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Background

Stress-related gastric ulceration was first described in the early 1970s,1 and has since
received extensive study. Appreciation of the physiologic changes that promote stress-related
gastritis2-4 and general improvements in the care of critically ill patients have likely played a role
in reducing the frequency of this complication.3 Nonetheless, the use of specific pharmacologic
agents for the prevention of stress-related gastrointestinal (GI) bleeding is increasingly promoted
as standard therapy in the ICU setting.5-8 Despite the common use of these agents, controversy
about the evidence supporting this practice remains.5,9

 Because specific pharmacologic
prophylaxis for stress ulceration may increase the risk of other complications (eg, nosocomial
pneumonia10) and is associated with significant costs,11 recent efforts have focused on
delineating an appropriate definition of clinically important GI bleeding and identifying patients
who derive a clear benefit from pharmacologic prevention of this complication.

Practice Description
This chapter reviews evidence supporting the use of pharmacologic therapies for stress

ulcer and GI bleeding prophylaxis in the ICU setting. We considered the use of histamine-2
receptor blocking agents (H2-receptor antagonists) and sucralfate, a mucosal protecting agent.
Although the efficacy of aluminum- and magnesium-based antacids has been demonstrated, their
use is limited by dosing frequency and side effects.12 Proton-pump inhibitors (PPIs) and enteral
nutrition have also shown benefit in small studies, but there are yet no large randomized
evaluations.6,12,13

Prevalence and Severity of the Target Safety Problem

The risk of stress ulceration and subsequent GI bleeding depends on a patient’s
underlying illness, its severity, and related comorbidities. Using liberal criteria for assessment of
bleeding, early reports estimated the incidence of GI bleeding due to stress ulceration in ICU
patients to be as high as 5-25%.14,15 However, more recent prospective studies, using stricter
definitions of clinically significant GI bleeding and following large cohorts of patients, have
revealed more modest estimates of 0.1% in low-risk ICU patients and 2.8% in ventilated
patients.2,13,16

Opportunities for Impact

 A recent, prospectively collected database of over 7000 patients admitted to surgical and
medical intensive care units at a tertiary care center (1988-95) revealed that 59.9% of patients
received pharmacologic prophylaxis with ranitidine or sucralfate for stress ulceration.16 Another
study assessed the annual change in stress ulcer prophylaxis in nearly 3000 patients admitted to a
medical intensive care unit at a tertiary care hospital from 1993 to 1996. It found a significant
decrease in rates of prophylaxis, with a 71% rate in 1993 progressively decreasing to a 21% rate
in 1996, likely reflecting emerging evidence regarding high and low-risk populations in the
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literature during that time.17 Identifying appropriate patients for stress ulcer prophylaxis and
avoiding its use in other cases both offer potential opportunities for improving patient safety in
the ICU.

Study Designs

Although multiple meta-analyses have reviewed the prophylaxis of GI bleeding in
critically ill patients, many were performed more than a decade ago.18-20 Since then, results of
additional randomized trials have been published. More recent, well-designed search strategies,
strict quality-scoring of literature, and rigorous adherence to criteria defining clinically
significant GI bleeding have improved the breadth and quality of literature captured, likely
making older systematic reviews less relevant. Because of these changes in quality measures as
well as overlap of information and trials from older reviews contained within more recent ones,
only those meta-analyses published within the last 5 years (and large randomized controlled
trials not included in these reviews) are included here.

A 1996 meta-analysis found 269 studies through a broad search of multiple databases and
extensive efforts to find unpublished trials.5 Sixty-three of these met inclusion criteria. The
analysis evaluated multiple types of prophylaxis for GI bleeding, including antacids, H2-
antagonists, and sucralfate. The study authors compared each type of prophylaxis to placebo and
to each other when literature was available. The same study group then followed-up unanswered
questions from their meta-analysis with a large randomized controlled trial (RCT) of 1200
patients, comparing ranitidine to sucralfate without a placebo group.21

A more recent meta-analysis abstracted evidence from the literature to compare ranitidine
(instead of all H2-antagonists) versus placebo, and sucralfate versus placebo for GI bleed
prophylaxis in the ICU.9 The search methods were less rigorous and the target population
narrower than the 1996 meta-analysis, but the authors claimed to assess a more clinically
relevant population and outcome.

Results from 2 prospective cohort studies that evaluated risk factors for occurrence of
clinically important GI bleeding also provide key recommendations regarding clinical
practice.2,13

Study Outcomes

Both meta-analyses and the large RCT reported outcomes of clinically important GI
bleeding and nosocomial pneumonia (Level 1). The 1996 meta-analysis and randomized trial
also evaluated overt GI bleeding and mortality. Cohort studies (Level 2) present results of
multivariate regression analyses, identifying the salient risk factors for clinically important GI
bleeding in the ICU patient.

Evidence for Effectiveness of the Practice

Table 34.1 summarizes the outcomes for the 2 meta-analyses and large RCT. The
disparity in results of the meta-analyses is partly due to differing article selection criteria. While
the 1996 analysis evaluated all H2-antagonists, the 2000 study excluded trials evaluating
cimetidine because of its virtual replacement (attributable to its undesirable side effect profile)
by ranitidine in current clinical practice.5,9 Excluding studies with cimetidine substantially
reduced the number of studies available for review. Additionally, the 1996 study evaluated
comparisons of therapies to each other as well as to placebo, while the 2000 study only
considered trials of effectiveness with a placebo control as relevant.
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The 2000 meta-analysis found no statistically significant reduction in clinically important
GI bleeding when comparing H2-antagonist agents with placebo, or sucralfate to placebo.9

However, the 1996 study revealed a significant difference between ranitidine and placebo for
clinically important GI bleeding.5 It was unable to demonstrate such a difference between
ranitidine and sucralfate. The results of these 2 reviews reveal discrepant findings, in large part
due to exclusion of cimetidine in the 2000 study. However, that study also included at least one
moderate-sized trial that used remarkably strict criteria for defining clinically important GI
bleeding. This factor likely contributed an element of bias towards the null result in that meta-
analysis.

Furthermore, the large RCT (1998) comparing ranitidine to sucralfate, without a placebo
comparison group, revealed a statistically significant difference in the rate of clinically important
upper GI bleeding, favoring H2-antagonists.21 In this RCT the number needed to treat (NNT)
with ranitidine compared to placebo to prevent one clinically important GI bleed compared to
placebo was 47. However, no reduction in mortality or length of ICU stay was found.
Interpretation of the results of the RCT are complicated by: 1) wide confidence intervals
surrounding the relative risk estimate; 2) very small numbers of patients with clinically
important GI bleeding (ranitidine group: 10/596; sucralfate group: 23/604), only 42% of whom
had endoscopic confirmation of the source of bleed; 3) a large number of patients (70%)
receiving concomitant enteral nutrition, believed to reduce the risk of GI bleeding (see Chapter
33); and 4) unreported incidence of coagulopathy or duration of prophylaxis prior to GI
bleeding.22

The 2 large cohort studies found respiratory failure (odds ratio 15.6, p<0.001),
coagulopathy (odds ratio 4.3, p<0.001), and renal insufficiency (relative risk 1.16, p=0.023) to
be independent risk factors for predicting clinically important GI bleeding in ICU patients.2,13

Enteral nutrition had a protective effect on GI bleed outcome (relative risk 0.30, p=0.004). Even
though previous studies found a high incidence of overt GI bleeding among head trauma
patients, this was not supported by the most recent cohort study cited above, which evaluated
ventilated head trauma patients.13,23

Potential for Harm

 Table 34.2 summarizes the harm evaluated in the 2 recent meta-analyses and large RCT.
All 3 studies showed either a trend toward reduction or statistically significant reduction of
nosocomial pneumonia in sucralfate groups compared with ranitidine groups.5,9,21 The number
needed to harm (NNH) to cause one nosocomial pneumonia with ranitidine compared with
sucralfate was calculated as 21 to 34 (see also Subchapter 17.4). However, this effect was not
statistically significant in the RCT. No study demonstrated a harmful effect for ranitidine
compared to placebo.
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Costs and Implementation

One cost-effectiveness analysis extracted relevant literature from MEDLINE between
1985 and 1995, representing 15 controlled clinical trials (Level 1).19 Assumptions made in the
analysis included equal efficacy for the H2-antagonist cimetidine and sucralfate, a baseline risk
of bleeding of 6%, and a 50% risk-reduction due to prophylaxis. The average cost per bleeding
episode averted was $1144 for sucralfate, but 6.5 times greater for cimetidine. However, low-risk
patients amassed a cost per bleeding episode averted of $103,725 compared to a cost of $279 for
very high-risk patients. Cost per bleeding episode averted increased significantly if the risk of
nosocomial pneumonia was included in the analysis.

The large RCT reported no difference in the duration of ICU stay for the group treated
with ranitidine compared with the group treated with sucralfate (9 days for each group).21

However, no placebo group was used.

Comment

Overall, the evidence available in the literature does not conclusively demonstrate that
the benefits of GI prophylaxis outweigh its risks for every patient admitted to the intensive care
unit. As refinements have been made in defining clinically important and significant episodes of
GI bleeding, the population that may reap benefit from prophylaxis has narrowed substantially.
In turn, a reduction in the use of prophylactic agents has followed. Most recent estimates reveal a
negligible incidence of clinically important stress-related GI bleeding in low-risk ICU patients
(approximately 0.1%) and a small incidence (less than 3%) in higher-risk patients. Improvements
in overall ICU care and use of enteral nutrition may be contributing to this decrease in incidence.

Although a statistical benefit of H2-antagonists compared with placebo or with sucralfate
has been shown in some studies, the overall clinical benefit of these agents has been disputed.
Some research shows a greater absolute number of nosocomial pneumonia cases related to
therapy with H2-antagonists than the benefit from reduction in GI bleeding, causing the NNH to
be potentially smaller than the NNT (see Subchapter 17.4). Furthermore, the overall cost-to-
benefit ratio of prophylaxis increases dramatically in lower-risk patients, as shown in the
analysis noted above that accounted for increases in nosocomial pneumonia.21 Thus, the clear
benefit of administering H2-antagonists to prevent GI bleeding among many patients in an ICU
remains to be shown. This is partly due to variations in the definition of clinically significant
bleeding and pneumonia. Additional large trials are necessary to identify the patients who truly
derive net benefit from this practice, as published evidence does not yet support this practice for
many patients currently receiving the therapy.

At the present time, clinicians may consider use of prophylactic agents, an H2-antagonist
or sucralfate, to prevent clinically important GI bleeding in very high-risk patients admitted to
the ICU. Such patients may include those with respiratory failure, coagulopathy, renal failure,
and/or burns (the latter group has been excluded from most studies because its risk is believed to
be so great). However, the risk of pneumonia may influence clinicians to use prophylactic agents
only in patients with multiple risk factors for GI bleeding, and simply provide enteral nutrition to
others at less risk. The use of PPIs requires further study before any recommendation can be
made regarding them. Further research should focus on identifying subgroups of patients who do
derive net benefit from ranitidine or other acid-reducing agents.
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Table 34.1.  Studies evaluating effectiveness of pharmacologic prophylaxis of ICU patients
to prevent clinically significant GI bleeding*

EFFECTIVENESS

Study Study Design, Outcomes Comparison Groups Effect Size (95% CI)

Cook,
19965

Level 1A, Level 1 H2-antagonist vs. placebo

Sucralfate vs. placebo

H2-antagonist vs. sucralfate

OR 0.44 (0.22-0.88)

OR 1.49 (0.42-5.27)

OR 1.28 (0.27-6.11)

Messori,
20009

Level 1A, Level 1 Ranitidine vs. placebo OR 0.72 (0.30-1.70)

Cook,
199821

Level 1, Level 1 Ranitidine vs. sucralfate RR 0.44 (0.21-0.92)
NNT 47

* CI indicates confidence interval; NNT, number needed to treat (for benefit); OR, odds ratio;
and RR, relative risk.

Table 34.2.  Studies evaluating harm (nosocomial pneumonia) due to pharmacologic
prophylaxis of ICU patients to prevent GI bleeding*

HARM

Study Study Design, Outcomes
Measured

Comparison Groups Effect Size (95% CI)

Cook,
19965

Level 1A, Level 1 Sucralfate vs. H2-antagonist OR 0.78 (0.60-1.01)

Messori,
20009

Level 1A, Level 1 Ranitidine vs. sucralfate OR 1.35 (1.07-1.70)
NNH 21

Cook,
199821

Level 1, Level 1 Ranitidine vs. sucralfate RR 1.18 (0.92-1.51)
NNH 34

* CI indicates confidence interval; NNH, number needed to harm; OR, odds ratio; and RR,
relative risk.
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