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Transcatheter balloon valvuloplasty for the treatment of aortic and pulmonary valve stenosis was first described nearly 40

years ago. Since that time, the technique has been refined in an effort to optimize acute outcomes while reducing the long-

term need for reintervention and valve replacement. Balloon pulmonary valvuloplasty is considered first-line therapy for

pulmonary valve stenosis and generally results in successful relief of valvar obstruction. Larger balloon to annulus (BAR)

diameter ratios can increase the risk for significant valvar regurgitation. However, the development of regurgitation

resulting in right ventricular dilation anddysfunction necessitating pulmonary valve replacement is uncommon in long-term

follow-up. Balloon aortic valvuloplasty has generally been the first-line therapy for aortic valve stenosis, although some

contemporary studies have documented improved outcomes following surgical valvuloplasty in a subset of patients who

achieve tri-leaflet valve morphology following surgical repair. Over time, progressive aortic regurgitation is common and

frequently results in the need for aortic valve replacement. Neonates with critical aortic valve stenosis remain a particularly

high-risk group. More contemporary data suggest that acutely achieving an aortic valve gradient <35 mm Hg with mild

aortic regurgitationmay improve long-term valve performance and reduce the need for valve replacement. Continued study

will help to further improve outcomes and reduce the need for future reinterventions. (J Am Coll Cardiol 2021;77:71–9)

© 2021 by the American College of Cardiology Foundation.
S emilunar valve disease, specifically aortic valve
stenosis (AS) and pulmonary valve stenosis
(PS), occurs in isolation or in combination

with a variety of congenital cardiovascular anomalies.
The natural history of these diseases has been well
described (1–3). For patients with severe valvular
obstruction, surgical valvotomy was traditionally
the first-line treatment. In the early 1980s, balloon
valvuloplasty techniques were described as alterna-
tive, less invasive therapies (Central Illustration).
There is now a significant body of medical research
describing short-, intermediate-, and long-term out-
comes of balloon valvuloplasty. This review focuses
on isolated semilunar valve stenosis, the long-term
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outcomes of catheter-based therapy, and evolving
strategies for transcatheter valve replacement.

BALLOON PULMONARY VALVULOPLASTY

ACUTE PROCEDURAL RESULTS AND LONG-TERM

FOLLOW-UP. Balloon pulmonary valvuloplasty
(BPV) for PS was introduced in 1982 (4). A number of
early studies demonstrated acute relief of right ven-
tricular outflow tract (RVOT) obstruction with few
complications in both pediatric and adult patients
(5–9). In the current era, BPV has largely supplanted
surgical pulmonary valvotomy as the first-choice
therapy for PS. Although the tools have evolved
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HIGHLIGHTS

� BPV is considered first-line therapy for
congenital semilunar valve stenosis.

� Pulmonary valve regurgitation is common
but usually mild following BPV.

� Neonates with critical AS remain at high
risk for acute complications.

� Efforts to develop and enhance methods
for transcatheter valve replacement are
essential.

ABBR EV I A T I ON S

AND ACRONYMS

AR = aortic valve regurgitation

AS = aortic valve stenosis

AVR = aortic valve

replacement

BAR = balloon-to-annulus ratio

BAV = balloon aortic

valvuloplasty

BPV = balloon pulmonary

valvuloplasty

PR = pulmonary regurgitation

PS = pulmonary valve stenosis

PVR = pulmonary valve

replacement

RV = right ventricular

RVEDVi = indexed right

ventricular end-diastolic

volume

RVOT = right ventricular

outflow tract

SAV = surgical aortic

valvuloplasty

TAVR = transcatheter aortic

valve replacement

TOF = tetralogy of Fallot
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with the introduction of low-profile sheaths
and angioplasty balloon catheters, the tech-
nical aspects of the procedure are not much
different now than they were during the
development of this procedure.

Early in the experience with BPV, the
focus was on the acute relief of RVOT
obstruction and the factors that contributed
to reintervention for residual PS. The
multicenter VACA (Valvuloplasty and An-
gioplasty of Congenital Anomalies) registry
identified younger age at initial BPV, a
dysplastic pulmonary valve, smaller valve
diameter, higher initial RVOT gradient, and
a diagnosis of Noonan syndrome as risk
factors for a suboptimal result with incom-
plete resolution of obstruction (10). RVOT
obstruction in Noonan syndrome, as well as
Williams-Beuren and Alagille syndromes, is
often more supravalvular in nature, which is
typically not amenable to BPV. If severe
enough to require an intervention, surgical
augmentation of the annulus, valve sinuses,
and sinotubular junction is frequently
necessary.

The typical metric for assessing the role of

balloon sizing has been the ratio of balloon diameter
to pulmonary valve annular diameter, or balloon-to-
annulus ratio (BAR). The earliest clinical reports
described the use of balloons with diameters equal to
or less than that of the annulus (5). Studies of BPV in
animal models demonstrated that significant balloon
oversizing (BAR >1.5) could result in RVOT injury (11).
This led to the early practice of using a BAR of 1.2 to
1.4 to improve gradient reduction and reduce the
need for reintervention (12,13). However, more
contemporary studies suggest that such an aggressive
approach to balloon sizing is not necessary (14). Long-
term follow-up studies showed that reintervention
for residual PS following BPV is uncommon (10% to
15%), with similar risk factors for residual obstruction
as seen in earlier studies (15,16). In the majority of
cases, PS gradients in individual patients continue to
decline over time following initial BPV (17,18).

The development of pulmonary regurgitation (PR)
has emerged as a more common hemodynamic
consequence of BPV than recurrent PS, and there are
now a number of long-term studies that document
the incidence and implications of PR in this popula-
tion (15,16,18–20). Although published findings are
mixed, contemporary studies suggest that aggressive
balloon oversizing increases the long-term risk for PR
(10,15,16,21,22). Pathak et al. (22) demonstrated that a
more conservative balloon-sizing strategy (BAR #1.2)
achieved similar gradient reduction while reducing
the medium-term incidence of PR, and a BAR up to 1.2
to 1.25 has been proposed as a more appropriate
target than the larger ratios advocated in earlier
reports (14).

Estimates of the prevalence of moderate or severe
PR have relied primarily on echocardiography and
range from 30% to 60% (15,16,18,20). The progression
of PR is time dependent, but even in studies with
more than 2 decades of follow-up, severe right ven-
tricular (RV) dilation and systolic dysfunction are
uncommon (15,16,18). Significant PR after BPV has
been related to younger age at BPV, higher initial
RVOT gradient, and higher degree of immediate post-
intervention PR (15,16,20).
LONG-TERM IMPACT OF PR. Investigations of the
impact of chronic PR on RV size and function have
focused largely on patients with repaired tetralogy of
Fallot (TOF). Although the impact of chronic PR on
the right ventricle following BPV has not been as well
studied as in TOF, there are some data on the impact
of chronic valve regurgitation on RV size and function
in patients following BPV.

Harrild et al. (19) presented a cross-sectional view
of patients following BPV to study the impact of
chronic PR in patients treated for isolated PS. In
patients studied a median of 13 years (range: 6.2 to
22.9 years) following BPV, the median PR fraction was
10%, while 34% had a PR fraction >15%. Younger age
at BPV and higher BAR were associated with a higher
PR fraction. The median indexed RV end-diastolic
volume (RVEDVi) z-score was 1.8, and it was >2 in
40% of patients. PR fraction was positively correlated
with RVEDVi and inversely with RV ejection fraction.
Severe RV dilation (3% of patients) and dysfunction
were uncommon. The investigators concluded that
although PR following BPV was common, it was
typically mild, and significant RV dysfunction was
uncommon, which is largely in keeping with the
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results of studies based on serial echocardiography in
this population.

There has been some effort to understand how the
impact of long-standing PR differs between patients
with isolated PS and repaired TOF. Mercer-Rosa et al.
(23) matched a small cohort of patients following BPV
to a cohort of patients with repaired TOF on the basis
of PR fraction and duration of PR in order to under-
stand the relationship between PR and RV size and
function in these 2 populations. Both groups were
studied after an average duration of PR exposure of 14
years. In the BPV cohort, RVEDVi was normal on
average, although 32% of patients had a dilated RV
(RVEDVi z-score >2). The PR fraction was 19% on
average and correlated positively with RVEDVi. BPV
patients with moderate or greater PR had comparable
RV function and aerobic capacity on exercise testing
to patients with mild or less PR. A matched cohort of
patients with repaired TOF had worse RV function,
greater RV mass, and lower exercise capacity
compared with BPV patients with similar duration
and severity of PR.

These studies of long-term outcomes of BPV on the
basis of magnetic resonance imaging–derived mea-
sures suggest that most patients develop mild PR and
RV dilation, although risk factors such as a higher
BAR may result in more significant long-term RV
dilation. Significant RV dysfunction seems to be
uncommon.

PULMONARY VALVE REPLACEMENT. The timing of
pulmonary valve replacement (PVR) for chronic RVOT
dysfunction is a widely debated topic that has
focused largely on patients with repaired TOF (24).
Published guidelines advocate for PVR in patients
with severe PR, RV dilation, and symptoms of right
heart failure. Management of asymptomatic patients
is more controversial and has been based largely on
magnetic resonance imaging–derived measures of RV
volume and function (25). Many of these recommen-
dations are based on studies of repaired TOF, and it is
unclear if they should apply to patients with isolated
valvular PS who have undergone BPV. On the basis of
long-term imaging data, most patients following BPV
probably do not meet the clinical criteria for PVR in
patients with TOF. This is reflected in the long-term
outcome studies, in which PVR is uncommon.
Freedom from death or any reintervention 10 years
after BPV has been reported to range from 83% to
87%, with only 2% to 3% of patients undergoing
PVR (15,16,18).

Transcatheter PVR has become a common alterna-
tive to surgical PVR in patients with a stenotic or
regurgitant conduit or bioprosthetic valve (26).
However, the RVOT in patients with significant PR
after BPV is often too large for available balloon-
expandable transcatheter valves. In studies that
evaluated the off-label implantation of balloon-
expandable transcatheter pulmonary valves in
patients with native RVOT dysfunction, approxi-
mately 12% to 13% of patients had an underlying
diagnosis of valvular PS (27,28). Early outcomes in
those series were favorable, but only a small fraction
of patients who merit PVR after BPV will be eligible
for current balloon-expandable valves.

Self-expanding transcatheter valve frames have
been developed specifically to target the large and
variable RVOT anatomy commonly seen in patients
with chronic PR. The first human implantation of a
self-expanding transcatheter pulmonary valve was
reported in 2010, and that valve design ultimately
evolved into the Harmony transcatheter pulmonary
valve (Medtronic, Minneapolis, Minnesota) (29). In
addition to the Harmony valve, the Alterra Adaptive
Prestent (Edwards Lifesciences, Irvine, California),
Venus P-Valve (Venus MedTech, Hangzhou, China),
Pulsta valve (TaeWoong Medical, Gyeonggi-do, South
Korea), and Med-Zenith PT valve (Beijing Med-Zenith,
Beijing, China) are self-expanding valve devices
designed for PVR in large, native RVOT anatomy
(30–33). Although principally designed to treat
patients with TOF repaired with a transannular patch,
these valves can also be used in patients with un-
derlying PS and post-BPV PR who have suitable RVOT
anatomy (Figure 1). One of 20 patients who received a
valve in the Harmony early feasibility study had a
dysplastic pulmonary valve without an outflow tract
patch (34).

The progression of PR and RV dilation is a well
correlated, time-dependent phenomenon. Accord-
ingly, as with repaired TOF, it is likely that patients
meeting indications for valve replacement after BPV
will continue to increase with ongoing follow-up. In
addition to a wider range of valve options, advanced
imaging of the RVOT continues to improve, and as
more patients with post-BPV PR reach criteria for
PVR, it is increasingly likely that either a balloon-
expandable or self-expanding transcatheter pulmo-
nary valve will be the first choice for valve
replacement.

BALLOON AORTIC VALVULOPLASTY

ACUTE PROCEDURAL RESULTS AND ADVERSE

EVENTS. Prior to the development of transcatheter
balloon aortic valvuloplasty (BAV), surgical valvot-
omy was the primary treatment for congenital AS
(35–37). BAV was first described in 1984, and this



CENTRAL ILLUSTRATION Examples of Long-Term Follow-Up of Balloon Aortic and Pulmonary Valvuloplasty

Morray, B.H. et al. J Am Coll Cardiol. 2021;77(1):71–9.

(A) This angiogram shows the pulmonary valve (arrow) in a neonate with critical pulmonary valve stenosis who underwent balloon pulmonary valvuloplasty (BPV). (B)

Magnetic resonance imaging 18 years following BPV demonstrates right ventricular dilation and pulmonary valve insufficiency. (C) A 3-dimensional computed

tomographic reconstruction in the same patient demonstrates intact valve sinuses and a dilated main pulmonary artery. (D) This ascending aortic angiogram shows the

thickened aortic valve (arrow) prior to intervention in a neonate with critical aortic valve stenosis who underwent balloon aortic valvuloplasty (BAV). (E) This

echocardiogram in the same patient shows a bicuspid aortic valve with fusion of the intercoronary commissure (arrow). (F) On echocardiography 16 years after BAV,

there was moderate aortic regurgitation (arrow) with mild left ventricular dilation.
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report was followed by a number of single-center case
series (38–42). These studies demonstrated signifi-
cant aortic valve gradient reduction with the initial
dilation (43,44). At most centers, BAV is typically
considered the first-line therapy for patients with
aortic valve obstruction significant enough to war-
rant intervention.

Early animal and human studies sought to define
the patient and procedure-related factors that
contributed to successful intervention and to adverse
events and mortality, with particular focus on the
impact of balloon sizing and aortic valve morphology.
In early animal studies, a BAR >1.2 was associated
with significant valve injury, and in early human
studies, a BAR >1.1 was associated with greater risk
for important acute aortic valve regurgitation (AR)
(40,41). The majority of patients experienced signifi-
cant reductions in the peak systolic ejection gradient
with development of some degree of AR, although
moderate to severe AR was uncommon (45).

The first large, multicenter study to examine fac-
tors associated with acute outcomes after BAV was
from the VACA registry (46). That study defined a
suboptimal outcome as a residual peak gradient



FIGURE 1 Transcatheter Pulmonary Valve Replacement Following Balloon Pulmonary Valvuloplasty

Images from an 18-year-old man who was diagnosed with severe pulmonary valve stenosis and underwent balloon pulmonary valvuloplasty

as a neonate. He developed severe pulmonary valve insufficiency with a dilated right ventricle with preserved ventricular function. (A,B)

Angiography demonstrated a severely dilated main pulmonary artery with severe pulmonary valve regurgitation. (C,D) The patient underwent

successful implantation of a Harmony transcatheter pulmonary valve (Medtronic) as part of a multicenter, prospective trial.
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>60 mm Hg, which occurred in 17% of patients. Risk
factors for suboptimal outcome included higher
pre-BAV gradient, neonatal AS, and a BAR <0.9. The
development of severe AR was associated with
pre-existing AR, a larger valve annular size, and a
larger BAR. Mortality was 9.6% in neonates, and
patients <3 months of age were more likely to expe-
rience suboptimal outcomes and major morbidity
than older patients. The registry did not examine
relationships between valve morphology and
outcome. In other early studies, neonatal mortality
was between 9% and 12%, similar to the VACA regis-
try, but survival improved over time (44,46,47).
In more contemporary studies, 30-day mortality for
noncritical AS was <1%, although it was higher (6.3%)
in neonates with critical AS (48). Older children were
more likely to have adequate outcomes, with a lower
rate of procedure-related or hospital mortality (45).

Criteria for defining the therapeutic adequacy of
BAV have evolved over time on the basis of a com-
bination of consensus opinion and long-term out-
comes regarding the need for aortic valve
reintervention (48–51). Currently, procedural success
is typically defined as a residual peak systolic ejection
gradient <35 mm Hg and a mild or less degree of AR.
From 2 large cohorts, procedural success using these
criteria was 70%, with >80% of patients achieving
residual gradients <35 mm Hg (49,50). There was no
procedural mortality. A successful outcome was less
likely in patients with critical AS, histories of prior
valve intervention, or higher grade AR prior to
intervention. Despite these improvements, neonates
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with severe and critical AS remain at higher risk for
in-hospital mortality and morbidity, particularly
vascular complications (49,50).
LONG-TERM RESULTS. In studies of long-term out-
comes following BAV, overall survival was 80% to
90% at 20 years (51,52). Reintervention was common,
particularly in neonates and patients with more
severe AS (51). Studies have reported repeat BAV
for recurrent stenosis in a substantial number of
patients, with freedom from repeat BAV at 10 years
ranging from 46% to 70% (44,51). The prevalence and
severity of AR increases over time, and 10-year
freedom from significant AR as low as 49% has been
reported (52). The risk for progressive moderate to
severe AR during long-term follow-up has been
described in both neonates and older pa-
tients (51,53,54).

A number of studies have identified important
associations between acute BAV outcomes, long-term
development of AR, and need for aortic valve rein-
tervention and aortic valve replacement (AVR).
Specifically, higher acute residual gradients and
degree of post-BAV AR were associated with a greater
risk for AVR (51,53). In the VACA registry, a subopti-
mal outcome was defined, in part, as a residual left
ventricular outflow tract gradient >60 mm Hg. In
more contemporary studies, composite outcomes that
include residual gradient and acute AR severity have
been created to guide understanding of what consti-
tutes an acceptable or optimal outcome (48–50). This
was based, in part, on a study by Brown et al. (51),
which demonstrated that patients with residual left
ventricular outflow tract gradients <35 mm Hg and
less than trivial AR were significantly less likely to
require AVR during follow-up compared with other
composite outcomes. The investigators concluded
that acute gradient reduction was more important
than the development of mild or greater AR in
reducing the risk for AVR. Not all studies have agreed
with this finding. A single-center study by Sullivan
et al. (53) showed that patients who achieved acute
gradient reductions <30 mm Hg at the expense of
moderate to severe AR had a greater long-term risk
for AVR compared with those with higher residual
gradients and less AR (53). The hope is that by stan-
dardizing outcome criteria, we will achieve more
consistent and durable results and reduce the need
for reintervention and AVR (48).

Referral for surgical AVR after BAV is driven pre-
dominantly by progressive AR and mixed aortic valve
disease (52). The development of moderate to severe
AR is strongly associated with the need for subse-
quent AVR. In one single-center study, only 13% of
patients were estimated to remain free from AVR 15
years after the onset of moderate to severe AR, and
the average time from the development of moderate
to severe AR to AVR was only 2.2 years (53). In-
dications for AVR in the setting of severe post-BAV
AR include symptoms or, in the absence of symp-
toms, severe left ventricular dilation or systolic
dysfunction (55).

AORTIC VALVE MORPHOLOGY. Several studies have
focused on the relationship between aortic valve
morphology and long-term outcomes, including the
need for reintervention and AVR. Bicuspid aortic
valves are the most common configuration encoun-
tered in studies of BAV. It has been documented that
in patients with bicuspid aortic valves, fusion of the
right and noncoronary commissures is associated
with a more rapid progression of stenosis and regur-
gitation and a shorter time to valve intervention (56).
Not surprisingly, the presence of a functional or true
unicuspid aortic valve is associated with a greater risk
for repeat intervention, AVR, death, or heart trans-
plantation compared to patients with a bicuspid
valve (57).

SURGICAL AORTIC VALVOTOMY VERSUS BAV.

There are relatively few published studies that
directly compare BAV and surgical aortic valvotomy
(SAV). Past studies comparing SAV with BAV tended
to demonstrate equivalent outcomes in terms of sur-
vival and need for aortic valve reintervention (58). A
more recent meta-analysis demonstrated no differ-
ence in acute outcomes, survival, or AVR between
BAV and SAV, but did identify a higher rate of rein-
tervention in patients following initial BAV (59). For
this reason, at most centers, BAV is favored as the
first-line therapy given its less invasive nature.
However, with advancements in surgical valve repair,
a small number of contemporary studies reported
that the need for repeat aortic valve intervention may
be reduced in patients following SAV, particularly if a
trileaflet valve morphology can be achieved following
repair (60,61).

Attempts to conduct retrospective cohort studies
comparing these 2 techniques are fraught with diffi-
culty, and there are no randomized studies upon
which we can rely. The retrospective nature of these
studies makes it difficult to control for variables such
as the clinical status of the patient at time of inter-
vention and the morphology of the valve. Moreover,
the overall rate of reintervention can be a compli-
cated outcome metric, as interventionalists may take
a cautious approach to BAV in neonates, erring on the
side of reintervention rather than more severe acute
AR. The decision to reintervene is also dependent on
sometimes variable thresholds and criteria. As is
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often the case, patient selection is important. There
are likely patients for whom SAV will offer the least
risk for future reintervention, and as surgical tech-
niques for valve repair continue to improve, we will
have more data to draw upon.

AVR. In adults with severe AS, surgical AVR and
transcatheter AVR (TAVR) are considered first-line
therapies. The choice of a surgical or transcatheter
approach is based on the assessment of surgical risk
and the patient’s predicted life expectancy. On the
basis of current guidelines, patients with severe
stenosis who are at high risk for surgical AVR and
have predicted post-TAVR survival >12 months are
recommended to undergo TAVR (62). However, this
field continues to evolve as TAVR is studied in
progressively lower risk populations. BAV can play a
role in the management of AS in adults as a palliative
measure as well as a bridge to AVR in symptomatic
patients with severe stenosis who are high-risk sur-
gical candidates (63).

A barrier to the application of existing TAVR tech-
nology in pediatric patients is the effectiveness of
BAV for congenital AS (which is not true for acquired
calcific AS), and predominance of AR or mixed aortic
valve disease in this population, often following BAV
or associated with other congenital or post-operative
pathology. The majority of experience with TAVR has
been in adults with calcific AS. However, with
improving technology and experience, TAVR is
beginning to extend to patients in whom AR is the
predominant lesion (64,65). Currently available
transcatheter aortic valves are not approved for use in
pediatric patients and are often not suited to the
anatomy or size of the patient. As a result, the
application of TAVR in pediatric or young adult pa-
tients with aortic valve disease (either in isolation or
in conjunction with other forms of congenital heart
disease) is limited. There are a few case reports and
small case series that describe off-label use of the
Melody valve (Medtronic) or Sapien valves (Edwards
Lifesciences) for TAVR in pediatric and congenital
patients (66–68). These reports describe valve modi-
fications and delivery techniques that are specific to
this unique population. However, the number of pa-
tients reported is small, and follow-up is short.

Despite the limited experience with TAVR in young
patients with congenital or acquired aortic valve
disease, it is likely that advances in technology and
clinical experience will ultimately lead to expanded
application of transcatheter therapies in these pop-
ulations. It is important that congenital centers
leverage the experience of, and partner with, adult
structural cardiologists and institutions to help guide
patient selection, pre-procedural imaging, and pro-
cedural performance. Such collaboration will help
ensure optimal outcomes as the experience with
TAVR grows in younger patients.

CONCLUSIONS

Transcatheter techniques for the management of
aortic and pulmonic valve stenosis have been exten-
sively described over the past 40 years. Important
modifications in technique, such as improved un-
derstanding of appropriate balloon sizing, have
occurred as we have learned more about the impact
that acute outcomes have on long-term survival and
reintervention. The early focus on acute gradient
reduction at the expense of valvular regurgitation has
shifted to achieving a balance between gradient
reduction and the development of regurgitation.
Particularly for patients with AS, the probability of
developing hemodynamically significant AR is great
and increases over time. Careful analysis of long-term
follow-up data has facilitated a better understanding
of appropriate hemodynamic results of BAV. Despite
this, contemporary data from multicenter registries
suggest that we are achieving desired outcomes in
only 70% of cases. Additionally, smaller and younger
patients and those with more severe AS remain at
higher risk for morbidity and mortality than older
patients with less severe disease. Contemporary
studies of surgical aortic valve repair suggest
improved rates of reintervention compared with BAV,
particularly when a trileaflet valve morphology is
achieved. Careful pre-procedural analysis of valve
morphology and the progression of surgical tech-
niques may push some patients toward surgical
repair.

The thoughtful analysis of patients with TOF has
greatly enhanced our understanding of the long-term
consequences of chronic PR. On the basis of the most
contemporary data, most patients do not develop
more than mild PR and RV dilation following BPV.
The probability of developing significant RV dilation
and dysfunction appears to be relatively low. How-
ever, with ongoing follow-up, there may be a greater
burden of valve regurgitation and resultant ventric-
ular dilation. The recognition of the impact of chronic
PR on morbidity and reintervention has tempered the
tendency for balloon oversizing during BPV in an
effort to maintain valve competency and reduce the
long-term risk for reintervention. More information
on the rate of PVR following BPV is necessary to
further validate this approach.

Currently, transcatheter PVR in pediatric and
adult congenital patients is far more common than
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TAVR. Progress is actively being made on the
development of novel, self-expanding transcatheter
valve devices intended for the large native or
patched RVOT that will further expand our ability to
restore pulmonary valve function in the catheteri-
zation laboratory. TAVR is well studied in adults
with acquired AS but has not yet found a foothold in
the congenital population. As the portfolio of valve
types expands and operators gain experience man-
aging AR or mixed aortic valve disease in patients
with a bicuspid or unicuspid valve, we will likely see
TAVR extend into younger patients. This will pro-
vide opportunities to offer transcatheter options to
the growing number of patients living with congen-
ital aortic valve disease.

Although balloon valvuloplasty has been per-
formed for nearly 4 decades, it is important to
continue innovating in this space. Reviewing the
landscape of published research demonstrates that
there are still improvements that can be made to
improve outcomes and reduce the need for valve
replacement. Additionally, there is more work to be
done to ensure that transcatheter valve replacement
options can be offered to all patients who may come
to need a new pulmonary or aortic valve.
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