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Introduction

Esophageal atresia (EA) is a congenital malformation in 
which the continuity of the esophagus is interrupted. With a 
prevalence of 1:3,500 births, EA poses a high risk of associ-
ated anomalies, such as vertebral, gastrointestinal, cardiovas-
cular, renal, or limb abnormalities, in 50% cases, and 10% 
EA cases are diagnosed with VACTERL association. Chro-
mosomal anomalies are also common with a prevalence of 
5–10%, and most of them are trisomies [1,2]. Even though 
the survival rate in EA cases has increased to 91–98% in the 
last decade, mortality remains primarily related to associated 
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anomalies and genetic syndromes. Therefore, prenatal suspi-
cion of EA is important [3-5].

With advancements in ultrasound imaging techniques, the 
detection of fetal structural abnormalities has become easier 
and more precise than before, but prenatal diagnosis of EA 
is still challenging [6]. The only known sonographic findings 
suggesting fetal EA are polyhydramnios with a small or in-
visible stomach and esophageal pouch sign [7,8]. In fact, in 
most cases with EA as well as tracheoesophageal fistula (TEF), 
the stomach is filled with fluid from the trachea or gastric 
secretion, often mimicking the normal stomach on prenatal 
ultrasound exam [9]. Therefore, polyhydramnios is frequently 
the only sign raising the suspicion of EA. However, polyhy-
dramnios may also result from many other causes, such as 
maternal diabetes, other fetal structural anomalies, infection 
or hydrops fetalis, and neuromuscular disease; in many cases, 
polyhydramnios was found to be idiopathic after birth [10,11].

In this study, we investigated prenatal sonographic charac-
teristics of EA with advancing gestation. We mainly focused 
on the degree of polyhydramnios and the stomach shape.

Materials and methods

This retrospective study included 27 EA cases (EA group) 
delivered at our institution between January 2007 and Octo-

ber 2019. As controls, 81 idiopathic polyhydramnios cases, 
which were delivered during the same period and defined as 
cases without any fetal structural anomaly, musculoskeletal 
disorder, chromosomal abnormality, or maternal diabetes, 
were included (non-EA group). The study included inborn ne-
onates so that their detailed prenatal sonographic data could 
be accessed. We included cases of idiopathic polyhydramnios 
in the non-EA group if polyhydramnios was observed at any 
time during gestation. Both the groups consisted of only 
singleton pregnancies. 

To evaluate the changes in amniotic fluid index (AFI) and 
the stomach shape with advancing gestation, we subdivided 
gestational age into 4 categories based on the time point 
of ultrasound examinations (<28.0, 28.0–31.6, 32.0–35.6, 
≥36.0 weeks). An AFI value >24 cm was considered as 
polyhydramnios [12,13]. Serial analysis of AFI in the above-
mentioned categories of gestational age was carried out 
for each patient. To determine the stomach shape, a single 
investigator measured the length and width of the stomach 
as the long shaft of stomach and the vertical line on that, 
respectively, using digitally saved images of standard ab-
dominal plane for measuring abdominal circumference. The 
calculation of the width/length (W/L) ratio of the stomach is 
depicted in Fig. 1. To evaluate the size of the stomach, the 
product of width and length (W×L) of the stomach was as-
sumed as the area of the fetal stomach.

Fig. 1. Transverse plane of the fetal abdomen for measuring abdominal circumference. To determine the difference in stomach shape be-
tween esophageal atresia (EA) and non-EA cases in the presence of polyhydramnios, we calculated the width/length ratio of the stomach 
by measuring the width and length of the stomach from this view. The stomach of a normal fetus with idiopathic polyhydramnios (a) and 
the stomach of a fetus with EA (b).
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We recorded basic obstetric data including maternal age, 
parity, gestational age at birth, and mode of delivery. Neona-
tal outcomes such as sex, birth weight, Apgar score, postna-
tal mortality, the type of EA, and associated anomalies were 
collected as well. To determine the type of EA, we applied 
Gross classification, which is the most commonly used meth-
od, and divided EA cases into 5 different types A through E 
according to the existence and location of TEF.

Statistical analyses were performed using the Student’s  
t-test or Mann-Whitney U test for continuous data and 
the Pearson χ2 test or Fisher exact test for categorical data. 
The generalized estimating equations method was used to 
compare the trend of AFI, W/L ratio, and W×L with advanc-
ing gestation between the EA and non-EA groups. Receiver 
operating characteristic (ROC) curve analysis was used to 
determine the cut-off value of W/L ratio and W×L for the 
prediction of EA, and the area under the curve (AUC) was 
calculated to evaluate performance. A P-value <0.05 was 
considered statistically significant.

Results

A comparison of the clinical characteristics between the 
EA and non-EA groups is summarized in Table 1. In the EA 
group, preterm birth was observed in 37.0% (10/27) cases, 
and 55.9% (15/27) cases were delivered by cesarean section. 
Compared to the non-EA group, the EA group had a lower 

gestational age at birth, higher preterm birth rate, and lower 
birth weight. Cesarean delivery rate showed no difference 
between the EA and non-EA groups.

Among 27 EA cases, 66.7% (18/27) was type C EA, which 
is characterized by distal TEF, and 18.5% (5/27) was type A 
EA, which is characterized by the absence of TEF. The type of 
EA was not mentioned in the medical records of 14.8% (4/27) 
patients, but they all underwent TEF ligation surgery. Four 
out of 5 type A EA cases manifested an absent stomach on 
prenatal sonography.

Table 2 shows detailed information about the associated 
anomalies and sonographic findings in EA cases. Associ-
ated anomalies were observed in 81.5% of EA cases among 
which VACTERL syndrome and cardiac anomalies were the 
most common ones (22.2%), followed by skeletal and geni-
tourinary anomalies (11.1%). One EA case (3.7%) was di-
agnosed with CHARGE syndrome after birth. Chromosomal 
abnormality was found in 2 (7.4%) EA cases, and both of 
them had Edward syndrome. Postnatal mortality occurred in 
22.2% (6/27) EA cases. The specific causes of mortality were 
as follows: heart failure due to underlying heart anomaly 
(n=4), respiratory failure due to tension pneumothorax (n=1), 
and inferior vena cava tear during TEF operation (n=1).

We compared neonatal outcomes in EA cases diagnosed 
in the prenatal (55.6%, 15/27) and postpartum (44.4%, 
12/27) periods. Birth weight was higher (2,454 g vs. 2,195 g,  
P=0.237), and associated anomalies were observed less 
frequently in the prenatal diagnosed group (11 [73.3%] vs.  

Table 1. Comparison of clinical characteristics between the esophageal atresia (EA) and non-EA groups

Characteristics EA (n=27) Non-EA (n=81) P-value

Obstetric

Maternal age (yr) 33.4±3.5 33.6±3.8 0.800

Nulliparity 16 (59.3) 39 (48.1) 0.317

GA at birth (wk) 37.2 (31.3–40.5) 38.6 (29.1–41.1) 0.001

Preterm birth 10 (37.0) 10 (12.3) 0.001

Cesarean delivery 15 (55.9) 48 (59.3) 0.735

Neonatal

Male 15 (55.5) 46 (56.8) 0.911

Birth weight (g) 2,339.0±557.2 3,386.0±562.7 <0.001

1-min AS <4 1 (3.7) 1 (1.2)

5-min AS <7 1 (3.7) 0 (0)

Data are presented as mean±standard deviation, median (range), or number (%).
GA, gestational age; AS, Apgar score
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11 [91.7%], P=0.342) than those in the postpartum diag-
nosed group although the differences were not statistically 
significant. There were also no significant differences in gesta-
tional age at birth (37.2 vs. 37.2, P=0.961), preterm birth rate  
(5 [33.3%] vs. 5 [41.7%], P=0.656), and postpartum mor-
tality rate (3 [20.0%] vs. 3 [25.0%], P=1.000) between the 
prenatal diagnosed and postpartum diagnosed groups.

As shown in Table 2, polyhydramnios was observed in two-
thirds of EA cases (77.8%, 21/27), and the absence of a 
stomach was evident in less than half of the EA cases (25.9%, 
7/25). Polyhydramnios with a visible stomach was found in 
51.9% of EA cases (14/25). There were 6 EA cases with nor-
mal AFI and a visible stomach (22.2%); among them, 2 were 
complicated by preterm premature rupture of membranes.

Table 2. Associated anomalies and prenatal sonographic findings 
in esophageal atresia cases (n=27)

Characteristics No. (%) Detailed information (No.)

Associated anomaly

None 5 (18.5)

Cardiac 6 (22.2) VSD (3), HLHS (1), CoA (1), 
ASD (1)

Gastrointestinal 1 (3.7) Imperforated anus (1)

Genitourinary 3 (11.1) Pyelectasis (2), UPJ obstruction 
(1)

Skeletal 3 (11.1) Polydactyly (2), hemivertebra (1)

VACTERL syndrome 6 (22.2)

CHARGE syndrome 1 (3.7)

Others 2 (7.4) CDH (1), left lung agenesis (1)

Chromosomal 
abnormality

2 (7.4) Trisomy 18 (2)

Sonographic finding

Polyhydramnios (+) 
Stomach (−)

7 (25.9)

Polyhydramnios (+) 
Stomach (+)

14 (51.9)

Polyhydramnios (−) 
Stomach (−)

0 (0.0)

Polyhydramnios (−) 
Stomach (+)

6 (22.2)a)

VSD, ventricular septal defect; HLHS, hypoplastic left heart syn-
drome; CoA, coarctation of aorta; ASD, atrial septal defect; UPJ, 
uretero-pelvic junction; CDH, congenital diaphragmatic hernia.
a) Two cases were complicated with preterm premature rupture of 
membrane, and amniotic fluid index prior to rupture of membrane 
was normal in both cases.
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Fig. 2. (a) Mean plot and Box plot showing the trend of amniotic fluid index (AFI) with advancing gestation in the esophageal atresia (EA) 
and non-EA groups (P=0.008). (b) Mean plot and Box plot showing the trend of stomach width/length (W/L) ratio with advancing gesta-
tion in the EA and non-EA groups (P=0.212). (C) Mean plot and Box plot showing the trend of the product of width and length (W×L) of 
stomach with advancing gestation in the EA and non-EA groups (P=0.010).
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We compared the changes in AFI, the stomach shape 
(expressed as W/L ratio), and the size of the stomach (ex-
pressed as W×L) between the EA and non-EA groups 
throughout gestation. Statistical analysis of AFI showed that 
the AFI in the EA group was significantly higher than that 
in the non-EA group after 28 weeks (Table 3). As depicted 
in Fig. 2A, the changes in AFI in the EA group showed 
an uptrend with advancing gestation, while those in the 
non-EA group remained relatively stable (P=0.008, com-
paring trend of two groups). With advancing gestation, 
the W/L ratio in the EA group showed a decreasing trend  
(Fig. 2B). Additionally, the W/L ratio in the EA group tended 
to be lower than that in the non-EA group and became clos-
er to 1 after 32 weeks of gestation, indicating that the fetal 
stomach in the EA group is rounder than that in the non-EA 
group. Table 3 also shows the median W/L ratios in the EA 
and non-EA groups and their changes with advancing gesta-
tion. The difference in W/L ratio between the 2 groups was 
observed especially after 36 weeks (1.43 [1.03–2.29] vs. 1.63 
[1.02–2.95], P=0.024). After 28 weeks of gestation, W×L 

was significantly lower in the EA group than that in the non-
EA group (Table 3). This finding is consistent with the previ-
ously known sonographic sign of EA, such as a small stom-
ach bubble. Moreover, the W×L in the EA group remained 
stable, while that in the non-EA group showed an increasing 
trend with advancing gestation (Fig. 2C).

Finally, we performed ROC curve analysis to predict EA us-
ing W/L ratio and W×L in the presence of polyhydramnios  
(Fig. 3A and B). Overall, the AUC for W/L ratio in the pres-
ence of idiopathic polyhydramnios was 0.651 (95% confi-
dence interval [CI], 0.492–0.810; P=0.052) after 32 weeks of 
gestation. Analyses using a cut-off value of W/L ratio <1.376 
showed the sensitivity, specificity, positive likelihood ratio 
(LR+), and negative likelihood ratio (LR−) of EA diagnosis to 
be 84.6%, 52.9%, 1.796, and 0.081, respectively. Overall, 
the AUC for W/L ratio was 0.722 (95% CI, 0.533–0.912; 
P=0.024) after 36 weeks, and analyses using a cut-off value 
of W/L ratio <1.470 showed the sensitivity, specificity, LR+, 
and LR− of EA diagnosis to be 76.1%, 70.0%, 2.537, and 
0.341, respectively. In addition, the AUC for W×L in the 

Fig. 3. (A) Receiver operating characteristic (ROC) curve with area under the curve (AUC) for stomach width/length (W/L) ratio after 
32 weeks and 36 weeks of gestational age (GA) for the suspicion of esophageal atresia (EA). After 32 weeks: Cut-off value <1.376, 
AUC=0.651 (95% confidence interval [CI], 0.492–0.810; P=0.052). Sensitivity 0.846, specificity 0.529, positive likelihood ratio (LR+) 1.796, 
negative likelihood ratio (LR−) 0.081. After 36 weeks: Cut-off value <1.470, AUC=0.722 (95% CI, 0.533–0.912; P=0.024). Sensitivity 
0.761, specificity 0.700, LR+ 2.537, LR− 0.341. (B) ROC curve with AUC for the product of width and length (W×L) of stomach after 28 
weeks of GA for the suspicion of EA. Cut-off value <1.674, AUC=0.880 (95% CI, 0.761–0.999; P<0.001). Sensitivity 0.938, specificity 
0.850, LR+ 6.253, LR− 0.073.
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presence of idiopathic polyhydramnios was 0.880 (95% CI, 
0.761–0.999; P<0.001) after 28 weeks of gestation. Analy-
ses using a cut-off value of W×L <1.674 showed the sensi-
tivity, specificity, LR+, and LR− of EA diagnosis to be 93.8%, 
85.0%, 6.253, and 0.073, respectively.

Additionally, we analyzed the findings in the EA group 
excluding 6 EA cases without polyhydramnios as all control 
cases had polyhydramnios. The result was similar to that of 
analysis including 6 EA cases without polyhydramnios (Sup-
plementary Table 1, Supplementary Fig. 1).

Discussion

Our study confirmed that the typical sonographic findings of 
EA, such as polyhydramnios with an absent stomach, are ob-
served in only 25.9% of EA cases, whereas polyhydramnios 
with a visible stomach is more common (51.9%), suggesting 
the importance of differential diagnosis of polyhydramnios 
as the sole finding in EA cases. We observed normal sono-
graphic findings including normal AFI and stomach shape in 
22.2% of EA cases. We carried out serial assessment of AFI 
and stomach shape throughout pregnancy in each patient 
rather than obtaining data from a one-time exam and com-
pared data from the EA and non-EA groups. In pregnancies 
complicated with EA, AFI showed an increasing trend with 
advancing gestation along with prominent polyhydramnios 
after 28 weeks, while AFI in the non-EA group remained 
stable. The size of the stomach, expressed as W×L, was 
significantly smaller and remained stable in fetuses with EA 
compared with that in the non-EA group. In addition, the 
stomach shape, expressed as W/L ratio, showed a decreasing 
trend with advancing gestation in fetuses with EA, especially 
after 32 weeks. This indicates that the stomach appears to 
be rounder in the EA group compared to that in the non-EA 
group.

When polyhydramnios is detected by ultrasound examina-
tion in the second trimester without any other structural 
abnormality, physicians are concerned about the possibility 
of a hidden anomaly. Our data implicate that the serial as-
sessment of AFI could help in the differential diagnosis of 
EA in such situation, and if a progressive increase in AFI is 
evident even with a visible stomach, the pregnant women 
may need to be referred to a tertiary center under the suspi-
cion of fetal EA. In fetuses with EA as well as distal TEF, am-

niotic fluid passes through the fistula and fills the stomach. 
Even without a fistula, the stomach may still be fluid-filled 
because of secretions from the gastric mucosa [9]. These 
processes could make the stomach visible under ultrasound 
by passively ponding fluid in fetal EA. Esophageal dysmotility, 
which is common in patients with EA, is characterized by de-
creased esophageal peristalsis. It is caused mainly due to the 
abnormal development of esophageal smooth muscle as well 
as intrinsic and vagal innervation of the esophagus [14]. In 
this context, due to passive fluid retention via TEF or gastric 
secretion, the stomach shape in EA cases would be different 
compared to that in non-EA cases with active peristalsis.

According to a study by Kunisaki et al. [15], the prediction 
of EA based on an absent stomach alone had 73% sensitiv-
ity, 55% specificity, 62% positive predictive value (PPV), and 
67% negative predictive value (NPV). With an absent stom-
ach as well as polyhydramnios, better predictive values such 
as 91% sensitivity, 55% specificity, 67% PPV, and 86% NPV 
were reported. In our study, sonographic measurements of 
the stomach using a cut-off value of W/L ratio <1.376 after 
32 weeks manifested high sensitivity (>80%) and low LR− 
(<0.1) for identifying EA in cases with a visible stomach as 
well as polyhydramnios. For the prediction of EA, the AUC 
for W/L ratio after 36 weeks was higher than that after 32 
weeks. However, early suspicion of EA would be beneficial 
for transferring the patient to a tertiary center. Furthermore, 
a cut-off value of W×L <1.674 after 28 weeks could be used 
as an objective indicator of “small stomach”. We recom-
mend a simple sonographic assessment of stomach shape as 
a screening test for EA due to its high sensitivity and low LR−, 
especially in cases with polyhydramnios. It could be useful for 
both pregnant women and physicians to exclude the pres-
ence of EA.

Upon recognizing the limitations of diagnosis based on an 
absent stomach with polyhydramnios, which is the classical 
sign of EA, several studies have been conducted to identify 
other markers using either ultrasound or magnetic resonance 
imaging (MRI). Besides sonographic esophageal pouch sign 
in cases with polyhydramnios and/or an absent or small 
stomach [16], 3-dimensional ultrasonography was also dem-
onstrated to diagnose fetal EA by Kalache et al. [17]. Recent-
ly, Ethun et al. [18] used fetal MRI for the diagnosis of EA 
(n=33) and demonstrated 100% sensitivity of EA diagnosis 
based on esophageal pouch observed by fetal MRI, indicat-
ing that fetal MRI is capable of direct visual identification of 
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esophageal interruption. Biochemical analyses using amniotic 
fluid components such as γ-glutamyl transpeptidase, alpha-
fetoprotein, and l-leucine aminopeptidase were carried out 
to help the diagnosis of EA [19,20].

Pardy et al. [21] performed a meta-analysis to quantify the 
diagnostic performance of ultrasound, MRI, and amniotic 
fluid analysis in detecting EA prenatally. According to their 
study, ultrasound alone is a poor diagnostic tool with a high 
false positive rate, whereas MRI and amniotic fluid analysis 
have high accuracy in detecting EA. However, the technical 
limitations and high cost of MRI are still problems for its reg-
ular use, and amniotic fluid analysis is an invasive procedure 
with associated interventional risks. Furthermore, the above-
mentioned diagnostic tools mainly focus on signs predomi-
nant in EA type A (an absent or small stomach with pouch 
sign), which only accounts for 7% of all EA cases [22,23]. In 
our study population, 80% of EA type A manifested an ab-
sent stomach with polyhydramnios on prenatal sonography. 
The most common EA type is type C (86%); therefore, a new 
diagnostic marker applicable for all types of EA is necessary.

Precise diagnosis of EA during the prenatal period was 
thought to be clinically meaningful from the perspective of 
improving EA outcome by prepared neonatal management 
including neonatal surgery. According to Lopez et al. [5], the 
outcome in the high-risk EA groups between 1993 and 2004 
improved compared to that during 1980 and 1992, with an 
increased rate of prenatal diagnosis (94.2% vs. 90.1% in birth 
weight >1,500 g group; 75.0% vs. 63.8% in birth weight 
<1,500 g group). On the contrary, a recent study showed that 
prenatal diagnosis of EA does not modify the outcome in the 
first year of life [24]. They reported a higher rate of postna-
tal complications in the prenatal diagnosis group, probably 
because of the high incidence of EA type A or severe cases 
in the prenatal diagnosis subset. Prenatal diagnosis of EA is 
important to raise the alarm about the possibility of other 
malformations. It is well known that EA cases along with as-
sociated chromosomal or structural anomalies have poorer 
outcomes [7,15]. We observed postnatal mortality in 6 EA 
cases (22.2%). On the other hand, 52 outborn singletons 
with EA underwent immediate postnatal surgery at our insti-
tution during the study period, reflecting that the accurate 
prenatal diagnosis of EA is still challenging. Among them, 
mortality was reported in only 1 case (1.9%) with a complex 
congenital heart anomaly. A significantly high mortality in the 
prenatal diagnosis group implies a high severity of disease or 

high incidence of other anomalies in these patients.
The limitation of this study is that only one operator ob-

served and measured the fetal stomach. In addition, the W/L 
ratio and W×L of the stomach were measured based on digi-
tally stored images and not by real-time sonographic imaging 
due to the retrospective nature of this study. A prospective 
study with multiple operators might be necessary to consider 
intra-observer or inter-observer variation.

In conclusion, our study suggests that the roundish shape 
of the stomach in the presence of progressive polyhydramni-
os observed during the second and third trimester may help 
the diagnosis of EA. Considering that the prenatal diagnosis 
of EA is challenging, our study contributes to improve diag-
nostic performance. We propose the W/L ratio and W×L of 
the stomach, which can be easily measured from abdominal 
circumference view in routine ultrasound examination, as an 
ancillary simple diagnostic marker for EA, especially in the 
presence of idiopathic polyhydramnios.
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