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Abstract

Background
Little is known about the ultrasonographic features of fetal isolated redundant foramen ovale �ap
(RFOF). Additionally, false positive diagnosis of aortic coarctation (CoA) may be related to the presence
of an RFOF. This study aimed to explore the ultrasonographic features of RFOF and its differential
diagnosis with CoA.

Methods
This was a retrospective cohort study that included 54 fetuses: 15 with isolated RFOF, 9 with CoA, and 30
normal fetuses of matched gestational age. The correlations of foramen ovale �ap diameter (FOFD)/left
atrial diameter (LAD) with right atrial diameter (RAD)/LAD, right ventricular diameter (RVD)/left ventricular
diameter (LVD), and pulmonary artery diameter (PAD)/aortic diameter (AoD) were analyzed, and a
quadratic regression model was established. Differences in FOFD/LAD, RAD/LAD, RVD/LVD, PAD/AoD,
and aortic isthmus diameter were compared among the three groups.

Results
(1) Noticeable RAD/LAD, RVD/LVD, and PAD/AoD increases, aortic arch dysplasia, and aortic isthmus
narrowing were found in the RFOF group (all p < 0.05); ductus arteriosus aneurysm and premature atrial
beats were also observed. (2) As the RFOF severity increased, the atrial and ventricular asymmetry and
disproportion between the pulmonary artery and aorta became more pronounced (r = 0.825, 0.862, 0.846,
all p < 0.001). (3) Other than the FOFD/LAD, no signi�cant differences in the RAD/LAD, RVD/LVD,
PAD/AoD, or aortic isthmus diameter were found between fetuses with an RFOF and fetuses with CoA (p 
> 0.05).

Conclusions
Isolated RFOF has speci�c ultrasound features, and the degree of disproportion between the left and right
heart is consistent with the severity of RFOF. Measurement and calculation of FOFD/LAD may help
distinguish between RFOF and CoA.

Background
The foramen ovale is an important channel for fetal blood �ow distribution[1]. Approximately 70% of the
oxygen-rich blood from the ductus venosus enters the left heart system through the foramen ovale,
representing the dominant blood supply for vital organs[2]. Fetal congenital heart disease (CHD)
complicated with a restrictive foramen ovale (RFO) can lead to a poor prognosis in newborns[3–6]. An
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isolated RFO can also cause pulmonary arterial hypertension or other extracardiac malformations,
resulting in adverse neonatal outcomes[7]. Approximately one-third of isolated RFO have a redundant
foramen ovale �ap (RFOF)[7]. Fetuses with isolated RFOF have better outcomes than those with isolated
RFO, but few studies have explored the ultrasonographic features of RFOF[8–10]. In addition, some
studies have shown that the ultrasonographic features of RFOF are similar to those of aortic coarctation
(CoA), which often leads to a false positive diagnosis[8]. The purpose of this study was to explore the
ultrasonographic features of RFOF and its differential diagnosis with CoA.

Methods

General data
This was a single-center retrospective study including 15 fetuses with isolated RFOF (RFOF group), 9
fetuses with CoA (CoA group), and 30 normal fetuses (control group) between 2015 and 2021 at the
Second A�liated Hospital of Fujian Medical University. The fetal diagnosis was con�rmed after delivery
by echocardiography or follow-up observation. The inclusion criteria for the RFOF group[7, 8] were (1)
ventricular disproportion (2) foramen ovale �ap diameter (FOFD)/left atrial diameter (LAD) ≥ 0.65 and (3)
no RFO, i.e., a foramen ovale diameter (FOD) ≥ 2.5 mm, foramen ovale/atrial septum length > 0.33,
triphasic Doppler waveform for the foramen ovale, and �ow velocity ≤ 40 cm/s. The exclusion criteria
were (1) cardiac or extracardiac malformation, polyhydramnios or oligohydramnios, or intrauterine
growth restriction (IUGR) of the fetus observed during the prenatal ultrasound examination or postpartum
follow-up and (2) eclampsia, diabetes mellitus, hypertension, or infection in the mothers. Nine fetuses
with CoA were selected for the CoA group, and 30 normal fetuses were randomly selected for the control
group. These fetuses all had similar gestational ages and were delivered over the same time period as the
RFOF group. The study was approved by the medical ethics committee of Fujian Medical University,
approval number [2021251], and all gravidas gave their informed consent before the prenatal ultrasound
examination. The data used for the analyses in this study are publicly shared in Supplemental Table 1.

Instruments And Methods
The prenatal ultrasound examinations were performed according to the practice guidelines for prenatal
ultrasound examinations issued by the American Institute of Ultrasound in Medicine[11]. Ultrasound
examinations of the fetal brain and heart were performed according to the practice guidelines for
ultrasound examinations of the fetal central nervous system and heart issued by the International Society
of Ultrasound in Obstetrics and Gynecology[12, 13]. Fetal echocardiographic examinations were
performed using Voluson 730 Pro, Voluson E6, Voluson E8, and Voluson E10 (GE Healthcare Zipf,
Austria) machines with 4–8 MHz transabdominal transducers. Fetal echocardiograms were reviewed by
at least two of three experts (G.L., S.H., and Q.C.) with signi�cant experience and expertise in the
diagnosis of CHD. ImageJ (NIH, Bethesda, MD, USA) was used to obtain measurements from the two-
dimensional datasets. Apical four-chamber views were used to measure the FOFD, LAD, right atrial
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diameter (RAD), left ventricular diameter (LVD), and right ventricular diameter (RVD) at end systole. Left
ventricular out�ow tract views were used to measure the aortic diameter (AoD) of the aortic valve during
systole. Right ventricular out�ow tract views were used to measure the pulmonary artery diameter (PAD)
of the pulmonary valve during systole. Aortic long-axis views were used to measure the aortic isthmus
diameter (AID) at end systole, and the Z-score of the aortic isthmus was calculated[14, 15]. To assess
reproducibility, 20 normal fetuses were selected randomly, and their measurements were performed by the
same operator (G.L.) and by different operators (G.L. and S.H.).

Statistical analysis
SPSS 22.0 (IBM Corporation, Armonk, NY) and MedCalc version 16.8.4 (MedCalc Software Ltd., Ostend,
Belgium) were used for statistical processing. Normality was evaluated using the Shapiro–Wilk test. The
measurement data are described as the mean ± standard deviation (X ± S) or the median (M) and
interquartile range (QL, QU). Repeatability was assessed using the intraclass correlation coe�cient (ICC)
and Bland–Altman plots. Spearman correlation analysis was used to measure the FOFD/LAD and heart
structure parameters. Quadratic regression models of the FOFD/LAD and the measurement parameters
of the heart structure were established. Comparisons between the RFOF group and the CoA group were
carried out using the Mann–Whitney U test.

Results

Demographic data and repeatability test
The gestational ages of the RFOF, CoA, and control groups were 32.7 ± 3.1 weeks, 32.7 ± 3.0 weeks, and
31.7 ± 3.2 weeks, respectively, indicating comparable gestational ages (p > 0.05). The maternal ages of
the three groups were 28.9 ± 2.6 years, 28.4 ± 1.9 years, and 29.3 ± 2.7 years, indicating comparable
maternal ages (p > 0.05).

The intraobserver ICCs were between 0.91 (95% con�dence interval (CI), 0.79–0.96) and 0.98 (95% CI,
0.96–0.99), and the interobserver ICCs were between 0.80 (95% CI, 0.57–0.92) and 0.91 (95% CI, 0.78–
0.96). The Bland–Altman plots are shown in Supplemental Figs. 1 and 2.

Ultrasonographic Features Of Rfof
The ultrasonographic features of RFOF included atrial and ventricular asymmetry, disproportion between
the pulmonary artery and aorta (Fig. 1), dysplasia of the aortic arch (Fig. 2), ductus arteriosus aneurysm,
and premature atrial beats. The detailed ultrasonographic features, number of cases, and percentages are
shown in Table 1.



Page 5/13

Table 1
Detailed ultrasonographic features, number of cases, and percentages of the RFOF group

Ultrasonographic
features

Details Number
of
cases

Percentage

1. Atrial and
ventricular
asymmetry

(1) RAD/LAD ≤ 1.3 1 6%

(2) 1.3 < RAD/LAD ≤ 1.5 in four cases 4 27%

(3) RAD/LAD > 1.5 in 10 cases 10 67%

2. Disproportion
between the
pulmonary artery
and aorta

(1) 1.3 < PAD/AoD ≤ 1.5 4 27%

(2) PAD/AoD > 1.5 11 73%

3. Dysplasia of
the aortic arch

The aortic arch view showed stiff and twisted aortic
arches with changes in aortic spacing and narrowing
of the inner diameter (similar to or slightly smaller than
those of the adjacent carotid artery branches).
Narrowing of the AID was especially prominent

15 100%

4. Ductus
arteriosus
aneurysm

Aneurysmal dilatation of the ductus arteriosus 3 20%

5. Premature
atrial beats

Atrial premature beat 2 13%

Correlations Between The Fofd/lad And The Measured
Parameters Of The Heart Structure
Analysis of the correlations between the FOFD/LAD and the measured parameters of the heart structure
in the 15 fetuses with RFOF and the 30 normal fetuses showed that with increasing FOFD/LAD, the
RAD/LAD, RVD/LVD, and PAD/AoD increased signi�cantly, and the correlation r values were 0.825, 0.862,
and 0.846 (all p < 0.001), respectively. The quadratic regression equations (Fig. 3) were y = 2.42x2 − 1.45x 
+ 1.25 (R2 = 0.936, p < 0.001), y = 2.26x2 − 1.18x + 1.56 (R2 = 0.936, p < 0.001), and y = 2.46x2 − 1.43x + 1.24
(R2 = 0.940, p < 0.001) for the RAD/LAD, RVD/LVD, and PAD/AoD, respectively.

Comparison Of Parameters Of The Heart Structure Among
The Rfof, Coa, And Control Groups
Except for the FOFD/LAD (p < 0.01), no signi�cant differences in the RAD/LAD, RVD/LVD, PAD/AoD, or
AID were found between fetuses with an RFOF and fetuses with CoA (p > 0.05). Table 2 shows a
comparison of the three groups of fetuses.



Page 6/13

Table 2
Comparison of cardiac structural parameters among the three fetus groups

Parameter

Group

FOFD/LAD RAD/LAD RVD/LVD PAD/AoD Ao isthmus Z
score

RFOF (n = 
15)

0.73 (0.68,
0.82)a

1.54 (1.48,
1.70)a

1.57 (1.5,
1.71)a

1.61 (1.49,
1.75)a

3.0 (2.90,
3.10)a

CoA (n = 9) 0.40 (0.39,
0.44)

1.50 (1.40,
1.65)a

1.58 (1.40,
1.65)a

1.62 (1.44,
1.75)a

3.2 (3.0, 3.40)a

Control (n = 
30)

0.47 (0.44,
0.54)

1.12 (1.08,
1.13)

1.10 (1.07,
1.14)

1.12 (1.09,
1.15)

0.08 (-0.33, 0.4)

Note: Compared with the control group, ap < 0.01.

Discussion
An isolated RFOF is rare and easily overlooked in prenatal ultrasound examinations. The incidence of
isolated RFOF detected by ultrasonography is only 0.6–1.7%[9, 10]. To date, only two cases of prenatal
diagnosis have been reported, including one case by Hagen et al.[9] and one by Devadasan et al.[10]. This
study systematically analyzed the ultrasonographic features of isolated RFOF for the �rst time, including
atrial and ventricular asymmetry, disproportion between the pulmonary artery and aorta, dysplasia of the
aortic arch, narrowing of the aortic isthmus, aneurysmal dilatation of the ductus arteriosus, and
premature atrial beats.

This study found that with increasing RFOF severity, the asymmetry of intracardiac structures and the
disproportion between the pulmonary artery and aorta became more obvious, the dysplasia of the aortic
arch became more serious, and the AID became thinner. These ultrasonographic features are similar to
those of CoA (Table 2), which is consistent with the results reported by Vena et al.[8]. Fetal cardiovascular
development depends on an increase in blood volume and the impact of blood �ow[1, 2]. The main
causes of the asymmetric development of intracardiac structures in RFOF are as follows: (1) the high
activity of the foramen ovale �ap affects the blood �ow through the foramen ovale; (2) the protruding
foramen ovale �ap blocks the in�ow of blood through the mitral valve; and (3) the �ow of oxygen-rich
blood from the ductus venosus is disturbed, causing turbulence[8, 16, 17]. These factors reduce the �ow
of blood through the left heart system, resulting in hypoplasia of the left heart.

Prenatal ultrasound diagnosis of fetal CoA has a high false positive rate[2]. Perolo et al.[18] reported the
results of 10 years of diagnosing fetal cardiac malformation and found that the accuracy of prenatal
diagnosis of CHD was as high as 91%. The false positive diagnosis rate was 3.4%, and the main false
positive diagnosis was CoA. Stos et al.[19] reported that the diagnostic accuracy for 202 fetuses with
severe CoA was only 19% if a PAD/AoD > 1.6 was used as the prediction index. Jung et al.[20] reported 44
fetuses with an isolated right dominant heart (RDH) whose RAD/LAD, RVD/LVD, and PAD/AoD were
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greater than 1.5. Their results showed that 66% of fetuses with RDH were normal newborns after delivery
and that 34% had cardiac disorders, with CoA and an interrupted aortic arch accounting for 27.2% of
cases. The false positive diagnosis of CoA may be related to isolated RFOF[8, 10]. RFOF affects the blood
�ow into the left heart through the foramen ovale, increasing the blood volume through the ductus
arteriosus and reducing the blood volume through the aortic arch, �nally causing dysplasia of the aortic
arch[1, 2, 16]. This may be one of the reasons why RFOF is misdiagnosed as CoA. Another reason is that
both RFOF and CoA result in a disproportion between the left and right heart. In fetuses with RFOF, the
foramen ovale and ductus arteriosus are closed after birth, and pulmonary vascular resistance decreases
considerably. This process changes the blood �ow through the pulmonary artery and aorta and increases
aortic blood �ow, causing the aortic arch to expand and continue to develop[2]. Therefore, fetuses with
CoA and RFOF have different prognosis. In summary, the presence of RFOF must be considered for
fetuses with suspected CoA on prenatal ultrasound examinations. In this study, the difference in the
FOFD/LAD ratio between the RFOF group and the CoA group was statistically signi�cant, which may be
helpful in distinguishing between RFOF and CoA.

It should be emphasized that the ultrasonographic features of RFOF are also similar to those of RFO,
including atrial and ventricular asymmetry and a narrowed aortic isthmus[6, 7, 9]. The asymmetric growth
of intracardiac structures in RFO is mainly due to obstruction of the blood �ow through the foramen
ovale, and the normal functions of the left heart are mostly taken over by the right heart[16]. Although
some studies have previously identi�ed RFOF as RFO, their prognoses are different. The prognosis of
fetuses with an RFO is poor, and that of fetuses with an RFO complicated with CHD is even worse[2, 6,
16]. However, the prognosis of fetuses with an isolated RFOF is better. The four fetuses with an isolated
RFOF described by Devadasan and Hagen et al.[9, 10] had no adverse outcomes. Fetuses with an isolated
RFOF described by Vena et al.[8] also had no adverse perinatal outcomes. Uzun et al.[7] reported 23 cases
of RFO without an abnormal heart structure, including 21 cases of RFOF without structural heart disease.
Among these cases, two newborns died, including one with VACTERL association and one with Menke
syndrome, a posterior urethral valve, and bradycardia. Four newborns presented pulmonary arterial
hypertension, all of whom had other abnormalities including hypothyroidism, anemia, edema, Down's
syndrome, or hypospadias. The remaining fetuses had no adverse outcomes. In our study, none of the 15
fetuses with an isolated RFOF developed CoA or other adverse outcomes. Therefore, in view of the
different prognoses of fetuses with isolated RFOF and RFO, an isolated RFOF should be clinically
distinguished from an RFO. When atrial and ventricular asymmetry are found in prenatal ultrasound
examinations, whether the foramen ovale �ap is redundant or restrictive must be determined, and whether
other maternal and fetal complications are present should be noted.

In summary, measurement and calculation of the FOFD/LAD, observation of blood �ow through the
foramen ovale, and observation of the activity of the foramen ovale �ap contribute to the differential
diagnosis between RFOF and CoA or RFO.

This study had some limitations, including its retrospective nature. The �ndings of this study need to be
validated in prospective studies in the future. Furthermore, the sample size was relatively small due to the
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strict selection criteria. According to the means and standard deviations of RAD/LAD, RVD/LVD,
PAD/AoD, and aortic isthmus Z–score in our study, assuming an alpha of 0.05 and power of 0.8, the
number of subjects needed to detect signi�cant differences between the RFOF and CoA groups would be
106[21]. Hence, we cannot be sure whether the lack of a signi�cant difference was caused by truly no
difference or an insu�cient sample size. However, based on the study by Vena et al.[8], we tend to favor
the former explanation. In addition, according to the means and standard deviations of the FOFD/LAD,
with group sample sizes of 15 and 9 in our study, assuming an alpha of 0.05, the statistical power to
detect a difference between the RFOF and CoA groups was 1.0, indicating that the conclusion is still
reliable.

Conclusions
Isolated RFOF has speci�c features and can be easily identi�ed on ultrasound. The ultrasonographic
features of RFOF are similar to those of CoA. Measurement and calculation of the FOFD/LAD may be
helpful in distinguishing between RFOF and CoA.

List Of Abbreviations
AID
aortic isthmus diameter
AoD
aortic diameter
CHD
congenital heart disease
CI
con�dence interval
CoA
aortic coarctation
FOD
foramen ovale diameter
FOFD
foramen ovale �ap diameter
ICC
intraclass correlation coe�cient
IUGR
intrauterine growth restriction
LAD
left atrial diameter
LVD
left ventricular diameter
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PAD
pulmonary artery diameter
RAD
right atrial diameter
RDH
right dominant heart
RFO
restrictive foramen ovale
RFOF
redundant foramen ovale �ap
RVD
right ventricular diameter
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Figures

Figure 1

Ultrasonograms showing atrial and ventricular asymmetry in fetuses with an isolated RFOF.

A. RFOF; B. atrial and ventricular asymmetry; C. disproportion between the aorta and the pulmonary artery
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Figure 2

Ultrasonograms showing aortic dysplasia in fetuses with an isolated RFOF.

A. Aortic arch dysplasia; B. narrowing of the aortic isthmus

Figure 3

Quadratic regression equation for FOFD/LAD and measurement parameters of the heart structure
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