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ABSTRACT

Background: Core outcome measurement sets (COMS) enhance the consistency and comparability of outcome reporting in
clinical research. However, their effectiveness depends on the selection of valid, reliable, and feasible measurement instruments.
Core outcome sets (COS) and COMS have been developed for specific intensive care unit (ICU) patient subgroups. The aim of this
study is to establish a standardised approach to outcome measurement and operationalisation for adults acutely admitted to the
ICU who are participating in clinical trials and other clinical research.

Methods: This protocol describes the development of a COMS for adults acutely admitted to the ICU, the CoreMS-ICU, con-
sisting of six core outcomes: survival, free of life support, free of delirium, out of hospital, health-related quality of life, and cog-
nitive function. We will follow the Consensus-based Standards for the Selection of Health Measurement Instruments guideline
and report according to the Core Outcome Set—STAndardised Protocol Items guideline. The development of the CoreMS-ICU
will follow five predefined steps: (1) conceptual considerations for the six core outcomes; (2) systematic searches for outcome
measurement instruments, including consideration of existing COMS; (3) quality assessment of relevant outcome measurement
instruments; (4) consensus-based selection of outcome measurement instruments; and (5) recommendations and guidance on
how to operationalise and report the measurement of the six core outcomes. We will involve research panels consisting of key
stakeholders: patients, family members, healthcare professionals, and researchers in steps 1 and 4.

Conclusions: We aim to develop a COMS for adults acutely admitted to ICU patients to facilitate the consistent use of outcomes
in trials and enhance the translation of research findings into clinical practice.

For affiliations refer to page 7.
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1 | Introduction

Variation in outcome selection, definitions, and the associated mea-
surement parameters and measurement instruments across clin-
ical research of intensive care unit patients hinders comparisons
and synthesis of evidence [1-4]. A more standardised approach to
outcome selection, measurement, and reporting is needed.

Core outcome sets (COS) are minimum sets of outcomes to be re-
ported in a particular clinical field [5]. Generation of COS focus-
ing on patient-important outcomes should include participation
of patients and other relevant stakeholders in the development
[6]. Involving these stakeholders in both a COS and its corre-
sponding core outcome measurement set (COMS) helps ensure
that outcomes and measurements are meaningful and relevant.

Identifying COMS also improves the feasibility and consistency
across studies [7-10]. A COMS is defined as a standardised min-
imum set of outcomes and their corresponding measurement
instruments for specific populations and interventions [11]. The
consistent use of COMS instruments is essential for improving
the quality, relevance, and comparability of evidence that in-
forms clinical practice [2, 3].

COMS have been developed for subsets of the intensive care unit
(ICU) population, such as acute respiratory failure survivor-
ship [12], delirium [13], extracorporeal membrane oxygenation
(ECMO) [14], mechanical ventilation [15], and COVID-19 [16],
but not for adults acutely admitted to the ICU who do not fall
within these specific subgroups.

We previously developed a COS for the adult ICU population refer-
ring to adults acutely admitted to the ICU. This process involved
extensive international collaboration across 14 countries and in-
cluded patients and family members with lived ICU experience,
clinicians representing professions involved in ICU care, and
researchers. The group reached consensus on six core outcomes,
the ‘Core-6" survival, free of life support, free of delirium, out of
hospital, health-related quality of life, and cognitive function [17].

The next step in this methodological process is to reach con-
sensus among stakeholders on how and when these outcomes
should be measured. This requires the development of a COMS
with continued stakeholder involvement. This protocol outlines
the process for identifying, evaluating, implementing, and rec-
ommending outcome measurement instruments and parame-
ters for each of the six core outcomes identified as important for
research in adults acutely admitted to the ICU.

2 | Methods

We will develop CoreMS-ICU, a COMS for the existing COS,
Core-6, for adults acutely admitted to the ICU: survival, free of
life support, free of delirium, out of hospital, health-related qual-
ity of life, and cognitive function. We will follow the COnsensus-
based Standards for the selection of health Measurement
INstruments (COSMIN) guideline [18], and the recommenda-
tions outlined by the Core Outcome Measures in Effectiveness
Trials (COMET) Initiative's Handbook 1.0 on selecting outcome
measurement instruments (OMIs) [5].

We will report this protocol in accordance with the Core
Outcome Set—STAndardised Protocol Items (COS-STAP)
guideline [19], and a modified version of the COSMIN guideline
(checklist in the supplementary file) [20]. This protocol has been
registered in the COMET database (https://www.comet-initi
ative.org/Studies/Details/3668).

2.1 | Scope

This COMS is intended for use with clinical research for adults
acutely admitted to the ICU. The COMS for the Core-6—
CoreMS-ICU—is primarily intended to be used in randomised
clinical trials but will also be suitable for other ICU clinical re-
search when the Core-6 is relevant.

2.2 | Stakeholders

We will recruit key stakeholders, including patients and family
members with lived ICU experience, health care profession-
als (HCP) (e.g., nurses, doctors, physiotherapists, occupational
therapists, and psychologists), and researchers with ICU expe-
rience, organised into research panels established in participat-
ing countries. All countries represented in the development of
Core-6 (listed in the Supporting Information) will be invited to
participate in the COMS process outlined in a modified involve-
ment matrix (Table S1) [17]. We will provide a detailed account
of key stakeholder participation in research panels, including
the number of participants from each stakeholder group, their
country of representation, and which steps of the process they
contributed to.

We plan for the research panels to be involved in Steps 1 and 4 as
illustrated in Figure 1, with stakeholder roles and contributions
described in detail in the involvement matrix (Table S1 in the
Supporting Information). The research panels' perspectives are
especially important to reflect on the feasibility and how best to
operationalise and measure the two patient-reported outcomes:
health-related quality of life and cognitive function as this af-
fects them directly. The other core outcomes are likely to be ob-
tained from medical records.

We have established an expert panel including COS and COMS
experts, trialists, methodologists, and if needed in the process
we will invite psychometric/clinometric specialists and maybe
other stakeholders with other relevant expertise for the process.
The expert panel is a part of the Steering Committee but is con-
sulted before entering a new Step in the process.

All areas of expertise represented within the Steering Committee
will contribute to an additional Step 5. This step extends the
four-step COSMIN guideline by providing methodological guid-
ance on the analysis of the Core-6 in future studies, thereby pro-
moting consistent handling of outcomes.

2.3 | Overview and Structural Framework

We will develop the CoreMS-ICU by following the COSMIN
steps illustrated in Figure 1:
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https://www.comet-initiative.org/Studies/Details/3668
https://www.comet-initiative.org/Studies/Details/3668

Step 1 1

Conceptual considerations
v

Define construct to be measured

Steering committee meeting

+ -_|" Evaluation of step 1
Define target population : and defining clriteria for step 2
v

Step 2
Identification of existing instruments
\
Is quality of existing reviews good Steering committee meeting
enough? > Evaluation of step 2
If not, update search or perform new. and defining criteria for step 3
J
v
Step 3
Evaluate the quality of the instruments
v

Evaluate the methodological quality of
the studies on measurement properties
by using a revised COSMIN checklist

v

Evaluate the quality of the
measurement properties by applying
quality criteria

v

Stakeholder Involvement

Evaluate the quality of the instrument

v Steering committee meeting ‘

Evaluate the feasibility of the Evaluation of step 3 \
i and defining criteria for step 4 |

|

v
Step 4
Select instruments for each outcome

v
Step 5 ]
Outline a recommended analysis plan ‘

v

Involvement of patients, family members, clinicians, and researchers in the consultation process

Writing and publishing CoreMS-6

J

FIGURE1 | Conceptual Framework for the development of COMS-ICU. OMI = Outcome Measurement Instrument, COSMIN = COnsensus-based
Standards for the selection of health Measurement Instruments. Step 1. Identifying conceptual considerations for the CORE-6. The research panels
will provide feedback on the definitions, aiming for consensus on the final versions before moving to Step 2. Step 2. Systematic searching for exist-
ing outcome measurement instruments (OMIs) based on the conceptual considerations and compilation of a list for review in Step 3. Step 3. Quality
assessment of the identified OMIs focused on feasibility, comprehensibility and acceptability of the instruments and outlining which OMIs should
be considered for consensus in Step 4. The certainty of evidence for the OMI will be assessed using COSMINs approach, 22 which is adapted and
based on the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. 29 If there is at least moderate certainty
of evidence for an OMI, it can be forwarded to Step 4. Outcomes will not be left without recommendations; the best available alternative will be used
to make the CORE-6 operationalisable. Step 4. To reach consensus on OMIs for the CORE-6, the research panels will contribute their perspectives
to strengthen the considerations behind the final decision and to ensure that the COMS reflects stakeholder priorities and clinical applicability. The
developed COMS-ICU will then proceed to Step 5. Step 5. In this step we will provide recommendations on methodological issues, such as how to
handle non-survivors when analysing the selected measurements. This aims to ensure consistent analysis and reporting of results.

« Step 1: Conceptual considerations of the outcomes « Step 4: Consensus-based selection of instruments for each out-

e - come (including time point for assessment of each outcome
« Step 2: Identification of existing outcome measurement ¢ g point f f )

instr : ;
instruments « Step 5: Development of recommendations for analysis. Step
« Step 3: Evaluation of the quality and psychometric proper- 5is an additional step to ensure consistent guidance on how
ties of instruments to operationalise the OMIs.
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The COSMIN steps are briefly described below. For a detailed
description, see Supporting Information.

2.3.1 | Step1: Conceptual Considerations
of the Outcomes

We will conduct a structured conceptual review for each
Core-6 outcome, informed by targeted literature searches
(Supporting Information), existing COS and COMS (Table S2 in
the Supporting Information) and expert input. We will develop
preliminary construct definitions through discussion in the re-
search panels (Table 1). The Steering Committee (Supporting
Information), comprising researchers, HCP, and a patient

TABLE 1 | Mock table for conceptual considerations and the final
definition on the core outcomes.

Conceptual

Outcome Definition considerations

Survival

Free of life support
Free of delirium
Out of hospital

Health-related
quality of life

Cognitive function

Databases and registers

[ Identification ]

representative, many of whom participated in the development
of the Core-6, will formally approve the final definitions by con-
sensus before we proceed to instrument identification.

2.3.2 | Step 2:Identification of Existing Outcome
Measurement Instruments

We will first identify existing COS and COMS (Table S2 in the
Supporting Information) and subsequently identify candidate
OMIs informed by the agreed construct definitions. We will
search for systematic reviews from the COSMIN database and
use a tiered search strategy in MEDLINE. The MEDLINE
search will be designed and conducted using the COSMIN-
recommended filters for the precise identification of studies on
measurement properties [21], and the full final search strategy
will be reported. Eligibility will be restricted to instruments
applicable to our target population, defined as instruments
that are feasible, valid, and relevant for use in adults acutely
admitted to the ICU, including considerations of clinical con-
text, patient condition, and timing of assessment. The search
results and inclusion of OMIs will be outlined in a flow dia-
gram (Figure 2).

2.3.3 | Step 3: Evaluation of the Quality
and Psychometric Property of Instruments

We will appraise identified OMIs for methodological qual-
ity, psychometric properties (Table S3 in the Supporting

Other methods

Records identified2 H#itt Removed before screening
Databases #HHH#H [ Duplicate
Registers HHHH By automation tools
Other reasons

it Records identified HitHH
HitH# Websites HitHH#
HHEH Organisations HiH
i Citation searching etc. HitH

[ Screening ]

|Screened HitHt |—>|Ex<:ludedb it |
v

Study reports sought for —-| Not retrieved it |

retrieval iz

[ Assessment ]

v

Study reports sought for

_>| Not retrieved it
retrieval HHE

A,

Assessed for eligibility ~ #### |—> Excluded because ofc  ####
Outcome HH
Population HH
OMI (type) H#iti
Measurement
property HHt
Etc. HitH

| Assessed for eligibility ~ #### |—> Excluded because of®  ####
Outcome HitH#
Population HitHH
OMI (type) Hit#
[ Inclusion ] Measurement
property Hit#
Etc. fididiaid
| Study reports included in review ####
v
OMls included in review HitH
Study reports per OM|¢
OMI 1 it
OMI 2 HitHtt
Etc.

FIGURE 2 | Flow diagram for search results. *Consider, if feasible to do so, reporting the number of records identified from each database or
register (rather than the total number across all databases/registers). ’If automation tools were used, indicate how many records were excluded by a

human and how many were excluded by automation tools. “Reasons of exclusion will be added as applicable. “Will be replaced by the outcome mea-

surement instrument (OMI) name or acronym.
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Information), and feasibility (Table 2). Further details in the
Supporting Information. Candidate outcome measurement
instruments for three of the six core outcomes in the Core-6:

TABLE 2 | Mock table for an overview of feasibility aspects to be
commented on for each outcome measurement instrument.

Feasibility aspects Comments

Clinical feasibility aspects
Possible for proxies to assess this outcome
Required equipment

Time required for instrument orientation
(e.g., certification, training)

Ease of administration (e.g., telephone,
face-to-face, paper)

Length of the outcome measurement
instrument (items)

Completion time (min)

Despite patient's physical and mental
ability level

Type of administration
Methodological feasibility aspects

Cost (copyright) of an outcome
measurement instrument

Type of outcome measurement
instrument

Interpretability
Availability in different languages

Includes cultural aspects (e.g., country
specific values)

Granularity (e.g., dichotomous or on a
scale, scoring information)

Methods outlined for competing events
as death

Included in other COMS

delirium, health-related quality of life, and cognitive function.
They will require psychometric evaluation due to variability
in how these constructs are operationalised and measured,
and to ensure their validity, reliability, and responsiveness
in the target population. If no appropriate evaluation already
exists, we will do it as part of this study. In contrast, the re-
maining outcomes: survival, free of life support, and out-of-
hospital are clinically defined and routinely captured, and are
therefore considered inherently valid and less dependent on
psychometric evaluation.

Where a prior rigorous psychometric evaluation is available
(e.g., from systematic reviews or existing COMS), as deter-
mined by the outcome committees (outlined in the Supporting
Information), this will be considered sufficient and will not be re-
peated, the justification for this decision explicitly documented.
Assessments of candidate measures will be conducted in accor-
dance with the COSMIN checklists [22]. The inclusion of OMIs
in existing COMS will be considered important indicator of
feasibility, reflecting prior implementation in similar contexts,
and will be assessed as part of the feasibility criteria (Table 2).
However, newly developed OMIs may also be considered if they
are deemed more applicable to our target population. We will
summarise the overall quality of evidence using COSMIN's
adapted approach based on the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) framework
(Table 3) [23].

2.3.4 | Step 4: Consensus-Based Selection
of Instruments for Each Outcome

Consensus on the OMIs and assessment time points will be
sought using the nominal group technique within the research
panels [24]. Feedback from this process will be reviewed by the
Steering Committee and incorporated into the refinement of
the proposed COMS, including the selection of OMIs and the
specification of assessment. Additional details regarding the
consensus process are provided in the Supporting Information.
In accordance with the COSMIN guideline, we aim to include
only OMIs supported by at least moderate-quality evidence. Any
remaining disagreements will be addressed within the COMS
Steering Committee before aiming for final consensus across
the research panels.

TABLE 3 | Mock table for evidence summary for candidate outcome measurement instruments.

Core Methodological
outcome quality of Measurement
measured OMI studies properties

Overall
quality
Quality rating of
of OMI*  Feasibility @ the OMI Recommendation

Abbreviation: OMI, outcome measurement instrument.

A3COSMINSs approach was adapted based on the Grading Recommendations Assessment, Development, and Evaluation (GRADE) approach [22, 28]: High (Consistent
findings in multiple studies of at least good quality OR one study of excellent quality AND a total sample size of >100 patients) Moderate (Conflicting findings in
multiple studies of at least good quality OR consistent findings in multiple studies of at least fair quality OR one study of good quality AND a total sample size of >50
patients), Low (Conflicting findings in multiple studies of at least fair quality OR one study of fair quality AND a total sample size of > 30 patients), Very low (Only
studies of poor quality OR a total sample size of < 30 patients), Unknown (No studies).
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2.3.5 | Step 5: Development of Recommendations
for Analysis

In collaboration with experts from the COMS Steering
Committee and engaged researchers, we will develop prag-
matic guidance and methodological recommendations for
each outcome measurement instrument (OMI) included in the
CoreMS-ICU. These will cover outcome definitions, timing of
assessment, summary effect measures, competing/intercur-
rent event handling (including handling of deceased patients)
[25], cut-off value determination (if any), statistical analysis
approaches, and missing data handling strategies, in accor-
dance with the selected outcome measurement instruments
(OMIs).

2.4 | Dissemination and Implementation

We will implement targeted dissemination strategies tailored
to healthcare professionals, researchers, administrators, and
policymakers. For each core outcome, we will present its clin-
ical relevance and recommend a measurement instrument,
accompanied by methodological guidance to support imple-
mentation and use in future research, particularly in clini-
cal trials. Dissemination and implementation are integral to
promoting consistent adoption of the CoreMS-ICU and facili-
tating the translation of research findings into intensive care
practice.

Our dissemination strategy includes peer-reviewed publications,
presentations at international conferences, workshops, webi-
nars, and tailored communication materials co-developed with
stakeholders. We will further disseminate findings through es-
tablished research networks via email, newsletters, and social
media platforms as wanted [26]. Awareness of CoreMS-ICU is
already being established through the involvement of a broad
group of collaborators and will be strengthened through these
coordinated activities. We will also evaluate how key stakehold-
ers engage with and learn about CoreMS-ICU to optimise up-
take and application in clinical research.

Research panels will be actively involved in dissemination and
implementation to ensure inclusion of diverse perspectives and
to support communication tailored to non-specialist audiences.

Research panels will be acknowledged by name, subject to their
consent, in the peer-reviewed publication reporting the CoreMS-
ICU results.

2.5 | Ethics

All participants involved in the research panels do so voluntarily
and may opt to leave the panel at their discretion without any
explanation or obligations. Although meetings will be confiden-
tial, minutes will be documented, including the composition of
the panel (patients, family members, clinicians, or researchers)
without collecting other demographic details. If the meeting
is to be recorded, research panel members must provide their
consent prior to the recording. All participating countries must
comply with national and international ethical obligations.

For the protocol no written consent has been obtained from the
patients as there is no patient-identifiable data included.

3 | Discussion

This protocol describes a rigorous and transparent approach
to developing the CoreMS-ICU, a COMS for adults acutely ad-
mitted to the ICU, including how it could be operationalised for
adult ICU patients [17]. We will establish conceptual clarity for
each core outcome and identify OMIs with acceptable psycho-
metric properties.

The described approach will promote the consistent use of stan-
dardised outcome measurement instruments across studies,
thereby improving comparability and facilitating aggregation
of results. This consistency enables more coherent interpre-
tation of findings and strengthens the cumulative value of re-
search within the field. In turn, this may increase confidence
in the certainty of evidence and enhance its clinical relevance.
Importantly, the use of aligned measurement approaches may
strengthen the validity and interpretability of both patient-
reported outcomes and patient-important outcomes that are
not directly reported by patients, such as survival and freedom
from life-support modalities. By integrating evidence on meth-
odological quality, measurement properties, and feasibility, the
resulting recommendations will support practical and consis-
tent implementation of the COMS-ICU in clinical research and
decision-making [7].

3.1 | Strengths and Limitations

As a strength, we have included experienced researchers in the
development of COMS, including methodological experts as part
of our steering committee. They will take part in the develop-
ment process, ensuring methodological rigor and reducing the
risk of overlooking important considerations. A key strength of
this study is the continued involvement of stakeholders through
international research panels at predefined stages, as well as the
inclusion of a patient perspective through a co-author (J.D.) with
lived ICU experience. This approach ensures that the selected
outcomes and measurement strategies are relevant, acceptable,
and meaningful to both end-users and patients.

The proposed study builds on the previously published Core-6
COS, which has recognised limitations. As reported, the ex-
ternal representativeness of the COS may be limited, given
that the Delphi consensus process was initially conducted in
Denmark and later included participants from 13 additional
countries [17]. However, perspectives from a lower-middle-in-
come country were included, which may enhance the broader
applicability of the findings. The extended collaboration in this
COMS may further support the inclusion of additional coun-
tries, thereby strengthening the diversity of perspectives in the
process. Despite including a diverse group of global experts to
achieve consensus, there is a possibility that the views of this
small group may not be representative of the global ICU commu-
nity. Finally, the identity of the experts will not be anonymised
during the consensus process, which may be a potential for bias
or group pressure.
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There is a risk that we will not identify any suitable OMIs for one
or more outcomes. Identifying no suitable OMI for one or more of
the Core-6 outcomes would itself constitute an important finding
as it would highlight gaps in current measurement approaches
and a need to do either more psychometric work in the ICU pop-
ulation [27], develop new instruments, or modify instruments
for the ICU population. Nevertheless, we will avoid leaving any
core outcomes without guidance; instead, we will recommend
the best available alternative to ensure that the Core-6 are opera-
tionalisable and can be used in future research. Importantly, this
approach facilitates implementation across diverse economic set-
tings, including low-, middle-, and high-income countries.

3.2 | Conclusion

We aim to develop a COMS for clinical trials focused on adults
acutely admitted to the ICU (CoreMS-ICU) to strengthen the qual-
ity, consistency, and comparability of clinical evidence. Through
methodologically rigorous processes and inclusive stakeholder in-
volvement by integrating clinical expertise, research experience,
and lived perspectives, this CoreMS-ICU will ensure valid and
meaningful measurement of patient-important outcomes.
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