
C L I N I C A L  R E S E A R C H
INTERVENT IONS  FOR  VALVULAR  D ISEASE  AND  HEART  FA ILURE EuroIntervention 2

0
17;1

2
:1715

-172
3   

D
O

I: 10
.4

2
4

4
/E

IJ-D
-16

-0
0

4
4

3

1715

© Europa Digital & Publishing 2017. All rights reserved.

*Corresponding author: Department of Pediatric Cardiology and Congenital Heart Disease, Deutsches Herzzentrum München, 
Technische Universität München, Lazarettstr. 36, D-80636 Munich, Germany. E-mail: hager@dhm.mhn.de

Five-year results from a prospective multicentre study of 
percutaneous pulmonary valve implantation demonstrate 
sustained removal of significant pulmonary regurgitation, 
improved right ventricular outflow tract obstruction and 
improved quality of life

Alfred Hager1*, MD; Stephan Schubert2, MD; Peter Ewert1,2, MD; Lars Søndergaard3, MD; 
Maarten Witsenburg4, MD, PhD; Paolo Guccione5, MD; Lee N. Benson6, MD; 
José Suárez de Lezo7, MD; Te-Hsin Lung8, PhD; John Hess1, MD; Andreas Eicken1, MD; 
Felix Berger2, MD

1. Department of Pediatric Cardiology and Congenital Heart Disease, Deutsches Herzzentrum München, Technische Universität 
München, Munich, Germany; 2. Department of Pediatric Cardiology – Congenital Heart Defects, Deutsches Herzzentrum Berlin, 
Germany; 3. Department of Cardiology, The Heart Centre, Rigshospitalet, Copenhagen, Denmark; 4. Department of Cardiology/
Congenital Heart Disease, Erasmus Medical Center, Rotterdam, The Netherlands; 5. Department of Pediatric Cardiology and 
Cardiac Surgery, Ospedale Bambino Gesú, Rome, Italy; 6. Department of Paediatrics, Cardiac Diagnostic and Interventional 
Unit, The Hospital for Sick Children, University of Toronto, Toronto, Ontario, Canada; 7. Department of Cardiology, Hospital 
Reina Sofía, University of Córdoba, Córdoba, Spain; 8. Department of Coronary & Structural Heart Clinical Affairs, Medtronic, 
Minneapolis, MN, USA

A. Hager and S. Schubert contributed equally as primary authors. A. Eicken and F. Berger contributed equally as senior authors.

This paper also includes supplementary data published online at: http://www.pcronline.com/eurointervention/111th_issue/281

Abstract
Aims: Percutaneous pulmonary valve implantation (PPVI) is used to treat patients with dysfunctional pul-
monary valve conduits. Short- and longer-term results from multiple trials have outlined haemodynamic 
improvements. Our aim was to report the long-term results, including quality of life, from a multicentre 
trial in Europe and Canada.

Methods and results: From October 2007 to April 2009, 71 patients (24 female; median age 19.0 [IQR: 
14.0 to 25.0] years) were enrolled in a prospective cohort study. PPVI was performed successfully in 
63 patients. At five-year follow-up four patients had died. Moderate and severe pulmonary regurgita-
tion were completely resolved in all except one patient, who needed re-PPVI. Outflow tract obstruction 
improved significantly from a mean pressure gradient of 37.7±12.1 mmHg before PPVI to 17.3±9.7 mmHg 
at five-year follow-up; however, 11 patients needed treatment for restenosis. The EQ-5D quality of life 
utility index and visual analogue scale scores were both significantly improved six months post PPVI and 
remained so at five years.

Conclusions: Five-year results following PPVI demonstrate resolved moderate or severe pulmonary regur-
gitation, improved right ventricular outflow tract obstruction, and improved quality of life.
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Introduction
Percutaneous pulmonary valve implantation (PPVI) is used to 
treat patients with dysfunctional right ventricular to pulmonary 
artery conduits1.

While multiple studies have reported improved, sustained 
haemodynamics and exercise capacity after PPVI, data on long-
term results are limited2-10. Cheatham and colleagues reported 
sustained improvement in mean right ventricular outflow tract 
(RVOT) gradient and low five-year freedom from reintervention 
and explantation11. One single-centre study reported that five-year 
freedom from surgery was 90% and that freedom from reinterven-
tion was 68%. The degree of pulmonary regurgitation (PR) was 
also reduced12. The impact of PPVI on quality of life (QOL) is 
fairly unknown beyond the first six months13.

Patients and methods
STUDY DESIGN
This non-randomised, prospective, multicentre cohort study 
enrolled patients with dysfunctional RVOT conduits at seven 
sites in Europe and Canada. Inclusion and exclusion criteria are 
described in the Online Appendix. The study was sponsored, 
designed, and funded by Medtronic (Minneapolis, MN, USA), 
which was also responsible for site selection, data monitoring and 
management, and all statistical analyses. The study was approved 
by the institutional review board/ethics committee at each site. 
Each patient provided written, informed consent, and the study 
was conducted in accordance with the Declaration of Helsinki14.

OUTCOMES
The primary objective of the study was clinical performance 
over five years, as measured by the composite endpoint of free-
dom from PPV dysfunction, explant, reintervention, stent frac-
ture, and device- or procedure-related death. PPV dysfunction 
was defined as either a mean continuous wave (CW) Doppler 
gradient >40 mmHg, RV to pulmonary arterial (RV-PA) peak-
to-peak catheter gradient >40 mmHg, moderate or severe PR by 
echocardiography or angiography, or PR fraction >30% by mag-
netic resonance imaging.

Secondary outcomes included procedural success, device- and 
procedure-related mortality and morbidity, haemodynamic per-
formance, and QOL. Procedural success was defined as the PPV 
implanted within the desired location, RV-PA peak-to-peak gradi-
ent <35 mmHg and no more than trivial PR via angiography after 
PPVI, and freedom from explantation at 24 hours post implant. 
Adverse events were classified as serious (SAE) if they led to 
death, serious deterioration in the patient’s health, or foetal dis-
tress, death, congenital abnormality, or birth defect.

PROCEDURE DETAILS
Enrolled patients underwent cardiac catheterisation under gen-
eral or local anaesthesia. The RV/aortic pressure ratio and peak-
to-peak RV-PA systolic gradient were both calculated. To assess 
the suitability of the RVOT conduit for PPVI, angiography was 

performed to measure the narrowest conduit diameter at the site of 
intended implantation. The implanter determined the size of angi-
oplasty balloons, balloon waist size, post-dilation, and the need 
for concomitant procedures, including pre-stenting. Only Melody® 
valves (a stented bovine jugular vein prosthesis; Medtronic, 
Minneapolis, MN, USA) were implanted.

FOLLOW-UP EVALUATION
Clinical assessment (NYHA class), QOL assessment, transthoracic 
echocardiography (TTE), and chest radiography (frontal and lat-
eral) were performed at discharge, six months, one year, and annu-
ally thereafter up to five years post implantation at each site. Chest 
radiographs were analysed and classified in each centre for dislo-
cation and stent fracture15. Major stent fractures were defined as 
those that required intervention.

ECHOCARDIOGRAPHY
TTE was used to assess haemodynamic performance before and 
during the five years after implantation, through measurements of 
mean RVOT gradient by CW Doppler and PR by colour Doppler. 
Severity of PR was classified as none, trivial, mild, moderate, or 
severe16. All echocardiographic data were site-reported.

QUALITY OF LIFE
QOL assessments were performed using the EQ-5D pre-implant, 
at discharge, and at pre-specified follow-up visits. Only patients 
at least 15 years old completed the questionnaire. Results are 
reported as a single utility index from the five questions using 
the European Value Set and time-trade-off method and as a visual 
analogue scale (VAS) rating. Further details are included in the 
Online Appendix.

STATISTICAL ANALYSIS
Descriptive statistics were used for procedural and clinical out-
comes and echocardiographic data. Results are presented as num-
ber (%) or mean±SD. Kaplan-Meier analyses were performed for 
time-to-event data, and the standard error for freedom from an 
event was calculated using Peto’s method.

Differences between baseline and follow-up were tested with 
Wilcoxon signed-rank tests for paired data. Differences between 
cohorts were tested with Fisher’s exact test for categorical vari-
ables or Wilcoxon rank-sum tests for continuous variables. To 
identify factors associated with each outcome, univariate analyses 
were run on several covariates using logistic regression. Factors 
considered were gender, institution, conduit type, age (≥22 years 
vs. ≤21 years), primary indication, number of open heart surger-
ies, original diagnosis, and pre-stenting. A log-rank test was per-
formed to test if freedom from PPV dysfunction differed across 
several variables. A linear relationship between the EQ-5D utility 
index and baseline mean RVOT gradient was assessed, and the 
slope was tested with the F-test; p<0.05 was considered signif-
icant. All statistics were calculated with SAS version 9.2 (SAS 
Institute, Cary, NC, USA).
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Results
PATIENTS
Seventy-one patients were enrolled and catheterised between 
October 2007 and April 2009. The enrolled cohort was pre-
dominantly male (n=47, 66.2%); mean age was 21.6±10.6 years 
(range 8-59). Original diagnoses included various congenital 
heart defects, predominantly tetralogy of Fallot. Indication for 
PPVI was almost balanced for pure stenotic, pure regurgitant, 
and mixed conduit dysfunction. Baseline demographics are listed 
in Table 1.

PROCEDURAL OUTCOMES
The majority of catheterisations were via the femoral vein (n=68, 
95.8%) with three via the jugular vein (4.2%) in patients with 
bilaterally occluded femoral veins. Mean procedure time was 
168.2±68.6 minutes. The RVOT conduit was stented before PPVI 
in 81.7% of patients (Table 2).

Sixty-three patients were ultimately implanted with the Melody 
valve (Figure 1). An implant was not attempted in eight patients, 
due to risk for coronary artery compression (n=2), RVOT conduit 

Table 2. Procedural data.

Enrolled 
N=71

Implanted 
N=63

Not 
attempted 

N=8
p-value

Venous site 
access

Femoral vein 68 (95.8) 60 (95.2) 8 (100.0)

1.00Jugular vein 3 (4.2) 3 (4.8) 0 (0.0)

Subclavian vein 0 (0.0) 0 (0.0) 0 (0.0)

Concomitant 
procedures

No concomitant 
procedures 12 (16.9) 6 (9.5) 6 (75.0)

<0.001
Stent placement, 
peripheral PA 3 (4.2) 3 (4.8) 0 (0.0)

Stent placement, 
RVOT conduit 58 (81.7) 57 (90.5) 1 (12.5)

Other 4 (5.6) 3 (4.8) 1 (12.5)

Total fluoroscopy time (min), n 69 63 6 0.86

Mean±SD 32.6±19.1 32.9±19.7 29.5±12.3

Total procedure time (min), n 68 63 5 0.93

Mean±SD 168.2±68.6 166.8±67.6 185.4±87.1

Length of hospital stay (days), n 67 62 5 0.32

Mean±SD 2.2±1.3 2.2±1.1 2.6±3.0

Values are n (%) or mean±SD. p-value from Fisher’s exact test or Wilcoxon rank-sum test.

Table 1. Baseline demographics of the enrolled and implanted cohorts.

Enrolled 
 (n=71)

Implanted 
(n=63)

Not 
attempted 

(n=8)
p-value

Weight, kg 62.9±16.5 62.6±16.4 65.7±18.7 0.54

Male 47 (66.2) 42 (66.7) 5 (62.5) >0.99

Age, years 21.7±10.5 22.1±11.0 18.6±5.3 0.61

Race Asian 2 (2.8) 2 (3.2) 0 (0.0)

1.00

Black 1 (1.4) 1 (1.6) 0 (0.0)

Caucasian 66 (93.0) 58 (92.1) 8 (100.0)

Hispanic 0 (0.0) 0 (0.0) 0 (0.0)

Other 2 (2.8) 2 (3.2) 0 (0.0)

Arabic 2 (2.8) 2 (3.2) 0 (0.0)

Original diagnosis

Tetralogy of Fallot 33 (46.5) 30 (47.6) 3 (37.5)

0.78

With pulmonary atresia 9 (12.7) 8 (11.3) 1 (1.4)

With pulmonary stenosis 22 (31.0) 20 (28.2) 2 (2.8)

Absent pulmonary valve 2 (2.8) 2 (2.8) 0 (0.0)

Aortic valve disease (Ross) 9 (12.7) 7 (11.1) 2 (25.0)

Isolated pulmonary stenosis 1 (1.4) 1 (1.6) 0 (0.0)

Truncus arteriosus 12 (16.9) 11 (17.5) 1 (12.5)

Transposition of the great 
arteries

10 (14.1) 8 (12.7) 2 (25.0)

Double outlet right ventricle 3 (4.2) 3 (4.8) 0 (0.0)

Double outlet left ventricle 1 (1.4) 1 (1.6) 0 (0.0)

PA anomaly with pulmonary 
insufficiency

1 (1.4) 1 (1.6) 0 (0.0)

Pulmonary atresia, intact 
ventricular septum

1 (1.4) 1 (1.6) 0 (0.0)

NYHA 
functional 
Class

I 14 (19.7) 10 (15.9) 4 (50.0)

0.10
II 42 (59.2) 39 (61.9) 3 (37.5)

III 15 (21.1) 14 (22.2) 1 (12.5)

IV 0 (0.0) 0 (0.0) 0 (0.0)

Enrolled 
 (n=71)

Implanted 
(n=63)

Not 
attempted 

(n=8)
p-value

RVOT conduit 
type

Homograft 56 (78.9) 50 (79.4) 6 (75.0)

0.31

Biological 
valved conduit 3 (4.2) 3 (4.8) 0 (0.0)

Bioprosthesis 4 (5.6) 4 (6.3) 0 (0.0)

Synthetic 0 (0.0) 0 (0.0) 0 (0.0)

Bovine 3 (4.2) 3 (4.8) 0 (0.0)

Other 5 (7.0) 3 (4.8) 2 (25.0)

RVOT conduit size (mm), n 58 52 6 0.46

Mean±SD 20.7±3.1 20.8±3.3 19.8±1.7

Bioprosthesis size (mm), n 4 4 0 N/A

Mean±SD 24.8±2.1 24.8±2.1 N/A

Primary 
indication

Stenosis 29 (40.8) 26 (41.3) 3 (37.5)

0.10Regurgitant 24 (33.8) 19 (30.2) 5 (62.5)

Mixed 18 (25.4) 18 (28.6) 0 (0.0)

Number of previous open heart 
surgeries, mean±SD 2.4±1.1 2.4±1.1 2.4±0.9 0.89

Pulmonary regurgitation by site 
echo, n 69 62 7 0.65

None 4 (5.8) 4 (6.5) 0 (0.0)

Trace 10 (14.5) 9 (14.5) 1 (14.3)

Mild 16 (23.2) 14 (22.6) 2 (28.6)

Moderate 30 (43.5) 27 (43.5) 3 (42.9)

Severe 9 (13.0) 8 (12.9) 1 (14.3)

Mean RVOT pressure gradient by 
site echocardiography (mmHg), n 69 62 7 0.04

Mean±SD 36.4±12.6 37.5±12.2 26.8±13.2

Values are n (%) or mean±SD. p-value from Fisher’s exact test or Wilcoxon signed-rank 
test.
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not suitable for implant (n=3), desired result achieved with bare 
metal stenting (n=1), asymptomatic primary stenosis (n=1), and 
unstable sizing balloon (n=1). Patients whose procedure was 
aborted had a significantly lower RVOT mean gradient than those 
who were implanted (p=0.04) (Table 1).

In all 63 patients the PPV was fixed at the desired posi-
tion. RV-PA peak-to-peak pressure gradient was lowered below 
35 mmHg in 60 patients. RV-PA gradient was not assessed in 
two patients, but their pressure gradients at discharge were 11 
and 14 mmHg, respectively, resulting in 62 (98.4%) patients with 
a successful reduction of RVOT pressure gradient. For 49 patients 
with paired data, the RVOT peak-to-peak pressure gradient was 
reduced following implantation (p<0.001) (Table 3). Other acute 
haemodynamic outcomes are reported in Table 3.

Angiographic PR after PPVI was absent or trivial in 56 of 60 
(93.3%) patients. Three patients did not have PR assessed angio-
graphically, but all had no or trivial PR on echocardiography at 
six months, yielding a total PPVI success rate of 93.7% (59/63).

One patient, who had balloon testing with a 16 mm balloon and 
pre-stent implantation with an 18 mm balloon without complica-
tion, experienced coronary artery compression after PPVI with an 
18 mm balloon. The bioprosthesis was explanted within 24 hours, 
as coronary artery compression caused a myocardial infarction. 
The patient died 16 days after implant of left-sided heart failure 
and thus was not included in subsequent analyses.

Procedure success was achieved in 57 of 63 (90.5%) patients, 
but six patients did not meet the criteria for success (Online 

Enrolled and catheterised
N=71

Implanted
N=63

Not attempted
N=8

Missed visit (n=1)

Returned for 1-year 
visit (n=1)

Returned for 2-year 
visit (n=1)

Returned for 3-year 
visit (n=1)

Returned for 5-year 
visit (n=1)

Returned for 4-year 
visit (n=2)

Missed visit (n=1)

Missed visit (n=1)

Missed visit (n=1)

Missed visit (n=1)

Missed visit (n=2)

Explanted ≤24 hrs 
and death (n=1)

Explant (n=1)
Lost to follow-up (n=1)

Explant (n=1)
Lost to follow-up (n=1)

Withdrawal (n=1)

Death (n=1)

Explant (n=1)

Death (n=2)
Explant (n=2)

Implanted >24 hours
N=62

6-month follow-up
N=59

3-year follow-up
N=54

4-year follow-up
N=54

5-year follow-up
N=50

2-year follow-up
N=55

1-year follow-up
N=58

RVOT conduit not suitable for implant (n=3)
Risk for coronary artery compression (n=2)
Asymptomatic primary stenosis (n=1)
Desired result achieved w/bare metal stenting (n=1)
Unstable sizing balloon (n=1)

Figure 1. Patient disposition flow chart.

Table 3. Pre- and post-implantation haemodynamics.

Variable Pre-implant Post-implant p-value
RV systolic 
pressure 
(mmHg)

n 62 62

<0.001
Mean±SD 63.9±15.3 45.9±13.2

Median [min, max] 63.0 [34.0, 115.0] 43.0 [26.0, 102.0]

Q1, Q3 54.0, 72.0 38.0, 49.0

RV-to-aortic 
systolic 
pressure 
gradient

n 57 57

<0.001
Mean±SD 0.7±0.2 0.4±0.1

Median [min, max] 0.7 [0.4, 1.3] 0.4 [0.2, 0.9]

Q1, Q3 0.6, 0.8 0.3, 0.5

RV-PA 
peak-to-peak 
gradient 
(mmHg)

n 49 49

<0.001
Mean±SD 37.6±14.5 17.0±7.8

Median [min, max] 37.0 [5.0, 70.0] 16.0 [3.0, 35.0]

Q1, Q3 29.0, 47.0 12.0, 21.0

PA diastolic 
pressure 
(mmHg)

n 46

<0.001
Mean±SD 12.2±5.1

Median [min, max] 12.0 [0.0, 30.0]

Q1, Q3 9.0, 15.0

p-value from Wilcoxon signed-rank test.

Table 1). None of the factors analysed by logistic regression was 
significantly associated with procedural success.

Twelve patients (16.9%) experienced procedure-related SAE 
(Online Table 2). Except for the deceased patient and one patient 
with mild stenosis at the puncture site, all adverse events were 
addressed without sequelae.
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LONG-TERM CLINICAL OUTCOMES
Of the 62 patients without explantation within the first 24 hours, 
the mean follow-up length was 55.7±13.6 months, yielding 288 
total follow-up years.

Overall there were four deaths: one as a consequence of the pro-
cedure within the first month as discussed above, one due to endo-
bronchial bleeding from a bronchial artery malformation two years 
after PPVI, one due to an unexplained sudden cardiac event four 
years after implantation, and one due to septic shock, probable 
endocarditis, four years after PPVI. Freedom from all-cause death 
was 98.4% at one year and 93.2% at five years (Online Figure 1).

At baseline, 21.1% of patients were in NYHA Class III; this 
was reduced to 1.8% at six months (p<0.001) and 8.2% at five 
years (Figure 2). Logistic regression of NYHA Class I/II versus 
III/IV at six months and five years post PPVI identified no signifi-
cant factors impacting on NYHA class.

HAEMODYNAMIC OUTCOMES
Mean RVOT pressure gradient increased to >40 mmHg (11/62, 
17.4%) in 11 patients during follow-up, leading to surgical 
explantation in two, balloon dilatation in five, and a Melody-in-
Melody procedure in four (Online Table 2). Univariate analysis 
identified no factors that were significantly associated with the 
need for treatment of restenosis. Excluding deaths and explanted 
valves but including interventional treatments, mean RVOT pres-
sure gradient was significantly reduced six months after the initial 
PPVI (p<0.001) and was sustained at all follow-up time points 
(Figure 3A). Linear regression of mean RVOT gradient at six 
months and five years after implant showed no impact of any of 
the factors analysed.

Before PPVI, 55.7% of patients had moderate/severe PR on 
echocardiography, but at discharge none did (p<0.001). This result 
was sustained at five years (Figure 3B) except in one patient with 
iatrogenic valve regurgitation after balloon dilatation of a valve 
stenosis post endocarditis. This patient required a Melody-in-
Melody procedure for significant PR.

Figure 4 illustrates freedom from PPV dysfunction, freedom 
from RVOT conduit reoperation, and freedom from catheter rein-
tervention. A log-rank test identified no significant factors associ-
ated with PPV dysfunction. A Melody-in-Melody reintervention 
was performed in eight patients, due to PPVI stent fracture in six 
patients and stenosis with gradient >40 mmHg in four patients 
(both in two patients).

SERIOUS ADVERSE EVENTS
Eighteen patients (28.6%) experienced 26 device-related SAE, 
including valve dysfunction/stenosis (11), major stent fracture 
(five), subacute bacterial endocarditis (four), coronary compres-
sion causing myocardial ischaemia (one), valve dysfunction/regur-
gitation (one), other cardiac events (four), and other device-related 
events (two). The five-year freedom from major stent fracture esti-
mate was 91.6% (Figure 4D). Additional details are provided in 
Online Table 2.

TOTAL CLINICAL PERFORMANCE
The primary composite endpoint of the study is presented in 
Figure 4E. At five years after implant, freedom from this compos-
ite endpoint was 68.2%, with 32 patients displaying good clinical 
performance and another 11 treated with either balloon dilatation 
or a Melody-in-Melody valve procedure resulting in a desirable 
clinical outcome.

QUALITY OF LIFE
In the 44 patients who completed the QOL questionnaire at 
baseline, the mean utility index was 0.818±0.137 at baseline, 
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0.795±0.201 at six months (n=41), and 0.890±0.189 at five 
years (n=35). The VAS improved from 72.3±20.2 at baseline 
to 83.1±12.2 at six months to 85.2±14.4 at five years (Online 
Table 3). The utility index was significantly improved at both six 
months and five years after implantation, as was the VAS at the 
same time points (Figure 5).

Many patients self-reported their baseline QOL as good 
(Online Table 3). Thus, the majority of patients reported no 
change in status at six months and five years. Among patients 
who reported a change, the majority reported improvements in 
QOL outcomes.

To assess the impact of mean RVOT gradient improvement on 
change in the EQ-5D utility index, a linear regression was per-
formed for the two variables from baseline to six months and from 
baseline to five years. There was no significant relationship from 
baseline to six months (slope=-0.0002, p=0.88) or from baseline 
to five years (slope=-0.0030, p=0.11). However, when the same 
linear regression was performed comparing the VAS and mean 
RVOT gradient improvement, there was a significant relationship 
from baseline to five years (slope=-0.625, p=0.001) but not from 
baseline to six months (slope=-0.212, p=0.33).
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fracture. E) Composite endpoint. The numbers in the plots represent the Kaplan-Meier estimate and the 95% confidence interval.
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No significant impact of improved PR on QOL improvement 
was identified for either baseline to six months (VAS, slope=6.84, 
p=0.46; EQ-5D index, slope=0.066, p=0.32) or baseline to five 
years (VAS, slope=6.13, p=0.35; EQ-5D index, slope=-0.04, 
p=0.56).

Discussion
This study showed that PPVI persistently reduced clinically sig-
nificant PR and RVOT stenosis and led to a long-lasting improve-
ment in QOL in patients with initial dysfunction of the RVOT 
conduit up to five years.

This study confirmed the high procedural success rate of PPVI 
(>90%)2, but also reiterates the procedural mortality related to 
PPVI. The main reasons reported are coronary artery compression 
by the implanted valve or by calcified material from the conduit 
that is dislocated during PPVI2. The current practice of perform-
ing coronary angiography simultaneously with inflation of a high-
pressure balloon in the RVOT may reduce the risk of coronary 
compression. Rupture of a calcified conduit is also potentially 
fatal and treated only by rapid implantation of a covered stent or 
by surgery. It is speculative whether the use of covered pre-stents 
in the calcified stenotic RVOT will reduce the risk. Other compli-
cations, such as valve embolisation4 or pulmonary artery bleeding 
caused by an injured vessel wall from the stiff guidewire, may 
also be prevented. To minimise mortality, PPVI should only be 
performed in experienced hands and in centres where the compli-
cations can be appropriately handled.

Haemodynamics after PPVI are excellent in restoring pulmo-
nary competence. Even the first reported Melody valve implan-
tation successfully reduced PR1. This was confirmed in other 
institutional reports5,17,18, in registry studies4 and in prospec-
tive cohort studies2, where PR could be removed completely or 
reduced to trivial, even in patients with severe pulmonary hyper-
tension19. Reports of patients with moderate or severe regurgita-
tion are mainly found after an episode of endocarditis20. Our study 
shows that the re-established pulmonary valve competence can 
be sustained for at least five years. This is in contrast to surgi-
cally implanted bovine jugular vein valves, which are reported to 
become regurgitant in 7-15% of patients at early and midterm fol-
low-up21,22. It is speculated that fixation of the valve in the stent 
not only improves adaptation of the leaflets on early follow-up, 
but probably also prevents mechanically induced degeneration in 
the longer term.

Our study also confirms that there is prolonged significant 
reduction of RVOT stenosis, although a number of patients with 
residual stenosis must undergo reintervention in the first few 
years after implantation. Stenosis was the most common indi-
cation for surgical or catheter reintervention. However, absolute 
numbers were low. The Kaplan-Meier estimate for five-year sur-
vival without reintervention was similar to the 71% freedom from 
reintervention reported for surgical bovine jugular vein valves22. 
Currently, the recommendation is to place one or more pre-stents 
to eliminate any residual stenosis and stent fracture and to reduce 

conduit recoil during balloon deflation before PPVI15. This prac-
tice has reduced the incidence of stent fractures, residual steno-
sis, and reinterventions11. As such, these data may overestimate the 
rate of restenosis and reintervention if current recommendations 
are applied properly.

Endocarditis after PPVI is a serious event. This study identified 
four cases of bacterial endocarditis. Three were included in a pre-
vious analysis focusing on endocarditis after Melody implantation 
and discussed in detail there23.

Favourable haemodynamics result in persistently improved 
functional class11. However, NYHA functional classification is 
based on anamnestic data and the physician’s subjective impres-
sions. Self-reported short-term health-related QOL (SF-36) was 
excellent with improved perception of physical function and gen-
eral health13. In this study we confirmed early and significant 
improvements with a more generalised instrument (EQ-5D).

We could not define any subgroups that had more or less 
improvement in QOL. Our data concerning a difference in out-
comes, based on whether PPVI was performed to eliminate pure 
stenosis or regurgitation, or a combination, were also inconsist-
ent, whether the EQ-5D VAS or the EQ-5D index was used. 
This is not in agreement with the early London data on exercise 
capacity, where improvements could be shown in patients with 
RVOT obstruction treated with PPVI but not in those with PR6,7. 
As speculated13, this might be due to the restrictive PPVI indica-
tion in the current study, which allows PPVI for severe regurgita-
tion only in symptomatic patients or patients with RV dilatation 
or dysfunction.

Many patients felt that their health-related QOL was rather good 
before PPVI. However, both the detailed questions about health 
status and the self-scoring by the VAS identified an immediate sig-
nificant improvement after the implant. The current study extends 
the data on patient-reported outcome to persistently improved 
QOL for at least five years. The gain in health-related QOL can be 
expected to translate into a meaningful gain in quality-adjusted life 
years when considering an untreated cohort that, conservatively, 
could be assumed to maintain the baseline QOL. However, our 
study does not allow a proper cost-utility ratio, as no data for the 
alternative treatment, surgery, are assessed, and the costs for both 
PPVI and surgery vary tremendously from country to country.

Limitations
Due to the small number of procedural failures in this study, 
a regression analysis to identify predictors of procedural suc-
cess yielded no significant findings. Furthermore, the analysis 
of other factors that might have had an impact on the haemody-
namic results or QOL may have suffered from the low number 
of patients. Also, the improvements in QOL neglect patients who 
died or underwent surgery during follow-up.

Conclusions
This study reveals that PPVI resolves clinically significant PR 
and reduces RVOT stenosis in patients with initial dysfunction of 
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the RVOT conduit up to five years after the procedure. It leads 
to a persistently improved QOL. However, complications are 
described, which might be preventable in experienced hands, or at 
least manageable in appropriately equipped centres.

Impact on daily practice
In experienced hands PPVI is an alternative to surgery for the 
treatment of a dysfunctional RVOT conduit. 
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Appendix
SUPPLEMENTARY METHODS
INCLUSION/EXCLUSION CRITERIA
Inclusion criteria were age five years or older, weight of 30 kg or 
greater, existence of a full circumferential RVOT conduit 16 mm 
or greater in diameter when originally implanted, and either 
moderate/severe pulmonary regurgitation (PR) or mean RVOT 
pressure gradient 35 mmHg or greater for patients in New York 
Heart Association (NYHA) Class II or greater. Patients in NYHA 
Class I were required to have severe pulmonary regurgitation 
with right ventricular (RV) dilatation or dysfunction, or a mean 
RVOT pressure gradient greater than or equal to 40 mmHg.

Exclusion criteria included active endocarditis, major or pro-
gressive non-cardiac disease, obstruction of the central veins, 
known intravenous drug abuse, or patients who did not give legal 
consent or did not want to comply with follow-up requirements.
QUALITY OF LIFE ASSESSMENT
The EQ-5D questionnaire provides a standardised measure of 
health outcome through a descriptive profile of mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression. The util-
ity index is reported on a scale from 0 to 1, while the VAS is 
reported on a scale of 0 to 100. Values here are reported as the 

Online Table 1. Details on patients not meeting procedural 
success.

Patient
Freedom 

from 
explantation

TPV delivered 
in desired 
location

Pulmonary 
regurgitation 

severity
on angiography

RV-PA 
peak-to-peak 

gradient

1 yes yes mild 18

2 no yes none 21

3 yes yes mild N/A

4 yes yes mild 26

5 yes yes mild 31

6 yes yes trivial 35

Markings in bold are the reason for not meeting procedural success criteria.

mean change from baseline±standard deviation. Data were as 
available from 44 patients >15 years old; there were two patients 
who only had discharge or pre-implant EQ-5D data available with 
no further follow-up time points, so these patients were excluded 
from the analysis on paired data. A sensitivity analysis was per-
formed to evaluate the impact of these missing data.

Online Table 2. Details of SAE.

N (%) Event Outcome

Procedural SAE (N=12)

2 (2.8) Major haemorrhage (both 
from puncture site)

Compression bandages (n=2)

2 (2.8) Minor haemorrhage

From puncture site (n=1) New compression bandage, bed rest, 
prolonged hospital stay (n=1)

From nose/mouth after 
placement of stiff 
guidewire (n=1)

Patient intubated, procedure stopped and 
continued the next day (n=1)

1 (1.4) Coronary compression 
causing myocardial 
ischaemia

Patient needed to be resuscitated due to 
secondary compression of LCA, was 
emergently explanted and subsequently 
died of left-sided heart failure 16 days 
post op.

1 (1.4) RVOT conduit rupture/
dissection

Minimal dissection noted at the distal end of 
the homograft; no intervention was necessary 
and the procedure was completed without 
further complication

1 (1.4) Major stent fracture Melody-in-Melody valve implantation

1 (1.4) Vomiting One day of in-patient observation

2 (2.8) Other infection Successfully treated with antibiotics (n=2)

2 (2.8) Other vascular access-site 
complication

Lesion at puncture site 
(n=1)

Prolonged hospital stay and antiseptic 
bandage (n=1)

Mild stenosis at puncture 
site (n=1)

No treatment

N (%) Event Outcome

Device-related SAE (N=26)

11 (17.4) Valve dysfunction: stenosis Balloon dilatation (n=5)

Melody-in-Melody valve implantation with or 
without pre-stenting (n=4)

Device explantation (n=2)

5 (7.9) Major stent fracture Melody-in-Melody valve implantation (n=4)

Device explant (n=1)

4 (6.3) Endocarditis Device explant (n=2)

Resolved with antibiotics, but ending up in 
PV stenosis and subsequent balloon 
dilatation and finally Melody-in-Melody valve 
implantation (n=1)

Death (n=1)

1 (1.6) Coronary compression 
causing myocardial 
ischaemia

Patient needed to be resuscitated due to 
secondary compression of LCA, was 
emergently explanted and subsequently died 
of left-sided heart failure 16 days post op.

1 (1.6) Valve dysfunction: 
regurgitation

After balloon dilation of the stenotic Melody 
valve post endocarditis, there was severe 
regurgitation which was treated with 
a Melody-in-Melody valve implantation

2 (3.2) Other device-related 
adverse events

Melody valve stenosis after 
endocarditis therapy (n=1)

Balloon dilatation (n=1)

Deformation of the Melody 
valve (n=1)

Melody-in-Melody valve implantation (n=1)
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Online Figure 1.  Freedom from all-cause mortality.

Online Table 3. Summary of EQ-5D QOL among all patients aged 15 years or older.

Question or 
score

Pre-implant 
(n=44)

Discharge 
(n=43)

6 months 
(n=41)

1 year 
(n=39)

2 years 
(n=37)1

3 years 
(n=36)

4 years 
(n=37)

5 years 
(n=35)

Visual analogue 
scale 72.3±20.2 73.5±20.2 83.1±12.2 85.5±12.4 83.2±15.0 84.4±12.6 87.0±12.5 85.2±14.4

Utility index 0.818±0.137 0.795±0.201 0.909±0.145 0.921±0.117 0.915±0.120 0.924±0.127 0.907±0.144 0.890±0.189

Difficulties with mobility

No 39 (88.6) 28 (65.1) 39 (95.1) 37 (94.9) 34 (94.4) 35 (97.2) 33 (89.2) 34 (97.1)

Some 5 (11.4) 14 (32.6) 2 (4.9) 2 (5.1) 2 (5.6) 1 (2.8) 4 (10.8) 1 (2.9)

Unable 0 (0.0) 1 (2.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Difficulties with self-care

No 44 (100.0) 38 (88.4) 40 (97.6) 39 (100.0) 37 (100.0) 35 (97.2) 35 (97.2) 33 (94.3)

Some 0 (0.0) 4 (9.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.8) 1 (2.8) 2 (5.7)

Unable 0 (0.0) 1 (2.3) 1 (2.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Problems with usual activities

No 32 (72.7) 28 (65.1) 36 (87.8) 35 (89.7) 34 (91.9) 33 (91.7) 34 (91.9) 29 (82.9)

Some 11 (25.0) 13 (30.2) 5 (12.2) 4 (10.3) 3 (8.1) 3 (8.3) 3 (8.1) 6 (17.1)

Unable 1 (2.3) 2 (4.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pain or discomfort

No 27 (62.8) 22 (51.2) 34 (82.9) 33 (84.6) 29 (78.4) 29 (80.6) 30 (81.1) 26 (74.3)

Moderate 16 (37.2) 21 (48.8) 7 (17.1) 6 (15.4) 8 (21.6) 7 (19.4) 7 (18.9) 9 (25.7)

Extreme 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Anxiety or depression

No 25 (58.1) 35 (81.4) 34 (82.9) 32 (82.1) 31 (83.8) 30 (83.3) 28 (75.7) 28 (80.0)

Moderate 18 (41.9) 8 (18.6) 7 (17.1) 7 (17.9) 6 (16.2) 6 (16.7) 9 (24.3) 5 (14.3)

Extreme 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (5.7)

Results presented as n (%) or mean±SD. 1Denominator for difficulties with mobility question is 36 at two years.




