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Procédure hybride
✴Utilisation de procédés ou techniques issues de

diﬀérentes spécialités pour atteindre un but partagé (le
traitement du patient)

✴Définition vague
✴Plutôt un concept, une manière de penser diﬀéremment
et d’utiliser toutes les options sur la table pour résoudre
un problème

✴Opportunité unique de collaborer, d’innover, pas toujours

pour réaliser quelque chose de particulièrement complexe

Mélody
concept hybride

Figure 1. Expanded Bare NuMED CP Stent

The Mounted CP Stent (Figure 2) is the CP Stent mounted on the NuME
expandable catheter.

Hybride Que faut-il?

Buts de l’hybride
✴Faciliter l’accès au cathétériseur (stent PCA, stent RVOT)
✴Traiter les lésions difficiles d’accès pour le chirurgien (CIV
apicale)

✴Technique hybride per se (première palliation de
l’hypoVG)

the authors comment that they were “impressed by the
simplicity and quickness of the procedure,” which is often a
main advantage of hybrid procedures over more traditional
surgical and transcatheter techniques (31). Since that time,

Probably the most commonly discussed hybrid procedure
in the field of pediatric cardiology is the use of a hybrid
procedure for patients with HLHS. This alternative to
the standard surgical Norwood palliation involves stenting
of the ductus arteriosus, bilateral pulmonary artery band
placement, and atrial septostomy, and was first described
in 1993 (32,33). Now commonly referred to as the hybrid
stage I palliation, or the hybrid Norwood, the procedure
has undergone some modifications with time but the three
main objectives of the hybrid stage I palliation for infants
with HLHS are the same as the surgical approach: create
unobstructed pulmonary return across the atrial septum,
create unobstructed systemic arterial blood flow, and create
restricted pulmonary blood flow (Figure 2).
From a technical standpoint, the hybrid stage I palliation
can be completed by a surgeon and interventional pediatric
cardiologist with minimal additional equipment or training.
Several techniques have been developed to help ease the
learning curve associated with the procedure, like the
appropriate tightness when placing the pulmonary artery
bands (34). Some centers across the country have adopted a
strategy of using the hybrid Norwood in all single ventricle
patients, while other centers use the hybrid Norwood
only in high-risk patients, or patients felt to be at a higher
risk of morbidity or mortality after the surgical Norwood
palliation (35-42). In these high-risk patients, avoiding
cardiopulmonary bypass during the neonatal period may

Premiers hybrides dans la
littérature
Closure of patent ductus arteriosus during open-heart surgery.
Surgical experience with different techniques
Bhati et al JTCVS 1972

Premiers cas de Norwood hybrides 1980
Figure 1 Common current uses of hybrid procedures in congenital
heart disease.

Figure 2 Comparison of the surgical and hybrid Norwood palliation for patients with hypoplastic left heart syndrome.

L’hybride a priori

Faciliter l’accès
✴Valvulations (voies droites larges; petits enfants)
✴RVOT stent petits enfants, prématurés
✴Stenting canal dans certaines anatomies

Valves pulmonaires

JTCVS 2014

Stenting du canal

learning curve associated with the procedure, like the
appropriate tightness when placing the pulmonary artery
bands (34). Some centers across the country have adopted a
strategy of using the hybrid Norwood in all single ventricle
patients, while other centers use the hybrid Norwood
only in high-risk patients, or patients felt to be at a higher
risk of morbidity or mortality after the surgical Norwood
palliation (35-42). In these high-risk patients, avoiding
cardiopulmonary bypass during the neonatal period may

Technique hybride per se
Hypoplasie du coeur gauche
Figure 1 Common current uses of hybrid procedures in congenital
heart disease.

Figure 2 Comparison of the surgical and hybrid Norwood palliation for patients with hypoplastic left heart syndrome.
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Figure 3 Comparison of the various approaches for right ventricular decompression in pulmonary atresia with an intact ventricular septum
Adapted from Zampi, et al. (34). 1, data presented as median (interquartile range).

physical properties, coils and vascular occlusion devices,
and devices designed to close atrial septal defects,
ventricular septal defects, and the patent ductus arteriosus.
However, a significant drawback of all these devices is their
permanence. Outside of surgical excision, these devices
are implanted permanently. For some patients, there are

Zhampi et al. Transl Pediatrics 2018

disease. This includes development of vascular stents and
occlusion devices, which can be applied across a wide variety
of cardiovascular diseases.
Grossly, current biodegradable materials can be broken
into two major categories based on their composition:
bioabsorbable polymers and biocorrodible metals (63).
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Traiter lésions difficiles
d’accès
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Cathétérisme cardiaque
post-opératoire précoce
✴Revue rétrospective 5 ans Necker
✴Cathétérisme post opératoire avant la sortie
✴Démographie, indications, traitement, complications,
mortalité

✴210 dossiers, 46 exclusions

Démographie-diagnostic
Demographie
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40 ECMO
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Chirurgie
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Chirurgie du hlhs
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Niveau de
complexité
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3 groupes
✴Lésions résiduelles
✴Lésions associées
✴Diagnostic

Résultats
Lésions résiduelles
AP 12
Crosse 3
Coronaires 12
BTS 3
VCS 2
CIV 1
Cerclage 1
Valve Ao 1

KT diagnostique
Coro TGV 24
Autre 14
AP 9
Autre 24

21 %

45 %

34 %

Lésions associées
Septectomie 12
Septectomie/embol 3
Embolisations 41
TGV 16
APSO/TOF 15
Sequestres 4
Autres 6

KT diagnostique
Lésions associées
Lésions résiduelles

Résultats
mortalité/complications
•

Pas de mortalité en salle de cathétérisme

•

Complexité cathétérisme C3PO score moyen 6

•

13/164 complications

•

•

ACR 3

•

Infarctus 1

•

troubles du rythme 2

•

Sepsis avéré 1

•

Embolisation prothèse 2

•

Lésions vasculaires 2

•

Insuﬃsance respiratoire 1

Mortalité hospitalière 13%

Résultats
✴Peu de risques
✴Pathologies graves
✴Précocement
✴Modification du diagnostic (17%): traitement endovasculaire
dans 70% des cas, chirurgie dans 14% des cas

✴Traitement endovasculaire possible des lésions associées
prévisibles et des lésions résiduelles

✴Modification de nos stratégies (CIA)

Stratégies hybrides

Stratégies hybrides
✴Diminuer les risques de la procédure
✴Diminuer ou éviter la CEC
✴Faciliter le traitement des lésions
✴Optimiser le résultat

Stratégies hybrides
Quelques exemples

✴Cerclage de l’AP quand cure de Fallot
✴CIA et HTAP
✴RVAo - Coarctation
✴Stenting des lésions pulmonaires distales après
traitement chirurgical des lésions proximales

Stratégies hybrides
2
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Circulation: Cardiovascular Interventions

EDITORIAL

Melody Mitral Valve Replacement Is No
Longer an Experimental Procedure
Figure 1: (A) Melody® transcatheter pulmonary valve. (B) Preparation of the Melody® valve. (C) Fixation of the Melody® valve. (D) Intraoperative transoesophageal
echocardiography.

See Article by Pluchinotta et al

There was no obstruction to the pulmonary venous ﬂow. The
invasive blood pressure measurements of the left ventricle and
the aorta revealed a gradient of <10 mmHg. Postoperative transthoracic echo did demonstrate gradients up to 40 mmHg, which
reduced on swapping adrenaline with noradrenaline (reducing
the hypercontractility and increasing afterload). In the subsequent
course during the ﬁrst postoperative week, the left ventricular
outﬂow tract gradient stabilized at 10 mmHg. The mean gradient
across the Melody® valve remained <5 mmHg and the previous
pulmonary venous congestion resolved completely.
Therapeutic heparinization was instituted. Because of spontaneous thrombocytopenia related to the myeloid leukaemia,
use of an antiplatelet agent was avoided. Chemotherapy could
be initialized 3 weeks after valve replacement without any haemodynamic impairment. Repeated echocardiographic assessments always revealed low Doppler gradients without any relevant
regurgitation.

Richard W. Kim, MD

Since the chances of successful reconstruction or balloon valvuloplasty are uncertain, valve replacement remains the ultima ratio.
There exist, however, few options for valve replacement in small
children [4]. Mechanical valves are very durable, but need lifelong
anticoagulation. Biological valve substitutes such as homograft or
xenograft are difﬁcult to get in small sizes (14 or 16 mm), do not
grow and degenerate/calcify quickly.
Percutaneous pulmonary valve replacement using stented
valves like the Melody® valve or the Edwards SAPIEN® pulmonic
valve (Edwards Lifesciences, LLC, Irvine CA, USA) has become an
established alternative to surgery [5]. Hence, it seems logical that a
stented valve might also be placed in the mitral position, even in
children.
The Melody® valve offers many advantages: the circular stent
provides a large effective oriﬁce area and hopefully protects from
pannus ingrowth. Additionally, the bovine jugular vein leaﬂet
tissue is thin and pliable, which is suitable for the low cardiac
output in infants. And most importantly, it could be redilatated
corresponding to the growth of the child via a minimally invasive
approach.
Our technique is a step forwards in standardizing and simplifying the Melody® valve implantation procedure in a hybridsurgical setting. In contrast to the reported Boston group approach,
our technique avoided resection of the subvalvular left ventricular
apparatus which helped to position and stabilize the valve into
the correct inﬂow position, also making a distal ﬁxation dispensable. Furthermore, we did not use an additional pericardial
sewing ring to prevent paravalvular leaks. We experienced that
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U
Percutaneous pulmonary valve implantation for free pulmonary regurgitation following
nreconstructable mitral valve disease in the infant or child is not as rare as
would be hoped. We have all had the 6-month-old with significant residual
insufficiency after difficult AV canal repair or the 5 kg patient with persistent
and severe mitral stenosis, despite repeated attempts to repair a dysplastic mitral
arcade or parachute mitral valve. These patients have few remaining options, often
failing to wean from mechanical ventilation with poorly compensated heart failure, despite maximal medical therapy. Although the potential for more esoteric
approaches, such as combined mitral-aortic annular enlargement, placement of a
Contegra conduit in the mitral position,1 conversion to a single ventricle strategy, or
even the Ross II operation in larger patients can be considered at specialized centers,
the reality is that replacement of the mitral valve with a mechanical prosthesis is likely
to be the best option in most centers. This is particularly the case when the annular
size is sufficient to accept a valve of at least 17 mm. However, what is the appropriate course of action for those patients who need valve replacement but in whom the
surgical options are limited to a less ideal 15 mm or even 17 mm prosthesis that must
be placed in the supraannular position? What about the very small infant for whom

conduit-free surgery of the right ventricular outflow tract

DISCUSSION
The surgical treatment of mitral valve stenosis in paediatric
patients remains very challenging. Understanding the mechanism
is the key to a successful reconstruction. A hypoplastic annulus
does not have dependable solutions. While the surgical options
are limited, balloon valvuloplasty is also palliative. Although
improvements may be achieved acutely, there is a high risk of
restenosis or severe mitral regurgitation [3].

Pré-stenting précoce des voies d’éjection droites avant une dilatation
trop importante qui rend impossible la mise en place d’une valve percutanée»
Journal internal Cardiol 2015

Conclusions
✴Hybride sans le savoir
✴Indications
✴Innovations techniques
✴Innovations chirurgicales, nouveaux défis
✴Recherche médicale, nouvelles indications
✴Etudier les résultats de ces nouvelles approches
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n medical terms, a hybrid therapy or procedure is a
mixture of therapies from different subspecialities.
By these definitions, a hybrid cardiac procedure is a
combination of surgical and catheter-based intervention to the heart. Hybrid coronary artery revascularisation is a combination of surgical and catheter-based
intervention to the diseased coronary arteries.
In the daily practice of both cardiologists and
cardiac surgeons, the hybrid procedure can resolve
certain cardiac and revascularisation problems in
patients. The hybrid procedure can be divided into
‘planned’ and ‘unplanned’ procedures.

A ‘planned’ hybrid procedure is a treatment of the
patient discussed in a heart team and is a combined
approach by the interventional cardiologist and the
cardiac surgeon. The goal is to make the overall
treatment of the patient more feasible and to reduce
the risk.
Examples are:
- Revascularisation with a left internal mammary artery
(LIMA) to the left anterior descending artery (LAD)
by a small anterolateral thoracotomy and a percutaneous coronary intervention (PCI) for a circumflex artery (CX) and/or right coronary artery (RCA)
stenosis. This treatment can be done in both a
primary and redo operation.

Illustration by Tang Yau Hoong

Hybrid cardiac procedure: the ultimate
cooperation

isation on CX gives a potential extra risk to the patent
LIMA. In this particular case, percutaneous aortic
valve replacement and PCI of the coronary vessel is
another option or the hybrid approach with
transapical aortic valve replacement and PCI.

An ‘unplanned’ hybrid procedure is a treatment for
either a planned PCI or a planned cardiac procedure,
but with an unexpected outcome and therefore the
patient is treated with an additional therapy of cardiac
surgery or PCI.
Examples are:
- The patient presents with an inferior infarction and
is scheduled for a primary PCI. During catheterisation, a left main (LM) stenosis is also diagnosed.
Primary PCI is performed on the RCA and during
the same recovery, advanced treatment with CABG
for LM stenosis is carried out.
- Failure of grafts in the direct postoperative period
after a CABG operation is treated with PCI on the
failed graft itself or on the native vessel where the graft
was anastomosed.1
- During CABG one of the target vessels is not found
or is too small but represents an important ischaemic
area with a severe proximal stenosis in the main
vessel. In these cases an additional PCI of the native
coronary vessel is performed.

