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Background: Percutaneous pulmonary valve implantation (PPVI) has been established as a safe and
effective alternative to surgery treating patients with a failing pulmonary valve conduit. Nevertheless, the
majority of patients in need of a valve have a native, non-obstructive right ventricular outflow tract (RVOT).
The current approved stent-valves have a balloon-expandable design. Pre-stenting of the RVOT to create
a landing zone and also protect the valve stability is usually mandatory; large, non-obstructive RVOTS need
pre-stenting to reduce the RVOT-diameter for a balloon-expandable valve implantation.

Methods: A retrospective study design was used to analyze the medium-term outcome after PPVI in a
series of 26 patients with native or reconstructed RVOT.

Results: PPVI was successfully performed in all, but 1 (96%). Within the follow-up of a minimum of
2 years, the percutaneous implanted valves remained competent; a significant pressure gradient was not
detected. Furthermore, no PPVI-related complications such as endocarditis, migration or stent fractures
were observed. The electrocardiogram at rest, in particular the QRS duration remained unchanged
immediate post-PPVI as well as at medium-term follow-up of 24 months. However, ventricular arrhythmias
were documented in 3 patients (11.5%); all patients were successfully treated with antiarrhythmic drugs,
utilizing metoprolol. A trial of an invasive catheter based RVOT-ablation in one remained unsuccessful;
pre-stented RVOT did not allow a successful intervention.

Conclusions: Medium-term follow-up showed excellent results of the mechanical valve function.
PPVI utilizing balloon-expandable stent-valves in a native RVOT remains an off-label use. Despite our
encouraging results, advanced manipulations of the patched or native RVOT might be associated with

significant ventricular arrhythmias. There is a need for less invasive RVOT reduction devices.
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Introduction

Anomalies of the right ventricular outflow tract (RVOT)
are approximately found in 20% of children born with
a congenital heart defect (1). In addition to congenital
anomalies as tetralogy of Fallot (TOF), double outlet right
ventricle (DORV), truncus arteriosus or transposition of the
great arteries ('GA) with pulmonary stenosis, the RVOT
can also be artificially altered as seen in context of a Ross
procedure treating aortic valve diseases. Surgical repair of
congenital and acquired RVOT obstructions are performed
either with transannular patch technique or by implantation
of biological valves such as homograft or xenograft
valves (2). In general, the surgical short- and mid-term results
are excellent, more than 95% of children undergoing repair
can be expected to survive to adulthood (3). However, RVOT
surgery remains a palliative approach; almost all repaired
RVOTTs need one or more follow-up interventions (4).

Surgical enlargement of the RVO'TT] oftentimes with a
transannular patch completely relieves obstructions, on
the expense of varying degree of pulmonary regurgitation
(PI) even when a self-made mono-cusp valve is used.
Progressive dilatation of the RVOT with consecutive
dysfunction of the right ventricle increases the risk of
right as well as left heart failure (5,6) and in particular the
risk of sudden death (7). On the other hand, implanted
prosthetic valves and conduits need repetitive operations
caused by degeneration and calcification of artificial tissue
leading to obstruction, regurgitation or both. Traditionally,
patients with biomedical conduits require multiple surgical
interventions and life-long follow-up control. Repetitive
open-heart surgeries carry a high risk of morbidity and
mortality. The indications for re-operations were based on
severe obstructions leading to right ventricular pressures
(RVP) 2/3 of the systemic or systolic left ventricle (LV)
pressure (8). Considering the degree of PI, RV-volume of
more than 150 mL/m’ indicates usually re-surgery (9). It
is of general consent that exercise intolerance, arrhythmia
or heart failure must be avoided an intervention should
not be deferred. A significant change in decision making
for RVOT treatment came up when PPVI were successful
established as a less-invasive alternative to surgery.

Philipp Bonhoeffer developed the so-called Melody®
valve and performed the first successful percutaneous
pulmonary valve implantation (PPVI) in the beginning of
the new millennium (10). Meanwhile, the PPVI technique
is worldwide used with an unexpected success rate nowadays
of approximately 95% (1). Currently, two certificated valve
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systems are commercially available. The Melody™ valve
(Medtronic Inc., Minneapolis, MN, USA) is made from a
bovine jugular vein valve that is sutured within a platinum
iridium graft-stent. The Melody valve comes in two sizes
(16-20 and 18-22 mm) with a corresponding delivery
system.

The Edwards SAPIEN XT (Edwards Life Sciences,
Irvine, CA, USA) is a valve created by bovine pericardial
tissue containing three equal sized leaflets that are hand
sewn to a stainless-steel balloon-expandable stent. The valve
is available in three diameters: 23, 26 and 29 mm.

The devices were approved for patients with conduit/
bioprosthetic RVOT valve obstructions. This group reflects
only about 25% of patients requiring valve implantation.
The other 75% of patients in need of a pulmonary valve
have a non-conduit reconstructed RVOT. Therefore, over
the time, techniques have been developed that may extend
the use of PPVI beyond the current indications, that more
patients can benefit from this technology.

Here, we report short- and medium-term outcomes after
transcatheter pulmonary valve placement in a series of 26
patients with “native” RVOT in whom this technology was
used to perform PPVI in various anatomic settings.

Methods

A retrospective study design was conducted to analyze
the mid-term outcome of patients who received PPVI for
treating a native or patched RVOT in the Hessen Pediatric
Heart Center Frankfurt & Giessen between 2007 and
2017. Approval from the local ethics committee and written
informed consent from all patients were obtained. Emphasis
was placed on the off-label use of the Melody® or Sapien™
stent-valves for the indication of a free, non-conduit RVOT.
Patients repaired with valved conduits, homografts or
xenografts were excluded. The data contain clinical follow-
up results including echocardiography and cardiac magnetic
resonance imaging (MRI). Cardiac MRI (Magnetom, 3
Tesla, Siemens Erlangen, Germany) was used to quantify PI
and to obtain volumetric measurements of the RV and LV. In
echocardiography left and right ventricular dimensions and
function were measured; RVOT additionally analyzed by
CW- and PW-Doppler technique obtaining mean and peak
systolic and diastolic gradients; Color-Doppler was even
used for semi-quantification of all cardiac valve functions.
Indications and contra-indications as well as technical details
of PPVI were published elsewhere (11). Open-cell designed
XXL AndraStents® (Andramed GmbH, Reutlingen,
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Table 1 Patient baseline data

Demographics Mean + SD or n (%) (N=26)

Age (years) 30+16.4
Gender

Female 13 (50.0)

Male 13 (50.0)
Weight (kg) 64+20.3
Height (cm) 164+17.4
Age at repair (years) 5+5.4
Diagnosis

TOF 21 (80.8)

Pulmonary stenosis 3(11.5)

TGA 1(3.8)

Pulmonary stenosis with VSD 1(3.8)

TOF, tetralogy of Fallot; VSD, ventricular septal defect; TGA,
transposition of the great arteries; SD, standard deviation.

Germany) were preferred for RVOT-pre-stenting to reduce
the risk of embolization and to achieve stent diameters up-
to 33 mm. CP-Stents or CP-Graft-Stents (NuMed, Inc.,
Hopkinton, NY, USA) were used for RVOT diameters less
than 26 mm; several patients needed pre-stenting of the
RVOT with one or more AndraStents®. Depending on the
required stent-diameter BIB-(balloon-in-balloon) catheters
(NuMed, Inc., Hopkinton, NY, USA) or Z-MED II balloons
(pfm medical, K6In, Germany) were used. The Russian doll
method (12) of overlapping implantation of multiple stents
with decremental diameters was utilized to reduce the size
of RVOT and to create a sufficient landing zone for the
final stent-valve implantation. The choice for a Melody®
or Sapien™ valve was usually taken in consideration of
anatomy, length and diameter of the RVOT. Following
PPVI, patients were usually observed for four days in the
hospital. All patients received acetylsalicylic acid 2 mg/kg,
maximal dosage of 100 mg) once daily for 6 months; few
patients received additionally clopidogrel (0.5-1 mg/kg/day).
Follow-up was arranged 1, 3 and 6 months, respectively;
at least annually thereafter. Routine follow-up consisted
of detailed physical examination, electrocardiogram and
transthoracic echocardiography.

Data were collected using Excel spreadsheets. Results are
presented as mean + standard deviation (SD); the median
and range are also given when the distribution is non-
normal.
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Results

On Table 1 demographic and procedural data are
summarized; the mean age of the patients was 30+16.4 years
(range, 5-62 years, median 24 years); 50.0% were female.
21 out of 26 patients (80.8%) had TOF as the underlying
primary diagnosis; three patients had a congenital
pulmonary stenosis (11.5%); one patient a TGA combined
with pulmonary stenosis and VSD. Transannular patch was
the most frequent surgical technique to enlarge the RVOT
(24/26; 92.3%); two patients had a native RVOT following
pulmonary balloon valvuloplasty (7.7%). All PPVI patients
received RVOT pre-stenting (n=25), two patients 8 weeks
before PPVI. Transapical valve implantation was performed
without pre-stenting in a 5-year-old patient with a weight of
12 kg (1able 2). Based on right ventricular angiography, the
RVOT diameter was measured with 22+4.7 mm in average.
In the mean, RVOT pre-stenting was performed with two
stents; AndraStents” were used in 23 (88.5%) patients, and
38 AndraStents® were implanted in total. Twelve CP-graft
stents were used in 11 patients. Patients with a following
Sapien® valve implantation (n=8) received in the mean 1.6
stents; Melody® valve candidates 2.4 stents, respectively.
The 22 mm Melody® model was mostly chosen (n=18;
69.2%); Sapien valves were implanted with a size of 29 mm
in 15.4% of the patients, a 26 mm Sapien model in 11.5%,
only one patient received a 23 mm Sapien valve (7able 2).

Functional outcome and midterm data

PPVI was successful in 25 (96.2%) patients. An elective
surgical approach became necessary because the ensemble
of the balloon-mounted Melody® valve could not proceeded
through the pre-stented RVOT (13). Valve function
remained very stable during the follow-up of 12-24 months
without a significant pressure gradient or regurgitation
(Table 3). The mean pressure gradient across the
manipulated RVOT was 15.4+7.8 immediately after PPVI.
In a follow-up of 24 months the mean pressure gradient
remained in average 15+5.3 mmHg. The improvement of
the pre-interventional PI was mostly striking. The mean
degree of PI declined from 3+0.9 (median =3) to 1£0.5
(median =1); the implanted valve remained competent even
after 24 months. There was no stent migration or indication
for stent fracture during the observation period. X-ray
was not routinely performed; therefore, insignificant stent
fractures could not be excluded. Endocarditis did also not
become evident.

Trans! Pediatr 2019;8(2):107-113



110 Esmaeili et al. Midterm results of percutaneous pulmonary valve in native RVOT

Table 2 Procedural data

Procedural data Mean + SD or n (%) (N=26)

General anesthesia 1(3.8)
Sedation 25 (96.2)
Access
Transfemoral 25 (96.2)
Hybrid 1(3.8)

Number of stents implanted

0 1(3.8)
1 4 (15.4)
2 12 (46.2)
3 6 (23.1)
4 3(11.5)

Type of stent per patient (in total =58 stents)

CP bare 9(15.5)
CP covered 12 (20.7)
Andra 37 (63.8)
Diameter of landing zone (mm) 22+4.7
PPVI
Melody 22 mm 18 (69.2)
Sapien 23 mm 1(3.9)
Sapien 26 mm 3(11.5)
Sapien 29 mm 4 (15.4)
Fluoroscopy time (min) 35+17.9

Radiation dose (uGym?) 15,386+12,176

Complication

Device embolization 1(3.9)
Device dislocation 1(3.8)
Arrhythmia 3(11.5)
Other 1(3.8)

SD, standard deviation.

All patients had surgery related right bundle branch
block before PPVI. The pre-interventional QRS duration
was 139+33 milliseconds in the mean; there was no QRS
change after PPVI (Figure 1), whether immediate (133+31
milliseconds) nor during medium-term follow-up of 24
months (135+29 milliseconds). Documented arrhythmias
occurred in 3 patients (11.5%) after PPVI. Two of them
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had premature ventricular contractions (PVC) already
observed before PPVI. The arrhythmias after PPVI were
nonsustained ventricular tachycardia (NSVT) in 1 patient
(3.8%) and frequent PVCs in 2 patients (7.6%). The axis
of the QRS indicated an RVOT origin in all 3 patients.
Arrhythmias were treated with metoprolol succinate.

PVCs of two patients could be resolved by a mono-
therapy of metoprolol. Discontinuation of metoprolol
after a follow-up of 6 months caused recurrence of PVCs;
re-treatment became necessary in both patients. In the
patient with NSV the antiarrhythmic treatment had to be
switched to a high-dose propranolol which also remained
unsatisfied. A transcatheter ablation was performed but
unsuccessful since the origin of the ventricular ectopy
was just behind the stent-covered RVOT (Figure 2).
Nevertheless, by switching the treatment to sotalol, the
NSVTs were permanently eliminated.

Discussion

Transcatheter pulmonary valve replacement is an effective
and encouraging technique. Considering the current
approved PPV approach based on balloon expandable
stent technique, the labelled indication is limited to
patients with a need to treat failing RV to PA connecting
conduits. Therefore, if the official selection criteria are
strictly applied, only 25% of patients with postoperative
RVOT dysfunction are qualified for PPVI. Several centres
have reported their approach to reconfigure the RVOT
to acquire more possible candidates for the transcatheter
pulmonary valve therapy (14-17). Recently we published
our technical experience remodelling the native or patch-
repaired RVOT as an off-label approach (13). Considering,
our here reported mid-term results after these and further
off-labelled treated patients; the transcatheter approach
offers hemodynamic improvements with a low technical
and follow-up complication rate despite the wide range
of different anatomies with a high variability of RVOT
diameters. Twenty-four months after PPVI, the most
beneficial effect was achieved by correcting the pre-existing
PI without inducing a significant systolic pressure gradient.
RV remodelling could be observed. No PPV endocarditis
is seen so far; latest also related to a significant residual
RVOT obstruction (18). The here post PPVI observed
increased Doppler flow velocity, equivalent to a systolic
pressure gradient in the mean of 15 mmHg, is probably
related to the reduced RVOT compliance in consequence
of the stents than based on a true obstruction. Further, stent
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Table 3 Functional outcome
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Variable Preprocedural (N=26)  Postprocedural (N=25) 6 months (N=19) 12 months (N=20) 24 months (N=18)
Peak gradient 35.2+20.4 15.4+7.8 17+8.2 17+5.9 15+5.3
Pulmonary regurgitation

None 0 11 11 10 8

Trivial 2 14 8 9 9

Mild 1 0 0 1 1

Moderate 11 0 0 0 0

Severe 10 0 0 0 0

QRS duration (ms)
[ Pre PPV QRS B Post PPVI B Post PPV after 12 months B Post PPVI after 24 months
250

200
150

100

50
0

Figure 1 Comparison of QRS duration pre-PPVI, post-PPVI, and
at follow-ups. PPVI, percutaneous pulmonary valve implantation;

ms, milliseconds.

migration or even embolization could be avoided, despite
valve treatment in extreme wide RVOT. Whether treatment
of a wide, regurgitating RVOT avoids also stent fractures
was not systematically re-examined. However, severely
obstructed RVOT conduits (19) are at higher risk for stent
fractures with their possible consequences. Data from
Melody® multicentre studies showed even a lower incidence
of stent fracture among multiple pre-stented patients (20);
therefore, the multiplicity of stents for optimal preparing
the RVOT has a further impact on the low incidence for
re-interventions: the radial load on the implanted stents
and valve is reduced and consecutively the incidence of
stent fractures. Up-to-now, re-interventions became not
necessary in our PPV-treated patients. Unfortunately,
our series is too small for discriminating the mid- or even
long-term stability and function of both PPV systems,
the Sapien-Edwards pericardial valve versus the Melody®
bovine jugular vein valve.

However, one question remains currently and even in the
future un-answered: if valves with a self-expandable stent
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Figure 2 Ablation catheter in RVOT at the earliest local
ventricular activation of PVC. RVOT, right ventricular outflow

tract; PVC, premature ventricular contraction.

system become available; does an enlarged RVOT need a
surgically reconstruction or is the implantation of a well-
functional valve itself sufficient to resolve the pre-existing
and in particular arrhythmic problems during the follow-
up. QRS duration is a marker to assess the risk of sudden
arrhythmic death in patients with RVOT dysfunction and
congenital heart disease (6). Patients with PR who do not
undergo pulmonary valve replacement or PPVI have an
increased right ventricular end-diastolic volume, which
is directly associated with an increase in QRS duration of
2 to 4 milliseconds per year (21,22). Our PPVI study has
not shown a significant shortening of QRS duration in the
observation period in particular in the cohort of patients
with predominant PI. However, a QRS progression could
even not be observed, if this can be implied as a PPVI
success, remains un-answered, too. However, it has not
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to be neglected that arrhythmias can even be triggered by
PPVI; in our series, frequent isolated PVCs were seen in 2
patients and NSV'T in one. Considering the QRS-axis, the
etiology of the arrhythmias seemed to be associated to the
manipulated RVOT. Significant incidence of new PVCs
and NSVT immediately post-PPVI is already described
by other groups (23,24). Most of these new arrhythmias
resolved after a certain time after the procedure. Nguyen
et al. (23) attribute these changes to the irritability caused
by the placed stents within the RVOT; The real cause
remains speculative, but the contraction-excitation feedback
by myocardial stretching during repetitive ballooning of
the RVOT and placement of stents and valve is a possible
reason. In our arrhythmic patients, some degree of stent
protrusion into their RVOT was observed (Figure 2);
enhancing the suspicion that the etiology of the ventricular
arrhythmia is caused by the manipulated RVOT.

Despite the encouraging results, PPVI based on balloon-
expandable stents has unavoidable limitations in a native
RVOT with variable geometry. Almost all patients treated
surgically for TOF or pulmonary atresia with VSD in the
Western hemisphere, suffer from a dysfunctional RVOT
afterwards (25). Therefore, as long as this initial surgical
technique is not changed, the need for several PPV
techniques is evident.

Several transcatheter valves based on a self-expandable
stent technique are in evaluation with encouraging initial
results (26-29). However, in term of cost-benefit evaluations
it remains open, if there is a need to develop several, high
cost related valve types with variable diameters or should
the research be focused on techniques for transcatheter
reconstruction adapting to the multiplicity of the RVOT
morphology.

Conclusions

Balloon-expandable stent-valves can be successfully
implanted by percutaneous transcatheter techniques also in
a non-conduit reconstructed, wide-open RVOT. However,
preparation of the RVOT remains challenging. The
midterm follow-up of successfully implanted stent-valves
is convincing, the hemodynamic results are excellent, the
complication rate low. The long-term results need further
investigation in a larger patient cohort.
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