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MEDICAL PRACTICE

Contemporary Themes

Comparison of different strategies for treatment of duodenal ulcer

AMNON SONNENBERG

Abstract

A simple model of a Markov chain was used to study the long
term outcome ofdifferent strategies for the treatment ofduodenal
ulcer. Maintenance treatment with H2 receptor antagonists
surpassed intermittent drug treatment and proximal gastric
vagotomy with respect to the relapse free interval and severe

postoperative morbidity. With maintenance treatment the rate of
complications and the number of deaths related to ulcer were

slightly higher than after proximal gastric vagotomy. Neverthe-
less, because the few deaths from proximal gastric vagotomy
occur at the initiation of treatment the loss of life years during
maintenance treatment exceeded that of proximal gastric
vagotomy only after 20 years. Despite its rarity, severe post-
operative morbidity after proximal gastric vagotomy far
exceeded that after the few emergency operations which would
become necessary in the course of maintenance treatment. The
superiority of maintenance treatment over proximal gastric
vagotomy remained insensitive to changes in the assumptions
underlying the recurrence rate with both treatments and the
postoperative morbidity of proximal gastric vagotomy.

Introduction

There are at least three different strategies to treat duodenal ulcer
disease: intermittent use of H2 receptor antagonists, use of H2
antagonists as maintenance treatment, and elective surgery by
proximal gastric vagotomy. Intermittent treatment is started by the
physician after examination of the patient with symptoms or by the
patient himself as soon as he suspects relapse (on demand);

treatment is stopped after two to four weeks. Maintenance treat-
ment implies that an H2 receptor antagonist will be taken for years

regardless of symptoms. In maintenance treatment the full dose is
taken until the ulcer has healed, and the patient then continues with
half the dose. I have used a simple model ofa Markov chain' to study
the effects of the three strategies on the proportion of healed ulcers
and on the proportion of emergency operations performed for
complications.

Methods

Any patient with duodenal ulcer may be considered to be in one of the
following states: healed ulcer, recurrent ulcer, postoperative state, and dead
(fig 1). The results of gastric surgery-that is, the postoperative state-may
be further separated according to the scoring system suggested by Visick,
grades I-III denoting a satisfactory outcome and grade IV an unsatisfactory
outcome of surgery.2 The transitions among these states are governed by the
probability of (a) ulcer relapse, (b) ulcer healing, and (c) satisfactory, (d)
unsatisfactory, or (e) lethal outcome of gastric surgery.
The healing and recurrence rates of duodenal ulcer were adopted from a

compilation of clinical trials by Pounder.3 On average the recurrence rate
and spontaneous healing rate are 8-5% and 43% per month. Maintenance
treatment changes the recurrence rate from 8- 5% to 2 5% per month; ulcers
giving acute attacks treated with H2 antagonists change the healing rate from
43% to 77% per month.
The monthly death rate for each recurrent ulcer was adjusted to give a

cumulative risk of 1 7% at nine years. This cumulative risk ofdying reported
by Bonnevie corresponds to a monthly death rate of 0-09% from all relapses
of ulcer.4 Haemorrhage (H) occurs three times more often than perforation
(P)3-7-H = 3P. One third ofbleeding ulcers (B) and all perforated ulcers are
operated ont-OP = B/3 + P. The overall mortality from haemorrhage and
perforation is 15%8-9-thus 15% (B + P) = 0-090/o. From the three equations
we can calculate the monthly incidence of emergency operations to be 0 3%
of all relapses ofduodenal ulcer and the mortality ofemergency operations to
be 30%.

In an emergency partial gastrectomy or truncal vagotomy plus pyloro-
plasty is performed. Of patients surviving emergency operation, operative
outcome is assumed to be unsatisfactory in 10%. '"'3 From life table analysis
of proximal gastric vagotomy a recurrence rate of 0-25% per month is
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estimated.'4 An acute ulcer recurring after proximal gastric vagotomy is
treated by H2 antagonists, the healing rate being the same as in the
unoperated stomach. ' Death may be expected in three in 1000 operations. 6
In 5% of patients the long term result of proximal gastric vagotomy will be
unsatisfactory for reasons other than recurrent ulcer."-"

In the sensitivity analysis ofmedical treatment recurrence rate and healing
rate with H2 antagonists are varied from 1% to 4% and from 70% to 84% per
month according to the range reported by different authors.' 1 The upper
limits of a recurrence rate of /% and healing rate of84% were taken from two
recent trials testing ranitidine.'9 20 Also the incidence ofemergency operations
is doubled. In the sensitivity analysis of surgical treatment the proportion of
unsatisfactory results after proximal gastric vagotomy is varied from 2% to
8% and the monthly recurrence rate from 011% to 0o5%. These ranges
emerge from compilation of different studies of proximal gastric vagotomy"'
and from the direct comparison of different surgeons at one surgical centre.22
The table summarises all rates of the Markov chain shown in fig 1.

Heated Ulcer Visick Visick
ulcer relapse I-III IV Death

Rates and assumptions used in Markov chaltn in figure I

Monthly rate and Baseline Range used in
results of surgerv assumption sensitivity analysis

Spontaneous healing rate 43
Healing rate under H2 blockade 77 70-84
Spontaneous recurrence rate 8-5
Recurrence rate under H2 blockade 2- 5 1-4
Recurrence rate after proximal gastric vagotomv 0-25 01-0 5
Incidence of emergency operation 0 3 0 3-0 6
Results of emergency operation*
Death (30%) 0 09 0 09 -0 18
Visick grade IV (7%) 0 021 0-021-0042
Visick grades I-III (63%) 0 189 0-189-0 378

Initial results of proximal gastric vagotomyt
Death 0-3
Visick grade IV 5 2-8
Visick grades I-III 94 7 97 7-91-7

*In order to transform results of emergency operation to rates they are multiplied by incidence of
emergency operation.
tAfter proximal gastric vagotomy only patients with Visick grades I-III are subjected to Markov chain
analysis.
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FIG 2-Effect of medical treatment of duodenal ulcer on proportion of time spent with
healed ulcer in unoperated patients (left) and on proportion of patients undergoing
emergency operations (right).

FIG I-Markov state model of chronic duodenal ulcer.
100-

The analysis is started with 100 hypothetical patients in the state of healed
ulcer. The 100 patients are taken to represent the population of patients with
duodenal ulcer, which means that in any one of these patients the diagnosis
has been ascertained by duodenoscopy. It also means that in the large
majority of these patients duodenal ulcer had already recurred several times,
since this is the course of the disease in the average patient. Every month the
patients are newly redistributed among the five states according to the
transition probabilities. The monthly redistribution is continued for 40
years. After every five years the proportion of subjects in each state and the
proportion of time spent in each of the five states are calculated.

Results

Figure 2 shows the effects ofmaintenance treatment, intermittent
treatment, and no treatment on the proportion of time spent with a
healed duodenal ulcer in the unoperated patients. While receiving
maintenance treatment an average of 96% of the time is spent
without recurrent ulcer. With intermittent treatment or without
treatment only 86% and 78% of the time, respectively, is spent free
of recurrent ulcer. With maintenance treatment the proportion of
patients subjected to emergency operations increases from 0-6%
after five years to 4-4% after 40 years. Intermittent treatment and no
treatment will increase this proportion of operated subjects three-
fold and fivefold respectively.
The outcome of maintenance treatment proves to be much more

sensitive to changes of the monthly recurrence rate than to those of
the healing rate (fig 3 (left), fig 4). After 20 years maintenance
treatment will lead to premature death in 0 67% of subjects
compared with 0137% after proximal gastric vagotomy, but the
fraction of 0133% of time lost due to premature death will be similar
with both treatments. This is because most deaths in patients given
proximal gastric vagotomy occur at the initiation of treatment,
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FIG 3-Sensitivity analysis of maintenance treatment (left) and proximal gastric
vagotomy (PGV; right). Time without relapse refers to healed duodenal ulcer in
unoperated stomach and Visick grades I-III. Interrupted lines denote baseline
assumptions of maintenance treatment and of proximal gastric vagotomy. Baseline
healing rate of 77% and recurrence rate of 255% under maintenance treatment were
varied from 70% to 84% and from 1% to 4%. Baseline fraction of 5% in patients with
Visick grade IV and recurrence rate of 025% after proximal gastric vagotomy were
varied from 2% to 8% and from 0 1% to 05%.

whereas with maintenance treatment deaths due to complications of
the ulcer accumulate with time. The proportion of patients with
unsatisfactory results after emergency operations will be 03%.
Doubling the incidence of complications and emergency operations
leaves the proportion of healed ulcers more or less unchanged (fig 5).

After proximal gastric vagotomy 99% of the time is spent free of
recurrent ulcer. Nevertheless, when the proportion of unsatis-
factory operative results (Visick grade IV) is disregarded in the
fraction of healed ulcer the fractions change in favour of mainten-
ance treatment (fig 3 (right)). With Visick grades I-III being
possible in 98% of patients proximal gastric vagotomy would
surpass maintenance treatment under baseline assumptions. The
outcome of surgery remains predominantly insensitive to changes in
the postoperative recurrence rate.
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Discussion

This simple model used to predict the outcome of treatment of
duodenal ulcer shows that maintenance treatment far surpasses
intermittent treatment. Although intermittent treatment improves
the fraction of healed ulcers as compared with no treatment,
frequent recurrences remain a risk for patients receiving inter-
mittent treatment. Maintenance treatment proves to be better than
proximal gastric vagotomy. The advantage of maintenance treat-
ment over vagotomy also prevails under the worst assumptions
about rate of ulcer recurrence. Proximal gastric vagotomy may be
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FIG 4-Sensitivity analysis of maintenance treatment: impact of changes in monthly
healing and recurrence rates on proportion of emergencies. Same variations as in fig 3
(left) considered. (PGV = Proximal gastric vagotomy.)
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FIG 5-Sensitivity analysis of maintenance treatment: impact of doubling the incidence
of emergency operations from baseline 0 /3% to 0-6% per month per recurrent ulcer.

superior to maintenance treatment only in surgical centres of
excellence with extremely low postoperative morbidity. In the case
of optimal assumptions for both therapeutic strategies maintenance
treatment again comes off slightly better than proximal gastric
vagotomy.
The model used in this study was derived from a model ofmedical

treatment for chronic duodenal ulcer originally developed by
Pounder.3 Though he did not describe it so explicitly, his model
corresponds to a Markov chain of two states with transitions only
between healed and recurrent ulcer being considered. The present
model does not consider risks and adverse effects of long term
continuous H2 blockade.2325 Owing to the low incidence of severe
side effects my results would not be modified by including side
effects as an additional state of the Markov chain for less than one
per 1000 patients. Since no reliable data exist on the risk of gastric
cancer after prolonged inhibition of acid secretion by either type of
treatment2' 26 this question was not addressed in the analysis.

Surgeons tend to emphasise the low rate of postoperative
complications and morbidity after proximal gastric vagotomy. By
contrast, maintenance treatment is associated with the continuing
risk ofcostly complications due to recurrent ulcers. These arguments
are validated by the present model. Even with maintenance
treatment the rate of complications and the number of deaths
related to ulcers remain higher than with proximal gastric vagotomy.
Nevertheless, because the few deaths in patients given proximal
gastric vagotomy occur at the initiation of treatment the loss in life

years with maintenance treatment exceeds that of proximal gastric
vagotomy only after 20 years. The morbidity after vagotomy-albeit
less than with any other type of gastric surgery-outweighs the
advantage of a lower rate of recurrent ulceration leading to fewer
complications of ulcer disease. These arguments remain insensitive
to changes in the assumptions underlying the present model.

This study was supported by a grant from the Deutsche Forschungsge-
meinschaft, grant No So 172/1-1.
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Is there any statistical evidence that cancer is commoner in single people?

Total cancer risk is little related to marital status. Thus in a five year follow
up of a 1% sample from the 1971 census, Fox and Goldblatt observed 270
cancer deaths among single men and 334 cancer deaths among single
women,' figures that were close to those, 267 and 355 respectively, expected
for men and women as a whole. For women, however, there is evidence of a
relationship of marital status to risk of certain types of cancer, marriage
protecting against cancer of the breast and cancer of the body of the uterus at
later ages, but predisposing to cancer of the cervix. 2-P N LEE, consultant in
statistics and adviser in epidemiology and toxicology, London.

1 Fox AJ, Goldblatt PO. Longitudinal study. Soci-demographwc mortality differentials. London:
HMSO, 1982. Office of Population Censuses and Surveys. (Series LS No 1.)

2 Registrar General. Decennial supplement. England and Wales 1961. Occupational mortality
tables. London: HMSO. 1971.
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