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It appeared to be largely ineffective in premature infants,
unless it was followed up by a regular oral supply of
vitamin D.

It was found that only I in 4 infants was receiving
ufficient vitamin-D supplement.

The effect of using artificial feed enriched with vita
min D was to reduce the incidence of rickets very con
siderably. It was noted, however, that rickets did occur
even in babies fed on enriched milk when no extra sup
plement wa given. This must be related to the fact that
the amount of vitamin D in the various enriched milks
works out at approximately 300 IU per pint of reconstituted
milk. It would appear advisable to increase this amount
to at least 400 IU.

The low incidence of ricket seen in breast fed infants
deserve further study a breast milk is reported to con
tain very little vitamin D. A possible explanation is that
mothers who are breast feeding give their babies better
care on the whole than those who bottle feed, and con-
equently the babies get more sunlight.

The time seems to be ripe to follow the overseas trend
and use milk enriched with vitamin D for normal infant

feeding. In addition, special care should be given to all
premature infants and twins, to ensure continued and
adequate dosage of vitamin D.

Similarly, breast fed infants should receive an adequate
supply of vitamin D from birth. If these measures were
applied, it should be possible to eliminate most of the
infant rickets.

SUMMARY

A survey done on 600 infants and young children living in
Cape Town in 1967 revealed that I in 7 infants d~velC?ped
clinical signs of rickets before the age of 6 months. Vltamm-D
supplements, where given, reduced this incidence considerably,
but only a small proportion of infants received these
regularly.

A case is made for the use of dried milk, enriched so that
a reconstituted pint contains 400 IU vitamin D, as the most
effective method of preventing rickets.

I wish to thank the Medical Superintendents of Groote
Schuur, Peninsula Maternity, Somerset, and Red Cross War
Memorial Children's Hospitals for information relating to
premature infants and twins in or admitted to these hospitals.
The Lactogen and enriched Pelargon used in the experiments
reported above were supplied by Nestle (S.A.) (pty) Limited.
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TABLE I. CIRCULAR MUSCLE THICK ESS

I = number of degrees of freedom.
P = level of significance.

Sire
Greater curve
Lesser curve
Anterior wall
Posterior wall

The results obtained with the circular muscle are
shown in Table I. The muscle in the ulcer group was
significantly thicker than in the control group on the greater
and lesser curvatures and on the posterior wall, but on
the anterior wall this difference was not significant.

The Effect of Proximity of the Ulcer TO the Pylorus
There was no significant correlation between the circu

lar muscle thickness on the lesser curvature and anterior
and posterior walls and the distance of the gastric ulcer
from the pylorus, but on the greater curvature the co
efficient of correlation is -0'66 (- indicates that distance
is greater for thinner muscle). This is illustrated in Fig.
\. By the Standard t test this value is highly significant
(probability of chance < 0'1 % and 95% confidence limits
as determined by Fisher's Z method are -0,38 and -0'84).

Time Relationship between the Onset of Muscle Hyper
trophy and Gastric Ulceration

In the cases reported above it has been assumed that
the ulcer preceded the pyloric hypertrophy because in none
of them was there a history of pyloric obstruction pre
ceding the ulcer symptoms. In one additional case this
time relationship could be studied accurately.

Illustrative caSe report. A male. aged 27 years, de
veloped a radiologicalIy proved gastric ulcer in January
1964. when the pylorus appeared normal (Fig. 2). The ulcer

made on 10 normal
on patients without any
and these were used as

Hypertrophic pyloric stenosis in the adult may be the
end-result of conservative management of the infantile
variety (in which cases there is an appropriate history) or
it may commence in adult life. The latter variety may be
the only lesion' or it may be associated with other ab
dominal disorders, of which gastric ulceration is one of
the commonest. In such cases it is often difficult to decide
whether the ulcer is the cause or the result of the muscle
hypertrophy. There is no doubt that the stasis of pyloric
hypertrophy can cause gastric ulceration,'" but in many
instances there is no history of preceding obstruction,
which suggests that the ulcer was the primary event. This
paper records some observations in this type of case.

Pyloric Muscle Thickness in Gastric Ulceration
A study was made of an unselected series of 31

tomachs resected for chronic gastric ulceration without
any history of obstruction. At operation special care was
taken to avoid injury to the pyloric mttscle, and im
mediately after resection the stomach was opened along
the greater curvature, pinned out on a board and fixed in
10% formalin in saline. After fixation, sections were cut
of the whole thickness of the pyloric region of the
tomach wall on the lesser and greater curvatures and an

terior and posterior walls midway between the curvatures.
The sections were stained with haematoxylin and eosin.

The thickness of the muscle coats was measured at the
thickest part of the muscle, using a measuring device on
the stage of a microscope.

Similar measurements were
stomachs removed at autopsy
evidence of abdominal disease
controls.

Measurements revealed no significant difference in
thickness of the longitudinal layer of muscle of the ulcer
cases as compared with the controls.
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healed on standard medical treatment and in March 1964
the barium meal showed no ulcer and a normal pylorus
(Fig. 3). Ulcer symptoms recurred in June 1965 when the
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Fig. I. Relationship between thickness of the pyloric
muscle on the greater curvature and the distance of the
ulcer from the pylorus. (Shaded area represents the limits
of normal controls.)

Fig. 2. Gastric ulcer with normal pyloric canal
(January 1964).

barium meal revealed an elongated and narrowed pyloric
canal (Fig. 4). He was again treated medically with relief
of symptoms until July 1966, when he presented with ob-

Fig. 3. Gastric ulcer healed and pyloric canal normal
(i'vlarch 1954).

Fig. 4. Elongated pyloric canal (June 1965).
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TABLE 11. MUSCLE THICKNESS

Fig. 5. Elongated and narrowed pyloric canal (July 1966).

Bilroth I p:Htial gastrectomy was performed with
complete relief of symptoms. The stomach was examined
as de cri bed above.

by some of the case histories recorded by Burge.' In the
ca e reported here there wa no history of obstruction
preceding the gastric ulceration, suggesting that the
ga tric ulcer was the primary event in each case.

The normal thickness of the longitudinal muscle layer
in these cases is in contrast to the deficiency of the longi
tudinal muscle in primary hypertrophic pyloric stenosis in
the adult.' This suggests that there are two distinct entities
which can be differentiated clinically by the sequence of
ulcer pain and the symptoms of obstruction, and histo
logically by the thickness of the longitudinal muscle of
the pyloric canal.

This phenomenon may be of significance in the
management of gastric ulcers because in the presence of
gastric stasis the ulcer is unlikely to respond to medical
treatment or if it does it will probably relapse. Pyloric
hypertrophy should therefore be specifically looked for
on barium meals and if present it probably constitutes an
indication for surgical treatment without a preliminary
trial of medical treatment, although Albot and Magnier'
point out that prolonged medical treatment wiU retard the
onset of stenosis.

This secondary type of pyloric hypertrophy should also
be kept in mind when considering the pathogenesis of
gastric ulceration, because delayed gastric emptying in
cases with gastric ulcers will not necessarily indicate that
gastric stasis was the cause of the ulcer.

It has previously been reported that pyloric muscle
hypertrophy is particularly likely if the gastric ulcer is
clo e to the pylorus' but, according to the results reported
here, this was only the case along the greater curvature.

It is uncertain how this secondary type of pyloric
hypertrophy is produced. It is generally assumed to result
from reflex spasm which eventually causes hypertrophy,
but although pyloric spasm, reversible with drugs, can be
seen in many cases with abdominal disease" and can be
reproduced experimentally in animals by irritating upper
abdominal viscera,'· the progression from (reversible)
spasm to hypertrophy has not yet been proved.

Circular muscleLongiwdinal muscle

structive ymptoms; on barium meal there was no
ulcer but an elongated narrowed pyloric canal (Fig. 5),
with delay in ga tric emptying.

Mean of Mean of
Case controls Case cOlllrols

Site (mm.) (mm.) (mm.) (mm.)

Greater curve 0·6 0·9 (0·2 - 2·2) 60 3-8 (\·2 - 4·8)
Lesser curve 0·6 0·8 (0-4 - 1,0) 9-4 4·0 (3·2 - 6·0)
Anterior wall 1·1 0·8 (0,2 - 1-4) 4·0 4·1 (2·8 - 6,0)
Posterior wall 0·8 0·6 (0·2 - 1·0) 8·2 4·0 (2·8-5·4)

There was no active ulcer but the scar of a healed ulcer
was present on the lesser curvature 8 cm. from the py
lorus. The pyloric muscle was hypertrophied and measure
ments of muscle thickness at the pylorus are shown in
Table H. The longitudinal layer wa within normal limit
but there wa hypertrophy of the circular layer except on
the anterior wall.

DISCUS 101

The as ociation of gastric ulceration and pyloric hyper
trophy has been recognized for a long time:" but most
authors have been uncertain about the sequence of
event" although Burge' considered that the pyloric hyper.
trophy was the cause of the ulcer. The stasis caused by
pyloric stenosis certainly can re ult in gastric ulceration,'
but the reverse can also occur,' as is actually illustrated

SUMMARY

A study of 31 stomachs, resected for chronic gastric ulceration,
has revealed that there is a significant increase in thickness of
the circular muscle at the pylorus. On the greater curvature this
is more prominent the closer the ulcer is to the pylorus. This
muscle hypertrophy may be primary (and so the probable
cause of the ulcer) or secondary to the ulcer. Because in these
cases there was no history of pyloric obstruction preceding the
onset of ulcer symptoms, it is assumed that the hypertrophied
pylorus occurred secondary to the gastric ulceration. A case
is reported in detail where the ulcer clearly preceded the de
velopment of the muscle hypertrophy. This phenomenon must
be kept in mind when considering the pathogenesis and
management of gastric ulceration.

I wish to thank Prof. A. E. H. Bleksley for his assistance
with the statistical evaluation and interpretation of the results.
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