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Abstract

Background: Randomised clinical trials in critical care are prone to inconclusiveness

owing, in part, to undue optimism about effect sizes and suboptimal accounting for

heterogeneous treatment effects. Planned predictive enrichment based on secondary

critical care data (often very rich with respect to both data types and temporal granu-

larity) and causal inference methods may help overcome these challenges, but no

overview exists about their use to this end.

Methods: We will conduct a scoping review to assess the extent and nature of the

use of causal inference from secondary data for planned predictive enrichment of

randomised clinical trials in critical care. We will systematically search 10 general and

specialty journals for reports published on or after 1 January 2018, of randomised

clinical trials enrolling adult critically ill patients. We will collect trial metadata (e.g.,

recruitment period and phase) and, when available, information pertaining to the

focus of the review (predictive enrichment based on causal inference estimates from

secondary data): causal inference methods, estimation techniques and software used;

types of patient populations; data provenance, types and models; and the availability

of the data (public or not). The results will be reported in a descriptive manner.

Discussion: The outlined scoping review aims to assess the use of causal inference

methods and secondary data for planned predictive enrichment in randomised critical

care trials. This will help guide methodological improvements to increase the utility, and

facilitate the use, of causal inference estimates when planning such trials in the future.

1 | INTRODUCTION

Randomised clinical trials (RCTs) in critical care are prone to inconclu-

siveness owing, in part, to undue optimism about effect sizes1,2 or

suboptimal accounting for heterogeneous treatment effects (HTEs).3,4

To some extent, these key challenges may be addressed by prudent

enrichment, that is, an informed approach to maximising trial effi-

ciency that can be planned (while designing the trial)5 or adaptive

(when the trial is underway).6,7 Both types can be prognostic and pre-

dictive: the former seeks to identify participants more likely to
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experience the outcome under study, the latter those more likely to

respond to the intervention.5 Accordingly, planned enrichment relies

on data collected prior to trial initiation whereas adaptive enrichment

uses data collected during the trial.

The intensive care unit (ICU) setting enjoys rich and heterogeneous

data along several axes8,9: data type (e.g., clinical observations, medi-

cine, biochemistry); structuredness (e.g., tabular, free text); and tempo-

ral granularity, from stationary (e.g., date of birth, biological sex) over

high-frequency (e.g., ventilator modality, continuous medicine infusion)

to waveforms (e.g., continuous blood pressure, electrocardiograms).

This richness potentially makes observational ICU data a strong basis

for planned predictive (and prognostic) enrichment in RCTs.

Indeed, multiple methods exist for estimating causal effects in

observational data, including propensity scores,10,11 sufficient covari-

ate sets derived from directed acyclic graphs (DAGs),12,13 and causal

discovery.14–17 Despite their existence and firm methodological bear-

ing18,19—with some specifically targeting HTEs20—little is known

about their use in RCTs in critical care.

Thus, we here lay out the details of a scoping review elucidating

the extent and nature of the use of causal inference from secondary

data for planned predictive enrichment of RCTs in critical care.

2 | MATERIALS AND METHODS

This protocol adheres to the Preferred Reporting Items for Systematic

Reviews and Meta-Analysis Protocols (PRISMA-P)21 and the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses extension

for Scoping Reviews (PRISMA-ScR)22; filled-in checklists are provided

in Appendix S1.

2.1 | Research questions

This scoping review will be undertaken in the context of the Intensive

Care Platform Trial (INCEPT; www.incept.dk) research programme, to

inform, for example, the crafting of the analytic infrastructure to

undertake planned predictive enrichment in randomised critical care

trials.5 We aim to answer five questions:

1. How many recent RCTs in critical care used causal inference

methods for planned predictive enrichment?

2. What causal inference methodologies have been used for planned

predictive enrichment in these RCTs?

3. What kinds of data were used?

4. What data models were used?

5. To what extent were publicly available data used?

2.2 | Search strategy

We will use and update the search and data extraction of a recent

scoping review on patient-important outcomes in critically ill

patients23,24: RCTs in critical care whose results were published online

or in-print on or after 1 January 2018 in 10 general and specialised

journals (American Journal of Respiratory and Critical Care Medicine,

BMJ, Chest, Critial Care, Critical Care Medicine, Intensive Care Medi-

cine, JAMA, The Lancet, The Lancet Respiratory Medicine, New

England Journal of Medicine). The start date of the query was arbi-

trary but chosen to yield a sufficiently large convenience sample of

(conceivably well-conducted) RCTs. The full search string (including

the Cochrane Collaboration's highly sensitive filter for randomised

clinical trials25) is detailed in Appendix S1.

2.3 | Eligibility

We will include RCTs enrolling mainly patients admitted to ICUs or

similar high-dependency units, defined as patients receiving critical

care-specific treatment (e.g., mechanical ventilation, continuous use of

vasopressors/inotropes, continuous renal replacement therapy, extra-

corporeal membrane oxygenation). Quasi- and cluster-randomised tri-

als will be included. For RCTs enrolling also non-ICU patients, we will

base our in- or exclusion on the descriptive summary statistics to

establish whether the majority (>50%) of patients could reasonably be

assumed critically ill, as done previously.24

We will exclude trials with patient-level cross-over designs, trials

in which the interventions primarily happen outside the ICU (e.g., peri-

operative interventions in patients subsequently admitted to the ICU),

and trials whose interventions happen after discharge from the ICU

(even if participants are randomised while in the ICU).24

2.4 | Screening and selection

When updating the search of the above-mentioned scoping review,24

we will use Covidence (www.covidence.org) for title/abstract and full-

text screening. All articles will be assessed independently in duplicate,

resolving disagreements by consensus and involving a third assessor if

need be.

2.5 | Data sources, extraction and synthesis

For any given included trial we will have up to four data sources: the

principal reports, the statistical analysis plans, protocols (published or

appended to the principal reports), and responses from the corre-

sponding author (only if information is not otherwise available; see

below). We will use a custom online form for data entry; screenshots

of the form will be included in the supplement to the final scoping

review. Data extraction will start with a pilot phase in which two

assessors extract data from 10 trials, to test the data extraction form

and make pertinent changes before full extraction starts. As for the

screening phase, all data will be extracted independently in duplicate,

resolving disagreements by consensus and involving a third assessor if

need be.

KAAS-HANSEN ET AL. 1275
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For each included RCT we will extract:

• Study acronym/first author of principal report

• Digital object identifier of principal report

• Journal of principal report

• Year of publication of principal report

• Intervention type(s): drug, medical device, management (as previ-

ously defined24,26,27)

• Recruitment period

• Number of enrolled participants

• Number of centres

• Whether the trial was stopped early and, if so, the reason for ter-

mination (e.g., futility or superiority) and whether this was accord-

ing to a predefined stopping rule or not (i.e., post-hoc decision)

• Phase, using also public trial registers such as ClinicalTrials.gov

when necessary (e.g., phase-III registration trial and phase-IV post-

marketing trial)

• Whether the RCT was restricted to COVID-19 patients

For each causal inference method we will extract:

• Method name(s) (e.g., generalised linear model [although not strictly

as causal inference method in itself], propensity-score based, stratifi-

cation-score based, hierarchical modelling, counterfactuals-as-miss-

ing, pre-specified DAG, causal discovery, causal structure learning).

We will build the list of methods on a running basis during data

extraction for speedier and harmonised data entry.

• Estimation technique(s) (e.g., frequentist, fully Bayesian)

• Software (language and library/ies)

For each data set used for predictive enrichment we will extract:

• Country/ies of origin

• Number of subjects

• Patient population (e.g., in-hospital internal medicine, primary sec-

tor and previously conducted RCT(s))

• Provenance (e.g., clinical observations, ICU apparatus data and

national registers)

• Data types (e.g., biochemistry, medication and diagnoses)

• Data model (e.g., the Observational Medical Outcomes Partnership

(OMOP) common data model,28 the Fast Healthcare Interoperabil-

ity Resources (FIHR) framework,29 idiosyncratic)

• Vocabularies/ontologies for idiosyncratic data models (e.g., the

International Classification of Disease version 10 [ICD-10], the

Anatomical Therapeutical Chemical [ATC] classification system and

the Systematised Nomenclature of Medicine [SNOMED])

• Whether the data are private or publicly available (e.g., the Medical

Information Mart of Intensive Care (MIMIC,30) and the eICU Col-

laborative Research Database31)

If additional variables are identified in the pilot phase, we will

expand the lists above accordingly and report this in the scoping

review.

We consult the main text of the principal report, its statistical

analysis plan and/or the protocol (if published) to obtain information

about the use of causal inference from secondary data for predictive

enrichment; we consider secondary data to be “data generated for a

purpose different from the research activity for which they are used”
(chap. 23 in Rothman et al.13). We will contact the corresponding

authors of RCTs for which neither of those three sources mentions

the use of causal inference methods for planned predictive enrich-

ment. After at least 2 weeks we will send a second enquiry if no

response was received to the first; if no response is received 2 weeks

later, we will assume no causal inference methods were used for

planned predictive enrichment in the given trials.

In line with the scoping review's exploratory nature and due to

the multitude of causal inference methods available, we will not spec-

ify exactly what constitutes a causal inference method a priori (see

examples above, however) but instead decide on a case-by-case basis

during extraction, including the final decisions in the published scop-

ing review.

We will summarise categorical data with absolute and relative fre-

quencies, and numeric data with medians and inter-quartile ranges

(very skewed and sparse numeric variables will be binned and

reported as ordinal data). Falling outside the scope of this review type,

we will assess neither risk of bias nor certainty of evidence22; further,

there will be no null-hypothesis significance tests. We will quantify

and report inter-rater agreement during data extraction with Cohen's

kappa.32

2.6 | Ethics and reporting

Ethics approval is not required as we will use data available in the

public domain. Regardless of their nature, the results will be published

in an international peer-reviewed scientific journal, duly reporting and

justifying any deviations from this protocol. In a similar vein, decisions

made and conventions developed during screening will be reported in

the supplement.

3 | DISCUSSION

In the outlined scoping review we aim to describe the use of causal

inference in critical care trials. This may elicit applications of these

methods to bolster future RCTs in critical care through planned pre-

dictive enrichment. The results may also elucidate shortcomings of

existing methods to guide methodological development in the area to

render the methods applicable in both critical care trials specifically

and clinical trials overall.

The principal strengths of the outlined scoping review include its

adhering to standards in the field of scoping reviews21,22; the prior

publication of this protocol and use of trusted software with logged

screening history; and the inclusion of also traditional regression ana-

lyses even though such are often misspecified or might even fail to

estimate the intended treatment effects.33

1276 KAAS-HANSEN ET AL.
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The proposed review will, however, have some limitations. First,

we only include RCTs from which results were published in or after

2018. Albeit arbitrary, we expect this timespan to yield enough RCTs

(the scoping review whose search we will update included 167 tri-

als24) to sufficiently reflect the state of contemporary RCTs in critical

care. Further, many advances in the area of causal inference have

occurred in the past decade or so. Second, we restrict the search to

four general and six specialised journals. These do, however, serve as

major outlets of randomised critical care trials, and so, although our

search strategy may miss some, we expect to identify most well-con-

ducted RCTs in critical care. Third, we focus on predictive enrichment

and omit RCTs employing prognostic enrichment. These two enrich-

ments schemes, however, are distinct with different methodological

considerations,5 and so we found it prudent to keep them apart to

enable a concerted discussion of our results. Because the data sources

will be similar for prognostic enrichment, much of the work to be done

in this scoping review could be reused in a separate future scoping

review of planned prognostic enrichment.

4 | CONCLUSIONS

The outlined scoping review aims to provide an overview of the

extent and nature of the use of causal inference estimates from sec-

ondary data for planned predictive enrichment of RCTs in critical care.

This may inform and facilitate the use of causal inference in future

RCTs in critical care, for example, through methodological

improvements.
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