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Abstract 

Purpose:  Motivated by a new randomized trial (the PEPTIC trial) that raised the issue of an increase in mortality with 
proton pump inhibitors (PPIs) relative to histamine-2 receptor antagonists (H2RAs), we updated our prior systematic 
review and network meta-analysis (NMA) addressing the impact of pharmacological gastrointestinal bleeding prophy-
laxis in critically ill patients.

Methods:  We searched for randomized controlled trials that examined the efficacy and safety of gastrointestinal 
bleeding prophylaxis with PPIs, H2RAs, or sucralfate versus one another or placebo or no prophylaxis in adult critically 
ill patients. We performed Bayesian random-effects NMA and conducted analyses using all PEPTIC data as well as a 
restricted analysis using only PEPTIC data from high compliance centers. We used the GRADE approach to quantify 
absolute effects and assess the certainty of evidence.

Results:  Seventy-four trials enrolling 39 569 patients proved eligible. Both PPIs (risk ratio (RR) 1.03, 95% credible inter-
val 0.93 to 1.14, moderate certainty) and H2RAs (RR 0.98, 0.89 to 1.08, moderate certainty) probably have little or no 
impact on mortality compared with no prophylaxis. There may be no important difference between PPIs and H2RAs 
on mortality (RR 1.05, 0.97 to 1.14, low certainty), the 95% credible interval of the complete analysis has not excluded 
an important increase in mortality with PPIs. Both PPIs (RR 0.46, 0.29 to 0.66) and H2RAs (RR 0.67, 0.48 to 0.94) prob-
ably reduce clinically important gastrointestinal bleeding; the magnitude of reduction is probably greater in PPIs than 
H2RAs (RR 0.69, 0.45 to 0.93), and the difference may be important in higher, but not lower bleeding risk patients. PPIs 
(RR 1.08, 0.88 to 1.45, low certainty) and H2RAs (RR 1.07, 0.85 to 1.37, low certainty) may have no important impact on 
pneumonia compared with no prophylaxis.

Conclusion:  This updated NMA confirmed that PPIs and H2RAs are most likely to have a similar effect on mortality 
compared to each other and compared to no prophylaxis; however, the possibility that PPIs may slightly increase 
mortality cannot be excluded (low certainty evidence). PPIs and H2RAs probably achieve important reductions in 
clinically important gastrointestinal bleeding; for higher bleeding risk patients, the greater benefit of PPIs over H2RAs 
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Introduction

Clinicians have long been concerned about stress ulcera-
tion as one of the reasons critically ill patients develop 
upper gastrointestinal bleeding [1]. To prevent stress-
related gastrointestinal bleeding, clinicians often pre-
scribe acid suppressing drugs (proton pump inhibitors 
(PPIs), histamine-2 receptor antagonists (H2RAs), or 
sucralfate) to patients at high risk during their stay in the 
intensive care unit (ICU) [2, 3].

The efficacy and safety of gastrointestinal bleeding 
prophylaxis remains a controversial topic that has moti-
vated many randomized controlled trials (RCTs). Earlier 
in 2020, our team performed a systematic review and net-
work meta-analysis (NMA) to summarize the available 
evidence from RCTs addressing the efficacy and safety of 
pharmacological interventions for gastrointestinal bleed-
ing prophylaxis [4]. Results provided no support for an 
effect of any intervention (PPIs, H2RAs, sucralfate) on 
mortality, and provided evidence that PPIs and H2RAs 
likely result in important reductions in gastrointestinal 
bleeding for critically ill patients at higher risk of bleed-
ing, with possibly greater reduction with PPIs. These 
results provided support for a weak recommendation for 
using gastrointestinal bleeding prophylaxis in critically ill 
patients at high risk (> 4%) of clinically important gastro-
intestinal bleeding (CIB), and for using PPIs rather than 
H2RAs [5].

A recently published international open-label cluster 
crossover randomized clinical trial (the PEPTIC trial) 
that compared PPIs with H2RAs for gastrointestinal 
bleeding prophylaxis in mechanically ventilated ICU 
patients reported more patients in the PPI group (18.3%) 
died than in the H2RA group (17.5%) [6]. Although the 
difference did not reach the conventional statistical sig-
nificance threshold, the PEPTIC trial raised the concern 
that PPIs might increase mortality in critically ill patients.

To compare the potential benefits and harms of gastro-
intestinal bleeding prophylaxis with PPIs, H2RAs, and 
sucralfate in critically ill adults, we updated our system-
atic review and NMA including the PEPTIC trial. Recog-
nizing the limitations of the open-label cluster crossover 
design of the PEPTIC trial, we regarded this updated 
NMA as a sensitivity analysis providing important addi-
tional information that might either change, or support, 
our prior conclusion.

Methods
We registered the protocol for this systematic review 
with PROSPERO (CRD42020169989). We adhered to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement [7].

Our prior published NMA provides details of our 
methods [4]. Here, we summarize briefly, highlighting 
differences in the methods between the prior and current 
NMA.

Data sources and searches
We conducted an electronic literature search for Med-
line, Embase, the Web of Science, Cochrane Central 
Register of Controlled Trials (CENTRAL), International 
Clinical Trials Registry Platform (ICTRP), Latin Ameri-
can and Caribbean Health Sciences Literature (LILACS) 
and clinicaltrials.gov. Our prior NMA searched up to 
March 2019; this updated search included literature from 
January 2019 to February 2020. Electronic Supplemen-
tary Material (ESM) 1 details the search strategy.

Study selection
Two reviewers independently screened titles and 
abstracts and reviewed full articles for those deemed pos-
sibly eligible. Reviewers resolved conflicts by discussion.

We included RCTs that compared pharmacological 
gastrointestinal bleeding prophylaxis with PPIs, H2RAs, 
or sucralfate versus one another or placebo or no prophy-
laxis in adult critically ill patients at risk of gastrointesti-
nal bleeding. Outcomes included mortality at the longest 
follow-up reported, CIB, pneumonia, Clostridioides dif-
ficile infection, overt gastrointestinal bleeding, length of 
ICU stay, length of hospital stay and duration of mechan-
ical ventilation.

may be important. PPIs or H2RAs may not result in important increases in pneumonia but the certainty of evidence is 
low.

Keywords:  Gastrointestinal bleeding prophylaxis, Stress ulcer prophylaxis, Network meta-analysis, Proton pump 
inhibitors, Histamine-2 receptor antagonists, Sucralfate

Take‑home message 

This updated NMA confirmed that PPIs and H2RAs are most likely 
to have a similar effect on mortality compared to each other and 
compared to no prophylaxis; however, the possibility that PPIs 
may slightly increase mortality cannot be excluded (low certainty 
evidence). PPIs and H2RAs probably reduce clinically important 
gastrointestinal bleeding; PPIs may be more effective, and for higher 
bleeding risk patients the reductions are important.
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Data extraction
Two reviewers independently extracted data including 
study characteristics, population characteristics, descrip-
tion of interventions and comparators, outcomes and 
their definitions.

Risk of bias assessment
We assessed the risk of bias in duplicate with a modified 
Cochrane Collaboration tool [8], which include sequence 
generation, allocation sequence concealment, blind-
ing, missing outcome data and other bias. We judged 
each criterion for each trial as definitely or probably low 
risk of bias, or definitely or probably high risk of bias. 
Reviewers resolved disagreement through discussion and 
consensus.

Data analysis
We calculated risk ratios (RRs) and corresponding 95% 
credible intervals for dichotomous outcomes, and ratio 
of medians with corresponding 95% credible intervals 
for continuous outcomes. The PEPTIC trial reported RRs 
or ratio of medians with 95% confidence intervals that 
adjusted for randomization batch, the order of adminis-
tration of the treatments, and batch × order interaction 
[6]. We calculated RRs or ratio of medians for each study, 
and then pooled them with the RRs or ratio of medians in 
PEPTIC trial.

We performed a Bayesian random-effects pairwise 
meta-analysis for each direct comparison for each out-
come. We performed a Bayesian random-effects NMA 
using Markov-chain Monte Carlo simulation, an analy-
sis approach we also used in our prior NMA [9, 10]. We 
evaluated the ranking probabilities and calculated surface 
under the cumulative ranking curves (SUCRA). We used 
the node-splitting method to assess incoherence [11].

The PEPTIC trial conducted a post-hoc subgroup 
analysis based on ICU using adherence (low, medium, or 
high) [6]. High compliance ICUs were those, in periods 
in which the intent was the patients received H2RAs, less 
than 12% of patients received only PPIs [6]. Therefore, we 
conducted two sets of analyses—one analysis including 
the overall results for PEPTIC trial in the analysis (PEP-
TIC complete), and another analysis including only the 
high compliance ICU results of the PEPTIC trial (PEP-
TIC restricted).

We calculated absolute effects for all outcomes based 
on the RRs or ratio of medians and the baseline risks. 
We used the event rates in the placebo arm in the SUP-
ICU trial [12] as the baseline risks for comparisons 
including placebo; for outcomes that SUP-ICU trial did 
not report, we used the median of the placebo group 
in the included studies. We used the point estimate of 

the PPIs group event rate in the comparison between 
PPIs and placebo as the baseline risk in the PPIs group 
for PPIs versus H2RAs and PPIs versus sucralfate, and 
used the point estimate of the H2RAs group event rate 
in the comparison between H2RAs and placebo as the 
baseline risk for H2RAs versus sucralfate. For CIB and 
overt gastrointestinal bleeding, we calculated absolute 
effects for four categories of risk of bleeding popula-
tion – highest risk, high risk, moderate risk, and low 
risk according to a recently published clinical practice 
guideline [5] which used evidence from a systematic 
review of risk factors for gastrointestinal bleeding [13].

We conducted network meta-regression to explore 
the impact of each risk of bias criterion. If risk of bias 
influenced results, we included only low risk of bias 
studies in generating best estimates. For CIB and overt 
bleeding, we explored the impact of enteral nutrition, 
mechanical ventilation, and risk factors for bleeding by 
conducting network meta-regression using the propor-
tion of patients with enteral nutrition or mechanical 
ventilation, or whether the studies specified inclusion 
of critically ill patients with risk factors as the inde-
pendent variable.

With the assumption that H2RAs and placebo have 
the same null effect on mortality, at the suggestion of a 
reviewer we conducted a pairwise meta-analysis that 
included PPI versus placebo (or no prophylaxis) trials and 
PPI versus H2RA trials and combined the placebo and 
H2RA groups. The aim was to further explore the impact 
of PPIs on mortality.

The SUP-ICU trial conducted a predefined subgroup 
analysis for mortality based on SAPS II score (less sick 
subgroup: SAPS II score ≤ 53, sicker subgroup: > 53) 
[12]. The PEPTIC trial conducted a post-hoc subgroup 
analysis for mortality based on APACHE II score (0–13, 
14–17, 18–23, and 24–61) [6]. We combined these two 
within-trial subgroups to address the possible influence 
of disease severity on drug impact on mortality with 
the assumption that H2RAs have no effect on mortal-
ity; when doing this, we categorized APACHE II scores 
of 0–23 as the less sick subgroup and scores of 24–61 as 
the sicker for the PEPTIC trial, a threshold that defines 
risk groups consistent with the threshold used in the 
SUP-ICU trial [12]. We adapted two approaches for pool-
ing the subgroups. One was pooling the ratio of RRs (i.e., 
RRsicker subgroup/RRless sick subgroup) of the SUP-ICU trial 
and the PEPTIC trial; another was pooling the sicker 
subgroups as well as the less sick subgroups of these 
two trials separately and then addressed the subgroup 
difference.

All NMAs were performed using the gemtc package 
of R version 3.4.3 (R Core Team, Vienna, Austria), and 
we used networkplot command of Stata version 15.1 
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(StataCorp, College Station, Texas, USA) to draw the 
network plots [14].

Certainty of evidence
We rated the certainty of evidence for each outcome 
using the GRADE (Grading of Recommendations, 
Assessment, Development, and Evaluation) approach 
for pairwise meta-analysis and NMA [15–23]. If the 
results differed depending on the statistical approach, 
or there were differences between complete PEPTIC 
analysis results, restricted PEPTIC results and our 
prior NMA results, or we were uncertain of the base-
line risk or the absolute estimate, we considered rating 
down the certainty in the evidence.

Results
Search results and study characteristics
Our updated literature search identified 365 cita-
tions. After removing duplicates and screening title 
and abstract, 35 citations remained potentially eligible, 
of which 2, on full-text review, met our eligibility crite-
ria (Fig.  1). One was the PEPTIC trial, an international 
open-label cluster crossover RCT that compared PPIs 
versus H2RAs in 26 828 patients in 50 ICUs [6]. The sec-
ond RCT compared ranitidine versus sucralfate versus no 
prophylaxis in 81 patients [24].

Including 72 trials from our prior NMA, we ultimately 
included 74 trials, with sample sizes from 22 to 2 6828, 
enrolling a total of 39 569 patients. Only the PEPTIC trial 
utilized a cluster design. The most common comparisons 
were between H2RAs and placebo or no prophylaxis, 

Fig. 1  PRISMA flow diagram
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H2RAs versus sucralfate, and PPIs versus H2RAs; the 
comparison that included the most patients was PPIs ver-
sus H2RAs. ESM 2 presents the characteristics and out-
come definitions of each trial.

Risk of bias
ESM 3 summarizes the risk of bias assessments. The main 
limitations were possible lack of blinding (63.5%), lack of 
allocation sequence concealment (55.4%), and excessive 
(more than 5%) loss to follow-up (23.0%).

Outcomes
ESM 4 presents network plots for each outcome. ESM 
5 presents cumulative ranking of interventions for each 
outcome.

Mortality
Fifty-two trials [6, 12, 25–75] enrolling 37,048 patients 
reported mortality. Risk ratios for all comparisons proved 
close to 1.0 with moderate to very low certainty. Both 
the complete (risk ratio 1.03, 95% credible interval 0.93 
to 1.14, moderate certainty, Table 1) and restricted (1.00, 
0.91 to 1.12, moderate certainty, Table 2) PEPTIC analy-
ses demonstrated PPIs probably have little or no impact 
on mortality compared with no prophylaxis. Moderate 

certainty evidence also showed that H2RAs likely have 
no important effect on mortality (Tables 1 and 2). Both 
the complete (1.05, 0.97 to 1.14, low certainty, Table  1) 
and restricted (0.98, 0.91 to 1.10, low certainty, Table 2) 
PEPTIC analysis suggested there may be no important 
difference between PPIs and H2RAs on mortality, the 
95% credible interval of the complete analysis (absolute 
difference 15, − 10 to 38 per 1000) has not excluded an 
important increase in mortality with PPIs. Network 
meta-regression failed to demonstrate an impact of risk 
of bias on results for mortality for both complete and 
restricted analyses (ESM 6).

Pairwise meta-analysis of PPIs versus placebo/H2RAs 
that was restricted to the high compliance ICU results 
of the PEPTIC trial confirmed that PPIs may not have 
important impact on mortality (0.98, 0.93 to 1.03, abso-
lute difference −6 per 1000); however, the pairwise meta-
analysis that used complete PEPTIC data suggested an 
increase in mortality with PPIs with a confidence interval 
bordering on no effect (1.05, 1.00 to 1.09, absolute differ-
ence 15, 0 to 27 per 1000).

A detailed credibility assessment of the hypothesis that 
PPIs relative to either placebo or H2RAs increase mortal-
ity in more rather than less sick patients (ESM 7) suggests 
the hypothesis has low credibility [76]. The statistical 

Table 1  GRADE summary of findings for mortality—complete PEPTIC analysis

CrI credible interval, PPIs proton pump inhibitors, H2RAs histamine-2 receptor antagonists
a  We did not consider imprecision when rating for direct and indirect estimates, because they were only used to inform the network estimates which we believed 
were the best estimates
b  Higher of direct or indirect confidence (without consider imprecision), and then considered imprecision and incoherence
c  We used as baseline risk in the placebo group of the SUP-ICU trial
d  Rated down for risk of bias
e  Rated down for imprecision
f  Rated down 2 levels for imprecision
g  Rated down for the differences in results from different analyses/models
h  We used the point estimate of the PPIs group event rate in the comparison between PPIs and placebo as the baseline risk in the PPIs group in the PPIs versus H2RAs 
and PPIs versus sucralfate comparator, to calculate absolute effect for PPIs versus H2RAs and PPIs versus sucralfate. We used the point estimate of the H2RAs group 
event rate in the comparison between H2RAs and placebo as the baseline risk in the H2RAs group in the H2RAs versus sucralfate comparator, to calculate absolute 
effect for H2RAs versus sucralfate

Comparison Direct estimate 
(95% CrI); certainty 
of evidencea

Indirect estimate 
(95% CrI); certainty 
of evidencea

Network estimate 
(95% CrI); certainty 
of evidenceb

Baseline risk
(per 1000)

Absolute difference
(95% CrI) (per 1000)

PPIs versus placebo 1.02 (0.90 to 1.18);
High

1.04 (0.87 to 1.24);
Moderated

1.03 (0.93 to 1.14);
Moderatee

Placebo: 304c 9 (−21 to 43)

H2RAs versus placebo 0.97 (0.84 to 1.14);
High

0.98 (0.86 to 1.14);
Moderated

0.98 (0.89 to 1.08);
Moderatee

Placebo: 304c −6 (−33 to 24)

Sucralfate versus 
placebo

0.96 (0.71 to 1.30);
High

0.91 (0.76 to 1.09);
High

0.93 (0.80 to 1.07);
Very lowf,g

Placebo: 304c −21 (−61 to 21)

PPIs versus H2RAs 1.06 (0.95 to 1.18);
Moderated

1.03 (0.86 to 1.23);
High

1.05 (0.97 to 1.14);
Lowe,g

PPIs: 313 h 15 (−10 to 38)

PPIs versus sucralfate 0.99 (0.61 to 1.61);
High

1.13 (0.97 to 1.32);
Moderated

1.11 (0.96 to 1.28);
Lowe,g

PPIs: 313 h 31 (−13 to 68)

H2RAs versus sucralfate 1.08 (0.94 to 1.26);
High

0.99 (0.75 to 1.32);
High

1.05 (0.93 to 1.20);
Lowe,g

H2RAs: 298 h 14 (−22 to 50)
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analysis demonstrating that any difference in effects in 
sicker and less sick patients is consistent with the play of 
chance (P = 0.16, Fig. 2) represents one important reason 
for this conclusion. The result is consistent with an alter-
native statistical approach to this analysis (P = 0.18, Fig. 1 
of ESM 7).

CIB
Forty-five trials [6, 12, 24, 25, 28, 31–34, 36, 37, 40–46, 
48, 49, 51–53, 55, 57, 61, 62, 64, 66–71, 73–75, 77–85] 
enrolling 37 005 patients reported CIB. For patients at 
highest or high risk of bleeding, moderate certainty evi-
dence from the complete PEPTIC analysis (risk ratio 

0.46, 95% credible interval 0.29 to 0.66, 32 fewer per 1000 
for high risk patients, Table 3) and low certainty evidence 
from the restricted analysis (0.65, 0.38 to 1.20, 21 fewer 
for high risk patients, Table 4) suggested that PPIs proba-
bly reduce the risk of CIB compared with no prophylaxis. 
Both analyses provided moderate certainty evidence that 
H2RAs probably reduce CIB (complete: 0.67, 0.48 to 0.94, 
20 fewer for high risk patients, Table 3). PPIs may reduce 
CIB relative to H2RAs (e.g. for highest risk patients: 
18 fewer per 1000 patients for complete and 33 fewer 
for restricted, low certainty, Tables  3 and 4). PPIs, rela-
tive to sucralfate, probably reduce CIB (Tables 3 and 4). 
Although the point estimate of H2RAs versus sucralfate 

Table 2  GRADE summary of findings for mortality—restricted PEPTIC analysis

CrI credible interval, PPIs proton pump inhibitors, H2RAs histamine-2 receptor antagonists
a  We did not consider imprecision when rating for direct and indirect estimates, because they were only used to inform the network estimates which we believed 
were the best estimates
b  Higher of direct or indirect confidence (without consider imprecision), and then considered imprecision and incoherence
c  We used as baseline risk in the placebo group of the SUP-ICU trial
d  Rated down for risk of bias
e  Rated down for imprecision
f  Rated down 2 levels for imprecision
g  Rated down for the differences in results from different analyses/models
h  We used the point estimate of the PPIs group event rate in the comparison between PPIs and placebo as the baseline risk in the PPIs group in the PPIs versus H2RAs 
and PPIs versus sucralfate comparator, to calculate absolute effect for PPIs versus H2RAs and PPIs versus sucralfate. We used the point estimate of the H2RAs group 
event rate in the comparison between H2RAs and placebo as the baseline risk in the H2RAs group in the H2RAs versus sucralfate comparator, to calculate absolute 
effect for H2RAs versus sucralfate

Comparison Direct estimate 
(95% CrI); certainty 
of evidencea

Indirect estimate 
(95% CrI); certainty 
of evidencea

Network estimate 
(95% CrI); certainty 
of evidenceb

Baseline risk  
(per 1000)

Absolute difference 
(95% CrI) (per 1000)

PPIs versus placebo 1.03 (0.89 to 1.18);
High

0.96 (0.82 to 1.17);
Moderated

1.00 (0.91 to 1.12);
Moderatee

Placebo: 304c 0 (−27 to 36)

H2RAs versus placebo 0.97 (0.83 to 1.14);
High

1.05 (0.89 to 1.21);
Moderated

1.02 (0.91 to 1.13);
Moderatee

Placebo: 304c 6 (−27 to 40)

Sucralfate versus 
placebo

0.96 (0.71 to 1.32);
High

0.94 (0.78 to 1.12);
High

0.95 (0.81 to 1.11);
Very lowf,g

Placebo: 304c −15 (−58 to 33)

PPIs versus H2RAs 0.98 (0.89 to 1.13);
Moderated

1.03 (0.85 to 1.24);
High

0.98 (0.91 to 1.10);
Lowe,g

PPIs: 304 h −6 (−30 to 28)

PPIs versus sucralfate 0.97 (0.60 to 1.59);
High

1.07 (0.91 to 1.27);
Moderated

1.05 (0.92 to 1.24);
Lowe,g

PPIs: 304 h 14 (−26 to 59)

H2RAs versus sucralfate 1.09 (0.93 to 1.26);
High

1.03 (0.77 to 1.36);
High

1.07 (0.94 to 1.22);
Very lowf,g

H2RAs: 310 h 20 (−20 to 56)

Fig. 2  Subgroup analysis for mortality based on disease severity—pool the ratio of RRs (i.e. RR sicker subgroup/RR less sick subgroup) of the SUP-
ICU trial and the PEPTIC trial
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Table 3  GRADE summary of findings for clinically important gastrointestinal bleeding (CIB) – complete PEPTIC analysis

Comparison Study results (95% CI) 
and measurements

Baseline risk (per 1000) Absolute difference 
(95% CI)  
(per 1000)

Certainty 
in effect 
estimates

Plain text summary

PPIs versus placebo RR 0.46 (0.29 to 0.66) Low risk Placebo: 12 −6 (−9 to −4) Moderatea PPIs probably reduce CIB by less than 
the amount most people would 
need to choose a PPI

Moderate risk 30 −16 (−21 to −10) Lowa,b PPIs may reduce CIB by less than the 
amount most people would need to 
choose a PPI

High risk 60 −32 (−43 to −20) Moderatec PPIs probably reduce CIB

Highest risk 90 −49 (−64 to −31) Moderatec PPIs probably reduce CIB

H2RAs versus placebo RR 0.67 (0.48 to 0.94) Low risk Placebo: 12 −4 (−6 to −1) Moderatea H2RAs probably reduce CIB by less 
than the amount most people 
would need to choose a H2RA

Moderate risk 30 −10 (−16 to −2) Moderatea H2RAs probably reduce CIB by less 
than the amount most people 
would need to choose a H2RA

High risk 60 −20 (−31 to −4) Moderateb H2RAs probably reduce CIB

Highest risk 90 −30 (−47 to −5) Moderateb H2RAs probably reduce CIB

Sucralfate versus 
placebo

RR 0.82 (0.53 to 1.29) Low risk Placebo: 12 −2 (−6 to 3) Lowa,d Sucralfate may not have an important 
effect

Moderate risk 30 −5 (−14 to 9) Lowa,d Sucralfate may not have an important 
effect

High risk 60 −11 (−28 to 17) Lowb,d Sucralfate may not have an important 
effect

Highest risk 90 −16 (−42 to 26) Very lowd,e Whether there is an important differ-
ence or not is very uncertain

PPIs versus H2RAs RR 0.69 (0.45 to 0.93) Low risk PPIs: 6f −3 (−7 to 0) Lowa,d There may be no important difference

Moderate risk 14f −6 (−17 to −1) Very lowa,b,d Whether there is an important differ-
ence or not is very uncertain

High risk 28f −13 (−34 to −2) Lowb,d There may be no important difference

Highest risk 41f −18 (−50 to −3) Lowb,d PPIs may reduce CIB more than H2RAs

PPIs versus sucralfate RR 0.56 (0.32 to 0.88) Low risk PPIs: 6f −5 (−13 to −1) Moderatea There is probably no important dif-
ference

Moderate risk 14f −11 (−30 to −2) Lowa,b There may be no important difference

High risk 28f −22 (−60 to −4) Moderateb PPIs probably reduce CIB compared 
with sucralfate

Highest risk 41f −32 (−87 to −6) Moderateb PPIs probably reduce CIB compared 
with sucralfate

H2RAs versus sucral-
fate

RR 0.81 (0.55 to 1.20) Low risk H2RAs: 8f −2 (−7 to 1) Lowa,d There may be no important difference

Moderate risk 20f −5 (−16 to 3) Very lowa,b,d Whether there is an important differ-
ence or not is very uncertain

High risk 40f −9 (−33 to 7) Lowb,d There may be no important difference

Highest risk 60f −14 (−49 to 10) Lowb,d There may be no important difference

CI confidence interval, GI gastrointestinal, PPIs proton pump inhibitors, RR risk ratio, H2RAs histamine-2 receptor antagonists
a  Rated down due to uncertainty in baseline risk for some risk factors
b  Rated down for imprecision
c  Rated down for the differences in results from different analyses/models as well as the uncertainty in baseline risk
d  Rated down for risk of bias
e  Rated down 2 levels for imprecision
f  We used the point estimate of the PPIs group event rate in the comparison between PPIs and placebo as the baseline risk in the PPIs group in the PPIs versus H2RAs 
and PPIs versus sucralfate comparator, to calculate absolute effect for PPIs versus H2RAs and PPIs versus sucralfate. We used the point estimate of the H2RAs group 
event rate in the comparison between H2RAs and placebo as the baseline risk in the H2RAs group in the H2RAs versus sucralfate comparator, to calculate absolute 
effect for H2RAs versus sucralfate
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suggested a reduction in CIB with H2RAs, the magnitude 
of the reduction may be less than most people would 
think is important (Tables 3 and 4).

Network meta-regression for the restricted analysis 
suggested the possibility that H2RAs versus placebo had 
a larger relative effect for patients receiving mechanical 
ventilation, but the credibility of this subgroup effect is 
low (most important reason for low credibility: the effect 
was suggested by comparisons between studies) (ESM 6) 
[76]. Network meta-regression failed to demonstrate an 
impact of risk of bias or other factors on results for CIB 
for both complete and restricted analyses (ESM 6).

Pneumonia
Forty trials [12, 25–28, 31–35, 41, 42, 44, 45, 47, 49, 51–
55, 57, 59, 61, 63, 64, 67–71, 73, 78, 79, 81–84, 86–88] 
enrolling 9 288 patients reported on pneumonia (PEP-
TIC did not). Network meta-regression suggested risk 
of bias on blinding significantly influences the results 
(ESM 6) so, in generating best estimates for pneumonia, 
we included only 15 blinded trials [12, 25, 31–33, 41, 44, 
45, 55, 57, 68–70, 79, 81, 87] with 6 572 patients. PPIs 
(risk ratio 1.08, 95% credible interval 0.88 to 1.45, low 
certainty, Table 1 of ESM 8), H2RAs (1.07, 0.85 to 1.37, 
low certainty, Table  1 of ESM 8) and sucralfate (0.93, 
0.65 to 1.38, low certainty, Table 1 of ESM 8) may have 
no important impact on pneumonia compared with no 
prophylaxis; however, the results differ depending on the 
statistical approach used (for pneumonia, although no 
new trials were included in this updated NMA, the net-
work meta-regression suggested blinding influenced the 
results, so we used only the blinded studies in generating 
best estimates for pneumonia in the updated NMA; our 
prior NMA did not find risk of bias influences results and 
suggested that PPIs and H2RAs may increase pneumonia 
compared with no prophylaxis). There may be no impor-
tant difference in pneumonia incidence between PPIs and 
H2RAs (1.02, 0.80 to 1.33, low certainty, Table 1 of ESM 
8).

C. difficile infection
Six trials [6, 12, 25, 36, 68, 85] that enrolled 30 677 
patients reported C. difficile infection. For H2RAs versus 
placebo and PPIs versus H2RAs, although the risk ratio 
of the complete analysis (e.g. for PPIs versus H2RAs, risk 
ratio 0.76, 95% credible interval 0.28 to 2.16, low cer-
tainty, Table 2 of ESM 8) and the risk ratio of restricted 
analysis (e.g. for PPIs versus H2RAs, 1.05, 0.30 to 3.65, 
low certainty, Table  3 of ESM 8) differ, the confidence 
intervals were widely overlapping due to the low risk of 
C. difficile infection (1.5%). Network meta-regression 
failed to demonstrate an impact of risk of bias on results 
for C. difficile infection (ESM 6).

Overt gastrointestinal bleeding
Sixty-seven trials [6, 12, 24–26, 28–38, 40–46, 48–57, 
59–71, 73–75, 77–85, 87–96] including 38,571 patients 
reported overt bleeding. Network meta-regression sug-
gested risk of bias on allocation sequence concealment 
significantly influences the results in both complete and 
restricted analyses (ESM 6), so we included only alloca-
tion concealed studies in generating best estimates for 
overt bleeding, which included 31 trials [12, 25, 28, 29, 
31–34, 36, 38, 40, 41, 43–45, 52, 55, 57, 60, 64, 68–71, 
79, 81, 87, 91–94, 96] with 8258 patients. Both PPIs (risk 
ratio 0.50, 95% credible interval 0.31 to 0.72, moder-
ate certainty, Table  4 of ESM 8) and H2RAs (0.66, 0.48 
to 0.89, moderate certainty, Table 4 of ESM 8) probably 
reduce overt bleeding. Sucralfate possibly has no impact 
on overt bleeding (1.00, 0.61 to 1.68, low certainty, 
Table 4 of ESM 8). PPIs probably reduce overt bleeding 
more than H2RAs (0.76, 0.49 to 1.09, moderate certainty, 
Table 4 of ESM 8).

Network meta-regression suggested the possibility that 
H2RAs versus placebo had a larger relative effect when 
patients received enteral nutrition, but the credibility of 
this subgroup effect is low (most important reason for 
low credibility: the effect was suggested by comparisons 
between studies) (ESM 6) [76].

Length of ICU stay, length of hospital stay and duration 
of mechanical ventilation
Eighteen trials [6, 25, 33, 34, 36, 39, 44, 48, 51, 52, 59, 61, 
65, 68–70, 75, 78, 85] including 30 342 patients reported 
length of ICU stay. Eight trials [6, 25, 27, 36, 47, 61, 68, 
84] including 27 619 patients reported length of hospital 
stay. Twenty-four trials [6, 25–28, 30, 33, 36, 41, 42, 44, 
47, 49, 52, 53, 59, 61, 66, 67, 69, 70, 73, 79, 84, 85] includ-
ing 15 110 patients reported duration of mechanical ven-
tilation. Results demonstrated no important difference 
between any of interventions (Tables 5–9 of ESM 8). Net-
work meta-regression failed to demonstrate an impact of 
risk of bias on results (ESM 6).

Discussion
Our analysis using complete PEPTIC data provides 
important new evidence that it is unlikely that either 
PPIs (risk ratio 1.03, 95% credible interval 0.93 to 1.14, 
moderate certainty, Table  1) or H2RAs (RR 0.98, 0.89 
to 1.08, moderate certainty, Table  1) compared with no 
prophylaxis influence mortality in critically ill patients, 
a result consistent with an analysis restricted to PEP-
TIC centers with higher compliance (Table 2). Both the 
complete (1.05, 0.97 to 1.14, low certainty, Table  1) and 
the restricted (0.98, 0.91 to 1.10, low certainty, Table  2) 
PEPTIC analysis suggested there may be no important 
difference between PPIs and H2RAs on mortality, while 
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Table 4  GRADE summary of findings for clinically important gastrointestinal bleeding (CIB)—restricted PEPTIC analysis

Comparison Study results (95% CI) 
and measurements

Baseline risk (per 1000) Absolute differ-
ence (95% CI)  
(per 1000)

Certainty 
in effect 
estimates

Plain text summary

PPIs versus placebo RR 0.65 (0.38 to 1.20)a Low risk Placebo: 12 −4 (−7 to 2) Moderateb PPIs probably reduce CIB by less than 
the amount most people would 
need to choose a PPI

Moderate risk 30 −10 (−19 to 6) Lowb,c PPIs may reduce CIB by less than the 
amount most people would need to 
choose a PPI

High risk 60 −21 (−37 to 12) Lowc,d PPIs may reduce CIB

Highest risk 90 −31 (−56 to 18) Lowc,d PPIs may reduce CIB

H2RAs versus placebo RR 0.69 (0.49 to 0.96) Low risk Placebo: 12 −4 (−6 to 0) Moderateb H2RAs probably reduce CIB by less 
than the amount most people 
would need to choose a H2RA

Moderate risk 30 −9 (−15 to −1) Moderateb H2RAs probably reduce CIB by less 
than the amount most people 
would need to choose a H2RA

High risk 60 −19 (−31 to −2) Moderatec H2RAs probably reduce CIB

Highest risk 90 −28 (−46 to −4) Moderatec H2RAs probably reduce CIB

Sucralfate versus 
placebo

RR 0.84 (0.54 to 1.30) Low risk Placebo: 12 −2 (−6 to 4) Lowb,e Sucralfate may not have an important 
effect

Moderate risk 30 −5 (−14 to 9) Lowb,e Sucralfate may not have an important 
effect

High risk 60 −10 (−28 to 18) Lowc,e Sucralfate may not have an important 
effect

Highest risk 90 −14 (−41 to 27) Very lowe,f Whether there is an important differ-
ence or not is very uncertain

PPIs versus H2RAs RR 0.64 (0.43 to 0.87) Low risk PPIs: 8g −5 (−11 to −1) Lowb,e There may be no important  
difference

Moderate risk 20g −11 (−27 to −3) Very lowb,c,e Whether there is an important differ-
ence or not is very uncertain

High risk 39g −22 (−52 to −6) Lowc,e PPIs may reduce CIB more than H2RAs

Highest risk 59g −33 (−78 to −9) Lowc,e PPIs may reduce CIB more than H2RAs

PPIs versus sucralfate RR 0.52 (0.31 to 0.84) Low risk PPIs: 8g −7 (−18 to −2) Lowb,c There may be no important difference

Moderate risk 20g −18 (−45 to −4) Lowb,c PPIs may reduce CIB compared with 
sucralfate

High risk 39g −36 (−87 to −7) Moderatec PPIs probably reduce CIB compared 
with sucralfate

Highest risk 59g −54 (−131 to −11) Moderatec PPIs probably reduce CIB compared 
with sucralfate

H2RAs versus sucralfate RR 0.82 (0.56 to 1.22) Low risk H2RAs: 8g −2 (−6 to 1) Lowb,e There may be no important difference

Moderate risk 21g −5 (−17 to 4) Very lowb,c,e Whether there is an important differ-
ence or not is very uncertain

High risk 41g −9 (−32 to 7) Lowc,e There may be no important difference

Highest risk 62g −14 (−49 to 11) Lowc,e There may be no important difference

CI confidence interval, GI gastrointestinal, PPIs proton pump inhibitors, RR risk ratio, H2RAs histamine-2 receptor antagonists
a  For PPIs versus placebo, we used direct estimate as the best estimate because of incoherence (P = 0.03)
b  Rated down due to uncertainty in baseline risk for some risk factors
c  Rated down for imprecision
d  Rated down for the differences in results from different analyses/models as well as the uncertainty in baseline risk
e  Rated down for risk of bias
f  Rated down 2 levels for imprecision
g  We used the point estimate of the PPIs group event rate in the comparison between PPIs and placebo as the baseline risk in the PPIs group in the PPIs versus H2RAs 
and PPIs versus sucralfate comparator, to calculate absolute effect for PPIs versus H2RAs and PPIs versus sucralfate. We used the point estimate of the H2RAs group 
event rate in the comparison between H2RAs and placebo as the baseline risk in the H2RAs group in the H2RAs versus sucralfate comparator, to calculate absolute 
effect for H2RAs versus sucralfate
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the 95% credible interval of the complete analysis (abso-
lute difference 15, -10 to 38 per 1000) has not excluded 
an important increase in mortality with PPIs.

Both PPIs and H2RAs probably reduce CIB; the mag-
nitude of reduction is probably greater in PPIs than 
H2RAs, and the difference may be important in higher, 
but not lower bleeding risk patients (Tables 3 and 4).

Low certainty evidence suggested that neither PPIs nor 
H2RAs have an important impact on pneumonia rela-
tive to no prophylaxis (Table 1 of ESM 8) and there may 
be no important difference between PPIs and H2RAs 
on pneumonia (Table  1 of ESM 8). An absolute effect 
on C. difficile infection for any interventions was small, 
because the baseline risk of C. difficile infection was very 
low (Tables  2 and 3 of ESM 8). Results demonstrated 
that there may be no important difference between any 
of interventions on length of ICU stay, length of hospital 
stay or duration of mechanical ventilation (Tables 5–9 of 
ESM 8).

Overall, our interpretation of current available evi-
dence is that results support using gastrointestinal bleed-
ing prophylaxis in critically ill patients at higher risk 
(> 4%) of CIB and using PPIs rather than H2RAs. At the 
same time, clinicians should be aware that we have only 
low confidence in some of the key evidence (mortality 
and CIB of PPIs versus H2RAs).

Strength and limitations
We provide the most up-to-date summary addressing the 
evidence comparing efficacy and safety of gastrointesti-
nal bleeding prophylaxis with different pharmacologi-
cal interventions. Rather than mechanically pooling the 
included trials together (i.e., pooling number of events 
and total number of patients), we considered the unit-
of-analysis issues and adjusted our statistical analysis 
approach accordingly. For the PEPTIC trial, we extracted 
the RRs or ratio of medians with 95% confidence inter-
vals—measures of effect in which the authors accounted 
for clustering unit and crossover design. We then pooled 
these results with RRs or ratio of medians of other 
included trials. This approach makes it possible to incor-
porate, in a single NMA, the PEPTIC trial with other tri-
als that randomized individual patients.

In addition, we considered the substantial, and une-
qual contamination in each group of the PEPTIC trial 
(during the PPI periods, 4.1% of the patients received 
H2RAs; during the H2RA periods, 20.1% of the patients 
received PPIs), and, therefore, conducted a sensitivity 
analysis restricted to the high compliance PEPTIC results 
reported by the authors.

We considered whether risk of bias would influence the 
results, and if that was the case, we focused on low risk 
of bias studies. We presented absolute effects and used 
the GRADE approach to assess the certainty of evidence, 
and in doing so considered the stability of results based 
on statistical approach and different analyses/models. 
When results were vulnerable to the statistical approach 
(this occurred for pneumonia), or the results from differ-
ent analyses/models differed (occurred for CIB and overt 
bleeding), or we were uncertain of the baseline risk (for 
CIB and overt bleeding) and thus the absolute estimates, 
we rated down the certainty of the evidence.

Including the PEPTIC trial results in limitations and 
challenges. Pooling RRs or ratio of medians for other tri-
als required omission of trials in which there were zero 
event in both groups. Limitations of the PEPTIC trial 
include the open-label design and the high levels of con-
tamination such that clinicians sometimes chose whether 
or not to prescribe a study medication subjectively rather 
than based on randomization period [6]. In a pairwise 
sensitivity analysis suggested by a reviewer that assumes 
no mortality difference between H2RAs and placebo and, 
therefore, combines H2RAs with placebo, including all 
PEPTIC data suggested a possible mortality increase with 
PPIs, while an analysis focusing on the high compliance 
PEPTIC centres did not.

Other limitations include the clinical heterogene-
ity across the eligible trials. Most trials did not report 
the duration of follow-up. For trials that did not report 
on overt bleeding, we regarded the results for CIB as 
representing overt bleeding. Although network meta-
regression detected several possible subgroup effects, the 
credibility of these subgroup effects are low [76].

We are aware of the uncertainty regarding baseline 
risk estimates on which we relied for estimates of abso-
lute effect. The potential predictors employed in our risk 
stratification approach are based primarily on low or 
moderate certainty evidence [13]. Our approach does not 
represent a validated clinical prediction rule [97].

Finally, our pooled subgroup analysis addressing the 
hypothesis that there is a mortality increase with PPIs 
restricted to sicker patients that included both the SUP-
ICU and the PEPTIC trials, as well as the pairwise meta-
analyses of PPIs versus placebo/H2RAs, assumes that 
PPIs may increase mortality, rather that H2RAs reduce 
mortality. This assumption is, however, consistent with 
both the evidence and the biology offered by those who 
find this a credible subgroup hypothesis. The PEPTIC 
trial did not report the subgroup results for APACHE II 
scores of 0–23, so we combined the three strata of illness 
severity (0–13, 14–17 and 18–23) into a single category 
by ourselves which may induce bias.
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Relation to prior work
Our updated search included two more trials than our 
previous NMA, of which one is the large PEPTIC trial. 
Clinicians should be aware of the entirety of the evidence 
rather than making clinical decision based on any single 
trial.

Both the updated and prior NMA support the hypoth-
esis that PPIs and H2RAs probably have little or no 
impact on mortality. Subgroup analyses of the SUP-ICU 
trial [12] and the PEPTIC trial [6] raised the possibility 
that PPIs may increase mortality relative to placebo or 
H2RAs in the sicker patients. However, our assessment 
is that, based on current evidence, the credibility of these 
subgroup effects, remains low credibility (ESM 7) [76]. 
This does not, however, mean that one can dismiss the 
subgroup effect. Ideally, additional evidence from future 
RCTs should address the issue.

Both the updated and the prior NMA suggest PPIs and 
H2RAs probably reduce CIB and overt bleeding, and for 
higher bleeding risk patients the reductions in CIB are 
probably important (Tables  3 and 4). The prior NMA 
suggested PPIs and H2RAs may increase the risk of pneu-
monia, while the current NMA suggested no important 
difference between PPIs, H2RAs and placebo. Results for 
other outcomes were similar.

The different results between this updated NMA and 
the prior one relate to not only the inclusion of new eli-
gible trials, but also the differences in the statistical 
approach necessitated by the sophisticated adjusted anal-
ysis of the PEPTIC data (see strengths of our approach 
above). For CIB and overt bleeding, in this updated NMA 
we did not find counterintuitive results which were found 
in the prior one, so the results for CIB and overt bleed-
ing came from NMA rather than direct pairwise meta-
analysis, and we further considered the influence of risk 
of bias. For pneumonia, no new eligible trial was included 
in the updated NMA; however, the results changed sig-
nificantly, attributable to the different statistical approach 
used and a series of methods judgments. These differ-
ences reflect the remaining uncertainty regarding the 
impact of prophylaxis on pneumonia.

Conclusions
This updated NMA confirmed that PPIs and H2RAs are 
most likely to have a similar effect on mortality com-
pared to each other and compared to no prophylaxis; 
however, the possibility that PPIs may slightly increase 
mortality cannot be excluded (low certainty evidence). 
PPIs and H2RAs probably reduce bleeding; PPIs may be 
more effective, and for higher bleeding risk patients the 
reductions are important. Our results supported a prior 
clinical practice guideline that made a weak recommen-
dation for using gastrointestinal bleeding prophylaxis in 

critically ill patients at higher risk (> 4%) of CIB and for 
using PPIs rather than H2RAs [5]. The weak recommen-
dation reflects several concerns including the absence of 
high quality evidence for key outcomes, the limitations 
of the risk stratification suggested in that guideline and 
reproduced here, and uncertainty how much we should 
value reductions in CIB without an impact on mortality. 
These concerns highlight the need for further RCTs.
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