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Aortic valve surgery in children
Edward Buratto, MBBS, PhD,a,b,c and Igor E. Konstantinov, MD, PhD, FRACSa,b,c,d
The ideal aortic valve surgery in children must result in an
unobstructed, competent aortic valve that is also durable
and accommodates growth of the child. Intuitively, aortic
valve surgery in children must emulate native aortic valve
anatomy and physiology as close as possible, preferably us-
ing autologous tissues with growth potential. The optimal
approach to aortic valve surgery in children is yet to be
defined. The purpose of this focused review is to highlight
recent key publications on the topic.
Drs Buratto and Konstantinov at the Royal Chil-
dren’s Hospital, Melbourne.

CENTRAL MESSAGE

Aortic valve repair in infants is
the best option, whereas it gives
similar outcomes to the Ross
operation in older children.
AORTIC VALVE REPAIR
Aortic valve repair is currently performed in children

with increasingly good results.1 Last year, outstanding
results of aortic valve repair in neonates were reported
by Vergnat and colleagues2 in neonates with congenital
aortic stenosis treated between 1989 and 2015. Of these
patients, 52 underwent surgical aortic valve repair and
51 underwent balloon aortic dilatation. There was
similar early mortality (7.8% for ballooning vs 3.9%
for repair) and 10-year survival (88% for ballooning
vs 94% for surgery, P ¼ .25). However, freedom from
reoperation was superior in the group undergoing aortic
valve repair (66% vs 36%, P < .01). Similar results
have been reported by Siddiqui and colleagues3 for ne-
onates and infants. Thus, it appears that the outcomes
of aortic valve repair in neonates and infants are supe-
rior to those achieved by balloon dilation.

In children aged more than 1 year, the operative mortality
for aortic valve repair is 0.4% to 1.8% and freedom from
reoperation is approximately 70% at 10 years.4 d’Udekem
and colleagues5 reported 142 children who underwent
aortic valve repairs between 1996 and 2009 at a median
age of 9 years. Early mortality was 1.8% in children aged
more than 1 year. Freedom from reoperation was 80% at
7 years follow-up. The use of cusp extension was associated
with increased risk of reoperation.
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ROSS PROCEDURE
The Ross operation can be performed in neonates and in-

fants, although with inferior results compared with the out-
comes in older children and adults.6,7 Ivanov and
colleagues8 reported 79 children who underwent the Ross
operation with an early mortality of 1.3%, with the only
death in a neonate. Freedom from reintervention was
90% at 10 years after the Ross operation. They conclude
that wider use of the Ross procedure in younger patients
is warranted.

Riggs and colleagues9 report 40 patients who underwent
a supported Ross procedure between 2005 and 2018 at a
median age of 16 years (range, 10-35 years). Their tech-
nique of supported Ross operation involves implantation
of the autograft within a prosthetic graft. There were no
early or late deaths. There had been 1 aortic valve replace-
ment at a median follow-up of 3.5 years. Freedom from
aortic root dilatation was 80% at 10 years. They concluded
that a supported Ross procedure has excellent midterm re-
sults with minimal neoaortic root dilatation.

Donald and colleagues10 reported 140 children who un-
derwent Ross procedure between 1995 and 2018. Operative
mortality was 17% in neonates and infants and 0% in chil-
dren agedmore than 1 year. Survival at 10 years was 79% in
neonates and infants compared with 96% in older children.
Freedom from reoperation at 10 years was 62% for infants
and 90% for older children. Donald and colleagues10
ery c January 2021
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Aortic valve repair

Ross operation

Ozaki aortic valve
replacement

Mechanical aortic
valve replacement

Homograft aortic
valve replacement

• Early mortality: 10–17%
• 10-year survival: 79%
• 10-year freedom from
   reoperation: 62%

• Not reported

• Not feasible
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• Not reported

• Early mortality: 3–4%
• 10-year survival: 94%
• 10-year freedom from
   reoperation: 66%

Aortic valve surgery in children

Neonates and infants Older children

• Early mortality: 0.4–1.8%
• 10-year survival: 94%
• 10-year freedom from
   reoperation: 70%

• Early mortality: 0–4%
• 10-year survival: 96%
• 10-year freedom from
   reoperation: 90%

• Early mortality: 0.5–7%
• 10-year survival: 82%
• 10-year freedom from
   reoperation: 78%

• Early mortality: 5–13%
• 10-year survival: 85%
• 10-year freedom from
   valve reoperation: 50–60%

• Early mortality: 0%
• 10-year survival:
   not reported
• 3-year freedom from
   reoperation: 80%

FIGURE 1. Comparative outcomes of aortic valve surgery in children using autologous tissues and nonautologous material. Reoperation rate in Ross oper-

ation refers to autograft reoperation.
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showed that the Ross procedure should be delayed beyond
infancy when possible to achieve the best results. Although
the data on the Ross operation in children with infective en-
docarditis are limited, from the data available it appears that
the Ross operation is an excellent option in children with
endocarditis.11-13
OZAKI AORTIC VALVE REPLACEMENT
Aortic valve replacement in children using the Ozaki

technique has been reported recently.14,15 Originally, Ozaki
and colleagues16 reported 850 patients who underwent
aortic valve neocuspidization between 2007 and 2015 in a
predominantly adult population ranging from 13 to 90 years
of age. Survival and freedom from reoperation at 10 years
were 86% and 95%, respectively. Cumulative incidence
of moderate or greater aortic regurgitation was 7.3% at
10 years. These initial midterm results demonstrated
acceptable performance of the Ozaki techniques across a
broad range of ages.

This year, Baird and colleagues14 reported 57 patients
who underwent aortic valve neocuspidization between
2015 and 2019 at a median age of 12.4 years. It should be
noted that all but 1 of their 57 patients were aged more
than 1 year and 9 patients were aged more than 18 years.
The Journal of Thoracic and Ca
There were no operative mortalities. Freedom from reoper-
ation was 91% at 1.5 years follow-up. They concluded
that the Ozaki technique provides acceptable short-term
results.
Wiggins and colleagues15 reported 58 patients who un-

derwent aortic valve tricuspidization by the Ozaki tech-
nique (n ¼ 40) or a single-cusp reconstruction using the
Ozaki principle (n ¼ 18) between 2015 and 2019 at a me-
dian age of 15 years. Freedom from reoperation at 3 years
was 80%. There were no early deaths. By 28 months,
10.3% of patients (6/58) had reoperations: Ross operation
(n ¼ 1), aortic valve replacement with mechanical valve
(n ¼ 2), and aortic root replacement with homograft
(n ¼ 1). Current techniques use nonviable tissue making
the Ozaki technique comparable to an aortic valve replace-
ment. If this technique could be modified using bio-
engineered tissue with regeneration and growth potential,
it may become valuable in the future.17
MECHANICAL AORTIC VALVE REPLACEMENT
Myers and colleagues18 reported 121 children who un-

derwent mechanical aortic valve replacement between
2000 and 2014 at a median age of 16 years. They demon-
strated an early mortality of 5.5% and a 10-year survival
rdiovascular Surgery c Volume 161, Number 1 245
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of 82%. Freedom from reoperation was 78% at 10 years.
Pannus ingrowth and valve thrombosis were the most com-
mon reasons for reoperation. They found younger age and
use of a 16-mm prosthesis were risk factors for reoperation.
In the recent meta-analysis by Etnel and colleagues,19 the
early mortality was 7%, late mortality was 1.2% per
year, and reoperation rate was 1% per year after mechanical
valve replacement in children.

HOMOGRAFTAORTIC VALVE REPLACEMENT
Fukushima and colleagues20 reported 840 patients who

underwent homograft aortic valve replacement between
1973 and 2008, of whom 61 (7.3%) were children. Survival
in children was 85% at 10 years, and freedom from struc-
tural valve deterioration was only 55% at 10 years. Younger
age was independently associated with a higher risk of
structural valve deterioration.

Sharabiani and colleagues21 described 53 patients with a
median age of 16 years operated between 2000 and 2012
and reported an early mortality of 2.1% and freedom
from reoperation of 60% at 12 years of follow-up.

The use of homografts in neonates and infants is limited
to case report and small series.18,22 The largest series
described 15 neonates and infants, with an operativemortal-
ity of 40% (6/15), and no long-term outcomes were
reported.22

COMPARATIVE STUDIES
Overall, it appears from the current literature that aortic

valve repair provides the best outcomes in neonates and in-
fants, whereas both aortic valve repair and Ross operation
give best results for older children (Figure 1). Etnel and col-
leagues19 reported a meta-analysis of 42 studies conducted
between 1991 and 2015, comparing the results of the Ross
procedure, homograft aortic valve replacement, and me-
chanical aortic valve replacement in children. They demon-
strated lower early and late mortality with the Ross
procedure compared with homograft and mechanical
replacement. However, in infants, the Ross procedure was
associated with 17% early mortality. The Ross procedure
(1.6%/year) and mechanical aortic valve replacement
(1.1%/year) had similar rates of aortic valve reoperation,
whereas homografts had a significantly higher rate of reop-
eration (5.4%/year).

A clear-cut survival advantage of Ross operation
compared with mechanical valve replacement has been
demonstrated in adults.7 One would expect similar results
in children, in whom mechanical valve replacement is
more challenging. Sharabiani and colleagues21 reported
629 aortic valve operations performed in children between
2000 and 2012 from a national database. In infants, they
found early mortality for the Ross procedure of 10%, and
freedom from aortic valve reoperation of 85% at 10 years.
In older children, 77.2% underwent the Ross procedure,
246 The Journal of Thoracic and Cardiovascular Surg
whereas 17.3% underwent mechanical aortic valve replace-
ment. They found a significantly better event-free survival
at 10 years in the patients who underwent the Ross proced-
ure compared with patients who underwent mechanical
valve replacement.

In the recent database study of 3446 children who under-
went aortic valve replacement, Nelson and colleagues23

demonstrated that children who underwent aortic valve
replacement with a homograft had the highest early mortal-
ity. No late mortality or reoperation rate was reported in this
large database study. Although homografts seem to have
inferior performance compared with other modes of valve
replacement, it is difficult to draw precise conclusions
because children requiring homograft might have been
sicker before surgery.

CONCLUSIONS
Neonates and infants with congenital aortic stenosis have

similar survival but improved freedom from reintervention
when treated with aortic valve repair compared with
balloon aortic dilatation. In neonates and infants, the Ross
operation is associated with high operative mortality. In
older children, the Ross operation has low early mortality
and excellent freedom from reoperation. Ozaki aortic valve
replacement could be performed without operative mortal-
ity, but the longer-term results are unknown. Aortic valve
replacement with a mechanical prosthesis or a homograft
has worse outcomes compared with the Ross operation.
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