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ABSTRACT

This study investigated the possibility that Helicobacter
pylori is an aetiological factor in the pathogenesis of duodenal
ulcer. The aim was to establish whether subjects with duodenal
ulcer with Helicobacter pylori had a maximal gastric secretion
that was measurably different from that of subjects with duodenal
ulcer without Helicobacter pylori. Because Helicobacter pylori is
a common infection of individuals without duodenal ulcer, it was
felt important to control the observations in the duodenal ulcer
group with similar observations in subjects without duodenal
ulcer.

In 62 subjects with dyspepsia attending for upper gastro-
intestinal endoscopy, maximal gastric secretion was measured in
the 11 non-duodenal ulcer subjects without Helicobacter pylori,
20 non-duodenal ulcer subjects with Helicobacter pylori, 21
duodenal ulcer subjects with Helicobacter pylori and 10
duodenal ulcer subjects without Helicobacter pylori. Thus the
incidence of duodenal ulcer was about 50% whether or not
Helicobacter pylori was present. Several tests were used for
identification of Helicobacter pylori.

In both groups, duodenal ulcer and non-duodenal ulcer,
the presence of Helicobacter pylori was associated with a smaller
gastric secretion than that in the absence of Helicobacter pylori.
In subjects with duodenal ulcer the reduction in secretion was
15% and in non-duodenal ulcer it was 18%.



Regression analysis indicated that in the absence of
Helicobacter pylori, there was a strong positive correlation
between dose of chronic smoking and maximal gastric secretion
in both duodenal ulcer and non-ulcer subjects. However, in the
non-duodenal ulcer and duodenal ulcer subjects in whom
Helicobacter pylori present, there was no correlation. The
enhancing effect of tobacco was apparently nullified by infection
with Helicobacter pylori. This finding made it unlikely that the
association between duodenal ulcer, Helicobacter pylori and
reduced gastric secretion was due to a cumulation of aetiological
effect between acid and organism.

These results lend support to the hypothesis that
Helicobacter pylori is not a significant factor in the aetiology of
duodenal ulcer. The subjects were followed up and the various
details of the follow up studies were consistent with this view.
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......the secretion became greatly vitiated, greatly

diminished or entirely suppressed.....

William Beaumont, 1883

(commented when he observed the reduction in the
gastric secretion of his gastric fistula patient Alexis St.
Martin during a febrile illness).

Experiments and Observations on the Gastric Juice

and the Physiology of Digestion. Harvard University
Press, Boston. p.107.
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1. INTRODUCTION

1.1 DUODENAL ULCER

Duodenal ulcer is a discontinuity in the mucosa of the
duodenum through the muscularis mucosae with an ulcer crater
surrounded by acute and chronic inflammatory cells. Typically
found within the first 3 cm of the duodenum, the ulceration is
chronic and recurrent in nature.

Duodenal ulcer was first described in 1817 (Bouchier
1981) and since then its prevalence has increased steadily until
about 1960 (Langman 1979). Over the last 20 years, however
the indirect indicators such as hospitalisation, operation and
death suggest a marked decrease in duodenal ulcer incidence in
England, Europe and the United States (Brown, Langman and
Lambert 1976, Langman 1979, Coggon, Lambert and Langman
1981). Duodenal ulcer remains a common disease and an
important scurce of morbidity and mortality, especially in the
elderly. Roughly 10% of the population can expect to develop
this disease during their lifetime and death from ulcer disease is
about 8 per 1000 of all deaths (Langman, 1983). This leads to
an enormous economic loss in terms of money spent on health
care (direct cost) and indirect cost due to loss of productivity
and wages due to absenteeism.

There has grown up over the years a general acceptance
that duodenal ulcers are in some way related to the secretion by
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the stomach of acid and pepsin. However, over the last two
decades two interesting ideas have emerged. Firstly it has been
agreed that duodenal ulcer belongs to a heterogeneous group of
disorders (Lam and Sicrus 1975, Rotter and Rimoin 1977) with
multiple aetiological factors. The second view was the
suggestion that the gastric microorganism known as
Helicobacter pylori is a causative factor (Marshall 1983, Warren
1983, Marshall, McGechie, Rogers et al 1985).

Although much is known about the pathophysiology of
peptic ulceration, the exact cause of this disease remains
obscure. Attempts to elucidate the pathogenesis of duodenal
ulcer are hampered by the difficulty of getting a close insight
into the morphological, functional and biochemical changes
occurring during the development of the ulcer crater.

1.1.1 EPIDEMIOLOGY

Epidemiological studies of duodenal ulcer are difficult
because estimates of the incidence and prevalence of the disease
depend upon the mode of diagnosis such as symptoms,
radiology, endoscopy or autopsy. The study is also complicated‘
by the facts that duodenal ulcer is a recurrent disease and that
some individuals who are asymptomatic may have ulcers.

There has been a decline in the number of duodenal
ulcers diagnosed over the last two decades in the western
countries (Langman 1979, Sonnenberg 1987), and starting even
before the introduction of H-2 receptor antagonists; but there is
a contrasting increased incidence in the Far East (Koo, Ngan and
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Lam 1983). In Japan the prevalence rate is 9-11%, in England
about 5.2% while in U S A it is approximately 2.5%. However,
the survey methods differed in these countries and the results
are not directly comparable.

There is a marked variation in the frequency of ulcer
disease throughout the world. In the Faroe Islands the annual
incidence of first time diagnosed peptic ulcers is as high as 33
out of 1000 inhabitants. There are also significant differences in
incidence and prevalence in different part of the same country.
The prevalence of duodenal ulcer and the incidence of
perforation are higher in Scotland and to a lesser extent in the
north of England than in south of England (Langman 1983).
Duodenal ulcer is found to be commoner in the southern part
compared to the northern part of Scandinavia (Bonnevie 1985).
In Australia, the prevalence is much greater in New South Wales
than in Victoria, Queensland or Western Australia (Hugh,
Coleman, McMamara et al 1984).

Epidemiological studies show that the association of
other factors such as smoking (Friedman, Siegelaub, Robbs et al
1974) coffee (Paffenbarger, Wing and Hyde 1974), diet
(Malhotra 1978, Tovey 1979, Ryding and Berstad 1986), sex
(Bonnevie 1975, Grossman 1980) and racial (Kurata and Haile
1984) differences may play a part in the aetiology of peptic ulcer
disease.

Although some foods may cause dyspepsia, there is no
conclusive evidence to show that diet is incriminated as a cause
of ulcers. But the high unrefined wheat content in the diet has
been found to influence the low incidence of ulcers in North
India compared with the South (Tovey 1979, Rydning and
Berstad 1986). It has been noted as well that the recurrence
rate on a wheat diet was 14% over a 5 year period while it was
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81% on a rice diet (Malhotra 1978). Similar results were noted
in a Norwegian study with a follow-up of 6 months (Rydning,
Berstad, Aadland et al 1982).

The distribution of duodenal ulcer has been found to
differ significantly among different races in the same country.
The incidence of ulcer in full-blood Aboriginal patients is nil
(Bateson 1976). The Chinese show a higher incidence of
duodenal ulcer than the non-Chinese (Indian and Malayan) in
Singapore (Kang, Guan, La Broody et al, 1983). One study
carried out in Australia showed that duodenal ulcer is six times
more common in patients born in UK and 17 times more
common in patients born in other European countries than in
patients born in Australia (Bateson 1980).

Coffee is said to be a strong stimulant of acid secretion
and causes dyspepsia in some individuals: however, even though
the consumption of coffee in the younger age groups is
associated with a slightly increased risk of duodenal ulcer in
later years, consumption at the time of presentation is not a risk
factor (Friedman, Siegelaub, Seltzer 1974).

Drugs, such as aspirin and non-steroidal anti-
inflammatory drugs (NSAID) cause acute injury to the duodenal
mucosal lining and may exacerbate ulcers, bleeding and
perforation but it used to be thought that there was little or no
causative effect for chronic duodenal ulcer (Levy 1974).

However, more recent work indicates that there is a strong
association between NSAID and duodenal ulceration (Freston and
Freston 1990, Wilson 1990).

It is estimated that duodenal ulcer is 1.5 to 3 times
more common in males than females (Bonnevie 1975, Pulvertaft
1959) and in India the ratio has been reported as 18 : 1 (Jayaraj,
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Tovey and Clark 1980) . But the ratio has been decreasing over
the last 15 years in the Western countries, even to the extent
that the ratio in the U S Ais 1.4 : 1 (Elashoff and Grossman
1980); this phenomenon is probably due to the change in
smoking habits (Kurata, Haile and Elashoff 1985, Kurata, Elshoff,
Negawa 1986).

Cigarette smokers are at increased risk of developing
ulcers and cigarette smoking also impairs healing (Friedman,
Siegelaub and Seltzer 1974, Korman, Hansky, Eaves 1983,
McCarthy1984). Chronic smoking may also increase périetal
and chief cells, resulting in a higher gastric and pepsin
secretory capacity (Parente, Lazzaroni, Sangaletti et al 1985,
Whitfield and Hobsley 1985 and 1987). The increased
secretion is not a universal finding in smokers (Walker and
Taylor 1979, Whitfield and Hobsley 1987). It is noted in male
but not in female smokers with duodenal ulcers (Whitfield and
Hobsley 1985). After controlling for variables such as age and
height the effect of smoking on acid secretion is no greater in
subjects with duodenal ulcers than in normal subjects (Whitfield
and Hobsley 1987). Smoking also reduces prostaglandin
synthesis in gastric mucosa but not in duodenal mucosa (Quimby
1986)

Psychodynamic factors may be important, but probably
only in a very small group of duodenal ulcer subjects. The
validity of this concept is difficult to prove but deserves further
effort (Fordtran 1979).

Recently, the concept of genetic heterogeneity was
proposed to explain the high incidence among siblings. Twenty
to 50% of duodenal ulcer subjects have a positive family history.
The concordance of peptic ulcer is greater in monozygotic twins
than dizygotic twins, a phenomenon that indicates the existence
of a genetic factor (McConnell 1980 and Rotter 1983).
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Individuals with blood group O have a 1.3 times greater
incidence of duodenal ulcer than individuals of other blood
groups (Aird, Bentall, Menhign et al 1954) and in non-secretors
of group O the incidence increases by 1.5 times compared with
secretors (Clarke, Edwards, Haddock et al 1956). The HLA
antigens (HLA-B5 and HLA-B12) have also been examined and
duodenal ulcer has been found to be associated with only
selected sub-groups (Ellis and Woodrow 1979). Serum
pepsinogen I is elevated in 30% of DU subjects (Samloff, Liebam
and Panitch 1975) and it is believed that the increase in serum
pepsinogen I is a highly significant risk factor for duodenal ulcer.

1.1.2 PATHOPHYSIOLOGY

Peptic ulcers always tend to occur near, but not in, the
acid secreting mucosa. Ninety percent of duodenal ulcers are
situated in the first part of the duodenum and most commonly in
the anterior wall of the duodenal bulb. The ulcer is circular in
shape with a vertical edge and invades the muscular layers,
which it tends to penetrate. The base of the ulcer is lined by
granulation tissue and the surrounding arteries show evidence of
endarteritis obliterans. The ulcer heals spontaneously or with
appropriate treatment and it may recur later. The main
complications of duodenal ulcer are haemorrhage, perforation or
gastric outlet obstruction (pyloric stenosis)

The cause of the duodenal ulcer diathesis has continued
to elude investigators in spite of several recent developments
and remains controversial. However, the general picture seems
to be a genetic predisposition complicated by environmental and



local factors. The integrity of the gastroduodenal mucosa
depends on the balance of protective and aggressive factors.
The environmental ulcerogens are probably chemical and
infective. Duodenal ulcers are strongly linked to the level of
gastric acid and Schwarz's dictum - 'no acid, no ulcer’, has very
few exceptions (Isenberg, Spector, Hootkin 1971).

DU is rare in people who secrete less than 15 mmol of
acid per hour (Baron 1972) and healing is enhanced by agents
that inhibit acid secretion. However, subjects with DU have on
average only 35% greater secretion than controls and only 12 to
30% are hypersecretors (Wormsley and Grossman 1965, Baron
1972, Whitfield 1984). This increase in acid could theoretically
be due to an increase in parietal cell mass or an increased
response to secretagogues due to enhanced sensitivity.
However, recent work by Roxburgh (1990) has clarified this
point; there seems no doubt that the enlarged parietal cell mass
is a true phenomenon and that there is no alteration in the
sensitivity.

Several mechanisms are involved in the maintenance of
the integrity of the duodenal mucosa in a deleterious acid
environment. The large amount of the acid is neutralised in the
duodenum by pancreatic and biliary bicarbonate secretion.

Although duodenal mucosa secretes HCO3™ it is a relatively

insignificant contribution, but its site of production may increase
its importance (Feldman 1987).

Prostaglandin production by the duodenal mucosa may
exert a negative feed back control of acid secretion. But there
is no evidence to show that when there is an ulcer, the
duodenal mucosa is deficient in prostaglandin production. Itis
interesting to note that although smoking decreases endogenous
prostaglandin synthesis in gastric mucosa, prostaglandin
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production by duodenal mucosa is unaffected. However, it has
been reported that during treatment with prostaglandin E (1&2)
derivatives such as misoprostol and enprostol, the healing curves
of smokers and non-smokers are identical (Lam, Lau, Choi et al
1986) and are unaffected by smoking which hampers healing
when treating with anti- acid secretory agents.

Both autoimmune and infective mechanisms have been
suggested for the pathogenesis of duodenal ulcer. The
autoimmune theory suggests that immunological stimulation or
destruction of the G -cell population leads to parietal cell
hyperplasia with distal extension, predisposing to duodenal
ulcer (Kirk 1986).

Numbers of investigators have suggested that ulcers
could be caused by infection as far back as before the turn of the
century. Since 1983, there has been mounting evidence that
mucosal defence is impaired by the newly described
microorganism called Helicobacter pylori and that it plays a
significant role in the pathogenesis of ulcer disease. This
organism has been isolated from the gastric antrum and, to a
lesser extent and only if there is gastric metaplasia, from the
edge of the duodenal ulcer.

The indirect evidence comes from the studies where
the investigators have shown that treatment which suppresses
or eradicates Helicobacter pylori leads to longer remission and
that the ulcer rarely relapses before recolonisation occurs
(Coghlan, Gilligan, Humphries et al 1987, Marshall, Goodwin,
Warren et al 1988, Rauws and Tytgat 1990).

One suggested view of the pathogenesis of DU is that

high gastric acidity and / or rapid gastric emptying, by creating a
low duodenal pH, results in gastric metaplasia in the duodenuim.
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This allows Helicobacter pylori from an area of antral active
chronic gastritis to colonise the duodenum leading to duodenitis
and DU, probably in association with other aggressive factors
(Wyatt, Rathbone, Dixon et al 1987, Wyatt, Rathbone, Dixon et al
1988, Goodwin 1988, Wyatt 1989, Goodwin, Gordon and Burke
1990). However, against this hypothesis is the fact that
Inatsuchi, Tanaka, Treasaki et al (1990) could not recognise any
case of duodenitis which progressed to duodenal ulcer.

The other hypothesis is that urease produced by
Helicobacter pylori splits urea in the gastric juice into ammonia
which neutralises the acid in contact with the mucosa overlying
the G-cells and parietal cells. This impairs the normal
inhibition of gastrin release by intraluminal acid leading to an
inappropriate secretion of gastrin in response to food and this
increases acid output and the raised acid level which leads to
the pathogenesis of the ulcer (Levi, Beardshall, Haddad et al
1989, Levi, Beardshall, Swift et al 1989).

If Helicobacter pylori is eradicated by a suitable
medication, the postprandial gastrin response return to normal,
however the peak acid output remains high. McColl, Fullarton,
Chittajalu et al (1991) studied 10 subjects with Helicobacter
pylori - related antral gastritis and a history of duodenal ulcer
and concluded that the marked fall in serum gastrin
concentration following eradication of Helicobacter pylori was
not accompanied by any reduction of gastric acidity whether
early or even as as late as 7 months after the eradication. They
felt that this is due to an increase in parietal cell mass caused by
the elevated gastrin and therefore it takes a longer period for
the number of parietal cell to fall to normal; or else to the fact
that these subjects naturally had a large parietal cell mass even
before they got infected by Helicobacter pylori.
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1.1.3 TREATMENT

The treatment of duodenal ulcer depends on
understanding the pathogenesis and recent advances in
pharmacology help to improve the treatment of duodenal ulcer.

The natural history of DU varies from spontaneous
healing in weeks with many months of remission to a refractory
state that persists even after months of treatment. Many
measures have been proposed to enhance the healing.

Abercrombie in 1820 recommended a diet consisting of
milk and in 1831 Johnson advocated antacids such as sodium
bicarbonate. These treatments were aimed at the aggressive
factor of acid and this practice was continued until the 1960s.
Then the antacids changed with the introduction of aluminium
and magnesium antacids. The turning point in the medical
treatment of duodenal ulcer came with the emergence of the
histamine receptor antagonists in the 1970s.

Duodenal ulcer in the elderly heals less well than in
younger subjects (Permutt and Cello 1982)and in females the
ulcers heal faster than in males (Sonnenberg, Muller-Lissner,
Vogel et al 1981). Smoking impairs healing and it increases the
risk of complication and the recurrence rate. Aspirin and
NSAIDs weaken the healing capacity and prostaglandin analogues
enhance the healing. Alcohol abuse interferes with healing but
it has been suggested that in moderate amount the consumption
of alcohol may promote healing (Sonnenberg, Muller-Lissner,
Vogel et al 1981).

The choice of drug depends on its effectiveness on the
healing rate, on the relapse rate and on the side effects. It
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should be convenient for the subject to take so as to promote
compliance.

The drugs commonly used broadly fall into the following
categories:
a) Antacids
b) Mucoprotective agents
¢) Anti-secretory agents
Anticholinergic
Histamine -2 receptor antagonists
Gastric proton-pump inhibitor
d) Antibiotics

a) Antacids:

The efficiency depends on the neutralising capacity.
The frequently used antacid is Aluminium - Magnesium
hydroxide. The healing and relapse rate are not acceptable
compared with other drugs but the side effects are minimal.

b) Mucoprotective agents:

Colloidal bismuth subcitrate (CBS) and sucralfate fall
into this category. In addition to the mucoprotective action
both are said to increase prostaglandin secretion. CBS also
increases the HCOg3- secretion and enhances epithelial
regeneration. But the most important action of CBS, recently
noted, is its bactericidal effect against Helicobacter pylori
Marshall, Armstrong, Francis et al 1987). The latter action is
proposed by some investigators as an explanation of the fact that
duodenal ulcer heals better and faster when treated with CBS.
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and that the relapse rate is lower compared with treatment with
H, receptor antagonists (Lee, Samloff and Hardman 1985,

Smith, Price, Borriello et al 1988). The disadvantages of CBS
are that it lasts longer in the body and it can cause
nephrotoxicity and encephalopathy (Martindale 1989).

c) i. Anticholinergic agents:

Pirenzepine, which specifically inhibits gastric acid and
pepsin secretion and is not as effective as other anti-secretory
drugs (Stockbrugger, Eugenides, Hobsley et al 1982). The side
effects such as dry mouth and blurring of vision are severe and
rarely it affects the bone marrow (agranulocytosis).

c) ii. Histamine-2 receptor blocking agents:

Cimetidine, ranitidine, nizatidine and famotidine are
the freely available drugs. The healing and relapse rates among
these drugs varies between studies. In general they are well
tolerated with few unwanted effects but drug interaction and
metabolic inhibition are the most frequent problems.

Ranitidine is popularly used by many physicians since it has
fewest side effects.

¢) iii. Gastric proton-pump inhibitor:
This is the newest drug in the treatment of peptic
ulceration, especially useful in the Zollinger-Ellison syndrome.

Omeprazole is transformed by an acid activated mechanism to a
derivate which is the active inhibitor of H*, Kt - ATPase, thus
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reducing gastric acid secretion (Wallmark, Bradstrom and
Larsson 1984). This drug is used to treat patients with ulcer
unresponsive to an adequate dose and duration of other drugs.

d) Antibiotics:

The use of antibiotics is based on the supposition that
duodenal ulcer could be infective in origin. The first detailed
report describing the benefit of metronidazole (vs cimetidine) in
the treatment of gastroduodenal ulcers was published in 1986
(Quintero and Sooto). The results in healing DU achieved by
metronidazole are similar to those of cimetidine.

Since then, numerous trials and studies have been
carried out with other antibiotics. Nitrofurantoin and
furazolidone, amoxycillin, tetracycline are the other promising
antibiotics used in the treatment of duodenal ulcer. A
combination of CBS with one or 2 of these antibiotics (‘triple
therapy') gives a better clearance of Helicobacter pylori and
hence faster healing of duodenal ulcer (Borody, Cole, Noonan et
al 1988, Borsch, Mai and Muller 1988).

Many antibiotics fail to eliminate Helicobacter pylori
despite good in-vitro activity. This may be due to the fact that
some antibiotics lose activity at low pH or are not secreted in
adequate concentration, or else to the emergence of resistant
strains of Helicobacter pylori

Surgical procedures:

The history of surgery for peptic ulcer over the past
century has been characterised by the development of surgical
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skill and dexterity, aided by ever safer anaesthesia and
postoperative care.

In 1814, the vagus nerves constituted the eighth pair of
10 cranial nerves and it was accepted that division of this nerve
inhibited the stimulation of gastric juice by arsenic. This was
revealed by the experiments of Benjamin Brodie. Unfortunately,
he did bilateral cervical vagotomy and it disturbed the
respiration and was followed by death. Later, he repeated his
experiments but with the difference: by dividing the nerve, from
within the abdomen, above the cardiac orifice of the stomach’,
thus the birth of the 'subdiaphragmatic vagotomy'.

Duodenal ulcers were diagnosed far less frequently than
gastric ulcers; thus in the beginning of 19th century most of the
operations were performed for complications of the gastric
ulcers. The surgical treatment of obstructing DU was
introduced by Loreta, which was to make a an incision in the
antrum and then dilate the pylorus with fingers. Wolfler (1891)
introduced gastroenterostomy and this was first performed for
duodenal obstruction by Rydygier. Then came pyloroplasty,
particularly the one that bears the name of Heineke and Mikulicz
(1896). The first successful closure of a perforated DU was
done by Dean in1894, 10 years after Mikulicz-Radecki first
attempted to close a perforated gastric ulcer and 2 years after
the first successful closure of a perforated gastric ulcer. In
1901, Moynihan was able to find 51 patients who had been
operated on for perforated DU; only 9 recovered.

In 1852, Guenzburg put forth the idea that the cause of
DU was in some way associated with acid gastric juice, but the
view was not accepted universally at that time. The surgical
treatment for uncomplicated DU by gastroenterostomy was
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performed by Codivilla in 1893. Later he modified it to
gastroenterostomy-Y, now known as Roux-Y gastroenterostomy
and so named by him. The other operations initially used for
treatment of DU were pyloroplasty, ulcer excision, pylorectomy
and antrectomy.

Theodor Billroth peformed the first successful
gastrectomy on a Viennese housewife, Therese Heller in 1881
(Hugh 1985). This procedure, known as Billroth I, consisted of
gastric resection followed by gastroduodenal anastomosis. He
was not the first to undertake gastric resection; he was
preceded by Jules E Pean of Paris (1879) and Ludwik Rydygier
of Culm, Poland (1880). Rydygier (1882) performed the
Billroth I resection for a benign pyloric ulcer in 1881. In 1885,
the Billroth II operation was introduced as a two-stage
procedure, more by accident than design. It is nowadays
performed as a one stage procedure with more than 40
modifications but the basic principle is partial gastrectomy and
gastrojejunostomy. Until 1918, it was not realised that it was
essential to excise two thirds of the stomach to effect
permanent reduction of acid in order to reduce the risk of
gastrojejunal ulcers in subjects who had undergone
gastroenterostomy for DU. Finsterer, first recommended the
resection of part of the stomach for DU, but did not receive
overwhelming support. Only in 1940 did subtotal gastrectomy
gain a firm hold in the profession.

Nearly a century after Brodie recognised the link
between the vagus and gastric secretion, Rokitansky revived the
nuerogenic origin but this was discredited by Virchow (1853).
However, Rokitansky's opinion gradually gained acceptance over
the years. Later, Andre Latarjet of Lyons accurately described
the vagus nerve supply of the stomach (1922). Despite the
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generally poor experimental and clinical results associated with
vagotomy, the modern era of vagotomy began in 1943 when
Dragstedt and Owens performed transthoracic vagotomy without
a drainage operation (1943). This was quickly followed by
subdiaphragmatic truncal vagotomy and gastroenterostomy and
later pyloroplasty to provide adequate gastric emptying.
Independently, Jackson in Michigan (1947) and Franksson of
Sweden (1948) suggested that a selective vagotomy would
provide gastric denervation without the unnecssary vagal
denervation of the remaining organs. But it was not recognised
by many surgical 'giants'.

The newest operation for DU and one that permits
preservation of the pylorus is parietal cell or proximal gastric
vagotomy without drainage was proposed by Griffith and Harkins
in 1957. The report on their study in dogs was rejected by
every major surgical journal, probably because it was surgical
heresy to retain vagal innervation of the antrum. The clinical
application of the operation in human subjects was
independently introduced in (1970) by Amdrup and Jensen in
Sweden and Johnston and Wilkinson in England. This
procedure was known as proximal gastric vagotomy (PGV),
parietal cell vagotomy (PCV) or highly selective vagotomy (HSV).
It has many attractive features, has been in clinical use for 20
years and has been critically studied. The associated mortality
is less than 0.5%, and it is accompanied by virtually none of the
disabling side effects that occur with other gastric operations for
DU. The recurrent ulcer rate has varied from 2 to 30%. The
main factor that influenced the recurrence rate was the skill and
experience of the surgeon. Then came the simpler, easier and
quicker procedure known as anterior lesser curve seromyotomy
and (right) posterior truncal vagotomy which gives results
similar to those of PGV. Now, this procedure can be performed
without laparotomy via laparoscopy (videocoelioscopy)
(Katkhouda and Mouiel 1991).
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1.2 GASTRIC SECRETION

One function of gastric acid is to facilitate peptic
digestion of dietary protein. There is a close relationship
between acid and pepsinogen secretion. In general, a stimulant
or inhibitor of acid secretion will have the same effect on
pepsinogen secretion. However, there is no evidence that acid
secretion regulates pepsinogen secretion or vice versa (Hersey,
Miller, May et al 1983). In a normal person, under basal
conditions the stomach secretes an average of 7-10% of
maximum. A physiological event, a pharmacological or a
pathological condition increases the gastric secretion above the
basal level by neurohumoral mechanisms.

Gastric secretion of acid is controlled by excitatory and
inhibitory stimuli that are neuro-hormonal in nature. There are
three phases, namely cephalic, gastric and intestinal and these
phases overlap and integrate in a complex manner.

During the cephalic phase secretion may result from
the thought, sight or smell of food as well as from the presence
of food in the mouth, as in sham-feeding. The cephalic phase is
triggered by vagal stimulation and vagotomy eliminates this
phase.

The gastric phase is activated either by distension of
stomach or by chemicals in the food. Distension of stomach by
food stimulates stretch receptors and elicits a local and
vagovagal reflexes. Peptides and aminoacids in the food
stimulate chemoreceptors in the pyloric area. The later two
events cause G-cells of the gastric antrum to release gastrin
which is carried by the blood stream to the parietal cells and
stimulates them to secrete acid. When the antrum is in contact
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with acid, further release of gastrin is inhibited by a negative
feed back mechanism. Vagotomy reduces maximal secretion by
50-70% (Payne and Kay 1962, Baron and Spencer 1976) and
vagotomy and antrectomy reduces the maximal secretion by 85%
(Leth, Elander, Fellenius et al 1984).

The intestinal phase is initiated by distension of the
duodenal wall or by chemicals intraluminally in the duodenum
(peptides, amino acids). Neuroreceptors are stimulated and
intestinal gastrins and other hormones secreted. This phase is
complicated by the presence of inhibitory mechanisms.

At least 4 endogenous substances have identified as
secretagogues; histamine, gastrin, acetylcholine and calcium.
Apart from calcium, the other substances have receptors on the
outer membrane of the parietal cells and on interaction they
initiate the intracellular biochemical reaction which ultimately
activates the proton pump.

1.3 HELICOBACTER PYLORI

The presence of spiral organisms in the human
stomach has been reported at intervals throughout this century,
but Marshall and Warren first demonstrated the relationship
between this bacteria and gastritis and peptic ulceration. The
current world wide interest in H pylori is explosive. There is
almost universal acceptance that H pyloriis a pathogen and a
dominant cause of non-autoimmune type B active-chronic
gastritis (ACG). Its role in the pathogenesis of duodenal ulcer
needs further investigation.

Helicobacter pylori (H pylori is an S-shaped
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Gram-negative micro-organism and measures approximately 3um

by 0.5um. The organism is found within and below mucus
overlying gastric antral type mucosa. The bacteria are rapidly
killed by acid pH in vitro, yet most subjects with H pylori are
said to have normal (Brady, Hadfield, Hyatt et al 1988, Kang and
Wee 1991) or higher gastric acidity (Levi, Beardshall, Haddad et
al 1989, McColl, Fullarton, Nujumi et al 1989). This organism
is found only in gastric type epithelium no matter whether it is
found in the oesophagus (Paull and Yardley 1988, Walker, Birch,
Stewert 1990), duodenum (Wyatt and Rathbone 1989), or
Meckel's diverticulum (Morris, Nicholson, Zwi et al 1989, Fich,
Talley, Shorter et al 1990). The natural history of H pylori
infection is still a puzzle. Approximately 20% of normal
asymptomatic volunteers have been found to have H pylori
gastritis and the incidence rises with age (Barthel, Westblom,
Harvey et al 1988, Greenberg and Bank 1990). The organism is
rarely found on normal mucosa. It is not clear how infection is
usually acquired, though it has been noted that infection has
been transmitted by inadequately sterilized endoscopes.

H pylori organisms produce a large amount of urease and the
activity of this enzyme is utilised in the detection of this
bacterium. A wide range of antibiotics kill the organism in
vitro, but they are generally less effective in vivo, probably
because they do not reach the site of infection in a concentration
high enough to kill the H pylori.
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CHAPTER 2

HISTORICAL REVIEW
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2. HISTORICAL REVIEW

2.1 GASTRIC SECRETION

The gastric mucosal epithelium includes cells that line
the surface, cells that line the gastric pits and cells composing
the gastric glands beneath the pits. Cells that line the surface
and the pits are the same throughout the stomach; they are
columnar in type and secrete mucus and bicarbonate. The
surface cells also maintain a lumen-negative potential difference
(McGreevy 1984) and dispose of hydrogen ions (Olender,
Fromm, Furukawa et al 1984).

In contrast to surface cells and cells that line the
gastric pits, cells composing gastric glands differ from one
region of the stomach to another. The glands of the body and
fundus have different secretory functions from those of the
antrum. The glandular cells of the gastric antrum synthesize
and release alimentary polypeptide hormones such as gastrin.

The gastric glands of fundus and body are composed of
mucous cells, parietal (oxyntic) cells and chief (peptic) cells.
Some of the glands also contain enterochromaffin cells, which
contain serotonin, and several types of endocrine cell. The
parietal cells secrete acid and intrinsic factor (the latter is
needed for the absorption of dietary vitamin B19) and the chief

cells secrete pepsinogens (I and II) which are converted by acid
to pepsins.
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2.1.1 GASTRIC JUICE

Gastric juice is conveniently regarded as a mixture of an
aqueous solution of hydrochloric acid and other electrolytes, and
enzymes - a parietal secretion; and a mucous or non-parietal or
alkaline secretion. The acid contributes to the greatest part and
the hydrochloric acid is secreted from the parietal cells
together with other electrolytes such as sodium and potassium.
In practice, pure gastric juice is unobtainable because of
contamination with the other gastric contents. However, under
maximal stimulation in man, parietal secretion appears to
contain 170 mmols per litre of chloride and 145 mmols per
litre of hydrogen ion in addition to small amounts of potassium
(17 mmols 1'1) and sodium (7 mmols 1-}) making it
approximately isotonic with plasma (Hobsley and Whitfield
1977).

The enzyme secretion of the stomach consists mainly of
inactive pepsinogen precursors such as (i) pepsinogen I which is
secreted from the mucus neck and chief cells and (ii)
pepsinogen II secreted from the cells in the pyloric antrum and
Brunner's glands. These precursors are converted by the action
of acid into active pepsins which break down the polypeptide
links adjacent to the aromatic aminoacids of ingested proteins.

The gastric mucus is secreted by the surface epithelial
cells in response to mechanical and chemical irritation of the
stomach as well as following sympathetic and parasympathetic
stimulation. The mucus has a protective role against acid and
peptic digestion of the gastric mucosa.
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2.1.2 NATURE OF THE ACID

The first attempt to determine the nature of the acid
was made by MacQuart in 1786 and he thought the gastric juice
contained various salts of acids such as acetic, lactic and
phosphoric acid. In 1803 Young also attempted to identify the
acid and until 1824 it was thought that the acid in the gastric
juice was phosphoric acid. William Prout in 1824 proved that
free hydrochloric acid was the only acid present in the gastric
juice. It took nearly 30 years to settle the debate in favour of
hydrochloric acid and this was concluded by Bidder and
Schmidt in 1852, two years after Prout's death.

Pavlov (1902) was the first person to be interested in
the acid concentration of gastric juice. His findings were later
quantified by Hollander (1932) in the 'Two Component
Hypothesis'. The hypothesis suggested that gastric juice is a
mixture of pure acid component, secreted by parietal cells and
an alkaline component of either surface epithelial cells or
mucous neck cells (Makhlouf, McManus and Card 1966). This
has been validated and confirmed by Hobsley and Silen (1970).
In contrast to this it has been claimed that a primary acid
secretion is altered by back diffusion of hydrogen ions in
exchange of sodium ions (Teorell 1947) to account for the
presence of sodium in the gastric juice. His findings suggested
that H* was lost from the lumen twice as fast as Nat was gained
from the gastric mucosa. Davenport, Warner and Code (1964)
suggested a ratio of 0.85:1 for Na/H exchange. Butin 1970 it
was shown that variations of electrolyte concentrations in gastric
aspirate from subjects with pernicious anaemia are probably due
to the diluticn of the gastric juice by saliva; and the purest
specimen of alkaline gastric juice closely resembled the alkaline
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component predicted by the 'two-component' hypothesis
(Gardham and Hobsley, 1970). In 1974, this hypothesis was
modified by Hobsley who showed that the pure gastric juice is
also altered by an alkaline contribution from refluxed duodenal
contents.

With regard to the acid component of gastric juice, the
purest gastric juice has a composition of [H*] 145, [C]7] 170,
[Nat] 7 and [Kt] 17 (Hobsley and Whitfield 1977). In 1978
Hobsley and Whitfield produced evidence that cast doubt on the
necessity for the back diffusion hypothesis as an explanation for
the apparent alkaline component.

2.13 ACID SECRETION & DUODENAL ULCER

The part played by acid in the development of duodenal
ulcer has been recognised for many years and Schwarz's dictum
of 1910, "No acid no ulcer" has held true. Baron (1972) stated
that duodenal ulcers are very unlikely to develop with maximal
acid secretion of less than 15 mmol per hour and also indicated
that excessive acid secretion above the normal range is only
found in half of the subjects with duodenal ulcer. Later Hobsley,
Whitfield, Faber et al (1975) correcting for pyloric losses found
that only a quarter to third were hypersecretors.

In 1926, Galambos demonstrated a greater mean basal
secretion in duodenal ulcer subjects than in controls. Polland
and Bloomfield (1931) showed that normal subjects produced a
continuous though small basal secretion and they confirmed the
hypersecretion of subjects with duodenal ulcer. Several workers
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reported high acid basal output in subjects with duodenal ulcers.
However, basal gastric secretion was regarded as an unreliable
measure. In 1943, based on Dragstedt's theory that basal
hypersecretion of acid gastric juice in duodenal ulcer subjects
was primarily due to vagal drive, vagotomy was advocated in the
surgical management of duodenal ulcers (Dragstedt and Owens
1943). Faber and Hobsley in 1977 showed that vagal drive could
only be an aetiological factor in a small proportion of subjects
and Roxburgh (1989) has completely disproved this hypothesis
of increased vagal drive. Hypersecretion has been thought to
reflect the increased parietal cell mass and this has been
confirmed by Roxburgh (1989). This hypersecretion seems to

be an acquired phenomenon. Maximal acid secretion in
duodenal ulcer increases with the duration of the disease
(Hobsley, Whitfield, Faber et al 1975), although Sircus (1977)

did not confirm this observation. In any case, it now seems
clear that the hypersecretion is related to cigarette smoking; as
time passes and the length of the history increases, so does the
total number of cigarettes smoked and so does the maximal
secretion increase (Roxburgh 1989). Apart from an increased
secretory capacity and the now disproved increased drive on the
parietal cells, there has been a suggestion that there is increased
sensitivity of the parietal cells to various stimuli in duodenal
ulcer subjects. Thus the dose of pentagastrin required to
provide half-maximal stimulation in DU subjects was only
one-third of that required in normal subjects (Isenberg,
Grossman and Maxwell 1975). However, this phenomemon is
not observed in all subjects with duodenal ulcers and has been
since disproved (Roxburgh 1990, personal communication).

Popielski, in 1920, showed that histamine increased
the gastric secretion of acid in dogs and Carnot, Koskowski and
Libert (1922) showed the same effect in man using a dose
equivalent to 0.03 pmol per kg body weight. In 1953, Kay
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introduced a more precise test of the gastric acid secretory
function using a large dose of histamine with an anti-histamine.
His results confirmed the relationship of gastric secretion of
duodenal ulcer subjects and of controls previously carried out by
many research workers. Kay found that a subcutaneous bolus
dose of 0.13 pmol per kg body weight of histamine acid
phosphate gave a maximal secretion of gastric juice in the
period 15-45 minutes after injection. Similar results were
reproduced by other workers with larger doses of histamine
(Songster, Grossman and Ivy 1946, Halpern 1947).

In order to produce a plateau of maximal response,
Lawrie, Smith and Forrest in 1964 used a continuous
intravenous infusion of histamine and produced a maximal
response yielding a mean acid secretion of 24.0 mmol per hour
in 26 male controls and 42.3 mmol per hour in male DU
subjects. Hassan and Hobsley (1971) using the same technique
found a mean of 33.9 mmol per hour in 20 male controls and a
mean of 41.17 mmol per hour in 20 DU subjects. Similar results
were reproduced by many workers, also using a maximal bolus
dose of pentagastrin (Johnston and Jepson in 1967).

The weighted means of all these studies were 29.36
mmols per hour for the control and 43.17 mmol per hour for
the DU subjects (Whitfield 1984), that means an increase of 47%
above the control mean; thus, the findings were considered to
be of great pathophysiological importance for the development
of ulcer in the duodenum.

Maximal gastric secretion shows a great variation from
individual to individual and from group to group. One reason for
these observed group differences may be a relationship between
body size and gastric secretion as suggested by Marks in 1961 in
his summary of the augmented histamine test. The difference in



maximal acid output before and after gastrectomy is related to
the calculated parietal cell mass of the resected portion (Card
and Marks 1960, Cheng, Lam and Ong 1977). Maximal acid
secretion measurements in children have shown that secretion
increased as the age and weight of the children increased.
Baron in 1964 found no correlation between body weight and
acid secretion in adult male controls or adult male DU.
However, the same author did find a correlation between
maximal acid output and body weight in female controls but not
in female DU. Hassan and Hobsley in 1971 found a significant
correlation between acid secretion, and separately, weight, lean
body mass, surface area and height in both controls and DU
subjects, though the weight was a poor correlate.

Baron in 1969 found a statistically significant effect of
sex on maximal gastric secretion over the age of 30. Hassan and
Hobsley (1971) using pyloric loss corrected values found
significant differences in the maximal gastric secretion between
male and female controls and between male and female duodenal
ulcer subjects but these differences become non-significant after
correction for lean body mass. Thus the differences in
secretion appear to be due to the differences in stature and
these findings were also confirmed by Anderson, Dotevall,
Lingaas et al in 1970.

Males generally have a greater maximal gastric
secretion rate than females and the most obvious
epidemiological aetiological factor in duodenal ulcers is that the
majority of sufferers are male (Brown, Langman and Lambert
1976). These findings of greater secretion could be simply due
to the greater height and weight of males. However, the male /
female ratio has been decreasing over the last 2 decades and it
has been postulated that this change is due to the fact that more
females have taken up smoking, and tend to start at an especially
young age (Kurata 1985).
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2.1.4 METHODS USED TO MEASURE GASTRIC SECRETION

Measurement of gastric secretion requires a safe means
of obtaining the juice as well as an accurate method of analysis.
A major problem of gastric secretion tests is the positioning of
the tip of the nasogastric tube in the stomach to ensure the best
recovery of the secretion. The problem of positioning of the
tube was overcome by the method pioneered by Hassan and
Hobsley (1970), called the water-recovery test. The assessment
of the completeness of gastric aspiration was measured by the
dye dilution technique.

2.1.5 NASOGASTRIC TUBE

The development of the nasogastric tube is a matter of
considerable interest. The first stomach tube was made by Van
Helmont in 1648, from leather soaked in resin. But it was
Boerhaave (1744) who first described the use of a stomach tube
to give antidote to children who had swallowed hemlock, and
were unable to swallow because of the convulsions. In 1793
John Hunter used a stomach tube made from eel skin for
intragastric instillation in a subject with dysphagia. Physick in
1812 attached a pump to the end of the stomach tube to aspirate
laudanum from twins who had accidently been overdosed. In
1909 Einhorn devised a smaller tube for duodenal intubation and
later others ( Rehfuss 1914, Ryle 1920, Levin 1921) made
further modifications. Leube (1871) seems to have been first to
use the stomach tube to explore the gastric response to a test
meal in order to distinguish between varieties of dyspepsia.
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The commonly used nasogastric tubes are slight
modifications of those described by Ryle (1920). Hobsley and
Silen (1969) added a second lumen to allow the infusion of
marker dye which was needed to assess accurately the volume of
gastric secretion.

2.1.6  POSITIONING OF THE NASOGASTRIC TUBE &
SUBJECT

The stomach, an irregularly shaped muscular organ
with an open distal end, presents special difficulties of complete
aspiration. Hence, much attention has been given to the
positioning of the nasogastric tube and subjects during the
gastric secretion studies in order to obtain an adequate recovery
of gastric juice.

(a) Nasogastric Tube

Any positioning of the tube was initially more luck than
anything else. James and Pickering (1949) showed that the
acidity in a sample of gastric juice might differ according to the
position of the tip of the tube within the stomach and therefore
used fluoroscopy to check its position. Since then many
workers (Kirsner, Bock, Palmer et al 1956, Johnston and
McGraw 1958, Royle and Catchpole 1967) have stressed the
necessity to use fluoroscopy to obtain a reliable results.

But this procedure is time consuming and involves
radiation. Hassan and Hobsley (1970) devised a simpler method
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to ensure the correct position of the tube, known as the water
recovery test. Findlay, Prescott and Sircus in 1972 compared
the results of secretion studies performed on successive days on
the same group of subjects using fluoroscopy or the water
recovery test to position the nasogastric tube. For every subject
each positioning procedure was carried out on one of two
consecutive days. No significant difference was found between
the secretory results irrespective of the method used for
positioning of the nasogastric tube, and this study validated the
water recovery test as a method for satisfactory tube placement
for gastric secretion studies.

(b) Subject

There has been less controversy about positioning the
subject for the secretion study. Kay (1953) stressed that the
left lateral position was the optimal position for gastric secretion
test. Hector in 1968 stated that there was an increased
recovery of gastric juice when subjects were in the left lateral
position with the foot end of the bed raised compared with a
control group whose stomachs were aspirated while seated.
These results cannot be accepted because he did not state
whether the two groups were matched for age, sex, stature and
clinical state; all of which could have influenced the results. In
1970, Hassan and Hobsley found no difference in the recovery of
gastric juice, as determined by phenol red measurements,
whether the subject lay in the semi-recumbent position or in the
left lateral position.
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2.1.7 ASPIRATION OF GASTRIC JUICE SAMPLES

The sampling of the gastric juice became easy and
practical only after the advent of the flexible gastric tube. Early
workers (Rehfuss 1914, and Ryle 1926) used intermittent hand
suction for sampling the gastric juice. Lim, Matheson and
Schlapp in 1923 recommended the use of continuous
mechanical suction which they found more efficient than hand
aspiration. This rapidly gained popularity and Johnston and
McGraw again compared both methods of aspiration in 1958 and
concluded that continuous mechanical suction is better and
more efficient than intermittent hand suction.

Though the accurate positioning of the tube and
continuous mechanical aspiration increased the recovery of the
gastric juice, it was still not complete. This error was
eliminated by a very simple method, using the dye dilution
technique. A known concentration of a marker in a known
volume is instilled into the stomach, allowed to mix well and
aspirated after a known time. The concentration of the marker
in the aspirated sample is found and hence the actual volume of
liquid that has been added to the stomach since the last
aspiration can be calculated.

Mathieu (1896) was the first to investigate the factor of
dilution in gastric analysis and Gorham in 1923 used
phenolsulphonphthalein (phenol red, PSP) as a dilution
indicator. When gastric motility is inhibited the recovery of
phenol red is 100% (Penner, Post and Hollander 1940). Bloom,
Jacobsen and Grossman (1967) found that there were losses of
up to 17% after initial instillation but subsequent instillation
showed a recovery close to 100%. This initial apparent loss is
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due to the sequestration of the PSP in the folds of gastric
mucosa. Hobsley and Silen (1969) modified the technique with
the use of a continuous infusion of PSP through a double lumen
nasogastric tube and overcame the problem of sequestration.
The volume (as a plateau average) by which aspiration is
incomplete once a steady state has been reached, can be equated
to pyloric loss.

2.1.8 MEASUREMENT OF THE GASTRIC JUICE

Jaworski and Gluzinski (1886) titrated the gastric juice
with N/10 sodium hydroxide using litmus paper as an indicator,
and expressed acid concentration as cc N/10 NaOH per 100 cc
of gastric juice. The introduction of the pH scale for hydrogen
ion concentration by Sorensen (1909) made it possible to titrate
to a specific end point. Christiansen (1912) determined the pH
ranges of various indicators and recommended that gastric juice
should be titrated using Topfer's reagent or Congo red as
indicator to determine free acid and then with litmus paper to
determine the total acid. In 1931 Hollander recommended a
pH of 7 as the end point. The development of electrometric
titration methods made the measurement easy and various forms
are in use nowadays.

2.1.9 CORRECTION FOR PYLORIC LOSS

The pylorus, which has thick and prominent muscle
layers marks the gastroduodenal junction. Electrical and

50



radiographic studies show the pylorus to be a high pressure zone
(Fisher and Cohen 1973). The antrum, pylorus and proximal
duodenum can function as a single unit in expelling the gastric
contents into the duodenum (Heading 1984). When the flow is
in the opposite direction, the result will be a gain of duodenal
contents within the stomach.

The dye dilution method is used to correct the loss.
Recovery of various markers, such as polyethylene glycol,
radio-iodinated serum albumin and phenol red (Johnston and
McGraw 1958, Bendett, Fritz and Donaldson 1963, Lari, Lister
and Duthie 1968) were used. PSP was the most commonly used
indicator because it is inert, cheap, easy to measure and stable in
the pH range of gastric juice. Panda, Van Peborgh, Elder et al
(1974) doubted the inertness of PSP in contact with stomach
mucosa, but their experimental model was canine and is not
necessarily applicable to human studies.

Some workers have not used dilution indicator
markers, presumably because they were not certain that
quantifying pyloric losses would improve the accuracy of their
tests (Levin, Kirshner and Palmer 1948). However, Hobsley and
Silen (1969) have shown that during histamine-stimulated
submaximal gastric secretion using PSP as a marker, the
coefficient of variation of the samples on a plateau was
significantly less if the volume was corrected for pyloric losses
than if no correction was made. Hassan, Gardham and Hobsley
(1969) found that as much as 20% of the acid output might be
lost through the pylorus. Both Hobsley and Silen (1969) and
Venables (1972) stated that pyloric loss is probably constant
rather than a fixed proportion of secretion, so that the
proportional effect of loss is lower at the high rate of gastric
secretion associated with duodenal ulcer. Wieman, Whifield and
Hobsley (1988) have shown that the PSP estimated pyloric loss
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is physiological in the sense that it gives an index of the intrinsic
emptying ability of the stomach. Recent work had shown that
in any one subject pyloric loss is related to the maximal
secretory capacity of that person and has a constant value
(Roxburgh 1989).

2.1.10 CORRECTION FOR DUODENOGASTRIC REFLUX

The first person to document duodenogastric reflux was
Beaumont (1833) and since then many workers (Ewald 1892,
Roholm 1930, Faber, Russell, Royston et al 1974) recognised
and appreciated the reflux of duodenal contents into the
stomach, especially during the insulin test after a vagotomy and
drainage procedure.

Duodenogastric reflux is often seen during gastroscopy
and the assessment of reflux does not correlate well with the
measured bile acid concentration (Domellof, Reddy and
Weisberger1980). The method used by Capper, Arith and Kilby
(1966) has marked drawbacks and the results cannot be
validated. Non-absorbable markers such as polyethylene glycol
and PSP were used to quantify the reflux but the technique
required duodenal intubation.

Based on the two-component hypothesis (Hollander
1932) Hobsley, Gardham and Hassan (1968) proposed to use
sodium as a marker for the measurement of duodenogastric
reflux. The two-component hypothesis postulates that the acid
component is of constant concentration but of variable volume
and the alkaline component is of constant volume and with a
composition approximately that of intestitial fluid. Makhlouf,
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McManus and Card (1966) found that hydrogen ion
concentration was low at low secretion rate but rose in a
hyperbolic fashion as secretion was stimulated. Reciprocally, at
low secretion rate there was a high concentration of sodium
which rapidly decreased as secretion increased.

The theoretical basis of the two component hypothesis
was explored and it was shown that the variations in gastric
acidity and tonicity were better explained by duodenogastric
reflux (Hobsley 1974). Fiddian-Green, Parkin, Faber et al in
1979 further confirmed this by measuring bile labelled with
indocyanine green, which was given intravenously, and sodium
concentration (Hobsley 1974) in the duodenogastric reflux
induced by secretin at the maximal plateau of gastric secretion.
Gastric emptying and duodenogastric reflux in healthy
volunteers (Muller-Lissner, Fimnel, Sonnenberg et al 1982) and
in subjects with peptic ulcer are unaffected by gastric intubation
(Wolverson, Sorgi, Mossiman et al 1984).

Tc99m-Iabelled iminodiacetic acid was used to
radio-label the bile and the duodenogastric reflux was measured
by external scintillation scan. Quantification was possible over
regions of interest (stomach, duodenum, liver etc) but an
accurate measurement of low volume intermittent reflux was not
possible (Thomas 1984). However, sodium as a natural marker
is a better label than any artificially labelled substance to study
the duodenogastric reflux.
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2.2 HELICOBACTER PYLORI

The spiral organism, initially named as Campylobacter
pyloridis, then changed to Campylobacter pylori, and now known
as Helicobacter pylori (H pylori, is a newly recognised bacterium.
This bacterium is an important cause for gastritis and H pylori
infection is associated with duodenal ulcer, gastric ulcer, gastric
cancer and non-ulcer dyspepsia. These associations have
prompted an unprecedented amount of active investigation over
the last 8 years. H pylori infection may be diagnosed either
invasively or non-invasively. Invasive methods include obtaining
gastric biopsy by endoscopy and performing biochemical,
microbiological and histological studies, while non-invasive
methods include the urea breath test and the serological
technique. With improving methods, the sensitivity and
specificity of each techniques are now rated 95%-100%.

2.2.1 THE DISCOVERY

This bacterium was first cultured in 1982 by Marshall
and Warren in Perth, Australia. However, it is probable that this
organism was seen in the stomach by many histopathologists long
ago.

In 1874, Bottcher identified bacteria-like organisms in
the stomachs of cadavers and thought they might be due to
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autolysis (Barber and Franklin 1946). Thereafter Bizzozero in
1893 described spiral organisms in mammalian stomach and
this was later confirmed by Salomon (1896). Krienitz from
Germany was first to describe spiral organisms in the human
stomach, in 1906. Doenges in 1938 examined 242 human
stomachs from postmortem specimens and found that 43%
contained spirochaetes. Two years later, Freedberg and Baron in
Boston found these spiral bacteria in 13 of 35 gastrectomy
specimens. Until 1975, it was concluded that the bacteria were
natural inhabitants in the stomach, became more prominent
when pathology was present and were not associated with the
pathogenesis of peptic ulceration.

In 1975, Steer and Colin-Jones from Southampton
described the bacilli in human stomachs, closely related to the
gastric mucosa in association with gastritis. Warren, in 1979,
noted the appearance of spiral bacteria overlying the gastric
mucosa and associated with the inflamed gastric tissue (Warren
and Marshall 1983). Later, in 1984, Steer showed the spiral
bacteria in large numbers on the surface of gastric epithelium and
areas of gastric metaplasia in the duodenal bulb but not associated
with intestinal type epithelium. Also, these bacteria were found
in 73% of subjects with duodenal ulcer.

Since 1980 curved Campylobacter-like organisms were
observed by Warren in gastric antral biopsies from subjects with
gastritis and peptic ulceration. This bacterium stained poorly
with haematoxylin and eosin but well with the Warthin-Starry
silver method (1922). A prospective study was carried out to
culture the bacteria using Campylobacter media and non-selective
media. The first 34 antral mucosal biopsy specimens cultured
for 48 hours failed to grow any colonies. The 35th specimen was
incubated during the extended Easter holiday and thus examined
only after 5 days. A heavy growth of Campylobacter-like
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organisms was found on the non-selective media (Marshall 1983,
Marshall and Warren 1984). This fortuitous error of delay is
reminiscent of Fleming and penicillin. The provisional name of
Campylobacter-like organisms (CLO's) was proposed because of
their morphological similarity to other members of this genus.

- Because of the frequency with which CLOs were found in
the gastric antrum it was named as C pyloridis. Later the name
was modified to C pylori was given and subsequently in 1989 the
name Helicobacter pylori was proposed and accepted (see
subsection 2.2.3). It is universally accepted as a pathogen and
there are sufficient indications of an aetiological role in the
causation of non-autoimmune (B-type) gastritis (Marshall 1983,
Goodwin, Armstrong and Marshall 1986, Rauws, Langenberg,
Houthoff et al 1988). There are hints of a facilitatory role in at
least some subjects with duodenal ulcer (Marshall, McGechie,
Rogers et al 1985, Coghlan, Gilligam, Humphries et al 1987, Levi,
Beardshall, Haddad et al 1989) and this role needs clarification.

2.2.2 CHARACTERISTICS OF THE ORGANISM

H pylori is detected in the gastric type of epithelium of
humans and primates. It is a spiral shaped gram negative motile
bacillus and measures approximately 0.8mm in with and has an
average length of 3mm. It lives beneath the mucosa of the
gastric antrum well away from the acid-secreting cells. H pylori
is sensitive to pH<5 and is able to hydrolyse urea due to a
powerful urease. The latter property has been utilised in
diagnosis.

56



2.2.3 MORPHOLOGY OF HELICOBACTER PYLORI

The first successful culture of this bacterium (April 15th
1982) was reported in The Lancet in 1983. The light
microscopic features and guanine and cytosine content of the
DNA of this organism was found to be similar to the genus
Campylobacter. However, doubt has existed about the correct
classification and it remained controversial. The ultrastructure
features, fatty acid composition and amino acids sequence of
rRNA of the new bacterium were found to be different from those
of the genus Campylobacter and the amino acid sequence of
rRNA closely resembled Wolinella succinogenes. However, the
detailed ultrastructure analysis revealed pronounced differences
between C pylori and W succinogenes and in early October 1989
the name Helicobacter pylori was proposed and accepted
(Editorial: Lancet 1989)

2.2.4 MICROSCOPIC FEATURES AND ULTRASTRUCTURE

H pylori exists in two forms: curved or spiral bacilli and
coccoidal forms. The spiral one is the young and vegetative

form. Its size is 3-5um in length and 0.5-1pm in width. The
organism has a smooth coat and 2-6 flagellae are found at one
end. In some cells, especially the dividing forms, flagellae may
be seen at both ends. The flagella are sheathed and have bulbous
ends and an internal filament. Each flagellum is 30-35nm in
diameter; the terminal bulb is 100nm in diameter (Geis, Leying,
Suerbaum 1989). The flagellum has a cell-anchored basal plate.
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There are 2 types of coccoid forms. The larger one has
electron-loosened cytoplasma with enlarged periplasmic space
and it is the degenerative form commonly found in old cultures.
The smaller type has electron-dense cytoplasm and intact
cytoplasmic membranes. This type is stable against chemical
and physical injuries for about 4 weeks and regrows to a spiral
vegetative form in 4-6 weeks in favourable conditions. This form
possibly reflects a transformation in response to unfavourable
conditions or nutrition and such forms occur in faeces and may
be responsible for an oro-faecal mode of transmission between
human hosts, but they are difficult to culture.

H pylori is often visible on routine haematoxylin and
eosin stained biopsies. The Warthin-Starry silver stain (1922)
shows H pylori clearly (Warren 1983, Marshall 1983) but the
disadvantages are (a) that it is technically demanding and (b) may
give false positives if the stain is not taken up uniformly. Other
stains such as Giemsa (Gray, Wyatt and Rathbone 1986), cresyl
violet (Burnett, Brown and Findlay 1987) and acredine orange
(Walters, Budin and Paull 1986) are all suitable, quick and simple
and correlate well with Warthin-Starry technique.

These stains are not specific for H pylori. Immunostains

using anti-H pylori antibodies will allow positive identification of
H pylori, but they are not yet available commercially.

2.2.5 GROWTH REQUIREMENT

The organism is specially adapted for life in the
environment overlying gastric epithelial cells and it may be
located throughout the fundus, body and antrum lying underneath
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the mucus layer in close apposition to the surface mucous cells.
The bacterium is never present in regions of intestinal metaplasia
of the stomach. When found in other organs such as oesophagus,
duodenum and Meckel's diverticulum and it occurs only in areas
of gastric metaplasia.

Most bacteria are killed in an acid environment of pH
less than 4.0 and it grows over a wide range of pH from 5.5 to 8.5
with good growth between pH of 7 and 8. Addition of 5mmol 1-1
of urea will protect the bacteria even at pH of as low as 1.5
(Marshall, Barrett, Prakesh et al 1987). It is suggested that the
production, by the urease activity of H pylori, of a local 'cloud’ of
ammonia reduces the hydrogen ion concentration in the
immediate microenvironment and thus enables the bacteria to
survive.

The presence of more than 1.5% bile inhibits the growth
of the organism (Tompkins and West 1987). This may be the
reason H pylori is seen less often in subjects with reflux gastritis
and following gastric surgery resulting in bile reflux, than in
other subjects with chronic gastritis. However, only 25% of
strains are killed when H pylori is exposed to 5% bile in liquid
medium for 30 minutes (unpublished data - personal
communication from C S Goodwin & J A Armstrong, Perth).

H pylori grows best in a microaerobic environment and a
suitable atmosphere is achieved, in an Erlenmeyer flask, by a gas
mixture of O9:C0O9:N9g at a ratio of 5:10:85 (Morgan, Freedman,
Depew et al 1987). A moist atmosphere, approximately 98%
humidity, is required for a good growth (Goodwin, Blincow,
Warren et al 1985). The organism can survive between 30-400C
and maximum growth is observed at 370C (Goodwin, Collins and
Blincow 1986, Itoh, Yanagawa, Shingaki et al 1987). H pylori in
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a conventional medium, such as Trypton soy broth containing
15% glycerol can be stored at -7009C and remain viable for more
than a year (Ribeiro and Gray 1987).

A wide variety of media have been used for culture and
sensitivity testing. These usually incorporate blood or serum,
and may be either solid or liquid media. The commonly used
solid media are blood agar (Jones, Lessells and Eldridge 1984)
and brain heart infusion agar (Goodwin, Blincow, Marshall et al
1985). When incubated at 370C, small (1mm diameter) shiny
and convex colonies are seen after 3 days with weakly
haemolysed areas surrounding them. The optimum selective
media is brain heart infusion agar with 7% horse blood and 1%
Isovitalex with antibiotics (vancomycin 6mg/1, nalidixic acid
20mg/1 and amphotericin 2mg/1), which prevent the growth of
contaminant bacteria. Liquid media that have been described
include brain heart infusion broth with 10% horse serum and
0.25% yeast extract (Goodwin, Blake and Blincow 1986), brucella
broth with 1-10% fetalcalf serum (Morgan, Freedman, Depew et
al 19887) and nutrient broth with 0.25% yeast extract and 5%
horse serum (Goodwin, Armstrong and Marshall 1986).

Specimens taken for isolation of H pylori should be
transported as quickly as possible in appropriate media to
prevent the drying out and exposure to atmospheric oxygen.
Physiological saline (Prakash, Marshall, Barrett et al 1987) and
20% glucose (Goodwin, Blincow, Warren et al 1985) are the
commonest used transport media. It has been reported that
gastric biopsies can be stored in these media for up to 5 hours at
40C without any adverse effect on the recovery of H pylori
(Goodwin, Blincow, Warren et al 1985). Other transport media
have been suggested including Brucella broth (Taylor, Hargreaves,
Ng et al 1987) with 25% glycerol. The latter maintains the
organisms viable for at least six months if kept at -70°C.
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2.2.6 BIOCHEMICAL ACTIVITY

Bacterial enzymes have been studied for the purpose of
taxonomy, identification and to determine pathogenetic
mechanisms.

H pylori exhibits catalase and cytochrome oxidase
activity and produces haemolysin, but the production of urease is
the key factor and exceeds the highest activity of other bacteria
(Mobley, Cortesia, Rosenthal et al 1988). The average rate of
hydrolysis of urea by cell lysates is 36 +/- 26 mmol of
ammonia/min/mg of protein, which is more than twice that of
Proteus mirabilis . The large amount of urease produced has
been used for rapid detection in the endoscopy room and for
indirect non-invasive detection by breath test. The urease is
antigenic and it has been proposed as an antigen in the
enzyme-linked immunosorbent assay test (Dent, McNulty, Uff et
al 1988).

The urease has been considered as a pathogenic factor of
H pylori. The ammonia, released from urea by urease activity,
creates a buffered, favourable microenvironment in the midst of
the highly acidic surrounding thus overcoming the first barrier
against microrganisms in the stomach (Marshall, Barrett, Prakesh
et al 1988). It is also claimed to be toxic to cells and may
initiate damage to the gastric mucosa (Barer, Elliot, Berkeley et al
1988). The presence of strong catalase may prevent ingestion of
H pylori by polymorphs (Lior and Johnston 1985).
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2.2.7 IMMUNOLOGY

The protein profile of H pylori differs considerably from
those of other microganisms. Colonization induces both
systemic and local immune responses. The serological
responses correlate well with the histological detection and
culture of H pylori.

The systemic response is accompanied by an increase in
IgG and IgA levels with little or no effect on IgM, which is not
surprising in view of the chronicity of the infection (Rathbone,
Wyatt, Worsley et al 1986). Agglutination, complement fixation
and ELISA test have all been used to identify the bacteria. The
ELISA method is the most sensitive and convenient test. The
level of IgG does not correlate with the severity of mucosal
inflammation. Serology can be used as a tool for epidemiological
study and for monitoring the response to treatment.

Local humoral response leads to an increase of plasma
cells and secretion of IgA at the site of H pylori infection.
Raised specific IgA levels have been detected in the gastric juice
of 30% of subjects with H pylori-associated gastritis. The
functional significance of this response is not known.

2.2.8 PATHOLOGY

Many bacteria possess, in addition to specialised adaptive
mechanisms, factors which, when produced under appropriate
circumstances in a susceptible host, result in disease.
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Although adherence factors are not considered
pathogenic, they are important in the initial colonisation of the
host mucosa which is essential for subsequent pathogenesis.

H pylori are found in close association with gastric mucosal cells
and at intracellular junctions (Hazel, Lee, Brady et al 1986), and
- thickening of the gastric epithelial cell at the point of attachment
has been observed (Graham 1989b, Bode, Malfertheiner and
Ditschuneit 1988), suggestive of specific binding of gastric
epithelial cell surface with H pylori adherence factors.

Thomsen, Gavin and Tasman-Jones (1990) showed fine
filamentous strands extended between organisms and nearby
epithelial cells, with few organisms in membrane-to-membrane
contact. H pylori were not observed between, beneath or within
cells of gastric mucosa.

H pylori produces a cytotoxin which is heat-labile with a
molecular weight of >105. This cytotoxin causes vacuolization
and cytopathic effects on mammalian cell lines (Leunk, Johnson,
David et al 1988). It is interesting to note that there is a
statistically significant difference in cytotoxin production by
H pylori isolates from subjects with peptic ulcers and subjects
with active chronic gastritis (Figura, Guglielmetti, Rossolini et al
1989).

The gastric mucin protease produced by H pylori
degrades gastric mucin (Sarosiek, Slomiany and Slomiany 1988)
which is liquefied and loses its structure, thus no longer serving
as an effective barrier. The optimum activity of the enzyme is at
pH 7.0 and at 379C.

As mentioned above, the potent urease of H pylori has
been proposed as a pathogenic factor (Hazell, Lee, Brady et al
1986) with the ammonia that accumulates in the protective
gastric mucin layer causing ionic disintegration (Thomsen,
Tasman-Jones, Morris et al 1989). However, some investigators
have contended that ammonia is not toxic to the stomach lihing
(Graham 1989).
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Cave and Vargas (1989) demonstrated that whole or
sonicated H pylori inhibit stimulated acid secretion from rabbit
parietal cells, using the uptake of 14C- aminopyrine as an indirect
assay and found that the non-dialysable protein inhibitor was as
effective as 104 mol/1 cimetidine. This may be responsible for
the hypochlorhydric state seen during acute H pylori infection.
Defize, Goldie and Hunt (1988) showed a similar effect on
isolated guinea-pig parietal cells and the effect is only partially
reversible.

2.2.9 HISTOLOGICAL EFFECT ON THE CELLULAR
ENVIRONMENT

There is a strong link between colonization and gastritis.
The presence of H pylori is associated with an active chronic
gastritis (ACG) which is characterised by the presence of
intraepithelial and intestitial neutrophil polymorphs in addition
to lymphocytes and plasma cells. The number of H pylori
declines steadily from surface to foveolar neck; paradoxically,
infiltration with polymorphs is greatest in the pit-isthmus region.
When the exact topographical relations are considered there are
obvious discrepancies between the density of H pylori and
polymorph infiltration. It may be that the immature foveolar
epithelium of the isthmus proliferative zone is more permeable to
leucocytic factors (such as complement products) activated by
H pylori higher up the gastric pits. The tall mucin-filled cells
are replaced in patchy fashion by cuboidal cells, and the
consistency of the mucus alters. A further aspect of note is the
frequent finding of reactive lymphoid follicles.
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2.2.10 IDENTIFICATION & DIAGNOSIS OF H PYLORI

Approaches to the diagnosis of H pylori infection fall into
two groups. 1). Invasive, where a biopsy specimen is required,
and is obtained by endoscopy. The biopsy material is analysed by
a variety of methods, such as an urease test, histology and
microbiology. 2) Less invasive or non-invasive methods: these
methods are useful in epidemiological studies; they are based
upon the high endogenous urease activity of the organism and
upon serological methods that identify the presence of antibodies
against H pylori antigens.

Biopsy of the gastric antrum is the standard procedure
for detecting H pylori, defining the disease and identifying the
organism. However, the distribution of H pylori is focal and
patchy in the gastric mucosa, hence, mutiple biopsies are
necessary for the detection. Disinfectants and chemical agents
used during endoscopy can be bactericidal to H pylori.
Benzocaine and simethicone are inhibitory to H pylori but
lidocaine is not. Gluteraldehyde, contaminated with biopsy
forceps, is also bactericidal to H pylori.

The urease activity of H pylori was first described by
Langenberg, Tytgat, Schnipper et al (1984) and is about 20 to 70
times as great as that of proteus (Ferrero, Hazell and Lee 1988).
This property has been utilised in the simple and rapid urease
test which is now a well recognised endoscopy room test. The
test detects the presence of urease produced by H pylori in the
biopsy specimen. The urease hydrolyses urea, producing
ammonium ions; this raises the pH, which can be detected by a
pH indicator. The indicator most commonly used is phenol red,
which changes colour from yellow at pH of 6.8 to pink at pH of
8.4.
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Two percent Christensen's urea broth was the first broth
used for this test (McNaulty and Wise 1985). Since then, to
increase the predictive value and speed of the biopsy urease test,
many centres have modified the broth by excluding the nutrients
or the buffer, adding bacteriostatic agents or increasing the
concentration of urea etc (Hazel, Borody, Gal et al 1987,
Marshall, Warren, Francis et al 1987, Vaira, Holton, Cairns et al
1988a & 1988b and Arvind, Cook, Tabaqchali et al 1988).

The sensitivity of different urease tests varies from 58%
to 98% in the hands of different investigators (Morris, McIntyre,
Rose et al 1986, Vaira, Holton, Cairns et al 1988b). The
minimum concentration of organisms required is 104 colony
forming unit (CFU)/ml (Vaira, Holton, Cairns et al 1988a). Thus
the main limitation of the urease test lies in the number of
organisms present in the biopsy specimen. Less than 104
CFU/ml may give a positive culture result but not a positive urease
test (Glupcznski, Thibaumont, Labbe et al 1988). False positive
results are a potential problem, but the investigators claim that if
the tests are performed according to the instructions the
specificity is near 100%.

Histological staining followed by microscopic study is the
standard method for detection of H pylori in a biopsy specimen
(Warren 1983). There are many techniques proposed. The first
and most frequently reported is the Warthin - Starry silver stain,
but this method is time consuming and difficult to perform.

Some other workers (Jones, Lesselle and Eldridge et al 1984,
Taylor, Hargreaves, Ng et al 1987, Madan, Kemp, Westblom et al
1988) found standard haematoxylin and eosin stain to be as good
as the Warthin - Starry stain. However, these two techniques are
less effective than Giemsa (Gray, Wyatt and Rathbone 1986) or
acridine orange (Walters, Budin, Paull 1986) staining. The
acridine orange fluorescent method is rapid and easy to perform,
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and Giemsa staining offers the advantage of preservation of the
morphology. There are other non-specific methods for the
detection of H pylori which include staining with carbol-fuchsin
(Rocha, Queiroz, Mendes et al 1989), modified Gram
technique(Trowell, Yoong, Saul et al 1987), or Giemenza method
(McMullen, Walker, Bais et al 1987) and the use of
phase-contrast microscopy (Pinkard, Harrison, Capstick et al
1986).

The above methods are not specific to H pylori though
all enhance the visualization of this bacterium. Specific
immunofluorescent methods, such as polyclonal antisera (Steer
and Newell 1985) and monoclonal antibodies (Engstrand,
Pahlson, Schwan et al 1986 and 1988) are now available.

Brush cytology with rapid staining by Giemsa stain has
been reported to have a good sensitivity and has an 86% success
rate (Debongine, Legros, Wautelet et al 1987) in identification of
H pylori; however other workers found that the sensitivity of this
test was only 27% (Vaira, Holton, Falzon et al 1988a). Thus the
test is probably valuable only in the hands of a well trained
pathologist.

The histological detection of H pylori depends on the
distribution of the organism in the section examined, and also on
the expertise of the pathologist. It has been noted that more
than 3% of H pylori positive specimens are found not to have
antral gastritis. Two antral biopsies are sufficient to avoid
sampling error and establish H pylori status.

Culturing may also be a less sensitive method because of
the many difficulties encountered in the process. Potential
sampling error, prior use of antibiotics or bismuth compound by
the subjects, use of antiseptic and / or antibacterial agents during
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the endoscopy, and inappropriate handling, transport and
laboratory processing of the sample determine the positive
culture rate. Despite these problems, recovery rates of more
than 90% have been reported by Jones, Lesselle and Eldridge et
al (1984), Goodwin, Blincow, Warren et al (1985) and Schnell
and Schubert (1989).

H pylori was first isolated from gastric antral mucosa
using a non-selective culture medium consisting of brain-heart
infusion chocolate agar with 7% horse blood (Marshall, Royce,
Annear et al 1984). Since then, blood-based media (either
selective or non-selective chocolate media prepared with fresh
blood) have remained the choice of most investigators. Selective
blood agar media inhibit the growth of the contaminating flora
from the mouth and respiratory tract. Skirrow's medium
(Skirrow, 1977) which is supplemented with vancomycin,
trimethoprim and polymyxin B is a very suitable medium for
isolation of H pylori strains (Krajden, Bohnen, Anerson et al
1987). Other selective media contain vancomycin 6mg/1,
nalidixic acid 20mg/], and amphotericin 2mg/l. The culture
gives the best result in a microaerobic environment achieved by a
gas mixture of 09:C09:No at a ratio of 5:10:85 in an Erlenmeyer

flask. It is important to maintain a moist atmosphere of
approximately 98% humidity and an optimal temperature of
370C. Incubation of primary cultures requires between 3 and 5
days.

The accuracy of the urease test, microbiology and culture
depends on H pylori density. For histological and
microbiological studies a highly motivated and experienced
pathologist is required. The combined results of urease test and
histology are similar to results obtained by culture. Only culture
provides a reliable definite diagnosis of H pylori infection, when
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the biopsy specimen is rapidly and correctly transported and
processed in an appropriate medium, and culture therefore
remains the gold standard in the identification of H pylori.

Detection of gastric infection in the cat by the urea
breath test was first reported by Korenberg, Davis and Wood
(1954). They showed that the urease was bacterial in origin; and
that this hydrolysed the administered 14C-labelled urea, and
released 14CO, which was detectable in the expired air.

Currently there are two methods, named according to the
labelled carbon incorporated in the urea. Graham, Klein, Evans
et al (1987) devised the test using 13C-urea while Marshall and
Surveyor (1988) independently developed the test using
14C-urea.

13C-urea is a stable and naturally occurring
non-radioactive substance, but a mass spectrometer is required
to measure 13C in the expired air, and 13CO, also fluctuates in
response to dietary consumption of 13C-enriched food, such as
corn or cane sugar. !4C is a radioactive substance, and the
required amount for the test is 0.4Mbq (10mCi) (Bell, Weil,
Harrison et al 1987, Marshall and Surveyor 1988); this is
one-tenth of the radiation dose to a subject undergoing a single
plain abdominal X-ray. However, satisfactory results can be
obtained with 0.11MBq (3mCi) of 14C. The advantage of using
14C is that it only requires a simple scintillation beta counter
which costs less than one-tenth of the cost of a mass
spectrometer. Both tests are reasonably sensitive and
reproducible.

A known amount of carbon-labelled urea is given orally,
after an overnight fast, and breath samples are collected every 10
minutes for at least 2 hours. If H pylori is present in the
stomach, it splits the urea and the labelled carbon will appear as
carbon dioxide in the expired air.
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In addition to being non-invasive, the urea breath test has
other potential advantages when compared with endoscopic
examination and biopsy. H pylori infection is patchy and its
successful detection requires multiple biopsies, which must also
be transported rapidly in a proper medium. A dedicated and
experienced pathologist is necessary for identification of the
organism in histology specimens. The urea breath test
effectively integrates the response of the entire gastric mucosa,
and hence even a low level of infection can be detected.

By 1984, association between gastritis and the presence
of serum H pylori antibodies had been established (Eldridge,
Lessells and Jones 1984). In 1985, Kaldor, Tee, McCarthy et al
showed a significant association between the presence of H pylori
antibodies and peptic ulceration. Whole bacteria or partially
purified antigen frequently gave false-positive and false-negative
results (Newell, Johnston, Ali et al 1988; Gnarpe 1988). This is
because the preparations contained antigens that cross-reacted
with antibodies directed against other bacteria (C jejuni, C fetus,
E coli). Good results have recently been reported for an
enzyme-linked immunosorbent based on the urease produced by
H pylori and it was correlated closely with the presence of active
chronic gastritis (Dent, McNulty, Uff et al 1988). However, at
present no single antigen has been detected which consistently
reacts with all positive sera investigated. This supports the
contention that the variation of antibody specificity is
host-mediated rather than a reflection of antigenic differences
between the infective agents. The most commonly used antigen
is an acid-extractable material eluted from the surface of whole
organisms in 0.2 M glycine buffer (pH 2.2).

Serum anti-H pylori antibody can be detected by a

complement fixation test, haemagglutination, bacterial
agglutination, immunofluorescence and enzyme linked
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immunosorbent assay (ELISA) (Jones, Lessells and Eldridge
1984; Marshall, McGechie, Francis et al 1984; Kaldor, Tee,
McCarthy et al 1985; Newell and Rathbone 1989). ELISA is
currently the technique of choice in most laboratories, because
of its speed, low cost, simplicity and reproducibility.

The majority of people with H pylori colonisation exhibit
a specific antibody response. The IgG response remain constant
throughout the course of the infection (Langenberg, Rauws,
Houthoff, et al 1988, Perez-Perez, Dworkin, 1988) and is present
even in the absence of raised IgA. The IgG level declines after
eradication of H pylori, but the fall is usually slow and it may take
upto 6 months to attain the normal level (Von Wulffen and Grote
1988, Evans Jr, Graham, Lew 1991). Re-infection is
accompanied by a rapid rise in titre (Langenberg, Rauws,
Houthoff et al 1988).

Serodiagnosis can be used effectively for epidemiological
study and to assess the effectiveness of the treatment and the
possibility of re-infection.

Many techniques have been developed to identify
H pylori infection; however none shows 100% specificity and
sensitivity. Unfortunately, the specificity and sensitivity of each
test varies between investigators: thus it is essential to perform
two or more tests to confirm the diagnosis of H pylori infection.

2.2.11 TRANSMISSION

No natural animal host has yet been found for H pylori.
Laboratory experiments have shown that this organism will
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colonise only in the stomach of the germ-free piglet. Thus, one
would postulate person-to-person spread as the most likely
means of transmission of H pylori. The voluteer studies
(Marshall, Armstrong, McGechie et al 1985, Morris and
Nicholson 1987) and the reported epidemic outbreak of
hypochlorhydria (Ramsay, Carey, Peterson et al 1979, Gledhill.
Leicester, Addis et al 1984) show that infection can be
transmitted from person-to-person.

Infectious diseases which are spread from person to person
by close contact are commonly found to have a higher incidence
in institutions for the mentally handicapped. Berkowicz and Lee
(1987) studied the sera of subjects in an Australian institution by
the ELISA method and the results showed that there was a
greater prevalence of H pylori among these subjects compared
with blood donors. Family studies have shown a high incidence
of active H pylori infection in consanguineous contacts of
children infected with H pylori (Mitchell, Bohane, Berkovicz et
al 1987). The prevalence of H pylori in low socio-economic
countries is found to be very high and subjects in those countries
become infected with H pylori earlier in life than those living in
the developed countries. While faecal-to-oral spread has been
suggested, it is unlikely as H pylori has never been isolated from
the stools of subjects with gastritis. Rawles, Harris, Paul et al
(1987) found a higher frequency of antibody to H pylori in
endoscopy staff when compared with blood donors and Mitchell,
Lee and Carrick (1989) found that endoscopists have a
significantly higher incidence of H pylori infection compared to
general practitioners and blood donors. This suggests the most
likely route is via stomach secretion, possibly by regurgitation and
then with sputum. These results are consistent with the
hypothesis of person-to-person spread of H pylori.
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2.2.12 CLINICAL and EPIDEMIOLOGY EVIDENCE

The epidemiological studies show that the incidence of
H pylori infection is greater in the developing countries, that
prevalence increase with age and that there is no gender
predilection. There is no significant association between
H pylori and ABO blood group and secretor status. The
prevalence studies are mostly concentrated on subjects with
dyspepsia. Morris, Maher, Thomsen et al (1988) studied the
prevalence of H pylori in the gastric material obtained from
post-mortem and they found that the infection was present in
60% of Polynesians and 20% of Caucasians. A prevalence study
using the isotopically labelled urea breath test showed that the
Mexican nationals have a similar rate of infection to US nationals
(33%), while Indian nationals showed a higher rate (46%)
(Graham, Klien, Opekun et al 1988). Serology has proved a
valuable tool for measuring the prevalence rate. More often than
not the surveys have been done on blood donors. These studies
showed that there was a gradient in seroprevalence which was
age-related. = Dwyer, Sun, Kaldor et al (1988) found that H
pylori in Aborigines from northern Australia is rare (<1%), but
the rate was 50% among the Aborigines from southern Australia.
It is also noted that that there was a distinct differences in
antibody rates between people of different races or cultures living
in the same area (Nafeeza, Shahim, Kudva et al 1989).

The human ingestion, treatment, and epidemiological
studies are suggestive of a very strong association between
H pylori, gastritis, peptic ulceration, and even gastric cancer.
However, H pylori was isolated from 10-20% of the
asymptomatic subjects in whom no endoscopic abnormalities
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were noted and no histopathological abnormalities noted in the
antral biopsies (Buck, Gourley, Lee et al 1986; Jiang, Zhang, Shi
et al 1987, Raskov, Lanng, Gaarslev et al 1987).

The frequency of H pylori in chronic type B gastritis is
approximately 70% and it is as high as 100% in active chronic
gastritis (Goodwin, Armstrong and Marshall 1986; Andersen,
Holck, Povlsen et al 1987). Results from different centres are
not strictly comparable because the methods of detection of H
pylori differ and the criteria for histological diagnosis also vary.
However, the overall prevalence data point to a very close link
between H pylori and the predominantly antral form of active
chronic gastritis.

Many subjects with duodenal ulcer have active chronic
gastritis which involves the antral mucosa and the gastritis is
closely associated with H pylori infection of the antrum. Many
studies show a strong (70% - 100%) association between
duodenal ulcer and H pylori -associated gastritis (Marshall,
McGechie, Rogers et al 1985; Booth, Holdstock, MacBride et al
1986. Jiang, Liu, Zhang et al 1987. Raskov, Lanng, Gaarslve et al
1987, Rauws, Langenberg, Houthoff et al 1988 and Goodwin,
Marshall, Blincow et al 1988). Arborigines in Northern Australia
do not develop DU and the incidence of H pylori was lowest
when compared to any groups studied so far. A Few studies have
shown that H pylori is found in the duodenum of subjects with
duodenal ulcer and duodenitis (Steer 1984, Wyatt, Rathbone,
Dixon et al 1987 and Caselli, Bovolenta, Aleotti et al 1988). The
reported frequency of the finding is between 29% and 100%.

However, there is no clear-cut direct causal relationship
between H pylori and duodenal ulcer. Only a minor fraction of
people harbouring H pylori will apparently develop DU and DU is
not invariably associated with H pylori colonisation.
Approximately 10% to 30% of DU are not associated with
H pylori.
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The presence of gastric epithelium in the duodenum is
essential for H pylori to colonise in the duodenum. This can
present in 2 forms; (a) gastric heterotopia, characterised by fully
developed fundic mucosa, is rare and (b) gastric metaplasia which
is more common and extensive in DU subjects. The presence of
gastric metaplasia is seen only in subjects with low pH and
correlates well with maximal acid output. Thus, the hypothesis
is that an increased acid load into the duodenum leads to gastric
metaplasia (James 1964) which in turn is colonised by H pylort;
this produces duodenitis and ultimately DU (Wyatt, Rathbone,
Dixon et al 1988; Goodwin 1988 and Wyatt, Rathbone, Dixon et al
1989).

There is another hypothesis put forward by Levi,
Beardshall, Haddad et al (1989) to link H pylori and DU. It is
often known as 'gastrin link' theory. Urease produced by H
pylori splits the urea in the gastric juice into ammonia which
neutralises the acid in contact with the mucosa overlying the
G-cells and parietal cells. This impairs the normal inhibition of
gastrin release by intraluminal acid leading to an inappropriate
secretion of gastrin in response to food; this increases acid
output and the raised acid level leads to the pathogenesis of the
ulcer.

In Brazil the incident of H pylori among the dyspepsia
subjects is nearly 100% but the incidence of DU is not very high
when compared with Western countries. Indians of Fiji appear
to have rates of DU at least twice that seen in ethnic Fijians
(Parshu 1975) but Beg, Oldmeadow, Morris et al (1988) found
that H pylori is present with equal frequency in both races.
The prevalence of H pylori in Tibetan monks is approximately
52% but the incidence of DU is one of the highest in the world.
Moreover, in Malaysia the incidence of H pylori is greater (75%)
in the Indians compared to (45% in the) Chinese (Nafeeza,
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Shahimi, Kudva et al 1989) but DU is common in Chinese and
less common in Indians (Ti 1983). These findings cast doubts
about the role played by H pylori in the pathogenesis of DU.

The strongest evidence that H pylori is causally related
to DU is mainly derived from therapeutic eradication trials.
When H pylori infection was eradicated, follow-up for 1-2 years
showed no DU relapse, but a high relapse rate was observed when
the infection was not eradicated (Coghlan, Gilligan, Humphries et
al 1987, Marshall, Goodwin, Warren et al 1988, Rauws,
Langernber, Houthoff et al 1988). It is tempting to speculate
that because cure of the ulcer is associated with removal of the
organism, then the original ulcer may well have been due to the
presence of the organism, but proof of this causal role is
presently lacking.

There have been some reports of association of H pylori
with gastric carcinoma ( Marshall, McGechie, Rogers et al 1985).
However, H pylori does not colonise on cancer cells and H pylori
are found to colonise in the remaining foveolar epithelium of the
stomach. No good evidence to support H pylori as a causative
factor is yet available.

2.2.13 EFFECTS OF DRUGS ON HELICOBACTER PYLORI

Many antimicrobial agents are effective in vitro but their
activity was reduced in vivo. This is due to the lack of stability
and activity at low pH (McNulty and Dent 1988), decreased tissue
penetration (Allen 1981) and the presence or absence of food
and / or other drugs.
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Bismuth salts are found to be bactericidal to H pylori and
also some reports indicate that omeprazole eradicates H pylori
in the gastric antrum (Tessaro, Mario, Rugge et al1990) but other
reports contradict this finding (Mainguet, Delmee and Debongnie
1989, Termini, Scialaba, Pisciotta et al 1990). Metronidazole is
unaffected by pH and is bactericidal but acquired resistance had
been reported. Combination with bismuth salts reduces the
development of resistance. Amoxycillin is less ionised at low pH
and retains good activity at acidic pH, although the concentration
in gastric mucus that can be achieved with this agent is much
lower than with many antibiotics,. Tetracycline is another
antibiotic which is active in vitro as well as in vivo.

The aim of the treatment is to achieve eradication, rather
than clearance, of the bacteria. Clearance means failure to
identify the bacteria at the end of the treatment and eradication
means failure to identify the bacteria for at least 4 weeks after the
cessation of the treatment.

Bismuth monotherapy achieved a clearance of 45-100%
but the long term eradication was only 10-30% (Coghlan,
Gilligan, Humphries et al 1987, Lambert 1988, and Borsch, Mai
and Muller1988). Monotherapy with amoxyecillin gives good
clearance and eradication rates (Glupczynski, Burette, Labbe et al
1988), but there is always a possibility of acquired resistance
taking place. This is true also with metronidazole (Hirschl,
Hentschel, Schutze et al 1988, Glupczynski, Burette, DeKoster et
al 1990). Combinations of bismuth salts with various antibiotics
have been tried (Marshall, Goodwin, Warren et al 1988, Rauws,
Langenber, Houthoff et al 1988) in an attempt to improve the
rate of long term eradication. Even triple therapy has been used
(Borody, Cole, Noonan et al 1988, Borsch, Mai and Opferkuch
1988 ) for the same purpose. Currently, a highly effective drug
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combination is bismuth salt, amoxyecillin (or tetracycline) and
metronidazole; this gives an eradication rate of 80-95% and was
recommended at the 4th World Congresses of Gastroenterology
in Sydney, 1990.

2.3.1 ENDOSCOPY

The modern endoscopy unit comprises patients and
relatives reception and waiting areas; a nursing and consultation
office; an instrument cleaning room; a storage room or rooms and
an endoscopy procedure room. It is important that the
procedure room should have easy access to the instrument
storage room. The recovery bay is situated near the nursing
station with facilities for a relative to be with the subject.

The endoscopy procedure room usually has a large floor
area with smooth and washable flooring. The room is equipped
with an alarm call system and resuscitation equipment including
ECG monitor, defibrillator, intubation facilities and emergency
drugs.

2.3.1.1 INTRODUCTION

Endoscopy is derived from Greek words endo = "within"
and skopeo = "to view". Several attempts have been made over

78



the last 200 years to achieve practical endoscopes, but the
enabling technology has really only been available in the last 40
years.

A leaflet from KeyMed reproduces a 16th century picture
showing the use of a proctoscope and this may have been possibly
the first endoscope ever to be used. But it appears that Phillip
Bozzini, in 1806, was the first person who attempted to visualise
the urinary tract with a tin tube and candle. Adolf Kussmal
(1868) used a rigid metal tube to examine the upper
gastrointestinal tract, after watching a sword-swallower in action.
In Munich, in 1932, Rudolf Schindler used a semi-flexible
gastroscope, made for him by George Wolf. Preoccupation with
their gastric cancer problem led the Japanese to develop the
blind gastric camera in the 1950s.

In 1949, Hopkins proposed and devised an optical unit
to convey images along the flexible axis. Baird had proposed
much the same idea in 1927, though he failed to devise a proper
working system. The essential mechanism is that the unit
consists of bundles of fine glass fibres that transmit the image by
continuous internal reflexion. The first flexible fibreoptic
endoscope was used by Hirschowitz in 1957 in a patient at the
University of Michigan Hospital (Salmon 1975).

2.3.1.2 FIBREOPTIC UPPER GASTROINTESTINAL
INSTRUMENT

There are three basic types of gastroscopes: rigid,
semiflexible and flexible. The rigid gastroscope was a relatively
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dangerous instrument and caused a lot of fatal injuries and it is of
medical historical interest only. High technology progress has
also made the semiflexible upper gastrointestinal endoscope
obsolete.

The greatest advance in the field of endoscopy was the
ability to direct light around corners and thus to manipulate the
instrument under direct vision; the birth of the fibreoptic
endoscope. During the past decade considerable advances have
been made in the field of gastrointestinal endoscopy. Newer and
narrower bodied endoscopes are available for the more
comprehensive examination of the upper gastrointestinal tract.
Gastrointestinal endoscopy is now considered as a basic
diagnostic technique and it has virtually replaced radiology as the
primary approach to structural disorders of the gut. Endoscopes
themselves have been developed and modified to increase their
diagnostic and therapeutic potentials and so have large,
sometimes multiple channels and elevating bridges to assist in
the placing of biopsy forceps and other tools.

The modern gastrointestinal fibrescope basically consists
of a head with eyepiece and controls, and a flexible shaft which
has a manoeuvrable tip. The head is connected to a light source
via a connecting 'umbilical' cord, through which pass other tubes
transmitting air and suction. There is a separate channel for the
passage of accessories including flexible biopsy forceps. The
modern endoscope is narrow, with a working length of 1,025mm
(total length : 1,345mm) and diameter of 9.8mm and with an
instrument channel 2.8mm wide. It has versatile flexibility and
can be easily manoeuvred.
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2.3.1.3 BIOPSY FORCEPS

The ability to take a satisfactory specimen is a crucial
part of the fibreoptic endoscopy. Wood et al (KeyMed 1983)
developed gastric suction biopsy in Australia in 1949 and it
revolutionised the idea of gastric mucosal morphology. Benedict
built a delicate biopsy forcep to be used under direct vision
(KeyMed 1983).

The modern biopsy forceps consist of a pair of sharpened
cups, is controlled by a flexible cable and can be easily introduced
through the channel in the gastroscope. The biopsy forceps tip
is visible as soon as it has passed 3mm beyond the distal end of
the gastroscope.
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CHAPTER 3

METHODS
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3 METHODS

3.1 ENDOSCOPY

When the clinical indication for endoscopy was
established the procedure was fully explained to the subjects.
Every detail was explained in layman's terms and a written
explanation was also given or sent to the subject.

It is the responsibility of the endoscopist to protect the
subjects and the ancillary staff from cross infection with
micro-organisms. In the past sufficient attention has not been
paid to infection and subjects as well as staff have suffered from
infection transmitted by endoscopes and accessories. In the UK
these problems are now actively addressed and advice is given by
the Endoscopy Committe of the British Society of
Gastroenterology (BSG).

The examination was carried out by using an Olympus
GIF-XQ 20 fibreoptic gastroduodenoscope. The channels of
the instrument, air insufflation, suction and biopsy were checked
at the beginning of the examination. The biopsy forceps and the
suction pump were also checked for any defect.
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3.1.1  SUBJECT SELECTION

Patients who were referred to the Gastrointestinal
Endoscopy Department at The Middlesex Hospital for upper
gastrointestinal endoscopy as part of the investigation for
complaint of dyspepsia were approached. Patients who were on
steroids, non-steroidal anti-inflammatory drugs, antibiotics or
colloidal bismuth subcitrate within the last three months were
excluded.

3.1.2 PATIENT PREPRATION

Patient education, some sedation and a good technique of
passing the instrument are essential to perform a satisfactory
endoscopic examination.

Although with the modern flexible fibrescope
complications are rare, subjects with any contraindications such
as cardiac or respiratory embarrassment were excluded. Any
potential hazard to the unit staff and to subsequent subjects from
infectious subjects was looked into and each case was individually
assessed.

i The upper gastrointestinal endoscopy was performed in
the morning, as it was more convenient for the subject to fast
overnight. The subject was instructed not to eat or drink for at
least 6 hours before endoscopy. Patients with suspected
oesophageal or gastric outlet obstruction were advised not to eat

any solid food for 24 hours and only to take liquids.



The subject was advised to arrange a relative or friend to
accompany him or her home after the test. When the subjects
arrived at the department, the nursing staff received them and
registered them in the entry book. Patients were given a
sympathetic approach and the procedure was explained again
and a reassuring friendly atmosphere created in order to gain the
confidence of the subject. The formal written consent was
obtained and countersigned by the endoscopist.

The subject was requested to take off the top half of his
or her clothes and put on a gown. Dentures and spectacles were
removed and stored safely. The subject was allowed to lie on the
trolley and rest in the reception area until his or her turn came.

3.1.3 INTRAVENOUS ACCESS

The subject was wheeled into the endoscopy room and a
22G Butterfly needle was inserted into a vein, usually on the
dorsum of the hand. This access was used to give the sedation.

3.1.4 POSITIONING THE PATIENT

The positioning of the subject varied according to the
examiners but most endoscopists had the subject in the left
lateral position with the back supported by a pillow against the
trolley side. The head lay on a single pillow, which was covered
with a disposable towel, and a nurse was standing at the patient's
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head to ensure an adequate airway and access for the use of
suction when necessary. The nurse also helped to keep the
mouth guard in position and to hold or move the endoscope
when instructed. The nurse ensured that the subject rested his
head on the pillow properly and held his hands to prevent the
subject interfering during process of intubation.

3.1.5 SEDATION

Opinion and practice concerning sedation and analgesia
vary widely. The use of pharyngeal anaesthesia is also
controversial.

In this study pethidine 50mg (Roche) was given
intravenously and followed by 10mg of emulsion diazepam
(Diazemuls - Dumex) via the butterfly needle. Both pethidine and
Diazemuls can cause respiratory depression, particularly in the
elderly, and every precaution was taken to prevent this
potentially fatal event. Sometimes, lignocaine aerosol (Xylocaine
- Astra) was sprayed into the throat if the subject had a marked
gag reflex.

3.1.6 EXAMINATION

The examiner stood on the left side of the subject, facing
the subject and holding the head and tip of the endoscope close
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to each other. The mouthguard was placed in position and the
nurse held the patient's head flexed slightly forward. The tip of
the endoscope was passed through the mouthguard and over the
back of the tongue into the pharynx. The tip was advanced over
the back of the tongue and larynx under direct vision,
maintaining a correct central axis. The subject was asked to
swallow as the tip was passed through the sphincter. A constant
conversation of reassurance and encouragement helped to
achieve an easy passage of the tip through the cricopharyngeus
sphincter. During this procedure any secretion accumulated in
the mouth was sucked out by another nurse.

A systematic routine examination was adopted to survey
the entire oesophagus, stomach and proximal duodenum,
minimizing the possibility of missing any area. The examination
was carried out as the instrument was advanced under direct
vision, using air insufflation and suction as required.

The two golden rules of endoscope examinations are 'do
not advance without vision' and 'if in doubt, withdraw', and these
were observed. The oesophagus was thoroughly examined and
then the stomach was examined including the lesser and greater
curvatures and the fundus by retroversion or J-manoeuvring the
tip by 1800 upward angulation. During all these manoeuvres the
shaft of the instrument was kept relatively straight from the
patient's teeth to the examiner's hand.

Then the pyloric ring was approached for passage into
the duodenum. The tip of the instrument was kept in the
correct axis and advanced. The bulb was scanned by
circumferential manipulation of the tip. Hyoscine butylbromide
(Buscopan - Boehringer Ingelheim) 20mg intravenously was given
when visualisation was impaired by pyloric or duodenal motility.
The endoscope was advanced into the superior angle of the



duodenum and the shaft was rotated by 900 and gently advanced
so that a tunnel view of the descending duodenum was seen.

The duodenum, stomach and oesophagus were carefully
surveyed and the insufflated air was sucked out during
withdrawal. The main and common problem is subject distress
and the endoscopy was terminated if reassurance did not calm
the subject. In this series I met no case of severe pain during
endoscopy.

3.1.7  TISSUE BIOPSY

Once a recognised lesion was noted biopsies were taken
for appropriate laboratory investigations. The biopsies were
taken with the cupped forceps passed through the appopriate
channel. The forceps cups were held in closed position by the
assistant when the forceps was advanced and withdrawn. When
the tip of the forcep was seen at the distal end of the endoscope,
it was further pushed forward under direct vision until the lesion
was approached. The assistant was asked to open the cup, the
endoscopist advanced the forceps preferably 'face-on', so that
firm and direct pressure could be applied to it with the cups; the
cups were closed and the forcep withdrawn.

At least 4 antral biopsies were taken from all the
subjects. One was used for the endoscopy room urease test
(CP-urease test), the specimen for histology was immediately
fixed in 10% buffered formalin and the others for microbiology
were placed in 0.5 ml of 20% sterile glucose and were
transported to the laboratory as soon as possible.
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The staff of the endoscopic unit were protected from
aerosol emission, which may be a mode of transmission of
infection, during the insertion and removal of the biopsy forceps
thorough the channel.

3.1.8 TRANSPORTATION OF TISSUES

The tissues were placed in water-proof bottles, secured
and labelled. These specimens together with the duly filled
request forms were kept in a polyethylene bag and sent to the
respective departments as soon as the endoscopy session was
over.

3.1.9 PATIENT CARE AFTER GASTROSCOPY

The subject was kept in the recovery area on the trolley
(or stretcher) in view of the nurse for about 30-45 minutes and
usually a relative was allowed to sit by the side of the subject.
When the subject felt comfortable after this period, he or she was
asked to sit up and usually given a hot drink. If pharyngeal
anaesthesia had been used then the drink was delayed by another
30 minutes.

When the subject was fit to go home, usually 2 hours after

the procedure, the findings and treatment were told in great
detail and explanations were also given of the nature of a gastric

89



secretion study and the reasons for wishing to undertake such a
study. Those patients who accepted the invitation were given an
appointment for the gastric secretion test.

The subjects were advised not to operate machinery and
to rest at home. They were warned about the symptoms (sore
throat, abdominal discomfort, flatulence or discomfort in the vein
where the injection was given) they might experience. This
information was also given in writing, together with names and
telephone numbers to contact if the subject was worried.

The details of the subject, the endoscopy findings, urease
test result and the treatment given to the subject were fed into
the computer and stored. A print out of the letter to the family
practitioner and a summary of findings were retrieved and given
to the subject to hand over to the GP. Also a follow up
appointment for endoscopy was given to the subject.

Flexible upper endoscopy is a safe procedure; though

there are many potential hazards, in this study none was
experienced.

3.1.10 DISINFECTION OF THE INSTUMENT

All advice and instructions issued by the British Society
of Gastroenterology and the Local Health Authority were strictly
observed.

Cleaning and disinfection were undertaken before the
endoscopy list and between each examination and at the end of
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the list. Protein is a physical and chemical barrier to the
disinfectants and renders them less effective against the
micro-organisms. Thus assiduous manual cleaning of the
instrument and internal channels was done before the use of
disinfectants. The decontamination of the endoscope was a
specialised procedure and was carried out by a specially trained
staff in a specified area.

Disinfection was carried out according to the Bloomsbury
Health Authority policy. At the beginning and end of the list the
endoscope was exposed to 8% dettol for 20 minutes followed by
70% methylated spirit . Between patients the endoscope was
exposed to dettol for a minimum of 2 minutes followed by
immersion in methylated spirit for 4 minutes. In the case of
suspected TB or HIV positive cases the endoscope was exposed
to gluteraldehyde for 1 hour.

As soon as the endoscope was removed from the subject,
mucus was wiped off the insertion tube and the latter was placed
on a specially reserved working surface. The detergent and
water were aspirated through the suction channel and blown
through the air channel and the insertion tube was washed with
soapy water. The distal tip of the endoscope was cleaned with a
brush and the biopsy channel was cleaned with a brush passed
through it and more soapy water was aspirated through the
suction channel.

Dettol was aspirated through the suction channel and the
endoscope was immersed in dettol and left in it for 2 minutes.
Then, the channel was filled with methylated spirit and the
insertion tube was immersed in methylated spirit for 4 minutes.
The biopsy valve was disconnected and disinfected with dettol
followed by methylated spirit.
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3.2 TREATMENT

Subjects with DU were treated with ranitidine or
colloidal bismuth subcitrate (CBS). All subjects were advised to
start the treatment after the gastric secretion test. Initially,
subjects without H pylori infection were given 300 mg of
ranitidine (Zantac, Glaxo) nocte for a maximum of 8 weeks and
those with H pylori infection 240 mg of CBS (Gist-Brocades)
twice daily for maximum of a 8 weeks. In the ranitidine
treatment group, if the ulcer had healed at the end of 8 weeks,
they were given a maintenance dose of 150 mg of ranitidine
nocte for a further 8 weeks. In the CBS treatment group no
further treatment was prescribed. If the DU had not healed at
the end of 8 weeks, then the treatment was altered. Those who
had had CBS received ranitidine and the others received CBS.
This altered treatment was given for 8 weeks. If the change to
ranitidine resulted in healing of the ulcer by eight weeks,
maintenance therapy with ranitidine was continued as above. In
the case of those who were changed to CBS, if the ulcers were
healed by 8 weeks treatment was stopped. Subjects whose
ulcers were failed to heal after both CBS and ranitidine were
continued on therapeutic doses of ranitidine for further 12 weeks
and if the ulcers remained unhealed, they were referred for
surgery. Proximal gastric vagotomy was performed in subjects
whose DU failed to heal.

3.3 FOLLOW UP

All subjects were re-endoscoped between 4-6 weeks
after the treatment was started and then between 8-10 weeks.
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In subjects whose DU had healed, repeat endoscopy was
performed at 6 months and 1 year or earlier if dyspepsia
recurred. In subjects in whom the DU had not healed, the
endoscopy was repeated in 4-6 weeks after the altered treatment
and again in 8-10 weeks and then as above. The repeat
endoscopy was carried out in the same way as described above
and biopsies from the antrum were taken for microbiology and
histopathology.

3.4 GASTRIC SECRETION STUDY

The technique used has been gradually developed and
modified over many years in this Department and the details
were described by Whitfield and Hobsley, in 1979. The
procedure followed eliminates observer bias in the selection of
plateaux, and uses techniques for reducing collection errors by
the use of two markers; one artificial (PSP) and other natural
(Na). This study was approved by the Clinical Investigation Panel
of The Middlesex Hospital and Medical School (now of University
College & Middlesex School of Medicine).

3.4.1 PATIENT SELECTION

Most of the subjects were recruited from patients
undergoing upper gastrointestinal endoscopy at The Middlesex
Hospital, although 9 had undergone endoscopy elsewhere. Only
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those subjects who had biopsies taken from the gastric antrum
for the CP-urease test, histology and microbiology were included.
Patients who had been on non-steroidal anti-inflammatory drugs,
steroids, antibiotics or colloidal bismuth subcitrate within the last
three months and who had had gastric surgery were excluded.

3.4.2 EQUIPMENT

All equipment used satisfied the Health and Safety
Standards. Since 1970, more than 1500 gastric secretion tests
have been carried out in this department, with this standard
equipment and without any mishap, as far as histamine infusion
tests were concerned.

3.4.2.1 THE NASOGASTRIC TUBE

This was a double lumen nasogastric tube; the narrower
lumen was for instillation of phenol red and the larger for the
aspiration of gastric contents. The tube was specially made
(Portex Ltd). This tube has a smooth contour and its passage is
more easily tolerated by the subjects. The tube was weighted
and marked at 10cm. intervals from the tip. The aspiration
channel has a standard 6mm sleeve connector. A Luer-lock
connector was attached to the infusion arm.
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3.4.2.2 SUCTION PUMP

A technique of continuous mechanical suction with
intermittent blowback was used. The pump used was designed
specifically for gastric secretion tests (Sycopel Scientific Ltd) and
generated suction pressures of up to 100 mm of Hg. It has a
safety valve that automatically cuts off the pump when the
pressure rises above this level. The pump is pre-set so that it
clears the tube of any blockage by blowing back at regular
intervals (3 min) for a fixed period of time (30 sec); this
blowback pressure was adjusted not to exceed 160 mm of Hg.
The nasogastric tube was connected to another tube that emptied
into the collecting flask. The inlet was at the neck of the flask,
the outlet was at the base on the opposite side. A side port was
connected by fine tubing to the mercury manometers, allowing
continual pressure readings. The outlet tubing was connected to
a soft plastic tubing which ran through the roller pump
mechanism and so to the final collecting flask.

3.4.2.3 INFUSION PUMPS

These were used for the infusion of phenol red,
histamine phosphate and promethazine (Phenergan - May &
Baker Ltd). Three pumps of the exactly the same design (Model
352, Sage Instruments) were used throughout the test; they
could be set for both varying syringe size and varying infusion
rate. A standard 60cc syringe (BD Plastipak) with an infusion
rate of 10.2ml h-! was, used in all the syringe pumps. The
calibration of the pumjps was checked at regular intervals.
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3.4.2.4 TIMER

The gastric juice was collected in 10 minute aliquots.
To ensure that the investigator changed over between samples at
the same time and received advanced warning that a collection
period was ending, a specially constructed timer was used. This
was an electrical device connected to a pair of coloured lamps
and a buzzer, which were activated in a standard sequence.

3.4.2.5 PHENOL RED (Phenolsulphonphthalein, PSP)

The phenol red was made up as a stock solution in the
following manner. Six grammes was dissolved in a litre of
distilled water and allowed to settle for one month. This allowed
the optical properties of the phenol red to stabilise (Hobsley and
Silen 1969). At the start of each test 60 ml was drawn up into
the syringe through a CVP manometer line (Portex) secured to
the syringe by a Luer-lock. The whole assembly was freed of air
bubbles and fitted into the syringe pump. The pump was run at a
maximum speed until the syringe driver was flush against the
piston of the syringe. Then the pump was switched down to its
normal rate (10.2 ml h-1) and allowed to run for several minutes
until PSP appeared at the other end of the manometer tube. A
10 minute aliquot was collected into a standard 10 ml collecting
flask. The infusion pump was stopped and was now ready for
the start of the test. The flask was then capped and labelled as
the pre-test standard and with the name of the subject and date
of the test. Another 10 minute aliquot was collected at the end
of the test and labelled as the post-test standard.
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3.4.3 SUBJECT PREPRATION

The subject was advised to have nothing by mouth for at
least eight hours, and smoking and alcohol were proscribed for
at least 12 hours. For more than 72 hours the subjects were not

allowed to take Ho antagonists and / or any other medication that

alters the gastric motility or secretion. The subject was asked
to come to one of the wards (Lord Athlone or Bland Sutton) in
The Middlesex Hospital, at 0800 hrs and also advised to arrange
for someone to come and collect him or her from the ward after
1700 hrs. The subject was brought to the gastric secretion
laboratory at 0830 hrs, and weight and height were measured. A
full gastric history was taken and all information including age
and smoking habits was entered onto a standard form. The
subject was again given the details of the test. Only one gastric
secretion test was performed on a single day.

3.4.3.1 PASSAGE OF THE NASOGASTRIC TUBE

The subject was encouraged to relax as far as possible
and then asked to sit in an upright position, local anaesthetic gel
(lignocaine 1%) was squeezed into the nostril; the subject
sniffed the gel up into the nose. Five minutes was usually
sufficient for this agent to take effect. The subject was allowed
to swallow a small quantity of water to moisten the dry throat and
help swallowing when the tube was passed. The approximate
length of the nasogastric tube required to pass was initially
assessed by external measurement. The nasogastric tube passed
through the nostril to the back of the throat and a small mouthful

97



of water was taken: too much water could lead to choking when
the tube was passed. The tube was passed further in, the subject
swallowed and the tube passed into the upper oesophagus.
Coughing suggested laryngeal irritation: tipping the head
forwards overcame this problem by directing the tube into the
pharynx. Once the tube was in the oesophagus the subject
swallowed a few mouthfuls of water to ease the passage of the
tube into the stomach. After insertion of a previously measured
length aspiration was attempted. Adjustments were made to the
tube until aspiration was achieved. Aspiration of gastric content
confirmed that the tube was in the stomach. The tube was
passed in up to its furthest mark: if resistance was met this
implied that the tube had been passed in too far and was coiling
up upon itself. Once the tube was so positioned the stomach was
emptied of the overnight secretions and the swallowed water.

3.4.3.2 THE WATER RECOVERY TEST

When the initial aspiration was complete and the
stomach assumed to be empty, the subject swallowed 20 ml of
water and aspiration was immediately attempted. If between 16
and 20 ml was recovered then the tube was said to have passed
the water recovery test (Hassan and Hobsley 1970). The tube
was then withdrawn 2.5 cm at a time and the test was repeated
until the aspiration was unsuccessful. Then the tube was
advanced 2.5 cm and secured by micropore to the nose of the
subject.

98



3.4.3.3 POSITION OF THE SUBJECT

Once the tube was secured the subject lay in the semi
recumbent position, with the legs flat and the hips flexed to 450°:
There is no difference in recoveries between this position and
the left- lateral (Hassan and Hobsley 1970); and subjects were
allowed to adopt this position for short periods of time during
the test for reasons of comfort alone.

3.4.3.4 INTRAVENOUS ACCESS

A large bore cannula was used; the large bore was not
necessary for the histamine/promethazine hydrochloride
infusions, but for venous access in case of emergency. A 16G
cannula (Wallace) was inserted under local anaesthesia
(lignocaine 1% - plain) into a large forearm or antecubital vein.
This was connected by a three way tap to a slow running infusion
of 0.9% saline. The cannula was secured with Micropore in the
standard manner.

3.4.3.5 PREPRATION OF THE INTRAVENOUS INFUSION

Maximal stimulation was achieved with histamine acid
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phosphate infused intravenously at the rate of 0.13 mmol kg-1 h-1
(0.04 mg kg-! h-1). This dose used was based on earlier work
(Lawrie et al 1964) on the infusion test. The period of maximal
stimulation was for two hours and a dose sufficient for two and a
half hours of infusion was prepared. The dose of histamine was
calculated (0.04mg x 2.5 x wt in kg) and drawn up into an insulin
syringe (U100). This was transferred to a 60ml syringe and
made upto 25.5 ml with 0.9% saline. The dose of anti-histamine
(H; receptor) used was 25 mg of promethazine hydrochloride

(Phenergan) and was made up to 25.5 ml, the same volume as the
histamine, with 9% saline. A separate CVP manometer line was
attached to each syringe and a 25G needle fixed to the other end.
Syringes were labelled accordingly and placed in the double
syringe pump and secured in position. The pump was run at a
maximum speed until the syringe driver was flush against the
piston of the syringe. Then the pump was switched down to its
normal rate (10.2 ml h-1) and allowed to run for several minutes
until the fluid appeared at the other end of the manometer tubes.
The pump was turned off and the free ends of the manometer
tube were connected to the three way tap, which was connected
to the venous access.

3.4.4 GASTRIC SECRETION TEST

The gastric secretion test included a basal period for one
hour and a two-hour period of maximal stimulation. After the
pre-test standard of PSP was collected the free end of the tube
was connected to the narrower lumen, which is meant for the
instillation of PSP, of the nasogastric tube and the infusion pump
was started. The suction pump was switched on. The gastric
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juice collected at the first 20 minutes time was discarded to
overcome the possible error of loss through adsorption and to
allow for thorough mixing of PSP with gastric juice.

3.4.4.1 COLLECTION OF SAMPLES

The samples were collected in consecutive 10-minute
intervals as signalled by the timer. The volume of secretion was
measured; if the volume was less than 10 ml it was returned to
the collecting flask and pooled together with the subsequent 10
minutes collection(s) until the collected volume exceeded 10 ml.
This pooling procedure was permitted wholly only within each
period; i.e either basal or maximal. The volume of the sample
was recorded in the data sheet and the sample was filtered
(Whatman's No 1 Paper) and at least 8ml of filtered specimen was
saved in an air tight bottle. Each bottle was labelled carefully
(name of the subject, date and specimen number). The pump
bearing the histamine and that for the anti-histamine were
switched on a minute before the end of the collection of last basal
period sample. At the end of the test all the bottles were sealed
and stored at 40C to await analysis. The PSP instillation tube was
disconnected from the nasogastric tube and the post-test
standard PSP was collected over next 10 minutes.

3.4.4.2 CARE OF PATIENT AFTER TEST

The subject was returned to the ward, a small meal was
given and the subject advised to rest for four hours or longer until
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most of the effect of the Phenergan worn off. The nursing staff
of the ward was told about the test and requested to observe the
subject for any unexpected reaction. All subjects were visited by
me after 4 hours and checked for the general condition and any
after effect. They were advised not to drive a car or operate any
machinery for 24 hours, allowing time for the anti-histamine to
fully wear off.

3.4.5 ANALYSIS OF THE GASTRIC SECRETION SAMPLES

Usually all samples were analysed within a week. The
samples were removed from the refrigerator and allowed to
warm up to the room temperature. From the sample, chloride,
potassium, hydrogen and sodium in ionic forms and PSP were
analysed. The hydrogen ion was measured in order to calculate
acid output, sodium was measured for the calculation of
duodenogastric reflux and the other two ions in order to check
that the sums of cations and anions balanced. If the anion/
cation difference was more than 4 mmol 1"! then a repeat analysis
of the sample was performed.

3.5.5.1 PSP CONCENTRATION

The concentration of PSP was measured by
spectrophotometer (Corning Spectrophotometer Model 256).
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The filtered aspirate was taken up by a 1 in 200 dilutor, and
passed to a flow cell in the spectrophotometer. The diluent
contained ammonium hydroxide, in order to make the sample
alkaline and so develop the colour. The pre- and post-test
standards were carefully and completely washed out of their
bottles into separate 10 ml flasks, and measured as aspirate
samples. The means of each pair of 558nm and each pair of
410nm readings were used in the calculations.

3.5.5.2 CHLORIDE IONS

This was measured electrochemically using a silver
electrode chloride meter (EE1 Chloride Meter Model 96,
Radiometer Copenhagen). 0.2 ml of the aspirate was pipetted
into a beaker of buffer, and titrated to electrical neutrality and a
direct reading obtained in mmol 1-1.

3.4.5.3 HYDROGEN IONS

Titratable hydrogen ion was measured by pH meter and
automatic burette (pH meter, Autoburette ABU 12 Radiometer
Copenhagen), using 1ml of sample titrated against 0.1N NaOH to
pH 7.0. The result in ml of 0.1 N NaOH was converted to mmol
I-1 of hydrogen ion by multiplication by 100.
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3.4.5.4 SODIUM and POTASSIUM IONS

These were measured by flame photometry (FLM3
Radiometer Copenhagen), using a 1 in 200 dilution of the
aspirate, the results being read directly in mmol I-1. Since the
same diluent (ammonium hydroxide) was used for PSP readings it
was possible to semi-automate the readings of phenol red,
sodium ions and potassium ions.

3.4.6 COMPUTER ANALYSIS

The patient's data and measured readings were fed into a
BBC computer and sent to a main frame computer at Imperial
College. The data were analysed using a specially written Fortran
programme run on the main frame. The results were stored in
the master file at Imperial College and a printout was received at
laboratory terminal.

3.4.6.1 CALCULATION FOR PYLORIC LOSS

The probable contaminants were blood and bile and they
have small absorbance at 558 nm and peak at 410 nm. A
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correction for this absorbance has been calculated, though the
correction was never more than 7% of the initial readings
(Crawford and Hobsley 1968). It was found to have a linear
regression.

PSP,y = PSPssg - 0.135 x PSP410 + 0.004

Using this value the aspirated volumes were corrected
for pyloric loss. The PSP was adjusted to allow for the 1 in 200
dilution that the aspirated sample underwent (PSPadj). The
total volume (Vtot) of gastric content was calculated as follows:

Vtot = (PSPadj / PSPasp) x Vasp

The volume of infused PSP per minute (1.7 ml) was
deducted from Vtot to give the corrected volume (Vcor), this
being the volume of gastric juice corrected for incomplete
aspiration and pyloric loss. The volume of aspirated juice was
divided by Vtot to give the fractional recovery of gastric juice and
hence of PSP. This same fraction of 1.7 ml was deducted from
the aspirated volume to give the observed volume (Vobs) and the
difference between Vcor and Vobs was the pyloric loss.

3.4.6.2 CORRECTION FOR ELECTROLYTE CONCENTRATION

Electrolyte concentration had been reduced by the
diluting effect of the infused PSP. Correction for this effect was
made by multiplying the observed concentration by the fraction
Vtot/Vobs, which at low volumes (< 20 ml min-1) of secretion can
be appreciable.
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3.4.6.3 CALCULATION FOR ACID OUTPUT

Hydrogen ion output was calculated from the product of
the corrected hydrogen ion concentration and Vobs multiplied by
0.006 to give the output in ml h-1.

3.4.6.4 CALCULATION FOR DUODENOGASTRIC REFLUX

No correction is yet possible for swallowed saliva and in
the calculation of duodenogastric reflux it was assumed that the
swallowed saliva was negligible. The concentration of sodium
was assumed to be constant 143 mmol 1"1. The electrolyte
composition, all expressed in mmol 1-1, (Hobsley and Whitfield
1977) of 'pure gastric juice' is as follows:

[CI'] = 170, [H*] = 145, [Nat] = 7 and [K*] = 17

The volume of duodenogastric reflux (Vr) can be
calculated by the following formula (see Appendix for derivation):

Vr = {Vcor x ([Nat] - 7)} / 143
The Vg, which was the volume of pure gastric secretion
corrected for pyloric loss and duodenogastric reflux is calculated

as:

Vg =Vcor - Vr
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3.4.6.5 SELECTION OF PLATEAU

This was done by the computer programme (Whitfield
and Hobsley 1979), selecting a plateau of maximal length using
the latest possible samples in the maximal secretion period.
The PSP recovery of each sample had to be within 15% of the
mean of the proposed plateau. No plateau could start from the
first period nor could it last for less than 20 minutes.

3.4.6.6 STATISTICAL ANALYSIS

Data were expressed in means and standard deviation.
An unpaired Student's t test was used to compare the means. A
non-parametric test, the Wilcoxon signed-rank test, was also
used to compare the data, because gastric secretion was not
normally distributed in the population. Contingency-table

analysis with chi-squared (x?) with Yates's correction or Fisher's
exact test was used depending on the expected numbers within
the smallest cells. Kendall's t was used to assess the
non-parametric correlation between smoking and gastric
secretion. P < 0.05 was considered to be statistically significant.

107



CHAPTER 4

SUBJECTS & RESULTS
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4. SUBJECTS AND STRUCTURE OF INVESTIGATION &
RESULTS

4.1 Subjects and Diagnosis

Two hundred and fifty two patients underwent
endoscopy (Tablel & Fig. 1). Oesophagitis was diagnosed in 30
(12%); 23 (9%) patients had miscellaneous findings, including
5 with gastric ulcer. These 53 patients were not approached
for gastric secretion studies. A duodenal ulcer (DU) was
diagnosed in 76 (30%) and no abnormality, that is no ulcer
disease (NUD) was found in 123 (49%).

The CP-urease test was positive in 145 (57%) and
negative in 107 (43%). The results of the CP- urease tests by
diagnostic category are given in Table 2.

When the culture and histology results for H pylori were
obtained, none of the CP-urease positive patients was classified
as H pylori negative but 14 (13%) of the 107 CP-urease negative
patients were positive for H pylori by the more searching tests.
Subdividing the patient groups according to the new decision on
whether or not H pylori was present gave the results also shown
in Table 5& 8 and Fig. 2 . It was clear that the percentage
prevalence of H pylori was similar in all diagnostic categories
except that it was smaller in reflux oesophagitis patients than in

the others (for DU vs NUD %2 = 0.099, p > 0.7 n. s; for
miscellaneous findings vs DU & NUD %2 = 1.604, p > 0.30 n.s
and for oesophagitis vs DU & NUD %2 = 16.51, p < 0.0005, s).

Soon after the éndoscopy, when the results of the CP-
urease test but not the other tests for H pylori were known, 46
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(60%) of 76 DU and 93 (76%) of 123 NUD patients were
approached for gastric secretion. The remainder were
excluded because of the criteria previously described.
Thirty-six (78%) of the 46 DU patients and 58 (62%) of the 93
NUD patients agreed to undergo the test. Secretion data
became available in 62 (60%) of the 94 subjects who agreed to
the secretion studies; the remainder failed to attend. Secretion
was measured in 31 (86%) of the 36 DU, 31 (53%) of the 58
NUD; that is in 37 (64%) of the CP-urease test positive and 25
(64%) of the 39 CP-urease test negative subjects; in 41 (65%) of
the 63 positive by the more searching tests for H pylori, and in
21 (68%) of the 31 negative by those tests. The flow chart in
Figure 3 demonstrates the structure of the investigation.

Active chronic antral gastritis was present in sections of
mucosa in all subjects finally assigned to the H pylori positive
division, but was absent in all H pylori negative patients. The
proportion of patients infected with H pylori increased with age
(Tablel1 & Fig. 4&5).

4.2 Sex

Oesophagogastroduodenoscopy was done on 100 male
and 152 female subjects (Tables 12 & 13). NUD was diagnosed
in 37 male and 75 female subjects; 39 male and 48 female
subjects had an active DU; reflux oesophagitis was noted in 13
male and 17 female subjects and 10 male and 13 female subjects
had miscellaneous findings. Sixty (60%) of the male subjects
and 99 (65%) of the female subjects were H pylori positive.

A total of 39 males and 23 females underwent a gastric
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secretion test. There were 19 males and 12 females in the
NUD group and 20 males and 11 females in the DU group.

H pylori was present in 25 males and 16 females. Twelve of
the males and 8 of the females in the NUD group and 13 of
males and 8 of the females in the DU group were positive for
H pylori (Tables 14 - 16)

4.3 Age

The mean age for NUD was 52 years (14 sd), for DU was
46 years (13 sd), 56 years (8 sd) for oesophagitis and 54 years
(11 sd) for those subjects who had miscellaneous findings. In
general the proportion of subjects infected with H pylori
increased with age (Table 11 & Fig. 4 & 5).

The mean age for the 61 subjects attended the gastric
secretion test was 54 years and out of the 61 subjects 23 (74%)
of the 31 NUD were either 54 years or older than 54 years and
only 11 (36%) of the 31 DU were either 54 or older than 54
years (Table 19).

The mean age for subjects with H pylori was 54 (14 sd)
and for subjects negative for H pylori was 40 (13 sd). Twenty
five (81%) of the 31 subjects with H pylori were either 54 years
or older than 54 years and only 16 (51%) of the 31subjects with
no H pylori were either 54 years or older than 54 years (Tables
21).
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4.4 Height

The mean height of subjects in the NUD group was 168
cm (8 sd) and in the DU group was 169 cm (10 sd) (Table 22).

4.5 Smoking Habits

Thirty three of the 61 subjects, who underwent a
gastric secretion test were smokers; 17 were male and 16
female subjects. There were 11 smokers in the NUD group of
which 7 were females; there were 22 smokers in the DU group
of which 9 were females. When classified according to the H
pylori status it was noted that there were 22 smokers among the
subjects with H pylori and 11 smokers among the subjects
without H pylori (Tables 23 - 25 & Fig. 8 & 9)

4.6 Gastric secretion study

Maximal gastric secretion was higher in patients with
DU than in those without DU no matter how secretion was
expressed (Table 32 & Fig. 14 & 15)), and within each of these
major groups was 15 -18% lower in those with H pylori
compared to those without (Table 33 & Fig. 16 & 17). This
second statement was correct when secretion was expressed as
height-standardised Vg, but the effect of using the less accurate
indices (Vg unstandardised, acid output unstandardised and
standardised) is shown in Tables 32 - 36. These tables also
show that the Wilcoxon rank sum test can be more sensitive
than the t-test.
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In smokers, positive correlations between smoking
factor (SMF), that is the square root of the product of the
number of cigarettes smoked per day and the number of years
smoked, and maximal gastric secretion were demonstrated in
H pylori negative (both ulcer and non-ulcer) groups, but once
again only if the secretion was expressed as Vg (Table 37).
However in patients who were H pylori positive, there was no
correlation between gastric secretion and smoking, no matter
how the secretion rate was expressed or whether the patients
had a DU.

4.7 Treatment & Follow-up

All 20 NUD subjects with H pylori were treated with
colloidal bismuth subcitrate (CBS). In 15 (75%) subjects H
pylori was cleared and the ACG was improved after 6-8 weeks of
treatment. In 5 subjects CBS failed to clear H pylori and these 5
subjects were later treated with antibiotics (ampicillin and
metronidazole) and H pylori was cleared in 3 subjects with
improvement of ACG. H pylori was still present in 2 subjects
and on follow up though ACG was present no DU was diagnosed
in these two patients. H pylori was isolated in 5 of the 18
subjects between 9 and 12 months.

All 21 DU subjects with H pylori were treated with CBS
and all 10 DU subjects without H pylori were treated with
ranitidine. After 4-6 weeks of treatment the ulcer did not heal
in 6 subjects who were taking CBS and in 6 who were taking
ranitidine. The ulcer had healed in 3 subjects in the CBS
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treatment group in spite of the presence of H pylori and failed to
heal in 4 subjects even though H pylori was cleared with CBS
(Fig. 24& 25).

At the end of eight weeks of treatment in the CBS
treatment group, the ulcer had not healed in the 6 patients but
in the ranitidine treatment group the DU had healed in 2 more
subjects. CBS was given to those whose ulcer had failed to heal
with ranitidine and ranitidine was given to those whose ulcer
had failed to heal with CBS. Four weeks after this revised
treatment it was found that 4 of the ulcers which failed to heal
with CBS healed with ranitidine but 2 failed to heal and 3 of the
ulcers which failed to heal with ranitidine healed with CBS but 1
failed to heal.

The 3 subjects whose ulcer failed to heal were
continued with the same treatment for another 4 weeks but
remained unhealed and they required proximal gastric vagotomy.
The repeat oesophagogastroduodenoscopy performed on these 3
subjects after 6 weeks showed the ulcer had healed and 2 of
these 3 subjects were found to have H pylori in the antrum.

Twenty six (84%) of the 31 NUD and 28 (90%) of the
31 DU subjects completed the 12 month follow-up. Two (10%)
of the 20 NUD with H pylori, 2 (10%) of the 21 DU with
H pylori; 3 (27%) of the 11 NUD with no H pylori and 1 (10%)
of the 10 DU with no H pylori failed to complete the 12 month
follow-up.

Nineteen (90%) of the 21 DU subjects who originally
had H pylori and 9 (90%) of the 10 DU subjects who did not
have H pylori completed the 12 month follow up. At the end of
the followed up period, DU had recurred in 4 of the 9 subjects
who never had H pylori and in 6 of the 15 subjects whose
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H pylori infection was cleared. In the latter group of 6, H
pylori was positive in 2 subjects and negative in 4. Two of the
5 subjects whose DU healed in spite of the presence of H pylori
had recurrence of DU.

DU did not recur in 5 (1 had PGV) of the 9 subjects
who never had H pylori, 10 of the 15 subjects whose H pylori
infection was cleared and in 2 (both had PGV) of the 4 subjects
whose H pylori infection was not being cleared.

Two subjects, 1 of the 10 DU subjects who never had H
pylori and 1 of the 16 subjects on whom H pylori was cleared,
failed to attend the 12 month follow up but were seen 6 months
after the ulcer was healed and no recurrence was found. One of
the 16 patients with DU, in whom H pylori had been cleared
failed to attend the 12 month follow up clinic but was seen 15
months after the ulcer was healed, found to have a DU and H
pylori was isolated.

Twenty six (84%) of the 31 NUD and 28 (90%) of the
31 DU subjects completed the 12 month follow-up. Two (10%)
of the 20 NUD with H pylori, 2 (10%) of the 21 DU with
H pylori; 3 (27%) of the 11 NUD with no H pylori and 1 (10%)
of the 10 DU with no H pylori failed to complete the 12 month
follow-up (Table 38).
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Table 1.

MACROSCOPIC DIAGNOSIS OF PATIENTS UNDERGOING

ENDOSCOPY
Total Number 252
Non-Ulcer Dyspepsia (NUD) 123 (49%)
Duodenal Ulcer (DU) 76 (30%)
Oesophagitis 30 (12%)
Miscellaneous 23 (9%)
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Table 2.

CP-UREASE TEST RESULTS
Group CP-Urease test CP-Urease test  Total
positive negative
NUD 75 (61%) 48 (39%) 123
DU 49 (64%) 27 (36%) 76
Oesophagitis 8 (28%) 22 (74%) 30
Miscellaneous 13 (57%) 10 (43%) 23
TOTAL 145 (58%) 107 (42%) 252
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Table 3.

HELICOBACTER PYLORI IN GASTRIC BIOPSIES
IDENTIFIED WITH GIEMSA STAINING

Group

NUD

DU

Oesophagitis

Miscellaneous

TOTAL

Giemsa stain Giemsa stain

positive negative Total

for H pylori for H pylori

80 (65%) 43 (35%) 123
51 (67%) 25 (33%) 76
9 (30%) 21 (70%) 30
13 (57%) 10 (43%) 23
153 (61%) 99 (39%) 252
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Table 4.

HELICOBACTER PYLORI IDENTIFIED WITH
CULTURE TECHNIQUE IN THE FOUR GROUPS

Group Culture positive Culture negative Total
for H pylori for H pylori

NUD 81 (66%) 42 (34%) 123

DU 52 (68%) 24 (32%) 76

Oesophagitis 7 (23%) 23 (77%) 30

Miscellaneous 12 (52%) 11 (48%) 23

TOTAL 154 (61%) 98 (39%) 252

120



Table 5.

HELICOBACTER PYLORI IN THE FOUR GROUPS

Group

NUD

DU

Oesophagitis

Miscellaneous

TOTAL

DISTRIBUTION OF

H pylori
positive

83 (67%)

53 (70%)

9 (30%)

14 (61%)

159 (63%)

H pylori
negative
40 (33%)
23  (30%)
21 (70%)
9 (39%)
93 (37%)
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123

76

30

23
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Figure 1.

MACROSCOPIC DIAGNOSIS OF PATIENTS UNDERGOING
ENDOSCOPY

Figure 2.

FREQUENCY OF HELICOBACTER PYLORI IN THE FOUR GROUPS

67%

30% Misc.
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Figure 3. Chart shows the patients who were invited and those

who attended for the Gastric Secretion Test.
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| HP+ =53, HP- =23

DU =46
U+=26,U-=20
HP+ =29, HP- = 17

DU=36
U+=22U-= 14
HP+ =24, HP-= 12

! DU=31
| U+r=18U-=13
| HP+ =21, HP-= 10

TOTAL number = 199

TOTAL DU (76) & NUD (123) = 199

APPROACHED =139
DU =46, NUD = 93

AGREED =%
DU = 36, NUD = 58

GST Done =62
DU=31, NUD =31

NUD = 123
U+ =75, U-=48
HP+ = 83,HP- =40

NUD =93
U+=51,U-=42
HP+ = 55, HP- = 38

NUD =58
Ut =33, U-=25
HP+ =39, HP- = 19

NUD =31
U+=19,U-= 12
HP+ =20, HP-= 11

(*DU = duodenal ulcer, GST = gastric secretion test, HP = Helicobacter pylori
NUD = non-ulcer dyspepsia, U= urease test, + | -=positive | negativeJ
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Table 6.

COMPARISON OF THE THREE TESTS USED FOR
THE IDENTIFICATION OF HELICOBACTER PYLORI

Test H pylori
positive
CP-urease
test 145 (O false pos.)

Giemsa stain 153 (2 false pos.)

Culture 154 (1 false pos.)

True
Hpylori 159
positivity

124

H pylori
negative

107 (14 false neg.)

99 (8 false neg.)

98 (6 false neg.)

93

Total

252

252

252

252



Table 7.

COMPARISON OF THE RELIABLITY OF THE THREE TESTS USED
FOR THE IDENTIFICATION OF HELICOBACTER PYLORI

INDEX CP-Urease Gram Culture
test stain

Sensitivity 91.2% 94.9% 96.2%

Specificity 100% 97.8% 98.9%

Accuracy 94.4% 96.0% 97.2%

Positive

predictive value 100% 98.7% 99.4%

Negative

predictive value 86.9% 91.9% 93.9%
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Table 8.

COMPARISON OF
CP-UREASE TEST POSITIVITY & HELICOBACTER PYLORI
IN THE FOUR GROUPS

Group CP-urease test H pylori

positive positive
NUD 75 (61%) 83 (67%)
DU 49 (64%) 53 (70%)
Oesophagitis 8 (28%) 9 (30%)
Miscellaneous 13 (57%) 14 (61%)

TOTAL 145 (58%) 159 (63%)
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Table 9.

THE ASSOCIATION OF ACTIVE CHRONIC GASTRITIS
IN THE DIFFERENT GROUPS

Active Chronic Active Chronic

Group (antral) Gastritis (antral) Gastritis Total
present absent

NUD 83 (67%) 40 (33%) 123

DU 53 (70%) 23 (30%) 76

Oesophagitis 9 (30%) 21 (70%) 30

Miscellaneous 14 (61%) 9 (39%) 23

TOTAL 159 (63%) 93 (37%) 252
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Table 10.

FREQUENCY OF HELICOBACTER PYLORI
IN DU & NUD SUBJECTS

(who underwent Gastric Secretion Test)

H pylori present H pylori absent
Duodenal Ulcer
subjects 21 10
Non-Ulcer Dyspepsia 20 11
subjects
TOTAL 41 21

The difference in distribution of H pylori in the duodenal ulcer
group and non-duodenal ulcer group is non significant

(x2 = 0.720, p > 0.40).
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Table 11.

PREVALENCE OF HELICOBACTER PYLORI STRATIFIED

ACCORDING TO AGE

Age NUD DU Oeso. Misc. Total
HP positive HP positive  HP positive HP positive  HP positive
n (%) n (%) n (%) n (%) n (%)
16 -25 2 (40 2 (50) - - - - 4 (44)
26-35 6 (55) 7 (83) - - - - 13 (52)
36-45 14 (78) 13 (72) 2 (25 2 (66) 31 (66)
46-55 28 (72) 17 68) 3 (23) 4 (57) 52 (62)
56-65 21 (68) 11 ©91) 2 (50) 7 (64) 41 (68)
66-75 10 (67) 3 (730 1 (33) - - 14 (64)
76-85 2 (50) - - 1 (100) 1 (100) 4 (57)
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Figure 4.

Prevalence of H pylori (in%)

THE PREVALENCE OF HELICOBACTER PYLORI vs AGE

(with simple curve fit)

70

d y = 49.950 + 2.2764x R"2 = 0.338
16-25 26-35 36-45 46-55 56-65 66-75 76-85
Age
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Figure 5.

THE PREVALENCE OF HELICOBACTER PYLORI vs AGE

(with binomial curve fit)

0r

Prevalence of H pylori (in%)

y = 29.587 + 15.852x - 1.6969x"2 R*2 = 0.901

40 1 1 i 1 ] 1
16-25 26-35 36-45 46-55 56-65 66-75 76-85

Age
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Table 12.

THE ENDOSCOPIC DIAGNOSIS &
DISTRIBUTION OF THE SEXES

MALE FEMALE TOTAL

Non-Ulcer Dyspeptic

subjects 41 82 123
Duodenal Ulcer

subjects 36 40 76
Oesophagitis

subjects 13 17 30
Subjects with
Misc. findings 10 13 23
TOTAL 100 152 252
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Table 13.

COMPARISON OF SEXES &
FREQUENCY OF HELICOBACTER PYLORI

MALE FEMALE TOTAL
H pylori
present 60 99 159
H pylori
absent 40 53 93

TOTAL 100 152 252
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Table 14.

COMPARISON OF SEXES IN THE DU & NUD SUBIECTS
(who underwent Gastric Secretion Test)

MALE FEMALE TOTAL
Duodenal Ulcer
subjects 20 11 31
Non-Ulcer Dyspepitc
patients 19 12 20
TOTAL 39 23 62

The difference in distribution of DU & NUD between male
and female subjects is not significant (x2 = 0.069, p > 0.7).
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Table 15.

COMPARISON OF SEXES &
FREQUENCY OFHELICOBACTER PYLORI
(in subjects who underwent Gastric Secretion Test)

MALE FEMALE TOTAL

Helicobacter pylori

present 25 16 41
Helicobacter pylori

absent 14 7 21
TOTAL 39 23 62

The difference in distribution of H pylori positive and
negative subjects is non significant between the 2 sexes
(x2 =0.196, p > 0.06).
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TABLE 16.

COMPARISON OF SEXES, ENDOSCOPIC DIAGNOSIS &

HELICOBACTER PYLORI IN SUBJECTS
(who underwent Gastric Secretion Test)

Duodenal Ulcer
subjects

Non-Ulcer Dyspepsia
subjects

TOTAL

H pylori
present

H pylori
absent

H pylori
present

H pylori
absent

MALE

13

12

39

136

FEMALE

23

TOTAL

21

10

20

11

62



Table 17.

THE MEAN AGE FOR THE FOUR GROUPS
DIAGNOSED ENDOSCOPICALLY

Non-Ulcer Dyspeptic
Subjects

Duodenal Ulcer
Subjects

Oesophagitis
Subjects

Subjects with
Misc. findings

AGE

52

46

56

54

137

RANGE

24-79

16-70

32-80

37-76

SD

14

13

11



Table 18.

DISTRIBUTION OF FOUR GROUPS
(ENDOSCOPICALLY DIAGNOSED)

BELOW 53 YEARS AND 54 YEARS & MORE

< 53 YRS 54 YRS
& more
Non-Duodenal Ulcer
subjects 53 70
Duodenal Ulcer
subjects 47 29
Oesophagitis
subjects 14 16
Subjects with
Misc. findings 7 16
TOTAL 127 125

138

TOTAL

123

76

30

23

252



Table 19.

DISTRIBUTION OF DU & NUD SUBJECTS
BELOW 53 YEARS AND 54 YEARS & MORE

(who underwent Gastric Secretion Test)

< 53 YRS 54 YRS TOTAL
& more
Duodenal Ulcer
Subjects 20 11 31
Non-Ulcer Dyspeptic
Subjects 8 23 31
TOTAL 28 34 62

There is a significant difference in the distribution of duodenal
ulcer subjects between the two age groups.

(x2 = 9.378, p < 0.0050).
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Figure 6.

DISTRIBUTION OF DU & NUD SUBTECTS
BELOW 53 YEARS AND 54 YEARS & MORE

80-
H Subjects <53 yrs
O Subjects 54 yrs & more
606‘
40-
20.
0

NUD DU
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Table 20.

DISTRIBUTION OF HELICOBACTER PYLORI
SUBJECTS BELOW 53 YEARS AND 54 YEARS & MORE

GROUP < 53 YRS 54 YRS TOTAL
& more

H pylori

present 72 87 159

H pylori

absent 55 38 93

TOTAL 127 125 252

The differences in the distridution of H pylori positive
and negative subjects between the two age groups are

significant (x? = 4.362, p < 0.050).
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Figure 7.

DISTRIBUTION OF HELICOBACTER PYLORI
SUBTECTS BELOW 53 YEARS AND 54 YEARS & MORE

100 4

Subjects
80- Subjects
60-
40
20.

HP+ HP-
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Table 21.

DISTRIBUTION OF HELICOBACTER PYLORI
SUBJECTS BELOW 53 YEARS AND 54 YEARS & MORE

(who underwent Gastric Secretion Test)

< 53 YRS 54 YRS TOTAL
& more
H pylori
present 16 25 41
H pylori
absent 12 9 21
TOTAL 28 34 62

The differences in distribution of H pylori positive and
negative between the two age groups are significant.

2 = 5.272, p < 0.0250).
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Table 22.

MEAN HEIGHT OF SUBJECTS

(who underwent Gastric Secretion Test)

HEIGHT RANGE SD
Hpylori 169 158-183 9
present
Duodenal Ulcer
subjects
Hpylori 170 152-184 11
absent
H pylor 168 152-183 6
present
Non-Ulcer Dyspeptic
subjects
Hpylori 168 152-182 10
absent
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Table 23.

FREQUENCY OF SMOKERS & NON-SMOKERS IN BOTH SEXES

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

Male subjects 18 21 39
Female subjects 15 8 23
TOTAL 33 29 62

There is no significant difference in the distribution of smokers
and non-smokers between the 2 sexes (x2 = 2.115, p >0.20).
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Table 24.

DISTRIBUTION OF SMOKERS & NON-SMOKERS
DU & NUD SUBJECTS

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

Duodenal Ulcer
subjects 22 9 31

Non-Ulcer Dyspeptic
subjects 11 20 31

TOTAL 33 29 62

There is a significant difference in the distribution of
duodenal ulcer in the smoking subjects when compared

with non-smokers (x? = 7.839, p < 0.010).
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Figure 8.

DISTRIBUTION OF SMOKERS & NON-SMOKERS
DU & NUD SUBTECTS

(who underwent Gastric Secretion Test)

30 1
M Smokers
NN Non-Smokers
20
10-
1111!
NUD DU
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Table 25.

FREQUENCY OF HELICOBACTER PYLORI
AMONG THE SMOKERS & NON-SMOKERS SUBJECT

(who underwent Gastric Secretion Test)

SMOKERS NON-SMOKERS TOTAL

H pylori
present 22 19 41
H pylori
absent 11 10 21
TOTAL 33 29 62

There is no significant differences in the distribution of
H pylori in the 2 groups (x2 = 0.0780, p > 0.40).
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Figure 9.

FREQUENCY OF HELICOBACTER PYLORI
AMONG THE SMOKERS & NON-SMOKERS SUBTECT
(who underwent Gastric Secretion Test)

30
1! Smokers
o Non-Smokers
20
10
it
0

HP+ HP-
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Table 26.

GASTRIC SECRETION STUDY

BASAL ACID OUTPUT (BAOp)) &
BASAL VOLUME OF ACID SECRETED
(ngasplr corrected for pyloric loss & duodenogastric reflux)

by DU & NUD SUBJECTS

Vgbaspl BAOp]
ml h-1 mmol h-!
mean mean
(sd) (sd)
Duodenal Ulcer
Subjects 122 7.33
n=31 (42) (5.13)
Non-Ulcer Dyspeptic
Subjects 100 2.8
n=31 (52) (3.67)
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Table 27.

GASTRIC SECRETION STUDY

MAXIMAL ACID OUTPUT (MAOp)) AND
MAXIMAL VOLUME OF ACID SECRETED
(ngaxplr corrected for pyloric loss & duodenogastric reflux)

by DU & NUD SUBJECTS

VEmaxpl MAOp]
ml h-1 mmol h-1
mean mean
(sd) (sd)
Duodenal Ulcer
subjects 383 47.90
n=31 (77) (14.96)
Non-Ulcer Dyspeptic
subjects 188 25.75
n=31 (72) (12.14)
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Table 28.

GASTRIC SECRETION STUDY

HEIGHT-STANDARDISED
MAXIMAL ACID OUTPUT (MAOp].s) AND
MAXIMAL VOLUME OF ACID SECRETED
(ngaxpl. s, corrected for pyloric loss & duodenogastric reflux)

by DU & NUD SUBJECTS

Vgmaxpl.s MAOpl.s
ml h-1 mmol h-1
mean mean
(sd) (sd)
Duodenal Ulcer
Subjects 395 49.60
n=31 (87) (14.35)
Non-Duodenal Ulcer
Subjects 203 27.31
n=32 (68) (11.51)
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Figure 10.

ACID OUTPUT (mmol I"1)
(BASAL, MAXIMAL & HEIGHT-STANDARDISED)
OF DU AND NUD SUBTECTS.

o BAOpl
1 MAOpi
M MAOpi.s

NUD DU
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Figure 11.

VOLUME OF ACID SECRETED (ml h"I)
(Vg, corrected for pyloric loss & duodenogastric reflux)
(BASAL, MAXIMAL & HEIGHT-STANDARDISED)
by DU AND NUD SUBIJECTS.

-400
Veb |
o Yebash h300
m Vgmaxpl
M Vgmaxpl.s %
-200
- 100
0

NUD DU
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Table 29.

GASTRIC SECRETION STUDY

BASAL ACID OUTPUT (BAOp)) AND
BASAL VOLUME OF ACID SECRETED
(ngasplr corrected for pyloric loss & duodenogastric reflux)

by H PYLORI POSITIVE & NEGATIVE SUBJECTS

Vébaspl BAOp]1
ml h-! mmol h-!
mean mean
(sd) (sd)
Helicobacter pylori
positive Subjects 111 5.14
n=31 (51) (5.56)
Helicobacter pylori
negative Subjects 110 4.97
n=31 (41) (3.68)
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Table 30.

GASTRIC SECRETION STUDY

MAXIMAL ACID OUTPUT (MAOpl) AND

MAXIMAL VOLUME OF ACID SECRETED
(ngaxplr corrected for pyloric loss & duodenogastric reflux)

byH PYLORI POSITIVE & NEGATIVE SUBJECTS

VEmaxpl MAOp1
ml h-1 mmol h-!
mean mean
(sd) (sd)
Helicobacter pylori
positive subjects 267 34.34
n=31 (120) (17.33)
Helicobacter pylori
negative subjects 323 41.68
=31 (122) (17.29)
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Table 31.

GASTRIC SECRETION STUDY

HEIGHT-STANDARDISED
MAXIMAL ACID OUTPUT (MAOp],s) AND
MAXIMAL VOLUME OF ACID SECRETED
(ngaxpl.s, corrected for pyloric loss & duodenogastric reflux)

by H PYLORI POSITIVE & NEGATIVE SUBJECTS

V8maxpl.s MAOp].s
ml h-1 mmol h-1
mean mean
(sd) (sd)
Helicobacter pylori
positive subjects 284 36.58
n=31 (119) (17.32)
Helicobacter pylori
negative subjects 330 42.13
n=31 (122) (16.49)
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Figure 12.

ACID OUTPUT (mmol I"1)
(BASAL. MAXIMAL & HEIGHT-STANDARDISED)
OF H PYLORI POSITIVE & NEGATIVE SUBTECTS.
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H MAOpi.s 30
20
10
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Figure 13.

VOLUME OF ACID SECRETED (ml hrU
(Vg, corrected for pyloric loss & duodenogastric reflux)
(BASAL. MAXIMAL & HEIGHT-STANDARDISED)
BY # PYLORI POSITIVE & NEGATIVE SUBTECTS.

-400
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Table 32.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION
EXPRESSED IN FOUR DIFFERENT WAYS

FOR DU & NDU SUBJECTS
Group MAOpl MAOpls Vgmaxpl Vgmaxpls
mmol h-1 mmol h-! ml h-1 ml h-1
DU 47.90 49.60 383 395
(n=31)
Non-D U 25.75 27.31 188 203
(n=31)
% difference 46.24 44.93 50.9 48.6
t-value 6.399 6.746 10.187 8.883
S S S S
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Figure 14.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR DU & NDU SUBTECTS

o BAOpi
H MAOpi
H MAOpi.s

1S 1
NUD DU
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Figure 15.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR DU & NDU SUBTECTS
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Table 33.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION
EXPRESSED IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE SUBJECTS

Group MAOpl MAOpl.s Vgmaxpl Vgmaxpl.s
mmol h-1 mmeol h-1 ml h-1 ml h-1
HP neg. 39.68 42.13 323 339
(n=21)
HP pos. 34.34 36.58 267 274
(n=21)
% difference 13.45 13.17 17.3 19.1
t-value 1.578 1.213 1.654 1.7
NS NS NS NS
Wilcoxon
rank sum 738 743 751 774
NS NS NS S
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Figure 16.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT. EXPRESSED
IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE SUBTECTS
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Figure 17.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR # PYLORI POSITIVE & NEGATIVE SUBTECTS
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Table 35.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION,

EXPRESSED IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE DU SUBJECTS

HP(+)
n=21

HP(-)
n=10

% Reduction

t-value

Wilcoxon
rank sum

mmol h-!
mean

(sd)

45.28
(15.12)

53.41
(13.75)

15.0

1.439
NS

182
NS

MAOpl.s
mmol h-1

mean
(sd)

47.82
(14.08)

53.35
(14.94)

10.3

1.003
NS

194
NS

166

VE€max

ml h-1
mean
(sd)

361
(68)

429
(79)

15.8

2.463

202

VEmax.s
ml h-1
mean
(sd)

374
(73)

439
(100)

14.8

2.340

206



Figure 18.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE DU SUBTECTS
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Figure 19.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION,
EXPRESSED IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE DU SUBTECTS
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Table 36.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION,
EXPRESSED IN FOUR DIFFERENT WAYS

FOR H PYLORI POSITIVE & NEGATIVE NUD SUBJECTS

MAOp] MAOp].s VEmaxpl VEmaxpls
mmol h-1 mmol h-1 ml h-1 ml h-
mean mean mean mean
(sd) (sd) (sd) (sd)
HP(+) 22.86 24.77 168 188
n=20 (10.90) (11.67) (75) (74)
HP(-) 31.01 31.92 225 230
n=11 (12.86) (10.11) (51) (46)
% Reduction 26.2 22.3 25.3 18.2
t-value 1.861 1.706 2.231 2.401
NS NS S S
Wilcoxon
rank sum 229 221 219 266
S S S S
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Figure 20.

THE RELATIONSHIP BETWEEN MAXIMAL ACID OUTPUT.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR H PYLORI POSITIVE & NEGATIVE NUD SUBTECTS
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Figure 21.

THE RELATIONSHIP BETWEEN MAXIMAL GASTRIC SECRETION.
EXPRESSED IN FOUR DIFFERENT WAYS
FOR # PYLORI POSIHVE & NEGATIVE NUD SUBTECTS
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Table 37.

DU
n=10

non-DU
n=11

Helicobacter pylori Negative Patients

Kendall's rank correlation (1)

(sd)

53.41
(13.75)

(t=0.198,ns)

31.01
(12.86)

(z=0.303,ns)

172

(with Smoking Factor)
MAOyp] s VEmaxpl
(sd) (sd)
53.35 429
(14.94) (79)
(t=0.188,ns) (1=0.288,s)
31.92 225
(10.11) (51)
(t=0.361,ns) (t=0.410,s)

V€maxpl.s
(sd)

439
(100)

(t=0.301,s)

230
(46)

(1=0.441,s)



Table 38.

FOLLOW-UP OF SUBJECTS
(who underwent Gastric Secretion Test)

CONTROL ACG ACG DU
no ulcer or ACG only with DU no ACG

(H pylori (H pylori (H pylori (H pylori

negative) positive) positive) negative)
GSS Done 11 20 21 10
FU attended
4-6 Weeks * 20 20 *
8-12 Weeks * 17 21 9
24-26 Weeks 10 19 19 10
52-60 Weeks 8 18 19 9

* subjects were not invited for endoscopy for that period.
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Figure 22.
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Figure 23.

THE RISK CURVE OF DUODENAL ULCER
IN RELATION TO MAXIMAL GASTRIC SECRETION
& THE DISTRIBUTION OF H PYLORI POSITIVE &
NEGATIVE DU SUBJECTS)

(after the Vgmaxpl.s of H pylori positive DU subjects was raised by 17%)
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Figure 24.

THE CHART SHOWS THE TREATMENT RESPONSE OF
HELICOBACTER PYLORI NEGATIVE - DUODENAL ULCER SUBJECTS.

DUODENAL ULCER

with

HELICOBACTER PYLORI

HP eradicated

(n=16))

HP not eradicated

176

healed not healed not healed healed
(n=12)) (n=4)) (n=2)) (n=3))
Ranitidine Ranitidine
healed not healed
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Recurrence Recurrence Recurrence Recurrence
(n=2)) (n=4)) (n=0)) (n=2))
HP positive HP positive HP positive HP positive
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Figure 25.
THE CHART SHOWS THE TREATMENT RESPONSE OF

HELICOBACTER PYLORI NEGATIVE - DUODENAL ULCER SUBJECTS.
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5. DISCUSSION

The discussion of this thesis will be presented under the
headings: introduction, subjects, methods and results.

5.1 Introduction

Duodenal ulcers are strongly linked to the level of
gastric acid output, but the recent isolation of the spiral gastric
bacterium Helicobacter pylori (Warren and Marshall 1983) has
led to an explosion of worldwide research and the current data
have been interpreted as strongly suggesting that H pylori is the
causative agent for DU (Marshall, McGehie, Rogers et al 1985,
Rauws, Langenberg, Houthoff et al, 1988 and Goodwin, Marshall,
Blincow et al 1988)). However, the available results are
inconclusive and sometimes conflicting. Those who accept the
evidence for a causal relationship have spent considerable effort
on exploring the mechanism by which the organism might
produce the ulcer. At present there are 2 popular hypotheses:

(i) patients with hypersecretion of acid and / or rapid gatstric
emptying with an increased acid load in the duodenum get

gastric metaplasia which encourages colonisation of the
duodenum with H pylori and produces duodenitis of the
duodenum and finally an ulcer (Wyatt, Rathbone, Dixon et al 1987
and Goodwin 1988), and (ii) patients with antral infection with

the organism have an antral milieu which is less acid than usual,
because the urea-splitting activity of the organism results in
production ofammonia. The relative antral hypoacidity
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stimulates the secretion of gastrin which results in an increased
output of acid (Levi, Haddad, Beardshall et al 1989) in what would
otherwise be submaximal secretory circumstances, and in the
long term an increase in parietal cell mass.

If both hypotheses are put together, it appears that
H pylori infection causes an inappropriate secretion of gastrin
which in turn leads to hypersecretion of gastric acid; this creates
a low duodenal pH, results in gastric metaplasia in the duodenum
and permits the H pylori to colonise this area of gastric
metaplasia leading to duodenitis and then to DU. It must be
stressed that both these hypotheses require increased acid
delivery to the duodenum, either due to an increased parietal cell
mass or to increased gastric emptying. However, the evidence
about the relationship between the presence of the organism and
either acid secretion or gastric emptying is conflicting and will
be discussed later.

The aim of the study was to investigate whether there
was any link between H pylori infection of the antrum and the
capacity of the stomach to secrete acid when maximally
stimulated. At the same time it was felt important to explore the
incidence of the organism in DU patients and in a contrasting
group. The closest control appeared to be dyspeptic patients
without a DU and indeed without any endoscopic evidence of
disease, that is non - ulcer dyspepsia or NUD. During the period
of study many other patients underwent endoscopy and were
found to have lesions other than DU; the opportunity was
therefore taken to define the incidence of H pylori in such
patients. For reasons which became evident during the study,
this group of patients has been subdivided into reflux
oesophagitis and other miscellaneous condition.
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5.2 Subjects:

The subjects in this study consisted of patients with
dyspepsia, who were referred to the Department of
Gastroenterology for oesophagogastro- duodenoscopy. The type
of patients with dyspepsia referred to gastrointestinal
departments has changed. In the past, especially with the
wide-spread use of Hy-receptor antagonists, patients were usually

referred only if the treatment had failed or relapse had occurred.
In other words, they were a selected group with severe

symptoms and not necessarily representative of the majority of
patients with dyspepsia in the community. However, during the
period of this study, and presumably because of the greatly
increased availability of endoscopic services, many of the referred
patients had relatively mild symptoms. Thus the subjects
studied have probably represented a good sample of the patients
with dyspepsia in the population.

This investigation started with the hypothesis that
H pylori is a causative agent for DU. It was therefore necessary
to determine the incidence of the organism in the DU group and
in a contrast or control group. The closest control was the
group of patients with dyspepsia who had no organic lesion, that
is NUD. Other organic lesions might themselves have been
associated with H pylori and it was necessary to exclude them.
At first I therefore had 3 groups: DU, NUD and miscellaneous
findings. However, during the analysis of the results it became
clear that patients with oesophagitis should be segregated as a
separate group and so the results have been presented in terms
of 4 groups.
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In this study dyspepsia was defined as chronic or
recurrent upper abdominal pain of at least 6 months' duration,
with or without nausea and not necessarily related to meals.
Duodenal ulcer subjects were those with endoscopic evidence in
the duodenum of a chronic ulcer, including the scar of a healed
ulcer. Oesophagitis subjects were those with macroscopic
inflammatory changes in the lower end of oesophagus and in
whom biopsy and microscopy had failed to show any evidence of
malignancy. Subjects with miscellaneous findings included
patients with malignant lesions in the oesophagus and stomach,
oesophageal varices and gastric ulcer, erosion, polyp or
diverticulum. Non Ulcer Dyspepsia subjects were those with no
(macroscopic) organic lesions noted endoscopically.

5.3 Methods

5.3.1 Endoscopy:

The 252 endoscopy examinations were carried out with
the help of an experienced endoscopist. The modern narrow
and flexible GIF-XQ 20 gastroscope was easy to use and my
findings of macroscopic lesions (51%) in consecutive endoscopy
examinations were no different from other major centres (Jiang,
Liu, Zhang et al 1987). This eliminated any bias arising from
inexperience and the failure to identify macroscopic lesions.

The endoscope was disinfected according to the Health Authority
policy and there was no evidence that infection was ever passed
on to the subsequent subjects.
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Duodenal ulcer was noted in 76 (30% of total 252)
subjects, oesophagitis was diagnosed in 30 (12%) subjects, there
were miscellaneous findings in 23 (9%) and in 123 (49%) no
macroscopic lesions were identified (Table 1 & Fig. 1).

5.3.2 Microbiology:

It was accepted that the distribution of H pylori was
patchy in the gastric antrum and hence 3 specimens (biopsies)
were taken randomly from the antrum for 3 separate tests to
identify the H pylori.

The CP-urease test used in this study was invented by
the Department of Microbiology of The Middlesex Hospital
Medical School (Vaira, Holton, Cairns et al 1988). This test has
been compared with other urease tests and found to yield results
consistent with those tests. Moreover, it has been shown that its
sensitivity in comparison with more powerful tests like culture
and histology is equally as good as other urease tests (Vaira,
Holton, Falzon et al 1988). In this study the CP-urease test had a
sensitivity of 91.2%, specificity of 100%, and accuracy of 94.4%
with a positive predictive value of 100% and a negative predictive
value of 86.9% (Tables 2 & 7). These results were also similar to
other studies (Vaira, Holton, Falzon et al 1988, Arvind, Cook,
Tabagqchali et al 1988).

The microbiological culture study was performed not by
me but by an experienced senior staff member of the Dept. of
Microbiology. The blood agar medium with 6mg/ml of
amphotericin was used for culture and the results had a
sensitivity of 96.2%, specificity of 98.9%, and accuracy of 97.2%
with a positive predictive value of 99.4% and a negative
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predictive value of 93.9% (Tables 3 & 7). These results were
comparable to the results other investigators ( Tytgat, Rauws,
Langenberg 1986).

The histopathology studies were also not performed by
me but by another senior member of the Dept. of Histopathology.
Multiple cuts of the specimen were used and Giemsa staining
performed to identify H pylori. Sections were stained with
haemotoxylin and eosin to detect the ACG. The identification of
H pylori results had a sensitivity of 94.9%, specificity of 97.8%,
and accuracy of 96.0% with a positive predictive value of 98.7%
and a negative predictive value of 91.9% (Tables 4 & 7). These
results were similar to other studies (Montgomery, Martin and
Peura 1988).

It was noted that ACG was present in all specimens
where H pylori was identified (Tables 5 & 9). Though many
factors influence (as described in Chapter 2) the isolation of H
pylori, in this study it was noted that H pylori was identified by
at least 2 tests and always associated with ACG. Subjects who
were CP-urease positive were positive by microbiology and / or
culture.

The percentage incidences of a positive CP-urease test
in DU, oesophagitis, subjects with miscellaneous findings and
NUD were 64, 28, 57 and 61 respectively and the incidences of
H pylori after consideration of all methods were 70, 30, 61 and
67 respectively (Table 8). The latter four results were similar to
those found in other clinics. The ratios of CP-urease positive and
H pylori positive subjects were similar in all four groups and
similar to those found by others investigators. The sum of all
this evidence supports the accuracy of the microbiology tests.
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5.3.3 Selection of subjects for Gastric Secretion Test.

The patients I studied by gastric secretion tests were
less than half of the total number undergoing endoscopy. It was
important therefore to consider the possibility that the selection
for secretion studies was in some way biased.

At the time of inviting the subjects for gastric secretion
tests, only the results of the CP-urease test were available.
However, the results of the other tests for H pylori became
available later and usually after the gastric secretion test had been
performed.

Sixty (30%) of the 199 DU and NUD subjects were
excluded because of the criteria (Chapter 4) previously described.
The remaining 139 (70%) subjects (46 of DU and 93 of NUD)
were approached for gastric secretion tests.

The ratios of CP-urease positive and negative subjects
were similar in the 76 DU (49/27 or 64% - 36%) and in the123
NUD (75/48 or 60% - 40%); in those who were approached for a
gastric secretion test (DU: 26/20 or 56% - 44% and NUD: 51/42
or 55% - 45%), and in those who attended for the gastric
secretion test (DU: 18/13 or 58% - 42% and NUD: 19/12 or 61%
- 39%). It was interesting to note how similar the proportion of
H pylori infected subjects remained in the 2 groups(DU: 21/10
or 68% - 32% and NUD: 20/11 or 65% - 35%) at all the stages of
the selection process (Table 8 & Fig. 3). Thus there was no
evidence of bias, either in the selection of patients for the gastric
secretion test or in those who attended for the gastric secretion
test. However, it was also interesting that DU subjects were
more likely to attend the gastric secretion test than NUD
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subjects. Though 93 NUD patients, nearly twice the DU (46),
were approached, only equal numbers of patients (31) from each
group attended the gastric secretion test (Fig. 3). This
difference in the ratio attending was possibly due to the fact that
the DU patients had the knowledge that a serious disease had
been diagnosed and this made them more likely to volunteer for
further investigation than the NUD patients who had been
reassured that no serious organic disease had been found.

5.3.4 Gastric Secretion Test.

Only 62 subjects attended for the gastric secretion test
and a careful detailed recording of each patient's age, smoking
history, height and weight was kept. For smoking history, the
maximum period of smoking and stated average rate of smoking
per day was used. All non-smokers in this study confirmed that
they had been life-long non-smokers. Subjects may understate
their cigarette consumption or deny being smokers for fear of
disapproval; thus in the main it had to be taken on trust that the
subjects had told the truth.

The method of stimulating maximal gastric secretion
was at variance with common practice, the most popular
stimulatory method being that of a single bolus of pentagastrin.
The method used in this study was that of Lawrie, Smith and
Forrest (1964) and modified by Whitfield and Hobsley (1979): a
continuous intravenous infusion of histamine, with the use of an
anti-histamine to reduce the side effects. The infusion was
continued long enough to produce a relatively stable period to
select a plateau. The plateau was preferable to a peak response
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for this reason of greater stability, and also because it facilitated
the detection of, and correction for, sequestration and poor
aspiration. Histamine was used since it does not have a 'fade’
effect as had been found with pentagastrin (Aubrey 1970 and
Emas and Svensson, 1972).

As expected, exogenous histamine increased acid output
in all subjects. The maximal gastric secretion was expressed in
4 different ways, namely maximal acid output (mmol h-!, MAO,),
maximal acid output standardised for a height of 170 cm
(MAOs,)), volume corrected for pyloric loss and duodenogastric
reflux (ml h-1, Vg..) and volume corrected for pyloric loss and
duodenogastric reflux and standardised for height of 170 cm
(Vg€Smax): The Vgs ... is theoretically the most accurate index

and evidence to emphasise this point will be shown later.

In this study the mean secretion of gastric acid in DU
subjects was greater than in non-DU subjects, and consistent
with other published reports. However, it is important to
emphasise that the gastric secretion increased as the index of
smoking (SMF) increased (Table 38). This positive correlation
was found only in the H pylori negative subjects and it was
clearly present despite the small number of individuals in this H
pylori negative group. This finding attested to the sensitivity of
the gastric secretion studies. Similar findings in other studies
have required much larger groups (Whitfield and Hobsley 1985 &
1987).
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5.4 Results

5.4.1 Diagnosis

Oesophagogastroduodenoscopy was done on 100 male
and 152 female subjects. Thirtynine male and 48 female
subjects had a DU; reflux oesophagitis was noted in 13 male and
17 female subjects and 10 male and 13 female subjects had
miscellaneous findings; NUD was diagnosed in 37 male and 75
female subjects. There was no difference between the
distribution of sexes in the four groups (Table13).

Sixty (60%) of the male subjects and 99 (65%) of the
female subjects were H pylori positive and there was no
significant difference in the distribution of the organisms

between the sexes (Tablel4, x2 = 0.196, p > 0.06). These data
suggest that there is no gender predilection and the published
data of others confirm this finding.

The mean age for NUD was 52 years, for DU was 46
years, 56 years for oesophagitis and 54 years for those subjects
who had miscellaneous findings (Table 17).

The incidence of H pylori in this study increased with
age. The mean age for subjects with H pylori was 54 and for
subjects negative for H pylori was 40. Eighty-seven (55%) of the
159 H pylori positive subjects and 38 (41%) of the H pylori
negative subjects were either 54 years or older. But 72 (45%) of
the 159 H pylori positive subjects and 55 (59%) of the H pylori
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negative subjects were younger than 54 years. The differences in
frequency of H pylori positive and negative between these 2 age

groups were significant (Tablel9, x2 = 9.378, p < 0.0050).

However, it is interesting that the peak incidence of
H pylori was in the sixth decade and there was a decline after
that. This was suggested by eye when a polynomial rather than a
straight fit was used. A similar phenomenon can be seen in the
tables of other workers (Barthel, Westblom, Havey et al 1988,
Graham, Klien, Opkun et al 1988, Al-Moagel, Evans, Abdulghani
et al 190) and in a report for an asymptomatic control population
(Cheng, Bermanski, Silversmith et al 1989). However, those
authors, with exception of Pretolani, Bonvicini, Brocchi et al
(1989), did not mention the decline in incidence. In my study,
with the small number of subjects it was not possible to show any
statistical significance in the decline; but combining my results
with those of other workers it may be reasonable to accept that
there is one.

The smoking history was available only for those 62
subjects who underwent a gastric secretion test. Thirty three
(53%) of the subjects were smokers; 18 were male and 15 were
female subjects. There were 11 (35%) smokers in the NUD
group and 22 (71%) smokers in the DU group. Among the 41 H
pylori positive subjects 22 (54%) were smokers and 11 (52%) of
the 21 H pylori negative subjects were smokers. There was no
significant difference in the distribution of smokers either
between the two sexes or between H pylori positive or negative

subjects (Table 25, x2 = 0.0780, p > 0.4). But significantly more
of the subjects in the DU group were smokers when compared

with NUD subjects (Table 24, x2 = 7.839, p < 0.010). Thus my
results confirm that smoking is a risk factor for DU; it is
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interesting that the distribution of DU between the two sexes in
the Western population nowadays is nearly the same, perhaps
because the number of smokers among men is declining while
among women it has been increasing over the last decade
(Kurata, Haile and Elashoff 1985).

5.4.2 Acid output.

5.4.2.1 Effect of H pylori on Gastric Secretion.

The maximal gastric secretion was higher in subjects
with DU than in NUD subjects, no matter how secretion was
expressed (Table 33). This fact was obvious even without any
correction for pyloric loss and duodenogastric reflux or
standardisation for height. This is because the difference was so
great. There was also a difference in maximal gastric secretion
between the H pylori positive and negative subjects, the former
secreting the larger volume. It was interesting that this
difference became apparent only when the secretion was
expressed as height-standardised Vg and the statistical test used
was the Wilcoxon rank sum test (Tables 32-36). If correction
and standardisation had not been made and an appropriate
statistical test had not been used, this valuable information would
have been lost. The reduction of gastric secretion associated
with H pylori suggests that infection with H pylori may be the
cause for the reduction of gastric secretion noted in elderly
subjects (Baron 1969, Hassan and Hobsley 1971).

In the NUD subjects the gastric secretion was 18-25%
lower in those with H pylori compared to those without, but
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again this difference was significant only when expressed in Vg
or height-standardised Vg. Among the DU subjects the
reduction was about 15% and here too, the significance became
manifest only when secretion was expressed as Vg or
height-standardised Vg. This point again illustrates the fact that
correction had to be done to avoid any misleading conclusions.

In smokers, a positive correlation between smoking
factor (SMF), that is the square root of the product of cigarettes
smoked per day and number of years smoked, and maximal
gastric secretion was demonstrated in the H pylori negative
patients (both DU and NUD groups) (Table 37) but there was no
correlation between gastric secretion and smoking in the
H pylori positive subjects. Again, the correction was not
statistically significant in the H pylori negative group unless the
corrections for collection errors were made. The question
arises, why was there no correlation between dose of smoking
and maximal secretion in H pylori positive subjects? Smoking
increases parietal cell mass and so the maximal gastric secretion
but H pylori decreases the secretion. These effects are identical
in DU and NUD subjects. It is known that there is a positive
correlation between SMF and maximal gastric secretion in all DU
and control subjects (Whitfield and Hobsley 1987). It is also
known from this present study that H pylori infection was
associated with reduced gastric secretion. Thus, both DU and
NUD subjects who smoke and have H pylori infection are subject
to 2 forces, the one increasing and the other reducing the
maximal secretion. This counteraction would seem to explain
why the correlation is clear-cut in the H pylori negative group
but not in the H pylori positive subjects. It seems likely that
these two factors (smoking and H pylori) cancel each other out,
and the link with smoking is lost in the H pylori positive group.
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The results obtained in my study show that the DU
subjects secrete more acid when maximally secreted. This is in
concordance with other studies which also show that maximal
(and meal stimulated) acid secretion rates were higher in
subjects with DU than in normal subjects (Wormsley and
Grossman 1965, Hassan and Hobsley 1971). The most
important finding in my study was that the H pylori is associated
with reduced gastric secretion whether the subjects had DU or
not.

A review of the literature about the effect of H pylori on
gastric secretion must start with the acute infection with the
organism. It is an established fact that the acute infection of the
stomach with H pylori leads to hypochlorhydria. There were
two instances of epidemic hypochlorhydria (Ramsey, Carey,
Peterson et al 1979, Gledhill, Leicester, Addis et al 1985) in
subjects participating in the gastric secretion studies. In both
instances the healthy volunteers became rapidly and profoundly
hypochlorhydric after a transient illness with abdominal pain and
nausea. It was thought that an unidentified pathogen had been
transmitted by the contaminated pH electrode. These studies
were carried out before H pylori was identified by Warren and
Marshall in 1983. (Gledhill, Leicester, Addis et al studied the
gastric secretion in volunteers in 1981/82). Later Peterson et al
(1987) tested the serum samples taken during and after the
illness in subjects reported by Ramsey (1979) and found the
antibody titres for H pylori raised, suggesting that the organism
played a role in the epidemic hypochlorhydria due to gastritis.

In the case of Gledhill's study the gastric biopsies of the
volunteers subsequently proved to contain H pylori. The gastric
secretion returned to near normal level when the infection was
cleared. There was another case documented (Graham, Alpert,
Smith et al 1988) that iatrogenic H pylori infection was the
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cause for hypochlorhydria in a volunteer who underwent repeated
gastric analyses in the study of gastric adaptation to aspirin.
Further evidence was provided by a volunteer who ingested

H pylori (Morris and Nicholson 1987); the pH rose to 7.6 on the
8th day of ingestion but it had returned to 1.6 by the 29th day.
The infection persisted in a chronic form for more than 3 years
and it would have been interesting to know whether the chronic
state produced its own tendency to hypoacidity, but sadly the
gastric secretion studies were not carried out in the chronic

stage (Morris, Ali, Nicholson et al 1991).

So much for gastric secretion results for acute infection
with H pylori. It is important to consider now the relationship
between chronic infection with the organism and gastric
secretion in subjects with DU and NUD. Barthel, Westblom,
Havey et al (1988) studied the hydrogen ion concentration of the
fasting gastric secretion in the subjects with and without H pylori

infection and found that volunteers without H pylori infection
secreted significantly greater amounts of hydrogen ion than those
with H pylori infection. Maximally stimulated acid secretion in
response to pentagastrin or histamine was not undertaken in
these studies. In Brazil, the incidence of H pylori is very high
and among the poor Brazilians it is nearly 100%: a study shows
that asymptomatic Brazilians with H pylori were hypochlorhydric
and 20% of them were histamine-fast achlorhydric (Braga,
Marshall, Moreno et al 1990). Furthermore, Peterson, Barnett,
Evans et al (1991) showed that normal volunteers with H pylori
infection had significantly lower basal acid outputs than voluteers
without H pylori infection. In all these studies the volume of
gastric secretion was either not measured or not published;
however, they confirm my finding that NUD subjects with H
pylori infection secrete a lesser amount of gastric juice than
NUD subjects without H pylori infection.
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With regard to gastric secretion in DU subjects, a
number of studies are available. Steer (1984) found that there
was a significant negative correlation between the total number of
bacteria (Campylobacter - like organisms) and either the basal
acid output or the maximal acid output after pentagastrin in DU
patients. One study (Saeed, Evans Jr, Evans et al 1991) showed
that in Zollinger-Ellison syndrome the H pylori positive subjects
secreted less acid than the negative subjects; and it was also
reported in another case that the DU in a Z-E syndrome had
healed following an intercurrent illness without any alteration of
the gastrin level (Wiersingh and Tytgat 1977). No antibodies
against parietal cells could be detected nor infarction of the
gastrinoma documented. Again, in these studies the gastric
secretion was measured in terms of acid output rather than in
corrected volume; however these studies are in concordance
with my finding that DU subjects with H pylori secrete less acid.

It must be pointed out that some studies of infection
with H pylori and gastric secretion have shown no clear-cut
relationship between the two. Wagner, Gebel, Freise et al (1990)
found DU subjects irrespective of whether they were H pylori
positive or negative had lower pH than patients with gastritis or
normal healthy subjects; and did not find any difference between
H pylori positive and negative DU subjects. Brady, Hadfield,
Hyatt et al (1988) found no consistent correlation between
gastric secretion and H pylori in DU subjects. Again, in both
these studies the acid output was measured without correction
for collection error or standardisation for stature; moreover, in
Brady's study the subjects were not stringently advised to stop Hy

blockers for at least 72 hours prior to the gastric secretion test.
I am, therefore, not altogether surprised that these studies
showed no consistent findings.
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5.4.2.2 H pylori and gastrin

Finally, there is one study which claims that DU subjects
with H pylori secrete more acid than those free of infection
(Levi, Beardshall, Haddad et al 1989). It is particular important
to note that their method of measuring gastric secretion is
similar to mine and yet the results were contrasting. The reason
for this I cannot explain. However, in my study the gastric
secretion was reduced in the presence of H pylori infection, not
only in the DU subjects but also in the NUD subjects. This
finding suggests that the phenomenon of reduction of gastric
secretion is of wider significance than that of a link with the
aetiology of DU.

Levi, Beardshall, Haddad et al (1989) suggested the
'gastrin link' theory, that is that the presence of H pylori induces
an increased basal gastrin level and an increased response to
food, thereby producing increased gastric secretion and
ultimately increased parietal cell mass. A few studies have
reproduced similar results (Graham, Opekun, Lew et al 1989 &
1990, McColl, Fullarton, Nujumi et al 1989). Though
eradication of H pylori led to the fall of the gastrin level to
normal, the acid secretion remained unchanged even as late as 7
months after eradication (McColl, Fullarton, Chittajalu et al
1991). They presumed that this reflected the need for a longer
period of time to elapse before a significant reduction of parietal |
cell numbers occurs. Peters, Feldman, Walsh et al (1983) had
shown that there would be an increase of serum gastrin in
healthy and DU subjects when the antral pH was maintained
between 6.0 and 7.0. Also it is now known that prolonged
alkalinisation of the antrum produces an exaggerated gastrin
release as seen in pernicious anaemia. McGuin and Trudeau
(1973) recorded that the mean fasting serum gastrin
concentration for DU subjects did not differ from that in control
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subjects but the post-prandial levels were significantly greater
than those of the control subjects. A study comprising 58
patients with chronic DU and 91 normal subjects showed that
the basal gastrin, basal acid output and maximal acid output were
higher in DU patients compared to normal subjects. But the
post-prandial increases of gastrin and gastric secretion were
similar in both groups (Blair, Feldman, Barnett et al 1987).
Montbriand, Appleman, Cotner et al (1989) studied 12 NUD
subjects with H pylori infection and also found no difference in
gastric acid secretion before and after the clearance of H pylori.
However, in none of these studies was acid secretion measured
with all the corrections described in this Thesis.

Chittajallu, Neithercut, MacDonald et al (1991) studied
the effect on plasma gastrin of increasing ammonia production
within the stomach by infusing urea in 8 H pylori positive DU
subjects. They found that augmenting the H pylori ammonia
production did not cause any early change in plasma gastrin.
Walsh,Richardson and Fordtran (1975) described that in DU
subjects there was a defective inhibition of gastrin release by a
low intragastric pH. Wyatt, Rathbone, Green et al (1989)
suggested the hypergastrinaemia induced by H pylori was a
result of inflammatory response stimulated by the organisms in
the antral mucosa. Later, they showed that serum gastrin was
higher in gastritis patients with or without H pylori than in
subjects with normal mucosa and was similar in subjects with H
pylori whether or not they had DU. Asymptomatic subjects
infected with H pylori (diagnosed by ELISA test) were found to
have higher integrated 24 hour plasma gastrin than those without
H pylori infection. But there was no significance difference in
the median integrated 24 hour intragastric acidity (Smith,
Pounder, Nwokolo et al 1990). Similar results were reproduced
by Goldschmiedt, Karnes and Feldman(1989) and Peterson,
Barnett, Evans Jr et al (1991). In the the last three studies
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H pylori status was assessed by serology and one should be
cautious when accepting this finding because ELISA test will not
detect the infection until the immune reaction has taken place
and the titre remains high for a period even after the eradication
of the H pylori. Furthermore, it is a well known fact that serum
gastrin concentrations are elevated in patients who have low acid
levels due either to pernicious anaemia or to vagotomy. Levi,
Beardshall, Hddad et al (1989) suggested that the raised gastrin
concentration was a primary phenomenon due to H pylori but I
believe it is a secondary to the damage to the acid-secreting cells
by H pylori.

The basic principle of the 'gastrin link' theory was that
the urease of H pylori splits the urea to produce ammonia and
this would produce a microenvironment of elevated pH within
the mucus layer. In my study, apart from measuring hydrogen,
sodium and chloride I also measured the potassium ion
concentration and found that was no significant difference
between the chloride ions and the sum of cations in the H pylori
positive and negative groups. One would have expected to find a
positive cation difference in subjects with H pylori infection, but
I did not find such a difference. The available data about the
intragastric ammonia levels with and without H pylori are
conflicting. Andreica, Dumitrascu, Suciu et al (1990) and Imota,
Shida, Yoshida et al (1990) showed that the intragastric ammonia
decreased significantly after the eradication of H pylori but Kato,
Kano, Sato et al (1990) studied the ammonia levels in H pylori
positive and negative patients and found that the presence of H
pylori did not affect the ammonia level in gastric juice. Lawson,
Taylor, Dresner et al (1990) found that there were no significant
differences in the intragastric ammonia levels of H pylori
infected subjects with different variety of gastroduodenal
diseases.
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The relative antral hypoacidity produced by H pylori
could fit the observed tendency to hypergastrinaemia, and in this
respect, it is instructive to compare the effect of H pylori with
that of acute cigarette smoking, which similarly produces
hypergastrinaemia. However, chronic cigarette smoking gives
rise to an increased parietal cell mass and hyperacidity . This
does not occur with H pylori. The reason may be that H pylori
produces its hypoacidity not only by pharmacological (Cave and
Vargas) but also by pathological effects (Wiersinga and Tytgat
1977 and Defize, Goldie and Hunt 1988). This suggestion is
supported by my observation that the increase in maximal gastric
secretion with overall dose of cigarettes (SMF) was demonstrable
in H pylori negative subjects, but not in H pylori positive
subjects (Table 37).

5.4.2.3 H pylori in the Duodenum

If H pylori is the final and immediate cause of DU it
must be found in the duodenum. H pylori is only able to
colonise on the gastric type of epithelium.

The hypothesis proposed by Wyatt et al (1989) was
based on the fact that H pylori can colonise the gastric type of
epithelium in the duodenum, and they suggested that the
presence of the organism then led to duodenitis and ultimately to
DU. Johnson, Reed and Ali et al (1986) and Wyatt, Rathbone,
Dixon et al (1987) observed H pylori in the duodenal biopsies of
92% and 55% of patients with duodenitis. Gastric epithelium is
present in the duodenum either over areas of heterotopic gastric
body type mucosa or as a metaplastic change in the duodenal
epithelium.
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However, this hypothesis is unlikely to be true in this
very simple form because there is a considerable body of evidence
against it. Firstly, gastric metaplasia is commoner than
heterotopia and is present in up to 64% of normal individuals
(Kreuning, Bosman, Kuiper et al 1978) and has been correlated
with maximal acid output (Wyatt, Rathbone, Dixon et al 1987).
The occurrence of gastric metaplasia in the duodenum in
subjects with duodenal ulcer ranges in the literature from
41-90% (Fitzgibbons, Dooley, Cihen et al 1988) but it is not
uncommon in normal subjects in whom the prevalence ranges
from 22 -64%. These high prevalence rates may be
overestimates resulting from inclusion of biopsies taken from the
pyloroduodenal transition zone (Whitehead 1979). Secondly, a
detailed study of 32 patients by James (1964) concluded that
'gastric' epithelium appears when the duodenal acidity is high
and it confers resistance to ulceration rather than predisposing
towards it. Thirdly, in some studies it has been noted that the
incidence of gastric metaplasia in the duodenum of DU subjects
was less than 8% (Gad 1989). Fourthly, there have been a few
reports which show that in Meckel's diverticulum the
heterotopic gastric epithelium can become inflamed and
sometimes progresses to ulcer in the absence of H pylori .
Finally, "duodenitis" remains a controversial entity. The
definition of duodenitis has proved to be extremly difficult and a
satisfactory definition is impossible. Inatsuchi et al studied 484
patients and found the frequency was 7.2% and they could not
recognise any cases of duodenitis which advanced to DU. Itis
estimated that duodenitis is 3-4 times common in males than
females but the duodenal ulcer is nearly of 1:1 ratio (Johnsen,
Bernersen, Straume et al 1991). The incidence of H pylori in
duodenitis (0-33%) is comparatively lower than in DU and DU
healed without any improvement of the duodenitis. The
presence or absence of duodenitis has no effect on subsequent
effect on relapse (Pettengell, Spitael and Simjee 1985). The
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basal acid output of subjects with DU was significantly higher than
subjects with duodenitis (Collen and Loebenberg 1989). Thus it

is unlikely that duodenitis progresses to DU and it does not
appear that duodenitis and DU are two different parts of the same
spectrum.

5.4.2.4 H pylori and gastric emptying

Wyatt et al believed that development of gastric
metaplasia in the duodenum requires an increased load of acid
delivered to the duodenum, either by rapid emptying or by
naturally increased gastric secretion; the present study found no
evidence for increased acid output, but has not addressed the
subject of gastric emptying.

One study (Masci, Tosi, Colombo et al 1990) had shown
that there was no alteration in the gastric emptying in H pylori
positive subjects compared with H pylori negative subjects. But
in DU there is an increased load of acid to duodenum (Roxburgh
1990); he showed that pyloric loss is proportional to the parietal
cell mass but demonstrated that it is not related to the presence
of DU as such but only to increased gastric secretory capacity.

5.4.2.5 Risk curve and Helicobacter pylori

I believe that DU belongs to a heterogeneous group of
disorders with multiple aetiological factors. Before the recent
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interest in H pylori, the straight evidence for an aetiological
factor was that for gastric hyperacidity. My study demonstrates
that H pylori is associated not with an increase of maximal
gastric secretion but with a decrease. Under these
circumstances, it is impossible to postulate an aetiological link
between H pylori and DU, that acts in a way that involves
hypersecretion of acid.

There is, however, one way that the hyposecretion in
association with H pylori might be linked with duodenal ulcer.
Hobsley and Whitfield (1987) used the properties of Gaussian
distribution curves for the control and DU population, to deduce
a risk curve which showed that at low levels of secretion, factors
other than hyperacidity must play a role in the aetiology of DU.
If H pylori is a factor in the pathogenesis of DU, one would
expect to find that DU subjects with lower rather than higher
secretion rates would have a greater rather than a lower
incidence of H pylori positivity.

At first the results obtained suggested that this
hypothesis might be correct: it was indeed the case that H pylori
positive DU negative patients had a significantly lower gastric
secretion than H pylori negative patients. If one accepts that
H pylori is summating with maximal gastric secretion to produce
duodenal ulcer, then my finding of low gastric secretion in
H pylori positive DU could fit very well with this hypothesis.
However, there is no reason why H pylori is also associated with
low gastric secretion in NUD subjects. In other words, it seems
likely that there is a true association between H pylori and
reduced maximal gastric secretion, manifest not only in the DU
but also in the NUD subjects. Thus the summation hypothesis
cannot be true.

In the range of standardised Vg of 270-321ml there was
an overlap between the DU and NUD groups consisting of 6 DU
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and 6 NUD subjects. All 6 of the DU, but also 4 of the NUD, were
H pylori positive . Subdividing the DU group into those lying
within the normal range previously reported from this
department, that is below 425ml, and those lying above this
range and therefore statistically hypersecretors, there were 23 in
the normal range and 8 hypersecretors. The H pylori positive
subjects were distributed as 17 out of the 23 in the normal range
(74%) and 4 out of 8 in the hypersecretors (50%) (Fig. 22). This
difference is not significant. If one accepts that H pylori

reduces gastric secretion by 17% and increases the secretion
values of the H pylori positive DU patients approximately by
17%, they now split as 11 hypersecretors and 10 hyposecretors
(Fig. 23). This emphasise the fact that H pylori is not
apparently summating with low gastric secretion to produce a
DU. The fact that NUD subjects with H pylori do not have ulcers
also lends support to the above view that it is not a risk factor for
the aetiology of DU.

The patients in the DU and NUD groups who had
overlapping gastric secretion showed no evidence of any
predilection of the organism for the DU group. Again, this
argues against an aetiological role for H pylori but I accept that
the numbers were small.

5.4.2.6 Is H pylori associated with DU?

In my study I found that there was no significant
difference in the distribution of H pylori among the dyspeptic
patients, except those with oesophagitis. Many investigators
" noted similar incidences, but many others found that the
incidence of H pylori was more than 90% (even up to 100%) in
DU.
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The incidence of DU in the Aborigines of North Autralia
is virtually zero and they have a very low incidence of H pylori
(Dwyer, Sun, Kaldor et al 1988). This finding is consistent with
the hypothesis that H pylori is an important factor in the
pathogenesis of DU. However the incidence of H pylori in
South-West Indians in USA is approximately, 58% but the
incidence of DU is very low and not one subject had a DU in the
53 cases studied (Gogel, Crook, Merlin et al et al 1989). Also it
is noted that in the closed community of monks in Tibet the DU
incidence is very high (more than 3 times that of developed
countries) but that of H pylori is similar to that in the developed
countries (Katelaris, Tippet, Brennan et al et al 1991). Moreover,
in South America and in developing countries, especially among
people of low socio-economic status and institutionalised
subjects, the incidence of H pylori is very high, nearly 90%, but
the incidence of DU is no higher than reported in the Western
countries. In Singapore / Malaysia the prevalence of DU in
Chinese is greater than the Indians (Ti 1983) but the prevalence
of H pylori infection is higher in Indians than Chinese. Also,
Parshu (1975) noted that Indians of Fiji appeared to have a rate of
DU at least twice that in ethnic Fijians; but Beg and co-workers
(1988) have shown H pylori is present with equal frequency in
both Fijian and Indian patients with DU. These findings are in
sharp contrast to Dwyer's finding.

Only a small subset of individuals with H pylori gastritis
develop DU. Some epidemiological studies showed that different
ethnic groups living‘ in the same area have different rates of
prevalence of DU, even though the prevalence of H pylori is the
same. Other studies showed that the prevalence of DU is higher
in some races in whom the H pylori infection rate is lesser than
another ethnic group in whom the prevalence rate of DU is less,
in spite of the fact they live in same area.
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The prevalence of H pylori increases with age but DU is
not predominantly a disease of the elderly. DU is more common
among the smokers while the prevalence rate of H pylori is
similar between smokers and non smokers. H pylori has no
gender predilection, and at first sight this fact fits neatly with the
present situation for DU which in Western countries show little
predilection for gender. However, it should be recalled that DU
used to show a marked predilection for males and the recent
lowering of the imbalance may well be associated with the change
in smoking habits - females now smoke almost as commonly as
males. Indeed, in countries where females do not smoke the
prevalence of DU among males is very high even though the
prevalence of H pylori is the same in both sexes. Again, there is
a strong association between non-secretor blood group O and DU
but H pylori was found equally commonly in secretors and in
non-secretors as well as in each of the blood groups (Mohiuddin,
Rhodes and Rhodes (1989).

One study which followed up, for 12 to 28 months,
patients with untreated ACG due to H pylori found no
spontaneous disappearance of H pylori nor anyone who
developed DU.

Thus, the ability to dissociate between the presence of H

pylori and the presence of DU suggests that H pylori is neither a
necessary nor a sufficient factor in the pathogenisis of DU.

5.4.2.7 H pylori and Treatment, Eradication & Relapse
Many studies have shown both that ulcers have healed

even when the H pylori had not been cleared and that ulcers had
not healed when the H pylori had been eradicated (Chandra-Mam
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1990, Jia, Hu and He 1990, Wang, Chen, Jan et al 1990). Thus
healing of DU is not necessarily influenced by the presence of H
pylori. My data are consistent with these findings. There is
usually a significant reduction in H pylori colonisation after
surgical treatment and ulcer healing (Steer 1988). At the same
time Petkaneshov, Mitova, Michova et al (1990) showed that
proximal gastric vagotomy as well as truncal vagotomy with
pyloroplasty do not influence the incidence rate of H pylori
gastritis.

Over the last 7 years several studies have shown that the
relapse rate of DU is lower in those initially treated with colloidal
bismuth subcitrate (CBS) than those healed with H2 antagonists.
This finding was attributed to the antibacterial effect of CBS,
nevertheless one should bear in mind that CBS has many ulcer
healing properties which may be the reason that patients treated
with CBS have less recurrence of DU. Lately, when the
antibiotics which are bactericidal (metronidazole, tetracycline,
amoxycillin) to H pylori were used to treat DU, many
investigators found that the recurrence rate was low if the H
pylori was eradicated.

It is difficult to be certain how these findings should be
interpreted. If on further assessment of this zone of conflicting
evidence, it was to be established that the recurrence rate of
ulcers healed with antibiotics is lower than that of ulcers healed
with, say, Ho- antagonists, the conclusion will probably have to be
that the phenomenon is due not to the effect of the antibiotics on
H pylori but to some effect that promotes the healing of the
ulcers.
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CHAPTER 6

CONCLUSIONS
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6 CONCLUSIONS:

(@) H pylori was found in the antrum of dyspeptic
subjects with the same frequency whether the subjects had a
duodenal ulcer (DU) or no endoscopically diagnosable lesion
(NUD) or any other diagnosable lesions except reflux
oesophagitis. It was much less common in subjects with reflux
oesophagitis.

(b) Smoking was commoner in DU than in NUD.

(c) The average age of DU in this study was less than
the average age of subjects with H pylori infection.

(d) The DU subjects secreted more acid than NUD
subjects.

(e) The presence of H pylori was associated with a
smaller maximal gastric secretion in both DU and NUD groups.

() Gastric secretion studies in which corrections had
been made for pyloric loss and duodenogastric reflux, and values
had been standardised for height were less likely to miss valuable
information.

(g) There was a positive correlation between smokers
and gastric gastric secretion in H pylori-negative subjects, but not

in H pylori-positve subjects.

(h) Ihave failed to find any link between H pylori and
DU.
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I accept that my study pertains only to the duodenal
ulcer group in contrast with the group in whom no disease could
be diagnosed from endoscopic appearance. However, it is a
point to note that only 10% of the population has an absence of
dyspepsia, normal endoscopic findings, and no microscopic
abnormalities (Johnsen et al 1991). This makes it difficult to get
adequate numbers of control subjects to perform a study similar
to mine; until such time the fascinating saga of Helicobacter
pylori will continue.
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