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Technique standardisée

• Pour diminuer les complications per procédurales


• Pour améliorer le résultat à long terme



Substrats valvulaires
Valve	Mélody Valve	Sapien
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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 



Valvulation step by step

Garçon de 10 ans 

Tétralogie de Fallot


Cure complete avec Venpro

Reprise avec Homogreffe



Step by step



Step by step
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Final step



Valvulation de voie native 
large 



Pre-stenting



Mise en place d’une Valve 
Edwards



2 complications 
catastrophiques

Compression coronaire


Rupture de conduit


Dans les calculations chez les patients avec petites voies 
sténosages



Complications potentielles 
Rupture de conduit



Rupture de conduit

Conduits les plus à risques

Homogreffes calcifiées, vieillies



Compression coronaire



Compromis
Pour éviter les compressions coronaires, il faut un dépistage agressif 
avec un test au ballon au bon diamètre


MAIS le test au ballon est le moment où l’on rompt ou déchire le 
conduit


Le compromis:


✴ être prudent avec les conduits calcifiés, petits


✴dilatation progressive


✴si les coronaires sont à distances dans plusieurs incidences et 
conduit fragile, pas de dilatation excessive



Techniques plus complexes 
Sténose de la bifurcation



Suite



Fin



Valve Mélody
Recul assez long


Bonne fonction valvulaire


Valve dédiée à la voie pulmonaire avec système de 
délivrance adapté


Mais endocardite et voie d’éjection de diamètre de 23 mm 
maximum



Edwards  
Sapien XT, Sapien S3

Bon substitut mais développé pour la  valve aortique: une 
seule courbe


Ballon et système de délivrance non optimaux pour la voie 
droite: 2 courbes et TRICUSPIDE


Modifications de la technique




Modification de la 
technique

showed 1/2 systemic RV pressure with a 12-mmHg gradient across

the dilated outflow tract.

After initial hemodynamic evaluation, a 0.03500 straight

Lunderquist® wire (Cook Medical; Bloomington, IN) which was shaped

to simulate the curve of the RVOT was positioned in the left lower

pulmonary artery. During shaping the stiff wire, a slow “C” shaped

curve was introduced without an additional curve for the tricuspid

curve (RA-RV). Angiography showed a short landing zone, which mea-

sured 20 × 24 mm in diameter and a dilated main pulmonary artery

distally. High pressure angioplasty was performed with a 24 × 4 Atlas

Gold balloon (BARD Peripheral Vascular, Inc. Tempe, AZ) with simulta-

neous coronary angiography showing no extrinsic compression of the

coronaries. Repeat hemodynamics revealed no residual gradient

across the RVOT. We then proceeded with placement of a 26-mm

SAPIEN 3 valve on a 26-mm balloon in balloon (BIB) balloon (Numed

Inc) as follows. First, a 26-French GORE Dry-seal sheath (W.L. GORE &

Assoc, Inc; Flagstaff, AZ) was placed in the right femoral vein. A

26-mm SAPIEN 3 valve was centered on a 26-mm BIB balloon and

crimped into place using the proprietary valve crimper from the Com-

mander delivery system (Edwards Lifesciences Corp.; Irvine, CA)

(Figure 1). The valve and balloon were advanced over the Lunderquist

guide wire into the Dry-seal sheath. Once the valve was beyond the

Dry-seal membrane, it was inflated for hemostasis. The valve/balloon

assembly was advanced into the IVC where the outer balloon of the

BIB was very slowly inflated until the distal tip and the proximal end

of the balloon began to expand into a “carrot” configuration (Figure 2).

The entire assembly was then advanced through the right heart and

into the native RVOT into proper position. Care was taken as the

assembly was advanced across the tricuspid valve to ensure that no

resistance was encountered. Once positioned within the landing zone,

an RV injection was performed to confirm valve position. Valve

deployment was performed during simultaneous rapid ventricular pac-

ing to decrease RV stroke volume. The SAPIEN 3 valve was deployed

within the RVOT at 6 atm of pressure on the inner and outer balloons.

Repeat hemodynamic measurement after valve deployment showed

no stenosis. Final pulmonary angiography demonstrated minimal

regurgitation (Figures 3 and 4). Hemostasis was achieved with a

“Figure-of-8” suture over the large venous access and manual com-

pression elsewhere. The patient recovered in the general ward post-

procedure and repeat transthoracic echocardiogram revealed no PS

and only minimal PR. There was no tricuspid regurgitation.

Since our initial success with this technique, we have placed the

26-mm Sapien valve in six additional patients with dilated outflow

tracts. All patients had successful implantation with this technique

without any concerns. The valve assembly advanced easily across the

tricuspid valve and RVOT without any need for excessive manipula-

tion of the wire or the delivery system (Supporting Information Video

S1). Although we did not formally measure the amount of time it took

us to position the valve in the RVOT once we began to advance it

across the tricuspid valve, we estimate that on average it took approx-

imately 30 sec.

TABLE 1 Patient characteristics

Age Weight Diagnosis RVOT type Valve size (S3, mm) BIB used (mm)

23 73 kg Valvar PS Pulmonary valvotomy 26 28

24 65 kg D-TGA Transannular patch 26 28

31 56 kg Valvar PS Pulmonary valvotomy 26 28

38 109 kg TOF Transannular patch 26 28

54 93 kg VSD Transannular patch 29 30

30 58 kg TOF Transannular patch 26 28

FIGURE 1 The SAPIEN 3 valve has been crimped onto the 28-mm
BIB balloon using the standard crimper device. Once introduced
through the dry seal sheath in to the IVC, the outer balloon has been
inflated to form a carrot distally and proximally [Color figure can be
viewed at wileyonlinelibrary.com]

FIGURE 2 Power injection is being performed in the RVOT with
cranial angulation on the AP camera. Contrast injection shows a
dilated MPA with a tubular landing zone. Both branch pulmonary
arteries are of normal caliber without any stenosis
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Delivery sheath for PPVI of the SAPIEN 3 valve

PROCEDURES
The procedural characteristics are reported in Table 1. A jugular 
vein approach was required in one case to advance the 26 Fr sheath 
in the pulmonary artery. In another patient who was 192 centime-
tres tall, the 26 Fr GORE® DrySeal sheath was not long enough to 
reach the end of the pulmonary trunk. The sheath was positioned 
as distally as possible just below the landing zone in the RVOT. 
Pre-stenting was carried out using an 80 cm, 18 Fr Check-Flo® 
sheath (Cook Medical, Bloomington, IN, USA) inserted inside the 
26 Fr sheath. Valve implantation was successful.

Stent migration occurred in one case during stent crossing by 
the 26 Fr sheath. The stent was pulled back and further expanded 
in a good position. A small malformation of the stent during cross-
ing with the sheath occurred in two cases but did not preclude 
valve implantation.

In the first case, the angulation of the RVOT prevented advanc-
ing the valve on the delivery balloon with the pusher. We removed 
the valve and the Commander system. A new valve was crimped 
directly onto the balloon of a new Commander delivery system 

Table 1. Demographics and procedural data.

Age, years 24 (14-80)

Weight, kg 70 (40-105)

Type of lesion Pulmonary regurgitation 11 (68.8%)

Pulmonary stenosis 3 (18.8%)

RA to RV conduit stenosis 1 (6.2%)

Mixed 1 (6.2%)

RV outflow tract Patched RV outflow tract 10 (62.5%)

Valved conduit (Hancock) 2 (12.5%)

Pulmonary homograft 2 (12.5%)

Native pulmonary valve 2 (12.5%)

Landing zone diameter, mm 26 (10-29)

Pre-stenting 13 (81.3%)

Valve diameter, 
mm

29 11 (68.8%)

26 3 (18.7%)

23 2 (12.5%)

Post-valve regurgitation, Grade 1 2 (12.5%)

Post-valve gradient, mmHg 2 (0-11)

Fluoroscopy time, min 18 (12-95)

Air kerma, mGy 281 (96-1,617)

Procedure duration, min 68 (35-300)

Data are presented as frequency (%) or median (minimum-maximum). 
RA: right atrium; RV: right ventricle

Figure 2. Valve implantation. A) An S3 valve is moved towards the 

stent protected by a 26 Fr sheath. B) Valve uncovering. C) Valve 

deployment. D) Final pulmonary angiogram.

Figure 1. RVOT pre-stenting. Left anterior oblique (A) and lateral 

(B) views of the landing zone. C) A 65 cm, 26 Fr sheath is advanced 

with its introducer. D) An AndraStent is advanced. E) The 26 Fr 

sheath is moved forward with its introducer inside the stent. F) An S3 

valve is advanced. LPA: left pulmonary artery; RPA: right pulmonary 

artery; RV: right ventricle

and successfully deployed. In all subsequent cases, we positioned 
the valve directly onto the balloon.

Median post valve gradient was 2 mmHg. Trivial paravalvular 
leak was reported in two cases. Median procedure duration was 
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Intérêts de la valve Sapien

The initial experience of five large volume Sapien S3 centers

(Cedar Sinai, Cincinnati Children's Hospital, University of Michigan,

UCLA and Yale) with the use of S3 valves specifically for percutane-

ous TPVR in patients with CHD was reviewed. The purpose of this

multicenter data collection was to provide focused details on the pro-

cedural techniques, complications, and short- and intermediate-term

efficacy for TPVR with the Sapien S3. Patient selection, from cross-

sectional image analysis will be the focus of another study.

2 | MATERIALS AND METHODS

Institutional Review Board (IRB) approval was granted at each partici-

pating institution. With IRB permission, the experience with the S3

valve in all patients, both pediatric and adults, with CHD was

reviewed retrospectively. All implants were completed between

November 2015 and November 2016. The echocardiograms (ECHOs)

and available cross-sectional imaging for all selected patients prior to

the index procedure were reviewed and documented.

2.1 | Inclusion criteria

Only patients that met indications for surgical pulmonary valve

replacement (PVR) including moderate to severe pulmonary regurgita-

tion (PR) by echo with significant right ventricle (RV) enlargement

determined by practitioner, or pulmonary stenosis (PS) with a peak

instantaneous gradient greater than 60 mmHg were included. PR was

graded based on the reference values published by Zahn et al. in the

US Clinical Melody Valve Trial with moderate PR defined as a

regurgitant color Doppler jet width 20–40% of the valve annulus or

diastolic flow reversal extending into the distal main pulmonary artery.

Severe PR was defined as regurgitant color Doppler jet width 40% of

the valve annulus or diastolic flow reversal extending into proximal

branch pulmonary arteries. Use of the Sapien 3 valve versus another

FIGURE 1 Characteristics of the Sapien S3 valve. The valve is longer than its predecessor at full inflation in all four sizes. The delivery sheath has
been down-sized from a 20 Fr system to a 14 Fr system of the smaller S3 sizes and a 16 Fr profile for the 29 mm S3 valve. The commander
delivery system has the ability to articulate more distally as well [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Baseline demographics on all patients are displayed in this
table. There was a slightly higher male to female ratio, and the most
common diagnosis was Tetralogy of Fallot (68%) and with a previous
landing zone being a trans-annular patch (76%)

BaselineDemographic Total n = 50

Mean age, years (SD) 28.9 (16.8)

Mean weight, kg (range) 69.8 (30–141)

Mean BSA, SD 1.74 (0.31)

Sex, n (%)

M 30 (60)

F 20 (40)

Diagnosis, n (%)

TOF 34 (68)

PA/IVS 4 (8)

PS 6 (12)

DTGA 2 (4)

AS/Ross 1 (2)

Endocarditis 2 (4)

DORV 1 (2)

RVOT, n (%)

TAP/native 38 (76)

BPV 6 (12)

Homograft/conduit 6 (12)
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Voies droites larges

Absence de pré-stenting


Nouvelles générations: systèmes de 

délivrance plus petits
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Voies droites très larges

valve was determined by the practitioner. All centers used cross-

sectional imaging to exclude patients unlikely to be candidates for the

Sapien valve if there was no potential landing zone in the right ven-

tricular outflow tract (RVOT) <29 mm in average diameter. An exten-

sive analysis of the preprocedural cross-sectional imaging was not

performed. This will be the subject of a future paper.

2.2 | Index procedure

A complete set of procedural data was collected for the index proce-

dure via a standardized table accepted by each institution with a thor-

ough description of baseline characteristics (Table 1) and procedural

variables (Table 2). A distinction was made between the three types of

landing zones: bioprosthetic valves (BPV), conduits or homografts, and

“native RVOTs”. “Native RVOTs” were defined as either a non-post-

operative RVOT (e.g., status post balloon pulmonary valvotomy) or an

RVOT reconstruction involving relief of the obstruction using native

tissue or non-circumferential patch augmentation (i.e. trans-annular

patch repair as used in Tetralogy repairs). Procedural endpoints

included procedural success, immediate (within 24 hr) and intermedi-

ate follow-up by ECHO, significant adverse events and need for

re-intervention. These were collected to provide a description and

quantification of technical success, and short- and intermediate-term

efficacy. Adverse events were categorized as major and minor. Minor

complications defined as self-limited unexpected events requiring

minimal interventions, whereas significant or major events were

defined as life threatening complications requiring surgical or immedi-

ate catheter based interventions as defined by the CFR Code of Fed-

eral Regulations. In patients with landing zones greater than 27 mm

by balloon sizing, operators could choose to add up to 5 cm3 above

the nominal volume at their discretion. The addition of five extra cubic

centimeters has been found to create an outer diameter of 31 mm [2].

In those operators that chose to prestent, the size of the stent

mounted balloon was 1–2 mm larger than the balloon sizing waist. All

centers performed compression testing with simultaneous aortic/cor-

onary angiography with balloon inflation in RVOT.

2.3 | Data collection

All shared information was de-identified and coded to preserve ano-

nymity in accordance to standard Health Insurance and Portability and

Accountability Act (HIPAA) guidelines. Short-term follow-up imaging, if

available, was reviewed and included in the data collection as well.

2.4 | Statistical analysis

As this study was purely descriptive, standard descriptive statistics

were used for the procedural and demographic data sets. Qualitative

TABLE 2 (Continued)

Pt. ID
S3 size
(mm)

Landing
zone (mm)

Balloon
waist (mm) Balloon ID/size Prestent (stent ID/balloon ID) Complications

44 23 NA 19 22 × 2 VIDA Palmaz XL 3110 None

45 20 NA 16 16 × 4 VIDA 39 CP stent, PXL 3110 × 2 None

46 29 NA 27 30 mm PTS-X No prestent None

47 23 12 18 18 × 4 cm VIDA 39 CP stent, PXL 3110 × 2 20 BIB None

48 26 NA 21 30 mm PTS-X No prestent None

49 29 29 27 30 mm PTS-X No prestent None

50 23 NA 23 ZMED 25 × 5 No prestent None

The most notable complication was tricuspid valve injury with three patients requiring operative repair/replacement of the tricuspid valve.

FIGURE 2 Comparison of imaging modalities throughout the planning and implantation of the valve. There is significant variation in the
preprocedural MRI and MR angiography measurements when compared to the final stretch diameter of the landing zone during balloon sizing.
This is indicative of the significant compliance of these large diameter native RVOTs [Color figure can be viewed at wileyonlinelibrary.com]
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Compliance de la voie droite native


nouvelles techniques sans pré-stenting

Sinha CCI 2019



Nouvelles compressions

patients at short- and intermediate-term follow up (range

14–240 days, median 90 days). Immediately following the proce-

dure, there was complete freedom from more than mild valvar

regurgitation and obstruction in 49/50 patients with a mean peak

instantaneous gradient of 15 mmHg (range 0–27 mmHg). There

was one patient with mild–moderate central PR after receiving an

over-dilated 29 mm S3 valve (40 mL volume in dilation balloon) in

a large RVOT. The burden of PR remained unchanged at a

12-month follow-up. One patient had a persistent mild perivalvu-

lar leak after placement of a second S3 TPVR to treat a large

perivalvular leak associated with proximal malposition of the first

S3 valve.

4 | DISCUSSION

In this multi-center report, the initial experience in the United States

with the Sapien S3 valve placed percutaneously in the pulmonic posi-

tion is described at five centers. In the vast majority of cases, this

valve was used for TPVR in “native” RVOTs too large for consider-

ation of a Melody valve. Most of these patients had TOF with surgical

patch-augmentation of the native RVOT. As the Sapien S3 valves can

be over-dilated to outer diameters of over 30 mm, it offers a compel-

ling treatment option for patients with a dysfunctional and dilated

RVOT. As with any new device and application, knowledge of the

device's strengths and limitations is critical. We attempt to use this

experience to demonstrate both the promise and potential pitfalls of

the Sapien S3 valve for TPVR.

4.1 | Pre-TPVR patient selection

A significant challenge when considering TPVR in large native outflow

tracts is the preprocedural selection of appropriate patients. While

the indications for PVR are well defined,8,9 the challenge for native

TPVR treatment with Sapien S3 is the identification of patients with

adequate landing zones. In general, all centers attempted to use pre-

procedural cross-sectional imaging to guide patient selection and it

was their consensus that cross-sectional imaging was valuable in iden-

tifying patients that were certain to be very poor candidates for

Sapien S3 TPVR. The ability to screen patients using preprocedural

cross-sectional imaging and 3-D printing was not studied in this manu-

script, but is currently being investigated. In all centers, there were

patients with RVOTs thought to be candidates by CTA or MRI who

failed to have favorable balloon sizing or failed aortic compression

testing.

With the development of self-expanding prostheses for the

RVOT, spatially and temporally accurate non-invasive cross-sectional

imaging techniques will be essential for procedural planning and

device selection.10 An analysis of the predictive value of various

cross-sectional imaging techniques in this patient population will be

the focus of a subsequent report of this cohort and is beyond the

scope of this manuscript.

FIGURE 4 Deployment of a 29 mm S3 following placement of two EV-3 stents in the left and main pulmonary arteries to build a landing zone for
the valve. Note that the distal portion of the S3 valve prior to balloon inflation is at the overlap of the two presents (black arrow) (A). The distal
end of the balloon is inflated first and the S3 begins to “milk” back toward the RVOT (black arrow) (B). With full balloon inflation the S3 has
milked back even further (black arrow) (C)

FIGURE 3 Aortogram after placement of an 29 mm S3 valve over-
dilated by 5 cm3 in a patient with TOF s/p TAP repair with a large
RVOT. Straight AP and lateral camera angles show some flattening of
the leftward facing sinus (A, B); however, the use of RAO angulation
(C) and rotational angiography with 3D reconstruction (D) can better
demonstrate the valve impingement on the ascending aorta. The valve
was surgically removed due to the concern for aortic compression and
replaced with a surgical bioprosthetic valve [Color figure can be
viewed at wileyonlinelibrary.com]
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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
• Complication très préoccupante


• Méconnue au départ avec résultats catastrophiques


• Mortalité perdure avec le Staph Auréus


• Fréquence plus importante qu’avec les substituts 
chirurgicaux (Sapien sans doute aussi)


• Importance de la prévention et de l’éducation des 
patients



Valve in valve

Indications


Croissance de l’enfant


Fracture de Mélody


Endocardite


Registre européen actuellement



Valve in valve post 
endocardite



Autres substituts
Neth Heart J (2016)

Fig. 1 The Venus p-valve.
Note its particular design with
flared ends, the non-covered dis-
tal end and the proximal hooks
or ‘ears’ for attaching mecha-
nism to the delivery catheter

Fig. 2 The Venus p-valve delivery system. Note the handle with
a knob for slow and controlled release of the valve and the distal cap-
sule with a crimped and loaded valve inside. The arrow signs a distal
radiopaque mark

results of percutaneous implantation of the Venus P-valve
in the pulmonary position in patients with native RVOT.

Materials and methods

Patients

Patients with Tetralogy of Fallot repaired using a transannu-
lar patch technique were considered for percutaneous inser-
tion of a Venus p-valve. Patients were selected based mostly
on cardiac magnetic resonance (MRI) information when
fulfilling two of the following inclusion criteria: moderate
to severe pulmonary regurgitation and pulmonary regurgi-
tant fraction >25%, right ventricular end-diastolic volume
index >150ml/m2, right ventricular ejection fraction <45%,
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Fig. 1 The Venus p-valve.
Note its particular design with
flared ends, the non-covered dis-
tal end and the proximal hooks
or ‘ears’ for attaching mecha-
nism to the delivery catheter

Fig. 2 The Venus p-valve delivery system. Note the handle with
a knob for slow and controlled release of the valve and the distal cap-
sule with a crimped and loaded valve inside. The arrow signs a distal
radiopaque mark
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