↑ Morbidité ↑ Mortalité

SHUNT G>D

x 8 chez prématuré < 29 SA

Noori et al. Failure of Ductus Arteriosus Closure Is Associated With Increased Mortality in Preterm Infants. PEDIATRICS. 2009;123(1):e138-e144.

Prématuré

Grand <32 SA
Très Grand <28 SA



Stratégies thérapeutiques

Médicamenteuse
(Inhibiteur Cox/Paracétamol)

Ligature chirurgicale

Ou 

Fermeture Percutanée

VERSUS

CONSERVATRICE

INTERVENTIONNELLE

En cas d’échec ou de contre indication au traitement médical



CA du prématuré « Hémodynamiquement significatif »

Clinique: 
• Dépendance à la ventilation, hypoperfusion systémique

Échographie : 
• Taille modérée ou large : > 2mm 
• Surcharge volumique cavités G: OG:Ao > 1.5 et DTDVG > 2DS 
• Hyperdébit pulmonaire: V.télédiastolique APG > 20cm/s
• Hypoperfusion systémique: Vol diastolique dans l’AMS ou ACM



Fermeture percutanée du CA du prématuré
PEDIATRIC AND CONGENITAL HEART DISEASE

Original Studies

Transcatheter Closure of Hemodynamic Significant
Patent Ductus Arteriosus in 32 Premature Infants by
Amplatzer Ductal Occluder Additional Size-ADOIIAS

Patrice Morville1* and Ahmad Akhavi2

Objectives: The advent of Amplatzer Duct Occluder II additional Size (ADOIIAS) pro-

vided the potential to close hemodynamic significant patent ductus arteriosus (HSPDA)

and to analyze the feasibility, safety and efficacy of the device. Background: Treatment

of a patent ductus arteriosus (PDA) in very premature neonates is still a dilemma for

the neonatalogist who has to consider its significance and has to choose among differ-

ent treatment options. Because surgical ligation and medical therapy both have their

drawbacks, interventional catheterization might provide an alternative means of clos-

ing HSPDA. Material and Methods: Between September 2013 and June 2015, 32 pre-

mature infants with complications related to HSPDA defined by ultrasound (US)

underwent transcatheter closure. The procedure was performed in the catheterization

laboratory by venous cannulation without angiography. The position of the occluder

was directed by X-ray and US. In particular we looked at procedural details, device

size selection, complications, and short and mid-term outcomes. Results: Thirty two

premature infants, all of whom had clinical complications related to HSPDA, born at

gestational ages ranging between 23.6 and 36 weeks (mean6 standard deviation 286 3

weeks) underwent attempted transcatheter PDA closure using the ADOIIAS. Their

mean age and weight at the time of procedure was 25 days (range 8–70 days) and

1373 g (range 680–2480 g), respectively. Ten infants weighed !1,000g. All ducts were

tubular. The mean PDA and device waist diameters were 3.260.6mm (range 2.2–4) and

4.460.6 mm, respectively, and the mean PDA and device lengths 5.26 2.0 mm (range

2–10) and 3.461.3 mm. Median fluoroscopy and procedural times were 11 min (range

3–24) and 28 min (range 10–90), respectively. Complete closure was achieved in all but

one patient. There was no device migration. A left pulmonary artery (LPA) obstruction

developed in one patient. Five infants died. Four deaths were related to complications

of prematurity and one death in a 680 g infant was related to the procedure. Conclu-

sions: It is feasible to close HSPDA in relative safety in premature infants who have

severe and complex disease. Success requires perfect selection of the occluder and

exact positioning by US. VC 2017 Wiley Periodicals, Inc.

Key words: transcatheter closure of patent ductus arteriosus; patent ductus arteriosus

in premature infants; treatment of patent ductus arteriosus and premature infant
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FDA Approval: Prothèse ADO-II-AS



Procédure 

Vue de profil

Prothèse déployée

• Abord Veineux Fémoral 4F

• Sous Fluoroscopie (Profil)

• Guidage Echocardiographique

• Pas d’Angiographie

• Pas d’Abord Artériel









Risques de la procédure

• Instabilité hémodynamique et respiratoire : 
désaturations/bradycardies sévères/ACR
• Rupture de cordage tricuspide à fuite tricuspide
• Échec de fermeture du canal
• Embolisation de prothèse
• Sténose APG
• Coarctation de l’aorte
• Complications au point de ponction (thrombose veineuse, 

hématome)
• Infection post-cathétérisme



A l’inverse… Stenting du Canal artériel



Stenting du Canal artériel : ductodépendance



Stenting du Canal artériel : ductodépendance



Votre diagnostic ?



Merci de votre attention


