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Abstract. A computerized data base with details of
clinical history and examination as well as the results
of a pentagastrin gastric acid stimulation test was es-
tablished for 319 patients with radiological duodenal
ulcers in the early 1970s. The patients were followed
up during the next 10 years and divided into those
who were, and were not, operated on. Originally 195
were operated on, as were a further 28 in the next 10
years up to the end of 1983. Multivariate analysis was
done on the 1980 division into 218 who had, and 101
who did not have, an operation. Using all variables
the most accurate prediction about outcome could be
made in 84%. Six variables (length of history, night
waking, weeks of illness away from work, length of
attack, length of remission and maximum acid output
after pentagastrin) gave a 70% correct prediction as
to whether operation would be advised. With two
variables (years of history and number of nights
awoken each week by indigestion) 60% were allotted
to their correct operative or non-operative subdivi-
sion. It is suggested that future operative trials for
duodenal ulcer give details of at least these two fac-
tors for each patient.
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Introduction

The purpose of this study was to find out whether
there is any logic in the decision-taking process of ad-
vising operation for a patient with duodenal ulcer dis-
ease. The diagnosis of "duodenal ulcer disease" rests
on the demonstration of an ulcer crater or duodenal
bulb deformity, which must be present; this they all
must have in common. But the symptoms vary enorm-
ously and are usually the most important factor for
recommending operation. The reasoning behind this
study is that all duodenal ulcer patients are not equal.

It was not the purpose to discover whether the deci-
sion to operate or not was correct, as that depends on
a longitudinal study of patient satisfaction. It was,
however, the intention to analyse surgical decision
taking and to discover which particular symptoms or
factors led to operation. For example, there is con-
troversy about "earning an operation" and the thresh-
old for the "necessary" length of history has dropped
from 15 years to below 5. Only when such factors
have been identified and quantitated can they be as-
sessed and the correct threshold established. At the
moment, decision taking about advising operation
appears somewhat random, depending mainly on the
consultant surgeon himself. These decisions should
be analysed as to how they are made and whether
they are correct because this is the only way surgeons
can learn and improve. There is more to the art of
surgery than technology.

Methods

A total of 319 patients with a duodenal ulcer or de-
formity filled in a questionnaire described previously
for symptom analysis of ulcer and gall bladder dis-
ease [1, 4]. The patients attended The London Hos-
pital under seven different surgeons and were then
referred to the Surgical Unit (Professor H. D. Ritchie)
for a pentagastrin study. Three hundred patients had
such studies done but 19 did not, either because they
had emergency operations or the test was forgotten
or refused. All those who attended for a gastric acid
secretion test or were admitted for operation to The
London Hospital between 1971 and 1974, but exclud-
ing those who came under the physicians' care solely,
either as an inpatient or outpatient completed the
questionnaire.

In 1975 the notes of all 319 patients were studied
to see whether they had been operated on for duo-
denal ulceration (195) or not (124). In 1980 the same
patients were reviewed again: 218 had been operated
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Table 1

Variables

R. J. Earlam and S. J. W. Evans

Total Op Non-op Total

; Ulcer decision analysis

Op Non-op
correct correct correct

All variables — 1975 status
All variables — 1975 status excluding those presenting with

bleeding (35)

All variables - 1980 status

All variables — 1980 status excluding those presenting
with bleeding (35)

44 variables chosen because of P value < 0.2
Best 14 of 44 chosen by P value

16 clinically chosen plus pcntagastrin results

6 variables clinically chosen including pentagastrin results

Years of history, night waking, pentagastrin acid secretion
results

Years of history and night waking only

319
284

319

284

315

319

319

319

319

319

195
172

218

193

194

195

195

195

195

195

124
112

101

91

121
124

124

124

124

124

82
84

74

76

76
74
71

70

70

66

74
78

76

79

76
75

65

66

66
'-'

68

77
77

69

71

75

70

65
63

65

62

on and 101 had not. In 1983, after a further review,
there were 223 with operations and 96 without. Pre-
liminary results based on the 1975 and 1980 subdivi-
sion were presented in abstract in 1980 [3] but it was
felt wise to wait for a further few years so that the
majority of patients had been observed for 10 years.
All the surgeons involved, except one, were unaware
of the results. The results in this paper are based on
the subdivisions performed in 1975 and 1980 because
only five changed status between 1980 and 1983.

After checking that all the data had been correctly
entered into the computer, a direct comparison was
made first between those who had been operated on
before 1975 (195) and those who had had no opera-
tion (124). P values were obtained for a chi-square
test, which is suitable when most questions were
answered by yes or no, but many had up to nine val-
ues for each question, so the statistical test used was
Kendall's tau. The pentagastrin gastric acid secretion
test results of the two groups were also compared by
similar statistical tests.

Secondly, the different variables were studied
simultaneously using the multivariate analysis pro-
gramme. Armed with the results of the computer
study, factors which would normally be important
were analysed by a clinician. Questions which were
rarely answered in a positive fashion, such as "Do
you have indigestion on eating cake?", were exclud-
ed. Questions which were either irrelevant, such as
"What time do you go to bed at night?" or duplicates,
were also removed. A detailed family history was
also taken but considered unimportant for decision-
taking about an operation. The value of the penta-
gastrin acid secretion studies was assessed. Finally,
the discriminating ability of two clinical questions
alone was tested - years of indigestion history and

the number of nights awoken by indigestion in any
one bad week. These different multivariate analyses
are listed in Table 1.

In all these studies, figures were obtained for the
total number of correctly predicted decisions in those
who had an operation and those who did not. It was
not possible to analyse whether those who did not
have surgery were actually advised to have an opera-
tion but refused or whether their symptoms were not
considered severe enough to warrant this advice. A
detailed analysis of the advice given by the seven dif-
ferent surgeons regarding surgery was not made.

Results

The results of using different variables for whether
the decision to operate was correctly assessed or not
are given in Table 1. It must be emphasized that the
word "correct" applies here to whether a patient was
correctly allotted to a specific group and does not
imply that the actual decision taking was correct.
Using a very large number of variables (56) on the
original 1975 status patients, having excluded those
who presented with bleeding a high rate of "correct"
preductions was obtained (84%). When six variables
chosen clinically were tested, 70% were allotted to
their correct subdivision. These variables were: (1)
years of indigestion history, (2) awoken at night or
not, (3) weeks of illness away from work, (4) weeks
of attack, (5) remission each year and (6) maximum
acid output after pentagastrin. With two variables,
years of history and numbers of nights awoken each
week by indigestion, 66% were allotted to their cor-
rect operative or non-operative subdivision.

Fifty-six variables chosen as important by the
computer in the multivariate analysis are shown in
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Table 2. Fifty-six discriminants in rank order for duodenal ulcer (DU) surgery decision. R = rare; I = irrelevant; F = family history;
E = food eaten

Rank
order

1

2

3
4

5
6

7
8
9

10
11

12
13
14
15
16
17
18
19

20
21
22
23
24
25
26

27

28
29
30

31
32
33
34

35
36
37

38
39
40

41
42
43
44

Question 1 2

Multi- Chi-
variate square
analysis P value
F to enter

Years of history
Awoken or not at night
Weeks of illness per year
Time of going to bed at night
Dysphagia
Melaena - present or not
Indigestion with cake
Smoking pipe tobacco
Length of remissions (weeks)
Indigestion with onions
Maximum acid output pentagastrin
(MAO)

Brothers with DU
Interscapular back pain
Presenting with acid regurgitation
Nocturnal waking
Sugar consumption
Lumbar back pain on the right
Length of attacks in weeks
Acid regurgitation flat in bed
Presentation with heartburn (mid)
Presentation with heartburn (high)
Presentation with bleeding
Awoken at night by vomiting
Sister with DU
Perforated DU previously
Saliva positive secretor status
Vomited blood at any time
Frequency of vomiting blood
Indigestion with specific foods
Basal acidity pentagastrin test (BA)
Indigestion with kippers or sardines
Indigestion with gravy
Indigestion with bacon
Awoken at night by worry
Number of times each week awoken
Pain on swallowing
Presenting with heartburn (low)
Family history of DU
Sex
Acid regurgitation present or not
Regurgitation of bile to mouth
Number of weeks holiday each year
Previous number of bleeds
Basal acid output pentagastrin (B AO)

18.3
11.4
9.7
6.7
6.7
5.1
4.5
3.8
3.5

3.8
4.3

3.4

3.0
3.2
2.0
1.5

1.8
1.3

1.3
1.4

1.9
1.3
1.4
1.1
0.8
0.9
0.9
0.9
0.8
0.7

0.4
0.5
0.5
0.5
0.3
0.3
0.2
0.2
0.2
0.1
0.1
0.1
0.07
0.08

0.0000
0.0001
0.0053
0.2115
0.0164
0.0632
0.1574
0.0956
0.0248
0.0024
0.0022

0.2449
0.0098
0.2149
0.0001
0.6048
0.0185
0.9438
0.0935
0.0909
0.1905
0.8228
0.0718
0.3518
0.9832
0.4349
0.3067
0.5325
0.0011
0.0559

0.2954
0.0637
0.4290
0.0001
0.1037
0.4111
0.0034
0.0345
0.2628
0.2628
0.5051
0.7019
0.0257

3

Kendall
tau
P value

0.0000
0.0000
0.0002
0.0865
0.0037
0.0236
0.0553
0.0104
0.4311
0.1996

0.0854
0.0039
0.0464
0.0000
0.1218
0.0024
0.2895
0.0157
0.0968
0.0345
0.3388
0.0117
0.0812
0.4227
0.0999
0.1193
0.0842
0.0440

0.1097
0.0232
0.1434
0.0000
0.4722
0.0985
0.0012
0.0117
0.1071
0.1071
0.2620
0.0880

4

Numbe
with
positive
data

319

319
319
314
34

319
39
26

319
123
300

43

13
6

258
319
35

319
36
2
6

35
49
25
27
78
50
50

150
300

10

39
76
15

258
39
12

131
319
120
36

309
107
300

5 6 7

:r Exclusion Night Chosen
factors waking

' R I F E

+ +
N + +

+
I N

R

R I E
R I

+

R I E
+

R I F
R
R

N
I E

R

+
R
R
R
R
R N
R I F
R

R I
R
R

I E

R I E
R I E
R I E
R I N

N
R I

R I
F

I

R
I
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Table 2 (continued)
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Rank
order

45
46
47
48
49
50
51
52
53
54
55
56

Question 1 2

Multi- Chi-
variate square
analysis P value
F to enter

Peak acid output pentagastrin (PAO) 0.06 0.0022
Height 0.06 0.0732
Cigarette tobacco smoker 0.06 0.1349
Father DU 0.04 0.0361
Heartburn present or not 0.05 0.3550
Presenting with vomiting 0 . 05 0 . 7597
Occupation 0.04 0.1230
Heartburn at no specific time 0.04 0.1348

Vomiting present or not 0.03 0.0751
Awoken at night by indigestion 0.02 0.0611
Indigestion with pork 0.02 0.2401
Get out of bed at night 0 . 02 0 . 0038

3

Kendall
tau
P value

0.0386
0.1094
0.0120
0.1481
0.3477
0.0222
0.0524

0.0286
0.0231
0.0955
0.0006

4

Number
with
positive
data

300
319
319

50
181
50

319
102
201
192
88

199

5 6 7

Exclusion Night Chosen
factors waking

R I F E

I

R F

R

N
I E

N

Table 3

Night waking

NW1
NW2
NW3
NW4
NWS
NW6

NW7

Are you awoken in the middle of the night?
What wakes you — indigestion or heartburn?
What wakes you — vomiting or the need to be sick?
What wakes you — worry?
Do you get out of bed in the middle of the night?
Are you awoken from your sleep by indigestion, heartburn,
or pain during a bed attack of indigestion?

How often does this occur?

acid regurgitation

Yes No Don't known

260 56 3
193
49
16

200 116 3

258 61 0

258 All who responded ves to
question 6 gave a figure
in response

Table 2. These particular data were obtained com-
paring patients subdivided on their 1975 status. It is
impossible to present all the data even in an ab-
breviated form, so this serves as an example of one
particular analysis and demonstrates what sort of
questions were being asked. The first column,
headed F to enter, gives the discriminant function
ranked in order. The second and third columns,
headed cm-square and Kendall tau, contain data
from the straight comparison of the two subdivisions,
operation or non-operation, using these particular
statistical methods but by a different computer pro-
gramme. It demonstrates how the P values for differ-
ences between the two subdivisions are not necessar-
ily of particular importance in discriminating for a
particular individual patient. In column 4, the
number with positive data is given.

In column 5, four causes arc listed for rejecting re-
sponses from future analyses because the question
was either rare, irrelevant, a duplicate question

about other members of the family or a particular
food eaten which caused indigestion. Dysphagia is an
example of a rare response (34 patients only). Time
of going to bed is an irrelevant question. In column 6,
there are eight questions related to the particular fac-
tor of night waking. This last repetition was done de-
liberately because night waking had appeared impor-
tant in a previous study. In column 7 are the six ques-
tions thought most acceptable to a clinician after
others have been excluded for these various reasons.

Table 3 contains details of the different questions
concerning night waking (NW), which were scattered
through the questionnaire. They are listed in the
order they appeared and it was considered that NW6
("Are you awoken from your sleep by indigestion,
heartburn, acid regurgitation or pain during a bad at-
tack of indigestion?") and NW7 ("In a bad attack,
how often does this occur?") were the two questions
which gave the most reliable answers. The question
NW1 to NWS occurred earlier in the questionnaire,
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Table 4. Six variables chosen clinically

93

1 . Years since

Op (128)
Non-op (101)

2. Awoken by

Op (128)
Non-op (101)

start of indigestion

Less
than 1

13
22

indigestion at

7 nights
in a row

62
14

1-3

25
15

night

3-4 times
each
week

56
26

4-5

23
18

Once or
twice
each week

44
11

6-10

48
13

Once a
month

9
7

11-15

31

18

Less
fre-
quently

19
10

More
than 16

78
15

Nil

28
33

3. How many weeks did you have off work due to illness during the last 12 months? If you are a housewife, how long were you
unable to do housework? (If more than 8 weeks, write 9)

0 4 7

Op (21 8)
Non-op (101)

46
44

24
5

14
9

30
10

9
4

17
6

8
0

5
2

15
7

50
14

4. In the last 12 months, how long did a bad period of indigestion or heartburn last?

Op (214)
Non-op (99)

1-7
days

46
26

1-2
weeks

35
15

2-4
weeks

54
23

1-2
months

27
13

3-6
months

23
7

Longer

18
8

Hours
only

11
7

5. What is the longest period of relief from pain, indigestion or heartburn that you have had in the last 12 months?

Op (209)
Non-op (100)

Less than
1 week

33
24

1-2
weeks

24
10

2-4
weeks

32
16

1-2
months

59
12

3-6
months

57
35

Hours
only

4
2

6. Pentagastrin studies. Maximum acid output MAO

but questions NW6 and NW7 were in a separate col-
umn at the end, and answers to these two questions
were obtained from all 319 patients.

Table 4 contains details of five of the six variables
chosen clinically, which gave a 70% correct decision
as to whether a patient was in the operation or non-
operation subdivision. The results of the sixth vari-
able, maximum acid output, are too complicated to
present but the mean and standard deviation for the
operative group was 31.7 ± 12.1 mEq/h compared
with 27.2 ± 11.4 for the non-operative group (inde-
pendent f-test, P<0.005).

A final simplification, using the continuous vari-
ables of years of indigestion and nocturnal waking,
gave a 66% correct total decision compared with the
best of 84% obtained by using all the variables avail-
able on the computer. Because these are the answers
to two clinical questions, which can be easily ob-
tained in the out-patient department, and the inva-

sive, costly and time-consuming pentagastrin gastric
acid secretion test could be avoided, it was consider-
ed important to analyse those patients who did not
fall into the correct decision category, using the two
variables of history length and night waking by divid-
ing them into four subgroups: (a) 53 had no opera-
tion in spite of being awoken seven nights a week by
indigestion — false negative; (b) 51 had an operation
even though they were not awoken at night by indi-
gestion - false positive; (c) 44 had no operation in
spite of a history over 11 years long — false negative;
(d) 32 had an operation even though their history was
3 years or less - false positive.

(a) Night waking: false-negative decision (53)

Subgroup (a) with severe indigestion as measured by
night waking but no operation was similar to all those
patients who had had surgery. This subgroup may
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have been advised to have surgery but individually
refused, details of which were unfortunately not
available.

(b) Night waking: false-positive decision (51)

Subgroup (b) were selected because they had no
night waking in response to question NW6 ("Are you
awoken from your sleep by indigestion, heartburn,
acid regurgitation or pain during a bad attack of indi-
gestion?") but in fact 65% said "yes" to question
NW1 ("Are you awoken in the middle of the night?")
and 41% to NW2 ("What wakes you - indigestion or
heatburn?"). They were not greatly different from
subgroup (a) in regard to other variables, although
subgroup (a) tended to have longer attacks of indi-
gestion measured in weeks (indigestion occurring at
any time of day) and a higher incidence of blood
group A. There were a greater number of patients in
subgroup (b) who described their sleep as either
"very good" or "good", which might be related to
their not being woken at night by indigestion, but it is
not apparent whether this was cause or effect.

(c) Length of history: false-negative decision (44)

Subgroup (c), with a history longer than 11 years
without an operation, had the same incidence of
night waking as the main groups, but had longer at-
tacks and shorter remissions and more previous per-
forations; they were also more likely to have irre-
gular eating habits and to take no regular breakfast.
This subgroup may have been advised operation but
refused. There was little evidence to suggest that the
majority of this group did not have operation because
their symptoms were of long duration but mild in sev-
erity.

(d) Length of history: false-positive decision (32)

Subgroup (d), who had a short history of less than
3 years but had an operation, were analysed in detail
because the usual surgical advice is not to have an
operation with such a short history. They had a simi-
lar amount of night waking as those who had an oper-
ation and also those with a long history i.e. subgroup
(c). They were more likely to be single than married,
be younger, and have more perforations but less
bleeding. Attacks and remissions were similar to the
large total group of patients who had an operation. It
was not clear why these patients were offered opera-
tion with such a short history. Subsequent studies will
be done to demonstrate whether this particular deci-
sion was considered satisfactory by the patient and
the surgeon.

R. J.Earlam and S. J.W.Evans: Ulcer decision analysis

Discussion

There have been no previous attempts to establish
what is the best threshold for advising operation to
patients with duodenal ulceration. After exclusion of
those patients who must be operated on because of
the complications of bleeding or pyloric stenosis, in-
dications for an operation have varied between the
low threshold of every patient with a demonstrable
ulcer or deformity radiologically to the high thresh-
old of "earning" surgery with at least 15 years of pain
and indigestion. This work was done to find out
whether symptoms could be measured and which par-
ticular symptoms were being used for decision tak-
ing. From the design of this study, it was not possible
to analyse whether the decision was correct. As many
questions as possible were asked, having read the lit-
erature and discussed the problem with other sur-
geons in order to produce the most comprehensive
data base. Some factors considered important by
other gastric surgeons who were not consulted have
obviously not been included, but the majority of in-
formation in this study appeared totally irrelevant,
either singly or in combination. This could imply
equally either that the actual decision to operate was
completely random or that everyone with a duodenal
ulcer or deformity should be operated on. On the
other hand, the basis for an individual surgeon's deci-
sion taking might have been lost, because all the
operative decisions were analysed together. There is
evidence that in the majority an original decision was
taken and unchanged even after 10 years. The 101 pa-
tients who were still without operation in 1980 were
presumably happy that the decision not to operate
was correct. Were the 218 who had an operation sim-
ilarly happy? It is only by analysing the decision-tak-
ing mechanism and then doing a longitudinal study
on patient satisfaction over 10 or 20 years that the
correctness of the original decision can be quantified.
Most papers on duodenal ulcer surgery concentrate
on techniques and measured success in terms of
symptoms or/and reduction. The present question as
to who enters the original surgical population and
why is much more difficult and controversial, but ac-
tually is the most important, because in different sur-
gical series the duodenal ulcer patients, i.e. the origi-
nal population in statistical terms, are so varied that
they cannot and should not be compared. Are the pa-
tients in Southern India with pyloric stenosis and a
history longer than 10 years comparable to those in
some centres in England with a history of less than
3 years who do well after a proximal gastric vago-
tomy? It should be clear that measurement and clas-
sification of symptoms is necessary so that the results
of different operations can be compared. Thresholds
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for advising operations are chosen almost randomly
at the moment. Folio wing-up the results of operating
at each particular threshold by asking the patients
whether the decision to operate satisfied them or not
is the only method available for establishing whether
it was actually correct. This may then apply to a
group as a whole, but the art of surgery is matching
one's own particular technique to the individual pa-
tient to achive maximum happiness and satisfaction.

Measurement of daytime pain, night waking and
antacid consumption, in a previous study [2], showed
that these three factors correlated well. Ideally other
variables should have been measured, but that trial
did emphasize the importance of night waking, which
has been confirmed in the present study. Patient re-
sponse to questions about night waking vary and, if
the answer is important, questions must be phrased
correctly and repeated in different ways. More time
should be spent obtaining a reliable answer on this
particular point than asking, for example, whether
the patient has pain before or after meals, which is
probably irrelevant and was excluded from this study
on the basis of previously published results [1].

This study does not give any clear answer as to
whether pentagastrin studies are essential or not.
Maximum acid output came out high in the list of var-
iables that discriminated between the operation and
non-operation groups. Individual surgeons must
themselves judge whether it is worth their time and
effort, as well as the inconvenience to patients, to
have a nasogastric tube in the stomach for 4 h or
more. However, if a computerized data base is to be
established for duodenal ulcer patients, this is an es-
sential component not only for measuring the thresh-
old for surgery but also for prognosis and clearance
of symptoms.

If this study were to be commenced again, endo-
scopy would be added to assess whether the macro-
scopic appearance of the duodenum had any correla-
tion with symptoms or affected the decision to oper-
ate or not. Barium meal studies were added to the
data base at a later stage, but in the early 1970s endo-
scopy was not routinely used. It is also appreciated
that this study may be considered by some as irrele-
vant because it concerns decision taking in the days
before H2 histamine blockers. These drugs must be
put into perspective. The majority of trials compared
the new drug with a placebo rather than with old es-
tablished antacid therapy. A lot had to be learnt
about the natural history of duodenal ulceration and
it was clearly demonstrated that we knew very little
about the reasons for the attacks or their spontan-
eous remissions, let alone the usual time scale of

them. Later studies compared the new drugs with
larger doses of antacids and it became clear that there
was a similar lack of knowledge concerning the ideal
dose of antacid and measurement of the results. There
is also confusion and controversy as to whether the
end result of treatment should be the healing of the
ulcer crater or the elimination of symptoms. Similar-
ly, there is confusion as to whether the severity of the
disease prior to medical or surgical treatment should
be measured by radiological appearances or symp-
tom analysis. The use of endoscopy has demonstrat-
ed clearly that an ulcer can exist without symptoms
and, conversely, that symptoms can persist when the
ulcers has healed. Logically and intellectually this
should lead to the conclusion that the presence of an
ulcer may be irrelevant, in which case measurement
of symptoms becomes extremely important. But it is
extremely unlikely that the only indication for opera-
tion in the future will be failure of an H2 histamine
blocker to heal the ulcer; symptoms will still remain
of paramount importance and if surgeons ignore
them, their patients will not. In this study an attempt
has been made to measure to threshold of symptoms
above which operation is advised. It has been em-
phasized that the results of an operation can not be
compared if the populations differ. Similarly, with
medical treatment is should be emphasized that pa-
tients on an H2 histamine blocker are not all similar,
so the results can not always be compared. Does a
patient swop one antacid tablet a day for a 6-month
course of cimetidine? The results of this study apply
not only to operation but also to medical treatment.
Duodenal ulcers are not all equal, but some are more
equal than others, so patients must be graded accord-
ing to symptoms, which must be measured.
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