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ABSTRACT

Introduction The Re-Evaluating the hibition of Stress
Erosions (REVISE) Trial aims to determine the impact of
the proton pump inhibitor pantoprazole compared with
placebo on clinically important upper gastrointestinal (Gl)
bleeding in the intensive care unit (ICU), 90-day mortality
and other endpoints in critically ill adults. The objective of
this report is to describe the rationale, methodology, ethics
and management of REVISE.

Methods and analysis REVISE is an international,
randomised, concealed, stratified, blinded parallel-

group individual patient trial being conducted in ICUs

in Canada, Australia, Saudi Arabia, UK, US, Kuwait,
Pakistan and Brazil. Patients>18 years old expected to
remain invasively mechanically ventilated beyond the
calendar day after enrolment are being randomised to
either 40 mg pantoprazole intravenously or an identical
placebo daily while mechanically ventilated in the ICU.

The primary efficacy outcome is clinically important

upper Gl bleeding within 90 days of randomisation. The
primary safety outcome is 90-day all-cause mortality.
Secondary outcomes include rates of ventilator-associated
pneumonia, Clostridioides difficile infection, new renal
replacement therapy, ICU and hospital mortality, and
patient-important Gl bleeding. Tertiary outcomes are total
red blood cells transfused, peak serum creatinine level in
the ICU, and duration of mechanical ventilation, ICU and
hospital stay. The sample size is 4800 patients; one interim
analysis was conducted after 2400 patients had complete
90-day follow-up; the Data Monitoring Committee
recommended continuing the trial.

Ethics and dissemination All participating centres receive
research ethics approval before initiation by hospital, region
or country, including, but not limited to — Australia: Northern
Sydney Local Health District Human Research Ethics
Committee and Mater Misericordiae Ltd Human Research
Ethics Committee; Brazil: Comiss&o Nacional de Etica em

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This 4800-patient randomised clinical trial at low
risk of bias will evaluate the effect of pantoprazole
versus placebo on clinically important gastrointes-
tinal bleeding (primary efficacy outcome), 90-day
mortality (primary safety outcome) and other rele-
vant endpoints.

= Blinded to allocation, outcomes will be adjudicat-
ed (clinically important gastrointestinal bleeding),
classified (ventilator-associated pneumonia) and
validated (Clostridioides difficile infection severity).

= Patient and family engagement in a mixed-method
study will inform a novel secondary outcome of
patient-important bleeding.

= Patients not receiving invasive mechanical ventila-
tion are excluded; trial results are not necessarily
applicable to spontaneously breathing patients and
those receiving non-invasive ventilation.

= Enrolment of heterogenous patients in eight coun-
tries will enhance the generalisability of the findings.

Pesquisa; Canada: Hamilton Integrated Research Ethics
Board; Kuwait: Ministry of Health Standing Committee for
Coordination of Health and Medical Research; Pakistan:
Maroof Institutional Review Board; Saudi Arabia: Ministry
of National Guard Health Affairs Institutional Review Board:
United Kingdom: Hampshire B Research Ethics Committee;
United States: Institutional Review Board of the Nebraska
Medical Centre. The results of this trial will inform clinical
practice and guidelines worldwide.

Trial registration number NCT03374800.

INTRODUCTION
To prevent gastrointestinal (GI) bleeding
from stress-induced ulceration during critical
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illness, physicians prescribe stress ulcer prophylaxis for
over 70% of patients in the intensive care unit (ICU).!
However, more recently, clinicians have questioned the
effect of acid suppression for seriously ill patients. The
randomised clinical trials that first provided support
for stress ulcer prophylaxis with acid-suppressing medi-
cations were conducted several decades ago, in an era
characterised by different practices. Since then, concerns
have emerged including that histamine-2-receptor antag-
onists (H2RAs) and proton pump inhibitors (PPIs), may
increase the risk of pneumonia and Clostridioides difficile
infection—two healthcare-associated infections that may
confer greater morbidity, mortality and costs than upper
GI bleeding.”

Two large trials recently rejuvenated interest in this
topic.” * In October 2018, the Stress Ulcer Prevention
in the ICU (SUPICU) trial®> randomised 3298 patients
to pantoprazole or placebo and found no difference
in the primary outcome of 90-day mortality, nor the
secondary composite outcome (GI bleeding, pneumonia,
C. difficile infection, and acute myocardial ischemia).
Pantoprazole reduced GI bleeding rates (4.2% vs 2.5%,
p=0.006); however, many of these bleeds did not result
in hypotension, transfusion, endoscopy or other inter-
ventions. Subgroup analysis suggested that patients with
higher illness severity receiving pantoprazole may have
an increased risk of death at 90-day compared with those
receiving placebo (relative risk (RR) 1.13; 95% CI 0.99 to
1.30, interaction p=0.05)—an effect not observed in less
severely ill patients. Further misgivings about widespread
PPI use were raised in January 2019 when a cluster cross-
over trial of 26 771 patients evaluating PPIs against the
active comparator of H2RAs also suggested an increased
risk of death in the most severely ill subgroup of patients
receiving PPIs.*

Building on prior studies through international collab-
oration,?? " the Re-Evaluating the Inhibition of Stress
Erosions (REVISE) Trial was developed. The objective is
to determine the effect of pantoprazole versus placebo
on the primary efficacy outcome (clinically important
upper GI bleeding), and the primary safety outcome (90-
day all-cause mortality)."”” Secondary outcomes include
ventilator-associated pneumonia (VAP), C. difficile infec-
tion, new renal replacement therapy (RRT), ICU and
hospital mortality, and patientimportant GI bleeding.
The REVISE protocol was designed within the Stress
Ulcer Prophylaxis Research Program (figure 1), in collab-
oration with the Canadian Critical Care Trials Group,'
Australian and New Zealand Intensive Care Society
Clinical Trials Group'’ and international colleagues
(Protocol# CCT384783; Version 3.0, 10 April 2019)."®

Background and rationale

The current impact of PPIs for patients in the ICU is
unclear. In the 4011 critically ill patients enrolled in
seven randomised trials comparing PPI to no PPI, only
118 cases of clinically important bleeding, 565 cases of
pneumonia and 48 cases of C. difficilewere observed. Our

updated network meta-analysis,'* using the Grading of
Recommendations Assessment Development and Evalu-
ation (GRADE) methodology," incorporating direct’
and indirect’ evidence further highlighted uncertain-
ties regarding the net effect of PPIs across outcomes of
mortality, pneumonia, C. difficile infections, and even—
because of very small effects in lowerrisk groups—
GI bleeding. The certainty of evidence regarding GI
bleeding reduction for three of four bleeding risk
subgroups (low, high and highest risk) was moderate given
the potential for risk of bias.*” All four risk groups shared
the same relative effect estimate and credible interval
(CrI) (RR 0.46, 95% CrI 0.29 to 0.66). For the moderate
risk group, where the certainty of evidence was high, the
Crl spanned a range from a 2.1% absolute reduction
in bleeding to a 1.0% absolute reduction, illustrating
imprecision and contributed to a low certainty evidence
rating. Thus, the BM] Rapid Recommendation initia-
tive® issued a weak recommendation against stress ulcer
prophylaxis administration in patients at low bleeding
risk of bleeding, and a weak recommendation for those
at higher bleeding risk.

Regarding the risk of VAP (network RR 1.08, CrI 0.88 to
1.45) and of C. difficileinfection (network RR 0.76, CrI1 0.28
to 2.16), existing trials have failed to exclude important
harm with PPIs. Regarding mortality, the network meta-
analysis RR of 1.03 is consistent with a small increased risk
of death with PPIs. Given the baseline mortality of ICU
patients, the Crl of 0.93 to 1.14 includes an important
mortality increase; for a baseline of 30%, a 14% relative
increase would represent a 4.2% absolute increase. By
adding REVISE results to the network meta-analysis, we
hope to decrease imprecision of estimates, establishing
an increased risk, or a trivial or no increase in mortality.

Based on these considerations, after grant funding
and before launching the trial, protocol modifications
were made to reflect the foregoing recent evidence.
The trial was changed to a superiority design instead of
a non-inferiority design. The primary safety outcome of
mortality was included in response to subgroup analyses
of earlier trials suggesting concern in patients at high-risk
of death.”" ** The follow-up was extended from 60-day to
90-day mortality to better inform future meta-analyses.
Patients and families were actively engaged in a study
to refine the secondary endpoint of patientimportant
bleeding, outlined in the patient engagement section of
this report.” The sample size was increased from 3600
to 4800 patients, informed by the updated network meta-
analysis.'* Relevant regulatory agencies, ethics boards and
the Data Safety & Monitoring Committee reapproved the
protocol. Enrolment began in July 2019.

METHODS AND ANALYSIS

Design

REVISE is a randomised, stratified, concealed, blinded,
parallel-group trial.
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Figure 1 Stress Ulcer Prophylaxis Research Program. In preparation for this trial, with national and international collaborators,

we developed this stress ulcer prophylaxis research programme. We published several reviews and meta-analyses on acid
suppression. We contributed to an international period prevalence epidemiological study which assisted with some Re-
Evaluating the Inhibition of Stress Erosions (REVISE) trial estimates. We completed two surveys about stress ulcer prophylaxis
in Australia and Canada. We completed two pilot randomised trials in preparation for REVISE. The 214-patient, single-centre
Australian Pantoprazole versus Placebo for Stress Ulcer Prophylaxis (POP-UP) Pilot trial achieved three objectives related

to exploring overt signals of benefit or harm, ascertaining whether the study drug could be administered promptly after
commencing mechanical ventilation, and estimating relevant outcome event rates. A second 91-patient, international REVISE
Pilot Trial achieved three feasibility objectives related to rates of recruitment, informed consent and protocol adherence. Other
international studies provided key evidence to help inform the design of the main REVISE Trial. PEPTIC, Proton Pump Inhibitors
vs Histamine-2-Receptor Blockers for Ulcer Prophylaxis Treatment in the Intensive Care Unit; RCT, randomized clinical trial;

SUPICU, Stress Ulcer Prevention in the ICU.

Inclusion criteria

» Adults>18 years old receiving invasive mechanical
ventilation.

» Expected to remain mechanically ventilated beyond
the calendar day after randomisation.

Exclusion criteria

» Already invasively mechanically ventilated>72 hours
during this hospital admission.

» Acid suppression for active GI bleeding or high
risk of bleeding (eg, current bleeding, peptic ulcer
bleeding within 8 weeks, recent severe esophagitis,
Barrett’s oesophagus, Zollinger-Ellison syndrome);
(dyspepsia or gastroesophageal reflux is not an exclu-
sion criterion).

» Acid suppression in the ICU for>1 PPI or H2RA daily
dose equivalent.

» Dual antiplatelet therapy, or combined antiplatelet
use and therapeutic anticoagulation.

» Pantoprazole contraindication per local product
information (in Australia: being treated with the HIV

protease inhibitors atazanavir or nelfinavir, being
treated with high-dose methotrexate (ie, >300 mg as
part of a chemotherapy regimen), and documented
cirrhosis or severe liver disease (eg, as indicated by an
international normalised ratio>5.0 due to underlying
liver disease); in Canada: being treated with rilpivirine
or atazanavir, and patients who are hypersensitive to
pantoprazole, substituted benzimidazoles, or to any
ingredient in the formulation). Palliative care or
anticipated withdrawal of life support.

» Pregnancy.

» Previous enrolment in REVISE, a related trial, or trial
prohibiting coenrolment.

» Patient, substitute decision-maker (SDM) or physician
declines.

Informed consent

Research staff and investigators in the ICU screen patients
for eligibility. Once eligibility is confirmed, the protocol
allows either a priori informed consent or informed consent
to continue. Consent encounters accord with guidelines.**
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When not possible to obtain consent prior to randomisa-
tion, eligible patients are enrolled without prior consent
(deferred consent). As soon as possible and appro-
priate thereafter, the patient or SDM is informed of the
patient’s participation and offered the option to consent
to continue or withdraw from the trial at any time. The
patient or SDM may withdraw consent for receipt of
study drug and/or for data collection. If withdrawal of
study drug is requested, it is stopped and permission
to use trial-related data is sought. Consent models and
labels vary by region. In Canada and the UK, for those
randomised under a deferred consent model, patients or
SDMs can withdraw consent for continued participa-
tion whereas in Kuwait, they can opt out of continued
participation. In some settings, telephone consent allows
witnessed verbal a priori consent or consent to continue with
signature confirmation as soon as possible. An example
consent form approved by Clinical Trials Ontario is found
in online supplemental appendix 1.

Randomisation

When notified by research staff or investigators about
eligible patients, research pharmacists or designated
unblinded staff not caring for patients use a password-
protected website to access the central computerised
randomisation programme to ensure concealed 1:1 allo-
cation using randomly permuted variable unspecified
block sizes. Randomisation is stratified by centre and
prehospital acid suppression (ie, prior PPI or H,RA or
not), generating start or no start, and continue or discontinue
strata. The latter stratification will allow exploration of
possible rebound hypersecretion of gastric acid on acid
suppression termination® and possible microbiome
modification by long-term acid suppression which may
modify infection risk.*

Interventions

Patients are randomly assigned to receive locally sourced
intravenous pantoprazole 40 mg reconstituted with 0.9%
sodium chloride (NaCl) or matched placebo (0.9%
NaCl). Research pharmacists or designated unblinded
staff prepare blinded placebo and study drug labelled per
local regulations, dispensed to the ICU for daily bedside
nurse administration.

The colour stability of reconstituted pantoprazole or
placebo formulations from 5 companies up to 5 days
without unblinding has been verified.?” These clear,
colourless indistinguishable solutions are dispensed daily
until 90 days after randomisation or until death, mechan-
ical ventilation discontinuation, or clinically important GI
bleeding.

When patients receive study drug, open-label PPI or
H,RA use is documented and considered a protocol viola-
tion unless clinically indicated. Study drug continues
regardless of feeding status.”*** Study drug may be tempo-
rarily or permanently discontinued if a definite pantopra-
zole indication or contraindication develops. Regardless
of study drug exposure, all patients are followed unless

consent to follow-up is withdrawn. Study drug is restarted
if invasive mechanical ventilation is reinstituted during
the index ICU admission.

All other patient management during and following
the trial is at the treating team’s discretion.

Risk of bias

To protect against selection bias, prognostic imbalance,
detection, performance and measurement bias, loss to
follow-up, missing data and other threats to validity, 18
strategies for trial conduct, analysis and dissemination
phases were incorporated (table 1). Patients, families,
clinicians and research personnel (staff, investigators
and adjudicators) are blinded. The analyst and biostatisti-
cians remain blinded until the main analysis is complete.
Unblinding is not permitted other than in emergency
situations, requiring Methods Center contact.

Data collection

Research staff collect baseline data about the patients (eg,
illness severity, comorbidities, prehospital acid suppres-
sion), and daily data up to 90 days post randomization
while in the ICU. This includes advanced life supports
received, key laboratory values (eg, haemoglobin,
international normalised ratio (INR), platelet count);
cointerventions (eg, enteral nutrition, anticoagulants,
non-steroidal anti-inflammatory agents, corticosteroids),
and relevant hospital reports (eg, endoscopy, radiology,
surgery). Research staff follow patients daily to document
study drug receipt or reasons for non-administration,
while tracking trial outcomes as listed below. The dura-
tion of mechanical ventilation, ICU and hospital stay,
and mortality are documented. Patients discharged alive
from hospital before 90 days are followed for 90 days; vital
status is obtained by patient, family or family physician
contact, regional obituary or health-record review. No
biological specimens are collected. The case report forms
with additional details are found in online supplemental
appendix 2.

Enrolled patients are assigned a unique numerical
code. Enrolment logs with identifiers are retained at each
site. Research pharmacists or designated unblinded staff
not caring for patients enter study drug dispensing details
into a secure web-based electronic data-capture system
(iDataFax, Seattle, Washington). Blinded research staff
upload clinical data without personal health information.
An audit trail tracks any data modifications.

Primary outcomes

Primary efficacy outcome

Clinically important upper GI bleeding occurring in the ICU
or resulting in ICU readmission during the index hospital
stay up to 90-days post randomisation.

Clinically important GI bleeding requires the pres-
ence of overt GI bleeding, defined as one of the
following:

» Haematemesis.
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Table 1 Strategies to minimise bias

Stage and type of bias

Strategy implemented

Protocol development
Design bias

Corporate conflicts of interest
Procedural bias

Omission bias
Surveillance bias
Detection of ventilator-associated pneumonia (VAP)

Protocol implementation
Prognostic imbalance

Selection bias
Detection and performance bias
Measurement bias

Loss to follow-up

Missing data

Analysis
False claims of benefit

False claims of no difference

Confirmation bias

Analytic bias
Dissemination

Reporting bias

Publication bias

Extensive international scientific, clinical and ethical input on the
protocol; patient and family input to refine the patient-important
bleeding outcome

Peer-review funded trial; locally sourced pantoprazole

Standard operating procedures guide protocol implementation;
central statistical monitoring is ongoing throughout the trial

Eligibility criteria are broad; enrolment is in five continents
Rigorous training of research personnel

To avoid biased choice of VAP definition: VAP reporting has one main
and several alternate definitions

At point of randomisation, patients are stratified for prehospital acid
suppression which may influence outcomes

Allocation is concealed; research personnel screening, consenting,
and enrolling patients are unaware of randomisation sequence

Patients, families, all clinical and research personnel are blinded

Primary efficacy outcome: Clinically important Gl bleeding is centrally
adjudicated by two physicians trained in study procedures, and
blinded to allocation and centre

Primary Safety Outcome: for 90-day mortality status, multiple
methods used for patients discharged alive before 90 days; all other
outcomes are hospital based as recorded in medical charts

Each research record is reviewed and validated at least three times
by Methods Center staff

A priori statistical approach is very conservative for stopping early for
apparent benefit before full sample size reached

A priori statistical approach does not include stopping early for
futility before full sample size reached

Analyst is blinded to allocation until after the final analysis
Analysis will adhere to the intention-to-treat principle

Trial reporting will adhere to trial registration (NCT03374800),
protocol and statistical analysis plan

Results will be disseminated through many knowledge translation
strategies including peer-review journals

These are the strategies we protocolised to minimise bias in four different phases of the trial.

» Overt oro/nasogastric bleeding (frank blood or >

coffee-ground oro/nasogastric aspirate).
» Melena.
» Haematochezia.

Vasopressor initiation.

» Haemoglobin decrease of >2 g/dL (20 g/L) within 24
hours of bleeding.

» Transfusion of>2 units packed red blood cells within

>

Plus one of the following in the absence of other causes:
Haemodynamic change defined as a spontaneous
decrease in mean arterial pressure or non-invasive
systolic or diastolic blood pressure of >20 mm
Hg, or an orthostatic increase in pulse rate of >20
beats/min and a decrease in systolic blood pres-
sure of >10 mm Hg, with or without vasopressor
initiation or increase.

>

studies,

24 hours of bleeding.
Therapeutic intervention (eg, therapeutic endoscopy,
angioembolisation, surgery).
Our Dbleeding definition builds on  prior
3192 explicitly incorporating vasopressor initia-

tion or increase” and endoscopy. Research staff prospec-
tively collect datarelated to GI bleeding, allowing central
duplicate blinded adjudication, described below.
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Primary safety outcome
All-cause mortality at 90 days post randomisation, ascer-
tained by patient or SDM contact for those discharged
alive before 90 days.

Secondary outcomes

» Incidence of VAP: is diagnosed in patients who received
invasive mechanical ventilation for >48 hours when
there is a new, progressive or persistent radiographic
infiltrate plus at least 2 of the following without other obvious
cause. (1) fever (temperature >38°C) or hypothermia
(temperature <36°C); (2) leucopenia (<4.0x10°/L)
or leucocytosis (>12.0x10° /L); (3) purulent sputum
or (4) gas exchange deterioration.” ** Research staff
prospectively collect data allowing central classifica-
tion by the Clinical Pulmonary Infection Score,% and
other definitions as below.

» Incidence of C. difficile infection is defined as clinical
features (diarrhoea (>3 episodes of unformed stools®
or Bristol type 6 or 737) ileus, or toxic megacolon) and
either microbiological evidence of toxin-producing
C. difficile or pseudomembranous colitis on colonos-
copy”® in hospital within 90 days.

» New RRT is defined as initiation of new RRT in the
ICU.

» ICU mortality is defined as all-cause mortality in the
ICU during the index hospitalisation within 90 days.

» Hospital mortality is defined as all-cause mortality
during the index hospitalisation within 90 days.

» Patient-important GI bleeding is focused on GI bleeding
characteristics that are important to patients and
families.” The criteria will be derived from a mixed-
method study involving interviews and focus groups
of ICU survivors and family members not involved
in REVISE, eliciting perspectives on concerning
bleeding features for incorporation into the database
to define this outcome.

Tertiary outcomes

» Total units of red blood cells transfused in the ICU.
Peak serum creatinine level in the ICU.

Duration of mechanical ventilation (days).

ICU length of stay (days).

Hospital length of stay (days).

vvyyvyy

Central adjudication, classification and validation of morbidity
outcomes

Clinically important Gl bleeding

Research staff and investigators will identify all possible GI
bleeding events, complete the bleeding case report form
and submit redacted clinical notes, laboratory data and
procedural reports. All GI bleeding events will be adju-
dicated by at least two investigators from of a 10-member
GI bleeding adjudication committee to determine if the
event meets the definition of clinically important GI
bleeding and to confirm GI bleeding site. Initial calibra-
tion of the committee members will involve independent
review by all 10 members (blinded to study drug and

centre) case report forms and source data for the first
10 bleeding patients. Committee members will convene
and discuss their assessments, clarify reasons for disagree-
ments and arrive at consensus for each event. If consensus
does not ensue, this process will be repeated until it does.
Subsequent bleeding events will be independently adju-
dicated by one primary adjudicator (for all events) and a
secondary adjudicator (randomly assigned, stratified by
study drug). Adjudicators will be blinded to allocation
and centre. Disagreements will resolve by discussion and
consensus or a third researcher if necessary.

Ventilator-associated pneumonia
Local research staff and investigators will report any lower
respiratory tract infections on the pneumonia outcome
case report form. Data will be classified in duplicate by
the Clinical Pulmonary Infection Score™ and other defi-
nitions (eg, American College of Chest Physicians,” **
Centers for Disease Control,59 the International Sepsis
Forum™’) and by invasive microbiological confirmation.*'
Disagreements will resolve by discussion and consensus or
a third researcher if necessary.

In addition, early VAP is defined as arising on days 3,
4 or b after mechanical ventilation is initiated, and late
VAP as arising on day 6 of mechanical ventilation or
later, including up to 2 days after mechanical ventilation
discontinuation.*” Pneumonia arising 3 or more days after
mechanical ventilation discontinuation will be considered
post extubation pneumonia. We do not report ventilator-
associated conditions (VACs) or infection-related VACs,
as surveillance metrics are modifiable by volume status
and ventilator settings and do not reliably predict VAP.”

C. difficile infection

C. difficile outcome case report forms will be validated
in duplicate by two researchers assessing severity (non-
severe, severe, fulminant).38 Disagreements will resolve
by discussion and consensus or a third researcher if
necessary.

Trial process metrics
We will report informed consent rates and coenrolment
rates, and any need for unblinding.

In terms of protocol adherence, we will report days of
study drug exposure, and reasons for non-administration
of study drug. Protocol deviations will include adminis-
tration of open-label PPI or H2RA, missed doses of study
drug, or dispensing the wrong study drug (eg, pantopra-
zole given instead of placebo or vice versa).

Patient and public involvement

Patients and families will be involved in several ways. We
completed two pilot trials, documenting consent rates
of 98.1%"" and 77.8%." Second, enrolled patients who
regain capacity after critical illness are notified about
the trial and approached for consent to continued
participation. A mixed-method study eliciting perspec-
tives of patients and families not involved in REVISE is
refining the secondary outcome of patientimportant

6

Deane AM, et al. BMJ Open 2023;13:€075588. doi:10.1136/bmjopen-2023-075588

1ybuAdoo Aq paroaloid "AdvHgIT
3AIv13AVY 40 ALISHIAINN 1 +20Z ‘T Arenuer uo /wod fwq uadoflwq//:dny woiy papeojumod "€£20¢ J9qWSAON ST U0 8855/ 0-£202-uadolwag/9eTT 0T Se paysignd 1say :uado NG


http://bmjopen.bmj.com/

Table 2 Sample size with respect to clinically important
bleeding outcome

True underlying relative risk (PPI

vs placebo)
0.7 0.6 0.5
Event rate 3% 47.1% 74.6% 92.6%
inplacebo 49 60.1% 86.6% 97.8%
ke 5% 70.7% 93.4% 99.4%
6% 79.1% 96.9% 99.9%

This table highlights consideration for clinically important
gastrointestinal (Gl) bleeding. It presents combinations of relative
risk reductions ranging from 30% to 50%, and baseline risks
between 3% and 6% for which we will achieve 85% power. With
a baseline risk of 3% and a relative risk reduction of 50%, the
absolute benefit of will be a 1.5% difference. Other highlighted
cells correspond to absolute risk reduction of greater than 1.5%.
In summary, across the range of plausible baseline risks in the
shaded boxes, 4800 patients will provide at least 85% power to
detect effects of pantoprazole as large as, or greater than, this
small important reduction in clinically important Gl bleeding. This
sample size reflects feasible enrolment in an acceptable 4-year
time frame, accounting for any non-compliance or loss to follow-
up, in the context of hybrid serial funding for Re-Evaluating the
Inhibition of Stress Erosions.

PPI, proton pump inhibitor.

bleeding.”” Fourth, in the UK, patients are involved at all
stages as per the Health Research Authority standards*;
patients reviewed the protocol, provided feedback and
supported approval. When REVISE results are available,
lay language summaries, visual abstracts and infographics
will be created by patient partners for traditional media
(paper, radio, television) and public social media feeds
(X, blogs).

Sample size

The sample size of 4800 patients was chosen on the basis of
plausible baseline risks of GI bleeding, plausible RR reduc-
tions, a target of 85% power and feasible enrolment. The
best estimate of the GI bleeding event rate in the placebo
arm ranging from 3% to 6% is based on the following:
an international period-prevalence study (2.6%; 95% CI
1.6 to 3.6)"; the REVISE Pilot trial (placebo 6.1%; 95%
CI 2.1 to 16.5)'% and the SUPICU trial placebo rate of
4.2%.2 The RR associated with pantoprazole was 0.6 in
the SUPICU trial. Table 2 highlights sample size consid-
erations for clinically important upper GI bleeding. The
table presents combinations of RR reductions ranging
from 30% to 50%, and baseline risks between 3% and 6%
for which we will achieve 85% power. With a baseline risk
of 3% and an RR reduction of 50%, the absolute benefit
will be a 1.5% difference. Other highlighted cells corre-
spond to absolute risk reduction of greater than 1.5%.
In summary, across the range of plausible baseline risks,
4800 patients will provide at least 85% power to detect
effects of pantoprazole as large as, or greater than, the
smallest clinically important reduction in GI bleeding.

Table 3 Sample size with respect to 90-day mortality

True underlying relative risk (PPl vs placebo)

1.1 1.13 1.2 1.3
Event 38% 38.0% 57.9% 91.5%  99.9%
rate in 40% 409% 61.7% 93.7% >99.9%
placebo o o o o o
group 42% 439% 65.6% 955% >99.9%
44% 471% 69.4% 96.9% >99.9%

This table highlights sample size implications for 90-day mortality.
The estimates of relative risk are informed by Stress Ulcer
Prevention in the ICU (SUPICU) in which the upper confidence limit
around the increased mortality in the high-risk group (SAPS I1>53)
included a value of 1.30. Among the first 25% of patients enrolled,
the mortality rate was 44% across both groups in the comparable
high-risk of death group of concern (APACHE Il score>25). Our
power calculations are based on the 40% of REVISE patients

who will fall in the high-risk group (1920 patients). The table
presents combinations of relative risks ranging from 1.1 to 1.3, and
baseline risks between 38% and 44%, showing power of >70%
for combinations of higher levels of baseline risk and relative risk
increase. The relative risk of 1.13 is the observed point estimate in
patients with high illness severity in the SUPICU Trial. In summary,
across the range of higher baseline risks, 4800 patients will provide
at least 70% power to detect effects of pantoprazole at levels

that would preclude use of the drug in patients with high illness
severity—those at higher risk of death.

APACHE, Acute Physiology and Chronic Health Evaluation; PPI,
proton pump inhibitor; SAPS, Simplified Acute Physiology Score;

Table 3 highlights sample size implications for 90-day
mortality. The estimates of RR are informed by SUPICU
in which the upper confidence limit around the increased
mortality in the high-risk group (using the illness severity
metric of the Simplified Acute Physiology Score (SAPS)
I1>53) included a value of 1.30. Among the first 25% of
patients enrolled, the mortality rate was 44% across both
groups in the comparable high risk of death group of
concern (using the illness severity metric of the Acute
Physiology and Chronic Health Evaluation (APACHE) II
score>25). Our power calculations are based on the esti-
mated 40% of REVISE patients who will fall in the high-risk
group (~1920 patients). The table presents combinations
of RRs ranging from 1.1 to 1.3, and baseline risks between
4% and 38%, demonstrating power of >70% for combi-
nations of higher levels of baseline risk and RR increase.
The RR of 1.13 is the point estimate in patients with high
illness severity in SUPICU.? In summary, across the range
of higher baseline risks, 4800 patients will provide at least
70% power to detect effects of pantoprazole at levels that
would likely preclude use of pantoprazole in patients at
higher risk of death.

Trial management

Two methods centres with extensive experience running
international clinical trials oversee REVISE, at McMaster
University in Hamilton, Canada and The George Insti-
tute for Global Health in Sydney, Australia for Austra-
lian sites (figure 2). Methods centre teams meet at least
twice monthly to harmonise approaches, track progress
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Figure 2 Organisational chart. In this figure, we depict the organisation and management relationships for the international

REVISE Trial.

and share management efficiencies. Within Canada, the
Québec Lead investigator ensures valid scientific cross-
cultural, bilingual alignment with provincial ethical and
regulatory directives. Methods centre personnel train
local investigators and research staff on the protocol,
ensure optimal conduct and validate all data at least
thrice.

Central statistical monitoring will occur twice annually
at McMaster University. Site-specific data monitoring and
auditing will follow national guidance.

On trial completion, original research records will be
retained at participating sites in accordance with relevant
regulations. Study drug will be destroyed per jurisdic-
tional regulations. The database will be maintained for
at least 15 years.

Statistical analysis

The main analyses will be conducted by analysing patients
in the group to which they were allocated regardless of
protocol adherence, per the intention-to-treat principle.
We will compare the time to the primary and secondary
binary outcomes using Cox proportional hazards regres-
sion with threshold p values of 0.05. Randomisation is
stratified for centre and prehospital acid suppression.
Because APACHE II score is strongly associated with
mortality, to maximise statistical efficiency, we will also
adjust for baseline APACHE II score for the mortality
outcome. For binary outcomes, we will report HRs with
95% ClIs as well as the absolute risk increase or decrease
and 95% CIs. For continuous outcomes, we will use
linear regression on the original scale or on the log-scale.

Subgroup analyses will be conducted for the primary effi-
cacy outcome and primary safety outcome in five a priori
subgroup pairs: (1) prehospital acid suppression (PPIs or
H2RAs) versus none, (2) illness severity per APACHE II
score of>25 or <25, (3) medical versus surgical/trauma
ICU admitting diagnosis, (4) SARS-CoV-2 positive versus
negative status, and (5) female versus male.

Peer-review funding

Global enrolment in REVISE is supported by serial hybrid
peerreview funding including three grants from the
Canadian Institutes of Health Research, one of which is
the Accelerating Clinical Trials Fund, and the Hamilton
Academy of Health Sciences Organization. The National
Health and Medical Research Council of Australia grant
funds enrolment in Australia. REVISE was approved by
the National Institute for Health Research in the UK
supported by the Clinical Research Network. The funders
have no role in the conception, design, conduct, over-
sight, analysis, interpretation, write-up, or approval of the
manuscript, or decision to submit for publication.

ETHICS AND DISSEMINATION

Data monitoring committee

The independent REVISE Data Monitoring Committee
(DMC) requested review of 90-day mortality results after
1200 patients were recruited (25% enrolment), recom-
mending trial continuation. The formal interim analysis
was conducted after 2400 patients (50% enrolment) had
90-day mortality ascertainment. To maintain the overall
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type-I error rate for the interim analysis, a Haybittle-Peto
stopping rule with a critical value of 3 SD and fixed conser-
vative 0=0.001 was used.* *® After examining recruitment,
consent, coenrolment, protocol adherence and all trial
outcomes, the DMC advised the Steering Committee to
continue enrolment.

Ethics

Relevant Research Ethics Boards (REBs) and/or Human
Research Ethics Committees of each participating
hospital and/or region approved REVISE. These include:
Australia: Northern Sydney Local Health District Human
Research Ethics Committee and Mater Misericordiae Ltd
Human Research Ethics Committee; Brazil: Comissao
Nacional de Etica em Pesquisa; Canada: Hamilton Inte-
grated Research Ethics Board; Kuwait: Ministry of Health
Standing Committee for Coordination of Health and
Medical Research; Pakistan: Maroof Institutional Review
Board; Saudi Arabia: Ministry of National Guard Health
Affairs Institutional Review Board: United Kingdom:
Hampshire B Research Ethics Committee; United States:
Institutional Review Board of the Nebraska Medical
Center.

Protocol implementation and database training accords
with the International Council for Harmonisation Guide-
lines for Good Clinical Practice and other locally appli-
cable regulations.

Adverse events

Key adverse events and serious adverse events (SALEs)
relevant to REVISE are already predefined primary or
secondary trial outcomes. Beyond these events, ICU
patients can develop many other complications due to
critical illness or its treatment, which may be life threat-
ening or fatal. However, they do not constitute adverse
events or SAEs unless considered by the treating clini-
cians to possibly relate to the study drug. REVISE follows
guidance for rational reporting of SAEs in investigator-
initiated ICU trials of drugs in common use.*” The trial
report will document all deaths and report only SAEs
meeting the foregoing five published recommendations,
regardless of local reporting requirements.

COVID-19 pandemic

After the pandemic was declared, REVISE paused for
variable periods of time at each centre. We proposed
ethical principles for concurrent conduct of research that
is and is not pandemic-focused, whenever safe, feasible
and locally approved.” Relevant to patients with* and
without COVID-19, enrolment restarted as soon as
possible without protocol modification, ensuring local
research capacity, protocol fidelity and infection control.

Data deposition and curation

The dataset will be used for secondary observational
studies addressing additional hypothesis-driven ques-
tions (eg, predictors of GI bleeding). Access for REVISE
investigators will follow a submitted rationale, analysis
plan and management committee approval. Requests

for access to the dataset by external investigators will be
considered following a submitted rationale, analysis plan
and approval by the management committee and REBs,
as relevant. Requirements will be stipulated in a prespec-
ified data sharing agreement. Only deidentified data
will be provided and will be transferred via a secure web
portal.

Knowledge translation

REVISE will provide low risk-of-bias estimates that more
than double trial evidence on the impact of pantopra-
zole on outcomes, increasing the strength of inferences
regarding clinically important GI bleeding, mortality,
VAP and C. difficile infection. REVISE will not provide
direct evidence about pantoprazole’s effect on patients
requiring non-invasive ventilation or no ventilatory
support. Given contemporary critical care practice, we
anticipate that a small proportion of enrolled patients will
receive no enteral nutrition, such that inferences about
this population may be limited.

We will publish the main results within 1 year of the
last patient follow-up, presenting concurrently at an
international congress. We will host videoconferences
and regional rounds, and disseminate abstracts and slide-
decks to local quality councils, provincial and state organ-
isations, national policy makers and professional groups.
Interested websites will feature multilingual REVISE
results. Findings will be communicated through conven-
tional academic channels (eg, abstracts, posters, peer-
review manuscripts) and at professional fora (eg, grand
rounds, teaching sessions, in-services, quality improve-
ment councils). We will update our meta-analysis, and
results will be incorporated into guidance documents
such as BM] Rapid Recommendations and Surviving
Sepsis Guidelines.

Status

REVISE study was launched in response to multipro-
fessional stakeholder interests, serving public, profes-
sional and policy needs. As of 1 May 2023, 4124 patients
have been recruited in 63 centres. Led by two seasoned
research consortia, supported by the Canadian Commu-
nity ICU Research Network,” and energised by interna-
tional collaborators, prevailing uncertainty about acid
suppression has fuelled recruitment. By October 2023,
4800 patients are anticipated, with 90-day follow-up ascer-
tained by January 2024.

REVISE readdresses the benefits, harms or disutility
of acid suppression in invasively mechanically ventilated
patients the ICU, aligned with the Declaration of Helsinki
stating that ‘even the best-proven interventions’ must be
continually re-evaluated through research for their safety,
effectiveness, efficiency, accessibility and quality.”’
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