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BACKGROUND: The folded valve is a manual shortening of the Melody device, which has been validated as a valuable therapeutic 
option for the management of dysfunctional right ventricular outflow tracts needing a short valved stent. In this article, we 
aimed to evaluate, in a multicenter cohort, the mid-term outcomes of patients in whom a percutaneous pulmonary valve 
implantation was performed using the folded valve technique.

METHODS: A 2012 to 2018 retrospective multicenter study was performed in 7 European institutions. All patients who benefit 
from percutaneous pulmonary valve implantation with a folded Melody valve were included.

RESULTS: A total of 49 patients (median age, 19 years [range 4–56], 63% male) were included. The primary percutaneous 
pulmonary valve implantation indication was right ventricular outflow tract stenosis (n=19; 39%), patched native right 
ventricular outflow tracts were the most common substrate (n=15; 31%). The folded technique was mostly used in short 
right ventricular outflow tracts (n=28; 57%). Procedural success was 100%. After a median follow-up of 28 months (range, 
4–80), folded Melody valve function was comparable to the immediate postimplantation period (mean transvalvular peak 
velocity=2.6±0.6 versus 2.4±0.6 m/s, P>0.1; only 2 patients had mild pulmonary regurgitation). Incidence rate of valve-
related reinterventions was 2.1% per person per year (95% CI, 0.1%–3.9%). The probability of survival without valve-related 
reinterventions at 36 months was 90% (95% CI, 76%–100%).

CONCLUSIONS: The folded Melody valve is a safe technique with favorable mid-term outcomes up to 6.5 years after implantation, 
comparable with the usual Melody valve implantation procedure. Complications and reinterventions rates were low, making 
this technique relevant in selected patients.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: incidence ◼ probability ◼ pulmonary valve ◼ retrospective ◼ stent

Percutaneous pulmonary valve implantation (PPVI) 
has emerged in the last 2 decades as an effective 
and less invasive alternative to surgical valve replace-

ment for the treatment of dysfunctional right ventricular 
outflow tracts (RVOTs).1,2 Currently, 2 dedicated devices 

are used on a larger scale, including the Melody valve 
(Medtronic, Minneapolis, MN) and the Sapien XT valve 
(Edwards Lifescience, Irvine, CA). The Melody device 
consists of a bovine jugular venous valve, sutured within 
a bare-metal platinum-iridium stent (CP stent, NuMED, 
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Inc, Hopkinton, New York), which can be expanded up to 
22 mm (inner diameter). The Sapien XT is a bovine peri-
cardial valve sutured in a cobalt-chromium stent, which is 
available at 23, 26, and 29 mm (outer diameters).3 The 
stent length differs between these 2 devices: Melody’s 
length is 24.6 mm when expanded to 22 mm whereas 
the Sapien’s length ranges between 14.3 and 19.1 mm 
when expanded to 23 and 29 mm, respectively.4,5 These 
2 devices are therefore complementary as their design 
allows operators to cover a large range of RVOT diam-
eters and anatomies.

However, while the Melody received CE marking in 
2006 and FDA approval in 2010, the Sapien XT received 
both CE mark and FDA approval for PPVI in 2016. 
Therefore, until the Sapien valve became widely available, 
operators only had the Melody valve at their disposal. 
With this valve, to treat a wide variety of RVOT anatomies 
and lesions, several teams reported either off-label use 
or advanced techniques to achieve PPVI in small, large, 
or complex RVOTs.6–8 Among these procedural modifica-
tions, we described in 2014 the folded valve technique, 
which consists in shortening the Melody valved stent by 
folding its extremities, to implant the device in RVOTs 
with complex anatomy which might be at risk of PPVI-
related complications.9,10 After this first descriptive case 
series, reporting favorable procedural and early results in 

10 patients, the technique has been extended and per-
formed by other centers. However, some concerns were 
raised about the delayed outcomes of the valve following 
this modification. In this article, we aimed to evaluate, in 
a multicenter cohort, the mid-term outcomes of patients 
in whom the folded valve technique was performed.

METHODS
Study Protocol
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

In this retrospective multicenter study, we reviewed data of 
patients who underwent PPVI using the folded valve technique 
between April 2012 and June 2018 in European centers 
accepting to collaborate to this survey. Data were collected 
anonymously and retrospectively from medical records focus-
ing on demographic characteristics, procedural data, and both 
early and mid-term follow-up data. All participating centers 
had exhaustive computerized databases for data collection 
of consecutive patients. The implantation of a Melody valve 
using the folded valve technique was performed according 
to operators’ preferences. As previously described, the main 
indications of this technique were (1) short RVOT with early 
pulmonary bifurcation (ie, expected landing zone shorter than 
the length of the fully deployed Melody valved stent, according 
to the manufacturer’s data, depending on the size of the deliv-
ery system to be used), (2) bioprosthetic valves, (3) coronary 
arteries proximity, and (4) prevention of sternal compression 
(ie, by implanting a shorter valved stent away from the ster-
num, to decrease stent fracture risk). The study was approved 
by the institutional review board of each participating center. 
Informed consent was obtained from patients and/or parents/
guardians as appropriate.

Procedural Data
All procedures were performed under general anesthesia, with 
or without endotracheal intubation and ventilation through a 
femoral approach. PPVI procedure was performed as previ-
ously described.10 Briefly, a preprocedural detailed hemody-
namic assessment was done in all patients, with measurements 
of right atrial, right ventricle (RV), PA and aortic (Ao) pressures. 
Balloon interrogation of the RVOT with simultaneous aortic 
root or selective coronary artery angiograms were performed to 
assess the proximity of the valve landing zone with the coronary 
arteries or aorta. The indications for the use of the folded valve 
technique were recorded, followed by valve implantation. The 
folded valve modification has been already reported.10 Briefly, 
the terminal Melody stent struts on either sides of the Melody 
valve were folded over itself from inside out on a 10-mL syringe 
to obtain a length reduction of the device. Up to 2 extremities 
of the Melody can be folded artificially changing a CP8Z34 to 
a CP8Z28 if one extremity is folded, or to a CP8Z22 where 
both extremities are folded. Of note, the expected lengths of 
the Melody after partial and complete folding after full inflation 
at 22 mm were respectively 20.9 and 16.7 mm. The decision 
to go for partial folding or complete folding was decided by the 
operator based on the length of the landing zone. The crimping 
and loading of the Melody valve onto the Ensemble delivery 

Nonstandard Abbreviations and Acronyms

IE infective endocarditis
MSF melody stent fracture
PPVI  percutaneous pulmonary valve 

implantation
RV right ventricle
RVOT right ventricular outflow tract

WHAT IS KNOWN
• The folded valve is a manual shortening of the Mel-

ody device, which has been shown to be feasible in 
complex right ventricular outflow tracts needing a 
short valved stent.

• However, data on the delayed impact of this device 
modification were lacking.

WHAT THE STUDY ADDS
• Our study showed favorable mid-term outcomes 

following folded Melody valve implantation up to 
6.5 years after the procedure.

• Valve-related reinterventions rate of 2.1% per per-
son per year, which is comparable to unmodified 
Melody valve outcomes.

• Further studies are needed to assess outcomes 
after similar valve modifications, such as Melody 
implantation in the mitral valve.
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system (Medtronic, Minneapolis, MN), as well as valve deploy-
ment, were achieved using standard technique.4 The valve was 
post-dilated with high pressure balloons in case of significant 
residual gradient. Hemodynamic and angiographic assess-
ments were repeated after PPVI. All patients received hepa-
rin and antibiotic prophylaxis during and after the procedure, 
according to institutional protocol.

Follow-Up
Patients’ follow-up was performed according to each local pro-
tocol. Follow-up work up included clinical assessment (NYHA 
functional class), transthoracic echocardiography, chest X-ray, 
and cardiac magnetic resonance imaging when appropriate. 
Adverse events included all-cause mortality, catheter-based 
or surgical cardiac reinterventions, infective endocarditis (IE) 
(presumed or definite according to modified Duke criteria), 
melody stent fractures (MSFs) (graded according to previ-
ously validated classification11) or symptomatic arrhythmias. 
Delayed complications were defined as occurring beyond 1 
month after PPVI.

Statistical Analysis
Continuous variables are expressed as mean (SD) or median 
(range) and categorical variables as percentages and numbers 
of patients. Student paired t test was used for comparisons of 
quantitative data. Time to event outcomes was analyzed using 
standard Kaplan-Meier analysis. A P<0.05 was considered 
statistically significant. Data analysis was performed using the 
STATA software (StataCorpLP, College Station, TX).

RESULTS
Patient Population
A total of 49 patients (median age: 19 years [range, 
4–56]; 63% male) were included from 7 centers (Uni-
versity Hospital of Bordeaux [n=9], Grenoble [n=1], Mar-
seille [n=1], and Paris [n=20]—France; German Heart 
Center Munich [n=14] and Tuebingen University Chil-
dren’s Hospital (n=3)—Germany; University Hospitals 
Leuven (n=1)—Belgium). Underlying congenital defect 
was mostly Tetralogy of Fallot with or without pulmonary 
atresia (33 patients, 68%). The primary PPVI indication 
among patients was RVOT stenosis in 19 (39%), pulmo-
nary regurgitation in 11 (22%), and mixed lesion in 19 
(39%). Patched native RVOTs were the substrate in 15 
patients (31%). The remaining patients presented with 
homografts, prosthetic conduits, or bioprostheses with a 
mean diameter of 19.8±3.8 mm. Patient baseline char-
acteristics are summarized in Table 1.

Procedural Details
Indications for using the folded valve technique were 
short RVOT in 28 (57%), bioprosthetic valves in 13 
(27%), coronary arteries proximity in 5 (10%), prevention 
of retrosternal compression in 2 (4%), and for increasing 

device’s outer diameter in 1 patient (2%) with large RVOT 
(Figure 1). Procedural success was 100%. RVOT pre-
stenting was performed in 43 (89%), with a mean stent 
length of 32±6.8 mm, while post-dilatation of the valve 
was performed in 22 patients (45%) with high-pressure 
balloons (size diameter range between 18 and 24 mm). 
In case of coronary proximity, all patients had a short pre-
stent (CCP 8Z28, n=1; CP8Z22+LD max 26 mm, n=1; 
CP8Z22, n=1; EV LD max-26, n=2), so that the folded 
valve would be implanted within this framework without 
overlapping (Figure 2). No major procedural complication 
occurred.

Significant reduction of the invasively measured 
peak RV-to-PA gradient, RV systolic pressure and RV/
Ao ratio were observed from 34.6±17.8 to 11.8±11.5 
mm Hg, 60.3±19.3 to 41.1±16 mm Hg, and 0.68±0.22 
to 0.38±0.14, respectively (P<0.001). Trivial pulmonary 
regurgitation was found in 5 patients (10%) while the 
remaining had no valvular leakage. Procedural features 
are displayed in Table 2.

Table 1. Patients’ Baseline Characteristics

Age at PPVI, y 19 (4–56)

Sex (male) 31 (63)

Body surface area, m2 1.4±0.4

Underlying defect

 Tetralogy of Fallot/PA-VSD 33 (68)

 Common arterial trunk 510

 Aortic valve disease, Ross procedure 36

 TGA 24

 Pulmonary valve agenesia 24

 Other 48

Primary RVOT lesion

 Stenosis 19 (39)

 Regurgitation 1122

 Mixed 19 (39)

RVOT substrate

 Native 1531

 Conduit 1327

 Bioprosthesis 1122

 Homograft 1020

Original substrate diameter, mm

 Homograft/conduits 19±5

 Bioprostheses 21±3

Preprocedural TTE

 RV systolic pressure, mm Hg 69.9±22

 RVOT peak velocity, m/s 3.9±0.87

 RVOT gradient, mm Hg 33±17

 PR moderate or severe 29 (59)

Values are mean±SD, mediane (range) or n (%). PA-VSD indicates pulmo-
nary atresia with ventricular septal defect; PPVI, percutaneous pulmonary valve 
implantation; PR, pulmonary regurgitation; RV, right ventricle; RVOT, right ventric-
ular outflow tract; TGA, transposition of the great arteries; and TTE, transthoracic 
echocardiography.
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Follow-Up
Follow-up data were available for all but 2 patients who 
were lost of follow-up (47/49, 96%). After a median 
follow-up duration of 28 months (range, 4–80), result-
ing in a total of 137 patient-years, all patients were alive 
and the great majority was free of symptoms (NYHA I in 
40/47 patients [85%], NYHA III in 1 patient [2%]).

At last follow-up, transthoracic echocardiography 
evaluation showed a mean transvalvular peak veloc-
ity, RVOT gradient and RV systolic pressure of 2.6±0.6 
m/s, 15±12, and 39.5±15.6 mm Hg, respectively, which 
was comparable with immediate postimplantation values 
(2.4±0.6 m/s, 13±11, and 35.8±8.3 mm Hg, respec-
tively, P>0.1). In addition, all but 2 patients were free 
of pulmonary regurgitation (a trivial regurgitation was 
observed in the latter).

Overall, 7/49 patients underwent reinterventions dur-
ing the follow-up, giving an incidence rate of 5.1% per 
person per year (95% CI, 1.9%–7.7%). The probability of 
reintervention-free survival at 12, 24, and 36 months was 
98% (95% CI, 93.5%–100%), 90% (95% CI, 79.3%–
99.8%), and 85% (95% CI, 68.1%–100%), respectively 
(Figure 3). Among those patients, 4 patients underwent 
transcatheter interventions unrelated with the Melody 
valve, including PA angioplasty (n=2) and/or stenting 
(n=2). The 3 remaining patients had valve-related com-
plications that led to reinterventions. The incidence rate 

of valve-related reinterventions was 2.1% per person per 
year (95% CI, 0.1%–3.9%). The probability of survival 
without valve-related reinterventions at 12, 24, and 36 
months was 98% (95% CI, 93.5%–100%), 95% (95% 
CI, 87.4%–99.9%), and 90% (95% CI, 76%–100%), 
respectively (Figure 3).

Reasons for reinterventions are as followed: IE 
occurred in 2 patients giving an incidence rate of 1.4% 
per person per year (95% CI, 0.2%–3.3%) in this popu-
lation. Both had positive blood cultures with a significant 
increase of Melody valve gradient. Of them, one patient 
was shown to have a folded Melody type 1 stent fracture 
(Figure 4). Of note, this patient had a prestenting (36-
mm Intrastent LD Max [ev3 Endovascular, Inc, Plymouth, 
MN]) during the folded valve implantation. This patient 
was first managed by antibiotic treatment associated 
transcatheter RVOT balloon dilatation. He underwent a 
Melody valve-in-valve implantation 3 years later because 
of a mixed residual lesion. The other patient with IE 
required medical antibiotic therapy followed by surgical 
Melody explant and pulmonary valve replacement.

The third patient presented with asymptomatic 
severe obstruction of the folded Melody during a 
planned out clinic consultation 24 months following 
PPVI. She was still under antiplatelet regimen, accord-
ing to local protocol. transthoracic echocardiography 
revealed a significant increase of transvalvular peak 

Figure 1. Folded Melody valve implantation in a short right ventricular outflow tract (RVOT) with early pulmonary artery (PA) 
bifurcation.
Twelve-year-old patient with operated common arterial trunk presenting with stenotic lesion of 14-mm Contegra conduit. A–D, Cardiac 
computed tomography reconstructions (A and B) and angiograms (C and D) showing severe conduit stenosis with short landing zone (white 
arrows) before PA bifurcation; E and F, angiograms showing RVOT prestenting with a 26-mm Intrastent LD Max (ev3 Endovascular, Inc, 
Plymouth, MN; white asterisk); G and H, Final angiogram after folded Melody valve implantation showing good valve function without PA jailing. 
LPA indicates left pulmonary artery; RPA, right pulmonary artery; and RVOT, right ventricular outflow tract.
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gradient, without signs of IE nor valvular thrombus. 
No stent fracture was observed on chest X-rays, sug-
gesting an early valve degeneration or a noninfective 
complication such as subacute valve thrombosis. The 
patient underwent an emergent catheterization and was 
managed by valve-in-valve Melody implantation (the 
new valve was not folded, as first Melody was used as 
a landing zone) with excellent result (Figure 5). The last 
follow-up, 26 months later, revealed a normal function 
on the new Melody valve (transvalvular peak velocity, 
2.3 m/s; RVOT gradient, 12 mm Hg, without pulmonary 
regurgitation). Detailed description of patients with 
valve-related reinterventions is displayed in Table 3.

DISCUSSION
In this article, we report the mid-term-outcomes of PPVI 
using the folded Melody valve technique, in a multicenter 
series of 49 patients followed up to 6.5 years. After 
initial report of this modified implantation technique in 
2014, we sought to evaluate how the manual folding of 
the Melody valved stent impacted patients’ outcomes, 

with a focus on potentially induced device-related com-
plications. Our results showed that the folded Melody 
function was preserved during follow-up, with only a mild 
progression of transvalvular gradient and excellent valve 
competence in the great majority of patients. Moreover, 
in our cohort, freedom from valve-related reintervention 
was 90% at 3 years, with a cumulative rate of valve-
related complications of 2.1% per person per year, which 
is not higher than those observed following unmodified 
Melody valve implantation.

Indications of the Folded Melody Valve
This technique has been developed to allow safe PPVI in 
complex anatomies by implanting a valved stent that is 
shorter than the Melody valve. The feasibility of this tech-
nique has already been reported. From a technical point of 
view, the folding of the Melody valve was always feasible, 
without disrupting the valve function on inspection. The 
folded Melody loading was mostly quickly done, although 
one must admit that it is more difficult than loading an 
unfolded valve. Some operators used an umbilical tape to 

Figure 2. Folded Melody valve implantation in right ventricular outflow tract (RVOT) with coronary artery proximity.
A and B, Simultaneous RVOT and selective coronary angiograms showing a close proximity between the coronary arteries and distal RVOT. C 
and D, Selective coronary angiogram after folded Melody valve implantation showing coronary artery patency.
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make the loading easier. In one patient, device covering 
with the Ensemble system was impossible because of 
unusual thickness of the Melody. One Z was “unfolded” 
to its original configuration, thereby reducing the device’s 
thickness. As previously described in our first series, the 
main indications of this technique were (1) short RVOT 
with early pulmonary bifurcation, (2) bioprosthetic valves, 
(3) coronary arteries proximity, and (4) prevention of 
sternal compression.10 In this multicenter study, the main 

indication was a short RVOT with early PA bifurcation. 
Indeed, in such anatomies with a short landing zone, 
the operator has to deal with the risk of implanting the 
valve too proximal (with the risk of ventricular emboliza-
tion or mechanically induced ventricular arrhythmias) or 
too distal (with the risk of jailing one PA).12,13 Using the 
folded technique in complex substrates with short land-
ing zones appears to be the most relevant indication of 
this technique. The second indication of the folding tech-
nique is the treatment of dysfunctional supported bio-
prosthetic valves. In this setting, having a shorted valved 
stent has 2 advantages: (1) avoid the protrusion of the 
proximal stent struts in the RV, which may increase the 
risk of arrhythmias12 and (2) prevent from stent fracture 
by implanting the Melody within the supporting biopros-
thesis framework.14 We know that this latter theoretical 
advantage might be a matter of debate, as stent fracture 
rate is very low following PPVI in bioprostheses.14 How-
ever, we think that preventing device induced ventricular 
arrhythmias is reason enough to implant a folded valve 
within bioprostheses substrates. Moreover, similar modi-
fications of the Melody have been described for surgi-
cal mitral implantation of this device. In this indication, 
to avoid sub aortic stenosis due to Melody stent protru-
sion, various techniques of device shortening have been 
described, including the folding technique.15,16 As Melody 
implantation in mitral valves is currently expanding, our 
article may provide additional information regarding the 
absence of significant impact of the folding technique on 
device outcome.

Mid-Term Function of the Folded Melody Valve
After the first description of the folded valve technique, 
some concerns were raised about the device late outcome 
after this modification. One potential issue of Melody valve 

Table 2. Procedural Features of Folded Melody Valve Im-
plantation

Indications of folded valve technique

 Short RVOT 28 (57)

 Bioprostheses 13 (27)

 Coronary proximity 5 (10)

 Prevention from retrosternal compression 2 (4)

 Increase valve outer diameter 1 (2)

Basal hemodynamics

 RV-PA systolic gradient, mm Hg 34.6±17.8

 RV/Ao ratio 0.68±0.22

 Moderate/severe pulmonary regurgitation 29 (63)

Prestenting before PPVI

 No stent 6 (12)

 1 stent 35 (72)

 2 stents 7 (14)

 3 stents 1 (2)

Final hemodynamics

 RV-PA systolic gradient, mm Hg 11.8±11.5

 RV/Ao ratio 0.38±0.14

 Mild pulmonary regurgitation 5 (10)

Values are mean±SD or n (%). Ao indicates aortic; PA, pulmonary artery; PPVI, 
percutaneous pulmonary valvular implantation; RV, right ventricle; and RVOT, right 
ventricular outflow tract.

Figure 3. Kaplan-Meier curves of reinterventions-free survival among the study period.
Plots of reintervention-free survival for all-cause reinterventions (A) and valve-related interventions (B). FU indicates follow-up.
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folding was the impact on valvular function durability. One 
of the most notable findings of this study was that the 
Melody TPV continued to function well, with little progres-
sion of RVOT obstruction and excellent valve competence 
in the majority of patients, out to at least 6.5 years after 

implantation. One could argue that folding the valve could 
compromise valvular function. However, due to the length of 
the CP stent, folding of the extremities does not touch the 
commissures or leaflets at the top or at the base of the valve. 
There was no compromise on the integrity and competence 

Figure 4. Stent fracture following folded Melody valve implantation.
The procedure was performed in the setting of an infective endocarditis with obstructive lesion of the valve. A and B, Angiograms showing 
moderate pulmonary regurgitation and valvular obstruction. Proximal stent fracture is visible (white arrow). C and D, Contrast-free fluoroscopies 
showing folded Melody stent fracture (white circles).

Figure 5. Valve-in-valve procedure following severe noninfectious obstruction of a folded Melody.
A and B, Angiograms showing moderate pulmonary regurgitation and valvular obstruction with contrast-media filling defect (white arrows) at 
the level of the valve, without stent fractures. C, Angiographic result following Melody valve in valve implantation.
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of the cusps, which must always be checked on the bench 
before implanting the valve. The excellent postimplantation 
performance of the folded valve were already observed in 
our preliminary work.10 This is further confirmed by the pres-
ent article results, showing a favorable valvular function in 
the midterm, which is comparable to that observed in large 
series conducted with the Melody valve.17,18 Indeed, our 
series showed that valve-related reinterventions was 2.1% 
per person per year, whereas folded Melody valve function 
remained unchanged 44/47 patients at their last follow-up.

Valve-Related Complications and 
Reinterventions
The modification of the valve stent induced by the folding 
technique raised fears of potential increase in complica-
tions rates, especially about stent fractures or IE.

The modifications in stress distribution due to the fold-
ing of distal stents struts remain unclear as it has not been 
assessed in vitro. The results of these studies are not in 
favor of a stent integrity compromise and increased risk of 
MSF. In our series, only 1 patient presented stent fracture 
during follow-up. The impact of the latter on valve function 
was difficult to evaluate as this patient also had IE, which 
led to an obstruction of the valve. Furthermore, the rate 
of MSF in our series was not higher than the previously 
reported data, in which the MSF incidences ranged from 
21% to 33% regardless to the type of RVOT substrate or 
presence of a prestent.11,17–20 MSF-associated risk factors 

were the presence of valve behind the chest wall or clearly 
compressed, while prestenting was shown to be the most 
important protective factor against fractures. Although our 
population is not strictly comparable to the previously cited 
studies, the very low incidence of stent fractures observed 
in this article suggests at least that Melody valve folding 
does not increase the risk of MSF.

Since the first articles which reported cases of severe 
IE following Melody valve implantation, multiple studies 
from various institutions have confirmed this important 
adverse outcome with an annualized incidence of 2.3% 
to 4%.17,21,22 The role of bovine jugular vein substrate, 
as well as other risk factors including age ≤12 years at 
implant or and high residual postimplant gradient ≥15 
mm Hg have been widely discussed.21–24 In our series, 
the IE annualized incidence was 1.4% per person per 
year (95% CI, 0.2%–3.3%). Similarly to MSF incidence, 
the rate of IE in our cohort seems in line with the previ-
ously reported data in larger series. Furthermore, the 2 
patients who developed IE during follow-up had other 
well-recognized risk factors as they were males, young, 
and had a significant residual gradient following implan-
tation (Table 3). Based on these observations, the folded 
Melody does not seem to have an increased risk of IE.

Folded Melody or Sapien Valve?
The Melody and Sapien devices are complementary as 
their design allows operators to cover a large range of 

Table 3. Details of the 3 Patients Who Had a Valve-Related Reintervention During Follow-Up

 Patient 1 Patient 2 Patient 3

Age at PPVI 10 11 26

Sex M M F

Underlying defect Aortic stenosis TOF TGA/VSD/PS

Ross procedure

RVOT substrate/diameter Conduit/18-mm Bioprosthesis 15-mm Native

Primary lesion Stenosis Stenosis Mixed

Indication of folded valve technique Short RVOT Bioprosthesis Short RVOT

Basal RV-PA peak gradient 49 40 48

Postprocedural RV-PA peak gradient 15 24 5

Type of complication IE IE Uncertain diagnosis

MSF grade 1 Subacute thrombosis or 
valve degeneration

Delay PPVI to complication, mo 24 4 24

Complication features Streptococcus oralis Kytococcus schroeteri Severe stenosis without IE 
nor MSF

Portal of entry not found No portal of entry

Valvular stenosisValvular stenosis

Management RVOT balloon dilatation Surgical explant Valve-in-valve

Valve-in-valve

Outcome Favorable Favorable Favorable

IE indicates infective endocarditis; MSF, melody stent fracture; PA, pulmonary artery; PPVI, percutaneous pulmonary valvular implanta-
tion; RV, right ventricle; RVOT, right ventricular outflow tract; TGA/PS/VSD, transposition of the great arteries with pulmonary stenosis and 
ventricular septal defect; and TOF, Tetralogy of Fallot.
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RVOT diameters (16–29 mm). In addition, the Sapien 
stent’s length is shorter, ranging between 14.3 and 19.1 
mm when expanded to 23 and 29 mm, respectively; 
while Melody varies between 28.8 and 24.6 mm when 
expanded to 18 and 22 mm, respectively. The folding 
modification of the Melody valve leads to a theoretical 
maximum reduction in stent’s length of 7.9 mm. Therefore, 
a 22-mm folded Melody has a length of 16.7 mm, which 
is quiet similar to the 23-mm Sapien. Our technique was 
developed in 2012 to make more patients amenable to 
PPVI, at a time where the Sapien device was not widely 
available.10 This allowed for treating several patients with 
satisfactory results and favorable midterm outcome, as 
shown in this article. Since 2016, the SAPIEN XT valve 
received both CE marking and FDA approval for PPVI 
indications. The multicenter studies reporting results 
PPVI with Sapien showed encouraging results.5,25 There-
fore, in situations where the folded Melody was used, 
the Sapien valve became an alternative option due to 
its design. Despite the absence of detrimental impact of 
folding a Melody, as demonstrated in this work, it seems 
safer to implant a nonmodified valve like the Sapien in 
selected cases. In the meantime, several patients in our 
cohort had small RVOT diameters (minimal size=14 mm) 
where a 23 mm Sapien could not be a good option. In 
such selected cases, if there is a need of a short valved 
stent, we are convinced that a folded Melody should be 
considered to perform a safe PPVI.

Limitations
Our work has several limitations because of its retro-
spective nature, which inherently makes it susceptible to 
certain biases. As expected in a multicenter work, with no 
standardized follow-up of the patients, some data were 
lacking or incompletely collected. However, the main end 
point data regarding delayed outcomes were available 
for 100% of our series. The other limitation of our work is 
the lack of control group to be compared with our folded 
Melody cohort. We have considered this option; however, 
this latter was not possible from a methodological point 
of view. A control group with nonfolded Melody valve 
would not have been comparable as the folded technique 
is precisely used when a conventional Melody valve 
implantation is not feasible. Another control group would 
have been composed by Sapien valve implantations in 
similar substrates, however, due to the recent approval 
of this device, the follow-up duration of this group would 
have been too short, and therefore, irrelevant in terms of 
mid-term outcomes evaluation.

Conclusions
The folded Melody valve is a safe technique allowing 
patients with complex RVOTs to benefit from PPVI. 
Although this modification raised fears of potential 

increase in complication rates, our study showed favor-
able mid-term outcomes comparable with the usual 
Melody valve implantation procedure. The folded Mel-
ody continued to function well, with little progression 
of RVOT obstruction and excellent valve competence in 
the majority of patients, out to at least 6.5 years after 
implantation. Complications and reinterventions rates 
were low, making this technique relevant in selected 
patients.
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