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Transcatheter pulmonary valve replacement (TPVR) 
provides a less invasive alternative to surgical pulmonary 
valve replacement (SPVR) in children and adults for the 
management of dysfunctional right ventricular outflow 
tract (RVOT). The most common applications of TPVR 
are bioprosthetic pulmonary valve dysfunction, right 
ventricle to pulmonary artery conduit failure or native 
RVOT obstruction or severe pulmonary regurgitation 
in patients with congenital heart disease particularly 
Tetralogy of Fallot (1). Currently, in the United States, the 
Melody™ Transcatheter Pulmonary valve (Medtronic Inc., 
Minneapolis, MN, USA) and Edwards Sapien (Edwards 
Lifesciences, Irvine, CA, USA) valve are approved for 
TPVR (Figure 1). The Melody valve is a trileaflet bovine 
jugular venous valve that is sutured onto a platinum-iridium 
stent. The valve is available in 16- and 18-mm size for 
deployment up to 20 and 22 mm respectively. The balloon 
delivery system has a 22 F catheter diameter that can be 
delivered through the femoral or jugular vein. In 2016, the 
FDA approved Edwards Sapien XT for TPVR, which is 
now replaced with the newer generation Sapien S3 valve. 
The Sapien S3 is a trileaflet valve made of bovine pericardial 
tissue mounted on a cobalt chromium stent. The stent 
frame has a polyethylene terephthalate fabric skirt around 
the base. The valve comes in four sizes—20, 23, 26 and  
29 mm and is compatible with 14 or 16 F expandable 
sheath. The Sapien S3 valve awaits the US FDA approval 
for use in the pulmonary position, however it’s off-label use 

has shown promising results (3).
Zhou et al. (4) performed a meta-analysis to study the 

efficacy and safety of TPVR compared to SPVR. The authors 
included 11 observational studies with mean/median age of 
patients ranging from 12 to 32 years. Compared to SPVR, 
TPVR was associated with significant reduction in risk for 
all-cause mortality at the longest available follow-up (pooled 
odds ratio 0.43, P=0.02), recurrent pulmonary regurgitation 
(pooled odds ratio 0.17, P=0.001) and 30-day hospitalization 
(pooled odds ratio 0.67, P=0.01) while the risk for post-
procedural infective endocarditis was significantly higher 
(pooled odds ratio 4.56, P<0.0002). The risk for re-operation 
was numerically lower with SPVR compared to TPVR. The 
heterogeneity was largely low except for the endpoints of 
hospital stay and re-operation. The quality of studies was fair 
to good and no publication bias was seen for end-point of all-
cause mortality.

There are no randomized controlled trials evaluating the 
comparative effectiveness of TPVR and SPVR. The results 
of this meta-analysis showing beneficial results for TPVR 
is encouraging, however it should be interpreted with 
caution. All the included articles are retrospective cohort 
studies with confounding and selection bias. In addition, 
there is high heterogeneity in design of these studies, and 
there is also marked differences in the patient cohorts. For 
instance, the study by Alassas et al. (5) includes exclusively 
patients with failed pulmonary homograft with prior 
Ross procedure, while the study by Daily et al. included 
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only patients with repaired Tetralogy of Fallot. Third, 
notwithstanding the small sample size of studies, 8 of the 11 
studies has zero events in either of their groups. Low event 
rates not only undermine the power of the study but also 
affects the analytic consistency. Methods based on Poisson 
regression with random effects may help to mitigate part of 
this limitation.

Advances in surgical interventions and peri-operative 
care for congenital heart diseases has allowed increasing 
number of children to survive till adulthood. SPVR is one 
of the common operations performed in adult patients with 
congenital heart disease. It is associated with low mortality 
and morbidity. In the Society of Thoracic Surgeons 
Congenital Heart Surgery Database [2007–2013], patients 
who underwent SPVR, in-hospital mortality was 0.9% while 
in the Adult Cardiac Surgery Database [2007–2013], the in-
hospital mortality was reported as 4.1% (6). However, most 
of these patients will require multiple surgical procedures 
over the course of their lifetime. Moreover, some of 
these reoperations are often complex and associated with 

increased morbidity and mortality (7) particularly in adult 
patients compared to pediatric patients, likely due to a 
higher prevalence of other pre-operative comorbidities 
and risk factors. TPVR may offer a minimally invasive 
option for earlier treatment of a dysfunctional pulmonary 
bioprosthesis or conduit before the onset of irreversible 
right ventricular failure ensues. Pulmonary hemorrhage, 
stent or valve embolization, coronary artery compression 
and conduit tear are major intra-procedural risks while stent 
fracture and valve endocarditis remain a major concern 
post TPVR. With the increase in operators experience, the 
risks for these intra-procedural complications is 3–4% (8). 
TPVR may be challenging in patients with large RVOT 
or native RVOT with patch repair. However, with the 
increasing use of larger Sapien S3 valves, TPVR for large 
RVOT can be successfully performed. In the study by Sinha 
et al. (3) on off-label experience of using Sapien S3 valve 
in 50 TPVR cases, 38 Sapien S3 were placed into native 
RVOTs with 24 to 32 mm diameter. There were no intra-
procedural deaths however tricuspid valve injury with the 

Figure 1 Various valves for TPVR. Of note, the FDA approved Edwards Sapien XT for TPVR, which is now replaced with the newer 
generation Sapien S3 valve which is used off-label and awaiting FDA approval for the pulmonary position [image with permission:  
reference (2)]. TPVR, transcatheter pulmonary valve replacement.
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delivery catheter was seen in 6% cases. Recently, Edwards 
Lifesciences introduced the Alterra Adaptive Prestent which 
comprises a nitinol framed radiopaque self-expanding, stent 
with a polyethylene terephthalate fabric covering to provide 
a suitable landing zone for the Sapien S3 29 mm valve for 
large RVOT diameters (9).

Trials are currently underway to study novel devices 
that, if approved, will expand the availability of TPVR to 
an even broader population of patients with neo RVOT 
dysfunction. Early feasibility studies in humans involving 
Medtronic Harmony TPV (Medtronic, Inc.) (10), Venus 
P valve (Venus MedTech, Shanghai, China) (11), and the 
Pulsta valve (TaeWoong Medical Co, Gimpo, Korea) (12) 
have shown promising results. However, larger studies with 
longer follow-up are needed to confirm these preliminary 
observations and safety of these devices. Hybrid approaches 
involving both surgeons and interventionalist have also 
been described and can overcome some of the limitations of 
percutaneous approaches (2).

SPVR still remains the gold standard for patients with 
congenital heart diseases. TPVR can be a reliable and 
safe alternative to SPVR in patients that have undergone 
prior surgeries for congenital heart disease. A careful 
anatomic and hemodynamic assessment is essential to select 
appropriate candidates for this procedure.
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