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1 | INTRODUCTION

Foramen ovale (FO) is a small opening in fetal heart between the left
and right atrium, which supplies about 76% of left ventricular's output,
maintaining an adequate oxygenated blood in cerebral and coronary
vascular beds. A restriction of the foramen ovale (RFO) or its prema-
ture closure defines a rare cardiac developmental defect, with an inci-
dence ranging from 0.2% to 1.4%.~3 RFO includes either a tighted
FO orifice or anomalies in shape or motion of the FO valve* and could
be the consequence of a primary anomalous development of the sep-
tum primum or the result of the increased left atrial pressure.>®
RFO could lead to fetal hydrops, arrhythmias and low birthweight
as a result of progressive circulatory failure due to pulmonary
congestion.®"® In several cases, the RFO could be associated with
other types of cardiac defects, such as ventricular septal anomalies,
mitral and aortic atresia, D-Transposition of the Great Arteries
(dTGA)® and Hypoplastic left heart syndrome (HLHS).2°-14 |f
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Foramen ovale is a small communication between the left and the right atrium and its
restriction is a rare congenital heart anomaly. There is no consensus on diagnosis and man-
agement of fetal restrictive foramen ovale (RFO). In our paper we included 11 studies
about fetuses affected by isolated RFO, RFO with D-Transposition of the Great Arteries
(dTGA) and RFO with hypoplastic left heart syndrome (HLHS). While fetuses affected
from HLHS and dTGA with RFO have a poor prognosis, premature RFO in an otherwise

structurally normal heart, if found in later gestation, have an overall good outcome.

dTGA, fetal, foramen ovale, HLHS, restrictive

untreated, RFO has a poor prognosis and might also lead to death dur-

511121516 ¢ immediately after birth,*’

ing the intrauterine life
particularly in fetuses with other coexisting congenital heart defects.
The aim of this article is to review the literature on this topic in
order to describe the prevalence, pathogenesis, diagnostic ultrasound
features, outcomes of RFO in structurally normal hearts and in associ-
ations to other cardiac abnormalities and to provide information on

how to counsel and manage pregnancies with this ultrasound finding.

2 | MATERIAL AND METHODS OF THE
LITERATURE REVIEW

MEDLINE, EMBASE, CINAHL and the Web of Science databases
were searched electronically up to December 31, 2021. About the
search strategy, were used combinations of the following keywords

s’

and medical subject heading (MeSH) terms: “fetal,” “foramen ovale,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2022 The Authors. Journal of Clinical Ultrasound published by Wiley Periodicals LLC.

240 wileyonlinelibrary.com/journal/jcu

J Clin Ultrasound. 2023;51:240-248.

B5UB017 SUOLULLOD 31D 3|edl|dde aUy Ag pausenob a1 3ol YO ‘BSn 0 S3|nJ 104 ARIq1T BUIUO /8|1 UO (SUORIPUOD-PLR-SLLBYW0D" A3 1M ARIq 1 [RU1IUO//SARY) SUORIPUOD PUe SWiB L 8U} 885 *[£202/20/82] Uo ARiq1T 8ulluO AB|1M B1felieuriyo0d Aq #0E€Z MO /200T OT/10p/wiod &) ImAfelq foul|uoy/sdny ol papeo|umoa ‘2 ‘€202 ‘9600L60T


https://orcid.org/0000-0001-8187-3580
https://orcid.org/0000-0002-6380-3009
https://orcid.org/0000-0002-3820-1030
https://orcid.org/0000-0002-6560-3393
mailto:flaminiavena89@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jcu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjcu.23304&domain=pdf&date_stamp=2022-12-05

VENA ET AL.

WILEY_| 1

“restrictive,” “redundancy,” “pregnancy,” “gestation.” Additional
sources were identified through cross-referencing. For the analysis
were included English language research studies published in scientific
journals indexed in the searched databases. Only full-text articles
were considered eligible for inclusion; personal communications, case
reports, reviews, conference abstracts, and case series with <3 cases
were excluded to avoid publication bias.

Sixty-nine articles were identified, 21 were assessed with respect
to their eligibility for inclusion and 11 studies were included.

Tables 1-3 shows included studies features. These studies were
published between 2004 and 2021: eight were retrospective cohort

4,20 and

studies,»?~ 131819 two were retrospective case-control studies
one was a prospective cohort study.'*
Four studies included RFO in the context of a normal

t, 541820 \while in five studies RFO was associated with

hear
HLHS'*"1* and in two studies RFO was found in fetuses affected by
TGA.”*? Population size ranged from 6 to 65 fetuses. Detailed fetal
echocardiography was performed in all the studies. In four studies an

ultrasound assessment was also performed postnatally.

3 | RESULTS OF THE LITERATURE REVIEW

3.1 | Diagnostic features of RFO

The diagnosis of this cardiac defect is generally assessed by ultra-
sound, although the detection is still challenging. Several diagnostic
ultrasound findings have been proposed to diagnose RFO by two-
dimensional ultrasound (2D-echo), Doppler evaluation and by echo-
cardiographic functional assessment.

By 2D-echo, FO is considered restrictive when its diameter
<2.5 mm in normal hearts and <4.0 mm in fetuses with Hypoplastic
Left Heart Syndrome (HLHS).%1%*® Unfortunately, the paucity of data
did not intercept the cut-off to define as restrictive the FO contextu-
ally with dTGA. Della Gatta et al. only mentioned the value of FO
diameter <6.5 mm as predictive of urgent intervention at birth with a
sensitivity of 100% and specificity of 57.1% and <3 mm with a posi-
tive predictive value (PPV) of 80%.17 Moreover, some studies define
FO as restrictive when FO to right atrial diameter ratio is <0.3, FO to
interatrial septum length ratio is <0.33 and FO to diameter of ascend-
ing aorta ratio is <0.52.1°

By Doppler evaluation, RFO could also be identified by right to
left Doppler velocity >40 cm/s.t®

Moreover, the presence of fetal right heart widening, a
hypermobile or redundant FO valve, an increased right ventricular
cardiac output (often associated with tricuspid regurgitation) and
a posteriorly angulated ductus arteriosus without an evident
ductal constriction could be considered as supportive evidence for
the diagnosis.1*

Lastly, significant efforts have also been made to functionally
assess the foramen ovale as an integral part of cardiac function so far.
Not yet validated for the diagnosis of RFO, recent studies have
described M-mode echocardiography to study FO flap tracings from

24 weeks of gestation until pregnancy at term in fetuses with struc-
turally normal hearts and with dTGA, but without FO defects. It would
be interesting to evaluate with further studies specific functional
echocardiographic parameters defining RFO by M-Mode trans-atrial

evaluation.?%?2

3.2 | RFO in fetuses with normal heart

Four studies (4/11) included fetuses with normal hearts affected by
RFO (Table 1).2*1820 Among these, three studies focused on the
ultrasound diagnosis of RFO and the other detectable features associ-
ated.2*1® The incidence of RFO in fetuses with normal heart was
about 0.2%-1.4%" and could be caused by a primary abnormal devel-
opment of the septum primum or by an increased left atrial pressure.®

In structurally normal hearts, FO diameter should be <2.5 mm to
be defined as restrictive. 18

In a 2018 retrospective analysis of 65 fetuses affected by RFO or
complete closure of the FO (cFO), pictures of fetal echocardiogram
showed dilation of the right atrium in 73.8% of fetuses, right ventricu-
lar dilation in 58.5%, moderate to severe tricuspid regurgitation in
29.2%, mild pericardial effusion in 15.4% and ductus arteriosus pre-
mature constriction in 4.6%.2

In another retrospective study analyzing the echocardiographic
records of 23 fetuses affected by RFO, hypermobile septum showed a
sensitivity of 56% and a specificity of 92%, with a PPV of 65% and a
negative predictive value (NPV) of 89% (p = 0.001) in detecting RFO,
while posterior angulation of the ductus arteriosus had a sensitivity of
60% and a specificity of 96% with a PPV of 79% and a NPV of 90%
for RFO (p = 0.001). Persistent pulmonary hypertension occurred in
30% of infants after birth.!

A retrospective case-control study identified 62 fetuses with
RFO: 72% of cases had isolated right atrium (RA) dilatation and 18%
of cases were associated with right ventricle (RV) dilatation. The study
focused on the ratio between FO channel outlet diameter (distance
between FO valve's terminal point and the atrial septum) and inferior
vena cava diameter (DFOgt/Dyc), taken in the sagittal views. DFO-
out/Dive is an alternative measure interpreting the severity of RFO
and resulted significantly lower in fetuses with RA and RV dilation,
compared to the those with isolated RA dilation or normal size cham-
bers (p < 0.01). Also, the mean DFO,:/D\c ratio was lower in the
RFO group, compared with the group of fetuses with FO valve anom-
alies without restriction (p < 0.01). During follow-up, 17 fetuses with
RFO showed evolutive signs of restriction in utero (emerging or pro-
gressive RA dilatation; emerging ventricular disproportion; pericardial
effusion and tricuspid regurgitation), although the postnatal outcome
was good.?

Fetal RFO in hearts with otherwise normal structure can lead to
right-ventricle volume loading, severe regurgitation through tricuspid
valve and hypertension, which may results in congestive heart failure,
hydrops or even fetal death. In a retrospective case-control study
comparing postnatal outcomes of seven neonates affected by pulmo-

nary hypertension and RFO with seven neonates affected by
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pulmonary hypertension due to respiratory distress syndrome or
meconium aspiration syndrome, 86% of neonates who had RFO with
pulmonary hypertension did not require any treatment and mani-
fested no clinical symptoms, resulting in significantly better outcomes
compared with neonates without RFO, since the increase of blood
pressure is strictly related to in utero circulation and often tends to
resolve spontaneously after birth.2°

However, data are too limited to exclude the possibility of
adverse post birth outcomes in fetuses affected by RFO with normal
hearts, so it's important to diagnose RFO prenatally and monitor them

through a postnatal echocardiography.

3.3 | RFOin fetuses affected by HLHS
Five studies (5/11) included fetuses with RFO associated with HLHS,
since a minority of fetuses affected by HLHS can develop RFO during
gestation (Table 2).711714

HLHS is one of the most common types of congenital heart dis-
ease (about 4.8%-9%); in this case, FO diameter should be <4 mm to
be defined as restrictive.!® RFO is detected in about 6%-11% of
cases. The diagnosis should be done prenatally, but most cases remain

h.2° Direct assessments of the atrial septum in

undetected until birt
fetuses with HLHS could be arduous because of the position of the
foramen ovale, that appears high and posterior, as common in this
condition.*? Many Authors have investigated Doppler of pulmonary
venous flow patterns that has been observed to indirectly reflect atrial
pressures.1213

In a retrospective analysis of 105 fetuses with CHDs, infants
affected by HLHS with RFO or cFO (2/105) had the highest mortality
rate, requiring an urgent Balloon Atrial Septostomy (BAS) at birth. In
the third trimester echocardiography, an increase in the atrial shunt
was reported, while the reversed pulmonary vein flow assessed was
strictly related to infants' hypoxia at birth.*

In a 2019 study, HLHS was classified according to the severity of
clinical conditions, assessing FO's diameter and the blood flow
through it. The study included 145 fetuses and showed that the pre-
diction of urgent treatment based on the evaluation of the foramen
ovale had high sensitivity (100%) and satisfying specificity (80%), but
a very low PPV (9%).24

Furthermore, a retrospective case-control study on 22 fetuses
affected by RFO and HLHS, divided into 11 survivors and 11 non-
survivors, showed that Pulmonary Venous Doppler (PVD) of for-
ward/reverse velocity-time integral (VTI) ratio of <3 was the stron-
gest predictor of urgent treatment and postnatal outcome.
Moreover, earlier development and longer presence of RFO resulted
in higher rate of short-term mortality, regardless of the type of
restriction.’®

Another study reviewed the prenatal and postnatal echocardio-
grams and outcomes of 45 fetuses with variants of HLHS, in order to
define if direct assessment of FO or flow patterns of pulmonary vein
(PV) are related with post-natal clinical left atrium hypertension. The

study distinguished three different pulmonary vein flow patterns in

fetuses with RFO associated to HLHS and showed that the PV flow
pattern can be a very helpful predictor of left atrium hypertension's
grade and outcome and may supply informations about the pathogen-
esis of PV pathology observed in affected newborns.*?

Similarly, a retrospective analysis on 51 fetuses affected by HLHS
and RFO showed that the above-mentioned pulmonary flow pattern
classification and the measurement of FO could effectively predict

the risk of an urgent intervention at birth.*3

3.4 | RFOin fetuses affected by dTGA

Two studies (2/11) included fetuses with RFO and dTGA
(Table 3).7% Both analyzed the relationship between prenatal detec-
tion of RFO and the need for urgent treatment with BAS, since the
early identification of neonates at high risk is essential for a proper
management.”*?

The first included study was a retrospective analysis in 40 fetuses
with dTGA: the 32.5% was affected by RFO. The study showed that a
fetal redundant foramen ovale should be regarded as a BAS predictor
as well as RFO and hypermobile foramen ovale.”

Similarly, another retrospective study including 60 fetuses
affected by dTGA, of which 11 with RFO demonstrated the positive
link between FO's dimension and the necessity for urgent BAS, with a
measure of <3 mm being associated with a PPV of 80%.%7

4 | CRITIQUE OF THE LITERATURE:
DISCUSSION

This is the first review describing antenatal prevalence, clinical presen-
tation, diagnostic ultrasound characteristics and outcomes of RFO in
fetuses with either structurally normal hearts or CHD, and particularly
dGA and HLHS.

The pathogenesis of RFO or cFO has not been clearly elucidated
yet. Pinette et al. suggested that RFO/cFO may be caused by incor-
rect development of the connective tissue in the fetal heart, that is,
the interatrial septum and atrio-ventricular valves.>® Furthermore,
Uzun et al. found that isolated RFO is the most usual cause (26%) of
dilation of right heart in fetuses.*

Since the first description of premature RFO in 1982 by Hans-
mann and Redel,?* only anecdotal reports and small series have been
published, thus leading to a very low-quality evidence concerning all
the aspects of RFO.

Premature RFO in a fetus with an otherwise normal heart's struc-
ture is rare (0.2%-1.4%)* 2 and therefore most of the studies focused
on RFO in HLHS.

HLHS encompasses fetuses with underdevelopment of left heart
structures, with severe hypoplasia of the left ventricle and the left
ventricular outflow tract. Defective aortic valve is the most common
cause for decreased flow and increased pressure in the left ventri-
cle.?> The increasing left atrial hypertension can lead to a progressive

underdevelopment of the left ventricle, with a meaningful movement
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of blood from the left to the right side, and a consequent ventricular
disproportion. Even if most fetuses with HLHS have a fully evident
interatrial communication, in about 10%-20% of cases there is an
intact or highly RFO, with a subsequent worsening of left atrial pres-
sure. The increasing left atrial pressure damages the pulmonary veins
and leads to their “arterialization.”**2® Therefore, newborns with
HLHS often shows left atrial hypertension and severe hypoxemia,
which can represent a cardiovascular emergency and require urgent
treatment with poor prognosis and high perioperative risk.2~3* More-
over, despite the continuous therapeutic improvements of the last
decades, such as the possibility to dilate a FO directly in utero, the
survival rate of the patients with severe RFO associated with HLHS
after the BAS procedure rages between 33% and 48%, compared with
74% in patients affected only by HLHS.32734

In this scenario, the acknowledgment of this condition in case
of HLHS is decisive for both an accurate counseling and the plan-
ning of a proper timing of delivery in a multidisciplinary setting
including also interventional cardiology and cardiovascular surgery
specialists.

Similarly, prenatal finding of RFO in fetuses affected by dTGA is
associated with a poorer prognosis and a higher risk of perinatal mor-
tality due to the inadequate intracardiac mixing and the need for
urgent BAS.?19:35-37

As a predictor of urgent septostomy at birth, the FO, as well as
for its anatomy, can provide crucial insights when studied by func-
tional assessment with fetal M-mode echocardiography. By setting
M-mode pointer perpendicularly to the atria, the FO flap tracing index
can be derived. This formula is obtained from the ratio of the two atria
transverse section measurements in diastole and the maximum valve
excursion of the FO. FO index, when multiplied by the FO diameter,
especially in fetuses with dTGA, can predict with 100% specificity and
PPV the risk of urgent BAS at birth.2%22

Premature RFO or cFO in otherwise a structurally normal heart, if
found later in gestation, is generally associated with an overall good
outcome but there was an association between RFO/cFO and neona-
tal mortality and morbidity, which is worthy of further discussion.?°
Unfortunately, most of the studies included in our literature review
did not mention prenatal diagnosis and genetic associations. Our
study has several strengths: this is the first review that includes all ret-
rospective and prospective studies published to date on the topic.
The main limitation of the study is the small number of studies pre-
sent in the literature - and therefore included in our review - with a
great number of case report or case series with <3 cases concerning
this topic. Another limitation is due to the heterogeneity of the stud-
ies given by the coexistence of RFO and other pathologies such as the
HLHS and dTGA.

5 | CONCLUSIONS

While fetuses affected from HLHS and dTGA with RFO have a poor
prognosis, premature RFO or cFO in an otherwise structurally normal

heart if found in later gestation have an overall good outcome. The

mentioned ultrasound findings could be usefully implemented in pre-
natal diagnosis and routine clinical care to identify fetuses affected by
CHD at high risk of urgent postnatal BAS. Finally, clinicians should be
aware and schedule the best multi specialized care in order to assess

the optimal medical or surgery treatment for these patients.
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