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Abstract

Early mobilisation, defined as sitting out of bed, standing or walking early after stroke,
IS an important constituent of acute stroke unit care. However, the multifaceted and
complex nature of early mobilisation evidence and interventions, clinical practice
guideline development and reporting, and the characteristics of stroke patients and
their outcomes challenges individualised decision-making. The overall objective of
this thesis was to investigate the barriers and enablers in the effective use of
population-level evidence to inform individual patient-level clinical decision-making

for early mobilisation post-stroke.

The objective was achieved by conducting five studies: (1) a review of early
mobilisation clinical practice guidelines as decision-support tools for individual
patient-level decision-making; (2) a meta-analysis of individual participant data from
EM trials, (3) an investigation of factors guiding early mobilisation decision-making
by expert stroke clinicians, and investigation of how well (4) the utility-weighted
modified Rankin scale, and (5) modified Rankin scale reflect post-stroke burden for

an individual patient.

(1) Based on the findings from the review of clinical practice guidelines, the decision-
support requirements were met to a varying degree by early mobilisation clinical
practice guidelines. Four key recommendations were formed for the future
development of clinical practice guidelines. These included more granular
descriptions of patient and stroke characteristics to allow tailoring of decisions to
individual patients; clarity about when clinical flexibility is appropriate; a detailed

description of the intervention dose, and physical assessment criteria including safety



parameters. (2) The individual participant meta-analysis allowed the inclusion of
individual patient-specific information and further strengthened earlier evidence from
conventional meta-analyses that commencement of early mobilisation should only be
considered after 24 h post-stroke. It also reinforced the importance of adequate
reporting of early mobilisation interventions to ensure the applicability of evidence
to individual patients. (3) Interviews with expert stroke clinicians revealed that more
than 80% of stroke experts considered stroke type and severity, medical stability to
be the most important factors contributing to decision-making about early
mobilisation. Inadequate staffing, equipment and low level of staff expertise were
barriers for early mobilisation. (4) Based on the investigations of the utility-weighted
modified Rankin scale, high variability in individual patient-centred utility values
between and within mRS categories, over time post-stroke, and using different
derivation methods was found. This variability is not adequately reflected in the
utility-weighted modified Rankin scale. (5) Quality of life and activities of daily
living domains demonstrated patient-specific patterns of post-stroke burden across

the mRS and UW-mRS.

From this research, gaps in the early mobilisation evidence base were identified that
require future exploration of existing data and the development of new clinical trials
to better support evidence-based clinical decision-making. Detailed areas of
improvement for clinical practice guidelines as decision support tools were also
identified to effectively translate population-level evidence to inform complex
clinical decision-making at an individual patient-level. Finally, the identified
multifaceted patterns of post-stroke burden across the utility-weighted modified
Rankin scale and modified Rankin scale may facilitate appropriate assessment,

articulation and interpretation of the outcomes for individual patient decision-making.



The collective work has substantially contributed to systematically identifying the
barriers and enablers in using population-level evidence to inform patient-level

clinical decision-making in this challenging clinical context.
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Chapter 1

Infroduction

1.1. Early mobilisation post-stroke: use of population-level evidence for

individual patient decision-making

Evidence-based medicine is fundamental to modern clinical decision-making and
healthcare delivery. The movement emphasises the importance of clinical decisions
to prudently balance best available research and clinical expertise with the values and
preferences of patients.>® Clinical decisions are a contextual, continuous, and
evolving process that involves evidence generation, evaluation, and interpretation to
select an evidence-based decision that is tailored to the patient or setting.* Yet,
generated evidence from randomised controlled trials (RCT), often expressed as an
average population-level treatment effect, does not directly support decision-making
at an individual patient-level.>¢ Clinical practice guidelines (CPGs) are decision
support tools that aim to optimise this translation and the accuracy, efficacy and
adaptability of clinical decisions.” In this thesis, the translation of RCT evidence to
inform individualised decision-making about early mobilisation post-stroke was

employed as the exemplar.

Early mobilisation (EM), defined as sitting out of bed, standing or walking early after
stroke, is an important constituent of acute stroke unit care.? Since poor functional
recovery is associated with immobility-related complications, the rationale for EM is
to prevent and reduce prolonged bedrest during hospitalisation.® Contrary to this

theoretical belief, the publication of the single largest RCT of 2104 stroke patients, A



Very Early Rehabilitation Trial (AVERT), demonstrated poorer disability outcomes
(modified Rankin Scale) at 3 months post stroke in the EM group compared to usual
care.® Globally, CPGs began recommending against intensive out-of-bed activity
starting within 24 hours post-stroke.'® While a cautious approach within 24 hours
from stroke onset is increasingly recommended; EM is still commonly recommended
to start between 24-48 hours post-stroke, with little best practice guidance on clinical
decisions following first initiation of activity.?® There is also concern that the results
from AVERT may lead to protocols that prolong bedrest, particularly in under-
resourced settings, which may cause unwarranted harm.* The variability in the
interpretation of EM evidence, and consequently, the variability in CPG
recommendations necessitate clinicians to rely on clinical judgements and expertise
to inform their decisions about EM. The degree of uncertainty in clinical decision-
making to deliver best practice care related to this intervention presented an ideal

research area for this thesis.

While some guidance about EM are outlined in CPGs, tailoring decisions to
heterogenous stroke patient population with inherently different recovery patterns is
made more complex in the absence of evidence from RCTs, including AVERT, that
are sufficiently powered to detect subgroup-treatment effects. Systematic reviews and
meta-analyses of RCTs may detect these effects, however, conventional aggregated
methodology inhibits such capabilities, and does not effectively consider the complex
and multifaceted nature of stroke rehabilitation trials and intervention reporting.'>!3
This might explain the findings from the recently published Cochrane Review which
found that EM did not reduce the proportion of people who survived or made a good
recovery after their stroke despite the inclusion of AVERT.!* Exploring methods of

RCT data aggregation at an individual patient level shows promise as a way to



overcome some of the limitations with current systematic review methods. This may
provide more precise estimates of effects that better support individualised clinical

decision-making in EM.

While the publication of AVERT provided important high level evidence about EM,
it also raised other questions.® How these results, and the current evidence base, have
influenced clinicians in their EM decision-making is not known. Understanding how
clinicians alter their decisions based on their interpretation of the risks and benefits
of EM would help uncover the ways in which decision support tools could be
developed and improved. Clinical decisions should also occur with due consideration
of the patient’s values and preferences.>® The use of patient-centred outcomes
provides a way of measuring health outcomes from the patient's perspective, and
helps to better communicate the benefits, risks and costs of an intervention to inform
decision-making at an individual patient-level. The modified Rankin Scale is an
extensively employed and endorsed primary outcome measure of post-stroke
disability. The International Classification Functioning, Disability and Health (ICF)
Core Set for Stroke highlights the necessity for RCT outcomes, such as the mRS, to
describe a more representative spectrum of problems in the functioning of patients
post-stroke.*® The utility-weighted mRS (UW-mRS) has been proposed as a solution
to the current limitation of the mRS, by enhancing the measure to reflect patient
perspectives of quality of life.1®1” The ability of the UW-mRS and mRS to represent
post-stroke burden for an individual patient is yet to be investigated. However, given
the extensive use of the mRS as a primary outcome of post-stroke burden, and that
the mRS is not likely to be challenged for this top position, the opportunity to examine
the degree to which the mRS could be considered ‘patient-centred’ warrants further

exploration.
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In summary, the use of population-level evidence to inform individualised decision-
making is complicated by the multifaceted and complex nature of EM evidence and
interventions, CPG development and reporting, and the characteristics of stroke
patients and their outcomes. This largely unexplored research area formed the focus

of this thesis.

Research objective and questions

The overall objective of this thesis was to investigate the barriers and enablers in the
effective use of population-level evidence to inform individual patient-level clinical

decision-making for EM post-stroke.

Based on the principles of evidence-based clinical decision-making, which
emphasises the importance of evidence generation, evaluation, and interpretation to
select an evidence-based decision that is tailored to the patient or setting, and the
identified key gaps in the literature detailed in Chapter 2, four sets of research

questions emerged to achieve this objective:

1. What are the utility and limitations of current CPGs as decision support tools that
facilitate or inhibit the use of population-level evidence to support individual
patient-level clinical decision-making for EM post-stroke?

Given current uncertainties in the EM field, by answering this question, we can
understand how to improve the development of CPGs to better support clinical
decisions.

2. How can we use an individual participant data meta-analysis of EM RCTs to
investigate patient-specific estimates of subgroup and dose effects of EM?
Exploration of EM evidence at an individual patient-level will allow appropriate

tailoring of evidence-based clinical decisions to the patient.



3. Based on individual interpretation of the potential risks vs. benefits of EM to
specific patients, what clinical and non-clinical factors do clinicians consider to
tailor their decisions?

This will identify important factors in individual patient-level decision-making
that needs to be substantiated by empirical investigations to better support clinical
decision-making.

4. How well do the mRS and UW-mRS reflect post-stroke burden for an individual
patient, and to what degree might they be considered ‘patient-centred’?

This will ensure appropriate selection of outcomes in empirical investigations and
CPG development so that clinical decisions can be appropriately tailored to the

patient and context.

The identified research questions are grouped into four research themes and are

addressed by individual studies as shown in Figure 1.1.

Research Objective

To investigate the barriers and enablers in using population-level earty mobilisation (EM) evidence to inform individual

Clinical Practice
Guidelines (CPG)

Early Mobilisation
Empirical
Evidence

Clinical Decision-
Making

Patient-Centred

Outcomes

patient-level clinical decision-making

Research Questions

. What are the utility and limitations of current

CPGs as decision support tools to support
individual patient-level clinical decision-making
for EM post-stroke?

. How can we use an individual participant data

meta-analysis of EM RCTs to investigate more
precise estimates of subgroup and dose effects
of EM?

. Based on individual interpretation of the

potential risks vs benefits of EM to specific
patients, what clinical and non-clinical factors
do clinicians consider to tailor their decisions?

. How well do the mRS and UW-mRS reflect

post-stroke burden for an individual patient,
and to what degree are they considered
‘patient-centred'?

Studies

Study 1
Clinical Practice Guidelines for Early Mobilisation
as Decision Support Tools for Stroke Clinicians:
A Systematic Review and Cross-Sectional Study

Study 2
Early Mobilisation Post-Stroke: A Systematic
Review and Meta-Analysis of Individual
Participant Data

Study 3
Clinical and Systems of Care Factors
Contributing to Individual Patient Decision-
Making for Early Mobilisation Post-Stroke

Study 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary
QOutcome Measure

Study 5
Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 1.1. Thesis framework. Four primary research themes with

corresponding research questions and related studies are depicted in this

framework.
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Overall, answering these four sets of questions will provide opportunities to optimise
the translation of population-level EM evidence to inform individual patient-level
clinical decision-making post-stroke. Each of the studies that address these questions

are outlined in Figure 1.1 and are detailed below.

Outline of thesis chapters

Chapter 2 provides a review of the literature relevant to the objective of this thesis
and identifies the major gaps that the empirical and analytical work in this thesis aims
to address. The chapter begins by exploring how clinical decisions are made within
the context of evidence-based practice. The role of CPGs as decision support tools to
facilitate the translation of best available evidence to inform individualised decision-
making was discussed before introducing the burden of stroke, measures of post-
stroke recovery, and a brief history of EM practice and its role in acute stroke unit
care. Finally, the changes in EM decision-making and CPGs due to emerging
evidence was described. Each subsequent chapter contains evidence reviews relevant
to the questions, and details the research conducted to address the objective of this

thesis.



Research Objective
To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual patient-level clinical

decision-making

Research Questions

. What are the utility and limitations of current

CPGs as decision support tools to support
individual patient-level clinical decision-making
for EM post-stroke?

. How can we use an individual participant data
meta-analysis of EM RCTs to investigate more
precise estimates of subgroup and dose
effects of EM?

. Based on individual interpretation of the
potential risks vs benefits of EM to specific
patients, what clinical and non-clinical factors
do clinicians consider to tailor their decisions?

. How well do the mRS and UW-mRS reflect
post-stroke burden for an individual patient,
and to what degree are they considered
‘patient-centred'?

Studies

Study 1
Clinical Practice Guidelines for Early Mobilisation
as Decision Support Tools for Stroke Clinicians:
A Systematic Review and Cross-Sectional Study

Study 2
Early Mobilisation Post-Stroke: A Systematic
Review and Meta-Analysis of Individual
Participant Data

Study 3
Clinical and Systems of Care Factors
Contributing to Individual Patient Decision-
Making for Early Mobilisation Post-Stroke

Study 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary
Outcome Measure

Study 5
Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Source of Data

EM CPGs

Responses to a set of interview questions
(Appendix B) to elicit the opinions of the
utility of CPGs by expert stroke clinicians

Individual participant data from EM RCTs

Responses to a set of interview questions
(Appendix D) to elicitimportant EM
decision-making factors by expert stroke
clinicians

mRS, Barthel Index and AQoL-4D scores
from the AVERT dataset

Figure 1.2: Thesis framework with primary sources of data. The

sources of data are mapped to the research questiond and studies. Studies

1 and 3 were designed to answer two distinct and independent research

questions (Research questions 1 and 3) as shown in Figure 1.2. A single

sample of expert stroke clinicians were interviewed using two distinct sets

of interview questions (see Appendix C and E, respectively). For ease of

data collection, single one-on-one sessions were arranged with the expert

stroke clinicians to collect two distinct sets of data.

Chapters 3-7 provide the results from the five studies (Studies 1-5) undertaken to

achieve the research objective and the sources of data for each study are summarised

in Figure 1.2. Each study is presented as the final author accepted or submitted

version of the manuscript. Therefore, consistent formatting and numbering of

headings, tables and figures was maintained throughout all chapters. Each chapter

begins with a chapter overview to introduce the the accepted or submitted journal

manuscript followed by a concluding section to briefly summarise the contribution of

the study. These contributions are subsequently discussed in greater detail in the

General Discussion (Chapter 8).



Chapter 3, contains a submitted manuscript (under review) titled Clinical Practice
Guidelines for Early Mobilisation as Decision Support Tools for Stroke Clinicians:
A Systematic Review and Cross-Sectional Study.* Study 1 investigated the utility and
limitations of CPGs for EM post-stroke as decision support tools for expert stroke
clinicians. A two-pronged approach was used: (1) a systematic review of EM CPGs,
and (2) a cross-sectional study to interview expert stroke clincians using a set of

interview questions to elicit their opinions on the utility of EM CPGs.

Chapter 4 contains a published manuscript titled Early Mobilisation Post-Stroke: A
Systematic Review and Meta-Analysis of Individual Participant Data. In Study 2, a
meta-analysis using individual participant data from six RCTs was conducted to
investigate the safety and efficacy of EM compared to usual care, and to investigate

subgroup and dose effects of EM.

Chapter 5 contains a submitted manuscript titled Clinical and Systems of Care
Factors Contributing to Individual Patient Decision-Making for Early Mobilisation
Post-Stroke.* Study 3 reports the results from a cross-sectional study of expert stroke
clinicians which aimed to identify patient and systems of care factors involved in

individual patient decision-making, and high-interest patient subgroups.

Chapter 6 contains a published manuscript titled Utility-Weighted Modified Rankin
Scale: Still Too Crude to Be A Truly Patient-Centric Primary Outcome Measure. In
Study 4, the construct validity of the utility-weighted modified Rankin Scale (UW-
mRS) as a patient-centred outcome measure was investigated. Data from the large,

international dataset from AVERT was used to conduct this study.

Chapter 7 contains a published manuscript titled Look Closer: The Multidimensional

Patterns of Post-Stroke Burden behind the modified Rankin Scale. In Study 5, quality



of life and activities of daily living domains were used to demonstrate patient specific
patterns of post-stroke burden across the mRS and UW-mRS. Data from the large,

international dataset from AVERT was used to conduct this study.

*NB: Studies 1 and 3 were designed to answer two distinct and independent research
questions (Research questions 1 and 3) as shown in Figure 1.2. A single sample of
expert stroke clinicians were interviewed using two distinct sets of interview
questions (see Appendix C and E, respectively). For ease of data collection, single
one-on-one sessions were arranged with the expert stroke clinicians to collect two

distinct sets of data.

Chapter 8 contains the General Discussion, which summarises the findings from the
thesis. In this chapter, the key implications of the findings, the overall limitations, and
the future directions that may improve the translation of evidence to inform

individualised decision-making for EM post-stroke are discussed.



Chapter 2

Literature Review

2.1. Clinical decision-making

As described in Chapter 1, clinical decision-making is a contextual, continuous, and
evolving process, where evidence is generated, evaluated, and interpreted to select
an evidence-based choice of action that is tailored to the patient and their
preferences.* Decisions involve a number of complex psychological processes and
factors such as those relevant to the decision itself (context or framing), situational
factors (psychosocial context or systems of care factors) and the characteristics of the

decision-maker (discipline, level of expertise, values and preferences).'8

There are several theories of clinical decision-making or clinical reasoning. One
theory is that decisions involve a dual process system: intuitive processing is largely
autonomous generally acquired through repeated experience and the biggest source
of cognitive failure, while analytic processing is conscious, logical and resource
intensive.!®?% The ways in which people attend to, organise and remember
information will affect how that information will be used to impact the final decision
outcome.??2 Another well-known decision theory involves “hypothetico-deductive”
reasoning: the process of information gathering, hypothesis generation, hypothesis

testing and reflection.?

There is no coherent theory of decision-making, but ultimately, it is based on the
clinician’s current set of resources (evidence, past experiences, skills and knowledge,

patient characteristics and preferences) and the possible consequences of their choice
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(how will this affect the outcome of the patient)—the “ability to collect the right
resources and to take the right action for the right patient at the right time and for the

right reason”.2* This embodies the principles of evidence-based medicine (EBM).
Evidence-based medicine

In the early 1990s, the EBM movement began in response to the growing demand for
medical practice to be informed by trustworthy, empirically- collected evidence. The
term, “evidence-based medicine”, was first coined in 1991 with the objective to
educate clinicians on how to assess the credibility of research evidence, understand
the results of empirical investigations, and determine the appropriate strategies to
apply the acquired evidence to inform clinical decision-making.® Three
epistemological principles exist for EBM decision-making: (1) not all evidence is
created equal, (2) clinical decisions should be informed by a collection of high-quality
evidence, and (3) effective individualised decision-making requires the consideration
of patients’ values and preferences within the given environment and context.»?
EBM does not merely support clinical decision-making, it improves the consistency

and delivery of care, yields better health outcomes, and assist with ethical dilemmas.?®
2.2.1 The current model of evidence-based decisions

EBM is described as “the integration of best research evidence with clinical expertise
and patient values”.?” The conceptual model of EBM that reflects this definition is
depicted in Figure 2.1 The model is intended to be prescriptive (how clinical decisions
should be made) rather than descriptive (how clinical decision are made), and is
composed of four elements: clinical state and circumstances, patients’ preferences

and actions, research evidence and clinical expertise.?®
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Figure 2.1. Updated model for evidence-based clinical decisions. This
model provides a guide for how clinical decisions should be made by
depicting three key elements in clinical decisions and the role of clinical
expertise in integrating these elements. The model also acknowledges that
different weights can be assigned to each decision-making component

(depicted visually by varying the sizes of the circles).?

The first element, patients’ clinical state and circumstances, is thought to be a
primary component of clinical decision-making. This element emphasises that
decisions should vary from patient to patient according to individual clinical
circumstances. The second element, patient preference and actions, relates to the
crucial role of individual patient preferences in clinical decision-making. This
element also acknowledges the patients’ adherence to the clinicians’ advice as an
important indicator of the decision-making outcome. The third element, research
evidence, involves gathering, evaluating and interpreting cumulated best-available
evidence to inform clinical decision-making. It assists in the quantitative

interpretation of the patient’s clinical circumstances. The last element, clinical



expertise, relates to the general skills involved in clinical practice and the past
experiences of individual clinicians. More than that, it is the integrative decision-
making element which judiciously negotiates between trade-offs in the patient’s
clinical state and circumstance, best-available research evidence, and the patient’s
preferences and actions. Clinical expertise is distinct from clinician preferences,
which generally contribute to unwanted variances in clinical decisions.%?° This
decision-making model provides a conceptual rather than practical framework, but
nonetheless, it has had a substantial role in the development of several schemas and
decision support tools. It also informs a standard for best practice and a benchmark

for clinical practice evaluation.?®

2.2.2 The impact of evidence based medicine: rise of clinical practice

guidelines

The EBM movement has seen the introduction of many EBM-based initiatives!
including the Cochrane Collaboration’s systematic review methodology,* standards
for the conduct and reporting of research,® and approaches in rating evidence
quality.3223 In particular, the epistemological principles of EBM decision-making
which emphasise the need to systematically acquire and appraise evidence while
combining the considerations of the clinical context, clinical expertise and patients’
values and preferences, saw the rise of CPGs.! The need for CPGs was also
recognised by the US Institute of Medicine due to substantial variation in clinical
practice.* In an era of publication overload, a clinicians’ capacity to stay abreast of
best available evidence is not only challenging, it is impractical 3> CPGs provide a

mechanism for communicating “pre-processed” evidence-based recommendations to
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clinicians in order to facilitate the effective implementation of EBM decision-

making.!

Despite the contributions of EBM, there are some criticisms of the model that should
be considered for the remainder of this thesis. Firstly, EBM has been criticised for
seemingly discouraging clinical reasoning and focusing too heavily on formulaic
approaches to clinical decision-making.®”* However, supporters of EBM have
argued that the model has promoted the need to consider patient values when making
preference-sensitive decisions.! Another criticism is the strict adherence to the
evidence hierarchy however, as Djulbegovic et al argue, “no critic ever suggested that
reliable evidence should not be a key to effective problem solving and decision

making.”
Clinical practice guidelines as decision support tools

When faced with such complex and important decisions, decision support tools
provide clinical experts with strategies to improve the decision-making process and
outcome.®® This approach is primarily about problem solving rather than
accumulating theoretical knowledge.*° It is based on the principles of design science,
which prioritises utility (to serve human purposes) rather than the truth (to understand
reality).*! In clinical practice, the success of a clinical decision support tool is
contingent on how well the tool: (1) reflects the nature of the clinicians’ decision-
making process, (2) can be integrated into clinical practice.*? By providing evidence-
based decision support to clinicians, CPGs improve quality of healthcare and patient
outcomes, reduce unwarranted variation in clinical decision-making, optimise
healthcare resource use, provide guidance for consumers, and identify gaps in

knowledge to better support clinical decision-making.26:43-47



2.3.1 What are clinical practice guidelines

The US Institute of Medicine defines CPGs as ‘“statements that include
recommendations intended to optimize patient care that are informed by a systematic
review of evidence and an assessment of the benefits and harms of alternative care
options”.*® Based on this definition, CPG development involves two components: (1)
a systematic review of evidence based priority clinical questions that focuses on the
strength of the evidence base to inform decision-making, and (2) the formulation of
recommendations based on the evidence base and value judgement to provide a
description of the relative value placed in outcomes, benefits and harms and resource
use. CPGs can be informed by a range of evidence-based and consensus-based
resources including RCTs, systematic reviews, observational studies, physiological
experiments, case series, case reports, expert opinions or the experience of individual
clinicians.**%° As the first EBM epistemological principle states, not all evidence is
of the same quality. In response to this, the EBM-initiated GRADE (Grading of
Recommendations, Assessment, Development, and Evaluation) approach was
developed to provide a sophisticated framework for rating the quality of evidence by
assessing study design, risk of bias (study strengths and limitations), precision,
consistency (variability in results between studies), directness (applicability),
publication bias, magnitude of effect, and dose-response gradients, and grading the
strength of recommendations.®35-53 Taking evidence at any level, quality, relevance
or strength and using it to derive recommendations that support evidence-based
clinical decision-making “depends on judgement, experience and good sense”.>* As
a result, guideline development groups include content experts e.g. researchers,
clinicians and health professionals; methodologists; guideline development or

implementation experts; end-users e.g. specific types of health workers or policy



makers; and consumers e.g. patients or carers, who formally consider the scientific
evidence, expert opinions, clinical experience, and other relevant information so that
CPG recommendations reflect a core set of desirable attributes.”>>-° These attributes
include validity, reliability/reproducibility, clinical applicability, clinical flexibility,
clarity, involving a multidisciplinary process, scheduled review of new data, and

meticulous documentation of guideline development procedures.’
2.3.2 Standards for CPG development

Evidence is not created equal—neither are CPGs. A study reviewing 431 guidelines
found that 88% gave no information on searches for published studies, 82% did not
give any explicit grading of the strength of recommendations, and 67% did not report
any description of the type of stakeholders.>® Since there are currently over 3749
documents from 96 organisation and 87 countries present in the library of the
Guidelines International Network,®® CPG development processes can vary.5162
Generally, the non-linear development process involves 4 broad phases: (1) preparing
for CPG development — topic selection, defining scope and purpose, adapting existing
CPGs, forming a multidisciplinary guideline development group, and involving
consumers, (2) systematically reviewing evidence — formulate clinical questions,
systematically searching, including and/or excluding identified research, and research
appraisal, (3) drafting the CPG — developing recommendations, implementation
strategy, public consultation, summary version of CPG and (4) reviewing CPG —
impact evaluation, and plans for revision and update.®® Several guideline
development handbooks are utilised to outline the methodology by which CPGs
should be developed. Handbooks are produced by numerous international

organisations such as the National Health and Medical Research Council of Australia



(NHMRC), the Council of Europe, the National Institute for Health and Clinical
Excellence in the UK, the New Zealand Guidelines Group, the Scottish
Intercollegiate  Guideline Network, and the World Health Organization
(WHO).5456.63-65 A study comparing the advice and guidance of six handbooks found
a strong agreement on several guideline development elements.®* While several
systematic reviews have found tasks relevant to ethical issues, piloting, updating

CPGs and implementation strategies to be poorly described.626667
2.3.3 Clinical practice guideline appraisal tools

In parallel to guideline development handbooks, tools for their appraisal are also
available to support the evaluation of the quality of guidelines by the end user.® There
are over 40 CPG appraisal tools with many assessing whether the literature search
and evaluation, and synthesis and presentation of the evidence follow the principles
of EBM.% In particular, the Appraisal of Guidelines for Research & Evaluation
(AGREE) Enterprise, has had significant contributions to the science and
advancement of CPGs. This includes the development of several evaluation and
reporting instruments such as the AGREE 11%° (methodological rigour and
transparency in CPG development), My AGREE PLUS® (online AGREE Il appraisal
platform), AGREE-HS™ (quality of health systems guidance), and CheckUp??
(completeness of reporting in updated CPGs). The AGREE Il tool is the most
validated and extensively used tool to evaluate the quality of CPGs, and provide a
methodological framework for developing and reporting CPGs.®%7374 The tool
consists of 23 items grouped into 6 domains (scope and purpose, stakeholder
involvement, rigor of development, clarity of presentation, applicability, and editorial

independence).®® Over the last two decades, systematic reviews have shown an



increase in the general quality of CPGs, yet the domains rigour of development,
editorial independence and clinical applicability are often unsatisfactorily met.”>-"8
Several studies reveal clinical applicability is consistently the worst performing
quality domain,”®-8 which is a particularly concerning inadequacy since the success
of a decision support tool is contingent on how well the tool can be integrated into

clinical practice.*
2.3.3 Assessing the clinical applicability of CPGs

The validity, reproducibility and utility of guidelines are influenced by more than just
the availability of good evidence or rigorous development strategies.®+# Evidence,
which is often expressed as an average treatment effect at a population-level, cannot
directly support clinical decision-making at an individual patient-level.>® Research of
clinical applicability and implementability of CPGs to support individualised
decision-making is crucial in achieving the principles of EBM.® In consideration of
this, the AGREE Enterprise created and employed the Guideline Implementability
for Decision Excellence Model (GUIDE-M).® This model informed the recent
development of the Appraisal of Guideline Research and Evaluation-
Recommendations Excellence (AGREE-REX) tool®® to assess the clinical credibility

and implementability of CPGs.

The AGREE-REX tool® consists of nine items structured within three theoretical
domains: Clinical Applicability, Values and Preferences, and Implementability
(Table 2.1). All nine AGREE-REX items contain an operational definition of the item
and a number of item-specific criteria (ranging between 2 to 10) for CPGs to be

evaluated (Appendix B).



Table 2.1. Domains and items of the AGREE-REX

Domains ltems
Clinical 1. Evidence
Applicabilit 2. Applicability to Target Users
PP y 3. Applicability to Patients/Populations
4. Values and Preferences of Target Users
values and 5. Values and Preferences of Patients/Populations
6. Values and Preferences of Policy/Decision-
Preferences

Makers
7. Values and Preferences of Guideline Developers

8. Purpose

Implementability 9. Local Application and Adoption

In order to support clinical decision-making at an individual patient-level, CPGs need
to provide recommendations that are based on best-available evidence, consider the
clinical applicability to the patient and setting, and explicitly state the options for, and
implication of, different care options, i.e. trade-off between harms vs. benefits, to
support clinical judgements.”578 This degree of decision support can be assessed

using four specific AGREE-REX domains:
1. Evidence: thorough review of the quality and results of the available evidence.

2. Applicability to Target Users: the degree to which the recommendations are

applicable to the guideline’s target users’ practice context.

3. Applicability to Patients: the extent to which the anticipated outcomes of the
recommended action are relevant for, and valued by, the intended

patients/populations.

4. Values and Preferences of Target Users: the relative importance that the target
users of the guidelines place on the outcomes of interest (e.g., survival, adverse
effects, quality of life, cost, convenience). These are important to consider since

they influence the acceptability and adoption into practice.



Even if the evidence base is trustworthy, and the development of the CPGs are of
high methodological quality, the utility of CPGs to improve the translation of
population-level evidence to individualised decision-making is contingent on how

well CPGs address these domains.
2.3.4 Barriers in using CPGs to support individualised decision-making

While the use of CPGs can improve patient outcomes, CPGs are not frequently
utilised.®®9 Effective use of CPGs is driven by the creation and communication of
CPG content that involves target user involvement, evidence synthesis, and ensuring
clinical applicability and implementation feasibility.®> Moreover, the rate and extent
of adoption is determined by the interaction between the characteristics of the CPG,
the intended CPG target users, and the particular context of clinical practice.®® A non-
applicable CPG for a specific patient subgroup or clinical setting will have poor
adherence while an ambiguous CPG is less likely to be followed. In a sample of Dutch
general practitioners, the perceived barriers in the uptake of CPGs were related to
lack of applicability or lack of evidence (68% of recommendations), environmental
factors such as organisational constraints (52%), lack of knowledge regarding the
guideline recommendations (46%), and guideline factors such as unclear or

ambiguous guideline recommendations (43%).%

The known inadequacies of many CPGs to be clinically applicable’®% may be a
critical barrier in using CPGs as decision support tools, and potentially contribute to
the observed non-adherence. As the principles of EBM suggest, using population-
level evidence (measured as an average treatment effect) is not conducive to decision-
making for individual patients or subgroups that deviate from the population average.

Any differences in treatment effects often reflects the heterogeneity of patients, their



responsiveness to treatment, vulnerability to adverse effects and utility for different
outcomes.%-97 Effective use of CPG not only depends on the applicability to clinical
practice, but it also is dependent on how well the recommendations respond to patient
variability. This is particularly evident in the underutilisation of CPGs for patients
who are older and/or have co-morbidities that are most likely to benefit from

treatment, but most susceptible to the potential harms.47:98-101

The validity and reliability of evidence alone is not enough for CPGs to have their
intended effects.1%? The specificity of recommendations is also important. Shekelle et
al.»%® found that physicians receiving non-specific CPGs ordered fewer diagnostic
tests for appropriate clinical vignettes than physicians receiving no guidelines. While
compared to physicians receiving non-specific guidelines, physicians receiving
specific guidelines ordered significantly more diagnostic tests for appropriate
vignettes and significantly fewer diagnostic tests for inappropriate vignettes. In this
case, specific guidelines may change physician decision-making for the better, while

non-specific guidelines may change physician behaviour for the worse.

Alternatively, barriers in the uptake of CPGs to support individualised decision-
making may be due to the perceived rigidity of CPGs, insufficient clinical flexibility
or loss of clinical autonomy.36:37.101.104 Indeed CPGs do not necessarily apply to
everyone, however, if the magnitude of harms, benefits or cost differs for different
groups of patients, CPGs are required to specify the options for and implications of
different practice options. The current evidence can be leveraged by conducting
subgroup analyses of RCTs and conventional meta-analyses to identify effect
modifiers to support individualised decision-making.!®® However, RCTs are often

underpowered to detect subgroups and conventional meta-analysis methods cannot
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unpack the granularity of RCT data. Individual patient meta-analysis can offer a
solution by providing individualized estimates, however it is infrequently performed,

requires data sharing by trialists, and is resource-intensive.105:1%

In summary, these key barriers can be interpreted as a lack of specific and adaptable
CPGs to respond effectively to variability in the clinical context (patient and clinician)
to appropriately inform individualised clinical decision-making. The methods that
improve the acceptance and utility of CPGs require feedback and involvement from
end-users of CPGs.1%” The decision task, decision-making process and value
judgements of CPG target users need to be understood and reflected in the design of
CPGs to ensure the development and delivery of evidence-based recommendations
are able to close the gap between how healthcare is delivered and the scientific

evidence that supports it.53108.109

In the remaining sections of this chapter, the burden of stroke will be briefly outlined
followed by a summary of extensively utilised and newly proposed acute stroke
outcome measures. These sections will collectively provide an in-depth discussion of
the clinical context that serves as the exemplar to explore the barriers and enablers in

translating of RCT evidence to inform individualised decision-making.
Stroke recovery

Stroke is a major public health concern. It is the second leading cause of mortality
and disability worldwide.*'? Stroke is defined as a clinical syndrome persisting for
more than 24 hours with sudden focal or global neurological disturbances of vascular
aetiology.''! Cerebral stroke can be divided into ischaemic stroke (IS) and
intracerebral haemorrhage (ICH). Approximately 80% of cerebral stroke in the

Western population are ischaemic events, while the remaining 20% are a result of



haemorrhage.!'>14 Sudden death within 24 hours of stroke onset occurs in 20% of
the population while two thirds have residual neurological deficits that impair daily

function and reduce quality of life. 115116

Prevention and improved control of risk factors alongside the introduction of several
acute stroke therapies have led to decreased mortality rates. Yet, this decline is
conversely met with an increase in the prevalence of disability post-stroke, and a
growing demand for rehabilitation that is largely unmet. In 2017, more than 475,000
Australians were estimated to have residual neurological deficits that persistently
impair daily function.*'” Stroke burden is not limited to biopsychosocial disability; it
imposes a significant economic burden. Loss of productivity (approx. AU$3 billion)
and healthcare expenditure (approx. AU$881 million) cost Australia an estimated
AUS5 billion in 2012.*8 Given the immense burden, efforts must be made to optimise

recovery post-stroke.

The effects of stroke may be determined by the site and size of the initial stroke lesion,
and by the extent of subsequent recovery.'® The Stroke Recovery and Rehabilitation
Roundtable taskforce defines the term “recovery” to mean: “(1) the change (mostly
improvement) of a given outcome that is achieved by an individual between two (or
more) timepoints, or (2) the mechanism underlying this improvement in terms of
behavioural restitution or compensation strategies”.'?® However, the mechanism of
recovery is multifaceted and complex potentially involving a combination of
spontaneous biological recovery and learning dependent processes,'?! therefore,
individual patient recovery patterns are heterogeneous in nature.'?? Nonetheless, any
improvement in any domain of post-stroke burden is important to capture and is a

“sign of ongoing recovery”.1?



2.5. Measuring post-stroke recovery

As previously described, since stroke is a significant cause of disability and
measuring mortality alone does not capture post-stroke burden, measures of
functional recovery are favoured. The burden of stroke on patients can include a
combination of neurological deficits, inabilities to perform activities of daily living
and self-care tasks, neuropsychological dysfunction and neuropsychiatric
deficits.’5123124 As a result, outcome measures should describe a representative
spectrum of post-stroke burden while also capturing meaningful changes relevant to
patients.'? This is particularly important in the selection of outcome for RCTs that
often provide evidence that informs clinical decisions and the development CPGs.
However, in many acute stroke trials, including AVERT, important outcome
measures are typically scored by clinicians or researchers, and only capture a limited
aspect of post-stroke burden concerning impairments and an inability to perform
activities of daily living.t>123124 There is however, no perfect scale and the choice of
outcome measure will depend on the research question, stroke population and

available resources.

2.5.1. The modified Rankin scale

The modified Rankin scale (mRS) is the most widely favoured!?®12” and extensively
endorsed?-13! measure of “global disability” and primary endpoint for many acute
stroke trials.**> The mRS includes six ordered grades of functional outcome and a
death state. The scale is favoured because of its ease of use and intuitive
administration, and ability to demarcate effective and ineffective treatments in
adequately powered samples. While a single-point shift on the scale is clinically

relevant, 33134 its ordinal nature may make it less responsive or sensitive to change



compared to stroke scales.**® There are also limitations concerning the reproducibility
of scores and its limited power to detect treatment effects when dichotomized,
typically into good outcome (mRS 0-1 or 0-2) and poor outcome (MRS >1
or >2).132136 The Optimising the Analysis of Stroke Trials (OAST) collaboration
recommends preserving the ordinal nature over a dichotomous approach due to its
demonstrated superiority however, this approach still raises questions about the

clinical interpretability.**’

While all mRS categories consistently and explicitly refer to a generic degree of post-
stroke disability, some categories are varyingly described in terms of the presence of
symptoms, ability to perform activities of daily living, walking ability and self-care.
Furthermore, the simple descriptions of each mRS category do not include other
disability conditions such as post-stroke cognitive decline, mood disorder and
fatigue.’®® Despite this, the mRS remains the recommended measure of global
disability,128130.13L.133 and it is thought that this measure “should be retained in its
present form for comparability with existing treatment comparisons”,'3 including

within the field of EM.

2.5.2 Patient-centred outcomes

Disparities between the preferences of patients and physicians have been previously
demonstrated.®*%-14! As such, patient-centred approaches to best practice have been a
growing area of interest.14>144 Patient- or person-centred care is broadly defined as
"care that is respectful of, and responsive to, the preferences, needs and values of the
individual patient".!*> As part of this movement, attention has been paid to the
identification and development of more patient-centred outcome measures for

inclusion in research and clinical practice.}#6-14 Qutcomes can be developed by



patients (patient-generated), with the participation of patients (patient-centred),
ranked or valued by the patient (patient-valued), or without any patient participation
or assessed by patients as irrelevant or of no interest or value (patient-irrelevant).46
Patient-centred outcomes aim to value the patients' perspective of various health
outcomes over the perspectives of clinicians and researchers and provide a method to
optimise the communication of relevant benefits, risks and costs associated with
different clinical decisions. However, it should be noted that there are practical and
methodological reasons that trialists have preferred “hard” clinical outcomes to
patient-reported outcome measures. There can be disadvantages in the use of patient-
reported measure such as the accuracy and reliance on self-appraisal of functioning
rather than objective assessments of performance.’*® Nonetheless, it is important to
capture stroke burden and health status from a patient’s perspective without

interpretation by a clinician.

Various generic and stroke-specific patient-centred outcomes have been developed to
improve the understanding of the multiple domains affected by stroke beyond
physical functioning. Health related quality of life is one measure that can serve to
assess aspects of “participation” and capture patients’ experiences of stroke recovery.
Work by Ali et al.'*®0 investigated how well standard outcome measures reflect quality
of life using the Virtual International Stroke Trials Archive (VISTA) dataset. They
found that of the traditional acute stroke outcome measures (MRS, National Institutes
of Health Stroke Scale and Barthel Index), the strongest association was found

between quality of life and the mRS at 3 months.



2.6.

2.5.3. Utility-weighted mRS

Utility, centred on health-related quality of life, is a widely accepted patient-centred
outcome measure of a patient’s preference for a specific health outcome.'152 The
utility-weighted mRS (UW-mRS) has therefore been proposed and endorsed by the
Stroke Therapy Academic Industry Roundtable (STAIR) as an approach to create a
more patient-centred outcome measure by reflecting patient perception of quality of
life,617.153 and to improve the interpretability and statistical efficiency of the mRS in
acute stroke RCTs.t"1% UW-mRS values are obtained by assigning a mean utility
weight to each mRS category based on patient, clinician or societal valuation of
various disability health states.'®® Investigations have shown similar efficiency
compared to the ordinal mRS, and greater efficiency compared to the dichotomised
mRS.17154 The perceived benefits of the UW-mRS is reflected in the recent approval
as a co-primary outcome measure by the Food and Drug Administration in a
thrombectomy trial.'® Validity, reliability, responsiveness to change, acceptability
and feasibility are key criteria for an assessment scale.’*® However, the construct
validity of the UW-mRS as a patient-centred outcome measure has yet to be
established and this is necessary to enable appropriate communication of relevant
benefits, risks and costs associated with different clinical decisions. Further

exploration of the ‘patient-centredness’ of this measure was a focus for this thesis.

Early mobilisation of patients post-stroke

It is well-established that the delivery of care in organised, multidisciplinary acute
stroke units is effective in reducing death and long-term dependency.'s”-16! Qver the
last decade, understanding the components of care that might contribute to the success

of acute stroke unit care has grown in interest.® Early mobilisation (EM), defined as



sitting out of bed, standing or walking early after stroke, has been considered
important in this care model for many years.'2 The susceptibility of patients to
inactivity during hospitalisation'®3164 and the increased risk of immobility-related
complications such as infections, falls, thromboembolism leading to poor functional
recovery forms the central theoretical rationale for EM.%165-167 |t is also hypothesised
that EM may help promote brain recovery, however this is largely based on
preclinical studies and theories of brain remodelling in the acute stages post-
stroke.'%8-172 Equally, some concerns exist about EM which include increased risk of
falls,1%> impairment of cerebral blood flow and perfusion due to hemodynamic
changes,'’®1* and risk of further bleeding in haemorrhagic strokes'’® or after

thrombolysis.1’6
2.6.1 The evidence base behind early mobilisation

EM was first recommended by several local CPGs in Norway and Sweden in the late
1980s. It became a prominent area of research after the publication of a Norwegian
RCT in 1991.%8 The results of the trial demonstrated a marked reduction in death and
disability in patients managed in a stroke care unit (with a focus on early mobilisation)
when compared with general ward care. This trial was included in the landmark
Stroke Unit Cochrane review, which further confirmed the benefits of organised
stroke unit care.r’” In 1994, the American Heart Association published Guidelines for
the Management of Patients With Acute Ischemic Stroke which strongly

recommended EM.178

Since then, RCTs and subsequent systematic reviews have investigated the safety and
efficacy of EM. Findings however have been inconsistent.!*1’ In several trials

investigating EM starting within 24 to 72 hours of stroke onset compared to usual



stroke unit care (later mobilisation and/or monitoring) no significant effects on
complication rates, mortality or global disability (modified Rankin Scale) were found.
An individual participant data meta-analysis of two RCTs conducted in 2010,
demonstrated that EM patients had significantly greater odds of independence
compared with standard care patients (adjusted odds ratio (OR), 3.11; 95%
confidence interval (CI), 1.03-9.33).28° These inconsistent findings might be

attributed to varied intervention protocols and small sample sizes.

Thus, uncertainty about the practice of EM from these early, small trials, was greatly
impacted by the findings from the single largest EM RCT, A Very Early
Rehabilitation Trial (AVERT; n=2104), conducted in 56 acute stroke units in five
countries.® AVERT demonstrated fewer patients in the EM group had a favourable
functional outcome (modified Rankin Scale score 0-2) than those in the usual care
group (n=480 [46%] vs. n=525 [50%]; adjusted OR 0-59-0-59-0-004). Interestingly,
no effect on immobility associated complications or walking recovery was found.
When interpreting these results, it should be noted that over the course of the trial, a
gradual decrease in time to first mobilisation was observed in the usual care group
(median of 28 minutes per year). As such, the time difference in first mobilisation
between groups was only 4 hours: 18.5 hours (median; IQR, 12.8-22.3) vs. 22.4 hours
(16.5-29.3). Moreover, 92% of EM patients and 59% of usual care patients were
mobilized within the first 24 hours; possibly suggesting that the often-larger dose of
therapy received in the EM group had a greater influence on functional outcome at 3
months post-stroke. Prespecified subgroup analyses of efficacy suggested that
patients with severe stroke in the EM group had reduced odds of a favourable
outcome at 3 months.!®! Patients with intracerebral haemorrhage also appeared to

have signal of reduced odds of a favourable outcome and increased odds of mortality



at 3 months post-stroke. However, these subgroup results were not statistically

significant.

The variability of EM delivery in usual stroke unit care and the potential subgroup-
effects raises the questions about clinical decisions: (1) What is the optimal
mobilisation strategy in the acute period post-stroke to inform individualised clinical

decision-making? (3) Which patients are likely to benefit or be harmed by EM?

To provide practical guidance for clinicians on the timing, frequency, and amount of
mobilisation, the AVERT investigators performed a pre-specified “dose-response”
analysis.!8! This analysis suggested shorter, more frequent mobilisation early after
acute stroke is associated with greater odds of favourable outcome at 3 months after
controlling for age and stroke severity.'® However, the investigators cautioned
against over-interpretation of these additional analyses. Thus, the interpretation and
translation of this multifaceted EM evidence to inform individualised decision-

making is complex and challenging.

AVERT was a landmark trial that challenged conventional beliefs and still fuels
debate about the importance of EM in the acute stroke care.'® Some have argued the
“danger of falling into the opposite extreme of immobilisation and inactivity” based
on these findings.** While others speculate about the impact of upright posture on
cerebral perfusion on exacerbating ischemia and leading to poor outcome82-184 or the
amplification of therapy-induced cellular stress and increased expression of pro-
inflammatory mediators.'818¢ AVERT has nonetheless provided robust evidence that
highlights the complexity of EM decision-making involved in acute stroke care.
Whether CPG recommendations informed by AVERT should apply to all individuals

after stroke is uncertain.18’



Most recently, the updated EM Cochrane review (nine RCTs, 2958 participants)
found EM within 48 hours of stroke onset did not show a difference in the number of
patients who survived or had a good outcome post-stroke compared to usual care.'*
However, due to the aggregated nature of the meta-analysis, predictive factors, i.e.,
stroke severity and age, could not be investigated producing uncertainty in the

estimations of effect, and an inability to explore subgroup—treatment effects.

It is obvious the field of EM research is burdened by surprising and/or inconsistent
findings that challenge the utility of EM evidence to inform individualised clinical
decision-making. The gaps in knowledge concerning the optimal dose of EM (time,
amount, frequency), and how to identify patients whom EM might benefit

(responders) or harm (non-responders) needed to be investigated.
2.6.2 Early mobilisation clinical decision-making post-stroke

Several studies have investigated the factors influencing EM decision-making;
however, a majority were conducted prior to the publication of AVERT. A survey of
nurses, physicians, and physiotherapists (n=99) in 2007 emphasised the lack of
agreement about what constitutes EM and who should initiate it.8 Most nurses (62%)
and physicians (67%) thought that EM should begin within either 12 or 24 hours of
stroke onset, while most physiotherapists (76%) thought that EM should commence
after the first 24 hours. The opinions of clinicians concerning the benefit or harms of
EM shifted over time even when the evidence based did not. In 2011, a survey of 202
survey of stroke professionals was conducted that demonstrated 60% had concerns
about EM in patients with intracerebral haemorrhages.'” This is noteworthy given
there was no evidence of benefits or harms at the time, but the survey results reflect

the subgroups effects (albeit non-significant) seen in AVERT four years later. In



contrast, 77% of professionals thought patients with ischemic stroke should be
mobilised within 24 hours of stroke onset.!8® There were also differences in the
perceived importance of factors affecting decisions about EM based on the health
professionals discipline, i.e. doctors were most concerned about the patients’ physical
ability to mobilize, while physiotherapists were mostly concerned about the patients’
medical stability. Arguably, the most interesting outcome from the survey was that
only 19% of professionals required a large RCT or a systematic review to be

convinced of the benefits of EM.

It is not surprising that the risk of symptomatic intracerebral haemorrhage post-
thrombolysis may influence EM decision-making. A case-cross over study of 54
clinicians using hypothetical vignettes revealed that neurological decline,
neurological decline with symptomatic intracerebral haemorrhage, infection of
uncertain cause, severe chest infection, severe stroke, drowsiness, and confusion
significantly influenced decisions to mobilise patients treated with thrombolysis early
post-stroke.’®® In the absence of decision support or guidance, there seems to be a
tendency to take a conservative approach, even when there is little or no evidence to

support a conservative approach,°%-193

Since many of these studies were published before AVERT, we currently do not have
a sound understanding about how clinicians make individualised clinical decisions
about which patients should be mobilised, particularly in the absence of clinical trials
that are powered to detect subgroup effects. Therefore, any variances in clinical
decision-making is likely due to differences in the interpretation and understanding

of the heterogeneity of acute stroke factors, and the theorised or experience of the



benefits and harms of EM to different patient subgroups. This highlights the need for

clinically applicable CPGs to provide decision support in these areas.
2.6.3 The use of CPGs to support early mobilisation decision-making

Despite the inconclusive and inconsistent evidence base, and prior to the publication
of AVERT, many CPGs recommended patients to be mobilised as early and as
frequently as possible.'®*1°7 A review of 30 acute stroke guidelines worldwide found
22 (73%) contained EM recommendations with most recommending EM within 24
hours of stroke onset, and only 8 (36%) defined the intervention.? In 13 CPGs, the
primary justification of these recommendations was to prevent immobility-related
complications rather than to promote recovery. In this review, the authors highlighted
the variation in the definition of EM (e.g. standing and sitting out of bed, walking,
actively engaging in activities of daily living) and the timing of EM (after stabilization,
within 24 hours, within 72 hours). In Table 2.2, CPGs and recommendations related

to EM prior to the publication of AVERT in 2015 from Bayley et al are summarised.



Table 2.2. Early mobilisation clinical practice guidelines published prior

to AVERT

Developers Recommendations

UK, National Institute Early mobilisation and optimum positioning of people with

of Clinical acute stroke. Early mobilisation is considered a key element of

Excellencel®®

acute stroke care. Sitting up will help to maintain oxygen
saturation and reduce the likelihood of hypostatic pneumonia.
People with acute stroke should be mobilized as soon as
possible (when their clinical condition permits) as part of an
active management program in a specialist stroke unit.

People with acute stroke should be helped to sit up as soon as
possible (when their clinical condition permits).

Norway, Behandling
og rehabilitering ved
hjerneslag - National
guidelines for
treatment and
rehabilitation by
stroke!®

All stroke patients should quickly be mobilized out of bed, and
all of the interdisciplinary team B (level 2a) should contribute to
mobilize patients as early and as often as possible.

It has been common clinical practice to await mobilisation
when systolic BP > 220 mmHg or severe dizziness. In these
cases, it is recommended to measure BP lying and sitting, and
to cancel mobilisation for SBP-decrease of >30 mmHg and
concurrent symptoms. Patients treated with beta-blockers
and/or who have hypovolemia should be monitored especially
carefully.

Mobilisation consists of the patient returns to a sitting,
standing, or walking position, depending on the functional
level. All members of the multidisciplinary team will help the
patient be mobilized as early and as often as possible.
Mobilisation must be conducted 00:10 day 7 days a week
(175; 223; 224) (Level 2a)

Scotland, SIGN2%

Stroke patients should be mobilized as early as possible after
stroke (Level B).

European Stroke
Organisation?%t

1. Early mobilisation of the patient according to out of bed
within 24-h principle as soon as the stroke has stabilized, and
the general medical condition and stroke severity make this
possible.

2. Early mobilisation and physical therapy at least once daily
(7/7) and, if resources make it possible, preferably twice a day,
adapted to the medical condition of the patient.

World Stroke
Organisation202203

All patients admitted to hospital with acute stroke should start
to be mobilized early (between 24 and 48 h of stroke onset) if
there are no contraindications

Contraindications to early mobilisation include, but are not
restricted to, patients who have had an arterial puncture for an
interventional procedure, unstable medical conditions, low
oxygen saturation, and lower limb fracture or injury.

Nursing Research
Institute Stroke
Coalition?*

Early mobilisation: Within the first 24 h for neurologically and
hemodynamically stable patients is safe and feasible (class lla:
level of evidence B).

Early mobilisation (within 52h) is associated with fewer
complications. Patients with stable neurological and
hemodynamic presentation can be mobilized to out of bed
chair sitting even if level of consciousness is depressed i.e.
stupor, obtundation, and lethargy (class lla: level of evidence
C)

Source: Adapted from Bayley et al, 2017°



Current CPGs predominantly reflect the findings from AVERT. In Table 2.3, CPGs
and recommendations related to EM after to the publication of AVERT from Bayley
et al are summarised with the addition of the Australian CPGs* published in 2017.
The consistent proposal is to recommend against [intensive] out-of-bed activity
starting within 24 hours post-stroke,*® with significant uncertainties about best
practice care beyond the first episode of mobilisation. Some exceptions do apply e.g.
the Heart and Stroke Foundation CPG states that mobilisation may be reasonable for
some patients with acute stroke in the very early timeframe and NICE recommends
the use of clinical judgement for those requiring little to no assistance.?%>2% |t appears
that clinical decisions regarding the dose of therapy and whom this therapy should be
given to is complex, multifactorial and not sufficiently addressed in current CPGs.
As previously discussed, clinicians are frequently faced with difficult clinical
decisions and there is often uncertainty in the value of different options, and
consequently clinical practice can vary. Decision-making is further complicated by
the uncertainty in using population-level research evidence to inform individualised
decision-making particularly when subgroup-effects do not exist to inform the
applicability of that data to certain patients. It is important to understand the factors
which influence the decisions of clinicians so that clinical guidelines reflect decision-
making in practice. There is an immense need to formulate well-defined acute EM

CPGs that can are clinically applicable and implementable to support clinical practice.



Table 2.3. Early mobilisation clinical practice guidelines published after
AVERT

Developers

Recommendations

Canada, Heart and

Stroke Foundation
206_

All patients with stroke should receive rehabilitation therapy as
early as possible once they are determined to be rehabilitation
ready and they are medically able to participate in active
rehabilitation (Level A) within an active and complex
stimulating environment (Level C).

Frequent, out-of-bed activity in the very early time frame
(within 24 h of stroke onset) is not recommended (Evidence
Level B). Mobilisation may be reasonable for some patients
with acute stroke in the very early time frame and clinical
judgment should be used (Evidence Level C).

All patients admitted to hospital with acute stroke should start
to be mobilized early (between 24 and 48 h of stroke onset) if
there are no contraindications (Evidence Level B).
Contraindications to early mobilisation include, but are not
restricted to, patients who have had an arterial puncture for an
interventional procedure, unstable medical conditions, low
oxygen saturation, and lower limb fracture or injury.

US, American Heart
Association/
American Stroke
Association 2%7

It is recommended that stroke survivors receive rehabilitation
at intensity commensurate with anticipated benefit and
tolerance. (Level B)

High-dose, very early mobilisation within 24 h of stroke onset
can reduce the odds of a favorable outcome at 3 months and
is not recommended (Level A)

UK, Royal College of
Physicians
Intercollegiate Stroke
Working Party/
National Institute for
Health and Care
Excellence 2%,

Patients with difficulty moving after stroke should be assessed
as soon as possible within the first 24 h of onset by an
appropriately trained healthcare professional to determine the
most appropriate and safe methods of transfer and
mobilisation.

Patients with difficulty moving early after stroke who are
medically stable should be offered frequent, short daily
mobilizations (sitting out of bed, standing, or walking) by
appropriately trained staff with access to appropriate
equipment, typically beginning between 24 and 48 h of stroke
onset. Mobilisation within 24 h of onset should only be for
patients who require little or no assistance to mobilize.

Australia, National
Stroke Foundation 208

For stroke patients, starting intensive out-of-bed activities
within 24 hours of stroke onset is not recommended.

For patient with mild and moderate stroke, frequent, short
session of out-of-bed activity should be provided, but optimal
timing within the 48-hour post-stroke time period is unclear.

Source: Adapted from Bayley et al, 2017.1°



2.6.4 Summary of challenges in clinical decision support for EM

In the preceding sections, the challenges clinicians often face in evidence-based
decision-making have been outlined. The need for decision support stems from the
significant challenges faced by stroke clinicians when translating population-level
evidence from recovery and rehabilitation trials to individualised clinical decision-
making. The inherent heterogeneity of stroke patient population and their recovery
patterns are not explicitly covered by CPG recommendations. Stroke-specific factors
such as stroke type, location and severity, and clinical factors such as age, sex and
co-morbidities vary widely in the stroke population and contribute to variable
recovery patterns. This adds to the complexity and ambiguity of decision-making in
early mobilisation practices and potential inconsistencies in the delivery of care.
Rarely does clinical trial evidence provide all the answers to give clinicians the
information they need to confidently deliver treatment. In the case of EM, signal of
harm in response to intervention reported in AVERT, and concerns over potential
harms without mobilisation being undertaken during acute care, make the EM field
particularly challenging for clinicians right now. At the most simplistic level, in the
face of uncertainty, clinicians could choose to do nothing (leave the patients resting
in bed for days or weeks) or something (mobilising the patient at a time, dose and
intensity of their choosing). In AVERT, time to first mobilisation in the usual care
group steadily decreased; around 60% of patients eventually started out-of-bed
therapy within 24 h of stroke onset. The authors speculated whether it was a
consequence of contamination, or a response to changes in attitudes to EM over time,
response to the recommendations in clinical guidelines at the time, or both.°
Nonetheless, understanding how clinicians internally and externally negotiate risks

and benefits for different patients can provide important insights into how to optimise



EM decision-making for clinicians and better support risk communication with
patients. It is evident that clear and clinically applicable CPGs for early mobilisation
that balance the risks of harms vs. benefit are required to effectively support decision-
making at an individual patient level, standardise care, and ultimately optimize
patient outcomes. Overall, the use of population-level evidence to inform
individualised decision-making is complicated by the multifaceted and complex
nature of EM evidence and interventions, CPG development and reporting, and the
characteristics of stroke patients and their outcomes. These critical research areas are

the major focus of this thesis.

2.7 Summary and research gaps in the literature

As articulated in Section 1.2, the overall objective of this thesis was to investigate the
barriers and enablers to the effective use of population-level to inform individual
patient-level clinical decision-making for EM post-stroke. Based on the review of the
literature provided earlier in this chapter, eight key gaps within four distinct research

themes emerged (Figure 2.2):

Clinical practice guidelines
The variability and ambiguity of EM evidence and the heterogeneity of stroke patients
requires complex decision-making. Clinically credible and applicable CPGs are
needed to support and optimise clinical decisions.
Key gap 1: since the publication of AVERT, the utility and limitations of current
CPGs to support individualized clinical decision-making have not been
investigated.
Key gap 2: the key areas of improvement for the reporting of CPGs to better

support EM decision-making are not known.



Early mobilisation evidence
Findings from EM RCTs have been largely inconclusive and inconsistent, with some
trials showing benefit, while the single, largest RCT (AVERT) showed harm. The
recent Cochrane review found no difference between EM and usual care despite the
inclusion of AVERT and could not shed light on these uncertainties, yet the practice
of EM continues. There appears to be differences in the response-patterns of patients
to EM based on subgroup and dose analyses, but many are not statistically significant.
Key gap 3: most RCTs are not powered to look at subgroup-treatment effects to
inform applicability of evidence to subgroups or individual patients.
Key gap 4: conventional meta-analysis methods cannot unpack the granularity of
RCT data at an individual patient-level to investigate subgroup-treatment and dose

effects of EM.

Clinical decision-making
Prior to AVERT, several factors such as stroke type, medical stability and
administration of thrombolysis influenced EM clinical decision-making.
Key gap 5: since the publication of AVERT, the clinical and non-clinical factors
that influence EM decision-making are not known.
Key gap 6: the way clinicians tailor their decisions based on their own
interpretation of potential risks vs. benefits of EM to individual patients has not

been investigated.

Patient-centered outcomes
The principles of EBM and CPGs advocate for the use of patient-centred outcomes.
In stroke research, the UW-mRS is a newly proposed measure to improve the patient-

centric and ordinal nature of the mRS.



Key gap 7: the construct validity of the UW-mRS as a patient-centred outcome
measure of post-stroke burden has not been investigated.
Key gap 8: the ability of the mRS to capture important patient-centred outcomes

of post-stroke burden is not known.

Research Objective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual patient-
level clinical decision-making

Gaps Research Questions Studies
1. What are the utility and limitations of current Study 1
Clinical Practice 1&2 CPGs as decision support tools to support Clinical Practice Guidelines for Early Mobilisation
Guidelines (CPG) individual patient-level clinical decision-making as Decision Support Tools for Stroke Clinicians:
for EM post-stroke? A Systematic Review and Cross-Sectional Study
Early Mobilisation 2. How can we_ use an individual_ parh‘cfipam data Study 2
—— 38&4 meta-analysis of EM RCTs to investigate more Early Mobilisation Post-Stroke: A
Evidence precise estimates of subgroup and dose effects Review and Meta-Analysis of Individual
of EM? Participant Data
3. Based on individual interpretation of the Study 3
Clinical Decision- 5&6 potential risks vs benefits of EM to specific Clinical and Systems of Care Factors
Making patients, what clinical and non-clinical factors Contributing to Individual Patient Decision-
do clinicians employ to tailor their decisions? Making for Early Mobilisation Post-Stroke

Study 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary

4. How well do the mRS and UW-mRS reflect e e
Patient-Centred 7&8 post-stroke burden for an individual patient, o e
Outcomes and to what degree are they considered Study 5
‘patient-centred'?

Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 2.2. Thesis framework with key gaps in the literature.
Four primary research themes with corresponding key gaps, research

questions and related studies are depicted in this framework.

This concludes the introductory part of this thesis. In these first two introductory
chapters, the necessary clinical and methodological background as well as the key
gaps in knowledge were provided to form the foundation for the remainder of this
thesis. The following sections (Chapters 3 to 7) constitute the novel research work of

this thesis.



Chapter 3

Study 1: The Utility and Limitations of Clinical Practice Guidelines

to Support Early Mobilisation Decision-Making After Stroke

3.1. Chapter overview

In this chapter, the utility of current CPGs as decision support tools to facilitate the
use of population-level evidence to support individual patient-level decision-making
for EM post-stroke was investigated (Research question 1, Figure 1.1). The rationale
for Study 1 stems from the variability of EM evidence, and the heterogeneity of stroke
patient population identified in the literature (Chapter 2), which requires complex
clinical decision-making. Therefore, an important research area for this thesis was to
investigate the utility and limitations for clinically credible and applicable CPGs to

support decision-making in this challenging EM context.

Research (hjective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual

Qinical Practice
Quidelines (CPG

Early Mobilisation
Empirical
Bvidence

dinical Decision-
Making

Patient-Centred

Qutcomes

patient-level clinical decision-making

Research Questions

. What are the utility and limitations of current

CPGs as decision support tools to support
individual patient-level clinical decision-making
for EM post-stroke?

. How can we use an individual participant data

meta-analysis of EM RCTs to investigate more
precise estimates of subgroup and dose effects
of EM?

. Based on individual interpretation of the

potential risks vs benefits of EM to specific
patients, what clinical and non-clinical factors
do clinicians consider to tailor their decisions?

. How well do the mRS and UW-mRS reflect

post-stroke burden for an individual patient,
and to what degree are they considered
‘patient-centred’?

Studies

Sudy 1
Clinical Practice Guidelines for Early Mobilisation
as Decision Support Tools for Stroke Clinicians:
A Systematic Review and Cross-Sectional Study

Study 2
Early Mobilisation Post-Stroke: A Systematic
Review and Meta-Analysis of Individual
Participant Data

Sudy 3
Clinical and Systems of Care Factors
Contributing to Individual Patient Decision-
Making for Early Mobilisation Post-Stroke

Sudy 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary
Outcome Measure

Sudy 5
Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 1.1. Thesis Framework.



Study 1 investigated how well CPGs for early mobilisation after stroke support
individual patient-level decision-making for expert stroke clinicians. In this cross-
sectional study, the utility and limitations of CPGs for EM post-stroke as decision
support tools for expert stroke clinicians was explored using a two-pronged approach:
review of EM CPGs and interviews with expert stroke clinicians. This cross-sectional
study in presented in accordance with Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.?®® Ethics approval was obtained
from The University of Melbourne Human Research Ethics Committee (1851680.1)
and can be found in Appendix C. The chapter is presented in the original submitted
version of the manuscript. This work is followed by Section 3.6 outlining the

contribution of the chapter to the thesis objective.

This chapter has been accepted for publication to Frontiers in Neurology.



3.2. Introduction

Clinical decision-making is thought to be a contextual, continuous, and evolving
process, where data are gathered, evaluated, and interpreted to select an evidence-
based choice of action.* The definition emphasises the importance of both evidence
generation and evaluation, and the interpretation that is relevant for individual
patient decision-making. Clinical decisions are embedded in evidence-based
medicine, which integrates clinically relevant (patient-oriented) research, clinical
expertise and patient values and preferences.>® However, evidence generated by
RCTs, often expressed as an average treatment effect at a population level, cannot
directly support clinical decision-making at an individual patient-level.>®¢ CPGs are
decision support tools that serve to fill this gap by providing recommendations,
generally with consideration of clinical applicability to the patient and setting, and by
explicitly stating the options for, and implication of different care options, i.e. trade-

off between harm vs. benefits, to support clinical judgements.”67.88

In the domain of stroke rehabilitation and recovery, early mobilisation (sitting out of
bed, standing or walking early after stroke) has long been considered an important
part of stroke unit care.!%2 CPGs have historically reflected this, and contained
recommendations to mobilise patients as early as possible post-stroke.8® However,
a publication in 2015 of the largest RCT, A Very Early Rehabilitation Trial (AVERT;
n=2104), demonstrated poorer outcomes in the early mobilisation group compared to
usual care.® This resulted in many CPG recommending against [intensive] out-of-bed
activity starting within 24 hours post-stroke,*® with significant uncertainties about
best practice care remaining. Furthermore, the recent publication of a Cochrane

Review!* and supplementary individual participant data meta-analysis?!® of early



mobilisation RCTs demonstrated that although early mobilisation is not
recommended within 24 hours post-stroke, there is still a need for more detailed
research to understand the optimal timing, frequency, and intensity of the intervention.

This has an obvious implication for developing decision support tools.

The need for decision support stems from the significant challenges faced by stroke
clinicians when translating population-level evidence from recovery and
rehabilitation trials to individualised clinical decision-making. The inherent
heterogeneity of stroke patients and their recovery patterns are not explicitly covered
by CPG recommendations. This contributes to the complexity and ambiguity of
decision-making in early mobilisation practices and potential inconsistencies in the
delivery of care. It is evident that clear and clinically applicable CPGs for early
mobilisation are required to effectively support decision-making at an individual
patient level, standardise care, and ultimately optimize patient outcomes. The existing
gaps in knowledge include the utility of current early mobilisation CPGs to support
clinical decision-making, the areas of uncertainty in decision-making, and the key

recommendations to improve future early mobilisation CPGs.

Our overall aim was to investigate how well CPGs for early mobilisation after stroke
support individual patient-level decision-making for expert stroke clinicians. To meet

this aim we:

(1) Systematically evaluated how well specific normative decision-support criteria
from the Appraisal of Guidelines Research and Evaluation—Recommendations

Excellence (AGREE-REX) tool are met by early mobilisation CPGs.



(2) Empirically investigated the influence of early mobilisation CPGs on decision-
making of Australian stroke clinicians’, the areas of uncertainty in their decision-

making, and suggestions to improve CPG recommendations.



3.3. Methods

3.3.1. Study Design

This cross-sectional study was designed using a conceptual framework developed in
accordance with the definition of clinical decision-making* to emphasise the
importance of both evidence generation and evaluation, as well as the interpretation
component relevant for individual patient decision-making (Figure 3.1 top panel). For

that reason, this study includes two components:

1. Normative component — a review of stroke CPGs containing recommendations
for early mobilisation practices. Recommendations were appraised using
purposely selected AGREE-REX items that are relevant to decision-making for
clinicians.

2. Empirical component — semi-structured interviews with Australian expert stroke
clinicians to investigate the influence of early mobilisation CPGs on decision-
making of stroke clinicians’, the areas of uncertainty in their decision-making,

and suggestions to improve CPG recommendations.

We report this cross-sectional study in accordance with Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE) guidelines.?%®



Empirical Component:
Semi-structured Interviews with Stroke
Clinicians

Normative Component: =
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Figure 3.1. Conceptual framework integrating normative and
empirical components. AGREE-REX, Appraisal of Guidelines
Research and Evaluation—Recommendations Excellence; CPG, clinical

practice guidelines; EM, early mobilisation.

Normative Component

3.3.2. Search Strategy and Data Extraction

In November 2019, the following resources were used to search for CPGs:
- Stroke CPGs identified by the World Stroke Organisation?!!

- 30 early mobilisation CPGs identified by Bernhardt et al.*6?

- LMICs stroke CPGs identified by the Lancet Neurology Commission?*?
- US National Guidelines Clearinghouse

- Guidelines International Network

- Scientific Electronic Library Online (SciELO) Network

- PubMed and Excerpta Medica Database (EMBASE)

- Websites of known CPG development bodies



Search terms included Topic = “country name” AND Topic = “guideline” OR
“consensus” OR “standards” OR “recommendations” AND Topic = “stroke OR
cerebrovascular disorder/disease OR intracranial haemorrhage OR cerebrovascular
accident OR “early mobilisation”. CPGs were selected if they were publicly available;
currently active; produced with the support of a health professional association or
society, public or private organisation, health care organisation or plan, or
government agency; published after 2015 to ensure data from AVERT® was
considered; and contained recommendations about early mobilisation practices.
CPGs for the management of childhood stroke were excluded. CPGs in Dutch,
German, Portuguese, Russian and Ukrainian were also independently reviewed by an
individual fluent in those languages. Other non-English CPGs were examined using
Google Translate, which has been shown to be a viable and accurate tool for
translating non-English-language trials to conduct systematic reviews.?!324 Each
CPG was reviewed and information regarding the title, year of publication, name of
organisation/society/government agency, specific early mobilisation
recommendations, evidence informing recommendations, and methodological

approach was extracted for appraisal.

3.3.3. Appraisal of Clinical Practice Guidelines

The AGREE-REX (Appraisal of Guideline Research and Evaluation-
Recommendations Excellence) tool was used to evaluate the quality of CPG
recommendations for early mobilisation post-stroke.?® The tool consists of nine items
structured within three theoretical domains: clinical applicability, values and

preferences, and implementability. All nine AGREE-REX items contain an



operational definition of the item and several item-specific criteria (ranging between

2 to 10) for CPGs to be evaluated on.

Since the overall aim of this study was to understand the level of decision support
provided in CPGs for clinicians, the four most relevant AGREE-REX items were
selected for detailed review: Evidence (8 criteria), Applicability to Target Users (5
criteria), Applicability to Patients (4 criteria), and Values and Preferences of Target
Users (3 criteria). The Evidence and Applicability to Patient items of the AGREE-
REX relate to the tailoring of clinical decisions to individual and/or patient subgroups.
The Applicability to Target Users and Values and Preferences of the Target Users

items relate to providing decision support to the stroke clinicians.

The excluded five AGREE-REX items included: Values and Preferences of
Policy/Decisionmakers, Values and Preferences of Guideline Developers, Purpose,
Local Application and Adoption, and Values and Preferences of Patients/Population.
These items were excluded because we focused on investigating how well CPGs
support decision-making for stroke clinicians (target user). Although the Values and
Preferences of Policy/Decision-makers and Guideline Developers items are certainly
important in developing clinically credible and implementable guidelines, these are
not directly relevant to individual patient-level decision-making for stroke clinicians
about early mobilisation. The Purpose item was excluded because it was related to
“the implementation goals of the guideline (e.g., for advocacy, policy change, etc.)”.8
The Local Application and Adoption item was excluded not to diminish the role of
systems of care factors and social structures, but rather to emphasise that the four
chosen items will be present and play a crucial role in supporting individual patient-

level decision-making across different healthcare systems and social structures.

The Values and Preferences of Patients item was excluded because we specifically



focused on clinical decision-making by clinicians (target user of CPGs) rather than
shared decision-making. Certainly, a future study following a similar integrated
research design (i.e., collecting both normative and empirical evidence from patients)
presents a viable future direction and could provide valuable insights into shared

decision-making.

Every CPG was independently assessed against the criteria (yes/no) by two reviewers
(VR, KH). The AGREE-REX items were given a score (percentage of total
achievable score) depending on the number of criteria addressed by the CPG i.e., if a
CPG addressed 6 out of 8 criteria for the Evidence item, the CPG would receive a
score of 75% for that item. The following outcomes were reported: (1) a summary of
AGREE-REX item scores (%) achieved by each CPG and (2) the percentage of CPGs

addressing each criterion.

Empirical Component

3.3.4. Study Participants and Recruitment

In this study, expert sampling?*® was used to recruit a representative sample of CPG
target users and post-stroke early mobilisation content experts (i.e., participated or
conducted early mobilisation research) who can provide a level of expertise necessary
to understand the evidence and applicability to patient components of this study. This
sample typically forms part of a guideline development group in Australia.>” As a
result, we identified a sample of stroke physicians, physiotherapists and nurses/nurse
practitioners with a high level of expertise in delivering acute stroke care and early
mobilisation practices (senior position, >6 years stroke experience). According to this
sampling strategy, clinicians identified as appropriate for participation were invited

to participate via email and were recruited between June 2019 to March 2020. Ethics



approval was obtained from The University of Melbourne Human Research Ethics
Committee (1851680.1). Consent was obtained from all participants involved in the

study.

3.3.5. Semi-Structured Interview

We conducted the interviews in two distinct parts. Each addressed an individual aim:
(1) to investigate the utility and limitations of current early mobilisation CPGs and
(2) identify the decision-making factors and specific high-interest patient subgroups
using a data visualisation tool. The analysis and results for the second part are

presented elsewhere.

In this study, the design of the CPG-related interview questions was informed by the
conceptual framework that links the normative and empirical components of the study
(Figure 3.1 bottom panel). Therefore, the topics of interest were pre-determined using
selected AGREE-REX items to investigate both the evidence generation and
evaluation component and the interpretation component relevant for individual
patient decision-making. The semi-structured interview questions were designed to
elicit the desired information (Appendix C). During the interview, the following
topics of interest were examined: the influence of early mobilisation evidence and
CPGs on decision-making, areas of uncertainty in decision-making, and additional
information and parameters required in early mobilisation CPG recommendations to
support decision-making. Participants were encouraged to provide more detailed
responses using probing techniques and prompts. All participants were interviewed
either in-person or via videoconference. Demographic data on participants were

collected using a brief questionnaire.



3.3.6. Coding and analysis

The interviews were audio-recorded and transcribed verbatim using a paid
transcription program (Amberscript) to facilitate the analysis of data.
A deductive and directed thematic content approach?'® was used based on the main
outcomes for the study: clinicians’ use of and view on CPGs, specific areas of
uncertainty in early mobilisation decision-making, and recommendations for
improvement of early mobilisation CPGs. VR read all transcripts to make initial
analytical observations about the data. Transcripts were imported into QSR
International NVivo 9 to organize and analyse data using the set of a priori and
predefined interview questions. As per the directed thematic content approach,
predetermined codes were formed based on the three desired outcomes.?!” The
strategy for coding involved reading through each transcript and conducting line-by-
line coding using the predetermined codes. Subcodes were determined during this
process with subsequent analysis. The data that could not be initially coded are
identified and analysed later to determine if they represent a new category or a

subcategory of an existing code.

Cross-checking occurred in two ways: firstly, KH double-coded 25% of all transcript
across all three coding themes. Differences which occurred were resolved by
consensus. Ongoing discussions established trustworthiness and credibility to clarify
the interpretation of the data. All subcodes were discussed between VR and KH to
determine overlap or divergence in sub-themes within the three broad outcomes.
Secondly, KH and VR also randomly selected codes in NVivo to ensure the quotes

from the transcripts accurately reflected the theme it was coded to. Descriptive



3.4.

statistics with frequencies and proportions were produced and reported using Stata

(version 14.2; StataCorp LP, College Station, TX, USA).

Results

Normative Component

3.4.1. CPG Selection and Data Extraction

The initial search yielded 57 CPGs. We excluded 39; 31 were published predating the
completion of the largest trial on this topic (AVERT); 8 did not include EM
recommendations (Supplementary Figure C1 & Table C1, Appendix C). The
remaining 18 CPGs were from the following geographical regions: Argentina,
Australia, Canada, China, Europe, Finland, India, Italy, Korea, Netherlands, Norway,
Peru, United Kingdom and United States of America (Supplementary Table C2,

Appendix C).218-220
3.4.2. AGREE-REX Appraisal

In most CPGs, Applicability to the Target User and Values and Preferences of the
Target User items were met (Table 3.1). However, the Applicability to Target Users
criterion “the guideline differentiates between recommended actions for which
clinical flexibility and individual patient tailoring is more appropriate in the decision-
making process and those for which it is less appropriate” was only addressed in 61%
of CPGs (Figure 3.2). Applicability to Patients was the item with the least number of
criteria met by CPGs (Table 3.1). Within the Evidence item, more than 78% of CPGs
addressed the magnitude of benefits vs. harms, risk of bias of included studies, and
the consistency of results (Figure 3.2). However, less than 61% sufficiently addressed

the directness of the evidence, confounding factors, publication bias, and dose-



response gradient in their recommendations. The Applicability to Patients criterion
relating to “the tailoring of recommendations to individual patients” was only
addressed by 61% of CPGs, while the criteria relating to patient-centred outcomes

were addressed by only 17% of CPGs (Figure 3.2).

Empirical Component

3.4.3. Study Participants

Thirty expert stroke clinicians from Australia (Victoria and South Australia
participated in this study; 11 physicians, 11 physiotherapists and 8 nurses (Table 3.2).
No clinicians approached declined to participate. On average, clinicians practised in
a stroke context for 14 years (IQR 10-25), 87% are currently practising, and 74%

work in a metropolitan acute stroke care unit.



Table 3.1. Summary of AGREE-REX item scores

. - Values and
Evidence A?SI'T(;?ggfcty Applic:_;\bility Preferences
Users to Patients ofUTarget

sers
Argentina, 2019 25% 100% 0% =  75%
Australia, 2019?%° 100% 100% 100% 100%
Canada, 2018222 88% 100% 33% 100%
Canada, 201922 88% 100% 33% 100%
China, 2019?29 50% 100% 33% 100%
Europe, 2018%% 50% 100% - 75%
Finland, 2016°% 50% 100% 75%
India, 20192 13% 80% 33% 75%
ltaly, 20162 88% 100% 33% 100%
Korea, 2017228 50% 100 [ 0% 75%
g'g;ggg'a”d& 100% 100% 100% 100%
Norway, 20172% 100% 100% 100% 100%
Peru, 2020%! 75% 100% 33% 100%
UK, 2016°% 63% 100% 33% 100%
UK, 20192%2 88% 100% 33% 100%
USA, 20192 63% 100% 75%
USA, 2016%4 63% 100% 75%
USA, 2019%% 63% 100% 75%
All CPGs 63% 100% 33% 100%

Median (IQR) (50%-88%) (100%-100%)  (0%-33%)  (75%-100%)

The proportion of criteria (%) achieved by each CPG and median (IQR) summary scores across all CPGs.
Shading emphasises poor (dark) to good (light) meeting of criteria for each item. CPG, clinical practice
guidelines; IQR, interquartile range; UK, United Kingdom; USA, United States of America.
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Figure 3.2. Proportion of CPGs addressing AGREE-REX criteria. Summary of percentage of CPGs addressing each

AGREE-REX criterion for the four items.



Table 3.2. Demographic characteristics of expert stroke clinicians

Variables No. (%)
Occupation
Physician 11 (37%)
Physiotherapist 11 (37%)
Nurse 8 (26%)
Highest level of education
Ph.D. 14 (47%)
Clinical Doctorate 1 (3%)
Masters (clinical) 5 (17%)
Bachelor's Degree 7 (23%)
Graduate Diploma 3 (10%)
Currently practising
Yes 26 (87%)
No 4 (13%)
Primary stroke environment
Acute stroke unit 22 (74%)
Inpatient rehabilitation 3 (10%)
Outpatient rehabilitation 1 (3%)
Research institute 4 (13%)
Level of knowledge on early mobilisation
High, well informed about evidence 15 (50%)
Average, up to date with evidence 15 (50%)
Low, not up to date with evidence 0 (0%)
Number of years practising in a stroke context, median (IQR) 14 (10-25)

IQR, interquartile range.

3.4.4. Use of CPGs as Decision-Support Tools

Out of the total sample, 50% of clinicians perceived their current level of knowledge
on early mobilisation evidence to be high (Table 3.2). Only 43% of clinicians
indicated that CPGs provide decision-support, 40% expressed their preference to use
clinical reasoning with an understanding of current evidence over the use of CPGs.
Forty-seven percent of clinicians found current CPGs “too broad or vague”, while 10%

thought it was only “useful for junior or non-specialised staff”.



3.4.5. Areas of Uncertainty in Decision-Making

The areas of uncertainty were generally related to the process of clinical reasoning,
the intervention dose, tailoring to specific patient and stroke characteristics and the
impact of early mobilisation practices on recovery trajectories of patient’s post-stroke
(Figure 3.3). Specifically, the three most frequently mentioned areas of uncertainty
were related to optimal intervention dose (27%), tailoring early mobilisation practices
for people with moderate and severe stroke (27%), and the lack of knowledge of

potential responders and non-responders to early mobilisation practices (23%).

3.4.6. Areas of Improvement for Early Mobilisation CPGs

In response to the areas of uncertainty, the clinicians expressed the need for CPGs to
report more granular descriptions of patient and stroke characteristics to allow for
appropriate tailoring of decision-making to an individual or subsets of patients. Other
recommendations included clearer statements about when clinical flexibility is
appropriate and when it is not, physical assessment criteria to aid decision-making,
more detailed descriptions about safety parameters to consider, and a detailed
description of the intervention dose. The clinicians also provided specific suggestions
for parameters they would like to be reported in early mobilisation recommendations

(Figure 3.3)



Applicability to Patients Values and Preferences of Target Users

Areas of Uncertainty in Decision-Making General Suggestions Parameters for Inclusion in CPGs
Individualised treatment 1 Clear statements about
Impact of action or inaction I \hen clinical flexibility is
appropriate
Intervention and dose description I More detailed description _ Intervention and dose description
Time to first mobilisation M ofintervention i.e. TIDIER [ | Time to first mobilisation
Voerae and soveresiokes [ — I S0 b
Responders vs non- responders [ ;
I Stroke severity
Ischaemic vs hemorrhagic strokes _
i L — Age
Lacunar infarcts _ More granular description of b bid biditi
i — re-mornid co-morbiaities
Thrombolysed patients [ pat;]ent and stroke
characteristics Sex
Young vs old — ]
High grade stenosis . . Thrombectomy & thrombolysis
Posterior circulation strokes [ O Radiological
Physiologial instability _ Physical assessment criteria e —— Physiological instability - blood pressure
Unstable acute recovery i.e. safety parameters — Physiological instability - other
30% 25% 20% 15% 10% 5% 0% 0% 10% 20% 30% 40% 50% 60%

Figure 3.3. The areas of uncertainty and key recommendations for future CPGs. TIDieR, Template for Intervention

Description and Replication.



3.5. Discussion

In this study, we used a novel two-pronged approach to investigate how well current
CPGs to support early mobilisation decision-making post-stroke for Australian stroke
clinicians. The review of early mobilisation CPGs demonstrated that almost all CPGs
addressed the Applicability to the Target User and Values and Preferences of the
Target User items however, the Evidence and Applicability to Patients items were
not met to the same degree. Therefore, it is not surprising that only 43% of
interviewed expert stroke clinicians indicated that CPGs provide decision support,
with many often relying on clinical reasoning and individual interpretation of the
evidence to select an evidence-based choice of action. Many clinicians (47%) found
current CPGs “too broad or vague”. This is an important finding given that specific
guidelines can change a physician's decision for the better, while non-specific
guidelines can change it for the worse.’%® Another important point is that although
many Australian stroke experts found Australian CPGs to be “too broad or vague”,
the included AGREE-REX item scores for the Australian CPG reached 100%. The
discrepancy between our normative and emprical findings may be due to the limited
evidence base to effectively support clinical decision-making. There is still a need for
more detailed early mobilisation research to understand the optimal timing, frequency,
and intensity of the intervention. The need for a comprehensive evidence base has
obvious implications on how well CPGs can truly support early mobilisation
decision-making for a clinician, which may be reflected in our empirical findings.
Several areas of uncertainty in decision-making and related suggestions for the
improvement of early mobilisation CPG recommendations were identified and

discussed in more detail below.



The normative component of this study revealed several factors mediating and
impeding the use of early mobilisation CPGs as decision-support tools. Concerning
the Evidence item, most CPGs described the magnitude of benefits and harms of early
mobilisation (mainly informed by AVERT), supporting clinical decision-making by
explicitly stating the options for, and implication of, different options. However,
many CPGs did not address the possibility of confounding factors or a dose-response
gradient despite all CPGs utilising findings from AVERT, which included safety and
intervention parameters. Interestingly, in many CPGs, the exact intervention,
population, and outcomes of interest to the clinical problem were not addressed. This
was reflected in the interviews with clinicians expressing uncertainty about delivering
the optimal dose of early mobilisation (exact intervention) to specific subgroups of
stroke patients (population) and the impact of early mobilisation on a patient’s
recovery trajectory (outcomes). As such, the findings may highlight potential gaps in
the early mobilisation evidence base that require future exploration of existing data
and the development of new clinical trials to better support evidence-based clinical

decision-making.

The Applicability to Patients item and the identified areas of uncertainty in clinicians'
decision-making exposed several insufficiencies of early mobilisation CPGs in
providing decision-support. Specifically, many CPGs did not describe how decisions
should be tailored to specific patient and stroke characteristics or include patient-
centred outcomes. This is supported by the empirical findings from clinicians, which
demonstrated uncertainty when making patient-centred decisions. In particular, the
main areas of uncertainty included tailoring decisions to potential responders and
non-responders, those with moderate and severe strokes, and different stroke types

(ischaemic vs. haemorrhagic). By using a novel approach to integrate the newly



developed AGREE-REX tool 8:8° with empirical investigations, this study provides
an in-depth understanding about why previous assessment of the methodological
quality of CPGs for rehabilitation post-stroke using the AGREE Il do not sufficiently
address the “applicability” domain.?% It has been suggested that barriers in the uptake
of CPGs to support individualised decision-making may be due to the perceived
rigidity of CPGs, insufficient clinical flexibility or loss of clinical
autonomy.36:37.101.104 However, as our normative and empirical data suggests, the
absence of granular recommendations is perhaps the motivating reason early
mobilisation CPGs are underutilised. This is an important barrier that needs to be
acknowledged and addressed for the future development of CPGs to support

clinicians effectively.

The identified areas of uncertainty directly led to four broad sets of recommendations
by stroke clinicians. The recommendations included clearer statements about when
clinical flexibility is appropriate, more granular descriptions of patient and stroke
characteristics to allow for appropriate tailoring of decision-making, a more detailed
description of the intervention dose, and the need for physical assessment criteria
including safety parameters. The expert stroke clinicians also suggested specific
parameters to be reported in future early mobilisation CPGs they deemed necessary
when making clinical decisions at an individual patient level. These included
consideration of safety parameters and intervention parameters that should be

modified to people with different stroke types, stroke severity, age, and comorbidities.

Overall, the apparent need for clear and clinically applicable recommendations
directly corresponds to the Values and Preferences of Target Users item. While many
CPGs sought and considered the values and preferences of clinicians, the criterion

requiring specification about when clinical flexibility is appropriate, and when it is



less appropriate, was not sufficiently addressed. Clinical flexibility allows “leeway
for clinical judgment, patient preferences, and clinically relevant conditions of the
delivery system (including necessary equipment and skilled personnel)”.*® Indeed,
this is a critical aspect of evidence-based medicine that involves balancing clinical
autonomy and reasoning with best available evidence with patients' values and
preferences. A decision-support tool needs to specify circumstances when clinical
flexibility is necessary to ensure decisions are optimally tailored for specific patients,
and when evidence-based standardised care is required. Clinical decisions about early
mobilisation post-stroke are complex, multifactorial, and not sufficiently addressed

in current CPGs.

This study has some limitations. The use of Google Translate without consultation of
clinicians in the country may have been insufficient in contextualising those
recommendations to the local context. While we established the study's scope to
enable a comprehensive investigation of the clinical credibility and applicability of
current EM CPG using AGREE-REX, we did not assess the methodological rigour
and transparency of CPGs. It could be useful to investigate the internal validity of
EM CPGs to understand how to improve the overall quality of current CPGs. Another
limitation is that we did not include all AGREE-REX items. The unexplored items
were related to the values and preferences of patients/populations, values and
preferences of policy/decision-makers, purpose, and local application and adoption.
Consideration of patients and funders' values and perspectives, and alignment across
different viewpoints, may enhance the utilisation of CPGs.8"823" Fyture
investigations could adopt our novel two-pronged approach to ensure these normative
standards of AGREE-REX are linked with empirical investigation of the different

stakeholders (patients, policy or decision makers etc.). All expert stroke clinicians



were from Australia, and therefore, our findings are naturally within the scope of an
Australian healthcare system and may limit the generalisability of our findings.
Nonetheless, the use of expert sampling?® to obtain a multidisciplinary sample of
clinical (physicians, physiotherapists, and nurses/nurse practitioners) and academic
experts in acute stroke and early mobilisation practices allowed the identification of

important insufficiencies in decision-support of current CPGs.

The identified lack of specificity, clinical applicability, and adaptability of current
CPGs to effectively respond to the heterogeneous clinical stroke context has provided
a clear direction for improvement. The four key recommendations for future early
mobilisation CPGs include more granular descriptions of patient and stroke
characteristics for appropriate tailoring of decisions to individual or subgroups of
patients; clear statements about when clinical flexibility is appropriate; detailed
description of the intervention dose; and physical assessment criteria including safety

parameters.



3.6. Chapter contribution to the thesis objective

In this chapter, several limitations in current EM CPGs to support clinical decision-
making were identified. Given the current uncertainties in the EM field, these gaps
in the translation of evidence to decision-making provide a clear direction for
improvement in the development of CPGs to better support evidence-based clinical

decisions.

An interesting finding from this study was the variability in CPGs addressing the
Evidence item of AGREE-REX. This may highlight potential gaps in the EM
evidence base that require future exploration of existing data to better support
evidence-based clinical decision-making. In the next chapter, research that aims to

enrich the EM evidence base by generating patient-specific evidence is presented.



Chapter 4

Study 2: Early Mobilisation Post-Stroke: A Systematic Review and

Meta-Analysis of Individual Participant Data

4.1. Chapter overview

From the literature review in Chapter 2, we know that findings from EM RCTs have
been largely inconclusive and inconsistent, with some trials showing benefit, while
the single, largest RCT (AVERT) showed harm. It is also known that the recent
Cochrane review found no difference between EM and usual care despite the
inclusion of AVERT and could not shed light on these uncertainties. Therefore, in
this chapter, we unpacked the granularity of RCT data at an individual patient-level
to investigate subgroup-treatment and dose effects of EM. In doing so, it was hoped
that patient-specific evidence could be used to better inform individual patient-level

decisions for EM post-stroke.

Research Chjective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual
patient-level clinical decision-making

Themes

Qinical Practice
Quidelines (CPG

Early Mohilisation
Empirical
Bvidence

Qinical Decision-
Making

Patient-Centred

CQutcomes

Research Questions

. What are the utility and limitations of current

CPGs as decision support tools to support
individual patient-level clinical decision-making
for EM post-stroke?

. How can we use an individual participant data

meta-analysis of EM RCTs to investigate more
patient-specific estimates of subgroup and
dose effects of EM?

. Based on individual interpretation of the

potential risks vs benefits of EM to specific
patients, what clinical and non-clinical factors
do clinicians consider to tailor their decisions?

. How well do the mRS and UW-mRS reflect

post-stroke burden for an individual patient,
and to what degree are they considered
‘patient-centred’?

Studies

Study 1
Clinical Practice Guidelines for Early Mobilisation
as Decision Support Tools for Stroke Clinicians:
A Systematic Review and Cross-Sectional Study

Study 2
Early Mobilisation Post-Stroke: A Systematic
Review and Meta-Analysis of Individual
Participant Data

3
Clinical and Systems of Care Factors
Contributing to Individual Patient Decision-
Making for Early Mobilisation Post-Stroke

Study 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary
Outcome Measure

Study 5
Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 1.1. Thesis Framework.



This chapter contains a published study (Study 2), which aimed to use an individual
participant data (IPD) meta-analysis of EM RCTs to investigate more precise
estimates of subgroup and dose effects of EM (Research question 2, Figure 1.1). The
chapter contains the accepted version of the manuscript (Sections 4.2 — 4.6) followed

by Section 4.7 outlining the contribution of the chapter to the thesis objective.

Ethics approval was not sought for this IPD meta-analysis, on the premise that it
addressed the same research question as the original studies for which participants
gave informed consent. However, a Memorandum of Understanding (Appendix D)
was signed by all trialists to verify that the use of de-identified data for the purposes
of this study was approved by the respective institutional review boards. Peter
Langhorne, Fanny Herisson, Simone Poletto, Yanna Tong and Julie Bernhardt were
lead authors from the included trials. They were not involved in the trial selection and
rating processes. Due to copyright restrictions, the Version of Record (PDF) of the

manuscript was not included in the Appendices.

This chapter contains the Author’s Original Manuscript of an article published by

Taylor & Francis Group in Disability and Rehabilitation available online here.



4.2. Introduction

Early mobilisation (EM) post-stroke has been the subject of considerable research
and included as a recommendation in several CPGs globally.211:220.222,230.232.233 'y gt,
numerous trials have produced surprising or inconclusive findings that justify more
in-depth exploration of the effects of EM post-stroke.®238-240 The most notable of all
EM trials, A Very Early Rehabilitation Trial (AVERT), demonstrated an association
between higher doses of EM (<24 hours post-stroke) and a reduction in the odds of a
favourable functional outcome at 3 months.® As a consequence, many CPGs
recommend EM within 48 hours, but no earlier than 24 hours.?11:220.222,230,232,233
However, it has been argued that these findings should not prolong immobility or
inactivity of patients post-stroke.!* While AVERT challenged conventional beliefs,
there are still gaps in knowledge concerning the optimal dose of mobilisation with
regards to duration, frequency and intensity, and how to identify responders and non-

responders.

A recently published Cochrane Review found EM did not increase the proportion of
patients who survived or had a good outcome post-stroke compared to usual care.'*
However, due to the aggregated nature of the meta-analysis, there was limited ability
to include predictive factors i.e., stroke severity and age, leading to uncertainty in the
estimations of effect, and an inability to explore subgroup-treatment effect
interactions. Furthermore, elements of the intervention (i.e., time to first mobilisation,
duration, frequency, intensity), patient characteristics, and outcomes are often
inconsistently reported. Traditional methods of data aggregation do not effectively
consider this complex and multifaceted nature of stroke rehabilitation trials and the

heterogeneity of intervention reporting.



4.3.

The incremental value of using individual patient data (IPD) when meta-analysing
large trials includes a reduction in publication bias, accounting for missing data at an
individual level, standardising statistical analyses across studies and adjusting for
baseline factors consistently across studies.!® The aims of this IPD meta-analysis
were to determine the safety and efficacy of EM (<48 hours from stroke onset)
compared to usual care, to investigate dose effects of EM and to assess the

heterogeneity in trial design and reporting.

Methods

4.3.1. Search strategy and selection criteria

This meta-analysis was performed according to the Preferred Reporting Items for
Systematic review and Meta-Analyses of IPD (PRISMA-IPD) guideline.?*! IPD was
sought from RCTs comparing an intervention group that started out-of-bed
mobilisation within 48 hours of stroke onset and aimed to reduce time-to-first
mobilisation with or without an increase in the amount or frequency, to usual care
(normal practice or no routine intervention) for acute stroke patients. All eligible trials
included participants with a clinical diagnosis of stroke (focal neurological deficit of
cerebrovascular origin) with or without confirmation on brain imaging, and no
contra-indication to mobilisation within 48 hours of stroke onset. The trials were
identified and sourced from the recently published Cochrane Systematic Review
investigating very early vs. delayed mobilisation after stroke.'* Full details of the
inclusion and exclusion criteria, search strategy and quality appraisal have been
published and extensively described.!* The initial Cochrane Review searched the
Cochrane Stroke Group Trials Register, 19 online databases and relevant ongoing

trials and research registers, the Chinese medical database, Wanfangdata and



reference lists, and contacted researchers in the field (dated July 2017) yielding
21,395 studies. Nine eligible trials were identified (n=2958) and four trials were
additionally identified as “ongoing” at the time of the initial search. Since the initial
Cochrane Review search was completed in 2017, we additionally searched relevant
completed trials using Cochrane Stroke Group Trials Register, US National Institutes
of Health Ongoing Trials Register ClinicalTrials.gov and World Health Organization
(WHO) International Clinical Trials Registry Platform (searched June 2019) for the

purposes of the IPD meta-analysis.

4.3.2. Data collection

The protocol for the meta-analysis was pre-specified and registered with PROSPERO
(ID CRD42019132724 submitted 24/Apr/2019) before analysing the combined
dataset. The corresponding authors from nine eligible trials were first contacted via
email in July 2018 and invited to share deidentified, IPD for pre-specified variables
(Table 4.1). In March 2019, the authors from the four “ongoing trials” identified in
the Cochrane review were contacted to determine if their findings were published and
invited to share data. A copy of the study protocol and a Memorandum of
Understanding stipulating the terms of the data sharing agreement were provided. All
corresponding authors were followed-up if no contact was made. Out of nine eligible
trials, five agreed to share IPD for the purposes of this meta-analysis: AVERT |1 2%,
AVERT I11,° VERITAS,>® VERIS-BRAZIL,*° and SEVEL.?*? Four “ongoing”
trials were identified and included in the Cochrane review. One trial (Tong et al) 243
had recently completed recruitment and published their findings when the selection
process took place for the current IPD meta-analysis resulting in the inclusion of an

additional dataset.



Table 4.1. Prespecified variables

Variables

Treatment allocation Time to first mobilisation

Age Presence and type of adverse events
Sex Death at 14 days & 3 months

Stroke type Dependency at 3 months

Stroke risk factors

ADL score at 3 months

Baseline NIHSS

Quality of life at 3 months

Premorbid mRS

Number of out-of-bed sessions per day

Co-intervention

Number of minutes per session per day

Time to randomisation

Total intervention period (days)

IPD was extracted by direct access to the study databases. Two reviewers (VR and
LC) checked for discrepancies in sample size and prespecified variables between the
provided databases and the original published articles, noting missing data. If
discrepancies were identified, clarification was sought from the corresponding author.
Once all trial databases were cross-referenced and coding of each prespecified was
standardised across the trials, they were merged into a common database. The master
database was cross-referenced once more for data checking and correct coding with
each original trial database by two reviewers (VR, LC). Risk of bias was assessed for
all trials using the Cochrane Risk of Bias Tool by two reviewers (VR, KH). Quality
of intervention development, monitoring and reporting was assessed by two
reviewers (VR, KH) using a checklist comprising of the Stroke Recovery and
Rehabilitation Roundtable (SRRR) intervention development recommendations!?and

Template for Intervention Description and Replication (TIDieR) checklist.?*

4.3.3. Specification of outcome and dose measures

The modified Rankin Scale (mRS) is a frequently used functional outcome measure
in acute stroke trials. The ordinal scale quantifies the degree of disability or
dependence post-stroke ranging from 0 (no symptoms) to 6 (death).?*> Favourable

outcome is commonly denoted as mRS 0-2 and poor outcome as mRS 3-6. Therefore,



the prespecified primary efficacy outcome of this meta-analysis was the proportion

of patients with a favourable outcome (mRS 0-2) at 3 months post-stroke.

The primary safety outcome was the proportion of patients that died at 3 months post-
stroke. Secondary outcome measures included an ordinal shift of the mRS score
across the entire range of the scale, Barthel Index, death at 14 days, length of acute
hospital stay at 3 months, and number and type of adverse events. The prespecified
dose measures included time from stroke onset to first mobilisation (hours), number
of out-of-bed sessions per day (frequency), minutes of out-of-bed activity per day

(amount), and/or total intervention period (days).

4.3.4. Statistical analyses

All statistical analyses were performed using Stata (version 14.2; StataCorp LP,
College Station, TX, USA). A one-stage approach to IPD meta-analysis using mixed-
effect logistic regression models, adjusting for baseline age and NIHSS was
performed for the primary efficacy, safety and secondary outcomes.?*¢247 Mixed-
effects modelling with random intercepts for individual trials and random slope for
treatment effect across trials was utilised to account for between-trial variance.
Adjusted odds ratios (aORs, for binary outcomes) and adjusted common odds ratio
(acOR, for full ordinal scale analysis) with respective 95% confidence intervals
(95%CI1) were reported. Pre-planned subgroup analyses were performed to explore
the effects of age (<65; 65-79; >80), baseline severity (NIHSS <8; NIHSS 8-16;
NIHSS>16), stroke type (ischaemic vs. haemorrhagic), treatment with thrombolysis,
premorbid mRS, geographic region (Australia, New Zealand, France, Malaysia,
Singapore, China and Brazil), and time to first mobilisation (<24 hours; 24-48

hours; >48 hours). For all subgroup analyses, treatment-by-subgroup interactions



4.4.

were tested by including multiplicative interaction terms in respective regression

models. A complete case analysis was performed for all the outcomes.

Results

Datasets from six out of 10 eligible trials were obtained representing 82% of all
eligible participants. Figure 4.1 displays the study inclusion flowchart. The data from

one trial are openly available in Dryad at https://doi.org/10.5061/dryad.jh15q.2*?> The

remaining data that support the findings of this study are available upon reasonable
request. Individual trial-level characteristics such as geographical region, sample size,

and patient and treatment characteristics are presented in Table 4.2.


https://doi.org/10.5061/dryad.jh15q

Table 4.2. Summary of individual trial-level characteristics

. Median time to Median time to
Median

Sambple Aim for Participant stroke first first
amp Region(s) mobilisation median age : mobilisation mobilisation
size o severity
activity (% male) (I0R) for EM for usual care
(median; IQR) (median; IQR)
Australia, New
38 Zealand, Earlier and o 8 i )
AVERT Il 2104 Singapore, more 75 (54%) (5-15) 19 (14-22 31 (23-40)
Malaysia, UK
AVERT II® 71 Australia Earlierand 21 (5104 / 19 (13-22) 23 (17-29)
more (4-12)
SEVEL?**? 138 France Earlier 72 (64%) ?4_10) 26 (22-30) 71 (67-74)
Tong et al® 248 China Earlierand 41 (7704 5 36 (21-42) N/A
more (3-8)
VERIS- . Earlier and o 8 i 72 (61-108)
Brazil2%° 37 Brazil more 65 (35%) (5-15) 43 (29-48)
VERITAS?® 32 Scotland Earlierand 45 (5005 45(25-8) 27 (26-29) 32 (23-47)

more
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Figure 4.1. Modified PRISMA flowchart. Original 2019 Cochrane
Review (dashed arrows and current IPD meta-analysis (solid arrows).

Data were available in all trials for the following pre-specified variables: age, sex,
hypertension, ischaemic heart disease, diabetes, smoking status, atrial fibrillation,
premorbid mRS, stroke type, NIHSS, thrombolysis, time to first mobilisation, mRS,
Barthel Index and death status at 3 months. The proportion of missing data for the
primary outcome was less than 1%. The following variables were not available from
the indicated trials: dyslipidaemia (VERITAS), death at 14 days (SEVEL), length of

acute hospital stay (Tong et al) and Oxford Classification (VERIS-BRAZIL, SEVEL,



Tong et al). Intervention data (number of out-of-bed sessions per day, minutes of out-

of-bed activity per day and total intervention period) was sought, however the

variables were usually not available or were not comparable (Table 4.3).

Table 4.3. Early mobilisation dose characteristics

Trial Available Dose Data  Intervention Description
. Mobilisation in the usual care group was provided by
AVERT I ;—25 ct)(\)/t;l ;nllnitde:yper phy_siotherapists (30—60 min per day) and nurses. Pa}tit_ents in
238 period or until the intervention group were gprlght and out of l_:)gd (S|tt|ng_ or
discharge standing as able) at least twice per day; in addition to their
) usual care, 6 days per week.
(Srﬁﬁw SS'? gr? durrletjt;]?lger of Result in at least _three ad_o_litior}al out-c_)f-bed se_ssions to
AVERT Il sessions per day over usual care. Funqlonal ability dictated |_nterver_1t|o_n dos_e, with
9 a 14-day period or four levels .specmed, anq dose was adjgsted in line with
until hospital recovery (titrated). The mterve_ntlon period lasted 14 days or
discharge. until discharge from stroke-unit care
Total number of For both protocols, minimal duration of the first sitting was 15
- ; minutes and maximum of 60 minutes depending on patient
SEVEL 24 m'““tes during the_ fatigue and tolerance. Sitting was repeated daily according to
first out-of-bed sitting S
session initial tolerance of the procedure, as approved by the
) physician in charge.
(1) ERM - besides standard medical care, patients in this
group started <1.5 h/d (lower dose) of out-of-bed mobilisation
within 24-48 hours after stroke onset.
(2) EIM - besides standard medical care, patients in EIM
started the =3 h/d out-of-bed mobilisation within 24—48 hours
after stroke onset.
. . (3) VEIM - besides standard medical care, patients in VEIM
Tong et al Avera_lge da_lly SESSION  gtarted the 3 h/d of out-of-bed mobilisation within 24 hours
243 duration (mins) over f strok t
10-14-day period. o' stroxe onset. . - ,
Out-of-bed mobilisation included sitting, standing, and
walking which were performed with or without assistance as
described by the AVERT Il protocol. The frequency, dose,
and content of mobilisation varied according to physical
ability and were recorded in detail by therapists or nurses.
Mobilisation continued for 10-14 days including the
weekend.
Session duration The duration of standard-care therapy sessions was
VERIS- (ming) and number of apprp_ximatel_y 15 min. Intervention group patients_ were
Brazil 240 sessions over a 1_4- m_oblllzed 5 times a We(_el_<, once _a_day, for approximately 30
day period or until min per session, in addition to sitting out of bed for at least
discharge. 30 min whenever possible.
Standard care group received early mobilisation by a
physiotherapist (30-60 mins per day) and nurses. The
intervention group received standard care plus a protocol of
Daily minutes of early mobilisation based on AVERT II. The aim was to get
VERITAS  standing or walking, patients to sit, stand and walk within 24 hours of stroke onset

239

recorded using activity
monitors.

and continue this at least 4 times per day. An accelerometer
was used to measure time (min) spent sitting/lying, standing,
and stepping for patients. This was measured on days 3, 4,
and 5, with recordings on the first day considered most
reliable.




Overall, data from 2630 individual patients was obtained, 1437 (54.6%) assigned to
EM and 1193 (45.4%) assigned to usual care. There was an anticipated difference in
the proportion of patients between the EM and usual care groups due to the design of
the trial by Tong et al, % which randomised participants into three intervention groups
that differed by dose, but all starting EM <48 hours post-stroke. The mean age was
69.8+£13.0 years, 62% were male and median baseline NIHSS was 7 (IQR, 4-11). The
baseline characteristics were similar between both groups (Table 4.4). Participants
were recruited from Australia and New Zealand (50%), Europe (30%), Asia (19%)
and South America (1%). Out of the six studies, three included patients with
ischaemic stroke only and three included both ischaemic and haemorrhagic strokes.
The proportions of stroke type were the same for both EM and usual care groups (90%
ischaemic, 10% haemorrhagic). The median (IQR) delay to starting mobilisation
post-stroke onset was 20hrs (14.5-23.8) in the EM group and 23hrs (16.7-34.3) in the

usual care group (p<0.001).

4.4.1. Primary and Secondary Outcomes

Fewer EM participants had a favourable outcome at 3 months post-stroke compared
to the usual care group (678 [48%] vs. 611 [52%]; aOR=0.75, 95%CI:0.62-0.92,
p=0.005). No difference in death at 3 months post-stroke between EM and usual care
was observed (102 [7%] vs. 84 [7%]; aOR=1.46, 95%CI: 0.92-2.31, p=0.108). No
significant difference in Barthel Index scores between both groups at 3 months post-
stroke was observed (MD 0.16; aOR=1.21, 95%CI: 0.71-2.06, p=0.489). The ordinal
analysis did not show a significant difference between groups across the entire
modified Rankin Scale (Table 4.5). The pre-specified subgroup analyses for the

primary outcomes are shown in Figure 4.2. Within each individual subgroup analysis,



no significant interactions were recorded. The median length of acute care hospital

stay was 7 days (IQR 4-13) for both EM and usual care groups.

Table 4.4. Baseline characteristics of all patients

Variables UC n=1193 EM n=1437
Age, years 71.05 (SD 12.70) 68.73 (SD 13.20)
Sex

Female 476 (40%) 522 (36%)
Male 717 (60%) 915 (64%)
Hypertension 811 (68%) 965 (67%)
Ischaemic Heart Disease 283 (24%) 292 (20%)
Dyslipidaemia 470 (40%) 634 (45%)
Type 2 Diabetes Mellitus 257 (22%) 345 (24%)
Atrial Fibrillation 272 (23%) 280 (20%)
Smoking

Never Smoked 596 (50%) 686 (48%)
Smoker 198 (17%) 315 (22%)
Past Smoker 385 (32%) 407 (28%)
Unknown 14 (1%) 29 (2%)
Geographical Region

Australia/New Zealand 659 (55%) 655 (46%)
Asia 125 (10%) 374 (26%)
Europe 390 (33%) 390 (27%)
South America 19 (2%) 18 (1%)
Premorbid modified Rankin Scale

0 893 (75) 1140 (79)
1 178 (15) 167 (12)

2 114 (10) 120 (8)

3 6 (1) 9(1)
Stroke Type

Ischaemic 1070 (90%) 1292 (90%)
Intracerebral Haemorrhage 123 (10%) 145 (10%)
NIHSS 7 (4;12) 6 (4;11)
Mild 656 (55%) 842 (59%)
Moderate 347 (29%) 416 (29%)
Severe 190 (16%) 179 (12%)
Thrombolysis 267 (22%) 309 (22%)

Data are mean (SD), n (%), median (IQR). NIHSS, National Institutes of Health Stroke Scale.



Table 4.5. Primary and secondary outcomes

ucC VEM Adjusted analysis* Unadjusted analysis
(n=1185) (n=1420) OR((95% Cl) p OR(95% Cl) p
Primary
Favourable
0.75 0.88
outcome 611 (52%) 678 (48%) i 0.005 i 0.112
(MRS 0-2) (0.62-0.92) (0.74-1.03)
1.28 1.22
0, 0,
Death at 3m 84 (7%) 102 (7%) (0.91-1.80) 0.154 (0.90-1.65) 0.195
Secondary
81.95

81.13 1.07 1.21

Barthel Index (SD 30.04) (SD (0.60-1.92) 0.813 (0.71-2.06) 0.489
28.52)

Barthel o o 0.92 1.01
Index > 75 811 (74%) 787 (74%) (0.73-1.15) 0.453 (0.83-1.23) 0.916
mRS 0.89 0.98
category (0.77-1.03) 0.128 (0.65-1.46) 0.914
0 119 (10%) 125 (9%)
1 234 (20%) 278 (20%)
2 257 (22%) 273 (19%)
3 242 (20%) 328 (23%)
4 135 (12%) 214 (15%)
5 114 (10%) 100 (7%)
6 84 (7%) 102 (7%)

Data are n (%) or mean (SD). mRS, modified Rankin Scale; SD, standard deviation. *Adjusted
for age and stroke severity (NIHSS).

4.4.2. Trial Quality and Conduct

The risk of bias assessments for each study are shown in Table 4.6. Overall, only two
trials were identified as low risk of bias.>?3 One trial demonstrated unclear risk in
selection bias, 2*2 while all other trials displayed low risk of selection bias (random
sequence generation and allocation sequence) and reporting bias. Two trials
demonstrated high risk of performance bias;>*°2* two trials demonstrated unclear

risk of performance bias.?3%242 High risk of detection bias was identified in one



trial.2#2 A high risk of attrition bias was identified in two trials; one trial demonstrated

unclear risk of attrition bias.

(A) (B)

Mo. Odds Ratio No. 0dds Ratio
Subgroup pis (85% CI) Subgroup p1s 195% CI)
Geographic Region Geagraphic Region :
AustraliaNew Zealand 1309 - 0.78 (0.58, 1.02) AustraliaMNew Zealand 1312 f— 161(1.03, 251)
Brazil a7 e 0.50 (0.11, 2.36) Brazil 7 —_———  251(0.28,28.44)
France 134 —— 0.53 (0.20, 1.40) Francs 135 —_— 1.14 (0.2, 5.87)
Malaysia/Singapore 244 —r 0.74 (0.40, 1.35) Malaysia/Singapore 247 —_— 1.19 (0.27, 5.30)
United Kingdom 633 il 0.79 (0.55, 1.14) United Kingdom 642 - 0.67 (0.51, 1.86)
1 |
Age ' Age |
<65 835 —— 0.71 (0.49, 1.05) <0t - — 084 (0.21,1.97)
80 5146 | 071 (053 0.95) 65.80 151 .l_-._ 1.87 (1.09, 3.19)
>80 624 —t 0.83 (0.56, 1.23) 80 e T 107 {0.86, 1.75}
' |
Sex : ::I( 1630 -:-0— 177 (1.1, 2.62)
Male 1618 - 0.68 (0.52, 0.67) - n i
Female pud —r 0.06 {063, 1.17) Fomale 991 — 085 (0.50, 1.43)
1
‘ Stroke Severity (NIHSS) 1
Strcks Sevarty (NIHSS) ! 5 1483 ——— 1.77(0.78, 3.98)
< 1483 - 0.81 (0.63, 1.04) )
‘ 816 759 — 0.84 (0.51,1.73)
&16 54 1 0.73 {D.62, 1.03) >16 369 —— 1,40 (0.87, 2.26)
>16 368 — 0.36 (0.14,0.83) i o
L i
Stroke Type
Stroke Type L Ischaemic 2354 — 1.08 (0.76, 1.58)
Ischaemic 2340 + 0.79 (0.6, 0.97)
Hagmarth 287 —_— 371 (1.32, 1043)
Hasmormagic 265 —_— 0.49 (0.26, 0.94) g H { )
H Thiombolysis |
Thrombolysis Mo 2047 —— 1.39 (0.9, 2.08)
No 2033 -+ 0.77 (061, 0.96) Yes 574 — 1.03 (0.54, 1.96)
Yes 572 — 0.68 (0.44, 1.05) ¥
\ Premorbid mAS i
Premorbid mRS | (] 2025 - 121 (0.78, 1.87)
0 2013 -+ 0.72 (0.57, 0.81) 1 344 e 185 (0.83, 4.14)
1 342 — 067 (0.52, 1.46) 2 234 — 1.1 (D.48, 2.51)
2 233 —-0‘,—— 0.64(0.33,1.25) 3 15 T 0.73 (0.03, 17.42)
| |
Time to First Mobilisation ' Time to First Mobikisation r
<24 1731 - 0.67 (0.53, 0.85) <4 1746 Ho— 1,55 (0.5, 2.55)
24-48 682 —r— 0.88 (0.50, 1.53) 2448 682 —rr 0.69 (0.26, 1.80)
>48 136 ———  205(0.15,2858) >48 136 —_—————————  5.43 (0.72, 40.80)
' |
Overal 2605 < 0.75 (0.62,0.92) Ovarall 2621 <> 1.28 (0.91, 1.80)
T T T T
03125 1 a2 03125 1 a2
NOTE: Weignting s by samvgie size NOTE Weighting s by sarmgi size

Figure 4.2. Subgroup analyses. Forest plots for the primary outcome of
(A) favourable functional outcome (modified Rankin Scale score 0-2),
and (B) death at 3 months in all patients. None of the individual subgroup

analyses had significant treatment-by-subgroup interactions (p>0.05).



Table 4.6. Risk of bias assessment

Random Blinding Blinding of Incomp-

Allocation outcome lete Selective
S€quence . s ncealment (performanc assess- outcome reportin

Trial generation (selection e bias and ment data (r% ort-g
(selection ; detection ; i répo

bias) bias) bias) (detection  (attrition ing bias)

bias) bias)
A\|/|I2£3§T Low Low Low Low Low Low
Avlﬁf T Low Low Low Low Low Low
24

SEV2EL Low Low Unclear High High Low
T:ngget Low Unclear High Low Unclear Low
g’g‘;:io Low Low High Low High Low
VESF223I9TA Low Low Unclear Low Low Low

Intervention protocols, protocol development and monitoring reporting varied
considerably between trials. In one study, EM was defined as out-of-bed activity
starting within 48 hours of stroke onset,?*? while in the remaining five studies EM
was defined as out-of-bed activity starting within 24 hours of stroke onset,
9,238,239,242,243 with further description of these activities and their titration over time
described in only a few trial reports (Table 4.3). We observed differences in
description of intended dose and type of intervention between trials and in the
reporting of actual (delivered) intervention in the trials. While the trials in this IPD
were completed before the development of the SRRR intervention development
recommendations®? and the TIDieR checklist?** helped us expose the heterogeneity
in intervention development, monitoring and reporting in the trials in this review
(Table 4.7). We found that most SRRR recommendations and TIDieR Checklist items
were partially described in the included trial reports. In three trials the usual care

comparator was described in the same level of detail as the intervention.®238239



Intervention training and monitoring was not described or partially described in trial
reports. In all trial reports, the timing of first administration of the intervention and
the dose administered was provided. While further detail related to the intervention
may have been provided in the trial protocols, few publications included the full

protocol in supplementary materials.



Table 4.7. SRRR recommendations and TIDieR checklist items

delivered as planned?

AVERT AVERT SEVEL TONG VER'.S' VERITAS
1l 1] Brazil
Intervention development ND ND ND ND ND ND
followed a structured framework
Co-design research (where ND D ND ND ND ND
appropriate)
Theoretical rationale underpins PD FD FD PD PD FD
- the development
é Usual care is understood PD PD PD PD PD FD
s -
8 _Clear rat!onale for each PD PD PD PD PD PD
o intervention component
3 —
8 Clear description of core PD ED FD PD PD FD
c components
-.g Clear description of the potential
o variable contexts in which the NA NA NA NA NA NA
o) intervention can be delivered
= Considered and addressed
issues impacting intervention FD PD PD PD FD PD
implementation into clinical
practice
Iterative modelling prior to PD PD ND ND ND PD
definitive evaluation
Assessment of fidelity in protocol
S 2 | (also Item 11 TIDieR) PD PD ND PD ND ND
$ © | Method for measuring that is trial PD PD ND PD ND PD
% g and intervention-specific
€ = | Routine reporting of training in PD PD ND ND PD ND
delivering the intervention
Us_ed appropriate reporting ND ND FD ND ND FD
guideline for study design
Provide trial registration number FD FD FD FD FD FD
#1 Brief Name of Intervention FD FD FD FD PD FD
#2 Why this intervention? PD FD FD PD PD FD
#3 What materials are used? PD PD FD FD PD PD
(o))
£ #4 What procedure is followed? PD PD FD PD PD PD
2 #5 Who provides each aspect of PD PD PD PD PD PD
& | the intervention?
g #6 _How is the intervention ED FD FD PD FD FD
= delivered
g #7 Where is the intervention PD PD PD PD D PD
Q delivered?
= #8 When and how much the
intervention is delivered? FD FD FD FD FD FD
#9 Was the intervention tailored? PD PD PD PD PD PD
#10 Modifications? PD PD PD PD PD PD
#11 Adherence or fidelity
assessed? PD PD ND ND PD PD
#12 Was the intervention PD PD D PD PD PD

ND, Not described; PD, Partly described; FD, Full described; NA, Not applicable. Note: unpublished,

full protocols, including intervention development, training and monitoring information from authors

at the time of other data acquisition were not used when assessing these items.




4.5. Discussion

In this IPD meta-analysis we found that EM significantly reduced the odds of a
favourable functional outcome (mRS 0-2) at 3 months post-stroke compared to usual
care. This was observed despite a 3-hour difference in time to first mobilisation
favouring EM; possibly suggesting that the often-larger dose of therapy received in
the EM group had a greater influence on outcome at 3 months. No significant
difference in death at 3 months between groups was observed, which was similar to
the findings presented in the recently published Cochrane review of VEM.* An
interesting discrepancy, however, is the aggregated Cochrane analysis found no
significant impact of EM on favourable outcome at 3 months. Similarly, the Cochrane
analysis found a higher mean Barthel Index score at 3 months in the EM group
compared to usual care. In contrast, our IPD meta-analysis, which we acknowledge
did not include all studies in the Cochrane review, found no significant difference
between groups. The observed difference could also indicate an artefact of differential
survival. The absence of all available trials resulted in AVERT Il contributing to 80%
of the total sample size in our IPD meta-analysis. If all eligible trials provided IPD,
AVERT Il would have still accounted for 66% of the total sample. The discrepancy
in findings may also be due to the inability to adjust for prognostic variable such as
age and stroke severity and meta-analysing IPD data rather than aggregated data
particularly when the authors of the Cochrane identified statistical heterogeneity and
missing data across the included trials, which are somewhat overcome when using

IPD.

The availability of IPD allowed pre-defined subgroup analyses, but no statistically
significant interactions were found. The potential signals of harm may be clinically

important and justify further research. For example, similar to the findings from



AVERT Ill, EM appears more harmful for patients with severe stroke and
haemorrhagic stroke, although this was also not significant in this IPD. When time-
to-first mobilisation subgroups were compared (i.e. <24 hours vs. 24-48 hours vs. >48
hours), no significant differences in favourable outcome and death at 3 months were
found. Several CPGs recommend starting intensive out-of-bed activities within 48
hours, but no earlier than 24 hours post-stroke.?0220.222 However, further research is
required to confirm the optimal timing, frequency and duration of early mobilisation

within the 48-hour post-stroke time period.

Aggregating IPD is helpful to detect clinically meaningful signals since many
rehabilitation trials are often underpowered to detect treatment effects in subgroups.
We have identified several limiting factors that can prevent aggregation and
comparison of IPD in this research domain. Only two out of six trials were identified
as having low risk of bias. We also found a lack of consistency in intervention
development, monitoring and reporting, which is concerning since many factors can
influence how an intervention is delivered and ultimately the success of that
intervention. Our results should be viewed in this light. Appropriate and uniform
intervention development, outcome selection and publication reporting are required
to accurately investigate optimal mobilisation strategies. A number of general
(TIDieR) and more specific (SRRR recommendations) tools and checklist are
available to help support trial development and reporting and may, in future, make
aggregation of data more effective.'224424 |n future IPD comparisons, it may be
advantageous to acquire full protocols, including intervention development, training
and monitoring information from authors at the time of other data acquisition to more
accurately assess these issues. Likewise, the relatively recent momentum towards

data sharing has obvious implications on the future trial design, conduct and reporting.



There is an ethical obligation to responsibly share deidentified IPD generated by
interventional clinical trials as proposed by the International Committee of Medical
Journal Editors.?*® However, inability to share data including data sharing restrictions
and participation non-responders were reasons that inhibited the inclusion and

analysis of all eligible trials in this study.

This study has limitations. Authors of four out of the 10 eligible trials did not respond
or were not able to share data. Data from only one trial was submitted to a public
repository.>*? Secondly, the original search was conducted in 2017, but all ongoing
trialists at the time of the initial search were contacted resulting in the inclusion of an
additional trial, and systematic searches were also conducted in clinical trial registry
websites. Thirdly, studies recorded actual (not intended) time to first mobilisation so
delayed time to first mobilisation could be due to a) trial allocation and/or b) a clinical
decision to delay mobilisation because of ill-health for someone randomised to EM.
Lastly, although the timing and dose of EM were generally well defined in all trials,
the frequency, duration and intensity of the EM interventions were variably pre-

specified inhibiting exploration of dose effects of EM.

The strengths of this study relate to the strengths of conducting an IPD meta-analysis
to supplement the Cochrane review.'* By using IPD, we accounted for missing data,
standardised statistical analyses across studies, adjusted for prognostic factors and
explored subgroup—treatment effect interactions consistently across studies
increasing the validity of our findings. This study also highlighted aspects of
intervention development and monitoring that inhibit IPD meta-analyses in this
research domain that need to be addressed before future meta-analyses of EM can be

explored.



Aggregation of IPD offers the possibility of improved precision in treatment effects.
The constraints we experienced in this study mean that the optimal dose (frequency,
duration and intensity) of mobilisation, as well as identification of responders and
non-responders to treatment remains unclear. Optimising trial design and improving
reporting standards must progress in parallel with data sharing expectations if the

opportunity IPD can offer is to be realised.

4.6. Chapter contribution to the thesis objective

In this chapter, the findings from Study 2 suggest that caution with mobilisation
commencing within 24 hours is reasonable. This aligns with several current CPGs
recommendations identified in the previous chapter. However, insufficient detail
about mobilisation interventions and usual care in many studies limited any further
interpretation. The identified inconsistencies in intervention development and
reporting is a barrier in using population-level evidence to inform individual

patient-level decision-making.

If the optimal dose (frequency, duration and intensity) of mobilisation, as well as
identification of responders and non-responders to EM remain unclear, then how
do clinicians tailor their decisions to individual patients (as indicated in Chapter 2)
particularly when CPGs do not adequately support decisions? This is explored in

the next chapter.



Chapter 5

Study 3: Clinical and Systems of Care Factors Contributing to
Individual Patient Decision-Making for Early Mobilisation Post-
Stroke

5.1. Chapter overview

Since the publication of AVERT, the clinical and non-clinical factors that influence
the way clinicians tailor their decisions based on their own interpretation of potential

risks vs. benefits of EM to individual patients has not been investigated.

Research Objective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual
patient-level clinical decision-making

m Research Questions Studies

3. Based on individual interpretation of the Study 3
Clinical Decision- potential risks vs benefits of EM to specific Clinical and Systems of Care Factors
Making patients, what clinical and non-clinical factors Contributing to Individual Patient Decision-
do clinicians consider to tailor their decisions? Making for Early Mobilisation Post-Stroke

Figure 1.1. Thesis Framework.

In this chapter, the work from Study 3 is presented which aimed to identify: (1)
important patient and systems of care factors influencing EM decision-making; and

(2) high-interest patient subgroups, i.e., suspected responders (patients who might



benefit from EM), non-responders (patients who might be harmed from EM), and
patient subgroups that create uncertainty in EM decision-making. The research

addressed Research question 3 (Figure 1.1).

The chapter is presented in the original submitted version of the manuscript (Sections
5.2 — 5.5) followed by Section 5.6 outlining the contribution of the chapter to the
thesis objective. Ethics approval was obtained from The University of Melbourne

Human Research Ethics Committee (1851680.1) and can be found in Appendix C.

This chapter has been submitted for publication to Disability and Rehabilitation.



5.2. Infroduction

It is well-established that the delivery of care in organised acute stroke units is
effective in reducing death and long-term dependency.®>’ Early mobilisation (EM),
defined as sitting out of bed, standing or walking early after stroke, is a component
of this care model.t%2 The susceptibility of patient inactivity during
hospitalisation'%3164 and the increased risk of immobility-related complications such
as infections, falls, and thromboembolism leading to poor functional recovery, forms
the central theoretical rationale for EM.%165-167 Equally, some concerns exist about
EM including increased risk of falls,'®> impairment of cerebral blood flow and
perfusion due to hemodynamic changes,’’®1* and risk of further bleeding in

haemorrhagic strokes’® or after thrombolysis.1"®

Significant changes to CPGs after the publication of the single largest EM RCT, A
Very Early Rehabilitation Trial (AVERT; n=2104),° which demonstrated poorer
outcomes in the EM group compared to usual care. Many guidelines now recommend
against starting [intensive] out-of-bed activity within 24 hours post-stroke.’® Few
guidelines address care after the first 24-48 hours. Of those guidelines that
recommend EM within 48 hours, they contain little information about how this

should be tailored to individual patients.?20:222:230,232,233

We currently do not know how clinicians make individualised clinical decisions
about which patients should be mobilised, particularly in the absence of clinical trials
that are powered to detect subgroup effects. Differences in decision-making have
been shown to be influenced by the interpretation and understanding of the evidence,
the heterogeneity of stroke factors, and individual clinical judgements of the benefits

and harms of EM to different patient subgroups.®17518 [nvestigating the specific



5.3.

clinical and non-clinical factors that influence clinicians to tailor EM decision-

making is important to understand.

We conducted an interactive session with expert clinicians that included an
introductory semi-structured interview followed by an assisted data exploration using
an EM data visualisation tool. The aim of the session was to: (1) investigate important
patient and systems of care factors influencing EM decision-making; and (2) identify
high-interest patient subgroups, i.e., suspected responders (patients who might benefit
from EM), non-responders (patients who might be harmed from EM), and patient

subgroups that create uncertainty in EM decision-making.

Methods

We report this cross-sectional study in accordance with Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.?% Ethics approval
was obtained from The University of Melbourne Human Research Ethics Committee

(1851680.1). Consent was obtained from all participants involved in the study.

5.3.1. Study Participants and Recruitment

Expert sampling?'® was used to recruit a representative sample of experienced stroke
clinicians. The role of these individuals was to provide an in-depth understanding of
the factors that influence early mobilisation decision-making. Our sample targeted
senior stroke physicians, physiotherapists and nurses/nurse practitioners with a high
level of expertise in the delivery of acute stroke care and early mobilisation practices
(senior position, consistent with >6 years stroke-specific experience). This sample
represents content experts in early mobilisation (i.e., participated in early
mobilisation trials or conducted early mobilisation research, but might not currently

work in an acute stroke unit). Clinicians identified as appropriate for participation



according to this sampling strategy were invited to participate via email and were

recruited between June 2019 to March 2020.

5.3.2. Introductory Semi-Structured Interview

The interviews were semi-structured, and questions were designed to elicit the
desired topics of interest: important clinical and non-clinical factors for effective
decision-making and high-interest patient subgroups (Appendix E). Participants were
encouraged to provide more detailed responses using probing techniques and prompts.
All participants were interviewed either in person or via videoconference.
Demographic data on participants were collected using a brief questionnaire. A
section of the introductory interview had an independent aim to investigate the utility
and limitations of current early mobilisation CPGs. The results of this investigation

are beyond the scope of this study and reported elsewhere.

5.3.3. Assisted Data Exploration

The AVERT Atlas is an interactive data visualisation tool (Figure E1-E3, Appendix
E) for understanding and investigating complex clinical trial data from the 2104
patients included in AVERT. It was developed to be run using the statistical software
R,%%0 and was built using the Shiny?! and ggplot22%? packages. The AVERT Atlas
allows the user to select a group-level combination of different patient, stroke, and
dose variables as well as the outcome on the modified Rankin Scale (mRS) collected
in AVERT. Based on the subgroup selection, the participant could visualise the
within-subgroup distribution of the mRS, represented by a segmented bar chart. The
investigator (VR) assisted the navigation of the tool if this was desired by the clinical
experts. To achieve the aim of this study, the tool was used to investigate influential

clinical factors that represent high-interest patient subgroups that represent perceived



characteristics of patients who might benefit from EM (responders), patients who
might be harmed from EM (non-responders), and patient subgroups that create
uncertainty in decision-making. Participants were given a list of all available

variables and subsequently asked three questions:

1. Which variables define the patient group of highest interest to you?

Prompt: This could be a group that you believe to be a responders or non-responders

or a group that you are uncertain about.
2. Why are you interested in this group of patients?

3. What response to EM do you intuitively anticipate for this group, and why?

5.3.4. Coding and analysis

The interviews were audio-recorded and transcribed verbatim using a paid
transcription program (Amberscript) by VR (PhD Candidate) to facilitate the analysis
of data. A deductive and directed thematic content approach?'® was used based on
the main outcomes for the study: (1) the frequency distribution of individual decision-
making factors being nominated by stroke clinicians and (2) the frequency

distribution of patient and stroke variables used to define patient subgroups of interest.

VR read all transcripts to make initial analytical observations about the data.
Transcripts were imported into QSR International NVivo 9 to code and analyse data
using a deductive approach. As per the directed thematic content approach,
predetermined codes were formed based on the set of a priori and predefined
interview questions.?” The strategy for coding involved reading through each
transcript and conducting line-by-line coding using the predetermined codes.

Subcodes were determined during this process with subsequent analysis. The data



5.4.

that could not be initially coded are identified and analysed later to determine if they

represent a new category or a subcategory of an existing code.

KH double-coded 25% of all transcript across all coding themes. Differences which
occurred were resolved by consensus. The rationale for only double-coding 25% of
transcripts was due to the deductive and directed thematic content approach that was
utilised. In this approach, a top-down process was used where many of the codes were
predetermined and aligned directly with the interview questions. Ongoing discussions
between the two reviewers established trustworthiness and credibility to clarify the
interpretation of the data. All subcodes were discussed between VR and KH to
determine overlap or divergence in sub-themes within the broad predetermined codes.
KH and VR also randomly selected codes in NVivo to ensure the quotes from the
transcripts accurately reflected the theme it was coded to. Descriptive statistics with
frequencies and proportions were produced and reported using Stata (version 14.2;
StataCorp LP, College Station, TX, USA). Representative verbatim quotes were

selected for presentation.

Results

Thirty clinical stroke experts participated in this study: 11 physicians, 11
physiotherapists and 8 nurses (Table 5.1). All participants approached provided
consent to participate. On average, clinicians had been practising in a stroke context
for 14 years (IQR 10-25), and 50% highly rated their current level of knowledge on

early mobilisation evidence.



Table 5.1. Demographic characteristics of expert stroke clinicians

Variables No. (%)
Occupation
Physician 11 (37%)
Physiotherapist 11 (37%)
Nurse 8 (26%)
Highest level of education
Ph.D. 14 (47%)
Clinical Doctorate 1 (3%)
Masters (clinical) 5(17%)
Bachelor’s Degree 7 (23%)
Graduate Diploma 3 (10%)
Currently practising
Yes 26 (87%)
No 4 (13%)
Primary stroke environment
Acute stroke unit 22 (74%)
Inpatient rehabilitation 3 (10%)
Outpatient rehabilitation 1 (3%)
Research institute 4 (13%)
Level of knowledge on early mobilisation
High, well informed about evidence 15 (50%)
Average, up to date with evidence 15 (50%)
Low, not up to date with evidence 0 (0%)
Number of years practising in a stroke context, median (IQR) 14 (10-25)

IQR, interquartile range.

5.4.1. Introductory Interview: Clinical Factors

Table 5.2 displays the frequency distribution of clinical factors being nominated by
stroke clinicians as important for decision-making. More than 80% of the sample
considered stroke severity, medical stability (e.g., haemodynamic stability,
cardiovascular stability, risk of complication, respiratory and febrile) and type of
stroke to be the most important factors contributing to decision-making about early
mobilisation practices. Around 50% of the sample considered age, delivery of
thrombolysis and/or endovascular clot retrieval, and pre-morbid comorbidities to be

important clinical factors.



Table 5.2. List of clinical factors considered important to early

mobilisation decision-making

Clinical Factors

n (%)

Example Quotation

Stroke severity

27 (90%)

PA24 (Physio): “I think the first things that you
see as a clinician are their stroke factors. So,
what was their stroke severity? So, what was
their NIHSS?... | actually think that's probably a
big driver...”

Medical stability
Haemodynamic
Cardiovascular
Risk of
complications
Respiratory
Febrile

25 (83%)
24 (80%)
13 (43%)
10 (33%)
6 (20%)
4 (13%)

PA2 (Doctor): Also, to consider how sick they
are if they have an infection and all these things
come into play. Do they have complications?
That probably contributes to this mix of "How
stable are they?"

PA17 (Physio): “But the things I'll be looking at
would be medical stability. So, you know,
appropriate blood pressure, heart rate, all those
sorts of things.”

Type of stroke

24 (80%)

PA5 (Nurse): “In terms of stroke classification, |
think that is probably important. So if | had on
my list a significant penumbra or presence of
large vessel occlusion and that's within the first,
you know, I’'m going to say eight hours after
stroke onset, I'd be very cautious about moving
those patients around too much including sitting
in bed.”

PAG (Doctor): “With haemorrhages, intuitively,
you have to wait until they settle down.
Mobilizing them, | think I'd be quite gentle”

Functional ability

18 (60%)

PA25 (Doctor): They [densely hemiplegic
patients] won't be able to mobilise early because
they need a lot of assistance and then you judge
based on the functional outcome of the patient.”
PA28 (Doctor): “If | walk in and they are walking
around the stroke unit saying, ‘Can | go home?’.
That's a determinant.”

Age

16 (53%)

PA18 (Physio): “Potentially elderly patients that
didn't have a good baseline. So then on the

flipside of that, there are those patients that had
a really good baseline that show good potential.

”

Thrombolysis and/or
endovascular clot
retrieval

16 (53%)

PA30 (Doctor): “Post procedural ECR or
thrombolysis, | would not be pushing it at all. I'd
just wait and see to make sure the groin is
okay.”

PA14 (Nurse): “I guess if someone's had
thrombolysis, part of our protocol would be to
keep them resting in bed for about 24 hours.”

Premorbid

comorbidities
Premorbid mRS
Fitness level

15 (50%)
6 (20%)
5 (17%)

PA26 (Physio): “If they've got loads of
comorbidities, you know they're a bit more
fragile usually. Premorbid Rankin - that's
certainly useful.”

PA2 (Doctor): “Their premorbid capabilities in
terms of moving and ambulating and age
probably play a little bit of a factor in terms of
general fitness...”

Consciousness

11 (37%)

PA13 (Nurse): “The patients...that | feel
confident in leaving in bed would be the really
altered conscious state patients”




Alertness /Delirium 11 (37%) PA3 (Physio): “I give therapy, but tiredness or
alertness or comfortability, neglect, engagement
etc, are the factors that dictate how the
intervention is given.”

PA23 (Doctor): “l guess also other patient
factors unrelated to stroke such as if they were
very delirious, I'd sort of say | want to make sure
that they're not a high falls risk”

Imaging 8 (27%) PA2 (Doctor): “Now we also have a little bit more
Persistent 7 (23%) information about the anatomy and
occlusion 4 (13%) pathophysiology, and at the same time there has
Stenosis 3 (10%) been a secular trend where more and more
Penumbra people have advanced imaging. So, we also

have more information about what vessels are
open or which vessels are still blocked. | say be
careful when they're still blocked vs. when they
are open. Although, | must say it has not been

really formalized as a ‘no, don't do it

Frailty 7 (23%) PA19 (Doctor): “In terms of spending a couple of
days in bed, the damage that that might do is
probably greater for people who are frail and
elderly with borderline mobility to start with.”

Falls risk 6 (20%) PA23 (Doctor): “I'd sort of say | want to make
sure that they're not a high falls risk or other
medical issues that might necessitate them
staying in bed”

Patients’ feeling 6 (20%) PA29 (Nurse): “The other thing, it's what the
patient wants often trumps everything else at
times.”

Cognition 5 (17%) PA25 (Doctor): “Some patients have cognitive

impairment or dysphasia so they can't follow
commands. Hence why they are not great for

mobilization.”

Communication 5 (17%) PA27 (Nurse): “Whether they had language or
communication impairment.

Neglect 3 (10%) PA11 (Nurse): “It's that moderate [NIHSS]

section that | think we [early mobilisation] have
the biggest impact on because...neglect is a big
factor...”

Fatigue 2 (7%) PA17 (Physio): “l would start intervening, but |
would very much grade it depending on... their
level of fatigue”

5.4.2. Influential Non-Clinical Factors

Table 5.3 displays important non-clinical factors that influence EM decision-making.
The importance of resources such as adequate staffing, staff experience and the
availability of equipment in enabling early mobilisation practices was also apparent.
The stroke experts expressed that a lack of resources are barriers to implementing EM

practices.



Table 5.3. List of non-clinical factors influencing early mobilisation

decision-making

Non-Clinical Factors n (%)

Example quotation

Staffing 16 (53%)

PA26 (Physio): “Generally... you'd need two people. A
minimum of two people. So, if you can't get that extra
pair of hands and it's not going to be safe, you don't do
it...”

Equipment 9 (30%)

PA19 (Physio): “This is problematic. I'm getting better at
this as you get more senior or working longer in an
area, but if you don't have access to equipment or
interested staff to support you, then it takes a lot of time
and a lot of energy.”

Level of 4 (13%)
Education/Expertise
of Staff

PA7 (Physio): “I think it's this there's a discrepancy
between that decision-making and whether you get
somebody up based on how experienced you are, how
comfortable are you moving the actual physical stroke
patient”

Hospital 3 (10%)
Appointments

PA22 (Physio): “So is there a lot of activity happening
with this person, in which case, you wouldn't even be
thinking about it. You'd just be waiting to see what's
going on.”

Organisation of Care 1 (3%)

PA20 (Doctor): “...the most important thing is where are
they. Are they at a stroke unit or not stroke unit? Do
they have a team around them which is geared towards
thinking about stroke care in an organized way?”

5.4.3. High Interest Patient Subgroups

Figure 5.1 demonstrates the distribution of selected variables by expert clinicians that

represent high interest patient subgroups (responders or non-responders to early

mobilisation). During the interactive session with stroke experts, the following

variables were found to be characteristics of responders to early mobilisation

practices: patients with moderate stroke severity (NIHSS 8-16), who are younger

(less than 65 years old), had an ischaemic stroke (particularly small vessel occlusion

and subcortical stroke), few comorbidities (0-1) and an alert state of responsiveness.

The variables that were characteristic of non-responders to EM practices included:

severe stroke severity (NIHSS>16), older age, haemorrhagic stroke, lacunar strokes,

posterior circulation ischaemic strokes, persistent occlusion or high grade stenosis,



hemodynamic instability, many comorbidities (atrial fibrillation, ischaemic heart

disease and type 2 diabetes mellitus) and altered state of consciousness.

There were several variables that were contradictory in response, i.e., some clinicians
identified as responder characteristics and others as non-responder characteristics,
highlighting some uncertainty in these subgroups. These variables included people

with moderate stroke severity, elderly patients, and those with lacunar infarcts.



Summary of Variables of Representing Responders Summary of Variables of Representing Non-Responders

Stroke Severity
] Mild (NIHSS <8)
IR Modlerate (NIHSS 8-16) I
Severe (NIHSS >16) I

Age
. @@ | Young
| Elderly |
Stroke Type
| Ischaemic
| Haemorrhagic |

B Small Vessel Occlusion
[ | Subcortical Stroke
Cerebellar Infarct .

Stroke Type
[ | TACI |
. @ 1 PACI
] LACI |
| POCI
Circulation

Persistent Occlusion [N
High Grade Stenosis [

Hemodynamically Unstable I

Number of Comerbidities

I Few Comorbidities
Mutiple Comorbidities

Comorbidities

Atrial Fibrillation I
Ischaemic Heart Disease [N
Type 2 Diabetes Mellitus IR

State of Responsiveness
Alert
Altered Conscious State I
70% 60% 50% 40% 30% 20% 10% 0% 0% 10% 20% 30% 40% 50% 60% 70% B80% 90%
MNumber of participants that nominated a responder variable Number of participants that nominated a non-responder variable

Figure 5.1. Summary of characteristics representing responders and non-responders to EM decision-making. NIHSS,
National Institute of Stroke Scale; TACI, total anterior circulation ischaemic stroke; LACI, lacunar ischaemic stroke; POCI,

posterior circulation stroke.



5.5. Discussion

The findings from this cross-sectional study provide in-depth insights of key patient
and systems of care factors, which contribute to individualised expert decision-
making for EM post-stroke. The novel interactive data visualisation session
demonstrated the perceived characteristics of suspected responders, non-responders,

and patient subgroups that create uncertainty in decision-making.

The top three clinical factors that influence EM decision-making were stroke severity,
stroke type and medical stability. The importance of stroke severity was reiterated in
the interactive data visualization session where many clinicians perceived patients
with mild or moderate strokes to be responders, and patients with severe strokes to be
non-responders to EM. This finding may reflect the evidence from AVERT, which
demonstrated an association (albeit non-significant) between EM and poorer
functional outcome in patients with severe stroke.® In contrast, a recent retrospective
observational study in patient with severe stroke found EM was significantly
associated with a lower risk of total complication rate of immobility, incidence of
pneumonia, and incidence of pressure sore without increasing falls.'®®> The
inconsistent and inconclusive evidence base was highlighted in a recent systematic
review of rehabilitation in patients with severe stroke, which found no differences in
physical function and immobility-related complications between EM and the usual
care group. People with severe stroke are more likely to develop acute medical
complications (particularly immobility-related complications) in the initial
hospitalisation phase post-stroke resulting in poor functional recovery and death.?
255 However, the question regarding the benefits vs. harms of EM in patients with

severe stroke remains. This highlights an important area for decision support and



guidance for clinicians. Future empirical investigations need to explore this area of

uncertainty to help current decision-making processes.

Our findings also demonstrated that stroke type influenced decision-making i.e.
patients with ischaemic vs haemorrhagic strokes. Clinicians perceived patients with
haemorrhagic stroke to be a subgroup that might respond unfavourably to EM.
However, it was interesting that a small sample of clinicians saw some benefit of EM
in this subgroup, which highlights the heterogeneity of evidence and opinions. Prior
to the publication of AVERT, and during a time with limited decision-support, many
stroke clinicians believed patients with haemorrhagic strokes should stay in bed
longer than those with ischaemic strokes.'” There is some evidence that suggest EM
within 24 hours might be detrimental,® while other studies suggest that complacency
in treatment.?6:25” A recent RCT investigating EM within 24-72 hours post-stroke in
mild to moderate haemorrhagic patients found a significant improvement in early
functional independence and shorter length of stay compared to standard early
rehabilitation.®® Similarly, findings from an ongoing observational cohort study
demonstrated that each additional day between admission and initiation of acute
rehabilitation therapy (median 3 days) was significantly associated with increased
odds of poor outcome (MRS 4-6) at 30 days and at 90 days post haemorrhagic
stroke.?>® Perhaps the combination of stroke severity and stroke type factors may
result in different responses to EM. Since there is no guidance or specific
recommendations after the 24-hour period post-stroke for patients with haemorrhagic
strokes,*? variability in the delivery of care due to differences in the interpretation of

harms vs benefits is to be expected, and this was demonstrated in our findings.

Finally, medical stability (e.g. haemodynamic stability, cardiovascular stability and

risk of complications) was also considered an important factor contributing to



decision-making about EM practices. Establishing physiological safety criteria
including systolic blood pressure, heart rate, and consciousness to guide the initiation
and progress of EM has been recognised.® Our findings confirm the need for such

criteria.

Age and premorbid comorbidities were, to a lesser extent, considered important
factors in EM decision-making. Clinicians perceived patients who are elderly and
with many comorbidities to be non-responders and those younger than 65 years with
few comorbidities to be responders. This may reflect an understanding of the complex
interplay of both factors such that an elderly patient with few morbidities is perceived
to have the capacity to respond more favourably to EM than an elderly person with
many comorbidities. This was similar to findings in an audit of 300 acute stroke
patient records which found patients < 65 years were significantly more likely to
receive EM than older patients.?>® The audit also found quality of care provided by
allied health professionals was significantly associated with premorbid independence
and comorbidities. A recent study also found that comorbidity burden is
independently associated with patient-rated perceived impact (Stroke Impact Scale
index) within the first-year post-stroke.?®® In summary, the level of comorbid burden
of a patient may be an important factor that needs to be considered when assessing

the potential benefit or risk of EM for a patient post-stroke.

Around half of the sample considered the delivery of thrombolysis or endovascular
clot retrieval to be important factors that impact EM decision-making. The reasons
for these included unresolved groin puncture post endovascular clot retrieval, and
increased risk of falls and symptomatic intracerebral haemorrhage post thrombolysis.
A study of 54 clinicians using hypothetical vignettes revealed that neurological

decline, neurological decline with symptomatic intracerebral haemorrhage, infection



of uncertain cause, severe chest infection, severe stroke, drowsiness, and confusion
significantly influenced decisions to mobilise thrombolysed patients early post-
stroke.’® In the absence of decision support or guidance, a tendency to take a
conservative approach exist?® in the context of thrombolysis or thrombectomy

however, there is no evidence to support this approach.191-193

Some important systems of care barriers were identified that warrant consideration.
This included adequate staffing and the availability of equipment to enable early
mobilisation practices. This supports a previously published study which identified
poor teamwork, inadequate staffing, various organisational barriers, staff attitudes
and beliefs, and patient-related barriers to implementing the AVERT EM
intervention.?! These are important bottlenecks in the delivery of best care and need
to be considered when developing decision-support tools such as CPGs so that EM is
implementable and applicable to the local setting. It may also justify allocation of
healthcare resources to ensure best care is delivered and optimal patient outcomes are

achieved.

The strength of this study of this study relates to the use of an interactive data
visualisation tool to observe the expert stroke clinicians’ interaction with a large
dataset. The tool provided a structured method to explore complex stroke factors.
This was advantageous in understanding specific clinical factors, and to elicit high-
interest subgroups that require a greater level of clinical judgment in their decision-
making process. It must be noted that all participants were repeatedly reminded that
that dataset was not powered to look at subgroup effects and therefore, any effects of
EM in the subgroups they selected is not should not influence their current decision-

making. Nonetheless, the use of the tool allowed the transition from aggregate data



to individual patient data and providing rich information about important decision-

making factors.

There are also limitations in this study. Firstly, the expert stroke clinicians in this
study were from Australian metropolitan hospitals. As a result, our findings are
naturally within the scope of this demographic and may not represent the opinions of
clinicians and stroke experts globally, or in regional centres in Australia. However,
the multidisciplinary sample of clinical (physicians, physiotherapists and
nurses/nurse practitioners) and academic experts in acute stroke provided rich detail
about EM decision-making. Secondly, other allied health professionals who may play
an active role in EM were not included. Early work in developing EM trial
interventions identified physiotherapists and nurses as the main drivers of EM
practices.6® Physicians also play an important role in determining whether patients
are medically fit to commence EM in cases of uncertainty. We therefore deliberately
selected physicians, physiotherapists and nurses for these studies. Future exploration
of important EM decision-making factors, systems of care bottlenecks, and perceived
responders and non-responders to EM in more geographically and clinically diverse

samples may validate the findings from this study.

As expected, many clinical and systems of care factors play a fundamental role in
decision-making at an individual patient-level. There are some patient and stroke
characteristics that determine whether a patient is mobilised early or not, which are
not necessarily informed by evidence. We need to be careful that inconclusive and
inconsistent EM findings do not instil a sense of complacency or confidence.
Nonetheless, these factors have identified important future research areas, and
potentially worthwhile patient subgroups that need to be substantiated by empirical

investigations to better support clinical decision-making.



5.6. Chapter contribution to the thesis objective

In this chapter, several clinical and non-clinical factors, and characteristics of
different patient subgroups that influence EM decision-making post-stroke were
identified. The work from this study has enabled an in-depth exploration into how
individualised decisions are tailored in a sample of Australian expert stroke
clinicians. By understanding these decision-making factors, it provides a feedback
loop to both EM evidence generation and CPG development. Population-level
evidence is needed to substantiate these processes while understanding the
decision-making process is needed to inform the iterative development of tools that

support this process i.e., CPGs.

Thus far in the thesis, the utility of CPGs to support decision-making, patient-
specific EM evidence, and the factors important for decision-making were explored
to collectively understand some of the barriers and enablers in using evidence to
inform clinical decisions. However, there is growing awareness to move towards a
patient-centric approach to the delivery of healthcare. With this in mind, the next
chapter will focus on investigating how new and old measures of post-stroke

burden might be considered ‘patient-centred’.



Chapter 6

Study 4: Utility-Weighted Modified Rankin Scale: Still Too Crude

to Be A Truly Patient-Centric Primary Outcome Measure?

6.1. Chapter overview

The mRS is the most widely employed outcome measure in acute stroke trials
however, is not without its limitations. The UW-mRS is a newly proposed primary
outcome measure that aims to incorporate both clinically and socially defined

measures to improve the interpretability and statistical efficiency of the mRS.

In the next two chapters, the work conducted was to address Research question 4
(Figure 1.1) which aims to investigate how well the mRS and UW-mRS represent

post-stroke burden for an individual patient.

Research Objective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual
patient-level clinical decision-making

Research Questions Studies

4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary

4. How well do the mRS and UW-mRS reflect Outcome Measure

post-stroke burden for an individual patient,
and to what degree are they considered

‘patient-centred'? &

Study
Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 1.1. Thesis Framework.



In this chapter, the published work from Study 4 investigated the construct validity
of the UW-mRS since the emergence and utilisation of this outcome measure will
inevitably affect the interpretation of clinical trials findings and the communication
to patients about the relevant benefits, risks and costs associated with different

clinical decisions.

This chapter contains the accepted version of the manuscript (Sections 6.2 — 6.6)
followed by Section 4.7 outlining the contribution of the chapter to the thesis
objective. The Version of Record (PDF) of the manuscript can be found in Appendix

A.

This chapter contains the Author ’s Original Manuscript of an article published by

International Journal of Stroke that is available here.



6.2. Introduction

The recently proposed UW-mRS is derived by translating ordinal mRS categories
into a utility-weighted scale.’® It is an emerging outcome measure which aims to
reflect patient perception of quality of life to improve interpretability of the mRS.17.154
The UW-mRS also claims to improve statistical efficiency by providing a continuous

alternative to either an ordinal or dichotomised analysis of the mRS.’

The development of a UW-mRS has been advocated by several associations including
the Stroke Therapy Academic Industry Roundtable.?®? Utility, centred on health-
related quality of life, is a widely accepted measure of a patient’s preference for a
specific health outcome.'®11% UW-mRS values are obtained by assigning a mean
utility weight to each mRS category based on patient, clinician or societal valuation

of various disability health states.!®

Since its introduction, research efforts have focused on the statistical efficiency of the
UW-mRS to detect treatment effects in stroke intervention trials.”*>* These
investigations showed similar efficiency compared to the ordinal mRS, and greater
efficiency compared to the dichotomised mRS. While prior investigations have
focused on statistical properties, construct validity of the UW-mRS has yet to be

established.

It is unclear whether a mean utility weight per mRS category sufficiently reflects the
variability of utility values within mRS categories, and whether the difference in
utility values adequately discriminates between mRS categories. Similarly, it is
unclear whether utility weights reflect changes in patient perspectives over time post-
stroke, and consequently, the long-term outcomes of an intervention to a stroke

survivor. Lastly, uncertainty concerning the most appropriate utility derivation
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method for a stroke population persists challenging the use of the UW-mRS as a

primary outcome measure in stroke trials. 263264

The overall objective was to investigate the construct validity of the UW-mRS as a

primary outcome measure for stroke trials. The aims of this study were:

1. Derive AQoL-4D predicted UW-mRS values per mRS category from the AVERT

population at 3- and 12-months post-stroke;

2. Investigate between- and within-patient variability of individual utility values;

3. Compare the derived UW-mRS values and utility derivation method with

published UW-mRS studies.

Methods

6.3.1. Conceptual Model for Assessing Threats to UW-mRS Validity

We conceptualised the potential validity threats as belonging to the following two set
of circumstances. Firstly, there is the potential inability of UW-mRS values to reflect
the observed variability in utility values between and within individual mRS
categories. Under this scenario, considerable mismatch between the UW-mRS value
and the true utility value may exist. Secondly, UW-mRS values can be derived using
various elicitation methods, country-specific value sets, multi-attribute utility
instruments and stroke population datasets.?%%26¢ Obtaining a utility involves defining
and valuing health states of interest to develop a value set. Utility values can be
elicited using two methods: direct (e.g. time trade-off method, standard gambling,
visual analogue scale) or indirect (e.g. patient’s response to a multi-attribute utility
instrument: AQoL-4D, European Quality of Life Scale [EQ-5D-3L] and Health

Utilities Index).2%°



As many stroke trials use multi-attribute utility instruments to measure quality of life
in parallel to the mRS, a UW-mRS can be derived using a stroke population dataset
containing responses to both measures.!6:17.154155266 Tg produce UW-mRS values,
utility values are stratified by mRS category and then averaged. We, therefore, will
refer to individual patient AQoL-4D utility values as utility values and the mean of

AQoL-4D utility values per mRS category as UW-mRS values in this study.

6.3.2. Study Population

We used individual patient data mRS and AQoL-4D data from AVERT.® AVERT
was a parallel-group, single-blind, RCT conducted at 56 acute stroke units in five
jurisdictions: Australia, New Zealand, Malaysia, Singapore, and the UK. The aim was
to compare the effectiveness of frequent, higher dose, very early mobilisation (sitting,
standing or walking <24 hours post-stroke onset) with usual care after stroke. mRS
data was obtained face-to-face by a trained and accredited blinded assessor. AQoL-
4D was completed by the patient (88%) or a proxy (12%) when communication or
cognitive impairments precluded direct questioning of the patient. The primary and
secondary outcomes of the trial have been previously reported.® Ethics approval was

obtained from institutional review boards at all sites.

6.3.3. AQolL-4D Derived Utilities

The UW-mRS values per mRS category were determined using AQoL-4D utility
values and mRS scores from AVERT at 3 months and 12 months. The descriptive
system for AQoL-4D was developed within the framework of the World Health
Organisation’s classification of impairment, disability and handicaps.?®” AQoL-4D
consists of 4 dimensions and 3 levels: independent living — self-care, household tasks

and mobility; relationships — friendships, isolation and family role; mental health —



sleeping, worrying and pain; senses — seeing, hearing and communication. The utility
scoring algorithm is based on a stratified sample of the Australian population using
the time trade-off method. This algorithm weights the items and applies a
multiplicative function to achieve an index producing a life-death utility scale. The
scale is bounded by the following points: 1.00 (best possible health state), 0.00 (death
equivalent) and -0.04 (worse-than-death states).?®® AVERT participants who died

before their 3 or 12 month follow-up were assigned a utility value of 0.

6.3.4. Statistical Analyses

To analyse the variability in utility values between individual mRS categories, we
conducted the following tests. A one-way ANOVA was performed to estimate
differences between mean utility values across mRS categories at 3- and 12-months
post-stroke, respectively. ROC curves were generated to differentiate between
sequential MRS categories based on utility values. A ROC curve area of 0.5 indicates
no discrimination, whilst 1.0 indicates perfect discrimination.?®® Finally, a
misclassification matrix was used to classify each patient into a “matched” mRS
category based on the closest UW-mRS value to their observed individual AQoL-4D
utility value. The formal agreement between the “actual” and “matched” mRS were

estimated using weighted Cohen’s Kappa with quadratic weights.

To explore the variability in utility values within individual patients over time post-
stroke, intraclass correlations (ICC) were calculated using a random effects linear
regression model using patients (random effect), time i.e. 3 vs. 12 months (input), and
utility values (output). The ICC obtained from this model indicates the degree of
variability that can be explained by within- and between-patient differences. The ICC

is 0 when there are no between-patient differences and increases up to 1 when the
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between-patient variance increases relative to within-patient variance.?’® Variability
in utility values over time post-stroke in patients who did not change in mRS score
from 3 months to 12 months were calculated using the previously described random
effects linear regression model. If the UW-mRS is a valid representation of the mRS,
particularly in patients with the same mRS score at 3 and 12 months and covariates
such as age, stroke severity and co-morbidities are accounted for, similar utility

values would be expected, and any observed difference should be attributed to time.

To explore the variability in AVERT UW-mRS values and previously published
studies, all UW-mRS values from nine UW-mRS sets at 3 months, and two UW-mRS
sets at 12 months were applied to individual patients from the AVERT
dataset.6:17.154,155266 |CCs were calculated using a variance component model
implemented as random effects linear regression using age and baseline stroke
severity (inputs), utility values (output) and patients (random effects). Statistical
analyses were performed with Stata (version 14.2; StataCorp LP, College Station, TX,

USA).

Results
6.4.1. Study Population

All 2,104 participants from AVERT were included in our analysis. The utility values
and mRS scores at 3 months were available in 2,030 participants (96.5%) including
160 participants who died before follow-up. Utility values and mRS scores at 12
months were available in 2,017 participants (95.7%), including 257 participants who
died before follow-up. The study population had a mean (SD) age of 70.7 (12.7) years

and 61% of participants were male (Table 6.1).



Table 6.1. Characteristics of 2030 AVERT stroke patients

Variables

Total, n=2030

Recruitment region

Australia and New Zealand

Asia
UK
Age (years)
<60
60-80
>80
Sex
Male
Female
Risk Factors
Hypertension
Ischaemic Heart Disease
Hypocholesterolaemia
Diabetes Mellitus
Atrial Fibrillation
Premorbid modified Rankin Scale

1216 (60%)
240 (12%)
574 (28%)

593 (29%)
906 (45%)
531 (26%)

1238 (61%)
792 (39%)

1410 (68%)
483 (23%)
832 (40%)
459 (22%)
465 (22%)

0 1528 (75%)

1 292 (15%)

2 210 (10%)
Stroke History

NIHSS 7 (4-12)

Ischaemic Stroke 1784 (88%)

Intracerebral Haemorrhage 246 (12%)
rtPA Treatment 503 (24%)

NIHSS: National Institutes of Health Stroke Scale; rtPA: recombinant tissue plasminogen. Data are n
(%) or median (IQR).

6.4.2. AVERT UW-mRS Values

The UW-mRS values i.e. mean AQoL-4D utility values (SD), derived for mRS
categories 0-6 at 3 months include: 0.80 (0.22), 0.78 (0.21), 0.63 (0.23), 0.37 (0.21),
0.11 (0.12), 0.03 (0.06) and 0 (0), respectively (one-way ANOVA p<0.0001). The
UW-mRS values for mRS categories 0-6 at 12 months include 0.85 (0.19), 0.77 (0.21),
0.63 (0.24), 0.34 (0.21), 0.11 (0.12), 0.03 (0.07) and 0 (0), respectively (one-way

ANOVA p<0.0001).



6.4.3. Utility Variability Within and Between mRS

We observed considerable variation in utility values within each mRS category at
both 3 months and 12 months (Figure 6.1). The misclassification matrix showed
excellent statistical agreement between the “actual” and “matched” mRS categories
at 3 months (kappa, 0.81; CI, 0.79-0.84) and 12 months (kappa, 0.86; Cl, 0.85-0.87)
(Figure 6.2). However, based on the AQoL-4D utility values, good discrimination
between sequential pairs of mRS categories was only observed for mRS 3 vs. 4 at 3
months (area under the curve [AUC], 0.87; 95% CI, 0.84-0.90) and 12 months (AUC,
0.83; 95% CI, 0.80-0.87) (Table 6.2). In contrast, utility was less discriminant for
MRS 1 vs. 2 and 4 vs. 5 which reflect the matching inconsistencies in the
misclassification matrix. For example, an individual with an mRS of 2 at 3 months
could be classified into mRS 0 (29%), mRS 1 (13%), mRS 2 (28%) and mRS 3 (24%)
based on the closest UW-mRS value. Similarly, an “actual” mRS of 4 and 5 displayed

a mirrored inability to discriminate between “matched” mRS 4, 5 and 6.
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Figure 6.1. Distribution of AQoL utility values across mRS categories

at 3 and 12 months.



Table 6.2. ROC curve analyses between sequential MRS categories based
on AQoL utility values at 3 and 12 months

MRS Comparisons 3-month AUC (95% CI) 12-month AUC (95% CI)
Ovs.1 0.54 (0.49-0.60) 0.64 (0.60-0.68)
lvs.?2 0.70 (0.66-0.74) 0.68 (0.64-0.72)
2vs. 3 0.80 (0.77-0.83) 0.81 (0.78-0.84)
3vs. 4 0.87 (0.84-0.90) 0.83 (0.80-0.87)
4vs.5 0.72 (0.67-0.76) 0.75 (0.70-0.80)
5vs. 6 0.63 (0.56-0.70) 0.61 (0.52-0.69)

mRS: modified Rankin Scale; AUC: area under curve; Cl; confidence interval.

3-Month Misclassification Matrix

Matched mRS
0 1 2 3 4 5 6 Total

0 15% 13% 9% 100%

12% 17% 9% 100%

@ 2 29% 13% 28% 24% 100%
£ o3 3 3% 21%  44%  23% 4% 2%  100%
é 4 100%
5 100%
6 100%
12-Month Misclassification Matrix
Matched mRS

0 1 2 3 4 5 6 Total
0 15% 9% 5% 100%
1 18% 20% 10% 100%
0 2 25% 16% 34% 18% 100%
g 3 1% 5% 21% 41% 23% 6% 3% 100%
ﬁ 4 100%
5 100%

6

100%

Figure 6.2. Misclassification matrices at 3- and 12-months post-
stroke. The proportion of patients classified into a matched mRS based
on the closest UW-mRS value to their observed AQoL-4D utility value.



6.4.4. Utility Variability Over Time Post-Stroke

We observed substantial within-patient variability in utility values for patients with
no change in mRS between 3- and 12-months post-stroke (n=1189) (Figure 6.3). The
degree of variability that could be explained by within-patient differences (time post-
stroke) was 47% (ICC=0.53). The proportion of variability in utility values
attributable to time post-stroke for the “no change” groups were: 45% (mRS 0), 42%

(MRS 1), 44% (MRS 2), 54% (MRS 3), 56% (MRS 4) and 53% (MRS 5).
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Figure 6.3. Distribution of change in AQoL-4D utility values over
time. Change in utility values between 3 and 12 months for patients
whose mRS did not change (n=1189).

6.4.5. Utility Variability by Derivation Method

The UW-mRS values displayed a similar sigmoidal relationship across the mRS
categories consistent with previously published utility weights (Table 6.3). UW-mRS

values, however, were generally lower for all categories except mRS 5 and the UW-



MRS set based on an applied Singaporean value set by Ali et al 2017. We found
variability in UW-mRS values due to the choice of valuing method, the country value
set applied, and the stroke population dataset analysed (Table 6.3). Taking into
consideration age and stroke severity, the choice of the derivation method contributed
to 25% and 22% of the variability in UW-mRS values from nine UW-mRS sets at 3

months and two UW-mRS sets at 12 months, respectively (Figure 6.4).

3 Month UW-mRS

Ali 2017 (Netherlands) - o
Ali 2017 (Singapore) -| @i
Ali 2017 (Australia) - =
Ali 2017 (UK) .
Rivero-Arias 2010 -

Hong & Saver 2009 -{ o+

UW-mRS Studies

Chaisinanunkul 2015 - @
Djikland 2018 2

AVERT UW-mRS - -

AVERT AQolL Utility Values - o

12 Month UW-mRS

Rivero-Arias 2010 S

AVERT UW-mRS e

UW-mRS Studies

AVERT AQoL Utility Values - —8—
T

Figure 6.4. UW-mRS values from different studies applied to the
AVERT dataset at 3 and 12 months (mean, 95% CI).



Table 6.3. Comparison of UW-mRS values and derivation methods between AVERT and previously published studies

Country Value Set

Country of

mRS Levels

Studies Valuing Method Applied Population Analysed 0 1 2 3 4 5
3 Month UW-mRS 2
International 2083 0.80 0.78 0.63 0.37 0.11 0.03
UK 601 0.78 0.77 0.60 0.35 0.09 0.04
AVERT AQoL TTO Australia Australia
New Zealand 1238 0.80 0.79 0.64 0.38 0.12 0.03
Singapore Malaysia 244 0.81 0.76 0.66 0.37 0.09 -0.00
Dijkland, 2018 EQ-5D TTO Netherlands Netherlands 500 0.95 0.93 0.83 0.62 0.42 0.11
UK UK 70 0.90 0.82 0.70 0.53 0.20 -0.15
Australia Australia 80 0.93 0.86 0.76 0.61 0.35 0.02
New Zealand
Ali, 2017 ED-5D TTO _ Singapore
Singapore Malaysia Philippines 160 0.88 0.74 0.51 0.23 -0.16 -0.48
Netherlands Netherlands  France ;5 0.91 0.83 0.73 0.59 0.35 0.12
Belgium
.. b EQ-5D TTO & .
Chaisinanunkul, 2015 WHO-GBDP PTO N/A International N/A 1.00 0.91 0.76 0.65 0.33 0.00
Hong & Saver, 2009 ¢ WHO-GBDP PTO N/A International N/A 1.00 0.95 0.79 0.67 0.35 0.06
Rivero-Arias, 2010 ¢ EQS5D TTO UK UK 2?2/ 0.92 0.81 0.69 0.57 0.24 -0.01
12 Month UW-mRS ¢
International 2052 0.85 0.77 0.63 0.34 0.11 0.03
UK 585 0.85 0.78 0.54 0.35 0.10 0.02
AVERT AQoL TTO Australia i
Q Australia 1226 0.84 0.76 0.65 0.34 0.11 0.03
New Zealand
Singapore Malaysia 241 0.91 0.80 0.66 0.34 0.13 0.02
Rivero-Arias, 2010 EQ5D TTO UK UK 665 0.96 0.83 0.68 0.55 0.32 -0.07

UW-mRS: utility weighted modified Rankin Scale; AQoL: Assessment of Quality of Life; TTO: time trade-off; EQ-5D: European Quality of Life Scale; WHO-
GBDP: World Health Organisation Burden of Disease Project; PTO: person trade-off.
aDerived from data collected at 3 months post-stroke.

b Country value set and sample number not specified as UW-mRS was derived by averaging values from TTO and PTO studies.

¢ Country value set and sample number cannot be specified due to PTO valuing method.
dUW-mRS derived by averaging 1-month and 6-month UW-mRS.
¢ Derived from data collected at 12 months post-stroke.



6.5. Discussion

This study is the first to derive AQoL-4D predicted UW-mRS values which were
consistent with prior studies using different derivation methods confirming the
unequally ordered intervals of the mRS.16:17.154.155,266 Qyr AQoL-4D UW-mRS values
however, indicated poorer patient perception of their health states compared to
previously derived UW-mRS values. This concurs with previous investigations of
discrepancies in predicted utilities by different instruments which evaluate related but
distinct constructs.?%272 For example, nearly 80% of the difference in utility weights
predicted by AQoL-8D and EQ-5D-3L can be explained by differences in their
descriptive systems i.e. the set of questions and response categories which seek to
describe a person’s health.?’* The remaining observable difference is due to scale
effects and scale-adjusted differences attributable to the utility formula. This is
problematic as it compromises the comparability of utility values and, by implication,

the UW-mRS.

Extensive research has established the psychometric properties of EQ-5D-3L in a
stroke population.?3?> Accordingly, EQ-5D-3L is an appealing instrument for
mapping utility weights to mRS in previously published studies.541%5:266 However, a
criticism of the EQ-5D-3L, and consequently these studies, is its lack of sensitivity
to health states.?6>276 The instrument was not designed to assess the needs and deficits
of stroke patients. AQoL-4D yields the same generic weakness, but accounts for more
stroke- and health-related quality of life domains than the EQ-5D-3L.%%° Given that
AQoL-4D has shown predictive validity in a stroke population, it is possible the lower
UW-mRS values observed in this study indicate a more accurate representation of

stroke outcomes based on the perspective of stroke patients.?’®



Differences in UW-mRS values can also be attributed to the country-specific value
set applied and the population sample from which quality of life and mRS data are
collected. The application of different country-specific value sets has previously been
shown to result in significantly different utility distributions.?®® Guidance on the most
appropriate value set to correctly depict post-stroke outcomes while allowing

aggregation of international datasets is still required.

Another threat to construct validity was the inability of UW-mRS values to reflect
variability in AQoL-4D utility values between and within individual mRS categories.
This may be explained by individual patient differences in the affected dimensions of
the AQoL-4D, which has been previously postulated.?®® Neurological deficits vary
with the region of sustained damage (e.g. motor vs. cognition), as such, the affected
dimensions of AQoL-4D can also vary (e.g. selfcare vs. relationships). These
dimensional differences, however, are often classified as the same level of functional

impairment by the mRS.

Our findings demonstrate an inability to sufficiently discriminate levels of functional
disability based on a patient’s perspective of their health. This highlights an obvious
issue concerning the simple yet inadequate choice to average utility values per mRS
category. Weighting the mRS in this way does not reflect the variability of individual
utility values within each category, reduces the sensitivity of the UW-mRS, and
disregards crucial information about quality of life. If the UW-mRS only captures a
marginally greater understanding of patient perspectives, the justification of its
superiority over the mRS as a primary outcome measure is somewhat questionable,

particularly when statistical superiority has not been established.*>*



Based on the derived utility values, mRS does not effectively capture patient
perceptions of their stroke outcome or final state health outcome. The substantial
variability in utility values over time post-stroke, particularly for patients whose mRS
score did not change between 3 and 12 months is indicative of the mRSs
oversimplification as an outcome measure and the potential disregard of changes in
patient perspectives of their health over time. Similarly, we should question whether
the UW-mRS is too crude to reflect long-term effects of stroke. Perhaps, utility values
should exclusively supplement the mRS rather than be integrated to produce what our

data suggest may be a primary outcome measure with limited validity.

The are several strengths of this study; it is the first to derive AQoL-4D UW-mRS
values, AVERT provides a large, broad sample of patients early post-stroke, and the
longitudinal data facilitated the exploration of patient perspectives over time post-
stroke. An outcome measure should consider whether an intervention has long-term
benefits for a stroke survivor and reflect changes in quality of life over time. The first
limitation of this study is the selection criteria of AVERT. However, compared to
other acute stroke trial datasets, it is reasonably non-restrictive, and the large,
multinational sample promotes the generalisability of the conclusions. The second
limitation is the application of an Australian value set to an international population
which, ignores country specific differences in quality of life.?66 However, the
application of customised value sets is problematic when pooling data for analyses.
Standardisation of UW-mRS derivation methods is required to preserve the validity

of data and the ability for data aggregation.

By introducing a meaningful concept of the difference between mRS categories for
an otherwise ordinal scale, the UW-mRS provides an imperfect solution to an

important problem. Findings from this study should not discourage the quest to



overcome the shortcomings of the mRS. The need to employ outcome metrics devoid
of crudity while reflecting patient perspectives of quality of life is still critical.'®2
Further investigation of the UW-mRSs added value, including validation on
longitudinal data, is time-critical given its recent approval as a co-primary outcome
measure by the Food and Drug Administration in a thrombectomy trial.®
Nonetheless, parallel collection of longitudinal quality of life and mRS data is still
warranted. However, the sources of variability shown in this study need to be
considered to ensure the use of UW-mRS as a primary outcome measure is justifiable,
valid, standardised, statistically efficient, and accurately represents final health states

of stroke patients.

6.6. Chapter contribution to the thesis objective

In this study, we found that patients with a given mRS may exhibit a wide of range
of utility values, and patients with different mRS scores can have similar utility
values, making the UW-mRS not sufficiently granular to represent post-stroke
burden. Therefore, the identified threats to construct validity warrants caution
when using the UW-mRS as a primary outcome measure and may be too crude to

be truly patient-centric.

The high level of variability in utility values in the UW-mRS scores formed the
rationale for the next chapter. We looked closer at the multidimensional patterns
for each mRS and UW-mRS score using individual domains of quality of life

(AQoL-4D) to obtain a granular view of 3-month stroke burden.



Chapter 7

Study 5: Look Closer: The Multidimensional Patterns of Post-

Stroke Burden behind the modified Rankin Scale

7.1 Chapter overview

This chapter systematically investigates both objective and patient perceived
measures of how different aspects of function and disability post-stroke are impacted
at each level of the mRS. We hypothesised that different post-stroke burden domains
would display different patterns of decline across mRS categories. In other words,
the variability see in Chapter 6 could be explained by differing patterns of decline

based of the type of post-stroke impairment or burden.

Considering the mRS is currently the most utilised primary outcome measure and is
not likely to be challenged in this position, adding depth of understanding that
transcends the current simple description of each mRS category is essential.
Furthermore, the effect of an intervention on various domains of post-stroke outcome
must be first understood in order to effectively define the parameters which bound
“favourable outcome”. This is particularly relevant for the development of CPGs and
by association clinical judgement and reasoning which are informed by this type of

empirical data.



Research Objective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual
patient-level clinical decision-making

Research Questions Studies

Study 4
Utility-Weighted Modified Rankin Scale: Still Too
Crude to Be A Truly Patient-Centric Primary

4. How well do the mRS and UW-mRS reflect
post-stroke burden for an individual patient, Sl L)
and to what degree are they considered
- : Study 5
patienteaecl Look Closer: The Multidimensional Patterns of
Post-Stroke Burden behind the modified Rankin
Scale

Figure 1.1: Thesis Framework.

This chapter contains the accepted version of the manuscript (Sections 6.2 — 6.6)
followed by Section 4.7 outlining the contribution of the chapter to the thesis
objective. The Version of Record (PDF) of the manuscript can be found in Appendix

A.

This chapter contains the Author’s Original Manuscript of an article published by

International Journal of Stroke that is available here.



7.2. Introduction

The modified Rankin Scale (mRS), initially described as a measure of “post-stroke
disability”?*®, includes six ordered grades of functional outcome and a death state.
While all mRS categories consistently and explicitly refer to a generic degree of post-
stroke disability, some categories are varyingly described in terms of the presence of
symptoms, ability to perform activities of daily living, walking ability and self-care.
The variability in description across the scale may explain the multidimensionality of
post-stroke disability. Modern stroke trials also adopt different interpretations of the
MRS, inconsistently referring to the scale as a measure of neurologic functional
disability?”’, disability?’827°, global disability,?8%-282 functional outcome?®3-285 global
functioning?®, and disability or dependence in daily activities®®” post-stroke.
Consequently, it is challenging for a clinician or trialist to consistently interpret and
communicate the multidimensional disease burden associated with different mRS

categories.

The International Classification Functioning, Disability and Health (ICF) Core Set
for Stroke was developed to help evaluate and classify the multidimensionality of
post-stroke disability, function and health.*> The Comprehensive and Brief ICF Core
Sets for Stroke highlight the necessity for trial outcomes, such as the mRS, to describe
amore representative spectrum of problems in the functioning of patients post-stroke.
The core set includes domains, not limited to, neurological deficits, inability to
perform activities of daily living and self-care tasks, neuropsychological dysfunction
and neuropsychiatric deficits.1>123124 Despite this, different mRS categories do not
uniformly reflect post-stroke burden, which is further amplified by the “ordered, but
unequally spaced” nature of the scale.*® The utility-weighted mRS (UW-mRS) has

been proposed as a solution to this important problem.61” The UW-mRS aims to



7.3.

reflect patient perspectives of quality of life in a single measure that provides a
continuous alternative to the mRS. Despite the advantages of the UW-mRS, patients
with a given mRS may exhibit a wide of range of utility values, and patients with
different mRS scores can have similar utility values, making the UW-mRS not

sufficiently granular to represent post-stroke burden.?88

This limitation may be due to the insufficient ability of the single dimensional UW-
MRS to represent the multiple domains of post-stroke burden across mRS categories.
In A Very Early Rehabilitation Trial (AVERT), mRS, Assessment of Quality of Life
(AQoL-4D) and Barthel Index (BI) scores were simultaneously collected as primary
and secondary outcomes. Collectively, the mRS, AQoL-4D and Bl can measure
several aspects of the Brief ICF Core for Stroke. AQoL-4D captures patient
perspectives of post-stroke burden and can provide valuable information to
supplement the mRS. Similarly, Bl can reflect intricacies of physical function that
are not represented in the mRS.?8% The aim of this study was to formulate and
investigate the multidimensional patterns of post-stroke burden for individual mRS

categories using AQoL-4D and BI.

Methods

All data that support the findings of this study are available from the corresponding
author on reasonable request. Individual participant 3-month mRS, AQoL-4D and BI
scores from A Very Early Rehabilitation Trial (AVERT) were obtained.® AVERT
was a parallel-group, single-blind, RCT conducted in 54 acute stroke units across
Australia, New Zealand, Malaysia, Singapore and the UK with a total sample of 2104
patients.® The aim of the trial was to compare the effectiveness of frequent, higher

dose, very early mobilisation (sitting, standing or walking <24 hours post-stroke) with



usual care after stroke. The 3-month mRS scores were obtained from an unstructured
interview (in person or by telephone) by a trained assessor who was not working in
the study stroke unit and was blinded to treatment allocation. Detailed description of
baseline demographics, and primary and secondary outcomes of AVERT have been
previously published.® Ethics approval was obtained from institutional review boards

at all sites.

7.3.1. Assessment of Quality of Life-4D and Barthel Index Outcomes

The descriptive system for the AQoL-4D was developed within the framework of the
World Health Organization’s definition of health-related quality of life.?8¢ AQoL-4D
consists of 4 domains each measured on a scale from 0.00 (worst possible health state)
to 1.00 (best possible health state) and containing 3 items: Independent Living — self-
care, household tasks and mobility; Relationships — friendships, isolation and family
role; Mental Health — sleeping, worrying and pain; Senses — seeing, hearing and

communication.268

The BI measures a patient’s performance in ten activities of daily living (ADL) to
indicate level of functional independence, ability to mobilise in ADL and the need
for assistance in care.'2% These items can be divided into two domains: Self-care —
feeding, grooming, bathing, bowel and bladder care, and toilet use; and Mobility —
ambulation, transfers and stair climbing. 1" Each of these functional categories may
be scored from 0 to 1, 0 to 2, or O to 3, depending on the item. The summed score

ranges from 0 to 20.

The use of composite outcome measures to increase trial efficiency and to capture
numerous relevant patient factors have been previously investigated and shown to

improve trial power compared to unadjusted mRS analysis alone.?®! In this study, the



inclusion of BI provides a clinician assessment of function and independence post-
stroke that supplements the patient-reported Independent Living domains of AQoL-
4D. To enable the comparison of individual domains within and between mRS
categories, AQoL-4D and BI domain scores were scaled to 0% to 100% for Bl and
0.00 to 1.00 for AQoL-4D. A percentage of the total achievable score within each Bl
domain was utilised e.g. a patient with a score of 6 out of 8 for Mobility received a
score of 75%. Similarly, AQoL-4D domains are bounded by the range of the entire

AQoL-4D scale, i.e. 0 (worst health state) to 1 (best health state).

7.3.2. Statistical Analyses

Kruskal-Wallis test was used to investigate differences in individual AQoL-4D and
Bl domains across mRS categories. Receiver Operator Characteristics (ROC) curve
analyses were conducted to examine the ability of individual AQOL-4D and BI
domain scores to discriminate between sequential MRS categories. A ROC curve area
of 0.5 indicates no discrimination, whilst 1.0 indicates perfect discrimination.?®® The
comparative speed of decline in AQoL-4D and Bl domain scores across increasing
MRS categories were investigated with random effects linear regression models using
individual AQOL-4D and BI domains and mRS categories as independent variables,
individual scores as dependent variables, domain-by-mRS category interaction terms
and patients treated as random effects. Patient who died at 3 months (mRS 6) were
not included in the analyses. Statistical analyses were performed with Stata (version

14.2; StataCorp LP, College Station, TX, USA).



7.4. Results

7.4.1. Study Population

From 2104 participants recruited in AVERT, 160 participants died at 3 months post-
stroke. AQoL-4D, Bl and mRS scores were available in 1870 stroke survivors (96.2%)
at 3 months. The proportions within each category are as follows: mRS 0 (n=182),
mRS 1 (n=393), mRS 2 (n=404), MRS 3 (n=448), mRS 4 (n=261) and mRS 5 (n=182).
The selected sample had a mean (SD) age of 70.1 (12.7) years, median (IQR) baseline
NIHSS of 7 (4-12), 61% were male and 88% were ischaemic strokes. AQoL-4D was
completed by the patient (88%) or a proxy (12%) when communication or cognitive
impairments precluded direct questioning of the patient. At 3 months, the median

mRS was 3 (IQR 1-4).

7.4.2. Post-Stroke Burden across the mRS using AQolL-4D and BI

Domains

Kruskal-Wallis test showed significant differences in scores for individual domains
of AQoL-4D and BI across mRS categories (p<0.0001) (Figure 7.1). From the results
of the ROC curve analysis, the scores for the Independent Living domain
demonstrated excellent discrimination for mRS 3 vs. 4 and mRS 2 vs. 3 at 3 months
post-stroke (Table 7.1). The scores for the Relationships domain could moderately
discriminate mRS 2 vs. 3 and 3 vs. 4. Discrimination by other AQoL-4D domains
were generally poor for the remaining comparisons. Bl Self-care and Mobility
domains demonstrated excellent discrimination between mRS 3 vs. 4 and 4 vs. 5

(Table 7.1).

Since the overall pattern of decline in scores of AQoL-4D Independent Living domain

across the mRS was not matched by the comparable decline in scores of Mobility and



Self-care domains of BI, we undertook an additional exploratory analysis of
individual items which contribute to the AQoL-4D Independent Living domain
(household tasks, self-care and mobility items). A higher proportion of patients
exhibiting poor performance was found in the household tasks items compared to
mobility and self-care items of AQoL-4D’s Independent Living domain across the
mRS (Figure 7.2). A significant Independent Living individual items-by-mRS

interaction effect was found (p<0.0001).
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Figure 7.1. Distribution of AQoL-4D and Bl domain scores stratified
by mRS. BI: Barthel Index; AQoL-4D: Assessment of Quality of Life;
mRS: modified Rankin Scale.



Table 7.1. AUC values (95% CI) for discrimination between sequential mRS categories for individual domains of post-

stroke burden at 3 months.

MRS Ovs. 1

MRS 1vs. 2

MRS 2vs. 3

MRS 3vs. 4

MRS 4vs.5

Independent Living

0.51 (0.47-0.55)

0.69 (0.66-0.73)

0.85 (0.83-0.88)

0.92 (0.89-0.94)

0.72 (0.68-0.75)

Relationships

0.54 (0.50-0.59)

0.60 (0.56-0.64)

0.65 (0.61-0.69)

0.65 (0.60-0.69)

0.63 (0.58-0.69)

Senses

0.53 (0.49-0.58)

0.61 (0.57-0.64)

0.59 (0.55-0.62)

0.53 (0.48-0.57)

0.60 (0.54-0.65)

Mental Health

0.53 (0.49-0.58)

0.62 (0.58-0.66)

0.51 (0.48-0.55)

0.59 (0.55-0.64)

0.56 (0.51-0.62)

Self-care

0.51 (0.49-0.53)

0.55 (0.53-0.57)

0.71 (0.68-0.74)

0.91 (0.89-0.93)

0.85 (0.81-0.88)

Mobility

0.50 (0.48-0.52)

0.54 (0.52-0.56)

0.71 (0.68-0.74)

0.89 (0.86-0.91)

0.83 (0.87-0.80)

AUC: area under the receiver operating characteristic curve; Cl: confidence interval; mRS: modified Rankin Scale.
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Figure 7.2: Level of performance in (A) Household Tasks, (B)
Mobility and (C) Self-care items at 3 months. The performance level

ranged from 1 (best) to 4 (poor).

7.4.3. Multidimensional Patterns of Post-Stroke Burden across the mRS

A significant AQoL-4D/BI domain-by-mRS interaction effect was found (p<0.0001),
i.e. different domains displayed different patterns of change across mRS categories.
The multidimensional patterns of post-stroke burden encompassing mean AQoL-4D
and Bl domain scores at 3 months for each mRS category are represented in a radar
plot (Figure 7.3). The mean scores for all AQoL-4D and Bl domains declined with

increasing mRS categories. All independence-related domains (Independent Living,



Self-care, Mobility) displayed a large decline in scores across the mRS while
Relationships was the most impacted non-independence-related domain (Figure 7.3).
Based on the mean scores in patients clinically classified as symptomless (mRS 0) or
with no significant disability (mRS 7.1), the most impacted domains post-stroke were
Mental Health (sleep, worrying and pain) and Relationships (friendships, isolation
and family role (Figure 7.4), For patients with an mRS 2-5, Independent Living was

the most impacted domain.

3 Month Mean Scores of AQoL-4D and Barthel Index
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Figure 7.3. Mean AQoL-4D and Bl domain scores per mRS category.
The individual axes are scaled from 0 (poor performance) to 100 (best
performance) and correspond to respective domains of post-stroke burden.
The level of performance for all six domains is depicted using a coloured
polygon whereby a smaller area of the polygon is indicative of poorer

performance. mRS: modified Rankin Scale.
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Figure 7.4. The most impacted domain (lowest mean score) to the

least impacted domain (highest mean score) per mRS category.
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Figure 7.5. mRS 0-2 vs. 3-5 patterns of post-stroke burden.

The multidimensional patterns of stroke burden encompassing mean AQoL-4D and
Bl domain scores at 3 months for dichotomised mRS 0-2 and 3-5 outcomes are
represented in Figure 7.5. Radar plots for mRS 0-1 vs. 2-5 and 0-3 vs. 4-5 are

presented in Appendix F (Supplementary Figures F1 and F2).



7.5. Discussion

This study has systematically investigated both objective and patient-perceived
measures of post-stroke burden at each level of the mRS. We found a significant
domain-by-mRS interaction effect i.e. different post-stroke burden domains
displayed different patterns of decline across mRS categories. This contextualises the
outcome of an individual patient that receives a particular mRS score allowing better
judgement about the way the mRS should be assessed and interpreted. Our findings
support a recent observational cohort study, which examined patient-reported
domains of health across levels of the mRS and found that as disability increased,
symptoms in multiple disability domains increased in variable degrees.'? The present
study, however, supplements this work by systematically investigating the
interactions between, and compensatory nature of, domains of stroke burden at
various levels of the mRS in a sample nearly twice the size and across multiple centres

internationally.

We observed a more pronounced decline in mean scores for the domains Mental
Health and Relationships compared to Independent Living, Mobility and Self- in
patients clinically classified as mRS 0 or 1. This is interesting given several studies
have demonstrated difficulties with participation, social roles and reintegration,
mental health, cognition, and feelings of isolation even after physical (basic self-care
and mobility) post-stroke recovery appears complete.123292-2% Thys, caution should
be taken when generalising patients with an outcome of mRS 0-1 as exhibiting “no
symptoms at all” or “no significant disability” particularly when it is evident that
nonmotor-related domains of stroke burden contribute to long-term outcomes post-

stroke.



Patients with a mRS>3 displayed a deterioration in the domains Independent Living,
Mobility, Self-care and Relationships. The decline in mean scores for Independent
Living, however, were more marked than the decline in mean scores for Mobility and
Self-care domains across most mRS categories. Two potential explanations exist: 1)
since Bl Mobility and Self-care are clinician-rated and AQoL-4D Independent Living
is patient-rated, patients may perceive poorer outcomes compared to what is observed
and scored by a clinician for the same health state; and/or 2) the more pronounced
decline in the Independent Living domain is due to the deterioration in the household
tasks item that is not explicitly measured by both domains of the BI. This
complements a study which mapped the mRS to the ICF Core Set for stroke and found
the strongest association between Self-care and Mobility, followed by Domestic
life.?* Unlike our study, they did not explicitly consider patient perspectives,
therefore difficulties in domestic living, rather than mobility and self-care, may be
more important to a stroke survivor. These findings ultimately highlight the
multifaceted nature of post-stroke outcomes i.e. a stroke patient with hemiparesis
(impairment) may have poor mobility (activity restriction), that has significant
implications on social interactions, ability to return to work, driving, cooking,
cleaning etc. (participation restrictions).'>2%" Further work is required to discriminate
between MRS health states by capturing greater information about participation

restrictions post-stroke.

Our findings displayed good discrimination between several sequential mRS
comparisons in Independent Living, Mobility and Self-care domain scores,
particularly mRS 3 vs. 4. This aligns with a recent suggestion that mRS 0-3, rather
than 0-2, to be considered a “good” outcome category in moderate to severe

ischaemic stroke.??® The mechanisms of an intervention and type of patients enrolled



in clinical trials are important in determining the “right” statistical approach to
analyse the mRS.122%The recommended ordinal analysis approach still raises
questions about the ability to interpret the treatment effects and its clinical
importance.'®” Thus, by attempting to understand the clinical and societal impact of
stroke at each categorical level of the mRS, we are able to understand the monotonic

yet unequal impact of stroke burden across the mRS.

There are several strengths of this study. We included domains which do not
contribute to the description of each mRS category i.e. Mental Health (sleeping,
worrying and pain), Senses (seeing, hearing and communication) and Relationships
(friendships, isolation and family role). These domains formed a more representative
spectrum of post-stroke burden of that transcends the current description, which only
measure the presence of symptoms, ability to perform activities of daily living,
walking ability and self-care.’®* This is important since many trials describe the
functional outcome of a patient in terms of the impairment, but it is arguably equally
as important to describe domains that are more meaningful to a stroke survivor.
Furthermore, the use of AQoL-4D, provided rich information about a patient’s
perception of their health and wellbeing post-stroke that is not explicitly measured by
the mRS or BI. This is essential to progress towards a more patient-centric approach
to interpreting outcome measures that accurately reflect long-term post-stroke

outcomes.

There are also limitations. Clinical trial selection criteria limit the generalisability of
the findings. This sample did not include patients admitted to a stroke unit >24h of
stroke onset. However, the sample is broadly similar to population-based norms
including a representative proportion of moderate to severe ischaemic and

haemorrhagic strokes (44%).3° The reasonably non-restrictive, large and



multinational sample may reduce external validity concerns about our conclusions.
The ceiling effect of Bl is a well-known limitation and may have influenced our
findings. Additionally, since only two available measures from AVERT were used,
our findings are naturally within the scope of AQoL-4D and BI, and only covers a
fraction of the Comprehensive ICF Core Set for Stroke. Important post-stroke
outcomes, e.g. cognition, were not included in this study. It is possible that other
measures could provide additional domains to enrich the clinical picture of 3-month
stroke outcome. The number of measures selected, the feasibility of data collection,
and the interpretability of those results are important trade-offs worth considering for

future stroke trials.

The findings from this study have given us a closer look at the multidimensional
burden of stroke at each mRS category. There are three main implications that arise
from this research. Firstly, the observed non-uniform change in different domains of
post-stroke burden across the mRS needs to be considered when interpreting
individual scores for future stroke trials. Secondly, the “hidden” domains of burden
(i.e. mental health, relationships) in patients classified at symptomless may indicate
areas of unmet need(s), which should be considered when developing targeted
clinical strategies to support patient’s post-stroke. Lastly, the demonstrated
importance of domestic living (e.g. driving, cooking, cleaning) to the decline in
Independent Living across the mRS may suggest that it is an important measure of
post-stroke burden from a patient's perspective. Domestic living is not explicitly

captured by the mRS but may be a pragmatic measure to assess post-stroke burden.

Since the superiority of the UW-mRS or other measures over the mRS has not been
established, the mRS is not likely to be challenged in its position. Therefore, the

findings from our study may provide some important considerations about the



multidimensionality of post-stroke burden from a clinical and patient perspective, and

the ability (and inability) of the mRS to measure those domains of post-stroke burden.

7.6. Chapter contribution to the thesis objective

In this chapter, a significant domain-by-mRS interaction effect was found, i.e.,
different post-stroke burden domains displayed different patterns of decline across
MRS categories. We found that the mRS could capture changes in quality of life,
albeit more for some domains (independent living and relationships) and less for

others (senses and mental health).

From this study, we were able to represent patient-specific burden at each mRS
category, which may facilitate a more patient-centric approach to articulating and

interpretating each mRS score.



Chapter 8

General Discussion

8.1. Infroduction

Early mobilisation (EM) is a valued component of acute stroke unit care. However,
the multifaceted and complex nature of EM evidence and interventions, CPG
development and reporting, and the characteristics of stroke patients and their
outcomes challenges the use of population-level evidence to inform individualised

decision-making.

The objective of this thesis was to investigate the barriers and enablers to the effective
use of population-level evidence to inform individual patient-level clinical decision-
making for EM post-stroke. This was achieved by exploring four key research
questions centred upon the principles of evidence-based clinical decision-making,
which emphasises the importance of evidence generation, evaluation, and
interpretation to select an evidence-based decision that is tailored to the patient or

setting. The four research questions were:

1. What are the utility and limitations of current CPGs as decision support tools that
facilitate or inhibit the use of population-level evidence to support individual
patient-level clinical decision-making for EM post-stroke?

2. How can we use an individual participant data meta-analysis of EM RCTs to

investigate more precise estimates of subgroup and dose effects of EM?



8.2.

3. Based on individual interpretation of the potential risks vs. benefits of EM to
specific patients, what clinical and non-clinical factors do clinicians employ to
tailor their decisions?

4. How well do the mRS and UW-mRS reflect post-stroke burden for an individual

patient, and to what degree are they might be considered ‘patient-centred’?

In this final chapter, the major findings and broader contributions from this thesis will
be summarised. The limitations of this work will then be discussed, along with
potential future directions that could further support the delivery of EBM within the

context of EM post-stroke.

Summary of key findings and contributions

In this section, the key gaps that formed the aims within each study will be reiterated.
A summary of the findings, along with key contributions, will be provided to
contextualise the overall impact of the collective work from this thesis. Figure 8.1
incorporates a summary of the contributions and future directions into the overall

research framework presented in Chapter 1.



Research Objective

To investigate the barriers and enablers in using population-level early mobilisation (EM) evidence to inform individual patient-level
clinical decision-making

Studies Contributions Future Directions
Study 1
Clinical Practice Clinical Practice Guidelines for Early Mobilisation as . "
Guidelines (CPE) Decision Support Tools for Stroke Clinicians: A AL B

Systematic Review and Cross-Sectional Study

Study 2
Early Mobilisation Post-Stroke: A Systematic Review Section 8.2.2 Section 8.3.2
and Meta-Analysis of Individual Participant Data

Early Mobilisation
Empirical Evidence

Study 3
Clinical Decision- Clinical and Systems of Care Factors Contributing to : :
Making Individual Patient Decision-Making for Early Mobilisation S CELall )
Post-Stroke
Study 4
Utility-Weighted Modified Rankin Scale: Still Too Crude
to Be A Truly Patient-Centric Primary Outcome Measure
Patient-Centred . .
D Section 8.2.4 Section 8.3.4

Study 5
Look Closer: The Multidimensional Patterns of Post-
Stroke Burden behind the modified Rankin Scale

Figure 8.1. Thesis framework with contributions and future
directions. This framework outlines the sections in Chapter 8 containing

the associated contributions and future directions for Studies 1-5.

8.2.1 The utility of EM CPGs to support decision-making

The field of EM research is burdened by surprising and/or inconsistent findings that
challenge the utility of EM evidence to inform individualised clinical decision-
making. Clinically credible and applicable CPGs are needed to support and optimise
clinical decisions. However, since the publication of AVERT, the utility of current
EM CPGs to support individualized clinical decision-making was unknown. In
Chapter 3 (Study 1), we used a two-pronged approach to investigate the utility and
limitations of current CPGs in translating population-level evidence to support
individualised clinical decision-making for EM post-stroke. The systematic review
of EM CPGs demonstrated that almost all CPGs addressed the Applicability to the
Target User and Values and Preferences of the Target User items of the AGREE-
REX tool however, the Evidence and Applicability to Patients items were not met to

the same degree. It is therefore not surprising that only 43% of interviewed expert



stroke clinicians indicated that CPGs provide decision support; with many often
relying on clinical reasoning and individual interpretation of the evidence to select an
evidence-based choice of action. CPGs were considered “too broad or vague” by 40%
of clinicians. The investigation of areas of uncertainty in decision-making revealed
four key areas of improvement for future development of EM CPGs: (1) granular
descriptions of patient and stroke characteristics for appropriate tailoring of decisions,
(2) clarity about when clinical flexibility is appropriate, (3) detailed description of the

intervention dose, and (4) physical assessment criteria including safety parameters.

This study makes two major contributions. Firstly, by using a novel approach to
integrate a newly developed appraisal tool (AGREE-REX)®8 with empirical
investigations, this study provides an in-depth understanding about why previous
appraisals using the AGREE Il demonstrate that CPGs for rehabilitation post-stroke
do not sufficiently address the “clinical applicability” domain.?®® Secondly, the
exploration of opinions and use of current EM CPGs by expert stroke clinicians
further empirically confirmed the lack of specificity, clinical applicability, and
adaptability of current CPGs to effectively respond to the heterogeneous clinical

stroke context, and this has provided a clear direction for improvement.

8.2.2 Patient-specific EM evidence generation

Findings from EM RCTs have been largely inconclusive and inconsistent, with the
single, largest RCT (AVERT) showing harm. The recent Cochrane review found no
difference between EM and usual care®, but the analysis could not unpack the
granularity of RCT EM data. In Chapter 4 (Study 2), we aimed to investigate more
precise estimates of subgroup and dose effects of EM by conducting an IPD meta-

analysis of EM RCTs. In this IPD meta-analysis, we found that EM significantly



reduced the odds of a favourable functional outcome (mRS 0-2) at 3 months post-
stroke compared to usual care. This was observed despite a 3-hour difference in time
to first mobilisation favouring EM; possibly suggesting that the often-larger dose of
therapy received in the EM group had a greater influence on outcome at 3 months.
The availability of IPD allowed pre-defined subgroup analyses, but no statistically
significant interactions were found. The frequency, duration and intensity of the EM
interventions were variably pre-specified inhibiting any exploration of dose effects

of EM.

The findings from this IPD meta-analysis has two important contributions. Firstly,
by using an IPD approach to unpack the granularity of RCT evidence, our findings
provide additional support to the Cochrane review,'# and several current CPG
recommendations that advise against commencement of EM <24 h post-stroke.°
Secondly, although the subgroup and dose effects of EM remains unclear, we have
highlighted aspects of intervention development and monitoring that inhibit IPD
meta-analyses in this research domain. These need to be addressed before future
meta-analyses of EM RCTs can provide useful information based on the totality of
high-quality evidence to support appropriate tailoring of evidence-based clinical

decisions to the patient, and the development of CPGs.

8.2.3 Clinical and non-clinical factors influencing EM decision-making

The variability and ambiguity of EM evidence, and the heterogeneity of stroke patient
populations requires complex decision-making. The way clinicians tailor their
decisions based on their own interpretation of the potential risks vs. benefits of EM
to individual patients is largely unknown. In Chapter 5 (Study 3), we aimed to identify

the clinical and non-clinical factors that expert stroke clinicians employ to tailor their



decision to the clinical context, and to identify high-interest patient subgroups using
an EM data visualisation tool. Based on our findings, stroke type, stroke severity, and
medical stability were identified as important clinical decision-making factors by >80%
of expert stroke clinicians. Inadequate staffing, equipment and low level of expertise
were barriers to EM. The perceived characteristics of EM responders were those with
mild or moderate stroke severity, ischaemic stroke, younger patients, and no or few
co-morbidities. The perceived characteristics of EM non-responders included severe
stroke severity, haemorrhagic stroke, older age, those with persistent vessel occlusion
or high-grade stenosis, hemodynamic instability, numerous comorbidities and an
altered state of consciousness. The subgroups that created uncertainty in EM
decision-making were moderate stroke severity, older patients, and those with lacunar

and posterior circulation infarcts.

This study has two noteworthy contributions. The findings have revealed unique, in-
depth insights into patient and stroke characteristics involved in individual patient
decision-making. This indicates that EM is not considered a benign intervention,
rather it is one that may have benefits for the right group of patients yet may cause
harm for the wrong group. We also identified bottlenecks in the delivery of care that
might prevent the delivery of EM to the local setting. Identification of such factors
can help develop structured and clinically applicable CPGs to ensure the clinicians

(and patients) are well-informed to make the right decisions.

8.2.4 UW-mRS and mRS as “patient-centred” outcomes

From the words of a stroke survivor (Hannah, 2014), “healthcare providers often
measure our recovery with functional status assessments and activity scales, but what

these metrics cannot quantify is the tremendous loss felt3%! In the domain of stroke,



despite the fact that the mRS in unable to capture all aspect of post-stroke disability,
it remains the most widely used primary outcome measure in stroke clinical trials.?®
The UW-mRS is a newly proposed measure to improve the patient-centredness and
overcome the limitations associated with the ordinal nature of the mRS. However,
the construct validity of the UW-mRS as a patient-centred outcome measure had not
been investigated. To explore how well the UW-mRS and mRS reflect post-stroke
burden for an individual patient, and to what degree they might be considered

‘patient-centred’, we conducted two studies.

In Chapter 6 (Study 4), we used the large, international AVERT dataset to investigate
the construct validity of the UW-mRS as a primary outcome measure by assessing
variability in utility values within and between mRS categories, over time post-stroke,
and by different derivation methods. This study uniquely derived AQoL-4D weighted
UW-mRS values, which were consistent with prior studies using different derivation
methods confirming the unequally ordered intervals of the mRS.16:17:154.155,266 Based
on AQoL-4D utility values, areas under the ROC curve varied between 0.54-0.87.
Time post-stroke explained 42%-56% of variability in utility values in patients with
no change in mRS between 3 and 12 months. The choice of the derivation method
contributed to 25% of the variability in UW-mRS values. In summary, the high
variability in individual patient-centred utility values between and within mRS
categories, over time post-stroke, and using different derivation methods is not
adequately reflected in the UW-mRS. This highlighted an obvious issue concerning
the simple yet inadequate choice to average utility values per mRS category.
Weighting the mRS in this way does not reflect the variability of individual utility
values within each category, reduces the sensitivity of the UW-mRS, and disregards

crucial information about quality of life.



This high level of variability in utility values present in the UW-mRS scores formed
the rationale to look closer at individual domains of quality of life (AQoL-4D) and
activities of daily living (Barthel Index) to demonstrate the multidimensional patterns
of post-stroke burden across the mRS and UW-mRS. This was systematically
investigated in Chapter 7 (Study 5). We found a significant domain-by-mRS
interaction effect, i.e., different post-stroke burden domains displayed different
patterns of decline across mRS categories. Mental Health and Relationship domains
were most impact in patients with mRS 0-1, while patients with mRS>3 showed the
greatest burden in Independent Living, Mobility and Self-care domains. However,
the decline in mean scores for Independent Living were more marked than the decline
in scores for Mobility and Self-care across most mRS categories. This may be due to
the comparatively faster deterioration in the “household tasks” item across the mRS
compared to the other items within the Independent Living domain. This work
supplements the observational cohort study by Katzan et al.*?® by formally

investigating the mRS-by-domain interaction effect, in a larger international sample.

The findings from both studies have several important contributions. Firstly, the
threats to construct validity identified in Study 4 warrant caution when using UW-
MRS as a ‘patient-centred’ primary outcome measure in future acute stroke trials.
Secondly, the observed non-uniform change in different domains of post-stroke
burden across the mRS supports findings from a recent observational cohort study
that also demonstrated post-stroke symptoms in multiple domains increase to variable
degrees at higher levels of disability.’?®> They also found that physical function,
satisfaction with social roles, and executive function were most affected domains.
These non-uniform differences need to be considered when interpreting individual

mRS scores. Thirdly, the “hidden” domains of burden (i.e. mental health,



relationships) in patients classified as symptomless may indicate areas of unmet
need(s), which should be accounted for when developing targeted clinical strategies
to support patients post-stroke. Lastly, the demonstrated importance of domestic
living (e.g. driving, cooking, cleaning) to the decline in Independent Living across
the mRS may suggest that it is an important measure of post-stroke burden from a
patient's perspective that is not explicitly captured by the mRS. Overall, by using
individual patient quality of life scores in several domains of post-stroke burden, we
were able to represent patient-specific burden at each mRS category, which may
facilitate a more patient-centric approach to articulating and interpretating each mRS

score.

8.2.5 Contextualising of the collective contributions from this thesis

In summary, the work from this thesis has enriched the EM evidence base by
generating patient-specific evidence; demonstrated important factors employed by
expert stroke clinicians to tailor clinical decisions to the clinical context; investigated
the patient-centredness of two potential primary outcome measures to ensure
appropriate selection in empirical investigations and CPG development; and provided
a clear direction for improvement in EM CPGs due to the observed lack of specificity,
clinical applicability and adaptability of recommendations to effectively respond to

the heterogeneous clinical stroke context.

As discussed in Chapter 2, the principles of evidence-based medicine (EBM) are
fundamental to modern clinical decision-making and effective healthcare delivery.?
We, therefore, contextualised the collective works from this thesis within the
principles of evidence-based medicine (EBM) to explicitly establish the impact over

and above the individual contributions of each study (Figure 8.2). Study 1 relates to



the use of CPGs to support evidence-based clinical decision-making; Study 2 relates
to high quality research evidence generation; Study 3 relates to the use of clinical
expertise to tailor decisions to the clinical context; Study 4 and 5 relate to the use of
patient-centred outcomes to capture patients’ preferences and actions. Together, by
capturing these components of EBM as well as CPGs to support decision-making, we
have systematically and meaningfully captured the barriers and enablers in using
population-level evidence to inform patient-level clinical decision-making for EM

post-stroke.

Clinical Practice Guidelines

Evidence-Based Clinical Decision-Making

Study 3:
_ Factors and
Clinical Patient Subgroups
Context Behind Decision-
Making
Clinical Expertise
Study 4:
Construct Validity . '
of UW-mRS Patients Research
Preferences Evidence
Study &: and Actions
Multidimensional
Patterns of Post- Study 2:
Stroke Burden IPD .
Behind the mRS Meta-analysis
Study 1:
Review of Early

Mobilisation CPG

Figure 8.2. Representation of the contribution of collective works
from this thesis embedded within the EBM model and CPGs. Each
study from this thesis is mapped to a specific component of EBM or to
CPGs to support evidence-based decision-making i.e. conducting the IPD
meta-analysis contributed to the evidence component (grey) while
investigating the factors important for decision-making contributed to
understating how the clinical expertise of a stroke clinician is used to

tailor decisions to the clinical context (orange).



8.3. Limitations and future directions

Since the limitations of each study are detailed within the relevant chapters, they will
only be briefly reiterated. In this section we will focus on the limitations that are

specific to the scope of this thesis, which will naturally introduce the future directions.

8.3.1 Expanding the scope in assessing the “clinical applicability” of

clinical practice guideline

In Study 1, we focussed on the credibility and implementability of EM CPGs and did
not assess the methodological quality potentially impacting the way in which CPGs
are considered clinically applicable and implementable. A recent systematic review
investigated the methodological quality appraisal of CPGs for all aspects of
rehabilitation post-stroke and found only three out of 20 CPGs were rate high (>75%)
across all domains of the AGREE II, and “recommended” for use.?*® While we
established the scope of Study 1 to enable comprehensive investigation of the utility
and limitations of current EM CPG, it could also be useful to investigate the internal
validity and methodological quality of EM CPGs to understand how to improve the

overall quality of current CPGs.

Similarly, as the focus of this study was to investigate the utility of CPGs as decision-
support tools for clinicians, we purposefully excluded AGREE-REX items that were
considered outside the scope of this aim. Focusing on the included items provided us
with an opportunity to investigate in detail the utility and limitations of EM CPGs as
decision support tools for the clinical end user. The items that were not explored in
this thesis included the values and preferences of patients/populations, values and
preferences of policy/decision makers, purpose, and local application and adoption.

Consideration of the values and perspectives of patients and funders, or alignment



across different viewpoints, may enhance the utilisation of CPGs.87:88237 Therefore,
these domains are important to the clinical applicability of CPGs, and need to be
investigated in the future. Future investigations could adopt our novel, two-pronged
approach to ensure these normative standards of AGREE-REX are linked with
empirical investigation of the different stakeholders (patients, policy or decision
makers etc.). Together, this would establish a complete review of the quality and

utility of EM CPGs.

8.3.2. Feasibility of exploring of dose and subgroup effects

In Study 2, the limitations were related to the inability to acquire IPD from all eligible
trials; studies recording actual (not intended) time to first mobilisation; inconsistent

development and monitoring of EM interventions; and the year of the original search.

Moreover, as the second epistemological principle of EBM suggests, the benefits and
risks of an intervention should be based on a sufficient totality of evidence to inform
clinical decisions at an individual patient-level.225302 However, in Study 2, four out
of 10 eligible RCTs were unable to share data due to data sharing restrictions or
because contact could not be made with the trialists. The inability to use the totality
of EM evidence, denied the opportunity to potentially uncover subgroup effects of
EM. The International Committee of Medical Journal Editors acknowledges an
ethical obligation to responsibly share deidentified IPD generated by interventional
clinical trials.?* However, as experienced in this study, they are several challenges
in conducting an IPD meta-analysis. These challenges are also well-documented in a
recent scoping review.2% Broadly, they are related to poor communication with study
sponsors, frequent changes in data sharing policies of study sponsors, and the

requirement for a diverse skillset related to research, administrative, statistical and



legal issues.®® Since IPD meta-analyses are thought to be the “gold standard”, 10634+
307 these challenges need to be overcome to take advantage of the more precise
treatment estimates that an IPD can offer for future investigations. The benefits that
an IPD meta-analysis can offer has important effects on the development of future

CPGs and the design of new trials.307-3%

Although the timing and general dose of EM were generally well defined in all RCTs,
the specifics of frequency, duration and intensity of the EM interventions were
variably pre-specified inhibiting exploration of dose effects of EM. This is
unsurprising given Hoffman et al. showed that reporting of intervention procedures,
materials, fidelity and tailoring was missing from 80% of non-pharmacological stroke
interventions reviews.31% Stroke recovery is exceedingly complex and progress
towards standardised and effective treatments has been challenging. However, great
advances have been made to overcome some of these challenges.2120:131.311-314 Most
notably, the international collaborative effort by the Stroke Recovery and
Rehabilitation Roundtable (SRRR) taskforce have generated consensus-based core
recommendations on intervention development, monitoring and reporting,*? which
endorses the use of the Template for Intervention Description and Replication
(TIDieR) checklist?**. In addition, a stroke recovery trial development framework
was more recently established.?*® With time, adoption of these recommendations,
frameworks and checklists is likely to lead to high quality, comparable, and impactful
research. The relatively recent momentum towards data sharing has obvious
implications on the future trial design, conduct and reporting. Optimising trial design
and improving reporting standards must progress in parallel with data sharing
expectations if the opportunity IPD can offer is to be realised. Based on the

collaborative international efforts,!2120:131,307311-314 trja] and intervention design,



conduct, and reporting is hoped to be improve. With this in mind, and the possibility
of precision in detecting treatment effects by using an IPD meta-analysis, reassessing

the subgroup and dose effects of EM in the future is warranted.

8.3.3. Evidence-based clinical decision making

In Studies 1 and 3, the limitation relates to the Australian sample of expert stroke
clinicians from metropolitan hospitals. Our findings are naturally within the scope of
this demographic and may not be representative of the opinions of clinicians and
stroke experts globally, or in regional centres in Australia. However, through the use
of expert sampling?®® to obtain a multidisciplinary sample of clinical (physicians,
physiotherapists and nurses/nurse practitioners) and academic experts in acute stroke
and EM, we were provided with rich detail about EM decision-making. Early work
in developing EM trial interventions identified physiotherapists and nurses as the
main drivers of EM practices.®? Physicians also play an important role in determining
whether patients are medically fit to commence EM in cases of uncertainty. We
therefore deliberately selected physicians, physiotherapists and nurses for these
studies. It must be noted that other allied health professionals who may play an active
role EM, such as occupational therapists, were not included. Future exploration of
important EM decision-making factors, systems of care bottlenecks and perceived
responders and non-responders to EM in more geographically and clinically diverse
samples may validate the findings from Studies 1 and 3, and further enrich the

evidence base.

In Study 3, we identified several clinical and systems of care factors that play an
important role in decision-making at an individual patient-level. Individuals with

haemorrhagic stroke, severe stroke, who are older, with poor function, who are



thrombolysed or receive endovascular clot retrieval were characteristics that
concerned clinicians about starting EM. These decisions are not necessarily informed
by, or aligned with, the evidence base.?191-193.256.257 However, the findings indicate
that clinicians perceive EM to have benefits for the right group and harms to the
wrong group. This work has identified important future research areas, and
potentially important patient subgroups, that need to be investigated to substantiate

and support clinical decision-making at an individual patient-level.

Some systems of care barriers were also identified that warrant consideration. This
included adequate staffing and the availability of equipment to enable EM practices.
This supports a previously published study within an Australian context in which
poor teamwork, inadequate staffing, various organisational barriers, staff attitudes
and beliefs, were identified barriers to implementing the AVERT EM intervention.26?
Our findings indicate there may be some systems of care factors that influence the
administration of EM which need further investigation to ensure CPGs are
implementable and applicable to the local setting. These factors will likely vary
amongst countries and health providers, so future investigation in countries outside
of Australia and different clinical settings (acute stroke units vs. general wards), could
be of value for the future development of EM CPGs by different guideline
development groups. The findings may help contextualise the evidence base to the
clinical setting to ensure the recommendations are clinically applicable and

implementable for the end user.3%°

Finally, in our study, the use of an interactive data visualisation tool to observe the
expert stroke clinicians’ interaction with a large dataset was advantageous in
understanding the complex interaction of clinical factors, and to elicit high-interest

subgroups that require a greater level of clinical judgment in the decision-making



process. Data collected in AVERT represents a large dataset with complex structures
that are difficult to process using traditional methods. Using a data visualisation tool
allowed the transition from aggregate data to subgroup or individual patient data to
explore complex data in a more structured way. This may be useful in other areas that

involve complex decision-making and the collection of complex clinical trial data.

8.3.4. Patient-centred outcomes and shared decision making

In Studies 4 and 5, the general limitation relates to the use of the AVERT dataset® to
investigate the patient-centredness of the mRS and UW-mRS. Although the large,
multinational sample is similar to population-based norms,3® which reduces external
validity concerns about our conclusions, the data comes from a clinical trial which
naturally included restricted sampling. For example, the selection criteria of AVERT
resulted in the exclusion of patients with previous disability (mRS >2) admitted to a
stroke unit >24h from stroke onset. Therefore, further longitudinal exploration in less
selective cohorts may be of value. A second limitation is that AQoL-4D and the mRS
are both imperfect measures. If one does not agree with the other, it is difficult to
know which one is ‘correct’, or if either are ‘correct’. Nonetheless, the objective of

the study was to meaningfully and empirically map these two scales.

The use of the UW-mRS is recommended by the Stroke Therapy Academic Industry
Roundtable (STAIR) for “descriptive purposes” and to improve the focus on patient-
centred outcomes in clinical trials.?6? However, based on the findings from Study 4,
this measure may not be the best approach to incorporate patient preferences into trial
results.?® The demonstrated variability in UW-mRS values due to the choice of
derivation method necessitates future consensus recommendations about the

standards to derive the UW-mRS, and the appropriateness of its use as a primary



outcome measure. These recommendations are time-critical given the use of the UW-
mRS as a co-primary outcome measure in an endovascular clot retrieval trial,'* and

a primary outcome measure in several ongoing trials.316-318

In Study 5, since only two available measures from AVERT were used, our findings
are naturally limited in scope to the AQoL-4D and BI, and only cover some of the
Comprehensive ICF Core Set for Stroke.'?> We advocate for the investigation of
complex multidimensional patterns of post-stroke burden that may be hidden behind
a single score. Composite scores have been previously proposed to provide outcomes
that capture several factors of relevance to patients?®%:31 however, the main limitation
is in the interpretation of the score. By stratifying scores from other measures of post-
stroke burden that are not extensively captured by the mRS, we were able to provide
the interpretation of a given mRS score in terms of the multidimensional patterns of
post-stroke burden. Post-stroke burden can include a combination domain not limited
to motor, sensory, perceptual, language, cognition, and emotion.t>12312%4 |t js
important to note however, that the mRS is theoretically limited to stroke-related
change, and Bl and AQoL-4D may not be limited in the same way, which might
explain some of the deviation of scores. Nontheless, future investigations of domains
outside the scope of our study can enrich the clinical picture of 3-month stroke
outcome, but the number of measures selected, and the interpretability of those results

are important trade-offs worth considering.

We demonstrated the importance of domestic living (e.g. driving, cooking, cleaning)
to the decline in Independent Living across the mRS, potentially suggesting a greater
degree of relevance to the patient. Yet, domestic living is not explicitly captured by
the mRS. While the mRS remains the recommended measure of global disability,?®

131 there are uncertainties concerning the best measure of “participation”. Consensus



on the best measure of “participation” in development of the core measurement set
by the SRRR taskforce could not be reached because potential measures generally
exhibited inadequate measurement properties.'3! Based on this findings, domestic
living could be an important and pragmatic domain in future post-stroke outcome

measures that potentially warrants further investigation.

The need to employ pragmatic outcome metrics devoid of oversimplicity is
critical. 15125132 |t is important to emphasise that further research focusing on
introducing patient-centred outcomes into clinical trials needs to appropriately and
accurately reflect patient perspectives. This should facilitate better communication of

relevant benefits, risks and costs associated with different clinical decisions.

Finally, the use of patient-centred outcomes is only one of several approaches to
ensuring the values and preferences of patients are considered. The established scope
for this thesis did not include investigations of shared decision-making in the delivery
of EBM. There is often a disconnect between shared decision-making and EBM.*
Efforts to adapt CPGs to facilitate shared decision-making are emerging.320-322
Despite this, there are still major challenges in providing clinicians with efficient and
practical tools to accommodate shared decisions.! Since EBM needs shared decision-
making, and vice versa,**’ future investigations are necessary to facilitate and

improve this connection.

8.3.5. Assessing barriers and enablers beyond early mobilisation in

stroke

To conclude Section 8.3, based on the findings from five key studies, we have
identified important future directions within each component of EBM and CPGs as

illustrated in Figure 8.2. However, since evidence-based decision-making is a



contextual, continuous, and evolving process,* the future direction of this collective
work may be the continual application of the research approach employed in this
thesis to support EM post-stroke. This approach relies on conceptualising the process
of decision-making that utilises population-level evidence to inform individual
patient decision-making, embedding this concept into the EBM paradigm, and
treating CPGs as tools to support the decision process. The distinguishing feature of

this approach is the integration between the normative and empirical perspectives.

This research approach can also be applicable to other clinical areas that involve
complex decision-making. As demonstrated, improving evidence-based decision-
making requires several distinct, but related, components to be investigated using
multiple methodological approaches. Investigations that aim to identify barriers and
enablers in using evidence to inform individualised decision-making, or to develop
strategies to improve clinical decision-making should systematically include all
relevant EBM and CPG components. We have demonstrated how this might be
achieved, and it could be a useful framework for future investigations with similar

aims.

8.4 Conclusions

The work from this thesis has enriched the totality of the EM evidence base by
generating patient-specific evidence; demonstrated important decision-making
factors employed by expert stroke clinicians to tailor decisions to the clinical context;
investigated the patient-centredness of two post-stroke outcome measures to promote
appropriate selection in empirical investigations and CPG development; and provided
a clear direction for improvement in EM CPGS due to the observed lack of specificity,

clinical applicability and adaptability of recommendations to effectively respond to



the heterogeneous clinical stroke context. The collective work has substantially
contributed to systematically identifying the barriers and enablers in using
population-level evidence to inform patient-level clinical decision-making for early
mobilisation post-stroke. This was achieved across all components of evidence-based
medicine as well as providing an in-depth investigation of CPGs as decision support

tools in this challenging clinical context.
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Abstract

Background: The utility-weighted modified Rankin Scale (UW-mRS) is an outcome measure recently proposed to
improve statistical efficiency and interpretability of the mRS. Statistical properties of the UW-mRS have been well
investigated, but construct validity has yet to be established.

Aims: To investigate the construct validity of the UVW-mRS as a primary outcome measure by assessing variability in
utility values within and between mRS categories, over time post-stroke, and by different derivation methods.

Methods: UW-mRS was derived using assessment of quality of life (AQoL-4D) and mRS scores at 3 and 12 months
{n=2030) from a large randomized controlled trial, A Very Early Rehabilitation Trial (AVERT). Receiver operator char-
acteristic (ROC) analysis of AQolL-4D was conducted to differentiate between sequential mRS categories. Intraclass
correlation was used to explore variability in utility values over time post-stroke, UW-mRS values, and derivation
methods from multiple studies.

Results: UW-mRS values for mRS categories 0—6 at three months were 0.80, 0.78, 0.63, 0.37, 0.11, 0.03, and 0. Based on
AQoL-4D utility values, areas under the ROC curve varied from 0.54 to 0.87. Time post-stroke explained 42%-56% of
variability in AQoL-4D utility values in patients with no change in mRS between 3 and 12 months. The choice of the
derivation method contributed to 25% of the variability in UW-mRS values.

Conclusions: The high variability in utility values between and within mRS categories, over time post-stroke, and using
different derivation methods is not adequately reflected in the UW-mRS. These threats to construct validity warrant
caution when using UW-mRS as a primary outcome measure.

Trial registration: Australian New Zealand Clinical Trials Registry (ACTRN12606000185561).

Keywords
Utility-weighted modified Rankin scale, primary outcome measure, stroke, assessment of quality of life, AQolL-4D,
AVERT
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Introduction

The recently proposed UW-mRS is derived by translat-
ing ordinal mRS categories into a utility-weighted
scale.! It is an emerging outcome measure which aims
to reflect patient perception of quality of life to improve
interpretability of the mRS.>* The UW-mRS also
claims to improve statistical efficiency by providing a
continuous alternative to either an ordinal or dichoto-
mized analysis of the mRS.?
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The development of a UW-mRS has been advocated
by several associations including the Stroke Therapy
Academic Industry Roundtable.* Utility, centered on
health-related quality of life, is a widely accepted
measure of a patient’s preference for a specific health
outcome.”® UW-mRS values are obtained by assigning
a mean utility weight to each mRS category based
on patient, clinician, or societal valuation of various
disability health states.”

Since its introduction, research efforts have focused
on the statistical efficiency of the UW-mRS to detect
treatment effects in stroke intervention trials.>* These
investigations showed similar efficiency compared to
the ordinal mRS, and greater efficiency compared to
the dichotomized mRS. While prior investigations
have focused on statistical properties, construct validity
of the UW-mRS has yet to be established.

It is unclear whether a mean utility weight per mRS
category sufficiently reflects the variability of utility
values within mRS categories, and whether the difference
in utility values adequately discriminates between mRS
categories. Similarly, it is unclear whether utility weights
reflect changes in patient perspectives over time post-
stroke, and consequently, the long-term outcomes of
an intervention to a stroke survivor. Lastly, uncertainty
concerning the most appropriate utility derivation
method for a stroke population persists challenging the
use of the UW-mRS as a primary outcome measure in
stroke trials.®’

Aims

The overall objective was to investigate the construct
validity of the UW-mRS as a primary outcome measure
for stroke trials. The aims of this study were:

1. Derive AQoL-4D predicted UW-mRS values per
mRS category from the AVERT population at
3- and 12-months post-stroke;

2. Investigate between- and within-patient variability
of individual utility values;

3. Compare the derived UW-mRS values and utility
derivation method with published UW-mRS studies.

Methods

Conceptual model for assessing threats to
UW-mRS validity

We conceptualized the potential validity threats as
belonging to the following two set of circumstances.
Firstly, there is the potential inability of UW-mRS
values to reflect the observed variability in utility
values between and within individual mRS categories.
Under this scenario, considerable mismatch between

the UW-mRS value and the true utility value may
exist. Secondly, UW-mRS values can be derived using
various elicitation methods, country-specific value sets,
multi-attribute utility instruments, and stroke popula-
tion datasets.'™'! Obtaining a utility involves defining
and valuing health states of interest to develop a value
set. Ultility values can be elicited using two methods:
direct (e.g. time trade-off method, standard gambling,
visual analogue scale) or indirect (ec.g. patient’s
response to a multi-attribute utility instrument:
AQoL-4D, European Quality of Life Scale [EQ-5D-
3L] and Health Utilities Index).'®

As many stroke trials use multi-attribute utility
instruments to measure quality of life in parallel to
the mRS, a UW-mRS can be derived using a stroke
population dataset containing responses to both meas-
ures.'>”!" To produce UW-mRS values, utility values
are stratified by mRS category and then averaged. We,
therefore, will refer to individual patient AQoL-4D util-
ity values as utility values and the mean of AQoL-4D
utility values per mRS category as UW-mRS values in
this study.

Study population

We used individual patient data mRS and AQoL-4D
data from AVERT.!? AVERT was a parallel-group,
single-blind, randomized controlled trial conducted at
56 acute stroke units in five jurisdictions: Australia,
New Zealand, Malaysia, Singapore, and the UK. The
aim was to compare the effectiveness of frequent, higher
dose, very early mobilization (sitting, standing or
walking <24 h post-stroke onset) with usual care after
stroke. mRS data were obtained face-to-face by a
trained and accredited blinded assessor. AQoL-4D
was completed by the patient (88%) or a proxy (12%)
when communication or cognitive impairments pre-
cluded direct questioning of the patient. The primary
and secondary outcomes of the trial have been previ-
ously reported.'? Ethics approval was obtained from
institutional review boards at all sites.

AQolL-4D derived utilities

The UW-mRS values per mRS category were deter-
mined using AQoL-4D utility values and mRS scores
from AVERT at 3 months and 12 months. The descrip-
tive system for AQoL-4D was developed within the
framework of the World Health Organisation’s classi-
fication of impairment, disability, and handicaps."?
AQoL-4D consists of four dimensions and three
levels: independent living — self-care, household tasks,
and mobility; relationships — friendships, isolation, and
family role; mental health — sleeping, worrying, and
pain; senses — seeing, hearing, and communication.
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The utility scoring algorithm is based on a stratified
sample of the Australian population using the time
trade-off method. This algorithm weights the items
and applies a multiplicative function to achieve an
index producing a life-death utility scale. The scale is
bounded by the following points: 1.00 (best possible
health state), 0.00 (death equivalent) and —0.04
(worse-than-death states)."* AVERT participants who
died before their 3 or 12 month follow-up were assigned
a utility value of 0.

Statistical analyses

To analyze the variability in utility values between
individual mRS categories, we conducted the following
tests. A one-way ANOVA was performed to estimate
differences between mean utility values across mRS
categories at 3- and 12-months post-stroke, respect-
ively. ROC curves were generated to differentiate
between sequential mRS categories based on utility
values. An ROC curve area of 0.5 indicates no discrim-
ination, while 1.0 indicates perfect discrimination.'’
Finally, a misclassification matrix was used to clas-
sify each patient into a “matched” mRS category
based on the closest UW-mRS value to their observed
individual AQoL-4D utility value. The formal agree-
ment between the “‘actual” and “matched” mRS was
estimated using weighted Cohen’s Kappa with quad-
ratic weights.

To explore the variability in utility values within
individual patients over time post-stroke, intraclass cor-
relations (ICC) were calculated using a random effects
linear regression model using patients (random effect),
time, i.e. 3 vs. 12 months (input), and utility values
(output). The ICC obtained from this model indicates
the degree of variability that can be explained by
within- and between-patient differences. The ICC is 0
when there are no between-patient differences and
increases up to 1 when the between-patient variance
increases relative to  within-patient variance.'®
Variability in utility values over time post-stroke in
patients who did not change in mRS score from 3
months to 12 months was calculated using the previ-
ously described random effects linear regression model.
If the UW-mRS is a valid representation of the mRS,
particularly in patients with the same mRS score at 3
and 12 months and covariates such as age, stroke sever-
ity, and co-morbidities are accounted for, similar utility
values would be expected, and any observed difference
should be attributed to time.

To explore the variability in AVERT UW-mRS
values and previously published studies, all UW-mRS
values from 9 UW-mRS sets at 3 months, and 2 UW-
mRS sets at 12 months were applied to individual
patients from the AVERT dataset." >”'" ICCs were

Table 1. Characteristics of 2030 AVERT stroke patients.
Variables Total, n=2030

Recruitment region

Asia 240 (12%)

Age (years)

60-80 906 (45%)

Sex

Female 792 (39%)

Hypertension 1410 (68%)

Hypercholesterolemia 832 (40%)

Atrial fibrillation 465 (22%)

0 1528 (75%)

2 210 (10%)

NIHSS 7 (4-12)

Intracerebral hemorrhage 246 (12%)

Note: Data are n (%) or median (IQR).
NIHSS: National Institutes of Health Stroke Scale; rtPA: recombinant
tissue plasminogen.
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analyses were performed with Stata (version 14.2;
StataCorp LP, College Station, TX, USA).

Results
Study population

All 2104 participants from AVERT were included in our
analysis. The utility values and mRS scores at three
months were available in 2030 participants (96.5%)
including 160 participants who died before follow-up.
Utility values and mRS scores at 12 months were avail-
able in 2017 participants (95.7%), including 257 partici-
pants who died before follow-up. The study population
had a mean (SD) age of 70.7 (12.7) years and 61% of
participants were male (Table 1).

AVERT UW-mRS values

The UW-mRS values, i.e. mean AQoL-4D utility
values (SD), derived for mRS categories 0-6 at three
months include: 0.80 (0.22), 0.78 (0.21), 0.63 (0.23), 0.37
(0.21), 0.11 (0.12), 0.03 (0.06), and 0 (0), respectively
(one-way ANOVA p <0.0001). The UW-mRS values
for mRS categories 0-6 at 12 months include 0.85
(0.19), 0.77 (0.21), 0.63 (0.24), 0.34 (0.21), 0.11 (0.12),
0.03 (0.07), and 0 (0), respectively (one-way ANOVA
p<0.0001).

Utility variability within and between mRS

We observed considerable variation in utility values
within each mRS category at both 3 months and 12
months (Figure 1). The misclassification matrix
showed excellent statistical agreement between the
“actual” and “matched” mRS categories at 3 months
(kappa, 0.81; CI, 0.79-0.84) and 12 months (kappa,
0.86; CI, 0.85-0.87) (Figure 2). However, based on
the AQoL-4D utility values, good discrimination
between sequential pairs of mRS categories was only
observed for mRS 3 vs. 4 at 3 months (area under the
curve [AUC], 0.87; 95% CI, 0.84-0.90) and 12 months
(AUC, 0.83; 95% CI, 0.80-0.87) (Table 2). In contrast,
utility was less discriminant for mRS 1 vs. 2 and 4 vs. 5
which reflect the matching inconsistencies in the mis-
classification matrix. For example, an individual with a
mRS of 2 at 3 months could be classified into mRS 0
(29%), mRS 1 (13%), mRS 2 (28%), and mRS 3 (24%)
based on the closest UW-mRS value. Similarly, an
“actual” mRS of 4 and 5 displayed a mirrored inability
to discriminate between “matched” mRS 4, 5, and 6.

Utility variability over time post-stroke

We observed substantial within-patient variability in util-
ity values for patients with no change in mRS between
3- and 12-months post-stroke (n=1189) (Figure 3). The
degree of wvariability that could be explained by

Figure |. Distribution of AQoL utility values across mRS categories at 3 and 12 months.
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Figure 2. Proportion of patients classified into a matched mRS based on the closest UW-mRS value to their observed AQol-4D

utility value.
3-Month Misclassification Matrix
Matched mRS

0 1 2 3 4 5 6 Total

0 15% 13% 9% 100%

1 12% 17% 9% 100%

@ 2 29% 13% 28% 24% 100%
£ 3 3 3%  21%  44%  23% 4% 2%  100%
:‘% 4 100%
5 100%

6 100%

12-Month Misclassification Matrix
Matched mRS

0 1 2 3 4 5 6 Total

0 15% 9% 5% 100%

1 18% 20% 10% 100%

@ 2 5% 16% 34% 18% 100%
£ 3 1 5%  21%  41%  23% 6% 3%  100%
;:3 4 100%
5 . 100%

6 100%

within-patient differences (time post-stroke) was 47%
(ICC=0.53). The proportion of variability in utility
values attributable to time post-stroke for the “no
change” groups was: 45% (mRS 0), 42% (mRS 1), 44%
(mRS 2), 54% (mRS 3), 56% (mRS 4), and 53% (mRS 5).

Utility variability by derivation method

The UW-mRS values displayed a similar sigmoidal
relationship across the mRS categories consistent
with previously published utility weights (Table 3).

UW-mRS values, however, were generally lower for
all categories except mRS 5 and the UW-mRS set
based on an applied Singaporean value set by Ali
et al.'' We found variability in UW-mRS values due
to the choice of valuing method, the country value set
applied, and the stroke population dataset analyzed
(Table 3). Taking into consideration age and stroke
severity, the choice of the derivation method contribu-
ted to 25% and 22% of the variability in UW-mRS
values from nine UW-mRS sets at 3 months and two
UW-mRS sets at 12 months, respectively (Figure 4).
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Discussion

This study is the first to derive an AQoL-4D predicted
UW-mRS values which were consistent with prior stu-
dies using different derivation methods confirming
the unequally ordered intervals of the mRS.'*7!!
Our AQoL-4D UW-mRS values, however, indicated
poorer patient perception of their health states
compared to previously derived UW-mRS values.

Table 2. ROC curve analyses between sequential mRS cate-
gories based on AQolL utility values at 3 and 12 months.

mRS
comparisons

12-month
AUC (95% Cl)

3-month

AUC (95% Cl)

Ovs. | 0.54 (0.49-0.60) 0.64 (0.60-0.68)

2vs. 3 0.80 (0.77-0.83) 0.8 (0.78-0.84)

4vs. 5 0.72 (0.67-0.76) 0.75 (0.70-0.80)

mRS: modified Rankin Scale; AUC: area under curve; Cl; confidence
interval.

This concurs with previous investigations of discrepan-
cies in predicted utilities by different instruments which
evaluate related but distinct constructs.'”'® For exam-
ple, nearly 80% of the difference in utility weights pre-
dicted by AQoL-8D and EQ-5D-3L can be explained
by differences in their descriptive systems, i.e. the set
of questions and response categories which seek to
describe a person’s health.'” The remaining observable
difference is due to scale effects and scale-adjusted dif-
ferences attributable to the utility formula. This is
problematic as it compromises the comparability of
utility values and, by implication, the UW-mRS.

Extensive research has established the psychometric
properties of EQ-5D-3L in a stroke population.'®>!
Accordingly, EQ-5D-3L is an appealing instrument
for mapping utility weights to mRS in previously
published studies.>”!' However, a criticism of the
EQ-5D-3L, and consequently these studies, is its lack
of sensitivity to health states.'®*? The instrument was
not designed to assess the needs and deficits of stroke
patients. AQoL-4D yields the same generic weakness,
but accounts for more stroke- and health-related qual-
ity of life domains than the EQ-5D-3L."° Given that
AQoL-4D has shown predictive validity in a stroke
population, it is possible that the lower UW-mRS
values observed in this study indicate a more accurate
representation of stroke outcomes based on the per-
spective of stroke patients.*

Figure 3. Distribution of change in AQoL-4D utility values between 3 and |2 months for patients whose mRS did not change

(n=1189).
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Table 3. Comparison of UW-mRS values and derivation methods between AVERT and previously published studies.

Country Country of mRS Levels
Valuing value set population
Studies method applied analyzed

?Derived from data collected at three months post-stroke.
®Country value set and sample number not specified as UW-mRS was derived by averaging values from TTO and PTO studies.

“Country value set and sample number cannot be specified due to PTO valuing method.
JUW-mRS derived by averaging one-month and six-month UW-mRS.

“Derived from data collected at 12 months post-stroke.
UW-mRS: utility weighted modified Rankin Scale; AQoL: assessment of quality of life; TTO: time trade-off; EQ-5D: European quality of life scale; WHO-

GBDP: World Health Organisation burden of disease project; PTO: person trade-off.
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Figure 4. UW-mRS values from different studies applied to the AVERT dataset at 3 and |2 months (mean, 95% ClI).
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Differences in UW-mRS values can also be attribu-
ted to the country-specific value set applied and the
population sample from which the quality of life and
mRS data are collected. The application of different
country-specific value sets has previously been shown
to result in significantly different utility distributions.!!
Guidance on the most appropriate value set to correctly
depict post-stroke outcomes while allowing aggregation
of international datasets is still required.

Another threat to construct validity was the inability
of UW-mRS values to reflect variability in AQoL-4D
utility values between and within individual mRS
categories. This may be explained by individual patient
differences in the affected dimensions of the AQoL-4D,
which has been previously postulated.'’ Neurological
deficits vary with the region of sustained damage (e.g.
motor vs. cognition), as such, the affected dimensions
of AQoL-4D can also vary (e.g. selfcare vs. relation-
ships). These dimensional differences, however, are
often classified as the same level of functional impair-
ment by the mRS.

Our findings demonstrate an inability to sufficiently
discriminate levels of functional disability based on a
patient’s perspective of their health. This highlights an
obvious issue concerning the simple yet inadequate
choice to average utility values per mRS category.
Weighting the mRS in this way does not reflect the
variability of individual utility values within each
category, reduces the sensitivity of the UW-mRS, and
disregards crucial information about quality of life. If
the UW-mRS only captures a marginally greater under-
standing of patient perspectives, the justification of its
superiority over the mRS as a primary outcome meas-
ure is somewhat questionable, particularly when statis-
tical superiority has not been established.”

Based on the derived utility values, mRS does not
effectively capture patient perceptions of their stroke
outcome or final state health outcome. The substantial
variability in utility values over time post-stroke, par-
ticularly for patients whose mRS score did not change
between 3 and 12 months is indicative of the mRS’s
oversimplification as an outcome measure and the
potential disregard of changes in patient perspectives
of their health over time. Similarly, we should question
whether the UW-mRS is too crude to reflect long-term
effects of stroke. Perhaps, utility values should exclu-
sively supplement the mRS rather than be integrated to
produce what our data suggest may be a primary out-
come measure with limited validity.

The are several strengths of this study; it is the first to
derive AQoL-4D UW-mRS values, AVERT provides a
large, broad sample of patients early post-stroke, and the
longitudinal data facilitated the exploration of patient
perspectives over time post-stroke. An outcome measure
should consider whether an intervention has long-term
benefits for a stroke survivor and reflect changes in qual-
ity of life over time. The first limitation of this study is
the selection criteria of AVERT. However, compared to
other acute stroke trial datasets, it is reasonably non-
restrictive, and the large, multinational sample promotes
the generalizability of the conclusions. The second limi-
tation is the application of an Australian value set to an
international population which, ignores country-specific
differences in quality of life.!' However, the application
of customized value sets is problematic when pooling
data for analyses. Standardization of UW-mRS deriv-
ation methods is required to preserve the validity of data
and the ability for data aggregation.

By introducing a meaningful concept of the differ-
ence between mRS categories for an otherwise ordinal
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scale, the UW-mRS provides an imperfect solution to
an important problem. Findings from this study should
not discourage the quest to overcome the shortcomings
of the mRS. The need to employ outcome metrics
devoid of crudity while reflecting patient perspectives
of quality of life is still critical.”® Further investigation
of the UW-mRS’s added value, including validation on
longitudinal data, is time-critical given its recent
approval as a co-primary outcome measure by the
Food and Drug Administration in a thrombectomy
trial.>* Nonetheless, parallel collection of longitudinal
quality of life and mRS data is still warranted.
However, the sources of variability shown in this
study need to be considered to ensure the use of UW-
mRS as a primary outcome measure is justifiable, valid,
standardized, statistically efficient, and accurately rep-
resents final health states of stroke patients.
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Abstract

Background: The utility-weighted modified Rankin Scale, representing patient perspectives of quality of life, is a newly
proposed measure to improve the interpretability of the modified Rankin Scale. Despite obvious advantages, such
weighting imperfectly reflects the multidimensional patterns of post-stroke burden.

Aims: To investigate multidimensiona patterns of post-stroke burden formed by individual domains of Assessment of
Quiality of Life and Barthel Index for each modified Rankin Scale category.

Methods: In the A Very Early Rehabilitation Trid (n % 2104), modified Rankin Scale scores and modified Rankin Scale-
stratified Barthel Index scores of Self-care and Mahility, and Assessment of Quadlity of Life scores of Independent Living,
Senses, Mental Health and Relationships were collected at three months. The multivariate relationship between individual
Assessment of Quadlity of Life and Barthel Index domains, and modified Rankin Scale was investigated using random
effects linear regression models with respective interaction terms.

Results: Of 2104 patients, simultaneously collected Assessment of Quadlity of Life, Barthel Index and modified Rankin
Scde scores at three months were available in 1870 patients. W hile individual Assessment of Quality of Life and Barthel
Index domain scores decreased significantly as modified Rankin Scale increased (p< 0.0001), the patterns of decrease
differed by domains (p< 0.0001). Patients with modified Rankin Scae 0—1 had the largest post-stroke burden in the
Menta Hedth and Relationship domains, while patients with modified Rankin Scale > 3 showed the greatest burden in
Independent Living, Mobility and Self-care domains.

Conclusions: Across the modified Rankin Scae, individud domains are varyingly impacted demonstrating unique pat-
terns of post-stroke burden, which facilitates appropriate assessment, articulation and interpretation of the modified
Rankin Scale and utility-weighted modified Rankin Scae.

Keywords
Modified Rankin Scale, primary outcome measure, stroke, assessment of quality of life, A Very Early Rehabilitation Tridl,
Barthel Index
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Introduction
The modifie Rankin Scale (mRS), initially described

as a measure of “post-stroke disability,”" includes six
ordered grades of functional outcome and a death state.
While all mRS categories consistently and explicitly
refer to a generic degree of post-stroke disability,
some categories are varyingly described in terms of
the presence of symptoms, ability to perform activities
of daily living (ADL), walking ability and self-care. The
variability in description across the scale may explain
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the multidimensionality of post-stroke disability.
Modern stroke trials also adopt different interpretations
of the mRS, inconsistently referring to the scale as a
measure of neurologic functional disability,” disability,**
global disability,”” functional outcome,*'° global func-
tioning'' and disability or dependence in daily activ-
ities'? post-stroke. Consequently, it is challenging for a
clinician or trialist to consistently interpret and commu-
nicate the multidimensional disease burden associated
with different mRS categories.

The International Classification Functioning,
Disability and Health (ICF) Core Set for Stroke was
developed to help evaluate and classify the multidimen-
sionality of post-stroke disability, function and
health."® The Comprehensive and Brief ICF Core Sets
for Stroke highlight the necessity for trial outcomes,
such as the mRS, to describe a more representative
spectrum of problems in the functioning of patients
post-stroke. The core set includes domains, not limited
to, neurological deficits, inability to perform ADL and
self-care tasks, neuropsychological dysfunction and
neuropsychiatric deficits.">!> Despite this, different
mRS categories do not uniformly reflect post-stroke
burden, which is further amplified by the “ordered, but
unequally spaced” nature of the scale.'® The utility-
weighted mRS (UW-mRS) has been proposed as a solu-
tion to this important problem.'®!” The UW-mRS aims
to reflect patient perspectives of quality of life in a single
measure that provides a continuous alternative to the
mRS. Despite the advantages of the UW-mRS, patients
with a given mRS may exhibit a wide range of utility
values, and patients with different mRS scores can have
similar utility values, making the UW-mRS not suffi-
ciently granular to represent post-stroke burden.'®

This limitation may be due to the insufficient ability
of the single dimensional UW-mRS to represent the mul-
tiple domains of post-stroke burden across mRS cate-
gories. In A Very Early Rehabilitation Trial (AVERT),
mRS, Assessment of Quality of Life (AQoL-4D) and
Barthel Index (BI) scores were simultaneously collected
as primary and secondary outcomes. Collectively, the
mRS, AQoL-4D and BI can measure several aspects of
the Brief ICF Core for Stroke. AQoL-4D captures
patient perspectives of post-stroke burden and can pro-
vide valuable information to supplement the mRS.
Similarly, BI can reflect intricacies of physical function
that are not represented in the mRS.'"” The aim of this
study was to formulate and investigate the multidimen-
sional patterns of post-stroke burden for individual mRS
categories using AQoL-4D and BI.

Methods

All data that support the findings of this study are
available from the corresponding author on reasonable

request. Individual participant’s three-month mRS,
AQoL-4D and BI scores from A Very Early
Rehabilitation Trial (AVERT) were obtained.?
AVERT was a parallel-group, single-blind, randomized
controlled trial conducted in 54 acute stroke units
across Australia, New Zealand, Malaysia, Singapore
and the UK with a total sample of 2104 patients.?
The aim of the trial was to compare the effectiveness
of frequent, higher dose, very early mobilization (sit-
ting, standing or walking <24 h post-stroke) with usual
care after stroke. The three-month mRS scores were
obtained from an unstructured interview (in person or
by telephone) by a trained assessor who was not work-
ing in the study stroke unit and was blinded to treat-
ment allocation. Detailed description of baseline
demographics, and primary and secondary outcomes
of AVERT have been previously published.?® Ethics
approval was obtained from institutional review
boards at all sites.

Assessment of quality of life-4D and Bl outcomes

The descriptive system for the AQoL-4D was developed
within the framework of the World Health
Organization’s definition of health-related quality of
life.?! AQoL-4D consists of four domains each measured
on a scale from 0.00 (worst possible health state) to
1.00 (best possible health state) and containing three
items: Independent Living—self-care, household tasks
and mobility; Relationships—friendships, isolation and
family role; Mental Health—sleeping, worrying and
pain; and Senses—seeing, hearing and communication.*!

The BI measures a patient’s performance in 10 ADL
to indicate the level of functional independence, ability
to mobilize in ADL and the need for assistance in
care.*>* These items can be divided into two domains:
Self-care—feeding, grooming, bathing, bowel and blad-
der care, and toilet use; and Mobility—ambulation,
transfers and stair climbing.>* Each of these functional
categories may be scored from 0 to 1, 0 to 2 or 0 to 3,
depending on the item. The summed score ranges from
0 to 20.

The use of composite outcome measures to increase
trial efficiency and to capture numerous relevant patient
factors have been previously investigated and shown to
improve trial power compared to unadjusted mRS ana-
lysis alone.?® In this study, the inclusion of BI provides
a clinician assessment of function and independence
post-stroke that supplements the patient-reported
Independent Living domains of AQoL-4D. To enable
the comparison of individual domains within and
between mRS categories, AQoL-4D and BI domain
scores were scaled to 0% to 100% for BI and 0.00 to
1.00 for AQoL-4D. A percentage of the total achievable
score within each BI domain was utilized, e.g., a patient
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with a score of 6 of the 8 for Mobility received a score
of 75%. Similarly, AQoL-4D domains are bounded by
the range of the entire AQoL-4D scale, i.e., 0 (worst
health state) to 1 (best health state).

Statistical analyses

A Kruskal-Wallis test was used to investigate the dif-
ferences in individual AQoL-4D and BI domains across
mRS categories. Receiver Operator Characteristics
(ROC) curve analyses were conducted to examine
the ability of individual AQOL-4D and BI domain
scores to discriminate between sequential mRS cate-
gories. A ROC curve area of 0.5 indicates no discrim-
ination, while 1.0 indicates perfect discrimination.?®
The comparative speed of decline in AQoL-4D and
BI domain scores across increasing mRS categories
were investigated with random effects linear regression
models using individual AQOL-4D and BI domains
and mRS categories as independent variables, individ-
ual scores as dependent variables, domain-by-mRS cat-
egory interaction terms and patients treated as random
effects. Patient who died at three months (mRS 6) were
not included in the analyses. Statistical analyses were
performed with Stata (version 14.2; StataCorp LP,
College Station, TX).

Results
Study population

From 2104 participants recruited in AVERT, 160 par-
ticipants died at months post-stroke. AQoL-4D, BI and
mRS scores were available in 1870 stroke survivors
(96.2%) at three months. The proportions within each
category are as follows: mRS 0 (n=182), mRS 1
(n=393), mRS 2 (n=404), mRS 3 (n=448), mRS 4
(n=261) and mRS 5 (n = 182). The selected sample had
a mean (SD) age of 70.1 (12.7) years, median (inter-
quartile range, IQR) baseline National Institutes of
Health Stroke Scale (NTHSS) score of 7 (4-12), 61%
were males and 88% were ischemic strokes. AQoL-4D
was completed by the patient (88%) or a proxy (12%)
when communication or cognitive impairments pre-
cluded direct questioning of the patient. At three
months, the median mRS was 3 (IQR: 1-4).

Post-stroke burden across the mRS using AQoL-4D
and Bl domains

Kruskal-Wallis test showed significant differences in
scores for individual domains of AQoL-4D and BI
across mRS categories (p <0.0001; Figure 1). From
the results of the ROC curve analysis, the scores for
the Independent Living domain demonstrated excellent

Figure |. Distribution of AQoL-4D and Bl domain scores
stratified by mRS. Bl: Barthel Index; AQoL-4D: Assessment
of Quality of Life; mRS: modified Rankin Scale.
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discrimination for mRS 3 vs. 4 and mRS 2 vs. 3 at three
months post-stroke (Table 1). The scores for the
Relationships domain could moderately discriminate
mRS 2 vs. 3 and 3 vs. 4. Discrimination by other
AQoL-4D domains was generally poor for the remain-
ing comparisons. BI Self-care and Mobility domains
demonstrated excellent discrimination between mRS 3
vs. 4 and 4 vs. 5 (Table 1).

Since the overall pattern of decline in scores of
AQoL-4D Independent Living domain across the
mRS was not matched by the comparable decline in
scores of Mobility and Self-care domains of BI, we
undertook an additional exploratory analysis of indi-
vidual items which contribute to the AQoL-4D
Independent Living domain (household tasks, self-
care and mobility items). A higher proportion of
patients exhibiting poor performance was found in
the household tasks items compared to mobility and
self-care items of AQoL-4D’s Independent Living
domain across the mRS (Figure 2). A significant
Independent Living individual items-by-mRS inter-
action effect was found (p < 0.0001).
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Table 1. AUC values (95% Cl) for discrimination between sequential mRS categories for individual domains of post-stroke burden
at three months

mRS 0 vs. | mRS | vs. 2 mRS 2 vs. 3 mRS 3 vs. 4 mRS 4 vs. 5

" Independent living 051 (0.47-0.55)  0.69 (0.66-0.73)  0.85 (0.83-0.88)  0.92 (0.89-0.94)  0.72 (0.68-0.75)

Senses 053 (049-058) 0.6l (0.57-0.64) 059 (0.55-0.62)  0.53 (0.48-0.57)  0.60 (0.54-0.65)

Self-care 051 (049-0.53) 055 (053-057) 071 (0.68-0.74) 091 (0.89-093)  0.85 (0.81-0.88)

AUC: area under the receiver operating characteristic curve; Cl: confidence interval; mRS: modified Rankin Scale.

Figure 2. Level of performance in Household Tasks, Mobility and Self-care items at three months. The performance level ranged

from | (best) to 4 (poor). AQolL-4D: Assessment of Quality of Life; mRS: modified Rankin Scale.
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A significant AQoL-4D/BI domain-by-mRS interaction are represented in a radar plot (Figure 3). The mean
effect was found (p <0.0001), i.e., different domains scores for all AQoL-4D and BI domains declined with
displayed different patterns of change across mRS increasing mRS categories. All independence-related

across the mRS
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Figure 3. Mean AQolL-4D and Bl domain scores per mRS category. The individual axes are scaled from 0 (poor performance) to

100 (best performance) and correspond to respective domains of post-stroke burden. The level of performance for all six domains

is depicted using a colored polygon whereby a smaller area of the polygon is indicative of poorer performance. mRS: modified

Rankin Scale.
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domains (Independent Living, Self-care and Mobility)
displayed a large decline in scores across the mRS while
Relationships was the most impacted non-indepen-
dence-related domain (Figure 3). Based on the mean
scores in patients clinically classified as symptomless
(mRS 0) or with no significant disability (mRS 1), the
most impacted domains post-stroke were Mental
Health (sleep, worrying and pain) and Relationships
(friendships, isolation and family role; Figure 4). For
patients with an mRS 2-5, Independent Living was the
most impacted domain.

The multidimensional patterns of stroke burden
encompassing mean AQoL-4D and BI domain scores
at three months for dichotomized mRS 0-2 and 3-5
outcomes are represented in Figure 5. Radar plots for
mRS 0-1 vs. 2-5 and 0-3 vs. 4-5 are presented in
Supplemental Figures 1 and 2.

Discussion

This study has systematically investigated both object-
ive and patient-perceived measures of post-stroke
burden at each level of the mRS. We found a significant
domain-by-mRS interaction effect, i.e., different post-
stroke burden domains displayed different patterns of

decline across mRS categories. This contextualizes the
outcome of an individual patient that receives a par-
ticular mRS score allowing better judgment about the
way the mRS should be assessed and interpreted. Our
findings support a recent observational cohort study,
which examined patient-reported domains of health
across levels of the mRS and found that as disability
increased, symptoms in multiple disability domains
increased in variable degrees.'* The present study, how-
ever, supplements this work by systematically investi-
gating the interactions between, and compensatory
nature of, domains of stroke burden at various levels
of the mRS in a sample nearly twice the size, and across
multiple centers internationally.

We observed a more pronounced decline in mean
scores for the domains Mental Health and
Relationships compared to Independent Living,
Mobility and Self- in patients clinically classified as
mRS 0 or 1. This is interesting given several studies
have demonstrated difficulties with participation,
social roles and reintegration, mental health, cognition
and feelings of isolation even after physical (basic
self-care and mobility) post-stroke recovery appears
complete.'**”3! Thus, caution should be taken when
generalizing patients with an outcome of mRS 0-1 as
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Figure 4. The most impacted domain (lowest mean score) to the least impacted domain (highest mean score) per mRS category.

mRS: modified Rankin Scale.

< Most | ed Domain Least | dD >
mRS 0 Mental Health Relationships Independent Living Self-care
mRS 1 Relationships Mental Health Independent Living Self-care
mRS 2 Independent Living Mental Health Relationships Self-care
mRS 3 Independent Living Relationships Mental Health Mobility
mRS 4 Independent Living Mobility Self-care Relationships
mRS 5 Independent Living Mobility Self-care Relationships

Figure 5. mRS 0-2 vs. 3-5 patterns of post-stroke burden. mRS: modified Rankin Scale.
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exhibiting “no symptoms at all” or “no significant
disability” particularly when it is evident that non-
motor-related domains of stroke burden contribute to
long-term outcomes post-stroke.

Patients with an mRS>3 displayed a deterioration in
the domains Independent Living, Mobility, Self-care
and Relationships. The decline in mean scores for
Independent Living, however, were more marked than
the decline in mean scores for Mobility and Self-care
domains across most mRS categories. Two potential
explanations exist: (1) since BI Mobility and Self-care

are clinician-rated and AQoL-4D Independent Living is
patient-rated, patients may perceive poorer outcomes
compared to what is observed and scored by a clinician
for the same health state; and/or (2) the more pro-
nounced decline in the Independent Living domain is
due to the deterioration in the household tasks item
that is not explicitly measured by both domains of the
BI. This complements a study which mapped the mRS
to the ICF Core Set for stroke and found the strongest
association between Self-care and Mobility, followed
by Domestic life.!> Unlike our study, they did not
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explicitly consider patient perspectives, therefore diffi-
culties in domestic living, rather than mobility and self-
care, may be more important to a stroke survivor.
These findings ultimately highlight the multifaceted
nature of post-stroke outcomes, i.e., a stroke patient
with hemiparesis (impairment) may have poor mobility
(activity restriction), that has significant implications
on social interactions, ability to return to work, driving,
cooking, cleaning, and so on (participation restric-
tions).'*** Further work is required to discriminate
between mRS health states by capturing greater infor-
mation about participation restrictions post-stroke.

Our findings displayed good discrimination
between several sequential mRS comparisons in
Independent Living, Mobility and Self-care domain
scores, particularly mRS 3 vs. 4. This aligns with a
recent suggestion that mRS 0-3, rather than 0-2,
to be considered a “good” outcome category in mod-
erate-to-severe ischemic stroke.>® The mechanisms of
an intervention and type of patients enrolled in clinical
trials are important in determining the “‘right” statis-
tical approach to analyze the mRS.**** The recom-
mended ordinal analysis approach still raises
questions about the ability to interpret the treatment
effects and its clinical importance.*® Thus, by attempt-
ing to understand the clinical and societal impact of
stroke at each categorical level of the mRS, we are
able to understand the monotonic yet unequal impact
of stroke burden across the mRS.

There are several strengths of this study. We
included domains that do not contribute to the descrip-
tion of each mRS category, i.e., Mental Health
(sleeping, worrying and pain), Senses (seeing, hearing
and communication) and Relationships (friendships,
isolation and family role). These domains formed a
more representative spectrum of post-stroke burden
of that transcends the current description, which only
measure the presence of symptoms, ability to perform
ADL, walking ability and self-care.?® This is important
since many trials describe the functional outcome of a
patient in terms of the impairment, but it is arguably
equally as important to describe domains that are more
meaningful to a stroke survivor. Furthermore, the use
of AQoL-4D provided rich information about a
patient’s perception of their health and wellbeing
post-stroke that is not explicitly measured by the
mRS or BI. This is essential to progress toward a
more patient-centric approach to interpreting outcome
measures that accurately reflect long-term post-stroke
outcomes.

There are also limitations. Clinical trial selection cri-
teria limit the generalizability of the findings. This
sample did not include patients admitted to a stroke
unit >24h of stroke onset. However, the sample is
broadly similar to population-based norms including

a representative proportion of moderate-to-severe
ischemic and hemorrhagic strokes (44%).?” The reason-
ably non-restrictive, large and multinational sample
may reduce external validity concerns about our con-
clusions. The ceiling effect of BI is a well-known limi-
tation and may have influenced our findings.
Additionally, since only two available measures from
AVERT were used, our findings are naturally within
the scope of AQoL-4D and BI, and only covers a frac-
tion of the Comprehensive ICF Core Set for Stroke.
Important post-stroke outcomes, e.g., cognition, were
not included in this study. It is possible that other meas-
ures could provide additional domains to enrich the
clinical picture of three-month stroke outcome. The
number of measures selected, the feasibility of data col-
lection, and the interpretability of those results are
important trade-offs worth considering for future
stroke trials.

The findings from this study have given us a closer
look at the multidimensional burden of stroke at each
mRS category. There are three main implications that
arise from this research. Firstly, the observed non-uni-
form change in different domains of post-stroke burden
across the mRS needs to be considered when interpret-
ing individual scores for future stroke trials. Secondly,
the “hidden” domains of burden (i.c., mental health
and relationships) in patients classified at symptomless
may indicate areas of unmet need(s), which should be
considered when developing targeted clinical strategies
to support patient’s post-stroke. Lastly, the demon-
strated importance of domestic living (e.g. driving,
cooking and cleaning) to the decline in Independent
Living across the mRS may suggest that it is an import-
ant measure of post-stroke burden from a patient’s per-
spective. Domestic living is not explicitly captured by
the mRS but may be a pragmatic measure to assess
post-stroke burden.

Since the superiority of the UW-mRS or other meas-
ures over the mRS has not been established, the mRS is
not likely to be challenged in its position. Therefore, the
findings from our study may provide some important
considerations about the multidimensionality of post-
stroke burden from a clinical and patient perspective,
and the ability (and inability) of the mRS to measure
those domains of post-stroke burden.
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AGREE-REX

REPORTING CHECKLIST

AGREE-Recommendation EXcellence
(AGREE-REX) Reporting Checklist

This checklist is intended to guide the reporting of clinical practice

guideline recommendations.

Manuscripts related to the AGREE-REX are being submitted to peer-reviewed

journals for publication. Citations will be added here when they become

available.

For more information about the AGREE-REX Reporting Checklist, please visit

the AGREE Enterprise website at www.agreetrust.org.

CHECKLIST ITEM

REPORTING CRITERIA

Page
#

ITEM 1: CLINICAL APPLICABILITY

1. Evidence

The following criteria
are related to the
evidence supporting
the recommendations.

To be reported:

oooOo O oOoo

Risk of bias related to the study designs of the supporting evidence
Consistency of the results (i.e., similarity of results across studies)
Directness of evidence to the clinical/health problem (i.e., addresses
the exact interventions, populations and outcomes of interest)
Precision of the results (e.g., width of confidence intervals of individual
studies or meta-analyses)

Magnitude of the benefits and harms

Likelihood of publication bias

Possibility of confounding variable (if applicable)

Dose-response gradient (if applicable)

2. Applicability to
Target Users

The following criteria
are related to the
applicability of the
recommendations to
target users.

To be considered during development and reporting of the
recommendations and supporting text:

O
O
O
a

O

A clinical/health problem that is relevant to the intended target users
Alignment between the target user’s scope of practice and targeted
patients/populations

Alignment between the target user’s scope of practice and
recommended actions

Alignment between the direction of the recommendations (i.e., in
favour of or against a particular action) and the trade-offs between
harms and benefits

Alignment between the definitiveness or strength of the
recommendations and the trade-offs between harms and benefits

3. Applicability to
Patients/Population

The following criteria
are related to the
applicability of the
recommendations to
patients/populations.

To be reported:

O

O
O
O

Outcomes relevant to the targeted patients/populations that were
considered in the development of evidence base

Recommended actions that have the potential to impact outcomes
relevant to patients/populations

How the importance of outcomes to patients was determined

How to tailor recommendations for application to individual (or subsets
of) patients or populations (e.g., based on age, sex, ethnicity,
comorbidities)

June 2019




DOMAIN 2: VALUES AND PREFERENCES

4. Values and
Preferences of
Target Users

The following criteria
are related to the target
users’ values and
preferences.

To be reported:

O

O

O

Values and preferences of the target users that were considered in
relation to the recommended actions

Factors related to target user acceptability of the recommended
actions that were considered (e.g., the acceptability of learning new
clinical skills or the need to adapt current routine)

Differentiation between recommended actions for which clinical
flexibility and individual patient tailoring is more or less appropriate in
the decision-making process

Range of recommended actions that are acceptable in the clinical
community, including the preferred option (if relevant), and why it is
the preferred choice

5. Values and
Preferences of
Patients/Population

The following criteria
are related to the
values and preferences
of patients/populations.

To be reported:

O

O

O

O

Values and preferences of the target population (e.g., patients, family,
caregivers) that were considered in relation to the recommended
actions

Factors related to patient/population acceptability of the
recommended actions that with considered (e.g., motivation, ability to
achieve outcomes, expectations, perceived effectiveness)
Differentiation between recommended actions for which patient choice
and/or values are likely to play a large or small part in the decision-
making process

Statement about whether tools for assisting in patient decision-making
would be beneficial

6. Values and
Preference of
Policy/Decision-
Makers

The following criteria
are related to the
values and preferences
of policy/decision-
makers.

To be reported (if applicable):

O

O
O
O

Needs of policy and decision-makers that were considered in the
formulation of the recommendations

Impacts of the recommendations on policy and system-level decision-
making that were considered in the formulation of recommendations
Impacts of the recommendations on health equities that were
considered in the formulation of recommendations

Description of any required changes to policy to align with the
recommendations

7. Values and
Preferences of
Guideline
Developers

The following criteria
are related to guideline
developers’ values and
preferences and the
integration of values
and preferences from
other stakeholders.

To be reported:

O

O

Values and preferences that guideline developers brought to the
development process

How guideline developer values and preferences influenced their
interpretation of the balance between benefits and harms

Methods used to integrate values and preferences, especially when
they differ between stakeholders

DOMAIN 3: IMPLEMENTABILITY

June 2019




8. Purpose

The following criteria
are related to the
implementation goals
and intended impacts
of the guideline.

To be considered during the development and reporting of the
recommendations and supporting text:

[0 Alignment of guideline recommendations with the implementation
goals (e.g., for advocacy, policy change)

O Anticipated impacts of recommendation adoption on individuals (e.g.,
patients, populations, target users), organizations, and/or systems

9. Local Application
and Adoption

The following criteria
are related to the local
application and
adoption of the
recommendations.

To be reported:

O

O
O
O

Types and degree of change required from current practice
Differentiation between recommendations for which local adaptation
may be more or less relevant

Factors that are important for successful dissemination

Issues that can influence the adoption of the recommendations and
tools and/or advice for implementers, such as:

O
O

Advice on how-to tailor recommendations for the local setting
Resources needed to implement the recommendations and their
associated costs

Economic analysis

Required competencies or training to implement
recommendations

Data required to implement and monitor the adoption of
recommended actions

Strategies to overcome barriers related to provider acceptability
and/or patient/population and/or policy acceptability of the
recommended action(s).

Criteria that can be used to measure recommendation
implementation and quality improvement

June 2019
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Supplementary Material: Interview questions on opinions of early mobilisation

clinical practice guidelines (Study 1)

1. Canyou talk me through your decision-making process when thinking about
mobilising a person early after their stroke?
e Rationale: To get the clinician to articulate their decision-making process in order
to prepare them for the following questions about how CPGs support this process.
e Linked to AGREE-REX: Evidence & Applicability to Patients

2. How do clinical practice guidelines influence your decision about early
mobilisation?
e Rationale: To understand if CPGs are utilised by the recruited clinicians and
understand how CPGs support decision-making.
e Linked to AGREE-REX: Applicability to Target Users

3. Inanideal world, what would you like guidelines to have that might support your
decision-making?
e Rationale: To understand which aspects of current CPGs are useful and what is
needed to better support their decision-making.
e Linked to AGREE-REX: Values and Preferences of Target Users

4. What issues or situations create uncertainty in your decision-making about early
mobilisation?
e Rationale: To understand whether uncertainties in decision-making align with the
suggestions to improve CPG recommendations.
e Linked to AGREE-REX: Evidence & Applicability to Patients

5. How do you manage that uncertainty?
e Rationale: To understand how clinicians negotiate risks vs benefits with the
existing knowledge that further evidence about early mobilisation is needed.
e Linked to AGREE-REX: Evidence & Applicability to Patients

6. Do you have any other comments you would like to make?
o _Rationale: To ensure the clinicians have expressed anything else that may be
useful in the interpretation of their responses.
o Linked to AGREE-REX: N/A




Supplementary Table C1: Excluded early mobilisation clinical practice guidelines

Publication Year | Organisation Country Exclusion Current Status
Reason
Consensus on Diagnosis and Treatment of Acute Not undated post-
Ischemic Stroke Council — Argentine Society of 2012 | Argentine Society of Cardiology Argentina Pre-2015 2015 P P
Cardiology
Proposal of Guidelines for Acute Stroke Treatment 2009 | Belgian Stroke Council Belgium Pre-2015 Not updated post-
and Management 2015
Diretrizes de Atencédo A Reabilitagdo da Pessoa 2013 | Ministério da Satde. Brazil Pre-2015 Not updated post-
com Acidente Vascular Cerebral 2015
Executive Committee from Brazilian
Sy . Stroke Society and the Scientific
Guidelines for Acute Ischemic Stroke Treatment — 2012 | Department in Cerebrovascular Brazil Pre-2015 Not updated post-
Part | and Part 2 ; . 2015
Diseases of the Brazilian Academy of
Neurology
Best practice guidelines for the management and The NWR Best Practices in Stroke Not updated post-
rehabilitation of stroke in the north west region of 2013 L Cameroon Pre-2015 P P
Rehabilitation Group 2015
Cameroon
Stroke and Transient Ischemic Attack - Acute and 2015 | British Columbia Ministry of Health Canada Pre-2015 Not updated post-
Long-Term Management 2015
Nova Scotia Guidelines for Stroke Care 2008 | Cardiovascular Health Nova Scotia Canada Pre-2015 lz\lgig pdated post-
Guia de Pr_actlca Clinica Hemorr_agla 2017 | Ministry of Health Chile No moblllsauqn NA
subaracnoideaa rotura de aneurismas cerebrales recommendations
Gwa,Cl_lnlca Accidente Cerebro Yascula[ 2013 | Ministry of Health Chile Pre-2015 Not updated post-
Isquémico, en personas de 15 afios y mas. 2015
Guia de préctica clinica de diagndstico, tratamiento
y rehabilitacion d_el eglsqdlo agudo de_l,ataque 2015 Mlnl_sterlo de _Salu_d y Proteccion Colombia Pre-2015 Not updated post-
cerebrovascular isquémico en poblacion mayor de Social — Colciencias 2015
18 afios
Croatian Society for Neurovascular
. Disorders of Croatian Medical
Recommendations for Stroke Management 2006 2006 | Association, Croatian Stroke Society, | Croatia Pre-2015 Not updated post-

Update

and University Department of
Neurology, Sestre milosrdnice

2015




University Hospital, Reference
Center for Neurovascular Disorders
of the Croatian Ministry of Health

No mobilisation

Guias clinicas de medicina interna 2018 | Ministry of Health El Salvador : NA
recommendations
The Sixth Joint Task Force of the
European Society of Cardiology and
Other Societies on Cardiovascular
Disease Prevention in Clinical
. . Practice (constituted b S
5.016 European G “'F’e"’?e.s on card_|ovascular 2016 represengatives of 10 s{)cieties and Europe No moblllsat|qn NA
isease prevention in clinical practice by invi recommendations
y invited experts)
Developed with the special
contribution of the European
Association for Cardiovascular
Prevention & Rehabilitation (EACPR)
Evidence-based stroke rehabilitation: an expanded
guidance document from the European stroke o Not updated post-
organisation (ESO) guidelines for management of 2008 | European stroke organisation (ESO) | Europe Pre-2015 2015
ischaemic stroke and transient ischaemic attack
European Stroke Organisation (ESO) Guidelines for Not updated post-
the Management of Spontaneous Intracerebral 2014 | European Stroke Organisation (ESO) | Europe Pre-2015 2015
Hemorrhage
Stroke: Early Management (Alert, Pre-hospital Not updated post
Phase, Initial Hospital Phase, Indications for 2010 | Haute Autorité de Santé France Pre-2015
. . 2015
Thrombolysis), Guidelines
Rehabilitation der Mobilitéat nach Schlaganfall The German Socienty of No mobilisation
2015 S Germany : NA
(ReMoS) Neurorehabilitation recommendations
Acute therapy of ischemic stroke 2012 | German Sociecty of Neurology Germany Pre-2015 lglct));Supdated post
Manejo Rehabilitativodel ICTUS 2013 | [outo Guatemalteco de Sequidad | g atemata | Pre-2015 o Jlpdated post
Recommendations for the Early Management of
Acute Ischemic Stroke: A Consensus Statement for 2018 | Indian Stroke Association India No mobilisation NA

Healthcare Professionals from the Indian Stroke
Association

recommendations




National Clinical Guidelines and Recommendations

Irish Heart Foundation: Council for

Not updated post-

for the Care of People with Stroke and Transient 2010 Ireland Pre-2015
. Stroke 2015
Ischemic Attack
Joint Committee on Japanese Not undated post-
Stroke in General 2011 | Guidelines for the Management of Japan Pre-2015 P P
2015
Stroke 2009
Clinical Practice Guidelines, Management of - . . Not updated post-
Ischaemic Stroke, 2 Edition 2012 2012 | Ministry of Health Malaysia Malaysia Pre-2015 2015
GPC: VIGILANCIA Y PREVENCION
SECUNDARIA DE LA ENFERMEDAD VASCULAR 2015 National Center for Technological Mexico Pre-2015 Not updated post-
CEREBRAL EN EL PRIMER NIVEL DE Excellence in Health 2015
ATENCION
MOH and health project of MCC,
WHO and professional committee of
Management of patients with stroke: Rehabilitation, rehabilitation of MOH, Mongolian Not undated post-
prevention and management of complications, and | 2013 | society of physical & rehabilitation Mongolia Pre-2015 2015 P P
discharge planning medicine, University of Health
Sciences Mongolia (HSUM), the
Shastin and State hospital
Dutch College of General Doesn't include
NHG Standard Stroke 2018 Practitioners Netherlands AVERT
New Zealand Clinical Guidelines for Stroke 2010 | Stroke Foundation of New Zealand New Pre-2015 Str_okg foundation
Management Zealand guidelines
Ischemic stroke care guidelines for Pakistan 2009 | Pakistan Society of Neurology Pakistan Pre-2015 lz\lgig pdated post-
Guidelines for the Prevention, Treatment and . _— S i Not updated post-
Rehabilitation of Stroke 2010 | Stroke Society of the Philippines Philippines | Pre-2015 2015
The Q|agrj05|s anq management of stroke and 2016 | Ministry of Public Health Qatar No moblllsat|qn NA
transient ischaemic attack recommendations
Mwemnyecknii MHCYNbT U TPaH3UTOpPHas 2015 Scientific Council qf the Ministry of Russia Pre-2015 Not updated post-
uwemmyeckas ataka y B3pocribiX Health of the Russian Federation 2015
118 Management of patients with stroke: . . C s
rehabilitation, prevention and management of 2010 Scottish Intercollegiate Guidelines Scotland Pre-2015 Not updated post
L . h Network 2015
complications, and discharge planning
Stroke and transient ischaemic attacks. Not undated post-
Assessment, investigation, immediate management | 2009 | Singapore Ministry of Health Singapore Pre-2015 P P

and secondary prevention

2015




South African guideline for management of

ischaemic stroke and transient ischaemic attack 2010 | South African Stroke Society (SASS) SOF’”‘ Pre-2015 Not updated post-

2010 Africa 2015

Management of Stroke Sri Lanka No moblllsathn NA
recommendations

https://www.socialstyrelsen.se/regler-och- No mobilisation

riktlinjer/nationella-riktlinjer/publicerade- 2020 | Socialstyrelsen Sweden : NA

o recommendations

riktlinjer/stroke/

Genera_l Principles for the Management of Acute 2014 | Taiwan Stroke Society Taiwan Pre-2015 Not updated post-

Ischemic Stroke 2015

Guidelines for Stroke Unit Organization 2012 | The Neurological Society of Thailand | Thailand Pre-2015 lz\lct))igpdated post-

ILEMIYHUW IHCYNbT (ekcTpeHa, NnepBUHHa, Not undated post-

BTOpPVHHa (cneuianisoBaHa) meguyHa gonomora, 2012 | Order of the Ministry of Health Ukraine Pre-2015 2015 P P

MeaundHa peabiniTauis)

Guidelines for the Management of Spontaneous 2010 | AHA/ASA USA Pre-2015 Not updated post-

Intracerebral Hemorrhage

2015




Supplementary Table C2: Included early mobilisation clinical practice guidelines

Organisation CPG Document Country Yea | Recommendation Evidence
r
Sociedad Neurolégica Consensus On Acute | Argentina 201 | Itis recommended: AVERT Group, 2015
Argentina (SNA), Sociedad | Ischemic 9 - Early mobilization to
Argentina de Cardiologia Cerebrovascular prevent complications
(SAC), Sociedad Argentina | Accident (Class I, Level of evidence

de Terapia Intensiva
(SATI), Sociedad Argentina
de Medicina (SAM),
Sociedad Argentina de
Emergencias (SAE),
Colegio Argentino de
Neurointervencionitas
(CANI), Asociacion
Argentina de
Neurocirujanos (AANC),
Sociedad Argentina de
Radiologia (SAR) y
Sociedad Argentina de
Geriatria y Gerontologia
(SAGQG).

C) Expert Opinion

It is not recommended:

- Intense and early
mobilization (within 24
hours of the onset of
symptoms), as it may
reduce the chances of a
good prognosis (Class llI,
Level of evidence B) From
one randomised trial




Stroke Foundation

Clinical Guidelines

for Stroke
Management

Australia/Ne
w Zealand

201

1. For stroke patients,
starting intensive out-of-
bed activities within 24
hours of stroke onset is
not recommended.
(Strong recommendation
against).

i. Baseline stroke severity
and stroke type should be
considered when deciding
when and how much to
mobilise after stroke.
Intensive out-of-bed
activities in the AVERT
trial were an average of 6
out-of-bed activities per
day (Bernhardt et al.
2015). Patients who are
independently mobile
should not have their
mobility restricted during
the early phase after
stroke.

2. All stroke patients
should commence
mobilisation (out-of-bed
activity) within 48 hours of
stroke onset unless
otherwise contraindicated
(e.g. receiving end-of-life
care). (Strong
recommendation)

i. Patients with baseline
NIHSS scores 4-7 have
higher odds of a
favourable outcome when
they are mobilised more
than once per day and

1. Bernhardt et al. 2015

2. Bernhardt et al. 2015; Lynch et al. 2014,
Langhorne 2010

3. Bernhardt et al. 2015



https://app.magicapp.org/goto/guideline/Kj2R8j/section/nyGJ2j
https://app.magicapp.org/goto/guideline/Kj2R8j/section/nyGJ2j
https://app.magicapp.org/goto/guideline/Kj2R8j/section/nyGJ2j

spend less than 13.5
minutes per day mobilising
with physiotherapy staff
(Bernhardt et al. 2016).
For patients who have
difficulty moving after
stroke, an assessment by
an appropriately trained
health professional as to
the most appropriate and
safe methods of assisting
transfers and out-of-bed
activity should be
conducted as soon as
possible and preferably
within 24 hours.

3. For patients with mild
and moderate stroke,
frequent, short sessions of
out-of-bed activity should
be provided, but the
optimal timing within the
48-hour post-stroke time
period is unclear. (Weak
recommendation)




Heart and Stroke
Foundation, Canada

Canadian Stroke
Best Practice
Recommendations

for Acute Stroke

Management:
Prehospital,
Emergency
Department, and
Acute Inpatient
Stroke Care, 6th
Edition

Canada

201

9.4 Mobilization (revised
for 2018)

Mobilization is defined as
“the process of getting a
patient to move in the bed,
sit up, stand, and
eventually walk.”

i. All patients admitted to
hospital with acute stroke
should have an initial
assessment, conducted by
rehabilitation
professionals, as soon as
possible after admission
[Evidence Level A].

ii. Initial screening and
assessment should be
commenced within 48 h of
admission by rehabilitation
professionals in direct
contact with the patient
[Evidence Level C]. Refer
to Canadian Stroke Best
Practice
Recommendations Stroke
Rehabilitation Module for
additional
recommendations on
mobilization following an
acute stroke.

iii. Rehabilitation therapy
should begin as early as
possible once the patient
is determined to be
medically able to
participate in active
rehabilitation [Evidence
Level Al.

AVERT Group, 2015 and cohort studies and
other RCTs



https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616
https://journals.sagepub.com/doi/pdf/10.1177/1747493018786616

iv. Frequent, brief, out-of-
bed activity involving
active sitting, standing,
and walking, beginning
within 24 h of stroke onset
is recommended if there
are no contraindications
[Evidence Level B]. More
intense early sessions are
not of more benefit.
Clinical judgment should
be used.

Note: Contraindications to
early mobilization include,
but are not restricted to,
patients who have had an
arterial puncture for an
interventional procedure,
unstable medical
conditions, low oxygen
saturation, and/or lower
limb fracture or injury.

Heart and Stroke
Foundation, Canada

Rehabilitation

Recovery and
Community
Participation

following Stroke
Part One:

Rehabilitation and
Recovery following
Stroke Update 2019

Canada

201

i. All patients with stroke
should receive
rehabilitation therapy as
early as possible once
they are medically stable
and able to participate in
active rehabilitation
[Evidence Level A]. Refer
to Section One, Box One:
Eligibility and Criteria for
Stroke Rehabilitation for
more information.

ii. Early prolonged
mobilization of patients
within the first few days

AVERT Group, 2015 and cohort studies and
other RCTs



https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae
https://www.heartandstroke.ca/-/media/1-stroke-best-practices/rehabilitation-nov2019/2019-csbpr6-rehabrecovery-module-eng-final-dec2019.ashx?rev=d9be6748ea0945368a0733e6b26423ae

after a stroke, especially a
severe stroke, is not
recommended (Evidence
Level A).

iii. Earlier mobilization may
be reasonable for select
patients with acute stroke
(for instance people with
more mild strokes or
transient ischemic attack)
but caution is advised, and
clinical judgement should
be used (Evidence Level
C)

European Stroke
Organisation

Consensus
statements and
recommendations
from the ESO
Karolinska Stroke

Update Conference,

Stockholm 11-13
November 2018

Europe

201

1. The evidence point to
that early mobilization is
safe in stroke patients but
should not be too intense
(Grade B).

2. A progressive
adaptation to activities of
daily living, such as going
to the toilet with
assistance (if needed) or
sitting in a chair to eat is
fine (Grade A).

3. Patient should be
clinically observed and
monitored closely and in
case they present
symptoms noted (Grade
C).

4. Early mobilization after
a stroke should be
adapted to patient’s
clinical and neurological
situation (Grade C).

Bernhardt et al, 2015
Anderson et al, 2017



https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
https://journals.sagepub.com/doi/suppl/10.1177/2396987319863606/suppl_file/ESO863606_Supplemental_Material.pdf
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Finnish Medical Society Cerebral infarction Finland 201 | Postural treatment is European Stroke Organisation (ESO) Executive
Duodecim and the Finnish and TIA 6 started immediately to Committee, 2008
Neurological Association activate the body's senses
to promote rehabilitation AVERT I, VERITAS, AVERT llI
and prevent body and limb
dysfunction. Kaste M, Roine RO. General stroke
management and stroke units. In: Stroke,
Early mobilization also Pathophysiology, Diagnosis and Management.
reduces the risk of Mohr JP, Choi D, Grotta JC, Weir B, Wolf P
pressure ulcers, (ed.) Philadelphia, Churchill Livingstone, 2004
pneumonia, deep venous
thrombosis and pulmonary
embolism [155], but
mobilization should not be
initiated within the first 24
hours [416].
Directorate General of Guidelines for India 201 | 1. All patients should be Not reported
Health Services Ministry of | Prevention and 9 referred to a

Health and Family Welfare
Government of India

Management of
Stroke

physiotherapist/rehabilitati
on as soon as possible,
preferably within 24to 48
hours of admission.

2. Passive full-range-of-
motion exercises for
paralyzed limbs can be
started during the first 24
hours.

3. The patient’s need in
relation to moving and
handling should be
assessed within 48 hours
of admission

Early mobility (Mobility
between 24-48 hours of
stroke) has been
associated with improved
functional outcomes. To
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mobilize stroke patients
following actions should
be taken considering
contraindications and
termination criteria
(Annexure XIV):

a. Active and passive
range of motion (ROM)
exercise should be
initiated within 24 hours of
onset of stroke.

b. ROM exercises should
be limited to point of
resistance in unconscious
patients and range of
comfort in conscious
patients.

c. Bedside sitting and
standing can be initiated
within first 48 hours of
stroke.

d. In patients who have
undergone angiography
through femoral artery,
range of motion exercise
for hip joint should be
deferred for 6 hours post
angiography. Monitoring of
any bleeding and
discomfort should be
noted for at least 2 days
post angiography.

e. Functional retraining
(i.e. participation in
bedside mobility,
transfers, and activities of
daily living) and active
participation in self care




should be initiated as soon
as patient is able to
participate.

f. In hemorrhagic stroke,
mobilization should be
delayed till volume of
blood gets stabilized for
atleast 24 hours.

g. Patients with extra
ventricular drain (EVD)
can be mobilized provided
EVD is clamped and
secured and intracranial
pressure is kept below 20
mm Hg.

h. Vital parameters (Heart
rate, Blood pressure,
Respiratory rate,
Temperature), Intracranial
pressure if available
should be monitored prior
to start early mobility,
during the session and
post interventions.

Level 2: Patients who are
unable to stand due to
poor sensorium or
flaccidity, tilt table may be
used to make them stand.

SPREADS - Stroke
Prevention and Educational
Awareness Diffusion

Brain stroke:

Italian guidelines for
prevention and
treatment
Recommendations

and Synthesis

Italy

201

Recommendation 14.2.e
Strong in favour In stroke
patients it is
recommended to carry out
interventions as early as
the first 24 hours
mobilization and
rehabilitation activities
(moderate intensity), if

AVERT I
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they do not exist
contraindications to the
program.

Recommendation 14.2.f
Strong against In the first
24 hours after a stroke,
mobilization interventions
are not recommended
intensive with early
verticalization, particularly
in severe strokes and
strokes bleeding.

Korea Society for
Neurorehabilitation

Clinical Practice

Guideline for Stroke

Rehabilitation in
Korea 2016

Korea

201

1-2-1. It is strongly
recommended that
rehabilitation of acute
stroke patients be started
as soon as possible when
medically stable.
(Recommended level A,
evidence level 1 ++)
1-2-2. Patients with acute
stroke should begin
rehabilitation within 72
hours after stroke.
(Recommended level B,
evidence level 1+)

2-1-1. Patients should
move from bed early
unless there are
contraindications, and it is
strongly recommended to
carry out wheelchair
movements and standing
walking. (Recommended
level A, evidence level 1
++)

Several trials including AVERT Il and I,
Sundseth, VERITAS
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2-1-2. Itis not
recommended that all
stroke patients undergo
high intensity gait training
uniformly within 24 hours
of onset. (Recommended
level B, evidence level 1+)
2-1-3. Stroke patients with
movement disorders
should consider
comprehensive exercise
recovery programs early,
unless contraindicated.
(Recommended level
GPP)

Federation of Medical
Specialists (Dutch
Association for Neurology)

Cerebral infarction

and bleeding

Netherlands

201

Mobilize patients with
severe cerebral infarction
or major bleeding (NIHSS
>16) during the first days
after a cerebral infarction
briefly (no more than 10
consecutive minutes) and
frequently (at least 2 to 3
times a day). Mobilize the
remaining patients with
cerebral hemorrhage or
cerebral infarction to the
best of their ability.

High GRADE

There is strong evidence
that patients should be
able to be mobilized.
There is no evidence that
secondary complications
can be prevented within
24 hours by early

References

AVERT Ill, AVERT Il

Bernhardt, 2004

Bernhardt, 2009 (Cochrane Review)
Cumming, 2008

Cumming, 2011

Otterman, 2012

Van Wijk, 2012
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mobilization.

There is no evidence that
by mobilizing patients
early, neurological
recovery, walking ability
and ADL independence
can be favorably
influenced after three
months.

There is no evidence that
early mobilization has a
beneficial effect on the
duration of admission to a
stroke unit.

Mediocre GRADE

There is indirect evidence
that early mobilization
within 24 hours after a
cerebral infarction or
stroke may be detrimental
to patients with stroke or
severe neurological failure
(NIHSS> 16) when
admitted to a stroke unit.

Norwegian Directorate of
Health

National professional

quideline for
treatment and

rehabilitation of
stroke

Norway

201

For patients with stroke,
early mobilization is
recommended. SIGN B
2a. Frequent mobilization
of short duration in the
early phase is suggested.
(Strong
Recommendation).

Practical - this is how the
recommendation can be
followed

Bed rental disposes for

AVERT IlI

Govan, et al, 2007

Indredavik et al, 1999

Legg et al, 2007

Sundseth et al, 2012

Stroke Unit Trialists'Collaboration, 2013
(Cochrane Review)

Holte al, 2016.
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immobilization-related
complications and early
mobilization in stroke unit
seem to reduce such
complication, and early
mobilization is therefore
recommended for most
patients with acute stroke.
[170] ; [171]. However,
very early mobilization
<24 hours combined with
intensive exercise can
have negative effects
[169]. Early mobilization
should therefore be
individualized and adapted
to the individual patient.

Time of mobilization
Most patients with mild
stroke (National Institute
of Health Stroke Scale
(NIHSS) 0-5)) who have
stable or decreasing
symptoms and stable BT
can be mobilized within
the first 24 hours after
onset. For patients with
moderate to severe
symptoms (NIHSS> 5)
and stable BT, initial
mobilization should be
performed between 24-48
hours after onset. In
unstable patients with
fluctuating or increasing
symptoms and unstable
BT, mobilization should




usually be postponed until
the patient is stable.

First mobilization

Prior to initial mobilization,
the patient should be well
hydrated (saline solution
may be given 500-1000 ml
intravenously). At initial
mobilization, BT should
also be measured before
starting and after 15
minutes. For BT falls>
20mmHg or increasing
symptoms including
dizziness, mobilization
should be interrupted.
Patients should follow an
"out-of-bed protocol"
adapted to the individual,
but with the aim of
regaining standing and
walking function and ADL
function. During the first
24-48 hours, mobilization
should consist of short
periods several times daily
(4-6) out of bed - initially of
duration 15-20 minutes
and gradually increasing if
the patient's condition,
including BT, is stable.

Content of early
mobilization

The mobilization consists
of the patient getting into a
sitting, standing or walking




position, depending on the
level of function. Exercise
should be task-related and
include daily activities
such as transfer, personal
care, eating, dressing and
undressing and toilet
visits. Patients need
motivation for self-activity,
and appropriate guidance
and help when needed.
Everyone in the
multidisciplinary team
should help to mobilize the
patient early, initially with
short periods out of bed,
and during observation.

The amount of exercise
and duration of exercise
periods out of bed seems
to be of greater
importance than the time
of start of mobilization, at
least in the time period up
to 48 hours after onset.
Therefore, when designing
the recommendation and
the practical advice, one
has chosen to place
considerable emphasis on
the dose; frequency and
duration based on clinical
experience and analyzes
from the AVERT study
[168]. In addition,
emphasis has been
placed on the




documentation available
from stroke unit studies

indicating that long-term
bed rest is negative [1] .

Este documento debe ser
citado como: “Instituto de
Evaluacion de Tecnologias
en Salud e Investigacion.
Guia de Préactica Clinica
para el diagnostico y
tratamiento de la etapa
aguda del Ataque

Cerebrovascularlsquémico:

Guia en Version Corta.
Lima: EsSalud; 2018”

GUIA DE PRACTICA
CLINICAPARA EL
DIAGNOSTICO Y
TRATAMIENTO DEL
PACIENTE CON
ATAQUE
CEREBROVASCULA
R ISQUEMICO
(ACVi)

Peru

201

Disability (early start of
rehabilitation therapy at 72
hours)

The Colombian Guide
uses Lynch's SR (142),
which identifies clinical
trials and cohorts without
actually carrying out meta-
analyzes, indicating that in
two cohort studies the
effects of starting physical
rehabilitation in the first 3
days (72 hours) were
compared with 4 or more
days, said intervention
improved the probability of
reducing disability by
15.3% (p <0.001), very
low quality of evidence.

Mortality (early start of
mobilization at 24 hours)
The early mobilization of
patients after a stroke
(within 24 hours) does not
show significant
differences in mortality at
three months compared to
late mobilization (4
studies, n = 2446, RR
1.21, 95% CI 0.76 to 1.65,
12 0%, p = 0.54, quality of
evidence

moderate).

Li et al, 2018




Disability (early start of
mobilization at 24 hours)
The early mobilization of
patients after a stroke
(within 24 hours) does not
show significant
differences in disability
(Rankin 0 to 2) at three
months compared to late
mobilization (5 studies, n
= 2373, RR 0.80, 95% CI
0.58t0 1.02, 12 45%, p =
0.12, low quality of
evidence).

It is suggested that stroke
patients with some degree
of disability include them
in physical rehabilitation
programs. It is suggested
to start physical
rehabilitation within 72
hours and mobilization of
the patient within 24 hours
taking into account the
patient's condition and
hemodynamic status.
RConditional in favorLow

(EISISIS))

Royal College of Physicians
Intercollegiate Stroke Worki
ng Party

Royal College of

Physicians 2016

National clinical

quideline for stroke.

UK

201

Immobility and/or bed rest
are well-documented to
have detrimental effects
on hospital patients in
general. Early mobilisation
(e.g. activities such as
sitting out of bed,
transfers, standing and

A Working Party consensus

B AVERT Trial Collaboration group 2015;

Bernhardt et al, 2016



https://www.strokeaudit.org/SupportFiles/Documents/Guidelines/2016-National-Clinical-Guideline-for-Stroke-5t-(1).aspx
https://www.strokeaudit.org/SupportFiles/Documents/Guidelines/2016-National-Clinical-Guideline-for-Stroke-5t-(1).aspx
https://www.strokeaudit.org/SupportFiles/Documents/Guidelines/2016-National-Clinical-Guideline-for-Stroke-5t-(1).aspx
https://www.strokeaudit.org/SupportFiles/Documents/Guidelines/2016-National-Clinical-Guideline-for-Stroke-5t-(1).aspx

walking) aims to minimise
the risk of the
complications of
immobility and improve
functional recovery.

A Patients with difficulty
moving after stroke should
be assessed as soon as
possible within the first 24
hours of onset by an
appropriately trained
healthcare professional to
determine the most
appropriate and safe
methods of transfer and
mobilisation.

B Patients with difficulty
moving early after stroke
who are medically stable
should be offered
frequent, short daily
mobilisations (sitting out of
bed, standing or walking)
by appropriately trained
staff with access to
appropriate equipment,
typically beginning
between 24 and 48 hours
of stroke onset.
Mobilisation within 24
hours of onset should only
be for patients who require
little or no assistance to
mobilise.

National Institute for Health
and Clinical Excellence

Stroke and transient

ischaemic attack in

UK

201

1.7.2 Help people with
acute stroke to sit out of

https://www.nice.org.uk/quidance/ngl128/eviden

ce/f-very-early-mobilisation-pdf-6777399571
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over 16s: diagnosis
and initial
management

bed, stand or walk as
soon as their clinical
condition permits as part
of an active management
programme in a specialist
stroke unit. [2019]

1.7.3 If people need help
to sit out of bed, stand or
walk, do not offer high-
intensity mobilisation in
the first 24 hours after
symptom onset. [2019]

American Heart Guidelines for the USA 201 | High-dose, very early Supplementary: Table LXVIIl. Randomized
Association/American Early Management of 9 mobilization within 24 Clinical Trials of Mobility Intervention included:
Stroke Association Patients With Acute hours of stroke onset SEVEL, 2016; Morreale, 2016; AVERT llI, 2015

Ischemic Stroke: should not be performed

2019 Update to the because it can reduce the

2018 Guidelines for odds of a favorable

the Early outcome at 3 months. (Il

Management of Harm; B-R)

Acute Ischemic

Stroke: A Guideline

for Healthcare

Professionals From

the American Heart

Association/American

Stroke Association
American Heart Guidelines for Adult USA 201 | High-dose, very early AVERT Il, AVERT lll
Association/American Stroke Rehabilitation 6 mobilization within 24

Stroke Association

and Recovery

hours of stroke onset can
reduce the odds of a
favorable outcome at 3
months and is not
recommended. (lll; A)
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Supplementary Material: Template of Memorandum of Understanding

Early mobilisation after stroke: an IPD meta-analysis

Memorandum of Understanding

You are invited to take part in an individual participant data meta-analysis, which aims to explore the
dose effects, safety and efficacy of early mobilisation (EM) post stroke.

1. Please provide the name of the person who will be the primary contact person for any data
requests or any data related issues in your group, if such a person can be identified:

Email:

2. Please obtain approval (if considered necessary) from your institutional review board for such
sharing of de-identified data.

3. Sharing of de-identified data does not transfer any ownership rights or other intellectual
property rights.

4. The source of the data will be acknowledged in all publications of any form (including
electronic) resulting from the use of such data.

5. This Memorandum of Understanding is not a legally binding instrument.

Signature from Investigator:

Yes, as principal investigator of the study: [Study Title], | am pleased to be part of this IPD meta-
analysis. My co-investigators and | am willing to:

1. Share data at the level of individuals for the specified variables

2. Contribute intellectually to meet the objectives of this IPD meta-analysis

(Signature):

(Print Name):

SIGNATURE

Professor Julie Bernhardt
Head of AVERT Early Rehabilitation Research Group

®

The Florey Institute of Neuroscience & Mental Health
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Supplementary Material: Interview Questions on Early Mobilisation Decision-

Making (Study 3)
Introductory Interview Questions

1. Can you talk me through your decision-making process when thinking about mobilising a
person early after their stroke?

2. When thinking about mobilising a patient early after stroke, what clinical factors or
resources do you rely on for effective decision-making?

3. What non-clinical factors or resources do you rely on for effective decision-making?

4. 'Who do you think are responders, and why?

5. Who do you think are non-responders, and why?

Interactive Session Questions:

6. Which variables define the patient group of highest interest to you?
a. Prompt: This could be a group that you believe to be a responders or non-
responders or a group that you are uncertain about.
7. Why are you interested in this group of patients?

8. 'What outcome do you intuitively anticipate for this group and why?
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Supplementary Figure E1: AVERT Atlas Controls interface. The figure
displays the variables collected in AVERT that can be controlled and manipulated

by the end user (expert stroke clinician).
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Supplementary Figure E2: AVERT Atlas Overview interface. The figure
displays the graphical output of aggregated outcomes based on the selection of

variables by the end user (expert stroke clinician).
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Supplementary Figure C3: AVERT Atlas Patients interface. The figure
displays the graphical output of individual patient data based on the selection of
variables by the end user (expert stroke clinician). Each tile displays the number
of minutes and sessions of out-of-bed activity received by a single participant in
AVERT each day until discharge or 14 days post-stroke. The colour of each bar

graph represents the functional level of the patient
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mRS 0-1 VS 2-5 PATTERNS OF POST-STROKE BURDEN

Independent Living
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Supplementary Figure F1: Radar plot displays the mean AQoL-4D and Bl scores
for six domains of post-stroke burden in patients with a 3-month mRS score of 0-1
and 2-5. The individual axes scaled from O (poor performance) to 100 (best
performance) correspond to respective domains of post-stroke burden. The level of
performance for all six domains are depicted using a coloured polygon whereby a

smaller area of the polygon is indicative of poorer performance.



mRS 0-3 VS 4-5 PATTERNS OF POST-STROKE BURDEN
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Supplementary Figure 2: Radar plot displays the mean AQoL-4D and Bl scores for
six domains of post-stroke burden in patients with a 3-month mRS score of 0-3 and
4-5. The individual axes scaled from 0 (poor performance) to 100 (best performance)
correspond to respective domains of post-stroke burden. The level of performance
for all six domains are depicted using a coloured polygon whereby a smaller area of

the polygon is indicative of poorer performance.
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