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Background: Accurate diagnosis of coaractation of aorta (CoA) remains challenging because of its
relatively low sensitivity and specificity. It is difficult to distinguish true CoA from a normal physiological
right-sided dominance or ventricular discrepancy caused by intracardiac minor anomalies. Redundant
foramen ovale flap (RFOF) may cause ventricular disproportion.

Methods: All fetuses suspected with CoA on routine screening ultrasound were retrospectively reviewed and
allotted into two groups: postnatally confirmed CoA (true positive group) and prenatally suspected CoA but
without CoA postnatally (false positive group). Sixty-nine normal fetuses were included as a normal group (normal
group). The diameters of FOF and left atrium (LA) were measured in the four-chamber view and FOF/LA ratio
>0.65 was considered as RFOF. Cardiac parameters between groups were compared.

Results: Fifty-seven fetuses undergoing echocardiography for suspicion of CoA were enrolled; 11 (19.2%)
had CoA postnatally. A significant linear relationship was identified between ventricular discrepancy degree
and FOF prominence (P<0.001, R=0.48). A significant linear relationship was also identified between the
RFOF and disproportion of the great arteries (P<0.001, R=0.42). FOF prominence significantly differed
between groups true positive and false positive (P<0.001). RFOF occurred significantly differently in the true
positive and false positive groups (56.5% wvs. 0.91%, P=0.002). Cardiac parameters, including the aortic valve
(AO) z-score (P=0.785), aortic isthmus (AOi) z-score (P=0.944), pulmonary artery (PA) z-score (P=0.693),
PA/AO ratios (P=0.055), left ventricle (LV) z-score (P=0.192) and right ventricle (RV)/LV ratios (P=0.225),
were comparable between fetuses with and without CoA after birth except RV z-score (P=0.035).
Conclusions: There is no statistical difference of cardiac parameters between fetuses with and without
CoA after birth except RV diameter. The proportion of fetuses with RFOF is significantly greater in patients
without CoA. Fetal echocardiography including bulging of the FOF in the LA should be investigated for

suspected CoA to decrease false positive diagnosis of CoA.
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Introduction

The foramen ovale is an oval opening in the middle third
of the inter-atrial septum that allows communication from
the right atrium (RA) to the left atrium (LA); thus, oxygen-
enriched blood can be shunted to the left ventricle (V) and
then into the upper part of the body, including the cerebral
and coronary arteries. The foramen ovale is covered by
a free flap from the septum primum, which bulges into
the LA. If the foramen ovale flap (FOF) balloons at least
halfway across the LA, it will be considered as a redundant
FOF (RFOF) (1). The reported frequency of RFOF in the
referral cohort for echocardiography was 0.2-1.0% (2-4);
in fetuses with restrictive foramen ovale, the reported
frequency was about 30% (5).

A recently published study showed that the presence of
RFOF may simulate coarctation of the aorta (CoA) (6). CoA
is one of the most common congenital heart diseases in
neonates and children, and may require immediate surgery
after birth. Previous studies reported that prenatal diagnosis
of CoA lacked sensitivity and specificity, and less than
one-third of cases were detected via prenatal ultrasound
screening (7,8). False positive diagnosis of CoA can cause
parental anxiety and may change delivery plans for prenatal
care. Vena et al. (6) demonstrated that RFOF determined
ventricular asymmetry and reduced the diameter of the
aortic isthmus (AOi). However, the difference in FOF
prominence between fetuses with false positive and true
positive CoA was not definite.

Thus, the primary aim of this study was to assess the
relationship between RFOF prominence and discrepancy
between cardiac and physical functions, including that of
the ventricles and great arteries. The secondary aim was to
compare the difference in distribution of FOF in cases with
a true positive diagnosis versus those with a false positive
diagnosis of CoA.

We present the following article in accordance with the
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-644/rc).

Methods
Study design and participants

We retrospectively reviewed all cases initially suspected
to have CoA at routine screening ultrasound between
January 2014 and July 2020 in our tertiary referral center.
Written informed consent was obtained from their legal
representatives (one person of their parents) because our

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Peng et al. FOF in fetuses with true and false positive diagnosis CoA

participants were neonates or toddlers and the study was
approved by the ethics committee of our institution. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Fetal echocardiography and detailed anatomy evaluation
were performed in each case with a suspicion of CoA.
Exclusion criteria were fetuses with chromosomal
abnormalities; coexistent intracardiac anomalies, including
persistent left superior vena cava and ventricular septal
defect; fetuses with growth impairment; cases lost to follow
up; terminated pregnancy or selective reduction; and cases
with insufficiently clear ultrasound images. However,
cases with ventricular septal defect that could not be
visualized with gray scale images were recruited. Postnatal
echocardiography and/or computed tomography (CT)
findings and clinical records were available for all patients.
Fetal magnetic resonance imaging (MRI) or cardiac MRI
was not performed afterwards. All fetuses with suspected
CoA were allotted into two groups based on the postnatal
results: cases with postnatally confirmed CoA (true positive
group) and cases with prenatally suspected CoA but without
CoA after birth (false positive group). Additionally, 69

normal fetuses were recruited as the normal group (normal
group).

Echocardiography and ultrasound measurements

Fetal echocardiography was performed using a GE
Voluson 730, E8, or E10 (GE Healthcare, Zipf, Austria)
ultrasound machine equipped with a 4-8-D RAB probe
(GE Healthcare). Video clips or three-dimensional volume
datasets of fetal cardiac tissue were reviewed to perform the
measurements. The 4D viewer software (version 17; GE
Healthcare) was used for the measurements. A single frame
that clearly showed the prominence of the FOF was chosen
for investigation and measurements. Both investigators (R.P.
and Q.ZH.) who performed the ultrasound examinations
were blinded to the clinical results. For repeatability
analysis, 30 cases were randomly selected from the control
group (normal group). Ultrasound measurements were
carried out in these 30 cases by a first operator (R.P.). All
images were then processed by both a second operator
(Q.ZH.) and the first operator to assess the interobserver
and intraobserver repeatability.

The following cardiac parameters were assessed in
this study: transverse diameter of the LA, RA, LV, and
right ventricle (RV); aortic valve (AO); pulmonary artery
(PA); and AOi. We measured the maximum transverse
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Figure 1 Four-chamber cardiac view in a fetus of 29 gestational
weeks. The image shows the methodology for the measurement
of the FOF and LA. FOF/LA ratio was obtained by dividing the
maximum diameter of the FOF with the transverse diameter of the
LA in the four-chamber view. FOF, foramen ovale flap; LA, left
atrium; RA, right atrium.

diameters of the LA and RA in the four-chamber view just
above the atrioventricular valve orifice at the end of the
systolic phase of the cardiac cycle. Measurements of the
maximum transverse diameters of the LV and RV were
made in the four-chamber view just below and parallel to
the atrioventricular valve orifice in the end-diastolic phase.
The diameters of the AO and PA (inner edge to inner edge)
were taken from the outflow tract views of the left and RVs
at the end of the systolic phase. The maximum diameter of
the FOF was measured according to the approach proposed
by Vena et al. (6). A line was drawn along the interatrial
septum, and then the maximum diameter of the FOF was
measured from the outer edge of the more prominent
part of the FOF to this line (Figure I). AOi diameter was
measured in the three vessel and trachea view. All z-scores
were computed for the fetal femur length as described
previously (9). In addition, the relative size of the transverse
diameters of the RV and LV (RV/LV ratio), the relative
size of the PA and AO (PA/AO ratio), and the transverse
diameter of the FOF and LA (FOF/LA ratio) were also
obtained. The flow direction across the AOi was also
recorded, such as forward, mixed, or reversed.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0
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(IBM Corp., Armonk, NY, USA). The agreement between
the two observers was depicted using Bland-Altman
plots, and the interclass correlation coefficient (ICC) was
calculated to evaluate the inter- and intraobserver reliability.
For clinical application, ICC repeatability was considered
as slight (0-0.2), fair (0.21-0.4), moderate (0.41-0.6),
substantial (0.61-0.8), and almost perfect (0.81-1.0) (10).
The relationship between RV/LV ratio and FOF
prominence, PA/AO ratio and FOF prominence were both
analyzed by using Pearson correlation test. Comparisons
of categorical variables are reported as percentages and
analyzed using the chi-square test or Fisher’s exact test. The
median and range were determined and the Mann-Whitney
U test was used for analysis of non-normally distributed
variables between different subgroups. The cases that
were lost to follow up were excluded for the final analysis.
Statistical significance was set at P<0.05. The study size was
acquired according to the formula that n= [(Z,_,,x0)/3]’,
0=0.05, 6=0.3, 6=1.0.

Results

Of the 104 fetuses suspected to have CoA prenatally, 47
cases were excluded due to termination of pregnancy or
selective reduction (n=37), loss to follow-up (n=9), and
intrauterine death (n=1). Finally, 57 fetuses undergoing
echocardiography for the suspicion of CoA were enrolled;
11 (19.2%) were confirmed to have CoA postnatally. Ten
neonates required surgery, and one patient underwent
expectant management until writing. The median maternal
age was 32 [22-41], 33 [21-40] and 32 [22-39] years
old in groups true positive (with CoA after birth), false
positive (without CoA after birth), and normal, respectively
(P=0.556). The median gestational age at examination was
28" (21°1236), 32° (23238, and 29" (21'=37") weeks in
these three groups (P=0.124). Overall, five fetuses had small
ventricular septal defects that were identified using color
Doppler imaging. In 26 patients, forward flow at the aortic
arch was identified. Mixed flow and reversed flow at the
aortic arch were recorded in eight and 23 cases, respectively.
The agreement between different observers and intra-
and interobserver reliability for the measurement of fetal
cardiac parameters, including LA, RA; LV, RV, PA, AO,
AOi, and FOF are shown in Table 1. A relatively good
reliability was found for all cardiac parameters except RA.
At first, we analyzed the 115 fetuses without CoA after
birth (groups true positive and false positive). A significant
linear relationship was identified between the degree of
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Table 1 The intra- and interobserver agreement and reliability for measurement of fetal cardiac parameters

Parameter Mean difference 95% CI (mm) 95% LOA (mm) Intraobserver ICC (95% CI)  Interobserver ICC (95% Cl)
Left atrium 0.03 (-0.03 to 0.09) -0.27 t0 0.33 0.89 (0.81 to 0.94) 0.88 (0.81 to 0.94)
Right atrium 0.13 (0.08 to 0.19) -0.44t0 0.70 0.82 (0.75 to 0.89) 0.81 (0.74 to 0.88)
Left ventricle 0.04 (-0.01 to 0.09) -0.26 t0 0.29 0.94 (0.91 to 0.98) 0.93 (0.89 to 0.97)
Right ventricle 0.05 (-0.007 to 0.1) -0.23t0 0.33 0.93 (0.87 to 0.98) 0.91 (0.85 to 0.95)
Pulmonary artery 0.01 (-0.01 to 0.05) -0.18t0 0.21 0.95 (0.89 to 0.99) 0.94 (0.90 to 0.99)
Aorta 0.02 (-0.02 to 0.07) -0.28t0 0.24 0.94 (0.91 to 0.99) 0.92 (0.88 to 0.97)
Isthmus of aorta 0.01 (-0.04 to 0.05) -0.23t0 0.25 0.90 (0.81 to 0.93) 0.89 (0.80 to 0.95)
Foramen ovale flap 0.03 (-0.03 to 0.09) -0.31t00.38 0.89 (0.82 to 0.92) 0.87 (0.79 to 0.96)

LOA, limits of agreement; ICC, intraclass correlation coefficient.
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Figure 2 Relationship between the degree of ventricular discrepancy (RV/LV ratio) and FOF prominence in 115 fetuses without CoA after

birth (normal group and false positive group). (A) Prominence of the FOF is expressed as a continuous variable with FOF/LA ratio or (B) as
a categorical variable with FOF/LA ratio >0.65. *, >Q3+1.5 IQR; °, >Q3+3 IQR. RV, right ventricle; LV, left ventricle; FOF, foramen ovale

flap; CoA, coarctation of aorta; IQR, interquartile range.

ventricular discrepancy (RV/LV ratio) and FOF prominence,
which was expressed as a continuous variable using FOF/
LA ratio (P<0.001, R=0.48) or as a categorical variable
using FOF/LA ratio >0.65 (P=0.003), which was proposed
by Vena et al. (6). Figure 2 demonstrates the relationship
between ventricular discrepancy and FOF prominence. A
significant linear relationship was also identified between
the redundancy of the FOF and the disproportion of the
great arteries, which was expressed as the PA/AO ratio
(P<0.001, R=0.42 and P=0.001, respectively) (Figure 3).

And then, the fetuses with confirmed CoA (true positive
group) were compared with fetuses with a false positive
diagnosis of CoA (false positive group). The prominence
of FOF, expressed as FOF/LA ratio, was significantly
different between these two groups (P<0.001) (Figure 4).
Video 1 shows a fetus with RFOF and suspected CoA with
prenatal ultrasound screening at 29 gestational weeks.
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However, the neonate was identified with normal aortic
arch by using postnatal echocardiography (RFOF, false
positive of CoA, prenatal ultrasound). RFOF was present
in 26 patients (56.5%) with a false positive diagnosis
of CoA but only one patient (0.91%) with a confirmed
diagnosis of CoA (P=0.002). On the other hand, the
cardiovascular parameters, including the AO z-score
(P=0.785), AOi z-score (P=0.944), PA z-score (P=0.693),
PA/AO ratios (P=0.055), LV z-score (P=0.192) and RV/LV
ratios (P=0.225), were comparable in fetuses in groups true
positive and false positive except RV z-score (P=0.035).
Finally, we analyzed the 11 fetuses in true positive group
and the 26 fetuses in false positive group with RFOF,
defined as a FOF/LA ratio >0.65. The degree of ventricular
disproportion, expressed as the RV/LV ratio, was similar
between the 11 fetuses in true positive group and the
26 fetuses in false positive group with RFOF (P=0.065)
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Video 1 A fetus with redundant foramen ovale flap and suspected
coarctation of aorta with prenatal ultrasound screening at 29

gestational weeks.
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(Figure 5). The AO1 (P=0.987), the PA diameters, (P=0.907),
the AO diameters (P=0.163), expressed as z-scores, and the
PA/AOQ ratios (P=0.114) were also not significantly different
between the 11 fetuses in true positive group and the 26
fetuses in false positive group with RFOF. The incidence
of reversed flow in the aortic arch was not significantly
different between fetuses with RFOF and those with
confirmed CoA (38.4% vs. 27.3%, P=0.711).

Discussion

CoA has been classically defined as a narrowing of the

aorta in the region of the ligamentum arteriosum (11),
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representing a spectrum of aortic narrowing from a discrete
constriction of the AOi to tubular hypoplasia, with many
variations between these two extremes (12). Immediate
intervention after birth is required in critical cases to
maintain ductal patency; therefore, an accurate prenatal
diagnosis of CoA could reduce morbidity in neonates and
relieve parental anxiety. At present, accurate diagnosis
of CoA remains challenging because of its relatively low
sensitivity and specificity. Prenatal diagnosis of CoA has
been historically based on cardiovascular disproportion,
but it is difficult to distinguish true CoA from a normal
physiological right-sided dominance in the third trimester
or ventricular discrepancy caused by intracardiac minor
anomalies (such as left superior vena cava or ventricular
septal defect). Except for previously reported mild cardiac
defects, such as persistent left superior vena cava and
ventricular septal defects, a potential relationship between
RFOF and false positive diagnosis of CoA has recently been
noted (6).

The exact pathogenesis of RFOF remains unclear, but it
may be related to a localized developmental abnormality (13)
or intrauterine myocarditis (14). RFOF is associated with
several congenital malformations, including fetal hydrops
and atrial arrhythmias (15). RFOF may cause increased
blood flow in and dilation of the right heart, leading to
congenital heart failure and fetal hydrops (12). Previous
studies have also concluded that the pressure exerted by the
redundant primum on the atria could cause ectopic primum
in the fetus (16). The findings of our study show that the
proportion of fetuses with RFOF is significantly greater in
patients without CoA. In fetuses with RFOEF, the pulmonary
venous return will increase left atrial pressure and both
the foramen flap and the atrial septum will be repositioned
after birth; thus, the filling of the LV and the forward flow
in the aortic arch may be increased. Therefore, RFOF is
not pathological but may be self-limited. In the cases with
true positive diagnosis of CoA, the detection rate of RFOF
is significantly lower. Complete or regional hypoplasia of
aortic arch is present in the confirmed CoA cases, and the
ventricular disproportion is by caused CoA but not RFOF.
Regarding to cardiac morphological changes parameters,
we also demonstrated that there was no statistical difference
between fetuses with RFOF and fetuses with true fetal CoA,
particularly in the inflow tracts (RV/LV ratio) and outflow
tracts (AOi z-score and PA/AO ratio) of the left heart.
The findings are similar to the previous study (6), who
demonstrated that RFOF may simulate the signs detected
on fetal echocardiography in patients with CoA, because

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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the inflow tract of the LV may be obstructed by RFOF. The
degree of asymmetry of the ventricular and great arteries is
associated with excessive excursion of the septum primum
into the LA.

The high false positive rate of prenatal diagnosis for CoA
in our study can be attributed to two reasons. First, about
two-thirds of the fetuses with RFOF showed reversed flow
across the aortic arch isthmus, and this echocardiographic
sign misled us to make a false positive diagnosis of CoA.
However, this phenomenon may be caused by RFOF,
impairing the filling of the LV and the flow in the aortic
arch. Second, it was relatively difficult to distinguish normal
physiological right-sided dominance in the third trimester
during the study period, especially in the earlier stage of
this study. In this cohort, 42 cases (73.7%) were suspected
to have CoA after 28 weeks of gestation. In our institution,
routine third trimester scans were performed in each
patient. Cardiovascular disproportion was considered to be
a PA/AO ratio >1.5 or RV/LV ratio >1.5. According to our
data, cardiovascular disproportion cannot be considered
a useful parameter for predicting CoA. A meta-analysis
published in 2017 demonstrated that a disproportion of PA/
AO ratio >1.6 was significantly associated with CoA (17).
However, PA/AO ratio >1.6 had good sensitivity (86.2%)
but poor specificity (51.8%) when used to predict CoA.
Another study reported that incorporation of the ratio
of AOi/duct diameters <0.74, isthmus diameter z-scores
<-2, and presence of coarctation shelf and/or isthmus flow
disturbance resulted in better diagnostic precision (18).
The results of our study demonstrated that investigation of
intracardiac structures is crucial. Although a combination
of several cardiac parameters could increase the sensitivity
and specificity for the prediction of CoA, RFOF may
be confused with CoA because both cause similar
morphological and hemodynamic variations in cardiac
structures. In clinical practice, bulging of the FOF should
be evaluated more critically in the four-chamber view,
potentially decreasing the false positive and increasing the
specificity of prenatal diagnosis of CoA. We can measure
the maximum diameter of FOF and LA, and then calculate
the FOF/LA ratio. If the FOF/LA ratio is above 0.65, the
diagnosis of CoA should be made with caution since that
the indirect signs for CoA may be caused by RFOF.

Limitation

There are several limitations of this study that should be
mentioned. First, the retrospective study design of our
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study meant that detailed data could not be obtained in all
cases. Second, the false positive rate was relatively high.
In our country, all the pregnant women will receive an
ultrasound examination in the third trimester. However,
we do not believe that this has a significant effect on the
findings. Finally, the sample size of fetuses with true-
positive diagnosis of CoA was relatively small.

Conclusions

The distribution of RFOF is significantly different
between fetuses with and without CoA after birth. Cardiac
parameters were not significantly different between fetuses
with and without CoA after birth except RV diameter.
For fetuses with suspected CoA, fetal echocardiography,
including bulging of the FOF in the LA, should be
investigated and thus may potentially decrease the false
positive and increase the specificity of prenatal diagnosis of
CoA.
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