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(Abstract )

Noonan syndrome (NS) is the most common genetic syndrome in fetuses with increased nuchal translucency
(NT) and normal karyotype. NS patients present typical patterns of cardiac defects, such as pulmonary
stenosis, polyvalvular dysplasia and hypertrophic cardiomyopathy. This study aims to evaluate onset and
trend of cardiac disease in fetuses with molecular diagnosis of NS and to search for other cardiovascular
sonographic markers of NS. We performed a fetal echocardiographic follow-up of pregnancies with increased
NT in the first trimester. All the fetuses with normal Karyotype and Comparative Genomic Hybridization-
array underwent a targeted next-generation sequencing panel for RASopathies. Increased NT was the only
finding up to the second trimester in half of the fetuses, while in the others ductus venosus agenesis was

also observed. In all of them, during the late second trimester, a severe cardiopathy arouse.

In conclusion, when abnormal NT is detected in the first trimester, even if the second trimester fetal
echocardiogram is normal, further ultrasound follow-up is mandatory, due to late onset of cardiac findings

in NS. Ductus venosus agenesis, as well as increased NT, should be considered a marker for RASopathies

\and it might require investigations for late-onset cardiopathy and for NS. )
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Introduction

Noonan syndrome (NS) is the most common genetic syndrome found in fetuses with increased nu-
chal translucency (iNT) and normal Karyotype, with a frequency up to 10% [1,2]. Typical NS cardiac defects
include pulmonary valvular/supra-valvular stenosis, polyvalvular dysplasia and hypertrophic cardiomy-
opathy (hCMP).

The rapid evolution of molecular genetics and imaging has resulted in a substantial increase in
knowledge about development of congenital heart diseases, especially in genetic syndromes. Nowadays,
more attention is given to prenatal ultrasound evaluations because of the importance of early diagnosis,
which can influence the outcome. However, the mechanisms for development of cardiomyopathy in NS pa-
tients are still not elucidated, and an improvement of knowledge of the involved pathway could increase the
possibility of target therapies. Here, we describe the late-onset appearance of severe cardiopathy in four
pregnancies presenting with iNT in the first trimester, normal echocardiography during the early second

trimester and a molecular diagnosis of NS.

This is the first study that aims to highlight and describe both onset and worsening of heart disease
in NS fetuses, in order to reach an early diagnosis that can facilitate the postnatal therapeutic planning, and

to evaluate additional sonographic markers for RASopathies.
Case Presentation

During the last 4 years, 3500 women were referred to the Department of Gynecology and Obstetrics
for I trimester ultrasound evaluation, performed using a Samsung Echography WS80 Elite. NT scan was
measured between 11 and 3 days and 13 weeks and 6 days of pregnancy or when crown-rump length is
between 45 mm and 84 mm. Seven hundreds of the fetuses showed iNT. All the fetuses, who showed normal
karyotype and CGH-array, underwent a targeted next-generation sequencing (NGS) panel for RASopathies.
We performed a fetal echocardiographic follow-up of these pregnancies, selecting the four cases of the elev-
en NS fetuses that have come to birth, in order to describe the trend of the cardiopathy during last trimes-
ter, too. All the echocardiograms were performed using 3d convex 4,8 MHz of a Samsung Echocardiography
Accuvix A30 and then retrospectively reviewed. Here, we report the late-onset appearance of cardiopathy
in 4 fetuses with iNT and molecular diagnosis of NS (Table 1) (Figure 1). Ductus venosus agenesis (DVA)

was observed in two fetuses, as in 27% of NS pregnancies [1].

(Table 1: Late-onset appearance of cardiopathy in 4 fetuses with iNT and molecular diagnosis of NS. )
II trim Fetal Ecocardiography III Trim Fetal Ecocardiography Delivery Postnatal Echocardiography
Mild interventricular septum
rat v et ptu Interventricular septum and RV hypertrophy CS Obstructive hCMP, PV stenosis, ASD
hypertrophy
Reduced aortic annulus Polyvalvular dysplasia, LVOTO CS CoA, hCMP, polyvalvular dysplasia
Polyvalvular dysplasia, hCMP, PV st is,
Normal Polyvalvular dysplasia eutocic Olyvavitar cysp asia . S enosis
supravalvular aortic stenosis
Normal Hypertrophic obstructive CMP eutocic Polyvalvular dysplasia, hCMP, PV stenosis
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Figure 1: Prenatal ultrasound findings in the 4 fetuses with NS.

Case 1 a: Ductus venosus was not detectable. b. Doppler velocity in the main pulmonary artery was at the top of the normal
range. c. Interventricular septum was thickened.

Case 2 d: Hypoplasia of aortic arch (HyAA). e. Semilunar valves were thickened and pulmonary valve (PA) seemed to be bi-
cuspid. f. Interventricular septum was thickened.

Case 3: g.h. Doppler velocity was increased in both pulmonary artery and aorta because of the obstruction of the outlets. i.
Redundant foramen ovale flap.

\ Case 4 l.m. Umbilical and sovrahepatic veins. Ductus venosus was not detectable. n. Interventricular septum was thickened. |
N i

Discussion

Obstruction of lymphatic drainage is frequent in NS [3], which could be prenatally detected as iNT,
cystic hygroma, hydrops or pleural effusions [4]. In the current series of NS fetuses iNT was the only feature
and the survey of the cardiac morphology was normal up to the second trimester, only to witness the ap-
pearance of severe cardiopathies in the second part of the pregnancy and their postnatal worsening. Actu-

ally, in two of the four cases DVA added to the clinical picture.
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Ductus venosus connects the intra-abdominal umbilical vein to inferior vena cava at its inlet to the
heart. The portocaval pressure gradient causes well-oxygenated blood in the ductus to accelerate towards
the left lateral wall of inferior vena cava. When the umbilical vein reaches the liver, the ductus venosus
branched off into a venous network, decreasing the blood pressure, before it continues itself in inferior
vena cava. Fetuses with DVA and aberrant insertion of the umbilical vein, bypassing the liver network, pres-
ent additional risks of developing congestive heart failure [5,6]. The mechanism responsible for triggering
heart failure might be the increased cardiac preload and progressive cardiac decompensation [3]. In the NS
fetuses with DVA we analyzed, the umbilical vein threw itself in the iliac vein, so we hypothesize that the
increased intracaval and intracardiac pressure gradient could stimulate the right heart chambers to the
hypertrophy [7]. In these cases, pulmonary stenosis could be worsened to limit flows in pulmonary artery.
Moreover, fetuses with DVA could have a vulnerability in hypoxemic states and it can be also the primary
cause of fetal hypoxia as the obstruction of the placental venous flow return can result in placental edema
and impaired gas exchange. This edema reduces materno-fetal transfer of proteins and it may contribute to

a decrease in fetal plasma protein levels, that can cause hydrops [8], frequent in NS fetuses.

The cardiopathies observed during third trimester in the present series were not detectable in the
early pregnancy and it leads us to think that the absence of NS cardiac features at 20 weeks should not pre-
clude genetic testing when markers are present. Therefore, if iNT is detected in a fetus at 12 GA, a further
fetal echocardiogram should be offered in the third trimester, even if the second trimester fetal echocardio-
gram is normal. Three out of the 4 fetuses developed hCMP and the fetuses presenting with DVA showed a
higher grade of right ventricular hypertrophy. This observation prompted us to consider DVA a contribut-

ing cause of biventricular hypertrophy.

DVA should be considered a marker for RASopathies and for biventricular hypertrophy, requiring
investigations for late-onset cardiopathy and NS, even if it could be suitable to validate a larger number of
observations. Fetuses with prenatal diagnosis of NS need a close sonographic follow-up to control the car-
diac status and to detect hCMP or polyvalvular dysplasia that could gradually arise. The absence of typical
cardiac features of NS at 20 weeks should not preclude genetic testing when other markers are present.

DVA should be noted, as it can represent a contributing cause of biventricular hypertrophy.
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