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Fig. 7 Ring stricture (or lower oesophageal
web or Schatzki ring) proximal to hiatal hernia.

than by endoscopy (fig. 2 and fig. 7). The force
applied in distending the oesophageal wall at
fluoroscopy is much more like that applied in eating
and drinking than that applied by the endoscope,
which frequently temporarily stretches the ring of
tissue sometimes formed by the squamocolumnar
junction (see section 2). Here again a bolus of bread
and barium or a barium-impregnated marshmallow
may demonstrate the site of bolus obstruction, which
produces such distressing symptoms.
The radiologist should be capable of reporting to

his colleagues the dynamics of the oesophagus using
the contrast medium to show pressure, flow,
contractility and elasticity, and obstruction. He
cannot deny or confirm a patient's symptoms. He
can only indicate whether there is continuous or
intermittent incompetency of the antireflux mech-
anism. He can record the mechanical problems,
especially in relation to strictures where assessment
of reversibility is a prognostically important objec-
tive. All this information can be provided if the
radiologist is asked for it; but the quality and
quantity of information given by the radiologist is
likely to be influenced very much by the quality
and quantity of information provided and asked for
by the clinician.

Section 4 Pharmacology and therapeutics

J. J. MISIEWICZ

Physician and Member of Scientific Staff, Medical Research Council Gastroenterology Unit, Central
Middlesex Hospital, London

None of the various methods available for study of
oesophageal pharmacology is wholly satisfactory.
Radiological screening is of limited value for reasons
discussed by my colleagues. Gastrooesophageal
reflux can be detected by the measurement of
oesophageal pH with an indwelling electrode
(Tuttle, 1958; Pattrick, 1970), and records of
reflux during an extended period, eg, at night (see
section 5), and of the effects of drugs or hormones
upon it can be made (Stanciu, 1972). This is a
valuable method which provides objective measure-
ments of periods during which oesophageal mucosa
is exposed to acid (see section 1).
Most research on oesophageal function and

pharmacology has been performed by measuring
intraluminal pressures, usually with a multilumen

assembly of tubes. The test is easy to perform, but
the analysis and interpretation of the records is less
easy. The type of pressure sensor at the distal end
of the tube, whether balloon or open-ended tip, can
affect the amplitude and shape of recorded pressure
waves. Fortunately, the introduction of the con-
stantly perfused open-ended tip (Winans and Harris,
1967; Pope, 1967), has not only advanced knowledge
of sphincteric function, but has led to greater
uniformity in methods of recording. Although
intraluminal manometry is an important research
tool, there are certain uncomfortable facts that have
to be faced. For example, Why is it that pressures
recorded from the same cardiac sphincter, by per-
fused tubes, successively pulled through it at short
intervals of time, can vary so widely? This is not to
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J. J. Misiewicz

Fig. 8 Intraluminal pressures
in the oesophagus (leads 1 and
2), the cardiac sphincter
(lead 3), and the gastricfundus
(lead 4). Perfused tubes with
tips 5 cm apart. Oesophageal
peristalsis and sphincteric
relaxations to two dry
swallows are shown.

decry the validity of properly controlled observa-
tions, but we should look critically at the welter of
means, SEMs, and P values from time to time.
The normal sequence of pressure events in the

oesophagus and gastric fundus is shown in figure 8.
The cardiac sphincter exerts a steady pressure in the
resting state. In response to swallowing the sphincter
relaxes rapidly, and peristaltic contraction then
sweeps the body of the oesophagus. The pressure in
the sphincter rises as the peristaltic wave reaches it,
and following an aftercontraction returns to the
original level.
The peristaltic contractions in the body of the

oesophagus are probably controlled by cholinergic
nerves. The intrinsic innervation of the oesophagus
is mainly cholinergic (Adams, Brain, Ellis, Kauntze,

and Trounce, 1961) and the contractions are
inhibited by atropine (Kantrowitz, Siegel, and
Hendrix, 1966). Moreover, the amplitude of the
peristaltic waves is unaffected by pentagastrin
(Hollis, Levine, and Castell, 1972), suggesting that
there are no receptors capable of accepting poly-
peptide hormones in the body of the oesophagus.
The activity of the lower oesophageal sphincter

appears to be under the dual control of nerves and
ofpolypeptide hormones. The motor events occurring
in the cardiac sphincter can be divided into two
arbitrary categories: (1) a fast component of
relaxation and aftercontraction in response to a
swallow, probably controlled via nervous pathways;
(2) a slow component, the resting sphincteric
pressure, which is influenced by circulating poly-
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peptide hormones including gastrin.
Acetylcholine contracts the cardiac sphincter and

mayevenmediate the effect ofgastrinupon it. Adrener-
gic transmitters have a two-fold action. In the organ

bath extrinsic catecholamines stimulate x-adrenergic
receptors and cause a contraction of circular muscle
taken from the human sphincter. Stimulation of
,B-adrenergic receptors causes a relaxation of these
fibres (Misiewicz, Waller, Anthony, and Gummer,
1969). Similar findings have been obtained in man;

drugs which stimulate ,B-adrenergic receptors relax
the cardiac sphincter and drugs which block
fl-receptors prolong the after-swallow contraction of
the sphincter (Zfass, Prince, Allan, and Farrar, 1970).
Exogenous or synthetic gastrin or pentagastrin

contracts sphincteric muscle and markedly elevates
cardiac sphincter pressure (Bennett, Misiewicz, and
Waller, 1967; Giles, Mason, Humphries, and Clark,
1969; Castell and Harris, 1970). Similar effects are

recorded when endogenous gastrin is released from
the antral G cells by perfusing the antrum with
alkali (Castell and Harris, 1970; Castell and Levine,
1971). Acidification of the antrum with consequent
inhibition of gastrin release is followed by a fall in
cardiac sphincter pressure (Castell and Harris, 1970;
Lipshutz, Hughes, and Cohen, 1972). This action of
gastrin is antagonized, probably in a competitive
fashion, by exogenous secretin or by endogenous
secretin released by duodenal acidification. The
effect is a subtle one because endogenous secretin
does not significantly lower the pressure of the
resting, as contrasted with the gastrin-stimulated,
carliac sphincter (Cohen and Lipshutz, 1971). This
may mean that factors other than gastrin maintain
the sphincteric tone in the basal state.
The slow, or humorally mediated, component of

cardiac sphincter activity is therefore the resultant
of the interaction of at least two, and probably more,

of the polypeptide hormones (see section 1).
Although, in general, sphincter pressures are lower
in patients with reflux or heartburn than in controls
(Winans and Harris, 1967; Pope, 1967), the height
of the normal pressures (10-40 mm Hg) makes it
unlikely that they by themselves are capable of
sealing the stomach off from the oesophagus in the
face of the very considerable pressure gradient that
can be generated, eg, during straining. The answer

may lie in the response of the sphincter to the chal-
lenge of raised intraabdominal pressure. Evidence
from two sources suggests that the magnitude of such
a response is an active process and directly dependent
on the height of the resting sphincter pressure: the
higher the basal squeeze, the higher the subsequent
contraction (Lind et al, 1966; Cohen and Harris,
1971). Therapeutic efforts to raise the resting tone of
the sphincter in patients with reflux might therefore

be worthwhile, if increase in the basal pressure is
accompanied by an enhanced response to a challenge.
Most of the drugs with a pharmacological action

on the oesophagus act by modifying the release of
biogenic agents or by enhancing or antagonizing
the effects of these agents. Among substances acting
on the autonomic nervous system, cholinergic drugs
will tend to increase oesophageal clearing and raise
the tone of the sphincter. Subcutaneous bethanechol
or urecholine which provide cholinergic stimulation,
or edrophonium, which is an anticholinesterase
which prolongs or increases the action ofendogenous
acetylcholine, all increase cardiac sphincter pressures
(Bertanello, Tuttle, and Grossman, 1960; Cohen,
Fisher, and Tuck, 1972; Roling, Farrell, and Castell,
1972). These substances are in general unsuitable for
long-term oral medication.

Metoclopramide, on the other hand, can be given
by mouth and is largely free of unwanted effects.
The exact mode of action is not clear but it probably
works by sensitizing the smooth muscle to endo-
genous acetylcholine. Given intravenously or orally
in man metoclopramide increases resting cardiac
sphincter pressure without interfering with sphinc-
teric relaxations to swallowing: it probably also has
some effect on the amplitude of oesophageal con-
tractions (Heitman and Moller, 1970; Dilawari and
Misiewicz, 1972). The response of the cardiac
sphincter is greatest in those with the highest basal
pressures and this characteristic of the response may
limit the therapeutic efficacy of the drug. Despite its
interesting pharmacological actions it has yet to be
shown in a formal therapeutic trial that metoclo-
pramide is preferable to antacid in this situation.
By contrast, treatment with anticholinergic

preparations is not likely to produce pharmacologi-
cally desirable effects on the gullet or on the sphincter.
Subcutaneous atropine lowers sphincteric pressure
and the amplitude of oesophageal contractions
(Kantrowitz et al, 1966) is said to diminish the
sphincter response to abdominal compression and
to produce reflux of gastric contents (Bertarello
et al, 1960). Anticholinergic drugs have been termed
logical placebos in the treatment of duodenal ulcer:
they could be called illogical placebos in the manage-
ment of gastrooesophageal reflux.

Antacids act not only by neutralizing the HCI
that may be present in the oesophagus, but also by
increasing the pressure in the cardiac sphincter,
presumably by elevating the level of circulating
gastrin (Castell and Levine, 1971). This action
depends on making the antrum alkaline and there is
no information available at the moment whether any
preparation is more effective for this purpose than
another. The actions of all these drugs are sum-
marized in the Table.
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246 J. R. Bennett

Drug Mechanism of Action Effect on Oesophagus

Cholinergics Stimulate cholinergic receptors Increase sphincteric pressures and amplitudes of
oesophageal contractions

Anticholinesterases Increase local concentrations of acetylcholine ditto
Metoclopramide Sensitizes tissue to acetylcholine ditto
Anticholinergics Block the actions of acetylcholine Lower sphincteric pressures and decrease

amplitudes of oesophageal contractions
3-Adrenergic blockers Block inhibitory $-receptors in the cardiac Raise sphincteric pressures after swallowing

sphincter
P-Adrenergic stimulators Stimulate $-receptors Decrease sphincteric pressures
Antacids Release gastrin from antral G cells, Increase sphincteric pressures

neutralize acid

Table Summary of effects of drugs

Section 5 The physician's problem

J. R. BENNETT

Physician, Gastrointestinal Unit, Hull Royal Infirmary

The physician's problem is not (or should not be)
the diagnosis and treatment of characteristic reflux
symptoms, with postural and postcibal heartburn,
perhaps occasional dysphagia and regurgitation of
bitter fluid, and no other significant symptoms.
Provided he trusts his clinical assessment and expects
nothing of radiology save the demonstration of
possible associated disease, then diagnosis in this
large group is easy. So, usually, is therapy, for most
patients need nothing more than a simple and cheap
antacid. Indeed, my experience of therapeutic trials
in reflux oesophagitis has been frustrating simply
because of the excellent response of control groups
given a supposedly placebo antacid.
The physician's diagnostic problems are picking

up diseases which masquerade as oesophagitis, and
picking out the oesophagitis masquerading as
another disease; and his therapeutic problem is
coping with the symptoms which do not easily
resolve and, if possible, anticipating complications.

Diseases Simulating Simple Gastrooesophageal Reflux

These are achalasia/diffuse spasm, carcinoma cardia,
pyloric stenosis, and gastric ulcer and duodenal
ulcer.

In achalasia the pain is possibly due to abnormal,
spontaneous spasm in the oesophageal wall and
regurgitation is from the oesophagus, not the

stomach. The other conditions listed are not truly
masquerading; the patient's symptoms do include
reflux, but there is a cause for the reflux other than
weakness of the lower oesophageal sphincter.
Particularly beware of carcinoma of the cardia which
may have an insidious onset and be difficult to
detect radiologically.

Conditions Simulated by Gastrooesophageal Reflux

This group is more important, and errors can lead to
serious mistakes in therapy and prognosis.

PEPTIC ULCER (THE REFLUXING HYPER-
SECRETOR
Some patients with epigastric and lower chest
discomfort may be found to have an 'irritable duo-
denal cap' on radiographs, which is a radiological
phenomenon and not a symptom, and may be shown
to have gastric hypersecretion, which is a physio-
logical phenomenon. Yet their symptoms are due to
gastrooesophageal reflux, and if this is not recognized
they may get the wrong treatment for years, and may
even have 'ulcer surgery'-which can be disastrous.

ANGINA
Because of similarities in their character, dis-
tribution, and precipitating factors, reflux symptoms
may be confused with cardiac pain (Bennett, 1966a).
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