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he perfect heart valve substitute has not yet

been developed and matching the patient to

existing options to optimize survival and
reduce valve-related complications remains chal-
lenging. The choices for aortic valve replacement
(AVR) are mechanical valves, bioprosthetic valves,
and biological valves such as aortic valve homograft
and the Ross procedure (pulmonary autograft). The
latter is a complex operation because it transfers the
patient’s own pulmonary valve into the aortic posi-
tion and uses a biological valve to replace the pulmo-
nary valve, transforming a single-valve disease into a
2-valve disease. These considerations are not impor-
tant to most North American patients who undergo
AVR because they are older and the durability of bio-
prosthetic valves in this age group is excellent (1,2).
The risk of bioprosthetic valve failure 20 years after
AVR is <10% in patients 70 years of age and older
(1,2). A report based on the Society of Thoracic Sur-
geons Database from January 1997 to December
2006 showed that 108,687 patients had isolated AVR
and the mean age was 69 years (3). The use of bio-
prosthetic heart valves increased from 43.6% in 1997
to 78.4% in 2006 (3). This shift from mechanical to
bioprosthetic valves preceded the introduction of
transcatheter aortic valve implantation into clinical
practice and there is no rational reason for this
because the results of numerous retrospective studies
and 3 randomized clinical trials have failed to conclu-
sively show survival benefit of one over the other
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type of artificial heart valve (4). A simple explanation
is that most patients would rather have a reinterven-
tion for a failed bioprosthetic aortic valve than be
committed to take warfarin for life.

Valve selection in children and young adults is
more complicated because of the associated congen-
ital heart defects, somatic growth, and the fact that
aortic valve homograft and bioprosthetic heart valves
are not as durable in the young as they are in older
patients (1,2,5-8). Mechanical valves are durable but
require lifelong anticoagulation with coumadin.
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In this issue of the Journal, Sharabiani et al. (9)
have an interesting study on AVR in children and
young adults based on a dataset extracted from
the National Congenital Heart Disease Audit of the
United Kingdom. The selected dataset was linked
with census of the Office of National Statistics of the
United Kingdom to obtain outcomes such as survival
and reinterventions. Almost 46% of patients had to
be excluded for various valid reasons but 11.3% were
excluded for “unclassified” AVR due to “errors in
reporting.” This relatively high proportion in errors
raises concerns about the integrity of the data but
the authors believed that they had reliable informa-
tion in 1,501 patients operated on from April 2000
through March 2012, a 12-year period. The objectives
of the study were to examine early and long-term
survival and freedom from reoperations in a large
cohort of unselected young patients and compare the
outcomes of various types of heart valve substitutes
for AVR.

The most commonly performed AVR in neonates,
infants, and children =16 years of age was the Ross
procedure at 78.5%, followed by mechanical valves at
17.3%, and only a few bioprosthetic valves and aortic
valve homograft. In young adults (17 to 40 years of
age) mechanical valves were the most commonly
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used for AVR at 53.6%, followed by the Ross at 25.6%,
bioprosthetic heart valves at 17.4%, and aortic valve
homograft at 3.2%. There were only 61 neonates and
infants (<1 year of age) and most of them had the
Ross procedure. One-year mortality was 14.3%, and
only 1 patient died after the first year. Freedom from
reoperation on the pulmonary autograft was 84.7% at
12 years of age, and when combined with reinter-
ventions on the right ventricular outflow tract it
dropped to 72.5% (9). These results are very good
even considering that the investigators excluded
children with complex congenital heart defects such
as hypoplastic left heart syndrome and other anom-
alies commonly associated with aortic stenosis in
neonates and infants. The management of these pa-
tients is difficult and it remains controversial if the
aortic valve should be repaired or replaced, or in
cases of aortic stenosis, if it should be treated with
surgery or transcatheter balloon valvotomy. Most
surgeons believe that open valve repair provides
better long-term results than balloon valvotomy or
AVR in this age group (10-12).

The study of Sharabiani et al. (9) also had 568
children (1 to 16 years of age) and the 2 most common
operations were the Ross procedure in 77.2% and
mechanical valves in 17.3%. Survival at 10 years was
slightly higher in AVR with the Ross procedure than
with mechanical valves but the difference did not
reach statistical significance, and the cumulative
incidence of reintervention at 10 years was 9.9%
higher among patients with mechanical valves
(p = 0.07). A possible explanation for this higher rate
of reintervention in patients with mechanical valves
is progressive prosthesis-patient mismatch due to
somatic growth. A recently published meta-analysis
on AVR in children included the Ross procedure in
2,409 children with a mean age of 9.4 years, me-
chanical valves in 696 with a mean age of 12.8 years,
and aortic valve homograft in 224 with a mean age of
8.9 years (8). The pooled data showed an operative
mortality of 4.2% for the Ross, 7.3% for mechanical
valves, and 12.8% for homograft AVR, and an annual
mortality rate of 0.64% for the Ross, 2.6% for me-
chanical, and 1.99% homograft (8). The annualized
rates of reoperation on the aortic valve were 1.6% for
the Ross, 1.3% for mechanical valves, and 5.4% for
aortic valve homograft (8). That meta-analysis study
showed that the Ross procedure offered survival ad-
vantages over mechanical valves and aortic valve
homograft but the overall results of AVR in children
were deemed suboptimal (8).

The third subgroup in the Sharabiani et al. (9)
study dealt with 872 young adults (17 to 40 years of
age) and the Ross procedure was performed in 25.6%,
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mechanical valves in 53.6%, bioprosthetic valves
in 17.4%, and aortic valve homograft in 3.2%.
Reintervention-free survival at 10 years was 89.6%
for the Ross, 86.3% for mechanical valves, and 78.8%
for bioprosthetic heart valves. By matching patients
from the 3 main groups, the Ross procedure was
found to be superior to mechanical valves and me-
chanical valves to be superior to bioprosthetic valves.
Other investigators also found a survival advantage of
the Ross procedure over mechanical valves in young
adults (13). We have shown that patients’ survival
after the Ross procedure at 20 years is similar to that
of the general population matched for age and sex
(14). The Ross procedure was the only type of
AVR that resulted in survival similar to that of
matched general population in the study of Shar-
abiani et al. (9).

The quest for a better heart valve substitute goes
on, particularly in children. None is perfect but the
Ross procedure offers the best chance of long-term
survival and the lowest risk of valve-related compli-
cations (5,8,9). This evidence imposes problems when
recommending AVR in the young because the Ross
procedure is a difficult operation and the published
results are highly variable (8,13-17). There was a great
deal of enthusiasm for this operation in the early
1990s but it soon faded as patients began to come
back for complex reoperations (18-20). Valuable in-
formation has been accumulated on the Ross proce-
dure during the past 2 decades. Technical errors
aside, pre-operative aortic insufficiency and dilated
aortic annulus are the main reasons for late failure of
the pulmonary autograft (14-16). Surgical reduction of
the dilated aortic annulus to match the size of the
pulmonary autograft does not prevent late develop-
ment of aortic insufficiency (14). The pulmonary
autograft is more durable in women than in men (14).
Thus, ideal patients for the Ross procedure have
aortic stenosis with normal aortic annulus, and in
particular women. These patients will likely have a
neoaortic valve for life but they will still be troubled
by the valve used to replace the native pulmonary
valve. Pulmonary valve homograft failure is highly
dependent on patients’ age, and it often precedes the
development of symptoms and can damage the right
ventricle if left unattended. Thus, there is need for
periodical surveillance of both the pulmonary auto-
graft and pulmonary homograft after the Ross
procedure.

The aortic valve should be repaired whenever
possible in children, and if not feasible, the Ross
procedure should be performed because it offers
the best event-free survival. Young adults with
aortic insufficiency should have aortic valve repair
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whenever possible and mechanical valves are the
second-best option. Young adults with aortic stenosis
and normal aortic annulus are best served by the Ross
procedure. This summarizes the best evidence avail-
able today on the choices of aortic valve substitute in

the young.
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