CYTOPROTECTIVE AGENTS
Sucralfate Sucralfate is a complex sucrose salt in which the hydroxyl
groups have been substituted by aluminum hydroxide and sulfate.
This compound is insoluble in water and becomes a viscous paste
within the stomach and duodenum, binding primarily to sites
of active ulceration. Sucralfate may act by several mechanisms:
serving as a physicochemical barrier, promoting a trophic action
by binding growth factors such as EGF, enhancing prostaglandin synthesis, stimulating mucus and bicarbonate secretion, and
enhancing mucosal defense and repair. Toxicity from this drug
is rare, with constipation being most common (2–3%). It should
be avoided in patients with chronic renal insufficiency to prevent
aluminum-induced neurotoxicity. Hypophosphatemia and gastric
bezoar formation have also been reported rarely. Standard dosing
of sucralfate is 1 g qid.
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continue to prescribe clopidogrel to patients who require it and 1921
should reevaluate the need for starting or continuing treatment
with a PPI. From a practical standpoint, additional recommendations to consider include the following: Patients taking clopidogrel
with aspirin, especially with other GI risk factors for bleeding, should
receive GI protective therapy. Although high-dose H2 blockers have
been considered an option, these do not appear to be as effective as
PPIs. If PPIs are to be given, some have recommended that there be
a 12-h separation between administration of the PPI and clopidogrel
to minimize competition of the two agents with the involved cytochrome P450. One option is to give the PPI 30 min before breakfast
and the clopidogrel at bedtime. Insufficient data are available to
firmly recommend one PPI over another. Patients 65 years of age or
older have a higher risk for some of the long-term side effects of PPIs
highlighted above, in part due to the higher prevalence of concomitant chronic diseases. It is therefore important to carefully select
individuals, especially among the elderly, who need long-term PPI
therapy and discontinue it in those individuals who do not need it.
Two new formulations of acid inhibitory agents are being developed. Tenatoprazole is a PPI containing an imidazopyridine ring
instead of a benzimidazole ring, which promotes irreversible proton
pump inhibition. This agent has a longer half-life than the other PPIs
and may be beneficial for inhibiting nocturnal acid secretion, which
has significant relevance in GERD. A second new class of agents is
the potassium-competitive acid pump antagonists (P-CABs). These
compounds inhibit gastric acid secretion via potassium competitive
binding of the H+,K+-ATPase.

CHAPTER 348

duration of inhibition lasting up to 72–96 h. With repeated daily dosing, progressive acid inhibitory effects are observed, with basal and
secretagogue-stimulated acid production being inhibited by >95%
after 1 week of therapy. The half-life of PPIs is ~18 h; thus, it can take
between 2 and 5 days for gastric acid secretion to return to normal levels once these drugs have been discontinued. Because the
pumps need to be activated for these agents to be effective, their
efficacy is maximized if they are administered before a meal (except
for the immediate-release formulation of omeprazole) (e.g., in the
morning before breakfast). Mild to moderate hypergastrinemia has
been observed in patients taking these drugs. Carcinoid tumors
developed in some animals given the drugs preclinically; however,
extensive experience has failed to demonstrate gastric carcinoid
tumor development in humans. Serum gastrin levels return to normal levels within 1–2 weeks after drug cessation. Rebound gastric
acid hypersecretion has been described in H. pylori–negative individuals after discontinuation of PPIs. It occurs even after relatively
short-term usage (2 months) and may last for up to 2 months after
the PPI has been discontinued. The mechanism involves gastrininduced hyperplasia and hypertrophy of histamine-secreting ECL
cells. The clinical relevance of this observation is that individuals
may have worsening symptoms of GERD or dyspepsia upon stopping the PPI. Gradual tapering of the PPI and switching to an H2
receptor antagonist may prevent this from occurring. H. pylori–
induced inflammation and concomitant decrease in acid production
may explain why this does not occur in H. pylori–positive patients.
IF production is also inhibited, but vitamin B12-deficiency anemia is
uncommon, probably because of the large stores of the vitamin. As
with any agent that leads to significant hypochlorhydria, PPIs may
interfere with absorption of drugs such as ketoconazole, ampicillin,
iron, and digoxin. Hepatic cytochrome P450 can be inhibited by the
earlier PPIs (omeprazole, lansoprazole). Rabeprazole, pantoprazole,
and esomeprazole do not appear to interact significantly with drugs
metabolized by the cytochrome P450 system. The overall clinical
significance of this observation is not definitely established. Caution
should be taken when using theophylline, warfarin, diazepam,
atazanavir, and phenytoin concomitantly with PPIs. Long-term acid
suppression, especially with PPIs, has been associated with a higher
incidence of community-acquired pneumonia as well as community
and hospital acquired Clostridium difficile–associated disease. These
observations require confirmation but should alert the practitioner
to take caution when recommending these agents for long-term
use, especially in elderly patients at risk for developing pneumonia or C. difficile infection. A population-based study revealed that
long-term use of PPIs was associated with the development of hip
fractures in older women. The absolute risk of fracture remained low
despite an observed increase associated with the dose and duration
of acid suppression. The mechanism for this observation is not clear,
and this finding must be confirmed before making broad recommendations regarding the discontinuation of these agents in patients
who benefit from them. Long-term use of PPIs has also been implicated in the development of iron and magnesium deficiency, but
here again, the studies are limited and inconclusive. PPIs may exert a
negative effect on the antiplatelet effect of clopidogrel. Although the
evidence is mixed and inconclusive, a small increase in mortality and
readmission rate for coronary events was seen in patients receiving a
PPI while on clopidogrel in earlier studies. Subsequently, three metaanalyses reported an inverse correlation between clopidogrel and PPI
use; therefore, the influence of this drug interaction on mortality is
not clearly established. The mechanism involves the competition of
the PPI and clopidogrel with the same cytochrome P450 (CYP2C19).
Whether this is a class effect of PPIs is unclear; there appears to be at
least a theoretical advantage of pantoprazole over the other PPIs,
but this has not been confirmed. This drug interaction is particularly
relevant in light of the common use of aspirin and clopidogrel for
prevention of coronary events and the efficacy of PPIs in preventing
GI bleeding in these patients. The FDA has made several recommendations while awaiting further evidence to clarify the impact
of PPI therapy on clopidogrel use. Health care providers should

Bismuth-Containing Preparations Sir William Osler considered
bismuth-containing compounds the drug of choice for treating
PUD. The resurgence in the use of these agents is due to their effect
against H. pylori. Colloidal bismuth subcitrate (CBS) and bismuth
subsalicylate (BSS, Pepto-Bismol) are the most widely used preparations. The mechanism by which these agents induce ulcer healing
is unclear. Adverse effects with short-term use include black stools,
constipation, and darkening of the tongue. Long-term use with high
doses, especially with the avidly absorbed CBS, may lead to neurotoxicity. These compounds are commonly used as one of the agents
in an anti-H. pylori regimen (see below).
Prostaglandin Analogues In view of their central role in maintaining
mucosal integrity and repair, stable prostaglandin analogues were
developed for the treatment of PUD. The mechanism by which this
rapidly absorbed drug provides its therapeutic effect is through
enhancement of mucosal defense and repair. The most common
toxicity noted with this drug is diarrhea (10–30% incidence). Other
major toxicities include uterine bleeding and contractions; misoprostol is contraindicated in women who may be pregnant, and women
of childbearing age must be made clearly aware of this potential
drug toxicity. The standard therapeutic dose is 200 μg qid.
Miscellaneous Drugs A number of drugs including anticholinergic
agents and tricyclic antidepressants were used for treating acid
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