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CLINICAL REPORT

The clinical significance of radiological changes
in duodenal ulcer patients
RJ EARLAM, RS MURRAY, JC SWANN, EGW SLATER and SJW EVANS1
The London Hospital, Wliitechapel, London, and 1Dept. Epidemiology, The London Hospital Medical College, Whitechapel, London, UK
The barium meal studies on 265 duodenal ulcer patients were examined by two radiologists and the results combined with a computerised data base which included symptoms, signs, life style,
eating habits, pentagastrin acid secretion tests and details of whether an operation was performed subsequently or not. There was
no correlation between clinical symptoms and the different radiological abnormalities. The presence of increased gastric or duodenal mucosal folds and excess gastric-free fluid was associated
with increased gastric acid secretion. Radiological findings, except
a gastric ulcer or an enlarged stomach due to pyloric stenosis, had
no influence on the decision to operate. Specifically, the presence
of an ulcer crater did not affect this surgical decision, but some
ulcers are more equal than others when symptoms are compared.
INDEX TERMS: Duodenal ulcer.

Radiology.

Symptoms.

Address for correspondence: Mr RJ Earlam, The London Hospital, Whitechapel, London El, G.B.
Accepted for publication 6 July, 1985.

The barium meal investigations on 265 patients with
duodenal ulcer disease were analysed by two radiologists
(RSM and JCS). The films, which had not necessarily
been taken by them, were assessed independently and
their opinions on eight variables recorded. Between 1971
and 1974 these patients had already completed a questionnaire on clinical history and symptoms, the results of
which were compiled as a computerised data base. Results from pentagastrin stimulated gastric acid secretion
tests were also added. These patients have now been
followed up for more than ten years and subdivided into
two groups on the basis of whether they did or did not
have an operation. First, relationships were studied between radiological abnormalities and the clinical history,
life style and symptoms. Secondly, a search was made
for any correlation between radiological findings and
gastric acid secretion at rest and after pentagastrin stimulation. Thirdly, the possibility of differences in barium
meal abnormalities between those who were operated on
and those who were not was analysed.
The hypothesis behind this study is that there is little
correlation between clinical symptoms and pathological
changes in the duodenum. It was not the purpose of
this study to assess whether radiology was better than
endoscopy for finding abnormalities because it is almost
universally accepted that if a duodenal ulcer is present
it will be found more accurately by endoscopy than radio-

logy. The main question is whether the presence of an
ulcer correlates closely with symptoms and whether the
ulcer crater is the true end point we need for diagnosing
duodenal ulcer disease. Should we be analysing a symptom complex rather than searching for pathology.
MATERIAL AND METHODS

Between 1971 and 1974 all patients diagnosed as having
duodenal ulcer disease, who attended The London Hospital
under a physician or a surgeon, were referred for a pentagastrin test as part of their assessment. Additional patients
entered the study without a pentagastrin study or radiology because they had emergency operations for bleeding
ulcers. The original data base was started in 1971 before
routine endoscopy had been established for diagnosis.
All the X-rays for each of 265 patients were examined
independently by two consultant radiologists (RSM and
JCS), who filled in a form with their opinions on eight
variables, in addition to recording other abnormalities,
which were then added to the computer data base (Table
I). If more than one set of films was available, those
showing the most abnormalities were chosen. Although
some of the barium meals reviewed had been carried
out by RSM and JCS, the majority were done by colleagues
or junior staff members with no special interest in gastroenterology. It was, therefore, decided to review all the
available films independently, without reference to the
original reports, realising that this would lead to an
underestimation of hiatus hernia incidence which often
requires careful screening for diagnosis. If the two radiologists agreed, this was accepted as a definite abnormality,
but if they disagreed these results were not analysed.
Comparisons were always made on an agreed positive
or agreed negative decision. It was not the purpose of
this study to discover how much the radiologists differed
or whether one report was better or more significant
than the other.
(a) The agreed positive versus agreed negative reports
were compared for each of the eight factors with the
original data base of history, symptoms, signs, life styles,
eating habits, sleeping patterns and other types of indigestion. The data base contained about 500 answers to different questions. The computer programme used was
SPSS at the University of London Computer Centre.
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(b) The relationship between radiological appearances
and gastric acid studies was considered. The results of the
pentagastrin stimulated gastric acid secretion tests were
presented as basal acid output (BAO), basal acidity (BA),
maximal acid output (MAO) and peak acid output (PAO).
There is controversy over how such data should be divided
when considering normal versus abnormal. Rather than
calculating the acid secretion test results for each particular radiological abnormality, it was considered best to
compare the radiological findings of high acid secretors
against the lower secretors. It is accepted that MAO,
corrected for weight/per hour, of 50mEq/kg/hr or more
is an accepted cut-off value for hypersecretors. In this
study this cut-off value would have subdivided the group
into 108 hypersecretors and 192 remaining — a ratio
of 1:2. A similar division was made for the other parameters, based on the mean and ifs standard deviation,
which usually resulted in one-third being hypersecretors
and two-thirds in the remaining group, because the curve
for the distribution of values was always skewed to the
right.
(c) The radiological findings were compared with the
outcome of whether a patient had surgery in order to
assess whether the severity of the disease caused any
specific changes predisposing to surgery. In this particular
study of 265 patients the subdivision into operative and
non-operative groups in 1975 had been 165 and 100,
and in 1980 was 180 and 85, respectively, 15 having
changed status in five years. By 1983 a further 5 of the
total group had undergone surgery but since the computer study had been completed on the 1980 figures it
was not considered necessary to repeat the analysis.
It is realised that about 2% have changed status each
year between 1975 and 1983 and no calculation can be
made about the future. However, a longitudinal study
over at least 10 years was one of the main purposes
for collecting the original data base. When the term
correct decision about surgery is mentioned in this study
it is realised that it is possible that an operation was not
necessarily the best decision and similarly many patients
were denied surgery or were offered it too late. The
actual decision to operate on these patients was made
independently by any one of six different consultant
surgeons, all of whom, except one, were unaware of the

details in the data base. The purpose of this study was
to analyse whether there was any logic behind the decision
to operate and why the decision was made. The actual
correctness of these decisions can only be assessed over
the lifetime of an individual patient by discussion with
him and requires a separate investigation.
RESULTS
Five-hundred-eighteen separate barium meal studies on
265 patients were analysed. The number of studies per
patient varied from one to six. Forty-six per cent had one,
26% two, 15% three and 12% four or more. The results
on each of the eight variables are in Table I.
Comparison of radiological appearances with the data base
of history, symptoms and life style
Duodenal ulcer crater visible on X-ray A total of 80 out
of the 265 had bleeding as one of their presenting symptoms. Those who presented with bleeding were less
likely to have a duodenal ulcer crater demonstrable than
those who did not. A positive answer to the question,
Does your job involve nightwork, shiftwork, overtime correlated with the presence of an ulcer crater but there
was no correlation with the actual occupation grades by
social classes I-V. Apart from these two factors there
was no other association with an actual ulcer crater.
Duodenal cap deformity This was not studied as a subdivision because the number of 12 without any deformity
was considered too small for comparison against 233
with an agreed deformity present. All of those without
duodenal cap deformity had an ulcer crater.
Increased duodenal mucosal folds These occurred more
frequently in males than females (p < 0.001) and were
more likely to be associated with the presence of heartburn. Sugar consumption was higher in this group and
they were more likely to have indigestion with meat
pastry.
Gastric ulcer An associated gastric ulcer was found in
only 9 out of 265 and again the small numbers do not
allow for sensible analysis.
Increased gastric mucosal folds These occurred in 146
patients and were agreed as normal in 47. Increased folds

TABLE I
Radiological findings

assessed

agreed positive

total % agreed

Duodenum - ulcer crater
cap deformity
mucosal folds
Stomach ulcer crater
mucosal folds
size
free fluid

present or absent
present or absent
increased or normal

183
233
67

69
88
25

12
116

14
5
44

93
69

present or absent
increased or normal
increased or normal
present or absent

9
146
6
103

3
55
2
39

92
47
254
111

5
18
96
42

95
73
98
81

Hiatus hernia

present or absent

32

12

199

75

87

agreed negative
37

83
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TABLE II
total mean + 1SD
Basal acid output
Basal acidity
Maximal acid output
Peak acid output

mEq/hr
mEq/hr
mEq/hr
mEq/hr

5.72
34.75
29.83
35.04

+
±
+
±

hypersecretor

0.24
2.37
1.60
1.67

occurred more frequently in males than females (p < 0.001)
They were associated with more time off work due to
illness but otherwise had no statistically significant association with any recorded clinical variable.
Enlarged stomach Only 6 patients were thought to have
an enlarged stomach so this group was not studied in
detail.
Excess free gastric fluid 103 patients were agreed to
have excess free fluid in the stomach. This was positively
associated with the male sex and an increase with age.
More free fluid was noted if the pain was non-epigastric
and occurring in other parts of the upper abdomen than
the epigastrium. It was associated with more milk drinking, higher sugar consumption, indigestion with both
meat and sweet pastries and cheese, onions, pork and
difficulty in swallowing (p < 0.05).
Hiatus hernia 32 patients had a hiatus hernia. Although
this was a small group, it was considered important to
see whether there was any clinical significance in the
finding of a hiatus hernia. The presence of heartburn
and gastro-oesophageal reflux symptoms was exactly the
same whether a hernia was present or not. The only
significant differences (p < 0.05), based on two patients,
were the presence of pain in the midline of the back in
the lower thoracic region, and the presenting symptom
of heartburn in the mid and lower retrosternal area.
Apart from this there was no difference clinically between
a duodenal ulcer patient with or without a hiatus hernia.
Comparison of radiological appearances with the results of
the pentagastrin gastric acid stimulation test (Table II)
The demonstration of an actual duodenal ulcer crater was
more likely to be associated with a high MAO and PAO

10.23
50.20
41.86
47.46

108
108
116
129

±
+
±
+

remainder

0.32
5.91
4.53
4.62

189
190
183
170

3.14
22.31
22.40
26.92

±
±
±
±

0.12
0.93
0.52
2.97

(p < 0.005) but had no correlation with BAO or BA.
Increased duodenal mucosal folds were associated with
a high BA, MAO and PAO (p < 0.005). Increased gastric
mucosal folds correlated well with a high MAO and
PAO (p < 0.005) but less well with BAO and BA (p <
0.05). Increased gastric fluid occurred more frequently
than expected in higher secretors when measured by
BAO, BA, MAO and PAO but only to the level of p <0.05.
Comparison of radiological appearances with the decision
to operate (Table III)
The figures presented here are from an analysis of the
1980 division of the total group of 265 into 180 with surgery and 85 with no operation. The presence of a gastric
ulcer or pyloric stenosis is usually considered an indication for surgery and this has been confirmed. Eight out
of the 9 with a gastric ulcer and 5 out of 6 with a large
stomach had surgery. The presence of duodenal deformity and increased gastric free fluid were more likely to
be present in the operative group (p < 0.05). No other
factor reached any significance.
DISCUSSION
The presence of a duodenal ulcer usually produces a
recognisable deformity of the duodenum in its vicinity.
This is distinct from any deformity caused by extrinsic
pressure from the gallbladder or other adjacent organ,
by adhesions from previous surgery or other causes. The
true duodenal ulcer deformity consists of a distortion of
the duodenal wall, the incisura and a distortion of the
mucosa leading to the production of folds which tend
to converge towards the crater. In the early stages these
changes are mainly due to local spasm and mucosal

TABLE III
Percentage

Actual

Presence of duodenal ulcer crater
Presence of duodenal deformity
Increased duodenal mucosal folds
Presence of a gastric ulcer
Increased gastric mucosal folds
Increased stomach size
Increased gastric free fluid
Presence of hiajfus hernia
Significant p < 0.05 Kendall tau test.

OP
180

NON
85

OP
68

NON
32

129
163
48
8
103
5
75
23

54
70
19
1
43
1
28
9

70
70
72
90
70
83
73
72

30
30*
28
10
30
17*
27*
28
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oedema, but sooner or later fibrous scarring produces
permanent changes. This puckering of the mucosa may
make it virtually impossible to identify an actual ulcer
crater in a badly scarred cap. Barium may be trapped
in distorted folds and completely simulate a barium filled
ulcer crater on the radiograph, although the radiologist
carrying out the screening examination can often make
the distinction. In a small proportion a duodenal ulcer,
often a large one can be found in the absence of any
appreciable deformity. Good techniques using double
contrast and muscle relaxants are often required to diagnose these ulcers. In most cases a typical deformity
appears later. It follows from these observations that
the demonstration of a typical ulcer deformity allows a
certain diagnosis of duodenal ulcer disease to be made
and that prolonged efforts to try and show the actual
crater merely subjects the patient to unnecessary radiation.
The end points for the radiological diagnosis of duodenal ulcer disease are either an ulcer or a duodenal cap
deformity. In all 265 patients in this study, either or both
of these two pathological changes was found and it would
appear that neither an ulcer crater nor a deformity carries
more weight or is more specific for duodenal ulcer disease.
The radiological appearances of the stomach and duodenum had no correlation with symptoms, history and
life style of a duodenal ulcer patient. The presence of
a concomitant gastric ulcer or a hiatus hernia did not
result in a specific symptom complex. Other changes,
which are usually found with a duodenal ulcer, were not
associated with any individual symptom complex. If
these findings are not strictly relevant there would appear
to be no reason for actually reporting them other than
the fact that radiologists with a special interest in gastroenterology prefer to record all abnormalities noted. It
might be concluded that the only purpose of barium
meal in a suspected duodenal ulcer patient is to demonstrate an ulcer crater or a duodenal cap deformity so
that a diagnosis can be confirmed. But another purpose
is surely to exclude other diseases such as gastric ulcer
and cancer, which must be investigated and treated differently.
There is no evidence from this study to suggest that
an actual ulcer crater was necessary before surgery was
advised. The presence of a gastric ulcer or increased
stomach size suggestive of pyloric stenosis is usually
indicative of irreversible disease with complications, and
the presence or absence would appear to be important
for the surgeon, in most instances being a definite indication for surgery. The presence of a hiatus hernia not
only was irrelevant as regards to gastro-oesophageal
reflux symptoms but also did not affect the decision to
operate or not. The relevance of pentagastrin stimulated
gastric acid secretion tests to decision taking in the preoperative management of duodenal ulcer patients has been
doubted (1). In this study higher acid secretion was
associated with increased gastric and duodenal mucosal
folds; the first to secrete acid and the latter to secrete
alkali and mucus to neutralise it. Both of these were com-

moner in males than females but had no relationship
with age or length of history. There was no evidence
from this study to suggest that increased mucosal folds
of stomach or duodenum represented a stage or irreversibility of the disease process which would lead inevitably
to surgery.
What is the actual end-point that leads to the diagnosis
of duodenal ulcer disease? This study would support
the hypothesis that finding an ulcer in the duodenum is
not essential for the clinician and certainly not as important as correct assessment of symptoms, provided a
characteristic deformity has gnce been demonstrated. Is
there really any reason for spending a lot of effort finding
an ulcer crater either endoscopically or radiologically ?
Why are so many barium meal studies repeated? In
this study 54% of the patients had more than one examination and 12% had more than four. Presumably
the main reason for doing the first is to establish the
diagnosis of duodenal ulcer disease and also to exclude
other pathology. Many must have been requested by
junior staff with no particular aim in view and some
by clinicians looking for something, the relevance of
which is here doubted. If the ulcer crater is not associated
with any particular symptoms or clinical pattern, there
would appear to be no use repeating a barium meal to
see whether it has disappeared and, anyway, endoscopy
is probably a more useful method of assessing healing.
Many radiologists, experienced in gastroenterology, will
surely agree that the majority of these requests are quite
unjustified.
If the medical profession has tacitly accepted the connection between a duodenal ulcer and symptoms, the
lack of correlation between the radiological appearances
and symptoms will come as a surprise. But doubt has
already arisen because endoscopists can find ulcers in
asymptomatic patients and no ulcers in symptomatic
patients, so the lack of correlation has been confirmed
endoscopically as well as radiologically. This should
lead to a logical explanation. The suggestion that epigastric pain, the usual anatomical site of the ulcer pain,
can arise from a sensitive lower oesophagus could explain
the discrepancy, and the evidence is already available.
In a previous study (2) the same questionnaire was used
to find out which particular symptoms were common to
a group of 100 patients with a radiologically-proven
duodenal ulcer. This confirmed that ulcer pain occurred
periodically with attacks and remissions, could be relieved
by antacids, vomiting and avoiding fatty food but was
made worse by worry. It occurred with no constant
relationship to meals during the day but at night in 88 %.
Attention was paid to the anatomical site of the pain,
because it had been shown that epigastric pain could be
reproduced by perfusion of the lower oesophagus with
less than 100ml of 0.1N hydrochloric acid in patients
with duodenal ulceration (3). Those with negative epigastric pain reproduction tests either had never had such
pain or had had it infrequently, never at night or a long
time ago. However, all those who had been awoken at
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night by epigastric pain, in the previous week had a positive test (4). In an analysis of duodenal ulcer symptoms by questionnaire (2), 61% had duodenal ulcer pain
of the epigastric type and the remainder had pain elsewhere. It was deduced that in a minority the duodenal
ulcer could cause pain from the effect of the ulcer itself
locally, but in the majority, epigastric pain could be
stimulated by acid in the lower oesophagus and not from
the duodenum. Epigastric pain, present in almost twothirds of patients with duodenal ulcer disease, can be
present without an ulcer.
Endoscopic studies of patients treated with H 2-blockers
confirm this because there can be three different responses
to medical treatment: (1) the cure of both ulcer and symptoms; (2) relief of symptoms but an asymptomatic ulcer
remains; and (3) complete healing of the ulcer but the
presence of ulcer symptoms. It becomes evident that
there is (a) no absolute pattern of symptoms which always
occurs when the duodenum is ulcerated and (b) a duodenal ulcer can be asymptomatic. It follows that the
demonstration of an actual ulcer crater may actually be
irrelevant because it is not always closely correlated with
a symptom complex. In which case, should we be using

92

either radiology or endoscopy to look for an absolute
end point in duodenal ulcer disease?
The results of this study would support the suggestions
that a barium meal can be used to diagnose duodenal
ulcer disease by a duodenal cap deformity alone, that
the finding of an ulcer crater is not essential, and that
repeated barium meals in duodenal ulcer disease are irrelevant and a waste of time and money.
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