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INNOVATION IN
GASTROENTEROLOGICAL

MANAGEMENT:
THE CASE OF CIMETIDINE*

D.P. Doessel and J.J. Sams

Gastroenterological medicine has, in recent decades, experienced two
major innovations, viz. fibre optic endoscopy (a diagnostic technology)
and cimetidine, an innovation in ulcer therapy. This paper is concerned
with determining the efficacy of cimetidine in reducing the number of
surgicalprocedures for gastric and duodenal ulcer. It isfound that, since
the introduction of cimetidine, a statistically significant decline in gastric
ulcer operations has occurred. A similar result was not obtained for
persons with a diagnosis ofduodenal ulcer. The picture ofsubstitution of
therapies given by this study is in sharp contrast to that depicted in clinical
drug trials. This has significance for technology assessment.

Keywords: gastric and duodenal ulcer, cimetidine, medical innovation,
substitution, technology assessment

INNOVATIONS IN GASTROENTEROLOGY

The medical management of disorders of the upper gastrointestinal
tract has been significantly affected by two major technological
innovations. In the order of their development these innovations are
the diagnostic technique of fibre optic endoscopy and the
pharmacological agent cimetidine.

The fibre optic age of endoscopy began in 1954 when it was argued
that flexible endoscopes could be developed using fibre optic
principles.' Hopkins and Kapany wrote:

. .. an optical unit has been devised which will convey images along a
flexible axis . The unit comprises a bundle of fibres of glass, or other
transparent material, and it therefore appears appropriate to introduce
the term 'fibrescope' to denote it. An obvious use of the unit is to replace
the train of lenses employed in conventional endoscopes,"
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By 1958 a fully flexible fibre optic gastroscope had been
demonstrated.' The dominant use of fibre optic endoscopes is for
diagnosis. However, modem instruments also enable the removal of
foreign bodies, sphincterotomy for duct stones, dilation of
oesophageal strictures and the treatment of bleeding lesions by
diathermy or laser photocoagulation." Prior to the fibre optic age,
barium meal radiological diagnosis of the oesophagus, stomach and
duodenum was unchallenged by any alternative technology. Since the
advent of fibre optic instruments such radiological diagnoses have
been shown to be relatively inaccurate.'

The second innovation in the medical management of
gastrointestinal disorders was the development of a new
pharmacological agent which has added to the range of therapeutic
alternatives. The development of cimetidine, the third drug in the class
of histamine ~-receptor antagonists, is regarded as a major
breakthrough in chemical therapy. Although the first antihistamine
was synthesised in 1937, and many variants have been developed
since, it was found that the antihistamines blocked only some of the
actions of histamine, such as the control of allergic conditions, for
example, hay fever. They had no effect on other histamine-mediated
processes, including gastric acid secretion . Ash and Schild argued that
there may be two types of receptor sites in the gastric mucosa." This
argument involved a reclassification of 'classical ' antihistamines as
histamine HI-receptor antagonists. Histamine receptors at which the
'classical' antihistamines are ineffective could be defined as histamine
H2-receptors.

In 1964 Black began a search for compounds which would block
those receptors which were insensitive to the HI-receptor antagonists.
This work culminated in the synthesis of burimamide, the first
histamine ~-receptor antagonist.' This compound had little clinical
potential as a result of its low potency when administered orally. The
second ~-receptor antagonist, metiamide, inhibited gastric secretion
markedly but was withdrawn from further clinical trials when bone
marrow depression, which was subsequently reversed, developed in
some patients." Cimetidine trials were then undertaken."

In early studies with quite small numbers of patients ulcer
symptoms improved and ulcers healed, as determined by endoscopic
examination.'? Subsequent double-blind trials with larger numbers of
participants indicated rapid symptomatic relief and a high healing
rate." Cimetidine has not yet shown any major side effects." Since
these early studies, other issues, such as the efficacy of cimetidine as a
maintenance therapy," and comparisons with other therapies," have
been investigated. It is clear that the literature associated with the
cimetidine 'industry' is voluminous and we make no attempt to
provide a comprehensive survey.
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More recently another histamine H2-receptor antagonist, ranitidine,
has become available. It is suggested by experimental evidence that
ranitidine is approximately five times as effective as cimetidine as an
inhibitor of gastric acid secretion. IS Clinical trials have shown
ranitidine to be more effective than placebo" and as effective as
cimetidine, although ranitidine was administered at a fraction of the
daily dose of cimetidine.'? Two other H2-receptor antagonists,
SK&F92994 and tiotidine, have also been reported. IS The medical
profession thus has available a choice of histamine H2-receptor
antagonists.

Cimetidine was marketed in the United Kingdom in November 1976
and in August 1977 in the United States. Following the deliberations
of the Commonwealth Drug Evaluation Committee in early 1977,
cimetidine became available on prescription in Australia on 27 May
1977. It was first approved as a short term therapy for pro ven
duodenal and gastric ulcer as well as the Zollinger-Ellison syndrome.
Subsequently approval was extended to its use as a maintenance
therapy. In August 1978, cimetidine became available as a
pharmaceutical benefit, subject to restrict ion, under the
Pharmaceutical Benefits Scheme, as authorised by the National
Health Act, 1953.

Ranitidine was introduced to the Australian market on 29 April
1982, following its release in the United Kingdom in October 1981.
The therapeutic indications for ranitidine in Australia are exactly the
same as those for cimetidine. At the time of writing (December 1983),
ranitidine had not yet been approved for government subsidy under
the Pharmaceutical Benefits Scheme. As ranitidine was not available
in the period being considered in this study it is not necessary to
document its sales.

Figure 1 shows the temporal diffusion of cimetidine in the State of
Queensland in the six years since it became available. Queensland is
unique in Australia in that since 1942 the Queensland Department of
Health has administered a state-wide network of public hospitals in
which both in- and out-patient services have been provided free to all
persons unless they prefer to be treated on a fee-for-service basis by a
private medical practitioner of their own choice. The lower graph in
Figure 1 indicates the volumes of cimetidine prescribed in this system
of public medical provision , and the intermediate graph shows the
volumes prescribed through private medical provision . The diffusion
of this new drug in Australia, in comparison with other innovations,
has been very rapid.'?

The numerous clinical studies evaluating the histamine ~-receptor

antagonists have shown their effectiveness in the carefully defined
circumstances of those clinical trials. However, such studies cannot be
used to indicate the effectiveness of the drugs when freely prescribed
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Fig. 1 - Temporal diffusion of cimetidine in Queensland,
1977 to 1983

Source: Information supplied by Smith Kline and French Laboratories (Aust.) Ltd . and
Central Drug Store of the North Brisbane Hospital Board, 1983.

in the real world of gastroenterological practice. To shed light on this
matter the controlled clinical trial is not appropriate.

The purpose of this paper is to determine if the prescription of
histamine ~-receptor antagonists has had an effect on a major
therapeutic alternative for peptic ulcer, that is, surgery. In other
words , to what extent has this new drug therapy become a substitute
for surgical therapy? Our analysis will be conducted on separate data
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for gastr ic ulcer and duodenal ulcer. This will enable us to determine if
cimetidine is having a differential impact on stomach and duodenal
ulcers.

DATA AND METHODS

The first studies to address this question appeared in 1981. Fineberg
and Pearlman, using sample data on United States short-term
hospitals, found that the annual numbers of surgical procedures
(partial gastrectomy and vagotomy) for peptic ulcer were significantly
fewer after cimetidine was introduced." A British study, using
aggregated data from six hospitals, reached a similar conclusion for
duodenal ulcer." Subsequently a number of other studies have been
published, though some are merely anecdotal in nature and others
undertake no statistical tests on the data. "

It is clear from the above that all studies mentioned are subject to
qualification as a result of data sources and/or method. It is evidently
necessary to analyse not the absolute number of surgical procedures,
as has been done by all authors, but rather a surgical rate. The data set
that we will use to shed light on this matter is the Queensland Hospital
Morbidity Collection. This collection is a total enumeration of all
patient separations (male and female discharges) from all hospitals
(public and private) for all patient classes (public and private, where
the latter term includes intermediate ward accommodation) in
Queensland. The Queensland Department of Health and the
Australian Bureau of Statistics co-operate in the collection and
compilation of the data. The data include, inter alia, standard
demographic details, primary diagnosis and principal medical
procedure for all separations." Primary diagnosis is coded by
reference to the various revisions of the International Classification of
Diseases (ICD), 24 and medical procedures by use of the English Code
of Surgical Operations and, since 1979, by the WHO system." There
is no way by which the comparability of the morbidity data, coded by
these four documents, can be determined. However, in coding cause
of death by the eighth and ninth revisions, the Australian Bureau of
Statistics found that, in 1979, there was a perfect correspondence
between the two revisions with respect to the diagnostic codes relevant
to peptic ulcer." Thus there is indirect evidence to indicate that we
may have confidence in regarding the data from 1969 to 1981 as
consistent."

We comment on one more preparatory point. In recognition of the
problem of non-correspondence in the coding of surgical procedures,
a wide definition of ulcer surgery has been adopted. In other words,
we have included more codes than unqualified 'partial gastrectomy'
and 'vagotomy'. The guiding principle of choice was to construct a
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time series of data that is as consistent as possible. This objective is
achieved by using a wide rather than a narrow definition. The effect of
this specification is to make our conclusions conservative. By this we
mean that if cimetidine has been able to substitute for surgery, the
base from which our comparisons will be made, by including some
procedures which cimetidine is not likely to affect , will be such as to
underestimate the substitution.

Our method of analysis is to calculate a surgical rate (number of
partial gastrectomies and vagotomies per 10,000 population) for
persons with LCl) diagnostic codes 531 (gastric ulcer) and 532
(duodenal ulcer). The numerator was obtained by extracting from the
Hospital Morbidity computer tapes all records with these two
diagnostic codes. These records were then examined to determine the
numbers of surgical procedures performed on the persons with these
diagnostic codes. The data thus obtained were then divided by the
population of Queensland. These procedures were adopted for all
years from 1969 to 1981, the latest year for which hospital morbidity
data are available.

Linear regression equations were then fitted to the surgical rate data
for the years 1969to 1977. In other words, we have regarded 1977as a
pre-cimetidine year. Thus our equations are based on nine (annual)
observations. Using these estimated equations, we have predicted the
values for the four years from 1978to 1981 and calculated the relevant

TABLE 1. Estimated Regression Equations for Numbers of Surgical
Procedures per 10,000 Population for Gastric Ulcer, Duodenal Ulcer
and Both Categories of Ulcer, Queensland , 1969-1977.

Ulcer Category Estimated Equations

Gastric Ulcer rate = 0.9533** + 0.03984t*
(0.1113) (0.01978)

Duodenal Ulcer rate = 1.3510** - 0.02387t
(0.08138) (0.01446)

Gastric and rate = 2.2670** + 0.01859t
Duodenal Ulcer (0.11240) (0.01997)

Source: Queensland Hospital Morbidity Collection, Australian Bureau of Statistics,
Australian Demographic Statistics June Quarter 1983, ABS, Canberra, 1983,
Table 3; Australian Bureau of Stat istics, Queensland Demography, ABS,
Brisbane, 1974, Table I.

Notes: Standard errors of the estimates are indicated by the data in brackets.
• Significant at the 5 per cent level.

•• Significant at the I per cent level.
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95 per cent confidence intervals associated with the equations in the
four years to 1981. This enables us to compare the actual observations
with the values predicted by the estimated equations based on the
surgical rates in the pre-cimetidine period.

RESULTS

Linear regression equations provided reasonable fits to the annual
data.» The results are reported in Table 1 for gastric and duodenal
ulcer and both ulcer categories combined.

We obtained one negative and two positive slope coefficients for
our three equations. The positive slope coefficient for gastric ulcer is
significant at the five per cent level, indicating that the increase in
gastric ulcer operations per 10,000 population in the period 1969 to
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1977 is meaningful. However, the negative slope coefficient for
duodenal ulcer and the positive slope coefficient for both categories of
ulcer are not significantly different from zero. Using these three
regression equations we have calculated the predicted values for the
four years to 1981. Figures 2, 3 and 4 indicate our results for gastric
ulcer, duodenal ulcer and both categories of ulcer together. The 95 per
cent confidence intervals for the years 1978 to 1981 are indicated by
the vertical lines in each figure.

Figure 2 indicates that all four post-cimetidine observations are less
than the predicted values and furthermore that all four observed
values in the post-cimetidine period lie outside the lower end of the
relevant 95 per cent confidence intervals. These results indicate that
there is a phenomenon (a decline in the surgical rate for gastric ulcer)
that requires explanation. This decline has occurred shortly after the
introduction of cimetidine, which suggests that cimetidine may be the
causal factor.

It is noteworthy that the 1977 observation in Figure 2, which we
have interpreted to be a pre-cimetidine value, lies well below the
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estimated regression line. Given that cimetidine was marketed in late
May 1977, it is conceivable that this low 1977 observation may be
explained by the decline in surgery for gastric ulcer which occurred in
the second half of 1977. Another factor which could explain this low
surgical rate might be people's decisions to postpone surgery in the
expectation that cimetidine would be efficacious for them. Our
analysis of the data by six-month time periods indicates that this did in
fact occur.

The results for duodenal ulcer, depicted in Figure 3, are somewhat
different from those for gastric ulcer. As with gastric ulcer, all four
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post-cimetidine observations are less than the predicted values.
However, in marked contrast to the gastric ulcer results, all four
observations lie well within the relevant 95 per cent confidence
intervals. In other words, these lower than predicted observations
could have occurred by chance. These results can be interpreted as
indicating that cimetidine has not had a significant effect on the
surgical rate for persons with diagnoses of duodenal ulcer .

The 1977 observed value, which has been interpreted as being in the
pre-cimetidine period, lies above the estimated regression line. This is
in contrast to the 1977 observation for gastric ulcer, which was well
below the estimated equation. In fact, the surgical rate for duodenal
ulcer in 1977 was the highest since 1973. The number of operations in
the second half of 1977 in fact rose in comparison with comparable
time periods for all years from 1973. Thus the 1977 observation also
indicates that there is a difference between gastric and duodenal ulcer
since the introduction of cimetidine.

In Figure 4 the effect of cimetidine on both categories of ulcer is
indicated. As with gastric ulcer, all four post-cimetidine observations
are less than the predicted values and all lie well outside the 95 per cent
confidence intervals . In other words , the relatively large decline in the
gastric ulcer surgical rate has been such as to outweigh the relatively
small decline in the duodenal surgical rate. It is noteworthy that this
study has indicated that an aggregate analysis (as indicated in Figure
4) conceals an important difference in the efficacy of cimetidine on
stomach and duodenal ulcer . This is a result that has not been found
in clinical trials of cimetidine.

DISCUSSION

Our analysis of surgical rates for gastric and duodenal ulcer in
Queensland indicates that there have been temporal declines since
1977 which require explanation. These declines have coincided with
the introduction of a pharmacological agent (cimetidine) which
suppresses gastric acid secretion which in turn facilitates natural
healing of mucosal lesions in the upper gastrointestinal tract.
However, we have found that there is a statistically significant
difference between the reductions in surgery for stomach and
duodenal ulcers. The decline in the gastric ulcer surgical rate is
considerably larger than that for duodenal ulcer, and all post
cimetidine observations lie outside 95 per cent confidence intervals,
whereas all post-cimetidine observations for duodenal ulcer are within
these confidence intervals. This could be interpreted as evidence which
indicates that the efficacy of cimetidine is not uniform between the
stomach and duodenum, a point which has not been reported in any
clinical trial of the efficacy of cimetidine.
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The randomised clinical trial is the most appropriate research
strategy for determining the effectiveness of medical therapies ."
However, the studies using this experimental design cannot indicate
the efficacy of cimetidine when prescribed in the real world of clinical
medicine. If interest is focussed on this question of efficacy in a non
controlled environment, then the nature of the study being undertaken
can be described as a 'general association' one." By this is meant that
neither exposed nor non-exposed, diseased nor non-diseased cases are
examined; rather the work involves a 'passive' mathematical exercise
undertaken on sets of general data not generated for the specific
problem under investigation. This is an appropriate description of
studies such as we have undertaken here. We have examined and
analysed statistics from various sources and attempted to draw
conclusions based on statistical inference.

However, a study such as this cannot provide conclusive evidence.
The results suggest that there has been an effect on stomach and
duodenal surgical rates . This effect has been shown to be non
uniform. Clearly cimetidine has not replaced (or displaced) surgery in
a complete way. If cimetidine were a perfect substitute for surgery
then the surgical rates for ulcers would approach zero through time.
Our data do not show such a trend . Put otherwise, these results
indicate that cimetidine, rather than being a perfect substitute for
surgery, is an imperfect substitute.

This conclusion is, in a sense, the most notable result of this study .
In terms of forming judgements about innovations in medicine,
reliance is placed on the results of the randomised clinical trial. The
clinical trials of cimetidine, typically, are of a short duration, usually
three months. The common procedure is to establish the existence of
an ulcer, prescribe cimetidine to one group of patients and a placebo
to another group of patients, both patients and doctors being in a state
of ignorance (until the trial is completed) as to which patients are on
cimetidine or placebo. After three months each patient is once more
examined by radiology or endoscopy to determine the extent of ulcer
healing. Such experiments have shown that cimetidine is a powerful
healing agent.

The results of randomised clinical trials present a 'rosy' picture of
the drug's efficacy. The following is a typical conclusion:

After 28 days, 85 per cent of patients receiving cimetidine showed ulcer
healing, compared with 25 per cent receiving placebo (P < 0.00(5).
Patients receiving cimetidine had significantly more pain-free days and
pain-free nights than those receiving placebo. There was good correlation
between ulcer healing and symptomatic relief (P < 0.00(5) .31

The results we have reported here (for four post-cimetidine years in
the real world of clinical medicine), in terms of declines in surgical
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rates, are in marked contrast to results expressed in terms of endo
scopically-verified ulcer-healing and patient-reported symptomatic
relief after relatively short periods in a controlled clinical trial.
Explanations for this difference need to be sought.

First, it is possible that the persons in the clinical trials may be
subject to a 'Hawthorne effect' as a result of their knowing that they
were part of an experiment. For example, they may be more careful to
take tablets at the stipulated time than the non-observed general
population. Second, the differences may be explained by the
interaction of a number of inter-related matters. Ulcer diseases are, by
their nature, recurrent. Hence it is important to consider the efficacy
of a therapy over a number of illness episodes, and to avoid basing
judgements on only one episode. The randomised clinical trials of
cimetidine have been predominantly concerned with short run efficacy
and it has been only more recently that sufficient time has elapsed for
the results of long term maintenance therapy trials to be reported.
This temporal factor ties in with a related matter, viz. that health (and
illness) is a multidimensional phenomenon. The clinical trials have
relied mainly on two measures: endoscopically-indicated ulcer
healing, and patient-reported symptomatic relief. (Not all trials have
reported a correlation between these two measures.) By implication, a
study such as that reported here relies on a general measure which can
be described as 'indications for surgery'. It is not possible to measure
this: what can be observed is the effect - ulcer surgery. If the general
measure could be observed it would be ulcer morbidity which was
unresponsive to alternative therapies , with the patients subject to
acute pain and/or haemorrhage.

The explanation for this difference between the results of clinical
trials and the results reported here is more likely to be the second
factor. If this is the case then there is an important point to be noted.
With respect to forming judgements about new technologies in the
health sector, reliance on the results of short term clinical trials may be
somewhat misleading. Technology assessment, if one aspires to
accuracy, may have to wait some time, in fact, years, before verdicts
can be brought down on innovations in medicine.

NOTES AND REFERENCES

I. For a detailed historical account of endoscopy see D.D. Gibbs, 'The history of
gastrointestinal endoscopy ' in K.F.R. Schiller and P.R. Salmon (eds), Modern
Topics in Gastrointestinal Endoscopy. Heinemann , London, 1976, Chapter I.

2. H.H . Hopk ins and N.G. Kapany, 'A flexible fibrescope using static scanning' ,
Nature. 173,4392, 1954, p. 39.

3. B.J . Hirchowitz, L.E . Curti ss, C.W . Peters and H.M. Pollard, 'Demonstrations
of a new gastro scope, the fibrescope', Gastroenterology, 35, I , 1958, pp. 50-3.



Innovation: Cimetidine 15

4. See W.J . Austad, 'Gastrointestinal and hepatic disease: future treatment
prospects ', Current Therapeutics, 21,9, 1980, pp. 167-71; and P .B. Colton and
C.B. Williams, Practical Gastrointestinal Endoscopy, Blackwell, London, 1980.

5. For a detailed account see D.P. Doessel, 'Economic analysis and medical
diagnosis: method and application', paper presented to the Fifth Health
Economists' Con ference, Australian National University, Canberra, September
1983.

6. A.S.F. Ash and H.O. Schild, 'Receptors mediating some action s of histam ine' ,
British Journal of Pharmacology, 27,2, 1966, pp. 427-39.

7. J .W . Black, W.A.M. Duncan, C. J . Durant, C.R . Ganellin and E.M. Parsons,
' Definition and antagonism of histam ine Hz-receptors', Nature , 236, 5347, 1972,
pp. 385-90.

8. R.E . Pounder, J .G . Williams, G.J . Milton-Thompson and J .J . Misiewicz, 'Relief
of duodenal ulcer symptoms by oral metiamide', British Medical Journal, 2, 10,
1975, pp. 307-9; and 1.A.H. Forrest, D.J.C. Shearman, R. Spence and L.R.
Celestin, 'Neutropenia associated with metiamide' , Lancet , I , 7903, 1975,
pp. 392-3.

9. For a detailed account see R.W. Brimblecombe, W.A.M. Duncan, G.J . Durant ,
J.C. Emmett, C.R. Ganellin, G.B. Leslie and M.E. Parsons, 'Characterization
and development of cimetidine as a histamine H2-receptor antagonist',
Gastroenterology, 74,2, 1978, pp. 339-47.

10. S.J . Haggie , D.C . Fermont and J .H . Wyllie, 'Treatment of duodenal ulcer with
cimetidine', Lancet , 1,7967,1976, pp . 983-4; and R.E . Pounder, R.H. Hunt, M.
Steke1man, G.1. Milton-Thompson and 1.J . Misiewicz, 'Healing of gastric ulcer
during treatment with cimetidine', Lancet, 1,7955 , 1976, pp. 337-9.

II . See, inter alia, G. Bodemar and A. Walan , 'Cimetidine in the treatment of active
duodenal and prepyloric ulcers', Lancet, 2,7978,1976, pp. 161-4; G.R . Gray, I.
McKenzie, I.S. Smith, G.P. Crean and G. Gillespie, 'Oral cimetidine in severe
duodenal ulcerat ion: a double-blind controlled trial ' , Lancet , I , 8001, 1977,
pp. 4-7. For a comprehensive survey see D.H. Winship, 'Cimetidine in the
treatment of duodenal ulcer: review and commentary', Gastroenterology, 74, 2,
1978, pp. 402-6.

12. D.M. Kruss and A. Littman, 'Safety of cimetid ine', Gastroenterology, 74, 2,
1978, pp. 478-83.

13. See, inter alia, D.J. Hetzel, R. Hecker and D.J .C. Shearman, ' Long term
treatment of duodenal ulcer with cimetidine', Medical Journal ofAustralia, 2, II ,
1980, pp. 612-14; J. Hansky and M.G . Korman, ' Long term cimetidine in
duodenal ulcer disease' , Digestive Diseases and Sciences, 24, 6, 1979, pp . 465-7;
and G.R . Gra y. D. McWhinnie, I.S. Smith and G. Gillespie, ' Five-year study of
cimetidine or surgery for severe duodenal ulcer dyspepsia', Lancet, 1,8275, 1982,
pp. 787-8.

14. M. Ward , E.J . Pollard and A. Cowen , ' Double-blind trial of cimetid ine versus tri
potassium di-citrato bismuthate in chronic duodenal ulceration', Medical Journal
ofAustralia, 1,7, 1981, pp. 363-4; G. Fedeli, M. Anti, G.L. Rapaccini, J . de Vitis,
A. Butti and I.M . Civello, 'A controlled study comparing cimetidine treatment to
an intensive antacid regimen in the therapy of uncomplicated duodenal ulcer ' ,
Digestive Diseases and Sciences, 24, 10, 1979, pp . 758-62.

15. W. Domschke, G. Lux and S. Domschke , 'Gastric inhibitory action of
H2-antagonists ranitidine and cimetidine', Lancet , 1,8111, 1979, p.320; N.R.
Peden, J.H .B. Saunders and K.G. Wormsley, 'Inhibition of pentagastrin 
stimulated and nocturnal gastric secretion by ranitidine' , Lancet, I, 8118, 1978,
pp.690-2.

16. A. Berstad , K. Kett, E. Aadland, E. Carl sen, K. Frislid, K. Saxhaug and A. Kruse
Jensen , 'Treatment of duodenal ulcer with ranitid ine, a new histamine H2-receptor
antagonist' , Scandinavian Journal of Gastroenterology, 15, 5, 1980, pp , 637-9.



16 D.P. Doessel and J.J. Sams

17. M.J. Langman, D.A. Henry, G.D. Bell, W.R. Burnham and A. Ogilvy,
'Cimetidine and ranitidine in duodenal ulcer', British Medical Journal, 281, 16,
1980, pp , 473-4; J .H .B. Saunders, N.R. Peden, E.J.S. Boyd and K.G. Wormsley,
'Double-blind comparison of ranitidine and cimetidine in the treatment of
duodenal ulceration' , Gut, 21,5, 1980, p. A455.

18. J .G. Mills, M.A. Melvin, R. Griffiths, H. Hunt, W.L. Burland and G.J . Milton
Thompson, 'SK and F92994 - a new histamine Hz-receptor antagonist', Gut, 21,
5, 1980, p. A462; Anon., 'New drugs for peptic ulcer', British Medical Journal,
281, 12, 1980, pp, 95-6.

19. D.P. Doessel and N.D. Karunaratne, 'Temporal and spatial diffusion of water
fluoridation in Australia', Journal of Urban Analysis, 6,2, 1980, pp. 261-76.

20. H.V. Fineberg and L.A. Pear lman, 'Surgical treatment of peptic ulcer in the
United States', Lancet, 1,8233, 1981, pp. 1305-7.

21. J .H . Wyllie, C.G. Clark, J. Alexander-Williams, P.R .F. Bell, T.L. Kennedy,
R.M. Kirk and C. MacKay, 'Effect of cimetidine on surgery for duodenal ulcer',
Lancet, 1,8233, 1981 , pp. 1307-8.

22. K.D. Bardhan and R.F.C. Hinchliffe , 'Effect of cimetidine on surgery for
duodenal ulcer', Lancet, 2,9236, 1981, p. 38; C.M. Wylie, 'The complex wane of
peptic ulcer. II. Trends in duodenal and gastric ulcer admissions to 790 hospital s,
1974-1979', Journal of Clinical Gastroenterology, 3, 4, 1981, pp. 333-9; C.W.
Venables, 'Surgery and hospitalisation trends in the UK before and after
cimetidine' in Cimetidine, Surgery Trends and the Cost of Peptic Ulcer Disease:
Proceedings of a Cost-Benefit Symposium, Netherlands Economic Institute,
Rotterdam, 1982, pp. 84-99.

23. For definitions see Australian Bureau of Statist ics, Hospital Morbidity,
Queensland, 1979, Australian Bureau of Statistics, Brisbane, 1982, pp. 1-2.

24. In the period under considerat ion in this study there were two revisions applicable :
the eighth revision from 1969to 1978and the ninth revision from 1979. See World
Health Organisation, Manual of the International Statistical Classification of
Diseases, Injuries, and Causes of Death, World Health Organisation, Geneva,
1968and 1977.

25. Commonwealth Department of Health and Commonwealth Bureau of Census and
Statistics, Code of Surgical Operations, Commonwealth Bureau of Census and
Statistics, Canberra, 1968; World Health Organisation, International
Classification of Procedures in Medicine, World Health Organisation, Geneva,
1978.

26. Australian Bureau of Statistics, Causes of Death, Australia 1979, Australian
Bureau of Statist ics, Canberra, 1981, pp. 120-5.

27. These data have been obtained by computer search of the Queensland Department
of Health's copy of the file of unit records for the study period. Given the purpose
of this study the aggregated data published by the Australian Bureau of Statistics
are inappropriate.

28. Our attempts to analyse the data by six-month time periods, rather than in years,
were unsuccessful. This could have arisen as a result of the smaller numbers that
were involved in this shorter time period . Our estimated equations gave relatively
poor fits to the six monthly data .

29. A.L . Cochrane, Effectiveness and Efficiency: Random Reflections on Health
Services, Nuffield Provinical Hospitals Trust, London, 1972.

30. A .R. Feinstein, 'Efficacy of different research structures in preventing bias in the
analysis of causation', Clinical Pharmacology and Therapeutics, 26, I, 1979,
pp. 129-41.

31. Gray, McKenzie, Smith et al., op. cit. p. 4.




