
THE FUNCTIONS OF THE STOMACH IN RELATION 

TO THE TREATMENT OF PEPTIC ULCER* 

By C. F. W. ILLINGWORTH 

Regius Professor of Surgery, University of Glasgow 

Until towards the end of last century peptic ulcer was somewhat 
of a rarity. Since then year by year its incidence has increased, so 
that it is now one of the commonest causes of prolonged disablement. 
But this great increase in frequency has been accompanied by no 
commensurate improvement in therapy. Indeed, the treatment of 

peptic ulcer now is not greatly different from the treatment practised 
fifty years ago. In an age which has seen many notable therapeutic 
discoveries and a vast improvement in many fields of medicine and 
surgery the problem of peptic ulcer remains unsolved. 

It would, of course, be an exaggeration to suggest that the present- 
day treatment of ulcer is entirely ineffective. It is true that many 
ulcers heal under careful and sustained medical care ; it is true that 

lasting cures have been achieved in selected cases by operation. But 

neither medical nor surgical treatment is uniformly successful ; indeed, 
on a long-term assessment both methods fail in over 40 per cent, o 
cases to effect a cure. 

There is thus no room for complacency, but on the other han 
every reason for profound dissatisfaction. Under these circumstances 
it seemed to me that a review of the whole situation is called for. An 

since peptic ulcer is so closely related, in its origin, progress, 

symptomatology and treatment, to the abnormal activity of t e 

stomach, it seemed to me that a study of the normal activity of t at 

organ might provide the most fruitful line of approach. 
Our knowledge of these functions has come from the wor o 

many observers ; from the physiologists, among whom Pavlov stan s 

pre-eminent, and from many clinical experimentalists who have soug t 
to solve these problems by studying them in man. 

The first such study was made over a hundred years ago. 
originated in two senses by accident; the unlucky accident by w ic 
Alexis St Martin, the young Canadian voyageur, sustained a mus e 
wound of the stomach and the lucky accident which broug t im 

to the medical care and scientific curiosity of Dr William Beaumo , 

who nursed him back to health, maintained and protected him or 

many years, and subjected him to many interesting an ingen 

experiments. 

* A Honyman Gillespie Lecture delivered in the Royal Infirmary on 18th 

January 1945. 



120 C. F. W. ILLINGWORTH 

Beaumont was concerned mainly with the process by which food 
reaching the stomach is converted into chyme. Since then this digestive 
process has been elucidated by biochemical researches on the enzymes 
and by many clinical observations on the acidity of the gastric juice. 
We now know that the stomach elaborates at least two enzymes?? 
pepsin and lipase, and possibly a third, rennin?and churns them up 
with the food. We know that pepsin, with which we are most con- 
cerned, is activated by hydrochloric acid secreted by the parietal cells 
in the fundus and body of the stomach. Furthermore, we know that 
the secretion is stimulated by two mechanisms, the nervous mechanism 
which yields the appetite juice and the local mechanism, possibly 
hormonal, which comes into action when food enters the stomach. 
It is my purpose to review what is known of these functions in so far 
as they relate to peptic ulcer. 

The Acid Secretion.?Peptic ulcer occurs only in those parts 
of the alimentary tract which are exposed to acid gastric juice. It is 

generally related to hyperchlorhydria and is practically unknown in 
achlorhydria ; consequently it is not surprising that in the past the 
greatest attention has been paid to the secretion of hydrochloric acid. 

As a result of test meal examinations, a great deal is known about 
the variations in gastric acidity in disease, for example the hyper- 
chlorhydria of duodenal ulcer, the climbing curve of pyloric stenosis, 
the hypochlorhydria of gastritis, the achlorhydria of pernicious anaemia 
and gastric carcinoma. Curiously enough, however, until quite 
recently but little was known about the equally great variations which 
occur in health. Clinical workers are always more interested in disease 
than in health, just as physiologists are more interested in mice than 
in men. 

Recently Vanzant and his colleagues at the Mayo Clinic have 

published their findings in a series of over 3000 healthy persons, and 
have brought to light several important facts. They show that the 
average level of gastric acidity varies at different ages and in the 
two sexes. In childhood the acidity is low, it rises rapidly in adoles- 
cence, maintains a high level till about the age of forty and then 
diminishes. In females throughout life the acidity is lower than in 
males. It is interesting to note that the incidence of peptic ulcer varies 
in just the same way, and one is tempted to speculate on a possible 
relationship as cause and effect. 

Another interesting observation from these Mayo Clinic figures 
is that complete achlorhydria is quite common in perfectly healthy 
persons. Its incidence also rises with increasing age. In youth, 
achlorhydria is rare, but by the age of sixty years it is very frequent? 
in 23 per cent, of men and as many as 28 per cent, of women. If we 
knew why this progressive reduction of acidity occurs, it would be a 
short step to the cure of peptic ulcer. 

Most methods of treatment aim at neutralisation of the acid, and 
a great deal of research has been undertaken to determine the relative 



FUNCTIONS OF STOMACH IN TREATMENT OF PEPTIC ULCER 121 

advantages of different drugs and diets from this point of view. It 
is well known that of the alkalies in common use sodium bicarbonate 
and magnesium oxide are quite the most effective as neutralising agents, 
ut unfortunately their effect is short lived, and moreover they rapidly 

stimulate a fresh flow of acid juice. Moreover, sodium bicarbonate, 
which enjoys wide popularity owing to the rapidity with which it 
relieves pain, has the further disadvantage of leading to the production 
o gas, which causes distension discomfort and is very apt to encourage 
t e objectionable habit of aerophagy. The heavy carbonates are 
somewhat more prolonged in action, as are aluminium hydroxide and 
t e trisilicates, but any of these substances to be completely effective 
must be administered continuously by night as well as by day, and 
* r}S !S onIy practicable in hospital in-patients. Indeed, the only 
e ective method of bringing about a complete and permanent reduction 
o acidity is by the operation of subtotal gastrectomy, and this method 
too is not universally practicable. 

We must not assume, however, that the acid is the only factor 
concerned in peptic ulcer or that neutralisation of the acid is 
t e essential part of treatment. There is a risk that the ease of 
estimation of acidity may focus too much attention on this factor to 
t e neglect of others equally or even more important. There is 
in eed strong evidence that hyperchlorhydria is not so all-important 
as has been supposed. It is true that hyperchlorhydria is the rule 
*n uodenal ulcer, but in gastric ulcer the acidity may be normal or 
even low. The usual explanation, that in gastric ulcer hyperchlorhydria 
is masked by the presence of mucus, is far from convincing. It should 

. 

e remembered also that increased acidity does not necessarily bring 
increased digestive activity, for pepsin has an optimum level of 
y rogen-ion concentration, and an increase above this point does not 

enhance its action. Lastly, the rapidity with which surgical wounds 
? the stomach unite indicates that even a high degree of acidity does 
not necessarily delay healing. 

Gastric Motility.?A peptic ulcer may quite properly be regarded 
j*s one type of wound of the stomach, and in our treatment we should ear in mind the cardinal principles which govern the healing of wounds, 
ne of these fundamental principles is to put the part at rest. It is 

t erefore important that we should study the movements of the 
stomach and the methods by which they may be controlled. 

The gastric motility can be studied best by means of a balloon 
Jntroduced at the end of a stomach tube and connected with a tambour 
recording on a moving drum. Records obtained in this way 

* show 
t at the stomach is normally in a state of tone, and that small variations 

the degree of tone are occurring constantly. Moreover, every two 
or three minutes the stomach undergoes contractions which show 

These records and all the observations on gastric motility to which I shall 
refer are the work of my colleague, Mr A. W. Kay, to whom I am indebted for 
Permission to quote them. 
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themselves as rhythmic waves lasting for perhaps 20-30 sees., with 

intervening periods of quiescence. These movements are quite distinct 
from the so-called hunger contractions which occur in groups at long 
intervals and only when the stomach has been empty for a long time. 

Thus the normal stomach is never completely at rest. Still less 
is the stomach of a patient with an active ulcer. Here the tonus 
variations are more marked and there is a striking increase in the 

frequency, amplitude and duration of the rhythmic contractions, which 
may even assume a tetanic character. When we picture this powerful 
viscus in continuous writhing activity, day and night, the surprising 
thing is not that ulcers resist treatment but that any ulcer ever contrives 
to heal in the face of such persistent irritation and trauma. 

Vascularity of Stomach.?Some recent observations by two 
New York workers, Wolf and Wolff, have thrown a flood of light on 
the normal mechanism of the gastric functions. These workers like 
William Beaumont made their observations on a patient with a 

gastric fistula. The part of their work which has attracted the 

greatest notice related to the effect of emotional stresses on the stomach, 
and I shall refer to this shortly ; but in addition they made many 
other observations on the behaviour of the stomach under normal 
conditions and in response to various stimuli. In their patient the 
gastrostomy wound was large and lax, and a ring of mucous membrane 
protruded through it, so they were able to view the mucosa directly 
as well as to test its motility and secretion. They observed that under 
various conditions the vascularity of the stomach varies enormously. 
Normally it is pale yellowish red, but it may become congested to a 
brilliant scarlet. Moreover, there is a certain correlation between the 
vascularity of the stomach, its acid secretion and its movements ; 
the more blood coursing through it, the higher the acid and, in general, 
the greater the motility. This doubtless explains why mustard, highly 
spiced articles and the fatty acids of fried foods, which produce an 
intense hyperaemia, are so harmful to the healing of an ulcer and so 
apt to aggravate the pain. 

The Nervous Control of Gastric Function.?It has long 
been known that both the secretion and the motility of the stomach 
are subject to the influence of stimuli from the central nervous system. 
These stimuli are transmitted mainly by the vagus nerves and they 
are now known to emanate from the parasympathetic centre, which 
has been shown (Beattie, Sheehan and Kerr j Heslop) to be located 
in the anterior part of the hypothalamaus in the floor of the 3rd 
ventricle. That these nervous connections have an importance in 
relation to peptic ulcer is shown by the observation, first made by 
Cushing and confirmed by other neurologists (Dott; Ask-Upmark) 
that an acute bleeding or perforating ulcer may develop rapidly after 
operations in the hypothalamic regions. 

Even more important in relation to the generality of peptic ulcers 
is the influence of nervous stimuli from the higher centres of the 
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cortex. It has been recognised for some years that peptic ulcer occurs 
commonly in a particular type of patient, the over-conscientious, 
active, energetic patient whom the psychologists label as 

" obsessional." 
The explanation of this incidence is supplied by the work of Wolf 
and Wolff, to which I have already referred. They found that in 
their patient the vascularity of the gastric mucous membrane, its acid 
secretion and its motility all varied according to his emotional state 
and were particularly great in those conditions of suppressed annoyance 
and worry to which our ulcer patients are particularly subject. It seems 
clear that in such circumstances there is a continuous discharge of 
nervous impulses from the higher centres to the hypothalamus and t us to the vagus and stomach, which lead to hyperchlorhydria and 
spasm and thus prevent the healing of the ulcer. 

Denervation of the Stomach.?In view of this evidence it 
would seem reasonable to explore the possibility of influencing the 
gastric secretion and motility by cutting off these nervous impulses, 
his has indeed already been done, but only to a very limited extent, 
he literature was reviewed by McCrea in 1925, later by Edwards, 

and more recently by Weinstein. It will be sufficient to say that 
w ile the method has been used in a considerable number of cases 

lr^ treatment of various functional disorders, there have been few 
o servations on its use for peptic ulcer, and those few observations 
ave been invalidated by the fact that in every case the nerve section 
as been combined with gastro-enterostomy or a similar procedure. 
The nerve supply to the stomach has been described in detail by 

cCrea. Briefly, the parasympathetic fibres reach the stomach in 
t e two vagus trunks, which lie respectively in front of and behind t e lowest part of the oesophagus. At the cardia they incline towards t e lesser curvature, pass down in the lesser omentum and give off 
ranches which go to supply the stomach as far down as the pyloric 

antrum. The pylorus is supplied by a separate branch of the left 
vagus which leaves the main trunk close under the diaphragm and 
proceeds high in the lesser omentum towards the porta hepatis. 

Technically it is feasible to divide the vagus trunks as they lie on 
e lowest part of the oesophagus, but the posterior trunk is somewhat 
ifficult of access and there is a certain danger of puncturing the 
in-walled oesophagus. It has been shown, moreover, that some 

parasympathetic fibres approach the stomach via the sympathetic 
P exuses which accompany the main vessels to the stomach, so for 
completeness as well as for technical ease it is preferable to perform 
t e denervation at a lower point and to include both sympathetic and 
Parasympathetic fibres. This is achieved by the operation of Latarjet. 

t the cardia, the fibres accompanying the coronary artery are cut 
across, and the division is carried down to the mucosa on the lesser 
curvature and for an inch or two over both surfaces of the stomach 
ln order to include all vagus fibres. At the pylorus the free margin 
?f the lesser omentum is cleared and also all nerve fibres accompanying 
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the right gastric and gastro-epiploic arteries. In this way an almost 

complete section of all the extrinsic nerves is achieved. 
Results of Denervation of Stomach.?Since to interrupt the 

nerve supply to the stomach is a simple and safe procedure, I have 
felt justified in advising it, as an experiment, in selected patients as 
an alternative to the much more formidable operation of gastrectomy. 

I have now carried out this operation in four cases, three with 
active duodenal ulcers, the fourth with a gastric and a duodenal ulcer. 
In each case a full investigation of gastric motility and secretion was 
made before operation and after operation. 

The most striking effect has been seen in the motility of the 
stomach. In all four cases before operation the movements were very 
active, with frequent powerful rhythmic contractions and only brief 
intervening periods of quiescence. After operation in ?very case this 
state of unrest was replaced by almost complete immobility, with only 
occasional very slight alterations of tonus to disturb the calm. 

In three of the cases the opportunity was taken to observe the effect 
of prostigmine, which is known to act by parasympathetic stimulation. 
Prostigmine before operation, as was to be expected, increased the 
gastric contractions, but after operation its effect was almost completely 
abolished. 

An interesting observation was also made in one case on the 
effect of smoking. In the normal stomach, smoking has no obvious 
effect on the stomach movements. In the ulcer case before operation, 
on the other hand, it caused increased contractions accompanied by 
pain, and also brought about a rapid outpouring of acid juice. After 

operation all these results were abolished ; there were no muscular 
contractions, the secretion was not raised and pain remained completely 
absent. 

The effect of the operation on the acid concentration of the gastric 
juice at first sight appeared disappointing. While the test meal 
records all showed a somewhat lower acidity after operation, the 
reduction was not significant, and certainly quite insufficient to 

control the peptic activity of the juice. It is clear, as was indeed to be 
expected from physiological observations, that as long as the parietal 
cells remain active and the intrinsic nerve plexus is unimpaired the 
secretion of hydrochloric acid can proceed independently of external 
stimulation. ^Vhen, however, the gastric secretion is estimated in 
terms of quantity rather than of acid concentration, it is seen that the 
denervation is not without effect, for the volume of juice secreted per 
unit period of time is greatly reduced. In one case the rate of secretion 
was reduced after operation to about a quarter of its previous level. 
From this it would appear that the effect of denervation is to reduce 
the secretion of all the constituents of the juice, the alkaline mucosa 
and enzymes on their relative concentration. In this respect the effect 
of denervation is exactly what obtains when the parasympathetic 
nerve endings are paralysed by atropine. 
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In addition to its action upon the gastric motility and secretion, 
enervation has an impressive effect in virtue of division of the pain- 

carrying nerve fibres. All the four patients subjected to this procedure 
ad been chosen because of the continuance of severe pain despite 

careful medical treatment ; all were emphatic as to the complete relief 
?. ?.a^n immediately following operation. It is of course true that 
simi ar relief from ulcer pain follows other types of operation, but 
in t ese cases I gained the impression that the relief was quite excep- tional in its completeness. As an example I quote Case 4. This was 
a man aged thirty-eight who had suffered from periodic indigestion 
or about twelve years. During the past year it had been severe and 
unremitting. He had been in hospital for four months, and during 

e rst eight weeks of that time had been confined to bed and on a 
ngorous diet with thorough medication, but without relief to the 
pain which was severe and incapacitating. At operation there was a gastric ulcer near the lesser curvature, 1 cm. across, and a small 
active ulcer on the anterior duodenal wall close to the pylorus. By 
enervation his pain was completely relieved, for the first time for 

nine months. This observation may be of interest in regard to the 
general problem of pain in ulcer, for it shows clearly that the pain is 
isceral in origin, and transmitted by fibres which accompany the 
antonomic nerves. It appears also to indicate that the pain is not due o increased acidity, as has sometimes been supposed, but is due to 
increased motility and muscular spasm. 

Thus we may conclude that division of the extrinsic nerves of the 
s omach has an effect upon the gastric motility and its secretion and 
so interrupts pain sensation. How long these effects will persist, 

th"1^08 t0 seen" Resection of autonomic nerves in other parts of 

^ 

e ody is notoriously liable to be shortlived in its effects, and a long 
irne must elapse before we can assess the permanency of the functional c an?es* Similarly a long time must elapse before we can assess the 
ect of the operation on the healing of the ulcer. The history of the 

urgical treatment of ulcer is a succession of claims for new operations 
n the basis of a few cases followed for too short a time, and I make 
no claim in respect of this operation of denervation. At the present 

^ime it must be regarded merely as an interesting experimental 

In conclusion, may I emphasise the need for renewed efforts to 
o ve the problem of peptic ulcer. Our present methods of treatment 

ai*e far from adequate and leave no room for complacency. A great 
ea of research is called for, not only on those aspects of the gastric 

P ysiology to which I have referred, but on others which may be 

equaHy important. At present we know little about the secretion of 
Pepsin. It may be much more important than the hydrochloric acid, 
ut owing to technical difficulties in its estimation very few observations 
ave been made on it. We know little about the so-called chemical 

P ase of secretion, which may be due to a hormone produced in the 
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pyloric segment. We know little also about two other hormones? 

enterogastrone, which is said to be formed in the small intestine, 
and urogastrone, which has been isolated from the urine. These 

hormones are believed to be capable of inhibiting the gastric secretion, 
and may well prove to be of value as therapeutic agents. All these 
and many other problems await solution. 
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