
























FIG. 9.-The mediastinal organs and abdominal
viscera of an iniencephaly which shows complete
failure of the oesophagus to elongate. The spleen
(S) lies in the chest enveloped by a thin serosal

membrane.

FIG. 10.-The serosal membrane
in the specimen in Fig. 9 is
removed. The arrow indicates
the oesophagus, a mere con-
striction between stomach and

pharynx.
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THE GASTRO-OESOPHAGEAL REGION IN INFANTS

FIG. 11.-Partial thoracic stomach in an infant. The arrow indicates
the 'empty segment', which is due to the contraction of the inferior

oesophageal sphincter.

oesophagus extends to or below the level of tracheal
bifurcation.
The oesophagus has remarkable powers of retrac-

tion. The organ may therefore shorten, after
herniation of the stomach (as in a simple hiatus
hernia), without any signs which might indicate its
true length. It may become secondarily fixed in this
position due to inflammatory changes which follow
oesophagitis and ulceration; the shortening may be
further aggravated by chronic fibrosis and scar

contraction. Gastric mucosa is then present above
the hiatus and the supradiaphragmatic loculus of
stomach may in the course of years elongate to
resemble the lower third of the oesophagus very
closely. This well known clinical entity, which is
not uncommon, is truly called 'short oesophagus'
although it is not a 'congenital short oesophagus',
a confusion of identity which has led to considerable
misunderstanding. For this reason Tonndorf's
conception fell into disrepute, especially after the
papers of Johnstone (1943), Allison (1948) and
others, so that later authors regarded congenital
short oesophagus as a rare anomaly (Belsey, 1954;
Thomsen, 1955 and Forshall, 1955). Certainly,
many of the cases reported as congenital short
oesophagus were really due to acquired shortening
with associated hiatus hernia-described at a stage
when the mechanism of hiatal herniation was

imperfectly understood; but the diagnosis of con-

genital short oesophagus cannot be ruled out in the
infant who vomits from birth and shows the follow-
ing radiological features (Fig. 11): (1) A small,
tubular, gastric loculus above the diaphragm; (2) a

relatively fixed cardia above the diaphragm as
evidenced by the distal border of the 'empty seg-
ment'. (This is due to the constriction of the
inferior oesophageal sphincter and has been wrongly
attributed to 'spasm' or 'stricture'). (3) A straight
oesophagus; (4) obliteration of the cardiac angle;
(5) a very wide, lax hiatus which may be tented.
The complete absence of oesophagitis in many

infants with partial thoracic stomach entirely
excludes any retraction or fixation due to chronic
inflammatory scarring. Because oesophageal changes
developed after one or two years in 'sliding hernia'
where the gullet was normal before, Thomsen (1955)
concluded that 'as is the case in adults, the shortening
is due to reflux oesophagitis'. However, congenital
short oesophagus necessarily implies that part of the
stomach lies above the hiatus. As this deranged,
insecurely fixed viscus is subject to all the forces
that normally predispose to herniation, the loculus
of stomach above the diaphragm may slowly
increase in size. The normal closing mechanism is
further disturbed, displaced and deprived of the
important support of the crura. The reflux that
follows leads to oesophagitis, fibrosis and more
shortening. Thus 'congenital short oesophagus' and
'sliding hiatal hernia' may produce an indistinguish-
able end-result, and may co-exist.

Sliding Hiatal Hernia Due to a Malformed Hiatus
Instead of ascribing a primary inhibition of growth

in the lower oesophagus (Tonndorf, 1923; Kelly,
1936; Lelong, 1947) as a cause for thoracic stomach,
Bund (1918), Bailey (1919) and Akerlund (1926)
blamed the lack of fixation of the cardia on a per-
sistence of the pneumato-enteric canal. This is
considered unlikely because a relatively big thoracic
stomach is sometimes seen at birth and even the
biggest bursa should not allow this degree of
mobility. Furthermore, little evidence of this
peritoneal recess has been found at operation and
the hiatus, which should be normally developed if
the peritoneal sac is the only factor, is often abnor-
mal. Harrington's (1940) theory that descent of the
stomach is disturbed, with poor subsequent fixation
to a wide hiatus, cannot be substantiated embryo-
logically (Botha, 1958a). Shanks (1948) felt that the
hiatus was congenitally enlarged, but the crural
muscle was normal. Dunhill (1935 and 1948)
described hiatal hernia with congenital absence of
the left crus-the aorta bowed far to the left.
Although this type of anomaly occurs it must be
rare, and, relatively speaking, not an aetiological
factor of clinical importance.
Bremer (1943) stated that hernia in the region of

the tendinous antrum on the left side near the
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ARCHIVES OF DISEASE IN CHILDHOOD

oesophagus is less common than herniation through
the trigonum lumbocostale. He thought it 'due to
failure of the last step in the closure of the pleural
passage, the growth above the descending stomach
of the thin strip of liver and septal extension to join
the mediastinum. Except for the large opening the
diaphragm in this type is normal'. This writer's
view on the development of the diaphragm cannot
be accepted (Botha, 1958a) and no clinical or experi-
mental evidence has been found to support his theory.
Numerous vague references to 'hiatal insufficiency'

appear in the literature (Allison, 1948; Johnstone,
1943), but no satisfactory explanation has been
advanced as to the cause of herniation in children.
Forshall (1955) found at operation in 30 cases
of partial thoracic stomach that the right crus
invariably appeared poorly developed, especially the
left limb and the posterior fibres. The diaphragm
as a whole was often unduly thin, almost flaccid to
the touch. She thought that a poorly developed
hiatus is the congenital element of this sliding hernia
in which the cardia is drawn through the hiatus by
the difference in intra-thoracic and intra-abdominal
pressures. Her operative findings, supported by the
findings at operation of other workers, contrast so
sharply with the normal anatomy of the crura that
one must accept some congenital maldevelopment
at the hiatus.
The nature of this abnormality is not yet known,

but the following suggestions may be considered:
(1) Congenital absence of one or both crura is rare.
(2) Failure of muscularization of hiatal muscle

so that a membrane forms at the site of the crura
which envelops the cranial portion of the stomach
(Christiansen, 1941). However, muscularization of
the diaphragm begins in the 12 mm. embryo (Botha,
1957b), when the oesophagus has already become
fully elongated and the stomach has reached its
normal position. There is, furthermore, no selective
failure of the muscle cells to invade the septum
transversum so that the rest of the diaphragm must
show signs of such an anomaly if it does occur. In
any case, muscle fibres are easily demonstrated in
the hiatal margins in cases of partial thoracic
stomach at operation and necropsy.

(3) The wide hiatus, with no muscular defect.
X-ray appearances certainly confirm the wide hiatus.
It is difficult to understand though, why infants
should be born with such a wide opening in the
diaphragm and the rest of the anatomy normal.
A study of the embryology and development
definitely points against this theory. If the oeso-
phagus is of normal length and such a big hole
exists, one would expect a progressive, large, freely
movable hernia; partial thoracic stomach is small

and fixed. It is also unlikely that such a primary
defective lax hiatus should later resume a normal
function. Thomsen (1955) stated that 'hernia' in
infants is not present at birth but only develops
afterwards as a consequence of the change in
pressure in the thorax and abdomen, and is due to
a 'lacking or abnormal fixation of the cardiac
region'. From what has been said before, this
statement cannot be accepted.

Very large, mobile herniae are sometimes found
where the oesophagus appears of normal length and
they are quite unlike the usual case of partial
thoracic stomach. Although it may only be a
difference of degree, it is thought that these herniae
are true sliders, probably in part due to either a
poorly formed hiatus or atypical arrangement of the
crura (Fig. 3 and ld).

(4) Malformed hiatus secondary to congenital
short oesophagus. When the oesophagus fails to
elongate, the cardia is retained in the chest. The
serosa is drawn out to this level and may form a
membranous sac around the upper stomach. Crural
development has been interfered with; the fibres are
attenuated and underdeveloped; the crura are thin
and the wide hiatus is tented upwards. In the very
short oesophagus (Figs. 9 and 10; Christiansen,
1941, and many others) the phreno-oesophageal
elastic and serosal attachment to the high cardia has
attenuated the crura to an insignificant membrane-
like covering. When the abnormality is minimal,
a wide hiatus and poorly developed crura, as found
at operation by Forshall, may be the only anatomical
signs of abnormality.

Smithers (1945) found it 'difficult to believe that
short oesophagus has nearly always been overlooked
at post-mortem'. However, after spending some
time in the necropsy room examining hiatuses of
normal subjects as well as others with hiatus hernia,
I fully sympathize and agree with Anders and Bahr-
mann (1932) and other authors on this subject; the
degree of herniation is difficult if not impossible to
assess after death.

It has been said that reduction of a partial thoracic
stomach at operation refutes the diagnosis of a
congenital short oesophagus. This is not necessarily
true. The gullet not only possesses amazing qualities
of retraction but also of extension. The hiatus in
the adult may move as much as two and a half
vertebral bodies during respiration (Botha, 1957b).
At operation, with the patient in the supine position,
the oesophagus is mobilized to 'above the aortic arch
level' and pulled down while the diaphragm is
completely paralysed by relaxants. The cardia, after
reduction, is maintained in the sub-diaphragmatic
position by approximating the crura and fixing the
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THE GASTRO-OESOPHAGEAL REGION IN INFANTS

oesophagus to the hiatal margin. This procedure
might be impossible on inspiration or in the erect
posture !

In conclusion, partial thoracic stomach is a
relatively common disorder in infancy that might be
due to congenital short oesophagus or a sliding
hernia (or a combination of these conditions).
The two abnormalities cannot be distinguished in

the majority of patients either by radiography or by
endoscopy. I believe that a large proportion of
instances of partial thoracic stomach are due to a
congenital short oesophagus-a far greater per-
centage than has hitherto been recognized.

Para-oesophageal Hernia
Para-oesophageal herniae are uncommon. A

portion of the stomach, usually the fundus, herniates
through a relatively wide but otherwise normal
hiatus while the cardia maintains its normal position.
Cases in which the gastro-oesophageal junction has
been displaced upwards, whether primary or
secondary, cannot be regarded as true para-oeso-
phageal types, but of a mixed variety. Para-
oesophageal herniae are seldom present in infancy
but usually occur later in childhood, adolescence or
in the adult. They are always on the right side:
left-sided ones are either of the mixed type or
diaphragmatic. As the closing mechanism is acting
in its normal position with optimum function, reflux
and oesophagitis are unusual. However, this type
of distortion frequently leads to ulceration, haemor-
rhage and even perforation.
The peritoneal sac which is commonly found is

undoubtedly derived from the right pneumato-
enteric recess (Akerlund, 1926; Barrett, 1954;
Botha, 1958a). Examples of these small empty sacs
have been found on the right side as well as
posteriorly, without any sign of herniation or any
other abnormality around the hiatus. A large sac
clearly invites early herniation, whereas the small
ones remain as potential spaces which might later
give way under strain. It then leads to a para-
oesophageal hernia, a mixed hernia or it might
weaken the attachment sufficiently to predispose to
an ordinary sliding hernia with a sac. Harrington
(1940, 1948) and Olsen and Harrington's (1948) views
that these herniae, as with the sliding varieties, are
due to congenital dilatation of the hiatus have not
been verified.

Oesophagus Lined with Glandular Epithelium
Barrett (1950) first aroused interest in a condition

which he called 'oesophagus lined by gastric mucous
membrane'. Unfortunately this has been confused
with congenital short oesophagus.

I have already indicated that some variation exists

as to the level at which the squamous epithelium
changes to glandular mucosa. In the adult, this
variation is more marked and the level may occur
anywhere from just below the cardia to the cricoid
(Barrett, 1954). The epithelium is, however, not
gastric epithelium, but glandular epithelium that
closely resembles the 'zone of cardiac glands' in
animals and man (Botha, 1958d). The tubules are
short and tortuous; mucus-secreting alveoli are in
abundance and oxyntic cells are either absent or
very scanty. It is suggested that these glands
represent a more primitive epithelial cell type, which,
for one or other reason, has not fully differentiated
into squamous epithelium (Botha, 1958d). There is
evidence that these aberrations might predispose to
oesophagitis and ulceration (Allison and Johnstone,
1953). Normally this condition has no relation
whatsoever to short oesophagus or hiatus hernia.
It might, however, be present in the lower oeso-
phagus of a patient who later develops a hernia or
it might line the lower portion of an oesophagus that
is congenitally short, but it is then unusual and
purely coincidental. Some of the cases reported as
of gastric-lined oesophagi are actually cases of hiatal
hernia or congenital short oesophagus where the
cardia lies well above the diaphragm. One of the
main reasons for this misconception is the view held
by some workers that the squamo-glandular junction
is the dividing line between stomach and oesophagus.
If this is used as a standard, some animals will either
possess an oesophagus and no stomach or others
will only have a stomach without a gullet (Botha,
1958d). The site at which squamous and glandular
epithelium meet cannot be regarded as the dividing
line between stomach and oesophagus in man; it so
happens that in the vast majority of people it takes
place at or near the cardia.

Cardio-oesophageal Relaxation or 'Chalasia'
Neuhauser and Berenberg in 1947 reported 12

infants with 'persistent vomiting evidently due to
relaxation or dysfunction of the hiatus portion of
the esophagus with failure of the normal "sphincter"
action of the cardia'. They called this 'cardio-
esophageal relaxation or chalasia'. With con-
servative treatment symptoms disappeared after a
few months and the infants showed no physical or
fluoroscopic abnormalities. It was thought to be a
temporary neuromuscular dysfunction of the hiatus
portion of the oesophagus and diaphragm (Beren-
berg and Neuhauser, 1950). Forshall (1955) pre-
ferred the term 'lax oesophagus', because 'it is not
only the cardia which is relaxed but also the whole
lower two-thirds of the oesophagus'. However, it
has been shown that the lower oesophagus in normal
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94 ARCHIVES OF DISEASE IN CHILDHOOD
infants is characteristically wide, readily distensible
and even sac-like on occasions, with irregular
contractions and contours (Lelong and Aime, 1934;
Bakwin, Galenson and Le Vine, 1944; Thomsen,
1955; Henderson, 1942; Malenchini, Roca and
Banzas, 1948).
There are other reasons why this condition is not

likely to be a neuromuscular imbalance: the hiatus
is usually wide and lax though there is no obvious
autonomic connexion with the phrenic nerves or
the diaphragmatic crura (Botha, 1957a). The
cardiac angle is lost (Forshall) and the cardia itself
appears on a higher level than normal, as if it has
been 'drawn up' into the hiatus. Drugs have no
effect on this condition but recovery is remarkable
in the great majority by nursing in the sitting posture.
In adults, the level of the diaphragm as seen radio-
logically does not necessarily correspond to the level
of the hiatus (Botha, 1957b). This is probably true
in children, to a lesser degree, which makes it
impossible to say with certainty that the cardia is
below, at, or above the hiatus. One knows that in
at least some of these cases, partial thoracic stomach
later develops (and not necessarily associated with
oesophagitis). Post-mortem and operative findings
cannot be regarded as reliable. The radiological
appearances are often extremely difficult to interpret
and one may still be uncertain as to the diagnosis even
after several examinations (Astley and Carre, 1954).

I believe that patients with 'chalasia' really suffer
from mild degrees of partial thoracic stomach, but
instead of the cardia being clearly in the chest, it is
lying in or just above the hiatus. This slight distor-
tion is sufficient to render the normal closing
mechanism incompetent. Some deteriorate into
sliding herniae. The great majority are treated
medically in the sitting posture with permanent cure.
Gravity assists the descent of the cardia to its normal
position and thus normal competence is re-estab-
lished.

Summary
The anatomy of the gastro-oesophageal region in

more than I 15 infants and children has been studied.
The outstanding features were: a small powerful
hiatus with marked overlap and an oblique lengthy
tunnel; a formidable phreno-oesophageal membrane
and secure fixation of a narrow terminal oesophagus.
These features were considered to be mainly respon-
sible for the superior gastro-oesophageal competence
in infancy. In contrast, hiatus hernia in the elderly
is a terminal degenerative manifestation in the
evolution of the cardiac region.

Differences in age, sex and familial incidence,
clinical course, radiological features, associated
abnormalities and in the outcome of surgery support

the view that the mechanism of partial thoracic:
stomach in infancy and hiatus hernia in adults are
not identical conditions. The noncommittal term
'partial thoracic stomach' is preferred as it is
impossible in the great majority of cases to dis-
tinguish between sliding hiatal hernia and congenital
short eosophagus.

Evidence suggests that a large proportion of cases
of partial thoracic stomach are due to congenital
short oesophagus.

I am indebted to Professor F. A. R. Stammers for his.
interest in this work and to the Endowment Fund for a
grant. I wish to thank Dr. Roy Astley for valuable
advice and criticism in the preparation of this manuscript
and for the radiograph: Dr. H. S. Baar, pathologist to
the Children's Hospital, Birmingham, and Dr. H. G.
Kohler, pathologist to the Maternity Hospital,
Birmingham, for most of the anatomical material and
Mr. T. F. Dee for the photographs.
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