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Abstract

The modified Rankin Scgl®RS)s the preferred outcome measure in stroke trialgpically,
mRSassessmenh & o0F &SR 2y | Of Ay A OA Ll yamainteMbsérvery 3
variability is commonMeta-analysis suggests an overall reliabilityke®.46 but this may be
less k=0.25) inmulti-centre studies Mandatory training in mRS assessmeneisgployed in
most trials to mitigate this but the problerpersists.Variability in assigning outcomesay
lead to endpoint misclassificatiomcreasing the challenge of accurately demonstratang
treatment effect We aimed to assess the impadtendpoint misclassificatioan trial power

and explore methods tanprove the use of the mRS in acute stroke trials.

First we used the mRS outcome distributions of previous phase Il randomised controlled
trials (RCT) in stroke (NXY059 study and tPA NINDS siyalstform statistical simulations.

We generatedpower estmates and sample sizéom simubted mRS studies under various
combinations of sample sizenRS reliability and adjuwgdition panel size.i@ulations suggest

that the potential benefit of improving mRS reliability from k 0.25 to k 0.5, k 0.7 or k 0.9 may
allow a reduction in sample size of n= 386, n= 490 or n= 488 in a typical n=2000 RCT.

We then developed a method for providing group adjudication of mRS endpant$
examined the feasibility, reliability and hdity of its use in anulticentre clinical tial. We
O2yRdzOGSR | G@ANIdzZ £ ¢ | OdziS adNB1S GNREFE |
as normal but also recorded to digital video camera. Video clips were uploaded via secure
web portal for scoring by adjudication committee revieweYde demonstrated excellent
technical success rates with acceptability to both participants and investigaBni8.

LI NOAOALNI yia 6SNB AyOf dzZRSR Ay 2dzNJ & @A NI dzl €
were uploaded for central review. 96% (538/563)stidy visits resulted in an adjudicated
MRS score. At 30nd 90 days respectively, 57.561/280) and 50.8% (131/258) of clips
were misclassifiedAgreement was measured using kappa statistkdk{) and intraclass

correlation coefficient. Agreement betveen the adjudication committee was very good (30



ii
dayskyw 0.85 [95%CI 0.8Q2.86], 90 dayk, 0.86 [95% CI 0.82.88]) with no significant or
systematic bias in mRS scoring in conmaar to the local MRS. Wiemonstratedcriterion
and construct validity oftentrally adjudicated mRS scores through comparison with the
locally assigned mRS score and other measures known to affect stroke outcome including

baseline NIHSS (bNIHSS), Systolic Blood Pressure (SBP), blood glucose and home time.

We studied our cohorbf mRS video clips to identify any features predictive of variability in
MRS scoring. Patient specific variables included participant age, pre stroke mRS, baseling
stroke severity as graded by baseline NIHSS (bNIHSS) and presence of language disorde
Interview specific variables included length of interview, poor sound quality, location of the
interview, use of a proxy or discussion of prior disability. At both 30 and 90 days only
GAYUGSNIBASG fSyadKe gla | aAIYAFAOFIYG LINBRA

Using a sample of mRS video clips in English and Mandarin, we conducted a pilot study tc
assessthe effect of translation of mRS interviews on interobserver reliabilifyhe
interobserver reliability of the translated MRS assessments was similar to native language
clips (Native (n=6%K,, 0.91 [$%CI 0.8®.99], Translated (n=8 k,, 0.90 [95% CI 0.83.96]).

We then incorpoated a translation step into theentral adjudiation model using our
existing web portallnter observer reliability seen in the modified clipg, 0.85 [95% CI 0.74

0.95]) was similar to that seen in the original video filkks@.88 [95% CI 0.78.99])

Finally we aimed to investigatle ability ofratersto detectmore subtle degrees of disability
within mRS ranks through blinded assessment of pairs of clips with matching mRS grades
These pairs contained either two clips with full agreement in mRS grade at initial group
review or one clip with fullegreement and one clip where scores were skewed in the
RANBOGAZ2Y 2F GY2NBE 2N af Sadaé¢ RAaloAfAGRED
could not identify any reliable pattern in identificaton S ¢ f S&da RA&l 6f SR¢
sensitveA N} RAYy 3 2F GKS Yw{ 6AGK a3I22RE 2NJ aol F
basis of this exploratory study. Perhaps alternative methods of converting the ordinal ranks
of the mRS scale into a more continuous distribution should be investigateld;as the use

of a mean mRS score following multiple mRS ratings.



ii
Prior estimates of mRS reliabilitp multicentre studies are poorkfF0.25] The risks of
endpoint misclassification affecting trial power are substantial. Simulations suggest that the
effect of improving interobserver reliability and multiple mRS assessments may reduce study
sample size by 25%, resulting in substantial ethical and financial benafiteement
between our adjudication committee was goo#=[0.59(95% CI:0.538.63), k,=0.86(%%
Cl:0.820.88)].Central reviewmay bring manydditionalLJ2 6 Sy G A f o0SYySTFAla

quality control and improved blinding in complex trial design.

Central adjudication of mRS assessments is feasible, reliable and valid, including the use o
translated mRS assessments. This model of outcome assessment has been incorporated int
four ongoing large clinical trials: CLE3ARMISTIE, EUROHY¥Pand SIT®PEN.
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something about it, when you cannot express it in numbers, your knowledge is of a meagre
and unsatisfactory kind; it may be the beginning of knowledge, but you have scarcely, in your

thoughts advanced to the stage of science, whateverfte G 0 SNJ Y I & 0 S d¢
Lord Kelvin, 1883

The University of Glasgow
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Chapter 1

Backgroundand Introduction

1.1. Introduction

Modern medicine must rely upon robust evidence to verify the safety, quality and effa¢acy
new therapeutic strategiesThe burden ofdelivering evidence lies with thscientists and
physicians who believe that their hypotheses mugnslate into new treatments with
potential to transform patient outcomesThis journey, from theory to change in clinical

practice is challenging; academically, logistically and financially.

Whether the aim is to investigate an entirely novel intervention or to use an existing drug in
a new clinical context the process of gatimg evidence must be meticulously planned,
closel regulated and peer reviewedrom early laboratory work involving animal or tissue
samples to large phase Il randomised controlled trials in the target patientlatmu this
processs necessary to diglera change in clinical practice thatovides safer, more effective

and more accessible therapies.

The time and money invested by academic and commercial institutionsicatlresearch is
substantial Only a tiny percentage of novel compounds makeoitmarket, many being
abandoned in tkb early stages of developmentit is estimated that discovery and
development of each new pharmaceutical agent costs an average of $800 million US dollars
and takes between nine and twelve years to gain the necessamylatory approvals These
compounds must generate enough income to cover their own development costs and
recover he expenditure lost in early invegation of abandoned compound3he financial

burden continues to rise, attributable to a multitude of factors including increasing



regulatory requirements, complex trial design requiring large sample sizes, training and
initiation of multiple international sites and increasing difficulty recruiting participants to

clinical trials.

To maintain themportant advances in evidence based medicine we have achieved in recent
decades we must find a way to makenaal researchmore efficient. This is a particular
challenge in the field of acute stroke due to the heterogeneous nature of its aetiology,

clinical presentation and possible outcomes.
1.2. Evidence Based Medicine in Acute Stroke

Acute stroke is a major cause of death andatiility in the developed worfd® and its
consequences placea substantial burden on healthcare resources and economic
productivity'. The number and quality of clinical trials in the field of acute stroke has
increased consetably in recent decades despite an acknowledgement that the funding
available to stroke research is significantly less than other disease states such as cancer an
coronary heart diseaselmproved understanding of the basic pathophysiological processes

in stroke hasled to marked changes in contemporary trial design, methodology and

statistical analysis techniques.

1.2.1. Trial Design

Where the investigational product or procedure allows, a model phase lll clinical trial should
include several components in its design teere that results are valid, robust and reliable.
These generic requirements are ajgpble to any field of medicind.he primary objective of

the trial and its hypothesis must be clearly and prospectively stated, together wagh a
proposed subgroup angdes.Acknowledging that there are likely to be systematic, cultural
and demographic variables, where practjcstudies should be multicentre to ensure that
results are reproducible andeneralisable internationallyParticipants must be carefully
selectad according to predefined criteria (inclusion / exclusion) and followed up
prospectively at specii standardised time point§.reatment allocation should be randomly
allocated and blinded to both participant and investigator (double blind) untilgbmt of

trial closure and data analysi¥he number of participants necessary to demonstrate a



realistic and clinically relevant treatment effect must be determined in advance through the
use of an appropriate power calculation.The outcome measure mustebrelevant,
appropriate, valid and reliableThe statistical analysis plan must be developed and

documented prior to data collection to avoid retrospective data manipulation.

1.2.2.Early improvements in acute stroke trial design

A 20 fold increase in the numbef stroke trials wa seen between 1950 and 199Fhe total
number of participants enrolled has increased markedly; mean (median) sample size in 1950s
research was 38 (26) in compson to 661 (113) in the 19908he integration of each of the

G A RS | fcampoileNtk in fublished stroke research in the second half of the twentieth
century has gradually improvédPrior to 1970 no published studies were multicentre, bg th
Mpdn Qa cy:: Y SThe prdpdrtidn of publishédlstNded which were randordise
(75% to 99%) and double blind (38% to 83%) also improved in the same time eribd.

first decade of the 271 century more than 125 acute stroke trials successfully provided
evidence to change practice (thrombolytic therapy in an extended time window
hemicraniectomy in select patients with malignant infarction and coiling in subarachnoid

haemorrhage secondary to aneurysmal bleéds)

Additional changes in trial design specific tooke medicine are also notableOur
understanding of the underlying pathophysiology of stroke diseaserhpsoved participant
selection. The clinical syndromes of stroke disease are well recognised adedrsinod;
however, the pathophysiological basis for eastent may be quite differentStroke subtype

and severity are important prognostic factors relevant to trial design and selection of
participant$. Recruitment criteria may often predefine a severity restriction to prevent the
inclusion of participants who might attenuate the detection of a treaht effect in other
subgroups.For example inclusion of eithea very severely affected participtwho is
unlikely to survive pa very mildly affected participantho is almost certain to recover well

is not informative.

The timing of participant recruitment in acute stroke trials is crucial and time windows have

progressively decreasédThe majaity of interventional or pharmacobical treatmentsaim



either to recanaliseoccluded vessels thus reperfusing damaged tissue or to protect
vulnerable brain tissue at risk oepnanent damageFollowing brain ischaemithere isa
complex cascade of eventulminating incomplete tissue death. The time window for
salvage ofrulnerable tissue, known as penumbra, is short and subsequently very early rescue
treatment is likely toyield greater clinical benefit-or this reason the time windoirom
stroke onsé to enrolmentin stroke trials should be limited and tailored to the hypothesis of

each individual agent.

1.2.3.Lessons fronprevious Acute Stroke Trials

Several large acute stroke trial programmes have been conducted with negative results, the
lessons from which we can use in the planning and desidutwfe studies. The early ECASS
studies (1 and It) were underpowered and perhaps choae unfortunate combinatiorof

drug dose, timing andendpoints without the benefit of current knowledge Following
publication of theNINDSPA stroke studythrombolysis was considered safe and effective, a
study with more complex desigh The Lubeluzole trials were conceived to demonstrate an
effect on mortaliy seen in early studiéé that was notreproduced in later trials 4. A
negative trial result witha trend towards significance in certain groups has previously
prompted trialists b chase post hoc analysis, such as in the CLASS study prodrathme
Gonsistent efforts were made to improve trial design in the lastatkss of the twentieth
century. Landmark europrotectant gudies (GAIN” and SAIN® trials) pioneeed best
practice in terms of ial design, sample size and statistical approaches but unfortunately the
choice of drug and prelinical studieswvere flawed. Novel compounds showed promise in
initial pre-clinical studies but the translation of these results into large scale phase three
clinical trials was not possibleeadng to negative resuli. The responsible factors are likely
to be multifactorial, however lessons can be learned from imperfect methodologies to

optimise future trial design.
1.2.3.1.Translation of animal models to clinical studies

It is very likely that the initial promise shown in prinical studies using animal models

provided ambitious and inaccurate estimates of the expected treatmerfecef of



neuroprotectant agents.Often the number of animals used in each study is small
encouragingmeta-analysisof published studieso generate arestimate of treatment effect.
There is substantial publication bias in preclinical studtes; publication bias mayead to
fundamental flaws in the generation of this estimated treatment effect, denng it
unrealistically highThe impact of this error is critical to the planning and design of the next
phase of clinical research; the potential to introduce consid&rarror in power and sample

size calculations for clinical studies is large.

The relevance of animal model findings to clinical stroke in human subjects is questfSnable
Investigating a new compoundh ianimal models allows standardisation of many factors
which clinical trifists can never hope to equdlhe heterogeneity and complexity of stroke in
human subjects is incomparable to animal infarct models where stroke location, severity and
infarct size can be closely controlledlime to treatment in human subjects is limited by
patient presentation and clinical services, where in animal studies drug delivery is precisely
timed and progressively delayed until a be&ll effect is no longer seerControl of
confounding factors that may affect outcome is possible in-g@ical studies, both
environmental (temperature / blood pressure) and physiological (sex / age-morbid

illness).

One opinion of how to optimise the translation of laboratory experitseio the bedside is to

try and better emulate the animal experiment in our patient populafforHowever, to
match a clinical trial to the animal model woultecessitate tighter standardisation of
participants enrolled and shorten the time to treatment, potentially resulting in unfeasibly
slow participant enrolment and limiting the generalisability of resultshas alsobeen
advocated that initial ials in animal models should instead be designed to emulate clinical
trials: multicentre, with randomisation, blinding and central review of results where
appropriate.In either case it is important to acknowledge the limitations in matching animal

experiments to lmman subjects when designitjnical studies.



1.2.3.2.Trialdesignerrors

With the value of hindsight, the design of several large opuotectant trials led to almost
inevitable failure. In the early 21century stroke academics collectively reassessed the

design issues that may have resulted in this disappointftent

Several common defects were identified, many of which arose from inaccurate translation of
the animal studies to tial design as discussed abovihe patient population was often
unhelpful, for example enrolment of participants with lacunar infarcts (affecting purely white
matter) in the study of drugs that are known to be active onlygegy matter synaptic
terminals Small sample sizes were known to be insensitive to detection of theestod
treatment effect expectedThe timing of drug administration and dosages were considered
too late and too small, leading to inadequate drugidely to the penurbral tissue.Finally

the choice of trial endpoint and statistical analytical techniques were criticised.
1.3. Outcome measures in stroke trials

The choice of outcome measure is fundamental to the design of any cliniakl The
objective ina randomised contbiled clinical trial is to assess the effect of an intervention or
treatment, either positive or negativeln order to do this a method of measurirend
documentingthe outcome of participants must be chosen that is relevant to the physician,

the patient and the disease process.

In many areas of clinical medicine the appropriate outcome measure is clear. For example, in
a trial of a new antihypertensive agent the trialists might choose to use blood pressure
measurementsor vascular eventsin a study examing the effect of a new chemotherapy
agent mortality rate or periods of remiss may be the obvious choic& KS&aS GKI

endpoints are easy toonceptualise and relatively straightforward neeasure and record.

Unfortunately, stroke disease is a morefidifilt and complex area to studyutcomes are
variable, ranging from complete recovery to variougaes of disability and deatieath is
typically considered the worst possible outcome in clinical trials; this is not necessarily the

case in strok medcine.To keep patients alive at the expense of severe disability and loss of



quality of life would be considered by many to be a worse outcBntroke trials now
favour a measure of functional recoves the primary endpointWhile a functional
assessment is theoretically attractive, in practice it adds a layer of complexity to the trial
Functional outcomes arearied and subjective and it cdre difficult to reduce the complex
gualitative experience of stroke survival to a numerical valhdeasurement and
documentation of these more subjective outcomes is much more problematic and can

severely comprmise clinical trials where assessment is r@iable, robust and reproducible.

1.3.1. Early Stroke Outcome Research

I OOdzN} S YR YSIFyYyAy3AFdz aasSaavySyd 2F LI G,
in the context of an interventional stroke trial but also in observational reseanchregistry

data collection. Measurement of outcome is necessary to monitor the effect of stroke
disease on the wider population, to allow an educated estimate of likely prognosis and to
enable rational health carelgnning at a population levelhis was recognised the 1980s

and began a movement to study stroke outcome measures as an €ntity

The complex nature of stroke and heterogeneity of patient outcomes was noted as a
OKIFtftSy3asS G2 ONBLFGA2Y 27F (#®& Racdhgritoh bféthe & G N
components of a useful stroke outcome measure were detailed in a 1990 task force
statement®. Broad recommendations to be considered in the study of stroke outcome
measures were detiled: 1) Outcome must be measured in conjunction with the time from
ictus, 2) The site and side of the stroke lesion should be specified, 3) Imaging should be usec
to classify stroke events and 4) outcome studies should be limited to patients with a first
stroke in recognition of the introduction of ofounding by prior disability.lt was
recommended that instruments must be simple to apply in a short space of time, encompass
a description of activities of daily living (ADLs) together with an assessmertgoftive

function, speech and communication, emotional wellbeing and social functithing

These general principlésave become the basis of a large body of literature pertaining to the

use of various stroke outcome measuresin the past 20 years terminology has been



standardised and clinimetric properties examined to help guide the use of outcome scales in

trial design

1.3.2. FunctionalOutcome

2AG0KAY (GKS NBIFfYa 2F aFdzyOlAz2ylf 2dzi02YS¢
to which resdlual symptoms affect a patienihe terminology has been regularly updated;
the most recent WHO framework for describing funatiand limitation is found in the WHO
International Classification of FunctioningDisability and Health (ICF)This is a
multidimensional framework in which three levels of human functioning are descripud
body (or body part), the whole person anthe whole person in the context of his/her

postion and role in society (Gure J).

An outcome measure may assess function at any of these three lgrelstems in body
structure/function (formerly impairment) - signs of an underlying pathological process,
functional activity(formerly disability)- a limitation in execution of a particular task as a
result of this problem osocietal participationformerly handicap} the social effect of that

impairment in overall quality of life and social réle

There are multiple stroke outcome scales designedniasure function at each of these
levels.A sample of the extensive list of outcome measures relevant to stroke medicine and
their relevance to the WO ICF are summarised iable 1.Opinion regarding the best level

at which to measure function after stke is dividedg should we be interested only in the
physical deficit or symptom, or is it of more relevance to the patient to determine how that
symptom affects their ability to return to their previous activity level and fulfil their roles and
responsibiities within societyZertainly the former is easier to measure with less subjectivity

but it could be argued that this is not as useful or meaningful a measure as the latter.
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Tablel Common scales used in measurement of stroke outcome by ICF

stratification

Scales that measure disorder of:

Body Structure / Function Limitation to Activity Limitation to Participation
(Impairments) (Disability) (Handicap)
Glasgow Coma Scale (GCS) Barthel Index London Handicap scale
Mini-Mental State Examination | Nottingham ADL Scale Medical Outcomes Study Short
(MMSE) Formi 36
Geriatric Depression Scale Glasgow Outcome Scale Nottingham Health Profile
Hospital Anxiety and Katz ADL Scale
Depression Scale
Modified Ashworth Test 10 metre walk test

Timed get-up-and-go test

National Institute of Health
Stroke Scale

International Stroke Trial (IST)
Simple Questions

Stroke Adapted Sickness
Impact Profile

Fugl Meyer Assessment
Stroke Specific Quality of Life
Hamrin Activities Index

Canadian Neurological Scale

Modified Rankin Scale ‘ Stroke Impact Scale
‘ Frenchay Activities Index

Scandinavian Stroke Scale Adams Disability Method

Toronto Stroke Scale

Orgogozo Stroke Scale Oxford Handicap Scale

(Modified) Mathew Scale

European Stroke Scale General Neurological Scale

Stroke Specific Scale
Frenchay Aphasia Screening
Test

The chate of outcome scale isntirely dependentupon the clinical applicationThe scale
chosen for use in a busy outpatient clinical setting will differ from that chosen in a detailed
research protool. The relative strengths and limitations of various stroke outcome scales in
the contextof clinical trials are debatedt KS & A RS | £ ésurd driindkely &er 1S
exist. However, vasus instruments aregoreferred in contemporary stroke research and

these merit further discussiGi (See sectiorl.3.4)The appropriateness and effectiveness of
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a scale can be measured by desampiits clinimetric propertiesBefore discasing the
common stroke outcome measures in detath explanation of these clinimetric properties is

necessary.

1.3.3. Clinimetric Properties

Scientifically valid research requires quantifieomparisons between subjectEhis requires
translation of what oftenbegins as a qualitative assessment, originating in a conversation,
interview or physical examination, intquantitative data.After collection of these clinical

and personal details they must be documented in a format that is easihyparable to other
sugects.C2NJ YIye& @&SINA Of AyAOlft RIFEGF @gSNB 02y
data quality demanded by scientists and clinical tffafs A description of the clinimetric
properties of an outcome measure allows trialists to demonstrate that their assessment
method and study design iebust and reliable.Practical and logistical issues must be
considered together with the statistical clinimetric measurements to ensure optimum

participation and follow up.

Clinimetrics is the methodological discipline that focuses on quality of clinical measurements.
Outcone scales are traditionally assessed in terms of validity, reliability and mes@mess.

Other important metrics includéasibility; acceptability and cost benefit.
1.3.3.1.Validity

Some attributes, such as heighit weight are easily definabléess tangibleoncepts such as
functional ability require a description of the validity of the measuremienf scale is
considered validfiit bears a strong relationship to the attribute that it aims to meastire

The concept of validity includes several key components.

Content Validityand Face validityare relatively subjective terms which avsed where an
intuitive or consensus opinion would suggest that the content of the apgpiearsto measue

the attribute being studiedThese may be considered where a committee of experts aim to
develop a novel measure; however, a more objective testsofalidity would be desirable

before use in formal research.
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Criterion Validityrefers to a tests ability to match a criterion that is known to represent the
attribute bey 3 a0 dzZRASR o 2 KFABR y2 i layOKNRED20f R &
measures of validity based upon other surrogate outcome measupor predictors are
necessaryConvergent Validityrefers to a tests relationship with other outcome measures.
This is often used in studies examining new scales, allowing comparison with a wahriety
other established scale€onstruct Validityrefers to a tests relationship to other accepted
indicators of neasuring the desired attributeThis can be used in developing a novel
outcome assessment tool by correlating the test result with other knowogpostic
indicators (for example with stroke subtype or blood pressure measurement in stroke

outcome).
1.3.3.2.Reliability

Reliability is an important measure of a scales ability to be usedallynior for research
purposes.The purpose of translating cliniadéta into scale format is to allow comparisons to

be made with other subjects, however, without assurance of adequate reliability the content
of the testis jeopardised by variabilityConsistency of scoring is particularly important in
scales with multi@ items where the opportunity fodisagreement is significantn the
development of scoring systems attempts should be made to ensure there are a minimal

number of potential grades per modality tested with simple and unambiguous defiritions

Reliability can be measured in two waytra-observer reliability:reproducibility of results
when tested repeatedly by the same assessor (also known asdiest reliability) andinter-
observer reliability reproducibility of results when tested by two or more separate

observers.

A measure of reliability estimates the degree of random error that is introduced in scoring.
This error can be quantified using coatbn statistics such as the kappa statisti) 6r

intraclass correlation coefficient (ICC).

12



1.3.3.3.Measures of Interobserver reliability

The reliability of two or more observers rating an outcome can be measured kiskag or

ICC, depending owhether the outcome is categorical, ordinal or continuous, respectively.
All three measures are expected to range from 0 to 1 and have the same interpretation: a
value of O represents observers guessing randomly while 1 indicates perfect agreement.
When comparingtwo different methods of measurement a Bland Altman plot can be

employed, this is a graphical representation of the difference between two methods.

Kappa k) k measures reliability as agreement adjusted for chance. A kappa statistic is a
measure of agrement between raters, beyond that whicis expected by chance aloni¢.

can be calculated to quantify agreement between raters for nominal and categoricaf data
A kappa statistic of zero indicategyreement equal to that which would be expected by
chance, a kappa statistic of enindicates perfect agreemenf negative kappa statistic
would indicate active disagement of a similar magnitudéeCommonly accepted thresholds

for kappa reliability statticsare present in the literatureA score of @.2 is considered poor;
0.21-0.4 fair; 0.410.6 moderate; 0.61.8 excélent and 0.811.00 excellentA kappa statistic

of 0.6 or above is considered necessary for clinical kise less useful for ordinautcomes

such as mRS because near agreement and strong disagreement have the same inkpact on

Weighted KappaK.,) Weightedk, ky, penalises near agreement less severely than strong
disgreement, and is therefore more appropriate for ordinal outcomes.hia situation, a
disagreement of more than one level on the scale (in either direction) would be considered
more significant than disagement across adjacent leveldere a quadratic weight can be
applied to the degree of disagreement to generate a wesghtappa statistick{,)*’ The most
common mehod of calculatingk,, is FleissCohen (quadatic) weighting. In this thesiky,

always implies FleigSohenk,,.

Intraclass Correlation Coefficier{tCC)nter-observer reliability for continuous outcomes can
be measured by thentraclass correlation coé€ient, which meaures the proportion of

variance in the outcome due to differences between subjects. The remaining variamce (1

13



ICC) is due to differences between observers. Fleiss and &dbteswed that for ordinal

outcomes ICC arkl, are equivalent.

Bland Altman PlotThe aim of a Bland Altman plot is to demonstrate if two methods of
measurement agree sufficiently for them to be used interchangeably or for one method of
measurement to supersedan existing gold standardPrimarily designed to assess the
difference betveen continuous measuremesg)ta Bland Altman plot can also be used for
categorical dat¥. The plot is of the average measurement against the difference between

measurement?’.
1.3.3.4.Responsiveness

The responsiveness of a scale describes its sensitivity to detect change over time within
subjects in response to meaningful changes in clinical statdsstroke scale shouldebable
to detect dhanges in functional ability as the patieptogress through rehabilitation and

recovery.

Where a scale is used to measure the magnitude of a therapeutic treatment effect,
responsiveness is an importacharacteristic of the scalelhe quantification oft aol s
responsiveness can be achieved by comparison to another external criterion using

correlation or receiver operator characteristics (ROC) anélysis

Responsiveness is also s@imA YS&4 RS&aONAOSR o6& dzasS 27F |
RAFTFSNBY OS¢ 2NE  YAYAYI*ThiOdorcgpthabeamptd t@ quanifiLte NI |-
degree of change required in a scale that is associated with a patient perception of benefit.
However, there are as many as nine reported methods of generating these estifanes

the lack of standardisation in development of these figures has undermined the utility of
such a concept in clinimetrits The minimal degree of change that is significanit wary
according to the trialHowever even clinically modest improvents in functioncan have
substantial meaning to patients and bemiportant at a population level.Increasing

responsiveness is by its nature often at the cost of increasing complexity.
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The responsiveness of many scales is restlidty floor or ceiling effectdhis describes the
fAYAGA 2F | aolFftsSQa loAftAle G2 RSGSOG OK
deterioration) can be desitred.2 KSNBE | &adzo 2S04 | OKAS@®Sa aT¥d:
the specific scale items in question, yet has furtheroreery potential which could positively
impact their function and quality of life, the scale is limited by a ceiling effect (ard vic
versa).Where a scale suffers from floor or ceiling effects the measure is not useful to assess
or document further potenal improvement or deterioration which may be attained by the

next assessment in a study protocol.
1.3.3.5.Acceptability

Acceptability refers to the bulen of administering the scalén ideal scale will be quick to

administer with minimal distress to participarasd minimal disruption to other activities.
1.3.3.6.Feasibility

Feasibility also refers to the burden of administering a scale, however in this context it is
considered in tems of the burden on assessoRressure of time, expense and disruption to
other clincal care duties are particularlglevant in a clinical contexHowever, even within

the realms of research, similar pressures are present and the choice of outcome scale must
not be allowed to discourage trial enrolment or progression through undue tefflarced

upon assessors.
1.3.3.7.Interpretability

The scores generated should be meaningful anthparable to previous studie€learly in

the generation of a novel outcome measure this is less relevant; however in choosing an
outcome measure for a trial where aimber of tools are used it is important to ensure that
the choice of primary outcome measure will generate data that is meaningful indheext

of existing literature.The landmark thrombolysis trials were comparable in an important
pooled analysis due ot the virtue of similar outcome measures facilitated through

prospective collaboratioff.
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A recent analysis of outcome measures in contemporary stroke research has demonstrated
use of 47 differenbutcome scales. However, asignificant majority of studies used one of a
smaller group of favoured tools. These tools are preferred because of increasing clinimetric
data to support their use, both objectively (valid, reliable and responsive tools) but also
subjectively; the practiality (acceptability, feasibility and interpretability) of the chosen

tool(s) is crucial to the success of a trial.

1.3.4.Commonly used stroke outcome measures

The widespread development of stroke scales in recent decades has led tocanitision in

the literature. There are scales designed to classify stroke syndromes (TOAST Classification
Oxford Classification, ICD 9/10, Physicians Health Study Stroke Subtypes etc.), scale
developed to quantify stroke deficit and neurological examination (NIHSS, Canadian
Neurological Scale, European Stroke Scale, Mathew Scale etc.) and scales developed ftt
measure function and quality of life (Barthel Index, modified Rankin Scale, Stroke Impact
Scale, Functia Independence Measure etclhese scales have all been used aodtinue

to be used in stroke trials; however a preference for certain measures has beerfhoted
1.3.4.1.National Institutes of Health Stroke Scale (NIHSS)

The NIHSS is a measurement of physical impairment following stroke and is a common
marker of stroke severity, allowing simple quantifioa of clinical examination findingdt

was originally described in 1989 using components of several previous stroke scales (the
Toronto Stroke Scale, the Cincinnati Stroke Scale, the Oxbury Initial Severity Scale and the
Edinburgh2 Coma Scal®and in its current form it assesses fifteen items with a 3 to 4 point
scale (level of consciousness / extraoccular eye movements / visual fields / facial muscle
function / arm and leg motor furtion / sensory disturbance / ataxia / language / asthria

and inattention). Figure2) Construct validity of the NIHSS as a marker of stroke severity is
favourabe when compared to infarct volume on CT scanfinlyloderate to substantial
inter-rater reliability has consistently been demonstrated for the complete scale in assessors
of diverse backgunds™ “® ***8 However, some specific items are noted to be less reliable;

ataxia, facial weakness, dysarthria and level of consciousness; exhibitingepteatie
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agreement by kappa statisfit A modified version of NIHSS (mNIHSS) was proposed in 2001,
excludingthese more contentious itemsThis version of the scale demonstrated slightly
increased reliability but appeared to convey mmlvantage in statistical modellifiy
Reliability and validity of the mNIHSS has also been demonstrated in a prospective®8ample

but the use of this version of the scale has not been adopted routinely in trial design.

In its current form the NIHSS is frequently used as a research tool and in clinical practice.
Measurement of NIHS was included in 27.8% of recent trial procedures and it was used as a
primary outcome measure in 11.88lIn routine clinical practice it is also used commonly to
aid treatment decisions and provide prognostic information at basgliie Widespread
experience and knowledge of the scale is one of its great strengths in both stroke physicians

and non specialists.

However, the NIHSS does have accepted limitatidissa scale used to document physical
impairments there is an acknowledged ceiling effect in its administration (see section
1.3.3.3). The scale items favour left hemisphere events; of 42 possible marks there are seven
directly related to language functiomhere only two measure a degree of neglect /
inattention. A study examining CT infarct volume has questioned the validity of NIHSS on this
basis; the median volume of right hemisphere infarcts was found to be consistently higher
than left hemisphere infaits for the same NIHSS scBreCommon clinical ridings in
posterior cerebral circulation events are also poorly reflected in the NIHSS. The development
of hemisphere specific or stroke syndrome specific versions of NIHSS have been ptbposed

but have not been adopted.

Overall, the NIHSS is a useful tool for acute clinical assessment and is acknowledged tc
accurately document stroke severiand predict outcom® °'. For this reason it is widle
accepted in stroke researclidowever, its usefulness as a functional outcome measure is
guestionable; recovery of a physical deficit may not translate to meaningful functional

recovery.
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la. Level of Consciousness (LOC)

0= Alert; keenly responsive

1= Not alert; but arousable by minor stimulation

2= Not alert; requires repeated stimulation to attend
3= Unresponsive; reflex movements only

1b. LOC Questions
Ask patient the month and his/her age

0= Answers both questions correctly
1= Answers one question correctly
2= Answers neither question correctly

1c. LOC Commands
Open and close eyes
Grip and release non paretic hand

0= Performs both tasks correctly
1= Performs one task correctly
2= Performs neither task correctly

2. Best Gaze
Horizontal movements only

0= Normal
1= Partial gaze palsy
2= Forced deviation not overcome by oculocephalic manoeuvre

3. Visual Fields 0= Normal

1= Partial Hemianopia

2= Complete Hemianopia

3= Bilateral Hemianopia (blind including cortical blindness)
4. Facial Palsy 0= Normal

1= Minor Paralysis (flattened nasolabial fold, asymmetry on smiling)
2= Partial Paralysis (total or near total paralysis of lower face)

3= Complete Paralysis of one or both sides, absence of facial
movement in the upper and lower face

5. Motor Function 8Arm

0= Normal; holds limb 90 (or 45) degrees for 10 seconds without drift
1= Drift; limb holds 90 (or 45) degrees but drifts down before full 10
seconds but does not hit bed or other support

2= Sone effort against gravity

3= No effort against gravity; limb falls

4= No movement

UN= Untestable; joint fused or amputated

6. Motor Function dlLeg

0= Normal; leg holds 30 degree position for 5 seconds without drift
1= Drift; leg falls by end of the 5 second period but does not hit bed
2= Some effort against gravity

3= No effort against gravity; limb falls

4= No movement

UN= Untestable; joint fused or amputated

7. Limb Ataxia 0= No ataxia

1= Present in one limb

2= Present in two limbs

UN= Untestable; joint fused or amputated
8. Sensory 0= Normal; no sensory loss

1= Mild to moderate sensory loss, aware of touch
2= Severe to total sensory loss

9. Best Language

0= No aphasia

1= Mild to moderate aphasia; loss of fluency or comprehension

2= Severeaphasia; fragmented communication

3= Mute, global aphasia; no useable speech or auditory comprehension

10. Dysarthria

0= Normal

1= Mild to moderate dysarthria; slurring of words, at worst can be
understood with some difficulty

2= Severe dysarthria; near unintelligible or unable to speak (out of
proportion to aphasia)

UN= Untestable due to intubation or physical barrier

11. Extinction and Inattention

Figure2 The National Institutes of Health Stroke Scale (NIHSS)

0= No abnormality

1=Inattention or extinction to bilateral simultaneous stimulation in
one sensory modality (visual, tactile, auditory, spatial or personal)

2= Profound hemi-inattention or extinction to one or more modality
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1.3.4.2.The Barthel Index of Activities of Daily Living

The Barthel Index (Bl) has been in common use for many years and is a fastilianent in

all areas of rehabilitation medicineFirstdescribed in the literature in 1985the scale had

been in clinical us locally for almost a decadénitially proposed as a simple measure to
guantify independence it was used as a score to document improvement in rehabilitation.
The original scale describes ten tasks in the areas of personal care and mobility, scoring O tc
100 with 5point increments (Figure3) As a general rehabilitation scale it does not contain

any stroke specific domains such as communication / cognition.

There are several variations of the origirsdale which are collectively described in the
literature as the BI. Although the variations on the original scale are largely similar they
include modifications such as change in scale it8ros definitior®’ / reordering of scale
items®. These changes have potential to alter the clinimetric properties of the scale raising

guestion over their validity in a research setting.

The methods used to collect Bl data also vary substantially across the literature. dinalori
scale was designed to be administered through direct observation of scale tasks. However,
validation of a scale for one purpose does not ensiin&t its validity will translate into a
different clinical context or situatioll. For ease of data collection centres have administered
the scale via self reportifi§y telephone interview or postal questionnair®. It must be

recognised that a change in scale administration can alter its performance.

The reliability of the Bl has consistently been reported as gebdn administered in a
general rehabilitation populatidti. Individual studies examining reliability in stroke patients
are reassuring in their estimat&€®. A recent systematic review and meaaalysis found
overall excellent intepbserver variabilit}/, however there were discernible differences in
the included studies; limited by small sample size, heterogeneous study population and
diverse methodology. However, in an elderly cohort, systematic rewieil reliability found

only fair to moderate interobserver agreement by kappa statistic in individual items,
postulating that the use of this as a tool may be limited in an elderly population where

cognitive impairment is prevalefit

19



0= Unable

5= Needs help (cutting / spreading)
10= Independent

0= Unable, no sitting balance

5= Major help (of one or two people), can sit
10= Minor help (verbal or physical)
15= Independent

0= Needs help

5= Independent, implements provided

0= Dependent

5= Needs some help but can do something alone

10= Independent

0= Dependent

5= Independent

0= Immobile or < 50 yards

5= Wheelchair independent, including corners, >50 yards
10= walks with help of one person (verbal or physical), >50 yards

15= Independent (but may use aid), > 50 yards

0= Unable

5= Needs help (verbal, physical or carrying aid)
10= Independent

0= Dependent

5=Needs helpbutc an do &450% wunai ded

10= Independent, including fastenings

0= Incontinent (or requires enemas)

5= Occasional accident

10= Continent

0= Incontinent (or catheterised)

5= Occasional accident

10= Continent

Total Score

Figure3 The Barthel Index (Bl)
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The BI certainly hastrengths as a stroke outcome measure which explains its use in several
previous landmark stroke trials, imcling the thrombolysis trialslt has been used as an
instrument in 40.5% of recent publications and wasnary outcome measure in 7.9%.is
familiar to a wide range of clinicians both in clinical practice and as a research tool, itsding
use in multicentre trialslt has good intra and inter observer reliability and is a useful
predictor of length of stay, discharge destinafidand of the likelihood of a patients return

to independent community livif§ “*. It also generates a standardised, numerical score
which is easily comparable atarious time points, aiding in statistical analysis and

manipulation.

However, there are widely acknowledged limitations in the use of Bl as a functional outcome
measure, which may explain increasing reluctance in contemporary trials to us® at
primary outome measure.Heterogeneity in the use of various versions of the Bl and
diversity in methodology of administration adds complexity when interpgetiand
comparing trial resultsAs an ADL score the BI is not designed to assess many areas of
neurological décit or disability commonly reported in a stroke population (disorders of
cognition, language, vision etc.) which may have significant impact fypmtion and quality

of life. The primary limitatios seeninfi KS . L FNBX GKS adzoadl g x6¢
in scoring subjects at the extremes of the s¢afétogether with a Ushaped distribution in
clinical practiceThese limit theresponsivenessf the Bl, hinderinghe ability of the scale to
detect meaningful change over tirfffeand requiring a large change shiftantcome in order

for this to be detected statistically.
1.3.4.3.The modified Rankin Scale / Oxford Handicap Scale

The modified Rankin Scale is the most commonly used outcome measure in contemporary
stroke research, used in 64% of recent stroke trials and asnaapr outcome measure in
269%6°. An ordinal, hierarchicalscale, it is used to measure disability across seven ranks
(Figured) ¢ KSNB KI @S 0SSy &aSOSNIft OQOFINARFGAZ2Yya 27
(including the alternatively named Oxford Handicap Se&ligure5) and it has been widely
adopted in a standard form for uge trials. A detailed discussion of the modified Rankin

Scale, its clinimetric properties and iations is found in section 1.4
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No symptoms

No significant disability despite symptoms; able to carry out all usual duties and
activities

Slight disability; unable to carry out all previous activities, but able to look after own
affairs without assistance

Moderate disability; requiring some help, but able to walk without assistance

Moderately severe disability; unable to walk without assistance and unable to attend
to own bodily needs without assistance

Severe disability; bedridden, incontinent and requiring constant nursing care and
attention

Dead

Figure4 The modified Rankin Scal

No symptoms

Minor symptoms that do not interfere with lifestyle

Minor handicap, symptoms that lead to some restriction in lifestyle but do not interfere
wi t h t h ecapgacity to leok aftér fimself

Moderate handicap, symptoms that significantly restrict lifestyle and prevent totally
independent existence

Moderately severe handicap, symptoms that clearly prevent independent existence
though not needing constant attention

Severe handicap, totally dependent patient requiring constant attention night and day

Figure5 The Oxford Handicap Scale (OKS)

1.3.4.4.Stroke Impact Scale

As a measure of stroke outcome across many domadires Stroke Impact Scale (SIS) was
developed in response to the criticism that the above common scales do not directly or
adequately assess streksurvivors in a hdtic or comprehensive manneiThe SIS was
developed using a patient centred approach involving feedback from patients, carers and
therapists rather than trial investigators in the description of domains. The scale includes
measurement of changes in emotion, cognition, communication and social role /
participation in addition to the expected physicdirdoutes tested after strokeThe scale was

originally developed in 1999and was modified in 2003 to its current versidalthough it
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continues to be refined. Despite its careful description and dgwekent to ensure validity
and reliability, the SIS has not been adopted widely in the stroke literature and its
generalisability is questionabfe It was used in only 2.4% of recent stroke trials and was not

utilised asa primary outcome measure in afly

1.3.5. Global Statistic Outcome Measures

Because each stroke outcome scale is recognised to measure important but often very
different parameters in stroke recovery a global statistical outcome measure has been
proposed in some large trials to bettdescribe the spectrum of outcome after intervention.
Mathematicaltechniques can be used to combiseveraloutcome measures, each of which
measures a different but important domain in stroke recovery, such as neurological deficits,
independent function and quality of life. ie NINDSRA Stroke trial, a landmark thrombolysis
trial** 8, utilised a global statistic incorporating the NIHSS, mRS, Bl and Glasgow Outcome
Scale (another hierarchical ranked scale used to measure outcome after brain qnjury
frequently traumatic head injury) as a primary outcomeAs a successful method for the
NINDS trial, a retrospective analysis of the ECASS | dataset using the NINDS statistic:
methodology altered the outcome of the intention to treat analysis from aatieg studyto

one with a positive resulClearly retrospective data analysis such as this has limitations and
is methodologicallyflawed, however it highlights the importance of choosing the optimal

outcome measure in trial resufts

With the advent of more complex statistical analysis techniques the use of globalissatist
may be more widely adopted.rial power may be enhanced with the use of a global statistic
through reduction of the random vation seenin a single scaleHowever, there are
disadvantages and the use of a global statiatid their use in place of a more recognisable
primary outcome measuras discouraged by regulatory bodieBy mixing conceptually
distinct recoery descriptors, ltimately such an approach provides an abstract result that is
lessintuitive than a single well defined outcomelt must be recognised that any global
outcome measure will be limited by the weakest performing tool involved and the resulting
statistics are lessnterpretable than a single outcome measurEhere are also statistical

complexities in analysi#\ global outcome may be able to provide an estimate of statistical
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significance, but is less able to provide a meaningful measure of effect size. Furthermore,
analysis often includes the combinatiaf several ordinal scalesn this situationglobal
statistics are often analysed with multiple dichotomisation points with recognised statistical

inefficiencie&?. (See sectior.5)
1.4. The modified Rankin Scale

Originally described by Dr John Rankin in 1957 the Rankin Scal® wBS)designed to
provide a method of describing the recovery of a group of stroke patients at dgpela
transfer from hospitalDr Rankin established an archetypal spetiA & (i & &@ard®he S d:

scale was designed to evaluate the effectiveness of this intervention.

1.4.1. The Modified Rankin Scale (mMRS)

The original RS scale was modified in 188&art of the UKTIA Aspirin Study to what is
now accepted as the modifiedaRkin Scale (mMRSFigure4) Changes to the original scale
included the addition of an extra category (Grade 0) and an alteration of the wording of

grades 0, 1 and @ better accommodatalisturbances of language and cognitive functfon
1.4.1.1. TheOxfordshireHandiap Scale (OHS)

Further modification was proposed in 1989 by the Oxfordshire Community Stroke Project
with the alternative title of Oxfordshire Handicap Scale (3H8) response to controversy
surrounding the use of the functional terms in the MRk3he OHS was reworded to
a0l yRIFINRA&AS GKS dzaS 2F (GKS GSNY aKIymAOl L
Gf ATSalet Sigured yi addida tdFhig changeoin semantics, the focus of the mRS
on mobility was reduced by removing the ability to walk as an explicit grading criterion
The OHS has been used in few stutfigsand has not been adopted widely in the stroke

literature.

The mRS in its 1988 fornfaFigure4) is widely accepted as thetandard version of the
scale.lt is an ordinal hierarchical scale with grades from zero (no symptoms) to five (severe

disability); an extra score ofi6 often added in clinical trials to signify death. It is important
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to note that some studies describe the use of the mRS but citenaltere versions of the
scale.lIt is important to clarify the specific instrument used in order to be confident of

comparble trial results.

1.4.2.Clinimetric properties of mRS

The validity, reliability and responsiveness of the mRS are described in a broad literature.
Although acknowledged as an imperfect scale, it has been demonstrated to meet the
requirements of an outcome meare for use in randomised clinical trials and has been
recommended for its brevity, simplicity and ease of interpretation in clinical ¥fiahelong

term predictive value the mRS makest an attractive scale¥ 2 NJ dzd S mRY data/ ¢ C

collected at 90 days are representative of the likely long term functional outéome
1.4.2.1.Validity

The mRS has been shown to correlate well with several other markers of stroke severity and
outcome and can be considered a valid me&asnent of functional outcomeConvergent
Validity has been shown with other outcome scales such as the NIHSS aftiaBt with
economic indices such as length of hospital stay and cost of patiert'c@enstruct validity

has also been regted via association with arguably more objective and direct measures of
stroke severity such as infarct volumé® or recanalisatiorof affected vessels followingPAA

therapy’”’.
1.4.2.2.Reliability

Reliability has been reported across a wide anthewhat fragmented literatureCaution
must be exercised in interpreting results of these studies as they are heterogeneous in
methodology: patient selection, timescale after stroke, sample size, assessor number,

background and training and number of centres vary throughout.

In most cases reliability studies have been conducted using highly trained and motivated
individuals in a singlcentre®. Systematic review has found wigstimates of interobserver
variability with overall good agreemenk%0.617°. Estimates range fromk=0.25 to

k=0.72"* for a standard mRS interviewOnly one mRS reliability study has a design that
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attempts to emulate an active RCT; a multicentre study with several investigatoiféenédt

clinical background§’. The reliability of thetraditional mRS in this study was of concern
(k=0.25) in the context ofakge multicentre studiesSubstantial heterogeneity has been
reported in mRS reliability amongst a large cohort of international obseR7el&here our
closest estimate of mRS reliability in a multicentre RCT shows substantial disagreement

(k=0.25) we might expect that this could be amplified in an international RCT.
1.4.2.3.Responsiveness

As a scale with only six potential categories, the mRS rmegumeaningful clinical
improvement or deterioration to move diween each point on the scal&his attribute
makes it a poor tool for measuring changver short periods of timédowever its advantage

in clinical trials for the assessment of longer termidel up (e.g. at tudy completion) is
recognised A change in mRS score in response to treatment is very likely to be associated
with a clinicallymeaningfulchange as perceived by both the patient and the investigator

193 'No minimal clinically importarthange is reported for the mRS.

The mRS scale distributes disability states meaningfully, in comparison with the NIHSS anc
Barthel Index which are troubled by floor and ceiling effects. This is uslefiddly and

statistically. Figure6®*

demonstrates the 9@lay outcome measugefor the NIHSS, Bl and
mMRS.tlis clear that the informatiomprovided by the mR&nd distribution of MRS outcomes

will allow more robust statistical analysis and interpretation.

120 4 300 140 .
NIHSS Barthel Index P Rankin Scale
100 - 250 -
80 -+ 200 100
150 - 80
60 - e
40 - 100 40
20 - 50 - 20
0 -+l -",',-,-,ILI!-,-’.' 0 e e e O, 0
FAJFE9Yyygereee 0 10 20 30 40 50 60 70 80 90 100 6 5 4 3 2 1 0

Figure6 Typical Distributionof outcome with the NIHSS, Bl and mRS at 90 days.
[Final 90day outcome scores in the 2 NINDS tissype plasminogen activator

trials'®].
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1.4.3.Challenges in the use of MRS

Although it is the favoured outcome scale for use in contemporary stroke research, the mRS
is acknowledged as an imgect tool for several reason3.he perfect outcome measure is
unlikely ever to exist and hence trialists must accept the limitations in the available tools and

ensure that they are optimised in their administration.

The mRS has been criticised due to the broad nature of each category and large potential
change in funtion thatis contained within each ranK.he broad categories of the mRS are
considered by some as subjective, ambiguous and poorly déffhédy O2 y (i NI &G =
nature of MRS is also considered one of its strengths, particularly through reduction in the
floor and ceiling effects thalimit many outcome measuresiAs a simm@, time efficient
measure it should be performed within around fifteen minutes and can be administered by a

variety of health care professionals with similar validity and reliability in sc8fing

The broad nature of the mRS may be to its advantage; however there is an argument that it
lacks specificity, without explicit @surement of certain domain3he wording of the mRS

may place undue reliance on predominantly physical attributes saashambulation and
continence. There is no direct focus within the assessment in areas such as cognition,
communication, language disorders or other common post strokersynes (fatigue pain /

mood disorder) thatcah FFSOG Y20A G GA2Y yR LI GASYG L
nature of the assessment allows implicit inclusion of these domains; an experienced assessor
should consider physical and non physical chiastics in assessment of overall function

and participation®.

The influence of conorbid conditions must be considered in assigning a score; arthritis,
respiratory or cardiovascular disease, depression and many other confounding illnesses are
common in the goke population and can have an importaimpact upon the functional
domains that e affected by stroke diseas€comorbid illness is known to affect stroke

& dzNIA @2 NA O luddhefmRE shoultl Be usetl B Bssess the efiéstroke related

limitations. Again, & experienced assessor should be able to disentangle the aetiology of a
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scoring may limit its utility.

The timing of MRS adinistration is controversiallt is accepted that most stroke recovery
occurs in the early phase of rehabilitation, however improvement can continue at a slower
rate for up to six or twelve monthsAdministration of the mR®arly in the recovery lmase

may be considerednreliablefor outcomeclassification”®. Prolonged admission is common
after stroke for intensie rehabilitation and therapyThe effectiveness of the mRS in patient
populations who have not returned home or had an opportunity to return ensnaspects of
previous function is questionabldhe standard time point of MRS assessment in clinical trials
is 90 days post ictus, a period recognised as a predictor of longer term outcoites
prognostic information is useful clinically in planning rehabilitation goals or likely discharge
destination; importantly in research it allows trial follow up to be completedhimita

reasonable timeframe.

Across each boundary of the mRS there are controversies, due to both the inherent
ambiguity of the scale and the potential misinterpretation of its woglby assessors:or
example, the boundary between mRS 3 and mRS 4 Yyamgdies on the ability to walk
unaided.The use of aids and adaptations (such as a walking frame or cane) should not merit
GKS GSNY al aaraialyO0S8SeéT NI GKSNS édwbvarSift theNB
assistance of another person, physical or supervisory, is necessary then this would warrant a
score of four. A similar dilemma exists in the useaoivheelchair; this aid can permit
functional mobility without theability to walk independentlyMany wheelchair users would
disagree that this modification leads to significant disability questioning the appropriateness
of an mRS of fou(Figure4). Often a patient is capable of performing particular tasks but
OKz22aS8a y2i4 G2 o0SOlFdzaS alaaraidlyOoSé Aa 27T
context of a cang relative who wishes to save the subject the time andrgpeequired to
complete tasksln this case it is arguable whether they should they be scored based upon
their potential capability obased upon their true functiorilhe wording of the mRS doast

clearly specify whether a subject should be scored on the basis of absolute loss of activity or

chosen loss of activity for the sake of convenience or increased effort. Examples of areas of
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controversy are present at each level of the scale but areemmevalent in the middle
N} yaSa gKSNBE Of ARNIIATFAORE A 2 ¥zl O Aréas d 2oBtR®rgy NI

result in potential for variability in scoring; they will be discussed further in later chapters.

Health related quality of life measureseaimportant after stroke but are infrequently
incorporated in trial design or used as a primary or secondary outt¥méor this reason,
translation of the functional ability with each rank on the mRS scale to a single index value
F2N) KSFHEOK adradza Aa ySOSaalNeE (G2 laaSaa
care provision and in health economidsor this to be possible, a disease specific instrument
such as the mRS must be expressed in a form comparable to universal generic health
outcomes. In the United Kingdom, generic outcomes provide utility values from which health
related quality of lifemeasures, such as a Quality Adjusted Life Year (QALY) must be derived.
It is a challenge to express the mRS outcome scale in this format but there is some evidence

to suggest that it is possible and valid.

The mRS has been successfully mapped to EWs@Y], a generic health outcome measure
commonly used by health economists in evaluation of new treatment strategies. An
alternative method of expressing utility values is through the use of Disability Adjusted Life
Yea (DALY). This measure is generated from WHO Global Burden of Diseas&BBHO
disability weights, a numeric value which reflects the severity of disease or disability on a
scale from 0 (perfect health) to 1 (equivalent to death). This spectrum of ililigais
intuitively similar to the mRS scale. The mRS has been described using this spectrum by

generating disability weights for each rank of the mRS Stale

Despite thesechallenges angitfalls, the mRS is a well recognised scale which has been well
studied with an established and acceptable clinimetric literature. Its ease of administration
and global nature is ewsidered its great asset and in experienced hands it is used with

confidence in large clinical tridfs
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1.4.4.Variants of the standard mRS

The standard mRS interview was developed as atfatace interviav between assessor and
patient. Severalvariants of the standard mRS interview have been proposed in an attempt to

simplify administration, improve accessibility or improve reliability.
1.4.4.1.Premorbid mRS score

Traditional statistical analyses in acute stroke trials measure the proportion otiparis

I OKAS@AY3I | a322R¢ T dzy Oiflelod shat isdenddiirOeacti $ial. o &
This concept is complicated by the inclusion of participants with considerablstimiee
functional limitation.For this reason a prstroke mRS is oftensed as a measure of disability

at entry to contemporary stroke trialsin clinical practice, a national audit programme is
collecting data on outcomes at 6 months and one year, corrected fospoke mRE2. In

some centres, prstroke mRS is used as a measure of functional independence, upon which

a decision to administer or withhold thronolytic therapy may be based.

The concept of prestroke mRS is difficult to define, as by its very definition, the modified
Rankin scale describes the presence or absence of symptoms and limitations after stroke.
However, the descriptions in terms of syrmopts, limitations and the need for assistance are
extrapolated to include all aetiologies of disability in this cont@kte validity and reliability

of a prestroke mRS is moderate with some concerns raised regarding its use as an entry
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criteria to stroketrials. A rewritten mRS with the same structure but alternative wording

regarding symptoms and limitations has been proposed.
1.4.4.2.Acute mRS assessment

Assessment of MRS in the acute phds common in stroke trials but has been poorly studied

in the hospital setting, where most participants are i imnmediate phase after strokdhe
wording of the scale concentrates on functional limitations and the needssistance with
activity. In the hospital setting this help is available but not always required and participants
have often not had the opportunity to assess their abilities with extended ADLs such as

shopping, cookig or managing their finance$he reliability of the mRS in thewae phase
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has been shown to be good, with acceptable intater agreement. However, the validity of
the scale in this context, particularly with reference to the relevance and interpretation it is

questionablé™*,
1.4.4.3.Remote mRS assessment

As there is no physical examination component to the mRS, remote assessment (via
telephone or postal questionnaire) is an attractive prospect in circumstances where direct

assessment is not possible or to limit the time and expense involved in patidst visi

A postal based mRS questionnaire approach has beeninsdidical trialsThere are no data
comparing postal versions of the mRS with tranhil faceto-face assessment. A study
compared differing postal mRS questionnaires and telephone assessméitie authors
concluded that telephone follow up may be preferable as response rate from the postal
questionnaire was suboptimaP. Studies are available describing the propertidspostal
versions of alternative stroke assessment measures from which we can extrap®lptstal
version of the Glasgow Outcome Scale (GOS) in head injury patients was found to have gooc
reliability n comparison to telephone assessmefitHowever, limitations in data collection

due to the high risk ohon-responderswere highlighted as a disadvantage in a study of a

postal version of the Stroke Impact Scale ($1S)

There are more data pertaining to telephone versioof stroke outcome assessmetDL
based assessment such as the Bl has been demonstrated to have good reliability by
telephone*® 1°. More severely affected patients are likely to yield less reliable results by
telephoné*whick Yl & 68 | NBTFtSOlGAz2zy 2F | LI GASYy
an indication of the importanthonverbal cues that are gained by visualising a patient.
Telephone MRS assessments have been asséssbdth validity and reliabilit}?®, oftenin

the form of a structured intenaw. Results are conflicting with inteater reliability reported

from k=0.30"* to k=0.782". The largest study of telephone mRS reports a weighted kappa
statistic rather than a standard kappa statistig£€0.71). This makes direct comfzan with

other studies difficult but certainly reflects a significant degree of disagreetffenit best

we must interpret the result of a telephone mRS with caution.
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Derivation of the mRS from outpatient case records has beenqgsegh as an alternative
method of collecting follow up data. Case record extraction has been shown to be reliable for
impairment scales such as NIFSSHowever, a prospective study found poor reliability in
case record derived mRS in comparison to standard kR&34) and between observers

(k=0.33}*,
1.4.4.4.Proxy mRS assessment

In some circumstances the mRS cannot be administered through direct patient interview.
Communication or cognitive impairments are common and when severe canugesel
standard mRS assessmeihe properties of a proxy mRS assessment have been assessed in
a cohort of patient$. Family members, nurses and physiotherapists were used as proxy
respondents and mRS scores were comparedlirect patient assessmenOnly moderate
agreement between proxy and patient assessments was fokr@.4), encouragingaution

in the interpretation of proxy assessment3he greatest variability waodnd in therapist
assessmentsThere is evidence to suggest that systematic differences are present in the
perception of overall functionbetween different groups of respondentsAlthough not
directly studies of the mRS, extrapolation from other stroke assessment scales suggests that
proxy repondents may be less reliabatients are prone tgelfreport better function than

their carers?®. Proxies systematically report more dysfunction in aspects of quality of life
measures than direct patient assessment, thought to be affected by proxy perception of
burdent?’. Therapists report better functional scores than caféts This is perhaps a
reflection of improved effort on the part of a patient when undergoing therapy assessment
in comparison to home performance or that the nature of therapist training is in lodking
rehabilitation potential.Systematic review of proxy responses to stroke assessments found
that ADL measures were more suited to a proxy assessment and thatgessment is seen

in quality of life measuré$®’. No mRS studies wemvailable for inclusion in this review but
given the nature of the mRS assessment lies somewhere between an ADL impairment scale

and global quality of life measure we must consider this when using proxy mRS assessments.
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1.4.4.5.Structured mRS assessment

Althoughit can be considered an inherent advantage of the mRS assessment, the open and
global nature of the standard interview, risking subjective interpretation, increases potential
for inter-observer variability. An experienced assessor should gather the appaber
information to grade patients successfully using a standard, unstructured mRS interview.
However, in an attempt to widen the utility of the mRS and encourage more standardised

results, a structured interview has been proposed.

Several versions of siructured mRS assessment are available, most of which use a checklist

F2NXI G GKNRddZAK 1 N PUR BB} this islmgsR apprdpriate @A (0 A

assessing mRS at the lower end of the scale (MRS 3 6 KSNBE 0 | & iln@brtant5 [ Q2
element in scoringThe translation of ADL scoring (Bl) to mRS scores has been shde

an effective method of mRS assessnigrttowever, this is less effective #ite top end of the

MRS beyond the ceiling threshold of the BI.

Reliability estimates of the structured interview are conflictig®®. In a multicentre trial

with assessors of various healthcareckgrounds the use of a structured interview was
found to be highly reliabf°. However, the structured interview has been criticised as a
complicated tool to implement.A Rankin Focesl Assessment (RFA), a four page
standardised assessment form is reporteal be less cumbersome. Designed as part of the
FASTIMAG trial protocol it has been shown to have excellent irabserver reliability™>. It is
important to note that although RFA scores showed substantial agreement between raters,
this study was restricted to one centre and no comparison was made with mRS scores

generated in a traditional manner to confirm validity.

Even more focused mRS assessment has been described using a questionnaire methodology
Using the OHS version of theR8 scale a two question assessment (1. Do you feel that you
have made a complete recovery from your stroke? and 2. Do you require help from another
person for everyday activities?) was found to be sensitive in predicting Bl and OHS scores of
20 or O respetively (i.e no symptoms or limitationSf. In an era of dichotomised mRS

outcomes as the comon analysis technique (see section 5.3) this was considered an
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advantage irterms of time and efficiency. ddvever, current trial design would not support

this method. A more recent questionnaire based mRS assess(Benplified modified
Rankin Questionnee smRSqghas been described using three questions each generating a
binary yes / no respons&. This generates mRS results across the full ordinal scale and has
been shown in a single study to have similar reliability to a standard mRS assessment
between two rater$® and has been validated in comparison to stroke sevEftystroke

sizé®* and quality of life measuré¥’. The vaidity of the smRSq has been demonstrated in a
study comparing its use to the standard mRS and the NIHSS in a cohort of Chinese stroke

patients-2,

1.4.5. Adjudicated mRS outcomes

Central adjudication of trieend points is routinely used in a vayedf settings but has rarely
been used in strokeThis is straightforward where the endpoint is based upon the
assessment of paper records @anages; however, adjudicated endpoints of participant

function aremore problematic.

Group adjudication of mRS outcomes has been employed in somedésagns, including
telephone mR$ the IMAGES® and IST ¥°trials. In the HAMLETrial awritten summary of
the mRS assessment was provided for central relfeviHowever, as discussed in section

1.4.4.3, the reliability of remote mRS is deldhte

In order to evaluate MRS outcomes remotely in a format as close to current assessments as
possible there are numerous barriers to overcome. First, this would require capture of the
assessment, including both visual and audio components, in a format tan be
subSljdzSy G f @8 NBXKSB®eB Rostitdadfafe international mutli-cultural and
multilinguat meaning methods of handling these complexities including translation would
need to be considereénd shouldbe demonstratednot to influence scoring. Pilot data

suggest that video based mRS assessment is valid and r&fiable
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1.5. Improving statistical analysis in acute stroke trials

The failure of many previousrge RCTs in acute stroke has been attributed in part to trial
design and statistical analysi§he detection of what is likely to be a small treatment effect
requires statistically efficient methods to optimise the likelihood of demonstrating improved

outcome with a realistic sample size.

1.5.1.Choice of scale

As previously discussed, the selection of onte measure is crucialt must be a reliable,
robust and valid mesure of what the treatmenin question aims to achievelhe most
common outcome measure is the mRS or its incorporatiom global endpoint statistic.
Varying estimates of interater reliability in the mRS have the potentialaffect trial results.
Most contemporary phase Il triasre conducted internationally, with the potential for up to
hundreds of investigatorgherefore the scope for amplification of even small degrees of
inter-obsewver variability is of concernEndpoint misclassification, through incorrect or
variable administration of the mRS, has the potential to introduce type Il statistical error and
compromise trialresults through loss of poweiln a trial of pneumococcal vaccine the
recording of the endpait was erroneasly assumed to be infalliblét was demonstrated
that a modest misclassification in the reported cause of death reduced the trial power by
409%*. Analysiof data from a neurotrauma studiewvith similar challenges to that of stroke
recovery, confirmed that mdpoint misclassification could have a significant effect upon the
magnitude of treatment effectWith flawless classification the effect size was 7.5% (p=0.039)
but this lost statistical significance and fell to 6% (p=0.102) and 4.5% (p=0.228) where there
was 10% and 20% misclassification respectf/&lA pattern of misclassification upwards,

downwards or in both directions can attenuate the treatment effect found in clinical tffals

1.5.2. Training and Certification

The requirement for large studies in stroke research demands international collaboration,
multicentre trials anda considerable numbesf investigators to contribute data for analysis.

Although all stroke scales are acknowledged to be imperfect, the consistent application of
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even an imperfect tool is crucial in the collection of accurate, camigla and generalisable

datal*®,

The importance of investigar training was acknowledged when the mRS was originally
described although at this stage was considered imjicatin the context of a multientre

trial®®. However, with technological advances this situation has changed.

Training in application of the NIHSS was deped for the TOAST trial in 1994 and was found

to be feasible, effective and inexpensiVe Improved reliability in scoring using a video
training package was reported in the TOAST investigators (r2182) early analysis of
reliability using the original video NIHSS training package in a large cohort (n=7405) found
less consistent results in scorifij Subsequently the training package was updated to DVD
technology® and again to its curranformat as an online packag&his has been robustly
validated with good reliability in a large cohort from multiple venues (n=8234id there is

evidence to support its use in translated foth

A similar training resource is available to improve the application of the mRS in clinical

trials™!

. Again this began as an instructional DVD with subsequent conversion to a web based
package accessible intetionally.This has also been validated with good reliability in a large
cohort (n=2942) from several countri®s As a less structured tool than the NIHSS no studies

to date have investigated the validity and reliability of a translated mRS assessment.

Consistency in application of stroke scales requiaedegree of quality controlhis is best
achieved throughormal training and certification of investigators and a compulsory training
process is now ubiquitous amongst contemporary stroke research whereNtHSS or the

MRS are used.

1.5.3. Statistical Analysis Techniques

Following collection of outcome datdhe analysis technique chosen to interpret it can
sigrificantly alter trial resultsThe relative advantages and disadvantages of diffeamalysis

techniques havdeen much debated in the stroke literature in recent years.
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1.5.3.1.Dichotomised Analysis

A popuar method of analysing disability endpoints has been to dichotomise outcome data,
ASLI NFGAYT LI NILGAOALNI yia Ay idr2 O KANE Snied And R dzb
comparing proportionsWith mRS a variety of cut @f Kl @S 06 SSy dza &bkt i 2
outcome statusThere is no consensus as to the level of MRS that best represents acceptable
recovery and choice has been partially dependent on the expected benefit of the therapy
and the baseline disality of the cohort For example, in a trial ahtervention in the often
FlLalf O2yRAGAZ2Y 2F YItAIylryld YARRES OSNEBo
as MRS 3 (moderate disability), Mehin trials of thromlolysis where better functional
outcomes are expectedise of mRS-Q (no signitant disability)defines treatment success.
Dichotomisation of outcome data is attractive because it allows easy interpretation into
GaA22RE YR a0l R¢ 2dzi02YSs AAYLIX AFEeAy3ad ail
tfF OAYy3 GKS (KNRRKE? (IR RO Siiog SREEY 20dzi 02 YS | ONJ
meaningful to participants and their families. A traditional dichotomisation point on the mRS
would be 02 vs. 36, meaning that the transition from death to being able to walk on ones
own would not e considered a successful treatment. In the Kansas City Stroke Study(n=459)
it was noted that 65% of patients crossed one or more boundaries on the mRS by three
month follow up. Dichotomisation of the mRS af @r 02 resulted in only 15% or 42% of
partiOA LI yia NBalLISOiA@Ste o0SAy3a OF Jhenopi®aN®BtR |

off for dichotomisation of the mRS scale is debatddnd often chosen arbitrarily.

Dichotomisation (or Trichotomisation) is now widely accepted as a suboptimal method of
analysingacute stroke trials and is recognised as statistically ineffitién€ollection of data
on an ordinal scale such as the mRS with a view to collapsing it into a binary outcome

discards potentially useful information, risking a loss of statistical power.

Of more concern is the possibility that we may fail to detect the harmful effects of treatment.
Where the dichotomised threshold is set high (MRS 1 or 2) but the treatment (e.g
thrombolytic therapy) is in fact harmful to patients with more severe stroke the analysis will

not detect a transition from moderate disability (MRS3) to sewtsability or death (MRS
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5/6).t SNKI LJA RAOK2:G2YA&aAY3A g AlK asdeRISoF RS above?2 y

a certain cut off would be safer and more meaningful in this respect
1.5.3.2.Responder Analysis Prognosis adjusted endpoints

Stroke is a heterogeneoussgiase with a wide variety of outcomes. Setting an arbitrary and
ARSYGAOIt GFNBSG RSSYSR (2 airAdayirAFe aNBO2O
will almost certainly miss important closal effects in a large triallThe principle of using
progrosis adjusted end points, also known as responder anatyss sliding dichotomy
encourages judgement of a treatment effect in response to the sevefitye initial stroke
insult>® ™’ This allows trialists to individualise end points to reflect the baseline
characteristics and prognosis as assessed by factors such as age, stiakéay,se

classification, baseline NIHSS, blood pressure etc.

This approach has been demonstrated to be effective in several types of study. Retrospective
andyses of previous trial datase(3irilizad Head Injury Tridks, NINDSPA trial$®®, Trial of

Org 10172 in Acute Stroke Treatment TOAST trial and ECASS | and By AgSstical
simulations using previous trial datasets (Glycine Antagonist in Neuroprotection GAIN

International Tria®®) and prospective phase il clinical trials (AbESTTand STITCH).
1.5.3.3.Shift Analysig; Ordinal Analysis

Analysis of change in outcome distribution across the full ordinal range o#la & an
attractive prospectThis approach allowanalysis of all functional transitionboth beneficial

and harmful A shift analysis technique is being employed in ongoing large phase lll trials and
KIra 0SSy dz&aSR Ay lylteara 27T LINGSMNPIEASTW/ ¢ ¢
MAG®**and ISTS?).

The advantage of shift analysis is the enhancement in statistical power that is gained by using
all avaiable informatiort>*. This is particularly important where the hypothesised treatment
effect is seen uniformly across dghspectrum of stroke severityit may be even more
important to use all available data where there are no assumptions or prior knowledge of

where in the stroke severity spectrum a treatment effect may be of befféfitA
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collaboration of stroke academics -amalysed the datasets of 47 trials using techniques
designed to examinghe unprocessed ordinal datdn every case they found that shift
analysis techniques penfimed better, were more efficient and reliabf€. Stroke trial power
can besubstantiallyenhanced bythe use of anordinal shift analysis technique with test

statistics such as the CochedtantelHaenszel Teft

1.5.4. Non-Expert Interpretation of Trial Analysis

A change in mRS score at the top end of the scale is most often considered by physicians tc
represent a clinical or functional succ&®s However, economic analysis demonstrates
benefit with a shift aross each level in MRS scadkesuccess in economic term is measured in
terms of length of stayrad institutional car&®. Information about both ends of the spectrum

is important in overall risk/benefit reporting of a new product after clinical trials.

The use of shift analysitechniques is mathematically and computationally more complex
than those using dichotomised datdhis can be dealt with using most modern statistical
compuer packages but the importarthallenge is in converting this spectrum of non binary
outcomes inb terms that are easily understood and interpeetby clinicians and patient

this situation the number needed to treat (NNT) or number needed torhd@NNH) is
traditionally used.NNT and NNH are widely used and statistically valid measures of a
treatment effect, the resulting figure is clinically meaningful and can be used to indicate to
patients and their families how many patients would require treatment in order for one to

have a beneficial or harmful outcome.

Dichotomised analysis allows easy adton of the NNT for each patient to cross the
OKNBaK2t R (2 IThekcdcdlaiohsof NNTZH ©shift &ndlysis is more complex; a
transition across each grade in the scale may be associated with different magnitudes of
clinical chage (the sca is not linear).The degree of change across the entire population
may not be uniform. In some cases a small number of patients improve considerably, in
others the treatment effect may improve outcome to a modest degree for a greater
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proportion of patierts'®. A method of estimating NNT in an ordinal analysis is avatfible
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and allows the calculation of a figure that represents the NNT in order for one patient to

improve by one or more point on the mRS scale.

Overall there has been a marked change in atk#sl to statistical techniques used in
contemporary stroke research since the start of the twefitgt century. A greater
understanding and appreciation dhe variousmethods and their relative merits, even

amongst non academic clinicians, has permitted this change in idé6fogy
1.6. Optimising Acute Stroke Trials

Improvements in acute stroke trials havbeen ongoing for many yearsCoherent
international collaboration, well designed protocols, appropriate training and certification of
study investigatorsadequate sample sizes and shortened time to treatment are a selection
of the advances that are now considered ubiquitous in contemporary stroke resegrehe

IS no one best approach for statistical analysis in all acute stroke trials and it is cratial th
each study is designed with appreciation of the population of patients to be enrolled, the
realistic effect size and therefore the necessary sampleSiZgespite meticulous planning,

an inefficient outcome measurand statistical strateggan jeopardise trial outcomdt is
increasingly accepted by contemporary trialists that the choice of outcome measure and

~

statistical analysis plan may be paramount tdiadzR & Q 4***a dzO0S a &
1.7. Research questions

This programme of research and thesis aims to investigatealternative method of

collecting outcome data and strategies to optimise analysis of these data.

We present data exploring complentary themes, generated by the original research
guestions for the CARS studyeftral Adjudication of modifiedRankin Scale Assessments in

AcuteSroke Trials):

1 What are the expected benefits in trial power and study sample size with improved

reliability of mRS and/or multiple MRS assessments?
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91 Does Central Adjudication of video recordings of mRS assessments:
a. Provide a feasible method of measuring outcome in a multicentre trial
setting?
b. Offer a more accurate measure of outcome?

c. Allow measurement of more subtle effect on outcome through grading of

outcomes within mRS categories?
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Chapter 2

StatisticalSimulations a

study of the potential benefits
of iImproved mRS reliability on
study sample size.

2.1. Introduction

The globaland unstructurednature of the mRs is a great advantage; without relying on
individual activities of daily living there are no floor or ceiling &8en its applicationwhich

are common to structured intsrumentg & LA O f £ @ Yw{ | adaSaayvySyi
rating of a patient interviewThissubjectivitycontributes to interobserver variability, which

can be considerable. In a recent systdimaeview and metaanalysis, the overall reliability
seen in the traditional MRS interview wia®.46 (k. 0.97°. Few studies have quantifiedeth
extent and impact of this in aulticentre clinical trial but its reliability in this context is
estimated to be poork 0.25)°°. Mandatory training in MRS assessment is empldyadost

trials to mitigate thid®* but several issues persist in international randomised controlled
trials; the large number of assessors and cultural difiees in activity, treatment and
rehabilitation of stroke patients. Further, bias is possible with use of the mRs where
observers are not or cannot be blinded to treatment allocation. Traditional dichotomised
methods of outcome analysis disregard impottadifferences between adjacent mRs

groups*. There are a number of ways in which our use of the mRs could be improved. Inter
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observer variability is associated with endpoint nassification which in turn can affect trial

power**and treatment effect siz&* *°,

We aimed to describe the effect of varying magnitudes of mRS-atiserver variability and
multiple MRS scores on required sample size for an acute stroke study using statistical

modelling techniques.
2.2. Methods

We performed simulations to demonsiie the effect of increasing mR&liability,
considering both dichotomised and ordinal analysis approaches and usiltiple raters to
assign mRScores. To do this we generat@dwer estmates from simulated mRS studies
under different combinations of sample size (N), effect sizeréliability (unweightedk and
quadratically weighted,, ), dichotomised mRS outcomeadjudication panel sizé\g) and
method of summarising mRS across adjudicators (mode, mean and mddianjler to test

the robustness of our simulation findings across a variety of settings, we based the
proportions in eachmRS categoryand the underlying disability distributioron 3 different
scenarios; 1jhe tPA (NINDS-8hrs) study’, 2) the NXY059 stutfand 3) derived from the
standard normal distributionA fixed treatment effect (i.e. not based on the therapeutic
intervention in the above mentioned studies) was chosen to give approximately 80% powe
across N at the lowest common variablé Ky, or Nug). This treatment effect was subtracted
from the disability value of the patients assigned to the treatment grdRmwver wa defined

as the proportionof simulated data sets where P005 in a test okqual mRS proportions
between placebo and treatment groups (MahVhitney U test with continuity correctidi?).

From each power estimate @roportion of the original sample size (the sample size needed

at the lowest k/kyw or Nag) required was generated.

2.2.1.The effectof increasing mRS reliability

To assess the effect of improving reliability, the degree of totegerver error in assigning
disability on mRS was varied range of reliability based on previous studies of mRS

reliability were used. &ppa k) / weighted kappa K.] of (0.25%9)/[0.74], (0.59)/[0.92],
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(0.7%9/[0.96], (0.9)/[0.99] and (1.0)/[1.0] was simulated by adding varying amounts of
random statistical noised  OK 02 Y0 A Yy I (KK, yas giffulated100,000mgsR
Software used was R (version 2.13.0 ibnix). Parameter combinations that yielded power

estimates >99% were deemed uninformative and removed.

2.2.2.The effectof using dichotomised outcomes

To assess the effect of dichotormmRS outcome at differerievels theabove reliability

simulations were performed using miishotomised ab-1, 0-2 and 03.

2.2.3.The efect of using multiple scores

To assess the beneftf multiple MRS assessments, simulations were performed using
summary statistics (mode/mean/median) ofd\= 1,2,4 and 9. Each combination ofiN, | y R
Nagiwas simulated 10,000 time&eliability k / kw) was represented by the agreement in
modal mRS beteen two independent panels of sizedNWhen calculating the moddies
were resolved randomlyParameter combinations that yielded power estimates >95% were

deemed uninformative and removed.
2.3. Results

All planned simulatins were successfully completeBesults are described for a typical
phase Il RCT of n=2000 usirge ttPA (NINDS-8hrs) dataset.Results for each mRS
distribution [tPA (NINDS-B® hrs) dataset, NXY059 dataset and the hypothetical normal

distribution] are displayed in tabulated form.

2.3.1.The dfect of increasing mR&fiability

Simulations using thasing the tPA (NINDS3birs) datasesuggest thaimproving reliability

in MRS scoring frork (ky) 0.25 (0.74) to 0.5 (0.92), 0.7 (0.96), 0.9 (0.99) up to hypothetical
perfect agreement ak 1.0 (1.0) could reduce sample size by n=386, n=490, n=488 and n=484
respectively (Tables 21). There is glateauseen at near perfect agreement beyond which
there is no further potatial reduction in sample siz&his is seen in both the tPA (NINDS 0

3hrs dataset and the NXY059 dataset but not in the standard normal distribution.
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2.3.2. The effectof using dichotomised outcomes

Simulationsusing the tPA (NINDS3hrs) dataset suggest that the use of a dichotomised
outcome at mRS-Q, 0-2 or 03 increases theample size required by n=843, n=230 or n=884

at baseline reliability ok (kw) 0.25(0.74). (Tables-2)

2.3.3. Theeffect of using multiple scores

Simulations using the tPA (NINDSIOs) dataset suggest that a mean mRS score of 2, 4 or 9
adjudicators can redwsample size by n=54, n=172 and n=318 respectively. The use of the
mode or median of multiple MRS assessments does not convey similar benefits. The modal
MRS of up to 9 adjudicators will reduce sample size by a maximum of n=18. A median mRS¢

performs sightly better with maximal reduction in sample size of n=60. (Tablés 5
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Table2 - Sample size simulations usinBA (NINDS -Bhrs)study dataset: effect of

increasing reliability in mRS and the use of dichotomised outcomes

Total Effect Power (SE)

Sample Size

Size 014 K { [Proportion of N required to match power ak=0.25f
(N)

{Proportion of N required to match power at=0.25 with dichotomised outcomes (Fisher exact teSt)}
k=0.25 k=0.50 k=0.70 k=0.9 k=1.0
ky=0.74 ky=0.92 ky=0.96 ky=0.99 ky=1.0

0.621 (0.001) 0.761 (0.001) 0.792 (0.001) 0.797 (0.001) 0.797 (0.001)

50 0.83 [100.0%! [76.9%] [69.2%)] [69.2%] [69.2%]
{0-1vs 26115.4%  {0-1 vs 26 80.8% {0-1 vs 26 69.2% 0-1 vs 26 65.4% 0-1 vs 26 65.4%
0-2vs 36157.7%  0-2 vs 36 134.6% 0-2 vs 36 134.6% 0-2 vs 36 134.6% 0-2 vs 36 134.6%
0-3 vs 46 638.5%} 0-3 vs 46850.0%}  0-3 vs 46888.5%}  0-3 vs 46 896.2%} 0-3 vs 46 903.8%}
0.650 (0.001) 0.767(0.001) 0.800 (0.001) 0.800 (0.001) 0.800 (0.001)
200 0.38 [100.0%] [76.5%)] [70.6%)] [70.6%)] [70.6%)]
{0-1vs 26125.5%  {0-1 vs 26 89.2% {0-1 vs 26 73.5% {0-1 vs 26 60.8% {0-1 vs 26 59.8%
0-2 vs 36 118.6% 0-2 vs 36 89.2% 0-2 vs 36 87.3% 0-2 vs 36 85.3% 0-2 vs 36 85.3%
0-3 vs 46 229.4%} 0-3vs 46222.5%} 0-3vs 46219.6%} 0-3 vs 46 218.6%} 0-3 vs 46 218.6%}
0.675 (0.001) 0.774 (0.001) 0.800 (0.001) 0.800 (0.001) 0.798 (0.001)
1000 0.17 [100.0%)] [79.6%)] [74.5%)] [74.5%)] [74.7%)]
{0-1vs 26136.3% {0-1 vs 26107.4% {0-1 vs 26 88.0% {0-1 vs 26 69.1% {0-1 vs 26 68.1%
0-2 vs 36 113.8% 0-2 vs 36 85.4% 0-2 vs 36 83.8% 0-2 vs 36 82.4% 0-2 vs 36 82.4%
0-3vs 46156.1%} 0-3vs 46130.3%} 0-3vs 46125.3%} 0-3 vs 46 124.4%} 0-3 vs 36 124.2%}
0.685 (0.001) 0.776 (0.001) 0.802(0.001) 0.802 (0.001) 0.801 (0.001)
2000 0.12 [100.0%] [80.7%)] [75.5%)] [75.6%)] [75.8%)]

{0-1 vs 26 141.7%
0-2 vs 36 115.2%
0-3 vs 36 144.2%}

{0-1 vs 26 113.8%
0-2 vs 36 87.4%
0-3 vs 46 117.5%}

{0-1 vs 26 93.1%
0-2 vs 36 85.3%
0-3 vs 46 112.2%]}

{0-1 vs 26 71.5%
0-2 vs 36 84.2%
0-3 vs 46 110.7%]}

{0-1 vs 26 70.6%
0-2 vs 36 84.1%
0-3 vs 36 110.9%}

t26SN) SaldAYLFLdiSa FNRY aAavydzZ I iSR Yw{ adGddzRAS& dzy RSNJ RATTS
(unweighted kappak and quadratically weighted,,). The mRS proportions and underlying disability distribution were based «
theth 6bLb5{ ndoKNBO &didzRe dkwasSimdated 12205 times/ Pawar 25 lefired as th& proportibny
simulated data sets where P<0.05 in a test of equal MRS proportions between placebo and treatments groups (Mann Whitr
test with continuity correction). Paramegr combinations that yielded powr estimates >99% were deemed uninformative and
removed.

®Effect size chosen to give approximately 80% power across iN=al.0(not related to the effect size seen in the original trial)
®Foreach example sample size (n=50, 200, 1000 and 2000) the proportion of that sample size required at the baseline leve
interobserver reliability k=0.25) is noted as 100%; the proportion of n that is required with improved interobserver reliability i
noted in each column as a percentage of the original sample size

“Proportion of n required (expressed as percentage of original sample size at baseline interobserver relig#y26) with use
of dichotomised endpoint (6L vs 26 / 0-2 vs 36 / 0-3 vs 46)

46



Table3 - Sample size simulations using NXY059 study dataset: effect of increasing

reliability in mRS and the use of dichotomised outcomes

Total Effect Power (SE)

Sample Size

Size 014 k{ [Proportion of N required to match power ak=0.25]"
(N)

{Proportion of N required to match power at=0.25 with dichotomised outcomes (Fisher exact test)}
k=0.25 k=0.50 k=0.70 k=0.9 k=1.0
ky=0.74 ky=0.92 ky=0.96 ky=0.99 kw=1.0

0.622 (0.001) 0.787 (0.001) 0.808 (0.001) 0.804 (0.001) 0.799 (0.001)

50 0.8G° [100.0%f [76.9%] [73.1%] [76.9%] [76.9%]
{0-1 vs 26 130.8% {0-1 vs 26 92.3% {0-1 vs 26 84.6% {0-1 vs 26 80.8% {0-1 vs 26 80.8%
0-2 vs 36 165.4% 0-2vs 36123.1% 0-2 vs 36 115.4% 0-2 vs 36 115.4% 0-2 vs 36 115.4%
0-3vs 36 273.1%f 0-3vs 36238.5%}  0-3 vs 36 234.6%} 0-3 vs 36 234.6%} 0-3 vs 36 234.6%}
0.660 (0.001) 0.787(0.001) 0.811 (0.001) 0.807 (0.001) 0.804 (0.001)
200 0.38 [100.0%] [74.5%)] [70.6%)] [70.6%)] [71.6%)]
{0-1 vs 26 125.5% {0-1 vs 26 86.3% {0-1 vs 26 80.4% {0-1 vs 26 77.5% {0-1 vs 26 77.5%
0-2 vs 36 131.4% 0-2 vs 36 90.2% 0-2 vs 36 83.3% 0-2 vs 36 81.4% 0-2 vs 36 81.4%
0-3vs 36 164.7%} 0-3vs 36125.5%}  0-3 vs 36 118.6%} 0-3 vs 36 116.7%} 0-3 vs 36 116.7%}
0.654 (0.001) 0.783 (0.001) 0.808 (0.001) 0.806 (0.001) 0.804 (0.001)
1000 0.17 [100.0%)] [74.2%)] [69.8%)] [70.0%)] [70.6%)]
{0-1 vs 26 127.2% {0-1 vs 26 90.0% {0-1 vs 26 83.4% {0-1 vs 26 81.6% {0-1 vs 26 81.6%
0-2 vs 36 119.6% 0-2 vs 36 81.0% 0-2 vs 36 74.6% 0-2 vs 36 73.0% 0-2 vs 36 72.8%
0-3 vs 36 138.0%} 0-3 vs 36 99.2%} 0-3 vs 36 93.2%} 0-3 vs 36 91.4%} 0-3 vs 36 91.2%}
0.655 (0.001) 0.781 (0.001) 0.806(0.001) 0.805 (0.001) 0.803 (0.001)
2000 0.17 [100.0%] [74.4%)] [70.1%)] [70.0%)] [70.5%)]

{0-1 vs 26 128.3%
0-2 vs 36 118.3%
0-3 vs 36 131.8%}

{0-1 vs 26 90.9%
0-2 vs 36 80.6%
0-3 vs 36 95.0%}

{0-1 vs 26 84.1%
0-2 vs 36 73.9%
0-3 vs 36 89.2%}

{0-1 vs 26 82.1%
0-2vs 36 72.1%
0-3 vs 36 87.3%}

{0-1 vs 26 81.8%
0-2 vs 36 72.0%
0-3 vs 36 87.1%}

t26SN) SaGAYIF(S3a

FTNRY

aAYdA F SR Yw(

a0 dzRASA

dzy RSNJ RATT¥

(unweighted kappak and quadratically weightedk,,). The mRS proportions and underlying disability distribution wdrased on

the NXY05% (i dzR & &

9 OK O2 Ykavasysimiiated 12+08 fimed Power isldgfiied as the proportion of simula

data sets where P<0.05 in a test of equal mRS proportions between placebo and treatments groups (Mann Whitney U tes
continuity correction). Paramedr combinations that yielded powr estimates >99% were deemed uninformative and removed

®Effect size chosen to give approximately 80% power across iN=al.0(not related to the effect size seen in the original trial)

®For each example sample size (n=50, 200, 1000 and 2000) the proportion of that sample size required at the baseline leve
interobserver reliability k=0.25) is noted as 100%; the proportion of n that is required with improved interobserver reliability i
noted in each column as a percentage of the original sample size
“Proportion of n required (expressed as percentage of original sample size at baselin@berver reliability k=0.25) with use
of dichotomised endpoint (6L vs 26 / 0-2 vs 36 / 0-3 vs 46)
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Table4 - Sample size simulations using the standard normal distributiceffect of

increasing reliability in mRS and these of dichotomised outcomes

Total Effect Power (SE)

Sample Size

Size 04 k{ [Proportion of N required to match power a=0.25]"
(N)

{Proportion of N required to match power at=0.25 with dichotomised outcomes (Fisher exact test)}
k=0.25 k=0.50 k=0.70 k=0.9 k=1.0
ky=0.74 ky=0.92 ky=0.96 ky=0.99 kw=1.0

0.646 (0.001) 0.760 (0.001) 0.781 (0.001) 0.790 (0.001) 0.790 (0.001)

50 0.86" [100.0%f (80.8%)] [76.9%] [76.9%] [76.9%]
{0-1 vs 26 153.8% {0-1vs 26 119.2% {0-1 vs 26 115.4% {0-1vs 26 111.5% {0-1vs 26111.5%
0-2vs 36176.9% 0-2 vs 36 142.3% 0-2 vs 36 134.6% 0-2 vs 36 134.6% 0-2 vs 36 130.8%
0-3vs 36 238_5%f 0-3 vs 36 192.3%} 0-3 vs 36 184.6%} 0-3 vs 36 180.8%} 0-3 vs 36 180.8%}
0.667 (0.001) 0.775(0.001) 0.794 (0.001) 0.801 (0.001) 0.802 (0.001)
200 0.4 [100.0%] [78.2%] [75.2%] [74.3%] [73.3%]
{0-1 vs 26 156.4% {0-1 vs 26 122.8% {0-1 vs 26 116.8% {0-1 vs 26 114.9% {0-1 vs 26 114.9%
0-2 vs 36 156.4% 0-2 vs 36 122.8% 0-2 vs 36 116.8% 0-2 vs 36 115.8% 0-2 vs 36 114.9%
0-3 vs 36 181.2%} 0-3 vs 36 145.5%} 0-3 vs 36 140.6%} 0-3 vs 36 138.6%} 0-3 vs 36 138.6%}
0.669 (0.001) 0.779 (0.001) 0.798 (0.001) 0.805 (0.001) 0.806(0.001)
1000 0.19 [100.0%] [77.4%] [73.9%] [72.7%] [72.5%]
{0-1 vs 26 154.7% {0-1 vs 26 120.4% {0-1 vs 26 115.0% {0-1 vs 26 113.6% {0-1 vs 26 113.6%
0-2 vs 36 145.5% 0-2 vs 36 113.6% 0-2 vs 36 108.6% 0-2 vs 36 106.6% 0-2 vs 36 106.4%
0-3 vs 36 161.3%} 0-3 vs 36 127.7%} 0-3 vs 36 122.8%} 0¢ 3 121.0%} 0-3 vs 36 120.4%}
0.676 (0.001) 0.786 (0.001) 0.804 (0.001) 0.811 (0.001) 0.812 (0.001)
2000 0.13 [100.0%] [77.3%] [73.9%] [72.6%] [72.5%]

{0-1 vs 26 152.1%
0-2 vs 36 145.2%
0-3 vs 36 156.5%}

{0-1 vs 26 120.0%
0-2 vs 36112.9%
0-3 vs 36 124.4%}

{0-1vs 26 115.1%
0-2 vs 36 108.0%
0-3 vs 36 119.3%}

{0-1vs 26 113.2%
0-2 vs 36 106.2%
0-3 vs 36 117.7%]}

{0-1vs 26 112.9%
0-2 vs 36 106.1%
0-3 vs 36 117.8%}

t26SN) SalAYLF0dSa FTNRY aAayYdzZ SR Yw{ adddzRAS& dzyRSNJ RAFTFSN
(unweighted kappak and quadratically weighted,,). The mRS proportions and underlying disability distribution were derived
fromthS§ &Gl yRFNR y2NXI{ RAAa(NRO didwasihdiated 205 Kmef Poneriisytiefitiedl asyhe 2 F
proportion of simulated data sets where P<0.05 in a test of equal mRS proportions between placebo and treatments groups (
Whitney U testwith continuity correction). Paramedr combinations that yielded powr estimates >99% were deemed
uninformative and removed.

®Effect size chosen to give approximately 80% power across N=al..0

®For each example sample size (n=50, 200, 100020@D) the proportion of that sample size required at the baseline level of
interobserver reliability k=0.25) is noted as 100%; the proportion of n that is required with improved interobserver reliability is
noted in each column as a percentage of thegirial sample size

“Proportion of n required (expressed as percentage of original sample size at baseline interobserver religbiy26) with use of
dichotomised endpoint (61 vs 26 / 0-2 vs 36 / 0-3 vs 46)
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Table5 - Sample size simulations using tPA (NINDSh@s) study dataset: effect of

multiple scores (mode / mean / median)

Power (SE)
Total Effect Summary
Sample Size Statistic [Proportion of N required to match power at N; = 1P
Size 01 K {
(N) Nag; = 1 Nag; = 2 Nag = 4 Nag; = 9
k=0.7 k=0.7 k=0.78 k =0.86
ky=0.96 ky=0.96 ky=0.97 ky=0.98
Mode 0.789 (0.004) 0.778 (0.004) 0.786 (0.004) 0.786 (0.004)
[100.0% [100.0%)] [96.4%)] [96.4%)]
50 0.8° Mean 0.789 (0.004) 0.808 (0.004) 0.840 (0.004) 0.868 (0.004)
[100.0%)] [92.9%)] [85.7%] [82.1%]
Median 0.789 (0.004) 0.808 (0.004) 0.804 (0.004) 0.786 (0.004)
[100.0%)] [92.9%)] [92.9%)] [96.4%)]

0.821 (0.004) 0.820 (0.004)  0.828 (0.004) 0.823 (0.004)
[100.0%] [99.8%] [98.6%] [99.0%]

1000  0.18 Mean 0.821 (0.004) 0.829 (0.004)  0.856 (0.004) 0.881(0.004)
[100.0%] [97.0%] [90.9%] [83.9%]

Median 0.821 (0.004) 0.829 (0.004)  0.832(0.004) 0.823 (0.004)

[100.0%] [97.0%] [96.4%] [99.0%]

Power estimates from simulated mRS studies under different combinations of sample size (N), effect kize (
adjudication panel sizeN,q) and associated reliability (unweightekiand quadratically weightec,, ), and method of
summarising mRS across adjudicators (mode, mean and median). The mRS proportions and underlying disabilit
distribution were based on the tPA (NINDS30rs) study. Each combination of N, | VyRasksimulated 10,000
times. Power iglefined as the proportion of simulated data sets where P < 0.05 in a test of equal mRS proportion:
between placebo and treatment groups (Mawhitney U test with continuity correction). Reliability represents the
agreement in modal mRS between two indepegwt panels of size j; When calculating the mode, ties were
resolved randomly. Parameter combinations that yielded power estimates >95% were deemed uninformative ant
removed.

®Effect size chosen to give approximately 80% power across N.@EN(not related to the effect size seen in the
original trial)

®For each example sample size (n=50, 200, 1000 and 2000) the proportion of that sample size required at the ba:
level of interobserver reliability k=0.25) is noted as 100%; the proportion of n that is required with improved
interobserver reliability is noted in each column as a percentage of the original sample size
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Table6 - Sample size simulations usimgXY05%tudy dataset: éfect of multiple

scores (mode / mean / median)

Power (SE)
Total Effect Summary
Sample Size Statistic [Proportion of N required to match power at N; = 1P
Size 01 K {
(N) Nag; = 1 Nag; = 2 Nag = 4 Nagi = 9
k=0.7 k=0.7 k=0.78 k =0.86
ky=0.96 ky=0.96 ky=0.97 ky=0.98
Mode 0.810 (0.004) 0.810 (0.004) 0.811 (0.004) 0.808 (0.004)
[100.0% [100.0%)] [100.0%)] [103.7%)]
50 0.8° Mean 0.810 (0.004) 0.816 (0.004) 0.825 (0.004) 0.836 (0.004)
[100.0%)] [100.0%)] [96.3%] [96.3%]
Median 0.810 (0.004) 0.816 (0.004) 0.811 (0.004) 0.808 (0.004)
[100.0%)] [100.0%)] [100.0%)] [103.7%)]

Mode 0.838 (0.004) 0.839(0.004) 0.840 (0.004) 0.840 (0.004)
[100.0%] [99.8%] [99.6%] [100.0%]

1000  0.18 Mean 0.838 (0.004) 0.836 (0.004)  0.841 (0.004) 0.848 (0.004)
[100.0%] [100.4%] [99.6%] [97.8%]

Median 0.838 (0.004) 0.836 (0.004)  0.838 (0.004) 0.840 (0.004)

[100.0%] [100.4%] [100.2%] [100.0%]

Powerestimates from simulated mRS studies under different combinations of sample size (N), effect 3jze (
adjudication panel sizeN,q) and associated reliability (unweightekiand quadratically weightec,, ), and method of
summarising mRS across adjudicators (mode, mean and median). The mRS proportions and underlying disabilit
distribution were based on the NZY059 study. Each combination af N, | )gdjﬁlastsimulated 10,000 times. Power
is defined as e proportion of simulated data sets where P < 0.05 in a test of equal MRS proportions between plax
and treatment groups (MaAWhitney U test with continuity correction). Reliability represents the agreement in moc
mRS between two independent paneld size Ny When calculating the mode, ties were resolved randomly.
Parameter combinations that yielded power estimates >95% were deemed uninformative and removed.

®Effect size chosen to give approximately 80% power across N.@tNL (not related to the effect size seen in the
original trial)

®For each example sample size (n=50, 200, 1000 and 2000) the proportion of that sample size required at the ba:
level of interobserver reliability k=0.25) is noted as 100%; the proportioaf n that is required with improved
interobserver reliability is noted in each column as a percentage of the original sample size
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Table7 - Sample size simulations usitige standard normal distribution effect of

multiple scores (mode / mean / median)

Power (SE)
Total Effect Summary
Sample Size Statistic [Proportion of N required to match power at ;= 1]b
Size 01 K {
(N) Nagj = 1 Nagj = 2 Nagj = 4 Nagj = 9
k=0.7 k=0.7 k=0.78 k =0.86
kw=0.96 ky=0.96 ky=0.97 ky=0.98
Mode 0.736 (0.004) 0.739 (0.004) 0.741 (0.004) 0.745 (0.004)
[100.0% [100.0%)] [100.0%)] [96.3%)]
50 0.8% Mean 0.736 (0.004) 0.748 (0.004) 0.756 (0.004) 0.758 (0.004)
[100.0%)] [96.3%)] [96.3%)] [96.3%)]
Median 0.736 (0.004) 0.748 (0.004) 0.746 (0.004) 0.746 (0.004)
[100.0%)] [96.3%)] [96.3%)] [96.3%)]

Mode 0.743 (0.004) 0.747 (0.004)  0.748 (0.004) 0.753 (0.004)
[100.0%] [100.0%] [99.0%] [98.0%]

1000  0.18 Mean 0.743 (0.004) 0.757 (0.004)  0.761 (0.004) 0.763 (0.004)
[100.0%] [97.6%] [96.29%] [95.8%]

Median 0.743 (0.004) 0.757 (0.004)  0.756 (0.004) 0.753 (0.004)

[100.0%] [97.6%] [97.8%] [98.0%]

Power estimates from simulatethRS studies under different combinations of sample size (N), effect sige (
adjudication panel sizeN,q ) and associated reliability (unweightekiand quadratically weightec,, ), and method of
summarising mRS across adjudicators (mode, mean and median). The mRS proportions and underlying disabilit
distribution were derived from the standard normal distribution. Each combination oftN, [ )gdjﬁlastsimulated
10,000 times. Bwer is defined as the proportion of simulated data sets where P < 0.05 in a test of equal mRS
proportions between placebo and treatment groups (MaWhitney U test with continuity correction). Reliability
represents the agreement in modal mRS between twadependent panels of size §y When calculating the mode,
ties were resolved randomly. Parameter combinations that yielded power estimates >95% were deemed
uninformative and removed.

®Effect size chosen to give approximately 80% power across N@tN

®For each example sample size (n=50, 200, 1000 and 2000) the proportion of that sample size required at the ba:
level of interobserver reliability k=0.25) is noted as 100%; the proportion of n that is required with improved
interobserver reliability is noted in each column as a percentage of the original sample size
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2.4. Conclusions

We found significant potential for reducing required trial sample size adiricreasing trial
power through improvingeliability of mRs assessmen#sreduction in sample size of Ao
25% was seen in each simulation with improvement of mRS reliability from bakeli@é to

k 0.5 ork 0.7.

Previous studies assessing théemrater reliability of the mRS have predominantly been
conducted in small, single centre studies with highly motivatedviddals. Inter-observer
reliability in a large scale clinical trial with the associated challenges; multicentre /
multicultural / assessors from different professional backgrounds and level of experience; is

likely to be poorer.

Simulations using real life mRS distributions from previous phase three clinical trials suggest
that improving intefrater reliability in mRS assessment mhgve paitive effects on sample

size. The use of multiple mRS assessments has similar beneficial effects in simulation.
Interestingly we see a plateau in this improvement at near perfect agreemefi,) 0.9

(0.99) andk 1.0). This is not seen in theimulations using a hypothetical normal
distribution. We propose that this is due to a statistical phenomenon; stochastic
resonance’'Y avylrftt tS@oSta 2F QOFINAFIOAfAdGE 2N
distributions that are not present in the smooth normal distribution which lowers the

agreement threshold at extremes of tlseale.

The potential loss of valuable mRS information where a dichotomised mRS outcome is used is
well documented®. Our simulations quantify the increase in sample size thatld be
required with dichotomisation at MRS boundaried,002 and 03. The optimal cut off for
dichotomisation is debated and often chosen arbitrdrifyand our data further support the
assertion that dichotomised mRS outcomes offer a sub optimal method of analysing acute

stroke dda and is statistically inefficient.

Studies with a sample size larger than necessary are economically and ethically unjustified.

The potential reduction in sample size seen in these simulations may have a substantial
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positive financial implication bumay also deliver important ethical benefits. We must
involve as few participants in research as necessary to provide the evidence required to
confirm or refute our hypotheses. In a standard phase Ill RCT of n=2000 the potential saving

might run to millioxs of pounds if the required sample size is cut by 25%.

We have demonstrated through simulations that there are benefits to be reaped if the use of
the mRS as an outcome measure can be optimisEidere are strengths and weaknesses to
this analysis. We sed two tial datasets to assess generabdity and found broad
agreement between results. However, although based on real life trial datasets, simulations
are no comparison to real life data. They allow us to speculate that there may be
improvements inrequired sample size but it remains to be seen if these benefits might

translate into real life economic and ethical savings in the future.
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Chapter 3

Themethodology, design and
conductof the CARS trial
Central Adjudication of
modified Rankin Sale
disability assessments In
acute stroke trials.

3.1. Introduction

The importance of a robust functional outcome measurednta stroke trials is evidenAs
we have discussed, the use of consistent and reproducible outcome scales has become &
mandatory elemenbf good trial desigh the most commonly used outcome measure being

the modified Rankin scale (M&S)

For many years, aided by the development of fast and easy data transfer through secure
electronic means, trialists in all medical fields have preferred to inckléetronic data
collection andremote adjudication of their chosestudy outcome where possibl€entral
reading of electrocardiograms, radiological images or mortality data is common practice in

randomised controlled trials (RCTs) and is encouraged where the data is ima tbat is
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easily transferred to an independent central adjudaraor adjudication conmittee. This
conveys several benefits including standardisation, quality control and reliable blinding.
There is also a reduction in the number of trial investigatasponsible for assigning
outcome, likely to reduce the variability in scoring (reduced endpoint misclassification) and
limit the chance of the study suffering the effects of type Il error in data anasipite the
trend towards the use of a functional outcome as the primary endpoint in acute stroke trials,
the concept of central adjudication of functionalitcome has not been exploreve sought

to investigate the feasibilityacceptability, validity andeliability of central adjudication of

modified Rankin sd¢a (MRS) assessments in a nudtitre trial setting.

3.2. The CARS studyCentral Adjudication of modifiedRankin Scale disability

assessments in acute stroke trials.

Il a@ANIdzI f ¢ Y die iridl @& perfotiied ko @QskasS thedpiadtizalities of using
centrally adjudicated outcomes as a primary trial endpoint. The study was designed and
conducted to emulate a typical contemporary acute stroke trmalt there was no
randomisation or interveribn. We aimed to clarify the extent of possible endpoint

misclassification andstablish the validity and reliability of mRS outcomes assigned centrally

Ethical approval for all study procedures was granted by Scotland A Research Ethics
Committee (08/MREE00/72) and Essex 2 Research Ethics Committee (08/H0203/147) for study
sites in Scotland and England/Wales respectiveljhe study was funded by the Chief

Scientist Office (CSO reference number CBZ/4/595) and was supported by the UK Stroke

Research Netwdr
3.3. Primary Research Questions

Our primary research questions were as follows;
Does central adjudication of video recordings of MRS assessments:

1. Provide a feasible method of measuring outcama multcentre trial setting?
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2. Offer a more accuratmeasure of outcome?

ADPS o 52S8a 2dzi02YS FNRY OSYidNIf FR2dzRAOI (A
with factors known to influence outcome (such as baseline NIHSS, glucose and blooc

pressure)

3. Allow measurement of morsubtle effects on atcome?
I.e. Through grading of outcomes within mRS categories?
3.4. Trial Design

3.4.1. Study Population

Participants with a diagnosis of acute stroke of any aetiology who presented within 48 hours
of ictus andwith a demonstrable deficit on the National Institgt®f Health Stroke Scale
(NIHSS) were consiaat for inclusion in the studyarticipants who hagrior disabilitywere

excluded from the study in line with standard practice for acute stroke treatment trials.

Inclusion and exclusioniteria are detailedn Figure 7.

Inclusion Criteria: 1. Diagnosis of Acute Stroke (ischaemic or haemorrhagig

2. Recruitment within 48 hours of stroke onset

3. Demonstrable deficit on NIHSS (greater than 1)

Exclusion Criteria: 1. Premorbid mRS score &3

Figure7 CARS study Inclusion and Exclusion Criteria

We aimed to recrui. minimum of 300 participant3.his sample size was chosen as it reflects
the minimum number of participants likely to be required in a phase IIl acute strokef@al

reperfusion strategy and could provide sufficient video assessments to enable us to evaluate
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the technique and its impact upon tridkesign.We expected over 240 final assessments after

accounting for mortality and withdrawals.

3.4.2.Consent Procedure

Participants were identified by a member of the treating clinical team as soon as possible
after admission to the stroke unitSuitable participants and/or their nearest relative were
approached by a member of the clinical team withreebdescription othe study.Where an
interest in participation was noted, a research team member explained the studyafudly
obtained informed consentConsent was sought as soon as possible after the stroke event in
order to assesghe practicalities of recrurhent to astudy of this nature However, as no
study specific procedures were involved within the initial days of admission, participants and

relatives were given up to 48 hours within which to decide.

Research trials in acute stroke drequently specifically degned to assist adults who are
unable to consent for themselveShis is because the inherent nature of stroke disease often
affects commurcation or cognitive abilitied-or this reason, where individuals were unable
to consent for themselves, assent fraarelative/ welfare guardian was soughin practical
terms the early procedures were indistinguishable from normal clinical care and only the
later study procedures wre considered more intrusivelf a participant subsequently
regained the ability to mvide their own consent they were asked to do so at fatéwllow

up visits and wergjiven the opportunity to discontinuparticipation inthe study if desired.

3.4.3. Study Centres

The study was cordinated from the University of Glasgow, based in the Institof
Cardiovascular and Medit Sciences, Western Infirmafyourteencentres were involved in

the study, six in Scotland and eight in England/Wales. The study was adopted by the UK
Stroke Research Network. StumBntres are detailed in Figure 8
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Scotland Aberdeen Royal Infirmary

Glasgow Royal Infirmary

Scotland A REC (08/MREO00/72)

Ninewells Hospital, Dundee

Southern General Hospital, Glasgow

Stobhill Hospital, Glasgow

Western Infirmary, Glasgow

Eng|and / Wales Countess of Chester Hospital, Chester

Cumberland Infirmary, Carlisle

Essex 2 REC (08/H0203/147)

Harrogate District General Hospital

Leeds General Infirmary

Royal Devon and Exeter Hospital

Royal Glamorgan Hospital

Wakefield (Pinderfields) Hospital

York Hospital

Figure8 CARS study centres

3.4.4. Study Investigators

Investigators at each site included medical staff, research nursing staff and allied health
professionals involved in theare of acute stroke patient®\ delegation log of investigaits
was held at each site and deg to the coeordinating centre All investigators were trained

and certified in the use of the mRS and NIHSS assessment through training€ampus
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internet based training and certification resourée'’”®. Investigators were visited at each
centre by a member of theo-ordinating study team to initiate the site and provide training
in the study procedures and equipment. Written guidance was preparecendded to all

investigators. (SeAppendix }

3.4.5. Study Procedures

Baseline data were collected at the time of ratment including demographics, stroke
subtype, NIHSS, medications, blood pressure, dloesults and imaging resultdNo
intervention or change to normal routine clinicare occurred during the studyEndpoint
assessments were performed as they wouldian interventional trial (MRS, NIHSS, Serious
Adverse Everst(SAE) medications and home time)lwo endpoint assessment visits were
carried out at 30 and 90 ¢a following the stroke evenihe sequence otdy procedures is
outlined in kgure Q@ Datawere recorded locally on paper case report forms and also entered

into an electronic case report form (eCRF) for remote s&t® the cerdinating centre.

Demographic Data Clinical Review Clinical Review
Stroke subtype mRs Assessment MRs Assessment
Baseline NIHSS NIHSS NIHSS
Medications ® Home Time ™ Home Time
Blood Pressure Medications Medications
Blood results SAE SAE

Imagingresults

Figure9 - CARS study procedure flowchart
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3.4.5.1.Baseline Factors know to affect stroke outcome

Baseline stroke severity is well recognised as a predictor of functional outcome after stroke.
Measurement of stroke severity using the NIHSS is the most useful marker to predict poor
functional outcomé’ *">. Hypertension is common in the stroke population and often
diagnosed only after peentation with a stroke evenfRegardless of whether hypertension
has been previously diagnosed or is found only at the time of admission, there is a well
documented association between baseline blood pressure and poor functional out¢dme

77 Diabetes is aecognised risk factor for stroke and similadysed admission blood glucose
level whether previously diagnosed as diabetes / glucose inholee or an incidental finding

is associated with poor functional outcord&*°.

We collected these data at baseline in order to compare local and centrally adjudicatéd mR
as an outcome measure relative to these factors previously known to be associated with

functional outcome.

3.4.5.2.The modified Rankin scale assessment

The mRS assessment was performed in standard fashion accordingtal practice at each
centre. Assessmeit G SNBE LISNF2NX¥SR Ay K2ALAGEE &1 NR:
homes depending upon their lotan at the time of follow upThe mRS was recordeging a

digital video cameraWhere a participant was unable to be involved in an interview, due t
significant disability or communicatiadifficulties, a proxy was use@he chosen proxy was a
NBfIFGABSE FTNASYR 2NJ KSFfGK OF NB LINEPJARSNJI ¢

capabilities.

The mRS video clip contained an image of theipigent and/or their proxy. The assessor
was not seen in the clip but their voice was audible. Anonymity was otherwise preserved.
The recommended position of the camera in relation to the participant andsassés

demonstrated in Figure 10
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Investigator

Camera

External Boundary [Canon Camera

Microphone > demonstrated]

Figure 10 - Recanmended position of participants camera and microphone for

MRS video assessment

The local investigatoassigned a mRS score foe patient andentered this into the eCRF

(the standard/ local MRS score). Where possible the investigator remained constant across
the follow-up period for a given patient, although we recogmigbat this wa not possible in

all cases, particularly in smaller sites with fewer iigegors. In centres where it vga
standard practice to perform a structured mRS interview area was made available in the
eCRF for entry of this scoré€he recorded mRS interview was uploadedhe €CRF tlmugh

an internet based portalThese assessments were then reviewed by themnating centre
according to a standard procedure, resulting in entry of the adjudicated mRS score (see

section3.4.6.2.
3.4.5.3.The NIHSS assessment

NIHSS assessments wegrerformed in thestandard fashion at each sitéll investigators

were trained and certified in the administration of this assessment tool.
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3.4.5.4.Home Time Assessment

As a relatively novel but previously validated stroke outcome mea¥ut¥ we included
Fd3aSaaySyid 27F 4l 2reémparatie Quicomk neasureHbrdeNting S a
measurement of the duration of time that a patient lives independently in the community
following a stroke eventThis is more useful than a simple measure of inpatient stay as
shorter hospital stay does not always reflextgood outcome and in many cases may be
associated with a poor outcome, for example death or early transfer to a long ter

institutional care facilityWe collected Home Time data at 30 and 90 day follow up visits.
3.4.5.5.Recording of Serious Adverse Events

Asan observational trial, recording of adverse events was not a legal requirement in line with
good clincal practice (GCP) guidelinddowever we aimed to cordinate the study in a
similar manner to a clinical intervention trial and therefore in order éateithe practicalities

of this as closely as possible we included collection of serious adverse €83 in our
case report form.An additional aim of SAE reporting was to help us to better identify
individuals where the video techniqu&as unsuitableor problematic. A serious adverse
event was defined as an event that: a) results in death, b) is life threatening, c) requires
hospitalisation or prolongation of existing hospitalisation, d) resultspersistent or

significant disability or incapacity e) consists of a congenital anomaly or birth defect.
3.4.5.6.Study Withdrawal / Completion

Study completion was indicated to the -codinating centre viahe eCRF after the 90 day
visit. Where a participant chose not to return for follow up thesere withdrawn from the
study. The date of last contact with the participant and a reason for withdrawal (where
availeble) was detailed in the eCRR.this case participants were asked if they were happy
for the data collected prior to withdrawal to be ed in analysis. If they chose to withdraw
consent entirely their data was not used in future analydisis was clearly documented in

the eCRF.
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3.4.6.Review of Video mRS assessments

The review of mRS video assessments wasrdmated through the web based pial by the

study outcomes manager.
3.4.6.1.Handling of mRS clips

After initial upload of a video clip throughélCARS web portal (see sectioa.8.3) the study
outcomes manager vwanotified by automated emailThe clip was assessed for bedcal

adequacy and amymity.

If the clip was deemed inadequate, either because of technical difficulties (e.g. poor sound
quality) or deficiencies in the mRS interview (e.g. inadequate information / questioning of
participant) a repeat was requested from the locavestigato by automated emailAny
participantidentifying information was removed by the outcomes manager using Windows
Movie Makef’ (Microsoft USA) video editing softwarlo other editing of video clips was
performed. The naturef any editing performed and threasors for thiswas recordedn

the eCRF
3.4.6.2.The CARS Endpoint Committee

The CARS endpoint committee was composed eésexperienced MRS assesséiswere
physicians with a clinical and academic interest in stroke medicine (three professors, two

clinical lecturers and two clinical research fellows).

Adequate mRS video assessments were distributed by the outcomes manager to a minimum
of four endpoint committee members for imgendent, blinded mRS scorindideo
assessments were scored fully blinded tb @her participant information.Where these
scores agreedthe collective endpoint committee mRS score was assigned for that clip.
2 KSNBE GKSNB glFa | RA&alFINBSYSyids GKS Of ALJ
endpoint committee for group revievand corsensus scoring where possiblEne mRS clip

review prdocol is summarised in Figure.11
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mFR5wideo assessment and local mRSerade uploaded to central portal
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Mo o - Edit clip to remowe participant identifying information
L]
fes
¥
mFR3 clip distributed to End Point Committes
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I
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Figurel1lmRS Video review process
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3.5. Technical Specifications

3.5.1.Video Equipment

The mRS assessment was recorded usingigh definition video cameralwo camera

systems were used during the study.

Initially a Canoh high definition camera was used (Canon HE10anon HF16Q Canon
HF206). This system required the use of an external omiinéctional condenser boundary
microphone (ATR97, Audiechnic®. Frequency response BI500Hz).A portable desk
tripod was used to mount the video camera (Hama Photo Traveller Compact Syifde
camera files were transferred to PC using an extet@B cableThe total cost of this

equipment was £700. (SeFigure 12

Figure12 Canorf Camera Equipment
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Later in the study we began to trial the use of a BLMho camera.This smaller and more
portable model included an in built microphone and USB connection allogveager ease of

file transfer.The total cost of this eqpment was £130. (See figure)13

Figurel3Flip® Camera Equipment

Twelve centres used the original Can@nequipment and twocentres trialled the FL&

equipment.

3.5.2.Video Conversion Software

In planning the study, we anticipated from prior pilot work that video clips would € 5
minutes in length and around-¥5 MB in size in MBG format.More modern camera
equipment was purchased for the CARS study which recorded video footage wgiitér hi
resolution in MTS formatThese MTS format video clips ranged from -P50 MB for a
similar length of MRS assessmeftlowing for NHS and Urersity network speeds these files
were too large to be uploaded over the internet in an acceptable time frame and therefore a
video conversion step was includedth the initial Canon cameraWe used AVS Video
Convertef Software, Online Media Technologies Ltd.. UKis allowed conversion of MTS
files to WMV files which were-55 MB in size and were easily viewed on any Windows

personal computer (PC) (MicrosBftUSA) with Windows Media Vidésoftware.
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Later in the study with the addition of the FLIP camera techrgpjothe file format was
updated.We began to receive AVI files which were of geaicreased size (1E800MB).In
response to this we undertook ferogramming of the web portal with the Robertson Centre
for Biostatistics and all files were able to be transést in a noaconverted format.This
allowed direct upload of the camera files to the-aalinating centre with much greater ease

and without the requirement for conversion software.
3.6. The CARS web portal

TheCARS web portal was developed with technical assistance from the Robertson Centre for
Biostatistics (RCB), University of Glasgdhe functionality of the web portal was planned

and designed by the study team and then constructed by the web design tedme &®CB.

The RCB were responsible for the administration of the many functions of the powdak
instruction from the study teamAll study documentation and links to training materials &er
accessible to investigatorafter enrolment, the portal wasised to generate an electronic
case report form (eCRHor each study participantThis facilitated remote entry of
participant details, NIHSS assessment scores, standard mRS assessment scores and upload
MRS video assessments for review by theotinaing centre. Secure access to the portal

was granted through the use of username and password, provided to authorised
investigators by the RCB, University of Glasgéigure 13 On first use, users were

prompted to change their password. Smart passwavdse required.

3.6.1.Investigator access to CARS web portal

Different functions of the web portal were available to study investigators allocayetthdir
role within the trid. This wasdesigned to ensure that data wekept secure, accessible by
the minimal number of investigators and to allow fullibtling of outcomes assessmefithe
various components of the portal and degree of access available to eacl slel are

detailed in figure 15
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Home
CARS You are logged in as: Kate McArthur

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Home

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke
Trials

Welcome to the web portal for the CARS study
#2002 Robertzon Centre for Biostatistics, Boyd O Building, Univarsity of Glasgow, G12 800

Tel: +44 {0)141 330 4724

Location  University of Glasgow

Figurel4d- The CARS Web Portal

Portal function Access available to:
Study documents 1 All users
Study Protocol
Participant and Relative information sheets
Consent documents
Paper case report forms

Electronic Case Report forms (eCRF) 1 Outcomes manager
Electronic entry of participant data - able to view all sites
1 Local investigators

- able to view local site

Endpoints 1 Outcomes manager

Assessment of mRS video clips - able to see all clips

Diary to prospectively record periods when 1 Endpoint committee members

unavailable - able to seelips for individual review
and group review if misclassified

Training 1 All users

Links to internet based training and certification
modules in NIHSS and mRS

Profile 1 All users
Link to change password

Figurel5CARS web portaFunctions and User Access.
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3.6.2. Electronic Case Report form (eCRF)

Standard paper case report forms were used for each study participant, stored locally and
completed at the time of the sidy visit by the investigatoiThese data were also entered
into the e@RF, available to all local investigagdhrough the CARS web portdhis allowed
automatic entry of source data tour database, held by the RC&s far as possible all data
were entered using drop down menus or tick boxes to minimise possible respdimsgs,
human error and aid data analysig/here free text was more practical or necegsthis was
available. Any change / correction made to the data after initial entry was archived and the
investigator making the change was required to state a redeothis in line with standard

data monitoring practice.

3.6.3. Endpoint Assessment

Endpoint assessment was performed by a committee of academics with a clindal an
academic interest in stroke. All hagktensive experience in administration t#ie mRS

assessmenand many hadbeen involved in prior mRS reliability research.

One member of the endpoint committee haddaial role as outcome managefter initial
review of each clip for technical adequacy this member distributed the clips to a minimum of
four endpoint committee members.This was done in raunsystematic mannerWhere
endpoint committee members were unavailable to review clips for any period of time they
could note this in the web portal to ensure that they did not appear on the list of potential
reviewas at the time of distributionThe aim of this was tonsure timely review of all clips,

our target was to ensure all clips were adjudicated within 7 days of upload to allow for repeat

assessment or further information where clips were contentious

After allocation of an mRS clipndpoint committee members were alerted by automated
email. They were prompted to log in to the web pal to view and score the clifonce all

four reviews were in place the portal was programmed to recognise any discrepancy in
scoringamongthe four endpoint committee opiniondf all scores agreed then the clip and

corresponding scores were aiigkd securely in the databask.there was any disagreement,
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seven members of the endpoint committee to alert them all to log in and review the clip.

Regular endpoint committee meetings were arranged by the outcomes manager as a forum
to discuss the misclassified clips and reach a consensus score pgssible At the endpoint
committee meetings each member attended with a note of their sscaad comments for
discussionAccess to the CARS web portal was available for entry of scores and comments.
The misclassified clips wesesailable via the podl for review if the committee members

wished to review the clip collectively in order to facilitate discussion and scoring.

As the study progressede expanded the facility to store endpoint committee scores in
order to facilitate endpoint committee disission.Initially the portal had the facilityto
acceptonly the four original committee scores and a consenstma. We expanded this to
allow all seven members to enter a score at the stage of full committee review and also
provided a comments box faach committee member to use if there were specific details
about the clip that were contentious or guided their scoring decision. In the later stages of
the study all of these details were available through the portal for endpoint committee
meetings. Thse alterations were devised to help facilitate remote discussion in cases where

endpoint committee members were not available to attend.

Where a score was allocated after committee discussion it was noted if this score was
allocated with unanimous or neananimous committee agreement in order to highlight the
most controversial clips. Where no score could be allocated due to inadequate technical
guality or inadequate interview consideration was given to request further information from
the local site or aepeat assessmenihere was a link next to each assessment in the web

portal to email the investigator directly in the case of any queries.
3.7.Conclusions

The CARS study was designed to emulate a typical phase Ill RCT in acute stroke, similar
recent larg studies investigating reperfusion or neuroprotectant agents. We have designed

a facility to incorporate central adjudicanoof MRS assessments within an acute stroke trial
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and a process for providing adjudicated endpoint blinded to the original / lotas
assessment. We aim to examine the benefits of such an outcome strafiégyresults of the
study programme are presented in the following chapters. We aimed to assess the benefits
of central adjudication of MRS outcomieserms offeasibility of ollecting this datgChapter

4) together with an assessment of the reliabil€hapter 5)and validity (Chapter 6)of the

outcomes recorded.
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Chapter 4

Feasibility: is acentral
adjudicationmodel feasible?

4.1. Introduction

As a novel method of collecting modified fRan outcome data, w aimed to establish
whether central adjudication of locally recorded mRS assessments can be perfornaed
multicentre trial setting In this chapter we will discuss the practical details of conducting the
CARS studyt will detail the recruitment, data collection and central adjudication processes

to examine the feasibility and acceptability of using this model in future stroke trials.

4.2. Results

4.2.1. Study Sample

2S AS0O dzld | doReithdl adzboss UK Hospiaidbirteen (stNdy centres were
included in the CARS study; six in Scotland (ethical approval granted by Scotland A Researc
Ethics Committee on {2November 2008) and eight in England / Wales (ethical approval
granted by Essex 2 research ethics committe@8hJanuary 2009).

4.2.1.1.Recruitment

Three hundred and seventy three participants were recruited to the stiRBcruitment
began at the cardinating centre and extended to all fourteen sites as each centre received
training and achieved local reseh anddevelopment approvaRecruitment commenced on

17" December 2008 and completed on"3Beptember 2010Table 8details the date each
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centre commenced the study, the majority joined in a six month period between May and
October 2009The final day 9@ollow up visits were completed idanuary 2011 The number
of participantsrecruited by month as the trigbrogressed is detailed in Figure .1@otal

recruitment at e&h site is detailed in Figure 17

Of 373 participants recruited were excluded from anadis.One was later found to have a
diagnosis other than stroke (demlnating disease) and twwithdrew their consent and

asked to have thir data removed from analysis.

Table8 Date for firstparticipant recruited at each site

Site Date first participant recruited
SCOTLAND

Aberdeen Royal Infirmary 15.07.09
Glasgow Royal Infirmary 10.02.09
Ninewells Hospital, Dundee 19.01.10
Southern General Hospital, Glasgow 22.12.09
Stobhill Hospital, Glasgow 08.05.09
Western Infirmary, Glasgow 17.12.08
ENGLAND AND WALES

Countess of Chester Hospital, Chester 28.06.09
Cumberland Infirmary, Carlisle 19.03.10
Harrogate District General Hospital 10.09.09
Leeds General Infirmary 21.08.09
Royal Devon and Exeter Hospital 28.07.09
Royal Glamorgan Hosptal 16.10.09
Wakefield (Pinderfields) Hospital 01.10.09
York Hospital 19.08.09
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4.2.1.2.Consent

All participants provided written informed consent or where a participant was unable to do
S0, proxy consent from their nearest relative was used. 46 participante weluded with
proxy conseh Participants included with proxy consent were slightly older than those who
gave their own consent (mearD.5years verss 67.4years).Stroke was more severe in the
group who were included with proxy consent (meaasbline NIHSSbNIHSS%.8 versus
11.8), indicating communication difficulties or other incapacitating symptoms at the time of

the index event.

Of the 46 included with proxyoasent, 30 completed the studgeven were withdrawn due

to a serious adversevent.In this group we see the mosegere strokes (mean bNIHSS 18.3).
The nine participants who chose to withdraw from the study after initial proxy consent were
younger than those completings§.1 years versus 70.6 year§)ne of the participants
included with proxy consent actively withelw consent fo use of data during the studyge

and stroke severity of the participants included with praxoysent are detailed in Table 9

Table9 Age and Stroke Severity of participants included with own consent / proxy

consent
N Range Mean (SD) Median (IQR)
Age (years)
All 373 22¢99 67.8 (13.0) 69 (6077)
Own consent 327 22¢ 99 67.4 (13.2) 69 (5977)
Proxy Consent (All) 46 37¢ 88 70.5 (10.6) 71 (6776)
Proxy Consent (Completed) 30 45¢ 88 70.6 (9.6) 72(67-76)
Proxy Consent (Withdrew) 9 37¢ 86 66.1 (15.2) 68 (6671)
Proxy Consent (SAE) 7 67¢ 83 75.6 (6.4) 77 (7280)
Baseline NIHSS
All 373 0-23 5.6 (4.8) 4 (27)
Own consent 327 0¢21 4.8 (3.8) 3 (26)
Proxy ConsenAll) 46 2¢23 11.8 (6.4) 11 (*17)
Proxy Consent (Completed) 30 2¢22 10.8 (6.2) 10 (617)
Proxy Consent (Withdrew) 9 3¢22 10.3 (6.0) 9 (613)
Proxy Consent (SAE) 7 15¢ 23 18.3 (3.1) 18 (1620)
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4.2.2.Demographicsand Baseline Characteristics

61.4% (227/370) of participants were male with a mg&D) age of 67.8 (13.2) yeaihe

participants ranged from 22 years to 99 years old.

Most participants had an excellent functional status prior to involvemienthe stuly. The
majority had a premdbid mRS of 0 (75.5%, 269/370here wereten participant recruited
with a premorbid mRS of 3 antwo participants recruited with a prenorbid mRS of 4 in

violation of the protocol.

Stroke severity in the study population wasld. Baseline NIHSS ranged from 1 tovidgh a

mean (SD) of 5.6 (4.8)edian baselineNIHSS was 4, IQR72The distribution of stroke
severity by the Oxford Classification was as follows: Total Anterior Circulation Stroke (TACS
12.7%, Partial AnterioCirculation Stroke (PACS) 41.6%, Posterior Circulation Stroke (POCS)
14.9% ad Lacunar Stroke (LACS) 30.8%oke side was equally distributed, left hemisphere
affected in 50.2%, right hemisphere affected in 49% and both sides affected in 0.8%.

Strokerisk factors were widespread.4.9% (55/370) had history of previous stroke0.3%
had a preexisting history of atrial fibrillation or were found to be in atrial fibrillatiat the
time of presentationA history of smoking (65.1%40/370, hypertension55.6% 205/370),

hyperlipidaemia (39.2%145/37Q ischaemic hart disease (28% 80/370 or diabetes
(14.19%52/370) was highly prealent in the study populatior21.6%(80/370)of participants

had a family history of stroke.

The baseline blood pressuranged from 96/45 mmHg to 232/140 mrgHvith an average
reading of 152/8tnmHg. There were 29 missing values for admission blood glucose. The
mean (SD) glucose level was 6.7 (1.4) mmol/l, ranging from 3017. Demographicedails

are summarised in Tédb 10
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Table10Baseline Demographic CharacteristeSCARS studparticipants

Baseline Bmographics of CARS study participan{e=370)

Age (years) Mean (SD) 67.8 (13.2)
Median (IQR) 69 (6077)
Range 2299

Sex Male 227(61.4%)
Female 143 (38.6%)

Oxford Classification TACS 47 (12.7%)
PACS 154 (41.6%)
POCS 55 (14.9%)
LACS 114 (30.8%)

Side of Stroke Right 187 (50.2%)
Left 180 (49%)
Both 3 (0.8%)

Pre Morbid mRS Mean (SD) 0.9 (1.25)
Median (IQR) 0 (0¢ 0.25)
Range 0¢c4

Baseline NIHSS Mean (SD) 6.2 (4.8)
Median (IQR) 4(2¢7)
Range 1-23

Blood Pressure (mmHg) Mean (SD) 152/81 (33/18)
Median (IQR) 150/80 (132/76170/92)
Range 96/45 ¢ 232/140

Blood Glucose (mmol/l) Mean (SD) 6.7 (1.4)
Median(IQR) 6.0 (5.27.1)
Range 3.1¢20.7

Risk Factorgn= (%)) Smoking Current 124(33.5%)

Former 117(31.6%)
Never 129(34.9%)

Alcohol Excess 26 (7.0%)
Hypertension 207 (55.9%)
Hyperlipidaemia 145(39.2%)
Previous Stroke 55(14.9%)
Peripheral Vascular Disease 20(5.4%)
Atrial Fibrillation 75(20.3%)
Family History 80(21.6%)
Diabetes 52(14.1%)
Ischaemic Heart Disease 80(21.6%)

4.2.3.Trial Termination

A considerable proportion of the study population did not complete all follow up visits. Of
the 370 participants included in analysis, 267 completed 90 days of follow up. 65 participants
did not return for 30 day follow up. In 10 cases this was due taiauseadverse event (SAE).

38 further participants withdrew after 30 day followp, six due to an SAE. Figure d&d

Table 11 describe the flow of participants through the study and detail the reasons for trial

termination.
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9 missed 30 day visit

Reason for loss of visit
Unwilling to continue
(n=39)
Lost to follow up (n=10)
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Investigator absent (n=3)
SAE (n=10)
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Figurel8 - Flow diagram of participant follow up

267 visits

- 90 day visit

Follow up complete

Reason for loss of visit
Unwilling to continue
(n=21)

Lost to follow up (n=6)
Non-compliance (n=2)
Investigator absent (n=3)
SAE (n=6)

L> Death n$6
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Table11 Trial TerminationDetails for participants who attended at day 30, day 90

or did not attend either visit

Trial Temination Day 30 visits Day 90 visits No visits Total
(n=296) (n=267) (n=69
Study Completion 258 267 0 267
Subject unwilling to continue 21 0 39 60
Lost to follow up 6 0 10 16
SAE 6 0 10 16
Non Compliance 2 0 3 5
Subiject violated protocol 0 0 1 1
Investigator terminated participation 0 0 0 0
Subject withdrawn consent for use of data 0 0 2 2
Investigator absence 3 0 3 6
Total 296 267 68 373

Six participants were withdrawn from the styddue to investigator absenceéd single

investigatorat one site was unavailabléor several months due to ill healtleading toa

number of follow up visits being omitted.

Stroke severity and baseline demograpbltaracteristicsvere similar in participants who

completed versugarticipant chosemwithdrawals. Thles 12 and 13

Tablel2 Stroke severityof participantsat baseline, 30 days and 90 days in each

follow up group

Follow up Complete No visits 30 day visit only
(n=267) (n=52) (n=29)
Baseline mRS Mean (SD) 0.37 (0.76) 0.5(0.92) 0.79 (1.11)
Median (IQR) 0 (00) 0 (01) 0 (01)
Range 0-4 0-3 0-4
Baseline NIHSS Mean (SD) 5.39(4.53) 4.63 (3.36) 5.83 (5.43)
Median (IQR) 4 (27) 4 (26) 4 (2-6)
Range 0-22 1-17 0-22
30 day mRS Mean (SD) 2.24 (1.21) 2.21 (1.26)
Median(IQR) 2 (1:3) 2 (1:3)
Range 0¢5 0-4
30 day NIHSS Mean (SD) 2.83 (3.64) 1.5 (24.25)
Median (IQR) 2 (1-3) 2.50 (2.41)
Range 0¢g22 0-8
90 day mRS Mean (SD) 1.91 (1.20)
Median (IQR) 2 (1:3)
Range 0¢5
90 day NIHSS Mean (SD) 2.14(2.83)
Median (IQR) 1(3)
Range 0¢19
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Tablel3Baseline Demographic Characteristics of participants in each follow up

group
Both Visits No visits 30 day visit only
(n=267) (n=52) (n=29)
Age (years) Mean (SD) 67.7 (12.7) 69 (12.4) 65 (15)
Median (IQR) 69 (6077) 68 (60.870.5) 63 (5679)
Range 22-99 4392 37-90
Sex Male 163(61.0%) 28(53.8%) 21(72.4%)
Female 104 (39.0%) 24 (46.2%) 8 (27.6%)
Oxford TACS 31 (11.6%) 7 (13.5%) 2 (6.9%)
Classification
PACS 106(39.7%) 21 (40.4%) 16 (55.2%)
POCS 45 (16.9%) 8 (15.4%) 3 (10.3%)
LACS 86 (32.2%) 16 (30.8%) 8 (27.6%)
Side of Stroke Right 134(50.2%) 24 (46.2%) 22 (75.9%)
Left 131 (49.1%) 28(53.8%) 6 (20.7%)
Both 2 (0.7%) 0 (0%) 1 (3.4%)
Blood Pressure Mean (SD) 153/81 (27/16) 150/83 (27/17) 148/81 (28/17)
(mmHg)
Median (IQR) 158/80 (133/70- 143/80 (130/68¢ 143/80 (129/71¢
170-90) 167-95) 161/92)
Range 98/45 ¢ 232/140 96/47 ¢ 226/118 97/49 ¢ 230/119
Blood Glucose Mean (SD) 6.7 (2.4) 6.6 (2.9) 6.4 (2.5)
(mmolll)
Median (IQR) 6.7 (5.27.1) 5.6 (5.26.6) 5.8 (5.3¢ 6.5)
Range 3.1¢19.9 3.8¢20.7 4¢15.3
Risk Factors Smoking Current 86 (32.2%) 22 (42.3%) 15 (51.®%)
Former 81 (30.3% 13 (25%) 16 (55.20)
Never 100(37.5%) 17 (32. %) 8 (27.6%)
Alcohol Excess 15 (5.6%) 4 (7.7%) 5 (17.2%)
Hypertension 147(55.1%) 31 (59.68%) 23(79.3%)
Hyperlipidaemia 108(40.4%) 21(40.%%) 12 (41.8%)
Previous Stroke 43 (16.1%) 9 (17.2%) 3 (10.2%0)
Peripheral Vascular 13 (4.9%) 5 (9.70) 3 (10.3%)
Disease
Atrial Fibrillation 54 (20.2%) 12 (23.1%) 7 (24.1%)
Family History 60 (22.5%) 11 (21.2%) 6 (20.7%0)
Diabetes 45 (16.9%) 4 (7.7%) 3 (10.3%)
Ischaemic Heart 58 (21.8%) 12 (23.1%) 7 (24.1%)
Disease
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4.2.3.1.S*riousAdverseBvents (SAES)

As stroke severity was Hiin the study population SAEgre infrequent. There were fifteen
deaths. Sixteenparticipans were withdrawn due to an SAEhirteen patiens (3.5%)had a
recurrent cerebrovascular event during tiséudy period. The recorded SAEs are detailed in
Table 14

Tablel4 Serious Adverse Events

Serious Adverse Events

Death 15
DVT/PTE 5
Elective Procedure 2
Endarterectomy 5
Fall 6
Unrelated lliness requiring admission 18
MI/CCF/AF 7
Pneumonia 9
TIA/Stroke/New Neurology 13
t Q4 6AGKRNI gy RdzS G2 {! 16
Total 80
4.2.4.1maging

All patients had brain imagin®6.8%(358/370)had initial CT scanning and 13.248/370)
had MRI. The majority of participants had ischaemic stroke (94.9%, 351/370). 27.3%
(101/370) of participard had normal imaging on CT and in 10 cases this was confirmed with

a normal MRI scan.

Carotd Doppler studies were performed in 73.2% of participants (271 / 370). In some cases
an alternative modality of carotid imaging wasrformed (CT or MR angiographgndin the
remainder no carotid imaging was done. We did ndtemb data regarding carat imaging

other than Doppler ultrasound Severe catid stenosis was found i86 participants, in 14
cases these were symptomatic stenosef&ive carotid endarterectomieswere recorded

during the study periodDetails ofimaging are described in Table.15
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Tablel5Imagingg Frequency of CT, MRI and Carotid Dopgl#trasoundstudies

and Results
CT Brain Normal 101 (28.2%)
(n=358 [96.8%]) Primary Intracerebral Haemorrhage 18 (5.0%)
Subcortical Infarction 95 (26.5%)
Cortical Infarction 95 (26.5%)
Posterior Circulation Infarction 48 (13.4%)
Other 32 (8.9%)
MRI Brain Normal 10 (20.4%)
(n=49 [13.2%)]) Primary Intracerebral Haemorrhage 1 (2.0%)
Subcortical Infarction 11 (22.4%)
Cortical Infarction 14 (28.6%)
Posterior Circulation Infarction 11 (22.4%)
Other 11 (22.4%)
Carotid Doppler USS Right | Normal 196 (72.3%)
(n=271 [73.2%]) Mild Stenosis 33 (12.2%)
Moderate Stenosis 18 (6.6%)
Severe Stenosis 10 (3.7%)
(Symptomatic Side n= 3)
Occlusion 14 (5.2%)
Left Normal 200(73.8%)
Mild Stenosis 35 (12.9%)
[Grading of severity of carotid Moderate Sten95|s 14 (5.2%)
stenosis was athe discretion | S€Vere Stenosis 16 (5.9%)
of each investigating team (Symptomatic Side n=11)
based upon local protocols] | ©cclusion 6 (2.2%)

4.2.5. Medications

Consistentwith the high prevalence of stroke risk factors in the study population, a
substantial proportion of participants were prescribed primary preatine medications at
baseline At the time of recruitment 41.4% (153/370), 55.4% (205/370) and 44.3% (164/370)
of the studypopulation were taking aspirin, antihnypertensive treatment astdtin treatment
respectively. At follow up there were increased rates of prescription of all opelary
preventative treatment.The rate of antiplatelet prescription with aspirin and dypiriddeno
dual therapywas greatst at 30 days. At 90 dayke proportion of participants taking
monotherapywith clopidogrel was greatelhe rate of warfarirprescriptionincreased from
7.3% (27/370) at baseline to 27% (72/267) at 90 d&fes did not collect dta regarding rates

of new atrial fibrillation at follow up.The rate of antihypertensive prescription and statin
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prescription inceased at each follow up visitA summary of secondary preventative

medication is detailed in table 16

Table16 Frequency of secondary preventativeedicationprescription at each

study visit
Baseline (n=370) 30 days (n=289) 90 days (n=267)

Aspirin 153 (41.4%) 188 (65.1%) 155 (58.1%)
Dypiridamole 20 (5.4%) 108 (37.4%) 89 (33.3%)
Clopidogrel 19 (5.1%) 45 (15.6%) 46 (17.2%)
Warfarin 27 (7.3%) 63 (21.8%) 72 (27.0%)
LMWH 1 (0.3%) 8 (2.8%) 2(0.8%)
Thrombin Inhibitor 0 (0%) 1 (0.3%) 1 (0.4%)
Antihypertensives 205 (55.4%) 194 (67.1%) 190 (71.2%)
Statins 164 (44.3%) 241(83.4%) 229 (85.8%)

4.2.6.Home Time

Home time wagecordedat 30 and 90 daysdome times were clustered at high and low
levels, a reflection of the mild stroke population being discharged very early avgall
proportion having a more prolongel@éngth of stay in hospitabr rehabilitation after more

severe stroke

The average home time at 30 and 90 days wa$ a6d 65.8 days respectively. each case
there was a full range of possible home time-30 days or @ 90 days) and the median (IQR)
was 22 (g 26) and 82 (5% 86). Cumulative Frequency distribution of 90 dagnie time is
displayed irFigurel9.
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4.2.7. mRSassessment Videos

Five hundred and sixtythree mRS video assessments were uploaded for reviemelve
centres used the original Canon HF100© camera and two esntised the Flip Mino©
camera.Interview duration ranged from under one minute 24 minutes; mean (SD) 5mins

32 seconds (3mins 2@cords), median (QR) 4mins 47seconds (3mins 9 secomdsmins 6

seconds)Figure 20
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Figure20- mRS video length (minutes)

File sizes ranged from 1920KB to 116098KIBMB) mean (SD) 1823 (1645XB. (Table
17) Smaller files were received where theiginal Canon camera was usedese files were
converted to a compressed file type priorapload. Five hundred and thirty eight clips were
scoredby the adjudicating committeeThe reasons for missing adjudicdtscores will be

discussed in section28.1.

Tablel7 File size and duration of video mRS assessments

File Size (KB Mean (SD) 18230 (16453)
Median (IQR) 13152 (851@; 20635)
Range 1920¢ 116095

Clip Duration Mean(SD) 05:29 (0:14)

(mins:secs) Median (IQR) 04:45 (03:09; 07:03)
Range 00:52¢ 23:51

Editing for anonymity was required in thirty nine (7.2%) mRS assessments due to mention of
participants formame, surname or date of birtiA proxy was used in the assessment in 106
(19.3%) assessmentk the majority of these clips both the participant and a proxy were
used to provide the interview foclarity andcorroboration of detailsThe full interview was

provided by a proxy in onl®2 (4.1%Yxasesln 14 of these the mRiterviewwas conducted
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with a member of the clinicateam involved in the participa@ daily care (nurse /
physiotherapist / occupational therapist / doctor) amd8 the mRterview was conducted
with the partigpant@ relative or informal carefThere was language disorder noted 145
(20.7%) assessment videddie majority of assessments were filmed m @utpatient clinic
setting (389 clips, 72.3%Eighty six assessments (16.0%) were filmed in the partitspan
home and sixty three (11.7%) were filmed in arevaetting prior to dischargelo assess the
level of premorbid disability in line with the prenorbid mRS score it was noted how many
clips involved a discussion ofigr disability. There was no mentiowf previous functional
limitations in 415 clips (77.1%)n 14 clips there was mention of previous stroke (43
participants who attended both follow up visits had a docunteel history of prior stroke)ln
109 clips there was mention of other -toorbidity dfecting premorbid function (arthritis,
respiratory or other cardiovascular illnesdpetails of ideo clips scored are shown iadle

18.

Tablel8 Details of video mRS assessments

Proxy No proxy 432 (80.3%)
Participant provides full intefew
Proxy provides full interview 14 (2.6%)
Clinicalstaff
Proxy provides full interview 8 (1.5%)
Relative
Participant and proxy 84 (15.6%)
Both provide interview together
Language Disorder | Yes 145 (27.0%)
No 393 (73.0%)
Discussion of prior None 415 (77.1%)
disability Yesg previous stroke 14 (2.6%)
Yesg other comorbidity 109 (20.3%)
Location Hospital Study Visit / Clinic 389 (72.3%)
Inpatient / Care facility 63 (11.7%)
tFd0ASYyiQa K2YS 86 (16.0%)
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4.2.8. Adjudicationof mRS videos by Endpoint Committee

96% (538/563) of study visits resulted in an adjudicated mRS score.

The majority of mRS assessments were performed using a traditional, unstructured
approach. 45 structured mRS scores were recorded at 30 days antr@8wed mRS scores

were recorded at 90 days. Structured mRS scores were limited to six sites, in four of these all
study visits recorded an mRS score at 30 and 90 days, in two sites there were structured mR¢
scores recorded in some study visits only.eQ@ite recorded structured mRS at 30 days only

in 8.2% (4/49) of participants. One site recorded structured mRS at 30 and 90 days in 30.4%
(7/23) and 26.1% (6/23) of participants at each time point. An adjudicated mRS score was
available in88.9% (40/45and 92.9% (26/28) of MRS assessments where a structured mRS

was recorded at 30 and 90 days respectively.
4.2.8.1.Missing adjudicated scores

Technical failures were responsible for the majoofymissing adjudicated score$he clips
where technical failure pduded scoring were recorded early in the study; median (IQR) 159

(112-221) days into study [Total study days Median (IQR) 510%88§.

Poor audio was encountered in nineteen clips (3.4%), rendering scoring impractealein
(1.2%).A repeat assessent was requested by the adjudicating centre in 15 cases (217%).
six cases a duplicate clip waslagded in error.In two casesan accessory file (.exe) was
uploaded instead of the video filéAt one centre there were a number of video clips stored
on the camera which were not uploaded to the-oadinating centre immediately. hese
assessments were losivhen the camera malfunctionedin two cases the camera or
microphone battery diedduring the assessmentinterview, resulting in an incomplete

assessmein The reasons for missing adjudicatembres are detailed in Table.19
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Tablel9Reason mRS video unable to be scored by endpoint committee

Reason(n) Day 30 {otal n = 296) Day 90(Total n= 267
Poor Audio 5 2
Duplicate Clipploaded in error 1 5
Camera Malfunctiomg data lost 5 -
Incorrect (assessory) File type uploaded in error 2 -
Incomplete Assessment (battery failure) 1 1
Committee Unable to reach consensus 2 1
Total 16 9

4.2.8.2.Time to adjudicated mRS score

The timetaken to complete the adjudication process varied substantially during the study.
We were unable to meet our target of timely R$ adjudication within 7 day&ach
committee member (CL7) entered scores at their convenience and in many cases
committee menbers waited for several clips to be ready for scoring beforggasyy MRS via

the web portal. Committee members C1, C2 and C3 chose to schps as they were
allocated. Committee members C6 and C7 saved large numbers for scoring in batches,
resulting ina considerabledelay in scoring some clipfhe median number of days to scoring

for each conmittee member is displayed in Figure .2X0nce misclassified, the adjudication

committee assigned a final score within &dman (IQR) of 21 (137) days.
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Adj mRS (n=293 21 (IQR 137)
C1 (n=343)| 0 (IQR &)
C2 (n=341)] 1 (IQR €B)
C3 (n=339) | 1 (IQR €B)
C4 (n=324) 13 (IQR &9)
C 5 (n=328) 14 (IQR 7222)

C 6 (n=266) 35 (IQR 1480)

C 7 (n=255) 84 (IQR 53.16)

0 20 40 60 80 100

Figure 21 Number of days (median and IQR) to mRS score entry (Committee

members C1 to C 7 and final adjudicated mRS score)

4.3. Discussion

431.¢KS da/!'w{¢ 6S0 LIEZ2NIIf

The central adjudication model relies upon the appropriate IT infrastructureugport
transfer and timely scoring of local MRS assessm&stan exploratory trial designed in part

to assess the feasibility of the central adjudication model, we were prepared to make
changes as challenges arose. During the course of the trial wefietbdspects of the trial

protocol and data collection processes in response to initial experience.

432.¢KS &/ ! w{ ¢ cespsriencédd iNgdtigators

Each centre received face to face training in the use of the video equipment angonteih
Written material (See ppendix A) was also provided together with remote advice and
assistance from the trial outcomes manager by email and telephone. We encountered very

few problems and in general received very positive feedback from investigators.
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4.3.2.1.Data ently changes

During the course of the trial the outcomes manager had several meetings with the web
design team at RCB in order to discuss experience of the portal design and makescttang
improve data collectionGiven the large amount of data collected tire CARS portal we
encountered very few issues and made only minor changes to the collection of laboratory,

imaging anchome timedata.
4.3.2.2.Laboratory results

In the initial design we entered limits for each laboratory value which were considered
physiologicdy plausibleas a safeguard against data entry errds an observational study

we did not specifically request that certain bloodste were done in the protocoWe
expected that the laboratory parameters that were included in the CARS study would be
tested ubiquitously in all centres, however this was not the case and in some centres there
were no values available for certain fields in the web page (most commonly blood glucose).
We also found that our physiological limits were too narrow for the bloagage field,
where a patient had a blood glucoseesultat the extremes of physiological parameténgse

data could not be entered.

The web page had originally been designed so that the page could not be saved until all fields
were complete, again to $eguard against error and missing data. However, we quickly
found that this feature was in fact reducing the completeness of data collection as some
investigators were unable to save and progress though the form where there were missing
data. We made chages to widen the data entry limits for blood glucose and to allow any
RIdlF SyGdSNBR G2 0SS &k gSRo 2S faz AyOf dzR

could be acknowledged as complete despite missing data.

Each form of the eCRF was colour abde the summary view foeach centre Once a form

gl & aO02YLX SiSé¢ rmickabged fribry dreeriité blud s calourfcBange served

as a visual prompt to investigators to ensubhat data entry was completélhe colour of the

box which was seleBtR F2NJ S OK F2NX 2y GKS S/ wC RAR
TAStRa 6SNB FAEESRE SAGKSNI gAGK + @ fdzS 2N
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4.3.2.3.Imaging results

In the initial design of the web portal we had not considered the heterogeneous design of
radiology sevices acrossarioussites.Based upon our local experience we anticipated that
most imaging results would be available within a fairly short time frame. Delays in accessing
imaging services and reporting of examinations egrconsiderablyamong sites. Imaging
results were included in the baseline eCRF, usually completed withinrgte#72 hours of
enrolment. Again, as an observational study we did not stipulate that reportstnie
available for enrolmentParticipants could be enrolled on the basis of a clingttagnosis
without imaging.We made changes to allow entry of imaging data retrospectively at future
follow up visits and again to allow the form to be saved at an early stage with data awaited or
0KS ay20 R2Yy S#o rebuitSvioltd ba &pe@tiOThiSvikas okt common in the

carotid Doppler seton due to varied practices iinequency and modality of carotid imaging.
4.3.2.4.Home Time

Home time is the number of nights that a participant spends back in their own home
between enrolment and the follow upisit; in CARS at day 30 or day®0In many cases this
was simply the number of nights between discharge and follow up, however in somee icas
was more compleand collection of theséata in a standardised fashion withing eCRF was

challenging.

The following is an example of how home time is calculated for illustrative purposes. A
participant is enrolled on day 0 and followed up on day 30 and day 90. If they are discharged
from hospital on day x and remain at home thBome time would be (3Q x) or (90¢ x) at

each follow up visit. However, if that participant isa@mitted to hospital for any reason or
spends time in any other institutional care (eg. Nursing home for respite), then the number
of nights (y) that thg spent in this care environment must be subtracted. Home time is
expressed as (30 (x +y)) or (9@ (x +Yy)). We felt that leaving this calculation to individual
centres was open to error and would not provide enough certainty that the data was ehtere

accurately.
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Initially the web portal was designed to calculate the difference between the discharge date
and the date of the follow up visitWe soon discovered that this method made two
assumptions whicheppardised the home time datdhe first washat paticipants were not
readmitted. The second was that the follow up visit always occurred at exd6tlyr 90 days
after enrolment. This was not practical given the necessary flexibility that was required to

account for weekends, holidays and availipibf participants and investigators.

We made changes to the web portal to allow entry of each portion of the above equation
and to standardise the limit of the calculation 3@ or 90 days after enrolmenlnvestigators

were prompted to answer theoflowing questions detailed inigure 22

3. Has the patient returned home ®ves ONo
in the first 90 days?

=< March 2009 B
= Mo Tu We Th Fr Sa 5Su
2> 23 24 25 26 X 1
== 2 3 4 3 6 ¥ |8
== 9 10 11 12 13 14 15
== 16 17 18 19 20 21 22
== |23 |24 25 26 27 28 29
== 30 31 1 2 3 4 5
(i) What date did they return 23 v |Dec v |2008 v
home? {Max home days- 90)
(ii) Has the patient been ®@ves OMNo
readmitted or returned to care?
(iii) For how many nights? |7 |
(iv) Home Time (days) 83 ( Total)
4. Location O Hospital ®Home O Other

Figure22- Data collection screen for home time data

4.3.2.5.NIHSS assessment

Initially we planned to include a video recording of the NIHSS assessment at ©0oday
additional adjudicationOur initial experience, having completed 90 days of follow up in the

first 10 participants demonstrated that there wemmnsiderabletechnical problems with
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adequate recording of NIHSBhe NIHSS scale requires a view of the participant from several
anglesand with varying degrees of proximity to the cameya.e. in order to view large
movements from a distance (such as limb power) and fine movements atreloge (such as
eye movements).In order to do this successfully appropriate accommodation and a
dedicated camera operator was necessarmye video footage required substantial editing to
produce a single clip for upload and scoringnvestigator numbers were not sufficient at
local sites to facilitate this process and to avoid this affecting futuceurement we chose to
remove this video asssment from the protocolEthical approval for this amendment was
granted in June 2009 in light of the fact that this did not impact ug@noverall aims of the
study.

4.3.2.6.mRS assessment and video upload

In most cases local investigators were able to deliver mRS assessments of high quality anc
negotiate their upload through the web portal with little difficulty. Written guidance and
remote assistance via telephone or email was available from the trialom#s manager

throughout.

In seven clips the sound quality was too poor to enable scoring. The use of an external
boundary microphone with the Canon camera added multiple opportunities for error;
connecting the microphone, switching the microphone on amgwing adequate battery
power. At the end of each interview the microphone had to be switched off to ensure that

the battery did not run flat between interviews.

The Canon camera required an external USB cable to upload clips. There were four steps tc
acess the correct folder once the camera was recognised by the computer. Once the correct
clip was identified it then had to be converted using the AVS converter software ssalegl

G2 GKS Ay@SaidAidalriz2NB o/ ! w{é¢ T2 ivkiSAgaim hés& U |
complexities increased susceptibility for error. In six cases a duplicate file was uploaded
incorrectly, presumably due to error inqeming the video files. In one centre five clips were

lost when their Canon camera had a fault. Istigators were encouraged to upload each clip

on the day of filming, however, due to the time taken to connect, convert, save, rename and
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upload each clip some investigators found it time efficient to save the clips up for upload in

batches.

In the planning stages of the tal there were concerns regarding the capabilities of the
existing NHS IT infrastructure to handle video files. For data protection reasons our ethical
approval was granted on the understanding that secure NHS networks were used for file
manipulation and delivery. We found that local IT departments were very helpful in setting
up the required video conversion software. We were also pleased to find that the NHS
network speed coped well with video upload in all centres. These were noelata using

this technology in clinical practice.

Each of these steps rendered the process more susceptible to error. Despite these
complexities, it is important to emphasise that over 95% of clips were uploaded successfully
and scored by the adjudicaty committee. The newer Flip camera system together with
technical advances in the two years that the study progressed simplified and substantially
improved the upload process. Large files could be uploaded, mitigating the need for file
conversion with ek SNJ OF YSN} &a2daidSyod ¢KS RANBOGO | OO

integrated USB stick encouraged prompt upload.

In a small minority of cases (n=23, 4.2%) there were significant technical problems which
precluded scoring of the mRSips (See table 9, section 4.2.8). The majority of these
occurred early in the study and were related to the use of the original Canon camera system.
A learning effect was seen in investigators as the study progressed in both mRS interviews
and technical skills. It immportant to note that had this been a real intervention trial there
would have been a backup outcome measure in these cases in the form of the local mRS

score.

433.¢KS a/ ! w{ ¢ caPpeérientd2oNind dutcome manager and
endpoint committee members

The tial outcome manager had access to all areas of the portal to enable informal study

monitoring and to keep track of enrolméerdata entry and video upload-his was achieved
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through several tabs at the top of the web page to enable the outcome manageritchsw

between rolls easily (See figure,1Section ).

Automated emails were generated to the outcome manager forim them of new video
upload. This enabled timely review of clips for anonymity, technical adequacy and

completeness of interview.
4.3.3.1.Anonymity

Editing for anonymity was required in a small number of clips (n=39, 7.2%). Clips were edited
if there was any mention of patient identifying information such as farem, surname or

date of birth. Editing was minimised to avoid disruptiah the inteniew anddid not affect

the content of the mRS assessment except where the investigator had mentioned thr sc

at the end of the clip.n these cases the score was removed to ensure blinding.

Anonymty was an important component ithe ethical considerabns in this study and
details of this were incorporated in the protocol and patient information sheets to reassure

participants of our commitment to data protection.
4.3.3.2.Interview content and quality

In general, the interview quality in all video clips wasy high. Very few centres performed

a structured or semstructured interview (structured mRS score recorded in 75/563
assessments; 13.0%)n four centres a structured mRs8orewas recorded as standard. In

two centres there was a structured mRS score recorded in some participants only. There was
no clear pattern invhich participants had a structured mRS score recorded suggesting that

this was not part of standard practice.

As this was an exploratory study of feasibility we were liberal in accepting most interviews
unless there were stark omissions in thesalssion regarding mRS gradéo clips were
considered inadequa on interview content aloneln two cases there was aifure of
microphone battery midway through the iméew which precluded scoringn three cases

endpoint committee adjudication requested further details from the local investigator to
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clarify the adjudicated scorén three cases the committee were urlalto reach consensus

but scoring was delayed to a point where a request for further information was not practical.

There was heterogeneity in the lengmd content of each interviewl'he majority of clips
were under 10 minutes long, mostere between 4 ad 6 minutes longmean duration
Sminutes 32seconds (SD 3minutess@€0onds).This heterogeneity is a function of all
traditional MRS interviews (face to face or video) and reflects the complexities of some
stroke survivors disabilityparticularly where tlere are cemorbidities ornon-stroke related
limitations. These complexities are present in all traditional mRS scores; inchatirwdeo

MRS interviews and are not a function of the central adjudication model per se. We
encouraged local investigators tomplete their interview as per their usual practice with no

expectation that the video clip should be deliberately succinct.

As our intent in the CARS study was d@ssess the variation in scores between local
investigators and video based scorjinge celiberately designed thérial such that we were
blinded to the local score at the time of consensus meetingpractice, cases where there
were omissions in the interview or disagreements at a committee level a reasonable
approach vould be to contact thdocal site evaluatofor further information. Such contact

has both scientific and educational value unless the local rater may be prejudiced through

knowledge of treatment assignment.

4.3.3.3.Time to adjudicated mRS scores

The differentapproaches to scoringnisclassified clips wer limitation in the conduct of this
study. As each endpoint committee member was scoring clips in their own time there was
considerabledelay in discussion of each clip at an endpoint committee meeting for a
consensus score to becorded. This did reduce the availability of further information from
local centres if there were queries regarding the content of the interview. Adjudicated scores
were recorded a number of months after the original mRS interview was uploaded in
extreme @ses. In two cases the endpoint committee could not reach consensus but were
unable to ask for further information due to the significagelay in committee discussion.

There were also a number of clips where an adjudicated score was reached but without
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unanimous committee agreement in scoring (See chapter 5), in these cases the ability to ask

further details of the local investigator may have clarified pog#gsing controversy.
4.3.3.4.Coordination of endpoint committee activity

Endpoint committee members werbased in the same city (Glasgow) but workedanous
centres across the cityThe ceordination of endpoint committee activity was achieved
predominantly using email. As clips were allocated to endpoint committee members for
scoring an automated emawould alert them tha there was a clip for reviewOnce a clip

was scored by the original four endpoint committee members an automated email would be
generated to the outcome manager in the case of any disagreement (misclassified clips) and
this clip woutl become available for all committee members to view priorcemmittee
meeting discussionEnd point committee meetings were arranged via online meeting

scheduling software, Doodle®©.

Our target was that each clip would be viewed and adjudicated withilays of upload, to
allow further information or repeat assessment to be requested from lacaéstigators
where required.Unfortunately this was not possible due to the time taken by some endpoint
committee members to score their alloeal clips (see sd¢ion 4.3.3.3. Most committee
members did not have dedicated time for the study and were scoring clips at their

convenience around other clinical and academic commitments.

As the study progressed it became clear that with each contentious clip there \iene o
similar reasons for a committee member to choose a particular score or swing to one or
other sice of a controversial boundaryhese thought processes are important in assigning
the initial score and in subsequent discussion of each clip. We feltallating committee
members to document comments pertaining to these scoring decisions would help to
facilitate endpoint committee meetings. We arranged to have the web portal changed and
allow each committee member to input comments together with thaior® if they wished.

These comments and scores were then available at each committee discussion.

This alteration had multiple benefits. In the CARS study endpoint committee meetings were

held face to face. Due to competing commitments it was notagbvpossible for all
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committee members to be presenthe availability of comments from each member allowed
their thoughts to be considered wherssigning an adjudicated scov&n extrapolation of this
might allow committee discussion to occur remotelya @mail or video/teleconferencing;
facilitating more timely adjudication, improving access to further information from local
investigators and allowing involvement of endpoint committee members from geographically

disparate areas.

4.3.4. Study Completion

The magrity of participants completed the study, attending for three study visits with two
MRS video assessments. We experienced a greater proportion of withdrawals than might be
expected in an active treatmentrial (17% visits missed)The completeness of vide
recordings was excellent; in 96% of cases where a local mRS was recorded an adjudicatet

MRS was reached.

A small number of participastwere withdrawn following a serious adverse evdri;deaths
and onefollowing pulmonary embolismThe majority ofwithdrawals were recorded as
Gadzo2SOG dzféa ¥ tz8& y A NI 2 f @dyyivo paticiphristaétizely witdhrdrdév d

consent for the study, one of whom had originally been included with proxy consent.

Our study population had a large proportiofi jparticipants with mild strokelnvestigators
favour participants able to give their own consent in observational research therefore

emulating a true acute stroke interventional trial is challenging.
4.3.4.1.Withdrawals

In any clinical trial there are opposiggals; it is important to collect sufficient data but also

to minimise participant burden as far as possible by minimising frequandyintensity of
intervention. At the point of consent it is important that the participant understands what is
involved inthe study to the point of completionAttrition of participants is a threat to the
guality of all data collected and losses of 20% or greater are considered a considerable threat
to the validity of trial datd®> One of the cornerstones of ethical research is that participants

can withdraw at any time, for any reasamd without any detrimental effect on their care.
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Some argue that this may jeopardise clinical research and that aexploitative and
I dzizy2Y2dza GaO2yiGNF Olé YAIAKG 6S NBlFazylofs

understand the wider effectsh®uld they choose to withdrai#* 1%°.

Withdrawals are a common phenomenon wlinical research and the rates of non
completion in trials varies considerably depending upon the nature of the medical condition
in question, the study population, the intervention and the study mares.In studies

involving psychiatric disord&¥® or dementid®®*!

there are high rates of attritionlt is

well recognised that the elderly are more likely to dropout from reskatican other
populations®**?%. Randomisation is frequent in clinical reseamhd best practice would
blind treatment allocation and outcome to both the participant and investigaide act of
randomisation can affect consent to participate and remain in clinical res&4rcim
unblinded trials it is recognised that participants allocated to a control group have increased
rates of withdrawal®. There is a reasonable perception that participation in clinical research
is less attractive in a placebo group or where there has been no intervention, such as in our

observational study.

Several techniques are used to optimise participgeiention despite these issuefn many
areas of the world where access to healthcare is limited and expensive; involvement in
research is an incentive in itself as it ensures provision of treatrand follow up.In areas
where there is publicly fundedniversal heah care this is less importanlRemuneration for
participants directly is ethically unsound, however payment of expenses for travel and time
from work are often utilisedRemuneration of investigators is more widely accepted, not
only for enrdment butfor follow up visits as wellAcademic studies are more susceptible to
participant withdrawal; modest funding budgets are less likely to extend to generous site

remuneration for follow up and close data monitoring.

The larger than expected prop@n of withdrawalsin our studymay be attributable to the
observational nature of the studynd the mild clinical deficitsThe mild nature of stroke
events allowed the majority of participants to return to their usual active lives within the
study period, reducing their motivatiofor participation in research. In study of risk factor

management in stroke patients, recruigrnat a similatime pointto the CARS study found
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that 48% of patients did not attend for follow up at one year, often due to lack of intEfest
As there was no intervention in our study there may diswe been a perception amongst

participants that they would not be impacting on valid research by not attending.

Withdrawals might be considered an important endpoint in themséf/eparticularly if they
are due to poor tolerability ofa study drug or unacgeability of study proceduresThe
majority of withdrawalsin our studyoccurred before the first follow up assessment and
therefore before any active interventiorilhere were fewer withdrawals between the 30 and
90 day visits which auld arguably be attbutable to study proceduresThe video
adjudication process was acceptable to the substantial majority nekstigators and

participants.
4.4. Conclusions

In stroke trials, MRS outcome data can be collected using a central adjudicataei. ioe

use of patient interview videos to assign mRS grades is used in mRS training and
certification™" and so is familiar and acceptable to most invedtiga Across 14 sites, we
initiated and trained investigators, in many cases with limited stroke research experience.

Recruitment was fast aneixceededur target of n=300.

The use ofvideo technology (see sectio®® 0 I Y R { K Scatian/ welpértal (seeR 2 dzi
section 36) were the main focus in thimvestigation of feasibilityBoth video systems and

the web adjudicatin portal were very successfélin adjudicated score was available &%

of study visitsWe have demonstrated a high rate of tedtal success for assessment upload
with the majority of failures occurring early in the studyA learning effect was seen in
investicators as the study progressed artdd important to note that had this been a real
intervention trial there would have beea backup outcome measure in these cases in the

form of the local mRS score.

We were able to utilise technological advances as the study progressed and incorporate
these into ar central adjudication modellt is important to emphasise that video and

computer technology advance very quickly; with the advent of tablet computers with video
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and internet capabilities this process could be simplified further without greater expense.
The cost of the original Canon camera system was £700 in this studgntuablet
computers withinternet access anthtegratedvideo camerasre substantiallycheaper than

this. Recording a brief video clip and uploading this to the internet is fantii any user of
social media.We have demonstrated that using analogowhnology in clinical trials is

possible with the necessary data protection security.

We have developed and assessed a sydtmneentral adjudication of mR&hdpoints that is
feasible; data collection is simple, inexpensive and acceptable to participargshnical
handling of video recording and uploads and committee review has been succdssfiiler
technical advances and the use of the portal review comments may help facilitate faster
remote adjudication, increasing the usefulness of local invetitigdeams to answer queries

and provide clarification.
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Chapter 5

Reliability. i1s a central
adjudication model reliable?

5.1. Introduction

Previous studies assessing the iatater reliability of the mRS have predominantly been
conducted in small, single centstudies with higly motivated individualsinter-observer
reliability in a large scale clinical trial with the associated challenges is likely to be poorer.
No prior study has assessed measures dRSmreliability in a large multicentre and
multinational study with observers from varied professional backgrounds and watied

levels of experienceg design which parallescontemporary stroke RCT in practice.

In our 14 centre study we collected multiple mRS scores for each study visit, as detailed in
the methods section (Cpger 3). Each mRS interview was initially scored dylocal
investigator andwvas subsequently scored WBgur adjudication panel members A clip was
RSaA3AYy I GSR d aYAaOof !l &aAi T antoRgst pand BevdbershiekeS NB
clips were then forwarded for full adjudication committee review to reach a consensus score.
At the close of this process each clip had a final adjudicated sedher taken from an
agreed score at initial review (classified clipspased upon the&onsensus decisiaiaken at

committee review (misclassified clips).
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5.2. Method - Statistical Analysis

5.2.1.Inter-Observer reliability

Agreement between assessors was measured using kappa statistick,{ FleisCohen
Weights [1[(i-)/(1-k)]), intraclass correlation coefficient (ICC) and Bland Altman plot.
Agreement was assessed for the following comparisons: local mRS versus final adjudicatec
panel mRS, local mRS versus mean panel mRS,nidtal versus a random panel mRS
(generated using Rtatistical software)We also assessed agreement between the mean of
two paired panel mRS scores, between all individual panel mRS scores and between the

individual panel mRS scores and the local score together.

We assessed for any differences in relip as the study progressed to quantify any

Gf SENYyAy3Ieg STFSOG Ay GKS | R2dzRAOF G A @garlyo2 Y
or late in the studyEach participant had video clips assessed at various times during the
study (local mRs assigent immediately, four endpoint committee mRS scores in the
following weeks and finally the adjudicated mRS score assigned ldten/gg grouped the

early and late assessments by splitting the participants into those assessed early and late
around the nedian of the mean assessment datégjreement in clips scored early and late

(k and ky £ 95% confidence intenjalwas cé&ulated for the difference between groups

(based on 10000 bootstrap samples)

5.2.2.Measurement Errommongobservers

It is important to quantify if there is any error (systematic bias or inconsistency) in the scores
of individual raters, both to ensure that individual scores do not skew the panel process but
also as a measure of quality control of individual assesso&. WD I Yy 2 G |j dzl y i A -
level of disability on the mRS; neither the local or adjudicated mRS scores are an accurate
gold standard For this reason we used statistical modelling techniques to quantify
measurement error among observerdg/e used only da@0 mRS clips to avoid including

repeated measures in the model.
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We examined the erroamongindividual ratersusing a mixed model designed to estimate
the error between observersneasured as variance in mRS scofiéss included a measure

of each adjudiators bias (or accuracy) and consistency (or precision). Bias was quantified in
comparison to a surrogatgold standardnRS score, the mean of all MRS scores for each clip.
Consistency was modelled as the individual error of each score entered by aiduadliv

rater.

ICC was estimated using linear mixed effects models with normally distributed random
effects fitted by restricted maximum likelihood (REML). Variance in mRS was decomposed
into components due to: variation between patientsp(\And between stdy centres (¥,

which together comprise the real variation in disability that we want to measure; consistent
differences (bias) between observers relative to the mean of all observgysagW residual

error (M), which quantifies the measurement errogr inconsistency, of an individual
observer. The square root 0§ @'y ©6S AYGSNILINBGSR Fa |y 20a
RSOAlI GA2Y O6{50¢ YSIadaNBR Ay Yw{ dzyAdao

ICC is the proportion of variance that is due to differences between patients, that is

The real variation in disability that we aim to

measure

ICC= Vpatient + Veentre

(Vpauent + \éentre) + (\6[b|as]+ \/e[Error inconsistend The real Val‘latlon |n d'sab”'ty that we a|m tO
measure+ unobserved noise term (bias and

error)

Specific hypotheses were tested using likelihood ratio tests of REML models refitted using
maximum likelihood. We tested for bias among observers, which is a test of the null
hypothesis ¥ = 0, and for heterogeneity of inconsistency SD between observetrgeups

of patients. We compared reliability between local and paelived mRS scores by
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estimating the inconsistency SD separately for local and panel mRS scores and testing for ¢
difference. We did not include observer bias in this comparison ailnity because, in the

absence of a gold standard mRS score, absolute bias cannot be estimated.

5.2.3. Predicted Reliability with multiple mRS scores

To estimate the predicted reliability that would be delivered by combining multiple ratings

we used the SpearnmaBrown prediction formul&®,

np n = Number of raters

Predicted Reliability =
1+ (nL)p p = Reliability of a single rater

We used the observed reliability of a single panel member (ICC) at day 90 to predict the likely
improvement in reliability (ICC) with groups of up to tetera. Using our data we compared

our observed figure for reliabifit in two maters to the predicted figureThe observed
reliability for two raters was calculated by selecting at rand@sing R statistical software)

two pairs of panel MRS scores from each subject without replacement, taking the means of

each pair and eghating the ICC between the two mean mRS scores.

A summaryof the mRS reliabilt analysis and the sample of mRS clips used for each

component of the analysis is shown in figure 23
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All MRS

- Clips e———
\‘ (n=538)
|

Figure23- Summary of reliability analysis and sample of MRS video clips used for each component of

analysis.
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5.3. Results

5.3.1. Misclassified MRS assessments

Clips were misclag®d if there was disagreement amonige four scoring membersf the
adjudication committee.At 30 and 90 days respectively, 57.5¢461/280) and 50.8%
(131/258) of clips were misclassifie8ee figure 24

mRS videa clip

b

Panel Score 1
Lgreement Fanel Score 2 Disagreement
l Panel Score 3 l
"Classified" Panel 5core 4 "Misclassified”
Consensus Scare Consensus Score entered
autamatically aftercommittee discussion

=119 F———————— Day 30 P———— =161
n=280

Day 90
=253

n=127 e —

- n=131

Total
n=R38

Figure24 - mRS video clip adjudicatioprocess classified / misclassified clips at
Day 30 ad Day 90

Misclassified clips were forwarded to the entire endpoint comest for review and
discussion.The endpoint committee met on 12 occasions during the study to discuss

misclassified clipDetails of the endpoint committee méiags are described in sectionG33.
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Unanimous committee agreement was reached after panel review in989261/292) of
MRS assessmenta. norunanimous committee decisiowas reached in 9.2% (27/292n
only three cases were the committee unable to reach consensus (OB )distribtions of

local and adjudicated mRS at 30 and 90 days are shown in fi§ure 2

h¥ GKS Of ALJA GKIFIG NBadzZ 6SR Ay O2YLX SGS |3
there was disagreemenwith the local score in a proportion of cases. At 30 days, 31/119
(26.1%) classified clips disagreed with the local score. At 90 days, 40/127 (31.5%) clips
disagreed with the local score. Again there was no clear pattern or systematic bias in these
ds 3 NBESYSydGad ¢KS f20Ff O@OSNRAdz «cOds ltabulatedin S R é
Table 20

5.3.2.Inter-Observer Reliability in mRS assessments

Agreement between the adjudicated panel score and local MRS score at 90 days wdas good;
0.48 (95% CI 0.40.55), ky 0.80 ((95% CI 0.73.84) and ICC 0.8. The use of the mean panel
MRS score improved reliability at 90 dais).50 (95% CI 0.428), k,, 0.83 ((95% CI 0.78

0.87) and ICC 0.84. The use of a single random panel score did not result in a benefit in
reliability; k 0.43 (95% CI 0.33.50), k. 0.78 ((95% CI 0.7883) and ICC 0.79. Agreement
amongst panel members was very good at 90 day&59 (95% CI 0.53.63),k, 0.86 ((95%

Cl 0.820.88) and ICC 0.87. The addition of the local mRs score did not reeliatality; k

0.55 (95% CI 0.50.60),ky, 0.84 ((95% CI 0.80.87) and ICC 0.84. Agreement at 30 days was
similar to that seen at day 90. Table 21.
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mRS O [J mRS[] mRCP RS3[] mRS[] mRS5[]
Classified | 9 | 32 | 30 HEE 21 | 9
Misclassified | 17 | 47 | 51 | 32 | 11 |3
CommonAdjudicated Score 119
Adequate assessment with unanimous committee agreement 138
Adequate assessment with namanimous committee decision 20
Inadequate assessmenscored with additional info from centre 3
Clip unable to be scored 16
Total 296
ADay 30
COmMRSO [0 mRS [ mA_R {3S3 [O"RBI5
Classified | 16 | 53 | 18 | 30 8 |2
Misclassified | 9 | 49 | 37 25 9

Common Adjudicated Score 127
Adequate assessment with unanimous committee agreement 123
Adequate assessment with namanimous committee decision 7
Inadequate assessmenscored with additional info from centre 1
Clip unable to be scored 9
Total 267
B Day 90

Figure25- Distribution of MRS Scores and committee outcomes at (A) Day 30 and

(B) Day 90.
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Table20-/ N2 &aa GFodzf F GA2Yy 27F Y(aofeendedambBga 6 KSNB
committee memberskcaes disagree with locadcore
Day 30 mRS scores

% Local MRS Score
n 0 1 2 3 4 5 Total
2o 0 2 2
E s 1 2 2 4
52 2 2 9 1 12
80O 3 1 2 1 4
= 4 1 4 1 6
? 5 3 3

Total 4 12 5 5 4 1 31

Day 90 mRS scores

% Local MRS Score
n 0 1 2 3 4 5 Total
Lo 0 9 9
Es 1 3 3 1 7
52 2 2 9 3 14
8O 3 3 2 5
= 4 4 1 5
'&? 5 0

Total 5 18 6 8 2 1 40

Table21 - Inter observer reliability in mRS scores Day 30 and Day 90.

[Agreement between local score and various methods of generating adjudicated

score; agreement amongst panel members aagreement amongst all available

scores]
Number of scores Kappa Weighted Kappa Intraclass
compared (k) (kw) Correlation
(n) (95% CI) (95% ClI) Coefficient (ICC]
Day 30
Adjudicated Panel vs Local 2 0.53 (0.450.60) 0.84 (0.860.88) 0.85
Mean Panel’s Local 2 0.51 (0.420.58) 0.84 (0.790.88) 0.87
Mean of Paired Panel Scores 2 0.63 (0.560.70) 0.92 (0.890.94) 0.92
Random Panel vs Local 2 0.46 (0.380.53) 0.82 (0.770.86) 0.82
Individual Panel Scores 4¢7 0.55 (0.560.60) 0.85 (0.810.88) 0.86
Individual Panel and Local Scori 5¢8 0.53 (0.480.58) 0.84 (0.810.87) 0.85
Day 90
Adjudicated Panel vs Local 2 0.48 (0.460.55) 0.80 (0.750.84) 0.8
Mean Panel vs Local 2 0.50 (0.420.58) 0.83 (0.780.87) 0.84
Mean of Paired Panel Scores 2 0.65(0.57-0.71) 0.92 (0.890.94) 0.92
Random Panel vs Local 2 0.43 (0.340.50) 0.78 (0.780.83) 0.79
Individual Panel Scores 4¢7 0.59 (0.520.63) 0.86 (0.820.88) 0.87
Individual Panehnd Local Score 5¢8 0.55 (0.510.60) 0.84 (0.860.87) 0.84
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BlandAltman plots demonstrating thegreement between local and adjudicated mRBscis

demonstrded in Figure 26

Inter-rater reliability varied across different mRS boundaridfie proportion of clips with
disagreement at each level of mRS score was a®M®I(mRS 0: 51%, mRS 1: 53%, mRS 2:
65%, MRS 3: 54%, mRS 4: 41%, mRS 5. &r#gtest agreement was seen across the mRS
2-3 boundary Kk 0.8195% CI 0.740.87) with poorer agreement seen atD (k=0.66 95% CI
0.530.75, 1-2 (k=0.70 95% CI 0.68.76) and 4-5 k=0.75 95% CI 0.60.84). Reliability
around the 45 boundary was not assessed because too fewi@pants were assigned a

score of 5 to allovk to be estimatedTable 22

Table22 - Reliability of dichotomised mRS scores at each mRS boundary at day
90. Inter-rater reliability (k) with 95% Cderived from 10 000 bootstrapped

samples.

mRS boundary 0-1 1-2 2-3 34

k (95% Cl) 0.66 (0.5% 0.75) 0.70 (0.64 0.76) 0.81 (0.74;0.87) 0.75(0.60¢ 0.84)

There was no significant difference in agreement in day 90 clips that were scoredlgarly (
0.876) versus latek(, 0.824) in the course of the study (p=0.146). This applied also for 30 day
assessmentx(, 0.876 early versuk,, 0.824 late p=0.146). Table 23

Table23 ¢ Inter-Observer agreement of clips scored early and late in study.
Participants divided by those assessed early and late around the median of the

mean assessment date¢* 95% ClI for differace derived from 10 000 bootstrap

samples)
Visit Early kw) Late kw) 95% ClI for P
difference *
Day 30 0.856 0.841 -0.081¢ 0.057 0.344
Day 90 0.876 0.824 -0.134¢ 0.013 0.146
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Ditferemce in MRS [Local MRS - Adjudicated mRs)
o

30 day mRS

“ ICC0.85
5 Mean mRS
o 05 1 15 & % 3 15 L] a5
Day 90 mRS
5
4
3
Ea * »* M
1 ® ® ® ™ .
i @ —
i
Rl ® ® ] »* *
-2 * ']
3
’ ICC 080
§
L] 05 1 15 2 5 3 EL ] 4 4%
Mear mRS

Figure 26 -Bland Altman Plotand crosstabulation of day 30 and 90 Local and
Adjudicated mRS scoresBland Altman Plot: [Difference in mRS (loca

adjudicated) with mean mRS]
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5.3.3. Measurement error among observers

The magnitude of disagreement amongeet is demonstrated in Figure 2Very smalldvels

of variability on the mRS scale are seen; typically less than a tenth of an mRS grade. Whel
comparing measurement error / consistency of panel members against performance of local
raters there was no significant difference when using a single mowee (adjudicated score

or random panel score). Where a mean panel score was used the panel score was more

consistent than the local MRS (p=0.025). Table 24.

Table24 - Inconsistency standard deviation (SD) estimates for paaetl local MRS
scores at day 90. -Ralues are presented from tests of the null hypothesis of

homogeneity of inconsistency SD across adjudicators.

Scores compared Panel Inconsistency Sl Local Inconsistency Heteroscedasticity P
SD Value

Random panel score  0.53 0.57 0.696

and local score

Consensus panel score 0.45 0.58 0.194

and local score

Mean panel score and 0.33 0.56 0.025

local score
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Adjudicator

Adjudicator bias (95% CI) in mRS at 90 days

-
[}

C1

Cc2

C3

C4

C5

C6

10.1 0.0 0.1
Mean bias in mRS

Bias (+ 95% CI) in the seven individual panel scores and local score at visit 3 estim
the adjudicatorlevel residuals in a mixed model where the outcome is mRS (n =1
and the random effects are study site (rl4), patient within study site (n = 258), ar

adjudicator crossed with patient (n = 8).

Figure27- Magnitude of disagreement among mRS scores

(L=local, CIr=seven adjudication committee members)
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5.3.4.Predicted Reliability withmultiple mRS scores

Using the estimated reliability of a single panember (CC) at day 90 of 0.87 (Table 2ad
the Spearman Brown prediction formula we can estimate the reliability of th& miRh
multiple raters. The observed reliability with two tars (ICC 0.92) was similar thet
predicted figure (ICC 0.93ncreasing the number of raters to four is predicted torease
reliability to ICC 0.96. Table 25

Table25 - SpearmanBrown predicted mRS reliability at day 90 based single
panel rater reliability (ICC) 0.87

N raters Reliability (ICC)

SpearmanrBrown prediction for Observed
ICC =0.870

0.930 0.923
0.952 -
0.964 -
0.971 -
0.976 -
0.979 -
0.982 -
0.984 -

0 0.985 -

PO 00~NO Ol WN

5.3.5. Reliability where astructured mRS approach was recorded

A small number of assessments were accompanied by a structured mRSEahesite was

able to enter a mRS score based upon a structured interview where this was available. There
was no formal protocol within the study to advise upon the use of a structured approach and
therefore the scores are based upon various structuredSmistruments with substantial

local variation.45 structured mRS scores were recorded at 30 days and 28 structured mRS
scores were recorded at 90 days. These assessments were limited to certain sites (see sectiol
4.2.8). Structured mRS scores were accanipd by longer clips; mean (SD) 7mins 28secs
(8mins 49 secs), median (IQR) 6mins 30 secs (5mins 4secs to 8mins 52secs). An adjudicat

MRS score was available in 88.9% (40/45) and 92.9% (26/28) of mRS assessments where
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structured mRS was recorded at 82d 90 days respectively. There were more misclassified
clips amongst the group that had a structured mRS score recorded; 65.0% (26/40) of
structured mRS assessments at 30 days and 61.5% (16/26) of structured mRS assessments
90 days. The local (struced) MRS scores and adjudicated MRS s@meesross tabulated in
Table 26 There was more disagreement between structured mRS scores and local

adjudicated scores ate higher end of the mRS score.

Table26 - Cross tabulation oftructured mRS interviewsltocal (structuredymRS

scoresand adjudicated mRS scores

Day 30 mRS scores

% Local (Structured) mRS Score
n 0 1 2 3 4 5 Total
& 0 1 1
S 1 1 5 2 8
32 2 1 5 9 15
.g 3 1 2 3
=] 4 1 10 11
? 5 2 2

Total 3 11 11 3 10 2 40

Day 90 mRS scores

% Local (Structured) mRS Score
n 0 1 2 3 4 5 Total
N
o 0 3 1 4
S 1 2 1 3
32 2 2 3 3 8
_8 3 1 2 3
_'3 4 1 6 1 8
g 5

Total 5 3 5 6 6 1 26

Agreement betweerstructured mRS scorgbased upon varied structured mRS approaches)
and adjudicated score was comparable to the results seen in the whole CARS sample. At 3
daysk / ky (95% confidence interval) was 0.64 (048.80) / 0.88 (0.5& 1.19). At 90 dayk

/ kw (95% confidence interval) was 0.52 (0438.70) / 0.86 (0.4% 1.23). ICC at 30 and 90
days was 0.88 and 0.86 respectively.
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5.4.Conclusions

Intra-rater reliability has been previously report€d"®® we considered only interater
NEfAFOAETAGE Ay (KA A& grldtieRatexpok ainkultcentredcihicalEiadlzl
where endpoints will be assessed only once, idkserver variability is most relevant.
Comparing local and remote mRS scores gives some measure of the inheratibwvan

scoring across a mutigntre study.

A considerableproportion of mRS agssments were misclassified, meaning that there was
disagreenent among committee members.A further proportion of mRS assessments
demonstrated disagreement between the local score and the agreed panel scoee. |
observer variation was considerabl&=0.48), albeit not as pronounced as in a previous
smaller study K=0.25§°The endpoint committee cores performed favourably in
comparison to the local mRS score and irgbserver variability within the endpoint
committee was excellenk(0.59,k,, 0.86).Panel scores demonstrated a trend to suggest less
disability overall than those allocated by tt2 O f Ay @Sad A3l 2 NE 0 dzi
very small change in the mRS score (typically one tenth of an mRS tark)mportant to
recognise that in terms of interpretation, the mean difference in mRS scores created by a
therapy such as rtPA mayell be less than one mRS grade and when dealing with late
treatment, this could be a very small difference. One tenth of an mRS grade may represent a

meaningful proportion of the anticipated treatment effect.

Our figures are comparable to those seersystematic review of mRS reliability .46, k,,
0.90Y°. In their three centre study, Wilson et al reported intelbserver variability ok 0.25
kw 0.72*°°. Thus, with the addition of centrally adjudicated mRS scores we delivered in a 14
site study an outcome substantially more reliable than the nearest prior estimate of mRS

reliability in a multicentre study.

There isa perception that there ifess disagreement at the extremes of the sq@d and 45
boundaries) possibly because there can only be a disagreement in one diretigmause no

disability or severedisability are less complex to identifpr because there are fewer
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participants at these points in the scalln fact our work has found substanti@disagreement

at all levels of the scale.

The agreement between a single random panel score and the local sdess ifavourable
than that seen between the adjudicated panel score, a mean panel score or the aiea
paired panel scoresThis suggests that there is an advantage with multgderes.The
advantage of multiple sces is supported further by the Spearmdrown prediction
formula. Multiple mRS scores may be desirable lwithout added inconvenience to
participantsare unlikely to be achievable without the use of a remote scoring msdeh as

that used in a central adjudication model

There was no significa difference in scores generd early or late in the studyThis
emphasises the complexity of scoring MRS assessn@misthe need to evaluate each
participant individually As the study progressed, the members of the end point cathes

had frequent opjrtunity to discuss controversies and difficulties in scoring clips; including
discussion of several isssi that recurred Examples of these issues include how to score a
patient who has chosen not to return to an activity, who receives help with actvihat

may not be necessary avho had prior disability thaicomplicated the assessmenf post
stroke function.Despite reaching consensus on each of these issues for individual clips, these

discussions did not improve reliability as the study progressed.

Structured mRS assessment tools, including the recent Rankin Focussed Assé3smaenst

been proposed to improve mRS reliabilifthecomprehensive mRS structured inverview was
originally developed by Wilson et'® and has been adapted to the Rankin Focussed
Assessment (RFA) by Saver éfalThis structured assessment form is designed to be
completed in conjunction with interview of the participant, relative or caregiver saview

of participant medical record§.he RFA reports excellent inter observer reliabikty.99) in

a sample of 50 paired mRS assessments and has been prospectively validated as part of th
ongoing FASWMAG trial.A simplified modified Rankin questionnaii@mRSghas found good
reliability k. 0.82) with a very fast administration time (average 1.67 minutes) in a sample of
50 paired mRS assessmértsand has been validated in comjson to stroke severity”,

stroke siz&*°and quality of lifemeasure$®’. The validity of the smRS has been demonstrated
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to that of the standard mRS and NIH8St has also been validatefbr use viatelephone

consultatiort®’.

Compared to our groupdjudication system, it could be argued that thesteucturedtools

offer an economical and simplified method of improvimge of themRSn stroke trials It is

worth noting that in the small sample of MRS assessments with structured mRS scores in our
study we found increased frequency of misclassification at committee revsenyygesting

more variability in scoringHowever, each of these structured assessments demonstrated
heterogeneity in the approach taken with local variation between instruments. Risr t
reason we must exercise caution in drawing conclusions from this small sample of structured
MRS assessmentsThe agreement between a structured mRS score and the adjudicated
score was comparabléew of the tools have been independently validatedassessed in a
contemporary randomised controlled triadontext. In metaanalysis, subgroup analysis
comparing structured and unstructured approaches did not affect reliabilipd previous

data suggest that questionnaire based mRS assessments confer no advantage when used in
GNBI f ¢ 2 K The gloBafind listyl&uredhature of thetraditional mRs is a great
advantage; without relying on individual activities of daily living there are no floor or ceiling

effects in its applicatiomvhich are common to structured instruments

Further study of each approach to mRS assessment is required in large multicentrangials
is necessary to determine if the limitations placed upon mRS outcometh®y a structured
interview approachor central adjudication modemay diminish its value as an outcome

measure.
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Chapter 6

Validity: Is a central
adjudication model valid?

6.1. Introduction

Functional outcome after stroke is highly variable and reflects the heterogeneity in the
location and extent of th neurological insultHowever, there are several factors that are
known to predict functional outcomeegardless othe nature and clasication of the stroke
event. In assessing a novel outcome assessment method it is important to ensure that it is
both feasible (chapter 3), reliable (chapter 4) and valid in conspario the current accepted

method of outcome assessment

As discussed in section 1.4.2.1, the mRS has demonstgated convergent validity (with
NIHSS and Barthel Index) and construct ugligivith infarct volume / recanalisation rates).
The aim of this chapter is to investigate the validity of a centadljpdicated mRS by two
means.First,we assessedriterion validity in comparison to the curreat3 2 f R &Gl y R
local mMRSSecond we assessedaonstruct validity in comparison tindependent factors

known to predictfunctional outcomeafter stroke

As discussed inh@pter 4, adjudicated mRS scores show a trend to suggest less disability than
their local counterparts, we sought to quantify this to ensure that there is no significant or

systematic bias in adjudicated mRS scores.
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6.2. Methods

6.2.1. Criterion Validity

Criterion validity describes the performance of a test in comparison to a criteria already held
to be valid. We sought to compare the current accepted method of collecting mRS outcome
data (local investigator interview) with our novel method of collectiogtcome data
(centrally adjudicated video interview). We analysed the local and committee adjudicated
scores for any systematic differences using Kreiskal Wallis test of distributions for non
parametric data (StatsDirect softwara)e included all mR&ssessments with both a local

and adjucated mRS score (n=538)

6.2.2. Construct Validity

Construct walidity refers to a tests relationship to other accepted indicators of measuring the
desired attribute. This can be used in developing a novel outcome assessoobrity
correlating the test result with other known prognostic indicators. We sought to assess the
performance of adjudicated mRS outcomes in comparison to local MRS scores by comparing
each method of scoring with factors known to affect functionatcome after stroke. We
collected data regardingeveral factors predictive of functional outcome aftdrogke, as

described in section.3.5.1.

The predictorsused were baseline NIHSS (bNIHSS), Systolic Blood Presdere b{S&d

glucose and home time

Sparman Rank correlation coefficients were generated for each variableeaith method
of assigning mRS outcome to demonstrate a simple test of association. The Spearman Ran
correlation coefficient is a non parametric measure and takes into account thiradmature

of the mRS scale.

To further assess the nature of the relationship we performed (adjusted and unadjusted)
proportional odds odinal logistic regression. The software used was SAS (VersionTh&)

significance of the association in ordirlabistic regression models using the mRS can be
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tested using the the noparametric Cochran mantel Haenszel (CMH) test which accounts for

confounders in analysi¥.
6.2.2.1.0rdinal Logistic Regression and the Cochrdviantel-Haenszel Test

Each of these analyses wasrformed usingordinal logistic regressiomwith the proportional
odds model Originally described by McCullagh in 1¥80this model provides a useful
extension of binary logistic regression (with a yes:no response variable) to situationsas

the mRS with a response variable using ordered categorical variXbles

Ordinal logistic regression allows an analysis of how a predictive value is associated with a
response variable; for example: for every point increesbNIHSS or systolic blood pressure
there is a tendency to worse mRS outcome with a quoted odds ratio. This enables an
assessment of hova local or adjudicated mRS outcome score is related to other factors
known to affect stroke outcome (baseline NIHS$stolic blood pressure, blood glucose and
home time) and to determine if either method of assigning mRS is more closely related to
these factors.  Ordinal logistic regression can also be performed with adjustment for the

other covariates.

Intrinsic tothe proportional odds modekian assumption of ordinalityn simple terms, this
assumes that each level of mRS is affected equally by the predictdris the odds ratio for

a better or worse outcome is identical at each level of the $&al&his assumption is often
not met and therefore a conservative measure of significance testisgrequired. The
CochraneMantel-Haerszel Test can be used to test the significance of the association
between the predictor and outcome vahke (or in clinical trialshe treatment and outcome
variable$®).

6.3. Results

6.3.1. Criterion Validity

We analysed for any systematic difference betémedocal and comittee scores.The mRS

distributions of local and gddicated scores were similafhere was a trend for local scores
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to be higher than committee scoref.e describing more disability) but this wanot
statisticallysignificant (p=0.160). Figures 28 anfl @splaythe distribution of MRS scores
from local investigators and the adjudication committee (mean and median of initial n=4

committee scores and the final adjudicated score).

Adjudicated mRS F + 1 2 & A
Median Committee mRS (n=¢ F v 3 M &
L ‘ 005
- o053 p=0.25 p =16
. L Y
Mean Committee mRS (n=¢4 _ + ] L SRRy
4
. D23
LocamRS | . . ¥ ¥
i ]

T I I A B

Min ¢ (lower quartilemedianupper quartilg - max

Figure 28 -mRS Distribution ofLocal and Committee Scores (Median / IRR-
values represent the Kruskal Wallis test of difference between distributions.
n=538
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Figure29 - mRS Distribution of Local and Committee Scores (Mean / 95%p-Cl)

values represent the Kruskal Wallis test of difference between distributions.

n=538

6.3.2. Construct Validity

6.3.2.1.Spearman Rank Correlatio

n

Initially we performed simple Spearman Rank correlation coefficients to determine any

simple relationshippmongvariables know to be associated with stroke outcome (bNIHSS,

Blood PressureBlood Glucose and Home Tim@here weresimilar resultswith local and

adjudicated nRS outcomes with any variablall were found to be significantly associated

with mRs outcome; except SBRh 90 day adjudicated mRS which did not reach statistical

significance (p=0.068). Table.27

Table27 - Spearman Rank correlation coefficien{p value) for bNIHSS, SBRJ

Glucose with each mRS outcome

Day 30 Local mRS 280
Day 30 Adjudicated mRS 280
Day 90 Local mRS 258

Day 90 Adjudicated mRS 258

0.508 (<0.0001)
0.509 (<0.0001)
0.508 (<0.0001)
0.417 (<0.0001)

0.140 (0.014)
0.132 (0.027)
0.140 (0.014)
0.113 (0.068)

0.205 (0.005)
0.188 (0.003)
0.205 (0.001)
0.176 (0.006)
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6.3.2.2.Unadjusted Proportional Odds Ordinal Logistic Regression

Unadjusted proportional odds logistic regson was then performed for each of the above
predictors with each method of mRS outcomégain bNIHSS was a strongignificant
predictor of outcome with either method of assigning mRS. SBP and Blood Glucose were not
found to be consistently significantly associated with outcorbere was no significant

difference between local and adjudicated mRS scofieble 28 an figure 30

Table28 - Unadjusted proportional odds logistic regression of relationship between bNIHSS,

SBP and blood glucoseith each method of MRS assessment.

BaselindNIHSS

Day 30 Local mRS 280 1.315 1.248¢ 1.385 <0.0001
Day 30 Adjudicated mRS 280 1.343 1.267-1.423 <0.0001
Day 90 Local mRS 258 1.260 1.198¢ 1.325 <0.0001
Day 90 Adjudicated mRS 258 1.275 1.204¢ 1.350 <0.0001
Systolic Blood Pressure

Day 30 LocahRS 280 1.009 1.002¢ 1.016 0.670
Day 30 Adjudicated mRS 280 1.008 1.000¢ 1.016 0.303
Day 90 Local mRS 258 1.008 1.000¢ 1.016 0.558
Day 90 Adjudicated mRS 258 1.007 0.999¢ 1.015 0.581
Blood Glucose

Day 30 Local mRS 280 1.178 1.074¢ 1.293 0.071
Day 30 Adjudicated mRS 280 1.169 1.059¢ 1.289 0.005
Day 90 Local mRS 258 1.178 1.075¢ 1.291 0.099
Day 90 Adjudicated mRS 258 1.105 1.005¢ 1.216 0.143

6.3.2.3.Adjusted Proportional Odds Ordinal Logistic Regression

Repeat proportional odds logistic regressioas then performed, adjustefor each baseline
predictor. Again, only bNIHSS was consistently significarggo@ated with outcome and
there was no significant difference betweercéd or adjudicated mRS scord$ie CMH test
was not possible in the adjted analysis because of the nature of the variables, there were

too many valuesdr this be calculated. Table 29dRigure 31
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Baseline NIHSS

Day 30 Local mRS . B 1.32 (1.25, 1.39)
(n=280)

Day 30 Adj mRS - — 1.34 (1.27, 1.42)
(n=280)

Day 90 Local mRS
- B 1.26 (1.20, 1.33)

(n=258)
Day 90 Adj mRS - — 1.28 (1.20, 1.35)
(n=258)
1 2
Systolic Blood Pressure
|
Day 30 Local mRS 1.01 (1.00, 1.02)
(n=280)
Day 30 Adj mRS 1.01 (1.00, 1.02)
(n=280)
Day 90 Local mRS 1.01 (1.00, 1.02)
(n=258)
Day 90 Adj mRS 1.01 (1.00, 1.02)
(n=258) |
0. 1 2
5
Blood Glucose
Day 30 Local mRS ] — 1.18 (1.09, 1.29)
(n=280)
Day 30 Adj mRS — — 1.17 (1.06, 1.29)
(n=280)
Day 90 Local mRS — — 1.18 (1.08, 1.29)
(n=280)
Day 90 Adj MRS |[—— — 1.11(1.01, 1.22)
(n=280)
1 2

Figure30- Unadjusted proportional odds logistic regression
of relationship between bNIHSS, SBP and Blood glucose with
each method of MRS outcome (Odds Ratio and 95% CI)



Table29 - Adjusted proportional odds logistic regression of relationship between

bNIHSS, BP and blood glucose with each method of MRS assessment.

Baseline NIHSS 1.302 1.233¢ 1.375 Not calculated
Systolic Blood Pressure 1.014 1.005¢ 1.023 Not calculated
Blood Glucose 1.097 0.997¢ 1.208 Not calculated
Baseline NIHSS 1.336 1.257¢ 1.420 Not calculated
Systolic Blood Pressure 1.014 1.005¢ 1.024 Not calculated
Blood Glucose 1.125 1.017¢ 1.245 Not calculated
Baseline NIHSS 1.256 1.191¢ 1.325 Not calculated
Systolic Blood Pressure 1.015 1.005¢ 1.024 Not calculated
Blood Glucose 1.115 1.015¢ 1.224 Not calculated
Baseline NIHSS 1.276 1.201¢ 1.355 Not calculated
Systolic Blood Pressure 1.015 1.005¢ 1.026 Not calculated
Blood Glucose 1.058 0.959¢ 1.167 Not calculated
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Day 30(n=280)

Baseline NIHS Local mRS 1.30(1.23, 1.38)
Adj mRS 1 1.34 (1.26, 1.42)
Systolic Blood Pressure Local mRS . 1.01 (1.01, 1.02)
Adj mRS . 1.01(1.01, 1.02)
Blood Glucos LocalmRS I 1.10(1.00, 1.21)
Adj mRS l 1.13 (1.02, 1.25)
T 1
0.5 1 2
Day 90(n=258)
Baseline NIHS Local mRS 1.26 (1.19, 1.33)
Adj mRS ] 1.28 (1.20, 1.36)
Systolic Blood Pressure Local mRS . 1.02 (1.01, 1.02)
Adj mRS . 1.02 (1.01, 1.03)
Blood Glucos LocalmRS
1.12 (1.02, 1.22)
Adj mRS
~“ 1.06 (0.96, 1.17)
] T 1
0.5 1 2

Figure31- Adjusted proportional odds logistic regression tife relationship

between bNIHSS / SBRlood glucosewith each method of MRS assessment.

Odds Ratio (95% CI)



6.3.2.4.Home Time

Home time is not a baseline predictor of outcerbut is validated as a useful measure of
functional outcomé®" ' We repeated the previous analysis using hortime as an
independent surrogate marker of functional outcome and then as a further predictor in the

adjusted proportional odds model.

Initial Spearman Rank correlation coefficients confirmed the significant relationship between
home time and functional outcome asneasued using the mRS scal&@éhere were no

differences between local aretljudicated mRS scores. Table 30

Table30- Spearman Rank correlation coefficients (p value) Home Timewith

each mRS outcome

mRS method n Home Time Home Time
(Day 30) (Day 90)

Day 30 Local mRS 280 -0.585 (<0.0001) -0.619 (<0.0001)

Day 30 Adjudicated mRS 280 -0.605 (<0.0001) -0.642 (<0.0001)

Day 90 Local mRS 258 -0.547 (<0.0001) -0.599 (<0.0001)

Day 90 Adjudicated mRS 258 -0.578 (<0.0001) -0.607 (<0.0001)

Unadjusted proportional dds logistic regression waerformed with home time at day 30 or
day 90 as a predictor for mRS outcome. Again, htime was found to be a consistently
significant predictor of MRS outcome and thawas no significant differeedetween local

andadjudicated mi8 scores. Table 31 and figure 32
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Table31 - Unadjusted proportional odds logistic regression of relationship

between Home Time anaach method of MRS assessment.

Day 30 Local mRS 0.871 0.850¢ 0.893 <0.0001
Day 30 Adjudicated mRS 0.861 0.839¢ 0.885 <0.0001
Day 90 Local mRS 0.887 0.866¢ 0.909 <0.0001
Day 90 Adjudicated mRS< 0.868 0.844¢ 0.892 <0.0001
Day 30 Local mRS 0.933 0.922¢ 0.944 <0.0001
Day 30 Adjudicated mRS 0.929 0.916¢ 0.941 <0.0001
Day 90 Local mRS 0.947 0.938¢ 0.957 <0.0001
Day 90 Adjudicated mRS< 0.934 0.921¢ 0.947 <0.0001
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Home Time Day 30

Day 30 Local mF . 0.87 (0.85, 0.89)
(n=280

Day 30 Adj mR . 0.86 (0.84, 0.89)
(n=280

Day 90 Local mF . 0.89 (0.87, 0.91)
(n=258

Day 90 Adj mF . 0.87 (0.83, 0.84)
(n=258

05 1

Home Time Day 90

Day 30 Local mf 0.93 (0.92,0.94)

(n=280

Day 30 Adj mR
(n=280

0.93 (0.92, 0.94)

Day 90 Local mf 0.95 (0.94, 0.96)

(n=258

Day 90 Adj mk
(n=258

r
0.5 1

0.93 (0.920.95)

Figure32- Unadjusted proportional odds logistic regression of
relationshipbetween Home Time and each method of mRS assessment.
Day 30 (n=280) and Day 90 (n=258). Odds Ratio (95% ClI)
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When included in the adjusted model with bNIHSS, SBP and Blood Glucose, only home time
and bNIHSS remained significantly associated with mR®rme. There was no change in

the relationship using either local or adjudicated mRS scday. 90 lome time: Table 32

and Figure 33Results for Day 30 are shown inp&mdix C (Table 41 and Figure 51

Table32 - Adjustedproportional odds logistic regression of relationship between
bNIHSS, SBP, blood glucose and home time at 90 days with each method of MRS

assessment. Day 30 and 90 mRS

Day 30 Local mR&=280)

Baseline NIHSS 1.151 1.085¢ 1.222 <0.0001
Systolic Blood Pressure 1.007 0.999¢ 1.015 0.096
Blood Glucose 1.059 0.959¢ 1.169 0.257
Home Time Day 90 0.945 0.934¢ 0.957 <0.0001
Day 30 Adjudicated mR&=280)

Baseline NIHSS 1.174 1.101¢ 1.252 <0.0001
Systolic Blood Pressure 1.006 0.997¢ 1.014 0.207
Blood Glucose 1.084 0.977¢1.204 0.130
Home Time Day 90 0.941 0.928¢ 0.954 <0.0001
Day 90 Local mRB=258)

Baseline NIHSS 1.104 1.040¢ 1.172 0.001
Systolic Blood Pressure 1.008 1.000¢ 1.017 0.052
Blood Glucose 1.094 0.995¢ 1.203 0.062
Home Time Day 90 0.956 0.945¢ 0.967 <0.0001
Day 90 Adjudicated mR®=258)

Baseline NIHSS 1.113 1.042¢ 1.190 0.002
Systolic Blood Pressure 1.007 0.998¢ 1.016 0.123
Blood Glucose 1.044 0.943¢ 1.155 0.408
Home Time Day 90 0.945 0.932¢ 0.959 <0.0001
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Day 30mRS (n=280)

Baseline NIHSS Local mR 1.15(1.09, 1.22)
Adj mR¢ . 1.17 (1.10, 1.25)
Systolic Blood Pressu Local MR 1.01 (1.00, 1.02)
Adj mR¢ 1.01 (1.00, 1.01)
Blood Glucos Local mR 1.06 (0.96, 1.17)
Adj mR¢ 1.08 (0.98, 1.20)
Home Time Day ¢ Local mR . 0.5 (0.93, 0.96)
Adj MR B 0.94 (0.93, 0.95)
I 1 1
0.5 1 2
Day 90mRS (n=258)

Baseline NIHSS Local mR
1.10 (1.04, 1.17)

Adj mR¢
1.11 (1.04, 1.19)

Systolic Blood Pressu Local mR
Adj mR¢ 1.01 (1.00, 1.02)
Blood Glucos Local mR 1.09 (1.00, 1.20)
Adj mR¢ 1.04 (0.94, 1.16)

Home Time Day ¢ LocalmR<

Adj mR¢

I
0.5

Figure33-Adjusted proportional odds logistic regression of relationship
between bNIHSS, SBP, blood glucose and home time at 90 days with each
method of MRS assessment. Da9 (n=280) an®@0mRS (n=258)
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6.4. Conclusions

We report sufficient agreement between local and adjudicated mRS scores to demonstrate
validity of an adjudicated mRS outcome, without any significant or systematic bias. This
validity hasbeen demonstrated in relation to the local MRS assessment and has been
demonstrated to correlate well with other independent factors known to affect stroke

outcome.

CKSNBE IINB fAYAGIGAZ2Yya (G2 GKAAa lylrfegarao
disability of a participant we are reliant on a scale to document fftisough use of endpoint
O2YYAUGUSS NB@WASg ¢S K2LIS (G2 &a02NB UKS aiNJ
of a gold standard disability assessment we are unable to assesglitbaly. We are
encouraged that there was a degree of disagreement between local and adjudicated mRS
(suggesting that the adjudication process adds something to standard assessment); but this
variability was not too large (which may suggest that adjuddamRS is systematically

different to traditional mRS).
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Chapter 7

Factors associated with
variability iIn mRS scoring

7.1. Introduction

Inter-observer variability in mRS has been apparamii documentedsince inception of th
scale.As we have discussedven with dedicated training and increasing familiarity with the
scale his variability remainsThe reasons for the high variability inndtial MRS scoring are
likely to be multifactorial Arguably ague deinitions used to define edcmRS gradeallows

for a degre of subjectivity in assesgnt. The inherently unstructured nature of the
traditional mRS allows the investigator the freedom to explore the functional aspects that
are relevant to each individual patient, without the need to concentrate on mobility or
continence where these factors may not be relevaitespite the perception that the
application of mMR$ moreconsistent at exemes of disabilitybecause high and low mRS
grades are better defined or asreflection that variabilty can be in onalirection only; we

have found disagreement in assigning mRS grades at all levels of the scale.

There are potentialfactors associated withvariability a) specific to the interviewer; b)
specific to the interview subject and c) spéacto the interview guation. If these sources of
variability werebetter understood, one might be able oINS RA Ol G LINR O f SY €
target interventions to impove reliability We aimed to identify factorsioted in our cohort

of MRS assessment vidagbst mightbe assaciated withvariabilityin mRS scores.
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7.2. Methods

7.2.1.mRS scores and variability grading

AllmRS videos scored by the endpoint committee in the CARS study were included. Those
clips that did not have an adjudicatescore were excluded. Table 19 in Section8412
describes the reasons for missing adjudicated scores. The majority were due to duplicate

clips, incorrect file type, poor audio that precluded scoring or incomplete assessment.

Each clip was scored byminimum ofsix independent assessors (local four adjudicated
committee scores and a further independent mRS score from an assessor that did not
participate in the original tridl All assessors were trained and certified in mHS8e final
adjudicated mRS score was not included in the analysig wasgenerated by the four

committee scores and was therefon®t an independent score.

Variability in mRS scores for each clip was graded by determining the number of MRS score:

that agreed from the six MRS scor@Range )

7.2.2. 1dentification of factors predictive of variability

For each of the mRS interviews studied, we collated descriptive atathe participant and
the quality and content of thénterview. The variables chosen for study were those domains
thought to befactors potentially associatedith mRS variabty based upon the results of
previousqualitative analysiS*. Clips were reviewed by two assessors, notiagables felt to
impact upon scoring; éither rater felt that the variables contributedo difficulty in scoring

then they were included in analysis.

Patient specific variables included participant age, pre stroke mRS, baselike sénerity as
graded by bseline NIHSSbNIHSSaNnd presence of languageigbrder. Interview specific
variables included length of interview, poor sound quality, location of the interviese of a

proxy or discussion of prior disability.

Variables included were continuous and categoridar continuous variables (such as

interview length or participant age) ailips were included aa potential factor associated
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with variability. For each categorical variable a standard was identified as the most common
factor in the cohort of videos. From this standard, analysis was basmtdwbether the less
frequent variablewas associated witlvariability in scoring. For location of interview, the
majority of clips were recorded in an outpatient clisietting; there were a minority of clips
recorded in either thd.J- NJi A Génsllonh @rQidpatienthospitalsetting (most commonly

a rehabilitation facility). The majority of clips did not involve a proxy. In describing the use of
a proxy a minority of clips used a proxy to provide the entire interview (e.g. a nurse or other
caregiver) ad some included both the participant and a proxy in the interview (e.g. the
participant together with their relative or caregiver). Most clips did not include discussion of
prior disability; in those thatid this was noted as du either prior stroke orto other

comorbidity (e.g. arthritis / lung disease).

7.2.3. Statistical Analysis

Each of the ariables wereinput as factors potentially associated witlariability in mRS
scoring usingordinal logistic regression with the prog@nal odds model (see section
6.2.2.1).The dependant variable was mRS variability grade. Odds ratios with corresponding
95% confidence intervals and p values generated by the CociMaméelHaenszel (CMH)

test are reported. Day 30 and day 90 score®re analysedndependentlyas hey represent

repeated measures on each subject.

7.3. Results

538 video clips were included in the analy¢Bay 30 281 and Day 90: 25). Variability
grading for video clips ranged from 2 (2 scores of 6 in agreement) to 6 (all scores in
agreement). 21% dflips at each study visit noted full agreement in mRS scores (59/281
21%at 30 days and 56/25721.8% at 90 days)The distribution of variability grading was

similar at each visiffable33
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Table33- Variability rating for vileos at 30 and 90 days

Variability Rating Day 30 Day 90
N=280(%) N=258

2 3 (1.0%) 6 (2.3%)

3 68 (24.2%) 45 (17.5%)

4 80 (28.5%) 76 (29.6%)

5 71 (25.3%) 74 (28.8%)

6

59 (21.0%)

56 (21.8%)

Continuous variables included in analysis were similaoath 30 and 90 daysThere was
some variation in the population of participants included at 30 &ddays due to missed
visits and missing video$here were no statistically significant differences between the two
groups for any variable. Table 34ategoricalvariables were similarly represented in the day
30 and day 90 group$n some cases there were very small group numbers for categorical
variables(e.g. poor sound quality, full proxy interview and discussion of prior disability due to

stroke) Table 35

Table34 - Continuous variables as predictors of scoring variability in proportional

odds logistic regression model

Continuous | Day 30 Day 90
Variables N=280 N=258

Range Median Mean Range Median Mean(SD) p

(IQR) (SD) (IQR)

Age 2299 69 (5977) 67.3(13.2) | 2299 69 (6676) 67.5(12.4) 0.691
Prestroke 0-4 0 (01) 0.4 (0.8) 0-3 0 (00) 0.3 (0.7) 0.128
MRS
Baseline 0-23 4 (27) 5.6 (4.8) 0-22 4 (27) 5.4 (4.4) 0.560
NIHSS
Interview 00:52 5:08 5:45 1.00c 4:30 5:15 0.066
Length 23:51 (3:197:16) (3:20) 22:39 (3:186:54) (3:19)
(min:sec)
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Table35 - Categoricalvariables as predictorsf scoring variabilityin proportional

odds logistic regression model

Day 30 Day 90
Categorical Variables N=280 N=258

N (%) N (%)
Location of Interview Participants home 40(14.2%)  48(18.7%)
(Standard: Outpatient Clinic) Inpatient / Rehab 48(17.1%)  15(5.8%)
Poor Sound Quality Yes 11(3.9%) 9 (3.5%)
(Standard: No)
Presence of Language disorder | Yes 89(31.7%) 56(21.8%)

(Standard: No)

Use of Proxy Yes full interview 12 (4.3%) 8 (3.1%)
(Standard: No Proxy) Yes( participant & proxy 45(16.0%) 40(15.5%)
Prestroke disability Yes( previous stroke 8 (2.8%) 6 (2.3%)

(Standard: None)

Yesg other comorbidity

62(22.1%)

47 (18.3%)

Prior disability was poorly reflected in the psroke mRS score. 22.9% (123/538) videos
discussed prior disability; only 1.6% (9/538) of videos had &{poke mRS ok 3.

At both 30 and 90 days onty A y 0 SNIDA S ¢ f Sy IHassoéiated Wittagréerthemty A F )
in MRS scoringTables 36 and 37 Baseline NIHSS at 30 dayas inversely related to
variability in mRS scoring, however this did not reach statistical significancethsirgViH
significancetest. Thesmall numbers in some groups limitethalysis in some categorical
variablesand the regression model provided very wide confidence intentalglotting the

data groups with K15 have been removed-igures 34nd 35.
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Table36 - Factors associated withariability in mRS scoring at 30 daySrequency

of variable and odds ratio (95% CI) from proportional odds logistic regression. P

value generated from CMH test.

Prior disabilityg stroke 8 1.44 (0.415.12) 0.448
Prior disabilityg other comorbidity 62 1.69 (1.012.82) 0.448
Proxyc full interview 12 0.16 (0.050.52) 0.119
Proxyg participant and proxy 45 2.11 (1.183.79) 0.119
Language Disorder 89 0.62 (0.460.98) 0.139
Poor sound quality 11 1.59 (0.544.69) 0.149
Locationg inpatient/rehab 48 0.35 (0.260.63) 0.238
LocationcLJ- G A Sy G Q& K; 40 1.37 (0.742.56) 0.238
| Continuous Variables ]
Interview length 281 1.12(1.051.19) 0.023
Age 281 1.01 (0.991.02) 0.913
Baseline NIHSS 281 0.95 (0.910.99) 0.263
Pre Stroke mRS 281 0.90 (0.681.12) 0.380

Table37 ¢ Factors associatedith variability in mRS scoring at®days Frequency

of variable and odds ratio (95% CI) from proportional odds logistic regression. P

value generated from CMH test.

Prior disabilityg stroke 6 3.30 (0.7614.47) 0.146
Priordisability¢ other comorbidity = 47 1.78 (0.993.16) 0.146
Proxyc full interview 8 1.93 (0.567.49) 0.072
Proxyc participant and proxy 40 1.72 (0.933.18) 0.072
Language Disorder 56 0.94 (0.551.61) 0.360
Poor sound quality 9 0.32 (0.091.06) 0.002
Locationg inpatient/rehab 15 1.14 (0.442.91) 0.876
Locationc LI G A Sy G Qa K 48 1.17 (0.662.07) 0.876
[ConinuousVariables |
Interview length 257 1.13 (1.061.21) 0.001
Age 257 1.01 (0.981.02) 0.511
Baseline NIHSS 257 1.01 (0.961.06) 0.683
PreStroke mRS 257 1.15 (0.841.56) 0.189
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Prior disability - other comorbidity (n=62)

Proxy - patient and proxy together (n=45)

Language Disorder (n=89) ——

Location - inpatient/rehab (n=48) —

Location - patient's home (n=40)

Interview length (n=280)

Age (n=280)

Baseline NIHSS (n=280)

Pre Stroke mRS (n=280)

OR (95% CI)

1.69 (1.01, 2.82)

2.11 (1.18, 3.79)

0.62 (0.40, 0.98)

0.35 (0.35, 0.63)

1.37 (0.74, 2.56)

1.12(1.05, 1.19)

1.01 (0.99, 1.02)

0.95 (0.91, 0.99)

0.90 (0.68, 1.12)

Favours disaareement

5

Favours aareement

CMH p value

0.448

0.119

0.139

0.238

0.238

0.023

0.913

0.263

0.380

Figure 34- Forest Plot:Factors associated witlvariability in mRS scoring at 30

days Odds ratio (95% CI) and CMH p value
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Prior disability - other comorbidity (n=47)

Proxy - patient and proxy together (n=40)

Language Disorder (n=56)

Location - inpatient/rehab (n=15)

Location - patient's home (n=48)

Interview length (n=258)

Age (n=258)

Baseline NIHSS (n=258)

Pre Stroke mRS (n=258)

Figure 35 - Forest Plot:Factors associated witlvariability in mRS scoring at 90

[ [ I f
0.2 0.5 1 2

Favours disaareement Favours aareement

days Odds Ratio (95% CI) and CMH p value
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OR (95% Cl)

1.78 (0.99, 3.16)

1.72 (0.93, 3.18)

0.94 (0.55, 1.61)

1.14 (0.4, 2.91)

1.17 (0.66, 2.07)

1.13 (1.06, 1.21)

1.01 (0.98, 1.02)

1.01 (0.96, 1.06)

1.15 (0.84, 1.56)

CMH p value

0.146

0.072

0.360

0.876

0.876

0.001

0.511

0.683

0.189



7.4. Conclusions

As we have previously describedtar-observer variability limits the utility of mRS scoring.
There are several proposed strategies nunimise this but ools to predict poential
GLINROGE SYé Y wdllowQargetedtintednibisiito minimise misclassificatidve
aimed to assess which factors in the mRS video interview affect variability in scoring to

identify the features of an optal adjudication video.

In this study, the selection dactors potentially associated with variabiliyas arbitrary by
necessity due to a paucity gbublished background literature on predictors of mRS
variability. Our selection of variables was guidbd prior qualitative stud$f. Other factors
that might have been relevant such as employment status, secomomic status, marital
status etc. maybe pertinent but the corresponding da were not captured at the time of

initial interview.

The majority of factors identified as possilfiectors associated witlvariability were no
demonstrated as such irnis study.This is in part attributable to the small numbers in some
groups. The usef a proxy, presence of language disorder or location of the interview does
not appear to impact upon scoring variability. There is a perception that at the extremes of
disability there is less variability in mRS scoring; however measures of initisg seeglrity

were not associated withmproved reliability in this study.

We were only able to identify one factor associated with agreement in mRS scoring.
Increasing length of interview was associated with less variabllitys was unexpecteth

light ofthe experience oénd point committee discussions. In several instances adjudication
committee membersommented thatongerrecorded interviews werdifficult to followand
containedunnecessarynformation. However,on the basis of this datawe might sirmise

that extra informdion, which may be interpreted as superflugusould be useful in forming

an mR$udgement.

The clinical implications of these data are uncertain, although duration of mRS interview may

be associated witlvariability the effect eems small and by its nature duration of interview
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cannot bepredetermined orassessed until the interview is complete. Perhaps we should
conclude that interviewers should not deliberately prolong the interview but should take as

much time as is needed mwover all the salient points of a complete mRS assessment.

7.4.1.Scoring controversies in CARS study

During the course of the CARS study the endpoint committee met to discuss all MRS videos
that had resulted in disagreementhis permitted focussed discussiam highlight potential

areas that may contribute to mRecertainty Therewere common themes discussed during
these meetings that cause difficulty in mRS gradingseveral instances the controversies
arose simply because of a value judgement and wedévidual to each interview. getors

that frequently generated discussion were with regards to possible non stroke symspbo
incomplete information.We did not formally study theletails of these conversations a
gualitative manner;however, it is wath brief discussio of these controversies as potential
topicsin the content of a clip that might impact upanRS variability inAcross each mRS

boundary there were recurring themes.

Post stroke symptoms(mRS 1 boundary)A wide array of post stroke sytoms and
syndromes are recognised; those which are easily recognisable such as paralysis or dysphas
and otheswhich are less objective such as post stroke pain, fatigue or mood disditenre

is a clear distinction between interpretation of physicaldapsychological symptoms after
stroke, largely related to the objective / subjective nature of their impact. The interpretation

of more subjective symptoms (such as fatigue or mood disorder) may vary amoag
individuals and the link between them andnittional ability may be less clearly relatedthe

initial stroke insult oany response to treatment.

Should all of these symptoms be regarded as equal in terms of the limitations that they place
on the stroke survivor? This is not clear in mRS scagungdance; an inability to perform
ADLs due tinemiplegia is noticeably different to an inability to perform ADLs due to fatigue.
In some societies it must be acknowledged that the extent and impact of symptoms can have
consequences in terms of physicaldafinancial support or welfare. These influences are

difficult to extricate in accurate functional assessment for clinical trial purposes, particularly
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where a participant knows that a recording of their description of disability is going to be
stored. t is important that the nature and effect of all symptoms is fully explored,

acknowledging the limits and possible motivations in these discussions.

Return to previous activitiemRS 2 boundary)-or the purposes of the mRS scaleggular
activity is déined as one which was carried out at least once monthly in the time period
immediately prior to stroke. Controversy may arise where a participanay be able to
perform an activity,but they feel that they perform less well than prior to the stroke. An
example might be a participant who had a complex hobby prior to their stroke (playing an
instrument / painting); if their music or art is perceived to be of poorer quality after stroke
should this be deemed a loss of acti?ityWhere anndividual is ablgo perform physial
tasks to a degree thatllowsresumption of normal activities, theperhapscaution should be

exercsed before giving a score of mRS 2.

In some situations participants may not have had the requirement or opportunity to gitem
such actrities. Such a situation arises when participants are scoredinduinpatient
rehabilitation. Our prejudiceis likely to be that during an inpatient stay, where assistance
with personal care, meals and domestic tasks is provided; a participant must mandetee

of MRS 3. Length of stay in rehabilitation facilities and the activities that are expected of
patients during their stay vary widely across geographical areas in relation to healthcare
systems, facilities and funding. On this basis it is imptessd offer international guidance

on how to score this population except to highlight that consideration should given to ensure

that the assistance received is absolutely required.

Societal barriers to functional recovery The primary issue here arosein discussions
regardinga LJ- NI A Crétdrdl ty dri@idg. Where participants have not returned to an
activity due to a legal constraint it is unclear if this should be scoreddisadility. Similar
issues arisavith return to work, caring roles and loér societakoles. As the CARS study was
performed acraes sites subjecto similar laws and regulations this was fairly easy to deal
with. Agreement was reached that where a legal constraint regarding driving was the only
limitation with an otherwise goodecovery, this must not be scored as a disability. There was

an acknowledgement that where a central adjudication model might be adopted on an
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and these museach be considered on their own merits.

Definition of Requiring Assistance (mRs 3 BoundaAgtivities of daily livingADL)can be
ANRdzZLISR Ayid2 Gé2 OF 6S3T2NASal 20 ol B[ADE | AYHRO
tasks such as personal hygiemkeessing, eating, transfers, elimination and mobility. If help
gAGK (GKSaS Aa NBIdZANBR GKSy I a02NB 2F I
not necessary for fundamental functioning, but allow an individual live independently in a
community. These are agaiof equal importance but given théhey are more complex, the
range of activity is great. Examples of such activities are doing light housework, preparing
meals, taking medications, shopping for groceries or clothes, using the telepimamaging
money. If a patient is able to perform each of these activities in a basic form then they would
not warrant a score of 3. An example might be a patient who is able to visit the local shop
RFAfe@ F2NJ I avYlftft aSt SOdge 2 drgesdperrfakBt SHHNITRIST
should not in isolation warrant a score of 3. The ability to complete the task in question at a
simple level is the crucial pointn this circumstance, if minor modification within their
physical capabilities could olaé need for such help (e.g. more frequent smaller shopping

trips) this may not warrant a score of 3.

What constitutes independent mobility? (MRS 4 boundaryjhe mRS scoring guidance is
clear that where a participant can mobilise without the help of amutiperson they are
considered independent. The use of walking aids is permissible but it must be clear that the
participant can transfer independently and use the aid without the assistance of another
person.However, in our cohort we discussed a few exéaapvhere thiddescription was not
clear cut.The use ofa wheelchairis a complex issue. Many would consider tioisbe an
exclusion todmobility¢, but where a participant is able to move freely aimdiependently
using this aid (similar to the use of a cane or walking frarhey tmight be considered
mobile. This is a particular issue where a participant used a wheelchairtprigtroke; often

for reasons not attributable to stroke disease

2 KFG O2yaltRidnzRéa 20d SIDR Yy AaGl yi Y dzNB ATHednRS | NX

scoring guidance for mRS 5 requires a participant to be bedbound, incontinent and requiring
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constant nursing care. If amne of these criterias met it would be reasonable to consider a
score d MRS 5. However, we encountered several situations where these descriptions
became less clear. If a patient has been hoisted from bed to sit in a chiaisuygport, does

this remove them from the category of bedbound? If a participant is physicakyallhas
cognitive impairment following stroke that requires constant supervision could this scored as

MRS 4 or 5 despite mobility?

These factors raise questions about the mRS scoring guidance that require thought and
discussio amongst the stroke commmity. Although there are clear uncertainties, these are
less important where there is consistency in scoriBg.describing common themes relating

to difficulties in grathg mRS, other mRS assessors might be abtetwporate this into their
future assesments.These topics might contribute in future to extended guidance on mRS
scoring in clinical trials;of example paying particular attention to local regulations
concerning driving, return to work; or taking account of 4pmerbid disability during

interview.

In conclusion we have not convincingly demonstrated facassociated witmRS variability.
Difficulties in mRS grading appear to be specific to the patient, assessor and interview.
Difficult mRS cases cannot be prospectively identified on the basis of this work indicating that
strategies to improve reliability should be applied universatipwever, we acknowledge the
preliminary nature of this exercise and further prospective studies may better inform the

debate.
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Chapter 8

Translation of mRS
assessments: Validity,
reliability and feasibility of
Incorporation in the central
adjudication model.

8.1. Introduction

Stroke is a leading cause oéath and disability worldwideFor acte stroke trials to be
generaligble to an international population it is important that participants are enrolled
from geographically, culturally and genetically diverse Kgaounds Thus, contemporary

randomised controlled trials istroke are international, multultural andmultilingual.

Including patient reported outcomes is a challenge in international triBarticipant
responses must be documented in a way that is standardisggeatable and reliable.
Researchers must consider in their study design how they will address language barriers and

consider the use dfanslatorsand interpreters in the collectioof data.

The use of translated materials in international medical research is accepted and the

methodological diffialties posed are acknowledgedhere is a body of literature to offer
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guidance on the translation of standardisédols used in research fopatient reported
outcomes. ldwever, this guidance pertains to the usestfucturedassessment toolaith a

fixed query : response modetuch as patient questionnaires or qugliof life measures.
There is little guidance in the usetonslation withqualitative a semistructured tools such

as patient interviewsas an outcome measurdranslation with the aim of achieving direct
lexical equivalence and that with the aim of achieving cultural and conceptual equivalence
may be quite different, furthercomplicated by the communication difficulties that are

common after stroke.

Social, culturaland linguistic factors magffect perceptio of disability after stroke which in
turn mayinfluence mRS scoring. F@ntral adjudicatiorof MRS outcome assessnisito be
successful inhis context it is imortant to consider the challengethat may be posed in
achieving culturally sensitive translatiohpw to address these challenges time central

adjudication model described whilshsuring that validity and t&bility are maintained.

The aims of our translation study were twofold. Firstly we aimed to determine the validity
and reliability of translated mRS assessments iraboHation with a team in Beijg China.
We then aimed to assess the feasibilitiyincorporating a translation step into the central

adjudication model and evaluate the reliability of these translated assessments.

8.2. Methods

8.2.1.mRS translation pilot study

Our pilot study was conducted in collaboration with a team of stroke researchers fiem t
Department of Neurology, Peking University First HospRaljing China.Ten assessorg5
Glasgow UK and 5 Beijing, Chinddained and certified in the use of mR&cored digitally
recorded mRS assessments of consenting patients from eachUiltdhical approval was
granted by Scotland A Research Ethics CommittéeS videos were scored in English and
Mandarin, with each assessor working in his or her native language and after translation.
Translations were provided by written transcript which @opanied the mRS video file.

Both native language and translated versions were scored by the respective teams.
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A convenience sample of mRS clips in English was selected from the CARS cohort of vide
MRS assessments. A further convenience sample of mp&SircIMandarin was filmed in
China specifically for this study. The translation pilot study wagakien in two parts.d an

initial sample,to assess the impact of language disordevp versions of the translated
transcript were prepareddual translation)one with the input ofan mRS certified clinician

and one by a linguist Wi no medical backgroundlhe translated mRS interviews were
scored twice, using each transcript in turn at le@smonths apartIn the second phase a
larger sample of mandarin clips watranslated andsubsequently scored to assess inter

observer variabilityvith a larger sample size

8.2.2. CARS translation sub study

Using a sample of the original CARS mRS video clips we assessed the feasibility and reliabili
of usingtranslated mRS assessmentshie central adjudication modeEthical approval for

this study extension was granted by Scotland A Research Ethics Committee ard2Ess
Research Ethics committedrained and certified mMRS assessoranfrthe original CARS
investigatorteam and end point committe&vere involved in both translation and scoring
roles. Training in the translation procedures wasovided face to faceor by telephone
depending upon the distance involved and was supplemented by written informésiea

appendix B)

We used study sites in Scotland and in England/Wales to represent distinct geographical
areas.There was no true language barrier in scoring clips from each area; however they were
used to signify different countries in the CARS web poniadlel. All clips were in the English
langua@ but there were local variations in agdeand colloquialisms evidenfA sample of

clips to meet certain criteria was selected from the cohort of CARS wideiog R statistical
software. The criteria used tamit the CARSample were as follows: 90 day assessments
only (to ensue no duplication of participant videps equal numberfrom Scotland :
England/Wales and equal number of classifiedisclassified clips, maximum clip length 10
minutes. Using theseriteria clips were randomly selected from the CARS video cohort using

R statistical software.
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The sample of translation clips was allocated to the trial outcome marthgeugh the web
portal to appearas a newly uploaded video fil&#he origin of the file was identified e

MRS upload listThe file was checked for quality by the outcomes manager before being
Fft20FGSR G2 Iy IYVAD$ & 2NAI E\EBAERS Ainydhi IAlterdadivie)
geographical area (i.e. Scottish clipsS NB & i NI y & f IinvéstRjatorscadd vigey 3 f
versa).t KS Ay @SadAardiz2NI Ftt20FG§SR Idemalihath ofij f I
had been allocated fotranslation; from here they were able to log in to the web portal to
view the clip. Translations were provided using a digital dictation device (Philjgstal
Pocket Mem® and SpeechExe&R software) in mp3 format.Translators were advised to
provide their translations in plain, clear English without the use of golisms where
possille. Theywere alsorequested to provideclear andunambiguous statements of what
was said in the clipby both the assessor and the participanthe dictated mp3 file was
uploaded to the web portal by USB connection and on receipt it was automatically merged
with the original .wmv video filé[his provided a new file with the original video but replaced
audio component (a video dubbed with theatslation file).The translated file was again
checked by the trial outcome manager for quality and verifeesd ready for committee
review. In the translation sub studthe end point committee was broadened beyond that
used in the main CARSal to includeseveral mvestigators from other siteszour committee
members from both Scotland and England/Wales were thelectedto review and score the
translated clip.Each endpoint committee member was notified by automated email that
there was a translated clipeady for review.Endpoint committee members based at the

centre from which each clip originated were excluded from final review.

Translated clips were scored by four endpoint committee members not less than one year
after first review of the originallip. The original four endpoint committee scores were then

compared to the four translated endpoint committee scores to assess validity and reliability.
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8.2.3. Statistical Analysis

Validity of translated mRSssessments was assessed by analysis any systenatic
differences irthe distribution of native language and translated mRS scores using the Kruskal
Wallis test of distributions for non parametric datReliability of translated mRs assessigen

was assessed using kapd, weighted kappdky) and ICGtatistics.

All analyses were undertaken using Statsdirect statistical software.

8.3. Results

8.3.1. mRS translation pilot study

Sixty nine mRS clips were sabr@® English and 60 mandarifwenly mRS clips underwent
dual translaton (9 English and 11 MandarinMedian mRS score was 3 (IQR)2There was

no significant or systematic bias iative or translated mRS scor&he distribution of native
language and translated scores (mea®@5¢o confidenceinterval) and median IQR) are
displayed in figures 3® 41. There was no significamr systematiadifference betweerall
clips scored by native language scorers andratislatedassessments (p=896) or in the
groups that underwent dual translation (medical translation p=0.999; linguist translation

p=0.999)

152



Naiive s | ¢ |
o ] - P=089%
Translated 4 | ¢ |
o 1 T2 T g g
min -[ mean + 95% confidence interval ]- max
Figure36 - Distribution of MRS scores in native language and all
translated clips (n€9). Mean+ 95% Confidence Interval. p value
represents the Kruskal Wallis test of difference between
distributions.
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Figure37- Distribution of mRS scores in native language aailtl
translated clips (n=69). Mediat IQR, Range. P value represents

the Kruskal Walllis test of difference between distributions.
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Figure38- Distribution of MRS sores in native language and medical

translated clips (h=20Mean + 95% Confidence Intervd? value

represents the Kruskal Wallis test of difference between distributions.
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Figure39- Distribution of mRS scores in native language and

medical translated ips (n=20). Median + IQR. P value represents

the Kruskal Walllis test of difference between distributions.
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Figure40- Distribution of MRS scorein native language and linguist

translated clips (h=20Mean + 95% Confidence Intervd® value

represents the Kruskal Wallis test of difference between distributions.
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Figure41- Distribution of mRS scorein native language and

linguist translated clips (n=20Median + IQRP value represents

the Kruskal Walllis test of difference between distributions.
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Inter-observerreliability for native language assessment was good (n=K9,61 (95% CI
0.590.64), ky 0.91 (95% CI 0.88.96) ICC 0.91 Translated mRS assessments maintained
good reliability (n89), k 0.59 (95% CI 85-0.62), ky, 0.89 (95% CI 82-0.97), ICC @®9. Putting

an mRS trained clinician in the translation role had no demonstrable impact on the reliability
of translated mRS ass&sents;k 0.67 (95% CI 0.e272),ky 0.91 (95% CI 0.81L01) ICC

0.91 with medical input (n=20) an# 0.64 (95% CI 0.5@.69),k, 0.91 (95% CI 0.8201)
ICCO0.91with linguist only transcription (n=20)Table 38 and Figure 44

8.3.2. CARS translation sub styd

Sixty mRS assessments were selected for inclusion in the CARS translation sub study (n=2
{O02GfFYyRXZ ylon 9y3ftlyRk2lfSavo {AE Ay @Sal
Scotland, n=3 England/Wales), each providing a modified audio sunforaign mRS video

clips. Fourteen investigators were involved in providing committee scores for the modified
MRS clips (n=11 Scotland, n=3 England/WalBisg. translated videos were limited to include
those less than 10 minutes long, range 1min 4 se@nins 30secdMean (SD) 4mins 27secs

(2mins 18sec$)

lff aqUNXyatlrGAz2yEé FdzRA2 FTAESa 6SNB  dzZLJ 2 |

through the CARS translation web portal. There were no technical failures.

Median mRS in native language chpas 1.5 (IQR & 2.5). Median mRS in translated mRS
clips was 2 (IQR-3). Using the median mR&dre was a trend towards lower mRS scores in
the native language clips drivday two of four scores (Figure ¥#But this did not resulin any
significant or gstematic bias in the distributions of MRS scoireither group(p=0.705).

Figures 42 and 43
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Figure42 - Distribution of mRS scores in CARS translation sub study: Original and Modified Clips

(n=60). Mean and 95% Confidence IntervaP value represents the Kruskal Wallis test of

difference between distributions
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Figure43 - Distribution of MRS scores in CARS translation sub study: Original and

Modified Clips (n=60). Median and IQR value represents the Kruskal Wallis test

of difference between distributions.

Inter observer reliabilityseen in he modfied clips k 0.58 (95% CI 0.53.64),k,, 0.85 (95% CI
0.740.95). ICC 0.85)as similar to that seen in the original video fi{&s0.64 (95% CI 0.58
0.70),ky 0.88 (95% [10.780.99),ICC 0.88) Table 38 and Figure 45

Table38 - Summary results; Inter-observer reliability of translated mRK (K.,

and ICC)

N k (95% ClI) k. (95% CI) ICC
Translation Reliability
All Native 69 0.62(0.58 0.65) 0.91 (0.86;0.99) 0.91
All Translated 69 0.59(055¢0.62 0.89(0.82¢ 0.97) 0.89
Medical Translation 20 0.67 (0.60;0.73) 0.91 (0.77 1.04) 0.91
Linguist Translation 20 0.64 (0.58;0.71) 0.91 (0.76; 1.05) 0.91
Translation Feasibility
Original 60 0.64(0.58& 0.70) 0.88 (0.78;0.99) 0.88
Modified 60 0.58 (0.53%0.64) 0.85(0.74 0.95) 0.85
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Inter observer Reliability in Native Language mRS clips (n=69)

Mandarin n=60
[Scored in Mandarin by Chinese Investigators]

English n=9
[Scored in English by UK investigators]

k (95% Cl) 0.62 (0.580.65)
kw (95% CI) 0.91 (0.860.99)
IC.91

Dual translated mRS clips (n=20)

[Two transcripts prepared for each clip 1] by mRS certified clinician and 2] by linguist with no medical traini

Mandarn n=11
[Scored with English Transcript by ldidestigaors]

English n=9
[Scored with Mandarin Transcript by Chin@seestigators]

1] mRS certified transcript 2] Linguist transcript

k (95% CID.67 (0.6Q;0.73) k (95% CID.64 (0.58; 0.71)
kw (95% CID.91 (0.77 1.04) kw (95% CI1D.91 (0.76; 1.05)
IC(0.91 IC(0.91

Inter observer Reliability infranslatedmRS clipgn=69)

Mandarin n=60
[Scored with English Transcript by ldiestigators]

English n=9
[Scored with Mandarin Transcript by Chin@seestigators]

k (95% CID.59 (0.55¢ 0.62)
kw (95% CID.89(0.82¢ 0.97)
IC0.89

Figure44 - Summary ResultsmRs translation pilot study
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Original Modified
n=60 n=60

k (95% CIp.64 (0.580.70) k (95% CIP.58 (0.530.64)
kw (95% CID.88 (0.780.99) Kw (95% CID.85 (0.740.95)
ICC 0.88 ICC 0.85

Figure45- Summary results CARS translation sub study

8.4. Conclusions

Regulatory agencies such as tBaropean Medicines Agen&MEA andJS Food and Drug
AdministrationFDArecommend the use of patient reported outcome measures in clinical
research of medicinal produd® ?°. It is acknowledged that the application of these
measures in a modified form, such as use in a different population or language, may not have
equal validity or utilitg®. Even withinthe same language, cultural differences may affect the
acceptability of outcome measures Vrious populations’®”; for example Canadian French

vs. the diatct of French spoken in Franda arder to achieve the sample sizes required for
successful phase Il randomised controlled trials it is necessary to pool data from
multinational sources. Pooling of clinical trial data from culturally and linguistidalgrse

groups may lead to misleading results if these issues are not considered in tria&fesign

The use of translated materg@lin medical research is commoiVhen using a patient
reported outcome, translation is frequently limited to the modification of a structured tool
(e.g. scale or patient questionnaire) which is then administered arskessed in the native
language When using a tool such as the mRS, which is inherently unstructured and flexible,
this krings added challenges if multinational, multicultural and ntinljual outcomes are to

be assessed centrally.
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8.4.1. Translation in medical research

Four levels of language competence are described in the translation litef&ture
Grammatical competencec this is the goal of nost 6 S 3 A y lgn§uddedcourses, to
understandbasicvocabulary and grammathe ability speak and write simple sentences.
Discourse competence this demands amore complexunderstanding of vocabulary and
grammay the ability toconverse ad follow everglay conversations and to understawodal
and witten communication with complex senteacstructure Sociolinguistic competence
this demands theability to express and negotiate the meaning of words and phrases
according to the culture using the languag® integrate cultural norms ito the
communication process; for example to demonstrate approprigbdéteness and respedh
social situationsStrategic competence this requiresan ability to compensate for any lack
of knowledge by using alternative @@bulary or non verdl cues appropriate to local culture
This level of linguistic competence allows the speaker to manage unexpsctearios and
social situations without being highlighted as a non native spedt@rresearch purposes a

translator shold have a minimunof sociolinguistic competence.

There are several levels of equivalence that must be obtained for a valid and reliable
translatiorf’®. Conceptual equivalence, refers to constructs that exist, are relevant and
acceptable in both culture§Semantic equivalence ensures that items mean the same thing

to different groups Operational equivalence; methods of administration of the assessment
tool are appropriate for all culturesMeasurement equivalenceg ensures that the test
measures the same metrics in the source and target populatiem equivalenceg confirms

that items are not biased andaoy equal weight in each cultur€riterion equivalenceg

ensures that the interpretation of scores is the same across groups.

In the translation of specific tools (e.g. questionnaires) there is a clear recommended
multistep process to ensure that transilans are valid and acceptable for use in medical
research acrss countries.Regulatory gencies suggeghat the method of translation is

clearly and transparently described in publications of trial methods and ré%ults
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Details of the recommended translation procedures are widely publistiéd. There is
general agreement that the translation prosesmust include: yhthesis of translation by at
least two translators independently followed by a jomeeting to combine their translations
where a written report is made to document issues and describe how these were resolved;
then back translation by a further two independent translators is performed, blinded to the
original version. There then must keme form of expert central committee review including
clinicians and all involved translatots discuss any discrepanciebhe modified tool must
then be tested in a sample population with accompanying interviews before the process

documentation is subrtied to regulatory authorities.

The complexities involved in this process of translation would prohibit the use of this
approach in translating patienhterviews.There are reports of translated patient interviews
used in qualitative researcbut the numbers are smallA qualitative study with patient
translated patient interviews in CantoneseEnglish reported no significant differences in
major categories but minor themes had some variatf6nAn alternative is to consider the
use of annterpreter during the interview. This has advantages, any queries can be clarified
by the researcher in real timéowever the véidity of this approach habeen questioned®.

An interpreter may summarise responses and without knowledge of the researchHisld

may placdimitationson datacollection andhreaten the content othe interview.

8.4.2. Translation in the 8oke literature

There have been several reports of translated outcome sness in the field of stroke.
Translated atcome scales such as NIHSS (ltAtfaPortuges€®, German®®), Barthel Index
(Portugesé®, Persiafit’, German'®), Stroke Impact Scale (Germidh?*®), Motor assessment
scale (Germait®, DutcH?), European Stroke Scale (@enf'®), Satisfaction with stroke
questionnaire (Germ&??) and Stroke and aphasia quality of life sc8@ (Spanisf?) are

available

There have been two documented studies assessing@skated mRS scale; in Germfan

and in Portuges®. These successful translation reports refer to modification of the wording
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of the mRS scale, with subsequent application and scoring of this modified scale in the native

language. There are no prior reports of translation of the mRS asses#sedt

We chose two linguistically and culturally diverse populations to assess the validity and
reliability of the translated mRS here has been one prior report of translation of a scale

used in a Chinese populatiofi, but this has not been published in full.

8.4.3.mRS translation project

The clallenges posed in the central adjudicationmotiltilingual mR&ssessments arelear.

The number of interviews involved and the heterogeneity of content withiecjudes the

use of recommended standardised translation techniqulse added complexity, tiemand
expense involved in the multistep process may not enhance the reliability of results more
than a single critical review by an independent bilingual obséX:eA more pragmatic
approach to translation is required and this is what s@ught to investigate in the mRS

translation project.

There are several factors for consideration in the application of translated, centrally
adjudicated mR&ssessments in clirdt trials. We have demonstrai@ that translated mRS
assessmentsippearto have equivalent reliability to native language mRS assessment and
that incorporationof a translation step using digital dictation is fddei However, there are
limitations to the findings in this study rad further research igequired before we can

confidently state that a translated mRS assessment is useful, valid and reliable.

The mRS pilot study included a small sample with only one language comparison. We
deliberately chose twoculturally and linguistically diverse populations and the focus of
determining disability was noticeably differem the content of mRS interviews each
group.lt is clear that the concept®levant tohealth or illness ar@ot equivalentin culturally
diversepopulations.In the Mandarin bips there was a strong focus aliscussion regarding
issues such as domestic tasks and caring for relatives where the UK clips were less likely t
focus on thes issues as a priority. The descriptofsindependencein Chinese mRS clips
includedactivities suchas theability to ride a pedl bicycle. fiis was not evident in the UK

clipswhich were more likely to focus on driving a car or using public transp@ith this in
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mind it is important to highlight that thenative language of the clips was not equally
distributed, English n=9 and Mandarin n=6@ach clip was scored in the native language
and after translation, but the bias of Chinese clips does place limitationsthen
generaligbility of the resultsMany of the assessors in the Chinese group weilendual.
Although they performed the interviews in their native language; it is difficult to quantify any
subtle changes that may have been made to the interview questions or technique as they

had an English sp&ing audience in mind.

In the mRS pilot studgach group of clips wasanslated by the same translator (medical or
linguist), in the CARS sub studgth were multiple translatorsiVe have demonstratd that
there is no significandifference in this samp using either a medically trained and mRS
certified clinician or a lingst in the role of translatorThisflexibility isimportant in the
application of the model in a real clinical triahe option of choosing a single or multiple
translators with nonecessity for experience in the relevant research area is a logistical
advantage Again,it must be emphasised thaiur sample of dual translated clips was small

(n=20) and further study is indicatéd ensure that these pilot study results are reprodueib

8.4.4. Summary

Including patient reported outcome measures is a challenge in multicultural and multilingual
trials. There is no guidance for using translated patient interviews as an outcome measure
but we have demonstrated in a small pilot study that theateillity of the mRS as an outcome
measure is maintained when scoring translated assessments from tlorally diverse
populations. The incorporation of a translation step into the central adjudication process
seems technically feasible. Further work wittultiple languages and a larger sample size is

desirable to ensure generalisability of our results.
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Chapter 9

Rankingwithin Rankin: can
disability be graded within
MRS grades?

9.1. Introduction

The mRS is an ordinal, hierarchical scale with broad descrigietmseen ranks. As we have
discussed, the mRS descriptions are arguably vague and there is inherent variability in the
scores allocated by independent observers. This limits the utility of the mRS as a clinical trial

outcome measure.

In consideringthe mR$ or any other sale which contains grades, is imost useful
conceptually to think of each grade as being distinct amtrete, with clear boundaries
between ranks. However, in practice, the underlying distribution of subjects is likely to be

more unifam, blurring the boundaries between gradeBigure 46
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Figure 46 - Diagrammatic representation of the underlying distribution of

disability within the mRS scale.

Between mRS grades, the underlying spectrum oéldiigy within the scale is subtle, with
some participants ligly to sit clearly within an mRf3ade where others might sit close to the
line between grades. It is these participantdose to the boundaries, who are likely to

contribute tointer-observer variability andhisclassification.

Our aim $ to accurately describe disability as autcome measure in stroke tia A method

of detecting a difference both between and within ranksthe mRSmight help us better

dzy RSNE G I YR (0 KS disapiliy DNstrake sardivors andJitkénéfy those who are
closer to the boundary or more controversial in assigning mRS gbadection of discernible
differences between participants within mRS grades mayckrthe quality of data that are
collected ugng the mRS as an outcome measufée sought to assess the ability of stroke
researchers to measure a more subtle effect on outcome through grading of outcomes
within mRS categoriesA method of identifyingwhere in the spectrum of disability a
participantlies has nopreviously been investigated. We used the CARS study video resource
to determine the ability of stroke researchers to detect a differenceartipipants scored at

each gradeon the mRS scale.
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9.2. Methods

The CARS videos represent a largegle of MRS assessments withultiple mRS scores.
Each clip wascoredremotely by four experienced mRS assessors and has an adjudicated
consensus scoreThe local mRS score was not included in this analysis as it was based upon

direct patient contact ad therefore was not generated using identical source data.

These video assessments can be divided mto distinct groups. 1Tlassified Agreemen):

The original four adjudication committee assessments agree@and the video wa
automatically allocated theagreed mRScore. 2Misclassified Disagreement There was
disagreementn one or more of the adjudication committee assessments and a consensus
score wa allocated followinggroup review and discussiolhe degree anddirection
(towards greater or lesslisabilty) of disagreementcan be identified bythe spread of
available mRS scores for each individual clip. Tlssified (agreemenj clips can be
O2yaARSNBR 32tR &Gl yRINRE SEI YLX S3unikdly RA 3
to represent a contentious MRS assessmenthemisclassifieddisagreemenyclipsexhibit a
degree of controversy andanbe considered to represent one of the mRS assessments that

is likely to sitloser to the boundary between mRS grades.

In order to determineif MRS assessors were able to correctly identify pinesenceand
direction of disagreement.lJr ANE 2 F @ Y|l wer&®mRparedyTed raiteé antJa
certified MRS assessors were asked to view each pair of mRS assedsmargsibjective
opinion regarding which participarg(function was better or worse than their counterpart in

the pair. We used only day 90 mRs assessments from the CARS video cohort in order to
ensure that no duplicate clips containing the same participant were seleWtedncluded

two disthct samples in the comparison

1. We selecked a sampleof classified dgreemenj clips where there was no controversy

within the original revéwing committee over mRS grade.

2. We selectd a sample ofmisclassifieddisagreement clips, where there was more

than one possible score on the mRS prior to consensus opifinenspread of original MRS
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scoresin the misclassified clip was used to identify the directiondsfagreement (i.e. to

more or less disabled).

Each clip from the samplds6 2 S 61 & O2y & dARSNBR GKS dal O
GO2yGNBf & Of AL ¢tKS aO2yiGNRfé GARS2a oSN
day 90 CARS video cohort. Each pair had mateupddicated mRs scoregenerated

automaticallyby @ NBESR AYyAGALIE O2YYAGGHISS a02NBa O6Ay
d O2 y (i NP foé by BoNgerazisldobowing endpoint committee discussioh y (0 KS & |

misclassified (disagreement) groufke figure 47 for a summary of the study design.

o w1 e TEDIEDIED
i

cCoode Clear
mMkS 2 mkS 2
Misclassified Clip Classified Clip Misclassified Clip
Disagreement Full agreement Cisagreement
Mean mFR¢s <2 Mean mRs =2 Mean mRs >2
CLess Disabledé ¢More Disabledé
Misclassified Fair Classified Fair Misclassified Fair

Figure47 - "Classified" and "Misclassified" Pairs. [MRS 2 is used as an illustration,
this process was repeated across the spectrum of mRS within the random

sample.]
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Eachpair of video clips (activecontrol) was randomly allocated to four mRS assessors. The
order in which the clips were viewed by the assas (labelled simply as A and B) was also
randomly allocated Raters wergiven instructionto watch each pair of clipsn the order
providedr YR o6f AYRSR G2 SI OK 2 KSNIaof WESXlpe tfied S &
rater was asked tmote which of the participant§A or Bwasdessdisabled. They were not
asked to provide a score on the mRS sdale.anticipated that there would be a proportion

of clips(matched active classified (agreement) ntrol clips)where it may be very difficult to
distinguishvarying degrees of disabilitglue to the matched mRS scores involvddespite

this, raters were not permitted to provide a neutral respen This was to ensure that

judgement was made in atlips and to simplify analysis.

Random sapling and allocation of clips, reviewer aondder of viewing was done using R
statistical software A summary of the sampling process is shown in figureVA@eo clips
were provided to each assessor on an individG& with clips identified as A or B in the
allocated viewing order. An electronic scoring sheet was provided to be completed during
viewing and sent back to the study outcomes manager. idémtity of the clips (control and

active) was nounblindeduntil all assessors scorbad been collated.

9.2.1. Statistical Analysis

Raters were asked to providejadgementregarding which mRS assessment iclipach pair
represented less disabilityHalf of the sample comprised matched pairs of classified
(agreement)clips in which we antipated this judgement would bedifficult and might
ASYSNIGS Fy | NDBA UGN NBoughiRaidaatiyy 4 fhe jadyémeéns ox&ré a £
more predictable in the misclassified (disagreement) pairs and if this could be quantified.
The ability of assessors to identify the direction of disagreememts quantified by
comparingthe clip identified as representing t $igahilityé to the clip with the lower mean
MRS in adjudication score®ur hypothesis was that raters would be ableidentify those

clips that had generated disagreement during original committee scoring by agreeing
O2yaAradaSyidte O(GKIFIG GKz2asS OfALA ALK | The24S
proportion of assessmenstwhere thiswas identified correcthand the rater agreed with the

original mRS assessarsis calculated Equality of two proportions was tested using a test of
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two proportions with a null hypothesis that there is no difference between the two

proportions.

In order to determine if theagreementamongassessorsor the classified (agreement) clips
and miglassified (disagreement) climsmore than that which would be expected by chance
alone the agreement leveen raters was compared using kappa statis{iks Weighted
kappa statisticsk(y FleisCohen Weights H(i-))/(1-k)]?) and intraclass correlation coefficient

(ICC) were not relevant in this analysis due to the categorical nature of the data.

Statistical analysis was performed usingtSPDirect statistical software.

Day 90 mRS video clips for random sampli
(n=258)

Random sample of pairs from n=258 day ¢
mRS clips
(generated using R statistical software)

Classified Pairs Misclassified Pairs
(n=20) (n=20)

[Two classified mRS clips with [Two misclassified mRS8ps
equal adjudicated mRS] with equal adjudicated mRS]

Random allocation of pairs and order of viewir

(generated using R statistical software)

Each pair revieed
by n = 4 assessors

N
7

Figure48-{ I YLX Ay3 2F b/ ft+FaaAFTASRb |

170



9.3. Results

We randomly selected=+#0 pairs of clips for review; n=4@ctive clips in each groum=20
classified (agreement) and B8 misclassified (disagreement) and40 control clips (Total

clips reviewed n=80)

Ten mRSraters each reviewed sixteen pairs of clips. Each pair was reviewed by 4
independent assessors. In total we received data for 160 paired assessi(mer®&S for

classified (agreement) video paasdn=80for misclassified (disagreement) video pairs

There vas no difference between the proportion of raters who agreed which participant was
Gft Saa RAalofSRéE Ay (GKS OflFAaAFASR ol ANBSYS
(disagreement pairs) group [55 / 80 (68.75%])jere was no difference betwa proportions
(p=>0.999)rable 39

Table39- 2x2 Table displaying proportianof raters inagreementfor each group.
Misclassified (disagreement) pairs: agreement represents correct identification of
Gt Sada RAaAlIofSReE OfALI /flFaaATFTASR ol ANBSYSy i

agreement between raters.

H- 'g‘ Misclassified (disagreement) Pairs >
o &5 w! ANBS I' O2NNBOiU# ARSYUGATAOLFLGAZY 27
- 3 Agree Disagree Total
= B
a5 %5
g = IS
2o Agree 55 25 80
(o]
c 8o
S 53
QL c o .
=05 Disagree 54 26 80
2038
8 00
58
<2 Total 109 51 160
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The mean mR®as equal in the classified (agreement) group of paired diyesto the initial
agreed mRS at adjudication revielm the misclassified (disagreement) graiye difference
in mean mR®etween active and control clipgnged from-0.4 (suggesting less dibdity) to
0.8 (suggesting more disability)There was no pattern to suggest that greater disagreement
(as demonstrated by difference in mean mRS) was likely to result in correct identification

the direction of disagreement at initial MRS revidwable40.

Table40 ¢ Number of assessors who correctly identified the direction of
disagreementin Misclassified (disagreement). Mean difference in mRS represents

the magnitude of disagreement.

Difference 1correct 2correct 3correct 4 correct Total
(mean mRS)
Less Disability -0.4 1 1 1 3
-0.2 1 2 2 5
0 1 1
0.2 1 2 3
0.4 1 2 1 1 5
More Disability 0.6 2 2
0.8 1 1
Total correct 3 5 6 6 20

There was no pattern to suggest greater abilityQ® NNB OGf &8 ARSYyGATe@
clip at any level on the mRS scale. This was also seen iaritrel@roup, with no pattern in

agreementamongraters at anydvel on the mRS scale. Figure 49

There was poor agreement between raters for allrpdiassessmentsk (95% confidence
interval) 0.075 {0.033 ¢ 0.183). Ayreement between assessors for the clips that were
classified (agreement pairs) and misclassified (disagreement pairs) was equivialE8%(
confidence interval); Classified pairs T70¢0.065¢ 0.218) and Misclassified pairs 0.078 (
0.084¢ 0.241).
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Figure 49 ¢ Frequency of agreement between raters for Misclassified
ORAAFINBSYSyiGov LI ANBR OfALEA WwWAYRAOFGAY3
mRSclip] and Classified (agreement) paired clips [indicating chance agreement]

for each rank on mRS scale.
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9.4. Discussion

The spectrum of disability seen in ke survivors ranges widely. Convertigs complexity

into ranks on an ordinal scaledballengng. There is a degree of error in all measurements,
but that error can be significant where it results in grouping error; i.e. a participant is placed
Ay GKS AYyO2NNBOG 2dzi02YS INIRS 2NJAa avYaac

There have been studies in the neurotrauma Hierre highlighting the difficulties in
misclassification of outcomes. The result is reduced power and treatment effett’size
Outcome assessment following head injury presesimilar challenges to that following

stroke ¢ heterogeneous instd resulting in a wide variety of possible functional deficits

The optimal number of outime grades on a scale is debatedt is acknowledged that
compressing a scale to a small number of grades (dichotomy, trichotomy etc.) wastes
valuable information ad may limitthe detection ofa genuinereatment effect®”. However,

there is also evidence suggestthat an increased number of rank@n an outcome scale
results in greater intepbbserver variability and misclassification. The Glasgow Outcome Scale
(GOS) used lowing head injury is a disability outconsealevery similarto the mRS. In its
original format there are 5 grades, an erteed Glasgow Outcome Scale (GOSE) with 8
grades is also in widespread use. Versions of the scale with more ranks have been found tc

result in greater variability, threatening the utility of the extended st&1é*°.

The mRSn its traditional form has 7 ranks. Ordinal analysis of the mRS provides more
information than a binary outcorm&* but even thisis much less sensitive to change than a
continuous outcome measure. The ability of an ordinal scale to accurately quantify outcome
is determined by the width interval of each rank. Broad ranks result in the disposal of
potentially useful information whilst finer distinctions between ranks may make it more
difficult to distinguish between function in each groum an interval scalehe size of the
difference between each outcome group is equal or quantifiable, however using an ordinal

scale there are likely to beon-uniform steps between grades.
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Using a procedure developed by the WHO Global Burden of Disease ProjeciGBIH)he
interval distances between mRS grades have been reported using disability WeidFiture

50. This clearly depicts thcontinuous nature of the disability spectrum within the mRS. It
also helps to define the difference between a change from mRS 3 to mRS 4 (broad interval)

and between mRS 5 to mRS 6 (fine interval).

0.4 | /
Kot
0.2 | _¥0.212

7

Disability Weight

g

| Y00
0 o

0 1 2 3 4 5 6
modified Rankin Scale

Figure 50 - Disability Weight (and 95% CI) for each grade of mRS. Disability
weights generated using WHO Global Burden of Disé&se

We aimed to explore the potential for experienced mRS raters to be able to identify these
finer distinctions within groupdf it is possible to rank disability within mRS grades this could
be used to display outcome data in a more continuous foatpwing for alternative

statistical strategies.

We have found that our team of mRS raters could not reliably identify those clips that
NBLINBaSyid afSaa RAaAlFOf SRE Yw{ LI NIOAOALN V(3
group; i.e. those thatcontaineda clip that resulted in disagreement paired with a gold
standard agreed mRS clip; would be identifiable to the raters as ones which clearly depicted a

LI NGAOALI Yy G GKS a322RE 2NJ) ol Ré SyR 27
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ofanYw{ 3N} RSO® ¢KS NBadzZ §a adza3asSada GkKFG O
GSNBE AAYATI NI Sy2daAK G2 LINBOSYyd ARSYOGATFAO
suggest that raters were more likely to identify pairs with a greater changeean mRS
score and no pattern to suggest that idehA OF G A2y 2F GKS Gl OGA @S¢
level on the mRS scalerom the disability weights data we could postulate that it should be
easier to define the difference between mRS partioisan the middle grades of the scale

than at the more extreme end of the disability spectrumot we cannot support this

hypothesis using our data

¢KS ANIRAY3I 2F (KS fdrmdof edch grade is rbirdidbie onZheloasid |- F
of this explorgory study. There are limitations to this study due to the small number of clips
and assessors involved, however the results are equivocal in every seigseficance testing

and kappa statistics indicate that there is no agreement between assessoosdélyat

which we could expect by chance alorieerhaps alternative methodsf converting the
ordinal ranks of the mRS scale into a more continuous distribugimuld be investigated,;

such as the use of a mean mRS score followinljiple MRS ratings.
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Chapter 10

Discussiorand Conclusions

The outcome measures available for use in stroke trials are large in number and diverse in
content. The choice available is testament to the fact that there has been a lack of
uniformity in the outcome measures used and that owe tool is infallible. The aim is to
identify a tool that is universally accepted acan beused in a standard form in most stroke

trials, aiding interpretation of the relative risks and benefits among treatment strategies.

The mRS has become the prefat primary outcome measure in most stroke trials and has
gained favour for many reasofis®’. Experience and familiarity with the mRS is widespread:;
there are &cepted procedures to completeaining and gain certification in its use. A %yd
MRS outcome is available for the majority of stroke trials conducted over the last decade,
although not consistently as a primary outcome measure. The availability of this data is
useful in comparing and pooling the results of clinical trials, for ga@amsing the Virtual
International Stroke Archive (VISTA) The mRS is also a useful measure in ternguaity

110 111

of life and economic measurés metrics which are crucial in the application of novel

treatment strategies.

This thesis has examined the potential benefit of improving reliability of the traditional MRS
in stroke research and has detailed a novebessment technique utilising a central

adjudication model.
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Statistical modelling techniques using real stroke trial data distributions have demonstrated
that there are meaningful gains in sample size to be realised if we can reduce variability in
MRS scang and improve the reliability in stroke trials. The reliability of the standard mRS is
likely to be poor based on available estimates. We have reported a possible reduction in
sample size of 20% to 25% with improvement of mRS reliability from bagelir#s tok 0.5
ork0.7.

This may translate to important financial and ethical benefits for trialisihe ethical
benefits in reducing the number of participants in clinical trials are clear; we must strive to
randomise as few participants as possibleorder to gain the required evidence to guide
optimal treatment. The financial gain in including fewsarticipantsis less clear and less
immediately justifiable. The cost analysis of every clinical trial is indivioltla&t trials aims,
however,a reduction in participants by 25% would translate to significant saving in terms of

cost and time to completion of recruitment.

We do not propose that mRS reliability can be included in sample size calculations, the
complexitiesinvolved clinically and statically are t@ great. However, we have illustrated
that there is an inherent degree of int@bserver variability in mRS assessment that impacts

upon trial power and strategies to reduce variability would be of benefit in general terms.

We have foundthat the use of remotely assigned mRS scoreay be feasible in a
multicentre acute stroke trial. Our web based outcomes portal was successful with very few
technical failures. Of course in a clinical trail the loss of any data through technical &ilure
unacceptable, scientifically and ethically. However, it is important to note that with the CARS
trial design there would always have been a locally assigned mRS score to be used in the
event that a centrally assigned score was unavailable. The vigigipraent that we used has

long since been superseded by smaller, cheaper versions that are easily connected to the
internet through wireless technology. This can only offer advantage to our model in the

future.

The central adjudication model was an enljrenew concept to investigators and

participants. We found no reluctance from investigators to be involved in the video process.
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Some sites were more active in recruiting than others, largely reflected by the research staff
available. Some investigatorsquired a little more guidance than others in negotiating the

technological aspects of the trial but we found a clear learning effect as the trial progressed.

Participant withdrawal was substantiahd 17% of study visitwere missed Although the
majority of withdrawals took placeefore any study procedurese cannot conclude that the
video process did not have an effect on this withdrawal rate. st be cautious in drawing
the conclusiorthat this model is feasible and acceptable, in a real RCTngiesicome data

on this scale would have a substantgfect on analysis ath the interpretation of results

Our data suggest that central adjudicatioray beacceptable and accessible to investigators
and participantsout further study is necessary indtcontext of a true RCTInvestigation of

the model with larger scale application must be undertaken; our findings may not be

applicable in other countries or cultures where infrastructure and health care facilities differ.

The real challenge in documigmy MRS outcomes is that we are trying to use an ordinal scale
to accurately document function on a continuous spectrum of disability. From our data we
OFlyy2it 02y OfdzRS GKIFIG +F NByz2aSfte Itft20 0SSR
disability. There are no means by which we can assign a numerical score with the sensitivity
YR LINBOAAAZ2Y NBIJdZANBR (2 &a02NB aiGNHzS¢ R
concept is an unrealistic target for comparison. The best alternavéo compare
assignment of outcome to current gold standard practice; which is local MRS assessment by &
trained and certified investigator. We have found that remotely assigned mRS scores are
valid, in comparison to current best practice and factors known to be reltdedgutcome

after stroke.In the future validity could be further tested in comparison to a standard mRS
assessment in the detection of a treatment effect that we have previously recatj(sseh

as rtPA) or may find to exist in ongoing or future clinidals.

We have demonstrated reliability in the CARS study that is favourable in comparison to
current estimates of mRS reliability. Reliability among the adjudication panekWa&s9. In
light of the published estimate of mRS reliability in a mecdtitre trial"® and the result of our
simulations, this may indeed translate to a reduction in sample size of between 20% and

25%. Our translation pilot and stbudy have provided encoaging data to support the use
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of central adjudication in an international, multicultural and multilingual trial. Further study

with several languages is warranted.

2 S KIF@S Ay@SadAidalritSR YSGK2Ra 2F ARSyi(iAFe
contribute to inter-obseaver variability. Our data dowot suggest that there are any
consistent predictors of variability in mRS scoring and that the difficulties in scoring individual
clips arise through factors that are individual to that participant, thetestigator and that
AYUGSNBASS D lylrfeara 2F LI ANBR Yw{ Of ALk

examples of each mRS grade was also unsuccessful.

Where the hypothesis had been that we might be able to-gegermine those assessments
likely to need assistance& IMRS grading, our data suggéisat any strategy to improve
reliability in mRS grading must be applied to all outcome assessments. Our central
adjudication model was to provide multiple scores for each assessment, allowing estimat

of the reliability among observers. This has been feasible but labour intensive for the
adjudicators involved. In practice there might be alternative and more pragmatic approaches
to providing central adjudication and quality control without full conttee review of all

clips. A single independent adjudicator might review each clip and only proceed to full
committee review where there is disagreement. These strategies have not been formally

tested and require further validation.

The major opponent tdhe use of centrally adjudicated mRS outcomes are the numerous
structured forms of MRS assessment. Several structured mRS assessment tools have bee
proposed to limit variability in mRS outcomes. A simplified modified Rankin questionnaire
has found vengood reliability with a very fast administration time (average 1.67 minutes) in

a sample of 50 paired mRS assessnénté simple nine question interview only allowing
DAY NE aéSakyz2¢ NBaLRyaSa ¥R AvYmoeicanieietsie SE
structured mRS interview was originatigveloped by Wilson et BF and has been adapted

to the Rankin Focussed Assent (RFA) by Saver et®3l This structured faupage form is
designed to be completed in conjunction with interview of the participant, relative or

caregiver and review of participant medical records. The RFA reports excellent inter observer
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reliability kw 0.99) in a sample of 50 paired MRS assess$snand has been prospectively

validated as part of the ongoing FARAG trial.

There is currently much uncertainty regarding the relative benefits of a traditional mRS
approach and that of the many structured mRS interviews available, such as the Rankin
Focussed Assessment (RFA). Despite the improved reliability quoted for the structured mRS
tools there are some advantages to the traditional mRS model. There are formal training
tools with rigorous assessment and a freedom within the assessment toekptore the
complexities of symptoms and limitations specific to each participant. This may in part be
why previous study has not convincingly shown benefit of structured interviewsitial
positive results of structured mRS tools have not been replicated in independent cohorts and
further independent validation is required before any of the tools become the method of
choice for documenting outcoen in acute stroke trials. In a randomised evaluation of
OGN RAGAZ2YIE Yw{ @ad 2AfazyQa aidNHzO(G0dzZNBER Yv
replicated®®. The global and unstructured nature of the traditional mRs is a great advantage;
without relying on individual activities of daily living there are no floor or ceiling effects in its
applicaion which are common to structured instrument&ny potential benefit of the
structured interview is at the cost of increased interview time and complexity. However, the
same is likely to be true of novel interventions currently being piloted, such as dsed

MRS or offine group assessment. In a largeale clinical trial that may recruit hundreds of
patients, the cumulative effect of even minor increases in interview complexity could have
major effects on overall costing and time to completiéurther study of each approach to
MRS assessment is required in large multicentre tridlse benefit of a structured
assessment such as the RFA and central adjudication together may hold potential. An
advantage of the central adjudication model is that it d@nused regardless of the method

of MRS adopted, traditional, structured or questionnaire based. It could readily be used

alongside a shortened Rankin assessment to ensure consistency and quality.

Beyond reliability, the benefits seen with central adpation are numerous. Any central
| RedzRA Ol GA2y LI ySt fft2a || RSAINBS 2F 4SE

important data are lost in the process of video recording and remote assessment. Blinding is
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crucial to the integrity of trial outconseand a remote group adjudication approach may be

of use in these circumstances where this is difficult e.g. neurosurgical interventions or
complex rehabilitation trials. Central adjudication provides a method of ensuring quality
control; repeat assessmeror further information can be gathered #n assessment is
inadequate or below standard. In these circumstances a group review approach may prevent
a potentially erroneous outcome score being recorded. The video approach also allows
d02NF3S 202 LR EGRANRIKS 2dzi02YS | 4 a StaminSy i
functional outcome data where there are data queries. Finally, it offers remote source data
BSNAFAOFGAZ2Y 2F GKS LI GASYydiQa SEA&aGSYOS |y

A criticem of the video mRS interview would be that not all information gathered by an
investigator in their contact locally with a participant can be captured on film and transferred
to the adjudication centre. Intuitively it seems likely that some informatslost where the

MRS score is based only on the video clip. There may be clues to function and disability in
each encounter that are not captured on the clip. i.e. How did the participant travel to the
hospital, did they struggle to walk to the consultatimom etc. Pilot work comparing face to

face interview and video interview did not suggest this was a limitation of video mRS. It is
important to acknowledge that in its definition, the mRS score is based upon a patient
interview. A properly conducted tierview should contain all the detail requiredt is
recognised that for scales clinicians may not perform a comprehensive assessment but will
estimate the results based upon initial meeting, watching the participant in a consultation
and clinical intuidn®®®. This is not accurate for mMRSAny assumption based on visual clues
should be clarified and explored by a diligent reviewer on questioning. Where there were
non-verbal cues we encouraged interviewers to highlitifgse in their interview where they

felt these might be relevant. No guidance was given to investigators regarding the length of
the video clip, where there were more complex issues we encouraged full discussion of these
to aid in scoring. One piece offormation that is concealed in the video clip is treatment
assignment: subtle prejudice that could cause bias in scoring for an open label or PROBE tria

can be prospectively excluded.
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For many reasons the mRS is -sydtimal; howeverthe traditional mRSsilikely to remain the
outcome measure of choice for trialists and regulat@ém.imperfect tool applied consistently

is preferable to multiple versions of that toetlith individual modifications.There is a
temptation to modify or alter an existing scate improve its efficiency or reliability; for
example to add, omit or revrite certain items. This adds complexity and may reduce the
utility of single outcome measure applied constantly in clinical research. To pool data, such
as the pooled analysis tfie landmark thrombolysis trial§ it is necessary to have a shared,
consistent and identical primary outcome measure. For this reason we should accept the

MRS in the format that it is commordyplied and work to improve its use in trial design.

We have demonstrated that mRS assessment can be performed remotely via a method that
is feasible, acceptable to participants and investigators and is valid and reliable in comparison

to current known mettics of disability assessment.

There is now a need to apply our approachréal world intervention trialsBased on our
encouraging initial experiences, central adjudication using our infrastructure is already being
used in thefollowing trials: CLEAR Clot Lysis Evaluatingccelerated Resolutiotrial of
intraventricular  thrombolysis in the treatment of intraventricular haemorrhage
(NCTO00784134, NIH fundedeuroHypl trial of therapeutic cooling after ischaemic stroke
(EU FP7 grantMISTIEII Minimally Invasive Surgery plus AFfor ICH Evacuation Phase Il
(NCT01827046, NIH funded) and the SDPEN trial investigety the safety and efficacyf
thrombectomy after initiation with intravenous rtP# ischaemic strokgcharitable and

industry funded).
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Appendix A

Written Documentation
provided to local investigators
to supplement face to face
training session
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TheCentral Adjudication of Modified Rankin Scale Disability

Assessments in Acute Stroke Trials Study

The CARS Study
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1. Study Contacts

Please feel freéo contact any of the study team if you need to.

Chief Investigator

Professor Kennedy Lees

Professor of Cerebrovascular Medicine
Dept Medicine and Cardiovascular Sciences
Western Infirmary

Dumbarton Road

Glasgow G11 6NT

Tel: 0141 2112176

Email: kr.lees@clinmed.gla.ac.uk

Colead Investigator

Dr Jesse Dawson

Lecturer in Medicine and Clinical Pharmacology
Dept Medicine and

Cardiovascular Sciences

Western Infirmary

Dumbarton Road

Glasgow G11 6NT

Tel: 0141 211 6395
Email;j.dawson@clinmed.gla.ac.uk

Trial Manager

Mrs Pamela MacKenzie

Trials Manager

Dept Medicine and
Cardiovascular Sciences
Western Infirmary

Dumbarton Road

Glasgow G11 6NT

Tel: 0141 211 2176

Email: pcnlw@clinmed.gla.ac.uk
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2. Introduction

Acute stroke require a robust measure of functional outcome. At present, the modified Rankin Scale (mRs) is
the most popular outcome measure (table 1) and is an ordinal scale with 6 categories ranging from zero (no
symptoms) to five (complete physicalmendence). A sixth category can be added to signify death. Despite
being the most commonly used assessment, there are some concerns. Considerabbbgeteer variability is
recognised meaning that observers often disagree even when assessing the s@ane pa

Table 1¢ The Modified Rankin Scale

Description Score

No symptoms at all 0

No significant disability despite symptoms; able to carry out all usual duties and activif 1

Slight disability; unable to carry out all previous activities, but tdbleok after own affairs| 2
without assistance

Moderate disability; requiring some help, but able to walk without assistance 3

Moderately severe disability; unable to walk without assistance and unable to attend t{ 4
own bodily needs without assistance

Severe disability; bedridden, incontinent and requiring constant nursing care and atter 5

Dead 6

We have already established that agreement between observers can be worryingly low when they assign scores
to the same patients. This raises thessibility, should disagreement be across an endpoinbéupoint in a

clinical trial, that patients could be placed in the wrong outcome group. This reduces statistical power and could
compromise a clinical trial.

Digital video recording of mRs asgessits in a large clinical trial could address this concern. It will limit the
effectofinter2 0 A SNIISNJ G NA | 0 Af AfGRY & 2 OF RISV Y 30 OSIY GINY £ { G 2y
investigators. It will also permit validation andseoring of initiallymisclassified patients, or in situations where
disagreements occur (there will always be some disagreement but a consistent approach to these subjects is
crucial). It will also help ensure quality of data (via source data verification and by ensuringrecht

interview procedures) and improve blinding of endpoint assessment in studies where this is difficult (such as
neurosurgical studies). It may also afford examination of more subtle gradations of disability.

3. The Aim of The CARS Study

The aim igo evaluate use of digitally recorded and centrally adjudicated mRs assessments in-ecemiui

acute stroke trial. Before digital recording of outcomes and central adjudication could be widely adopted, it
must be rigorously assessed. Even though thidysis based upon an adaptation of an already commonly used
method there are several areas we must note. First, the mRs by nature is subjective and whether extra
information (such as how the patient travelled to hospital or other background details)ibotgs and by how
much is unclear. Further, this approach will add to complexity of trial design and although we feel this
additional complexity is marginal, the technique must yield benefit before it could be deemed worthwhile

4. Observer Training

All investigators must be trained in mRs and NIHSS assessment using a validatessea fraining

programme. A link to the training weisites can be found in the training section of the web portal. You require
to register your own account on each site. FdR&itraining, the link tp://trials -rankin.trainingcampus.net

For NIHSS training, the link is
http://learn.heart.org/ihtml/application/student/interface.heart2/index2.html?searchstring=583.

You will be unable to upload any assessmerttsifiing has not been completed.

All will also be shown how to operate the video camera and given a practical demonstration on video upload
procedures and use of the Rankin Outcome Adjudication web portal.
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The reference booklet can of course be refertecind the ceordinating centre contacted at any point.

5. Getting Started

Before starting the study there are some simple tasks we ask you to follow (as well as completing training).
These are to make sure you are comfortable using the equipmentythahave performed a test upload and
that you have completed all relevant training.

We also require that you install AVS Video Converter version 6 software on your computer (we will provide
discs and activation codes). You may need to liase with yoairllbcdepartment for this to be performed. You

aK2dZ R Ffaz2 YFI1S I T2t RSNJ 2y @2dz2NJ O02YLJzi SN KIF NR RN
anywhere as long as you know how to find it.

6. The Study Population

The aim is to recruit a minimum of @@atients from between 5 and 10 centres. The inclusion and exclusion
criteria are detailed below. We hope each centre will recruit at least 15 patients.

Main Inclusion Criteria

Diagnosis of acute stroke (ischaemic or haemorrhagic)

Onset within 48 hoursf ictus

Demonstrable deficit on the National Institutes of Health Stroke Scale (NIHSS)

Main Exclusion Criteria
PreY2NDAR Y2RAFTASR wlylAy a402NB 2F xo

7. Identification of Participants and Consent

Potential participants should be identified by a membéthe treating clinical team as soon as possible after
admission to the Stroke Unit. Suitable patients and/or their nearest relative should be approached by the study
clinician or nurse and will have the project explained briefly to them. Those whwillirgy to consider it

further can then be approached by a member of the research team (who may also be part of the treating
clinical team) to have the study explained in more detail and consent will be sought for participation.

Since no study specifieqredures that differ from usual care are required in the first days of participation, the
patient and relatives will be allowed at least 48 hours to decide. However, consent can be obtained earlier,
including less than 24 hours, if participants are mgjlto proceed on that basis. The first video interview does
not take place until one month later and of course participants can decline involvement at that stage.

Participants should be asked to sign the consent form. Two copies will be signed (brferghe participant

and the site file). The consent form should be copied with the copy placed in the case notes. Consent can be
taken by one of the investigators or by a study research nurse (in which case it will be countersigned by an
investigator).

Participants who are unable to consent for themselves can be included; assent from a relative / welfare
guardian will be sought. In Scotland this is done under the Adults with Incapacity (Scotland) Act and similar
provisions are in place in England and &gainder the Mental Capacity Adn practice, the early procedures

are indistinguishable from normal care and it is only the later video interviews that are "intrusive". Those who
are able to consent at this stage will be asked to do so at this stagéhdse who remain unable to consent at

this stage due to severe disability, continued assent / agreement from the relevant relative or welfare guardian
will be accepted.
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No participant will be included in England and Wales or Scotland against the wisheslative / next of kin.
Importantly, in the case of severely affected participants it is more likely to be a member of staff or a
relative/carer who will be interviewed, though the patient may be seen in the video recording.

8. Trial Design an€onduct (figure 1)

- Day 90
Recruitment Day 30 Clinical Review
Demographic Data P Clinical Review ig mRs Assessment
MRs Assessment NIHSS Assessment

Figure 1¢ Participant Flow Chart

Baseline Assessment

At recruitment, baseline demographic detdit€luding a measure of stroke severity (NIHSS) should be
gathered. No intervention or change to normal routine care will occur during this study. These data should be
entered into the paper case report form (CRF) and the electronic (e) CRF at the timeevisitt

Day 30

A digitally recorded mRs assessment should be performed. An assessment for any serious adverse event should
also be made. This visit should last under 15 minutes. Data from this assessment should also be entered into the
paper case reportorm (CRF) and the electronic (e) CRF at the time of the visit. An mRs score must be assigned
by the local observer at this point and any comments regarding dysphasia or other problems noted in the CRF.

Day 90

A digitally recorded mRs assessment shodgérformed, as should a recorded NIHSS assessment. An
assessment for any serious adverse event should also be made. This visit should last under 30 minutes. Data
from this assessment should also be entered into the paper case report form (CRF) arettifmaiel () CRF at

the time of the visit. An mRs score must be assigned by the local observer at this point.

9. Guide to Performing The mRs Assessment

tKSaS gAfft 0S LISNF2NY¥YSR 2y adzNBAG2NR Ay adlthodgRl NR 7
guidance is available here. The assessment should ideally be performed in a quiet and private clinic room, or if
YySSRSR o6& | LI GASYydiQa 0SRaAARS gA0GK GKS OdzNIFAya RN
Before an assessment isfi@med outwith a hospital site, it should be ensured that a local Lone Worker Policy

is in place and that this is followed.

Whenever possible, the assessor should remain constant across the-tglgeriod for a given patient. We
recognise these restriions may sometimes be impractical.

The main mRs assessment must be recorded using a digital video camless, the participant clearly has a
mRs score of Where a proxy should be interviewed on video in their stead. A suitable proxy is a relative,
member of nursing staff or other carer.

Note that only symptoms arising since the stroke should be considered. Walking aids or other necessary
mechanical devies are disregarded provided that the patient can use these without external assistance.

The score of 0 is awarded to patients who have no residual symptoms after their stroke, not even minor
symptoms.

If patients have any symptoms resulting from the &&pwhether physical or mental, then they should be
scored at least 1 on the Rankin scale. For example, if they have any new difficulty in speech, reading or writing,
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in physical movement, sensation, vision or swallowing, or any change in their mooddéstnot limit their
activities, they still should score 1. Patients in this category can continue to take part in all of their previous
G2N] = az2O0Alf YR tSA&adzNBE OGABGAGASED C2NJ (KAA LI
undertale for a monthly basis or more frequently.

If there is any activity that they used to undertake that they can no longer do since the stroke, whether because
of a physical limitation or because they have chosen to give up the activity as a result obttes gten they

should be scored 2 on the Rankin. In this category the patient has slight disability and is unable to carry out all
his previous activities, but he is still able to look after all of his own affairs without any external assistance. For
exanple, a patient would be scored in this category if he used to drive a car and is no longer able to do so, or if
he used to have a job whereas he now no longer works. The patient should still be able to look after himself
without any daily help. lother words he will be able to dress, move around, eat, go to the toilet, prepare
simple meals, undertake shopping and make short journeys by himself. He will not require any supervision
from other people and could safely be left at home for periods of a veeekore without any concern.

Rankin category 3 is for patients who have moderate disability. These patients require some external help for
daily activities but are able to walk without assistance. They may use a stick or a frame for walking but the
assstance of another person is not required for this. They will be able to manage daily activities such as
dressing, toileting, feeding etc, but will need help for more complex tasks such as shopping, cooking or cleaning
or will need to be visited more oftethan weekly for some other purpose. The external help may simply be
advisory, for example supervision for their financial affairs.

Patients with moderately severe disability who aneable to walk without assistancand unable to attend to

their own bodly needs by themselves are given a score of 4. These patients are not independently mobile and
will need help with daily tasks such as dressing, toileting or eating. They will need to be visited at least daily or
will need to live in close proximity ta carer. To discriminate patients in category 4 from those in the most
severe category, consider whether the fgatt can regularly be left alorf®r moderate periods of a few hours
during the day.

Patients who cannot be left alone even for a few hoursutth be given the score of 5. Patients in category 5
have severe disability and are usually bedridden, incontinent and require constant nursing care and attention.
Someone else will always need to be available during the day and at time during theahtyhigh this will not
necessarily be a trained nurse.

Thus, in summary, to distinguish between patients in category 0 or 1 consider whether the patient has any
remaining symptoms. To distinguish between categories 1 and 2 consider whether the patiamadertake

all of his previous activities. If the patient is independent of others in activities of daily living, then he should be
scored 2 rather than 3. To distinguish between category 3 and category 4 the crucial question is whether the
patient canwalk without the assistance of other people. Finally, a patient who can be left by himself for a few
hours during the day would be given a score of 4 rather than 5.

It is important to note that patients do not always fall neatly into one category antesodgement is usually
required when scoring them. When in doubt between 2 categories, always stick to the key discriminators of the
scale. Thus if the patient has remaining symptoms he scores at least 1. If the patient is unable to undertake
previousactivities he scores at least 2. If he is dependent upon others in activities of daily living he must score
at least 3. If the patient is unable to walk without assistance he must score at least 4 and if the patient is
bedridden and requires constant rging care he will score S-inally, if there is still some doubt between two
alternatives on the scale, and both options appear equally valid, then the worse option should be chosen.

There are some key discriminating questions that should be considdéned using the modified Rankin scale.
These are shown in more detail below (the official definitions of each category are shown below in bold and the
italicized text provides guidance that may reduce interobserver variability, without requiring a stdctur
interview).
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0. No symptoms at all
The patient should be unaware of any new limitation of symptom caused by the stroke, however minor.
1. No significant disability despite symptoms; able to carry out all usual duties and activities

The patient has somgymptoms as a result of the stroke, whether physical or cogmgtioe example affecting
speech, reading or writing; or physical movement; or sensation; or vision; or swallowing; orgrbabaan
continue to take part in all previous work, social andueg activities. The crucial question to distinguish grade

M FTNBY 3IN}RS H 606St260 YIe& 0SI WAa GKSNB FyeidKAy3
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2. Slight disability; unable to carry out all previous activities but able to look after own affairs without
assistance

The patient will be unable to undertake some activity that was possible before the strokdrifgmng a car,
dancing, reading or working) but is still able to look after him/herself without help from others on a day to day
basis. Thus, the patient can manage dressing, moving around, feeding, toileting, preparing simple meals,
shopping, and travéhg locally without needing assistance from anyone else. Supervision is not necessary. This
grade assumes that the patient could be left alone at home for periods of a week or more without concern.

3. Moderate disability; requiring some help, but abke walk without assistance

At this grade the patient is independently mobile (using a walking aid of frame if necessary) and can manage
dressing, toileting, feeding, etc but needs help from someone else for more complex tasks. For example
someone elsenay need to undertake shopping, cooking or cleaning and will need to visit the patient more often
that weekly to ensure that these activities are completed. The assistance can be advisory rather than physical:
for example, a patient who needs superviswrencouragement to cope with financial affairs would be in this
grade.

4. Moderately severe disability; unable to walk without assistance and unable to attend to own bodily
needs without assistance
The patient requires someone else to help with sorily dasks, whether walking, dressing, toileting or eating.
This patient will be visited at least once and usually twice or more times daily, or must live in proximity to a
carer. To distinguish grade 4 from grade 5 (below), consider whether the pediemégularly be left alone for
moderate periods during the day.

5. Severe disability: bedridden, incontinent, and requiring constant nursing care and attention

Someone else will always need to be available during the day and at times during thethmigigty not
necessarily a trained nurse.

10. Recording the mRs Assessment

A Canon HF100 video camera will be used. The camera records direct to an internal memory card. In
conjunction, a desktop omidirectional condenser boundary microphone will be uga@R97, Auditechnica,
Ohio USA; Specifications: Frequency responsd580Hz). An easily portable desktop tripod will be used to
mount the video camera (Hama Minipod).
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Itis crucial to ensure that the microphone is correctly connected and switchég&fone commencing the
recording. Also ensure there is enough battery power in the camera or that it is plugged into the power supply.
It is also recommended that, prior to any recording, that a do not disturb sign is placed on the outside of the
door and hat ward or clinic staff are informed recording is taking place to minimise external noise.

Please do not alter the settings on the camera as these have been adapted for the purposes of this study. For

your information, these settings will be shown ireton-line appendix.

It is recommended that the assessment is performed with the assessor, participant and equipment positioned
as shown below (figure 3).

TABLE

’,\__. Camera /[
Trinod

Microphone

Figure 3. Camera placement

The camera should be mounted on the desktop tripod.

Observer

3 —»

The desktop tripod has extendable legs
_— which may not be required, although can K
4 . .
7% used to optimise the height of camera an
views of patients obtained. It also has 4
adjustable lever to chege angulation of the
camera (2).

The camera is attached by aligning the
built screw on the tripod (3) with thg
corresponding area on the lower surface
the camera and then turning the circular dig
A v N located just below the camera mount on th
1 tripod (4).

To give maximum stability, it i
recommended that the camera lies direct
above and not between one of the tripo
legs.

g o

Figure 4. The Hama Mipbd

Once the camera is mounted, it should be turned on and it isralsummended that the power supply to the
camera be connected to maintain full charge.
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This is the side view of the Cang
HF 100 camcorder. The LCD scre
can be gently opened the camera
the finger groove (1).

The onoff switch is located on the
superior aspect of the camera (2)

Figure 5A. The Canon HF 100 camcorder.

This is the rear view of the Canon H
100 camcorder. The record switch cé
be seen (1). The microphone arn
power sockets are located behind
protective cover (2 and 3) which cal
be gently opened.

The menu on the LCD screen
navigated by using the small knob
its side (4).

Figure 5B. The Canon HF 100 camcorder.

The boundary microphone should be connected todh® A ONR LIK2y S Ayé¢ az201Sa 2y ¢
The headphone socket which is not to be used for the microphone is green). The boundary microphone must

be switched on. The switch is located on the bottom of the microphone. This should then be qutetted

table between the patient and the assessor as shown above.

The onoff switch is located on the lowe
surface of the microphone. It must alway
be confirmed this is switched on befor
recordingcommences. This should also |
switched off at the end of recording tg
preserve battery life.

Figure 6. The ATR 97 Omnidirectional Microphone

Once the equipment is set up, the LCD screen should be opened and the position of the camera adjusted so that
GKS LI GASyidQa FI OS I hafoeei dudey/ the récdiding caseyindEithehtlye@edotal K A &
control or the record button (shown above) on the camera can be usddays ensure the red light on the

LCD screen is present (which means the camera is recording) before starting your assessment.
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After the assessment is complete, remember to stop recording and we recommend that you switch off the
microphone.

11. Saving the Assessment and Converting the File

First, the camera needs to be connected to a USB port on your computer. The costputéd automatically
recognise the camera. Sometimes a window of files located on the camera will automatically open. This should
be closed. The recorded clips are very large (at least 200 to 400 megabytes) and require to be converted to a
smaller size por to upload to the study web portal. However, a copy of the full size clip should be recorded to
compact disc and archived locally along with other source data. This can be done as normal and details of how
to locate the file and how to name it are givéater.

A step by step illustrated guide of how to do convert the file is shown below. The converted files should range
between 10 and 30 megabyte in size.

The file format needs to be
converted to reduce file size.

We will use AVS vide(
converterversion 6 software
to do this.

Double click on this icon tc
open the software.

B« VDVME e

When the software is
opened, this window will
appear and it is important to
"*WM‘““'W‘EW ensure that the WMV icon is
s = highlighted.

The first step is to locate the
file that youwish to convert
(the mRs assessment yo
have just recorded). Do thic
o8 OftAOlAYy3 ¢
the input file name bar.

#:5tant| [ 45 Vi Carvtor 82 B« VD IME eas
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1 start| | 3 Avs video Converter ... B« VDIMS 169

& stane| | 3 avs video Converter ... B« VDIRS 162

2 stan| [ mvs vitea Comverter . B/« DIME e
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The camera will be
identified as a removable
disc (usually by the letter
a9¢é¢ 2NJ aCé¢vo
located in thea { ¢ w9
folder.

To open this first click or
the removable disc that
represents the camera
1KSY at wL +!

cn Q- Cn
I+ >
~
()]

The camera automatically
saves and labels files as
number. The last videc
recorded has thehighest
number SO should
therefore be the last mRs
assessment performed.

Once you have highlightec
the files you wish to
convert, click open.

You then need to identify the
folder you wish to save the
assessment to. We recommen
you use the CAR&sessments
folder that you have created.

To locate this, click on brows
and this screen will appear
Then type in the file name
which should start with the
participant number then the
type of assessment (foi
SEFYLX S d&anno
This name shouldlso be used
for the copy you save ftc
compact disc.



The profile refers to the
conversion parameters anc
this will be automatically
R ERER TS determined during the site
— initiation visit. The profile will
‘ e be named (CARS study).

= AVS Video Converter 6.2 - Nor-activated

[
o [ty
Camvot owl_| [

You must ensure this ha
been selected before
beginning the conversion.

This can be selected from th
drop down menu.

Once all these steps hav
been followed, you are ready
to perform the conversion
which takes about 10
minutes. To start this, clicl
2y & 02y @S Ndihis
screen will appear.

Femaning 001025 Oreral progress: 111%

The bar at the bottom will
tell you the progress of the
conversion. When conversiot
is finished you will be asked i
g2dz gl yi 02
F2f RSNE AY o
assessment is located. Th
window can be closed.

@ start| [ 13 11190 v vt Com... B« D IRE 160

11. TheRankin Outcome Adjudication Web Portal and File Upload

CKS 6S0 LERNIIFf LINP@GARSa G(G22ta F2NIAy@SadAadalrazNa (2
upload accompanying videos. Demographic and other outcome data should also be enterexwid portal.
The portal is administered by the Robertson Centre for Biostatistics in Glasgow.

The web portal is secure and enders access the system by entering a username and password. On first use,
users will be asked to change their password. $passwords will be required and users will be prompted to
change these routinely. Access to the portal is restricted to namedvestigators.

The web portal also includes a system that will make videos available to-#h@licating centre for qualit

checks and preeview editing and transcription. In addition, it will allocate clips to investigators for review and
mRs scoring. For confidentiality reasons, such access will be restricted to those at the outcome coordinating
centre at the Western Infinary Acute Stroke Unit, Glasgow, UK.

A step by step guide of how to use the portal is shown below.

The web portal candlocated at the web addressvw.glasgowctu.org/cars

197


http://www.glasgowctu.org/cars

To enter the portal you are
e 8 required to enter your
personal user name anc
password

Google |8~

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

The CARS study.

Welcoma to tha securs site or the CARS study
Please enter your login detsds to eontinue.

Ussrmames:

Passwnd

et A 390 T4

oo vl e, .| G Dosumentt - Masaol,.. | 11 Maskervokame

3 CARS - Micrasoft Internet Explarer
e Ed e Tods Hep

OO B B Ol P 0l REELIN RS Once you are inside the
ek ) it e el uhfCars_demalDefouk s ’

portal, you will see the menu
bar at the top right of the
screen. This will contain link:

to study resources, CRFs ar
Geriral Acucatn of Modiied Rk Scae Disabky Asessments in Acute Stroke T the clip upload section.

BE000 Fitaiin ot 10 SIo Az, Bond D BIING, Loty 41 Blariom, 12 892
Tek 14141390 4T84

v sewcho @ g B @ o [Grnd P ows o Flawet - N

Cars

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

To upload a clip, clipn the
GdzLJ 21 Ra¢ fAY

3 cars vt i, .| osmart -

2 CARS - Micrasoft Internet Explarer
Fie Ed Yew Favches Todk Heb

O~ O B B G| Do G0 B B IEE I To upload a clip, clip or

e T Lo adzL 2 R PGARS2

Cars

Central Adjudication of Modified Rankin Scale Disability As==aments in Acute Stroke Trials

Ioploads
Wnioas sen
Vewlpleadedvides  Test Video Upload and Viewing

Home > Uploats

Ta upload @ wdea to the server, select the Uploai Video cation from the manu

fewing or dawnloading videas

To view o downioad 3 video ram the sarver, selset tha Visw Uploadsd Vidso option fom tha menu

i3 start 2B cors - Merosat nts..

T Domument ! - e .
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You will then be required to
enter the participant number
Care and the assessment day (de

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials 30 Or 90)

.........

iow Uploaded Video

Then you will need to locate
E— the file for upload by clicking
. browse.

The file should be located ir
the CARS assessment fold
you created.

in Acute Stroke Trials

Once the clip has beer
identified, click on open anc
then upload. The duration of
the upload will depend upon
the size of the file and the
network speed but should be
under 5 minutes The portal
will tell you if the file has been
successfully incorporated intc
the database.

12. Video NIHSS Assessments

A day 90 video NIHSS assessment will also be performed and uploaded to the web portal in the same fashion as
the mRS assessmeriio capture the full NIHSS assessment, it may be helpful to place the camera approximately
10 feet from the patient, near the foot of the bed and on the opposite side of the bed from the examiner.

13. Recording of Participant Events

Although this is not an interventional clinical trial, we hope to caps@gousadverse events. This will allow us
to better identify individuals where the video technique is unsuitable or problematic should that scenario arise.
Events do not require tbe reported to the sponsor but should be recorded in the paper and eCRF.

A serious adverse event (SAE) is defined as any event that;
a. results in death
b. is life threatening
c. requires hospitalisation or prolongation of existing hospitalisation
d. results in persistent or significant disability or incapacity
e. consists of a congenital anomaly or birth defect.
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Appendix B

Written information given to
translators and assessors in
the CARS translation
substudy.
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CARS TRANSLATION SUBSTUDY

BOOKLET ONFORMATION AND INSTRUCTIONS
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Contents of the Translation Guide

{dzY Y NEXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 0

t KAfALA S5AIAGEE t201S0G aSyY2 5A0GFLIK2YSXXXXXXX:
t KAffALA {LISSOK 9ESO {2FGoF NBEBXXXXXXXXXXXXXXXX:

Using the CARS portalinK S G ¢ NI yAf F G2 NE NRE SXXXXXXXXXXXXX |

PAAY3a GKS /1t w{ LERNIFf Ay GKS a/2YYAUGGSS ! a3aSa:

Contacts:

For new login details for the CARS portal please contact the CARS helpGéskS@ glasgowctu.org
or Kate McArthur akate.mcarthur@glasgow.ac.uk

For any other queries contact Kate McArthuikate. mcarthur@glasgow.ac.uk
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Summary

The translation substudy is designed to test the feasibility and validity of introducing a translation
step into the central adjudication model. Most large strokels$ri@re international and multilingual.
A method for dealing with this is necessary if central adjudication is to be feasible in a typical RCT.

The CARS study has been performed exclusively in English, with various different local accents and
colloquialiy a @ 55aLIAGS GKS O2YY2y fly3dzZ 3S dzaSRI ¢S
Scotland and England/Wales which we can use for these purposes as a language boundary.

A selection of clips (n=60) has been randomly sampled from the pool of adjudicateg QA&S
GARS2a0® ¢KSNE INBE on OfALA FNRBY SAGKSNI aAR
Ay@SadAalri2NE FNRY (KS 2G4KSNJ aARS 2F (GKS |V
England/Wales and vice versa.

.
Z

S
)

The translatiorwill be done with a digital dictaphone and the file uploaded to the CARS web portal.
This will be merged with the original video file to create a dubbed clip which can thendoenmed on
the mRS.

The scores generated from the translated clips will®evcLJr NE R (G2 GKS 2NRAIAYI f
scores to see if there are any significant differences.

Thea i NI yatl SR @ARS2 FAfSY

¢KS ff20FGSR GNIXyatli2N 2F SIFOK Of AL gAtt &I 1
on the clip. The tradator will find that they need to start and stop the video and may rewind and
overwrite bits of their dictatiorg this is expected and a less smooth version of the sound file (in
comparison to the original) is inevitable. We do not wish translators tagpdarge amount of time

getting the translation word perfectsimply a close copy of the conversation between the assessor

and the patient (and / or proxy).

If there are more than two people in the clip they can identified by voice on the dictdeebddiore

SIOK LISNER2Y &Ll i1aoe ADSd GLI GASY(d &l @axXXXobéx
52y Qi 62NNEB Al AF &az2dzyRa | o0AlG Y2NB RA&22AYGSH
GOGNI yatl GSRé Of ALJa éds&@nddilgAtf GFfAR RSaALIAGS (K

¢tKS RAOGIGSR FAES YIFé@ SyYyR dzLJ f 2y 3SNJI 2NJ 8K2 NI S
automated file merging system will still dub them together successfully. The scorer may find that the
sound continues to play after thedgo stops or vice versathis is expected. The sound file will not

dub perfectly with each word / sentence. We anticipate that the merged videos will appear

disjointed, however visualising the patient / proxy and listening to the content of the intersi®uld

allow a score to be allocated.
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CARS online portal

The translation portal has been built into the CARS portal which you will have used for the main
study.

A new tab has been added in the top right of the screen to direct you totyanslation worklist, you
will not need to use any other part of the portal for this substudy.

/= CARS - Windows Internet Explorer. provided by The University of Glasg, -

P =Ia )l |

@ e - | ] hetpstvoma.glasgonctu crgiCars_demojDefaule. aspx

Fle Edit View Favortes Tools Help
Google | | M sesrch - B - s Eshere~ B+ [ sidewii - ¥ Bookman

ﬁi[@cms I_‘

o7 Check ~ aa Translate ~ ] AutoFil - 4 € (signin -

Sl v B) v DPege - (FTomk -

Documents _e.CRFE___Endpoints§ Translation JTraining Profile Logout

CARS Demonstration and Training Version You are logged in as: Test User 1

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Horme

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials
Welcome to the web portal for the CARS study
@2000 Robertson Centre for Biastatisties, Bowd O Building, University of Glasgow, G12 800

Tel: +44 (2)141 330 4744
Locstion  University of Glaspow

For new login details for the CARS portal please contact the CARS helpGéskS@ glasgowctu.org
or Kate McArthur akate.mcarthur@glasgow.ac.uk
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There are two roles in the substudy:

Translator:
In this role you will be assigned clips for translation and clips for scoring. You will be askésf to
an mRS score for every clip you view, either as translator or as a committee assessor. You will not be
allocated your own translated clips for review.
What you will need:
1 Computer with internet access, a USB socket and speakers / headphones
1 Logn details for the CARS online portal
9 Phillips Digital Pocket Memo Dictaphone (LFH9370/5)

1 Phillips Speech Exec Dictation Software

Before starting the translation work it is a good idea to have a few practices with the dictaphone and
get used to using theontrols.

Committee Assessor:

In this role you will be assigned clips for review and scoringathigse will previously have been
translated.

What you will need:
1 Computer with internet access and speakers / headphones

1 Login details for th€€ ARS online portal
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Philips Digital Pocket Memo Dictaphone

Contents of the box:

Dictaphone

Leather case

Digital Memory Card
Batteries

USB cable

Speech Exec software CD
InstructionManuals

= =4 =4 -4 -4 -8 -9

The digital Dictaphone is easy to use.

The pictures below highlight the relevant functions and buttons.
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Record Button
Press once to star
and once to stop
recording

Forward/Rewind
This can be used to rewin
and overwrite any errors

On / Off switch

Getting Started:

Insert the memory card and batteries as shown below.
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Recording:

When you switch the dicatphonJ
on, ready to start recording, thg
screen will look like this.

208

— 9§ Length of recording

1 Arrow todenote
progress

/

File number on the
memory card

/

~~ 1 File name on memory
card

When you press the red recor
button on the right hand side the
recording will begin. The lengt
of your recording will be seen o
the clock.

You will know that it isecording
due to several indicators.

1 Red light on top right
corner

/

1 Clockwise spinning
wheel

9 Solid recording spot

1 Play and Stop buttons
appear




Flash when
paused

To rewind and listen or overwrite:

You can pause recording by
pressing the red record buttor
again.

If you do this thespinning wheel
will stop moving and the
recording spot will flash to
indicate that you have paused.

The timer will pause until yoy
resume recording by agai
pressing the red record button.

This arrow shows where you are in the recordihy

dictation or record over an error.

()

In the above pictures you see that it can be moved back if you want to rewind and listen td

To do this press the upper part of the forward/rewind button on @ide panel and watch thg
arrow move backwards. The timer will move backwards to demonstrate how far you have

To listen to your dictation press the play button in the bottom left of the scr&@n
To overwrite an error simply press the red regddrutton again and reecored over it{4)
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To finish a recording:

To finish a completed recordin
press the stop button at the
bottom right of the screen.

Press the Begin button
the bottom left hand
corner of the screen

To start a new recording file:

We recommend that you only dictate one file at a time to avoid confusion. As you cannot rename the
files while they are on the Dictaphone thaeea risk that the wrong aud file may be merged with

the incorrect clip. We would suggest dictating one at a time, uploading it (which will automatically
wipe it from the Dictaphone) and then starting a new file for the new clip.

If you have to stara second file for dictation this done as follows:
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Press theNew button at
the bottom right hand
corner of the screen

The screen will refresh
with a new timer and #2
displayed on the screen

This USB cable is contained within the Phill
box

There is a small connector for the Dictapho
and a regular USB connector for the computer
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The two ends of the US
cable connect to the
devices as shown

When the cable has been inserte
correctly the screen on the Dictaphon]
will demonstrate a  successfy
connection
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Phillips Speech Exec Software

The SpeechExec software provided with the dictaphone will be either version 5 or version 7. Both
work in exactly the same wayefore use the software will need to be installed on your PC. This is
straightforward to complete with the following instructions but may need to be sanctioned by the
local NHS IT dept.

9YGUSNI GKS {LISSOK9ESO RA&AO Ay ¥2)idSE/ 5 2RNROE (5:
the screen. Click on the Dictate (D:) icon to open software.
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2 DCO90754 for wig-strokeunit
File Edit “iew Favarites Tools Help

(€] J 5 fJSEarch [~ Folders

' DC0B0TS4 For wig-strokeunit

Hard Disk Drives
Systemn Tasks
Wiew syskem information
Q Add or remove programs
[3: Change a setting

Other Places

() ®y Documents
[3» Control Panel

Details

DCO90754 for
wig-strokeunit
Swekem Folder

J lj:' /.__\’ Search W= Folders .v

' DCO20754 for wig-strokeunit

Hard Disk Drives
System Tasks

Wiew system information w IDESystem (C:)
;_5 Add o remove programs

t} Zhange a setting
@ Eject this disk. Devices with Removable Storage

Other Places

2} v Documents SpeechExec Dictate

B control Panel

1 Install
Details

Dictate (D)

D Drive L 2Browse the CD l
File System: COFS .
Free Space: O bytes y

Tatal Size: 635 ME 3 View Readme

4 Exit
20092 Philips Austria GmbH — Speech Processing p H I L I I s
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A box will appear requesting that you pick a setup languagm the drop down list. Select English
(United States).

Py F2NIdzy S8 AdG R2SayQid 2FFSNIF 'Y 9y3IfArak 2|

Next click Install at the bottom of the open box to begin the process.

A green progress bar will move along the bottom of the boixtlicate that the software is being
accessed.

System Tasks

‘Wiews system information @ IDESystem {C:]

Q Add ar remave programs
[} Change a setting

&J Eject this cisk. InstallShield Wizard

SpeechExec Dictate requires that the following requirements be installed on your computer
Other Places W prior o installing this application. Click OK to begin instaling these requirements:
@ My Documents

G» Cortrol Panel Status | Fequirement
Installing  Microsoft MET Framework 2.0 Hotfix KB332491

Details

Dictate {D:)
D Drive

File System: CDFS
Free Space: 0 bytes
Tatal Size: 698 MB

Installing Microsoft .NET Framewaork 2.0 Hotfix KB332491

(

Irstall Cancel

The SpeechExec DictagénstalShield Wizard will open once the green progress bar has finished
moving.

Close all other open applications (e.g. email inbox / word files) before progressing

Click nexto begin installation.
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G» Change a setting
&3 Eject this disk

i) SpeechExec Dictate - InstallShield Wizard

Welcome to the InstallShield Wizard for

Other Places SpeechExec Dictate

B My Documents

3 contral Panel The: InstallShisld{R) Wizard will install SpeechExec Dictate an
wour computer. To continue, click Mext.

Details Please close all open applications before continuing
the setup.

Dictate {D:)

D Drive

File System: CDFS

Free Space; 0 bytes

Tokal Size: 638 MB

WARNING: This program is protected by copyright law and
inkernational treaties.

Canicel

Click to accept the terms of the license agreement and again proceed by clicking Next.

) 400 0F FEmove programs
[} Change a setting

&) Ere i i) SpeechExec Dictate - InstallShield Wizard

License Agreement
Other Places Please read the Follawing license agreement carefully,

My Documents
[} Cantrol Panel

SCFTWARE EWD-USER. LICENZE AGREEMENT /
PHILIPS SPEECH PROCESSING SOFTWARE

Details

e IMPORTANT - READ CAREFULLY

File System: CDFS Befot.’e installing this software please read the following terms and

Free Space: 0 bytes conditions carefully

Total Size: 698 ME This Software End-User License Agreement ("License Agreement”) 15 a
binding agreement between vou (either an mdmidual or a company or other ¥

t;zl acceet the berms in the license: aﬁreementl

(1 do not accept the terms in the license agreement:

You will now be asked to enter the license key code that is printed on the back of the CD sleeve. In
this example the Licence KeyASP DS05 2042.

SpeechExec Version 7 sleeves will have a longer licence key in a similar format.
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Enter the LicereKey as shown and click Next. These are not case sensitive.

B¢ change a setting
&3 Fjert this disk 15 SpeechExec Dictate - InstallShield Wizard

License key

Other Flaces Enter the requested license key number

E My Documents
& Coritrol Panel

Dictate {D:)
D Drive

File System; COFS
Free Space: 0 bytes
Tatal Size: 698 MB

Instalishield

[ < Back i“ Mext > Ji[ Cancel }

In Version 7 you will be prompted to enter your details. Enter your name but in the institution please
enter University of Glasgow as this is where the licence was purchaced. Do noaec@ail
address, this is unnecessary and will avoid junk email. NB This step is not necessary in Version 5.
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The software will offer you an option fo customise your user profile. This is not necessary. Click
G¢eLIAOIT ¢ Iy Rhrdughingtalldtien. LINE I NB 4 &

ag o o i
Gr (Change a setting

& Eject this disk i SpeechExec Diciate - InstallShield Wizard

Setup Type
Other Places Choose the setup kype that best suits vour needs,
@ My Documents

G’ Control Panel Please select a setup type.

(&) Typical

Details The SpeechExec application and necessary USE drivers will be

installed
Dictate (D=}
CD Drive
File System: CDFS
Free Space: 0 btes Choaose which program Feakures vou wank installed and where they
Total Size: 696 MB will be installed. Recommended for advanced users.

Cancel
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You are now ready to install SpeechExec

\_) l.,@ /:\’ Search W= Folders v

address | 1 DCN9OTSS For wig-strokeonit

Hard Disk Drives
System Tasks

Wiew system information w IDESystem (C1)

Q Add or remave programs

Ga “hange a setting
&3 Eject this disk

i SpeechExec Dictate - InstallShield Wizard

Ready to Install the Program

Other Places The wizard is ready to begin installation,

@ My Documents
Gp Control Pane! Click Install to begin the installation.
I you want to review or change any of your installation settings, click Back, Click Cancel to

exit the wizard,
Details

Dictate (D:)
D Drive

File Systemn: CDFS
Free Space: 0 bytes
Taotal Size: 695 ME

Instal 1 [ Cancel

Click Install to begin and again several green progress bars will appear in the installation box to
indicate that the software is being installed successfully.

Greater Glasgow
System Tasks
View system information - a nd C Ivde

2y Addor remove programs
[ Change a setting
&3 Eject this disk

Installing SpeechExec Dictate
Other Places The program Features you selected are being Installed.
(&) tv Documents

G, Control Panel Please wait while the InstallShield Wizard installs SpeechExec Dictate. This
may take several minutes.

Details stausi

Instaling Windows Media Format:
f

Dictate (D)
€D Drive

File System: COFS
Free Space: 0 bytes
Total Size: 695 MB

L
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Oncecomplete the following screen will appear to indicate that the process is complete. Click Finish.

T DC090754 for wig-strokeunit

Q- F POssach [ roders [T

Greater Glasgow
System Tasks
P—— and Clyde

24 Addor remove programs
@ Change a setting
&3 Eject this disk

Other Places

My Documents

@ Control Panel The InstallShieid Wizard has successfuly instaled SpeechExec
Dictate, Click Finish to exit the wizard,

Details Launch the program
Dictate {D:)

D Drive

File System: COFS

Free Space: D bytes

Tokal Size: 698 MB

The SpeechExec Software may now open automatically. If not, open the software by clicking on the
new icon on your desktop.

You will be prompted tset up your user profile before you begin to use the software. A New User
Wizard will open automatically, click Next.

® SpeechExec Dictate NEE

Ele Edt Folder Setting

Help

LHEE 22 ADS 2@
O Finished dictations @

€ Local Work H 2 @ (] M Mediatpe File name: Dictation lenath Authar State Wotk type Created Typist Title
© Suspendsd

& New User Wizard
Welcome

‘weloome ta the New User wizard This wizard helps you create a new user profile for SpeechE xec.
Click Next to continue:

Neat> ancel Help
| |

Total dictations: 0 selec Total dictalions with prioity: 0 wi uthor
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First it will automatically enter your PC username as the SpeechExec user name. This is designed for
professional dictationpurposes so that typing pools are able to identify where a piece of work has
come from. This is less important for our purposes. Accept the automatic username offered and
proceed using the next button.

You are then requested to confirm where the complgdictation will be saved in your files. Click on
the Modify button.

%" New User Wizard

Folder Settings

Here you can define the name and path of your Finished dictations folder

Finished dictations folder

<Back ][ et > ][ Cancel ][ Help

This will open a further box with two fields.

Name: Finished Dications

Path: This will display the location where your completed dictation will be saved when you connect
the dictaphone to the PC. Click on the small folder icon as shown below to see where the files are
sent.

L [=]x]

ST NG QD

(%]

[ @ (=] o Mecia type File name Dictation length Authar State Work type Created Typist Title

& New lsar Wizard

# Folder properties

Type

| Name Finished dictations
[ Fair U G SES TS UREEE TN il |
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The package will automatically set up a folder in My Documents. We recommend that you accept this
folder (unless there is a local IT reason that it is best saved elsewhere) and click OK

# New Liser Wizard

# Folder pro~~=+i==
Browse For Folder,

Tupe
! Name ah
0 Bt 123 michelle  finish 3
ly Music

112) Hy Pictures

I Presertations

12 Profile

13 Profile_

I Profilealds

1) Rota's

1= |5 speechexec
(5 a_archive =
3 a_fnish

a_localwork
O 2 locabi

v
EISLED = ¥l Cancal

wake Hew Folder | [ ok cancel | ]

[E3

This will bring you back to the previous box, click OK togedc

% New Liser Wizard x|

% Folder properties

Type
| Hame Finished dictations ab
£ Baih GBSt T NS HGEE A fneh B

i3 Concel |

]

Finally you will be returned to the Folder Settings wizard box, click Next to continue.

® New User Wizard

Folder Settings

Here you can define the name and path of your Finished dictations folder

Finished dictations folder

< Back Newl> [ cancel Helo
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The wig\ard will then offer the option of setting up the device, this is not necessary so simply click
GySEGE (2 Y20S 2y o

%' New User Wizard X

DPM Wizard Setting

Click. the bulton if you have yout DPM device connested to the computer. The DPM Wizard helps you
configure the settigs of your device

Start DPM “Wizard

<Back | N Wew> W] [ cawel ] [ Hep

Do not check the box in th&dditional Information section.

Next click Finish to complete the process.

% New User Wizard X

Additional Information

Addiional informatior
In General Seftings you can configure advanced features such as the ones listed below:
- Dictation fomat and sefings
- Email settings
- Automatic updates via lnternet
-Hardware devices ke Speechhdike and DPM
- The appearance of the Flayer windor

[7] Start New User Wizard when starting SpeechExec

< Back Fiish ] [ Camcsl | [ Hep
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There is one change necessary to the settings of the SpeechExec software for use in the CARS
translation portal.

For the portal to accept the files the audio format re@s to be changed, this can be configured
through the settings menu at this stage so that each time you upload an audio file there is a one click
conversion process.

Open the SpeechExec software via the start menu or the desktop icon.

File Edit Fold

&
Folders:
%] Finished dictations 1]

nglek 1 B @ (o] 0 Mediabype File name Dictation length Author State Wark ype Created Typist Title
Suspended

Folder options
P —————
DPM devices 4 x

DPM options.._ {f € | >

Total dictations: 1 (000 Total dictations with priority: 01 kmal3c Author

Openthed { SG Ay I&a¢ adSydz FyYR Ot AO] 2y 4DSYSNI € { Sii

Chr6

=
Sounds and audio devices properties. .. \}/""
Faldders
@ Finizhed dictationz [1] @_
@ Local work ! Y 7)) . o tMedia type File name Dictatiar

% Suspended
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The format should read:

WAV
Philips CELP
CELP Mono, 16kHz

File Edt Folder Ssttings Wiew el

Open dictation

Conwert automatically when opening a dictation

@ Local Work il -
& Supended =1 Devery éudi formal
4 Updates ninig
<! P WA
g kit Fhiips CELF
DFM/DT Configuation CELP Mano; 16kHz
Player

Open dictation

Folders

Firizhed dictations (1] Convert automatically when opening a dictation

D
€ Local Work =G Pues

2] Delivery Audio format
Suspended
B Suspends (®) Updates
< WAV
=] wiorklist Philps CELP
DPM/DT Configuation CELP Hono: 16kHz
Player
Configure..
#' Select Audio Format X
File lype
[
Fomat
| Prilis CELP ~|
Attributes:
[ CELP Mono: T6kHz ~|
] Show ol saund file formeats
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I £A0] 2y

RNRLIR2gY YSydz I yR

» SpeechExec Dictate

File Edit Folder Settings Yiew Hel
# General Settings

Dictation
=G Fules

=1 Delivery

() Updates

=) worklist
DPM/DT Configuration
Player

----- € LocalWar
(5 Suspended

Open dictation

Conwert automatically when opening a dictation

Audio format

Ll
Philips CELP
CELP Monn; 16kHz

Configurs.

W Select Audio Format

File type

D53
D52
@ Way

Fomat

Philips CELP -

IMA ADPCM

L 0K i Cancel

Apply

Then click OK

File Edit Folder Settings Wiew Hel

b & € R

Dictation Open dictation
) Convert autamalically when opening a dictation
----- @ Local work '86 E:mw oo o
P udia formal
O Suspend (=) Updates
5] Worklist Philps CELP
DPM/DT Configuiation CELP Hono; 16kHz
Player
Configure
W Select Audio Format X
File type
DSS
D52
@ way
Format
Aftibutes:
| 8000 kHz, 16 Bit Moro v
[ Show all saund file fomats
[k ] Cancel |
T

This will change the description of the Audio Format to read:

WAV
PCM
8.000kHz, 16 bit, Mono
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Click OK to complete the change in settings.
PAAY3a GKS /!t w{ LERNIFf Ay GKS a¢NIryatl id2NE NBT

\

When you are allocated a clip for translation you will receive an automated enaibitopt you to
enter the portal.

Login using your username and password to enter the portal

{2 CARS - Windows Internet Explorer provided by The University of Glasgow EEX
- = 1 chu.orgfCars_demojLogi Lirl=2Fcars_demo2Fdefault aspx B L~
File Edit Wiew Favorites Tools  Help
i Google| v search -0 @ - cfpr | @shers s G- [ sidenki - 1 Bookmarks~ I check + B8] Trandlare + ] auteril - ) &+ (sanin -
W [@cms lil - B - [Page - Tk -

CARS Demonstration and Training Version

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

The CARS study.

‘Welcome to the secure site for the CARS study

Dleaze enter vourlogin details to continue,

@2008 Robertson Centre for Biostatistics, Boyd O Building. University af Glasgow, 612 800
Tel: +44 (0)141 330 4744
ion it

ion  Universt of Blasgow

Access the translation section of the portal using the tab at the top right of the screen

{2 CARS - Windows Internet Explorer provided by The University of Glasgow

;/.v ‘E“ alasgowcty.orgfears_s aspx F v G ||| x P

©OFile  Edt View Favorites Tools  Help

! Google | v | M szach -0 62 - e | Eshare - Bhe [ sidenki - T¥ Boskmarks~ " Chedk - 34 Translae - - 4 [
* & [@cws lil

() signln ~

B - B - - [ihrage - GiToos -

CARS Demonstration and Training Version Vo =re !~zenc in as: Committee Member 1

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Home

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials
Welcome to the web portal for the CARS study
2000 Robertson Centre for Biestatistics, Bowd Om Building, University of Glasgow, G12 800,

Tel: +44 [0)141 330 4744
Location  Universi ity of Blasaow

You will see a list of clips that are ready for translation. Each has a number to identify it (Assess ID) at
GKS tSTld 2F GKS fArado /I ftA01 2y aasStSoOié¢ G2 ai
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Home = Translation

Video Assessments

Assess ID|Uploaded By| Date Uploaded Current status Region |
2 Test User 1 15/07/2011 16:54:00  Assigned to Translator  Scotlan I
3 Jane Aziz 15/07/2011 16:54:00 Assigned to Translator  Scotlan s

@2009 Robertson Centre for Biostatistics, Bowd O Building, University of Glazgom, G12 800,
Tel: +44 (03141 220 4744
Location  University of Glasgow

The selected clip will turn yellow in the list. Under the headind5 @A Sg¢ @2dz Oy R26
G2 61 00K AG® /I A0l a2L8yé¢ G2 2LISYy GKS @GARS2 -
your computer due to data protection rules. While watching remember that you will need to enter a
MRS score for thdip. While watching the clip use the dictaphone to provide a dictated translation

file (see page 4). For details in the use of the Philips PocketMemo see page 6.

Home = Translation

Video Assessments

Assess |D|Uploaded By| Date Uploaded Current status
2 Test User 1 15072011 16:54:00 Assigned to Translator Scotland =/
3 Jane Iﬂxziz 15072011 16:54:00  Assigned to Translator Scotland Select

Review I
f e or download the newfexisting version of the wideo

Upload Translation

Please browse to the translation file for uploading, then click Upload to upload to the sereer:

EZ009 Roberson Centre for Biostatistics, Bowd Orr Building, University of Glasgow, G12 S00.
Tel: +44 (141 320 4749
Location  Uniwersity of Glasgow

Once you have completed the dictation, connect the dictaphone to the PC using Ehedble as

shown on page 11Depending upon the set up of your PC this may or may not automatically be
recognised by your PC as a removable disc (similar to a memory stick) and the folder may appear on
the screen. It may not appearthis is not a problm as you will access it through SpeechExec

instead.
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T Translation SOP booklet. doc - Microsoft Word

Edit  Wiew Insert Format  Tools  Table

*= Removable Disk (I:)

© File Edit View Favortes Tools  Help

OBack .'\) Lﬁ psaarch | Folders -

Window  Help

i fddress ‘VI:\

(0 Make & new folder
N Publish this folder o the
Web

[? Share this folder

Other Places

i My Computer

My Documents
I Shared Documents
&3 My Metwark Places

Details

- Removable Disk (I:)
Remaovable Disk.

File System: FAT

DPM 0002, D3
File and Folder Tasks ¥ | D Fie
LT

L can
Pince 'y
USE c:

41,5 KB 4 My Computer

0p]
(et
~ xR
w 0
N Q-
NO Qx

' Internet
J Inkernet Explarer
I% E-mail
Microsaft Office Outlook
l— i Microsoft Office Word 2003

Microsoft Office Excel 2003

H Adobe Reader 9
—
@ Calcylator

~ " SpeechExec Dictate

Windows Movie Maker

&<t

all Programs D

(et
. =

| Opioaa Transianon

Please browse to the translation file for uploading, then click Upload 10 upload to the server

z G2 2
o4 @AI- 4

N O
N

i K
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- -

(et
w <

Sy JS
A K
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Click here to view or download the new/existing version of the

file for uploading, then click U

__;} My Documents

@ My Recent Documents #

) wd O Building, University of Glasgo
Eﬁ Printers and Faxes

@) Help and Support
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The new dictation file wikhutomatically be downloaded into SpeechExec and will be seen on the list
as a .dds file. This is seen below, highlighted in blue. Download to the computer will delete the file
from the dictaphone so that there is no confusion when you start to dictatenthé file.

%' SpeechExec Dictate

File Edit Folder Settngs Wiew Help

NI SE@ A0 2@

Folders
Finished dictations [2)
# Local ok ! - @D Lym] m tedia type File name Dictation length Author State |
(9 Suspended . - h T - P PR

dpm 0002, dsz 00:00:23 DP 9375 Trangcription pending

This .dds file needs to be converted to a .wav file before it can be uploaded to the portal. If you have
set up the configuration of the software as shown on page&2en this will happen automatically
when you double click on theighlighted dictation file to open it (the conversion will change the file
ending from .dds to .wav and it changes colour.

LT &2dz K gSy Qi O2yFAIdNBR (GKS az2Fdsl NE &2dz Ol )
CAtS YSydz yR a8t 8§Qasgg§ORF O3 HID
ec Dictate O[3

File | Edit Folder Settings Wew Help

(£, Open Chrl+0 ﬂ = i

- Playback Chrl+1 @g s @

;

4 Submit For email Chrl+3 1 @ el s’ Media type File name Diictation length Author State Wwiork type

& &1 welcometospee...  00:0215 Transcription finizhed

-~ 254 dpm 0002.dss 00:00:23 DPM 5375 Transcription pending

Corwverk

Eﬂ Import. ..
ﬁ‘ Synchronize
93 Stark DPM download. ..

Minimize:

Exit

The options for audio format will be displayed, one change is required. The dropdown menu which
RAALI @& at KAfALA /9[té akKz2dzZ R 0SS OKIFIy3ISR (2 «
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welcometospee..  00:02:15

%' Select Audio Format

% Select Audio Format
File type
File type
D55
D55
- D52
© way () ity
Format
[Pem vl
Aftributes: TRELeS,
[ CELP Mono; BkHz v | 000 kHz, 16 B, Mono v|
[] Show all sound file formats [ Show all zound file formats
[ 0K ] [ Cancel ] [ oK. ] [ Cancel ]

The conversion will change the file to .wav, readyufalioad to the portal.
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Next return to the CARS portal, where the clip you have dictated a translation for should remain
highlighted. If the connection to the portal has timed out (this happens after 30 minutes of inactivity)
¢ log back in and be sute highlight the same Assess ID to ensure the correct translation goes with
the correct clip, you may wish to watch a little bit of the clip again to ensure it is the right one.

hyOS @&2dz KIS (KS Of AL) KAIKE A I Kdidteted fil©fThidis 2y (|
exactly the same as locating an attachment for an email from your computer files.

L Home > Translation

Video Assessments

Assess |ID|Uploaded By| Date Uploaded Current status
2 Test User 1 15/07/2011 16:534:00 Assigned to Translator Scotland ~ oot
3 Jane Aziz 15/07/2011 16:54:00 Assigned to Translator  Scotland  Select
Review

Click here to view or download the new/existing wersion of the video

Upload Translation

Please browse ta the translation file far uploading, then click Upload ta upload to the server:

E2008 Robertson Centre for Biostatistics, Bowd O Building, University of &lasgom, G112 300,
Tel: +44 (00144 330 4744
Locstion  Uniwersity of Glasgones
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[201GS GKS FAES Ay daé& 520dzySyidaé¢ pb G aLISSOK:
saved. There will be two versionsyaiur file (ignore the Welcome to SpeechExec files). One version

is the sound file .wav (identified by the musical note) and one is not for use .wav.xml (ignore this file).

| A3KEt A3AKG GKS FAES gAGK GKS YdaAaAOolt y23S FyR

Choose file

Laak ir: |E}a_finish ﬂ & o5 B2~

I Sidewiki * § Bookmarks

@ dpm 0002, way

|| dpm 0002, way xml

My Recent m welcomeToSpeechExec. dss
Documents =] WelcomeToSpeechExec, dss, xml

&.

ol

Desktop

ments in Acute Stroke

L

=

|y Documents

@

by Computer

m

My Mebwark File name: dpm 0002, wav - Open
Plaes | J | anslator Scotland “clect
Filez of type: | &1l Files (771 | Lancel | lanslator  Scotland  Select
||
Review

Click here to view or download the new/existing version of the video

Upload Translation

ThiswillentertheF Af S Ay GKS dzLJf 2 R 62E>X Of A0l a! LX 21 Ré
uploaded and automatically merged with the original video clip.

/= CARS - Windows Internet Explorer provided by The University of Glasgow

@.\—}. hd |E, hittps: [ fuvan, glasgowetu, orgfCars_demojTranslation/Default, aspx

: File Edit View Favorites  Tools  Help

Go gle | ~ | -'l Search = @ < I:?' Share ~ B < Sidewiki ~ 9 Bookmarks~ | 5% Check
e [@ CoRs I l

Home  [Doc

CARS Demonstration and Training Version

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Home = Translation

Video Assessments

Assess ID|Uploaded By| Date Uploaded Current status
2 Test User 1 15/07/2011 16:54:00 Assigned to Tr 1 Scotland “clcor
3 Jane Aziz 15072011 16:54.00 Assigned to Translator  Scotland  Select
Review

Click here to view or download the new/existing version of the video
Upload Translation

Please browse to the translation file for uploading, then click Upload to upload to the server:

|H:\My Documents\speechexecha_finishhdprm 0002 way

Caneel
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A green progress bar will demonstrate the upload / file merge progress. Do not click anything further
until the mRS score sheet appears on the scigdns may take a few minutes. Enter an mRS score
YR ye 02YYSyida &2dz YAIKIG KI @So /| £t A0l a&a{ dzo Y

Video Assessments

Assess |ID(Uploaded By| Date Uploaded Current status
2 Test User 1 15/07/2011 16:54:00 Assigned to Transl Scotland “clect
3 Jane Aziz 151072011 16:54:00 Assigned to Translator  Scotland  Select
Review

Click here to view or download the new/existing version of the video

Translation committee opinion

Please ensure the correct score is selected before clicking the submit button. Once the score has been submitted it cannot be changed.

Score Assigned to patient O0: No symptoms at al

O1: Mo significant disability despite symptoms; able to carry out all usual duties and activities
O
O

[

: Slight disability; unable to carry out all previous activities, but able to look after own affairs without assistance

=

Moderate disability; requiting same help, but able to walk without assistance

2

: Moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance
O8: Severs disability; bedridden, incontinent and requiting constant nursing care and attention

OE: Dead

Comments {optional)

The clip will then be sent back to the-oadinating centre for distribution amayst the other
reviewers.
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A 7

PaAy3a GKS /1t w{ LER2NIFf Ay GKS a/2YYAGGSS ' aaS4a:

When you are allocated a clip for review you will receive an automated email to prompt you to enter
the portal.

Login using your username and password to enter the portal

{2 CARS - Windows Internet Explorer provided by The University of Glasgow

@(/ - e alasgowetu.argiCars_demofLagin Lrl==%:2fcars_demadi2fdefault,aspx A= £~

: File Edt View Favorites Tools Help
{ Google | v M search - 62 - e | Eshare~ B+ [ sidenid - ¥ Bokmarks~ "% Chock + 8 Translate - ] Autofil - 40 €+ () Signin -

* & [g(m I*W G- B - &~ [Page - BTok -

CARS Demonstration and Training Version

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

The CARS study.

‘Welcome to the secure site for the CARS study.

Flease enter Lour InHm details to continue

@2008 Robartson Cantre for Biestatistics, Bayd Orr Building, University of Glasgow, G12 800,
Tel: +ad 01141 3304744

= CARS - Windows Internet Explorer provided by The University of Glasgow

@;v = Jssgomctu,orgfcars — NS £~

© File Edit View Favorites Tools  Help
{ Google | v | search - G2 - e | Eshare~ B+ [ sidenid - Ty Boskmarks~ "% Check + 34 Translate - - & & - (signln ~

Y o [gms I*W B- B @ - e GGook -

CARS Demonstration and Training Version NMousre lonaed in as: Committee Member 1

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Haorme

Central Adjudication of Modified Rankin Scale Disability Assessments in Acute Stroke Trials

Welcorne to the web portal for the CARS study

@2008 Robertson Centre for Biastatistics, Bayd O Building, University of Glasgow, 612 820
Tel: +44[0)141 330 4744

You will see a list of clips that are ready for review. Each has a number to identify it (Assess ID) at the
tfSTG 2F GKS ftAradqo /I ftA01 2y aasStSOié¢ G2 adl NI
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Home = Translation

Video Assessments

Assess ID|Uploaded By| Date Uploaded Current status
Jane Aziz  15/07/2011 16:54.00 Assigned for Scaring Scotland

Test User 1 15/07/2011 16:54:00 Assigned for Scoting  Scotland S

The selected clip will be highlighted in yellow. Click as indicated to download and view the translated
GARS2 FAf SO /| £A01 a2LSye¢ (2 2Ly GKS FAES Ay
computer due to data protection rules.

Enteryouyw{ aO02NB | yR ly& 02YYSyida &2dz YAIK{H KI @S
to save your score.

¢t2 NBOGASSs (GKS ySEG Of AL Ot A0l &asStsSOié¢ G2 KA

Contacts:

Study ceordinator kate.mcarthur@glasgow.ac.uk

CARS helpdesKARS @glasgowctu.org
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