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Percutaneous Pulmonary 
Valve Placement
Patients with congenital heart disease and pulmonary valve disease need multiple pro-
cedures over their lifetimes to replace their pulmonary valves. Chronic pulmonary steno-
sis, regurgitation, or both have untoward effects on ventricular function and on the clinical 
status of these patients. To date, all right ventricle–pulmonary artery conduits have had 
relatively short lifespans. Percutaneous pulmonary valve implantation, although relatively 
new, will probably reduce the number of operative procedures that these patients will have 
to undergo over a lifetime. Refinement and further development of this procedure holds 
promise for the extension of this technology to other patient populations. (Tex Heart Inst 
J 2015;42(3):195-201)

T he successes of congenital heart disease repair over the past few decades have 
enabled more children to survive well into adulthood. In fact, in the United 
States, it is now estimated that there are more adults than children with con

genital heart defects. Most patients with congenital rightsided lesions (such as tetral
ogy of Fallot) need multiple pulmonary valve (PV) replacements over their lifetimes 
because of PV dysfunction from stenosis, regurgitation, or both. Chronic pulmonary 
stenosis and regurgitation have deleterious effects on the hearts of these individuals.114 
Current thresholds for replacing the PV (in addition to symptoms) include severe right 
ventricular (RV) hypertension with an RVtoleft ventricular pressure ratio of >0.7 
or peak and mean Doppler gradients of >50 mmHg and 30 mmHg, respectively,13 
indexed RV enddiastolic volume of >150 to 170/mL/m2 or RV endsystolic volume 
of >70 to 85 mL/m2,47 RV ejection fraction of <0.40 to 0.45,5,8 and a QRS duration of 
≥180 ms.5,1113 Other important factors to consider when planning for PV replacement 
are sustained atrial or ventricular arrhythmias, substantial coexisting lesions (for ex
ample, significant aortic regurgitation, tricuspid regurgitation, and residual ventricular 
septal defects), and left ventricular dysfunction.13,5,7,12

 In one large study,14 the freedom from replacement of surgically implanted PVs 
was 54% at 10 years. Because of the barely adequate durability of any surgically im
planted PV, physicians must weigh the benefits of an operative procedure against the 
advantage of awaiting further signs or symptoms in these patients. We and others have 
been impressed by the impact of this less invasive treatment approach, which has the 
potential to significantly reduce the number of open cardiac surgical procedures that  
a patient will undergo over his or her lifetime.

Historical Perspective
Percutaneous PV implantation is arguably the most innovative procedure developed 
to treat congenital heart disease in the past 2 decades. In August 2000, Bonhoeffer 
and colleagues15 first reported percutaneous implantation of a PV in a lamb model. 
Although only 7 of 11 implants were successful (because of the acute angles in these 
small animals), the study paved the way for application in human beings. In October 
2000, Bonhoeffer and colleagues16 from France reported the first human implanta
tion of a percutaneous PV, in a 12yearold boy who had presented with pulmonary 
atresia, a ventricular septal defect, and a dysfunctional RV–pulmonary artery conduit. 
In 2002, the first published clinical series (8 patients from Paris and London17) showed 
the acute success of the procedure. Clinical use of the percutaneous PV—that is, the 
Melody® Transcatheter Pulmonary Valve (Medtronic, Inc.; Minneapolis, Minn)—
continued in Europe and Canada. Modification of the valve led to CE Marking in 
September 2006 and to Health Canada approval in December 2006. The first U.S. 
implantation occurred in January 2007 in Boston Children’s Hospital, and subsequent 
trials led to U.S. Food and Drug Administration (FDA) approval under Humani
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tarian Device Exemption (HDE) status in 2010. As of 
March 2013, more than 4,500 (>2,000 in the U.S.) 
Melody valve implantations have occurred worldwide.*

Indications, Valve Design, and Delivery
The Melody valve is intended for use in children and 
adults who have a surgically implanted RVtopulmo
nary artery conduit manifesting at least moderate ste
nosis or regurgitation. It is generally intended for use 
in conduits that were originally >16 mm in diameter 
and had a waistonballoon sizing of between 14 and 20 
mm. The device consists of an 18mm bovine jugular
valve segment that is sutured onto a Cheatham platinum 
CP Stent(NuMED, Inc.; Hopkinton, NY) made of 
platinum and iridium. Although the leaflet morphology 
is highly variable, in general all available leaflet varia
tions function well. The deep coaptation of the leaflets 
means that the valve functions well over a wide spec
trum of diameters. The initial length of the valve is 28 
mm, but it is shortened in accordance with the f inal 
implanted diameter. The valve can be expanded from 
16 to 22 mm in diameter, and in some instances up to 
24 mm.18 The valve is delivered via a 22F Ensemble® 
Transcatheter Delivery System (Medtronic). This con
sists of a ballooninballoon (BiB) system (available in 
18, 20, and 22mm sizes), which enables the valve to 
be repositioned, if needed, after the inner balloon has 
been inflated. At this time, the Melody valve is FDA 
approved, under HDE guidelines, for use only in previ
ously placed surgical conduits, as stated here. However, 
offlabel use in native, dysfunctional RV outflow tracts 
is possible in certain cases, provided that the size of the 
landing zone meets the requirements set forth above for 
a surgical conduit.19,20 The Melody valve should not be 
implanted if there are concerns about active endocardi
tis or about the size of central veins that might limit the 
ability of the delivery system to advance.

Valve Implantation Procedure
Preprocedural planning is most important for these 
cases. The original operative notes are vital in provid
ing details of the original conduit and relevant anatomy. 
Moreover, we have found variability in the internal and 
external diameters of various conduits that have been 
surgically placed. In addition to routine cardiac testing, 
we obtain cardiac magnetic resonance imaging (MRI) 
scans in all patients before intervention, to evaluate 
the anatomy of the existing conduit and other struc
tures (particularly the branch pulmonary arteries and 
coronary arteries). In some patients, a concurrent inter
vention—on a branch pulmonary artery, for example—
might need to be performed. The MRI also provides 
an estimate of the relationship of the coronary arteries 

to the conduit. Because many patients with congenital 
heart disease have variant origins of the coronary arter
ies, their conduits can be found in positions that differ 
from those of the usual native outflow conduits. These 
anatomic variations can place the coronary arteries close 
to the conduit and thereby compromise coronary flow if 
the conduit is expanded by stenting or by implantation 
of the Melody valve.21,22 In the event that a coronary 
artery courses close to the conduit, we still recommend 
cardiac catheterization to define the spatial relationship 
accurately, with implantation of the valve during the 
same procedure if coronary compression is excluded. A 
cardiac computed tomographic scan can be helpful in 
patients who have pacemakers or other contraindica
tions to MRI scans.
 We perform all these procedures with use of general 
anesthesia and biplane f luoroscopy, together with on
site surgical coverage in case it is needed. Covered stents 
(whether commercial or “selffabricated”) should be 
available in the fortunately rare event of an expanding 
tear, dissection, or rupture of the conduit. We obtain 
access through the femoral venous and arterial vessels. 
In some patients, we anticipate the need to change our 
angle of approach to the neck, so we place a small sheath 
in the right internal jugular vein at the beginning of 
the procedure (this can be upsized later if needed). Pa
tients are administered heparin after access is obtained, 
and throughout the procedure, to maintain activated 
clotting times of more than 200 s. A rightsided heart 
catheterization is f irst performed. It is important to 
use a “flowdirected” balloon catheter when perform
ing these procedures. An inflated balloon ensures that 
the catheter crosses the largest effective orif ice of the 
tricuspid valve. This is important because the sheaths 
and delivery systems used in this procedure are relatively 
large, and if they are advanced through small chordal 
spaces, damage to the tricuspid valve can occur.
 Angiograms are performed in the RV outflow tract 
(Fig. 1), where measurements are made of the mini
mal diameter, the largest diameter, and the length of 
the conduit that needs to be covered. A test dilation 
is performed at relatively low pressure in the conduit 
with use of a balloon that is the same diameter as the 
intended f inal diameter of the Melody valve but not 
more than 110% of the nominal diameter of the origi
nally implanted conduit. This not only provides an
other way to judge the diameters within the conduit, 
but, more importantly, gauges the compliance of the 
conduit. If a signif icant waist is seen on the balloon, 
this will alert the operator to an increased risk of con
duit tear or dissection. In such circumstances, any stent 
or Melody valve that needs to be placed in the conduit 
might need to be implanted at a smaller diameter before 
the conduit is postdilated to its final intended diameter. 
Because the Melody valve is a venous graft and there
fore “covered,” it is safer to dilate further and at higher *Personal communication, Medtronic, Inc., Minneapolis, Minn.
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pressure. In some patients with borderline or smaller 
diameter conduits, a significant waist can exclude them 
from percutaneous PV implantation. During a balloon 
test dilation, one can perform aortic root injection or 
selective coronary angiography (or both) in multiple 
projections to show the relationship of the expanded 
conduit to the coronary arteries (Fig. 2). If there is no 
evidence of coronary artery compression, percutaneous 
PV implantation is performed. If there is any question 
of potential coronary artery compression, either from 
study of the angiograms or electrocardiographic chang
es, percutaneous PV implantation is aborted. We prefer, 

if possible, to f irst attempt delivery of the valve from 
the femoral vein. For placement of a stiff guidewire in 
a distal pulmonary artery branch (Fig. 3A), we choose 
either the right or the left pulmonary artery for access, 
in accordance with the anatomy of the conduit and the 
pulmonary arteries. To facilitate advancement, it is im
portant to preshape the guidewire to conform to the 
shape of the conduit and the branch pulmonary artery 
that is the intended target. If attempts at advancing the 
sheaths or the Melody valve are unsuccessful from the 
femoral vein, neck access should be used (Fig. 3B) to 
change the angle of approach. We have found neck ac
cess to be extremely helpful when dealing with tight 
curves and angles within the heart; in many cases, it is 
a surprisingly faster approach.
 We generally prefer to place a baremetal stent within 
the conduit before Melody valve implantation. This is 
because many of these conduits exhibit “recoil” after 
Melody valve implantation alone due to extrinsic forces 
(for example, compression from the sternum); place
ment of a stent first has been shown to prevent fractures 
of the Melody valve stent.23,24 If significant recoil is seen 
after implanting the f irst stent, more than one stent 
might need to be implanted to reinforce the conduit. 
We generally do not fully expand the stents at this point, 
because the narrowing or “waist” can serve as an anchor 
for the Melody valve, which can later be postdilated. 
Implanting the Melody valve and then postdilating to 
a larger diameter is safer, because the covering will seal 
any tear that might occur in this area. The Melody valve 

Fig. 1  Right ventricular outflow tract angiograms in A) antero-
posterior/cranial and B) lateral projections show the anatomy of a 
stenotic and regurgitant right ventricle-to-pulmonary artery con-
duit. The angiograms are used to obtain relevant measurements 
for planning Melody valve placement.

A

B

Fig. 2  Aortic root angiogram (left anterior oblique/caudal projec-
tion) with an inflated balloon at the site of intended Melody valve 
implantation shows the coronary arteries to be distant from the 
landing zone with no visible coronary artery compression. A 
simultaneous angiogram (not shown) in straight lateral projection 
was also performed, with similar findings.
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is then implanted by inflating the inner and outer bal
loons sequentially (Figs. 3C and 4). Once implanted, 
the valve is usually postdilated with a higherpressure 

balloon to obtain the intended final diameter. Repeat 
hemodynamic measurements and angiograms are then 
performed to evaluate valve function (Fig. 5).

Fig. 3  Illustration shows that percutaneous pulmonary valve implantation can be performed via 2 approaches in the catheter ization 
laboratory. A) The femoral venous approach has the advantage of being a relatively easier position for the interventional cardiologist to 
work from. The Melody valve is seen uncovered with its delivery sheath withdrawn, and positioned across the dysfunctional pulmonary 
valve. However, in some patients, the Melody valve system cannot be advanced easily across the right ventricular outflow tract from 
a femoral venous approach (because of difficult angles in the heart and right ventricular outflow tract or a large right atrium). In such 
instances, B) the internal jugular vein approach is easier and faster. C) Once in position, the Melody valve is deployed by inflating the 
inner and outer balloons. 
 

Images by Cleveland Clinic Center for Medical Art & Photography ©2013–2015. All rights reserved.

Fig. 4  Fluoroscopy shows sequential inflation of the A) inner and B) outer balloon to deploy the Melody valve in the same patient 
shown in Figure 1. Note that a stent has been placed to prepare the landing zone before deployment of the Melody valve.
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 If a waist is present, the technique of postdilating the 
prestented area and Melody valve should be performed 
only if the operator has confirmed that there will be no 
coronary compression should the waist on the balloon 
be abolished; this can be diff icult to gauge. Another 
alternative is the abolition of waists before stent and 
Melody valve implantation, by means of serial high
pressure balloon dilations. This ensures that the final 
implant diameter will not result in coronary compres
sion, provided that there was no coronary compression 
when predilation was performed with a balloon of the 
same diameter (in the absence of a residual waist).
 At the end of the procedure, hemostasis is achieved 
by removing the sheaths and applying manual pressure 
alone. Despite relatively large sheath sizes and the avail
ability of closure devices and other methods to achieve 
hemostasis, our experience has shown that manual pres
sure alone is usually suff icient to achieve hemostasis, 
because of relatively lowpressure venous flow.

Data from Worldwide Experience  
and from the Cleveland Clinic
In 2005, Khambadkone and colleagues25 reported the 
European results of 59 consecutive Melody valve im
plants. Their good hemodynamic and clinical results 
showed the overall safety of the procedure. During their 
experience, the valve was substantially revised because 

of a “hammock” effect that created stenosis: the valve at 
the outset had not been sutured along the entire length 
of the stent. The initial U.S Melody Feasibility trial21 
was a multicenter prospective nonrandomized study 
(using the revised Melody valve) that focused on safety, 
procedural success, and shortterm outcomes in 30 pa
tients. Significant sequelae were reported in 3 patients, 
but no deaths. In the short term, valve function was 
good. This led to FDA approval of use of the Melody 
valve under HDE status in January 2010. The trial con
tinued, and later in 2010 McElhinney and associates22 
reported midterm results of 136 patients in whom Melo
dy valve implantation had been intended. One hundred 
twentyfour patients had undergone implantation of the 
Melody valve, and 12 had been excluded. Importantly, 
6 patients had been excluded for risk of coronary artery 
compression. Serious sequelae had occurred in 6% of 
the patients. Freedom from stent fracture of the valve 
was ~78% at 14 months, with a freedom from Melody 
valve dysfunction/reintervention of ~94% at one year. 
In this trial, not all patients had f irst undergone im
plantation of a baremetal stent within the conduit—an 
important technical advantage that has been shown to 
decrease the fracture rate of the Melody valve23,24 and 
perhaps to improve overall valve function. Another key 
endpoint of procedural success, functional and clinical 
status as evaluated in accordance with New York Heart 
Association functional class and exercise testing,22,2527 
has been shown to improve in these patients after per
cutaneous PV placement.
 Since the first Melody valve implant at the Cleveland 
Clinic in July 2010, 47 patients have undergone Melody 
valve implantation in the RVtopulmonary artery po
sition at the Cleveland Clinic. There was one major 
procedural sequela (ventricular f ibrillation requiring 
cardiopulmonary resuscitation and defibrillation, with 
no other sequelae). Two patients needed reintervention 
(both for recurrent stenosis, treated by balloon dilation 
in one patient and reimplantation of a Melody valve in 
the other patient). Thus, over a 4.25year period, 96% 
of patients were free of reintervention. One patient de
veloped endocarditis.

Comparison with Surgery
Surgery has traditionally been the gold standard in re
placing dysfunctional RV–pulmonary artery conduits. 
As highlighted above, transcatheter PV replacement 
achieves acute and intermediateterm successes similar 
to those of surgically placed conduits. Patients under
going transcatheter PV replacement are generally ad
mitted to the regular f loor, are ambulatory within 6 
hours of the procedure, and are discharged from the 
hospital within 24 hours. This contrasts with the need 
for cardiopulmonary bypass when conduits are placed 
surgically, for a 24 to 48hour stay in the intensive care 
unit, and for a hospital stay of 3 to 7 days.

Fig. 5  Angiogram in the main pulmonary artery after Melody 
valve deployment and after deployment dilation with a high-
pressure balloon, in the same patient shown in Figures 1 and 4. 
Note the disappearance of the waist that was still present after 
Melody valve placement (Fig. 4B), intentionally dilated to high 
pressure only after deployment of the covered stent on which 
the Melody valve is mounted, to decrease the risk of conduit 
rupture. After Melody valve implantation, there is no pulmonary 
regurgitation.
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 Costanalysis models have been proposed to compare 
the 2 methods of therapy. Although the actual Melody 
valve is more expensive than surgically placed conduits, 
the total initial procedural costs are similar.28 Despite 
the less invasive nature of the procedure, percutaneous 
PV placement resulted in slightly higher costs in the 
intermediate and long terms than did surgery.28,29 These 
estimates are, however, based on models, because long
term data for transcatheter PV placement and its impact 
over a patient’s lifetime still remain to be seen. Newer 
valve technology (resulting in lower reintervention rates) 
and more widespread use of percutaneous PVs (result
ing, one would expect, in lower production costs per 
valve) will probably decrease the longterm costs of per
cutaneous PVs. Clearly other factors, such as emotional 
wellbeing after a less invasive procedure and the ability 
to return to work sooner, will need to be factored into 
these models as well.

The Edwards Sapien  
Pulmonic Transcatheter Valve
In addition to the Melody valve, the Edwards Sapien 
transcatheter valve (Edwards Lifesciences LLC; Irvine, 
Calif ) has been implanted in RV outf low tract con
duits in a small number of patients enrolled in phase I 
of the Compassion trial.30 The device is the same as the 
Cribier Edwards transcatheter aortic valve, for which 
there is extensive experience in highrisk elderly patients 
with severe aortic stenosis.31 This valve consists of 3 bo
vine pericardial leaflets sewn to a stainlesssteel balloon
expandable stent. The delivery system (22F and 24F) is 
a little bulkier than that of the Melody valve. The valve 
is available in 23 and 26mm diameters, and 14 and 
16mm lengths. Prestenting with a baremetal stent to 
a diameter 2 to 3 mm less than the final valve diameter 
is always performed, given the relatively short length 
of this valve. The larger size (in comparison with the 
Melody valve) expands implantation to patients with 
conduit diameters up to 24 mm on balloon sizing. Early 
results of the phase I trial show that in 28 of the 31 pa
tients in whom valve implantation was successful, there 
was a 96% freedom from reintervention or valve failure 
at the 6month followup.30 There was a 20.5% rate of 
adverse events in this early experience, including 3 valve 
migrations (with subsequent successful implantation of 
a second Edwards Sapien valve in 2 of the 3), but no 
deaths. The valve has received the CE Mark in Europe, 
whereas in the U.S. further investigation is under way, 
in order to receive HDE.

Future Directions and Conclusions
Percutaneous PV placement holds great promise for 
many children and adults with PV dysfunction. In 
common with other new technology, as experience has 
grown with Melody valve implantation, so has the over
all number of clinical outcomes.32 Although the signifi

cance of this technology has already been seen over the 
last decade or so, its real impact is likely to be seen in 
the years to come. In comparison with the past, patients 
and their families can now be advised that the need for 
repetitive surgery to replace PVs will be decreased. In 
addition to this medical benefit, the emotional well
being of patients and families will be favorably affected. 
Percutaneous PV therapy, like many other interventions 
in the current era, highlights the collaborative efforts be
tween interventional cardiologists and cardiac surgeons 
in planning procedures that impart both short and 
longterm benef its. Future developments (which are 
already under way) will include extending this technol
ogy to native PVs, decreasing the profile of the delivery 
system, refining the valve design to minimize reinter
vention rates, and perhaps even developing a valve made 
of the patient’s own cells.
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