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Peptic ulcer disease

Peter Malfertheiner, Francis K L Chan, Kenneth E L McColl

Peptic ulcer disease had a tremendous effect on morbidity and mortality until the last decades of the 20th century,
when epidemiological trends started to point to an impressive fall in its incidence. Two important developments are
associated with the decrease in rates of peptic ulcer disease: the discovery of effective and potent acid suppressants,
and of Helicobacter pylori. With the discovery of H pylori infection, the causes, pathogenesis, and treatment of peptic
ulcer disease have been rewritten. We focus on this revolution of understanding and management of peptic ulcer
disease over the past 25 years. Despite substantial advances, this disease remains an important clinical problem,
largely because of the increasingly widespread use of non-steroidal anti-inflammatory drugs (NSAIDs) and low-
dose aspirin. We discuss the role of these agents in the causes of ulcer disease and therapeutic and preventive
strategies for drug-induced ulcers. The rare but increasingly problematic H pylori-negative NSAID-negative ulcer is

also examined.

Introduction
Peptic ulcer disease embraces both gastric and duodenal
ulcers and has been a major threat to the world’s
population over the past two centuries, with a high
morbidity and substantial mortality. Epidemiological
data for this disease and its complications have shown
striking geographical variations in incidence and
prevalence. Development of ulcer disease and death
from it has been associated with the birth of urbanisation
and was interpreted as a birth-cohort event with the
peak of disease in those born during the late
19th century.”” Our understanding of the disease
changed greatly with the discovery of Campylobacter
pyloridis (renamed Helicobacter pylori in 1989 because of
a revised taxonomic classification) in 1982 by Warren
and Marshall.** This discovery switched the notion from
an acid-driven disease to an infectious disease, opening
a huge area for intensive research that resulted in the
reconciliation of previously suggested mechanisms of
pathogenesis.

The fall of the acid dogma in peptic ulcer disease, which
had found its undisputed acceptance during and after the

Search strategy and selection criteria

Because of the complexity of the topic and change in dogma
after H pylori discovery, reference search pre-1990 was mainly
through book chapters, monographs, and review articles,
including selective search of original publications. For
1990-2008, the PubMed database was used to retrieve key
articles on various and specific aspects of peptic ulcer disease.
Search terms were “ulcer”, “peptic ulcer”, “gastric ulcer”,

", "ulcer pathogenesis”,

“duodenal ulcer”, “epidemiology”,
", "non-steroidal

“H pylori”, “H pylori eradication”,
cyclo-oxygenase-2”,

anti-inflammatory drugs”,

“ulcer complications”, “bleeding”, “proton-pump inhibitor”,
“misoprostol”, “histamine-2-receptor antagonist”, and
“myocardial infarction”. Selection of articles was based on
individual and personal experience of the investigators with
the intention to cover all major aspects of this specialty; only
English language publications were included.

"o

aspirin”,
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introduction of histamine H -receptor antagonists, led to
the present therapeutic principle. Maintenance acid-
suppressive therapy for duodenal ulcer, which followed
decades of dominance of surgical interventions (subtotal
gastric resections, several forms of vagotomy), was
replaced with a short-term antibiotic regimen targeting
eradication of H pylori infection.*® H pylori eradication as
cure of peptic ulcer received its full recognition when the
Nobel Prize for Medicine and Physiology was awarded to
Warren and Marshall in 2005. This recognition has not,
however, closed the chapter on peptic ulcers. The
management of ulcer disease and its complications
remains a clinical challenge. Additionally, non-steroidal
anti-inflammatory drugs (NSAIDs) and low-dose aspirin
are an increasingly important cause of ulcers and their
complications even in H pylori-negative patients.”* Other
rare causes of ulcer disease in the absence of H pylori,
NSAIDs, and aspirin also exist.

Clinical manifestations and diagnosis

The predominant symptom of uncomplicated peptic
ulcer is epigastric pain, which can be accompanied by
other dyspeptic symptoms such as fullness, bloating,
early satiety, and nausea. In patients with duodenal ulcer,
epigastric pain occurs typically during the fasting state or
even during the night and is usually relieved by food
intake or acid-neutralising agents. Roughly a third of
these patients also have heartburn, mostly without
erosive  oesophagitis.” Chronic ulcers can be
asymptomatic.” In particular, this absence of symptoms
is seen in NSAID-induced ulcers, for which upper
gastrointestinal bleeding or perforation might be the first
clinical manifestation of disease. The most frequent and
severe complication of peptic ulcers is bleeding, which is
reported in 50-170 per 100000, with the highest risk in
people aged older than 60 years."™ Perforation is less
frequent than is bleeding, with an incidence of around
seven to ten per 100000."* Penetration of retroperitoneal
organs is characterised by constant severe pain but
fortunately is rare.” Gastric outlet obstruction due to
ulcer-induced fibrosis is also rare, and should raise
suspicion of underlying malignant disease.”
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A peptic ulcer is diagnosed at endoscopy when there is
a mucosal break of diameter 5 mm or larger, covered
with fibrin; a mucosal break smaller than 5 mm is called
an erosion. The 5 mm criterion is arbitrary, but is used in
clinical trials. The extent to which this criterion relates to
the pathological criterion of penetration of the muscularis
mucosa is unclear. Peptic ulcers can be single or many.
The typical location of the duodenal ulcer is in the bulb,
where gastric contents enter the small intestine. The site
of predilection for gastric ulcers is the angulus of the
lesser curvature; however, they can occur at any location
from the pylorus to the cardia. Occasionally, kissing
ulcers are seen located face to face on the anterior and
posterior walls of the duodenal bulb. If ulceration is seen
in the more distal duodenum, then underlying Crohn’s
disease, ischaemia, or the rare Zollinger-Ellison syndrome
should be considered. On endoscopic diagnosis of peptic
ulcer, biopsy samples of the antral and body or fundus
mucosa should be taken for detection of H pylori infection
by rapid urease and histological tests.

In many developed countries, ulcer-like symptoms in
patients aged up to 55 years are generally not investigated
by endoscopic examination but by testing non-invasively
for H pylori (*C-urea breath test [UBT], stool antigen test)
and treated with H pylori eradication if positive.” The
rationale for this test-and-treat strategy is that symptoms
in a proportion of patients will be due to underlying ulcer
disease that will be cured by H pylori treatment. Moreover,
malignant disease is rare in young people and in the
absence of alarm symptoms such as loss of appetite,
weight loss, anaemia, and vomiting.

Panel 1: Aetiological classification of peptic ulcers

« Positive for Helicobacter pylori infection
+ Drug (ie, non-steroidal anti-inflammatory drug [NSAID])-
induced
+  Hpyloriand NSAIDs positive
«  Hpyloriand NSAIDs negative*
 Acid hypersecretory state (ie, Zollinger-Ellison syndrome)
+  Anastomosis ulcer after subtotal gastric resection
«  Tumours (ie, cancer, lymphoma)
+  Rare specific causes
+ Crohn’s disease of the stomach or duodenum
+ Eosinophilic gastroduodenitis
+ Systemic mastocytosis
+ Radiation damage
« Viral infections (eg, cytomegalovirus or herpes simplex
infection, in particular in immunocompromised
patients)
+ Colonisation of stomach with H heilmanii
+ Severe systemic disease
« Cameron ulcer (gastric ulcer where a hiatus hernia passes
through the diaphragmatic hiatus)
«  True idiopathic ulcer

*Requires search for other specific causes.

Pathogenesis

Panel 1shows an aetiological classification of peptic ulcers.
The complex and multifactorial pathogenesis of peptic
ulcer has been studied over several decades, and results
from an imbalance of aggressive gastric luminal factors
acid and pepsin and defensive mucosal barrier function.
Several environmental and host factors contribute to ulcer
formation by increasing gastric acid secretion or
weakening the mucosal barrier.® Among environmental
factors, smoking, excessive alcohol use, and drug use are
most often quoted but none of them, apart from NSAID
use, were identified as an individual ulcerogenic agent.
Emotional stress and psychosocial factors are frequently
identified as important contributors to ulcer pathog-
enesis.”? Although stress cannot be neglected as a
contributing factor, convincing evidence for it being the
sole cause of duodenal ulcer is scarce.*™ A good example
of stress as a contributory factor was the rise in bleeding
gastric ulcers in elderly people after a severe earthquake in
Japan.” The definition of stress ulcer should be restricted
to bleeding ulcers in the context of severe organic illness,
such as cerebral trauma, burning, and sepsis with
multiorgan failure in intensive care units.**

H pylori-positive ulcer

Epidemiological studies revealed a very strong association
between H pylori infection and duodenal and gastric
ulcers. The ultimate proof of H pylori as the main cause
of ulcer disease was the permanent cure of peptic ulcers
by eradication of the infection.”* More than 50% of the
world’s population has a chronic H pylori infection of the
gastric mucosa, yet only 5-10% of those infected develop
ulcers. Factors determining whether the infection will
produce disease are the pattern of histological gastritis
induced; changes in homeostasis of gastric hormones
and acid secretion; gastric metaplasia in the duodenum;
interaction of H pylori with the mucosal barrier and
immunopathogenesis; ulcerogenic strains; and genetic
factors (figure 1).

H pylori colonises the entire gastric epithelium, from
the prepyloric antrum to the cardia. Clinical outcomes
are dependent on the pattern of chronic mucosal
inflammation induced.®® In patients with duodenal
ulcer, density of infection and severity of inflammation
are greatest in the distal antral region with sparing of the
acid-secreting body mucosa. After H pylori eradication,
gastric mucosal changes are usually fully reversible. In
gastric ulcer, inflammation affects the body and antral
mucosa to a similar degree, although it varies dependent
on ulcer location.** Unlike in duodenal ulcer, acid
secretion in gastric ulcer can be decreased because of the
more severe involvement of acid-secreting body mucosa.
However, a crucial amount of acid production is always
conserved.

In antrum-predominant non-atrophic H pylori gastritis
both basal and stimulated gastric acid outputis increased.
This effect is most pronounced in patients with duodenal
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ulcer.”® Patients with duodenal ulcer and H pylori
infection produce more acid than do infected people
without ulcers in response to the same stimulation with
gastrin. This finding is attributable to an impaired acid
response to gastrin in infected people without ulcers,
which is probably caused by the intense inflammation of
their acid-secreting mucosa.* Patients with duodenal
ulcers also have more acid-secreting parietal cells than
do people without ulcers, and produce more acid in
response to maximum gastrin stimulation.* Premorbid
acid-secreting status might be a key factor determining
the pattern of H pylori gastritis developed, and thus
likelihood of development of duodenal ulceration. This
suggestion arises from evidence that reduction of gastric
acid secretion with proton-pump inhibitor (PPI) therapy
increases the intensity of inflammation of the acid-
secreting mucosa in H pylori-infected patients.” A high
constitutive acid secretory capacity might therefore
promote development of antral-predominant body-
sparing gastritis, and thus duodenal ulceration.

H pylori infection impairs negative feedback regulation
of gastrin release and thus acid secretion.”** A low antral
pH stimulates release of somatostatin from D cells in the
antral glands, and this somatostatin exerts paracrine
inhibitory control of gastrin release from adjacent G cells.
H pylori has very high urease activity producing ammonia
to protect the organism from its acidic gastric
environment. Production of alkaline ammonia by
bacteria on the surface epithelium and in the glands of
the antrum prevents D cells in the glands from sensing
the true level of acidity, leading to inappropriate release
of somatostatin and an increase in gastrin, and
consequently excess acid secretion.®** The trophic effect
of hypergastrinaemia induced by H pylori also induces
hyperplasia of the enterochromaffin-like and acid-
secreting parietal cells.

Neural pathways are also affected by H pylori (figure 2),
with functional disruption of antral-fundic neural
connections that downregulate acid production.”
Impaired inhibitory neural control, in association with
hypergastrinaemia, leads to further increase of acid
output in patients with duodenal ulcers (figure 2).#
Resolution of hypergastrinaemia in these patients after
H pylori eradication is a common event and occurs much
faster than does resolution of acid hypersecretion.***

Gastric acid hypersecretion and, more specifically, acid
overload in the duodenum leads to development of
metaplasia in the duodenal bulb.® Metaplasia is a
prerequisite for H pylori colonisation of duodenal
epithelium, because colonisation is specific and exclusive
to gastric epithelial cells. After bacterial colonisation of
islands of duodenal gastric metaplasia, the inflamed
duodenal mucosa becomes more susceptible to peptic acid
attack and ulceration (figure 1). After H pylori eradication,
gastric metaplasia does not change substantially in
prevalence and extent, but with elimination of infection
risk of ulcer recurrence is abolished.
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Figure 1: Pathogenesis of Helicobacter pylori-positive duodenal ulcer

H pylori causes an inflammatory response in gastric
mucosa, with induction of epithelium-derived cytokines,
predominantly interleukin 8 and interleukin 1(3.7
Influx of neutrophils and macrophages into the gastric
mucosa with release of lysosomal enzymes, leukotrienes,
and reactive oxygen species impairs mucosal defence
and drives the immunopathogenetic process of ulcero-
genesis.””® T and B lymphocytes activated by bacterial
antigens and proinflammatory cytokines regulate the
local and systemic immune response with release of
further cytokines (interleukins 1, 2, 6, 10, tumour
necrosis factor a), and antibodies.”* The type of T-cell
response is crucial, with more mucosal damage resulting
from a T-helper-1-predominant response, whereas a
high regulatory T-cell response with interleukin-10
release confers protection.” As a result of the
immunopathogenetic events, additional factors with
ulcerogenic potential are released, including platelet-
activating factor and components of the complement
pathway.”

H pylori isolated from patients with ulcer disease carry
a high virulence. Features of increased virulence include
a strong adhesive property and increased production of
enzymes with toxic potential. Strains from ulcer patients
might produce higher amounts of urease than do those
from people without ulcers. Urease catalyses production
of ammonia, which in high concentrations is followed by
formation of toxic complexes such as NH,CL.* Bacterial
phospholipases A and C impair the phospholipid-rich
layer in the mucosa that maintains mucosal
hydrophobicity and integrity of the gastric epithelial
barrier.”*
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Figure 2: Acid secretion in antrum-predominant Helicobacter pylori infection-associated gastritis*
*Phenotype typically seen in patients with duodenal ulcer.
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Specific H pylori genotypes are associated with severe
morbidity. The most prevalent H pylori genotypes in
patients with peptic ulcerations are vacA-positive and
cagA-positive.”** H pylori-derived vacuolating cytotoxin
(VacA), an 87-kDa protein, causes vacuolar degeneration
in cultured gastric-cell preparations and gastric ulceration
in laboratory animals. Although present in all H pylori
strains, the vacA gene, dependent on its allelic form, is
expressed in only 60%.” The cytotoxin-associated gene A
(cagA), restricted to cytotoxin-producing strains of
H pylori, is within an island of 31 genes defined as CagA
pathogenicity island. CagA encodes a 120-160 kDa
immunodominant protein that is a marker of increased
virulence and enhances the local inflammatory
response.” > A series of other virulence genes with a
higher prevalence in ulcer disease, such as the adhesion
protein BabA® and the outer membrane inflammatory
protein OipA,* are likely to play a rather modest part in
pathogenesis.

A genetic predisposition to acquire H pylori has been
shown in twins, with an increased affinity in
monozygotes versus dizygotes.”® Results of earlier
studies suggested that people with blood group O carry
a higher risk for ulcer disease than do those with other
blood groups.® H pylori adhesion to gastric mucosa is
increased in patients positive for Lewis b antigens,
which are expressed on blood and gastric epithelial
cells.” The pathogenetic importance of these findings is
controversial, because the presence of these antigens is
believed by some to contribute to more severe mucosal
damage through increased adhesion, whereas others
suggest that binding of H pylori to these antigens would

help to eliminate H pylori by shedding of the surface
gastric epithelial cells carrying the bacteria. Other ulcer-
promoting factors have been proposed, for example
NOD1 polymorphisms,”® whereas interleukin-1f3 poly-
morphisms® and TLR4-gene polymorphisms® are
negatively correlated with duodenal ulcer. Japanese
working groups have reported that people with HLA
type DQA 1301 have an increased prevalence of ulcer
disease™ and that the polymorphism of interleukin 8-
251A/T increases risk of gastric ulcer and gastric
cancer.”"

H pylori-host interactions in ulcer pathogenesis are
complex and aggravated by environmental risk factors.
Pathogenesis of duodenal ulcer is heavily acid driven
with immunopathogenetic components, whereas in
gastric ulcer the immunopathogenetic response is likely
to be the dominant aspect. H pylori eradication cures
both gastric and duodenal ulcer and prevents relapses,
which is lasting.”**”*”* Additionally, healing is accelerated
ifantibiotics are given in addition to acid suppressants.”*”*
Finally, eradication prevents recurrence of ulcer bleeding
and is Dbetter than maintenance acid-inhibitory
therapy.”” These findings led to the 1994 National
Institutes of Health consensus statement, which said
that antibiotic treatment in addition to antisecretory
therapy is needed in all patients with H pylori-positive
ulcers.” This statement was implemented in all
subsequent guideline recommendations for therapy of
peptic ulcer disease.®

NSAID-induced ulcer

Topical injury by ion trapping”™ and reduction of mucus
gel hydrophobicity” was once thought to be an important
mechanism of NSAID-induced gastric damage. Later,
NSAIDs were shown to damage the stomach mainly by
suppression of gastric prostaglandin synthesis.® The
discovery of two isoforms of cyclo-oxygenase (COX),
COX-1 and COX-2, sparked an enormous drive by the
pharmaceutical industry to develop COX-2-selective
NSAIDs as gastric-sparing anti-inflammatory analgesics.
Now, good evidence exists that selective inhibition of
COX-2 reduces but does not eliminate risk of
gastroduodenal ulcers and their complications.*

Work in animals has shown that neutrophil adherence
to gastric microcirculation plays a crucial part in
initiation of NSAID injury*” Neutrophil adherence
damages the mucosa by liberating oxygen free radicals,
releasing proteases, and obstructing capillary blood flow.
Inhibition of neutrophil adherence alleviates NSAID-
induced damage in animal models.” Attention has
focused on the role of nitric oxide (NO) and hydrogen
sulphide (H,S), in maintenance of gastric mucosal
integrity. NO and H,S increase mucosal blood flow,
stimulate mucus secretion, and inhibit neutrophil
adherence.” NO-releasing and H,S-releasing derivatives
of NSAIDs induce much less gastric damage than do
their parent drugs.® Unlike animal ulcer models,
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however, NSAID gastropathy in man is characterised by
an absence of inflammatory cells unless H pylori
infection is present. Whether neutrophils initiate NSAID
injury in man is unknown.

Acid suppression has been the mainstay of management
of NSAID-associated ulcer disease. Gastric acid probably
exacerbates NSAID injury by converting superficial
mucosal lesions to produce deeper injury,* interfering
with platelet aggregation,® and impairing ulcer healing.*
Patients taking NSAIDs have about a four-fold increase
in risk of ulcer complications such as bleeding compared
with non-users. Several risk factors have been identified
in these patients, such as history of ulcer or ulcer
complications, old age, comorbidities, use of high-dose
NSAIDs, concomitant use of corticosteroids, aspirin, or
anticoagulants, and H pylori infection.”

A history of ulcer complications is the most important
predictor of future ulcer complications associated with
NSAID use.® How past history increases risk is unclear.
Indirect evidence exists that ulcers tend to recur at
previous sites,”*” suggesting thatlocal factors determining
mucosal defence might play an important part in
ulcerogenesis. Contrary to general belief, use of
corticosteroids per se is not ulcerogenic.” However, both
corticosteroids and anticoagulants substantially increase
risk of ulcer bleeding when used concomitantly with
NSAIDS.** Anticoagulants probably provoke bleeding
from ulcers induced by NSAIDs in addition to causing
generalised mucosal bleeding.

Does any interaction exist between H pylori and
NSAIDs? There are data to suggest that H pyloriincreases,
have no effect on, or decrease ulcer risk in NSAID users.
Two systematic reviews have shown that H pylori infection
substantially increases risk of peptic ulcer and ulcer
bleeding in chronic NSAID users.** In one study, risk of
ulcer bleeding was increased by a factor of 179 with
H pylori infection, by 4-85 with NSAID usage, and by
6-13 in the presence of both NSAID use and H pylori
infection.” In patients who are about to start NSAIDs,
eradication of H pylori substantially reduces subsequent
risk of endoscopic and complicated ulcers.”* Two
systematic reviews have shown that H pylori eradication
was more effective than was placebo in primary prevention
of peptic ulcers in regular NSAID users (relative risk
0-35,95% CI 0-20-0-61).”* Additionally, no difference is
reported between H pylori eradication and co-therapy with
a PPI in primary prevention of ulcers in regular NSAID
users with average gastrointestinal risk.”” However,
eradication of H pylori alone is not sufficient to prevent
ulcer bleeding in NSAID users with high gastrointestinal
risk, such as a history of ulcer bleeding."™

Whether dyspepsia is a risk factor for ulcers in NSAID
users is controversial.** However, in patients with a past
history of ulcer bleeding, those who had breakthrough
dyspepsia while on a COX-2 inhibitor or prophylaxis
with a PPI had a significantly higher likelihood of
recurrent ulcer than did those who remained
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asymptomatic (hazard ratio 5-3, 95% CI 2-6-10-8)."
Thus, high-risk patients who develop breakthrough
dyspepsia should have treatment withheld and undergo
endoscopic assessment.

Use of low-dose aspirin increases risk of ulcer bleeding
by two-fold to three-fold compared with risk in non-
users.”™ Even use of very low-dose aspirin in people
with low gastrointestinal risk is not risk free." Growing
evidence suggests that low-dose aspirin is not the same
as non-aspirin NSAIDs in several important aspects.
First, data from a large-scale randomised trial suggested
that endoscopic ulcer is not a good predictor for upper
gastrointestinal bleeding with low-dose aspirin.” The
antiplatelet action of low-dose aspirin might be more
important than its ulcerogenic effect in provoking upper
gastrointestinal bleeding. Second, increasing age per se
is not a risk factor for upper gastrointestinal bleeding
with low-dose aspirin.” Third, research has consistently
shown that H pylori infection is a risk factor for ulcer
bleeding with low-dose aspirin.'” In our opinion, low-
dose aspirin may provoke bleeding from pre-existing
H pylori ulcers. Eradication of H pylori heals ulcers and
therefore reduces the risk of recurrent ulcer bleeding
with low-dose aspirin.”®

Management

Since Karl Schwarz’s™ dictum of no acid, no ulcer,
development of medical therapies has targeted gastric
acid secretion and mucosal defence mechanisms. Many
drugs have been used to treat ulcers, but few early
treatments stood the test of time (table 1). The most
successful classes of drugs were those inhibiting gastric
acid secretion. H,receptor antagonists revolutionised
treatment of peptic ulcer, healing ulcers and keeping
them in remission when given as maintenance
therapy."** They were gradually replaced with the more
potent class of acid-inhibitory drugs, the PPIs, which
became available in 1989. PPIs selectively block the H*K*
ATPase of the parietal cell."™ On the basis that speed of
ulcer healingis associated with degree of acid suppression,
PPIs became the hallmark in ulcer therapy. However,
after the healing phase ulcers were usually seen to recur,
and for years standard practice was to keep patients on
maintenance acid suppression until the revolutionary
introduction of H pylori eradication therapy.

A second group of drugs is directed at reinforcement of
the mucosal barrier, and has found its major application
in protection against NSAIDs and aspirin. Misoprostol, a
prostaglandin analogue, has been the most widely used
but its application is limited by abdominal side-effects,
especially at higher doses.™ Sucralfate and bismuth salts
also promote ulcer healing by improving mucosal
repair.” Sucralfate might also act partly by reducing acid
secretion and suppressing H pylori infection.™ Bismuth
salts with some intrinsic anti-H pylori activity are used in
ulcer therapy only in combination with antibiotics.™
Cytoprotective drugs have been outdated by more
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Mechanisms

Use

H2-receptor antagonists (cimetidine, Acid inhibition
ranitidine, famotidine, nizatidine,

roxatidine)

PPI (omeprazole, pantoprazole,
lansoprazole, rabeprazole, esomeprazole)

Most potent acid inhibition

Increase mucosal resistance; weak
acid inhibition

Prostaglandin analogues* (misoprostol)

H pylori eradication regimens (PPl plus two  Cure of H pylori infection
antibiotics)

Bismuth salts (subcitrate, subsalicylate) Weak antibacterial effect; increase

of mucosal prostaglandin synthesis

Several mucosal protectives used in some countries (ie, sucralfate, rebamipide, and others) do not have sufficient trial documentation to be included in the efficacy
comparison with the listed standard therapies. PPI=proton-pump inhibitor. NSAID=non-steroidal anti-inflammatory drug. *Contraindicated in pregnancy.

H pylori-negative peptic ulcer; replaced by PPI because of inferiority in acid
suppression

Standard treatment for all H pylori-negative peptic ulcers; prevention of
NSAID or aspirin ulcers; essential component in eradication regimen; given
intravenously in bleeding ulcers

H pylori-negative gastric ulcer; prevention of NSAID ulcers

Standard therapy in all H pylori-positive ulcers

In quadruple therapy for H pylori eradication

Table 1: Classes of drugs with proven effect on healing of peptic ulcer

effective therapies. Current ulcer therapy consists of
H pylori eradication in H pylori-positive peptic ulcer and
PPI for healing and preventing peptic ulcers induced by
gastrotoxic drugs. A small role exists for drugs enhancing
mucosal resistance.

Treatment for H pylori-positive ulcer

Treatment for H pylori-associated ulcer disease is mainly
directed at eradication of infection. Eradication is usually
achieved with a combination of acid-inhibiting therapy
and antibiotics. Antibacterial therapy alone does result in
healing, but the process is accelerated by addition of acid
suppressants (ie, PPIs).* The Maastricht Consensus
Report provides recommendations on management of
H pylori infection (panel 2).¢

H pylori eradication is equally effective in both
duodenal and gastric ulcers”* In duodenal ulcer,
testing by non-invasive methods (*C-UBT, stool antigen
testing) is a validated surrogate marker to confirm
healing.® However, in gastric ulcer, healing should be
confirmed endoscopically and biopsies are mandatory
to exclude malignant disease, even when the ulcer
appears healed. For uncomplicated duodenal ulcer a
7-14 day eradication therapy does not need to be
followed by PPIs, whereas for gastric ulcer PPIs should
be continued beyond the eradication phase for
4-8 weeks." If complications arise (ie, bleeding), PPI
therapy should be continued until healing is confirmed
endoscopically. In this circumstance, confirmation of
eradication relies on histological examination of biopsy
samples taken from both antral and body regions of the
stomach, because PPI therapy can produce false-
positive urease test results.

Eradication rates depend on several factors: (i) drug
regimen,; (ii) resistance rate to the antimicrobiotic used;
(iii) compliance with the drug; (iv) duration of therapy;
and (v) genetic variations in drug-metabolising enzymes.
Two antimicrobials often used in eradication regimens
are clarithromycin and metronidazole. H pylori can be

resistant to either of these drugs, causing reduced
eradication rates. Checking for antimicrobial sensitivity
before treatment of H pylori is not routine. However, if a
patient has previous exposure to these antimicrobials or
lives in a region where these drugs are frequently
prescribed, they are more likely to have a resistant strain
and alternative antimicrobials should be given.
Monitoring of eradication rates is important to detect
emergence of resistant strains and alert to the need to
modify the regimen. One should aim to maintain first-
line eradication rates greater than 80%.¢

The duration of eradication therapy remains
controversial. In Europe, 1-week triple regimens are used,
whereas US guidelines recommend 10 or even 14 days of
therapy."” A meta-analysis showed that increasing the
duration of triple therapy from 7 days to 10 days increased
the eradication rate by 4% and from 7 days to 14 days by
5%." Although these differences were statistically
significant, the investigators questioned their clinical
significance.”™ Quadruple therapies—PPI, tetracycline,
metronidazole, and a bismuth salt—are alternative first-
line therapies in areas of high prevalence of antibiotic
resistance, and achieve excellent eradication rates as first-
line treatment.*™ A first-line 10-day sequential therapy
was better than was standard triple therapy in several
studies done in Italy.”” An intention-to-treat result of 84%
for sequential therapy in one study from Spain™ suggests
that the greater efficacy achieved with this promising
therapy than with triple therapies should be tested further
before general recommendation.

The most effective treatment regimens fail in about
10-20% of patients. Bismuth-based quadruple therapy is
the main option for second-line therapy if these
compounds were not used as first-line treatment, with
eradication rates of 57-95%." However, since bismuth is
not available in some countries because of putative toxic
effects, triple therapies of various combinations have
been tested as second-line options. PPI combined with
amoxicillin and metronidazole are recommended as
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Panel 2: Helicobacter pylori eradication regimens

First-line options (7-14 days)

+ Inpopulations with less than 15-20% clarithromycin
resistance and greater than 40% metronidazole
resistance: proton-pump inhibitor (PPI) standard dose,
clarithromycin 2x500 mg, and amoxicillin 2x1000 mg,
all given twice a day

+ Lessthan 15-20% clarithromycin resistance and less than
40% metronidazole resistance: PPl standard dose,
clarithromycin 500 mg, and metronidazole 400 mg or
tinidazole 500 mg, all given twice a day

+ Inareas with high clarithromycin and metronidazole
resistance: bismuth-containing quadruple therapy

Second-line option (10-14 days)

+ Bismuth-containing quadruple therapy

+ PPl plus metronidazole and amoxicillin, if clarithromycin
was used in first-line treatment (in Latin America and
China, furazolidone 2-4x100 mg is often preferred over
metronidazole)

Rescue therapies (10-14 days)
+  PPItwice aday plus amoxicillin 2x1000 mg with either
levofloxacin 2x250 (500) mg, or with rifabutin 2x150 mg

second line if PPI, clarithromycin, and amoxicillin were
used as first line.® Another combination with few data
but a high eradication rate (91%) is PPI, tetracycline, and
metronidazole.” Clarithromycin should be avoided in
second line unless resistance tests confirm that the
H pylori strain is susceptible.”

Patients who are not cured with two consecutive
treatments, including clarithromycin and metronidazole,
will have at least single and usually double resistance.
No standard third-line therapy exists, and European
guidelines recommend culture and susceptibility testing
in these patients to select an eradication regimen
according to microbial sensitivity to antibiotics. Classes
of antibiotics that include either levofloxacin or rifabutin
as a third component besides PPI and amoxicillin can be
used for treatment of H pylori infection after failure. The
eradication rate of levofloxacin-containing triple salvage
therapies ranges from 63% to 94%.”" Rifabutin
combined with a PPI and amoxicillin given for more
than 7 days is well tolerated and highly effective against

double-resistant H pylori after failure of standard triple
therapy.”* However, rifabutin can select resistance in
mycobacteria, and should therefore be used cautiously
and never on a large scale. When a high prevalence of
metronidazole resistance is suspected, this drug can be
replaced by furazolidone; there is no potential for cross-
resistance. In clinical trials, high eradication rates have
been achieved when patients tolerated these drugs.”
Moxifloxacin combined with metronidazole and
omeprazole is reported to be as effective as are
omeprazole, bismuth, metronidazole, and tetracycline
in patients failing standard triple therapy, but experience
is limited and needs further validation.

Treatment for NSAID-induced ulcer
NSAIDs, including low-dose aspirin, are the most
important cause of ulcer complications in developed
countries where prevalence of H pylori infection is falling.
In patients who develop uncomplicated peptic ulcers
while on NSAIDs, more than 90% of gastric or duodenal
ulcers heal with 8 weeks of standard-dose H,-receptor
antagonists (eg, ranitidine 150 mg twice a day), provided
that NSAIDs are discontinued.” However, healing of
gastric ulcers will be greatly impaired if patients continue
to take NSAIDs. A descriptive review of head-to-head
trials suggested that PPIs might be better than a standard
dose of ranitidine in healing gastric ulcers in patients
receiving continuous NSAIDs.” However, a recent large
randomised trial did not show any difference in gastric
ulcer healing between groups receiving esomeprazole
40 mg (85-7%), esomeprazole 20 mg (84-8%), and
ranitidine (76 -3%)."" So far, high-dose PPI has not proved
better than standard-dose PPI in healing gastric ulcers in
patients receiving continuous NSAID therapy. Since
H pylori ulcers cannot be differentiated from NSAID
ulcers, testing for H pylori and eradication of the bacteria
is essential. Current evidence suggests that H pylori
eradication does not impair ulcer healing while patients
are on NSAIDs.™

A systematic review of randomised trials found that
double-dose H,-receptor antagonists reduce risk of both
gastric and duodenal ulcers. PPIs are better than are
standard-dose H,-receptor antagonists and misoprostol
for prevention of duodenal ulcers. Misoprostol is better
than standard-dose H,-receptor antagonists in preventing
gastric but not duodenal ulcers. PPIs have no advantage

No gastrointestinal risk factors

One or two gastrointestinal risk factors

Many gastrointestinal risk factors or previous
ulcer bleed

Low cardiovascular risk NSAID

(low-dose aspirin not needed)

High cardiovascular risk
(low-dose aspirin needed)

Naproxen plus PPl or misoprostol

low-dose COX-2 inhibitor in selected cases (see text).

NSAID plus PPl or misoprostol, or COX-2
inhibitor alone

Naproxen plus PPl or misoprostol

NSAID=non-steroidal anti-inflammatory drug. PPI=proton-pump inhibitor. COX=cyclo-oxygenase. *Combination of low-dose aspirin, PPl or misoprostol, and naproxen or

COX-2 inhibitor plus PPl or misoprostol

Avoid NSAIDs and COX-2 inhibitors if possible*

Table 2: Recommendations on non-steroidal anti-inflammatory use according to gastrointestinal and cardiovascular risks
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over misoprostol in reducing the risk of gastric ulcers.” A
note of caution is that effectiveness of PPIs for prevention
of NSAID-associated ulcers was largely established by
endoscopic and observational studies.”"* Only full-dose
misoprostol (200 pg four times a day) prevented NSAID-
associated ulcer complications in a large-scale trial.™

In a systematic review, COX-2 inhibitors induced
significantly fewer gastroduodenal ulcers (relative
risk 0-26, 95% Cl 0-23-0-30), ulcer complications
(relative risk 0-39, 95% Cl 0-31-0-50), and treatment
withdrawals due to gastrointestinal symptoms than did
non-selective NSAIDs. Concomitant use of aspirin,
however, negates the gastric-sparing effect of COX-2
inhibitors.®® COX-2 inhibitors and non-selective
NSAIDs both increase cardiothrombotic risk. The only
probable exception is full-dose naproxen (500 mg twice
daily).””*** The cardiovascular hazard of COX-2
inhibitors might be dose-dependent. In a pooled
analysis of trials of celecoxib, there was a dose-
dependent increase in cardiovascular hazard of this
drug in patients with high baseline cardiovascular
risk.”™ In another pooled analysis of observational
studies, the excess cardiothrombotic risk associated
with most NSAIDs and COX-2 inhibitors was not seen
in patients receiving concomitant low-dose aspirin.'
Large-scale, head-to-head randomised trials are
underway to assess cardiothrombotic risk of NSAIDs
and COX-2 inhibitors.

Because of the potential cardiovascular hazard of
COX-2 inhibitors and non-selective NSAIDs, physicians
should assess gastrointestinal and cardiovascular risk of
individual patients before prescribing anti-inflammatory
analgesics. In patients with low cardiovascular risk
(absence of established or multiple risk factors for
coronary artery disease), NSAIDs can be prescribed
according to the number and nature of gastrointestinal
risk factors (table 2). Patients with one or two
gastrointestinal factors should receive a COX-2 inhibitor
or an NSAID plus a PPI. This recommendation is based
on randomised and observational studies that showed
that a COX-2 inhibitor was similar to a non-selective
NSAID plus a PPI in prevention of recurrent ulcer
bleeding.”" In patients with several gastrointestinal risk
factors or a history of ulcer complications, neither of
these treatments is adequate."” Combination of a PPI and
a COX-2 inhibitor offers the best protection.”

Patients with high cardiovascular risk should start or
continue to receive prophylactic low-dose aspirin, and
full-dose naproxen is the preferred NSAID. Co-therapy
with a PPI or misoprostol is recommended since
naproxen plus low-dose aspirin will substantially
increase risk of ulcer complications even without other
gastrointestinal risk factors. Patients with high
cardiovascular and gastrointestinal risk should avoid
taking NSAIDs or COX-2 inhibitors. If anti-inflamma-
tory analgesic therapy is judged necessary, the choice of
therapy requires a trade-off between gastrointestinal

and cardiovascular risks of individual patients. If a
patient’s cardiovascular risk is more serious (eg, recent
myocardial infarction) than the gastrointestinal risk (eg,
remote history of peptic ulcer), combination of a PPI or
misoprostol, low-dose aspirin, and naproxen is preferred
to keep cardiovascular toxic effects to a minumum. If
gastrointestinal risk is more serious (eg, recent ulcer
bleeding) than cardiovascular risk (eg, coronary heart
disease well controlled with medical therapy),
combination of a PPI or misoprostol, low-dose aspirin,
and low-dose COX-2 inhibitor is preferred. This
combination is based on the observation that the
cardiovascular hazard of COX-2 inhibitors is dose
dependent.” Furthermore, in patients receiving low-
dose aspirin, COX-2 inhibitors probably carry a lower
risk of gastrointestinal bleeding than do NSAIDs."*

For many years, the American Heart Association and
the American College of Cardiology recommended the
use of clopidogrel as an alternative to aspirin in patients
with major gastrointestinal intolerance.”” Whether
clopidogrel has a lower risk of gastrointestinal bleeding
than that of aspirin has yielded conflicting results in
observational studies,* but in head-to-head randomised
trials of patients with high gastroinestinal risk combination
of aspirin and a PPI is better than is clopidogrel alone at
prevention of ulcer bleeding.”* An updated consensus
reportissued jointly by US cardiology and gastroenterology
societies recommends co-therapy with a PPI instead of
switching to clopidogrel in aspirin users with high
gastrointestinal risk.* Additionally, the consensus
recommends prophylactic PPI in patients receiving dual
antiplatelet therapy. However, according to in-vitro studies
some PPIs reduce the antiplatelet activity of clopidogrel by
inhibiting CYP2C19, a hepatic cytochrome P450 enzyme.'
The results of two observational studies showed a
substantial increase in the risk of myocardial infarction in
users of clopidogrel and PPIs."”"* So far, prospective data
are not available. Patients with high gastrointestinal risk
who receive dual antiplatelet therapy should not
discontinue PPI cotherapy.

H pylori-negative NSAID-negative ulcer

Ulceration of the gastric or duodenal mucosa in the
absence of H pylori infection and NSAID or aspirin usage
is rare."™ However, because of the falling prevalence of
H pylori infection and resulting ulcers, the proportion of
ulcers that are unrelated to this infection is likely to
increase and several rare causes need specific attention.
The most important consideration in a patient with
gastric or duodenal ulcer, negative H pylori test, and
negative NSAID or aspirin history is to check the validity
of the test and history. Furthermore, the sensitivity of
any H pylori test is less than 100% and can lead to
underdiagnosis of infection. Detection of H pylori
infection is very important so that patients presenting
with ulcers are not deprived of a permanent cure of this
disease, especially since false-negative tests can result
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from various medications frequently used by ulcer
patients.” Before gastroduodenal ulceration is accepted
to be truly negative for H pylori, endoscopic biopsy
samples should be taken from both antrum and body of
the stomach for histological examination and urease tests
(including serology, urea breath test) should be done.

A detailed and careful history of the use of NSAIDs and
aspirin is very important in any patient presenting with
gastroduodenal ulceration in the absence of H pylori
infection.™ The patient might be unaware that several
drugs obtainable over the counter as well as some herbal
medications contain NSAIDs or aspirin. Surreptitious
use of aspirin is also associated with H pylori-negative
ulceration.”™

Various rare conditions can be associated with ulcers of
the stomach and duodenum in the absence of H pylori
infection and NSAID or aspirin usage (panel 1).**** To
exclude these conditions, biopsy samples should be taken
from the ulcer and surrounding mucosa even when the
ulcer is situated in the duodenum. Gastric ulcers have
also been documented after high-dose upper abdominal
radiotherapy, although the H pylori status of the patients
was not reported.” Zollinger-Ellison syndrome due to a
gastrin-secreting tumour often causes diarrhoea and
malabsorption and ulcers tend to be many, extending as
far as the distal duodenum or proximal jejunum, and
have a high risk of bleeding and perforation. Diagnosis is
based on serum gastrin and its response to intravenous
secretin and gastric secretion tests. Interpretation of these
tests is difficult in patients taking PPI therapy, which
nowadays includes most patients referred for investigation
of upper gastrointestinal symptoms. Advanced imaging
techniques are needed to identify the underlying gastrin-
secreting tumour. High-dose PPI therapy has replaced
total gastrectomy in management of the disorder and can
be regarded as long term for patients in whom the tumour
cannot be identified or fully resected.

Very few patients have truly idiopathic ulcers.” Early
studies suggested that a proportion had increased gastrin
and acid secretion resembling that associated with antral-
predominant H pylori gastritis. However, some or all of
these abnormalities might be related to rebound acid
secretion after withdrawal of PPI therapy, which most
ulcer patients receive."” Patients with idiopathic ulcers
should be maintained on PPI therapy. Higher doses
might be needed since the acid inhibitory effects of PPIs
are less in patients without H pylori infection than in
infected patients.”® Due to their rarity, the natural history
of idiopathic ulcers is unknown.

Stress ulcer, originally described by Cushing, is seen in
patients with brain trauma and patients with severe burn
sepsis with multiorgan failure and receiving mechanical
ventilation.®™ Stress ulcer prophylaxis is done with
either H,receptor antagonists or PPI, but a general
consensus is not available because no clinical trial has
shown a significant reduction in mortality or ultimate
proof of a patient benefit.”*'®

www.thelancet.com Vol 374 October 24,2009

Contributors
Authors have worked jointly on the report.

Conflicts of interest

PM has received lecture fees from AstraZeneca, Bayer Schering,
Novartis Vaccine, and Nycomed, consultancy fees from AstraZeneca,
Axcan, and Novartis, a research grant from AstraZeneca, and lecture fees
from Abbott and Falk. FKLC has received consulting fees from Pfizer,
lecture fees from Pfizer, Takeda, Eisai, and AstraZeneca, and consulting
fees from Otsuka. KELM has received consultancy fees from Sacoor
Medical and WG Consultant, lecture fees from Janssen Cilag,
AstraZeneca, Reckitt Benckiser, and Nycomed, lecture fees from Wyeth
and Abbot, and a research grant from Nycomed.

References
1 Susser M, Stein Z. Civilisation and peptic ulcer. Lancet 1962;
279: 116-19.

2 Sonnenberg A. Causes underlying the birth-cohort phenomenon of
peptic ulcer: analysis of mortality data 1911-2000, England and
Wales. Int | Epidemiol 2006; 35: 1090-97.

3 Warren JR, Marshall B. Unidentified curved bacilli on gastric
epithelium in active chronic gastritis. Lancet 1983; 321: 1273-75.

4 Marshall B, Warren JR. Unidentified curved bacilli in the stomach of
patients with gastritis and peptic ulceration. Lancet 1984; 323: 1311-15.

5  NIH Consensus Conference. Helicobacter pylori in peptic ulcer
disease. NIH Consensus Development Panel on Helicobacter pylori
in peptic ulcer disease. JAMA 1994; 272: 65-69.

6  Malfertheiner P, Megraud F, O’Morain C, et al. Current concepts in
the management of Helicobacter pylori infection: the Maastricht I1I
Consensus Report. Gut 2007; 56: 772-81.

7 Gabriel SE, Jaakkimainen L, Bombardier C. Risk for serious
gastrointestinal complications related to use of nonsteroidal
anti-inflammatory drugs. A meta-analysis. Ann Intern Med 1991;

115: 787-96.

8  Garcia Rodriguez LA, Barreales TL. Risk of upper gastrointestinal
complications among users of traditional NSAIDs and COXIBs in
the general population. Gastroenterology 2007; 132: 498-506.

9  Malfertheiner P, Dent |, Zeijlon L, et al. Impact of Helicobacter pylori
eradication on heartburn in patients with gastric or duodenal ulcer
disease—results from a randomized trial programme.

Aliment Pharmacol Ther 2002; 16: 1431-42.

10 Dew MJ. Asymptomatic peptic ulcer disease. Br Med J (Clin Res Ed)
1987; 15: 401.

11 Blatchford O, Davidson LA, Murray WR, Blatchford M, Pell J. Acute
upper gastrointestinal haemorrhage in west of Scotland: case
ascertainment study. BMJ 1997; 315: 510-14.

12 Rockall TA, Logan RF, Devlin HB, Northfield TC. Incidence of and
mortality from acute upper gastrointestinal haemorrhage in the
United Kingdom. Steering Committee and members of the
National Audit of Acute Upper Gastrointestinal Haemorrhage.

BM]J 1995; 311: 222-26.

13 Longstreth GF. Epidemiology of hospitalization for acute upper
gastrointestinal hemorrhage: a population-based study.
Am ] Gastroenterol 1995; 90: 206-10.

14 Gisbert JP, Pajares JM. Helicobacter pylori infection and perforated
peptic ulcer prevalence of the infection and role of antimicrobial
treatment. Helicobacter 2003; 8: 159-67.

15 Gustavsson S. Peptic ulcer disease, complications. In: Gustavsson S,
Kumar D, Graham DY, eds. The stomach. Edinburgh, London,
Madrid, Melbourne, New York, Tokyo: Churchill Livingstone,

1992: 266-77.

16 McColl K E L. Should non-invasive Helicobacter pylori testing replace
endoscopy in investigation of dyspepsia? Helicobacter 2000;

5: S11-15.

17 McColl K E L, Murray L S, Gillen D, et al. Randomised trial of
endoscopy with testing for Helicobacter pylori compared with non-
invasive H pylori testing alone in the management for dyspepsia.
BM]J 2002; 324: 999-1002.

18 Davenport HW. Salicylate damage to the gastric mucosal barrier.

N Engl ] Med 1967; 276: 1307-12.

19  Flemstrom G, Turnberg LA. Gastroduodenal defence mechanisms.
In: Isenberg JI, Johansson C, eds. Clinics in Gastroenterology,
13th edn. London, Philadelphia, Toronto: WB Saunders Company,
1984: 327-54.

1457



Seminar

1458

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

Grossman MI. Abnormalities of acid secretion in patients with
duodenal ulcer. Gastroenterology 1978; 75: 524-26.

Rosenstock S, Jorgensen T, Bonnevie O, Andersen L. Risk
factors for peptic ulcer disease: a population based prospective
cohort study comprising 2416 Danish adults. Gut 2003;
52:186-93.

Kurata JH, Haile BM. Epidemiology of peptic ulcer disease.

In: Isenberg JI, Johansson C, eds. Clinics in Gastroenterology,

13th edn. London, Philadelphia, Toronto: WB Saunders Company,
1984: 289-307.

Kato I, Nomura AM, Stemmermann GN, Chyou PH. A prospective
study of gastric and duodenal ulcer and its relation to smoking,
alcohol, and diet. Am J Epidemiol 1992; 135: 521-30.

Peters MN, Richardson CT. Stressful life events, acid
hypersecretion, and ulcer disease. Gastroenterology 1983;

84: 114-19.

Medalie JH, Stange KC, Zyzanski S], Goldbourt U. The
importance of biopsychosocial factors in the development of
duodenal ulcer in a cohort of middle-aged men. Am | Epidemiol
1992; 136: 1280-87.

Levenstein S. Bellyaching in these pages: upper gastrointestinal
disorders in psychosomatic medicine. Psychosom Med 2002;
64:767-72.

Aoyama N, Kinoshita Y, Fujimoto S, et al. Peptic ulcers after the
Hanshin-Awaji earthquake: increased incidence of bleeding gastric
ulcers. Am | Gastroenterol 1998; 93: 311-16.

Alain BB, Wang Y]. Cushing’s ulcer in traumatic brain injury.
Chin J Traumatol 2008; 11: 114-19.

Gratrix AP, Enright SM, O’Beirne HA. A survey of stress ulcer
prophylaxis in intensive care units in the UK. Anaesthesia 2007;

62: 421-22.

Rauws EAJ, Tytgat GNJ. Cure of duodenal ulcer associated with
eradication of Helicobacter pylori. Lancet 1990; 335: 1233-35.
Malfertheiner P, Leodolter A, Peitz U. Cure of Helicobacter pylori-
associated ulcer disease through eradication.

Baillieres Best Pract Res Clin Gastroenterol 2000; 14: 119-32.
Sipponen P. Natural history of gastritis and its relationship to peptic
ulcer disease. Digestion 1992; 51 (suppl 1): 70-75.

Malfertheiner P. H pylori: its disease and management. In:
Weinstein WM, Hawkey C, Bosch J, eds. Clinical Gastroenterology
and Hepatology. London: Elsevier Mosby, 2005: 193-206.

Schultze V, Hackelsberger A, Gunther T, Miehlke S, Roessner A,
Malfertheiner P. Differing patterns of Helicobacter pylori gastritis in
patients with duodenal, prepyloric, and gastric ulcer disease. Scand
J Gastroenterol 1998; 33: 137-42.

McColl KE, Gillen D, El-Omar E. The role of gastrin in ulcer
pathogenesis. Baillieres Best Pract Res Clin Gastroenterol 2000;

14: 13-26.

Gillen D, el-Omar EM, Wirz AA, Ardill JE, McColl KE. The acid
response to gastrin distinguishes duodenal ulcer patients from
Helicobacter pylori-infected healthy subjects. Gastroenterology 1998;
114: 50-57.

Kuipers EJ, Uyterlinde AM, Pena AS, et al. Increase of Helicobacter
pylori-associated corpus gastritis during acid suppressive therapy:
implications for longterm safety. Am J Gastroenterology 1995;

90: 1401-06.

Moss SF, Calam |, Legon S, Bishop AE, Polak JM. Effect of
Helicobacter pylori on gastric somatostatin in duodenal ulcer disease.
Lancet 1992; 340: 930-32.

Odum L, Petersen HD, Andersen 1B, Hansen BF, Rehfeld JF.
Gastrin and somatostatin in Helicobacter pylori infected antral
mucosa. Gut 1994; 35: 615-18.

Graham DY, Go MF, Lew GM, Genta RM, Rehfeld JF. Helicobacter
pylori infection and exaggerated gastrin release. Effects of
inflammation and progastrin processing. Scand ] Gastroenterol 1993;
28: 690-94.

El-Omar EM, Penman ID, Ardill JE, Chittajallu RS, Howie C,
McColl KE. Helicobacter pylori infection and abnormalities of acid
secretion in patients with duodenal ulcer disease. Gastroenterology
1995; 109: 681-91.

Olbe L, Hamlet A, Dalenback J, Fandriks L. A mechanism by
which Helicobacter pylori infection of the antrum contributes to the
development of duodenal ulcer. Gastroenterology 1996;

110: 1386-94.

43

45

47

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

McColl KE, Fullarton GM, Chittajalu R, et al. Plasma gastrin,
daytime intragastric pH, and nocturnal acid output before and at
1and 7 months after eradication of Helicobacter pylori in duodenal
ulcer subjects. Scand J Gastroenterol 1991; 26: 339—46.

El-Omar E, Penman I, Dorrian CA, Ardill JE, McColl KE.
Eradicating Helicobacter pylori infection lowers gastrin mediated
acid secretion by two thirds in patients with duodenal ulcer. Gut
1993; 34: 1060-65.

Khulusi S, Badve S, Patel P, et al. Pathogenesis of gastric metaplasia
of the human duodenum: role of Helicobacter pylori, gastric acid, and
ulceration. Gastroenterology 1996; 110: 452-58.

Harris AW, Gummett PA, Walker MM, Misiewicz JJ, Baron JH.
Relation between gastric acid output, Helicobacter pylori, and gastric
metaplasia in the duodenal bulb. Gut 1996; 39: 513-20.

Crabtree JE, Peichl P, Wyatt JI, Stachl U, Lindley IJ. Gastric
interleukin-8 and IgA IL-8 autoantibodies in Helicobacter pylori
infection. Scand ] Immunol 1993; 37: 65-70.

Crowe SE, Alvarez L, Dytoc M, et al. Expression of interleukin 8 and
CD54 by human gastric epithelium after Helicobacter pylori infection
in vitro. Gastroenterology 1995; 108: 65-74.

Dixon MF. Patterns of inflammation linked to ulcer disease.
Baillieres Best Pract Res Clin Gastroenterol 2000; 14: 27—40.

Karttunen R. Blood lymphocyte proliferation, cytokine secretion
and appearance of T cells with activation surface markers in
cultures with Helicobacter pylori. Comparison of the responses of
subjects with and without antibodies to H pylori. Clin Exp Immunol
1991; 83: 396—400.

Robinson K, Kenefeck R, Pidgeon EL, et al. Helicobacter pylori-
induced peptic ulcer disease is associated with inadequate regulatory
T cell responses. Gut 2008; 57: 1375-85.

Rosam AC, Wallace JL, Whittle BJ. Potent ulcerogenic actions of
platelet-activating factor on the stomach. Nature 1986; 319: 54-56.
Smoot DT, Mobley HL, Chippendale GR, Lewison JF, Resau JH.
Helicobacter pylori urease activity is toxic to human gastric epithelial
cells. Infect Immun 1990; 58: 1992-94.

Goggin PM, Marrero JM, Spychal RT, Jackson PA, Corbishley CM,
Northfield TC. Surface hydrophobicity of gastric mucosa in
Helicobacter pylori infection: effect of clearance and eradication.
Gastroenterology 1992; 103: 1486-90.

Hills BA. Gastric mucosal barrier: evidence for Helicobacter pylori
ingesting gastric surfactant and deriving protection from it. Gut 1993;
34: 588-93.

Mauch F, Bode G, Ditschuneit H, Malfertheiner P. Demonstration of
a phospholipid-rich zone in the human gastric epithelium damaged
by Helicobacter pylori. Gastroenterology 1993; 105: 1698-704.

Figura N, Guglielmetti P, Rossolini A, et al. Cytotoxin production by
Campylobacter pylori strains isolated from patients with peptic ulcers
and from patients with chronic gastritis only. J Clin Microbiol 1989;
27:225-26.

Atherton JC, Cao P, Peek RM Jr, Tummuru MK, Blaser M], Cover TL.
Mosaicism in vacuolating cytotoxin alleles of Helicobacter pylori.
Association of specific vacA types with cytotoxin production and
peptic ulceration. | Biol Chem 1995; 270: 17771-77.

Atherton JC. The clinical relevance of strain types of Helicobacter
pylori. Gut 1997; 40: 701-03.

Censini S, Lange C, Xiang Z, et al. cag, a pathogenicity island of
Helicobacter pylori, encodes type I-specific and disease-associated
virulence factors. Proc Natl Acad Sci USA 1996; 93: 14648-53.

Van Doorn L], Figueiredo C, Sanna R, et al. Clinical relevance of the
cagA, vacA, and iceA status of Helicobacter pylori. Gastroenterology
1998; 115: 58-66.

Peek RM Jr, Miller GG, Tham KT, et al. Heightened inflammatory
response and cytokine expression in vivo to cagA+ Helicobacter pylori
strains. Lab Invest 1995; 73: 760-70.

Gerhard M, Lehn N, Neumayer N, et al. Clinical relevance of the
Helicobacter pylori gene for blood-group antigen-binding adhesin.
Proc Natl Acad Sci USA 1999; 96: 12778-83.

Yamaoka Y, Kikuchi S, el-Zimaity HM, Gutierrez O, Osato MS,
Graham DY. Importance of Helicobacter pylori oipA in clinical
presentation, gastric inflammation, and mucosal interleukin 8
production. Gastroenterology 2002; 123: 414-24.

Malaty HM, Engstrand L, Pedersen NL, Graham DY. Helicobacter
pylori infection: genetic and environmental influences. A study of
twins. Ann Intern Med 1994; 120: 982-86.

www.thelancet.com Vol 374 October 24,2009



Seminar

66

67

68

69

70

71

72

73

74

75

76

78

79

80

81

82

83

84

85

86

87

Cowan WK. Genetics of duodenal and gastric ulcer. Clin Gastroenterol
1973; 2: 539-46.

Boren T, Falk P, Roth KA, Larson G, Normark S. Attachment of
Helicobacter pylori to human gastric epithelium mediated by blood
group antigens. Science 1993; 262: 1892-95.

Hofner P, Gyulai Z, Kiss ZF, et al. Genetic polymorphisms of NOD1
and IL-8, but not polymorphisms of TLR4 genes, are associated with
Helicobacter pylori-induced duodenal ulcer and gastritis. Helicobacter
2007; 12: 124-31.

Chakravorty M, Ghosh A, Choudhury A, Santra A, Hembrum J,
Roychoudhury S. Interaction between IL1B gene promoter
polymorphisms in determining susceptibility to Helicobacter pylori
associated duodenal ulcer. Hum Mutat 2006; 27: 411-19.

Azuma T, Konishi ], Tanaka Y, et al. Contribution of HLA-DQA gene
to host’s response against Helicobacter pylori. Lancet 1994;

343: 542-43.

Ohyauchi M, Imatani A, Yonechi M, et al. The polymorphism
interleukin 8 -251 A/T influences the susceptibility of Helicobacter
pylori related gastric diseases in the Japanese population. Gut 2005;
54: 330-35.

Lind T, Megraud F, Unge P, et al. The MACH2 study: role of
omeprazole in eradication of Helicobacter pylori with 1-week triple
therapies. Gastroenterology 1999; 116: 248-53.

Malfertheiner P, Bayerdorffer E, Diete U, et al. The GU-MACH
study: the effect of 1-week omeprazole triple therapy on Helicobacter
pylori infection in patients with gastric ulcer. Aliment Pharmacol Ther
1999; 13: 703-12.

Hosking SW, Ling TKW, Chung SCS, et al. Duodenal ulcer healing
by eradication of Helicobacter pylori without anti-acid treatment:
randomised controlled trial. Lancet 1994; 343: 508-10.

Graham DY, Hepps KS, Ramirez FC, Lew GM, Saeed ZA. Treatment
of Helicobacter pylori reduces the rate of rebleeding in peptic ulcer
disease. Scand | Gastroenterol 1993; 28: 939—42.

Rokkas T, Karameris A, Mavrogeorgis A, Rallis E, Giannikos N.
Eradication of Helicobacter pylori reduces the possibility of rebleeding
in peptic ulcer disease. Gastrointest Endosc 1995; 41: 1-4.

Santander C, Gravalos RG, Gomez-Cedenilla A, Cantero J,

Pajares JM. Antimicrobial therapy for Helicobacter pylori infection
versus long-term maintenance antisecretion treatment in the
prevention of recurrent hemorrhage from peptic ulcer: prospective
nonrandomized trial on 125 patients. Am J Gastroenterol 1996;

91: 1549-52.

Davenport HW. Gastric mucosal hemorrhage in dogs. Effects of acid,
aspirin, and alcohol. Gastroenterology 1969; 56: 439—49.
Lichtenberger LM, Wang ZM, Romero J], et al. Non-steroidal anti-
inflammatory drugs (NSAIDs) associate with zwitterionic
phospholipids: insight into the mechanism and reversal of NSAID-
induced gastrointestinal injury. Nat Med 1995; 1: 154-58.

Wallace JL. Prostaglandins, NSAIDs, and gastric mucosal protection:
why doesn’t the stomach digest itself? Physiol Rev 2008; 88: 1547-65.
Lanas A, Baron JA, Sandler RS, et al. Peptic ulcer and bleeding
events associated with rofecoxib in a 3-year colorectal adenoma
chemoprevention trial. Gastroenterology 2007; 132: 490-97.

Wallace JL, Keenan CM, Granger DN. Gastric ulceration induced by
nonsteroidal anti-inflammatory drugs is a neutrophil-dependent
process. Am | Physiol 1990; 259: G462-67.

Fiorucci S, Distrutti E, Santucci L. NSAIDs, Coxinbs CINOD and
H2S-releasing NSAIDs, what lies beyond the horizon? Dig Liver Dis
2007; 39: 1043-51.

Wallace JL, McKnight GW. The mucoid cap over superficial gastric
damage in the rat. A high-pH microenvironment dissipated by
nonsteroidal antiinflammatory drugs and endothelin.
Gastroenterology 1990; 99: 295-304.

Green FW Jr, Kaplan MM, Curtis LE, Levine PH. Effect of acid and
pepsin on blood coagulation and platelet aggregation. A possible
contributor prolonged gastroduodenal mucosal hemorrhage.
Gastroenterology 1978; 74: 38—43.

Schmassmann A, Tarnawski A, Peskar BM, Varga L, Flogerzi B,
Halter F. Influence of acid and angiogenesis on kinetics of gastric
ulcer healing in rats: interaction with indomethacin. Am J Physiol
1995; 268: G276-85.

Langman MJS, Weil ], Wainwright P, et al. Risks of bleeding peptic
ulcer associated with individual non-steroidal anti-inflammatory
drugs. Lancet 1994; 343: 1075-78.

www.thelancet.com Vol 374 October 24,2009

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

Garcia Rodriguez LA, Jick H. Risk of upper gastrointestinal bleeding
and perforation associated with individual non-steroidal anti-
inflammatory drugs. Lancet 1994; 343: 769-72.

Papatheodoridis GV, Sougioultzis S, Archimandritis A]. Effects of
Helicobacter pylori and nonsteroidal anti-inflammatory drugs on
peptic ulcer disease: a systematic review. Clin Gastroenterol Hepatol
2006; 4: 130-42.

Huang JQ, Sridhar S, Hunt RH. Role of Helicobacter pylori infection
and non-steroidal anti-inflammatory drugs in peptic-ulcer disease: a
meta-analysis. Lancet 2002; 359: 14-22.

Chan FK, Hung LC, Suen BY, et al. Celecoxib versus diclofenac and
omeprazole in reducing the risk of recurrent ulcer bleeding in
patients with arthritis. N Engl | Med 2002; 347: 2104-10.

Chan FK, Ching JY, Hung LC, et al. Clopidogrel versus aspirin and
esomeprazole to prevent recurrent ulcer bleeding. N Engl ] Med 2005;
352: 238-44.

Piper JM, Ray WA, Daugherty JR, Griffin MR. Corticosteroid use and
peptic ulcer disease: role of nonsteroidal anti-inflammatory drugs.
Ann Intern Med 1991; 114: 735-40.

Laine L, Bombardier C, Hawkey CJ, et al. Stratifying the risk of
NSAID-related upper gastrointestinal clinical events: results of a
double-blind outcomes study in patients with rheumatoid arthritis.
Gastroenterology 2002; 123: 1006-12.

Chan FKL, Sung JJY, Chung SCS, et al. Randomised trial of
eradication of Helicobacter pylori before non-steroidal anti-
inflammatory drug therapy to prevent peptic ulcers. Lancet 1997;

350: 975-79.

Chan FKL, To KF, Wu JCY, et al. Eradication of Helicobacter pylori and
risk of peptic ulcers in patients starting long-term treatment with
non-steroidal anti-inflammatory drugs: a randomised trial. Lancet
2002; 359: 9-13.

Vergara M, Catalan M, Gisbert JP, Calvet X. Meta-analysis: role of
Helicobacter pylori eradication in the prevention of peptic ulcer in
NSAID users. Aliment Pharmacol Ther 2005; 21: 1411-18.

Leontiadis GI, Sreedharan A, Dorward S, et al. Systematic reviews of
the clinical effectiveness and cost-effectiveness of proton pump
inhibitors in acute upper gastrointestinal bleeding.

Health Technol Assess 2007; 11: iii-iv, 1-164.

Labenz J, Blum AL, Bolten WW, et al. Primary prevention of
diclofenac associated ulcers and dyspepsia by omeprazole or triple
therapy in Helicobacter pylori positive patients: a randomised, double
blind, placebo controlled, clinical trial. Gut 2002; 51: 329-35.

Chan FK, Chung SC, Suen BY, et al. Preventing recurrent upper
gastrointestinal bleeding in patients with Helicobacter pylori infection
who are taking low-dose aspirin or naproxen. N Engl ] Med 2001;

344: 967-73.

Chan FK, Hung LC, Suen BY, et al. Celecoxib versus diclofenac plus
omeprazole in high-risk arthritis patients: results of a randomized
double-blind trial. Gastroenterology 2004; 127: 1038-43.

Kelly JP, Kaufman DW, Jurgelon JM, Sheehan ], Koff RS, Shapiro S.
Risk of aspirin-associated major upper-gastrointestinal bleeding with
enteric-coated or buffered product. Lancet 1996; 348: 1413-16.

Hallas J, Dall M, Andries A, et al. Use of single and combined
antithrombotic therapy and risk of serious upper gastrointestinal
bleeding: population based case-control study. BM] 2006;
333:726-32.

Ridker PM, Cook NR, Lee IM, et al. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in women.
N Engl ] Med 2005; 352: 1293-304.

Laine L, Maller ES, Yu C, Quan H, Simon T. Ulcer formation with
low-dose enteric-coated aspirin and the effect of COX-2 selective
inhibition: a double-blind trial. Gastroenterology 2004; 127: 395-402.
McQuaid KR, Laine L. Systematic review and meta-analysis of adverse
events of low-dose aspirin and clopidogrel in randomized controlled
trials. Am ] Med 2006; 119: 624-38.

Lanas A, Scheiman J. Low-dose aspirin and upper gastrointestinal
damage: epidemiology, prevention and treatment. Curr Med Res Opin
2007; 23:163-73.

Lanza FL, Chan FK, Quigley EM; Practice Parameters Committee of
the American College of Gastroenterology. Guidelines for
prevention of NSAID-related ulcer complications.

Am ] Gastroenterol 2009; 104: 728-38.

Schwartz K. Uber penetrierende Magen- und Jejunalgeschwiire. Beitr
Klin Chir 1910; 67: 96-128.



Seminar

1460

110

11

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Collen MJ, Benjamin SB, eds. Pharmacology of peptic ulcer disease.
Berlin Heidelberg: Springer-Verlag, 1991.

Bianchi-Porro G, Lazzaroni M. Peptic ulcer—medical treatment. In:
Gustavsson S, Kumar D, Graham DY, eds. The stomach. Edinburgh,
London, Madrid, Melbourne, New York, Tokyo. Churchill
Livingstone, 1992: 246-65.

Fellenius E, Berglindh T, Sachs G, et al. Substituted benzimidazoles
inhibit gastric acid secretion by blocking (H+ + K+)ATPase. Nature
1981; 290: 159-61.

Silverstein FE, Graham DY, Senior JR, et al. Misoprostol reduces
serious gastrointestinal complications in patients with rheumatoid
arthritis receiving nonsteroidal anti-inflammatory drugs. A
randomized, double-blind, placebo-controlled trial. Ann Intern Med
1995; 123: 241-49.

Banerjee S, El-Omar E, Mowat A, et al. Sucralfate suppresses
Helicobacter pylori infection and reduces gastric acid secretion by
50% in patients with duodenal ulcer. Gastroenterology 1996;

110: 717-24.-

Leodolter A, Kulig M, Brasch H, Meyer-Sabellek W, Willich SN,
Malfertheiner P. A meta-analysis comparing eradication, healing
and relapse rates in patients with Helicobacter pylori-associated
gastric or duodenal ulcer. Aliment Pharmacol Ther 2001;

15: 1949-58.

Tulassay Z, Stolte M, Sjolund M, et al. Effect of esomeprazole triple
therapy on eradication rates of Helicobacter pylori, gastric ulcer
healing and prevention of relapse in gastric ulcer patients.

Eur ] Gastroenterol Hepatol 2008; 20: 526-36.

Chey WD, Wong BC. American College of Gastroenterology
guideline on the management of Helicobacter pylori infection.

Am ] Gastroenterol 2007; 102: 1808-25.

Fuccio L, Minardi ME, Zagari RM, Grilli D, Magrini N, Bazzoli F.
Meta-analysis: duration of first-line proton-pump inhibitor based
triple therapy for Helicobacter pylori eradication. Ann Intern Med 2007;
147: 553-62.

Fischbach L, Evans EL. Meta-analysis: the effect of antibiotic
resistance status on the efficacy of triple and quadruple first-line
therapies for Helicobacter pylori. Aliment Pharmacol Ther 2007;

26: 343-57.

Jafri NS, Hornung CA, Howden CW. Meta-analysis: sequential
therapy appears superior to standard therapy for Helicobacter pylori
infection in patients naive to treatment. Ann Intern Med 2008;

148: 923-31.

Sanchez-Delgado ], Calvet X, Bujanda L, Gisbert JP, Tito L,

Castro M. Ten-day sequential treatment for Helicobacter pylori
eradication in clinical practice. Am J Gastroenterol 2008;

103: 2220-23.

Gisbert JP, Pajares JM. Review article: Helicobacter pylori “rescue”
regimen when proton pump inhibitor-based triple therapies fail.
Aliment Pharmacol Ther 2002; 16: 1047-57.

Realdi G, Dore MP, Piana A, et al. Pretreatment antibiotic resistance
in Helicobacter pylori infection: results of three randomized controlled
studies. Helicobacter 1999; 4: 106-12.

Lamouliatte H, Megraud F, Delchier JC, et al. Second-line treatment
for failure to eradicate Helicobacter pylori: a randomized trial
comparing four treatment strategies. Aliment Pharmacol Ther 2003;
18:791-97.

Gisbert JP, Morena F. Systematic review and meta-analysis:
levofloxacin-based rescue regimens after Helicobacter pylori treatment
failure. Aliment Pharmacol Ther 2006; 23: 35—44.

Saad RJ, Schoenfeld P, Kim HM, Chey WD. Levofloxacin-based triple
therapy versus bismuth-based quadruple therapy for persistent
Helicobacter pylori infection: a meta-analysis. Am | Gastroenterol 2006;
101: 488-96.

Qasim A, Sebastian S, Thornton O, et al. Rifabutin- and
furazolidone-based Helicobacter pylori eradication therapies after
failure of standard first- and second-line eradication attempts in
dyspepsia patients. Aliment Pharmacol Ther 2005; 21: 91-96.

Bago J, Pevec B, Tomic M, Marusic M, Bakula V, Bago P. Second-line
treatment for Helicobacter pylori infection based on moxifloxacin triple
therapy: a randomized controlled trial. Wien Klin Wochenschr 2009;
121: 1-2.

Lancaster-Smith MJ, Jaderberg ME, Jackson DA. Ranitidine in the
treatment of non-steroidal anti-inflammatory drug associated gastric
and duodenal ulcers. Gut 1991; 32: 252-55.

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

Yeomans ND, Svedberg LE, Naesdal J. Is ranitidine therapy sufficient
for healing peptic ulcers associated with non-steroidal
anti-inflammatory drug use? Int J Clin Pract 2006; 60: 140107,
Goldstein JL, Johanson JF, Hawkey CJ, Suchower L], Brown KA.
Clinical trial: healing of NSAID-associated gastric ulcers in patients
continuing NSAID therapy—a randomized study comparing
ranitidine with esomeprazole. Aliment Pharmacol Ther 2007;

26: 1101-11.

Chan FK, Sung JJ, Suen R, et al. Does eradication of Helicobacter
pylori impair healing of nonsteroidal anti-inflammatory drug
associated bleeding peptic ulcers? A prospective randomized study.
Aliment Pharmacol Ther 1998; 12: 1201-05.

Targownik LE, Metge CJ, Leung S, Chateau DG. The relative efficacies
of gastroprotective strategies in chronic users of nonsteroidal
anti-inflammatory drugs. Gastroenterology 2008; 134: 937-44.

Lanas A, Garcia-Rodriguez LA, Arroyo MT, et al. Effect of antisecretory
drugs and nitrates on the risk of ulcer bleeding associated with
nonsteroidal anti-inflammatory drugs, antiplatelet agents, and
anticoagulants. Am ] Gastroenterol 2007; 102: 507-15.

Ray WA, Chung CP, Stein CM, et al. Risk of peptic ulcer
hospitalizations in users of NSAIDs within gastroprotective therapy
versus coxibs. Gastroenterology 2007; 133: 790-98.

Rostom A, Muir K, Dube C, et al. Gastrointestinal safety of
cyclooxygenase-2 inhibitors: a Cochrane Collaboration systematic
review. Clin Gastroenterol Hepatol 2007; 5: 818-28.

Kearney PM, Baigent C, Godwin J, Halls H, Emberson JR, Patrono C.
Do selective cyclo-oxygenase-2 inhibitors and traditional non-steroidal
anti-inflammatory drugs increase the risk of atherothrombosis? Meta-
analysis of randomised trials. BM] 2006; 332: 1302—08.

McGettigan P, Henry D. Cardiovascular risk and inhibition of
cyclooxygenase: a systematic review of the observational studies of
selective and nonselective inhibitors of cyclooxygenase 2. JAMA 2006;
296: 1633—44.

Solomon SD, Wittes ], Finn PV, et al. Cardiovascular risk of celecoxib
in 6 randomized placebo-controlled trials: the cross trial safety
analysis. Circulation 2008; 117: 2104-13.

Strand V. Are COX-2 inhibitors preferable to non-selective non-
steroidal anti-inflammatory drugs in patients with risk of
cardiovascular events taking low-dose aspirin? Lancet 2007;

370: 2138-51.

Chan FK, Wong VW, Suen BY, Wu JC, Ching JY, Hung LC et al.
Combination of a cyclo-oxygenase-2 inhibitor and a proton-pump
inhibitor for prevention of recurrent ulcer bleeding in patients at very
high risk: a double-blind, randomised trial. Lancet 2007; 369: 1621-26.
Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA 2002
guideline update for the management of patients with unstable
angina and non-ST-segment elevation myocardial infarction—
summary article: a report of the American College of Cardiology/
American Heart Association task force on practice guidelines.

J Am Coll Cardiol 2002; 40: 1366-74.

Lanas A, Garcia-Rodriguez LA, Arroyo MT, et al. Risk of upper
gastrointestinal ulcer bleeding associated with selective
cyclo-oxygenase-2 inhibitors, traditional non-aspirin non-steroidal
anti-inflammatory drugs, aspirin and combinations. Gut 2006;
55:1731-38.

Lai KC, Chu KM, Hui WM, et al. Esomeprazole with aspirin versus
clopidogrel for prevention of recurrent gastrointestinal ulcer
complications. Clin Gastroenterol Hepatol 2006; 4: 860—65.

Bhatt DL, Scheiman ], Abraham NS, et al. ACCF/ACG/AHA 2008
expert consensus document on reducing the gastrointestinal risks of
antiplatelet therapy and NSAID use: a report of the American College
of Cardiology Foundation Task Force on Clinical Expert Consensus
Documents. | Am Coll Cardiol 2008; 52: 1502-17.

Gilard M, Arnaud B, Cornily JC, et al. Influence of omeprazole on the
antiplatelet action of clopidogrel associated with aspirin: the
randomized, double-blind OCLA (Omeprazole CLopidogrel Aspirin)
study. | Am Coll Cardiol 2008; 51: 256—60.

Juurlink DN, Gomes T, Ko DT, et al. A population-based study of the
drug interaction between proton pump inhibitors and clopidogrel.
CMA]J 2009; 180: 713-18.

Ho PM, Maddox TM, Wang L, et al. Risk of adverse outcomes
associated with concomitant use of clopidogrel and proton pump
inhibitors following acute coronary syndrome. JAMA 2009;

301: 937-44.

www.thelancet.com Vol 374 October 24,2009



Seminar

149

150

151

152

153

154

155

McColl KE. Helicobacter pylori-negative ulcer disease. | Gastroenterol
2000; 35 (suppl 12): 47-50.

Xia HH, Wong BC, Wong KW, et al. Clinical and endoscopic
characteristics of non-Helicobacter pylori, non-NSAID duodenal
ulcers: a long-term prospective study. Aliment Pharmacol Ther 2001;
15: 1875-82.

Gisbert JP, Blanco M, Mateos JM, et al. H pylori-negative duodenal
ulcer prevalence and causes in 774 patients. Dig Dis Sci 1999;

44: 2295-302.

Quan C, Talley NJ. Management of peptic ulcer disease not related
to Helicobacter pylori or NSAIDs. Am J Gastroenterol 2002;

97: 2950-61.

El-Nujumi A, Hilditch TE, Williams C, McColl KE. Current or
recent proton pump inhibitor therapy markedly impairs the
accuracy of the [14CJurea breath test. Eur J Gastroenterol Hepatol
1998; 10: 759-64.

Hirschowitz BI. Intractable peptic ulceration due to aspirin abuse
in patients who have not had gastric surgery. Gastroenterology 1997;
112: A962.

Goddard AF, Logan RPH, Atherton JC, Jenkins D, Spiller RC.
Healing of duodenal ulcer after eradication of Helicobacter
heilmannii. Lancet 1997; 349: 1815-16.

www.thelancet.com Vol 374 October 24,2009

156

157

158

159

160

Streitparth F, Pech M, Bohmig M, et al. In vivo assessment of the
gastric mucosal tolerance dose after single fraction, small volume
irradiation of liver malignancies by computed tomography-guided,
high-dose-rate brachytherapy. Int | Radiat Oncol Biol Phys 2006;
65: 1479-86.

Gillen D, Wirz AA, Ardill JE, McColl KE. Rebound hypersecretion
after omeprazole and its relation to on-treatment acid suppression
and Helicobacter pylori status. Gastroenterology 1999; 116: 23947,
Verdu EF, Armstrong D, Fraser R, et al. Effect of Helicobacter pylori
status on intragastric pH during treatment with omeprazole. Gut
1995; 36: 539-43.

Kahn JM, Doctor JN, Rubenfeld GD. Stress ulcer prophylaxis in
mechanically ventilated patients: integrating evidence and
judgment using a decision analysis. Intensive Care Med 2006;
32:1151-58.

Heidelbaugh JJ, Inadomi JM. Magnitude and economic impact of
inappropriate use of stress ulcer prophylaxis in non-ICU
hospitalized patients. Am J Gastroenterol 2006; 101: 2200-05.

1461



	Peptic ulcer disease
	Introduction
	Clinical manifestations and diagnosis
	Pathogenesis
	H pylori-positive ulcer
	NSAID-induced ulcer
	Management
	Treatment for H pylori-positive ulcer
	Treatment for NSAID-induced ulcer
	H pylori-negative NSAID-negative ulcer
	References


