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More than fifty years after its inception, the Ross
procedure continues to have indications due to its
numerous advantages and obvious limitations of alternative
replacement options for the aortic valve; particularly
in the young patient population, including infants and
neonates. Traditionally, the pulmonary valve (PV), used as
an autograft, is replaced with a pulmonary homograft or,
less often, another valve substitute. The Achilles’ heel of the
Ross procedure is the potential for future prosthetic disease
of the right ventricular outflow tract (RVOT) (1).

Replacement of the pulmonary autograft with a
homograft or another substitute poses diagnostic and
therapeutic challenges to Clinicians managing Ross
patients. Homograft dysfunction, while not uncommon,
is usually well tolerated for many years, particularly as
Ross patients most often have normal pulmonary vascular
resistance. In patients with severe homograft dysfunction,
the development of symptoms or the progressive dilatation
and/or failure of the right ventricle are accepted indications
for reintervention, with rates widely varying from 4% to
16% at ten-year follow-up (1,2). Reinterventions have
traditionally consisted of a redo surgical pulmonary valve
replacement (SPVR) using a new homograft.

Advances in delivery systems and innovations in valve
design over the past twenty years have allowed for the
emergence of transcatheter pulmonary valve replacement
(TPVR) as an attractive alternative to SPVR. Three such
transcatheter balloon expandable valves are currently in
use in the pulmonary position. These include the Melody®
TPV (Medtronic, Inc., Minneapolis, MN, USA), the
Edwards SAPIEN XT THYV, and the SAPIEN 3 THV
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(Edwards Lifesciences, Irvine, CA, USA). Several others
are currently under development or in clinical trials (3).
The prospect for TPVR is to avoid cardiopulmonary bypass
and provide a less invasive intervention than SPVR with
the hope of decreasing morbidity, shortening hospital stay,
reducing expenditure and lowering mortality. All this makes
the percutaneous approach a logical ideal and futuristic
mode of therapy. The circular shape of the right ventricular
outflow in Ross patients is felt to facilitate deployment of
the transcatheter valve by providing a favorable anatomic
substrate, thus improving procedural success (4). The
question remains whether, thus far, TPVR has lived to fulfill
its expectations?

Limited outcome data is available in the Ross population
to examine the value of TPVR versus SPVR or, to establish
the superiority of one type of intervention over another.
One study from our institution retrospectively compared
the outcome of Ross patients who underwent TPVR, mostly
using a Melody valve, or SPVR, using a homograft (1).
Both types of intervention carried no procedure-related
mortality, a low rate of peri-procedural complications
and comparable midterm outcomes. Whereas a greater
progression to homograft dysfunction was noted with
SPVR, this did not translate into a higher rate of repeat PV
interventions. An interesting finding was a higher rate of
PV infective endocarditis in the TPVR group (1).

An important result in our study was the high
percentage of SPVR patients who underwent concomitant
intervention(s) at the time of surgery, mostly for associated
valve disease. The choice of intervention, whether
transcatheter or surgical, was clearly influenced by the need
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for additional surgical procedure(s). Even though both
approaches led to a similar outcome, the fact that TPVR
proved to be non-inferior to the gold standard SPVR is an
important finding (1).

Emerging data indicates some of the complications
encountered with TPVR are associated with the use of
the Melody® valve, the first marketed and most commonly
used transcatheter valve in the pulmonary position. The
Melody valve carries a higher rate of stent fracture than the
SAPIEN XT THYV with potential obstruction to flow and
need for reintervention (5). Additionally, a higher rate of
infective endocarditis is noted with the Melody valve (6),
similar to its predecessor; the surgically implanted Contegra
bovine jugular vein valved conduit (7). Notably, these
complications do not negatively impact event-free survival
or freedom from reinterventions as compared to SPVR in
a non-Ross population (8). The association between the
prosthesis brand and specific complications gives hope that
future generations of transcatheter valves with improved
design might lead to a lower complication rate.

No data currently indicates that Ross patients fare
differently in the long-term than non-Ross patients with
PV homograft who undergo TPVR. One exception worth
mentioning is that Ross patients exhibit a higher risk of
intraprocedural coronary artery compression by the valve
stent, a complication that would prompt conversion to
SPVR (9).

TPVR has turned into a mainstream mode of therapy to
make uncertain the future place of routine SPVR (10). It
may become increasingly difficult for caretakers to justify
recommending redo SPVR to many patients who can
otherwise be treated percutaneously and therefore, patient
selection is crucial. Good indications for either SPVR or a
hybrid procedure include the requirement for concomitant
cardiac intervention, a small body size in whom negotiating
the right heart with large delivery systems may lead to
hemodynamic instability, a significantly enlarged RVOT
and patients at risk of TPVR related complications, such as
coronary compression or worsening of aortic regurgitation.

The field of percutaneous valve technology is rapidly
evolving, far outpacing the progress in operative
techniques or the design of surgical prostheses. Advances
in transcatheter aortic valve design and delivery systems
are benefitting the field of transcatheter PVs. With newer
transcatheter valves on the horizon, the indications for
TPVR versus SPVR will continue to be refined. Timing
of reintervention on the PV would also be revisited if
newer transcatheter devices carry such a low morbidity and

© Annals of Cardiothoracic Surgery. All rights reserved.

complication rate to justify an even earlier intervention on
the PV, prior to development of subtle right ventricular
dysfunction. There is certainly a need for prospective
randomized controlled trials to better determine the
indications and choice of percutaneous versus surgical
approach with the necessity for long term follow-up.

The future will certainly be driven by innovations in
technology aimed at reducing mortality and alleviating
morbidity. The ultimate valve would be durable, carry
minimal prosthesis-related complications, easily implantable
in the least invasive manner and at the lowest risk to the
patient. Indicators suggest that we are already on our way,
but there is still progress to be made.
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