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Among critically ill patients in the intensive care unit (ICU),
complications are frequent, including stress ulcers in the
upper gastrointestinal tract. To help prevent the develop-
ment of ulcers, antagonism of gastric acid (with antacids

historically) or inhibition of
the production of acid (with
histamine-2 receptor block-

ers more recently) were implemented as part of routine criti-
cal care. The introduction of proton pump inhibitors, with data
demonstrating improved ulcer prevention and recovery com-
pared with histamine-2 receptor blockers in non–critically ill
patients, led many physicians who provide care for critically
ill patients to incorporate proton pump inhibitors for routine
stress ulcer prophylaxis.1 However, the lack of randomized
clinical trials (RCTs) that directly compared histamine-2
receptor blockers with proton pump inhibitors for stress ul-
cer prophylaxis in critically ill patients, combined with de-
creasing incidence of significant gastrointestinal bleeding in
these patients and emerging evidence of an association be-
tween proton pump inhibitor use and adverse events, includ-
ing Clostridioides difficile (Clostridium difficile) infection,2 cog-
nitive decline,3 and nosocomial pneumonia,4 made the optimal
choice of routine stress ulcer prophylaxis less clear.

In this issue of JAMA, the PEPTIC Investigators5 report the
results of a large international open-label, registry-embedded
pragmatic RCT that compared 2 different stress ulcer prophy-
laxis strategies in critically ill adults receiving invasive mechani-
cal ventilation, with the option for the treating physician to over-
ride the recommended choice and switch the patient to the
nonpreferred strategy. The trial enrolled 26 828 patients over
30 months and used a cluster crossover design, in which 50 ICUs
were assigned to either histamine-2 receptor blockers or pro-
ton pump inhibitors as the recommended prevention strategy
for an initial 6 months and then the ICUs were crossed over to
the other strategy for a subsequent 6 months.

Patients were expected to preferentially receive the study-
assigned prevention strategy, although the assigned strategy
was overridden a considerable proportion of the time, with 1
in 5 patients in the histamine-2 receptor blocker group receiv-
ing proton pump inhibitors, and 1 in 20 patients in the proton
pump inhibitor group receiving histamine-2 receptor block-
ers. Overall, the 90-day in-hospital mortality (18.3% in the pro-
ton pump inhibitor group vs 17.5% in the histamine-2 recep-
tor blocker group) difference between the 2 strategies did not
achieve statistical significance, although the lower bound of
the 95% CI for the risk ratio equaled 1 (1.00-1.10). This finding

precludes the possibility of benefit of recommending proton
pump inhibitors as the default stress ulcer prophylaxis strat-
egy for reducing mortality, but also may suggest the possibil-
ity that the proton pump inhibitor prophylaxis strategy in-
creased mortality.

Although the trial was powered for a difference of 2.4% in
90-day mortality, the smaller difference of 0.8% would be
meaningful, if real, given that hundreds of thousands of criti-
cally ill patients are at risk annually. This would be the case
even given that fewer patients assigned to receive the proton
pump inhibitor strategy experienced clinically important up-
per gastrointestinal bleeding (1.3% vs 1.8% in the histamine-2
receptor blocker group; risk ratio, 0.73; P = .009), presum-
ably from decreased incidence of stress-related mucosal bleed-
ing. Newly acquired C difficile infections did not differ signifi-
cantly between treatment strategies, nor did duration of
mechanical ventilation and ICU and hospital lengths of stay.
Together, these data would suggest an absolute increase in mor-
tality of 0.8% with a decreased incidence in gastrointestinal
bleeding of 0.5%, and might prompt clinicians to conclude that,
at the population level, a strategy of avoiding proton pump in-
hibitors in favor of histamine-2 receptor blockers could result
in reduced mortality, but at the cost of increased gastrointes-
tinal bleeding. Such a conclusion, however, comes with some
further considerations.

Pragmatic effectiveness trials are increasingly being used
to compare different routinely used practices in critical care.6

These designs introduce several potential benefits, including
increased trial efficiency, facilitation of enrollment of large co-
horts, and ability to generate evidence relevant to the actual
practice environment. These trials also have numerous limi-
tations, particularly when attempting to differentiate popu-
lation effects from individual patient effects. Although the
pragmatic, cluster crossover design of the PEPTIC (Proton
Pump Inhibitors vs Histamine-2 Receptor Blockers for Ulcer
Prophylaxis Treatment in the Intensive Care Unit) trial facili-
tated rapid enrolment of a large number of patients, features
of this design introduced complexity in the understanding of
the drug effects of proton pump inhibitors vs histamine-2
receptor blockers, as opposed to the understanding of the ef-
fects of deploying a strategy of recommending one drug in-
stead of the other.

A particular risk to interpreting any RCT is when a mean-
ingful proportion of patients do not receive the intended treat-
ment. This risk can be exacerbated in pragmatic open-label
trials that test different treatment strategies in which clinicians
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are aware of and allowed to override study treatment assign-
ment, thus diminishing fidelity to the intended strategy. In the
PEPTIC trial,5 20% of patients in the histamine-2 receptor
blocker group received proton pump inhibitors for stress ul-
cer prophylaxis. Although this may be presumed to bias the
results toward finding no between-group differences, the likely
nonrandom override of the recommend prevention strategy
could have several effects. If patients at greatest risk of ben-
efit or harm from one strategy had the recommended ap-
proach overridden in such a way that they all ended up receiv-
ing the same drug, any signal of either benefit or harm of the
drug would be attenuated.

Moreover, the motivation for the trial was based on
safety concerns of proton pump inhibitors, not a hypoth-
esized benefit of histamine-2 receptor blockers. As such, this
direction of bias should raise concerns. The potential indica-
tion bias introduced by clinicians lacking equipoise and treat-
ing higher-risk patients with proton pump inhibitors, even in
the histamine-2 receptor blocker group, might have masked
higher mortality from proton pump inhibitors and attenuated
the benefit of a proton pump inhibitor strategy on clinically
important upper gastrointestinal bleeding. The post hoc
analyses by treatment adherence (in eTable 68 of the PEPTIC
trial5) refute this, but the true effects of the specific drugs, as
opposed to treatment strategies, in this trial cannot be disen-
tangled due to the significant rate of override.

This potential bias is reinforced by the method of data col-
lection. The PEPTIC trial5 used a highly efficient registry-
embedded approach. Although this approach decreases the
time and resource burden on study personnel and increases
the pragmatism of the trial, it also limits patient-level data col-
lection and leaves numerous questions unanswered. If over-
riding the preferred drug biased the mortality signal to the null
and proton pump inhibitors really do increase mortality, the
limited scope of the data would preclude understanding the
mechanism. It has been hypothesized that proton pump in-
hibitors might increase the risk for infections through poten-
tial inhibition of natural killer cells and immunosuppression,7

but without data in the current trial by the PEPTIC trial
investigators5 on antibiotic administration or incident infec-
tions, these factors cannot be assessed. The observed differ-
ential treatment effect, whereby greater mortality risk for pro-
ton pump inhibitors was observed among more severely ill
patients, might be argued to provide circumstantial evi-
dence. Without an obvious mechanistic explanation, the po-
tential mortality signal should be interpreted with caution.

The method of data collection limits the ability to disen-
tangle heterogeneity of treatment effects. In the context of bi-
directional effects (ie, proton pump inhibitors may contrib-
ute to mortality risk but also limit bleeding risk), clinicians may
want to know which patients experienced increased mortal-

ity with proton pump inhibitors and compare that with which
patients had decreased bleeding risk. If there are obvious dif-
ferences, then perhaps clinicians could target proton pump
inhibitor prophylaxis to avoid use in patients who had in-
creased mortality risk and prioritize use in the patients who
demonstrated reduced bleeding risk.

The presented exploratory data suggest that a proton pump
inhibitor prophylaxis strategy might increase the risk of death
among more severely ill patients (eTables 61-68 in the PEPTIC
trial5), but not among those with less severe illness, while hav-
ing a similar beneficial reduction in gastrointestinal bleeding
across all illness severities (Table 3 in the article). However, the
strength of this finding is undermined by not knowing which
drug was actually provided to each patient, which is unfortu-
nate given that one of the biggest strengths of large pragmatic
comparative effectiveness RCTs is adequate sample size to rig-
orously evaluate differential treatment effects among differ-
ent patient demographics and populations.8

One reason for selecting a cluster design is when impor-
tant data are only available at the cluster level. For example,
infection data are often available for an entire hospital unit,
and not necessarily at the level of each individual patient. In
the PEPTIC trial,5 cases of C difficile infection were collected
by cluster. Although the authors report that 40 patients in ICUs
assigned the proton pump inhibitor strategy compared with
57 patients in ICUs assigned the histamine-2 receptor blocker
strategy developed C difficile, it remains unknown which spe-
cific patients developed the infections or the duration of
follow-up for detection. When combined with limited knowl-
edge of which stress ulcer prophylaxis method was actually
used in which specific patients, a true understanding of how
proton pump inhibitors affect the incidence of C difficile can-
not be ascertained. Collecting data at the level of the cluster
reduces the granularity needed to translate group effects to the
care of individual patients.

In conclusion, the PEPTIC trial investigators5 provide ex-
tensive data that directly compared histamine-2 receptor
blocker and proton pump inhibitor strategies for stress ulcer
prophylaxis in patients requiring mechanical ventilation in the
ICU. Enrolling more than 25 000 patients in 30 months in an
RCT is a remarkable accomplishment. Overall, the results do
not preclude the possibility of a small increase in hospital mor-
tality with the proton pump inhibitor prophylaxis strategy de-
spite showing a small, statistically significant reduction in clini-
cally important gastrointestinal bleeding. Moreover, in the
PEPTIC trial,5 the large pragmatic open-label cluster cross-
over design with incomplete data on which patients in the trial
received which drug confounds interpretation of the results
and leaves the clinician unsure of the best way to optimize ben-
efit and avoid harm when deciding on stress ulcer prophy-
laxis for individual critically ill patients.
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Effect of Stress Ulcer Prophylaxis With Proton Pump Inhibitors
vs Histamine-2 Receptor Blockers on In-Hospital Mortality
Among ICU Patients Receiving Invasive Mechanical Ventilation
The PEPTIC Randomized Clinical Trial
The PEPTIC Investigators for the Australian and New Zealand Intensive Care Society Clinical Trials Group,
Alberta Health Services Critical Care Strategic Clinical Network, and the Irish Critical Care Trials Group

IMPORTANCE Proton pump inhibitors (PPIs) or histamine-2 receptor blockers (H2RBs) are
often prescribed for patients as stress ulcer prophylaxis drugs in the intensive care unit (ICU).
The comparative effect of these drugs on mortality is unknown.

OBJECTIVE To compare in-hospital mortality rates using PPIs vs H2RBs for stress ulcer
prophylaxis.

DESIGN, SETTING, AND PARTICIPANTS Cluster crossover randomized clinical trial conducted at
50 ICUs in 5 countries between August 2016 and January 2019. Patients requiring invasive
mechanical ventilation within 24 hours of ICU admission were followed up for 90 days
at the hospital.

INTERVENTIONS Two stress ulcer prophylaxis strategies were compared (preferential use with
PPIs vs preferential use with H2RBs). Each ICU used each strategy sequentially for 6 months
in random order; 25 ICUs were randomized to the sequence with use of PPIs and then use of
H2RBs and 25 ICUs were randomized to the sequence with use of H2RBs and then use of PPIs
(13 436 patients randomized by site to PPIs and 13 392 randomized by site to H2RBs).

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality within 90 days
during index hospitalization. Secondary outcomes were clinically important upper
gastrointestinal bleeding, Clostridioides difficile infection, and ICU and hospital lengths of stay.

RESULTS Among 26 982 patients who were randomized, 154 opted out, and 26 828 were
analyzed (mean [SD] age, 58 [17.0] years; 9691 [36.1%] were women). There were 26 771
patients (99.2%) included in the mortality analysis; 2459 of 13 415 patients (18.3%) in the PPI
group died at the hospital by day 90 and 2333 of 13 356 patients (17.5%) in the H2RB group
died at the hospital by day 90 (risk ratio, 1.05 [95% CI, 1.00 to 1.10]; absolute risk difference,
0.93 percentage points [95% CI, −0.01 to 1.88] percentage points; P = .054). An estimated
4.1% of patients randomized by ICU site to PPIs actually received H2RBs and an estimated
20.1% of patients randomized by ICU site to H2RBs actually received PPIs. Clinically important
upper gastrointestinal bleeding occurred in 1.3% of the PPI group and 1.8% of the H2RB group
(risk ratio, 0.73 [95% CI, 0.57 to 0.92]; absolute risk difference, −0.51 percentage points
[95% CI, −0.90 to −0.12 percentage points]; P = .009). Rates of Clostridioides difficile
infection and ICU and hospital lengths of stay were not significantly different by treatment
group. One adverse event (an allergic reaction) was reported in 1 patient in the PPI group.

CONCLUSIONS AND RELEVANCE Among ICU patients requiring mechanical ventilation,
a strategy of stress ulcer prophylaxis with use of proton pump inhibitors vs histamine-2
receptor blockers resulted in hospital mortality rates of 18.3% vs 17.5%, respectively,
a difference that did not reach the significance threshold. However, study interpretation
may be limited by crossover in the use of the assigned medication.

TRIAL REGISTRATION anzctr.org.au Identifier: ACTRN12616000481471

JAMA. doi:10.1001/jama.2019.22190
Published online January 17, 2020.
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D ata collected during 2013 and 2014 indicated an esti-
mated 2.5% of adults acutely admitted to an inten-
sive care unit (ICU) developed upper gastrointestinal

bleeding and, in an attempt to prevent this bleeding, 70% were
prescribed stress ulcer prophylaxis.1 Although proton pump
inhibitors reportedly reduced bleeding risk,2,3 and were pre-
scribed most commonly according to data collected during
2014, some clinicians prescribed histamine-2 receptor
blockers.4,5 This practice variation depended on clinician pref-
erence or hospital policy.3,5 A meta-analysis6 of randomized
clinical trials concluded that proton pump inhibitors might be
more effective than histamine-2 receptor blockers in prevent-
ing upper gastrointestinal bleeding; however, the robustness
of this conclusion was limited by the paucity of available data,
the methodological limitations of the trials included, and pos-
sible publication bias.

The uncertainty about which class of drug to use, a deci-
sion that affects an estimated 2.5 million critically ill pa-
tients per year in high-income countries alone,7 was in-
creased when proton pump inhibitor use compared with
histamine-2 receptor blocker use was associated with greater
risk of nosocomial pneumonia8-10 and Clostridioides difficile
infection.8 Proton pump inhibitors have been reported to
exert a range of immunosuppressive effects11 that could
potentially increase the risk of death from commonly occur-
ring infection-related complications among patients in
the ICU. These immunosuppressive effects include inhibi-
tion of natural killer cell activity,12 neutrophil chemotaxis,
and superoxide generation.13 The relative effect of differ-
ent classes of stress ulcer prophylaxis drugs on mortality
rates is unknown because adequately powered clinical
trials including patients in the ICU and comparing proton
pump inhibitors and histamine-2 receptor blockers have not
been performed.

Accordingly, the Proton Pump Inhibitors vs Histamine-2
Receptor Blockers for Ulcer Prophylaxis Treatment in the
Intensive Care Unit (PEPTIC) trial was conducted to compare
2 approaches for stress ulcer prophylaxis among adults in the
ICU requiring invasive mechanical ventilation. The primary aim
was to compare the risk of all-cause mortality during index hos-
pitalization up to 90 days.

Methods
Trial Design
This trial was an international open-label, cluster crossover,
registry-embedded randomized clinical trial comparing 2
approaches for stress ulcer prophylaxis implemented in
the ICU among adults requiring mechanical ventilation.
It was designed by the trial’s management committee and
was overseen by an independent data and safety monitor-
ing committee.

The trial protocol, which was reported14 before enroll-
ment was completed and appears in Supplement 1, was
approved by the health research ethics committee respon-
sible for each participating institution. The terms of the eth-
ics approvals differed by jurisdiction; some jurisdictions

granted a full waiver of consent and others required surviv-
ing participants be given the opportunity to opt out of hav-
ing their health information included in the study. Health
information was used in accordance with relevant laws in all
participating countries.

Patients
Patients aged 18 years or older requiring invasive mechanical
ventilation within 24 hours of ICU admission were eligible for
the study. Patients who had an ICU admission diagnosis of up-
per gastrointestinal bleeding were excluded.

Randomization and Study Treatment
This study compared 2 standard approaches for stress ulcer
prophylaxis among adults requiring mechanical ventilation.
One approach was to use proton pump inhibitors by default
and the other was to use histamine-2 receptor blockers by
default when stress ulcer prophylaxis was prescribed. Each
ICU used one approach for a 6-month treatment period and
then switched to the alternative approach for the next 6
months (Figure 1).

Participating ICUs were randomized to the order of treat-
ments in a 1:1 ratio when ethics and regulatory approvals were
in place at each study site. Randomization was performed using
computer-generated random numbers and was stratified by
region and time period with a minimum of 4 ICUs random-
ized at a time.

Study treatments were administered open-label in this un-
blinded trial. Clinicians decided whether individual patients
would receive stress ulcer prophylaxis. When clinicians chose
to prescribe stress ulcer prophylaxis, the default prescription
of either a proton pump inhibitor or a histamine-2 receptor
blocker was determined by ICU randomization status. How-
ever, irrespective of the therapy assigned to the ICU, either a
proton pump inhibitor or a histamine-2 receptor blocker could

Key Points
Question What is the comparative effect on in-hospital mortality
of using proton pump inhibitors (PPIs) vs histamine-2 receptor
blockers (H2RBs) for stress ulcer prophylaxis among adults
requiring invasive mechanical ventilation in the intensive care
unit (ICU)?

Findings In this cluster crossover randomized clinical trial, 26 982
patients requiring invasive mechanical ventilation within 24 hours
of ICU admission were randomized by site at 50 ICUs in 5 countries
to a PPI strategy or an H2RB strategy for stress ulcer prophylaxis.
In-hospital mortality was 18.3% for patients treated at sites
randomized to PPI use vs 17.5% for those treated at sites
randomized to H2RB use, a difference that did not reach statistical
significance (P = .054). Among patients treated at sites
randomized to PPIs, 4.1% received H2RBs; among patients treated
at sites randomized to H2RBs, 20.1% received PPIs.

Meaning A strategy of use with PPIs vs H2RBs for stress ulcer
prophylaxis among adults requiring mechanical ventilation did not
result in a statistically significant difference for in-hospital
mortality, but study interpretation may be limited by crossover
in medication use.
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be used for a particular patient if the treating clinician consid-
ered this preferable.

Patients who remained in the ICU through a crossover
period continued to receive their originally assigned treat-
ment. No washout occurred between crossover periods.
The duration of study treatment was until death, ICU dis-
charge, development of a clinically important upper gastro-
intestinal bleeding event, or until the treating clinician con-
sidered stress ulcer prophylaxis was no longer indicated. If
upper gastrointestinal bleeding occurred, a proton pump
inhibitor was administered at clinician discretion in accor-
dance with standard practice, irrespective of treatment ran-
domization status.

Individual patient-level data on the stress ulcer prophy-
laxis used were not collected for all trial participants. Such data
were obtained for trial participants from Canada and Ireland.
For participants from Australia, England, and New Zealand, in-
formation on stress ulcer prophylaxis used was obtained from
the medication charts on 1 day of each month for any adults

requiring mechanical ventilation in the ICU. These data were
supplemented, when available, with additional electronic pre-
scribing and pharmacy dispensing data. Additional details ap-
pear in the eMethods in Supplement 2.

Outcome Measures
The primary outcome was in-hospital all-cause mortality
during the index hospitalization up to 90 days from the date
of the index ICU admission. When this trial was registered,
the primary end point was a composite comprising clinically
important upper gastrointestinal bleeding, Clostridioides
difficile infections, and episodes of mechanical ventilation
lasting longer than 10 days. It was changed in March 2017 to
in-hospital mortality because it was determined that giving
mortality primacy was preferable to combining components
of a composite end point that were not necessarily equally
important to patients and which might move in opposite
directions. The change was made prior to any site completing
recruitment and prior to reviewing any data.

Figure 1. Screening, Randomization, and Follow-up of Participants in the PEPTIC Randomized Trial

50 ICUs invited to participate

50 ICUs randomized

13 415 Patients in PPI group included in primary outcome analysis 13 356 Patients in H2RB group included in primary outcome analysis

7782 Included in primary
outcome analysis

7756 Included in primary
outcome analysis

5659 Included in primary
outcome analysis

5574 Included in primary
outcome analysis

25 ICUs randomized to use of PPIs for stress ulcer prophylaxis (initial treatment
period) and then to use of H2RBs (crossover treatment period)
25 ICUs implemented the stress ulcer prophylaxis treatments

12 273 Patients admitted to an ICU randomized to use of PPIs for
the initial treatment sequence and then to use of H2RBs

25 ICUs randomized to use of H2RBs for stress ulcer prophylaxis (initial
treatment period) and then to use of PPIs (crossover treatment period)
25 ICUs implemented the stress ulcer prophylaxis treatments

17 018 Patients admitted to an ICU randomized to use of H2RBs for
the initial treatment sequence and then to use of PPIs

8 Opted out of study participation
3 Missing mortality data

15 Opted out of study participation
11 Missing mortality data

64 Opted out of study participation
25 Missing mortality data

67 Opted out of study participation
18 Missing mortality data

5670 Patients randomized
to PPI group

5600 Patients randomized
to H2RB group

7871 Patients randomized
to H2RB group

7841 Patients randomized
to PPI group

6197 Patients screened when
ICUs randomized to PPIs

6076 Patients screened when
ICUs randomized to H2RBs

8529 Patients screened when
ICUs randomized to H2RBs

8489 Patients screened when
ICUs randomized to PPIs

357 Excluded because previously
admitted to ICU

170 Excluded because admitted to
ICU with upper gastrointestinal
bleedinga

300 Excluded because previously
admitted to ICU

176 Excluded because admitted to
ICU with upper gastrointestinal
bleedinga

489 Excluded because previously
admitted to ICU

169 Excluded because admitted to
ICU with upper gastrointestinal
bleedinga

490 Excluded because previously
admitted to ICU

158 Excluded because admitted to
ICU with upper gastrointestinal
bleedinga

One intensive care unit (ICU) randomized to the sequence of proton pump
inhibitors (PPIs) first and then histamine-2 receptor blockers (H2RBs)
contributed 46 patients to the H2RB group but did not contribute patients to
the PPI group because it did not contribute to the registry for treatment period
1. As shown in eFigure 2 in Supplement 2, patients in a small number of sites

received both PPIs and H2RBs, and a small number of patients distributed
across multiple sites received no stress ulcer prophylaxis.
a Defined by the presence of a registry ICU admission code indicating that the

patient was admitted to the ICU with upper gastrointestinal bleeding.
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The secondary outcomes were clinically important up-
per gastrointestinal bleeding,1 Clostridioides difficile infec-
tion, and ICU and hospital lengths of stay. The occurrence of
ventilator-associated conditions15 and the duration of inva-
sive mechanical ventilation were tertiary outcomes. The defi-
nitions of the outcome measures appear in the statistical analy-
sis plan posted online16 and appear in Supplement 1. The
primary outcome data were obtained from registries. Other out-
comes were ascertained using a combination of registry and
trial-specific data sources as outlined in eTable 1 and eFig-
ure 1 in Supplement 2.

Adverse Event Reporting
Because proton pump inhibitors and histamine-2 receptor
blockers have been in widespread use in ICUs for many years
(as outlined in the eMethods in Supplement 2), the usual meth-
ods for reporting of suspected adverse reactions to licensed
medicines were used rather than trial-specific adverse event
reporting methods.

Statistical Analysis
The statistical analysis plan was posted online16 before the
study database was locked and appears in Supplement 1. Pa-
tients were analyzed according to their randomization group;
however, some patients opted out of allowing use of their data.
Using previously described methods,17 we calculated the study
would have 80% power at a significance level of .05 using a
2-sided test to detect an absolute reduction of 2.4% for in-
hospital mortality from a baseline mortality of 15%, corre-
sponding to a relative risk reduction of 16%.14 This calcula-
tion assumed a mean cluster period size of 310 patients with
a coefficient of variation value of 0.50, a within-cluster within-
period correlation of 0.035, and a within-cluster between-
period correlation of 0.025, yielding a cluster autocorrelation
of 0.71 (0.025/0.035). Additional information appears in
Supplement 2.

The analysis of the primary outcome used individual
patient-level data and generalized estimating equations with
a logarithmic link function, an exchangeable working corre-
lation matrix, and robust standard errors using the ICU
as the clustering unit. Because randomization was per-
formed in batches of ICUs, covariate adjustment for random-
ization batch, the order of administration of the treatments,
and batch × order interaction was performed to allow for
separate order and secular time effects occurring in each of
the randomization batches.

The treatment effect was partitioned into its within-ICU
and between-ICU components by including the proportion
of patients assigned to the proton pump inhibitor group at
each ICU as a covariate together with the treatment group.18

The within-ICU treatment effect estimate, which was not
confounded by the differences between ICUs and was rep-
resented by the main effect of treatment group in these
models, is reported. Treatment comparisons are presented
as risk ratios (RRs) and 95% CIs from the generalized esti-
mating equation analysis, and as absolute risk differences
and 95% CIs obtained by marginalizing (ie, standardizing) of
the RR model.19

The approach to the analyses of the secondary end
points appears in the eMethods in Supplement 2. The main
sensitivity analyses for the effect of missing data on the pri-
mary and secondary outcomes involved imputing outcomes
under worst-best and best-worst case scenarios. In the
worst-best scenario for a binary outcome, a worst outcome
event (eg, in-hospital death within 90 days) was assigned to
all patients with missing data for the outcome in one treat-
ment group, and a best outcome event (eg, survival to hos-
pital discharge within 90 days) was assigned to all patients
with missing data for the outcome in the other treatment
group. The best-worst scenario was the opposite assignment
of outcomes.

Preplanned analyses assessed heterogeneity of treatment
effects on the primary and secondary outcomes for the fol-
lowing subgroups: (1) patients admitted to the ICU after car-
diac surgery vs any other reason, (2) patients admitted after
emergency vs elective surgery, and (3) patients by geographic
region. Post hoc subgroup analyses classified patients into
groups by ICU using adherence (low, medium, or high) ter-
tiles during the histamine-2 receptor blocker period based on
the estimated frequency of proton pump inhibitor use in
patients admitted during the histamine-2 receptor blocker
period, and quartiles of illness severity using the Acute Physi-
ology and Chronic Health Evaluation score. Subgroup analy-
ses included treatment × subgroup interaction terms in
respective regression models.

All statistical analyses were completed using Stata ver-
sion 15 (StataCorp) with statistical significance indicated by a
P value of .05 and with the use of a 2-sided hypothesis test.
Because of the potential for type I error due to multiple com-
parisons, findings for the analyses of the secondary end points
should be interpreted as exploratory.

Results
Patient Characteristics
From August 2016 through January 2019, 26 982 patients
from 50 ICUs in Australia, Canada, England, Ireland, and
New Zealand were enrolled. A total of 154 patients opted out
of participation resulting in a population of 26 828, of whom
13 436 were assigned to proton pump inhibitors as the default
treatment for stress ulcer prophylaxis and 13 392 were
assigned to histamine-2 receptor blockers. The mean (SD) age
was 58 (17.0) years; 9691 (36.1%) were women; 8815 (32.9%)
were admitted to the ICU after elective surgery and 4946
(18.4%) after emergency surgery. The study groups had simi-
lar characteristics at baseline (Table 1; eTables 2-4 in Supple-
ment 2). Primary outcome data were missing for 57 partici-
pants (Figure 1; eTables 5 and 6 in Supplement 2).

Use of Stress Ulcer Prophylaxis
The median time in the ICU (ie, the time available for expo-
sure to stress ulcer prophylaxis) was 2.8 days (interquartile
range, 1.2-5.7 days) in the proton pump inhibitor group and
2.7 days (interquartile range, 1.2-5.8 days) in the histamine-2
receptor blocker group. Among patients in the proton pump
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inhibitor group, an estimated 82.5% received proton pump
inhibitor, 4.1% received histamine-2 receptor blocker, 1.9%
received both proton pump inhibitor and histamine-2 recep-
tor blocker, and 11.5% received neither.

Among patients in the histamine-2 receptor blocker group,
an estimated 63.6% received histamine-2 receptor blocker,

20.1% received proton pump inhibitor, 5.1% received both
histamine-2 receptor blocker and proton pump inhibitor, and
11.2% received neither. The use of stress ulcer prophylaxis drugs
from each class (proton pump inhibitor or histamine-2 recep-
tor blocker) for each ICU during each treatment period ap-
pears in eFigure 2 and eTables 7-56 in Supplement 2.

Table 1. Baseline Characteristics

Proton Pump Inhibitors
(n = 13 436)

Histamine-2 Receptor Blockers
(n = 13 392)

Age, mean (SD), y 58.6 (17.0) 58.2 (17.1)

Sex, No. (%)

Male 8577 (63.8) 8560 (63.9)

Female 4859 (36.2) 4832 (36.1)

APACHE II chronic comorbidities, No./total No. (%)

Respiratory 821/13 425 (6.1) 798/13 375 (6.0)

Cardiovascular 872/13 425 (6.5) 804/13 375 (6.0)

Hepatic 182/13 425 (1.4) 191/13 371 (1.4)

Kidney 252/13 425 (1.9) 277/13 375 (2.1)

Immunosuppression 783/13 425 (5.8) 872/13 375 (6.5)

Metastatic cancer 367/13 425 (2.7) 340/13 371 (2.5)

Source of admission to ICU, No. (%)

Emergency department 4026 (30.0) 4026 (30.1)

Hospital ward 1479 (11.0) 1406 (10.5)

Transfer from another ICU 322 (2.4) 342 (2.6)

Transfer from another hospital (except from another ICU) 1012 (7.5) 993 (7.4)

After elective surgery 4356 (32.4) 4459 (33.3)

After emergency surgery 2490 (18.5) 2456 (18.3)

Unknown 14 (0.1) 22 (0.2)

Admitted to ICU with lower gastrointestinal bleeding, No. (%) 8 (0.06) 6 (0.04)

APACHE II score

No. of patients 13 374 13 339

Mean (SD)a 18.7 (8.3) 18.7 (8.4)

APACHE III score

No. of patients 11 214 11 382

Mean (SD)b 65.2 (29.9) 65.5 (29.5)

Risk of death for participants living
in Australia and New Zealand onlyc

No. of patients 8818 9078

Mean (SD), %d 14.1 (22.4) 13.9 (22.0)

Median (interquartile range), %d 3.2 (0.7-16.1) 3.1 (0.8-16.0)

ICNARC risk of death for participants living
in Ireland and England onlyc

No. of patients 2212 1993

Mean (SD), %d 31.6 (31.4) 31.5 (31.1)

Median (interquartile range), %d 19.8 (4.3-55.7) 19.7 (4.5-54.7)

Patients per site, median (interquartile range)e 193 (130-393) 175 (109-416)

By region, No. (%)

Australia and New Zealand 8826 (65.7) 9088 (67.9)

Canada 2217 (16.5) 2148 (16.0)

Ireland and England 2393 (17.8) 2156 (16.1)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
ICNARC, Intensive Care National Audit and Research Centre; ICU, intensive care unit.
a Scores range from 0 to 71; higher scores indicate more severe disease and a

higher risk of death.
b Scores range from 0 to 299; higher scores indicate more severe disease and a

higher risk of death.

c Combines physiology, age, diagnosis, and comorbidities collected during the
first 24 hours in the ICU to create predicted risk of death at the hospital.

d Scores range from 0% to 99.9%.
e Further details appear in eTables 2 and 3 in Supplement 2.
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Primary Outcome
A total of 2459 of 13 415 patients (18.3%) in the proton pump
inhibitor group died at the hospital by day 90 and 2333 of
13 356 patients (17.5%) in the histamine-2 receptor blocker
group died at the hospital by day 90 (RR, 1.05 [95% CI, 1.00
to 1.10]; absolute risk difference, 0.93 percentage points [95%
CI, −0.01 to 1.88 percentage points]; P = .054) (Table 2 and
Figure 2; eTables 57-60 in Supplement 2). The primary out-
come result was robust when applying different analysis
methods and small sample corrections and when using the
best-case and worst-case imputation of missing data
(eTables 58 and 61 in Supplement 2).

Secondary Outcomes
Clinically important upper gastrointestinal bleeding was
reported in 172 of 13 436 patients (1.3%) in the proton pump
inhibitor group and in 239 of 13 392 patients (1.8%) in the
histamine-2 receptor blocker group (RR, 0.73 [95% CI, 0.57 to
0.92]; absolute risk difference, −0.51 percentage points [95%
CI, −0.90 to −0.12 percentage points]; P = .009). New-onset
Clostridioides difficile infection diagnosed in the ICU was
reported for 40 of 13 436 patients (0.30%) in the proton
pump inhibitor group and for 57 of 13 392 patients (0.43%) in
the histamine-2 receptor blocker group (RR, 0.74 [95% CI,
0.51 to 1.09]; absolute risk difference, −0.11 percentage points
[95% CI, −0.25 to 0.03 percentage points]; P = .13). There
were no statistically significant between-group differences
for ICU and hospital lengths of stay (Table 2; eTable 62 in
Supplement 2).

Adverse Events
One patient in the proton pump inhibitor group had an aller-
gic reaction to omeprazole and was switched to ranitidine.

Subgroups
There was no statistically significant heterogeneity of treat-
ment response in any prespecified subgroups for mortality
during index hospitalization by day 90. For patients in the
proton pump inhibitor group vs patients in the histamine-2
receptor blocker group, the RR was 1.27 (95% CI, 1.04-1.57)
for those who had cardiac surgery and the RR was 1.05 (95%
CI, 1.00-1.10) for other patients (P = .07 for interaction).

There was statistically significant heterogeneity of
treatment response with respect to the risk of clinically
important gastrointestinal bleeding by region for patients
in the proton pump inhibitor group vs patients in the
histamine-2 receptor blocker group (RR, 0.46 [95% CI, 0.26-
0.81] for Australia and New Zealand; RR, 0.92 [95% CI, 0.71-
1.19] for Canada; and RR, 0.48 [95% CI, 0.33-0.69] for
England and Ireland; P = .004 for interaction). Additional
results from the subgroup analyses appear in eTables 63 and
64 in Supplement 2.

Post Hoc Exploratory Analyses
Comparisons of the baseline variables for the subgroups de-
termined by whether patients were admitted to an ICU
with low, medium, or high adherence to histamine-2 recep-
tor blockers appear in eTables 65-67 in Supplement 2. There

was no statistically significant heterogeneity of treatment re-
sponse among the adherence subgroups during the histamine-2
receptor blocker treatment period for either the primary
outcome or any of the secondary outcomes (eTable 68 in
Supplement 2).

Within each illness severity quartile, baseline variables
were similarly distributed by treatment group (eTables 69-72
in Supplement 2). There was statistically significant hetero-
geneity of treatment response with respect to the risk of death
at the hospital by day 90 according to illness severity (P = .004
for interaction). Among patients with high illness severity, ran-
domization to proton pump inhibitors was associated with an
increased risk of in-hospital mortality compared with random-
ization to histamine-2 receptor blockers.

Although upper gastrointestinal bleeding rates increased
as illness severity increased, there was no statistically signifi-
cant heterogeneity of treatment response with respect to up-
per gastrointestinal bleeding risk according to illness sever-
ity. Subgroup analyses by illness severity quartiles for all
primary and secondary outcome variables appear in Table 3.

Discussion
In this international open-label, cluster crossover, registry-
embedded randomized clinical trial, there was no statistically
significant difference in all-cause mortality within 90 days
during the index hospitalization for patients requiring
mechanical ventilation within 24 hours of ICU admission
when proton pump inhibitors were used as the default for
stress ulcer prophylaxis compared with when histamine-2
receptor blockers were used.

Figure 2. Cumulative Incidence of In-Hospital Mortality
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A total of 2459 of 13 415 patients (18.3%) in the proton pump inhibitor (PPI)
group and 2333 of 13 356 patients (17.5%) in the histamine-2 receptor blocker
(H2RB) group died at the hospital by day 90 (risk ratio, 1.05 [95% CI, 1.00 to
1.10]; absolute risk difference, 0.93 [95% CI, −0.01 to 1.88] percentage points;
P = .054). The median observation time was 7.99 days (interquartile range, 4.79
to 17.0 days) in the PPI group vs 8.03 days (interquartile range, 4.82 to 17.0
days) in the H2RB group. Curve truncated at 40 days beyond which less than
10% of the study population remained at risk.
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Although nonadherence with study treatment is often
considered to be random, that may not have been the case
in this study. There was asymmetric nonadherence (with
very little histamine-2 receptor blocker use in the proton
pump inhibitor group), suggesting a systematic reason for
nonadherence; there is a reasonable potential that physi-
cians initiated treatment with proton pump inhibitors in
certain patients in the histamine-2 receptor blocker group
based on some assessment of expected benefit from proton
pump inhibitors rather than histamine-2 receptor blockers
in these patients. Although exploratory analyses did not
find heterogeneity in the study results among sites stratified

by differences in nonadherence rates, the possibility re-
mains this crossover in use of assigned study treatment
introduced bias.

Furthermore, the direction of the bias is difficult to
anticipate. If use of proton pump inhibitors increases mortal-
ity, a high nonadherence rate could have attenuated what
might otherwise have been a statistically significant increase
in mortality risk with proton pump inhibitors. Alternatively,
if the use of proton pump inhibitors can, perhaps through
reduced risk of stress ulceration, improve survival in a select
subset of patients, and clinicians correctly identified such
patients and gave them a proton pump inhibitor when they

Table 3. Post Hoc Subgroup Analyses by Quartiles of Illness Severity Based on APACHE II Scores

APACHE II Score Quartilea
No. of
Patients

Proton Pump
Inhibitors

Histamine-2
Receptor Blockers Estimate (95% CI)

P Value for
Interaction

In-Hospital Mortality, No./Total No. (%)

1 (Score range: 0-13) 7711 142/3872 (3.7) 155/3839 (4.0) RR, 0.92 (0.77-1.11)

.004
2 (Score range: 14-17) 5860 211/2956 (7.1) 219/2904 (7.5) RR, 0.96 (0.86-1.08)

3 (Score range: 18-23) 6475 565/3229 (17.5) 477/3246 (14.7) RR, 1.15 (1.05-1.25)

4 (Score range: 24-61) 6610 1493/3296 (45.3) 1440/3314 (43.5) RR, 1.05 (1.00-1.11)

Clinically Important Upper Gastrointestinal Bleeding, No./Total No. (%)b

1 (Score range: 0-13) 7730 14/3881 (0.4) 13/3849 (0.3) RR, 0.99 (0.49-1.97)

.35
2 (Score range: 14-17) 5879 19/2963 (0.6) 32/2916 (1.1) RR, 0.58 (0.32-1.07)

3 (Score range: 18-23) 6487 40/3231 (1.2) 67/3256 (2.1) RR, 0.62 (0.40-0.97)

4 (Score range: 24-61) 6617 99/3299 (3.0) 127/3318 (3.8) RR, 0.80 (0.63-1.01)

Clostridium difficile Infection, No./Total No. (%)c

1 (Score range: 0-13) 7730 6/3881 (0.2) 14/3849 (0.4) RR, 0.44 (0.17-1.15)

.04
2 (Score range: 14-17) 5879 11/2963 (0.4) 6/2916 (0.2) RR, 1.90 (0.73-4.94)

3 (Score range: 18-23) 6487 8/3231 (0.3) 19/3256 (0.6) RR, 0.47 (0.21-1.04)

4 (Score range: 24-61) 6617 15/3299 (0.5) 18/3318 (0.5) RR, 0.88 (0.45-1.70)

Days Until Discharge Alive From Index ICU Admission, Median (IQR)d

1 (Score range: 0-13) 7726 1.8 (1.0-3.9) 1.8 (1.0-3.8) ROM, 1.02 (0.96-1.07)e

.60
2 (Score range: 14-17) 5875 2.7 (1.2-5.6) 2.6 (1.1-5.8) ROM, 1.00 (0.95-1.04)e

3 (Score range: 18-23) 6482 4.1 (2.0-11.0) 3.9 (1.9-9.7) ROM, 1.03 (0.98-1.08)e

4 (Score range: 24-61) 6611 11.8 (4.0-NA)f 11.5 (4.0-NA)f ROM, 0.98 (0.92-1.05)e

Days Until Discharge Alive From Index Hospitalization, Median (IQR)d

1 (Score range: 0-13) 7719 7.0 (4.9-14.6) 7.0 (4.9-14.5) ROM, 1.02 (0.98-1.06)e

.81
2 (Score range: 14-17) 5867 9.2 (5.9-21.1) 9.2 (5.9-20.7) ROM, 1.02 (0.96-1.07)e

3 (Score range: 18-23) 6476 13.9 (6.9-39.0) 14.3 (7.0-41.5) ROM, 0.99 (0.94-1.04)e

4 (Score range: 24-61) 6611 55.2 (13.5-NA)f 47.9 (12.8-NA)f ROM, 1.01 (0.95-1.07)e

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
ICU, intensive care unit; IQR, interquartile range; NA, not applicable; ROM, ratio
of median time to discharge (or extubation); RR, risk ratio.
a Scores range from 0 to 71; higher scores indicate more severe disease and a

higher risk of death. No patients had an APACHE II score greater than 61.
b Defined as overt upper gastrointestinal bleeding (eg, hematemesis, melaena,

or frank blood in the nasogastric tube or upper gastrointestinal endoscopy)
developing as a complication in the ICU and accompanied by 1 or more of the
following features within 24 hours: (1) a spontaneous decline in systolic,
diastolic, or mean arterial pressure of 20 mm Hg or greater; (2) initiation of a
vasopressor or a 20% increase in dose of ongoing vasopressor; (3) a decrease
in hemoglobin level of 20 g/L or greater; or (4) a transfusion of at least 2 U of
packed red blood cells.

c Defined as a new toxin or culture-positive stool sample collected during an ICU
admission (excluding any patients who had positive test results from
specimens collected prior to ICU admission).

d Medians and IQRs are reported with mortality regarded as a competing risk.

The ICU mortality rate for quartile 1 was 2.6% of patients who received proton
pump inhibitors and it was 2.7% of patients who received histamine-2
receptor blockers; quartile 2: 5.3% and 5.4%, respectively; quartile 3, 13.3%
and 10.3%; and quartile 4, 39.0% and 36.8%. The hospital mortality rate for
quartile 1 was 3.7% of patients who received proton pump inhibitors and
it was 4.1% of patients who received histamine-2 receptor blockers; quartile 2,
7.2% and 7.6%, respectively; quartile 3, 17.7% and 14.8%; and quartile 4,
45.7% and 43.7%.

e Estimated using censored linear regression models with logarithm of time to
discharge as the dependent variable. Patients who died were censored at their
time of death. Adjustment was made for the same variables as for binary
outcomes. Heterogeneity of variance by treatment group and country was
accommodated for and robust standard errors were used to account for
clustering by ICU.

f Less than 75% of patients were discharged alive and so there is no 75th
percentile available.
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were assigned an histamine-2 receptor blocker, this would
have decreased mortality in the histamine-2 receptor blocker
group, potentially contributing to the between-group differ-
ence observed in this study.

Fewer patients had clinically important gastrointestinal
bleeding when proton pump inhibitors rather than histamine-2
receptor blockers were used as the default stress ulcer pro-
phylaxis in the ICU. These findings are consistent with the
findings from a meta-analysis6 of randomized clinical trials
comparing proton pump inhibitors with histamine-2 recep-
tor blockers. However, it is likely that a number of patients
included in this trial were taking proton pump inhibitors
prior to ICU admission, and rebound acid secretion occur-
ring when these patients were switched from proton pump
inhibitors to histamine-2 receptor blockers may have con-
tributed to the excess risk of clinically important upper gas-
trointestinal bleeding observed in the histamine-2 receptor
blocker group.

This trial did not reproduce the results of an observa-
tional study, which suggested increased risk of Clostridioides
difficile infection in association with the use of proton pump
inhibitors compared with histamine-2 receptor blockers.8

Clostridioides difficile infection was rarely reported in this
trial. Some cases of Clostridioides difficile infection may not
have been suspected by treating clinicians, meaning appro-
priate specimens were not sent to the laboratory and the
actual cases of infection were not documented. In addition,
only new-onset infections diagnosed in the ICU were
recorded and the time window available to capture these
infections was therefore narrow for many patients.

There was a statistically significant interaction between
treatment group and in-hospital mortality by illness severity
in a post hoc analysis. Among patients with high illness
severity, randomization to proton pump inhibitors was asso-
ciated with an increased risk of in-hospital mortality com-
pared with randomization to histamine-2 receptor blockers.
Although these findings should be considered hypothesis-
generating, the potentially increased rates of mortality with
proton pump inhibitors among patients with high illness acu-
ity are consistent with exploratory analyses from a prior ran-
domized clinical trial.20

The possibility that using proton pump inhibitors in-
creases mortality attributable to hospital-acquired pneumo-
nia cannot be excluded because rates of pneumonia were not
measured in this study. However, because ICU and hospital
lengths of stay, duration of mechanical ventilation, and ven-
tilator-associated conditions were not significantly different
by treatment group, it appears that if proton pump inhibitors

do increase pneumonia rates in ICU patients compared with
histamine-2 receptor blockers as suggested in observational
studies,8-10 then either the clinical consequences of these pneu-
monia episodes with respect to duration of mechanical ven-
tilation and length of stay are minor, are offset by other ef-
fects, or both.

Using a cluster crossover design combined with use of
data from registry sources allowed us to recruit a large num-
ber of patients during a short time frame and provided suffi-
cient statistical power to enable a precise range of plausible
treatment effects. The findings from this study are broadly
generalizable because enrolled patients were from 50 ICUs
in 5 countries.

Limitations
This study has several limitations. First, some patients who
were excluded from the trial because of an ICU admission
diagnosis of upper gastrointestinal bleeding may have actu-
ally had lower gastrointestinal bleeding and some patients
who were diagnosed as having upper gastrointestinal bleed-
ing in the ICU may have already been bleeding at the time of
ICU admission.

Second, only data from the index hospitalization were in-
cluded. Third, because mortality data were obtained from reg-
istries, these data may contain random errors.

Fourth, clinicians and research staff were aware of treat-
ment assignments. Although mortality rates are unlikely to be
subject to bias as a result of this knowledge, such bias may have
affected ascertainment of secondary outcomes including up-
per gastrointestinal bleeding.

Fifth, clinicians were allowed to use any proton pump
inhibitor or histamine-2 receptor blocker and to choose the
route of administration. A range of different drugs were used,
increasing the generalizability of the findings. However, it is
possible that a trial using different combinations of drugs or
different routes of administration would have yielded differ-
ent findings.

Conclusions
Among ICU patients requiring mechanical ventilation, a strat-
egy of stress ulcer prophylaxis with use of proton pump in-
hibitors vs histamine-2 receptor blockers resulted in hospital
mortality rates of 18.3% vs 17.5%, respectively, a difference that
did not reach the significance threshold. However, study in-
terpretation may be limited by crossover in the use of the as-
signed medication.
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