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Congenital quadricuspid aortic valve in children

Alfredo Di Pino, Placido Gitto, Antonio Silvia, Innocenzo Bianca

Paediatric Cardiology, San Vincenzo Hospital, Taormina, Messina, Italia

Abstract Quadricuspid aortic valves are rare congenital anomalies, usually diagnosed in adult patients affected
by severe aortic regurgitation. We have now encountered three such valves in children undergoing transthoracic
echocardiography. All children were asymptomatic. The first child possessed a valve with two larger leaflets, and
smaller leaflets of equal size. In the second child, 3 leaflets were of equal size, with 1 small accessory leaflet. The
third child had a valve with four leaflets of approximately equal size. In one child, the aortic valve was
functioning normally, and came to attention because of mitral valvar prolapse causing mild regurgitation. In the
remaining two children, central mild aortic regurgitation was detected using colour flow analysis, and associated
dilation of the aortic root was revealed by measurements of the cross-sectional images.
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QUADRICUSPID ARRANGEMENT IS A RARE CON-

genital malformation of the aortic valve.

Most of the published cases have been dis-
covered incidentally at autopsy, aortography, or
during surgery for replacement of the valves. In
2 large series investigation autopsied hearts, incidence
was reported at 0.003%,' and 0.008%.” The malfor-
mation is an uncommon cause of aortic regurgitation
in adults. In reports of series of patients undergoing
surgery for pure aortic regurgitation, the incidence has
been estimated at 0.88%,” and 1.46%." Although the
lesion has sometimes been diagnosed in association
with other congenital cardiac defects,” few cases have
been reported in children. In this article, we describe
our experience with 3 children diagnosed with the
malformation at our Insticution. All had been
investigated with clinical examination, electrocardio-
graphy, transthoracic echocardiography, and exercise
stressing test between October and November, 2007.

Description of the cases

Clinical data, and echocardiographic features, are
summarized in Table 1. In all, the diagnosis was made
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by transthoracic echocardiography using the para-
sternal short axis view. Our female patient had been
referred for the first time for a pre-operative
evaluation. On physical examination, she presented
an apical click and a late systolic murmur sug-
gestive of mitral valve prolapse. Because of this,
she was examined using transthoracic echocardiogra-
phy. The other 2 children were evaluated initially as
outpatients, having been diagnosed previously as
having bicuspid aortic valves producing mild aortic
regurgitation. All children were asymptomatic. The
electrocardiogram was normal in the 2 boys, but our
female patient had left axis deviation. In our first
patient, a boy aged 6 years, the valve was shown to
possess 2 large leaflets of equal size, and 2 smaller
leaflets, also of equal size. There were three aortic
sinuses, with a raphe separating the two smaller
leaflets, both located in the right coronary aortic
valvar sinus. (Fig. 1). The second patients, a girl aged
11 years, had a valve with 3 large leaflets of equal size,
and 1 smaller leaflet. The small accessory leaflet was
placed anteriorly in the left coronary aortic valvar
sinus, being separated from the right leaflet and
from the wider left leaflet by well delineated zones
of apposition (Fig. 2). An associated prolapse of
the mitral valve causing trivial regurgitation was
documented using the parasternal long axis view.
In the third patient, a boy aged 6 years, the valve
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Table 1. Clinical data and echocardiographic features of children with quadricuspid aortic valve.

Morphologic features

Functional Associated Aortic root

No Age (years) Sex  Physical Exam ECG of leaflets status anomalies  dilation

1 6 m normal normal two larger-two smaller equal mild AR none present
11 f S. click + murmur LAD three equal-one smaller normal MVP absent

3 6 m normal normal four equal mild AR none present

m: male; f: female; S.: systolic; LAD: left axis deviation; AR: aortic regurgitation; MVP: mitral valve prolapse.

Figure 1.

The echocardiographic view (a) in diastole shows a quadricuspid
aortic valve with 2 larger and 2 small leaflets in our first patient.
The systolic frame (b) shows a raphe between the two smaller leaflets.

possessed 4 leaflets of approximately equal size
(Fig. 3). Of the leaflets, 2 were located in the right
coronary aortic valve sinus. Doppler analysis,
combined with colour flow mapping, revealed mild
central aortic regurgitation due to incomplete
diastolic coaptation of the leaflets in the first and
third patients (Fig. 4). The valve was functioning
normally in the second patient. In both children
with regurgitant valves, measurement of cross-
sectional images normalized for body surface area
revealed dilation of the aortic root® (Table 2 — Fig. 5).
At their last visit to our clinic, all children performed
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Figure 2.
In the second child, the valve has 3 leaflets of equal size and 1
smaller leafler.

Figure 3.
The parasternal short axis view in the third child shows an aortic
valve with four leaflets of equal size.

an exercise stress test using a treadmill, maximal in
two of them, and showed neither symptoms nor
electrocardiographic anomalies during effort.

Discussion

A quadricuspid arrangement of the aortic valve is
rare.’” Unlike the quadricuspid pulmonary valve,
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the quadricuspid aortic valve is often incompetent,8
with regurgitation being the most common functional
abnormality.” Hurwitz and Roberts” used an alpha-
betic classification based on the size of the leaflets for
categorisation, but we find description of the valvar
leaflets and the aortic root to be more meaningful. The
anomaly has been diagnosed in association with other
congenital anomalies, such as persistent patency of
the arterial duct, ventricular septal defect, pulmo-
nary stenosis, mitral valvar malformations, supra-
valvar aortic stenosis, hypertrophic cardiomyopathy,

Figure 4.

Color Doppler interrogation shows central mild aortic regurgita-
tion in the first patient (a). Interrogation in the third child (b)
revealed mild aortic regurgitation due to incomplete diastolic
coaptation of the leaflets.

June 2008

congenital atrioventricular block and coronary arterial
abnormalities.” The most frequent associated anomaly
is the displacement of a coronary arterial orifice,
which is important to recognize, especially from a
surgical standpoint. Indeed, patients with quadri-
cuspid and regurgitant valves often need surgical
treatment during adulthood. Although aortic valvo-
plasty and reduction of the valvar diameter have been
attempted, replacement is usually performed in the
majority of patients.4 In this setting, it is important
to recognize any displacement of the coronary arterial
orifices in order to prevent obstruction when suturing
the ring of the valvar prosthesis.'® Only a few cases
have been diagnosed incidentally by echocardiography
in otherwise asymptomatic children,'"'* albeit that
the diagnosis has been made in association with
coronary arterial anomalies in children with symp-
toms of myocardial ischaemia. Kurosawa and collea-
gues'® made the diagnosis at autopsy in a boy aged
16 year who died suddenly, finding 3 leaflets of equal
size and one smaller dysplastic leaflet. The additional

Figure 5.

Measurements in the third child reveal dilation of the aortic root
Srom the proximal hinges of the leaflets to the sinutubular junction
and the proximal part of the ascending aorta. The diameter at the
hinges of the leaflets is 17 millimeters (measure n.1), the
dimension ar the midpoint of the sinuses of Valsalva level is
24 millimeters (measure n.2), at the sinutubular junction is
21 millimeters (measure n.3), and the proximal ascending aorta
measures 22 millimeters (measure n.4).

Table 2. Measurements of the aortic root from the proximal hinges of the leaflets to the sinutubular junction.

No Age (years) BSA (m?) Prox hinge (mm) Sinus Valsalva (mm) ST.J. (mm) As. Ao. (mm) AR

1 6 0.8 15 22 18 18 mild
2 11 1.3 17 23 21 20 none
3 6 0.8 17 24 21 22 mild

The first and third children show dilation of the aortic root when normalised to body surface area. Both were shown to have mild aortic
regurgitation using colour flow analysis.
BSA: body surface area; Prox.: proximal; ST.J: sinotubular junction; As. Ao: ascending aorta; AR: aortic regurgitation.
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leaflet was thick and totally adherent to the aortic
wall, producing isolation of the main stem of the left
coronary artery. In addition, histology revealed dis-
arrangement of the elastin fibres typical of supravalvar
aortic stenosis. Isolation of the left coronary artery by 1
leaflet adherent to the aortic wall was also diagnosed
in a girl aged 10 year during an emergency operation
for an acute myocardial infarction."* The anomaly was
also found during surgery for coronary arterial orificial
atresia in a 5 year old child affected by supravalvar
aortic stenosis. > In all our patients, the coronary
arteries arose in their expected fashion from the aortic
sinuses adjacent to the pulmonary trunk. Irrespective
of such findings, in view of the reported association
with isolation of coronary arteries, we consider it
advisable to rule out myocardial ischaemia in all
children with quadricuspid valve, at least with non-
invasive methods. Because of this, we performed an
exercise stress test in all our children, even though
they were asymptomatic. It is also important to
monitor the degree of aortic regurgitation during
follow—up,16 and prophylaxis for infective endocarditis
should also be considered.”"”

The physiopathology of aortic regurgitation is
poorly understood. Abnormal shear stress leading
to fibrosis, incomplete coaptation of the leaflets,
prolapse of the leaflets, or dilation of the aortic root
have all been proposed.'® With this in mind, it is of
interest that we found dilated aortic roots in 2 of our
patients in the setting of mild aortic regurgitation.
It is, of course, frequent to find a dilated ascending
aorta, independent of the haemodynamic state of the
valve, in those with the bifoliate arrangement.'? To
the best of our knowledge, ours is the first report of
such dilation in children with quadrifoliate valves in
the absence of significant valvar dysfunction. We
wonder whether significant regurgitation may devel-
op, or become worse, due to progressive dilation of
the root as seen in patients with bifoliate valves. It is
likely that this possibility will only be resolved by
analysis of a larger group of children with congeni-
tally quadricuspid valves.
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