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ABSTRACT

In this pictorial essay, the authors discuss etiologies, imaging findings with focus on fluoroscopy and manage-
ment of the short esophagus in children and adults.

1. Introduction

The short esophagus has received very little attention in the radi-
ologic literature with only few reports published on this subject in the
early 1950s [1,2].

The short esophagus was defined by surgeons as the inability to
reduce the gastroesophageal (GE) junction below the diaphragm during
surgery, due to inadequate esophageal mobilization. Short esophagus
was also defined by endoscopists when the GE junction is positioned in
adults at a distance less than 40 cm from the mouth (normal value is
approximately 45 cm).

In the normal individual, the esophageal hiatus in the diaphragm
opens at the level of T10 vertebra and to the left, and the GE junction is
normally positioned at T10-T11 vertebral level (Fig. 1). The esophagus
joins the stomach near the squamocolumnar junction which cannot be
identified radiographically except in case of herniation of the stomach
through the esophageal hiatus where a lower esophageal ring or the “B
ring” will be demonstrated. Furthermore, the gastric folds, which are
normally located within 0.5 to 1.0 cm from the squamocolumnar
junction, can approximate the exact location of the (GE) junction, en-
doscopically and radiographically [3].

As no single universally accepted criterion to define the location of
the GE junction, in this review, we combine of all above mentioned
landmarks to help define the exact location of the GE junction.

The short esophagus (brachyesophagus) can be classified into two
categories based on etiology (Table 1).

2. Imaging findings
2.1. Short esophagus (congenital)

Formation of the esophagus begins during the fourth week of
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gestation, where the primitive foregut gives rise to the esophagus,
stomach, proximal duodenum and trachea. It begins as a diverticulum
that elongates and separates from the trachea due to infolding of the
lateral walls of the foregut reaching its normal relative length at ap-
proximately 7 weeks of gestational life [4].

A true congenital short esophagus occurs when the esophagus fails
to reach its definitive length in the embryonic period [5]. It is a rare
condition that is usually associated with an intra-thoracic stomach
whether partial or complete. An intra-thoracic stomach as an entity is
however usually secondary to a hiatal hernia and only rarely occurs due
to a congenital short esophagus. The first well-described case of con-
genital intra-thoracic stomach attributed initially to a short esophagus
was by Bright in 1836. However, the description of a hiatal hernia on
post-mortem examination attributed the condition to a complete hiatal
hernia rather than a congenital short esophagus [6]. Subsequently,
other cases of congenital short esophagus were reported in the 1950s
[1,2]. Whether the etiology of reported cases was truly congenital re-
mains largely speculative and strong evidence is lacking due to the
limited sources of evaluation.

A definitive diagnosis of a true congenital short esophagus requires
the presence of supporting evidence that the stomach developed in the
thorax before birth [7]. The embryological differences between a con-
genital intra-thoracic stomach and congenital short esophagus were
initially detailed by Skandalakis et al. [8]. They described the need for
clear anatomical evidence that the stomach developed in the chest if the
diagnosis of congenital short esophagus is to be made. That includes the
presence of a segmental arterial supply from the thoracic aorta (the left
gastric artery should not extend above the diaphragm), and a hernia sac
should not be identifiable [7,8]. The pathogenesis of an intra-thoracic
stomach due to congenital hiatal hernia is different; it is caused by
defective development of the lumbar part of the diaphragm and laxity
of the ligamentous attachments of the stomach. The stomach develops
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Table 1
Classification and etiologies of brachyesophagus.

A. Short esophagus (congenital)
Congenital short esophagus
B. Shortened esophagus (acquired)
1. Reflux esophagitis.
. Eosinophilic esophagitis.
. Caustic esophagitis.
. Post-esophageal atresia surgical repair.
. Inflammatory/autoimmune diseases.
. Mediastinal fibrosis/sclerosis.

U WN

in the abdominal cavity and herniates totally or partially in to the
posterior mediastinum after development of the intra-abdominal ar-
terial supply [9].

Optimal radiologic assessment nowadays is by antenatal ultrasound
or fetal MRI. An intra-thoracic stomach appears as a hypo-echoic
structure in the posterior mediastinum with no evidence of mediastinal
shift and absence of the stomach bubble in the abdomen. Early detec-
tion of an intra-thoracic stomach (in the first and second trimesters of
pregnancy) is in favor of congenital short esophagus. Whereas inter-
mittent appearance, on repeated antenatal imaging, of an intra-ab-
dominal stomach bubble and relative late detection (third trimester) is
in favor of a congenital sliding hiatal hernia since the short length of the
esophagus would restrict such movement in case of congenital short
esophagus [9,10]. Antenatal MRI evaluation is also of important value
since it could delineate the position of the GE junction and length of the
esophagus [9].

Early in-utero identification of the condition is important in prog-
nosis and surgical planning of associated serious complications such as
volvulus (organoaxial or mesentericoaxial), torsion and subsequent
perforation [9,11].

After birth, infants with congenital short esophagus may present as
an isolated anomaly or in association with other congenital defects
(Fig. 2). One association is with congenital microgastria, which is also
an extremely rare congenital abnormality as a result of a foregut de-
velopmental defect [12]. Microgastria by itself is commonly associated
with upper extremity limb reduction defects known as microgastria
limb-reduction complex [13].
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Fig. 1. Normal position of GE junction. (a) The GE junction
is normally positioned at T10-T11 disc space (arrow). (b) A
normal position of GE junction is considered up to the
upper endplate of T10 vertebra (white dots).

2.2. Shortened esophagus (acquired)

The normal length of the esophagus differs according to the pe-
diatric age group. It also shows significant variability within the same
age group itself [14]. Eventually the esophagus reaches its normal adult
length and configuration with an average length of 18-26 cm. The
esophagus starts at the level of the cricopharyngeus muscle (upper
esophageal sphincter) and courses through the posterior mediastinum.
It ends at the level of the gastroesophageal (GE) junction after piercing
the diaphragm at approximately the T10 vertebral level [15].

The definition of an acquired short esophagus differs from that of a
congenital one. The first indications used in its definition were in 1950
by Resana who considered the 7th thoracic vertebra as a landmark of a
short esophagus [16,17]. Later on, this term was used by radiologists to
describe the intra-thoracic position of the GE junction and to classify
the types of hiatal hernia [18]. Surgeons generally diagnose a short
esophagus on the inability to reduce the GE junction below the dia-
phragm intra-operatively. Other surgeons deny its mere existence,
stating that they are always able to reduce the GE junction below the
diaphragm [19-21].

Preoperative evaluation of the esophagus by barium studies, endo-
scopy or manometry can suggest a short esophagus. For example, on
barium studies, a GE junction appearing as “B-ring” located 5 cm above
the diaphragm suggests shortened esophagus usually with a hiatal
hernia [22]. The mucosal squamocolumnar junction can also be used as
a helpful landmark to locate the GE junction, as the gastric mucosal
folds should be located no more than 0.5 cm from the squamocolumnar
junction [3,23]. However, definitive diagnosis is done only after sur-
gical assessment. The current consensus for the definition of an ac-
quired short esophagus adopted by the majority of groups, should in-
clude the following major concepts: the short esophagus is only
diagnosed intraoperatively; only after extensive mobilization of the
mediastinal esophagus and when the intra-abdominal portion of the
esophagus is shorter than 2 to 3 cm with no downward tension applied
[20].

Acquired shortening of the esophagus in adults is most commonly
related to reflux esophagitis secondary to gastroesophageal reflux dis-
ease (GERD). However, in the pediatric age group, the most common
cause of acquired esophageal shortening and stricture formation is
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caustic ingestion. Other causes include eosinophilic esophagitis, and
postsurgical repair of esophageal atresia. It is also worth mentioning
inflammatory diseases as a cause of esophageal shortening [24,25].

2.2.1. Reflux esophagitis

Reflux esophagitis is secondary to the chronic inflammation that
accompanies gastroesophageal reflux disease (GERD). The most
common cause of GERD in the pediatric age group is inappropriate
relaxation of the lower esophageal sphincter (LES) [26]. It might also be
associated with hiatal hernia (Figs. 3 & 4) or with causes of recurrent
vomiting such as gastric outlet obstruction or bulimia [26,27]. Hiatal

45

Clinical Imaging 50 (2018) 43-50

Fig. 2. Congenital short esophagus. Neonate with a con-
genital short esophagus, microgastria and limb anomalies
(microgastria limb-reduction complex). (a) AP film from a
barium UGI and follow through demonstrating a small in-
trathoracic stomach (arrows) positioned above the eso-
phageal hiatus (OH) at T10. (b) same patient with short
limbs and absent 1st metacarpals and thumbs. There is also
a congenital dislocation of right elbow.

Fig. 3. Type I hiatal hernia (sliding) and acquired short-
ening of the esophagus. (a) AP view from an UGI exam
showing herniating GE junction at the upper endplate of T8
(black arrow). (b) Oblique view from an UGI exam in a
different patient with type I hiatal hernia demonstrating the
GE junction at T8-T7 (long arrow) and a long segment
esophageal stricture (short arrows) proximal to it secondary
to reflux esophagitis.

hernias may be first discovered by radiologists on chest radiographs.
Hiatal hernias with right intrathoracic stomach may present early in
childhood (Fig. 5) or may have a delayed late presentation (Fig. 6).
Hiatal hernia results in regurgitation of the acid or alkaline contents of
the stomach to the esophagus. A subsequent inflammatory response
occurs; starting with edema, inflammatory cell infiltration, healing and
eventually fibrosis. The fibrosis stage is a transmural process involving
the deep muscular layers and the peri-esophageal tissues of the med-
iastinum. When severe, a transmural fibrous scar would result which
could either occur circumferentially leading to a stricture or long-
itudinally resulting in acquired shortening of the esophagus [24].
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It is of notice that Barrett's esophagus is also a sequela of GERD even
in the pediatric age group [27]. One of the initial misconceptions in the
terminology of a congenital short esophagus was Barrett's esophagus;
when Norman Barrett first described ulcers in the stomach that had
been pulled up to the chest. These findings were then described as a
congenital short esophagus [28,29]. It wasn't until 1957 that Barrett
agreed that the columnar lined esophagus was a different entity from
short esophagus with hiatal hernia [28,29].However, the confusion
between short esophagus (brachyesophagus) and Barrett's esophagus
(endobrachyesophagus) persisted for some time [19].

2.2.2. Eosinophilic esophagitis

Eosinophilic esophagitis is a relatively new and rare inflammatory
esophageal disorder that was confused earlier with reflux esophagitis. It
is more common in children and is also called ‘allergic esophagitis’
implicating its etiology [30]. This disorder may eventually lead to re-
modeling of the esophagus due to its chronic persistent eosinophilic
inflammation and eventual fibrosis, which can induce irreversible
structural changes in the esophagus. The end result is stricture
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Fig. 4. AP (a) and lateral (b) views from an UGI exam of a
large type III hiatal hernia with both sliding and para-
esophageal hernia and secondary shortening of the eso-
phagus. The GE junction is located at T7-T8 level (long
arrow). There is a partial intrathoracic stomach (short ar-
rows).

Fig. 5. AP (a) and lateral (b) views from an UGI exam of
another patient with type III hiatal hernia showing GE
junction located at T7-T8 (arrow), and partial right in-
trathoracic stomach in a child.

formation involving short or long segments of the esophagus with
possible secondary shortening [31,32].

2.2.3. Caustic ingestion

Caustic ingestion is still considered as a health hazard in developed
and developing countries despite continuing educational programs and
legislations that limit the strength and availability of corrosive sub-
stances. The most affected age groups are children less than 5 years
with both acids and alkali being causative agents. The most common
sites affected are the areas of anatomical constrictions; the cricophar-
yngeus, the segments of esophageal compression by the aorta and left
main bronchus, and the lower esophageal sphincter [33]. Similar to the
mechanism of injury regarding GERD, the corrosive chemicals result in
a burn to the esophagus with late term complications consisting of
strictures and esophageal shortening (Fig. 7). The rate of stricture for-
mation is variable and depends on the grade of injury [34].

2.2.4. Post-repair of esophageal atresia
Esophageal atresia is surgically managed by primary esophageal



A.A. Alzaghal et al.

anastomosis in early infancy. Acquired shortening of the esophagus
(Fig. 8) is however a known sequela of the procedure with interval
appearance of anastomotic strictures on the long term [35].

2.2.5. Inflammatory/autoimmune diseases

Crohn's disease and juvenile systemic sclerosis (JSS) are diseases
that could also occur in children. The incidence of esophageal Crohn's
involvement is higher in the pediatric age group than adults [36]. JSS
may also show esophageal involvement in approximately 75-90% of
the cases [37]. Esophageal involvement is uncommon in both entities
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Fig. 6. A delayed presentation of a complete right in-
trathoracic stomach (long arrow) with herniation also of
some of the small bowel loops (small arrow) consistent with
type IV hiatal hernia.

Fig. 7. Oblique (a) and AP (b) views of an UGI exam of a
child showing a long segment stricture (small arrow) due to
caustic ingestion. There is shortening of the esophagus with
GE junction seen at T7-T8 (long arrow) and a resultant
small hiatal hernia (curved arrow).

with stricture formation being extremely rare. However, few cases have
been reported in the literature [38].

In case of inflammatory diseases, the accumulation of inflammatory
cells within the involved tissue distorts its architecture and may explain
the presence of a stricture which is usually a late manifestation [38].

The radiologic features are initially nonspecific and can be similar
to any other cause of chronic esophagitis. Ghahremani et al. [39] re-
viewed the radiologic features of twenty cases with esophageal Crohn's
disease which are similar to regional enteritis features such as ulcera-
tion, pseudomembrane formation, intraluminal sinus tract and fistula.
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Fig. 8. The patient is post-TE fistula repair and has severe shortening with the stomach
pulled through to the upper thorax (arrowhead) and GE junction located much away from
T10 (long arrow).

Sarcoidosis is a very rare disease in the pediatric age group with
only two case reports in the literature showing gastrointestinal in-
volvement [40,41]. Although sarcoidosis has also been described as a
cause of acquired esophageal shortening in adults, it hasn't been de-
scribed in children so far.

Esophageal sarcoidosis manifests pathologically by four different
patterns. Abraham et al. [42] reviewed these different patterns in adult
patients which include: superficial mucosal involvement manifesting
like Barrett's esophagitis, myopathic involvement by skeletal muscle
infiltration, direct enteric nervous plexus involvement mimicking
achalasia and extrinsic compression from enlarged mediastinal lymph
nodes.

2.2.6. Fibrosing mediastinitis/mediastinal fibrosis or sclerosis
It is a benign progressive disorder that is characterized by infiltra-
tion of mediastinal fat by dense fibrous tissue, which could either be
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focal or diffuse. Excessive proliferation of the fibrous tissue may lead to
compression of the vital mediastinal structures such as the airways,
systemic veins, and pulmonary vessels. Although less commonly, in-
volvement of the esophagus is also a possibility. This is usually through
posterior extension from subcarinal lymph nodes which could encase
the esophagus and cause dysphagia or traction diverticula [43,44].
Typical findings include both circumferential and long segment stric-
tures [45,46].

3. Management of a short esophagus

Management differs according to the primary etiology of esophageal
shortening, with each group requiring specific strategies.

3.1. Congenital short esophagus

As previously stated management of congenital short esophagus
starts in its early antenatal diagnosis since it is usually encountered
with an intra-thoracic stomach leading to significant morbidity and
mortality. An urgent laparotomy tailored according to each case is
usually required to prevent gastric volvulus and strangulation. The
surgical principles include reduction of the stomach, closure of the
hiatal defect and prevention of subsequent reflux by fundoplication and
gastropexy or gastrostomy [7,47].

3.2. Acquired short esophagus

Collis gastroplasty can be used for effective treatment for an in-
trinsically short esophagus. Collis gastroplasty lengthens the esophagus
by creating a gastric tubular segment from the lesser curve of the sto-
mach which permits an intraabdominal fundoplication [48]. However,
this is a non-physiologic procedure with associated decreased motility
and esophagitis [22].

It is of note that Nissen fundoplication was used earlier as a sole
method in treating reflux in the pediatric age group. However, it was
associated with high recurrence rates and associated hiatal hernias
especially paraesophageal (Fig. 9), requiring redo fundoplications
[49,50].

The Collis—Nissen fundoplication (CNF), which is a combination of
Collis gastroplasty and Nissen fundoplication, decreases the rate of
post-surgical complications such as breakdown and wrap migration and
provides better control of reflux symptoms [48].

Short esophagus can be safely elongated laparoscopically with ex-
tended mediastinal esophageal dissection [50]. Bochkarev et al. [50]
were able to elongate the shortened esophagus by 3 cm below the
hiatus at the time of anti-reflux procedures. This technique can obviate
the need for Collis' gastroplasty and improve overall outcome after anti-
reflux surgery. Strong evidence-based recommendations are now to-
wards using a Collis gastroplasty only after extensive efforts of eso-
phageal mobilization (extended mediastinal esophageal dissection) via
a laparoscopic transhiatal route [22,49].

In the context of esophageal strictures and secondary esophageal
shortening, the primary treatment of choice would be gradual serial
balloon dilatation (Fig. 10) which is a relatively safe and effective
procedure in infants and children [51,52]. Surgery is reserved for those
who failed recurrent dilatations.

Besides surgical management, there is no consensus in the medical
treatment of patient's symptoms. For example, steroids and acid sup-
pressive treatment were effective in few reported cases with esophageal
Crohn disease [36].
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