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ARTICLE INFO ABSTRACT
Keywords: Background: Ascertainment of the severity of the primary outcome of upper gastrointestinal (GI) bleeding is
Adjudication integral to stress ulcer prophylaxis trials. This protocol outlines the adjudication process for GI bleeding events in

Clinical trials
Gastrointestinal bleeding
Critical care

an international trial comparing pantoprazole to placebo in critically ill patients (REVISE: Re-Evaluating the
Inhibition of Stress Erosions). The primary objective of the adjudication process is to assess episodes submitted
by participating sites to determine which fulfil the definition of the primary efficacy outcome of clinically
important upper GI bleeding. Secondary objectives are to categorize the bleeding severity if deemed not clinically
important, and adjudicate the bleeding site, timing, investigations, and treatments.

Methods: Research coordinators follow patients daily for any suspected clinically important upper GI bleeding,
and submit case report forms, doctors’ and nurses’ notes, laboratory, imaging, and procedural reports to the
methods center. An international central adjudication committee reflecting diverse specialty backgrounds con-
ducted an initial calibration exercise to delineate the scope of the adjudication process, review components of the
definition, and agree on how each criterion will be considered fulfilled. Henceforth, bleeding events will be
stratified by study drug, and randomly assigned to adjudicator pairs (blinded to treatment allocation, and study
center).

Results: Crude agreement, chance-corrected agreement, or chance-independent agreement if data have a skewed
distribution will be calculated.

Conclusions: Focusing on consistency and accuracy, central independent blinded duplicate adjudication of sus-
pected clinically important upper GI bleeding events will determine which events fulfil the definition of the
primary efficacy outcome for this stress ulcer prophylaxis trial.

Registration: NCT03374800 (REVISE: Re-Evaluating the Inhibition of Stress Erosions)
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1. Introduction

Central adjudication can play a key role in many large clinical trials
to help ensure a consistent, independent, accurate assessment of several
aspects of trial conduct. For example, adjudication may be used to
evaluate participant eligibility, assess protocol adherence, examine
serious adverse events, or ascertain outcomes.

Outcomes for randomized trials such as mortality are objective and
less prone to random and systematic error than morbidity outcomes. For
many non-fatal trial endpoints, a central blinded adjudication process
can help to establish systematic application of the outcome definition
used in a trial. This is particularly important in open-label trials to
protect against differential misclassification, as preferred by regulatory
authorities such as the European Medicine Agency [1,2] and the United
States Food and Drug Administration (FDA) [3]. Beyond standardized
definitions [4], independent uniform identification and structured re-
view of major outcomes through central event adjudication is used to
enhance the validity of outcome measures in some randomized trials,
particularly bleeding and myocardial infarction in cardiovascular trials
[5].

In critical care trials of stress ulcer prophylaxis, clear documentation
of an upper gastrointestinal (GI) bleeding event is challenging because,
even in the context of a specific definition, the interpretation of bleeding
severity within and across centers may vary. Further, thresholds for
interventions may differ in response to a clinical event, such that it may
be difficult to fulfill an outcome definition consistently which incorpo-
rate diagnostic tests and treatments across international jurisdictions.
Using the definition of clinically important upper GI bleeding as a trial
endpoint may benefit from methodology to ensure that outcomes are
captured and labelled as intended [Table 1]. This protocol describes the
methods of the central adjudication process for upper GI bleeding events
in the REVISE Trial (Re-Evaluating the Inhibition of Stress Erosions).
REVISE is an international randomized, stratified, concealed, blinded,
parallel group trial comparing pantoprazole versus placebo in invasively
ventilated critically ill adults [6].

The overall goal of central adjudication of bleeding events is to
minimize random and systematic error that may affect the primary ef-
ficacy outcome of clinically important upper GI bleeding. The primary
objective of the adjudication process is to assess all episodes identified
by site investigators as a suspected upper GI bleeding event and to
determine which events fulfil the trial definition of the primary efficacy
outcome of clinically important upper GI bleeding. The secondary ob-
jectives are to categorize the severity of the GI bleed if deemed not
clinically important and adjudicate the bleeding site, timing, in-
vestigations and treatments.

Table 1
Definition of clinically important upper gastrointestinal bleeding.
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2. Methods
2.1. Source data

Local research coordinators in each participating REVISE center
prospectively follow enrolled patients and complete a GI Bleeding
Outcome case report form for each suspected upper GI bleeding event
[7]. Research coordinators collect and de-identify doctors’ and nurses’
notes, as well as reports of relevant tests and treatments from patients’
medical chart (whether an electronic medical record, paper-based, or
hybrid medical record). Local site investigators at each participating
hospital review and affirm the foregoing data with the research coor-
dinator and approve submission of the GI bleeding outcome case report
form. This information is submitted to the REVISE methods center where
it undergoes validation in 3 levels, assessing missing data, internal
consistency across items, and generating queries to the participating
center as needed, followed by an overall review of the patient trajectory,
and chart closure when all data are complete and confirmed.

2.2. Adjudication packages

For each patient, the methods center will prepare adjudication
packages that will be held centrally on a cloud-based server and accessed
by adjudicators using password-protected authentication. Adjudicators
will not access the entire trial database — just the patients they are
adjudicating. Packages will include the following de-identified source
data:

a) The GI bleeding outcome case report form (including the center’s
documentation of the presentation, severity, and start date of the bleed,
as well as tests and treatments received); b) Doctors’ and nurses’ notes
for the days of the bleeding event; c) Reports of relevant diagnostic tests
(e.g., laboratory data, diagnostic endoscopy, imaging); d) Reports of
relevant treatments (e.g., transfusions, therapeutic endoscopy, emboli-
zation, surgery); €) All other case reports forms except for those related
to allocation, dose dispensing, and other outcomes (e.g., screening,
baseline, daily data, final status); and f) The GI bleeding adjudication
form (formatted with closed response options for binary and categorical
data, and open response options for notes).

2.3. Adjudication process

All central adjudication will be performed blinded to a) study drug,
b) participating center, and c¢) assessments of other adjudicators. The
main role of the adjudicator is to judge the bleeding episodes and
determine whether each event fulfills the definition of clinically
important upper GI bleeding, which is the primary outcome of the trial.
Completion of other aspects of the adjudication form will assist the
adjudicator in making this assessment and serves to address the

The presence of overt GI bleeding, defined as one of the following:

o Hematemesis

e Overt oro/nasogastric bleeding (frank blood or coffee-ground oro/nasogastric aspirate)
e Melena

e Hematochezia

Plus one of the following in the absence of other causes:

o hemodynamic change defined as a spontaneous decrease in mean arterial pressure or non-invasive systolic or diastolic blood pressure of >20 mmHg, or an orthostatic increase in
pulse rate of >20 beats/minute and a decrease in systolic blood pressure of >10 mmHg, with or without vasopressor initiation or increase

vasopressor initiation

hemoglobin decrease of >2 g/dl (20 g/L) within 24 h of bleeding

transfusion of >2 units packed red blood cells within 24 h of bleeding

therapeutic intervention (e.g., therapeutic endoscopy, angioembolization, surgery)

Legend for Table 1: In this table we define the primary efficacy outcome for the REVISE Trial, which is adjudicated as clinically important upper gastrointestinal
bleeding occurring in the ICU or resulting in ICU readmission during the index hospital stay, up to 90-days post-randomization. Criteria comprising the definition are

shown here.
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secondary objectives.

If during the adjudication process, additional questions arise about
data submitted from a participating center, the methods center will
contact the relevant research coordinator and site investigator to clarify
information. If necessary to help ensure uniform application of the GI
bleeding definition based on accurate locally submitted information,
this liaison with participating centers will serve as an additional step in
source data verification.

2.4. Adjudication committee

The GI bleeding adjudication committee is comprised of intensivists
with diverse backgrounds in internal medicine, gastroenterology,
nephrology, surgery, trauma and anesthesiology, representing partici-
pating centers in Canada, Australia, Saudi Arabia, Kuwait and the United
Kingdom, all of whom have specialty training in critical care. Committee
members will independently assess each event using a GI bleeding
adjudication form in English, pre-tested by two investigators prior to the
calibration exercise.

Material in the adjudication packages will be translated from French
or Portuguese into English as necessary. For any bleeding events in
Brazil, the medical and nursing notes and relevant hospital reports will
be translated from Portuguese into English by the lead Trial Coordinator
at the Brazilian methods center who is fluently bilingual; these notes will
then be checked by the lead physician investigator. Medical charting in
Canada is completed in French in some centers in the province of
Quebec; for these patients, the medical and nursing notes and relevant
hospital reports will be translated from French into English by the lead
physician investigator at the Quebec methods center who is fluently
bilingual. If there are any particularly challenging passages that either of
the pair of adjudicators questions, a second translation will be reques-
ted, and this will be noted in our audit trail.

2.5. Calibration exercise

A calibration exercise preceded the adjudication process [8]. The
objectives of the calibration exercise were to delineate the scope of
the adjudication process, review components of the definition of clini-
cally important upper GI bleeding and agree on how each criterion will
be adjudicated as fulfilled.

2.6. Calibration preparation

Email and telephone discussions were held by investigators prior to 3
calibration meetings to refine an initial adjudication case report form
that adjudicators would complete for all suspected GI bleeding episodes
and to develop of a standard operating procedure.

The first meeting involved committee review of 10 suspected GI
bleeding events reported by sites to the methods center. Following their
review of the adjudication package and their independent completion of
the initial adjudication case report form, 10 committee members met by
videoconference. Primed by their independent adjudication of these 10
bleeding events, committee members identified areas of concordance
and discordance. Each committee member discussed their rationale for
judging bleeding severity, and how they interpreted clinical information
in the packages, such as physiologic changes comprising the definition
which are judged to be ‘in the absence of other causes’.

Decisions about the adjudication process were: a) If a center reported
overt bleeding (hematemesis, bloody nasogastric aspirate, hema-
tochezia or melena), but no other clinically important upper GI bleeding
criteria were fulfilled, the committee will adjudicate the event as a
minor GI bleeding; b) The committee will not adjudicate whether the
bleeding event could have been prevented by acid suppression.

Decisions about the GI bleeding adjudication form were: a) One question
was deleted (i.e., ‘did this start as a minor bleed?’); b) The methods
center will henceforth pre-populate with the patient ID, initials, the
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bleeding start date and study day and end data (if known), and adju-
dicator identification number; ¢) The form will be created as a fillable
PDF.

No data were analyzed for agreement statistics at this stage.

The second meeting followed review of a second set of 10 suspected
GI bleeding events. The committee met by videoconference. to discuss
each suspected event in detail while initially blinded to each other’s
assessment. After ratifying the criteria comprising the definition, the
committee focus was on whether each event fulfilled the definition of
clinically important upper GI bleeding. Discussion ensued to identify
areas of disagreement and further calibrate among committee members.

Decisions about the adjudication process were: a) If a patient has more
than one bleeding event, each will be adjudicated individually in that
patient’s package (acknowledging that the events may be adjudicated as
non-independent distinct bleeding events, or as one intermittent
bleeding event); b) Although rare, a patient could be adjudicated to have
both upper and lower GI bleeding events on the same study day.

Decisions about the GI bleeding adjudication form were: a) Variables
were reordered to more clearly distinguish the primary efficacy outcome
of clinically important GI bleeding from other degrees of severity, and
other sites of GI bleeding; b) A phrase indicating that a minor bleed
could be associated with transfusion was deleted to retain distinction
between minor bleeding and the definition of clinically important upper
GI bleeding that may be fulfilled by transfusion of 2 units of packed red
blood cells.

Crude agreement was 80% on the primary trial outcome at this stage.

The third meeting followed committee re-adjudication of the first
set of 10 GI bleeding events which had originally been adjudicated to
prime discussion for the first meeting, but which had not been reviewed
in detail. Considering discussion and decisions to this point, members
had the opportunity to modify their adjudication forms prior to the
meeting. Adjudicators met by videoconference to discuss each patient in
turn.

Decisions about the adjudication process were: a) The presence of only
occult, microscopic or guaiac positive test results of either gastric se-
cretions or stool will be insufficient alone to constitute minor GI
bleeding; b) No further changes were made about the adjudication
process for the primary trial outcome.

Decisions about the bleeding adjudication form: None. The final adju-
dication case report form is shown in Fig. 1.

Crude agreement was 100% on the primary trial outcome at this
stage.

2.7. Main adjudication process: random allocation of events

After the calibration exercise among adjudication committee mem-
bers and consensus on the first 20 cases, duplicate event adjudication
will ensue. Each suspected GI bleeding event will be reviewed by 2
adjudicators (one adjudicator who will review all patients, and one
adjudicator who is randomly assigned from the committee). A database
manager not involved in REVISE will randomize bleeding events strat-
ified by study drug (pantoprazole versus placebo).

2.8. Adjudicator agreement

In the case of disagreement, the 2 adjudicators will meet by video-
conference to discuss. If agreement ensues, the final consensus classifi-
cation holds. If upon discussion, the 2 adjudicators remain in
disagreement, a third adjudicator who also participated in the calibra-
tion exercise will independently review the event blinded to the prior
adjudication results. The third adjudicator’s assessment will hold. If the
event that the third adjudicator does not agree with either of the prior 2
adjudicators, the final assessment will be made by the third adjudicator
following discussion amongst the 3 adjudicators. This process is depic-
ted in Fig. 2.
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NN AN ANE IR Il Al ) S L]
REVISE RCT170 Plate #170
. _ F L (dd/mmlyyyy)
i 1] e L1 sudyoey LT J[2[0] 1]
GASTRO-INTESTINAL BLEEDING EVENT - CONSENSUS (Form 21)
1. Bleed Started: Bleed Stopped:

Date (dd/mm/yyyy) Date (dd/mml/yyyy)

| | || | ||2I0| | l|:|unknown TO | | || | ||2|()] | ||:|unknown

|:| No D Yes, please specify:
|:| Coffee ground NG aspirate |:| Melena |:| Other, specify:
|:| Frank NG blood |:| Hematochezia (bright red blood per rectum)

2. Was the bleeding clinical presentation overt?

[[] Hematemesis

3. Details, tests, treatments and site of the bleed (check ALL that apply)
RBC

Total transfusion (total # units infused today):

O
O

O

Drugs: [_]PPI [] H,RA [[] Octreotide

Upper Gl diagnostic |:| Gastric ulcer

|:| Tranexamic acid

platelets  cryoprecipitate

FP
HEEpEEREEREEE

|:| Vitamin K |:| Other, specify:

|:| Gastritis

|:| Gastric varices

endoscopy findings: — [_] Duodenal ulcer ~[_] Duodenitis [[] Duodenal varices
Normal [] Esophageal ulcer [ ] Esophagitis [] Esophageal varices
endoscopy I:' endoscopy
[] other, specify:
Upper Lower Upper Lower Upper Lower

OO0 Trempeue ——> ) [mecton [ [Jeenang [ [ fgongesre [ P
; Thermal
1 [cips ] coagulation  [_] [_] Hemospray/Glue
|:| Sigmoidoscopy |:| Colonoscopy |:| CT Angiogram |:| CT Angiogram with embolization/coiling
|:| Surgery specify (procedure + result):
Lower Gl " .
D diagnostic source: o : D |:| other, specify source:
jejunum ileum colon rectum
No Normal
endoscopy endoscopy
Findings:

|:| Other consequences (e.g., death), specify:

[] source unclear

4. Bleeding severity (check ALL that apply):
[] cilinically important Upper Gl Bleeding, defined per

Overt bleeding and one of |:| ¢
the following within 24 hours >
in the absence of other causes

] Requmn an invasive
therapedutic intervention,
specify:

]

Therapeutic ~ CT-angio-

in SBP or DBP or
MAP > 20mmHg

| 4 in Hgb >20 g/L

protocol, overt bleeding and one or more of the following:

Orthostatic ¥ SBP > 10mmHg
[ [ and 4 HR > 20bpm

[CJPrRBC > 2units [] Other, specify:

Ol

Surgery  Other (e.g., ICU readmission, re-intubation):

Vasopressor
initiation

endoscopy embolization

[[] Minor upper Gl bleeding
[T Minor lower GI bleeding
[C] major lower Gl bleeding
[] Not Gl bleeding
COMMENTS:

29 February 2024

Fig. 1. Gastrointestinal bleeding adjudication central adjudication process.

3. Analysis

For the results section of the main manuscript of the REVISE trial,
events adjudicated as clinically important upper GI bleeding episodes
will be reported. The main manuscript will report the hazard ratio and
95% confidence interval for the primary efficacy outcome of clinically
important upper GI bleeding comparing patients receiving pantoprazole

versus placebo as adjudicated. For suspected clinically important upper
GI bleeding, we will report the overall adjudicator concordance by crude
agreement and by chance-corrected agreement using kappa [9] or
chance-independent agreement using phi [10] if data have a skewed
distribution, based on 2 adjudicators per event.

In the planned subsequent publication, we will assess whether the
adjudication influenced the trial outcome, we will report the same
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Gastrointestinal Bleeding

Central Adjudication Process

1T — 2z — & — @
ADJUDICATION CALIBRATION RANDOM
PROCESS EXERCISE ALLOCATION

Will be performed
blinded to
a) study drug
b) center and
¢) other adjudicator’s
assessments to
judge the bleeding
episodes and
determine whether
each event fulfills the
definition of clinically
important upper Gl
bleeding

Was performed to
delineate
a) the scope of the
adjudication process,
b) review components
of the definition of
clinically important
upper Gl
bleeding and
c) agree on how each
criterion will be
adjudicated as fulfilled

Will review each
suspected bleeding
event using 2
adjudicators:

(1 will review all
patients;

1 will be a second
committee member
who will receive
randomly allocated
events, stratified by
study drug)

Fig. 2. Gastrointestinal bleeding event adjudication consensus form.

metric using events as reported by participating sites and discuss simi-
larities or differences in conclusions drawn from using adjudicated
events versus using unadjudicated events. We will not perform a sta-
tistical test comparing these metrics, as the bleeding events will be non-
independent, occurring in the same patients. All analyses will be per-
formed using SAS version 9.4.

4. Results

For this stress ulcer prophylaxis trial, upper GI bleeding severity will
be established by physiologic parameters, laboratory values, diagnostic
investigations and therapeutic interventions according to the pre-
specified definition of clinically important upper GI bleeding.
Following the calibration exercise, to help ensure consistent interpre-
tation of the definition and minimize confounding, we will centrally
adjudicate all suspected clinically important upper GI bleeding events
submitted to the Methods Center. These will be stratified by treatment
allocation and randomly assigned to pairs of adjudicators blinded to
treatment allocation. If needed, upon review of the first 10 cases by each
pair, re-calibration will occur.

5. Discussion

Few morbidity endpoints are completely invulnerable to random and
systematic error; misclassification of even a small number of events may
bias trial results, especially when outcomes are uncommon. For
morbidity endpoints whose definitions have components that may
benefit from more uniform interpretation across centers, trialists face
several decisions about adjudication methods [11]. These include the
need to address the size and composition of the committee, training
requirements, whether to use adjudication teams, what outcomes will be
adjudicated, how cases will be allocated to adjudicators, to what extent
the review will be blinded and independent, how the magnitude of
agreement will be reported, how consensus will be achieved, whether
feedback will be given throughout the process, and whether study re-
sults vary with and without adjudication.

Outcome misclassification can lead to erroneous estimates of treat-
ment effect; therefore, strategies to reduce misclassification are integral

to clinical trials. However, few studies have been published about
whether, when, which and how trial outcomes can be enhanced by
central adjudication [12]. A systematic review of different approaches to
adjudication showed that they can impact on trial results, depending on
local misclassification rates [13], and outcomes in unblinded trials may
be particularly vulnerable. For outcomes that do not require much
experience or specific training, site determination and central adjudi-
cation may generate comparable results. While adjudication has not
been definitively shown to improve the ability to determine treatment
effects, if rigorously conducted, it can increase confidence in trial re-
sults, particularly those based on physiologic changes, which may
prompt tests and treatments that are incorporated into definitions.
Adjudication strategies are not always reported in trials using such
methods, as research is sparse on this topic, and yet is particularly
relevant for an outcome with an anticipated low event rate. This study
will generate evidence to inform methodologic approaches about adju-
dication in diverse fields outside of critical care.

Strengths of this protocol include a priori reporting of methods to
centrally adjudicate the primary efficacy outcome for an international
stress ulcer prophylaxis trial. Data contributing to the primary outcome
are readily collected by participating sites, validated at the methods
center, monitored or audited by the methods center, and adjudicated.
Rather than engaging a large number of site assessors, we used a small
number of central adjudicators representative of the diversity of the
recruiting centers, thus helping to generate, discuss and refine the pro-
cess of adjudication [13,14]. Our methods accord with recommenda-
tions regarding speciality-qualified, task-trained assessors, and
adjudication of all suspected events as submitted by participating cen-
ters [5], consistent with a low false-negative rate for this uncommon
outcome. The adjudication methodology will include stratified
randomization of charts to adjudicators, as well as adjudicator blinding
to center, study drug and each other’s assessments [15], using an effi-
cient web-based system. Each suspected episode will be adjudicated to
ascertain whether a bleed fulfils the definition of clinically important
upper GI bleeding, and provide another layer of source verification, if
needed. This process will also address the secondary objectives of
severity (if not clinically important), site (if known), presentation,
timing and consequences (tests, treatments and vital status). The
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analysis will include crude, chance-corrected, and potentially
chance-independent agreement metrics. We will examine the effect of
adjudication on the trial primary outcome and report the findings.

Limitations of this approach include the reality that GI bleeding
severity can be viewed on a continuum, whereas this trial endpoint is
designed as binary. While clinically important upper GI bleeding re-
quires judgement when interpreting alignment with the definition, the
propensity to fulfil the definition may vary across centers, depending on
individual clinician comfort, local practice patterns, transfusion policies
and procedural accessibility. However, across sites, patient-specific
factors and laboratory values at the time of a bleed may also influence
whether a definition is fulfilled. For example, a patient with septic shock
who has upper GI bleeding may be more likely to receive vasopressors
than a patient without shock. A hemoglobin decrease from 75 g/dl to 55
g/dl would be more likely to prompt transfusion than a hemoglobin
decrease from 110 g/dl to 90 g/dl, all else being equal. However, such
clinical situations would likely be similarly distributed in the 2 arms of a
large randomized blinded trial.

As identified by literature reviews, between-study differences in def-
initions for the same nominal endpoint of clinically important upper GI
bleeding may affect pooled estimates of bleeding rates, the strength of
bleeding risk factors, and effect sizes for prevention strategies. The
perspective for this protocol is reproducibility within-study, to apply the
definition of clinically important upper GI bleeding as consistently as
possible in this trial, as reliance on clinical databases is insufficient for
this purpose. Leveraging electronic medical records or artificial intelli-
gence to mine or model morbidity endpoints is an alternative approach
used in registry-based randomized trials when precise ascertainment is
less relevant or considered sufficiently reliable [5].

In summary, to accurately capture the number and affirm the
severity of bleeding episodes in REVISE, every potentially clinically
important upper GI bleeding event reported by a participating center
will be independently adjudicated in duplicate by a calibrated central
adjudication committee. Given that there is inherent uncertainty in the
adjudication process even with standardized criteria, we convened an
international group of experienced critical care practitioners and in-
vestigators for this process and conducted a calibration and task-specific
training exercise. This approach will strengthen the inferences about the
treatment effect of pantoprazole versus placebo among invasively
ventilated patients by helping to uniformly apply the criteria for the
primary efficacy outcome across centers, among adjudicators, between
adjudicator pairs, across centers, and over the duration of the trial.
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