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ABSTRACT
Objectives: Delirium in critically ill adults is highly prevalent and has multiple negative consequences. To-date, trials of interventions to prevent or treat delirium report heterogenous outcomes. To develop international consensus among key stakeholders for a core outcome set (COS) for future trials of interventions to prevent and/or treat delirium in critically ill adults. 

Design: COS development, as recommended by the Core Outcome Measures in Effectiveness Trials (COMET) Handbook. Methods of generating items for the COS included a systematic review and qualitative interviews with intensive care unit (ICU) survivors and family members. Consensus methods include a two-round web-based Delphi process and a face-to-face meeting using nominal group technique methods.

Subjects: International representatives from three stakeholder groups: (1) clinical researchers; (2) ICU interprofessional clinicians; and (3) ICU survivors and family members.

Setting: Telephone interviews, web-based surveys, and a face-to-face consensus meeting held at the 2019 European Delirium Association’s annual meeting in Edinburgh, Scotland.

Intervention: None

Measurements and Main Results: Qualitative interviews with 24 ICU survivors and family members identified 36 potential outcomes; 6 were additional to the 97 identified from the systematic review. After item reduction, 32 outcomes were presented in Delphi Round 1; 179 experts participated, 38 (21%) ICU survivors/family members, 100 (56%) clinicians, 41 (23%) researchers.  Three additional outcomes were added to Round 2; 134 (75%) Round 1 participants completed it. Upon conclusion of the consensus building processes, the final COS comprised 7 outcomes: delirium occurrence (including prevalence or incidence); delirium severity; time to delirium resolution; health-related quality of life; emotional distress (i.e., anxiety, depression, acute and post-traumatic stress); cognition (including memory); and mortality.

Conclusions: This COS, endorsed by the American and Australian Delirium Societies and European Delirium Association, is recommended for future clinical trials evaluating delirium prevention or treatment interventions in critically ill adults.

Word Count: 292

INTRODUCTION
Delirium is a highly prevalent (1) and possibly preventable syndrome occurring in the  critically ill (2). With a pathogenesis that remains unclear, delirium is associated with many short and long-term adverse physiological, emotional and cognitive outcomes (3, 4). Despite the frequent occurrence of delirium, and a rapid increase in the number of clinical trials evaluating interventions focused on its reduction, few interventions have been found to effectively prevent it (5, 6) and no pharmacological interventions are effective for treating it (7). Multi-component strategies (e.g., the ABCDEF bundle) that address delirium risk factors are, however, recommended (8). The discovery of new interventions to reduce delirium in the intensive care unit (ICU) and clinical trials to rigorously evaluate their efficacy and safety is paramount. To inform evidence-based clinical decisions, results from individual delirium trials need to be compared and synthesized. However, in the absence of a core outcome set (COS), including the harmonization of measurement tools, important barriers to evidence synthesis remain.

A COS is an agreed-upon minimum set of outcomes to be measured and reported in all studies relating to a specific health condition or intervention (9). The importance of a COS to inform the design of trials evaluating interventions to prevent and/or treat delirium for critically ill adults has been highlighted in recent years. The 2017 Intensive Care Delirium Research Agenda emphasized the need for a consistent approach to selecting, defining, and measuring outcomes (10). Use of uniform, standardized measurement tools for delirium case identification and severity rating; as well as development and uptake of a COS for clinical studies in delirium comprised two of five research priorities in the 2019 Scientific Think Tank report from NIH-funded Network for Investigation of Delirium: Unifying Scientists (NIDUS) group (https://deliriumnetwork.org/). A Comparative Effectiveness Review from the Agency for Healthcare Research and Quality (AHRQ) made the same recommendation (11). 

The proven benefits of a COS in the context of a high delirium prevalence in critically ill adults, the deleterious outcomes associated with its occurrence and the paucity of effective delirium prevention and treatment strategies in the ICU, provides a strong rationale for the development of a COS. Thus, our objectives were to to develop international consensus on a COS appropriate for clinical trials of interventions designed to prevent and/or treat delirium for critically ill adults.

METHODS
We followed the Core Outcome Measures in Effectiveness Trials (COMET) guidelines (12) and report development of this COS in accordance with Core Outcome Set–STAndards for Reporting guidelines (13). These reporting guidelines are hosted on the Equator Network and were developed by an international expert group in recognition of the lack of clarity and transparency of COS reporting. Item generation methods to propose outcomes of interest comprised (1) a systematic review (14) of outcomes reported in published trials and registered trial protocols, and (2) qualitative research using semi-structured interviews to identify outcomes of importance to ICU survivors and family members. Item reduction and consensus building to refine, select and finalize outcomes comprised a (1) two-round, international, web-based Delphi followed by (2) an in-person meeting, using modified nominal group technique (15), hosted by the European Delirium Association. 

The study is funded by the Canadian Institutes of Health Research and approved by the Research Ethics Boards of the University of Toronto, King’s College London, Sunnybrook Health Sciences Centre (Toronto, Canada) and the UK Health Research Authority (HRA) and Health and Care Research Wales (HCRW). This project is registered with the COMET initiative http://www.comet- initiative.org/ studies/ details/ 796). The study protocol and systematic review results has been published previously (14, 16). 

Recruitment of Participants for Qualitative Interviews, Delphi Panel, and Consensus Meeting 
Using purposive sampling, we sought an international sample from three ICU relevant stakeholder groups: (1) clinical researchers; (2) clinicians; and (3) ICU survivors and family members. We recruited ICU survivor and family participants using a multi-modal strategy including a designated study Twitter account, patient/family support/advocacy groups (e.g., ICU Steps in the UK (http://www.icusteps.org/)), snowballing techniques, flyers in family ICU waiting areas, and personal contacts. Recruitment materials sought participants who self-identified (or having a family member) as having previously experienced delirium. For qualitative interviews, we continued to recruit for interviews until we considered data saturation to have been achieved i.e. not identifying new outcomes. Similarly, we used a multi-modal strategy to recruit expert clinicians and delirium researchers, including recruitment flyers sent through membership lists of the American Delirium Society and Australasian Delirium Association, and to attendees of the European Delirium Association 2019 meeting as we made the assumption these members/attendees would have clinical and/or research experience in delirium. We also made in-person announcements at the American Delirium Society 2019 meeting, sent personalised recruitment emails by one of the lead investigators (LR) to all corresponding authors of studies identified via our systematic review, posted flyers in UK NHS organizations, used snowballing techniques, and personal contacts.

Our inclusion criteria were (1) to have clinical and/or research experience of delirium in the ICU; and (2) to be able to read English as we did not have sufficient resources to translate the Delphi materials into other languages. Delphi participants were asked to confirm they had clinical and/or research experience of delirium in the ICU before being sent the link to the Delphi survey.

Semi-Structured Interviews
Semi-structured telephone item generation interviews with ICU survivors and family members were conducted in English by a single experienced interviewer (LR). The interview guide incorporated language from the COMET plain language summary (17) to orient participants to terms such as study outcomes and COS. On interview commencement, participants were asked to describe their experience of delirium either as a patient or family member and to identify how they knew this was delirium. All interviews were audio recorded, transcribed verbatim, and content analysed (18) to identify outcomes for potential inclusion in the COS.

Modified Delphi Methods
Delphi response rates are improved when fewer items are considered (19). Thus, the study team reduced items by removing redundant, aggregate population, and feasibility or process outcomes. Outcomes describing adverse events, side effects and complications not specific to delirium, were grouped as a single outcome. We further reduced outcomes by removing those identified in ≤5% of studies unless mentioned in ICU survivor/family member interview transcripts. Outcomes were then reviewed for clarity of wording including development of lay descriptions of medical terms to aid understanding and grouped into relevant domains.

We used the bespoke DelphiManager software, Version 4 (COMET Initiative, Liverpool, UK) to administer Delphi rounds. Participants were asked to self-select their preferred key stakeholder group (i.e., patient/family; clinician; researcher) and to rate the importance of outcomes for COS inclusion, without consideration of measurability or feasibility, using the 9-point Grading of Recommendations Assessment, Development and Evaluations (GRADE) Scale (20). Scores 1 to 3 were considered not important; 4 to 6 important but not critical; and 7 to 9 as critical for inclusion. This scoring system, recommended by COMET, facilitates maximum discrimination between questionnaire items (21, 22). Participants were provided an “Unable to Score” response option and the opportunity to suggest additional outcomes perceived as missing from the outcomes provided. To avoid presentation bias, outcome domain presentation order was randomized using the DelphiManager software. 

Upon completion of Delphi Round 1, we calculated mean and standard deviation (SD) of the GRADE importance scores and determined the proportion of participants rating each outcome with scores of 7 to 9, 4 to 6, and 1 to 3 for the entire Delphi panel, and separately for each of our three stakeholder groups. The study team reviewed suggested outcomes for inclusion in Round 2 and worded appropriately. Participants who completed Round 1 were invited to participate in Round 2. Participants received their own Round 1 scores and the summarized scores, with visual representation using histograms, for each outcome. Participants were asked to re-score outcome importance based on this feedback. If a participant changed an importance score so that it moved into a new category (e.g., from “important but not critical” to “critical for inclusion”), participants were prompted to provide a free-text reason for this change. For both Rounds, we sent three completion reminders by email via the DelphiManager software.

Face-to-face consensus and nominal group technique methods
To better inform our in-person consensus meeting, we calculated mean and standard deviation (SD) Round 2 importance scores and determined the proportion of participants rating each outcome as critical for inclusion overall and by stakeholder group. Outcomes brought to the consensus meeting met the following criteria established a priori, as recommended by COMET (9), scored as ‘critical for inclusion’ by ≥70% of respondents and ‘not important’ by <15% considering all participants and each of the three key stakeholder groups. 

For pragmatic reasons, we timed our consensus meeting with the 2019 European Delirium Association meeting and advertised the opportunity to participate in the COS meeting to registrants as well as using previously described recruitment methods to ensure representation of all stakeholders. At the consensus meeting, we provided an overview of results to date and the aim of the meeting, i.e. consensus on the outcomes for COS inclusion. Using nominal group technique methods, we held iterative rounds of small and whole group discussion, with ranking from most critical to least critical for COS inclusion at the end of each discussion. 

RESULTS
Figure 1 presents an overview of outcome selection during the entire consensus process. During item generation, our systematic review identified 194 studies, with 74,582 participants, published between 1980 to March 2019. For these 194 studies, we extracted data on study outcomes and their definitions and identified 97 outcomes within 19 COMET taxonomy categories (23). We recruited 4 ICU survivors and 20 family members (total n=24) to participate in qualitative research interviews from Canada (11, 46%), the US (6, 25%) and the UK (7, 29%). From these interviews, 36 potential outcomes were identified (Table 1). The most commonly identified outcomes in the interview dataset were (1) ‘ability to live alone independently/manage activities of daily living’ (13 participants, 54%); (2) ‘ability to get back to previous cognitive abilities/long-term cognitive outcomes’ (13, 54%); and ‘delirium severity’ (12, 50%). Six were considered outcomes not identified in the systematic review and brought forward for consideration in the Delphi Round 1 item reduction phase. 

Item reduction methods resulted in selection of 32 outcomes for the Delphi Round 1. Decisions relating to item reduction are displayed in Table E1. We recruited 179 participants for the Delphi international expert panel, 46 (26%) were ICU survivors or family members, with 10 of the 46 also being healthcare professionals (Table 2). Of the 32 outcomes provided in Round 1, 16 (50%) met a priori consensus criteria for inclusion in the COS considering all participant responses, 9 (28%) by all three stakeholder groups (Table 3). Despite being identified in ICU survivor and family member interviews as an outcome of importance, ‘use of chemical restraint’ did not meet consensus criteria considering patient and family Round 1 responses alone with 55% scoring 7 or greater. Alternatively, ‘analgesic drug use’ was scored as critical for inclusion by 78% of patient and family participants, but only 56% of clinician and 39% of researcher respondents.

For Round 2 of the Delphi consensus process, 3 additional outcomes were included based on those suggested by Round 1 participants and after review by the investigator team: workload, satisfaction, and return of physical functioning. Of the 179 Round 1 participants, 134 (75%) participated in Round 2.  Of the 35 outcomes provided in Round 2, 21 (60%) met consensus criteria for inclusion in the COS considering all participant responses, 17 (49%) by all three stakeholder groups (Table 4). Of the 3 added outcomes, only ‘return of physical functioning’ met inclusion criteria (83% rating as critical for inclusion overall). In Round 2, the proportion of participants rating the top ranking outcomes (i.e. ‘delirium occurrence’; ‘delirium duration’; ‘adverse events’; ‘mortality’; ‘cognition including memory’; ‘delirium severity’; ‘emotional distress’) as critical for inclusion increased. More ICU survivors/family member participants rated ‘delirium reoccurrence’, an outcome included from interviews representing this stakeholder group, as critical for inclusion compared to clinicians or researchers (96% vs 71% vs 79%).  ‘Delirium severity’ was also considered critical for inclusion by more survivors/family member participants (96% vs 88% vs 82%). 

Twelve experts (including 4 ICU survivors/family members) participated in the in-person consensus meeting. After the first round of small and large group discussions and use of nominal group technique ranking exercises, 6 outcomes were excluded from the COS (Table E2). At the end of the consensus meeting, 7 outcomes were selected for the COS for trials of interventions to prevent and/or treat ICU delirium in critically ill adults. These include (1) ‘delirium occurrence’; (2) ‘cognition including memory’; (3) ‘mortality’; (4) ‘emotional distress including anxiety, depression, acute stress and post-traumatic stress disorder’; (5) ‘delirium severity’; (6) ‘health-related quality of life’; and (7) ‘time to delirium resolution’.

DISCUSSION
The Del-COrS team has developed a COS to be used in future trials of interventions to prevent and/or treat delirium for critically ill adults. This COS has been developed by international membership and key stakeholder consideration and is endorsed by the American and Australian Delirium Societies and European Delirium Association. The multi-modal recruitment strategy and rigorous consensus process employed, including qualitative interviews with ICU survivors and family members as an item generation step, ensured input of key stakeholders has been considered. We recommend that future trials of interventions to prevent and/or treat delirium in critically ill adults use this Del-COrS COS. As with any COS, existence of the delirium COS for critically ill adults does not preclude selection of other outcomes to be measured in a trial, but rather represents the minimum that is recommended to be measured in all future relevant trials.

The delirium COS for critically ill adults includes three outcomes specific to the characterization of delirium; ‘delirium occurrence’, ‘delirium severity’, and ‘time to delirium resolution’. During the item reduction phase to generate the Delphi questionnaire, the outcomes ‘delirium prevalence’ and ‘delirium incidence’ were collapsed into one outcome ‘delirium occurrence’. This was considered appropriate due to the challenges of ascertaining the true delirium onset and thus incidence of delirium in the critically given the presence of coma and the occurrence of delirium prior to ICU admission (24). Delirium occurrence may be more relevant in trials of interventions to prevent delirium. However, many delirium treatment trials identified in the systematic review (14) informing this COS included delirium occurrence as an outcome as the intervention was commenced before a patient able to be assessed for delirium. ‘Delirium severity’ was an outcome identified as important by 50% of ICU survivor/family member participants during qualitative interviews. It also had a higher proportion of this key stakeholder group scoring it as critical for inclusion. Delirium severity was considered the degree of distress associated with delirium symptoms such as delusions, disorientation and psychomotor agitation (25). Patient recall of distress or family member recall of distress watching a loved one experience agitated delirium may have contributed to this critical importance scoring. Despite being advised to ignore issues around measurement during voting on outcome importance, difficulty measuring delirium severity, particularly in patients receiving mechanical ventilation (26), or unfamiliarity with using severity measures in clinical practice, may have contributed to fewer researcher and clinician participants rating it as critical for importance. Difficulties in measuring delirium severity in the critically ill will make this outcome challenging.

During the in-person meeting much discussion was devoted to selection of the outcome ‘time to delirium resolution’. This somewhat composite outcome was considered inclusive of the three outcomes ‘delirium duration’, ‘delirium reoccurrence’, and ‘delirium resolution’ as it would require measurement of the time delirium commenced and the time delirium finally resolved. This was considered preferable by our experts to ‘delirium duration’ as it was considered more indicative of the end of delirium. Other composite outcomes such as ‘delirium and coma free days’ that account for competing outcomes of death or coma were eliminated during the item reduction phase as redundant because of ‘delirium duration’ and ‘mortality’ being already present in the list. However, ‘time to delirium resolution’ may cause substantial measurement challenges as delirium may continue or reoccur after ICU and hospital discharge.

Inclusion of ‘cognition including memory’ as an outcome in the delirium COS for critically ill adults is understandable considering that delirium is an independent risk factor for long-term cognitive impairment (27, 28). This impairment is frequently of great concern patients (and their families) given it influences their ability to return to home or resume activities that are of great importance (e.g. driving). Measurement of cognition may present challenges, however, previous work has failed to establish consensus on an appropriate measure in the critically ill (29). Similarly, the relationship between delirium and outcomes measuring patient emotional distress is well documented (30). The relationship between delirium and physical functioning, however, is less clear (31) and may have contributed to the decision to incorporate outcomes related to physical functioning into the outcome ‘health-related quality of life’.

Other published COS relevant to critically ill adults include COS for clinical research in acute respiratory failure survivors (29, 32), trials of interventions intended to modify the duration of ventilation for ICU patients receiving invasively mechanically ventilation (33) and for extracorporeal membrane oxygenation (34). The delirium COS for critically ill adults overlaps with four outcomes of the COS for clinical research in acute respiratory failure survivors ‘cognitive function and symptoms’, ‘mental health conditions and symptoms’, ‘health related quality of life’, and ‘mortality’. ‘Health related quality of life’ and ‘mortality’ and also included in the extracorporeal membrane oxygenation COS and duration of ventilation COS . Mortality at hospital discharge or at 60 days is also one of three elements of a minimal common outcome measure set for COVID-19 clinical research proposed by the WHO Working Group on the Clinical Characterisation and Management of COVID-19 infection (35). As the number of COS with relevance to studies of interventions for critically ill patients increase, it is likely a COS for all future studies in the critically ill regardless of the intervention being studied may emerge.

COS development offers the opportunity for health service users, policy makers, health technology assessors, research and health system funders, and those delivering health services to participate in outcome selection efforts. This involvement enhances research relevance, value and patient centredness, and may facilitate more rapid understanding of effective treatments and their adoption into clinical practice (36). Now that the delirium COS for critically ill adults has been established via rigorous consensus-based methods, our next steps are to establish consensus on the measures and measurement timeframes i.e. what tools to measure and when to measure each of the seven outcomes. Consensus regarding measurement timeframes will further define outcomes such as cognition and emotional distress included in this COS as acute or long-term outcomes. Given overlap with four outcomes included in other COS for critically ill patients, we consider measures recommended for use in these COS are likely pertinent when designing studies of interventions designed to prevent or treat delirium

Strengths of this study include a rigorous systematic review and inclusion of ICU survivors and family members in the item generation phase, the large international stakeholder panel with approximately 25% representation from ICU survivors and family members, and strict adherence to COMET COS development methods. Limitations include exclusion of studies reporting outcomes published in languages other than English and ability to conduct interviews with only English speaking ICU survivors and family in our item generation phase. Selection bias may have occurred in that patients with poor cognitive function as a result of delirium would be unlikely to participate, or that those recalling a particularly bad delirium experience were more likely to participate. Although we originally intended to develop a delirium COS relevant to pediatric patients, the lack of trials in this patient population and the volume of trials in the adult population meant we focussed this COS on adults only. The systematic review search was completed in March 2019, and as such does not include outcomes from more recent trials. Due to the timing of the Delphi and the face-to-face consensus meeting, we were unable to conduct a third Delphi Round confirming importance scores of the three additional outcomes suggested in Round 1. 

Conclusions
With development of the delirium COS for critically ill adults and subsequent widespread dissemination with the support of organizations invested in identifying effective interventions to prevent or treat delirium through improving delirium research, we recommend that delirium researchers adopt the COS as part of future research protocols. Such adoption will improve patient and family-centredness of outcome selection. Adoption will also improve homogeneity of reported outcomes, thereby increasing statistical power, precision of meta-analyses, and the ability to make evidence-based decisions to improve the clinical care of critically ill adults for whom delirium is highly prevalent.
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Figure Legend
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