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Efficacy and safety of gastrointestinal bleeding prophylaxis  
in critically ill patients: systematic review and network  
meta-analysis
Ying Wang,1 Zhikang Ye,1,2 Long Ge,3 Reed A C Siemieniuk,2,4 Xin Wang,1 Yingkai Wang,1  
Liangying Hou,3 Zhuo Ma,1 Thomas Agoritsas,2,5 Per Olav Vandvik,6 Anders Perner,7  
Morten H Møller,7 Gordon H Guyatt,2 Lihong Liu1

AbstrAct
Objective
To determine, in critically ill patients, the relative 
impact of proton pump inhibitors (PPIs), histamine-2 
receptor antagonists (H2RAs), sucralfate, or no 
gastrointestinal bleeding prophylaxis (or stress ulcer 
prophylaxis) on outcomes important to patients.
Design
Systematic review and network meta-analysis.
Data sOurces
Medline, PubMed, Embase, Cochrane Central Register 
of Controlled Trials, trial registers, and grey literature 
up to March 2019.
eligibility criteria fOr selecting stuDies anD 
methODs
We included randomised controlled trials that 
compared gastrointestinal bleeding prophylaxis 
with PPIs, H2RAs, or sucralfate versus one another 
or placebo or no prophylaxis in adult critically ill 
patients. Two reviewers independently screened 
studies for eligibility, extracted data, and assessed 
risk of bias. A parallel guideline committee (BMJ Rapid 
Recommendation) provided critical oversight of the 
systematic review, including identifying outcomes 
important to patients. We performed random-effects 
pairwise and network meta-analyses and used GRADE 
to assess certainty of evidence for each outcome. 
When results differed between low risk and high risk 
of bias studies, we used the former as best estimates.
results
Seventy two trials including 12 660 patients proved 
eligible. For patients at highest risk (>8%) or high risk 
(4-8%) of bleeding, both PPIs and H2RAs probably 
reduce clinically important gastrointestinal bleeding 

compared with placebo or no prophylaxis (odds ratio 
for PPIs 0.61 (95% confidence interval 0.42 to 0.89), 
3.3% fewer for highest risk and 2.3% fewer for high 
risk patients, moderate certainty; odds ratio for H2RAs 
0.46 (0.27 to 0.79), 4.6% fewer for highest risk and 
3.1% fewer for high risk patients, moderate certainty). 
Both may increase the risk of pneumonia compared 
with no prophylaxis (odds ratio for PPIs 1.39 (0.98 to 
2.10), 5.0% more, low certainty; odds ratio for H2RAs 
1.26 (0.89 to 1.85), 3.4% more, low certainty). It is 
likely that neither affect mortality (PPIs 1.06 (0.90 to 
1.28), 1.3% more, moderate certainty; H2RAs 0.96 
(0.79 to 1.19), 0.9% fewer, moderate certainty). 
Otherwise, results provided no support for any affect 
on mortality, Clostridium difficile infection, length 
of intensive care stay, length of hospital stay, or 
duration of mechanical ventilation (varying certainty 
of evidence).
cOnclusiOns
For higher risk critically ill patients, PPIs and H2RAs 
likely result in important reductions in gastrointestinal 
bleeding compared with no prophylaxis; for 
patients at low risk, the reduction in bleeding may 
be unimportant. Both PPIs and H2RAs may result 
in important increases in pneumonia. Variable 
quality evidence suggested no important effects 
of interventions on mortality or other in-hospital 
morbidity outcomes.
systematic review registratiOn
PROSPERO CRD42019126656.

Introduction
Critically ill patients in intensive care units are at 
risk of gastrointestinal bleeding (for example, from 
stress ulceration).1 Authorities have suggested gas
trointestinal bleeding prophylaxis is necessary to 
optimise the care of critically ill patients (often referred 
to as stress ulcer prophylaxis). Most patients at high 
risk receive acid suppression during intensive care.2 3 
Proton pump inhibitors (PPIs) are the most common 
prophylactic agent, followed by histamine2 receptor 
antagonists (H2RAs); clinicians seldom use sucralfate 
and antacids.2 4

Many published systematic reviews and meta
analyses have summarised randomised controlled 
trial evidence addressing the efficacy and safety of 
interventions for gastrointestinal bleeding prophy
laxis,510 including a network metaanalysis conducted 
by members of our team.5 Results provided support for 
prophylaxis, but raised concerning issues, particularly 
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WhAt Is AlreAdy knoWn on thIs topIc
Most patients at high risk of gastrointestinal bleeding receive acid suppression 
during a stay in intensive care
The practice of gastrointestinal bleeding prophylaxis (often referred to as stress 
ulcer prophylaxis) has generated controversy

WhAt thIs study Adds
For higher risk critically ill patients, PPIs and H2RAs likely result in important 
reductions in gastrointestinal bleeding compared with no prophylaxis; for 
patients at low risk, the reduction in bleeding may be unimportant
Both PPIs and H2RAs may increase the risk of pneumonia
Evidence failed to support differences in a number of outcomes, including 
mortality
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nosocomial pneumonia. Much of the releveant 
evidence was, however, of low or very low quality.

Since the publication of the last network meta
analysis, several trials have been published,1114 
including a large, international, multicenter rando
mised controlled trial (the SUPICU trial).14 This trial 
compared pantoprazole with placebo and concluded 
that pantoprazole did not reduce mortality or a 
composite secondary outcome of “clinically important 
events” and questioned the routine use of PPIs in 
critically ill adults.

Because of new evidence suggesting a decrease 
in the frequency of bleeding, and new awareness of 
the possible limited morbidity associated with many 
bleeds, the practice of gastrointestinal bleeding
prophylaxis has generated controversy.15 Moreover, 
observational studies have reported substantial 
increases in nosocomial pneumonia and Clostridium 
difficile infection with the use of acidsuppressive 
drugs,16 17 raising concern that harms may outweigh 
benefits.

We conducted an updated systematic review and 
network metaanalysis on the potential benefits and 
harms of gastrointestinal bleeding prophylaxis with 
PPIs, H2RAs, and sucralfate in critically ill patients. 
This review is part of the BMJ Rapid Recommendations 
project, a collaborative effort from the MAGIC Evidence 
Ecosystem Foundation (www.magicproject.org) and 
The BMJ. The aim of the project is to respond to new, 
potentially practicechanging evidence and provide 
a trustworthy practice guideline in a timely manner 
underpinned by best evidence.18 In this case, the 
stimulus was the SUPICU trial.14 This systematic 
review informs a BMJ Rapid Recommendation (box 1).

Methods
Protocol registration
We registered the protocol for this systematic review 
with PROSPERO (CRD42019126656).

guideline panel and patient involvement
In accordance with the BMJ Rapid Recommendations 
process, a guideline panel provided critical oversight 
during the review process, which included identifying 
populations, subgroups, and outcomes of interest. 
The guideline panel consisted of content experts, criti 
cal care clinicians, gastroenterologist, pharmacists, 

methodologists, former patients, and a patient care 
giver. Patients received personal training and support 
to optimise contributions throughout the guideline 
development process.

search strategy
Our literature search, developed in collaboration with 
a research librarian, added the brand, generic and 
experimental names of PPIs, H2RAs, and sucralfate to 
the original search terms from our previous network 
metaanalysis (see appendix 1 on bmj.com). The 
search included Medline and Embase, the Web of 
Science, Cochrane Central Register of Controlled Trials 
(CENTRAL), International Clinical Trials Registry 
Platform (ICTRP), clinicaltrials.gov from January 2017 
to March 2019 (our previous network metaanalysis 
searched from inception to April 2017), and a PubMed 
search for studies not yet indexed or not found in 
Medline and Latin American and Caribbean Health 
Sciences Literature (LILACS). Reviewers also searched 
the abstracts of the past two years of proceedings for 
the following conferences: Digestive Disease Week, 
United European Gastroenterology Week, European 
Society of Intensive Medicine, and Society of Critical 
Care Medicine. The reviewers scanned the reference 
lists of included studies and relevant systematic 
reviews to identify potential eligible studies.

study selection
Two reviewers independently performed the study 
selection, including screening titles and abstracts, 
and evaluating fulltext eligibility of potentially eligi
ble studies. Reviewers resolved disagreements by dis
cussion or by consultation with a third reviewer.

We included randomised controlled trials that 
compared the efficacy and safety of gastrointestinal 
bleeding prophylaxis, PPIs, H2RAs, or sucralfate 
versus one another or placebo or no prophylaxis in 
adult critically ill patients at risk of gastrointestinal 
bleeding regardless of location. We did not contact 
authors of studies, and we excluded studies that did not 
report sufficient information to pool data (for example, 
uncertain number of events or number of patients in 
each group). We applied no restriction based on dose 
or route of administration, duration of prophylaxis, or 
language of publication.

Outcomes included mortality at the longest follow
up reported, clinically important gastrointestinal 
bleeding, pneumonia, C difficile infection, overt gastro
intestinal bleeding, length of stay in intensive care, 
length of hospital stay, and duration of mechanical 
ventilation. We accepted study definitions of overt 
bleeding, typically defined as hematemesis, melaena, 
haematochezia, or coffeegrounds emesis or aspirate 
without additional characteristics of clinically impor
tant gastrointestinal bleeding. We accepted study 
definitions of clinically important gastrointestinal 
bleeding, which typically included evidence of upper 
gastrointestinal bleeding with any of the following: 
significant haemodynamic changes not explained by 
other causes, need for transfusion of more than two 

box 1: linked resources in this bmj rapid recommendations cluster
•	Ye Z, Blaser AR, Lytvyn L, et al. Gastrointestinal bleeding prophylaxis for critically ill 

patients: a clinical practice guideline. BMJ 2019;367:l6722
°  Summary of the results from the Rapid Recommendation process

•	Wang Y, Ye Z, Ge L, et al. Efficacy and safety of gastrointestinal bleeding prophylaxis 
in critically ill patients: systematic review and network meta-analysis. BMJ 
2019;367:l6744
°  Review and network meta-analysis of all available randomised trials that assessed 

prevention of gastrointestinal bleeding in critically ill patients
•	MAGICapp (https://app.magicapp.org/public/guideline/j96g2L)

°  Expanded version of the results with multilayered recommendations, evidence 
summaries, and decision aids for use on all devices
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units of blood, significant decrease in haemoglobin 
level, evidence of bleeding on upper gastrointestinal 
endoscopy, or need for surgery to control bleeding. 
When extracting data on overt bleeding, we included 
clinically important gastrointestinal bleeding. We 
accepted the definitions of pneumonia and C difficile 
infection used in each trial.

Data extraction
For each eligible study, two reviewers independently 
abstracted the following items with adjudication 
by a third reviewer: study characteristics (year of 
publication and country); population characteristics 
(sample size, age, proportion of males, type of 
intensive care unit, risk factors for gastrointestinal 
bleeding, and proportion of mechanical ventilation 
and enteral nutrition); description of interventions 
and comparators (the name, dose, administration 
route, frequency, and duration); and outcomes and 
their definitions.

risk of bias assessment
Two reviewers independently assessed risk of bias 
with adjudication by a third reviewer, using a modified 
Cochrane Collaboration tool (Guyatt and Busse, 
modification of Cochrane tool to assess risk of bias in 
randomised trials) that includes sequence generation, 
allocation sequence concealment, blinding, missing 
outcome data (we judged high risk of bias if the rate 
of missing data was more than 5%), and other bias (in 
this case, early trial discontinuation due to benefit). 
Each criterion was judged as definitely or probably 
satisfied (low risk of bias), or probably or definitely not 
satisfied (high risk of bias). We did not summarise the 
overall risk of bias for studies across criteria.

Data synthesis and analysis
For each direct comparison for each outcome, we 
performed a Bayesian randomeffects pairwise meta
analysis assessing heterogeneity with visual inspection 
of forest plots and the I2 statistic.19 We calculated 
odds ratios and corresponding 95% credible intervals 
(the Bayesian equivalent of frequentist confidence 
intervals) for all dichotomous outcomes, and mean 
differences with corresponding 95% credible intervals 
for continuous outcomes. We performed Egger test to 
assess the publication bias when 10 or more studies 
were available for a comparison.20

We performed a Bayesian randomeffects network 
metaanalysis using Markovchain MonteCarlo 
simulation.21 22 We used three chains with 100 000 
iterations after an initial burnin of 10 000 and a 
thinning of 10. We assessed the convergence based 
on trace plots and the BrooksGelmanRubin statistic, 
with an acceptable threshold of <1.05 for all nodes. 
We used noninformative priors for all parameters 
and assumed a common heterogeneity parameter for 
all treatment comparisons. We calculated the odds 
ratios and corresponding 95% credible intervals of 
network estimates with a consistency model. For all 
dichotomous outcomes, we calculated the absolute 

treatment effects of the network estimates based on 
the odds ratios and the event rates in the placebo 
arm in SUPICU trial using the modified Dias model, 
incorporating lines into the model.23 The guideline 
panel searched for evidence on risk factors for bleeding 
and proposed four categories of risk of bleeding 
(linked BMJ Rapid Recommendation shows details 
on calculating baseline risks) and calculated absolute 
effects for each category for both clinically important 
gastrointestinal bleeding and overt bleeding. For 
continuous variables, when absent in reports, we 
estimated standard deviations from standard errors, 
P values, ranges, or interquartile ranges or, if none 
of these options was available, from other studies 
included in our network metaanalysis using a linear 
regression approach.24

For each paired comparison, we used conventional 
pairwise randomeffects metaanalysis to inform the 
direct estimates and, through a nodesplitting method, 
obtained the indirect estimates. We evaluated the 
ranking probabilities and calculated surface under 
the cumulative ranking curves (SUCRA). We used the 
nodesplitting method to assess local incoherence 
(incoherence was assessed using both this test and the 
difference in point estimates and overlap of the credible 
intervals).25 We assessed the incoherence of the entire 
network using global I2 statistics. A comparison
adjusted funnel plot of treatment estimates addressed 
smallstudy effects.26

We conducted metaregression to explore the impact 
of studies with high versus low risk of bias for each risk 
of bias criterion. For the network metaregression, the 
no treatment or placebo group was the referent, and 
we assumed that effect modification differed between 
comparisons. If risk of bias influenced results, we 
included only low risk of bias studies in generating best 
estimates. To explore the impact of enteral nutrition 
and mechanical ventilation, we conducted meta
regression using the proportion of patients with enteral 
nutrition or mechanical ventilation as the independent 
variable. We performed subgroup analysis comparing 
results in studies that specified inclusion of critically ill 
patients with risk factors for gastrointestinal bleeding 
versus studies that did not mention risk factors in their 
inclusion criteria.

When networks are sparse, randomeffects models 
may generate implausibly wide credible intervals 
from network metaanalysis estimates, even when the 
direct and indirect estimates are coherent. When this 
occurred, we either conducted a fixedeffect network 
metaanalysis or used the direct estimates as our best 
estimates of the treatment effects.27 28 All network 
metaanalyses were performed using the gemtc pack
age of R version 3.4.3 (R Core Team, Vienna, Austria), 
absolute effects in networks were calculated using 
WinBUGS version 1.4.3 (MRC Biostatistics Unit, 
Cambridge, UK), and networkplot command of Stata 
version 15.1 (StataCorp, College Station, Texas, USA) 
was used to draw the network plots.29

In networks with incoherence in many comparisons, 
we compared network estimates to direct and indirect 

 on 23 A
ugust 2020 at B

ibliotheque F
aculte M

edecine G
eneve. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.l6744 on 6 January 2020. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

4 doi: 10.1136/bmj.l6744 | BMJ 2020;368:l6744 | the bmj

estimates. When we found direct versus network 
estimates inconsistent and counterintuitive, we exa
mined odds ratios and relative risks in both random
effects and fixedeffect models, seeking an approach 
that provided plausible network estimates. When 
none of these approaches was satisfactory, we did 
not consider the network metaanalysis further for 
those outcomes and instead relied on direct paired 
comparisons as the best estimates of effect.

assessment of certainty of evidence
The GRADE (Grading of Recommendations, Assess
ment, Development, and Evaluation) approach 
informed the assessment of certainty of evidence for 
each outcome (box 2),3133 including certainty ratings 
from the direct comparisons in our pairwise meta
analyses,30 3438 and certainty of evidence in network 
metaanalyses.31 33 Certainty ratings of indirect 
estimates started at the lowest ratings of the direct 
comparisons that contributed to the mostdominant 
first order loop with further rating down, when 
necessary, for intransitivity. Ratings of the certainty 
of estimates for direct and indirect estimates to inform 
the rating of network estimates included risk of bias, 
inconsistency, indirectness and publication bias, 
while imprecision was assessed at the network level. 
We judged imprecision by comparing the confidence 
intervals or credible intervals to decision thresholds34 
chosen by the guideline panel. For the certainty of 
network estimates, we started with the estimate—direct 
or indirect—that dominated the network estimate, or 
used the higher of the direct and indirect estimates 
if they both contributed importantly to the network 
estimate. If incoherence was present, we rated down 
the certainty of the network estimates and used the 
estimate—direct or indirect—with the higher certainty 
evidence as the best estimate of treatment effect. We 
used the MAGICapp platform to develop the GRADE 
summary of finding tables.

results
Description of included studies
Figure 1 shows the details of study selection process. 
We identified 479 records from our updated literature 
search and 13 potentially eligible studies from 
relevant reviews. After title and abstract screening, 
we assessed 70 full text articles, of which 18 proved 
eligible. Including 54 trials from our previous network 
metaanalysis (populations from three trials identified 

from previous network metaanalysis did not meet our 
eligibility criteria), we ultimately included 72 trials.

These 72 randomised controlled trials, with sample 
sizes from 22 to 3298, enrolled a total of 12 660 
patients. Figure 2 presents the network plot including 
all outcomes and demonstrates that the most common 
comparisons were between H2RAs and placebo or no 
prophylaxis, followed by H2RAs versus sucralfate and 
PPIs versus H2RAs.

Fifty trials included critically ill patients with 
risk factors for gastrointestinal bleeding (appendix 
2 summarises the risk factors listed), and 22 trials 
specified inclusion only of critically ill patients. Sixty 
five trials included patients in intensive care, two trials 
were of neurosurgery patients, one trial was of patients 
with fulminant hepatic failure, one trial of patients 
from three wards (department of intensive care, 
neurosurgery, and plastic surgery), and three trials 
of critically ill patients without further specification 
(appendix 3).

risk of bias
Appendix 4 summarises risk of bias assessment that 
identified the main limitations as possible lack of 
allocation sequence concealment (54.2%), lack of 
blinding (62.5%), and excessive loss to followup 
(23.6%).

Outcomes
Appendix 5 presents network plots for each outcome. 
Tests of incoherence raised no concerns for mortality, 
pneumonia, C difficile infection, length of intensive 
care stay, length of hospital stay, and duration of 
mechanical ventilation. For clinically important 
gastrointestinal bleeding and overt bleeding, we 
found incoherence for comparisons of drugs with one 
another and no treatment and found counterintuitive 
results in each of the models we explored (appendix 
6). Counterintuitive results included credible intervals 
for direct estimates from the network far (and 
implausibly) wider than confidence intervals for the 
direct estimates from the conventional paired meta
analysis; credible intervals for network estimates far 
and implausibly wider than the credible intervals for 
the direct comparisons; and network point estimates 
not being between the direct and indirect estimates. 
We therefore focused on results from direct pairwise 
metaanalysis rather than from network metaanalysis 
for clinically important gastrointestinal bleeding and 
overt bleeding, but used network metaanalysis results 
for all other outcomes. Appendix 7 presents SUCRA 
ranking of interventions for each outcome.

Mortality
Network metaanalysis estimates from 51 trials 
including 10 277 patients11 12 14 3987 demonstrated 
odds ratios for all comparisons close to 1.0 with 
moderate or very low certainty (table 1 of appendix 8). 
PPIs probably have no impact on mortality compared 
with placebo or no prophylaxis (odds ratio 1.06 (95% 
credible interval 0.90 to 1.28), 13 more per 1000 

box 2: certainty of evidence and definitions30

•	High certainty—We are very confident that the true effect lies close to that of the 
estimate of the effect

•	Moderate certainty—We are moderately confident in the effect estimate. The true 
effect is likely to be close to the estimate of the effect, but there is a possibility that it is 
substantially different

•	Low certainty—Our confidence in the effect estimate is limited. The true effect may be 
substantially different from the estimate of the effect

•	Very low certainty—We have very little confidence in the effect estimate. The true effect 
is likely to be substantially different from the estimate of effect
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patients, moderate certainty, table 1 of appendix 8), 
and neither do H2RAs (0.96 (0.79 to 1.19), 9 fewer per 
1000 patients, moderate certainty, table 1 of appendix 
8). Network metaregression suggested similar results 
in high and low risk of bias studies for mortality, and 
we therefore present results for all trials (appendix 9). 
The SUPICU trial reported a possible subgroup effect 
suggesting that PPIs relative to placebo may increase 
mortality in the sickest patients,14 but the credibility 
of this subgroup effect is low (most important reasons 
for low credibility: the subgroup hypothesis and the 
direction of the subgroup effect are not specified a 
priori).88

Clinically important gastrointestinal bleeding
Forty three trials including 10 096 patients1114 41 4447 49 

5258 60 61 6365 67 69 73 74 76 7883 8587 8996 reported clinically 
important gastrointestinal bleeding. Sub group analy 
sis based on each risk of bias criterion (concealment 
and blinding were highly correlated, so they were 

combined into one variable) showed that studies 
that failed to conceal or blind reported larger effect 
for PPIs versus H2RAs and smaller effect for H2RAs 
versus sucralfate (table 1 and appendix 10); for these 
comparisons, we focused on low risk of bias results.

We grouped patients into four categories according 
to risk of clinically important gastrointestinal blee
ding: low risk (<2%), moderate risk (24%), high 
risk (>48%), and highest risk (>8%) (appendix 11), 
and calculated absolute effects for each category for 
clinically important gastrointestinal bleeding and 
overt bleeding.

Results demonstrated that, for patients at highest or 
high risk of bleeding, both PPIs and H2RAs probably 
reduce the risk of clinically important gastrointestinal 
bleeding compared with placebo or no prophylaxis. For 
PPIs the odds ratio was 0.61 (95% confidence interval 
0.42 to 0.89), 33 fewer per 1000 for highest risk and 23 
fewer for high risk patients, moderate certainty (table 2 
and fig 3). For H2RAs the odds ratio was 0.46 (0.27 to 

Full text articles excluded
Not randomised controlled trial
Inappropriate population
Inappropriate comparisons
No data provided
Not adult

28
2
5

13
4

Records identified from
updated literature search

Embase
CENTRAL
Clinical Trials.gov
ICTRP
The Web of Science
LILACS

333
52
19
17

0
58

479
Randomised controlled trials

identified from previous
network meta-analysis

Records excluded for not being relevant

Total randomised controlled trials included

57
Potentially eligible studies

identified from relevant reviews

13

Records aer duplicates removed
436

Full text articles assessed for eligibility

366

Excluded due to
inappropriate population

70

Trials included from new search
18

Trials included from previous
network meta-analysis

54

72

52

3

No of trials that reported each outcome:
Mortality
Clinically important gastrointestinal bleeding
Pneumonia
Clostridium difficile infection

51
43
40

5

Overt gastrointestinal bleeding
Length of intensive care stay
Length of hospital stay
Duration of mechanical ventilation

65
17

7
23

fig 1 | Prisma flow diagram of studies included in review of gastrointestinal bleeding prophylaxis
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0.79), 46 fewer per 1000 for highest risk and 31 fewer 
for high risk patients, moderate certainty (table 2 and 
fig 4). For patients at lower risk, the absolute effects 
were considerably smaller (table 2). PPIs possibly 
reduce clinically important gastrointestinal bleeding 
relative to H2RAs, but the confidence intervals were 
wide and included a benefit of H2RAs (odds ratio 0.58 
(0.29 to 1.17), table 2 and fig 5). H2RAs compared 
with sucralfate probably reduce clinically important 
gastrointestinal bleeding (odds ratio 0.46 (0.23 to 
0.91), moderate certainty for higher risk groups, table 
2). Evidence regarding sucralfate versus PPIs and 
placebo was essentially uninformative with very wide 
confidence intervals (table 2). Both subgroup analysis 
within the SUPICU trial and between trials meta
regression provided no support for the hypothesis 
that enteral nutrition influenced the relative impact of 
interventions (appendix 9 presents results for meta
regression and subgroup analysis).

Pneumonia
Forty trials including 9288 patients11 14 3941 4448 53 

5456 57 59 61 6367 69 71 73 75 76 7983 85 9095 9799 reported 

pneumonia. PPIs may increase the risk of pneumonia 
compared with placebo or no prophylaxis (odds ratio 
1.39 (95% credible interval 0.98 to 2.10), 50 more per 
1000 patients, low certainty, table 3), as may H2RAs 
(1.26 (0.89 to 1.85), 34 more per 1000 patients, 
low certainty, table 3). PPIs may increase the risk of 
pneumonia compared with sucralfate (1.63 (1.12 to 
2.46), 70 more per 1000 patients, low certainty, table 
3), as may H2RAs (1.47 (1.11 to 2.03), 53 more per 
1000 patients, low certainty, table 3). Network meta
regression suggested similar results in high and low 
risk of bias studies for pneumonia (appendix 9).

Clostridium difficile infection
Five trials including 3849 patients11 12 14 80 96 reported 
C difficile infection, of which four compared PPI with 
placebo or no prophylaxis and one compared PPI 
with H2RA. C difficile infection was rare (baseline risk 
of 1.5%), and the absolute effect of any intervention 
would therefore be very small (for example, for PPIs 
versus placebo the odds ratio was 0.82 (95% credible 
interval 0.31 to 2.47), 3 fewer per 1000 patients, 
moderate certainty, see table 2 of appendix 8). Credible 
intervals around odds ratios were very wide, and 
results were therefore essentially uninformative (table 
2 of appendix 8). Network metaregression suggested 
similar results in high and low risk of bias studies for C 
difficile infection (appendix 9).

Overt gastrointestinal bleeding
Overt gastrointestinal bleeding is bleeding 
without the consequences of clinically important 
gastrointestinal bleeding such as haemodynamic 
changes, transfusion, haemoglobin decrease, or 
need for surgery. Sixty five trials including 11 662 pa 
tients1114 39 4150 5258 6069 7183 8587 8996 98107 reported 
on overt bleeding. Subgroup analysis showed that 
concealment or blinding (the combined variable) 
influenced results for the comparisons of PPIs versus 
placebo and H2RAs versus sucralfate, and missing 
outcome data influenced results for PPIs versus placebo 
(table 4 and appendix 10). We therefore used low risk 
of bias results for these two comparisons. PPIs reduce 
overt bleeding relative to placebo (odds ratio 0.59 
(95% confidence interval 0.45 to 0.76), high certainty, 
table 3 of appendix 8). This is probably also true for 
H2RAs versus placebo (odds ratio 0.38, (0.24 to 0.59), 
moderate certainty, table 3 of appendix 8). Sucralfate 
possibly reduces overt bleeding relative to placebo, but 
the confidence interval includes increased bleeding 
(odds ratio 0.58 (0.30 to 1.11), moderate certainty, 
table 3 of appendix 8). PPIs reduce overt bleeding 
relative to H2RAs (odds ratio 0.43 (0.25 to 0.74), high 
certainty, table 3 of appendix 8).

Metaregression suggested the possibility that 
H2RAs versus placebo had a smaller relative effect 
when patients received enteral nutrition, but the 
credibility of this subgroup effect is low (most 
important reason for low credibility: the effect is 
suggested by comparisons between studies) (appendix 
9).88 Similarly, subgroup analysis suggested the 

PPI
3564

20 trials

21 trials

31 trials

7 trials

4 trials

10 trials

Sucralfate
1896

H2RA
3669

Placebo or no
prophylaxis

3531

fig 2 | network plot of comparisons among proton pump inhibitors (PPis), histamine-2 
receptor antagonists (h2ras), sucralfate, or no gastrointestinal bleeding prophylaxis

table 1 | low risk versus high risk of bias results (odds ratios (95% confidence 
intervals)) for clinically important gastrointestinal bleeding for different comparisons of 
gastrointestinal bleeding prophylaxis

comparison low risk of bias result high risk of bias result*
subgroup difference  
(P value)

PPIs v placebo 0.62 (0.42 to 0.90) 0.33 (0.01 to 8.21) 0.70
H2RAs v placebo 0.43 (0.18 to 1.01) 0.54 (0.26 to 1.10) 0.69
Sucralfate v placebo 3.36 (0.34 to 33.13) 0.63 (0.28 to 1.41) 0.18
PPIs v H2RAs 0.58 (0.29 to 1.17) 0.20 (0.07 to 0.54) 0.08†
PPIs v sucralfate 0.31 (0.03 to 3.05) 0.27 (0.01 to 6.93) 0.95
H2RAs v sucralfate 0.46 (0.23 to 0.91) 1.18 (0.66 to 2.14) 0.04†
PPIs = proton pump inhibitors; H2RAs = histamine-2 receptor antagonists.
*Studies were at high risk of bias if either allocation sequence concealment or blinding were at high risk of bias.
†Important difference between low and high risk of bias result, so we used low risk of bias result as best 
estimate.
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possibility that PPIs versus placebo had a smaller effect 
in studies that specified that patient had risk factors for 
bleeding than those that did not mention risk factors in 

their inclusion criteria, but once again the credibility of 
this subgroup effect is low (most important reasons for 
low credibility: the effect is suggested by comparisons 

table 2 | graDe summary of findings for clinically important gastrointestinal bleeding (cib) for different comparisons of gastrointestinal bleeding 
prophylaxis

comparison
Odds ratio (95% ci) 
and measurements

absolute effect  
estimates (per 1000)

absolute difference 
(95% ci) per 1000

certainty in  
effect  
estimates Plain text summary

PPIs v  
placebo

0.61 (0.42 to 0.89). 
4317 patients in 8 
studies

Low risk Placebo: 12 PPIs: 7 −5 (−7 to −1) Moderate* PPIs probably reduce CIB by less than the amount most 
people would need to choose a PPI

Moderate risk 30 19 −11 (−17 to −3) Low*† PPIs may reduce CIB by less than the amount most 
people would need to choose a PPI

High risk 60 37 −23 (−34 to −6) Moderate† PPIs probably reduce CIB
Highest risk 90 57 −33 (−50 to −9) Moderate† PPIs probably reduce CIB

H2RAs v 
placebo

0.46 (0.27 to 0.79). 
1242 patients in 14 
studies

Low risk Placebo: 12 H2RAs: 6 −6 (−9 to −2) Moderate* H2RAs probably reduce CIB by less than the amount 
most people would need to choose a H2RA

Moderate risk 30 14 −16 (−22 to −6) Low*† H2RAs may reduce CIB by less than the amount most 
people would need to choose a H2RA

High risk 60 29 −31 (−43 to −12) Moderate† H2RAs probably reduce CIB
Highest risk 90 44 −46 (−64 to −18) Moderate† H2RAs probably reduce CIB

Sucralfate v 
placebo

0.76 (0.36 to 1.62). 
874 patients in 6 
studies

Low risk Placebo: 12 Suc: 9 −3 (−8 to 7) Moderate* Sucralfate probably does not have an important effect
Moderate risk 30 23 −7 (−19 to 18) Low*† Sucralfate may not have an important effect
High risk 60 46 −14 (−38 to 34) Low‡ Sucralfate may not have an important effect
Highest risk 90 70 −20 (−56 to 48) Low‡ Sucralfate may not have an important effect

PPIs v  
H2RAs

0.58 (0.29 to 1.17). 
1010 patients in 5 
studies with low risk 
of bias

Low risk H2RAs: 12 PPIs: 7§ −5 (−17 to 1) Low*† There may be no important difference
Moderate risk 32 19§ −13 (−44 to 3) Low*† PPIs may reduce CIB more than H2RAs
High risk 62 37§ −25 (−80 to 5) Moderate† PPIs probably reduce CIB more than H2RAs
Highest risk 94 57§ −37 (−116 to 8) Moderate† PPIs probably reduce CIB more than H2RAs

PPIs v  
sucralfate

0.30 (0.05 to 1.92). 
211 patients in 2 
studies

Low risk Suc: 23 PPIs: 7§ −16 (−117 to 3) Very low*‡ Whether there is an important difference or not is very 
uncertain

Moderate risk 61 19§ −42 (−260 to 9) Very low*‡ Whether there is an important difference or not is very 
uncertain

High risk 113 37§ −76 (−398 to 17) Low‡ PPIs may reduce CIB compared with sucralfate
Highest risk 168 57§ −111 (−490 to 27) Low‡ PPIs may reduce CIB compared with sucralfate

H2RAs v 
sucralfate

0.46 (0.23 to 0.91). 
1340 patients in 2 
studies with low risk 
of bias

Low risk Suc: 13 H2RAs: 6¶ −7 (−20 to −1) Low*† There may be no important difference
Moderate risk 30 14¶ −16 (−44 to −1) Low*† H2RAs may reduce CIB compared with sucralfate
High risk 61 29¶ −32 (−86 to −3) Moderate† H2RAs probably reduce CIB compared with sucralfate
Highest risk 91 44¶ −47 (−123 to −4) Moderate† H2RAs probably reduce CIB compared with sucralfate

PPIs = proton pump inhibitors; H2RAs = histamine-2 receptor antagonists.
*Rated down due to uncertainty in baseline risk for some risk factors.
†Rated down for imprecision.
‡Rated down 2 levels for imprecision.
§We used the point estimate of absolute effect for PPIs, obtained from PPIs v placebo, to calculate absolute effect for PPIs v H2RAs and PPIs v sucralfate.
¶We used the point estimate of absolute effect for H2RAs, obtained from H2RAs v placebo, to calculate absolute effect for H2RAs v sucralfate.
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fig 3 | forest plot for proton pump inhibitors (PPis) versus placebo for clinically important gastrointestinal bleeding
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between studies, and the subgroup hypothesis and 
the direction of the subgroup effect are not specified a 
priori) (appendix 9).88

Length of intensive care stay and length of hospital 
stay
Seventeen trials including 3533 patients11 12 46 47 51 56 

60 63 64 71 73 77 8082 87 90 96 reported length of stay in in 
tensive care, and seven trials including 831  
patients11 12 40 59 73 80 95 reported length of hospital 
stay. Results suggested no important difference 
between any of interventions (tables 4 and 5 of appen
dix 8). Network metaregression suggested similar 
results in high and low risk of bias studies on results  
(appendix 9).

Duration of mechanical ventilation
Twenty three trials including 3625 patients11 12 39

41 43 46 53 54 56 59 61 64 65 71 73 78 79 81 82 85 91 95 96 reported 
duration of mechanical ventilation or duration of 
intubation. Results suggested no important difference 
between any of interventions in terms of duration of 
mechanical ventilation or duration of intubation (table 
6 of appendix 8). Network metaregression suggested 
similar results in high and low risk of bias studies for 
duration of mechanical ventilation (appendix 9).

discussion
We found moderate certainty evidence that neither 
PPIs nor H2RAs affect mortality compared with no 
prophylaxis (table 1 of appendix 8). We found lower 
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fig 4 | forest plot for histamine-2 receptor antagonists (h2ras) versus placebo for clinically important gastrointestinal 
bleeding
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fig 5 | forest plot for proton pump inhibitors (PPis) versus histamine-2 receptor antagonists (h2ras) for clinically 
important gastrointestinal bleeding with low risk of bias studies
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certainty evidence of no impact on mortality for other 
comparisons (table 1 of appendix 8).

We found moderate or low certainty evidence that 
PPIs and H2RAs probably reduce clinically important 
gastrointestinal bleeding relative to no prophylaxis 
(table 2) and high or moderate certainty evidence 
that both drugs reduce overt gastrointestinal bleeding 
relative to no prophylaxis (table 3 of appendix 8). For 
higher risk patients, the impact on clinically important 
gastrointestinal bleeding may be important (PPIs 
absolute difference for highest risk patients 3.3%, 
for high risk patients 2.3%; H2RAs for highest risk 
patients 4.6%, for high risk patients 3.1%; table 2); this 
may not be true for lower risk patients (table 2). PPIs 
relative to H2RAs possibly reduce clinically important 
gastrointestinal bleeding, but the confidence interval 
included superiority of H2RAs (odds ratio 0.58 (95% 
confidence interval 0.29 to 1.17), table 2 and fig 
5). Sucralfate may not reduce clinically important 
gastrointestinal bleeding (table 2).

PPIs and H2RAs may increase the risk of pneumonia 
(absolute increases 5.0% and 3.4% respectively, table 
3). C difficile infection occurred infrequently, resulting 
in very wide credible intervals around odds ratios that 
were essentially uninformative. However, because C 
difficile infection was rare, even the largest plausible 
increase in risk will be small. Few trials reported on 
other adverse effects. Prophylaxis may have no impact 
on length of intensive care stay, length of hospital stay, 
or duration of mechanical ventilation.

strength and limitations of study
Strengths of this review include a comprehensive 
search to identify eligible trials; independent study 
selection, data extraction, and risk of bias assessment 
by two reviewers; focus on low risk of bias studies 
when low and high risk of bias studies yielded differing 
results; and application of the GRADE approach to rate 
the certainty of evidence. We also presented absolute 
effects for all comparisons and outcomes and for 
patients at different risk of gastrointestinal bleeding.

Finally, rather than mechanically reporting network 
metaanalysis results, we also considered whether 
they might be misleading. It is probably inadvisable 
to conduct network metaanalysis when direct and 
indirect estimates differ considerably throughout the 
network (that is, incoherence).28 We found this problem 
for both clinically important gastrointestinal bleeding 
and overt bleeding and, probably as a result, found 
network metaanalysis estimates that were inconsistent 
with direct estimates and counterintuitive. Testing 
different measures of effect or model assumptions 
did not resolve the issue. Therefore, for these two 
outcomes, we relied on direct comparisons only.

Limitations include clinical heterogeneity across 
eligible trials that enrolled different populations 
and often did not clearly identify the risk factors for 
bleeding in the participating individuals. However, 
most patients in most trials received mechanical 
ventilation, an indication for prophylaxis in most 
intensive care units worldwide. Definitions of clinically 
important gastrointestinal bleeding and overt bleeding 
differed; most, however, adhered to standard criteria. 
Most trials did not report the duration of followup.

Some results proved logically inconsistent. For 
instance, in comparisons against placebo or no 
prophylaxis, results showed larger effects with H2RAs 
than with PPIs on reduction in clinically important 
gastrointestinal bleeding. Direct comparisons of the 
two agents, however, raised the possibility that PPIs 
result in larger reductions in clinically important 
gastrointestinal bleeding than do H2RAs.

Enteral nutrition may provide protection against 
gastrointestinal bleeding, and the impact of prophylaxis 
in patients receiving enteral nutrition may therefore 
be small, at least in patients at otherwise lower risk. 
It is also possible that enteral nutrition decreases the 
relative effect of prophylaxis on bleeding. Although 
metaregression results suggested H2RAs had smaller 
relative effect on overt bleeding when patients received 
enteral nutrition, this subgroup effect proved of low 
credibility (appendix 9).88 We also identified a possible 

table 3 | graDe summary of findings for pneumonia for different comparisons

comparison

Direct estimate  
(95% cri); certainty  
of evidence

indirect estimate (95% 
cri); certainty of evidence

network estimate  
(95% cri); certainty  
of evidence* absolute effect estimates† (95% cri) per 1000

PPIs v placebo 1.08 (0.77 to 1.74); 
Moderate‡

1.78 (0.98 to 3.23); 
Moderate‡

1.39 (0.98 to 2.10); 
Low‡§¶

Placebo: 162 PPIs: 212 (159 to 287)
Difference: 50 (−3 to 125)

H2RAs v placebo 1.32 (0.87 to 2.02); 
Moderate‡

0.91 (0.50 to 1.94); 
Moderate‡

1.26 (0.89 to 1.85); 
Low‡§¶

Placebo: 162 H2RAs: 196 (148 to 263)
Difference: 34 (−14 to 101)

Sucralfate v placebo 2.13 (0.69 to 6.74); 
Moderate‡

0.68 (0.42 to 1.11); 
Moderate‡

0.85 (0.56 to 1.33); 
Low‡§

Placebo: 162 Sucralfate: 142 (98 to 204)
Difference: −20 (−64 to 42)

PPIs v H2RAs 1.10 (0.79 to 1.51); 
Moderate‡

1.03 (0.57 to 1.95); 
Moderate‡

1.11 (0.82 to 1.50); 
Low‡§

H2RAs: 196 (148 to 263) PPIs: 212 (159 to 287)
Difference: 16 (−32 to 68)

PPIs v sucralfate 2.89 (1.38 to 6.00); 
Moderate‡

1.27 (0.84 to 2.04); 
Moderate‡

1.63 (1.12 to 2.46); 
Low‡§

Sucralfate: 142 (98 to 204) PPIs: 212 (159 to 287)
Difference: 70 (18 to 131)

H2RAs v sucralfate 1.34 (1.04 to 1.82); 
Moderate‡

2.77 (0.90 to 8.24); 
Moderate‡

1.47 (1.11 to 2.03); 
Low‡§

Sucralfate: 142 (98 to 204) H2RAs: 196 (148 to 263)
Difference: 53 (15 to 99)

CrI = credible interval; PPIs = proton pump inhibitors; H2RAs = histamine-2 receptor antagonists.
*Higher of direct or indirect confidence (without consider imprecision), and then considered imprecision and incoherence.
†We used as baseline risk in the placebo group of the SUP-ICU trial.
‡Rated down for risk of bias.
§Rated down for imprecision.
¶We are skeptical of the result because the pooled result including smaller studies conflicts with the evidence from the largest study (SUP-ICU).
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subgroup effect for PPIs versus no prophylaxis: studies 
in which investigators specified that patients had 
risk factors had apparently smaller effects on overt 
bleeding than those in which there was no mention 
of risk factors. Once again, however, the apparent 
subgroup effect is of low credibility (appendix 9).88

relation to prior work
Compared with previous, conventional pairwise meta
analysis, the use of indirect comparisons within this 
network metaanalysis adds additional information 
to the evidence regarding gastrointestinal bleeding 
prophylaxis, particularly with respect to establishing 
the impact of PPIs on gastrointestinal bleeding. 
Our review included more trials and substantially 
more patients: most importantly the SUPICU trial,14 
which is both the largest trial to date addressing 
prophylaxis and at low risk of bias (the SUPICU trial 
concealed randomisation, blinded clinicians and 
study personnel, and lost very few patients to follow
up, and was thus at low risk of bias). In this review, 
we found that H2RAs likely reduce the risk of clinically 
important gastrointestinal bleeding compared with 
no prophylaxis and sucralfate; our previous network 
metaanalysis suggested no convincing impact of 
H2RAs. One consequence of this review’s focus on 
studies at low risk of bias when results differed in 
high risk and low risk of bias studies was a confidence 
interval for the comparison of PPIs versus H2RAs on 
clinically important gastrointestinal bleeding wider 
than those in previous studies and including the 
possibility of benefit with H2RAs.

We found moderate certainty evidence that neither 
PPIs nor H2RAs reduce mortality relative to no 
prophylaxis. The SUPICU trial reported a possible 
subgroup effect suggesting PPIs may increase mortality 
in the sickest patients. Applying suggested criteria, 
however, demonstrated this possible subgroup effect is 
of low credibility (appendix 9).88

implications of study
This systematic review provides important information 
for weighing the potential benefits and harms of 
alternative interventions for gastrointestinal bleeding 
prophylaxis in adult critically ill patients. Key 
messages include the likelihood that no intervention 

influences mortality; that PPIs and H2RAs likely 
reduce bleeding; that reduction in bleeding is higher 
in patients with higher baseline risk of bleeding; 
and that resolving a number of issues, including the 
possibility that prophylactic agents increase the risk 
of pneumonia, will require additional randomised 
controlled trials. This review provides key evidence 
for the associated BMJ Rapid Recommendation, which 
uses additional context and methodology to produce 
recommendations for clinical practice.
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table 4 | low risk versus high risk of bias results (odds ratios (95% confidence intervals)) 
for overt gastrointestinal bleeding

comparison low risk of bias result high risk of bias result*
subgroup difference  
(P value)

PPIs v placebo 0.59 (0.45 to 0.76) 0.20 (0.09 to 0.48) 0.02†
H2RAs v placebo 0.34 (0.19 to 0.61) 0.45 (0.23 to 0.88) 0.54
Sucralfate v placebo 3.36 (0.34 to 33.13) 0.52 (0.28 to 0.95) 0.12
PPIs v H2RAs 0.57 (0.27 to 1.23) 0.32 (0.16 to 0.65) 0.28
PPIs v sucralfate 0.31 (0.03 to 3.05) 0.11 (0.01 to 2.20) 0.59
H2RAs v sucralfate 0.46 (0.23 to 0.91) 1.47 (1.01 to 2.15) 0.004†
*For PPIs versus placebo, studies were at high risk of bias if either allocation sequence concealment or blinding 
or missing outcome data were at high risk of bias. For other comparisons, studies were at high risk of bias if 
either allocation sequence concealment or blinding were at high risk of bias.
†Important difference between low and high risk of bias result, so we used low risk of bias result as best 
estimate.
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