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PREFACE

The studies contained in this Thesis were conducted during my
appointment at the Gastroenterology Unit, Royal Infirmary, Glasgow;
some of them have already been published and the rest are being
considered for publication. The majority of these studies have also
been presented to learned societies in and outside the UK. The
contribution of my co-workers is formally acknowledged, and the
work and writing of this Thesis has been personally carried out by

me.
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Summary of Thesis

This Thesis addresses several issues related to the pathogenesis of
peptic ulcers in patients receiving non-steroidal anti-inflammatory

drugs (NSAID).

Section I discusses the background of Thesis with respect to the
mechanisms of mucosal damage by NSAID, the interaction between
NSAID and H pylori, and the interaction between NSAID and

anti-rheumatoid second-line drugs.

Suppression of mucosal prostaglandin synthesis is central to the
mode of action of the vast majority of NSAID, and yet several
studies have failed to find a correlation between the degree of
prostaglandin inhjbition and that of mucosal damage. This
emphasizes the importance of other mechanisms of toxicity by NSAID
such as stimulation of gastric acid secretion, interference with the
mucus layer, reduction of mucosal blood flow, and the histological
manifestation of chronic NSAID intake. Details of such mechanisms,
in the presence or absence of H pylori, and their therapeutic
implications are all discussed in Chapters 1 and 2. It becomes clear,
as shown in Chapter 2, that NSAID and H pylori share several
pathogenetic mechanisms which might ultimately lead to an increase in

the prevalence of peptic ulcers in NSAID patients infected with H

pylori.
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In addition to taking NSAID and the possibility of being infected
with H pylori, the prevalence of ulcers in rheumatoid arthritis
patients might be influenced by the concurrent treatment with
anti-rheumatoid second-line drugs such as gold compounds and
sulphasalazine. This is described in Chapter 3, which attempts to
explain the interesting observation that patients on long term gold
injections appear to have a lower prevalence of both H pylori and
peptic ulcers, suggesting that gold may have a toxic effect on this

organism and thus protect against NSAID - induced gastric damage.

With the increasing evidence for an interaction between NSAID and H
pylori, which is damaging to the gastric mucosa, the accurate
diagnosis of H pylori in chronic NSAID users becomes of crucial
importance. Almost all diagnostic tests for H pylori were previously
evaluated in patients not taking NSAID. This subject is studied in
Chapter 4, which assesses the efficacy of histology, urease enzyme
activity (CLO-test), Ilatex agglutination (Pyloriset), and an
enzyme-linked immunosorbent assay, ELISA (Helico-G) in diagnosing
H pylori in the presence or absence of NSAID, using culture as
standard. The sensitivity and specificity of the three biopsy -
related tests (culture, histology and CLO-test) were greater than
90% and not affected by NSAID intake. However, the sensitivity and
specifity of Pyloriset and Helico-G were lower than those of the
biopsy-related tests, and the specifity was even lower in the
presence of NSAID. These results should not lead to abandoning
the search for more effective serological tests because of the
potential benefits of serodiagnosis, such as convenience, low cost,

and early diagnosis.
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Such characteristics can be very helpful especially in screening for
H pylori and in monitoring the response to therapeutic regimes.
Taking such benefits into consideration, and having accepted the
validity of culture, histology and CLO-test in diagnosing H pylori in
NSAID patients, Chapter 5 moves on to evaluate the efficacy of
Biolab Malakit and Bio-Rad GAP tests, in comparison with Pyloriset
and Helico-G, taking all the biopsy - related tests as standard.
Bio-Rad GAP test had the highest sensitivity but the lowest
specificity. ¥ The sensitivity and specificity of the other three
serological tests were low, and the specificity of all the serological

tests was also lower in patients taking NSAID.

The performance of the serological tests studied in Chapters 4 and 5
would limit their value in predicting peptic ulcers in patients treated
with NSAID, unlike the situation in dyspeptic patients not on
NSAID. The Health Assessment Questionnaire (HAQ) is an
established method of assessing physical disability in patients with
chronic arthritis. The prevalence of peptic ulcers might be higher
in patients with debilitating arthritis because, it could be argued,
their advanced disease requires more aggressive use of NSAID.
This hypothesis was tested in Chapter 6, which used HAQ to classify
chronic arthritic patients according to their physical disability.
Patients with high HAQ scores (greater than 2.0, severely disabled
by arthritis) had the highest prevalence of ulcers despite taking
comparable types and doses of NSAID. The explanation for this is
not fully clear, but the results might help in the process 6f
selecting patients for prophylactic therapy against NSAID - related

peptic ulcers.
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Active chronic inflammation of the upper gastrointestinal tract has,
for a long time, been thought to play an important role in the
pathogenesis of peptic ulceration. The situation is not clear in
chronic NSAID users, who are known to have a higher risk of
developing ulcers. This issue is addressed in Section IV, which
aims at identifying any specific histological features in the stomach,

duodenum, or oesophagus of patients receiving NSAID.

Chapter 7 shows that the commonest histological abnormality in the
gastric mucosa, is that of chronic superficial gastritis, followed by
chemical gastritis. The latter is mostly found in chronic NSAID
users who do not have a previous history of gastro-duodenal
surgery. Its importance stems from its close association with NSAID

related gastric ulcers.

In the duodenum, Chapter 8, a strong association is shown to exist
between active chronic duodenitis, gastric metaplasia, H pylori -
positive gastritis, and duodenal ulceration, regardless of NSAID
intake. These results highlight the potential benefits of eradicating

H pylori in the management of NSAID - related duodenal ulceration.

There are very few studies on the possible effects of NSAID on the
oesophageal mucosa. Individual case reports and experimental animal
studies have given conflicting results. The endoscopic part of
Chapter 9 shows that oesophagitis, with or without ulcers and
erosions, is commoner in NSAID patients with upper abdominal

complaints than in their symptomatic counterparts not taking NSAID.
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On the other hand, the histological assessments suggest that
papillary elongation and basal cell hyperplasia, the major features of
histological oesophagitis, are less common in the presence of NSAID.
This implies that the NSAID - related oesophageal endoscopic
abnormalities are more likely to reflect a localised form of damage
which is comparable to other cases of pill-induced oesophagitis. The
significance of such observation is that the adverse effects of NSAID
on the oesophageal mucosa could be minimized by taking simple
measures to prevent the retention of these tablets within the

oesophagus, such as swallowing them with food and liquids.

Several studies, mostly conducted in experimental animals, have
suggested that NSAID - related damage is mediated, at least in part,
by mucosal ischaemia. The situation is not clear in chronic NSAID
users, who have other factors that might affect mucosal blood flow,
such as old age, smoking, and H pylori. The influence of these
factors is studied in Chapter 10. Duodenal mucosal blood flow,
measured by laser Doppler flowmetry, is lowest in chronic NSAID
users who smoke, and in those with H pylori infection or duodenal
ulceration. The combination of smoking and H pylori has an
independent effect in lowering duodenal mucosal blood flow. Gastric
blood flow does not seem to be affected by any of the above factors,
However, gastric blood flow is markedly lower than that of the
duodenum, and this might make it difficult to observe significant
differences in gastric blood flow in response to smoking, H pylori,
or gastric ulceration. In addition, the finding of lower blood flow in
the stomach than the duodenum, like the relative rarity of active

duodenitis and gastric metaplasia observed in Chapter 8, might
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explain why gastric ulcers occur more commonly than duodenal ulcers

in chronic NSAID users.

As discussed in Chapter 3, a significant number of patients with
rheumatoid arthritis, receiving NSAID, also require rheumatoid
disease modifying agents, known as second-line drugs. The
potential benefits of such agents are frequently limited by the
development of gastro-intestinal side effects, which in turn leads to
the interruption or even the termination of second-line therapy.
These side effects have, until recently, been studied on basis of
patients' complaints only, and these are known to correlate poorly
with gastro-duodenal damage in the presence of NSAID. Using
endoscopy, Chapter 11 investigates the prevalence of peptic ulcers
in rheumatoid arthritis patients taking NSAID with or without
second-line drugs. Patients receiving NSAID only, or together with
sulphasalazine, penicillamine or hydroxychloroquine, appear to have
a similar prevalence of peptic ulcers. However, the chronic intake
of gold injections plus NSAID is associated with a smaller number of
ulcers than that of NSAID only. This finding is likely to influence
the choice of second-line agents in rheumatoid arthritis. Also, the
absence of a rise in the prevalence of ulcers in the sulphasalazine
group is reassuring: upper abdominal symptoms, frequently seen in
such patients, should not necessarily lead to stopping sulphasalazine
therapy. Indeed, these symptoms disappear in the majority of cases
with minor adjustment of the dose of sulphasalazine, and with the

temporary use of anti-emetics early in the course of sulphasalazine

therapy.
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Chapter 12 attempts to explain some of the endoscopic findings of
Chapter 11, with respect to the apparently favourable effects of gold
on the gastric mucosa. Compared with patients treated with NSAID
only or with sulphasalazine, the prevalence of both peptic ulcers and
H pylori is lower in patients receiving long term gold injections.
This confirms the findings of Chapter 11, and suggests that the
apparently protective effect of gold against NSAID - related ulcers is

probably mediated, at least in part, by the effect of gold on gastric

H pylori.

In conclusion, this Thesis consists of a group of studies aimed at
clarifying several aspects of the pathogenesis of NSAID - related
peptic ulcers, and it is hoped that the findings will assist in the

management of such lesions in chronic NSAID users.
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INTRODUCTION

NSAID are known to inhibit mucosal prostaglandin synthesis,
stimulate gastric acid secretion, interfere with mucosal blood flow
and the mucus layer, and increase the mucosal permeability. These
activities are reviewed in Chapter 1, which also considers the
therapeutic approaches to NSAID - related damage. The recent
entry of H pylori into the debate of peptic ulcer aetiology makes it
essential to consider the possible role of this organism in the
pathogenesis of ulcers in patients taking NSAID. Chapter 2 reviews
the pathogenetic mechanisms common to both NSAID and H pylori.
The impact of the concurrent intake of anti-rheumatoid second-line

drugs on both H pylori and NSAID - related ulcers is also discussed

in Chapter 3.
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CHAPTER 1

1. MECHANISMS OF NSAID - RELATED PEPTIC DAMAGE AND
THEIR IMPLICATIONS FOR MANAGEMENT.

1.1 INTRODUCTION

Despite the wide acceptance of the strong association between
non-steroidal anti-inflammatory drugs (NSAID) and peptic ulcer
disease, there are several issues related to the pathogenesis and
management of this disease that are at risk of being over-looked or
accepted unchallenged. This chapter discusses such issues and
considers their implications for the management of NSAID related

peptic ulceration.

1.2 INTERFERENCE WITH PROSTAGLANDIN SYNTHESIS BY NSAID

Inhibition of prostaglandin (PG) biosynthesis is the most famous
activity of NSAID, and it is thought to account for their
anti-inflammatory and analgesic properties. It was, and still
remains, very desirable if not vital in the treatment of arthritic
disorders. It has subsequently been considered a significant
disadvantage after associations have been made between NSAID -
related peptic damage and gastro-duodenal mucosal PG inhibition.
Before these points are discussed in further details, there are
certain features related to the effect of NSAID on PG production

that should be noted.
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NSAID, such as indomethacin, suppress PG biosynthesis by
inhibiting cyclo-oxygenase activity, the enzyme which is responsible
for converting arachidonic acid substrate to PG intermediates.
NSAID are considered not to have any major effects on the enzymes
involved in the lipoxygenase system, and therefore the production of
the leukotrienes would only be affected by these drugs to the extent
that further arachidonic acid substrate would be available for

leukotriene biosynthesis on account of the decreased PG production.

NSAID appear to vary in their potencies to inhibit PG synthesis
(1). Indomethacin and naproxen are powerful inhibitors,
phenylbutazone is moderate, while salicylic acid, aspirin, is only a
weak inhibitor. Other drugs act as pro drugs that show activity
through their metabolites: one of these agents is sulindac whose
sulphide metabolite is able to exert a potent inhibiting effect on PG

synthesis (2).

It is also interesting to note that NSAID may show selectivity in
terms of which PGs are mainly affected. Previous observations with
sheep vesicular tissue incubated in Cu*? containing medium indicated
that salicylic acid caused a preferential reduction in PGE; synthesis
relative to that of PGF, (3). In contrast, indomethacin suppressed
the production of PGE,, PGE,, and PGF, to the same extent. More
recently, it has been shown that etodolac, a derivative of
pyranocarboxylic acid, might selectively spare gastric and duodenal
mucosal PGs despite its capacity to suppress synovial PG synthesis

(4,5).

While it is generally agreed that NSAID suppress gastric mucosal
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PGs, knowledge in this field has largely relied on studies conducted
in animals or healthy humans given short courses of aspirin or
indomethacin (1-3, 6-8). As shown above, what applies to these two
agents, aspirin and indomethacin, might not necessarily apply to the
rest of NSAID, and species-specific responses should not be
ignored. Also, very little is known about the behaviour of duodenal
mucosal PGs in patients treated with NSAID as the vast majority of
studies have investigated gastric PGs only. More importantly, no
correlation has been found between the degree of PG inhibition and
that of NSAID-induced peptic damage (5,8). These reservations do
not necessarily minimize the acknowledged importance of PGs in
maintaining the integrity of the gastro-duodenal mucosa (9): they
rather emphasize the importance of considering other mechanisms of
injury by NSAID in addition to their effect on PG production, as

discussed below.

1.3 OTHER MECHANISMS OF MUCOSAL TOXICITY BY NSAID

Aspirin (10), indomethacin (11), and fenoprofen (12) were found
to cause disruption of the gastric mucosal barrier in a manner that
allows back diffusion of hydrogen ion with its damaging
consequences. Aspirin and indomethacin also increase basal (13) and
maximally stimulated gastric acid secretion (14,15) which may
contribute to their unwanted effects on the gastric and duodenal

mucosa.

Several studies have suggested that NSAID can affect the rate
of secretion and/or the characteristics of the mucus layer in the

stomach. Aspirin (16) and indomethacin (17) were found to inhibit
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mucus secretion. It was also suggested that aspirin could increase
pepsin-mediated proteolysis of mucus, decrease mucus viscosity, and
increase the permeability of mucus to hydrogen ion (18).
Indomethacin was also found to inhibit active bicarbonate secretion
by the gastric mucosa (19). In addition, indomethacin was found to

decrease gastric mucosal blood flow (14).

Another mechanism that received insufficient attention in the
past relates to the possibility that bacteria could mediate NSAID
toxicity. In the intestine it was observed that the ulcerogenic effect
of NSAID could be reduced by antibiotic treatment (20). Germ-free
animals were also found to be resistant to indomethacin-induced
intestinal lesions (21). It was postulated that enteric bacterial
B-glucuronidase hydrolyses the acylglucuronides of NSAID released
into the intestinal tract from bile, and the free acids then irritate
the mucosal surface (20). Interest in these important observations
has been revived by the recent entry into the argument of another
organism: Helicobacter (H) pylori. It is not clear whether NSAID
interact with H pylori in the gastric mucosa. However, studies
conducted by the author have shown that human gastric antral
mucosal specimens exposed to a mixture of indomethacin plus H
pylori culture filtrate have lower PGE. values and histological
viability grades than biopsies incubated with indomethacin or the
culture filtrate alone (22). More recently, it has been found that
the prevalence of NSAID-related ulcers is higher in patients with
chemical gastritis or H pylori-related gastritis (23, Chapter 7). An
interaction may, therefore, exist between NSAID and H pylori, and
this seems to be damaging to the gastric mucosa. The interaction

between NSAID and H pylori is discussed in more detail in Chapter 2
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of this Thesis.

It is worth noting that a degree of overlapping might exist
between two or more of the above mechanisms of NSAID toxicity.
For example, the effect of indomethacin on mucosal blood flow might
not be totally independent of that on PG formation. However,
despite the capacity of PGs to inhibit gastric acid (24,25), the
effects of NSAID on acid secretion is not necessarily mediated
through their suppression of mucosal PGs: recent studies have
suggested that NSAID bypass the H, and muscarinic receptors and
interact with secretagogues at a locus between the catalytic subunit
of adenylate cyclase activation and the proton pump (26). the
potentiation of  secretagogue-stimulated acid secretion by
non-salicylate NSAID has been found to be dependent on calcium

(26).

It is clear, therefore, that in addition to their effects on PG
synthesis, NSAID have several other activities which have to be

addressed when management of NSAID-related damage is considered.

1.4 IMPLICATIONS FOR MANAGEMENT

The above discussion would suggest that there might be
justification, which is at least theoretical, for the use of any class of

anti ulcer drugs in the management of ulcers induced by NSAID.

Antacids that contain aluminium hydroxide or aluminium
phosphate have been shown to protect the rat's gastric mucosa
against necrotizing conditions (27,28). Aluminium hydroxide was

found to



29

increase PGE, release by the gastric mucosa in rats (29). A local
mechanism must be responsible for these activities of aluminium
hydroxide since it is poorly absorbed. Also, protection through
other mechanisms cannot be entirely excluded: these might include
adsorption of bile acids, inactivation of pepsin or stimulation of
mucus production (29). The value of antacids in treating or
preventing NSAID-related damage in man has not been established

yet.

Carbenoxolone sodium was previously reported to increase the

formation of gastric mucosal PGE, (30) and to inhibit thromboxane
B., the stable metabolite of thromboxane A, (31). Despite these
highly desirable properties in the context of treating ulcers caused
by NSAID, carbenoxolone is not widely used in clinical practice

because of its cardiovascular side effects.

Tripotassium-dicitrate bismuthate (colloidal bismuth) was shown

to stimulate mucosal PGI.-like activity and to protect the rat's
gastric mucosa against 85% ethanol, 0.2N sodium hydroxide, or
acidified indomethacin (32). Colloidal bismuth subcitrate was also
found to reduce aspirin-induced microbleeding in man despite marked
suppression of gastric mucosal PGs by aspirin (33). Recently,
interest has been renewed in colloidal bismuth in light of its effect
on H pylori, and might increase further because of the apparent

interaction between NSAID and H pylori (22,23).

Despite the conflicting reports on the capacity of sucralfate to
stimulate mucosal PGE, release (34,35), it is generally accepted that

this complex molecule behaves as a mild irritant by forming a
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gelatinous mucoepithelium coat consisting of necrotic epithelial cells
and mucus which in turn acts as a shield against acid and pepsin
(36). The application of these observations to NSAID-related damage

in man remains to be confirmed.

In recent years, several important clinical trials have been

reported on the value of Hz-antagonists and prostaglandin analogues

in the treatment or prevention of peptic ulcers in patients receiving
NSAID. Conflicting results were reported with cimetidine (37,38).
Rantidine was found to prevent NSAID-related duodenal but not
gastric ulceration (39). More recently, ranitidine was shown to heal
63% of gastric and 84% of duodenal ulcers after 8 weeks of treatment,
compared with 79% and 92% at 12 weeks, respectively, in pateints

who continued to take NSAID (40).

In a double-blind, placebo-controlled trial Graham et al have
shown that misoprostol, PGE; analogue, significantly reduced the
frequency of gastric ulcer development in pateints treated with
NSAID (41). The importance of these findings and those of
Ehsanullah et al would justify a comparison between the two studies
(39,41): In addition to the differences outlined in Table 1, it is not
clear why NSAID patients in the Ehsanullah's study (39) developed
almost equal numbers of ulcers in the stomach and duodenum given
the fact that gastric ulcers tend to be commoner than duodenal
ulcers in patients receiving NSAID (42). Since the two studies
(39,41) were different in their design and in the demographic details
of their patients, it is difficult to perform a direct comparison
between ranitidine and misoprostol on basis of their findings. This

makes it essential for the two agents to be compared in one single
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trial. When such comparison was made between misoprostol and
cimetidine, both agents were highly protective in the duodenum but
misoprostol was more effective in protecting against tolmetin-induced
gastric injury in healthy volunteers (43). It might be tempting to
consider giving the individual patient treated with NSAID a
combination of an H, antagonist, to relieve dyspeptic symptoms and
prevent duodenal wulcers, and misoprostol to prevent gastric
ulceration. As a matter of fact, the author has seen patients
who have already been treated with such combination. To do so is
difficult to justify not only on basis of cost but also because
misoprostol has been shown to protect against duodenal as well as

gastric ulcers (41,43,44).

However, it is very important to realise that the value of H,
antagonists has not been adequately tested as shown in Table 1, and
their use should not therefore be ruled out, at least in treating
NSAID-induced peptic ulceration (40). A direct comparison is
indicated between ranitidine and misoprostol and more information is
needed about the value of other agents such as famotidine and
omeprazole in treating or preventing ulcers related to NSAID. Also,
the impact of these treatment strategies on the complications of

NSAID-related lesions remains to be investigated.

In conclusion, NSAID have multiple effects on the
gastro-intestinal mucosa in addition to inhibition of mucosal PG
synthesis. The understanding of such effects is essential for
designing the appropriate lines of management of ulcers related to

NSAID.
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Ranitidine

Comparison

Of The Design And Findings Of The Two Studies. No (%)

No of patients
Osteoarthritis
Rheumatoid arthritis
Smokers

NSAID used

Duration of NSAID treatment
Duration of study

Lesions studied

Prevention of ulcers:
Gastric
Duodenal
Symptomatic relief
Significant side effects

of study drug

Rantidine Misoprostol
Study Study

263 420

197 (75%) 420 (100%)

66 (25%) -

94 (36%) 63 (15%)
Naproxen Naproxen
Piroxicam Piroxicam
Diclofenac Ibuprofen
Indomethacin -

8 weeks 1 year
8 weeks 12 weeks
erosions ulcers >3mm

ulcers >5mm

No

Yes

Yes

Nil

ulcers >5mm

Yes

Not studied

No

Diarrhoea (25-39%)
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CHAPTER 2

2 THE INTERACTION BETWEEN NSAID AND H PYLORI

2.1 SUMMARY

Recent studies have suggested that Helicobacter pylori and
non-steroidal anti-inflammatory drugs are capable of interfering with
various protective mechanisms in the gastro-duodenal mucosa. While
NSAID are recognised for their acid stimulating activity, the effect
of H pylori on gastric acid secretion remains highly speculative
despite its association with hypergastrinaemia. Both H pylori and
NSAID have, however, been shown to influence the production rate
and/or the quality of the mucus layer, gastric cyclic AMP, mucosal
prostaglandins, blood flow, and platelet-activating factor.
Characteristic histological abnormalities have also been identified. In
addition, NSAID-related peptic ulcers seem to develop more commonly
in patients infected with H pylori despite the apparent reduction in
the prevalence of these organisms in chronic NSAID wusers. It
remains to be seen whether the eradication of H pylori would reduce
the frequency of NSAID induced peptic ulcers or prevent their

recurrence.
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2.2 INTRODUCTION

Helicobacter (H) pylori and non-steroidal anti-inflammatory drugs
(NSAID) are probably the commonest known exogenous factors in the
aetiology of peptic ulcer disease. This Chapter describes the
pathogenetic mechanisms common to H pylori and NSAID and
discusses the possibility of a synergistic relationship between them.
The importance of such a relationship, if present, relates to its
potential to provide a new therapeutic approach to the common, but

yet unresolved, problem of ulcers induced by NSAID.

2.3 EFFECT OF NSAID AND H PYLORI ON GASTRIC ACID

SECRETION:

Because of the widely accepted importance of gastric acid in the
pathogenesis of ulcers in general, it was only natural for many
workers to investigate the possible effects of NSAID and, more
recently, H pylori on acid secretion. NSAID (indomethacin and
aspirin in particular) were found to increase basal and maximally
stimulated gastric acid secretion (13-15). NSAID seem to bypass the
H2 and muscarinic receptors and interact with secretagogues at a
locus between the catalytic subunit of adenylate cyclase activation
and the proton pump (26). The potentiation of secretagogue -
stimulated acid secretion by non-salicylate NSAID has also been

found to be dependent on calcium (26).

The situation is not so well defined in the case of H pylori.

Because of its association with hypergastrinaemia, it was speculated
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that H pylori could increase the parietal cell mass that is
characteristic of duodenal ulcer patients (45). To date, the
evidence for an increase in gastric acid secretion by H pylori, has
however, been lacking. On the contrary, there is a consensus that

acute exposure to H pylori causes hypochlorhydria (46-50).

Recent evidence indicates that H pylori associated
hypergastrinaemia might not be directly related to the function of
the parietal cells (51), the number of antral G cells (52) or to the
bacterium's urease activity (53). It is more likely to be related to
local inflammation (52-54) and/or products of the T lymphocyte such
as interleukin-2 and gamma-interferon (55). Gastric acid secretion
in chronic NSAID users who are infected with H pylori has not been
studied, but indomethacin has been shown to potentiate the
inhibitory effect of H pylori protein on gastric fundic cyclic AMP,
which in turn mediates acid secretion, in vitro (56). This might
explain, at least in part, the tendency of many arthritics to develop
a degree of hypochlorhydria (57), and the limitations of acid
inhibition in the management of NSAID related ulcers (39,43).

2.4 THE MUCUS LAYER

The ability to change the characteristics of the gastric mucus
layer is common to both NSAID and H pylori. Aspirin (16) and
indomethacin (17) were found to inhibit mucus secretion. Aspirin
can also increase pepsin-mediated proteolysis of mucus, decrease
mucus viscosity, and increase the permeability of mucus to hydrogen
ion (18). Indomethacin was shown to inhibit active bicarbonate
secretion by the gastric mucosa (19). It was also suggested that

NSAID could cause disruption of the gastric mucosal barrier which in
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turn allows back diffusion of hydrogen ion with its damaging results

(10-12).

Similarly, it has recently been shown that incubation of H pylori
culture filtrate with gastric mucus could lead to a gradual loss of
mucus viscosity (58), which might impair its ability to retard the
diffusion of hydrogen ions. It was concluded that the degenerative
changes produced in the gastric mucus gel by H pylori might be a
contributing factor in the pathogenesis of gastritis and peptic ulcers

(58)

2.5 MUCOSAL PROSTAGLANDINS:

It is generally accepted that NSAID, with few exceptions (5),
are capable of suppressing gastric and duodenal mucosal
prostaglandin (PG) synthesis, although no correlation has been
found between the degree of PG inhibition and the endoscopic

abnormalities (5,8).

Because of its strong association with gastritis and neutrophilic
infiltration, H pylori is expected, at least in theory, to stimulate PG
production, as human neutrophils and macrophages are capable of
synthesising PGs (59). Also, gastritis like any other inflammation
irrespective of H pylori status is associated with elevated PG values
(60,61). It was surprising, therefore, to find that patients with H
pylori related gastritis had PG values similar to those without H
pylori (61-63). This led to speculation that H pylori infection might
result in at least a partial block in PG synthesis at the level of the

neutrophils, mucosal cells, or both (61). Indeed, some workers
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reported reduced levels of PGI, stable metabolites in patients
infected with H pylori (64), but this was not confirmed by others
(61-63). It was also interesting to find that the combination of
indomethacin and H pylori culture filtrate reduced gastric antral
mucosal PGE, and epithelial viability to a greater degree than
indomethacin alone, in vitro (22). This in turn might suggest a
synergistic relationship between H pylori and NSAID in causing

mucosal damage.

2.6 MUCOSAL BLOOD FLOW:

Several studies have demonstrated that short courses of NSAID
could reduce gastric mucosal blood flow in the laboratory animals
(14,65,66). The situation is not clear in patients on long term
NSAID, who could have other factors that might alter blood flow..
Also, very little is known about the duodenal microcirculation in
such patients. However, it has been shown that duodenal, but not
gastric, mucosal blood flow is lowest in NSAID patients who smoke,
or those with duodenal ulcers or H pylori (67, Chapter 10); no
correlation could be found with age or sex. The data in Chapter 10
also show that the suppressive effect of smoking and H pylori on
duodenal blood flow, in NSAID patients, was independent of
ulceration and other demographic variables. Although such findings
do not dispute the capacity of NSAID to lower mucosal blood flow in
general, they might represent another aspect of the synergistic
relationship thought to exist between NSAID and H pylori, at least

with respect to duodenal blood flow.
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2.7 HISTOLOGICAL AND ENDOSCOPIC ABNORMALITIES:

Active chronic gastritis is the classical histological picture found
in association with H pylori in the majority of infected subjects. It
is best remembered as the main abnormality seen after the deliberate
ingestion of the organisms in order to fulfil Koch's postulates for the
pathogenicity of H pylori (46,47), and in epidemic gastritis (48). It
is also the commonest histological finding in patients treated with
NSAID (23, Chapter 7). Neutrophilic infiltration, common to most
cases of NSAID and H pylori gastritis, could be related to the
capacity of NSAID and H pylori to stimulate the production of the
platelet-activating factor (PAF) (68,69). In addition to its
ulcerogenic actions (68), PAF might be involved in the aggregation
and activation of neutrophils (70), which might subsequently
contribute to ulcer formation: neutropenic rats are less likely to
develop gastric mucosal injury by indomethacin or naproxen (70).
However, these interesting observations might not apply to patients
with chemical gastritis, another histological abnormality characteristic
of chronic NSAID intake (23,71 Chapter 7). Not unlike bile reflux
gastritis in patients with a history of gastroduodenal surgery (72),
it is characterised by foveolar hyperplasia, vasodilatation, oedema,
lack of inflammatory cells, and the presence of muscle fibers in the

lamina propria (23,71-74, Chapter 7). H pylori is very rare in

~cases of chemical gastritis (23, 71-74, Chapter 7), and the

histological picture can be found in about 25% of chronic NSAID
users (23,71 Chapter 7). The importance of such entity stems from
the positive correlation between the histological chemical scores and
the degree of endoscopic damage: NSAID related peptic ulcers,

measuring 5mm in diameter, were found more commonly in patients
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with chemical gastritis or H pylori positive gastritis than in those
without either of these conditions (23, Chapter 7). This is in
agreement with another study (75) which found a greater number of
gastric ulcers in NSAID patients infected with H pylori compared
with patients either taking NSAID or infected with H pylori. The
prevalence of NSAID related ulcers in H pylori positive patients has
also been found to be twice that in H pylori negative individuals,
but the differences were not significant due to the small numbers of
patients and ulcers studied (76). The same study (76) found a
greater number of submucosal haemorrhages and erosions in H pylori
negative NSAID users, unlike the results of another report which
suggested that the presence of H pylori had no influence on the
prevalence of such lesions following the acute administration of

naproxen or aspirin in healthy volunteers (77).

The interpretation of the findings related to submucosal
haemorrhages or erosions is made difficult by the chronic nature of
H pylori infection, its association with ulcers, and the lack of
evidence that such minor lesions can really progress to ulcers.
Another possible explanation for the differences in the findings of
the above studies (23,75-77, Chapter 7) is the failure to correct for
the presence of chemical gastritis, which appears to act as an
independent factor, and the use of serological tests of unproven
value in patients treated with NSAID. Diagnostic titres of H pylori
IgG antibodies could still be detected in patients with chemical
gastritis, with its high prevalence of NSAID ulcers, despite the
failure to confirm the presence of the organisms by culture,
histology, or urease activity (78, Chapter 4). Also, serology might

not be reliable enough in prediciting the presence of H pylori or
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ulcers in NSAID patients, unlike other categories of patients
(79,80), because of the following: Firstly, NSAID ulcers can be
completely asymptomatic (81,82, Chapter 11); Secondly, the
specificity of some IgG tests might be low in patients receiving
NSAID (78, Chapter 4); Thirdly, despite the apparent synergistic
relationship between H pylori and NSAID, the intake of such drugs
might be associated with a reduced prevalence of H pylori infection
(23,78,83-85, Chapters 4,7): this could be due to a direct toxic
action, or indirectly related to the increase in acid secretion
(13-15,26) and the interference with the mucus layer (10-12,16-19)
rendering the natural habitat of H pylori organisms unsuitable for

their survival.

The virulence of H pylori strains might also explain some of the
differences in the reported rates of ulcer formation. Western
blotting analysis of systemic IgG or IgA responses to H pylori has
shown the antigenicity of 110-120 kDa, 89 kDa, 61 kDa, 54 kDa and
31 kDa proteins, although there is substantial variability amongst
subjects (86,90). The 120 kDa protein, which is recognized
systemically in 83% of H pylori positive subjects, is a surface protein

not expressed in some H pylori strains (88).

It has been suggested that 120 kDa positive strains have
pathogenetic features associated with active gastritis and peptic
ulceration (90). Infection with 120 kDa negative strains might
explain why peptic ulceration develops in only a proportion of
subjects infected with H pylori (90). A vaculating cytopathic agent

has also been described in some strains of H pylori (91). It is not,



41

however, known whether these important findings would apply to

patients receiving long term NSAID.

2.8 THERAPEUTIC CONSIDERATIONS:

The role of eradicating H pylori in the healing or the prevention
of NSAID related peptic ulcers has not been studied. However, in
addition to their antibacterial activity, agents currently used in the
treatment of H pylori infection were previously found to possess
properties relevant to the mechanisms of NSAID induced mucosal
damage. Colloidal bismuth subcitrate was shown to stimulate gastric
and duodenal alkaline secretion through a prostaglandin dependent
mechanism (92). The same agent was also found to have a
protective action against aspirin-induced microbleeding, and this
protection occurred despite a marked suppression of mucosal
prostaglandin production (33). Also, it was demonstrated that the
ulcerogenic effect of NSAID could be reduced in animals and humans
by antibiotic treatment (20,93), and that germ-free animals were

resistant to indomethacin-induced intestinal lesions (21).

The common nature of NSAID related ulcers in association with H
pylori colonization, especially in the elderly, should act as an
incentive to devise an effective therapeutic approach. In 1983,
enough NSAID were made available to treat almost 3 million people
daily in the USA (94), and 22 million prescriptions were issued for
such agents in the UK (95). About half of the NSAID prescribed
were for the over 60's (95). H pylori infection can be identified in
about 80% of people of this age group (96) although in the presence
of NSAID the prevalence of H pylori might fall to 30-50%, according
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to data collected by the author between 1987-1992 (23,67,78)

It is estimated, therefore, that between 25-40% of all NSAID
users and 30-50% of elderly patients taking NSAID could be infected
with H pylori, and as a result, are at special risk of developing
peptic ulcers. The managment of ulcers in this large number of
patients is not only essential but might also need to be different
from that of other types of ulcers. It's effect on ulcer

complications, especially in the elderly, also needs to be clarified.

Despite the evidence for a low prevalence of H pylori in chronic
NSAID wusers, it has to be emphasised that the possible use of
NSAID to eradicate H pylori should not be considered, knowing that
such eradication might involve the impairment of the mucus layer

with its damaging consequences.

In conclusion, the evidence for a synergistic relationship
between NSAID and H pylori, despite being contested should not be
ignored because of its potential therapeutic implications. Also, the
suggestion that NSAID might influence the prevalence of H pylori
would indicate that the two factors are uncomfortable partners in

peptic ulcer disease.
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CHAPTER 3

3. NSAID-RELATED ULCERS AND ANTI-RHEUMATOID
SECOND-LINE DRUGS

3.1 INTRODUCTION

Many patients with rheumatoid arthritis need both NSAID and
second-line drugs for the treatment of their arthritis.
Gastro-intestinal side effects, previously studied on basis of patients
symptoms only, are the commonest cause of interrupting or even
discontinuing second-line therapy. The issue is also complicated by
the concurrent intake of NSAID. The studies included in Section VI
suggest that patients receiving NSAID and intramusclar gold
injections have a lower prevalence of peptic ulcers than those treated
with NSAID only or with other second-line drugs including
sulphasalazine, penicillamine, and hydroxychloroquine. The
prevalence of H pylori was also lower in patients treated with gold.
In light of these findings, Chapter 3 reviews the mechanisms of
interaction between gold and the gastric mucosa, and discusses their
implications for the management of NSAID-related ulcers in patients

with rheumatoid arthritis.
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3.2 HISTORICAL BACKGROUND

As some rheumatologists are rethinking the value of gold
therapy in rheumatoid arthritis (RA) (97-100) an increased interest
in this precious metal has occurred amongst gastroenterologists
(82,101-105, Chapter 11) because of its potential benefits in peptic

ulcer disease.

The varying degrees of interest in gold therapy, noted over the
years, has each time been linked to its antibacterial activity. Nearly
a centrury after gold was used in the treatment of tuberculosis (106)
and 60 years after its first use in the therapy of rheumatoid
arthritis (107), then thought to be tuberculous in origin, the drug
is now being reconsidered in the treatment of another infection:
Helicobacter (H) pylori (101-105), which has been linked to peptic

ulcer disease.

3.3 MECHANISMS OF INTERACTION BETWEEN GOLD AND THE

GASTRIC MUCOSA, AND THEIR THERAPEUTIC IMPLICATIONS

Not unlike its anti-rheumatoid activity, the effect of gold on the
gastric mucosa is still poorly understood. Its apparent protective
effects on the stomach are in contrast to those on the colonic mucosa
where it may cause colitis (108). Gold may affect factors involved in
the pathogenesis of peptic ulcer disease including gastric acid, H
pylori, and NSAID; and the protective factors, including mucosal
prostaglandins, bicarbonate secretion, and the mucus layer. These

factors cannot always be considered separately, as the individual
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patient might be infected with H pylori, receiving an NSAID with
decreased gastric prostaglandin synthesis, all of which increase the

risk of ulcer formation.

The effect of gold on gastric acid secretion has not been
studied. Despite its importance, the role of acid in the pathogenesis
of peptic ulcers in rheumatoid patients might not be critical, as many
RA patients tend to have hypochlorhydria (57). Also, the effect of
gold on gastric prostaglandins, mucus, and bicarbonate secretion
remains speculative. Since gold and bismuth are classified close to
one another in the periodic table of elements, it might be justifiable
to suppose that their mode of action might be similar (82,101,
Chapter 11). Colloidal bismuth subcitrate was found to have a
protective effect against aspirin-induced gastric microbleeding, and
this protection occurred despite suppression of mucosal prostaglandin
production by aspirin (33). In addition, colloidal bismuth subcitrate
was shown to stimulate gastric and duodenal alkaline secretion
through a prostaglandin dependent mechanism (92). Whether gold
possesses similar favourable properties to bismuth needs to be

investigated.

More is known about the interaction between gold, H pylori, and
NSAID than that between gold and other factors such as acid,
prostaglandins, and bicarbonate secretion. The low prevalence of H
pylori in rheumatoid patients treated with gold compounds might be
due to either a direct bactericidal effect, as shown by in_vitro
studies (101), or inhibition of H pylori urease activity (102), or
both. The failure of some studies to demonstrate any significant

effect of gold on H pylori colonization (103) could be explained by
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the difference in the methodology of detecting H pylori organisms:
unlike culture, histology, and the CLO-test, which involve gastric
biopsies, the specificity of some serological tests for H pylori might
be less reliable in RA (78, Chapter 4). The immunomodulatory
activity of gold is another mechanism by which this agent might
influence the survival of H pylori, and this is of particular relevance
to patients with RA. It has been observed that immuno-deficient
patients are less likely to be infected with H pylori possibly due to
impaired host cellular immune responses (109,110). Sulphaslazine,
known to have anti-arthritic activity comparable to that of gold, does

not seem to affect the prevalence of H pylori (105, Chapter 12).

Chronic suppression, rather than eradication of H pylori by gold
compounds, could also explain the small number of cases of
detectable organisms in biopsies taken from chronic gold users (105).
This implies that H pylori might recur or become more easily
detectable upon the withdrawal of gold therapy. The presumed
effect of intramuscular gold on H pylori (105) is thought to be due
to the distribution of gold into the gastric mucosa, gastric
secretions, or both. There have been no studies on gastric tissue
or juice levels of gold, but it could be speculated that such levels
might be higher if oral gold preparations are used, which in turn

might be more effective agains H pylori.

It has to be emphasized that the wuse of current gold
preparations to eradicate or suppress H pylori in non-arthritic
patients cannot be justified, at this stage. This is because of their
relative expense, potential toxicity, and the availability of safer

anti-H pylori drugs such as bismuth compounds, antibiotics, and
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more recently, the proton-pump inhibitors.

In conclusion, gold continues to be an intriguing precious metal
which has fascinating and complicated activities in biological systems.
An understanding of its effects on H pylori may yield useful
information germane to its mode of action in RA. Its
gastroprotective properties are a surprising and a welcome bonus to
RA patients whose stomachs are otherwise exposed to the insults of

their antirheumatic therapy.
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SECTION 1II
AIMS OF THESIS

It is obvious, as discussed in Chapters 1-3, that the
pathogenesis of NSAID-related peptic damage is still not fully
understood. There are several areas that need further clarification;
these include the possible interaction between NSAID and H pylori,
the effect of NSAID on the detection of H pylori, the histological
features of NSAID-related damage, the effect of NSAID on mucosal
blood flow, and the possible interaction between NSAID and

anti-rheumatoid second-line drugs.

The suggestion that NSAID-related ulcers occur more commonly
in patients infected with H pylori (Section I), makes it essential to
be able to detect these organisms accurately in patients taking
NSAID. The aim of Chapter 4 is, therefore, to assess the efficacy
of culture, histology, CLO-test, Helico-G, and Pyloriset tests in
identifying H pylori infection, in the presence or absence of NSAID,

using culture as standard.

Given the potential advantages of diagnosing H pylori by
serology, including speed, convenience, low cost, and labour saving,
Chapter 5 aims at evaluating a total of four serological tests in
patients taking NSAID. These include Biolab Malakit, Bio-Rad GAP
IgG, Helico-G, and Pyloriset tests. All three biopsy-related tests

are used as standard.

Chapter 6 assesses the ability of the Health Assessment

Questionnaire to predict NSAID-related ulcers in patients with
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arthritis. This is based on the hypothesis that patients with
debilitating joint disease might be at a greater risk of developing

NSAID-related ulcers.

Active chronic inflammation of the upper gastro-intestinal tract
has always been thought to play an important role in the
pathogenesis of peptic ulcer disease. The situation is not clear in
chronic NSAID users. Section IV aims at identifyingithe histological
abnormalities associated with NSAID intake in the stomach (Chapter

7), duodenum (Chapter 8), and the oesophagus (Chapter 9).

The interference with gastric mucosal blood flow is another
important side-effect of NSAID. Little is known about the duodenal
microcirculation in NSAID patients and it is not clear whether the
mucosal blood flow is affected by factors such as age, smoking, H
pylori, and active ulceration. Chapter 10 aims at investigating the
influence of these factors on gastric and duodenal blood flow in

patients receiving long term NSAID.

Since many patients with rheumatoid arthritis are treated with
both NSAID and second-line drugs, it might not be easy to explain
the source of gastro-intestinal complaints in such patients. The aim
of Chapter 11 is to identify the endoscopic abnormalities in patients
receiving NSAID only, or with gold, sulphasalazine, penicillamine,
and hydroxychloroquine. In addition, Chapter 12 investigates the
prevalence of both ulcers and H pylori in patients treated with

NSAID only or with gold and sulphasalazine: the latter two agents
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are known to have comparable anti-rheumatoid effect, and were
originally used for their presumed anti--microbial activity, in the

days when rheumatoid arthritis was thought to be of bacterial origin.
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INTRODUCTION

This section investigates the efficacy of a total of seven tests
used in the diagnosis of H pylori in the presence or absence of
NSAID: 3 biopsy-related tests (culture, histology, CLO-test), and 4
serological tests (Pyloriset, Helico-G, Biolab Malakit, and Bio-Rad
GAP IgG). It also tests the capacity of the Health Assessment
Questionnaire to predict NSAID-related ulcers in arthritic patients

taking NSAID.



54

CHAPTER 4

4 INFLUENCE OF NSAID ON THE EFFICACY OF DIAGNOSTIC
TESTS FOR H PYLORI

4.1 SUMMARY

Background: The efficacy of various tests used in the diagnosis
of Helicobacter pylori has not been fully established. Also, it is not
known whether the yield of such tests can be influenced by

non-steroidal anti-inflammatory drugs.

Aims: To evaluate the efficacy of culture, histology, CLO-test,
Helico-G and Pyloriset tests in diagnosing H pylori in the presence

or absence of NSAID.

Patients and Methods: Of 134 patients studied, 75 took NSAID
and 59 did not. At endoscopy, biopsies were taken for culture,
histology and CLO-test. Blood was also taken for ELISA (Helico-G)

and latex agglutination (Pyloriset) tests.

Results: The sensitivity, specificity, and predictive values of
histology and CLO-test, compared with culture, ranged between
90-97% regardless of NSAID intake. In patients not taking NSAID,
Helico-G had a sensitivity of 75% (p<0.05) and a specificity of 61%;
Pyloriset's sensitivity and specificity were, respectively, 63%
(p<0.05) and 67%. In patients taking NSAID the sensitivity of

Helico-G was 81% and its specificity was 45% (p<0.05); Pyloriset had
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a sensitivity of 61% (p<0.05) and specificity of 50% (p<0.05).
Conclusion: These findings suggest that H pylori is more
reliably diagnosed by culture, histology and CLO-test than by the
serological tests used in this study, especially in patients treated

with NSAID.

4.2 INTRODUCTION

The increasing realization of the importance of Helicobacter (H)
pylori in the development, treatment, and recurrence of peptic
ulceration (111-115) has made the identification of these organisms an
essential part of the investigation and management of peptic ulcer
disease. Several tests have been proposed including culture,
histology, wurease enzyme activity, and serological tests (79,
116-121). The value of such methods in general and the serological
tests in particular has not been fully established. Also, their
application to patients treated with non-steroidal anti-inflammatory
drugs (NSAID), who are at a particular risk of developing peptic

damage, has not been adequately investigated.

The aim of this study was to evaluate the efficacy of culture,
histology, urease activity (CLO-test), enzyme linked immunosorbent
assay (ELISA, Helico-G), Ilatex agglutination test (Pyloriset) in

diagnosing H pylori in the presence or absence of NSAID

4.3 PATIENTS AND METHODS

Patients, over the age of 18 years, were recruited from the
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Gastroenterology and Rheumatology clinics. NSAID had to be taken
for a minimum of 4 weeks prior to endoscopy. Patients were
excluded if they had a history of gastric surgery or if they had
received antibiotics or ulcer healing drugs within 2 weeks of

endoscopy.

Informed consent was obtained and endoscopy carried out, using
3-6mg midazolam intravenously for sedation, within 3 hours of taking
10ml of venous blood for serology tests. Biopsies were taken from
healthy looking mucosa in the gastric antrum and at least 2cm away
from the ulcer edge, in patients with ulcers, for culture (1biopsy),
histology (2 biopsies), and CLO-test (1 biopsy). In patients with
ulcers, biopsies were also taken from the ulcer edge and base to

exclude malignancy which, if found, excluded patients from the final

analysis.

H pylori was detected by culture and histology as previously
described (61). Gastritis was classified according to the Whitehead
system modified to cover chemical and lymphocytic gastritis

(23,72,122,123, Chapter 7).

Urease activity was tested for by inserting one antral biopsy,
immediately after it was obtained, into the gel pellet of the CLO-test
slide (Delta-West Ltd, Bentley, Western Australia). The slides were

reviewed for the positive red colouration at 3 and 24hours.

Serum IgG H pylori antibodies were measured using a quantitive
commercial IgG ELISA (Helico-G) according to the manufacturer's

instructions (Porton Cambridge, Maidenhead, UK). In summary, a



57

standard curve was prepared and 100ul serum aliquotes, dispensed
into microwell strips precoated with H pylori cell membrane-derived
antigen. The microwells were incubated at 37°C for one hour,
washed in buffer, and 100ul antibody conjugate added, to be
incubated again for 30 minutes and washed as above. Substrate
chromogen (100ul of tetramethylbenzidine was added, shaken for 10
minutes, and the reaction was then stopped using 50ul of 2M
sulphuric acid. Each microwell was then read at absorbance of
450nm in an ELISA reader (Labsystems, Uxbridge, UK). An
antibody level of 10 units or more was considered as indicative of

infection with H pylori.

To test for IgG H pylori antibodies by latex agglutination,
Pyloriset (Orion Diagnostica, Finland) was used. The test uses
latex particles coated with acid-extracted antigen of H pylori. A

drop (40ul) of patient's serum, already diluted 1:2 in

phosphate-saline buffer, was placed in the centre of the test slide,

and one drop of latex reagent was added to be mixed with the
serum. The test slide was then gently rotated for 3 minutes and
observed for evidence of agglutination. A positive result was taken
as white granules on a black background. In each series of tests

positive and negative sera were used as controls.

Statistical analyses included Chi-square (X®) test with correction
for multiple comparisons, analysis of variance, and McNemar's test
(124) where appropriate. Patients were endoscoped at random, and

all specimens carried code numbers to facilitate randomization.
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4.3 RESULTS

A total of 134 patients entered the final analysis: 75 took NSAID

and 59 did not. Their characteristics are shown in Table 2.

Patients in both groups were comparable in their ages, smoking
and drinking habits, and the occurance of abdominal complaints.
The details of NSAID and second-line drugs used by patients with
rheumatoid arthritis (NSAID group) are presented in Table 3.
NSAID taken by the majority of patients in this group are known for
their potent anti-inflammatory activitiy and relatively marked
ulcerogenic potential. The median duration of their intake was two

years.

Patients not treated with NSAID, who are positive for H pylori
according to various tests, are shown in Table 4. They are
subgrouped according to the presence or absence of symptoms, and
to their endoscopic and histological findings. Similar numbers of H
pylori positive patients were identified by culture, histology, and
CLO-test in various subgroups. Although such numbers were
greater but not significantly different from those identified by the
serological tests, the latter included more false positive cases which

in turn resulted in lower specificity, as will be seen in Table 7.

H pylori positive patients in the NSAID group, classified
according to their symptoms and endoscopic findings, are shown in
Table 5. The serological tests, Helico-G in particular, diagnosed
greater numbers of H pylori positive patients receiving NSAID but

the significance of this finding is limited by the low specificity of
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such tests (see below). It is also worth noting that patients treated
with NSAID had a total of 30 cases of ulcers or erosions (30/75,40%),

and only 18 of these (18/30, 60%) were associated with abdominal

complaints.

The histological abnormalities in patients receiving NSAID and
the corresponding numbers of H pylori positive cases are presented
in Table 6. The major abnormality was that of chronic superficial
gastritis, followed by chemical gastritis. H pylori was identifed in
more than 60% of cases of chronic superficial gastritis by all tests
used, with the greatest proportion (83%) diagnosed by Helico-G test.
Six of 11 cases (54%) of chemical gastritis were associated with
peptic damage, compared with 18 of 36 (50%) with H pylori, and 6 of

29 (21%, p<0.05) in patients without chemical gastritis or H pylori.

The sensitivity, specificity, and the predictive values of various
tests, compared with culture, are summarized in Table 7. Histology
and CLO-test> had the highest sensitivity, specificity, and predictive
values, regardless of NSAID intake. Helico-G and Pyloriset tests
had their lowest specificity and negative predictive values in patients
treated with NSAID. Compared with Pyloriset, Helico-G had higher
sensitivity and positive predictive values but lower specificity and

negative predictive values, in the presence or absence of NSAID.

Using culture, histology and CLO-test, the prevalence of H
pylori in the NSAID group was 43-48% compared with 64-69% in
patients not treated with NSAID (p<0.01). No significant differences
were detected using Helico-G or Pyloriset tests. Also, H pylori IgG

titres measured by Helico-G in patients taking NSAID were comparable
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to those in patients not receiving such drugs. Of 15 patients
treated with gold and NSAID 5 were positive for H pylori by
culture, and this did not alter the interpretation of the above
mentioned findings. The presence or absence of rheumatoid factor
did not seem to influence the sensitivity or specificity of the

serological tests used in this study.
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TABLE 2 PATIENTS' DEMOGRAPHIC DETAILS

Patients Patients

On NSAID Not on NSAID Total
Number 75 59 134
Males 22 18 40
Females 53 41 94
Age (years)
Median (interquartile

56 47 53

ranges) (44-66) (36-65) (39-65)
Smokers 27 21 48
Drinkers 34 33 67
Abdominal
symptoms 36 39 75



TABLE 3. TYPES OF NSAID AND SECOND-LINE DRUGS USED

NSAID:
Indomethacin 17
Naproxen 9
Fenbufen 8
Diclofenac 7
Ketoprofen 6
Ibuprofen 6
Piroxicam 5
Flurbiprofen 5
Nabumetone 5
Others 6

Second-line Drugs:

Sulphasalazine 15
Sodium aurothiomalate 15
Hydroxychloroquine 7

Penicillamine 5

62
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4.3 DISCUSSION

This study shows that culture, histology and CLO-test have
comparable sensitivity, specificity, positive and negative predictive
values in diagnosing H pylori infection. Such characteristics do not
seem to be influenced by treatment with NSAID. On the other hand,
Helico-G and Pyloriset were less discriminatory, and the intake of
NSAID was associated with lower specificity and negative predictive

values with both of these serological tests.

Detecting H pylori in gastric biopsy specimens may be influenced
by sampling errors (125). It is believed that this has been
minimised by studying multiple his%ological sections made through
each specimen and by assessing additional samples by culture and
CLO-test as well as histology. The minimal differences in the
sensitivity and specificity between these 3 methods can be explained
by the presence of very few organisms in some biopsies, and this
would be detected as a light growth by culture. On the other hand,
the higher number of false positives diagnosed by the serology tests
probably reflects previous infection with H pylori (126,127). The
sensitivity of Helico-G found in this study is comparable to that of
another report (120). However, it was not possible to confirm the

sensitivity and specificity levels of Pyloriset, recently reported (121)

To the author's knowledge, all H pylori diagnostic tests have
been assessed in patients not treated with NSAID. There is
evidence to indicate that the natural history of peptic ulceration can
be altered by such agents. Firstly, although more than 30% of

NSAID takers might develop peptic damage (42,12), many such
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lesions can be completely asymptomatic, as shown by this study and
others (81). Secondly, NSAID seem to reduce the prevalence of H
pylori infection, as suggested by data contained in this Thesis and
elsewhere (23,75,83,84, Chapter 7. Such features of
NSAID-induced peptic damage might limit the value of finding a
positive IgG-related serological test in predicting ulcer disease in the
presence or absence of abdominal complaints (79). This needs to be
taken into consideration especially when serological testing is not
supplemented with endoscopic, culture, or histological assessments

(129).

The reason for the low prevalence of H pylori in the presence of
NSAID remains a matter of speculation. It could be due to a direct
toxic action against the organisms, or indirectly related to the
effect of NSAID on the gastric mucosa. Aspirin and indomethacin
were found to increase basal (13) and maximally stimulated gastric
acid secretion (14,15). Aspirin (16) and indomethacin (17) were also
shown to inhibit mucus secretion. This rise in gastric acid and the
interference with the mucus layer by NSAID might in turn make it
difficult for H pylori organisms to survive under such unfavourable

conditions.

The median duration of NSAID intake in this study was two
years. Assuming that some patients became negative for H pylori
during such period, the behaviour of their serum antibody titres
could not be predicted as the precise time of their converstion was
not known. Recent studies have suggested that such titres might

fall (130) or remain unchanged (126).
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In this study, chemical gastritis was only found in patients
receiving NSAID. H pylori IgG antibodies were detected in patients
with chemical gastritis (5/11,45%) while the presence of H pylori
organisms was confirmed in only one of these cases. This
discrepancy between the serological and biopsy tests might again
support the suggestion that the positive serology reflects previous
infection with H pylori which could have been eradicated, or at least

altered, by NSAID intake (23,75,83,84, Chapter 7).

NSAID related peptic ulcers or erosions were found in 54% of
patients with chemical gastritis and 50% of those with H pylori,
compared with only 21% of other patients in the NSAID group. This
is in agreement with other findings in this Thesis suggesting that
the prevalence of NSAID-induced peptic damage appears to be
increased by the presence of chemical gastritis or H pylori (23,

Chapter 7).

In coxiclusion, culture, histology and CLO-test have comparable
sensitivity and specificity that do not seem to be influenced by
NSAID intake. However, IgG antibody serology tests (Helico-G and
Pyloriset) appear to be less useful than the above tests involving
the use of gastric biopsy specimens. Such differences are further
emphasised in patients treated with NSAID. The use of improved
serological tests should still be considered because of their

non-invasive nature, low cost, time and labour saving potential.
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CHAPTER 5

5 EFFECT OF NSAID ON THE SERODIAGNOSIS OF H PYLORI

5.1 SUMMARY

Background: The host's humoral immune response to
Helicobacter pylori has been utilized in the diagnosis of active
infection with these organisms. Several commercial tests have
become available, but the assessment of their efficacy has relied on

few and unconfirmed reports, and in the absence of NSAID.

Aims: To assess and compare the efficacy of the following H
pylori serological tests in patients treated or not treated with
NSAID: Biolab Malakit, Bio-Rad GAP test IgG, Pyloriset Latex, and

Helico-G tests.

Methods: Venous blood was tested at random in 124 patients: 64
received NSAID and 60 did not. H pylori IgG antibodies were
detected by Latex agglutination (Pyloriset), or by ELISA (the
remaining tests). Endoscopic gastric ﬁntral biopsies were also
obtained for urease-activity, culture, and histology: detection of H
pylori by at least two of them was considered as a true positive, and

its absence in all biopsies as a true negative.

Results: The sensitivity values in the presence (or absence) of
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NSAID were: Pyloriset Latex, 59% (60%); Helico-G, 79% (74%); Biolab
Malakit, 85% (81%); and Bio-Rad GAP Test IgG, 100% (95%). The
respective specificity values were: 50% (71%), 47% (59%), 50% (65%),

and 30% (29%).

Conclusion: Bio-Rad GAP test IgG has the highest sensitivity
and the lowest specificity values, regardless of NSAID intake.
However, the sensitivity of the other tests is less than that of the
standard biopsy-related tests and their specificity is even lower in

chronic NSAID users.

5.2 INTRODUCTION

It is increasingly realised that the systemic immune response to
Helicobacter (H) pylori infection confers no protection against the
organisms, and its presence is of diagnostic value only (131).
Several methods have been used to detect such responses including
agglutination, complement fixation, and enzyme linked immunosorbent
assay (ELISA) (116,119,121,132-135, Chapter 4). The low cost and
convenience of these techniques encouraged some workers to
recommend their use in the diagnosis and managment of H pylori
associated ulcers, without the need for endoscopy (79,80). Because
of their diagnostic and therapeutic significance, increasing numbers
of commercial serological tests are being introduced. The validity of
such tests has, however, been assessed by few and unconfirmed
studies, in the absence of NSAID, and direct comparison between
them has been lacking. Recent evidence indicates that the
prevalence of NSAID related ulcers is higher in patients infected

with H pylori (23,75,129, Chapter 7), which emphasizes the need for
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accurate diagnosis of this infection in such patients, and that the
specificity of some serological tests can be influenced by NSAID (78,

Chapter 4).

The aim of this study is to evaluate the efficacy of four newly
introduced commercial tests (Pyloriset Latex, Helico-G, Biolab
Malakit, and Bio-Rad GAP Test IgG) in diagnosing H pylori in

patients with or without a history of chronic NSAID intake.

5.3 PATIENTS AND METHODS

Patients with adult rheumatoid arthritis (the NSAID group) were
recruited from the Rheumatology Out-Patient Clinic provided they
had taken their NSAID for at least four weeks. The rest of the
patients were recruited from the Gastroenterology Out-Patient Clinic,
where they had presented with transient or persistent abdominal
complaints. They were excluded if they had been treated with
steroids, cytotoxic drugs, antibiotics, anti-ulcer drugs, or if they

had a history of gastro-duodenal surgery.

Venous blood, 10ml, was taken for serology tests and patients
were endoscoped at random using 4-6mg midazolam for sedation, after
giving an informed consent. A total of four gastric antral biopsies
were taken for histology (two specimens), culture (one specimen),
and CLO-test (one specimen). Ulcers were also biopsied to exclude

malignancy.

H pylori was identified by culture and histology as previously

described (61). The classification of gastritis was according to the
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Whitehead system modified to include the newly described entities of

lymphocytic and chemical gastritis (23,72,123, Chapter 7).

The CLO-test (Delta-West Ltd., Bentley, Western Australia) was
carried out by placing the antral biopsy specimen into the gel pellet,
and reviewing the slide for the positive red coloration at 3 and 24

hours (78, Chapter 4).

The Pyloriset Latex (Orion Diagnostica Finland) and the Helico-G
(Porton Cambridge, Maidenhead, UK) tests were carried out
according to the manufacturer's instructions and as recently
described (78, Chapter 4). The Pyloriset detects IgG antibodies by
agglutination, using Latex particles coated with acid-extracted
antigen of H pylori. The Helico-G test uses ELISA to measure IgG

antibodies directed against H pylori cell membrane-derived antigen.

ELISA was also used to detect IgG antibodies against two more
partially purified antigens: H pylori urease antigen, by Biolab Mlakit
(Biolab, Limal, Belgium), and H pylori outer membrane antigen, by
Bio-Rad GAP test IgG, (Bio-Rad Chemical Division, Richmond, CA,
USA). Both tests were also carried out according to the
manufacturers' instructions. The Biolab Malakit test involved
incubating the diluted samples and controls in microwells precoated
with H pylori antigens at 37°C for 45 minutes, to form an H pylori
antigen-antibody complex. The unbound components were washed
off. An anti-IgG, coupled peroxidase conjugate, was then added
and incubated, the unbound conjugate washed off, a substrate added
and also incubated, and the reaction was finally stopped with NaOH.

the absorbance was read at 405nm, with the intensity of the green
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coloration being proportional to the amount of anti-H pylori
antibodies in the sample. A sample was considered positive for H
pylori if its optical density was higher than the limit of normal
value, specified by the manufacturer. In Bio-Rad GAP test, 100ul
of standards, controls and diluted patient samples were pipetted into
the relevant microwells, and incubated for 60 minutes at 25°C. The
contents were then disgarded, the wells washed with the wash buffer
solution and blotted on a paper towel. Anti-IgG enzyme conjugate
solution was added after blue colour development, and absorbance
was read at 450nm. A standard curve was constructed, and a
sample was considered positive for H pylori if its antibody

concentration was greater than 17 units.

A true positive was defined as a patient who had H pylori
identified by at least two of the biopsy-related tests (histology,
culture, and CLO-test), while a true negative was one who did not
have H pylori diagnosed by any of such tests. Patients were
excluded when H pylori was found by only one of the three

biopsy-related tests.

Sensitivity was defined as the frequency of a positive test in all
subjects with H pylori infection, and specificity was the frequency of

a negative test in those without the infection.

Statistical analyses involved the Chi-square (X?) and McNemar's
test (124) with correction for multiple comparisons, where
appropriate. All specimens carried code numbers, and were assessed
under randomised conditions. The study was approved by the local

Ethics Committee.
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5.4 RESULTS

Four of 128 patients studied were excluded because H pylori was
identified in their histological specimens only, and could not be
confirmed by culture or CLO-test. The remaining 124 patients

entered the final analysis: 64 took NSAID and 60 did not.

The demographic details of patients are shown in Table 8. Both
groups of patients were comparable in their age, smoking, and
drinking habits, but patients not treated with NSAID were more

likely to have abdominal complaints. The median duration of NSAID

intake was 2.5 years.

Table 9 demonstrates the prevalence of H pylori, as detected by
the various tests, in patients with histological and endoscopic
abnormalities. n Chronic superficial gastritis was the commonest
histological abnormality regardless of NSAID intake: similar numbers
of patients with this abnormality, who were also positive for H
pylori, were identified by Helico-G and Biolab Malakit as compared
with the standard (or biopsy-related) tests. However, Pyloriset
Latex identified the lowest number and Bio-Rad GAP test diagnosed
the highest number of patients with both H pylori and chronic
superficial gastritis. Chemical gastritis was found more commonly in
patients receiving NSAID: H pylori organisms were seen in only one
of nine patients, using the standard tests, but there were 5-6
seropositive cases with this histological entity. Also, a total of 19
patients treated with NSAID (29%) were found to have peptic ulcers,
compared with seven (11%) in the absence of NSAID. Erosions were

only found in patients taking NSAID. Almost all ulcers and erosions
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were positive for H pylori by the serological tests.

The overall efficacy of the serological tests, in diagnosing H
pylori infection, is shown in Table 10 and Figures 1 and 2.
Helico-G and Biolab Malakit had a similar efficacy. However,
Bio-Rad GAP test had the highest number of true and false
positives, and as a result, the highest sensitivity and the lowest
specificity regardless of NSAID intake. The specificity of Pyloriset
Latex, Helico-G, and Biolab Malakit was lower in the presence of
NSAID. Pyloriset Latex had the lowest sensitivity and highest

specificity in patients not taking NSAID.

it is worth noting that the prevalence of H pylori in patients
treated with NSAID was 34/64, 53%, compared with 43/60, 72%
(p<0.05), in patients not taking NSAID, using the standard tests, as
shown in Table 10. The differences did not reach statistical
significance when the findings of the serological tests were compared

in the presence or absence of NSAID.

H pylori was identified in the gastric biopsies of six out of 17
rheumatoid patients (35%) receiving long-term gold injections plus
NSAID, which is only two subjects less than the expected prevalence
in such subgroup had they taken NSAID only: this did not alter the

overall statistical analyses of the study.



TABLE 8

PATIENTS' GENERAL CHARACTERISTICS

On NSAID
Number 64
Males 18
Females 46
Age (years) median 55

(interquartile range) (43-65)

Smokers 25

Drinkers 31

Abdominal symptoms 25

Not on NSAID

60

19

41

50

(38-65)

21

34

39
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Legends to Figures 1 and 2

The sensitivity (Figure 1) and specificity (Figure 2) of the

serological tests in the presence or absence of NSAID.

*: p € 0.05 compared with the standard biopsy-related tests.



* :

[WEN

(%) AuAmisusg



08

*

(%) Anoyroads



81

5.5 DISCUSSION

This study shows that the sensitivity and specificity of three
commercial serological tests (Pyloriset Latex, Helico-G, and Biolab
Malakit) are lower than those of the standard biopsy-related tests
(culture, histology and CLO-test). The specificity values of the
above serological tests are also lower in patients receiving long-term
NSAID. The sensitivity of a 4th serological test, Bio-Rad GAP test
IgG, is identical to that of the standard tests but it specificity is

significantly lower.

Several factors have recently been identified as being capable of
influencing the performance of H pylori serological tests: these
include patients' age, their histological findings, H pylori antigens,

and, as suggested by this study, NSAID intake.

H pylori infection and seropositivity have been shown to increase
with age (96,136) although the immunological responses, in general,
might be reduced in the elderly (137). Age is unlikely to have
influenced the findings or the conclusions of this study, because all
tests and comparisons were carried out on the same group of

patients.

Patients with certain histological abnormalities might be
seropositive for H pylori despite the failure to identify the organisms
in their gastric biopsies. This is particularly true for cases of
chemical gastritis, as shown by this study and by others (135), and
might explain, at least in part, the reduced specificity of serology in

NSAID patients, who have a higher prevalence of chemical gastritis
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(13,22). Similar findings have also been reported in patients with
chronic atrophic gastritis (138,139) which suggests that they have
been infected with H pylori at some point in their lives. Atrophic
gastritis was found in three patients in this study and is, therefore,

unlikely to have influenced its results.

The development of serological assays for antibody responses to
H pylori antigens has been complicated by the fact that H pylori
organisms share antigens with other bacterial species, such as
Campylobacter jejuni (140,141). A relatively high frequency of
false-positive and false-negative results has been observed in studies
using whole extracts of H pylori as antigens (87,132,136,140,141).
More recently, higher sensitivity and specificity values have been
reported when antibodies were raised against certain components of
H pylori organisms such as partially purified urease enzyme or high
molecular weight cell-associated proteins (119), and the 25-kilodalton
antigen of H pylori (142). Another factor that needs to be
considered is the fate of the antibody titres once their formation has
been triggered by one or more of H pylori antigens. It has been
suggested that a considerable number of healthy people previously
infected with H pylori might remain seropositive despite the
spontaneous elimination of the organisms (126). This supports the
hypothesis that H pylori colonisation is a dynamic process with an
active phase of infection and subsequent elimination of the bacteria
in at least a proportion of infected people (126). Long-term
serological surveillance studies have also found that in most patients
without any detectable organisms, 12 months after anti-H pylori
therapy, both specific IgA and specific IgG antibody values were

lower but had not yet returned to the normal range (130). These



83

observations, like chemical gastritis, might also help understand the
low specificity of the serological tests in this study especially in
patients treated with NSAID, who have a low prevalence of H pylori.

Very few studies have been published on the evaluation of the
serological tests described in this Chapter. Despite being directed
against relatively specific components of H pylori, their sensitivity
excluding that of Bio-Rad GAP Test, and their specificity values are
lower than some of the recently published data. The findings with
respect to Pyloriset Latex are similar to those of another report
(143), but lower than the values described by another study (121),
for unexplained reasons. The sensitivity and specificity of Helico-G
in this study are also comparable to those of another (120), but it is
worth noting that some workers (79) had to modify the
manufacturer's instructions in order to improve the performance of
Helico-G test. Some authors (119) have reported high sensitivity
and specificity values for an ELISA test which, like Biolab Malakit,
detects antibodies against partially purified urease antigen.
However, the same test (119) has been used by another group of
workers (139) who found that 25 out of 124 patients studied (20%)
were seropositive for H pylori despite the absence of the organisms
in their gastric biopsy specimens; 20 of the 25 false positive cases

had atrophic gastritis (139).

The sensitivity of Bio~-Rad GAP test IgG described in this study
is almost identical to that found by another group (135), but the
lower specificity could be explained by one or more of the following:
their reliance on histology as a standard, which might be difficult to
interpret in the presence of very few organisms; the exclusion from

their study of patients with chronic superficial or atrophic gastritis
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in whom H pylori was not identified, thus reducing the number of
true negatives; the relatively high number of cases of chemical
gastritis in their H pylori negative group without specifying whether
such patients had been treated with NSAID; and the presence in
their H pylori positive group, of more patients with chronic atrophic
gastritis (117 out of 160, 73%), which might have been paralleled by

a rise in the number of false positive cases (138,139).

The lower specificity of Pyloriset Latex, Helico-G, and Biolab
Malakit in NSAID patients could be explzined by the presence of
chemical gastritis (23,71,72,135, Chapters 4,7) and the low
prevalence of H pylori in such patients, as found by this study and
others (23,83,85). The latter could be related to the impairment, by
NSAID, of the gastric mucus layer, which is considered as the
natural habitat of H pylori organisms (23). However, when these
bacteria persist in the presence of NSAID, it has been suggested
that the damaging effects of NSAID might become intensified (23,129,
Chapter 7). Therefore, accurate diagnosis of H pylori in such
patients is, at least, as important as it is in patients not taking

NSAID.

In conclusion, this study has evaluated the efficacy of four
commercial serological tests in comparison with standard
biopsy-related tests. Despite having high sensitivity, Bio-Rad GAP
Test IgG has been found to have low specificity. Pyloriset Latex,
Helico-G, and Biolab Malakit all had relatively low sensitivity and
specificity, the latter being even lower in the presence of NSAID.
These results could be related to the histological findings, the

dynamic nature of H pylori infection, the types of the antigens
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tested, NSAID intake, or due to some weaknesses in the
manufacturers' instructions. These factors have to be considered in
order to improve the reliability of serodiagnosis because of the
potential advantages of such methods in identifying active H pylori

infection.
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CHAPTER 6

6. PREDICTION OF NSAID-RELATED PEPTIC ULCERS USING THE
HEALTH ASSESSMENT QUESTIONNAIRE

6.1 SUMMARY

Background: Patients with disabling manifestations of arthritis
might be at a greater risk of developing NSAID-related peptic

ulcers, as their advanced disease might require more aggressive

therapy.

Aims: To assess the possiblity of a relationship between the
degree of physical disability in arthritic patients and non-steroidal

peptic ulceration.

Methods: Patients were endoscoped immediately after performing
their arthritic functional assessments. The Health Assessment
Questionnaire was used and patients were classified into three main

groups: I, scoring 0-1; II, 1.1-2; and III, 2.1-3.

Results: Ulcers, found in 36 out of 89 patients studied (36/89,
40%), were distributed as follows: 15/22 (68%) in group III compared
with 9/28 (32%) in group I (X®=5.2, p<0.02), and 12/39 (31%) in

group II (X2=7.24,p<0.01).
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Conclusion: Patients with debilitating arthritis appear to have a
higher prevalence of non-steroidal peptic ulceration. This finding
might be relevant to the process of selecting patients for

prophylactic anti-ulcer therapy.

6.2 INTRODUCTION

The link between peptic ulcers, or their complications, and
non-steroidal anti-inflammatory drugs (NSAID) has been emphasized
by several studies in recent years (42,95,144,145). Evidence of
peptic damage can be found in more than 30% of patients receiving
NSAID (42,128). The predisposing factors for NSAID-related peptic
ulcer are not fully understood, and it is not known whether the
likelihood of developing such ulcers is influenced by the degree of
physical disability in arthritic patients. .The Health Assessment
Questionnaire (H.A.Q) has been widely accepted as a useful tool for
measuring the functional outcome of arthritis (146-148). Using
H A Q and endoscopy, this study tested the possibility that the
prevalence of peptic ulcers varies amongst different functional

groups of arthritic patients being treated with NSAID.

6.3 PATIENTS AND METHODS

Patients with osteoarthritis or rheumatoid arthritis, diagnosed
according to the criteria of the American Rheumatism Association
(149) were recruited provided they were 18 years or over, and took
NSAID for a minimum of 4 weeks. Second-line drugs were allowed if

they were started at least 6 months before the study. Patients were
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excluded if they had previous gastric surgery or if they took ulcer

healing drugs, steroids or cytotoxic agents.

The degree of physical disability was assessed using H A Q
(146-148) (Figure 3) which in turn investigated patients' ability to
dress themselves, rise, eat, walk, maintain their hygeine, reach,
grip, perform other activities (shopping, getting in and out of a
car, vacuuming and light gardening), and their need to use aids or
supportive devices. Patients were classified into 3 main functional
groups: group 1,‘ capable of performing the above fuctions with some
or no difficulty (scoring 0-1); group II, finding much diffic;ulty
(scoring 1.1-2); and group III, in need of several devices or unable
to carry out the above functions (scoring 2.1-3). Patients'joints'
pain was evaluated on a 4-point scale: none, mild, moderate and

severe.

Informed consent was obtained and endoscopy was carried out
within 2 hours of performing the functional assessment. The
endoscopist was not aware of the functional scores. At endoscopy,
sedation was achieved wusing 4-8mg midazolam intravenously.
Biopsies were taken from the ulcer edge and base to exclude
malignancy, and from the gastric antrum to check for Helicobacter
(H) pylori by histology and bacteriology, as previously described
(61). An ulcer was defined as a three-dimensional interruption in

the mucosa measuring at least 3mm in diameter (41).

Statistical tests included the Chi-square (X?) test, the
Mann-Whitney, multivariate and logistical regression analyses, where
appropriate.

The study was approved by the local Ethics Committee.
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6.4 RESULTS

Eighty-nine patients were studied. They were classified as
follows: 28 in group I, 39 in group II and 22 in group III. Their
demographic details are shown in Table 11. Patients were
comparable in their age, weight, and serum albumin levels. Weight
and serum albumin were used as a rough estimate of patients
nutritional status. There were no signiciant differences in the
number of smokers amongst the various groups. Group I contained
relatively more males and alcohol drinkers, while patients in group

III were more likely to have abdominal complaints.

The duration of arthritis did not differ significantly amongst the
study groups, as shown in Table 12. Group III patients tended to
have severe joint pain; they also had higher erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP). Similar
NSAID and second-line agents were taken by comparable numbers of
patients in all groups (Tables 12 and 13). The doses and duration

of NSAID used were also similar.

The prevalence of peptic ulcers was higher in group III (Table
14), but the prevalence of H pylori and the histological findings

were similar amongst the various groups.

Peptic ulcers described in this study were found in the gastric
antrum and the first part of the duodenum. They were distributed
as follows 5 gastric (4 duodenal) in group I, 8 (4) in group II, and

10 (5) in group III.
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The differences in the prevalence of peptic ulcers remained
significant even after allowing for minor variations in the
demographic characteritics of patients, as tested by the multivariate

and logistical regression analyses.
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FIGURE 3

The nature of the Health Assessment Questionnaire. It is
specially designed for wuse in ostecarthritis and rheumatoid
arthritis, and provides an overall "Disability Index" from O (no
disability) - 3 (complete dependence on others). It may be used to
estimate the impact of arthritis on daily living. It may also help
to assess changes in disease activity over several months, or to

monitor disease progression year by year.

The overall score for the index is the mean of the 8 numbered
sections taken together. The score for each section is that of the
worse response to any of the questions in that section. The score
for each response is: without any difficulty = 0, with some
difficulty = 1, with much difficulty = 2, and unable to do = 3. 1If
appliances or devices or help from another person is required for
activities within a section (indicated at the bottom of each page),
then that section scores at least 2 (it may score 3 if the patient's

response was "unable to do").
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6.5 DISCUSSION

This study suggests that arthritic patients with the greatest
degree of functional disability, as measured by H A Q have the
highest prevalence of peptic ulcers. Recent studies have indicated
that NSAID-induced ulcers were found more frequently in smokers
(42), in patients receiving stronger NSAID (150) and in those
infected with H pylori (23,84, Chapter 7). Such wulcers were,
however, less frequent in patients receiving gold therapy (82,
Section VI). These observations are unlikely to explain the findings
of this study: patients in the various functional groups were
comparable in their age, smoking habits, NSAID, second-line drugs,
and the prevalence of H pylori. Another factor that has recently
received attention, because of its correlation with NSAID-related
peptic ulceration, is that of chemical gastritis (23,71, Chapter 7).
This has also occured almost equally in the three functional groups.
The similarity in patients' weights and serum albumin levels makes it
unlikely for the results to have been influenced by any significant

degree of malnourishment.

It could be argued that patients in group III had more ulcers
because their NSAID intake might have been greater as a result of
the higher activity of their arthritis. However, it is difficult to see
how this would explain the similarity in the prevalence of ulcers in
group I and II, who had different degrees of disease activity as
suggested by the ESR and joint pain evaluations. Moreover, no
significant differences were found in the doses or duration of NSAID
taken by the various groups, as shewn in Table 13. Alternatively,

it could be speculated that the poor functional outcome of arthritis
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might be associated with weakening of mucosal defences by stress,
acid, disturbance in mucosal blood flow or prostaglandin production,
or by as yet unknown mechanism. The relative immobility of group
III patients could also be associated with poor gut motility and
delayed gastric emptying which in turn might increase the risk of
NSAID-induced ulcers. Such speculations will obviously need to be

verified by further investigations.

In order to prevent NSAID-related peptic ulcers, prophylactic
anti-ulcer therapy has been suggested for patients receiving such
drugs (41). Concerns about the cost and side-effects of long-term
anti-ulcer agents have lead to calls for targeting patients who would
benefit most from such prophylactic treatment (151). It is believed
that this process might be facilitated by the use of H A Q: arthritic
patients with severe physical disability, as assessed by H A Q, have

a higher prevalence of peptic ulceration.



SECTION IV
NSAID-RELATED HISTOLOGICAL CHANGES IN THE
UPPER GASTROINTESTINAL TRACT
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INTRODUCTION

Very little is known about the effect of NSAID on the histology
of the upper gastro-intestinal tract. The importance of this issue
relates to its potential to clarify several aspects of the pathogenesis

of NSAID-related damage.

Chapters included in Section IV study the histological changes in
the stomach, duodenum, and oesophagus in the presence or absence

of NSAID, in patients with or without local ulceration.



100

CHAPTER 7

7. NSAID AND THE GASTRIC MUCOSA

7.1 SUMMARY

Background: The stomach is the commonest site of both
NSAID-related ulcers and H pylori infection. It is not known
whether NSAID can cause a specific form of inflammation or "chemical

gastritis", similar to that caused by other chemicals such as bile or

alcohol.

Aims: To evaluate the prevalence and significance of chemical
gastritis, in comparison with gastritis related to Helicobacter pylori

in patients receiving NSAID.

Methods: Patients with or without a history of chronic NSAID
intake were studied. Endoscopic biopsies were taken for histology
and to test for H pylori. Chemical gastritis was defined as the
presence of foveolar hyperplasia, vasodilatation, oedema, paucity of

inflammatory cells, and the presence of muscle fibres in the lamina

propria.

Results: 218 patients were studied: 174 took NSAID and 44 did
not. Chemical gastritis was found in 46 patients (26%) in the NSAID
group, and 3 (7%) in subjects not on these drugs (p<0.01). H

pylori was detected in 56 subjects (32%) on
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NSAID compared with 22 (50%) in subjects not taking these agents
(p€0.02). In the NSAID group, ulcers were found in 16 out of 72
patients (16/72, 22%) without H pylori or chemical gastritis compared
with 27/56 (48%) of patients with H pylori related gastritis (p<0.01),

and 25/46 (54%) of patients with chemical gastritis (p<0.001).

Conclusion: NSAID related peptic ulcers appear to occur more
commonly in patients with chemical gastritis or H pylori related
gastritis. Also, patients on NSAID have a greater prevalence of
chemical gastritis but lower prevalence of H pylori than those not

taking these drugs.

7.2 INTRODUCTION

The effect of non-steroidal anti-inflammatory drugs (NSAID) on
gastric histology is not fully clear. Recent studies (73,74) have
reported some histological changes similar to those encountered in
patients with previous gastric surgery (72). They consisted of
foveolar hyperplasia, vasodilatation, oedema, lack of inflammatory
cells, and the presence of muscle fibres in the lamina propria.
These features were initially called "reflux gastritis", referring to
the effect of bile reflux on the post-operative stomach (72). Since
other chemicals, such as NSAID, were also thought to be involved in
the intact stomach, the terms type C or "chemical" gastritis were
proposed (71). The aim of this study was to evaluate the
prevalence and significance of chemical gastritis, in comparison with
gastritis related to Helicobacter (H) pylori, in patients taking

NSAID. This could also clarify the interaction that might exist
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between H pylori and NSAID in the gastric mucosa.

7.3 PATIENTS AND METHODS

Patients with adult onset rheumatoid arthritis were recruited
from the Rheumatology Clinic provided they had taken NSAID for a
minimum of 4 weeks, and excluded if they had received anti-ulcer
therapy, antibiotics, or cytotoxic drugs. Patients not on NSAID
were also accepted provided they had not taken these agents or any
of the drugs mentioned above for at least a month. Subjects with a
history of previous gastric surgery were excluded. All patients
were asked about their alcohol intake. This was considered heavy if

the subject took 10 or more units per week.

Informed consent was obtained and endoscopy performed after
the administration of 5-15mg diazepam intravenously. The endoscopic
findings were graded as follows: 0, normal or minor erythema; 1,
1-5 erosions; 2, 6-10 erosions; 3, frank ulceration measuring at least

5mm in diameter.

An average of 3 biopsy specimens were obtained from healthy
looking mucosa in the gastric antrum of each subject. They were
fixed in 10% formalin/saline and processed routinely. Cuts were
made at 3 levels in the paraffin wax sections, which were then
stained with haematoxylin and eosin. Further sections were also

made and treated with cresyl violet to help identify H pylori.

The findings in each set of biopsies were graded twice: firstly,

according to the Whitehead classification of gastritis (122) modified to
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cover the newly described entity of lymphocytic gastritis (123), and
secondly, according to a system modified from Dixon et al. for the
diagnosis of chemical gastritis (72). Features of the modified
Whitehead gastritis (Figures 4,5) included neutrophilic infiltration,
chronic inflammatory cells, lymphocytic aggregates, intestinal
metaplasia and gland atrophy. Their degree was graded on a four
point scale: 0, absent; 3, severe. A similar scale was applied to the
following features of chemical gastritis (Figure 6): (i) the degree of
foveolar hyperplasia, (ii) the degree of oedema and the prominence
of muscle fibres in the lamina propria, (ili) the degree of
vasodilatation and congestion, (iv) the inverse of the number of
neutrophils (absence scoring 3), and (v) the inverse of the number
of plasma cells (absence again scoring 3). Patients scoring 8 or
more by the chemical scores were considered to have chemical

gastritis.

Two further biopsies were taken from the gastric antrum of each
subject, and examined for the presence of H pylori by both histology

and bacteriology, as previously described (61).

Statistical analyses: Chi-square (X®) test with Bonferroni
correction for multiple comparisons was used. Spearman's coefficient
was also used to test for the correlation between the endoscopic and
histological scores. The pathologist, and bacteriologist were unaware
of patients' drugs. Code numbers were used to facilitate

randomization of biopsy specimens.
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FIGURE 4

Antrum of stomach: Chronic superficial gastritis, typical of
Helicobacter related gastritis. It shows foci of active gastritis with

degradation of the surface epithelium. HE X 235.
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FIGURE 5

Antrum of stomach: Lymphocytic gastritis. There is a

pronounced increase in lymphocytes in the surface and foveolar |

epithelium. HE X 314
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FIGURE 6

Antrum of stomach: "Chemical" gastritis. Note the elongation of
the foveolae, the virtual absence of inflammatory cells and the
presence of oedema and muscle fibres in the foveolar compartment.

The "chemical score" was 10. HE X 170
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7.4 RESULTS

A total of 218 patients were studied: 174 took NSAID, and 44 did
not. Their characteristics are shown in Table 15. Patients not on
NSAID included 27 subjects with rheumatoid arthritis, and 17 with

other musculo-skeletal disorders: 13 with osteoarthritis, and 4 with

ankylosing spondylitis.

The prevalence of chemical gastritis and H pylori, in the
presence or absence of NSAID, is shown in Figure 7. Subjects
receiving NSAID were more likely to develop chemical gastritis, but
less likely to have H pylori than those not on NSAID. Two of the
.three patients with evidence of chemical gastritis, in subjects not on
NSAID, had a history of heavy alcohol intake. They both had

rheumatoid arthritis.

Patients with chemical gastritis, H pylori, and those with neither
of these findings in the NSAID group, tended to have similar
demographic data, as shown in Table 16. H pylori could not be
detected in any of the patients with chemical gastritis. Histological
findings,other than chemical gastritis are presented in Table 17.

Chronic superficial gastritis was the major finding in all groups.

Patients not on NSAID had a total of 14 ulcers: 5 gastric and 9
duodenal, all of which were positive for H pylori. No erosions were
found in this group. There was no significant difference in the
distribution of ulcers, H pylori or the histological findings between
rheumatoid patients or those with other musculo-skeletal disorders

not taking NSAID. The distribution of ulcers in NSAID histological
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subgroups is presented in Figure 8; this shows that NSAID related
peptic ulcers are more likely to develop in the presence of H pylori
or chemical gastritis. However, the correlation between the
endoscopic and histological scores was significant only in those with
chemical gastritis, as shown in Table 18. Erosions were found in 11
NSAID patients without H pylori or chemical gastritis. Erosions in
the other NSAID subgroups are shown in Table 18. A total of 68
ulcers were diagnosed in the NSAID group: 58 gastric, and 10
duodenal. Twenty of 58 NSAID related gastric ulcers (20/58,34%)

and 5/10 (50%) duodenal ulcers were positive for H pylori.
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FIGURE 7
The prevalence of H pylori and chemical gastrits in the presence or

absence of NSAID



A [ ] Total no. of subjects

B [/} Subjects with H.pylori
C | Subjects with chemical gastritis
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FIGURE 8
The distribution of NSAID related ulcers in patients with chemical
gastritis, H pylori positive gastritis, and in those with neither of

these conditions.
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7.5 DISCUSSION

This study shows that NSAID patients have a higher prevalence
of chemical gastritis, but lower prevalence of H pylori than subjects
not on NSAID. The presence of chemical gastritis or H pylori seems
to increase the likelihood of having NSAID related peptic ulceration.
Also, there is a positive correlation between the endoscopic and the

histological chemical scores in subjects taking NSAID.

Histological appearances, now considered as consistent with
chemical gastritis, were previously reported in patients with bile
reflux, following gastro-duodenal surgery (72,152). Subsequent
studies have, on the other hand, found that there was no correlation
between the reflux of bile and the development of chemical gastritis
in the intact stomach (71). This would suggest that bile reflux has
not significantly influenced the prevalence of chemical gastritis in
this study. The author believes that he has corrected for the
possible effect of bile by including in the analyses patients who were

not taking NSAID.

Features of chemical gastritis were also described in patients
with alcoholic haemorrhagic gastritis (153). In this study, it is
interesting to find that 2 cases of chemical gastritis, in patients not
on NSAID, had a history of heavy alcohol intake. The development
of chemical gastritis in the NSAID group is unlikely to have begn
totally related to alcohol consumption, as judged from the

demographic data of patients in this study.

The prevalence of chemical gastritis in this study is comparable
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to that found by another group (71). The scores regarded as being
attributable to chemical effect in this study were lower than those of
Sobala et al. (71), this being justified on the basis of some possible
differences in interpretation between the two centres. Moreover,
despite being on the lower side, the chemical scores in this study
still correlated positively with the endoscopic scores. Had the study
included only those patients with high chemical scores (greater than
8 or 9), the prevalence of chemical gastritis would have been lower,
but the correlation with the endoscopic scores would have become
even more significant. It could not be accepted, however, that
patients with chemical scores of 8 or 9 should be considered as

having normal gastric histology.

In addition to chemical gastritis, NSAID have several other
activities which can lead to gastric mucosal damage. These include
inhibition of prostaglandin synthesis (7), interference with mucosal
blood flow (154, Chapter 10), and disruption of the gastric mucosal
barrier in a manner that allows back diffusion of hydrogen ion with
its damaging consequences (11,12). Despite the considerable
interest recently shown in some of the above mechanisms, probably
because of their therapuetic potential (41), no correlation was found
between peptic damage and activities of NSAID such as prostaglandin
inhibition (5,8). This should emphasize the importance of
identifying chemical gastritis, because of the positive correlation
between the endoscopic and the histological chemical scores, as
shown by this study. Chemical gastritis alone is unlikely to explain
all cases of NSAID related peptic ulceration, probably due to the
fact that multiple mechanisms are involved in such cases

(7,11,12,154).
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A link, probably causal, has been thought to exist between
gastritis and gastric ulcers, as suggested by several previous
studies (155-159). Such a relationship has been extended to include
cases of gastritis found in association with H pylori (158-159). The
situation in patients taking NSAID has not been clear: it might have
been complicated by not taking into consideration the presence of
chemical gastritis (160), owing to the failure of Whitehead's
classification (122) to cover such histological entity. The finding of
a greater number of NSAID related gastric ulcers in patients with
chemical gastritis strengthens the broader relationship between
gastritis in general and gastric ulcers (155-159). Patients on NSAID
but without H pylori or chemical gastritis, had a total of 56 cases of
gastritis (56/72, 78%), but the least numbér of ulcers. This might
suggest that gastritis bears a strong relationship to NSAID-induced
gastric ulcers only when it is chemical in nature, or if it is

association with H pylori.

NSAID patients had a smaller proportion of cases positive for H
pylori than those not on NSAID. The reason for this is not clear.
It could be speculated that NSAID might have a direct toxic activity
against H pylori or an indirect effect by altering the natural habitat
of these organisms. NSAID were previously shown to affect the
secretion rate and/or the characteristics of the mucus layer in the
stomach. Aspirin (16) and indomethacin (17) were found to inhibit
mucus secretion. It was also suggested that aspirin could increase
pepsin-mediated proteolysis of mucus, decrease mucus viscosity and
increase the permeability of mucus to hydrogen ion (18).
Indomethacin was also found to inhibit active bicarbonate secretion

by the gastric mucosa (19). The mucus layer, commonly accepted as
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the natural habitat of H pylori (159), might be rendered less

hospitable by the above changes.

In the NSAID group, patients positive for H pylori had a greater
number of ulcers than those without H pylori or chemical gastritis.
This might suggest a synergistic effect between NSAID and H pylori
in causing gastric damage. Examples of this synergism were
previously demonstrated with other bacteria in the intestine of
laboratory animals. It was observed that the ulcerogenic effect of
NSAID could be reduced by antibiotic treatment (20). Germ-free
animals were also found to be resistant to indomethacin-induced
intestinal lesions (21). More recently, the author has demonstrated
that the combination of indomethacin and H pylori culture filtrate
reduced human gastric mucosal viability and its PGE, production to a
greater extent than indomethacin alone, in vitro (22). On the other
hand, it is worth noting that, of 58 gastric ulcers identified in
patients taking NSAID in this current study, only 20 (37%) were
positive for H pylori. This is lower than the previously reported
prevalence of H pylori in gastric ulceration unrelated to NSAID,
which generally varied between 63% (161) and 77% (112). It is,
however, consistent with other findings in this study, which suggest
that NSAID might reduce the prevalence of H pylori infection. One
cannot exclude the possibility that at least some of the ulcer patients
in this study might have become negative for H pylori at some stage
during their long term intake of NSAID, although there was no

evidence of this in the study.

In conclusion, chemical gastritis occurs more commonly in

patients receiving NSAID than in subjects who do not take these
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agents. The importance of identifying this histological entity stems
from its positive correlation with NSAID-related gastric ulceration.
Although H pylori was isolated in only 32% of subjects on NSAID, its
presence was associated with a greater number of ulcers than in
NSAID patients without H pylori or chemical gastritis. These
findings might contribute to our understanding of the interaction

between NSAID and H pylori
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CHAPTER 8

8. NSAID AND THE DUODENAL MUCOSA

8.1 SUMMARY

Background: Duodenitis and gastric metaplasia, which is often
colonized by Helicobacter pylori, are increasingly recognized for
their importance in the pathogenesis of duodenal wulcers. The
situation is not clear in patients receiving non-steroidal
anti-inflammatory drugs, who have a higher risk of peptic

ulceration.

Aims:: To identify the duodenal histological abnormalities in
the presence or absence - of NSAID, H pylori, and duodenal

ulceration.

Methods: Endoscopic duodenal biopsies were taken from healthy
looking mucosa of 172 patients (74 took NSAID, and 98 did not).
Duodenitis was graded according to the degree of neutrophilic and
plasma cell infiltration, villus height, Brunner's gland prolapse,
and gastric metaplasia. The activity of duodenitis was dependent on
the neutrophilic infiltration. A global score covering all the above
factors was constructed, and H pylori in both the stomach and

duodenum, was assessed.
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Results: Duodenitis with varying degrees of neutrophilic
infiltration and gastric metaplasia was found in 20 patients (27%)
taking NSAID, compared with 56 patients (57%) not on NSAID (X2 =
16.24, p<0.001). This degree of duodenitis was also found in 20 out
of 25 patients (80%) with duodenal ulcers, regardless of NSAID
intake (X® = 15.38, p<0.001). Gastric metaplasia was identified in 20

patients (27%) on NSAID, and 38 (39%) not on NSAID.

Duodenal H pylori was only seen in patients with gastric
metaplasia (10,50% on NSAID and 34, 89% not on NSAID). H
pylori-positive gastritis, and the cominbation of active duodenitis and
gastric metaplasia were independent predictors of duodenal

ulceration.

Conclusion: Active duodenitis is less common in patients taking
NSAID, but is strongly associated with gastric metaplasia, H pylori
positive gastritis and duodenal ulceration. These findings are
relevant to the pathogenesis and the treatment of duodenal ulcers in

patients taking NSAID.

8.2 INTRODUCTION

Gastritis and duodenitis have, for a long time, been thought to
play a role in the pathogenesis of peptic ulcer disease (155-159,
162,163) and such concept has been further consolidated by the
recognition of Helicobacter (H) pylori (158-159). Subsequently, it
has been suggested that gastric metaplasia in the duodenum and H
pylori associated gastritis might be synergistic in the pathogenesis of

duodenitis, with the metaplastic gastric epithelium allowing H pylori



122

to colonise the duodenal mucosa, where it produces an acute
inflammatory response (164). The majority of studies in this field
have been carried out in patients not taking NSAID and the role of
duodenitis and gastric metaplasia in mediating NSAID - related
damage has, therefore, remained unclear. This study aimed at
studying the histology of the duodenal mucosa in the presence or

absence of chronic NSAID intake, H pylori and duodenal ulcers.

8.3 PATIENTS AND METHODS:

Patients, aged 18 years or over, were recruited from the
Rheumatology and Gastroenterology out-patient clinics, provided they
had no previous history of gastric or duodenal surgery. NSAID had
to be taken for a minimum of 4 weeks pri:or to endoscopy. Patients
were excluded if they had taken ulcer-healing agents, antibiotics, or
cytotoxic drugs within one week of endoscopy. Informed consent
was obtained, and endoscopy performed using 3-7mg midazolam
intravenously for sedation. At endoscopy, :an average of two biopsies
were taken from the anterior and posterior walls of the first part of
the duodenum, and immediately fixed in a solution of 10%
formal/saline. @ The duodenal histology was reported as follows:
Normal, with villus to crypt ratio greater than 2:1, in the presence
or absence of Brunner's glands above the muscularis mucosa, but
without any increase in the numbers of inflammatory cells. Chronic
duodenitis: in the presence of mucosal mononuclear cell infiltration

and epithelial damage. Active chronic duodenitis: this was diagnosed

whenever intramucosal neutrophils were seen, in the presence or
absence of gastric metaplasia, and especially in the backbround of
mononuclear cell infiltration. The severity of the above findings

(duodenitis, villus height, and Brunner's gland prolapse)
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was graded on a 0-3 scale: 0, normal; 1, mild; 2, moderate; and 3,

severe. The extent of gastric metaplasia was assessed as follows:

0, absent; 1, present but consisting of less than 5 consecutive cells;
2, 5 consecutive cells; and 3, greater than 5 consecutive cells, seen

in 1-3 sections cut at 3 levels in each biopy (Figure 9).

A global score covering the overall totals of the scores of all the
above assessments was constructed: in the absence of neutrophils,
patients scoring 4 or less were considered normal; those scoring 5 or
more were considered to have chronic duodenitis, in the absence of
neutrophils. Chronic active duodenitis was diagnosed when

intramucosal neutrophils were seen in patients scoring 4 or more.

The presence or absence of H pylori in the duodenal mucosa was also
assessed using cresyl violet stain, and by culture of single duodenal
biopsies. Detection of H pylori by either histology or culture was

considered as indicative of active infection in the duodenum.

Gastric antral biopsies were also taken to check for the presence of

"H pylori by histology (2 specimens) and culture (1 specimen), as

previously described (61). Gastritis was classified according to the
Whitehead system modified to cover chemical and lymphocytic gastritis

(23, Chapter 7).

Statistical analyses included the Chi-square (X?) test, analysis of
variance, multiple and logistic regression where appropriate. All
specimens carried code numbers, and the endoscopist and pathologist

were not aware of the patient's medications.
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FIGURE 9
A section through the duodenal mucosa, showing inflammatory
cell infiltration, and gastric metaplasia.

Magnification X 110 (124a) ; X 274 (124b)
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8.4 RESULTS

A total of 172 patients were studied: 74 were on NSAID, and 98
were not. Their demographic data are shown in Table 19. Patients
in both groups were comparable in their ages and in their smoking
and drinking habits. Patients treated with NSAID had more gastric

but similar number of duodenal ulcers to those not taking NSAID.

The duodenal global histological scores are illustrated in Figure
10. Patients in the NSAID group had fewer cases of active chronic
duodenitis. There was no significant difference in the number of

patients with chronic duodenitis (11 on NSAID and 10 not on

NSAID).

Patients with active chronic duodenitis are described in Table
'20. The two groups wére similar with respect to the number of
smokers, patients with gastric H pylori, gastric metaplasia, and
duodenal ulcers. However, grade 3 (heavy) neutrophilic and plasma
cell infiltration was more prevalent in the absence of NSAID. It is
also worth noting that patients with active chronic duodenitis in

both groups had a total of 20 out of 25 duodenal ulcer (80%)
diagnosed in all patients. (X®=15.38, p < 0.001, versus patients
without active duodenitis). Duodenal H pylori was found in only 50%
of NSAID patients with active duodenitis, and 61% of their

counterparts not taking NSAID; all cases of duodenal H pylori

coexisted with gastric metaplasia.

The characteristics of patients with gastric metaplasia are shown

in Table 21; although there were relatively fewer cases of metaplasia
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in patients taking NSAID, the differences were not statistically
significant. Also, patients not treated with NSAID were more likely
to have heavy neutrophilic and mononuclear cell infiltration.
However, the two groups were almost identical in the extent of
metaplasia, the number of smokers, patients with gastric H pylori
and duodenal ulcers. Not unlike patients with active chronic
duodenitis, the majority of duodenal ulcers (16/25, 64%) were also

found to have gastric metaplasia (XZ = 14.00, p < 0.001).

The prevalence of active duodenitis and gastric metaplasia in the
presence or absence of the various types of gastritis is demonstrated
in Table 22. The majority of cases were found in association with
H pylori-positive gastritis, regardless of NSAID intake, although H
pylori was less common in patients receiving NSAID. Active
duodenitis was uncommon in patients with normal gastric histology:
its prevalence varied between 20% (on NSAID) and 24% (not on
NSAID). It is also worth noting that 24 of 25 duodenal ulcers
(96%), found in all patients, were associated with active antral
gastritis, and that gastric H pylori was identified in 23 of duodenal
ulcer patients (92%). Logistic regression showed that gastric H
pylori and the combination of active duodenitis and gastric metaplasia
were independent predictors of duodenal ulceration. On the other
hand, only 11 (9 on NSAID) of 16 gastric ulcers (69%) had H pylori
related gastritis; the remaining 5 gastric ulcers were found in
association with chemical gastritis, which was found only in patients

taking NSAID.



127

The distribution of NSAID, with or without second-line drugs in
patients with active duodenitis and gastric metaplasia is shown in
Table 23. The median duration of NSAID intake was 3 years, and
second-line drugs 2 years. Indomethacin, naproxen and diclofenac
were the most widely used NSAID. Patients taking diclofenac,
ketoprofen or nabumetone were less likely to have active duodenitis
and gastric metaplasia than other NSAID but the differences were
not statistically significant. Also, the intake of second-line drugs
did not seem to influence the development of active duodenitis and
gastric metaplasia, although such histological abnormalities, as well
as gastric H pylori, were less common in patients treated with gold

injections.
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FIGURE 10
The duodenal global histological scores in the presence or absence of
NSAID. Patients with intramﬁcosal neutrophils have active chronic
duodenitis. The remainder (black dots) have inactive chronic

inflammation, and their numbers are similar in the two study groups.
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DEMOGRAPHIC AND ENDOSCOPIC DETAILS OF THE STUDY GROUPS

Number

Males

Females

Age (years), median

(interquartile range)

Smokers

Drinkers

Abdominal symptoms

Gastric ulcers

Duodenal ulcers

Gastric erosions

ON NSAID

74

24

50

57

(48-65)

27

28

43

17

11

NOT ON NSAID

98

38

60

52

(40-61)

56

44

83

14



TABLE 20

CHARACTERISTICS OF PATIENTS WITH

DUODENITIS No. (%)

ON NSAID
(N=74)
Number 20 (27%)
Smokers 12 (60%)
Gastric H pylori 20 (100%)
Duodenal H pylori 10 (50%)
Gastric metaplasia 14 (70%)
Heavy neutrophilic infiltration 4 (20%)
Heavy mononuclear infiltration 2 (10%)
Duodenal ulcers 6 (30%)

ACTIVE

130

CHRONIC

NOT ON NSAID

(N=98)

56

37

43

34

34

17

12

14

(57%)*

(66%)

(77%)

(61%)

(61%)

(30%) *»

(21%)**

(25%)

SIGNIFICANT RISE: * : p <0.001 H ** : p <0.05
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TABLE 21: DETAILS OF PATIENTS WITH GASTRIC METAPLASIA IN THE

DUODENUM No. (%)

ON NSAID NOT ON NSAID

(N=74) (N=98)

Number 20 (27%) 38 (39%)
Grade: 1 4 (20%) 6 (16%)
3 16 (80%) 32 (84%)
Smokers 12 (60%) 24 (62%)
Gastric H pylori 14 (70%) 34 (89%)
Duodenal H pylori 10 (50%) 34 (89%)
Active chronic duodenitis 14 (70%) 34 (89%)
Heavy neutrophilic infiltration 4 (20%) 15 (39%)
Heavy mononuclear infiltration 1 ( 5%) 8 (24%)

Duodenal ulcers 6 (30%) 10 (26%)



132

€ S 4 1§14 4 4 - ot

T 4 T L [4 [4 - €

4 € S L 4 € € €

- - - - T v - o1

132 9Y vs €9 €T 6 1€ 234
eyserdejaw sy3fusponp t1IOoTAd H viserdejew sy3tueponp TI0TAd H
o1a3sen ®AT30Y ot1a3sen *ON o1I38EH  BATIOV otI388®H *ON

(86=u) QI¥SN uo 30N (vL=u) AIV¥sN uo

TewION

s73Ta3seb ofydoaze ofuocayd

8731x38wb o7134Looyduiy

8¥37338eb TeOoTWEYD

8137138eb TeToTyaedns ojuoayd

SILINLSVD LNOHLIM ¥O HLIM SINIILYd NI VISVIdAVIIA JIYISYD ANV SILINIAONA DINOYHO FAILOVY :ZZ IIE8VYL



PR

TABLE 23

DETAILS OF NSAID AND SECOND-LINE

133

DRUGS IN PATIENTS WITH

ACTIVE CHRONIC DUODENITIS AND GASTRIC METAPLASIA

Indomethacin

Naproxen

Diclofenac

Ketoprofen

Nabumetone

Ibuprofen

Others*

Sulphasalazine

Gold (im)

Penicillamine

No. Gastric Active Gastric
H pylori duodenitis metaplasia
13 6 5 4
12 6 S 5
7 2 - -
6 3 - 1
6 5 2 1
5 2 1l 2
24 10 5 6
18 14 12 8
13 5 5 2
6 2 3 1

*: these included 4 patients or less per each of the following

agents:

azapropazone,

tiaprofenic acid, and sulindac

fenbufen,

flurbiprofen,

piroxicanm, etodolac,
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8.5 DISCUSSION:

This study shows that active chronic duodenitis is less common
in patients treated with NSAID, and that the prevalence of gastric
metaplasia in the duodenum is not significantly reduced by chronic
NSAID use. The study also demonstrates a strong association
between duodenal ulcers, active duodenitis, gastric metaplasia, and

H pylori related gastritis regardless of NSAID intake.

Lesions identified as active chronic duodenitis in patients
not taking NSAID were more frequently diagnosed in this study than
that reported by some workers (164), who studied this abnormality
in patients with non-ulcer dyspepsia. This could be explained by
the :presence of fewer wulcers in their study, the intercentre
variation, and the nature of the scoring system of the current
study. Such differences should not, however, influence the author's
interpretation of the findings and his subsequent conclusions with
respect to the effect of NSAID on duodenal histology, because of two
main reasons. Firstly, the same global score was applied to biopsies
taken from all patients, regardless of NSAID intake, under blinded
conditions. Secondly, and allowing for the possibility that the global
score had detected minor increases in the mucosal neutrophils (mild
duodenitis) in some cases, the number of patients with heavy
neutrophilic infiltration (severe duodenitis) was still greater in the

absence of NSAID.

Gastric metaplasia tended to occur less frequently in NSAID

patients, but the differences did not reach statistical significance.
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This together with its close association with active duodenitis is in
agreement with the findings of two recent studies (165,166). High
acidity of the duodenal contents has for a long time been found to
be associated with gastric metaplasia, both in man (164,165,167,168)
and in the laboratory animals (159). NSAID are also known for their
capacity to stimulate gastric acid secretion (13-15,26), which, at

least in theory, should increase the prevalence of gastric metaplasia.
The latter has not been observed in this study or in others
(165,166) and could be related to the possible interaction between
NSAID and H pylori. It has recently been proposed that the
inflammatory injury to the duodenal mucosa by H pylori may stimulate
the development of further gastric metaplasia (166). However, the
prevalence of H pylori might be lower in chronic NSAID users, and
this in turn might explain the lower than expected prevalence of
gastric metaplasia in the presence of NSAID. Alternatively, gastric
acid might not be elevated when NSAID are taken on long term

basis, 3 years in this study.

Active chronic duodenitis was also less common in patients taking
NSAID. The reason for this is not clear but it could be explained
by the low prevalence of H pylori in NSAID patients, discussed
above, and by the tendency of NSAID related damage to be maximal
in the gastric antrum (42,82, Chapter 7). Although no specific
histological picture could be demonstrated in the duodenal mucosa of
NSAID patients, the relative lack of heavy neutrophilic and plasma
cell infiltration in the duodenum is reminiscent of some aspects of
chemical gastritis (23,71, Chapter 7). In the absence of
gastroduodenal surgery, the latter is mostly found in chronic NSAID

users, as shown in this study and others (23,71, Chapter 7).
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Patients with active duodenitis had comparable proportions of
cases with gastric H pylori, regardless of NSAID intake, and despite
the differences in the overall prevalence of H pylori in the presence
or absence of NSAID. This emphasizes the role of H pylori in the
pathogenesis of active duodenitis (166). It is worth noting that in
the presence of gastric metaplasia H pylori was almost as reliably
isolated from the duodenum as from the stomach and this reflects the
natural history of this infection, being dependent on the presence of
gastric type epithelium. Since gastric metaplasia was found in the
duodenum of only a limited number of pa'_cients, duodenal H pylori
could not be taken as the only evidence of active infection with

these organisms.

Patients receiving NSAID had 11 duodenal ulcers (11/74, 15%)
compared with 14/98 (14%) in those not on NSAID. Similar numbers
of duodenal ulcers (25-30%) were also seen in patients with active
duodenitis and/or gastric metaplasia, regardless of NSAID intake.
However, the majority of patients with duodenal ulcers, in the
presence or absence of NSAID, were found to have active duodenitis
(80%) and gastric metaplasia (64%). The strong association between
such histological and endoscopic entities is in agreement with the
suggestion that duodenitis and duodenal ulceration might represent
different points in a disease spectrum with a common underlying
pathogenesis (162-166). There was also a strong association between
active duodenitis and H pylori positive gastritis, which in turn
highlights the potential benefits of eradicating H pylori in minimising
duodenal damage in NSAID patients. The same would apply to
gastric ulcers, 8 of which (8/14, 57%) were positive for H pylori

(23).
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The relative rarity of active duodenitis in the NSAID group might
explain, at least in part, why duodenal ulcers occur less

commonly than gastric ulcers in such patients (42,82). On the
other hand, duodenal ulcers were still observed in comparable
proportions in the presence or absence of NSAID, which could be
due to other mechanisms of NSAID toxicity such as suppression of

mucosal prostaglandins.

The prevalence of gastric H pylori, active duodenitis and gastric
metaplasia was similar in patients taking the various NSAID with the
exception of diclofenac and ketoprofen. The prevalence of such
findings tended to be lower in patients treated with gold injections
than in those receiving sulphasalazine and NSAID (Chapter 12). A
firm statement could not, however, be made because of the relatively
small numbers of patients taking the individual NSAID with or

without second-line drugs in this study.

In conclusion, despite the relative lack of active duodenitis in
NSAID patients, a strong association exists between duodenal ulcers,
active duodenitis, gastric metaplasia and H pylori positive gastritis
regardless of NSAID intake. This might be relevant to the
understanding of the pathogenesis and the treatment of duodenal

ulcers in chronic NSAID users.
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CHAPTER 9

9 NSAID AND THE OESOPHAGUS

9.1 SUMMARY

Background: Despite their strong association with gastric and
duodenal ulcers, the effect of non-steroidal anti-inflammatory drugs
(NSAID) on the oesophagus remains unclear. Conflicting results
have been obtained from studies conducted on laboratory animals or

small numbers of human volunteers.

Aims: To identify the endoscopic and histological abnormalities
of the oesophageal mucosa, in the presence or absence of chronic

NSAID therapy.

Patients and Methods: Seven-hundred and fifty-two patients
were endoscoped; 596 took NSAID and 156 did not. All patients not
in the NSAID group had abdominal complaints compared with 187 on
NSAID. Histological studies were performed on normal looking
mucosa of 98 patients (53 on NSAID and 45 not on NSAID).

Results: The overall prevalence of endoscopic oesophagitis in
NSAID patients was 46/596 (8%). However, in symptomatic patients,
endoscopic oesophagitis was found in 46/187 (25%) taking NSAID,

compared with 19/156 (12%) not on NSAID (X3=9.8, p<0.001).



139

At histology, four patients(7%) in the NSAID group (n=53) had
papillary elongation and two (4%) had basal cell hyperplasia,
compared with 13 (29%) and eight (18%) respectively, in patients not

taking NSAID (n=45).

Conclusions: Endoscopic oesophagitis is more commonly found in
chronic NSAID wusers with abdominal complaints. However, the
relative lack of papillary elongation and basal cell hyperplasia might
suggest that histological oesophagitis is not essential for the
development of NSAID-related wulcers or erosions. Alternative

mechanisms of NSAID toxicity should also be considered.

9.2 INTRODUCTION

The oesophageal mucosa can be adversely affected by a variety
of agents such as gastric acid, pepsin, and bile salts (170-179).
Oesophageal injury has also been ascribed to many of the commonly
used medications, ingested in therapeutic doses (180-183).
Non-steroidal anti-inflammatory drugs (NSAID) are amongst the most
commonly prescribed agents (94,95), and their use has been
associated with gastric and duodenal ulcers in about 30% of patients
(42,82,128). However, the effect of NSAID on the oesophageal
mucosa is not clear. There have been some reports, mostly of
individual cases, of oesophagitis and stricture formation in patients
taking NSAID (180-188), but some authors believe that the
oesophagus is relatively unaffected by traditional NSAID therapy
(189), and the experimental data of others suggest that NSAID might

even be protective to the oesophagus in certain circumstances such
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as irradiation and acid-induced oesophagitis (190-195).

The aim of this study was to identify the endoscopic and
histological abnormalities of the oesophageal mucosa in the presence

or absence of long term treatment with NSAID.

9.3 PATIENTS AND METHODS:

Patients, aged 18 years or over, were recruited from the
Rheumatology and Gastroenterology Units. NSAID had to be taken
for ét least four weeks before endoscopy. Second-line drugs, and
immunosuppressants such as steroids, azathioprine, methotrexate
etc., were allowed provided they were taken together with NSAID.
Patients with various arthropathies were accepted, including
rheumatoid arthritis, osteoarthritis, ankylosing spondylitis,
polymyalgia rheumatica, and systemic lupus erythematosus. Abdominal
complaints had to be present to justify endoscopy in patients not
taking NSAID. Subjects were excluded if they had a history of
upper gastrointestinal surgery, Crohn's disease, malignancy,

irradiation, or recent anti-ulcer therapy.

Informed consent was obtained and patients were endoscoped
after the intravenous administration of diazepam or midazolam for
sedation. Endoscopic oesophagitis was divided into two main groups:
mucosal erythema and oedema with or without erosions (Group I),
and chronic conditions (Group II) including isolated deep ulceration,
strictures, and Barrett's oesophagus. This modification of the
Savary and Miller grading system (196) was intended to improve the
reproducibility of measurements in a large cohort study, especially

because of the difficulty in distinguishing between Grades II and III
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of Savary and Miller (196). The presence of other mucosal
abnormalities of the stomach and duodenum was also recorded.
Patients with the above oesophageal lesions and those with gastric
ulcers had routine biopsies taken for histology. Special fungal
stains were used whenever Candida albicans was suspected.
Barrett's oesophagus was defined as gastric mucosa extending more
than 3cm above the endoscopic gastro-oesophageal junction.

Histological study: The last 100 patients to be studied, who also

had normal looking oesophagus, regardless of NSAID intake, had an
average of two biopsies taken from the lower third of their
oesophagus about 5cm from the cardia for histology. The following
histological features of the oesophageal mucosa (Figures 11,12) were
assessed: papillary elongation, basal cell hyperplasia, and
inflammatory cell infiltration (197). The mucosal papillae were
considered elongated if they measured greater than 60% of the
distance between the basal cell layer and the luminal surface. Basal
cell hyperplasia was defined as a condition in which the basal cells
were greater than two layers in thickness. Inflammatory cell
infiltration was considered heavy if at least five cells were seen per
microscopic field of the whole biopsy specimen. Staining for Candida
albicans was performed in all of the oesophageal biopsies. Gastric
antral biopsies were also taken to check for Helicobacter pylori by
both histology (two specimens) and culture (one specimen) as
previously described (61).

Statistical analyses: These included the Chi-square (XZ®) test

and the analysis of variance, and the 95% confidence intervals for
the estimated relative risk, where appropriate. The endoscopist,
histologist, and bacteriologist were not aware of the details of
patients' me_dications. The study was approved by the local Ethics

Committee.



FIGURE 11

Normal oesophageal mucosa (X247)
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FIGURE 12
Some features of reflux oesophagitis: basal
cell hyperplasia, and inflammatory cell infiltration.

k The papillary size is at the upper limit of normal. (X395)
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9.4 RESULTS:

'EnQOéCOpic study: A total of 752 patients underwent endoscopy:
596 took NSAID and 156 did not. Their details are shown in Table
24. Both groups were comparable in sex distribution, age, smoking,
and drinking habits. Because of the nature of the inclusion criteria
abdominal complaints were less prevalent in patients taking NSAID,
but this group still had more ulcers and erosions affecting the
stomach and duodenum. In the NSAID group, patients with or
without abdominal complaints had similar demographic details, but
gastric and duodenal lesions were commoner in the symptomatic
group. The numbers of patients with oesophagitis and the details of
the oesophageal lesions are illustrated in Figure 13. The overall
prevalence of endoscopic oesophagitis was 46/596 (8%, NSAID
present) and 19/156 (12%, NSAID absent). However, when abdominal
complaints were taken into consideration, since all non-NSAID
patients had to have such complaints to justify endoscopy, their
symptomatic counterparts in the NSAID group (acting as case
controls)had a higher prevalence of oesophagitis (46/187,25%,
p<0.001). Intense erythema without erosions was found in 12 NSAID
patients and 5 others not on NSAID. There were no significant
differences in the prevalence of strictures or Barrett's oesophagus,
but oesophagitis with or without erosions or deep ulcers was
commoner in NSAID patients with abdominal complaints. All
oesophageal lesions described in this study affected the lower third
of oesophagus. Other characteristics of patients with oesophagitis
are shown in Table 25. It is worth noting that all patients with
oesophagitis, regardless of NSAID intake, had upper abdominal
complaints: dysphagia was present in a total of seven patients, four
of whom were found to have strictures. The fest of patienté with
- oesophagitis ‘complained of epigastric pain, heartburn and ﬁausea

with or without vomiting.
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Rheumatoid arthritis was the commonest diagnosis amongst
various patients taking NSAID (Table 26). Although oesophagitis
was found in four of 27 patients (15%) with systemic lupus
erythematosus, and 35/499 (7%) with rheumatoid arthritis, the
differences between the two groups did not reach statistical
significance.

Drugs taken by patients in the NSAID study groups are detailed
in Tables 27 and 28. Indomethacin, naproxen, and diclofenac were
the commonest NSAID used. The median duration of NSAID therapy
was three years in all groups. Also, patients treated with
prednisolone had a similar prevalence of oesophagitis to those treated
with gold injections, sulphasalazine, or penicillamine. However,
oesophagitis was found in 22 out of 206 patients (11%) treated with
second-line drugs or immunosuppressants plus NSAID, compared with
24/390, 6% of those taking NSAID only (x® =5.4, p<0.02; ER:1.8; 95%;
CI:1-3.3). Oesophageal lesions in gold treated patients consisted of
erythema (5 cases) and erosions (3 cases) but no ulcers; erosions
were also found in all patients with oesophagitis who received
other disease modifying drugs. Oesophagitis was not seen in any of
the patients receiving hydroxychloroquine: such patients had a
median age of 34 years, compared with 58 years in patients treated

with other agents, and took NSAID for a median period of one year.

Histological study: One hundred patients with endoscopically
normal looking oesophagus were studied; two were excluded because
of recent use of H2-receptor antagonists. Of the remaining 98, 53
patients took NSAID and 45 did not. Their characteristics are
shown in Table 29. There were no significant differences between
the two groups with respect to age, smoking and drinking habits.
However, patients not taking NSAID had fewer gastric ulcers but a

greater number of patients with duodenal ulcers and/or Helicobacter
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pylori.

The prevalence of the main histological abnormalities, in the
presence or absence of NSAID, is illustrated in Figure 14. Papillary
elongation and basal cell hyperplasia were less common in patients
treated with NSAID but the differences were not highly significant
as judged by the confidence intervals. Also, the extent and degree
of inflammatory cell infiltration was not influenced by NSAID intake.
All 13 patients with papillary elongation not taking NSAID, and three
out of four patients with this abnormality in the NSAID group, were
heavy smokers. Heavy smoking was also present in six out of eight
patients with basal cell hyperplasia not treated with NSAID, and one

of two of their counterparts in the NSAID group.
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TABLE 24
Details of all Patients in the Endoscopic Study. NSIAD patients are
classified according to the presence (group I) or absence (group II) of

abdominal complaints

On NSAID Not on NSAID
I II Total

Number 187 409 596 156
Male 62 96 . 158 61
Females 125 313 438 95
Age, Median 56 58 57 51
(interquartile range) (43-62) (49-67) (43-65) (47-62)
Smokers 88 142 230 70
Drinkers :68 92 160 71
Indication for endoscopy:

Abdominal complaints 187 - 187 156

Anaemia 46 85 131 -

Weight loss 9 12 21 -
Gastric ulcers 37 46 83 .6
Duodenal ulcers 33 21 54 16

Gastric/duodenal erosions 40 55 95 4



TABLE 25
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Characteristics of Patients with Oesophagitis

Number

Males

Females

Age,median
(interquartile range)
smokers

Drinkers

Abdominal symptoms

Co—-existing peptic ulcers

Gastric

Duodenal

Oesophageal Candidiasis

On NSAID
46

15

31

56
(47-65)
10

9

46

Not on NSAID
19

6

13

52

(36-72)

7

9

19
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TABLE 26

The Basic Diagnosis in Patients Taking NSAID

Diagnosis All NSAID Patients with Patients in the
patients oesophagitis histology study
(n=596) (n=46) (n=53)

Rheumatoid

arthritis 499 35 44

Osteoarthritis 29 1 9

Systemic lupus

erythematosus 27 4 -
Ankylosing

spondylitis 17 2 -
Polymyalgia

rheumatica 8 - -
Psoriatic

arthropathy 7 1 -
Reactive arthritis 4 1 -
Gout 4 1 -
Henoch-Schonlein 1 1 -

purpura



Drugs

Indomethacin
Naproxen
Diclofenac
Flurbiprofen
Ketoprofen
Ibuprofen
Piroxicam

Others*

TABLE 27

Types of NSAID Used

All NSAID
patients

(n=596)

146
120
110
70
50
36
24

40

Patients with
oesophagitis

(n=46)

11

12

* 3-6 Patients per one of the following:

150

Patients in the
histology study

(n=53)

10

16

Fenpufen, etodolac, azapropazone, naubmetone, sulindac,

tiaprofenic acid, tenoxicam, and tolmetin




151

Table 28

Details of Second-Line and Immunosuppressive Drugs Taken by NSAID

Patients
Drugs All NSAID Patients with Patients in the
patients oesophagitis histology study
(n=596) (n=46) (n=53)
Gold injections 67 8 11
Sulphasalazine 34 4 10
Hydroxychloroquine 27 - 4
Penicillamine 24 3 4
Prednisolone 33 3 -
Azathioprine 11 2 -
Methotrexate 3 - -
Cyclophosphamide 4 1 -

Cyclosporin 3 1 -
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Table 29

Characteristics of Patients in the Histological Study

On NSAID Not on NSAID
Number 53 45
Males 13 19
Females 40 26
Age,median 58 52
(interquartile ranges) ‘ (49-65) (45-63)
Smokers 26 31
Drinkers 16 18
Gastric ulcers 8 2
Duodenal ulcers 5 10

Gastric Helicobacter pylori 31 36
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FIGURE 13

Endoscopic oesophageal lesions in patients with abdominal

complaints, in the presence or absence of NSAID:

* p<0.001 (estimated relative risk, E.R., 2.35;
95% confidence intervals; C.I.: 1.31,4.212)
** p<0.01 (ER: 2.42; C.I.: 1.25,4.67) Intense
erythema without erosions was found in 12
NSAID users and 5 non-users. This did not
affect the overall levels of statistical
significance

*¥**  p<0.02 (ER, C.I.,unmeasurable).
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FIGURE 14

Oesophageal histological findings in the presence or absence of

NSAID:

* p<0.01 (ER:0.201;C.I. :0.06,0.671)

** p<0.02 (ER:0.18;C.I.: 0.036,0.897)

The p-values should be interpreted with caution because of the
wide range of the 95% confidence intervals and the similarity in
the estimated relative risk. The overall view is that the two

study groups are comparable in their histological findings.
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9.5 DISCUSSION:

This study shows that the prevalence of endoscopic oesophagitis,
with or without ulcers or erosions, is higher in NSAID patients with
upper abdominal complaints than in those not treated with such
agents. The prevalence of strictures or Barrett's oesophagus is
similar in both groups. Histological studies in patients with normal
looking oesophagus at endoscopy, show that papillary elongation and
basal cell hyperplasia are relatively less common in the presence of
NSAID, although the extent and degree of inflammatory cell

infiltration are similar in the presence or absence of NSAID intake.

Endoscopic oesophagitis is now a common disease and accounts
for as many as 19% of new referrals for endoscopy (198). This is
almost identical to the mean prevalence of oesophagitis (18.5%) in the
author's symptomatic patients, regardless of NSAID intake (25%,
NSAID present; 12%, NSAID absent; mean 18.5%). The overall
prevalence of oesophagitis in NSAID patients was only 8%. The
presence of abdominal complaints had to be taken into consideration
because all patients not taking NSAID were symptomatic and acted as
case controls. Ideally, asymptomatic subjects not treated with
NSAID should have also been included, but ethical approval was not

available.

In the few published studies on NSAID-related oesophagitié the
prevalence of this endoscopic abnormality had varied between 15.7%
(187) to 20% (186) which is comparable to that found in symptomatic
NSIAD patients in this study. Also, two out of four patients with
oesophageal strictures, in this study, had taken NSAID compared
with 31% found by another group (199). These findings do not

support the idea that benign strictures are commoner in patients
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treated with NSAID, although a firm statement cannot be made

because of the small number of strictures involved.

Upper abdominal complaints were present in all patients with
oesophagitis. These could be due to the oesophageal lesion itself,
the co-existing peptic ulceration, or both. However, symptoms are
not a consistent feature of NSAID-related gastric or duodenal ulcers,

as found by this study and others (81,82).

Oesophagitis affected the lower third of oesophagus of all NSAID
patients, confirming the findings of other studies in this field (137,
188). This is unlike many cases of oesophagitis related to other
types of drugs, which affect the middle third of oesophagus
(181,183). The reason for this is not clear, but it could be related
to the method of diagnosis: barium studies might not be ideal for
identifying erythema and small ulcers or erosions. It is interesting
to find that oesophageal lesions were also seen in the lower third of
oesophagus, as a result of medications not containing NSAID, when
endoscopy was used (182). Endoscopy was, therefore, considered as
the most reliable method of diagnosing drug related oesophagitis

(180, 182, 200).

In patients with normal oesophagus at endoscopy, the histological
assessments have shown that papillary elongation and/or basal cell
hyperplasia are uncommon in the presence of a history of chronic
NSAID intake. Such features are recognised as being the
histological consequences of gastro-oesophageal reflux in man (197),
and their relative rarity in the presence of NSAID raises two possibilities.

Firstly, NSAID might have a beneficial effect in preventing or
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minimising reflux oésophagitis, at least at the histological level.
This has been suggested by the findings of studies conducted in
cats, in which experimental oesophagitis was defined as
polymorphonuclear infiltration and, in some cases, denudation of the
epithelium (190). This is unlikely to be the case in this study,
since the extent and degree of inflammatory infiltration were the
same in the presence or absence of NSAID. Also, the duration of
experimental oesophagitis might not have been long enought to allow
for the evolution of hypertrophic and/or hyperplastic changes in the

oesophageal mucosa.

Secondly, it could be speculated that histological oesophagitis is
not esséntial for the development of NSAID-related ulcers or
erosions. Other mechanisms of NSAID damage should therefore be
considered, including their interaction with prostaglandins, and their
direct toxic effects especially when tablets get lodged in the
oesophagus. Prostaglandins are known for their hypertrophic
activity in the gastrointestinal mucosa (201), although this has not
been demonstrated in the oesophagus. The ability of NSAID to
inhibit mucosal prostaglandins might account for the lower prevalence
of papillary elongation and basal cell hyperplasia in patients
receiving NSAID. Certain prostaglandins (E,, E,, and A) can also
decrease the basal lower oesophageal sphincter pressure in man
(202) and their inhibition by NSAID could theoretically reduce
gastro-oesophageal reflux with its histological consequences.
However, NSAID have other important properties that may contribute
to their damaging effects on the oesophageal mucosa. These agents
are relatively acidic molecules, and are lipid soluble at low pH.

When the pH of the
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lower oesophagus is below 4, at the time of gastro-oesophageal
reflux, NSAID may enter the oesophageal mucosal celis, causing
direct toxic effects (183). Thirdly, the possibility of some sampling
errors should not be ruled out given the occasional difficulties in

interpreting oesophageal biopsies.

Patients not taking NSAID had a higher prevalence of H pylori,
duodenal ulcers, papillary elongation, and basal cell hyperplasia of
the oesophageal mucosa. While the associations between duodenal
ulcers and H pylori or oesophagitis are well-recognised, a direct link
between H pylori and endoscopic or histological oesophagitis has not

been proven.

The histological study also showed a strong association between
smoking and both papillary elongation and basal cell hyperplasia.
This could be explained by the recognised inhibitory effect of
smoking on the lower oesophageal sphincter, which as a result,

increases gastro-oesophageal reflux (203).

The possible effect of anti-rheumatoid second-line drugs on the
oesophagus has not been studied before. Patients taking these
agents or immunosuppressive therapy plus NSAID had a higher
prevalence of oesophagitis than those treated with NSAID only, in
this study. Although a direct toxic effect cannot be entirely ruled
out, patients requiring second-line drugs or immunosuppressants
tend to be old, and to have more aggressive underlying disease.
Older subjects are at greater risk of drug-induced oesophageal
injury because of the disordered contraction of the lower oeSOphageai
sphincter (204). This might explain the absence of oesophagitis in
rheumatoid patients receiving hydroxychloroquine as they were

younger than those treated with other second-line drugs. In
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addition, the number of cases of Candidal oesophagitis, known to
affect immunocompromised subjects (181), was not high in patients
receiving immunosuppressants in this study, probably because of the
small number of patients who took such agents. The inclusion in
this study of a variety of arthritic diseases is also unlikely to have
affected the findings, as none of such diseases has been shown to

affect the oesophagus.

In conclusion, endoscopic oesophagitis with ulcers or erosions is
commoner in NSAID patients with abdominal complaints. The relative
rarity of papillary elongation and basal cell hyperplasia in NSAID
patients might suggest that ulcers and erosions are not dependent on
histological oesophagitis for their development, and highlights the

importance of alternative mechanisms such as direct mucosal toxicity.
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SECTION V
NSAID AND MUCOSAL BLOOD FLOW



161

CHAPTER 10
10 GASTRIC AND DUODENAL MUCOSAL BLOOD FLOW IN PATIENTS
RECEIVING NSAID; INFLUENCE OF AGE, SMOKING, ULCERATION,
AND H PYLORI

10.1 SUMMARY

Background: Studies conducted in experimental animals have
suggested that gastric mucosal blood flow is reduced by acute
exposure to NSAID. The possible interaction with other factors,

relevent to the pathogenesis of peptic ulcers, has not been studied.

Aims: To assess the possible influence, on mucosal blood flow,

of chronic NSAID intake, age, smoking, ulceration, and H pylori.

Methods: Using laser Doppler flowmetry, gastric and duodenal
mucosal blood flow was measured in 70 patients who had taken NSAID
for longer than 4 weeks, and studied the correlation with
demographic factors, ulceration, and Helicobacter pylori. Blood flow
was also measured in 17 other subjects not taking any drugs.
Measurements were taken from healthy looking mucosa in the gastric

antrum and first part of duodenum.

Results: Both gastric and duodenal blood flow values were
significantly lower in patients taking NSAID than in those who did
not. In the NSAID group the median duodenal mucosal blood flow
was 150 perfusion units in smokers (n=29) compared with 175 in

non-smokers (p=0.024), 123 units in patients with duodenal ulcers
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(n=12) compared with 160 in those without duodenal ulcers
(p=0.020), 135 units in patients with H pylori (n=30) compared with
168 in patients without H pylori (p=0.033), and 118 in smokers
infected with H pylori compared with 175 units in non-smokers not
infected with H pylori (F=13.4, p=0.0005). There was no correlation
with age. Gastric blood flow was not significantly influenced by any

of the above variables.

Conclusion: These results suggest that chronic NSAID intake is
associated with reduced blood flow in both the stomach and
duodenum. However, amongst NSAID patients duodenal, but not
gastric, mucosal blood flow is reduced in smokers, and in those with
duodenal ulcers and Helicobacter pylori. Multivariate analysis
showed that only the simultaneous presence of smoking and H pylori
had an independent suppressive effect, and when combined, lower
blood flow values are observed, which might suggest a synergistic

relationship between these two factors.

10.2 INTRODUCTION

Mucosal blood flow is believed to play an important role in
maintaining the integrity of the gastric mucosa. Mucosal ischaemia
has been found to be the main cause of gastric lesions in patients
with thermal or head injury (205). Interference with blood flow by
stress, vascular occlusion, or non-steroidal anti inflammatory drugs
(NSAID) is also thought to cause gastric ulceration in animals (206).
The situation is not clear in patients on long term NSAID who might
have other factors that can, at least in theory, influence gastric
mucosal blood supply. Also, very little is known about duodenal

blood flow in such patients. The main aim of this study was to
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measure gastric and duodenal mucosal blood flow in patients
receiving NSAID, and to see if this could be influenced by age,
smoking, ulceration, or (H) pylori. @A small number of patients not
taking NSAID were also included in order to study the overall effect

of NSAID on the gastric and duodenal mucosal blood flow.

10.3 PATIENTS AND METHODS:

Patients with osteoarthritis or rheumatoid arthritis were included
if they had taken NSAID for a minimum of 4 weeks. They were
excluded if they had a history of previous gastric surgery or if they
took anti-ulcer therapy, hypotensive agents, or anti-anginal drugs.
They were also excluded if they had other systemic diseases such as
diabetes mellitus. Similar criteria were also applied to another group
of subjects, not on NSAID, who acted as controls, and were being
investigated for upper abdominal complaints.Informed consent was
obtained and endoscopy was performed after an overnight fast.

Midazolam, 4-10 mg intravenously, was used for sedation.

Blood flow was measured with a laser Doppler flowmeter
(210,211) (Periflix PF3, Perimed, Sweden) which was regularly
calibrated using a standard suspension of latex particles to ensure
constant sensitivity. The fibre-optic probe (Model PF309) was
introduced through the biopsy channel of the endoscope, and its tip
applied to healthy-looking mucosa in the gastric antrum, within 5cm
of the pyloric canal, and the first part of the duodenum. The
antrum was chosen because it is the commonest site of NSAID-related
gastric damage (5,42). In patients with ulcers, the probe was
applied at least 2cm away from the ulcer edge. The contact

pressure between the probe and tissue was the minimum necessary to
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maintain optical coupling. In pilot expirements it was found that
varying the contact pressure within reasonable limits did not have
any consistent effects on recorded flow values, presumably because
of the considerable depth of penetration of laser light in

gastrointestinal tissue (Johansson et al,212).

The flowmeter was operated using the 12 kHz bandwidth and 3
sec time constant settings, and the output, in arbitrary perfusion
units, was recorded continuously for a minimum period of one minute
at each location on a chart recorder. Flow values were calculated as
the mean flowmeter reading over this period, excluding any artefacts
associated with movement of the probe or peristalsis. The
reproducibility of measurements was assessed in pilot studies in
which recordings were repeated in the same region of the stomach
after a period of 10-15 minutes, and the coefficient of variation was
found to be 17%. All recordings were analysed without knowledge of

the patients' clinical details or endoscopic findings.

The presence of H pylori was determined by histology and
bacteriology, as previously described (61), in biopsies taken from
the gastric antrum. The histologist and the bacteriologist were not

aware of the patients' details or other results.

Statistical tests included the Mann-Whitney, Kruskall-Wallis, and
multiple linear regression analysis with step-wise variable elimination,

where appropriate.
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10.4 RESULTS

A total of 87 patients were studied: 70 took NSAID and 17 did
not. Their characteristics are shown in Table 30. Mucosal blood flow
values in the stomach, 125(90-183) and duodenum, 160(123-190)
units, median (interquartile ranges), in patients taking NSAID, were
lower than their corresponding values, 200(110-350) and 265
(150-310), in patients not taking NSAID (p=0.01). In NSAID patients
with osteoarthritis, the gastric mucosal blood flow was 125 (90-160)
units, and the duodenal blood flow was 148 (110-175), compared with
125 (90-185) and 160 (125-200) units, respectively, in those with
rheumatoid arthritis. Therefore, there were no significant
differences between patients with osteoarthritis or rheumatoid
arthritis with respect to blood flow. In addition, there was no
correlation between mucosal blood flow and parameters of arthritic
disease activity such as the erythrocyte sedimentation rate or

C-reactive protein.

H pylori was found in 10 of 15 NSAID patients (66%) with gastric
ulcers (all affecting the antrum) and 7 of 12 patients (58%) with
duodenal ulcers. Four of 15 gastric ulcer patients (27%) were
smokers compared with 8 of 12 patients (67%) with duodenal ulcers.
Only 2 patients in the control group had ulcers, both of which were

in the duodenum.

Gastric and duodenal blood flow of NSAID patients in various age
groups are shown in Table 31. Patients older than 60 years tended
to have lower blood flow than those younger than 40 years.

However, this tendency did not reach statistical significance.
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Smoking, ulceration, or H pylori did not seem to affect gastric
blood flow of patients taking NSAID in this study (Table 32). On
the other hand, the presence of these factors was associated with
lower blood flow values in the duodenal mucosa (Table 35). In the
NSAID group as a whole, mucosal blood flow was 125 (90-183) units
in the stomach compared with 160 (123-195) units in the duodenum
(p=0.00017). To investigate which factors were independently
associated with reduced blood flow in the duodenum, multiple linear
regression analysis with step-wise variable elimination was
performed. The three factors, (duodenal ulceration, smoking and H
pylori) were assigned numerical values of 0 or 1 according to their
presence or absence, and the predictor variables included in the
analysis were the factors themselves and all two-and three-factor
products. A square root transformation was performed on the
duodenal blood flow values to correct an upward skewing of the
distribution. @ The only variable with a statistically significant
relationship with duodenal blood flow was the product (ie
simultaneous presence) of smoking and H pylori: smokers infected
with H pylori had a median (interquartile range) blood flow of 118
(85-168) compared with 175 (135-250) units in the rest of the NSAID
group (F=13.5, p=0.0005). The independent effect of duodenal

ulceration approached statistical significance (F=3.3, p=0.076).

In the small number of subjects not taking NSAID, no significant
differences were found in response to H pylori, peptic ulceration, or

the demographic details.
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TABLE 30

Characteristics of the Study Groups

On NSAID Controls
Total number 70 17
Males 23 6
Females 47 11
Median Age (years) 54 53
Smokers 29 11
Osteocarthritis 14 -
Rheumatoid arthritis 56 -
Duration of arthritis median (years) 7 -
Gastric ulcers 15 -
Duodenal ulcers 12 2

H pylori 30 13



Gastric and Duodenal Blood Flow (Perfusion Units),

Median (Interquartile Ranges), in NSAID Patients Classified

Sample size

Gastric blood
flow

Duodenal blood
flow

TABLE 31

According to their age Groups (Years)

Less than 41-60

40

14 46

155 120
(115-200) (90-175)
158 163
(135-185) (110-235)

Greater than 60

10

115
(83-153)

145
(110-175)

168



TABLE 35

169

Gastric Blood Flow (Perfusion Units) in NSAID Group

Smoking

Gastric

Ulceration

H pylori

(Interquartile Ranges) in the Presence of

Smoking, Ulcers or H pylori

Present Absent

Sample Value Sample Value

Size Size

29 123 41 125
(85-185) (100-190)

15 120 55 125
(85-140) (90-185)

30 125 40 135
(85-200) (105-178)
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TABLE 33
Duodenal Blood Flow (Perfusion Units) of NSAID Patients
Median (Interquartile Ranges) in the Presnece of

Smoking, Ulcers, or H pylori

Present Absent
Sample Value Sample Value
size size
Smoking 29 150+ 41 175
(100-175) (135-250)
Duodenal
Ulceration 12 123+ 68 160
(93-158) (130-215)
H pylori 30 135* 40 168
(100-175) (140-245)

Significant drop compared with non-smokers or those without duodenal

ulcers or H pylori:

* p<0.05
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10.5 DISCUSSION:

This study shows that, in patients treated with NSAID,
duodenal blood flow is lowest in smokers and in those with duodenal
ulcers or H pylori. Gastric blood flow does not seem to change
significantly in the presence of any of these variables. Mucosal
blood flow is greater in the duodenum than in the stomach,
but no correlation could be found between mucosal blood flow and
patients' age or type of arthritis. In the study group as a whole,
the intake of NSAID is associated with lower mucosal blood flow in

both the stomach and duodenum, compared with controls.

In addition to changes in cardiac output, there are several
other factors that can influence the gastric mucosal microcirculation.
Vasoconstriction has been observed to take place in the presence of
vasopressin, catecholamines, angiotensin II, and after the activation
of alpha-adrenergic receptors (213-216). Vasodilatation has been
described with parasympathetic stimulation (215,217), gut peptides
(gastrin, secretin, glucagon, etc) (209,213,217,218), and with most
local metabolites such as histamine, serotonin, bradykinin, cyclic
AMP, and prostaglandins (213,214,218,219). Gastric blood flow has
also been found to change in response to drug intake: it was
reduced by NSAID (14) and cimetidine (210) and increased (220) or
unaffected (221) by misoprostol. Apart from NSAID, patients in this
study were excluded if they took drugs such as cimetidine or
misoprostol. It is worth noting, however, that the majority of the
above studies (213-221) were carried out in laboratory animals, and
when humans were included (210,211,220), duodenal blood flow and
the effect of various demographic factors or H pylori were not
investigated. Measurements made in the control group of this study

confirm the general suppressive effects of NSAID on blood flow in
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both the stomach and duodenum. The relatively small number
studied does not allow for detailed analysis of the effect of H pylori
or the demographic variables in the absence of NSAID, which lies

beyond the scope of this study.

In this study, although NSAID patients older than 60 years
tended to have lower mucosal blood flow than those younger than 40
years, this tendency was not statistically significant. This finding,
alone, does not explain the higher incidence of NSAID related peptic
ulcers or their complications previously reported in elderly people
(95,145). Other factors should be considered, including the
continuing increase in NSAID prescribing (95), the possible role of

diet (222), and the effect of the cohort phenomenon (223).

Patients with NSAID-related gastric ulcers in this study, had
similar gastric blood flow to those with normal gastric endoscopy.
This is unlike the finding of a previous study (211) in which the
presence of gastric ulceration was associated with lower gastric blood
flow. The difference may have been related to the intake of NSAID:
peptic ulcers in such cases can be related to multiple other
mechanisms, including inhibition of both prostaglandin synthesis (7)
and mucus secretion (17), and disruption of the gastric mucosal
barrier (12). Alternatively, in the presence of low levels of gastric
perfusion in NSAID patients, the method used in this study might

not have been sensitive enough to detect small differences.

Smokers in the NSAID group had lower duodenal blood flow than
non-smokers. This might explain, at least in part, the higher

prevalence of ulcers in smokers, reported in previous studies
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(42,75,224). Duodenal blood flow was also lower in the presence of
H pylori, in this study. The reason for this is not clear, but it is
interesting to note that recent in vitro studies carried out by the
author (22,56) showed that H pylori culture filtrate intensified the
inhibitory effects of indomethacin on two potential vasodilators: PGE,
and cyclic AMP (213,214,219). However, multivariate analysis showed
that the effects of smoking and H pylori infection could be accounted
for by a reduction in blood flow only in those exposed to both of
these risk factors, which might suggest a synergistic relationship

between them.

The presence of duodenal ulceration in NSAID patients was
associated with lower mocosal blood flow in the duodenum. This
could be related to the high prevalence of smoking amongst duodenal
ulcer patients. However, the independent association between
duodenal ulceration and reduced duodenal blood flow should not be

ignored as it approached statistical significance.

In the NSAID group as a whole, blood flow was lower in the
gastric antrum than in the duodenum. The significance of such a
finding is not clear but it could be relevant to understanding the
tendency of NSAID related peptic damage to affect the antrum more
frequently than the duodenum (5,42,Chapter 8) although it was not
possible to demonstrate a correlation between gastric ulceration and

gastric mucosal blood flow in this study.

In conclusion, duodenal blood flow in patients receiving NSAID

appears to be lowest in smokers and in those with duodenal ulcers or
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H pylori. The study could not demonstrate correlation with age,
and gastric blood flow does not seem to be influenced by any of the
above factors. These findings might be relevant to our
understanding of NSAID related peptic damage. They also illustrate
some differences between the gastric and the duodenal mucosa in

their response to various risk factors in peptic ulcer disease.
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SECTION VI
NSAID-RELATED ULCERS AND SECOND-LINE DRUGS
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INTRODUCTION

The endoscopic study in Chapter 11 investigates the prevalence
of peptic ulcers in patients taking NSAID only or with second-line
drugs. Its finding of a lower prevalence of such ulcers in patients
taking gold injections made it necessary to investigate the prevalence
of both ulcers and H pylori in patients treated with gold or with
another agent of similar anti-rheumatoid activity, such as
sulphasalazine. This was justified on the basis of two main reasons:
Firstly, the possible interaction between NSAID and H pylori
(Chapter 2); and secondly, because of the historical evidence
suggesting that gold compounds might have an antibacterial activity

(Chapter 3).






























































































































































































































