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Que fait-on en urgence?

• Manœuvre de Rashkind
• Drainage péricardique
• Sonde d’entrainement
• Dilatation de coarctation de l’aorte chez 

nouveau-né en choc cardiogénique



Manœuvre de Rashkind



• Connaître les complications pour les éviter


• Troubles du rythme


• Lésion auricule


• Lésion mitrale ou tricuspide



CIA



Fermeture percutanée des CIA

• Conditions requises:
– Poids…20 kg, 5 ans…
– Anatomie de la CIA type OS
– Berge inférieure au niveau de la VCI
– Prothèse de 4 mm à > 30 mm

• Procédure
– ETO: gène fonctionnement…
– Complications: embolisation, thombus, trouble du rythme
– Surveillance: aspirine 6 mois

antibioprophylaxie 6 mois



Physiopathologie CIA

Le shunt gauche-droite est dépendant de la 
compliance des ventricules droit et gauche
Surcharge volumétrique :
• OD,VD,AP,VP
• Réactivité artérielle 
pulmonaire : normale 
le plus souvent



Indications	et	Contrindications	
fermeture	CIA

• si shunt significatif
–Qp/Qs > 1.5
– Dilatation VD
– Embole paradoxale

• CIA > 10mm

• RVP< 5UW (sinon RVP <2/3 RV systémique ou PAP<2/3 
PA systémique)



Prothèse



CIA	ostium	secundum
4	cavités





CIA	ostium	secundum
sous-costale



VD

VG

CIA	
ostium	
primum

CAV	=	1	seul	anneau	AV
CAV	partiel	:	2	orifices	

OD

VD
CIA ostium 
primum

OG

VG

4 cavités



Dilatation	des	cavités	droites	sans	défaut	septal	visualisé
4	cavités



CIA sinus venosus

OD

OG

VCS

Sous costale 





Canal artériel



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 
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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).

Feltes et al Cardiac Catheterization in Pediatrics 2629
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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.
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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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Fermeture de shunts



Fermeture de shunt



Fermeture de shunt



Fermeture de shunt



Ouverture de shunt



Stenting du canal en 
période néonatale

• Seule source de sang dans la circulation pulmonaire


• En plus de la voie antérograde


• Faisant partie du Norwood hybride


• Stratégie en fonction du centre et en fonction de la 
cardiopathie







Ouverture de shunt



Ouverture de shunt



Stenting du canal en dehors 
de la période néonatale



Obstacles du coeur gauche

• Sténose aortique fœtale

• Sténose aortique critique

• Sténose aortique

• Coarctation native néonatale

• Coarctation native chez l’enfant 

• Recoarctation



3	types	de	sténose	aortique	foetale



Sténose aortique foetale

Différents	phénotypes
üSténose	aortique	avec	VG	adapté,	hypertrophié:	suivi	
rapproché	de	la	fonction	ventriculaire	gauche,	évolutivité	
possible

üSténose	aortique	avec	VG	non	adapté,	dilaté
Risque	de	MFIU
T3:	suivi	très	rapproché,	traitement	néonatal
T2:	proposition	de	traitement	in	utéro	chez	certains	
Patients

üSténose	aortique	avec	VG	petit,	fibreux
Stratégie	univentriculaire à	la	naissance



Evolution	of	the	disease

22	weeks gestation 32	weeks gestation

[Allan,	Int.	J.	Cardiology 1989]



Histoire	de	la	dilatation	foetale 1989-2000



Rationnel pour proposer ce type de 
traitement
üMaladie évolutive
üTechnique permettant de limiter l’évolution de la maladie
üPas ou peu de morbi-mortalité maternelle

üRésultats en demi-teinte mais petites séries, choix des bons 
candidats



Gardiner et al. Ultrasound Obstet Gynecol 2016



Moon-Grady, JACC 2015

Si compare le groupe avec et sans intervention en prenant que ceux qui ont une intervention qui q-a fonctionné: 42 vs 19% biv
Donc dilat fonctionne



Exemple de sténose 
aortique foetale



Post dilatation foetale: 
normalisation de la fonction



Evaluation post natale



Post dilatation néonatale



Sténose	aortique	critique

• 2	techniques	coexistent	depuis	des	années:	valvuloplastie	chirurgicale	
ou	endoluminale
• Peu	d’évidence	que	l’une	soit	meilleure	que	l’autre
• Plutôt	des	stratégies	qui	dépendent	des	centres



Sténose	aortique	critique	physiopathologie

üObstacle à l’éjection du ventricule gauche
üDucto-dépendance
üAtteinte du ventricule gauche variable
VG dilaté ou hypertrophié
Dysfonction systolique
Dysfonction diastolique
üAnomalie mitrale
üAnomalie de la crosse de l’aorte



Faire le bilan des lésions

üFonction ventriculaire systolique, diastolique
üTaille du ventricule gauche
üFibroélastose
üEtude de la valve mitrale, importance de la fuite, de l’appareil sous 

valvulaire
üEtude de la voie sous-aortique
üEtude de la crosse de l’aorte



Prise en charge
Prostaglandines, IET si nécessaire, réanimation 
agressive

VG adapté                                        Dysfonction du VG
Chirurgie                                           Dilatation endoluminale

Forme la plus grave
VG poupée
Prise en charge Norwood avec ou 
sans réhabilitation du VG
Abstention



Revue de la littérature: chirurgie versus 
cathétérisme: controverse

Lung	and	heart circ 2006



Chirurgie

Sidiqqui et	al.	JACC	2013



Prise	en	charge	multidisciplinaire
Si	FE	VG	altérée:	dilatation	prudente	puis	chirurgie





Cathétérisme



Sténose aortiqueCathétérisme:	règles	à	suivre

• Dilatation	prudente	pour	éviter	la	fuite
• Ratio	ballon/anneau	maximum	1

• Pacing rapide	du	VD	en	dehors	de	la	période	néonatale	ou	de	la	petite	
enfance	pour	stabiliser	le	ballon	



Chirurgie vs cathétérisme

üInterventions palliatives
üTaux de mortalité élevé
üAvant le remplacement de la valve aortique
üLe moins de mortalité, la réintervention la plus tardive
üPas de dogme, cas par cas sans doute le plus adapté



Coarctation de l’aorte

• Traitement en fonction de l’âge du patient

• Coarctation native ou recoarctation

• Angioplastie seule ou stenting

• Stenting couvert ou nu



Coarctation native 



Coarctation native



Coarctation native



Coarctation native vieillie 
chez une malade Turner







• Connaître les risques de chaque procédure


• Connaître son matériel, ses limites


• Avoir un plan B



Coarctation néonatale

• Choc cardiogénique: dilatation au ballon
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Abstract Management of native aortic coarctation during

early months of life poses therapeutic challenges, and there
is no consensus among medical professionals regarding a

management plan. Much can be argued about the benefits,

limitations, and/or complications of transcatheter versus
surgical intervention in such cases. Occasionally, the com-

plexity of the lesions limits management options. Therefore,

each patient requires individual management decisions be-
cause there is no one therapeutic plan that satisfies all pa-

tients. In this report, four critically ill infants who had

complex native coarctation are presented. Surgical repair
was not possible because of relative contraindications. The

patients underwent transcatheter stent implantation (six

procedures and seven stents) as a nondefinitive procedure
with acceptable results. Three patients improved. One pa-

tient did not survive, mainly due to other major complica-

tions. Multiple reexpansions of the stents were carried out
when indicated. After amean follow-up of 45months (range,

41–49), the three survivors were doing fine and had gained

an average weight of 9.7 kg (range, 6.6–13.3). At the time of
reporting, the relative contraindications no longer exist and

the final surgical repair can be carried out. Our experience

suggests that in certain situations and in critically ill infants
with complex form of coarctation, stent angioplasty can be

used as a life-saving palliative procedure. Further reexpan-

sions can be done when required. This may serve as a bridge
to major surgical repair in the future.

Keywords Coarctation of the aorta ! Transcatheter
intervention ! Stent angioplasty

Coarctation of the aorta is the fourth most common le-

sion requiring transcatheter intervention or cardiac sur-
gery during the first year of life [5, 12]. Management

options of this lesion are frequently debated during the

neonatal period and infancy. Approximately 50% of pa-
tients who present in infancy are much more likely to

have complex coarctation and demand immediate and

aggressive treatment because of morbidity and mortality
related to left ventricular dysfunction and/or failure. The

surgical mortality rate for infants with complex coarc-

tation ranges from 5 to 15% and is highest for children
with the most complex intracardiac anomalies [14, 17,

24]. The risk factors for the operative mortality and the
long-term outcome in neonates remain controversial.

Balloon angioplasty is an effective alternative to the

standard surgical therapy, but its use and efficacy during
infancy have been debated because of the risks of

restenosis and aneurysm formation. Stent angioplasty for

aortic coarctation has occasionally been performed in
critically ill infants and young children as a palliative

procedure [28, 29] and even in premature low-birth-

weight newborns [18]. Four young children with com-
plex and/or high-risk aortic coarctation with additional

cardiac and noncardiac complicating factors (Table 1)

were considered for palliative stent implantation (six
procedures and seven stents) in our institute as the

optimum procedure for the situation encountered. These

cases are briefly described, with special reference to
indications, clinical course, immediate results, and the

short-term follow-up.

J. Al-Ata ! A. M. Arfi (&) ! A. Hussain !
A. Kouatly ! M. O. Galal
Section of Pediatric Cardiology, Department of Cardiovascular
Diseases, King Faisal Specialist Hospital & Research Center,
MBC J-16, P. O. Box 40047, 21499 Jeddah, Saudi Arabia
e-mail: ped_cardiologist@doctor.com
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Coarctation néonatale: 
dilatation



Stenting coarctation 
néonatale



• Méta-analyse
• Supériorité du stenting pour diminuer le gradient
• Tendance à moins d’évènements indésirables graves pendant 
 l’hospitalisation avec le stent qu’avec la dilatation seule

En pratique: stenting dès que l’enfant a un poids suffisant pour mettre
un stent qui peut être redilaté

1

Coarctation of the aorta is a congenital heart disease that 
significantly reduces life expectancy1,2 and is associated 

with increased morbidity even years after successful repair.3,4 
With an incidence of 3 to 4 cases per 10 000 live births,5,6 aor-
tic coarctation accounts for 5% to 8% of all congenital heart 
defects and is frequently associated with other congenital heart 
disease such as bicuspid aortic valve disease.7

After the initial treatment, ongoing monitoring of patients 
is recommended by the American Heart Association and 
European Society of Cardiology to detect relapse of the 
disease, disease progression, and late complications.8,9 Key 
clinical challenges that may persist post repair include reco-
arctation, persisting arterial hypertension, exercise-induced 
hypertension, and subsequent sequelae with atherosclerosis 
and coronary artery disease as major cause of death.10–12

Two transcatheter interventions exist for treatment of 
aortic coarctation, balloon dilatation, and stenting. Balloon 

dilatation involves positioning the deflated balloon across the 
stenotic site and subsequent inflation, stretching the intimal 
and medial layers of the aorta.13,14 This mechanism bears the 
risk of damaging the aortic wall and can lead to aneurysm 
formation. Implantation of a stent across the coarcted segment 
possesses theoretical advantages compared with balloon dila-
tation, including lower risk for aortic wall injuries and more 
sustained relief of the obstruction.7,15 It is not clear whether 
these theoretical advantages hold true, particularly in the long 
term. Aortic wall injuries and restenosis were also seen in 
patients undergoing stent implantation,16 highlighting the need 
to assess the comparative effectiveness of balloon dilatation 
and stenting. Guidelines on the management of patients with 
aortic coarctation from both American Heart Association17 
and European Society of Cardiology9 do not provide rec-
ommendations on the choice of transcatheter interventions. 
Considerations regarding the effectiveness and safety of the 

Background—There is no systematic assessment of available evidence on effectiveness and comparative effectiveness of 
balloon dilatation and stenting for aortic coarctation.

Methods and Results—We systematically searched 4 online databases to identify and select relevant studies of balloon 
dilatation and stenting for aortic coarctation based on a priori criteria (PROSPERO 2014:CRD42014014418). We 
quantitatively synthesized results for each intervention from single-arm studies and obtained pooled estimates for relative 
effectiveness from pairwise and network meta-analysis of comparative studies. Our primary analysis included 15 stenting 
(423 participants) and 12 balloon dilatation studies (361 participants), including patients ≥10 years of age. Post-treatment 
blood pressure gradient reduction to ≤20 and ≤10 mm Hg was achieved in 89.5% (95% confidence interval, 83.7–95.3) 
and 66.5% (44.1–88.9%) of patients undergoing balloon dilatation, and in 99.5% (97.5–100.0%) and 93.8% (88.5–
99.1%) of patients undergoing stenting, respectively. Odds of achieving ≤20 mm Hg were lower with balloon dilatation as 
compared with stenting (odds ratio, 0.105 [0.010–0.886]). Thirty-day survival rates were comparable. Numerically more 
patients undergoing balloon dilatation experienced severe complications during admission (6.4% [2.6–10.2%]) compared 
with stenting (2.6% [0.5–4.7%]). This was supported by meta-analysis of head-to-head studies (odds ratio, 9.617 [2.654–
34.845]) and network meta-analysis (odds ratio, 16.23, 95% credible interval: 4.27–62.77) in a secondary analysis in 
patients ≥1 month of age, including 57 stenting (3397 participants) and 62 balloon dilatation studies (4331 participants).

Conclusions—Despite the limitations of the evidence base consisting predominantly of single-arm studies, our review 
indicates that stenting achieves superior immediate relief of a relevant pressure gradient compared with balloon 
dilatation.  (Circ Cardiovasc Interv. 2016;9:e003153. DOI: 10.1161/CIRCINTERVENTIONS.115.003153.)

Key Words: aneurysm ◼ angioplasty, balloon ◼ congenital ◼ meta-analysis ◼ stent

© 2016 American Heart Association, Inc.
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1

Coarctation of the aorta is a congenital heart disease that 
significantly reduces life expectancy1,2 and is associated 

with increased morbidity even years after successful repair.3,4 
With an incidence of 3 to 4 cases per 10 000 live births,5,6 aor-
tic coarctation accounts for 5% to 8% of all congenital heart 
defects and is frequently associated with other congenital heart 
disease such as bicuspid aortic valve disease.7

After the initial treatment, ongoing monitoring of patients 
is recommended by the American Heart Association and 
European Society of Cardiology to detect relapse of the 
disease, disease progression, and late complications.8,9 Key 
clinical challenges that may persist post repair include reco-
arctation, persisting arterial hypertension, exercise-induced 
hypertension, and subsequent sequelae with atherosclerosis 
and coronary artery disease as major cause of death.10–12

Two transcatheter interventions exist for treatment of 
aortic coarctation, balloon dilatation, and stenting. Balloon 

dilatation involves positioning the deflated balloon across the 
stenotic site and subsequent inflation, stretching the intimal 
and medial layers of the aorta.13,14 This mechanism bears the 
risk of damaging the aortic wall and can lead to aneurysm 
formation. Implantation of a stent across the coarcted segment 
possesses theoretical advantages compared with balloon dila-
tation, including lower risk for aortic wall injuries and more 
sustained relief of the obstruction.7,15 It is not clear whether 
these theoretical advantages hold true, particularly in the long 
term. Aortic wall injuries and restenosis were also seen in 
patients undergoing stent implantation,16 highlighting the need 
to assess the comparative effectiveness of balloon dilatation 
and stenting. Guidelines on the management of patients with 
aortic coarctation from both American Heart Association17 
and European Society of Cardiology9 do not provide rec-
ommendations on the choice of transcatheter interventions. 
Considerations regarding the effectiveness and safety of the 

Background—There is no systematic assessment of available evidence on effectiveness and comparative effectiveness of 
balloon dilatation and stenting for aortic coarctation.

Methods and Results—We systematically searched 4 online databases to identify and select relevant studies of balloon 
dilatation and stenting for aortic coarctation based on a priori criteria (PROSPERO 2014:CRD42014014418). We 
quantitatively synthesized results for each intervention from single-arm studies and obtained pooled estimates for relative 
effectiveness from pairwise and network meta-analysis of comparative studies. Our primary analysis included 15 stenting 
(423 participants) and 12 balloon dilatation studies (361 participants), including patients ≥10 years of age. Post-treatment 
blood pressure gradient reduction to ≤20 and ≤10 mm Hg was achieved in 89.5% (95% confidence interval, 83.7–95.3) 
and 66.5% (44.1–88.9%) of patients undergoing balloon dilatation, and in 99.5% (97.5–100.0%) and 93.8% (88.5–
99.1%) of patients undergoing stenting, respectively. Odds of achieving ≤20 mm Hg were lower with balloon dilatation as 
compared with stenting (odds ratio, 0.105 [0.010–0.886]). Thirty-day survival rates were comparable. Numerically more 
patients undergoing balloon dilatation experienced severe complications during admission (6.4% [2.6–10.2%]) compared 
with stenting (2.6% [0.5–4.7%]). This was supported by meta-analysis of head-to-head studies (odds ratio, 9.617 [2.654–
34.845]) and network meta-analysis (odds ratio, 16.23, 95% credible interval: 4.27–62.77) in a secondary analysis in 
patients ≥1 month of age, including 57 stenting (3397 participants) and 62 balloon dilatation studies (4331 participants).

Conclusions—Despite the limitations of the evidence base consisting predominantly of single-arm studies, our review 
indicates that stenting achieves superior immediate relief of a relevant pressure gradient compared with balloon 
dilatation.  (Circ Cardiovasc Interv. 2016;9:e003153. DOI: 10.1161/CIRCINTERVENTIONS.115.003153.)

Key Words: aneurysm ◼ angioplasty, balloon ◼ congenital ◼ meta-analysis ◼ stent

© 2016 American Heart Association, Inc.

Circ Cardiovasc Interv is available at http://circinterventions.ahajournals.org DOI: 10.1161/CIRCINTERVENTIONS.115.003153

Received June 30, 2015; accepted April 29, 2016.
From LSE Health, London School of Economics and Political Science, United Kingdom (M.S., H.N., T.J.L.); Department of Anesthesia, University 

of Toronto, Ontario, Canada (T.J.L.); and Department of Paediatric Cardiology and Congenital Heart Diseases, Deutsches Herzzentrum Berlin, Germany 
(T.K., S.S., M.K.).

*A list of Cardioproof partners is given in the Appendix.
The Data Supplement is available at http://circinterventions.ahajournals.org/lookup/suppl/doi:10.1161/CIRCINTERVENTIONS.115.003153/-/DC1.
Correspondence to Maximilian Salcher, MSc, LSE Health and Social Care, Cowdray House, London School of Economics and Political Science, 

Houghton St, London WC2A 2AE, United Kingdom. E-mail m.salcher@lse.ac.uk

Balloon Dilatation and Stenting for Aortic Coarctation
A Systematic Review and Meta-Analysis

Maximilian Salcher, MSc; Huseyin Naci, PhD; Tyler J. Law, MD; Titus Kuehne, MD;  
Stephan Schubert, MD; Marcus Kelm, MD; on behalf of Cardioproof Consortium*

Congenital Heart Disease

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on M
arch 12, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on M

arch 12, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 



✴Sténose valvulaire pulmonaire

✴Tétralogie de Fallot extrême

✴Cerclage de l’artère pulmonaire

✴Sténose des artères pulmonaires

✴Revalvulation pulmonaire

Obstacles du coeur droit



Sténose valvulaire 
pulmonaire

• Dilatation au ballon: Gold standard

• Indication: SVP critique, gradient max > 40 mmHg

• Diamètre du ballon jusqu’à 120% de l’anneau

• Excellent résultat immédiat et à long terme

• Mauvais résultat chez les Noonan de par la dysplasie valvulaire

pulmonaire et l’obstacle supravalvulaire



Sténose valvulaire 
pulmonaire



• 213	patients
• 103	patients	dans	l’étude
• 7%	seconde	dilatation	valvulaire
• 15%	chirurgie	pour	SVP	ou	augmenter	le	débit	pulmonaire
• 3%	chirurgie	pour	fuite	pulmonaire	symptomatique	(16	+/- 22	ans)

ORIGINAL ARTICLE

Long-Term Outcomes of Balloon Valvuloplasty for Isolated
Pulmonary Valve Stenosis

Rajiv Devanagondi1 • Dan Peck2 • Janaki Sagi3 • Janet Donohue3 •

Sunkyung Yu3 • Sara K. Pasquali3 • Aimee K. Armstrong4

Received: 25 May 2016 / Accepted: 27 October 2016 / Published online: 8 November 2016
! Springer Science+Business Media New York 2016

Abstract To evaluate the long-term cumulative incidence
of C moderate pulmonary regurgitation (PR) and re-inter-

vention following balloon pulmonary valvuloplasty (BPV).

While BPV for pulmonary valve stenosis (PS) relieves
obstruction acutely, long-term outcomes are not well doc-

umented. Between 1982 and 2002, 211 patients had BPV

for isolated PS. Follow-up data were available for 103
patients. Cumulative incidence of C moderate PR and re-

intervention was evaluated and risk factors for C moderate

PR assessed in univariate and multivariable analyses.
Median age at BPV was 0.7 years (range 1 day–

42.2 years); peak catheter gradient was 65 mmHg (range

31–169 mmHg); 23% had critical PS. Sixty-two patients
had a recent echocardiogram with median follow-up

15.1 years (range 10.1–26.3 years); 60% had C moderate

PR. Three patients had pulmonary valve replacement fol-
lowing BPV due to symptomatic severe PR. In univariate

analysis, critical PS, younger age, smaller BSA, and

smaller pulmonary annulus at the time of BPV, as well as
greater baseline PS gradient by catheterization, were

associated with C moderate PR (all p\ 0.05). In

multivariable analysis, only BSA\ 0.3 m2 was indepen-
dently associated with C moderate PR (adjusted odds ratio

6.4, 95% confidence interval 1.2–33.6). In the largest study

to date of [ 10-year outcomes following BPV, 60% of
patients with available follow-up data developed C mod-

erate PR. Few patients had pulmonary valve replacement.

Patients with lower BSA at the time of BPV were more
likely to have greater PR at late follow-up.

Keywords Pulmonary valve disease ! Percutaneous
intervention ! Balloon pulmonary valvuloplasty

Introduction

Isolated pulmonary valve stenosis (PS) is a common con-

genital cardiac malformation with a prevalence of 4.3 per
10,000 live births [1]. Historically, surgical pulmonary

valvotomy and valvectomy were used to relieve severe PS

[2]. Following the initial description of percutaneous bal-
loon pulmonary valvuloplasty (BPV) by Kan and col-

leagues in 1982, this non-surgical technique has become

the preferred initial treatment for moderate, severe and
critical PS [3, 4].

While BPV can relieve PS effectively, long-term out-
comes following BPV are not well documented in large

cohorts. Several investigators have described progressive

pulmonary regurgitation (PR) over time [5, 6]. Pulmonary
valve replacement due to symptomatic right ventricular

(RV) volume overload and PR following BPV has also

been described [7]. Only one study to date, however,
consisting of 48 subjects has reported long-term ([10-year)

outcomes [8].

The primary aim of our study was to evaluate the long-
term cumulative incidence of C moderate PR following

& Rajiv Devanagondi
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Atrésie pulmonaire à 
septum intact

• Si le ventricule droit est exploitable: bonne taille du VD 
                                                             bonne taille de la tricuspide
• Si la circulation coronaire n’est pas VD dépendante

Le ventricule droit peut être décomprimé: la valve pulmonaire doit 
être perforée puis dilatée



Procédure d’ouverture 
d’APSI



Procédure d’ouverture 
d’APSI



APSI – suivi de la perforation

• Trouble de compliance du ventricule droit
• Prostaglandines parfois plusieurs jours
• Si plus long: stenting du canal ou BTS

En cas de stenting du canal: arrêt des prostaglandines plusieurs
heures avant la procédure pour que le canal soit restrictif et que le
stent puisse être placé



Images du stenting du canal



Images du stenting du canal



• 23 patients avec radiofréquence
• 50% BTS ou stenting du canal
• 50% seconde dilatation de la voie droite
• 30% pas d’autre geste
• Tricuspide Z score < 0.7: BTS ou stent canal
• Gradient résiduel > 20 mm Hg: seconde dilatation

ORIGINAL ARTICLE

Outcomes and Predictors of Reintervention in Patients
With Pulmonary Atresia and Intact Ventricular Septum
Treated With Radiofrequency Perforation and Balloon
Pulmonary Valvuloplasty

Matthew C. Schwartz • Andrew C. Glatz •

Yoav Dori • Jonathan J. Rome • Matthew J. Gillespie

Received: 10 April 2013 / Accepted: 31 May 2013 / Published online: 19 June 2013
! Springer Science+Business Media New York 2013

Abstract Radiofrequency perforation and valvuloplasty
(RFV) is an effective initial treatment in patients with

pulmonary atresia and intact ventricular septum (PA-IVS)

and mild to moderate right ventricle and tricuspid valve
hypoplasia. Outcomes and risk factors for the need for

additional interventions in these patients are poorly

defined. All patients with PA-IVS who underwent RFV at
our center between January 2000 and July 2011 were

reviewed. Twenty-three patients met the inclusion criteria.

All patients underwent successful valvuloplasty with no
procedural deaths and one major complication. Excluding

two patients with limited follow-up, 6 (29 %) patients

underwent no subsequent interventions, whereas 9 (42 %)
patients underwent surgical right-ventricular outflow tract

augmentation. All except one patient with adequate follow-

up have a biventricular circulation with saturation [92 %.
Patients who did not undergo any right-ventricular outflow

tract intervention after valvuloplasty had a significantly

lower gradient across the pulmonary valve after valvulo-
plasty (9.9 mmHg ± 8.4 vs. 19.1 mmHg ± 10.4, p =

0.05). Significantly more patients who received a supple-
mental source of pulmonary blood flow had a tricuspid

valve z-score \-0.7 compared with patients who did not
receive supplemental blood flow [2 (15 %) vs. 7 (70 %),

p = 0.008]. In our cohort of patients with PA-IVS, radio-

frequency perforation with valvuloplasty was an effective
and safe first step in establishing a biventricular circulation.

Postvalvuloplasty pulmonary valve gradient may be pre-

dictive of subsequent outflow tract intervention, and tri-
cuspid hypoplasia may be predictive of the need for a

supplemental source of pulmonary blood flow.

Keywords Pulmonary atresia ! Intact ventricular septum !
Radiofrequency perforation ! Pulmonary valvuloplasty

Introduction

Pulmonary atresia with intact ventricular septum (PA-IVS)

is a rare form of cyanotic congenital heart disease with
significant morphologic diversity [5]. At one end of the

spectrum are patients with a mildly hypoplastic and tri-

partite right ventricle (RV) and mild tricuspid valve
hypoplasia, and at the other end are patients with severe

RV and tricuspid valve hypoplasia, often with RV-depen-
dent coronary circulation [1].

In patients with mild to moderate RV and tricuspid valve

hypoplasia, the treatment goal is typically to establish a
biventricular circulation. RV decompression with radiofre-

quency perforation and balloon pulmonary valvuloplasty

(RFV) is usually the initial step. After RFV, patients may
require subsequent surgical and/or transcatheter interven-

tions. Outcomes in patients with PA-IVS and mild to mod-

erate RV and tricuspid valve hypoplasia who initially
undergo RFV have been described [2–4, 6–9]. However, risk

factors for the need for subsequent intervention after RFV are

incompletely defined in this patient population [6, 8–10].
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Sténoses des branches pulmonaires

• Distalité difficilement accessible par voie chirurgicale

• Parfois après plasties chirurgicales

• Sténoses multiples ou uniques

• Angioplastie seule mauvais résultats

• Angioplastie seule réservée aux petits enfants

• Stenting direct traitement de choix

• Stents redilatables

• Stents biorésorbables



Sténoses multiples des branches 
pulmonaires 
Que faire?



Sténose de l’AP gauche post Fallot



Sténose complexe de la bifurcation



Sténose complexe de la bifurcation: kissing



Sténose complexe de la bifurcation: kissing



Tétralogie de Fallot extrême

• En alternative au BTS ou à l’ouverture VD-AP

• Dilatation valvulaire pulmonaire

• Stenting de la voie VD-AP



Stenting de la voie VD-AP



Cerclage dilatable



Cerclage pulmonaire dilatable



Cerclage dilatable post dilatation



Stenting de la voie droite

• Cures chirurgicales avec mise en place de tube entre le ventricule 

droit et les artères pulmonaires

• Dégradation plus ou moins rapide des conduits (sténose et fuite)

• Mise en place d’un stent nu permet de lever l’obstacle et 

d’augmenter la longévité des conduits

• Création ou majoration de la fuite pulmonaire

• Encore d’application chez les enfants petits



Stenting de la voie droite



Valvulation percutanée

• 2000: première valvulation pulmonaire percutanée

• Augmenter la durée de vie des conduits mis en place 

chirurgicalement

• Généralisation de la technique

• 2 substrats valvulaires:  

La valve MélodyTM  Medtronic

La valve Sapien TM Edwards



Substrats valvulaires
Valve	Mélody Valve	Sapien

1 March 31, 2010 

Overview 

MELODY® Transcatheter Pulmonary Valve is 
intended to: 

–  Relieve conduit stenosis without    

    inducing regurgitation  

–  Restore & maintain pulmonary  

    valve competence  

….with the goal of extending RV to PA conduit 
life 
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CLINICAL RESEARCH
Valvular heart disease

Percutaneous pulmonary valve implantation:
two-centre experience with more than
100 patients
Andreas Eicken1*, Peter Ewert2, Alfred Hager1, Bjoern Peters2, Sohrab Fratz1,
Titus Kuehne2, Raymonde Busch3, John Hess1, and Felix Berger2

1Klinik für Kinderkardiologie und angeboren Herzfehler, Deutsches Herzzentrum München, Technische Universität München, Lazarettstr. 36, 80636 München, Germany; 2Deutsches
Herzzentrum Berlin, Abteilung für angeborene Herzfehler/Kinderkardiologie, Berlin, Germany; and 3Institut für Medizinische Statistik (IMSE), Technische Universität München,
Germany
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Aims Dysfunction of valved conduits in the right ventricular outflow tract (RVOT) limits durability and enforces repeated
surgical interventions. We report on our combined two-centre experience with percutaneous pulmonary valve
implantation (PPVI).

Methods
and results

One hundred and two patients with RVOT dysfunction [median weight: 63 kg (54.2–75.9 kg), median age: 21.5 years
(16.2–30.1 years), diagnoses: TOF/PA 61, TAC 14, TGA 9, other 10, AoS post-Ross-OP 8] were scheduled for PPVI
since December 2006. Percutaneous pulmonary valve implantation was performed in all patients. Pre-stenting of the
RVOT was done in 97 patients (95%). The median peak systolic RVOT gradient decreased from 37 mmHg (29–
46 mmHg) to 14 mmHg (9–17 mmHg, P , 0.001) and the ratio RV pressure/AoP decreased from 62% (53–76%)
to 36% (30–42%, P , 0.0001). The median end-diastolic RV-volume index (MRI) decreased from 106 mL/m2

(93–133 mL/m2) to 90 mL/m2 (71–108 mL/m2, P ¼ 0.001). Pulmonary regurgitation was significantly reduced in
all patients. One patient died due to compression of the left coronary artery. The incidence of stent fractures
was 5 of 102 (5%). During follow-up [median: 352 days (99–390 days)] one percutaneous valve had to be
removed surgically 6 months after implantation due to bacterial endocarditis. In 8 of 102 patients, a repeated dilata-
tion of the valve was done due to a significant residual systolic pressure gradient, which resulted in a valve-in-valve
procedure in four.

Conclusion This study shows that PPVI is feasible and it improves the haemodynamics in a selected patient collective. Apart from
one coronary compression, the rate of complications at short-term follow-up was low. Percutaneous pulmonary
valve implantation can be performed by experienced interventionalists with similar results as originally published.
The intervention is technically challenging and longer clinical follow-up is needed.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Right ventricular outflow tract dysfunction † Percutaneous pulmonary valve implantation

Introduction
Surgical procedures like correction of common arterial trunc
involve placement of a conduit between the right ventricle and
the pulmonary artery in young infants.1 Due to patient growth
and conduit degeneration, these conduits have to be exchanged
frequently. Today surgical conduit revision can be performed
with a very low perioperative mortality.2,3 However, morbidity is

significant in these repeated operations. One larger study
showed that adult sized valved conduits (.18 mm) have a mean
freedom from reoperation of 11.2 years.4 To expand the lifetime
of these biological conduits and to reduce the number of oper-
ations during a lifetime Bonhoeffer et al.5 developed the concept
of percutaneous pulmonary valve implantation (PPVI). Percuta-
neous pulmonary valve implantation has emerged as the preferred
treatment for selected patients with conduit dysfunction in the

* Corresponding author. Tel: +49 891 218 3011, Fax: +49 891 218 2333, Email: eicken@dhm.mhn.de

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com.
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Valvulation pulmonaire

• Standardisation de la technique

• Complications: comment les éviter

• La compression coronaire

• La rupture de conduit

• Endocardites

• Voies droites complexes: courtes, larges, sténose de la bifurcation 



Importance	du	pré	stenting
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Valvulation step by step



Step by step



Step by step



Step by step



Final step



Valvulation de voie native 
large 



Pre-stenting



Mise en place d’une Valve 
Edwards



Complications potentielles 
Rupture de conduit



Rupture de conduit



Compression	coronaire

Rescue surgery following percutaneous pulmonary valve implantation§,§§

Martin Kostolny a, Victor Tsang a,*, Johannes Nordmeyer a, Carin Van Doorn a, Alessandra
Frigiola b, Sachin Khambadkone a, Marc R. de Leval a, Philipp Bonhoeffer a

aCardiac Unit, Great Ormond Street Hospital for Children, NHS Trust, Great Ormond Street, WC1N 3JH London, United Kingdom
b Policlinico San Donato Milanese IRCCS, Milan, Italy

Received 25 September 2007; received in revised form 11 December 2007; accepted 20 December 2007; Available online 5 February 2008

Abstract

Objective: Percutaneous pulmonary valve insertion (PPVI) is an evolving alternative to surgical pulmonary valve insertion. The aim of this study
is to review the acute complications of PPVI requiring emergency rescue surgery. Patients and methods: Between 09/2000 and 01/2007, 152
patients (pts), received a PPVI. Patient’s charts were reviewed in retrospect. Results: Emergency rescue surgery (ERS) took place in 6 pts (3.9%).
Indications for ERS were: homograft rupture two pts, dislodgment of the stented valve in a dilated right ventricular outflow tract two pts,
occlusion of the right pulmonary artery one pt and compression of the left main coronary artery one pt. Cardiopulmonary bypass was established
through repeat sternotomy incision with femorofemoral cannulation in 2/6 pts. The stented valve was removed in five and replaced with a
homograft in three and a valved conduit in two pts. One ruptured homograft was repaired leaving the stented valve in situ. All patients survived,
one sustained mild neurological impairment. Conclusion: Although some of the acute complications of PPVI were probably related to a learning
curve (4 among the first 50 pts and 2 among the last 102 patients) the need for ERS is unlikely to be completely abolished. This experience
highlights the importance of close collaboration between cardiologists and surgeons in these evolving technologies. Highly skilled and responsive
surgical back up is necessary to support the introduction and to sustain institutional programmes such as PPVI.
# 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

Keywords: Percutaneous; Pulmonary valve; Implantation; Emergency surgery

1. Introduction

Classic indications for pulmonary valve replacement are
significant pulmonary outflow tract obstruction with or
without significant pulmonary insufficiency, RV dilation or
RV failure. However, earlier intervention may lead to
improvement in exercise tolerance, right ventricular
volumes and function [1—3]. Percutaneous pulmonary valve
implantation (PPVI) is an emerging alternative to surgical
placement of pulmonary valve into the right ventricular
outflow tract [4,5]. The prospect of offering a less invasive
approach to deal with ventricular outflow tract dysfunction is
clearly attractive for the patient, the cardiologist and
the surgeon [6]. The aim of this study is to describe
acute complications of percutaneous pulmonary valve
replacement requiring emergency rescue surgery (ERS).
Furthermore, the importance of close interdisciplinary
cooperation is highlighted.

2. Patients and methods

Patients presenting for placement of a pulmonary valve
into the right ventricular outflow tract (RVOT) at our
institution are systematically evaluated regarding their
suitability for surgical or interventional approach by a
multidisciplinary team.

Current indications for PPVI are RVOT conduits with
diameter between 16 and 22 mm, age >5 years and weight
>20 kg.

Current limitations for PPVI are RVOT dimensions over
22 mm with dynamic outflow aneurysms. Retrosternal
conduits with extrinsic compression will have incomplete
relief of stenosis [7]. In patients with conduits less than
16 mm a temporary relief of RVOT gradient may be achieved,
however eventually these patients would need a larger
effective diameter of the RVOT.

Between 09/2000 and 01/2007, 152 patients (pts)
received a percutaneous pulmonary valve at Great Ormond
Street Hospital for Children and The Heart hospital in London
and at the Hospital Necker in Paris. Six out of 152 (3.9%) pts
had to undergo ERS after a major complication during
implantation of the percutaneous valve. Patient’s charts
were analysed in retrospect. Their preoperative character-
istics are summarised in Table 1.

www.elsevier.com/locate/ejcts
European Journal of Cardio-thoracic Surgery 33 (2008) 607—612
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Endocardites	de	la	Mélody

Atypical malignant late infective endocarditis of Melody valve

Q2 Mehul Patel, MD,a Laurence Iserin, MD,b Damien Bonnet, MD, PhD,a,c and Younes Boudjemline, MD,
PhD,a,b,c Paris, France

The Melody transcatheter pulmonary valve (Medtronic,
Inc, Minneapolis, Minn) is approved for interventional
treatment of dysfunctional right ventricular outflow tract
(RVOT) conduits as an alternative to surgical replacement.1

We report a series of 4 patients with infective endocarditis
of a Melody valve. The data are derived from the REVALV
trial, evaluating outcomes after Melody valve implantation
in France.

CLINICAL SUMMARIES
Patient 1
A 14-year-old boy with a Melody valve inserted for

a hemodynamically dysfunctional Carpentier-Edwards
conduit (Edwards Lifescience, Irvine, Calif) returned after
11.9 months with low-grade fever, positive blood cultures,
and acute right heart failure. Echocardiogram showed se-
vere pulmonary valvular obstruction with a right ventricu-
lar (RV) systolic pressure of 121 mm Hg (Table 1). On an
emergency basis, a bare metal stent was inserted with
good hemodynamic results followed by surgical correction
after 6 weeks (Table 2). Surgical examination showed pat-
ent but exposed stent struts with no fracture. The cusps
were filled by large, fleshy, sessile, easily retrievable
vegetations. Histologic examination showed voluminous
fibrin strands with no signs of leaflet destruction
(Figure 1). After prolonged postoperative antibiotics, the
patient is now doing well with no recurrence at 3 months’
follow-up.

Patient 2
An 18-year-old woman with surgically corrected tetral-

ogy of Fallot using Hancock 16-mm conduit (Medtronic,
Inc) underwent insertion of a Melody valve with good

TABLE 1. Baseline and infective endocarditis characteristics

Patient 1 Patient 2 Patient 3 Patient 4

Age at presentation (y) 14 18 26 11

Gender Male Female Male Male

Underlying diagnosis Aortic stenosis (Ross procedure) TOF with PA TOF with PA TOF with absent

pulmonary valve

Indication for PPVI, (RVOT/pulmonary

valve stenosis/insufficiency)

Mixed Obstruction Mixed Obstruction

RVOT characteristics and size Carpentier-Edwards 20 mm Hancock 16 mm Hancock 18 mm VenPro* 16 mm

PPVI-IE time (mo) 11.9 28.3 2.6 9.3

Prior IE None None None None

Presentation RVOT obstruction RVOT obstruction

þRV failure

RVOT obstruction

þRV failure

MAS

Abrupt aspirin discontinuation No Yes Yes Yes

Obvious source None None None None

Involvement of other valves Aortic valve None None None

Location of vegetations (RVOT side/Pa

side)

Pa side Pa side Pa side Pa side

Destruction/abscess/fistulization None None None None

Pulmonary valvular gradient Severe Severe Severe Moderate

Microorganism from blood culture Strep sanguis Strep sanguis Staph epidermidis Strep mitis

Embolic phenomenon None None None None

TOF, Tetralogy of Fallot; PA, pulmonary atresia; PPVI, percutaneous pulmonary valve insertion; RVOT, right ventricular outflow tract; IE, infective endocarditis; MAS, macro-
phage activation syndrome; RV, right ventricular; Pa, pulmonary artery. *VenPro Corporation, Irvine, Calif.
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Endocardites	des	valves	Mélody

• Complication	préoccupante
• Mortalité	chez	les	premiers	patients	car	délai	de	prise	en	charge	et	
méconnaissance	de	la	complication
• Actuellement:	fréquence	plus	élevée	qu’avec	les	substituts	
chirurgicaux	mais	mortalité	diminuée
• Mortalité	reste	importante	avec	les	Staph doré

• Importance	capitale	de	la	prévention	et	de	l’éducation

Incidence différente d’IE entre Sapiens et Mélodys 
1 article (Hasoët et al) 

D’autres études en cours 



Valvulation tricuspide



Conclusions

• Traitement de nombreuses lésions par voie endovasculaire

• Coexistence de la chirurgie et du cathétérisme pour les mêmes 

malades

• Excellents résultats du cathétérisme qui est moins invasif

• Connaître les complications potentielles

• Savoir les éviter et les traiter

• Nouvelles perspectives


