
Pyloric Atresia and Prepyloric Antral
Diaphragm 55
Girolamo Mattioli and Sara Costanzo

Contents
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 830

Pyloric Atresia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 830
Definition and Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 830
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 831
Etiopathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 831
Diagnosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 832
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 834
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835
Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835

Prepyloric Antral Diaphragm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835
Etiopathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835
Diagnosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837
Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837

Conclusion and Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837

Cross-References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837

Abstract
Pyloric atresia (PA) and prepyloric antral dia-
phragm are two causes of congenital gastric
outlet obstruction.

PA is a very rare condition, with an inci-
dence of about 1 in 100,000 newborns,
representing approximately 1% of all intestinal
atresias. The exact etiology of this condition is
not known. Commonly, PA is an isolated con-
dition, but familial occurrence is also reported,
supporting a genetic predisposition. Most of
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the familial cases have been reported to be
associated with epidermolysis bullosa
(EB-PA) and are characterized by an autosomal
recessive inheritance. Prenatal diagnosis is
possible on ultrasound (US); prenatal testing
in families at risk for EB-PA can be performed.
After birth, the main presenting symptoms are
non-bilious vomiting and upper abdominal dis-
tension. Associated anomalies are very fre-
quent, the commonest being EB. The
diagnosis can be made on plain abdominal
X-ray, barium meal, and abdominal US. The
treatment is surgical and the prognosis is vari-
able, mostly depending on the severity of the
associated conditions.

Prepyloric antral diaphragm is a rare condi-
tion, whose prevalence and etiology are still
unknown. The age of onset and clinical pre-
sentation vary depending on the degree of
obstruction determined by the diaphragm.
The main symptoms are recurrent non-bilious
vomiting, often projectile; progressive feeding
problems; epigastric pain; and failure to thrive.
The diagnosis can be made on plain abdominal
films, barium meal, and abdominal US; endos-
copy is helpful and may also be a therapeutic
tool. Surgery is the treatment of choice and the
prognosis is excellent.

Keywords
Gastric outlet obstruction (GOO) · Pyloric
atresia (PA) · Prepyloric antral diaphragm ·
Epidermolysis bullosa (EB) · Hereditary
multiple intestinal atresias (HMIA) · Carmi
syndrome · Integrin gene (ITG) mutations ·
Plectin (PLEC) gene mutations · Pyloroplasty ·
Gastroduodenostomy

Introduction

Pyloric atresia and prepyloric antral diaphragm
are two causes of gastric outlet obstruction
(GOO), a broad spectrum of conditions that pre-
vent the passage of gastric contents into the
duodenum.

GOO is a relatively common condition in pedi-
atric age, if hypertrophic pyloric stenosis (HPS) is
considered. However, when HPS is excluded,
GOO is quite rare, with an incidence of 1 in
100,000 live births (Sharma et al. 2008).

The causes of GOO may be classified as fol-
lows (Sharma et al. 2008):

1. Congenital intrinsic obstruction of antrum and
pylorus:
(a) Aplasia
(b) Atresia
(c) Diaphragms and webs
(d) Luminal obstruction (e.g., mucosal valves,

heterotrophic pancreas, etc.)
2. HPS
3. Acquired:

(a) Primary:
(i) Acquired gastric outlet obstruction dur-

ing infancy and childhood
(b) Secondary:

(i) Acid peptic disease (chronic duodenal
or juxtapyloric ulcer)

(ii) Neoplasm
(iii) Chemical injury (ingestion of acid,

caustic, and other irritants like potas-
sium carbonate)

(iv) Others: chronic granulomatous dis-
ease, Crohn’s disease, eosinophilic
gastritis, gastric duplication cysts,
and cholecystogastrocolic band
(malrotation) (Nissan et al. 1997)

Pyloric Atresia

Definition and Classification

Congenital pyloric atresia (PA) was firstly
described by Calder in 1749. The first successful
surgical correction was performed in 1940 by
Touroff (Al-Salem 2007; Ilce et al. 2003).

Anatomically, it is divided into three types:

– Type 1, the commonest: pyloric membrane or
web (57%)
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– Type 2: pyloric atresia with a solid cord
between the two ends (34%)

– Type 3: pyloric atresia with a gap between the
stomach and the duodenum (9%) (Al-Salem
2007; Ilce et al. 2003; Tomá et al. 2002).

Epidemiology

Congenital PA is a very rare condition, with an
incidence of about 1 in 100,000 newborns. It
represents approximately 1% of all intestinal atre-
sias (Al-Salem 2007; Ilce et al. 2003; Chung and
Uitto 2010; Mboyo et al. 2016).

Sex distribution is about equal (Ilce et al. 2003;
Andriessen et al. 2010).

Etiopathogenesis

The exact etiology of this condition is not known.
Embryologically, it is thought to result from a

developmental arrest between the 5th and 12th
week of intrauterine life. According to Tandler’s
theory, this anomaly is the result of a failure of the
tube canalization during development (Al-Salem
2007; Andriessen et al. 2010; Sencan et al. 2002).

Commonly, PA is an isolated condition, but
familial occurrence is also reported, supporting a
genetic predisposition. Most of the familial cases
have been reported to be associated with
epidermolysis bullosa (EB) and are characterized
by an autosomal recessive inheritance (Chung and
Uitto 2010; Birnbaum et al. 2008; Charlesworth
et al. 2013; Dang et al. 2008; Abe et al. 2007;
Natsuga et al. 2010; Usui et al. 2013).

PA in association with EB is supposed to result
from two pathologic elements (Al-Salem 2007;
Ilce et al. 2003; Natsuga et al. 2010; Bıçakcı
et al. 2012):

1. Intrauterine sloughing of the pyloric mucosa,
as a result of disintegration of basement mem-
brane and hemidesmosomes

2. Subsequent inflammatory response which
causes fibrous cicatrization and obliteration
of the intestinal lumen, especially in

anatomically narrow passages, such as the
pyloric canal.

Hereditary multiple intestinal atresias (HMIA),
frequently associated with PA, are reported as an
autosomal recessive condition, although the can-
didate gene has not been identified yet (Al-Salem
2007; Cole et al. 2010).

In patients affected by epidermolysis bullosa
and pyloric atresia (EB-PA) and Carmi syndrome
(EB-PA and aplasia cutis congenita), the affected
skin presents morphological abnormalities in the
hemidesmosomes and reduced or absent expres-
sion of the hemidesmosomal component integrin
α6β4, a member of a large family of α/β hetero-
dimeric transmembrane glycoprotein receptors
(Chung and Uitto 2010; Birnbaum et al. 2008;
Abe et al. 2007; Ozge et al. 2012).

Sequence analysis of integrin genes identified
mutations in integrin β4, encoded by integrin β4
(ITGB4) gene, in most EB-PA cases, with few
cases demonstrating integrin α6 (ITGA6 gene)
mutations (Chung and Uitto 2010; Birnbaum
et al. 2008). Almost 70 distinct mutations of
ITGB4 in EB-PA patients can be found in the
mutation database, while a total of 5 mutations
in the ITGA6 gene have been reported (Chung and
Uitto 2010). Sequencing analysis shows that
ITGB4 accounts for 80% and ITGA6 for 5% of
EB-PA patients (Ozge et al. 2012).

ITGB4 mutation database suggests that prema-
ture termination codon (PTC) mutations predom-
inantly result in lethal forms, while missense
mutations frequently associate with nonlethal var-
iants (Abe et al. 2007; Ozge et al. 2012).

Other genetic mutations that have been linked
to EB-PA lie in the gene for plectin (PLEC)
(Charlesworth et al. 2013; Nakamura et al. 2011;
Natsuga 2015). Plectin is a cytoskeletal protein
abundantly expressed in several cell types (epi-
thelia, muscles, and fibroblasts). It harbors bind-
ing sites for several proteins, including integrin
α6β4. The association of PLEC mutations with
EB-PA is therefore consistent with plectin’s
cross-linking functions with other proteins and
results in pleiotropic phenotypes (Charlesworth
et al. 2013). Genetic findings suggest that EB-PA
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is linked to mutations in the portions of plectin
that mediate interactions with integrin β4
(Charlesworth et al. 2013). Ten distinct mutations
in the PLEC1 gene have been demonstrated in
patients with EB-PA (Chung and Uitto 2010).
EB-PA due to PLEC mutations is considered uni-
versally lethal (Nakamura et al. 2011).

A mutation in the ITGB4 gene has been
recently detected in a patient affected by PA and
desquamative enteropathy, without skin disease
(Salvestrini et al. 2008).

Diagnosis

Prenatal Diagnosis and Counselling
Prenatal diagnosis of PA is possible on ultrasound
(US) (Al-Salem 2007; Usui et al. 2013), with
visualization of polyhydramnios (reported in
about 50% of PA cases (Ilce et al. 2003)), a dilated
stomach in the absence of a double bubble
(Andriessen et al. 2010), and narrowing of the
gastric outlet (Ilce et al. 2003).

Cases of diagnostic confirmation by fetal mag-
netic resonance imaging have been reported
(Yu et al. 2009).

The presence of EB or Carmi syndrome can be
suggested prenatally by the sonographic so-called
“snowflake” sign (echogenic particles in the
amniotic fluid), associated with fetal stomach
dilation and polyhydramnios (Birnbaum et al.
2008; Usui et al. 2013).

EB can be also diagnosed by electron
microscopy or immunofluorescence of a fetal
skin biopsy (Al-Salem 2007; D’Alessio et al.
2008).

Identification of genetic mutations in families
has provided molecular confirmation of diagnosis
together with prognostication and can also pro-
vide a means for prenatal testing in families at risk
for recurrence of the disease (Chung and Uitto
2010; Nakamura et al. 2011).

Prenatal testing in families at risk for EB-PA
can be performed from chorionic villus sam-
pling, which can be performed as early as the
10th week of gestation (Chung and Uitto 2010)
or from amniotic fluid sampling (Nakamura
et al. 2011).

A new technique of immunofluorescence ana-
lyses of villous trophoblastus has been recently
proposed (D’Alessio et al. 2008).

Preimplantation genetic diagnosis, for couples
at risk of having children with EB-PA, has been
also offered to avoid abortion of possibly affected
pregnancies (Ozge et al. 2012).

The prognosis, the decision about whether to
continue or not the pregnancy, and the risks for
future pregnancies should be discussed with the
parents, advising them about the risk of recurrence
(25% for autosomal recessive diseases) and the
prognosis associated with different types of muta-
tions, together with the encouraging improve-
ments of the medical therapy to treat EB
(Al-Salem 2007; Parshotam et al. 2007).

Clinical Presentation
Almost all patients have a low weight at birth (Ilce
et al. 2003).

After birth, the main presenting symptoms are
non-bilious vomiting and upper abdominal disten-
sion (Al-Salem 2007; Andriessen et al. 2010).

Congenital PA can be an isolated condition, but
associated anomalies are also very frequent
(30–50% of cases). The commonest associated
anomaly is EB (Al-Salem 2007).

EB is categorized in three major groups: EB
simplex (EBS), junctional EB (JEB), dystrophic
EB (DEB), and Kindler syndrome, depending on
the depth of the dermal-epidermal junction split
(Nakamura et al. 2011). EB-PA is classified as a
form of JEB (Ozge et al. 2012).

Skin lesions may not appear until as late as 48 h
after birth. They are associated with disruption of
the intestinal mucosa, which causes malabsorp-
tion, increased antigenic sensitivity, bloody diar-
rhea, and protein losing enteropathy (Bıçakcı et al.
2012).

The severity of skin involvement in EB-PA can
be variable, and both lethal and nonlethal variants
have been reported (Chung and Uitto 2010; Abe
et al. 2007). In some patients, even on successful
surgical correction of the pyloric or intestinal atre-
sia, skin involvement is so severe that the children
die from complications, such as infections or elec-
trolyte imbalance, within a few days or weeks
from birth. In others, skin fragility can be mild,
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or it can improve with age, allowing them to
conduct normal lives (Chung and Uitto 2010).

EB-PA can be associated to many other disor-
ders including gastrointestinal, urinary, pulmo-
nary, and eye problems, as well as dental
(enamel hypoplasia, dental caries), hair (alope-
cia), and nail (toenail dystrophy) abnormalities,
ear or nose hypoplasia, or atrophy (Dang et al.
2008; Abe et al. 2007; Bıçakcı et al. 2012). The
associated anomaly rate is reported to be around
30% (Ilce et al. 2003).

The combination of PA, EB, and aplasia
cutis congenita (PA-EB-ACC) is known as
Carmi syndrome (OMIM #226730) (Birnbaum
et al. 2008). It is characterized by congenital
absence of skin, mostly of the limbs, involving
all skin layers and severe neonatal mucocuta-
neous blistering (Chung and Uitto 2010;
Birnbaum et al. 2008). Most cases result in
early death of the affected child, but nonlethal
cases with progressive improvement of the
cutaneous lesions have been described
(Birnbaum et al. 2008).

In 2010 the first report of EB complicated with
both PA and muscular dystrophy was published,
caused by mutations in the plectin gene (PLEC)
(Natsuga et al. 2010).

PA can also be associated with distal duode-
nal atresia forming a closed duodenal loop,
where biliary and pancreatic secretions accumu-
late, leading to massive distention and possible
duodenal perforation (Al-Salem 2007), esopha-
geal atresia (Al-Salem 2007; Ilce et al. 2003),
hereditary multiple intestinal atresias (HMIA),
with or without combined immunodeficiency
syndrome (Cole et al. 2010; Bass 2002), intra-
uterine growth retardation, Down’s syndrome,
congenital heart disease, cleft palate, Meckel’s
diverticulum (Al-Salem 2007), Dieulafoy lesion
of the stomach (Polonkai et al. 2011),
ureterovesical junction obstruction,
pelviureteric junction obstruction, agenesis of
the gallbladder (Al-Salem 2007), ectopic drain-
age of the common bile duct, annular pancreas
(Scheida et al. 2009), malrotation, anorectal
agenesis (Al-Salem 2007), and pylorocho-
ledochal fistula (Al-Salem 2007; Sencan et al.
2002).

Laboratory
During the prenatal period, elevated levels of
maternal serum and/or amniotic fluid alpha-
fetoprotein can be found in EB-PA (Birnbaum
et al. 2008; Yu et al. 2009).

In patients with EB-PA, immunofluorescence
mapping of the affected skin usually shows
completely negative staining for integrin β4
and/or integrin α6 in lethal cases, whereas non-
lethal forms are usually associated with positive
but attenuated staining (Dang et al. 2008).

Radiologic Findings
The diagnosis can be made on plain abdominal
X-ray, which shows a single, large air bubble,
representing the dilated stomach, with no gas dis-
tally (Al-Salem 2007; Parshotam et al. 2007;
Hermanowicz and Debek 2015).

A double bubble may, however, be seen in
cases with prolapse of a pyloric membrane into
the duodenum, thus imitating duodenal atresia.
An intermittent double bubble sign has also been
described, probably reflecting configuration of the
distended stomach (Parshotam et al. 2007).

The presence of calcification raises the possi-
bility of associated multiple intestinal atresias
(Al-Salem 2007): they are homogeneous
intraluminal calcifications, described as a “string
of pearls,” almost resembling a contrast study,
and are pathognomonic of this condition (Bass
2002).

Barium meal can confirm the diagnosis, as it
shows dilated stomach with obstruction at the
pylorus level and no contrast passing distally
(Al-Salem 2007).

An additional lower gastrointestinal contrast
study (barium enema) can be done to rule out the
presence of colonic atresia (Al-Salem 2007).

USwith high-resolution high-frequency equip-
ment is a useful and noninvasive technique in the
evaluation of PA and associated anomalies, dem-
onstrating the abnormal sonographic pattern of
the antropyloric region, the absence of other
causes of gastric obstruction, as well as many
associated anomalies that may affect the intestinal
loops (distal loops’ dilatation in case of multiple
atresias, calcifications) or other abdominal organs
(Tomá et al. 2002).
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Abdominal US can show bile duct dilatation
and cystic dilation of the duodenum in case of
both PA and duodenal or high jejunal obstruction
with retention of pancreaticobiliary secretions
(Bass 2002).

Differential Diagnosis
Non-bilious vomiting in the newborn period can
be interpreted as gastroesophageal reflux, the
most frequent cause of delayed emptying in chil-
dren, leading to a delay in the diagnosis of PA
(Ilce et al. 2003; Polonkai et al. 2011).

Other congenital developmental anomalies,
such as hypertrophic pyloric stenosis, pyloric
duplication, antrum membrane, gastric volvulus,
gastric duplication, aberrant pancreatic tissue
plugging the pylorus, and retrograde
duodenogastric intussusception, need to be
included in the differential diagnosis of PA (Ilce
et al. 2003; Tomá et al. 2002; Polonkai et al.
2011).

Treatment

The treatment of PA is surgical (Fontenot et al.
2011).

Preoperative management should include
nasogastric tube placement, intravenous fluid
administration, and electrolyte correction
(Andriessen et al. 2010; Fontenot et al. 2011).

Intraoperatively, it is important to make sure
that only one pyloric diaphragm is present, as this
can be multiple (Al-Salem 2007; Zecca et al.
2010). It is also important to check the patency
of the distal intestine, passing a catheter and
injecting saline distally to exclude associated
intestinal atresias.

The surgical treatment depends on the type of
PA discovered at laparotomy (Al-Salem 2007;
Fontenot et al. 2011).

Type 1 is treated by excision of the membrane/
web with or without Heineke-Mikulicz or Finney
pyloroplasty (Al-Salem 2007; Ilce et al. 2003;
Dessanti et al. 2004; Yokoyama and Utsunomiya
2012). Recent advances in endoscopy have allo-
wed the development of alternative treatment

strategies, including balloon dilatation, laser web
excision, and laser radial incision (Yokoyama and
Utsunomiya 2012).

For type 2, excision of the atretic segment with
end-to-end or diamond-shaped (proximal trans-
verse and distal longitudinal incision, Kimura
technique) gastroduodenostomy is recommended
as the standard technique (Andriessen et al. 2010;
Dessanti et al. 2004).

A different procedure has been also proposed,
the gastroduodenal mucosal advancement anas-
tomosis, which achieves an anatomic reconstruc-
tion of the pyloric canal (Dessanti et al. 2004). The
atretic pylorus is incised longitudinally, showing
the presence of an internal muscular layer, which
is separated as in Ramstedt operation. By this
pyloromyotomy, the mucosal cul-de-sacs on the
gastric and duodenal sides are isolated, mobilized,
and advanced into the pyloric canal and then
sutured into an end-to-end anastomosis. The
pyloromyotomy is then closed.

A novel gastroduodenostomy procedure for
solid segment type has been recently published
(Yokoyama and Utsunomiya 2012), through
which the stomach and duodenal lumen are
anastomized end to end anteriorly to the solid
segment, which is not excised.

When a gap is present (type 3), the treatment is
gastroduodenostomy (Andriessen et al. 2010;
Fontenot et al. 2011).

Gastrojejunostomy should be avoided because
it is associated with high failure and mortality
rates (Ilce et al. 2003; Yokoyama and Utsunomiya
2012).

When PA is associated with EB, surgical inter-
vention is often effective only for short-term sur-
vival, because infants usually die within the first
few weeks or months of life, due to complications
related to EB (Bıçakcı et al. 2012).

Identification of the genetic mutations
involved in EB-PA provides the basis for molec-
ular therapies: gene therapy, protein replacement
or stem cell therapies. These approaches are
supported by the development of animal models
of different forms of EB, including those with
targeted ablation of the ITGB4, ITGA6, and
PLEC1 genes (Chung and Uitto 2010).
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Some forms of desquamative enteropathies
associated with PA have been treated with
immune modulatory therapy with significant clin-
ical improvement (Salvestrini et al. 2008).

Complications

After excision of the atretic pylorus and
gastroduodenostomy, pyloric function can be
lost with consequent duodenogastric reflux,
which can cause gastric disorders like alkaline
gastritis as a result of bilious reflux into the stom-
ach (Yokoyama and Utsunomiya 2012).

Outcome

The prognosis of PA is variable.
Isolated PA, particularly if type 1, if diagnosed

and treated on time, has an excellent prognosis
(Ilce et al. 2003; Fontenot et al. 2011). Mortality
rate is higher if there is a diagnostic delay (Ilce
et al. 2003) and if atresia contains a solid compo-
nent (Fontenot et al. 2011).

The presence of associated anomalies is an
important factor for the reported high mortality
rate, exceeding 50% (Yu et al. 2009; Fontenot
et al. 2011).

EB is generally fatal because of fluid and pro-
tein loss, electrolyte imbalance and sepsis
(Al-Salem 2007; Bıçakcı et al. 2012). This is
why some surgeons think that the association of
congenital PA and EB should preclude surgical
treatment of PA. However, recent advances in the
medical treatment of EB, with the use of steroids
and phenytoin, have been reported to give favor-
able results (Parshotam et al. 2007).

Congenital PA in association with hereditary
multiple intestinal atresias (HMIA) is reported as
always fatal, the cause of death being sepsis in the
majority of cases (Al-Salem 2007; Cole et al.
2010), particularly when HMIA is associated
with immunodeficiency (Cole et al. 2010; Bass
2002). Awareness of the pathognomonic findings
of HMIA in plain abdominal X-ray and US must
alert the surgeon of the severity of this condition,

because it might alter medical and surgical man-
agement (Bass 2002).

Prepyloric Antral Diaphragm

Syn.: (congenital) (gastric) antral (mucosal)
web/membrane/diaphragm – prepyloric
(mucosal) web/diaphragm

Definition

Prepyloric antral membrane (PAM) is a rare cause
of congenital gastric outlet obstruction (Borgnon
et al. 2003), firstly described in 1933 by Parsons
and Barling (Parsons and Barling 1933).

It is a circumferential intraluminal mucosal
septum in the prepyloric region, perpendicular
to the long axis of the antrum (Chao et al. 2011).
It consists of normal, noninflamed mucosal and
submucosal gastric mural layers (Otjen et al.
2012) which may or may not have a muscular
component (de Vries et al. 2011; Ferguson et al.
2004). The antral web is usually 2–4 mm thick,
located 1–7 cm proximal to the pyloroduodenal
junction (Chao et al. 2011; Otjen et al. 2012;
Tiao et al. 2005). In most of cases, it has a
central or eccentric perforation, which may
range from 2 to 30 mm in diameter; in a few
cases, the web is unperforated or complete
(Chao et al. 2011).

Epidemiology

This is a rare condition, whose prevalence is
unknown; only sporadic cases are described in
the literature.

Etiopathogenesis

The etiology is unknown.
PAM is considered a congenital lesion

resulting from a local redundancy of the endoder-
mal tube (Borgnon et al. 2003).
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A report published in 1997 (Gahukamble
1998) describes multiple occurrence of this con-
dition in a close family unit, suggesting the
hypothesis of a genetic etiology, with autosomal
recessive inheritance being the most probable
mode of transmission.

Diagnosis

Clinical Presentation
This condition has been described in different
ages, from premature and newborn infants to
adults (Chao et al. 2011). The age of onset
and clinical presentation vary depending on
the degree of obstruction determined by the
diaphragm – symptoms usually correlating
with apertures of 1 cm or less (Otjen et al.
2012; Tiao et al. 2005), with the consistency
of ingested food and with the ability of the
gastric motility to overcome the partial lumi-
nal web (Chao et al. 2011; de Vries et al.
2011).

A complete web presents with persistent
vomiting commencing shortly after birth, while
incomplete antral membranes are usually diag-
nosed at an older age (3–11 years) and exception-
ally in adults (Nissan et al. 1997; de Vries et al.
2011; Lui et al. 2000).

The main symptoms are recurrent non-bilious
vomiting (Borgnon et al. 2003), often projectile
(Noel et al. 2000), progressive feeding problems
particularly for solid nutrition, epigastric pain
(sometimes presenting in infants with
unexplained excessive crying (Noel et al. 2000)),
and failure to thrive (de Vries et al. 2011; Feng
et al. 2005). Cases are described who became
symptomatic after foreign body ingestion (Oak
et al. 1996).

Some authors described misleading presenta-
tion of prepyloric web with prominent pulmonary
symptoms due to secondary gastroesophageal
reflux with probable recurrent aspiration pneumo-
nias (de Vries et al. 2011).

Antral webs associated with hypertrophic
pyloric stenosis, distal antral hypertrophy, or duo-
denal atresia have been described (Ferguson et al.
2004; Tiao et al. 2005).

Radiologic Findings
Plain abdominal films show a distended gas-filled
stomach (Borgnon et al. 2003).

Ultrasound shows a fluid-filled, dilated stom-
ach (Chao et al. 2011), with very limited passage
of gastric content from the stomach to the duode-
num, active gastric peristalsis but no increase of
the pyloric wall thickness or canal length
(Borgnon et al. 2003; de Vries et al. 2011);
Chew et al. (Chew et al. 1992) proposed four
ultrasound diagnostic criteria of an antral web,
including demonstration of an echogenic
diaphragm-like structure in the antral region, gas-
tric dilatation, delay in gastric emptying, and a
normal pylorus.

A diagnosis can be established through a bar-
ium meal study in most of cases (Chao et al. 2011;
de Vries et al. 2011), with a 90% sensitivity
reported (Lui et al. 2000). Upper gastrointestinal
series demonstrate a dilated stomach with delayed
gastric emptying, sometimes revealing a trans-
verse radiolucent line in the antral region
(Borgnon et al. 2003) as well as a spraying of
barium through a central or an eccentric aperture
with “jet stream” during examination (Chao et al.
2011; de Vries et al. 2011). A “double bulb” sign
has been described when a thicker membrane
mimics the pylorus, creating an antral chamber
(Otjen et al. 2012).

Endoscopy is helpful in the diagnosis of PAM,
in the detection of other gastric pathologies (e.g.,
peptic diseases, adhesions) (Nissan et al. 1997; de
Vries et al. 2011), and may also be a therapeutic
tool (Borgnon et al. 2003).

However, in many cases, the definite diagnosis
is achieved only during surgical exploration
(Borgnon et al. 2003).

Differential Diagnosis
The main entities in the differential diagnosis are
pyloric stenosis, pylorospasm, redundant gastric
mucosal folds, perigastric adhesions, heterotopic
pancreas tissue (Borgnon et al. 2003; Lui et al.
2000), irregular webs, and deformity of the antrus
suggesting acquired etiologies such as ulcer (Lui
et al. 2000) and gastroesophageal reflux (de Vries
et al. 2011).
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One case of intramuscular circumferential pre-
pyloric fibrous band in the gastric wall causing
partial obstruction and mimicking antral web has
recently been described (Medsinge et al. 2012).

Symptoms may mimic duodenal ulcer (Nissan
et al. 1997).

Treatment

For antral diaphragm with gastric outlet obstruc-
tion, surgery is the treatment of choice (Chao et al.
2011; de Vries et al. 2011). It consists of incision
or excision of the membrane by gastrostomy
(de Vries et al. 2011; Ferguson et al. 2004), with
or without associated pyloroplasty (Borgnon et al.
2003; Ferguson et al. 2004; Gahukamble 1998;
Lui et al. 2000).

An endoscopic balloon dilatation or transec-
tion of the web can be performed (Borgnon et al.
2003; Lui et al. 2000; Feng et al. 2005).

Complications

A reported complication of the surgical correction
is pyloric scarring with subsequent pyloric stric-
ture, which has been treated through endoscopic
procedures (Chao et al. 2011).

Outcome

The prognosis is excellent (Nissan et al. 1997).
Persistence of minimal feeding problems

because of the secondary atonic stomach can
occur, particularly in case of late diagnosis and
treatment (de Vries et al. 2011).

Conclusion and Future Directions

Pyloric atresia and prepyloric antral diaphragm
are rare conditions, but they are important to
keep in mind when evaluating a patient with clin-
ical symptoms suggesting gastric outlet

obstruction, because of their potential unfavorable
prognosis.

Barium meal and abdominal ultrasound are the
most important tools in diagnosing these entities.
Because each condition has a different imaging
appearance and diagnosis can be challenging,
experience with the use of these modalities and a
working differential diagnosis are important for a
timely diagnosis.

While prepyloric antral diaphragm usually
has a less severe clinical presentation and a better
outcome, PA can be associated with a variety of
associated conditions, particularly skin lesions,
that can significantly increase morbidity and
mortality. Nevertheless, an early diagnosis can
often improve the outcome, and a better insight
into the genetics and the immunologic aspects of
this condition will probably provide the basis for
a more structured and widespread use of prenatal
diagnosis, for the implementation of immuno-
modulatory therapies, and for the development
of molecular therapies.
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