
Abstract
!

Background: The specific recognition of oesopha-
geal atresia (OA) with or without a tracheal fistula
in a foetus is a diagnostic challenge for prenatal
medicine. The aim of the present work is to ana-
lyse the value of the measurement of gastric size
in the diagnosis of this significant malformation.
Materials and Methods: Altogether, the exami-
nations of 433 pregnancies between the 18.4 and
39.1 weeks of gestation were retrospectively ana-
lysed. 59 of these foetuses exhibited an OA. By
means of a linear regression analysis with normal
foetuses, significant parameters influencing gas-
tric size were examined. Subsequently the gastric
sizes were transformed into z values and a com-
parison was made between OA with and without
fistulae with the help of t tests.
Results: In the normal foetuses there was a signif-
icant association between the gastric circumfer-
ence and the abdominal circumference (circum-
ference = 6.809 + 0.179 × abdominal circumfer-
ence, r = 0.686, p < 0.0001). In the normal group
the average was 43.0 (standard deviation [SD]
13.7) mm and those in foetuses with and without
fistuale were 33.8 (SD 22.7) and 0.9 (SD 3.7) mm.
In 34 (57.6%) foetuses with an OA, the gastric cir-
cumference was below the 5th percentile. In de-
tail, there were 13 (34.2%) foetuses with a fistula
and 21 (100%) without a fistula. The average z
values in the normal group and in the groups of
OA with fistula and without fistula amounted to
0.0 (SD 1.0), −1.3 (SD 2.2) and −4.5 (SD 1.0).
Conclusion:Measurements of the gastric circum-
ference below the 5th percentile should lead to
further diagnostic measures, especially when as-
sociated with polyhydramnios. Although OA
without a fistula is always conspicuous, only
about one in three OAs with fistula are associated
with a significantly smaller stomach.

Zusammenfassung
!

Fragestellung: Die gezielte Erkennung einer feta-
len Ösophagusatresie (ÖA) mit oder ohne trache-
ale Fisteln stellt eine diagnostische Herausfor-
derung für die Pränatalmedizin dar. Ziel der vor-
liegenden Arbeit war es, den Stellenwert der Mes-
sung des Magenumfangs für die Diagnostik dieser
bedeutsamen Fehlbildung zu analysieren.
Material und Methodik: Insgesamt wurden die
Untersuchungen von 433 Schwangerschaften
zwischen der 18,4 bis 39,1 Schwangerschafts-
woche retrospektiv ausgewertet. 59 dieser Feten
wiesen eine ÖA auf. Mittels linearer Regressions-
analyse wurden bei normalen Feten signifikante
Einflussparameter auf den Magenumfang unter-
sucht. Anschließend erfolgte die Umwandlung
der Magenumfänge in z-Werte und der Vergleich
zwischen den ÖAmit und ohne Fistel mit der Nor-
malpopulation mithilfe eines t-Tests.
Ergebnisse: Bei den normalen Feten zeigte sich
eine signifikante Assoziation zwischen dem Um-
fang desMagens und dem Abdomenumfang (Um-
fang = 6,809 + 0,179 × Abdomenumfang, r = 0,686,
p < 0,0001). Der mittlere Magenumfang lag in der
normalen Gruppe bei 43,0 (Standardabweichung
[STW] 13,7) mm und bei Feten mit und ohne Fis-
tel bei 33,8 (STW 22,7) und 0,9 (STW 3,7) mm. Bei
34 (57,6%) Feten mit einer ÖA lag der Magen-
umfang < 5er-Perzentile. Im Einzelnen waren es
13 (34,2%) Feten mit einer Fistel und 21 (100%)
ohne Fistel. Die mittleren z-Werte in der norma-
len Gruppe und in der Gruppe der ÖA mit Fistel
und ohne Fistel lagen bei 0,0 (STW 1,0), −1,3 (STW
2,2) und −4,5 (STW 1,0).
Schlussfolgerung: Messungen des Magen-
umfangs < 5er-Perzentile sollten eine weiterfüh-
rende Diagnostik nach sich ziehen. Während ÖA
ohne Fisteln hierbei stets auffällig werden, weist
nur ungefähr jede 3. ÖA mit Fistel einen signifi-
kant verkleinerten Magen auf.
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Fig. 1 Illustration of the measurement of gastric circumference by man-
ual tracing of the gastric circumference in the biometry plane.

1149Original Article
Introduction
!

During the 5th to 6th week of embryonal development the oe-
sophagus and trachea separate from a common anlage within
the early intestinal tube. An incomplete separation leads to the
congenital malformation of oesophageal atresia (OA). In the ma-
jority of the cases (72–90%) the trachea is also involved in the
form of a tracheo-oesophageal fistula between the lower section
of the trachea and the oesophagus. The prevalence varies from
region to region and is estimated to amount to an average of
2.43 to 2.86 cases per 10000 births [1–3]. A large proportion of
the afflicted infants also exhibit further malformations or syn-
dromes (such as, e.g., VACTERL association, trisomy 18, CHARGE
syndrome). The most frequent associated malformation is con-
genital heart disease. In current reports of the EUROCAT Register
only 44.7% of the cases are isolated findings [1]. Beside the asso-
ciated malformations, the regular occurrence of preterm births
represents a significant prognostic factor. Because of the frequent
occurrence of polyhydramnios, premature delivery ensues in
38.5% of the cases [1,4,5]. Survival rates of almost 100% can be
expected in isolated cases with adequate prenatal and neonatal
management [6–8]. Later complications and morbidities during
childhood consist of swallowing difficulties on account of narrow
anastomoses or gastro-oesophageal reflux as well as recurring
infections [9–11].
The current data situation is contradictory with regard to bene-
fits for the afflicted babies resulting from prenatal diagnosis.
Whereas, for example, Brantberg and co-workers demonstrated
a significantly better survival (100 vs. 73%) for cases identified
prior to birth, other groups found a poorer prognosis for this col-
lective [12,13]. The latter can be explained by the over-represen-
tation of OAwithout fistulas and associated malformations in the
group of prenatally detected cases. However, current opinion is
that prenatal diagnosis must be considered as a benefit in that it
provides a possibility for prenatal counselling of the parents and
a reduction of postpartum transfers [14].
The existing detection rates within Europe vary between less
than 10% to more than 50% (on average 36.5%) [1,15]. Sono-
graphic visualisation of the oesophagus stretches even modern
ultrasound systems to the limits of their resolution. In cases
without a fistula the inability to visualise gastric filling leads to
the diagnosis [16]. Cases with fistulas are not so frequently de-
tected prenatally. Although a small stomach has been described
bymany groups as a sign, there is mostly a lack of an objectifiable
limiting value for gastric size [13]. The aim of the present study is
to examine the gastric size as a potential diagnostic criterium for
foetuses with OA not only with but also without tracheo-oesoph-
ageal fistulas.
Material and Methods
!

The underlying investigations were carried out in the Depart-
ment of Prenatal Medicine of the University Hospital Tübingen
and findings were assessed retrospectively.

Measurement methods
First of all the digitally saved images for gastric circumference
measurements of routinely performed biometric examinations
were examined. A prerequisite was the clear demonstration of
the anatomic landmarks spinal column cross-section, parallel
sections of rib pairs, the full stomach and the proximal part of
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the umbilical vein and its transition to the ductus venosus and
to the right portal vein. The gastric filling was always measured
in the biometry plane. For this the gastric circumference was de-
termined manually on the digitally saved images (l" Fig. 1).

Collective
To obtain an average value for the circumference, values from 374
normal singleton pregnancies were considered. The test collec-
tive consisted of 59 pregnant women in whom there was evi-
dence for foetal OA.
In pregnancies with conspicuous foetuses the first examination
undertaken in the Gynaecology Department of Tübingen Univer-
sity Hospital was considered in each case.

Registration of associated influencing factors
Beside the gastric circumference, we also recorded the head cir-
cumference, the abdominal circumference, the femur length as
well as the gestational age at the time of the examination. Fur-
thermore, the existance of polyhydramnios, defined as the larg-
est vertical amniotic fluid depot over 8 cm, as well as perform-
ance of relief drainage measures were recorded.

Statistical Analysis
In normal foetuses significant factors influencing the gastric cir-
cumference were investigated by linear regression analysis. Sub-
sequently the gastric circumference was transformed to a z value
and comparisons between foetuses with OA with and without
fistula and the normal population were made with the help of
t tests. Differences with a p value < 0.05 were considered to be
significant.
The results are given as median (range) or average (standard de-
viation SD) values.

Approval of ethical committee
Because of the retrospective anonymized character of our study,
an approval of the local ethical committee was not necessary.
However, the ethical committee was informed about the study
(IEC number: 597/2015R).
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Fig. 2 Graphic presentation of the normal distribution of gastric circum-
ference in dependence on abdominal circumference including the 5th and
95th percentiles. The points show the gastric circumference values of foe-
tuses with OA (red dots with fistula, orange dots without fistula).
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Fig. 3 Boxplots of the z values for gastric circumference in the normal
population, in foetuses with OA and fistulas and in foetuses with OA with-
out fistulas.
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Results
!

Characteristics of the enrolled pregnant women
Altogether 433 patients were included in the evaluation. The me-
dian bodyweight amounted to 62.3 kg (range 45.0–163.0 kg). The
median gestational age was 23.3 weeks (range 18 + 2–39 + 1
weeks) whereby 261 (60.3%) were seen before the 26 + 0 week
and 172 (39.7%) thereafter.

Distribution of foetuses with oesophageal atresia
and gastric circumference
OA was present in 59 (13.7%) of the 433 foetuses. Of these 38
(64.4%) foetuses had OA with and 21 (35.6%) OA without a tra-
cheo-oesophageal fistula. Also 20 (33.9%) of the foetuses had a
chromosomal disorder, the proportions in the OA groups with
and without a fistula were 23.7 and 52.4%, respectively. 14
(36.8%) of the foetuses with OA and a fistula also had a
polyhydramnios. Among the group of foetuses with OA but with-
out a fistula polyhydramnios was diagnosed in 12 (57.1%) of
them.
For 21 of the foetuses no stomach could be observed during the
entire examination period. Of these 20 (95.2%) had an OA with-
out fistula. In these cases the gastric circumference was set at
0.1mm. The average gastric circumference in the normal group
amounted to 43.0mm (SD 13.7mm) and in foetuses with and
without fistula to 33.8mm (SD 22.7mm) and 0.9mm (SD
3.7mm).

Association of gastric circumference with other factors
In the normal foetuses there was a significant association be-
tween gastric circumference and abdominal circumference
(circumference = 6.809 + 0.179 × abdominal circumference,
r = 0.686, p < 0.0001). In addition significant correlations with
gestational age (r = 0.669, p < 0.0001), head circumference
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(r = 0.659, p < 0.0001) and femur length (r = 0.671, p < 0.001) were
observed. The association with abdominal circumference was
used for the further analyses.

Percentile and z values
In 18 (4.8%) of 374 normal patients the gastric circumference of
the foetus was below the 5th percentile. In contrast this was the
case with 34 (57.6%) of the foetuses with OA. In detail, there were
13 (34.2%) foetuses with a fistula and 21 (100%) without a fistula
(l" Fig. 2).
The average z values in the normal group and in the OA groups
with and without fistula amounted to 0.0 (SD 1.0), −1.3 (SD 2.2)
and −4.5 (SD 1,0) (t test: OA with fistula vs. normal p = 0.001;
t test: OAwithout fistula vs. normal p < 0.001; t test: OAwith fis-
tula vs. OAwithout fistula p < 0.0001) (l" Fig. 3).
Discussion
!

The present study has shown that the average gastric size, mea-
sured as gastric circumference at the level of the abdominal bio-
metric plane is reduced not only in foetuses with OA and fistula
but also in foetuses with OA but without fistula. In all cases with-
out fistulas a completely or almost completely empty stomach
was seen. The combination of a non-visualisable or very small
stomach with polyhydramnios is a well known sign for the pres-
ence of an oesophageal obstruction [15,17,18]. However, the ap-
preciable false positive rates and the often subjective evaluation
of gastric filling need to be taken into consideration [4,19]. At-
tempts to improve the prenatal detection rates concentrate on
the prenatal visualisation of the oesophageal pouch sign that oc-
curs through dilatation of the blind-ending proximal segment of
the oesophagus [20,21]. But, in most cases, the OA results in this
pathognomic blind sack being missed due to the fistula. In addi-
8–1152
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tion, the pouch sign can also be seen as a temporary transient
finding in structurally inconspicuous foetuses, so that false posi-
tive findings are recorded [22].
Recognition of the majority of cases of OAwith fistula represents
the key problem. Impairments of foetal swallowing in such cases
depend on the lumen of the tracheo-oesophageal fistula. In cases
with large fistulas even the occurrence of polyhydramnios may
be lacking. The sensitivity of polyhydramnios alone amounts to
merely 73% in some studies [13]. In combinationwith the criteri-
on of a small stomach at least a positive predictive value of up to
67% can be expected [13]. In our collective there was a compara-
tively low rate of polyhydramnios. Merely 36.8% of the foetuses
with OA and a fistula and 57.1% of the foetuses with OA without
a fistula exhibited polyhydramnios. The reason for this is to be
seen in the high proportion of severe chromosomal disorders of
33.9% that in most cases led to an early termination of the preg-
nancy and the stronger weighting in the 2nd trimester.
Polyhydramnios develops in the course of the pregnancy to an
ever increasing extent and is thus mostly to be found for the first
time in an obvious degree in the 3rd trimester.
In many studies the assessment of gastric filling was purely sub-
jective. An objective measurement by means of a standardised
gastric circumference appears to be more reasonable in such
cases.With the present study we have shown that the gastric size
in at least 36.8% of the afflicted foetuses with fistulas lies below
the 5th percentile. Accordingly, the detection of a small stomach
is a sign for further detailed diagnostic work-up.
The direct visualisation of the oesophagus either by means of
high resolution 2D or 3D sonography or also by magnetic reso-
nance imaging is extremely difficult and time-consuming [23,
24]. In isolated case reports, the direct prenatal demonstration
has been realised by concentration on the area between the aorta
and the trachea [25]. If detection of the pouch sign is successful
its predictive value must be assessed as being high. In some stud-
ies the value not only for sonography but also for foetal MRI has
been 100%, while other studies refer to the possibility of false
positive findings [19,22,26]. This shows that even though a de-
tailed sonographic examination of the oesophagus is technically
possible, the method cannot be applied for unselected routine
screening. Measurement of the gastric size can be helpful here
since the presence of a small stomach can define a risk group for
which a detailed examination of the oesophagus is required.
A further improvement in the diagnostics can be expected from
the use of 3D sonography [27]. However, use of the published
normal values of three-dimensional biometry is at present lim-
ited due to the large discrepancies and the lack of methodological
standardisation [28].
In very recent studies an approach involving biochemical analysis
of the amniotic fluid has been described. Here, unchanged values
with regard to L-leucine aminopeptidase (AMP) and elevated
concentrations of alpha-foetoprotein (AFP) and gamma-glutamyl
transpeptidase (GGT) are expected so that especially the quotient
from both concentrations has exhibited very good sensitivities
and specificities in the first studies (98%/100%) [29,30]. The cur-
rently available studies, however, are based on very small case
numbers and require confirmation by larger trials. Furthermore,
this is not suitable as a screening procedure due to its invasive-
ness and the thus associated interventional risks.
A limitation of the present study is its retrospective character and
the thus associated lack of consideration of the dynamics of gas-
tric filling. The latter are not constant and are subject to foetal
swallowing cycles [31]. However, this limitation holds for all in-
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cluded pregnancies and thus equally for the recorded gastric
sizes of the afflicted foetuses as well as those of the normal pop-
ulation.
Practical Conclusions
!

The gastric size in foetuses with OA is reduced in cases with com-
plete obstruction of the oesophagus. We have shown that re-
duced gastric filling below the 5th percentile is also found in
36.8% of the foetuses with tracheo-oesophageal fistulas. Accord-
ingly the measurement of gastric size can define a risk group re-
quiring extensive further diagnostic work-up of the oesophagus.
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