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Abstract

Background: Proton pump inhibitors (PPIs) are the most commonly prescribed drugs

for preventing upper gastrointestinal bleeding in critically ill patients. However, con-

cerns have arisen about the possible harms of using PPIs, including potentially

increased risk of pneumonia, Clostridioides difficile infection, and more seriously, an

increased risk of death in the most severely ill patients. Triggered by the REVISE trial,

which is a forthcoming large randomized trial comparing pantoprazole to placebo in

invasively mechanically ventilated patients, we will conduct this systematic review to

evaluate the efficacy and safety of PPIs versus no prophylaxis for critically ill patients.

Methods: We will systematically search randomized trials that compared gastrointes-

tinal bleeding prophylaxis with PPIs versus placebo or no prophylaxis in adults in the

intensive care unit (ICU). Pairs of reviewers will independently screen the literature,

and for those eligible trials, extract data and assess risk of bias. We will perform
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meta-analyses using a random-effects model, and calculate relative risks for dichoto-

mous outcomes and mean differences for continuous outcomes, and the associated

95% confidence intervals. We will conduct subgroup analysis to explore whether the

impact of PPIs on mortality differs in more and less severely ill patients. We will

assess certainty of evidence using the GRADE approach.

Discussion: This systematic review will provide the most up-to-date evidence regard-

ing the merits and limitations of stress ulcer prophylaxis with PPIs in critically ill

patients in contemporary practice.

K E YWORD S

gastrointestinal bleeding prophylaxis, proton pump inhibitors, stress ulcer prophylaxis,
systematic review protocol

1 | INTRODUCTION

Patients who are critically ill, typically cared for in the intensive care

unit (ICU), are at risk of stress ulceration in the upper gastrointestinal

tract, which may cause bleeding.1 Clinicians have long been concerned

about the risk of clinically important upper gastrointestinal bleeding

(CIB), which may be associated with additional diagnostic tests, blood

transfusions, the use of vasoactive agents, increased length of ICU

stay, and an increased risk of death.2 Clinical practice guidelines have

supported the use of acid suppressing drugs for critically ill patients at

high risk of bleeding.3–5 In current practice, proton pump inhibitors

(PPIs) are the most commonly prescribed drugs for this purpose.6,7

Stress-ulcer prophylaxis has generated controversy in recent

years. The epidemiology of critical illness has changed, advances in

critical care practice have occurred, and perceptions have emerged

about low rates of gastrointestinal bleeding that may not be associ-

ated with a poor prognosis.1 Moreover, concerns have arisen about

the potentially increased risk of pneumonia and Clostridioides difficile

infection with acid suppression.8,9 A large, international, multicenter

randomized controlled trial (RCT) published in 2018 (the SUP-ICU

trial) raised the possibility that use of PPIs for bleeding prevention,

while effective, may increase mortality relative to placebo in the most

severely ill patients but not in the less severely ill.10 Together, these

concerns have raised questions about whether the possible harms of

prophylaxis may outweigh any possible benefits, especially for the

sickest patients in the ICU.

The REVISE trial is an international parallel-group RCT that inves-

tigated the effects of pantoprazole versus placebo among invasively

mechanically ventilated patients.11 We will conduct this systematic

review to evaluate the efficacy and safety of PPIs versus no prophy-

laxis for critically ill patients.

The forthcoming REVISE trial report11 will conduct within-trial

subgroup analysis to explore whether the impact of PPIs on mortality

differs in more severely ill and less severely ill patients, aligned with

the SUP-ICU trial.10 In this systematic review, we will combine these

two within-trial subgroup analyses and assess the credibility of the

subgroup effect on this issue.

2 | METHODS

We will register this protocol with PROSPERO (CRD42023461695).

This systematic review will adhere to the Preferred Reporting Items

for Systematic Reviews and Meta-analyses (PRISMA) statement.12

2.1 | Eligibility criteria

This review will include RCTs that, in adult critically ill patients, com-

pared gastrointestinal bleeding prophylaxis with PPIs versus placebo

or no prophylaxis, prescribed to prevent upper gastrointestinal bleed-

ing, and in which authors reported any of the following outcomes:

mortality at any time, CIB, pneumonia, Clostridioides difficile infection,

overt upper gastrointestinal bleeding, duration of mechanical ventila-

tion, duration of ICU stay (or ICU-free days), and duration of hospital

stay. To be eligible, trials have to explicitly include critically ill patients

or patients admitted to an ICU.

We will apply no restriction on the PPI drug (dexlansoprazole,

esomeprazole, lansoprazole, omeprazole, pantoprazole, and rabepra-

zole), dose, duration, or route of administration. We will consider trials

without restriction by language or publication status (published or

preprint). We will exclude quasi-randomized studies and abstracts.

We will exclude trials that did not report sufficient information to pool

data on any outcome (for example, an uncertain number of events or

number of patients in each group). We will check for retractions in the

Retraction Watch Database (http://retractiondatabase.org/) to

exclude retracted trials.

We will accept trial definitions of CIB. Trial definitions typically

include evidence of overt upper gastrointestinal bleeding with any of

the following: significant hemodynamic changes not explained by

other causes, a significant decrease in hemoglobin level, transfusion of

two or more units of red blood cells, upper gastrointestinal endos-

copy, angioembolization, or the need for surgery to control bleeding.

We will accept trial definitions of overt bleeding, which typically

include hematemesis, coffee-ground emesis, oro- or naso-gastric aspi-

rate of frank blood or coffee-grounds, melaena, or hematochezia.
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2.2 | Data sources and searches

We will develop the search strategy in collaboration with a research

librarian who is familiar with this topic. We will search Medline,

Embase, the Web of Science, the Cochrane Central Register of Con-

trolled Trials (CENTRAL), the International Clinical Trials Registry Plat-

form (ICTRP), Latin American and Caribbean Health Sciences

Literature (LILACS), clinicaltrials.gov, and medRxiv. Our team previ-

ously conducted a network meta-analysis comparing PPIs versus

H2RAs versus sucralfate versus placebo or no intervention for gastro-

intestinal bleeding prophylaxis in critically ill patients, which searched

up to February 2020.13 We will update this search to February 2024.

2.3 | Study selection

Pairs of reviewers will independently screen titles and abstracts, fol-

lowed by full texts. They will resolve conflicts by discussion or, if nec-

essary, by involving a third reviewer.

We will screen trials incorporated in our prior network meta-

analysis,13 and include trials that compared PPIs versus placebo or no

prophylaxis (control group) that meet our eligibility criteria.

2.4 | Data extraction

For each eligible trial, pairs of trained reviewers will extract data inde-

pendently using a pre-designed, piloted data extraction form and

resolve disagreement by discussion or, if necessary, by a third

reviewer. Box 1 presents the trial features, population, intervention

characteristics, and outcomes we will extract. When available, we will

extract the definition and timeframe of the outcomes.

2.5 | Risk of bias assessments

We will use a new risk of bias instrument that was developed by a

recent international collaboration involving systematic collection and

selection of items through a survey and intensive discussion among

BOX 1 Trial feature

• Type of ICU(s)

• Number of participating centers

• Participating countries

• Number of participants

• Year of publication

• Source of funding

1. Population characteristics

• Number of participants randomized to each group

• Eligibility criteria

• Mean age

• Mean illness severity score (APACHE II score or SAPS II

score)

• Percent female

• Percent receiving mechanical ventilation

• Percent receiving enteral nutrition

2. Intervention and control

• Drug, dose, frequency, route, and duration of administra-

tion for intervention

• Control (placebo or no prophylaxis)

3. Outcomes

• All-cause mortality at longest follow-up, up to 90 days

• Clinically important upper gastrointestinal bleeding

• Patient important upper gastrointestinal bleeding

• Pneumonia

• Clostridioides difficile infection

• Overt upper gastrointestinal bleeding (if a trial reported

only clinically important bleeding without mention of

overt bleeding, we will consider all clinically important

bleeding events as overt bleeding events)

• Duration of mechanical ventilation

• Duration of ICU stay (or ICU-free days)

• Duration of hospital stay

• Units of red blood cells transfused.

BOX 2 Risk of bias items

• Item 1: Was the allocation sequence adequately

generated?

• Item 2: Was the allocation adequately concealed?

• Item 3: Were participants blinded?

• Item 4: Were healthcare providers blinded?

• Item 5: Were outcome assessors blinded?

• Item 6

i. Extract the number of participants who were not

included in the analysis in each group (because of

missing outcome data or nonadherence).

ii. Was the proportion of participants not included in

the analysis acceptably low? (<3% for definitely

yes; 3% to <5% for probably yes; 5% to <8% for

probably no; ≥8% for definitely no).
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methodological experts.14 This instrument is user-friendly and has a

simple structure. Box 2 presents the seven items in the instrument.

Response options for each item include definitely yes, probably yes,

probably no, and definitely no, which allows systematic reviewers to

make the best inference when the reporting in RCTs is unclear.15

Two reviewers, after training and calibration, will independently

assess the risk of bias items and resolve conflicts by discussion or by

involving a third reviewer as necessary.

2.6 | Data synthesis

All analyses will be performed in R (version 4.3.2, R Foundation

for Statistical Computing), using the meta packages. Using a

random-effects model, we will calculate relative risks (RRs) with

95% confidence intervals (CIs) for dichotomous outcomes and

mean differences (MDs) with 95% CIs for continuous outcomes.

We will choose the method to estimate between-study variance

τ2 based on the heterogeneity (if heterogeneity is low or moderate,

we will use the restricted maximum-likelihood estimator;16 if het-

erogeneity is high, we will use the Sidik-Jonkman estimator17). We

will use the Hartung-Knapp method to calculate CIs for random

effects estimate;18,19 if this produces counterintuitive results, we

will instead use the DerSimonian and Laird method.20 For continu-

ous outcomes, if trials did not report mean and standard deviation

(SD), we will estimate them using sample size, median, and inter-

quartile range.21,22 The primary meta-analysis will include data

derived from each trial's complete-case analysis.

For each outcome, we will conduct a subgroup analysis based on

the overall risk of bias (trials with definitely/probably yes for all items

versus trials with definitely/probably no for one or more items). If the

interaction p-value is <.05, we will include only trials with definitely/

probably yes for all items in generating the best effect estimate. Oth-

erwise, we will include all trials in the meta-analysis.

For dichotomous outcomes, we will calculate the absolute effect

based on RRs and baseline risks. We will use the event rates in the

placebo arm in the REVISE trial as baseline risks.

The SUP-ICU trial10 and the REVISE trial23 conducted within-trial

subgroup analysis on mortality based on disease severity. In REVISE,

this was measured by an Acute Physiology and Chronic Health Evalu-

ation (APACHE) II score of <25 versus APACHE II score ≥ 25. In SUP-

ICU,10 this was measured by the Simplified Acute Physiology Score

(SAPS) II score ≤53 versus SAPS II score >53. To test the subgroup

effect, we will pool the ratio of RRs (i.e., RRsicker/RRless sick) of the

REVISE trial and SUP-ICU trial. Our hypothesis is that PPIs increase

mortality in more severely ill patients, but not in less severely ill

patients. We will use the Credibility of Effect Modification Analyses

(ICEMAN) to assess the credibility of the subgroup effect.24 If we find

a subgroup effect with moderate or high credibility, we will separately

calculate and report the effect of PPIs on mortality for more severely

ill patients and less severely ill patients (i.e., pool the more severely ill

subgroups as well as the less severely ill subgroups of these two

trials).

To further test whether the effect of PPIs on mortality differs

based on disease severity, we plan to collate individual patient data

for the REVISE trial and the SUP-ICU trial, and conduct a regression

analysis for the outcome of 90-day mortality involving all patients

with disease severity as an independent variable. This will be per-

formed in the current meta-analysis or a later individual patient data

meta-analysis, depending on the timing of combined data availability.

We will convert the SAPS II score (used in the SUP-ICU trial) to the

APACHE II score (used in the REVISE trial) and use ICEMAN to assess

credibility.

2.7 | Certainty of evidence

We will rate the certainty of evidence for each outcome using the

Grading of Recommendations, Assessment, Development, and Evalua-

tion (GRADE) approach.25 We will rate our certainty based on

whether or not an effect exists (the target of the certainty rating is

null). Evidence from RCTs starts with high certainty and can be rated

down due to the risk of bias, inconsistency, indirectness, publication

bias, and imprecision.

We will judge whether to rate down the risk of bias based on the

relative contribution of trials with definitely/probably yes for all items

and a definitely/probably no for any item on the overall estimate. If

trials with definitely/probably yes for all items are dominant, we will

not rate down; if trials with definitely/probably no for any item are

dominant, we will rate down for risk of bias.

As for determining whether to rate down the certainty due to

missing outcome data, we will challenge the robustness of the results

by conducting sensitivity meta-analyses, imputing the missing data in

each trial, and then pooling across trials.26 For binary outcomes, we

will impute missing data in the control group by assuming the inci-

dence of outcome events in participants with missing data is the same

as those with complete follow-up. As for the PPI group, we will

impute missing data by assuming the incidence of outcome events in

participants with missing data is as high as twice that of those with

complete follow-up or as low as half of those with complete follow-

up (depending on the direction of the result from primary analysis). If

the result does not change materially, we will not rate down for the

risk of bias due to missing data; otherwise, we will rate down.

For the sensitivity meta-analysis of continuous outcomes, if pri-

mary analysis suggests that PPIs decrease the duration of mechanical

ventilation, ICU stay, or hospital stay, in the imputation we will use

the largest mean score in the PPI group among trials as the mean

score for those with missing data in the PPIs group, and use the smal-

lest mean score in the control group among trials as the mean score

for those with missing data in the control group. If the primary analy-

sis suggests that PPIs increase the duration of mechanical ventilation,

ICU stay, or hospital stay, we will use the smallest mean score in the

PPI group as the mean score for those with missing data in the PPI

group and the largest mean score in the control group as the mean

score for those with missing data in the control group. The median SD

in the control group will be used as the SD of those with missing data.
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If the result does not change materially, we will not rate down for

missing data; otherwise, we will rate down.

We will assess inconsistency among trials with a visual inspection

of differences in point estimates, overlap of Cis, and the I2 statistic.27

To assess publication bias, we will draw a funnel plot and perform the

Egger test if 10 or more trials are available.28 We will develop a sum-

mary of finding tables with a plain language summary using GRADE

wording in MAGICapp.29,30

3 | DISCUSSION

This systematic review will focus on RCTs that compare PPIs to pla-

cebo or no prophylaxis, since PPIs are now the most frequently pre-

scribed drug class for gastrointestinal bleeding prophylaxis.6,7,31–33

Not only are histamine-2-receptor antagonists (H2RAs) and sucralfate

less frequently used in practice,6,7,31–33 but the RCTs comparing these

agents to no prophylaxis or placebo were published more than two

decades ago, not representing current practice.

This review will be limited by the definitions of morbidity out-

comes that were used within the included trials, which are likely to be

diverse or nonspecified. We anticipate that the outcome of patient-

important bleeding will be available in only one trial such that no

pooled estimate will be possible.34 Other potentially concerning out-

comes associated with acid suppression in observational studies are

unlikely to be reported in these trials, such as the increased risk of col-

onization or infection with multidrug-resistant organisms.35

Results of the REVISE trial will more than double the number of

patients contributing to previous trials evaluating the effect of a PPI

versus no prophylaxis on upper gastrointestinal bleeding and other

clinical outcomes. Given this addition to existing evidence and the

exploration of subgroups related to disease severity, this systematic

review will advance our understanding of the merits and limitations of

stress ulcer prophylaxis in critically ill patients for contemporary

practice.
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