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Abstract
Aims: The aim of the study was to report up to 11 years of follow-up after Melody valve implantation in 
the pulmonary position.

Methods and results: This was a single-institution non-randomised prospective observational study of 
all Melody valves in the pulmonary position after discharge between 2006 and 2017 (n=188). Mean age 
was 19.4 years (SD 13.2). The indication was stenosis (45%), regurgitation (33%) and mixed (22%). Pre-
stenting was performed in all except the initial four patients. In stenotic lesions the peak gradient was 
36 mmHg PIG (SD 12.0) after 11 years and in regurgitant lesions the maximal regurgitation was 2/4. Stent 
fractures were observed in 8.6%; only one grade III fracture required redo PPVI. Surgical removal was car-
ried out in seven (3.7%), redo PPVI in five (2.7%). Endocarditis was diagnosed in 19 (10.2%) patients at 
a median of 2.3 years (0.7-8.8) after Melody implantation. Three were surgically removed early because 
of persistent infection, 16 were sterilised; six required replacement (three surgical, three redo PPVI). There 
were no valve- or procedure-related deaths.

Conclusions: The Melody valve shows a good preserved leaflet function up to 11 years after implantation. 
The main reason for graft failure was endocarditis, although in half of those patients no reintervention was 
needed. After pre-stenting, stent fractures led very exceptionally to reintervention.
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Eleven years’ follow-up of the Melody valve

Abbreviations
ICE intravascular cardiac echography
PPVI percutaneous pulmonary valve implantation
PR pulmonary regurgitation
PS pulmonary stenosis
RV right ventricle
RVOT right ventricular outflow tract

Introduction
Since the first human implantation performed in the year 2000, 
percutaneous pulmonary valve implantation (PPVI) has estab-
lished itself as technically feasible with excellent short-term to 
midterm outcomes over all age groups1-5. PPVI results in improve-
ment in right ventricular (RV) function and dimensions, reduction 
of tricuspid regurgitation, improved electrical stability, exercise 
ability and a better quality of life6. Early adverse events included 
coronary compression, rupture of the right ventricular outflow 
tract (RVOT), aortic valve compression, aortic erosion, valve 
embolisation and tricuspid valve damage. These mostly occurred 
during initial experiences and have largely been curtailed by bet-
ter quality assessment practices and technical improvements. Stent 
recompression, stent fracture and endocarditis have emerged as 
potential problems during long-term follow-up1,2.

The indications for PPVI have changed over time. Initially, 
the stented valve was developed to prolong conduit function in 
order to delay surgical valve replacement; it can now be offered 
for almost any dysfunctional RVOT, even for those without a pre-
vious conduit7. Extensive medium and long-term data on the per-
formance of the Melody® valved stent (Medtronic, Minneapolis, 
MN, USA) in the RVOT are not yet available. Follow-up data are 
required to compare PPVI with existing surgical techniques, and 
to determine its role when applied to symptomatic patients or even 
when applied for prognostic reasons8.

This aim of this study was to analyse up to 11-year follow-up 
data of Melody valve implantations in our centre.

Editorial, see page 971

Patients and methods
This is a single-institution non-randomised prospective observational 
study. All patients discharged with a Melody valve in the pulmonary 
position were entered into a registry starting in 2006 with a specified 
protocol for clinical follow-up. For the purpose of this analysis, the 
database was closed in December 2017 and included 185 patients.

Standard techniques for implantation were used, as previously 
described7,9. In short, procedures were performed under general 
anaesthesia and standard prophylactic antibiotic regimens fol-
lowed. After discharge, endocarditis prophylaxis was recom-
mended to all; no antiplatelet medication was prescribed except 
when indicated for other reasons.

FOLLOW-UP
The protocol consisted of follow-up at 1, 3, 6 and 12 months, fol-
lowed by annual visits thereafter. This included radiography to 

assess for the presence of stent fractures as well as routine trans-
thoracic echocardiographic examination. Stent fractures were classi-
fied as proposed by Nordmeyer et al10. Pulmonary regurgitation (PR) 
was classified according to a scale of 0 to 4 (none to severe), based 
mainly on the magnitude of the regurgitation jet on colour Doppler, 
early termination of diastolic flow as well as right heart dilation.

Endocarditis was diagnosed using the modified Duke criteria. 
Imaging was carried out by transthoracic echocardiography and, in 
case of inconclusive images, transoesophageal echocardiography 
or especially intravascular ultrasound (ICE) was performed11.

ETHICS AND STATISTICS
Assent and informed consent was obtained from patients, their 
parents or legal guardians. Approval for the study was granted 
by the local ethics committee (S60373); for inclusions after 2010, 
adherence to the study protocol was imposed by Belgian medi-
cal insurance in order to obtain reimbursement. SPSS, Version 
20 (IBM Corp., Armonk, NY, USA) was used for data analysis. 
Continuous data are expressed as mean and standard deviation or 
median and range. Paired data were analysed by a paired t-test and 
the Kruskal-Wallis test. Kaplan-Meier plots were used for survival 
analyses. A p-value <0.05 indicated statistical significance.

Results
One hundred and eighty-eight (n=188) Melody valves were 
implanted in 186 patients over this 11-year period. In one patient, 
a Melody valve was explanted immediately after post-implant dil-
atation because of coronary compression; this implantation fail-
ure was not included in this study. This study therefore reports on 
follow-up of 188 valves in 185 patients discharged with a Melody 
valve. Age and weight at implantation can be viewed in Table 1. 
Two thirds of the patients were male (125 vs. 62 female) and the 
majority (119/185) were younger than 18 years at implantation.

Table 1. Demographic data. Indication and primary lesion.

mean median SD min max

Age, years 19.4 15.2 13.2 3.5 81.6

Weight, kg 51.5 50.0 23.2 15.0 119.0

Conduit diameter*, mm 20.7 22.0 3.3 10.0 27.0

 N %

Sex Male 124 66.7

Female 62 33.3

Indication Stenosis 84 45.2

Regurgitation 61 32.8

Mixed 41 22.0

Conduit 
type

Native or patch 61 32.8

Homograft 98 52.7

Contegra 23 12.4

Hancock 1.0 0.5

Freestyle® (Medtronic) 3 1.6

*Conduit diameter prior to implant. SD: standard deviation
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The main indications for PPVI were a stenotic RVOT (45%) 
followed by dominant PR (33%) with the remainder being mixed 
pulmonary stenosis (PS)-PR (22%). Diagnosis of underlying condi-
tions included tetralogy of Fallot (n=101) 54.3%, post Ross opera-
tion (n=33) 17.7%, post Rastelli repair (n=17) 9.2%, pulmonary 
stenosis (n=23) 12.4% and truncus arteriosus (n=12) 6.5%. The 
stented valves were implanted in homografts (52.7%), in native 
or patched RVOTs (32.8%), and in bioprostheses (14.5%) (e.g., 
Contegra®, Hancock® [both Medtronic], etc.) (Table 1).

Pre-stenting was not performed in the initial four patients (stand-
ard recommendations at that stage, early experience). Thereafter and 
with increasing understanding, RVOT pre-stenting was actively per-
formed and evolved significantly. Stents were implanted to ensure 
a stable landing zone with no recoil or distortion; care was taken to 
abolish all gradients prior to Melody valve implantation. Initially, the 
outflow tract was dilated up to the nominal value of the surgical con-
duit (standard recommendation at that stage). In the later years, con-
duits were expanded with covered stents up to 22-24 mm provided 
that the size of the RVOT and coronary anatomy were acceptable. 
A total of 226 pre-stents were implanted – one only in 147 patients, 
two in 26, three in 6 and four stents in 2 patients. Hybrid open-cell 
bare metal stents were implanted in the conduit-free outflow tracts 
as described in a previous publication1. Various types of stent were 
used for pre-stenting (CP Stent™ n=161, covered CP Stent™ [both 
NuMED, Hopkinton, NY, USA] n=31, AndraStent® [AndraTec 
GmbH, Koblenz, Germany] n=8, Max™ LD [Covidien, now 
Medtronic, Minneapolis, MN, USA] n=2, various n=3). Melody 
valves were delivered on 18 mm (n=11), 20 mm (n=34) and the 
vast majority on a 22 mm (n=145) Ensemble® system (Medtronic). 
Of the latter, one was overexpanded to 24 mm inner diameter.

FOLLOW-UP
Patients have been followed up for a total of 836 patient years 
over this 11-year period. At closure of the database in December 
2017, clinical and echocardiographic follow-up was complete in 
all patients, thus with last annual visit later than December 2016 
except when censored (death, explant, re-stent, redo PPVI).

GRAFT SURVIVAL
The overall graft survival was 78% at 10 years of follow-
up (Figure 1). Thirteen patients (6.9%) had failure of the graft 
requiring replacement: in seven patients the stent was surgically 
removed due to endocarditis (n=6: none acute, three early because 
of ongoing infection, three elective after sterilisation) and sub-
pulmonary stenosis (n=1). In five patients a redo PPVI was per-
formed for stenosis after endocarditis (n=3), in one due to conduit 
stenosis 10.3 years after initial implantation and in one patient due 
to a type III stent fracture at 5.2 years after implantation. Redo 
PPVI was carried out in both with a new Melody valved stent.

PATIENT SURVIVAL
There were three late deaths, none of which was related to the pro-
cedure or related to the valve overall: one patient died from kidney 

failure at the age of 85 years, one due to status epilepticus at the 
age of 20 years and one sudden death during sleep at the age of 
26 years (no autopsy was performed).

HAEMODYNAMIC OUTCOMES
When stenosis was the main indication for PPVI, we observed ini-
tially a sharp decline of the peak instantaneous Doppler gradient 
(PIG) to 23.4 mmHg (SD 11.1), which remained fairly unchanged at 
36±12 mmHg over the RVOT during follow-up (Figure 2). When PR 
was the dominant lesion, it followed a similar pattern and dropped 
from median 4/4 to median 0/4 after PPVI (range 0-2) and slightly 
increased to median 2/4 at 11 years (Figure 3). Functional status 
remained constant after 11 years with the majority of the patients 
in NYHA functional Class I-II. One patient developed an increased 
gradient across the valve without any sign of endocarditis: the wall 
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Figure 1. Kaplan-Meier estimated 11-year Melody overall graft 
survival in RVOT. Graft failure is defined by surgical removal of the 
Melody valve or redo PPVI with another valved stent.

Indication
Stenosis
Regurgitation
Mixed

80

60

40

20

0

–20
Pre Post 1 2 3 4 5 6 7 8 9 10 11 

Error bars: 95% CI

P
ea

k 
gr

ad
ie

nt
 a

cr
os

s 
th

e 
R

VO
T 

in
 m

m
H

g

Figure 2. Graft function. Evolution of RVOT peak Doppler gradient 
= 4 (V max)². Depicted are three groups with predominant stenosis 
(blue), predominant regurgitation (green) and mixed (orange).



e991

EuroIntervention 2
0
1
8

;14
:e

9
8

8
-e

9
9

4

Eleven years’ follow-up of the Melody valve

of the valve was thickened on intravascular ultrasound and angio-
gram. We could not determine whether this was due to thickening of 
the conduit wall or a hammock effect of the surrounding tissue. As 
balloon dilation was unsuccessful due to significant recoil, a bare 
metal stent was implanted for adequate relief of the gradient, fol-
lowed four months later by repeat PPVI.

STENT FRACTURES
Chest radiography was performed on a regular basis (once a year) 
in 87% of patients. Stent fractures were observed in 16 patients 
(8.6%). In two patients a type III fracture of a covered CP Stent 
was observed five and seven years after implantation; one of these 
required redo stenting and redo PPVI because of moderate steno-
sis. When reviewing the implantation procedure in this case, the 
pre-stent still showed motion and should have been fortified with 
an additional stent prior to Melody implantation. In the remaining 
14 patients, only type I stent fractures were observed a mean of 
4.2 years (SD 2.6) after implant. The relative incidence of stent frac-
ture was 1/4 (25%) in the initial four patients who did not receive 
a pre-stent versus 13/182 (7.1%) in the pre-stented group. None 
of the minor fractures resulted in haemodynamic consequences. 
Freedom from stent fractures was 82% at 11 years (Figure 4).

REINTERVENTIONS
In 21 (11.3%) patients a reintervention was performed during fol-
low-up. Balloon angioplasty to accommodate somatic growth was 
performed in eight (4.3%) patients a mean of 3.4 (SD 1.9) years 
after implantation. Seven (4.3%) Melody valves were explanted, six 
for endocarditis and one electively as a result of progressive sub-
valvular pulmonary stenosis. Repeat PPVI was required in three 
patients after curing the endocarditis, in one patient following a type 
III fracture and in one after “wall thickening”.

ENDOCARDITIS
Endocarditis was diagnosed in 19 (10.2%) patients at a median 
time of 2.3 years (range 0.7-8.9) after Melody implantation. The 
median age at the time of endocarditis was 16.2 years (range: 
8.0-45.6) with a strong male preponderance (16/19, 84.2%). 
Freedom from endocarditis was 84.9% and 76.2% after five and 
10 years, respectively (Figure 5). The original substrate in which 
the Melody valve was implanted in these cases was homograft 
(n=10) (52.6%), native or patched RVOT (n=6) (31.6%) and 
Contegra type valve grafts (n=3) (15.8%). Peak instantaneous 
gradients over the RVOT in patients presenting with endocarditis 
had increased significantly, from a median of 23 mmHg (range: 
10-42) to a median of 65 mmHg (range: 18-110) (p=0.001). 
Positive bacterial identification was obtained in 89.4% of the 
cases: Staphylococci species (n=6), Streptococcus viridans (n=5), 
HACEK group (n=2) and other (n=4). In two patients no organ-
isms were cultured. A probable entry point could be determined 
in 15/19 patients (78.9%), predominantly dental and in some 
from the skin. Three were surgically removed early (4, 17 and 
25 days) because of persistent infection; 16 were sterilised after 
four to six weeks of antibiotics; six required eventual replace-
ment because of obstruction (three surgical, three redo PPVI 
with a SAPIEN valve [Edwards Lifesciences, Irvine, CA, USA]). 
In the latter patients we first waited a minimum of six weeks 
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Figure 3. Graft function. Evolution of pulmonary regurgitation (PR). 
Depicted are three groups with predominant stenosis (blue), 
predominant regurgitation (green) and mixed (orange).
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Figure 4. Kaplan-Meier analysis. Freedom from stent fractures 
(study period 2006-2017).

100

50

0
0 5 10 15

Number at risk 188 62 8

P
er

ce
nt

 s
ur

vi
va

l

Follow-up in years 

Figure 5. Kaplan-Meier analysis. Freedom from endocarditis (study 
period 2006-2017).
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before pre-stenting, and again a minimum of six weeks prior to 
redo PPVI to ascertain eradication of the infection.

Discussion
As time progresses and experience increases, PPVI is establish-
ing itself as a very competitive option for the treatment of RVOT 
dysfunction. The most important finding of this interim analysis 
is that the Melody valve exhibited good graft survival with good 
function up to 11 years of follow-up for patients who remained 
free from endocarditis. Gradients across the RVOT did not change 
significantly and pulmonary regurgitation remained low. Stent 
fractures with haemodynamic consequences are exceptional after 
adequate pre-stenting, but endocarditis remains a challenge.

MELODY VALVE FUNCTION
Overall graft survival was 78% after 10 years of follow-up; the 
main reason for graft failure was valve dysfunction due to endo-
carditis (10/13; 77%). If patients remained free from endocarditis, 
there was little progression of obstruction and/or regurgitation. 
This can be attributed to a number of factors. The procedural 
protocol includes adequate pre-stenting of the RVOT with the 
aim of ensuring mechanical stability of the landing zone, under-
scored by the number of stents used during pre-stenting. The aim 
of this protocol is to ensure strength (resistance to deformity) of 
the scaffolding with redistribution of stresses over the coupled 
stent system resulting in improved stented valve function. Even 
though disadvantages such as fretting, leverage and galvanic cor-
rosion may occur, the success of this approach is illustrated by 
the fact that none of our patients presented with acute collapse 
of the stented valve and only a few demonstrated signs of mild 
recompression12.

The minimal stenosis and regurgitation indicate preserved good 
function of the graft leaflets over the period of our analysis. As 
opposed to surgical conduits, where obstruction frequently occurs 
at the anastomosis of “normal” tissue to conduits, the joined stent 
scaffolding in the landing zone potentially prevents initial direct 
contact of the graft tissue with that of the patient at the proximal 
and distal ends of the landing zone. Furthermore, disturbed pat-
terns of flow are more likely with surgical implants not only due 
to limitations at implantation, but also due to compression, kink-
ing, shrinkage and fibrosis over time. Adequate pre-stenting aims 
to prevent external compression and streamlines flow as a result of 
straightening of distorted conduits and by achieving a nice circular 
shape – all of which are likely to improve valve function further. 
Pre-stenting is thus important for a number of reasons as the omis-
sion of pre-stenting during the initial London and US experiences 
revealed2. Similar to surgical experiences, where larger conduits 
provide better longevity of a valve, it would be logical to ensure 
an adequate diameter of the RVOT during pre-stenting. We cur-
rently aim for a 22 to 24 mm landing zone, if permitted by the 
anatomy and coronary proximity. In the majority of our patients 
(75.3%), valves were implanted using the largest (22 mm) deliv-
ery system and expanded up to 22 mm inner diameter.

REINTERVENTIONS
Reinterventions were performed in 11.3% of patients. These find-
ings are in agreement with the medium-term results of the US trial 
where the freedom from reintervention after five years was 91%13. 
The main reason for surgical explantation (6/7) of the graft or per-
cutaneous redo PPVI (3/5) was endocarditis. One valve was over-
stented because of a grade III pre-stent fracture. One valve was 
electively explanted 3.5 years after implantation due to progres-
sive subpulmonary obstruction; the Melody valve itself still had 
normal function and appearance, with an endothelial covering of 
the valve leaflets. In this patient, the initial residual infundibular 
gradient was mild, but continued to increase as the right ventricle 
size regressed as a result of reduced volume loading after Melody 
implantation. Cognisance of this occurrence should be taken, since 
right ventricular remodelling after PPVI may amplify gradients 
proximal to the landing zone. Balloon angioplasty to accommo-
date for somatic growth is a decided advantage of a percutaneous 
valve and adds to the attraction of PPVI. We considered this as an 
elective treatment and not as a forced reintervention.

STENT FRACTURES
Fractures of the stented RVOT (7.5%) in our series were lower 
than in most reports2,10,14. The use of multiple overlapping stents 
and the use of simple X-ray (frontal and lateral projection) may 
have precluded the detection of small fractures of the Melody 
stent; however, Doppler echocardiography excluded a clinically 
relevant change of valve function, which is the final goal of this 
treatment. Fractures were mostly of class I with no haemodynamic 
compromise and we observed only two grade III fractures of a pre-
stent. In one patient, a redo PPVI was performed because the cli-
nician observed mild deformation of the conduit in the presence 
of a moderate Doppler gradient of 45 mmHg; prophylactically 
an additional outflow tract stent and Melody valve were placed. 
An explanation for the observed low frequency of stent fractures 
and extremely low occurrence of haemodynamically important 
fractures can possibly be found in the rigid pre-stenting proto-
col: aggressive pre-stenting until no more motion of the “tube” is 
observed. We hypothesise that this strategy decreases strain ampli-
tude and metal fatigue, thereby delaying or even avoiding fracture 
during a human lifetime. This is supported by previous analysis of 
mechanical stress bench testing of stents12.

ENDOCARDITIS
Endocarditis is an important threat for any bioprosthetic valve, 
including the Melody valve. Several series have reported inci-
dence rates of endocarditis of between 7.5 and 16% in bovine 
valves15. In our series endocarditis occurred in 10.2% of the 
implants. In 10/19 (52.6%) the endocarditis was cured with 
antibiotics only, without significant change in valve function. 
No deaths occurred and no urgent surgery was required since 
all patients, carers and general practitioners were instructed to 
monitor for early signs of endocarditis; additionally, there is 
a short and fast track for referral to the implant centre in case 
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Eleven years’ follow-up of the Melody valve

of suspicion of endocarditis. Of note is that a “sudden” signi-
ficantly increased gradient over the RVOT should alert the con-
sulting cardiologist to the possible presence of endocarditis.

The study was not powered to identify specific factors, but there 
is a strong male preponderance and mostly young adolescents 
appear to be at higher risk. Youngsters in the pubertal age group 
are difficult to control in terms of hygienic measures (dental/skin). 
In 15/19 patients a clear entry point for endocarditis could be iden-
tified. Following extensive education of patients, their parents and 
carers, not allowing overruling or deviation from the ESC guide-
lines, we have observed a reduction of endocarditis from a maxi-
mal annual incidence of 2.6% down to less than 1.0% currently. 
All patients were advised to follow a rigorous schedule of dental 
and skin hygiene and to take adequate prophylaxis prior to high-
risk procedures. Similar information was conveyed to their local 
practitioners and dentists. It should be noted that the 2015 ESC 
guidelines specify transcatheter heart valves to be at higher risk 
(IIa evidence) whilst the 2007 AHA guidelines only allude to pros-
thetic valves16,17.

As a result, this has been confusing for practitioners and den-
tists and, as far as our country is concerned, it has led to a more 
liberal attitude concerning subacute bacterial endocarditis (SBE) 
prophylaxis. In view of the findings of this study and other reports, 
it seems prudent to promote that biological percutaneous valves 
should adhere to strict antibiotic prophylactic measures.

The current strategy in our centre is not to give antiplatelet ther-
apy. The use of antiplatelet therapy in preventing microthrombi 
and possible prevention of infective endocarditis (IE) is being 
studied18-21. However, there is currently no evidence that antiplate-
let therapy with aspirin only reduces endocarditis in this situation; 
with our current strategy we have reduced the annual incidence 
of endocarditis to below 1.0%/year, which is lower than similar 
cohorts with aspirin. The jury is still out on this question!

COMPARISON TO SURGERY
A recent contemporary multicentre surgical trial of decellularised 
(n=163) and standard allografts (n=124) with similar numbers 
over a comparable period showed that freedom from conduit dys-
function at 10 years was 83% for decellularised conduits and 58% 
for standard allografts (p<0.001)22. In a review of best evidence 
by Abbas et al, freedom from reintervention and graft failure var-
ied from 47%-72% after 10 years for various conduits23. Similar 
findings were reported for Contegra conduits in children where 
freedom from reoperation was 75% at five years. Our results 
show that the Melody valve had a freedom from conduit dys-
function of 78% after 10 years, indicating that it is highly com-
petitive compared to current conduits and might perform even 
better if endocarditis were contained. Furthermore, if adaptation 
for somatic growth is excluded (which is not an option for most 
surgical conduits), the Melody valve required a reintervention in 
7% of the cases within 11 years of follow-up. This is low in com-
parison to the 10% risk of reintervention for the decellularised 
conduits and even 27% for standard allografts22-25.

Possible reasons for the better performance of the Melody valve 
as opposed to surgical conduits include absence of retraction or 
shrinkage, as is frequently observed at the muscular cuff of a homo-
graft or at the distal anastomosis of a Contegra. Furthermore, 
a stented conduit is more resistant to the external compression typi-
cally exerted by the sternum and aorta or internal retraction due to 
fibrosis of the biological tissue.

Limitations
The study suffers from the observational design and only reflects 
practice at one centre. Radiology of stent integrity was based on 
standard chest views and with multiple pre-stenting minor fractures 
may not have been observed. However, haemodynamic compro-
mise was easily excluded or confirmed by Doppler echocardio-
graphy. Patients were not randomly selected for inclusion and no 
control group was used, making it a heterogeneous sample. The 
protocol for pre-stenting evolved during the study. As a result of 
geographical location, some patients could not follow all the ele-
ments of the protocol (annual chest radiography) and some of the 
follow-ups were performed at local centres.

Conclusions
The Melody valve shows good graft survival up to 11 years. 
Gradient relief can be attributed to pre-stenting, with a lasting result 
over the study period. Leaflet function remained good: no signi-
ficant stenosis or regurgitation. Endocarditis remains an important 
issue, which might be reduced by stringent adherence to prophy-
lactic measurements. In terms of longevity, PPVI with the Melody 
valved stent compares favourably with surgical grafts.

Impact on daily practice
The Melody valved stent shows a good preserved function for 
the current length of follow-up. Endocarditis is the main reason 
for graft failure in this series.
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