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1 Protocol Approval

High-sensitivity Troponin in the Evaluation of patients with Acute Coronary
Syndrome (HighSTEACYS): A randomised controlled trial
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Prof Nicholas Mills

Chief Investigator Signature Date
Prof Christopher Weir
Trial Statistician Signature Date
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2 Investigator Statement

High-sensitivity Troponin in the Evaluation of patients with Acute Coronary
Syndrome (HighSTEACYS): A randomised controlled trial

| agree to conduct the study according to this praicol, the principles of
International Conference on Harmonisation Tripartite Guidelines for Good
Clinical Practice (ICH GCP) and the applicable reguatory requirements. Any
changes in procedure will only be made if necessaty protect the safety, rights or
welfare of the patients.

| agree to take responsibility for the conduct ofthe study and ensure that all other

staff involved are adequately informed about the potocol and amendments and
their study related duties and functions.

Signatures

Signature of Investigator Date

Name of Investigator (please print)
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3  Summary

We have recently demonstrated that lowering thgrdiatic threshold for troponin is
associated with a halving in the rate of recurmagbcardial infarction and death in
patients redefined with myocardial infarction. Werdn propose to determine whether
further lowering the diagnostic threshold for myatal infarction using a novel high-
sensitivity cardiac troponin assay will continueingprove outcomes in patients with
suspected acute coronary syndromes. If increaseitisgy does not impinge on the
specificity of the diagnosis of myocardial infamti then these assays will improve
patient outcome through better targeting of thespior coronary heart disease.
However, if increased sensitivity leads to poorcdpsty, then patients may be
misdiagnosed and given inappropriate cardiac maditawith potentially detrimental
outcomes. In 10 secondary and tertiary care hdspdaross Scotland, we will
undertake a cluster randomised controlled trighefimplementation of a novel high-
sensitivity troponin assay in approximately 15,@@@ients presenting with suspected
acute coronary syndromes. The primary end-pointheilthe one-year rate of death or
recurrent myocardial infarction. This will establiszhether the introduction of high-
sensitivity assays into routine clinical practisedetrimental or beneficial to patient
management and outcome; a fundamental and créiss¢ssment for the modern
definition of acute myocardial infarction.
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4  Background

Coronary heart disease is the commonest causatf otethe United Kingdom. There
are 124,000 patients admitted with acute myocaidfatctionper annum in the UK,
and despite significant improvements in the manageraf coronary disease over the
last 20 years, the 30-day mortality remains unaeddy high.

The risks associated with myocardial infarctiordléa large numbers of patients self-
presenting or being referred by primary care to Emergency Department with

undifferentiated chest pain of suspected cardiggrorThese patients are responsible
for 5 per cent of all presentations to the Emergdbdepartment and 40 per cent of
unplanned hospital admissions [Goodacre et al.5R00his therefore represents a
major burden on scarce health care resource. Appesato improve the accurate
identification of patients with acute myocardidirction would therefore be welcome

and potentially of major benefit to patients anel NHS.

Definition of myocardial infarction

Myocardial infarction has, for many years, beenirdaf by the clinical history,
electrocardiogram and a rise in serum creatineskinas evidence of myocardial
necrosis. Recent improvements in the sensitivigssays to detect myocardial necrosis
required a more precise definition. The Global Tieskce for the Universal Definition
of Myocardial Infarction and the National Academfy@inical Biochemistry now
recommend that any detectable increase in candiporiin above the $9percentile of

a healthy reference population should be used agndise myocardial infarction
[Thygesen et al.,, 2007; Morrow et al., 2007]. Thiatement was based on expert
consensus rather than evidence from randomisedotiexdt trials and the guidelines
have not been universally adopted. The diagnoktieshold recommended by the
Global Task Force has been implemented in fewan than 3 hospitals in Europe
[Collinson et al.,, 2011a] and none in North Ameriwhere the Food and Drug
Administration have yet to approve the use of rsghsitivity troponin assays.

The use of out dated diagnostic thresholds foramapcontinues to be widespread and
lowering this threshold remains a highly contergi@sue in clinical practice [Mills et
al., 2011c; Bauer et al., 2009]. Progressively lamgethe threshold of plasma troponin
concentration in order to define increasing numbargatients with myocardial
infarction may not be appropriate because of therni@l to reduce specificity and
increase false positive diagnoses of myocardiaration, with raised troponin levels
occurring in a range of common presentations inoydsepticaemia, pulmonary
embolism, and cardiac and renal failure [McFallalet2011]. This could lead to an
increase in unnecessary hospital admissions, neeglanvestigations and treatment,
and may be detrimental to patient care.

The Global Task Force addressed the potential fmersensitive troponin assays to
reduce clinical specificity by proposing a clagsfion system for myocardial
infarction based on the aetiology of myocardialrosis [Thygesen et al., 2007]. Type
I myocardial infarction is defined as a spontanauyecardial infarction with ischemia
due to a primary coronary event such as plaquaogr@nd/or rupture, fissuring, or
dissection. Type Il myocardial infarction is defihas myocardial ischemia secondary
to either increased oxygen demand or decreasedys(gg. coronary artery spasm,
coronary embolism, anaemia, arrhythmia, hypertensior hypotension).

8 |
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Differentiating between primary and secondary causiemyocardial injury is not
straightforward and therefore this classificatigatem has not been adopted in clinical
practice.

Implementation of a contemporary sensitive troponinassay in NHS Lothian
Following improvements in assay performance, wéagga our conventional troponin
assay with a contemporary sensitive troponin asghg. validation and subsequent
implementation of the ARCHITECTSTAT troponin | assay provided us with an
opportunity to assess the impact of a more semsdBsay on the management and
clinical outcome of patients with suspected acummrary syndrome [Mills et al.,
2011a].

Sensitive troponin assays improve clinical outcomes

In our cohort of 2,092 patients, lowering the diagpirc threshold from 200 to 50 ng/L

with the ARCHITECTSTAT troponin | assay increased the incidence of myaahrd

infarction by 29%. During the validation phaseloétstudy only values at or above the
diagnostic threshold of 200 ng/L from the previgeseration of assay were reported
to clinicians. Perhaps surprisingly patients witbpbnin concentrations greater than
200 ng/L had better clinical outcomes than thodh winall undisclosed increases in
plasma troponin concentrations of 50-200 ng/L. €hlester patients were 2-3 times
more likely to have an adverse outcome in comparisothose with more marked

elevation in troponin.

Implementation of the sensitive assay and lowetegdiagnostic threshold to 50 ng/L
was associated with a more than halving of deathracurrent myocardial infarction
in patients who would otherwise not have been ifladsas having sustained an acute
myocardial infarction. In this group of patientsgravements in clinical outcome were
associated with more referrals to a cardiologidefAersus 44%), and greater use of
dual anti-platelet therapy (58%ersus 27%) and coronary angiography (4684 sus
20%)(P<0.001 for all). To our knowledge, this is first time that the introduction of
a new assay into clinical practice has changed geanant and reduced cardiovascular
mortality. Whilst important, these observations evelerived from a single tertiary
centre using a troponin assay that is not ablehoese the necessary precision to use
the 99" percentile of a normal reference population asithgnostic threshold.

Lowering the threshold for diagnosis of myocardial infarction

The Global Task Force for the Universal DefinitieihMyocardial Infarction and the
National Academy of Clinical Biochemistry recommerithe 99' percentile as the
diagnostic threshold where assay precision canebgodstrated with a coefficient of
variation (CV) 0f<10% at this concentration. Whilst the ARCHITEGTAT troponin

| assay was clearly superior to our previous cotiwaal troponin assay it was unable
to meet these precision criteria and therefore elected a diagnostic threshold above
the 99" percentile where the CV #10% in order to minimise the risk of false positive
results and making an inappropriate diagnosis ajaasdial infarction.

In exploratory analysis from the same cohort, weeased the relationship between
troponin concentration, assay precision and climagcome [Mills et al., 2011b; under
revision]. We demonstrate that patients with trdpazoncentrations above the'99
percentile (12 ng/L according to manufacturer), batow our revised diagnostic
threshold (50 ng/L), were more likely to be deadreadmitted with recurrent
myocardial infarction compared to those with tropoooncentrations in the normal
range of <12 ng/L (13% versus 3%, adjusted OR%%% CI 1.3-4.0, P=0.004; Figure
1). Although patients with troponin concentratightb 49 ng/L were older and more

9|
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likely to have established ischaemic heart disesissardiovascular risk factors than
those patients with a troponin concentration in mioemal reference range, plasma
troponin concentration remained an independentigiardof clinical outcome even
after adjustment for these clinical characteriséing despite reduced assay precision
below the diagnostic threshold (CV up to 28.9%)r @udings are consistent with
recent studies of patients with acute coronary symé participating in randomized
clinical trials where troponin concentrations abslve 99" percentile measured from
stored sample were associated with poorer outc¢Bmgsers et al., 2009; Lindahl et
al., 2010]. Importantly, our study population compd consecutive “real-world”
patients admitted with suspected cardiac chestnadier than a homogeneous group
of patients with a clinical diagnosis of acute ¢y syndrome on optimal therapy.

Figure 1: Association between cardiac
9 troponin concentration and odds of death
. or recurrent myocardial infarction relative
T to odds at the mean troponin (9 ng/L, bla
” line) among patients with troponin
concentrations below the diagnostic
threshold of 50 ng/L (red line). The™®9
percentile for a healthy reference popula
is 12 ng/L (blue line). Estimates were
obtained from a generalized additive mo«
using a cubic smoothing spline (df=3,
P=0.005 for non-linearity). A rug plot
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Lowering the diagnostic threshold to theé"g8ercentile will identify more patients at
risk of recurrent events, but would potentiallyrese the number of patients diagnosed
with myocardial infarction by a further 46% from Z%0 1,104 of 2,092 patients
admitted with suspected acute coronary syndromes. Vil have major implications
for health care resources, public health targetsegnment statistics, and on the
employment prospects and insurance policies of matrents. Will lowering the
threshold further and reclassification of patiemigh suspected acute coronary
syndrome as myocardial infarction alter clinicatamme?

In our original study patients admitted during #aéidation phase of our contemporary
sensitive assay with an undisclosed troponin canagon of 50 to 200 ng/L had a high
event rate of 39% at one year [Mills et al., 2011a] comparison patients with
undisclosed troponin concentrations 12 to 50 ngA_ &t lower risk with a one-year
event rate of 13%. Therefore there may be lessaio fjom the reclassification and
treatment of these patients for myocardial infarctiAdditional discussion on this point
is included in the attached manuscript under remisiThe need for prospective
randomised controlled trials to determine whetheruse of high-sensitivity troponin
assays with greater analytical precision at th& @@rcentile will translate into
improvements in clinical outcomes was highlightgdabthorities in the field including
the Editor ofHeart, Dr Adam Timmis, during the open peer review of thianuscript.
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Additional studies have further shown the beneditserial changes in high sensitive
troponin and early diagnosis of myocardial infamt{Keller et al 2011c] providing
further evidence of the role of troponin in accarahd rapid assessment of patients
with acute coronary syndrome and possibly facihtatapid discharge.

I mpact of sensitive troponin assays on clinical specificity

Many clinicians are concerned that the use of msgjvely lower diagnostic thresholds
will result in patients being misdiagnosed with rogadial infarction and that small
troponin elevations will also be caused by othethplagies. This may lead to
inappropriate hospital admission, misdiagnosigjation of potentially detrimental
therapies and poorer clinical outcomes for patients

In a further analysis of patients admitted during validation and implementation of
our contemporary sensitive troponin | assay wetitled consecutive patients in whom
peak troponin concentrations were between 50 tor@Dirrespective of presenting
symptom (manuscript in preparation). Two independent cadogists reviewed all
patient records and classified patients accordimgthe universal definition of
myocardial infarction as type 1 (primary myocardsdhemia) or type 2 (secondary
myocardial ischemia). Disagreements were resole#owing in-depth case note and
source file review until a consensus was achiewsglidentified 922 patients with peak
cardiac troponin concentrations between 50 to 200 during the 6-month validation
(n=525; reported as troponin ‘negative’) and implatagon phases (n=397; reported
as troponin ‘positive’). These patients were clesgias having type 1 myocardial
infarction in 28% (n=275) and type 2 myocardialaiation in 72% (n=666). So for
every patient with a spontaneous type 1 myocaruirction identified using a
sensitive troponin assay we identified nearly thpatents with secondary myocardial
ischemia and a clear alternative clinical diagnosis

Figure 2. Survival free from death
or recurrent myocardial infarction
in patients with type 1 and type 2
myocardial infarction. Patients
with undisclosed increases in
cardiac troponin with type ar type
2 myocardial infarction had similar
clinical outcomes during the
validation period. Following
implementation of the sensitive
assay death and recurrent
myocardial infarction was reduced
in patients with type 1 myocardial
infarction (31% vs 17%, P=0.009),
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Interestingly although patients with type 2 myocalrdnfarction had worse clinical
outcomes compared to patients with type 1 myochndiarction (Figure 2), this was
primarily driven by death (28%) rather than recntrenyocardial infarction (6%).
Following implementation of the sensitive assayemrals to cardiology increased in
patients with type 2 myocardial infarction (19%34%, P<0.001) as did requests for
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cardiac echocardiography (12% to 23%, P<0.001)laedse of coronary angiography
(1% to 6%, P<0.001). Despite more extensive ingatitn in patients with type 2
myocardial infarction, clinical outcomes (recurremgocardial infarction and all cause
mortality) were similar whether they were managsdraponin ‘negative’ during the
validation phase or troponin ‘positive’ followingnplementation. Reduced clinical
specificity for primary myocardial infarction wile an even greater challenge with the
next generation of high-sensitivity troponin assaysd even lower diagnostic
thresholds. As such, prospective studvith a formal assessment of cost-effectiveness
are essential.

Conventional, contemporary sensitive, high-sensitity and ultra-sensitive cardiac
troponin assays

The use oftonventional troponin assays lead to patients being classifeettagponin
‘negative’ or ‘positive’ with clear therapeutic ambs, but assay imprecision required
higher diagnostic thresholds with an increasedatfsHinically important false negative
results. The current generationcohtemporary sensitive troponin assays improve the
early diagnosis of myocardial infarction [Reichéhal., 2009; Keller et al., 2009] and
clinical outcome in patients with suspected acummary syndrome [Mills et al.,
2011Db]. Indeed in a recent randomised controlled &f point-of-care testing in the
emergency room (RATPAC trial) troponin measurecadmission was as effective as
a multiple biomarker strategy or serial measureséotrule out acute myocardial
infarction [Collinson et al., 2011b].

At present few contemporary sensitive assays deetabachieve the recommended
precision (co-efficient of variation <10%) to udeet99th percentile of a normal
reference population as the diagnostic threshotdimical practice. There is only one
commercially availabl@igh-sensitivity assay troponin assay (high-sensitivity troponin
T assay; Roche Diagnostics, Basel, Switzerland)ths been approved for clinical use
in Europe. This assay has greater analytical seitgithan contemporary sensitive
assays and is able to detect cardiac troponinnadrlooncentrations such that troponin
is measureable in about 50% of apparently healénggns [Keller et al., 2011].
However, the high-sensitivity troponin T assay aypéo have similar sensitivity and
specificity for the diagnosis of acute myocardiafarction compared to current
contemporary sensitive troponin | assays [Reiatial., 2009]. The latest development
in assay technology involves magnetic nanoparbeleed immunoassays coupled with
single-molecule counting and permits cardiac trapdo be accurately quantified in
>98% of healthy persons at concentrations <1 n§ébhtine et al., 2009]. Theskra
sensitive assays are an interesting research tool, butlgtfomwn does not permit the
rapid throughput necessary to make clinical deosia the emergency department.

ARCHITECT STAT high-sensitive troponin | assay

The prototype ARCHITECTBTAT high-sensitive troponin | assay (Abbott Diagnastic
is a two-step assay that offers increased preci&omeasuring very low plasma
troponin concentrations and can quantify troporoncentrations in 98% of healthy
persons (personal communication, Dr Fred Applehwilimit of detection of 1 ng/L
and 10% co-efficient of variation <5.5 ng/L [Matiesal., 2010]. Using this assay the
meanzstandard deviation concentration of a healkfigrence population is 1.6+3.1
ng/L with the 99' percentile of 16 ng/L. Whilst this prototype asssyikely to be
marketed as a ‘high-sensitivity’ assay it is alol@étect troponin across the complete
reference range of a healthy population with seuiisittomparable to the leading ultra-
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sensitive research assay [Sabatine et al., 2008§.a6say therefore has the sensitivity
and precision to report absolute measurementsopbtin and a normal reference
range, rather than an arbitrary threshold basduhoted assay performance. Critically
it can be delivered within 60 minutes of samplelemtion using the existing
ARCHITECT platform, which is already used by mdrart fifty NHS hospitals across
the United Kingdom and in all of the participatiogntres in the proposed trial.

High-sensitivity cardiac troponin and the early rule out of myocardial infarction

Until recently NICE guidelines have recommended sngag cardiac troponin on
presentation and 10-12 hours after the onset opgyms to coincide with the peak in
circulating troponin concentration (Skinner et 2010). This allows the assessment of
infarct size, and will minimise the risk of missiagmall myocardial infarct. However,
it requires the majority of patients to be admittechospital for serial testing placing
pressure on already overcrowded emergency depadnagrd medical admissions
units.

Recently, NICE reviewed the available evidence cammg high-sensitivity cardiac
troponin assays with standard troponin assaysheretarly rule out of myocardial
infarction [NICE Diagnostic Guidance D15 available at
https://www.nice.org.uk/guidance/dg15]. They codethat the use of high-sensitivity
troponin on presentation and at 3 hours was bailtally effective and a cost-effective
strategy compared to admission of patients fordstathtroponin testing at 10-12 hours,
and recommended the use of high-sensitivity cartt@monin assays in the National
Health Service.

A number of areas of uncertainty were identifieidst-whilst most studies have shown
that high-sensitivity cardiac troponin measure@ hburs has good negative predictive
value for myocardial infarction (Keller et al., 20Q1Cullen et al., 2013, Reichlin et al.,
2012), these studies were based on retrospectalgsas of small cohorts. Second,
many studies selected low-risk patients and thesethe findings may not be
generalizable across all patients presenting wispacted acute coronary syndrome
(Cullen et al., 2013, Collinson et al., 2012a).rd@ihno study used the high-sensitivity
assay as the reference standard, and therefore the adjudication of the diagnos$is o
myocardial infarction was based on peak troporstirig using a standard assay. This
will overestimate both the sensitivity and negatmedictive value of the high-
sensitivity assay measured at 3 hours (Shah ét(dl3). Finally, few studies have not
been large enough to address important subgroygiehnts, such as those who present
early and within 3 hours of the onset of their syonps.

In view of these uncertainties, NICE diagnosticdgmce recommended careful audit
of patient outcomes following implementation of lngensitivity assays and early rule
out pathways.
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5 Study Objectives

In both secondary and tertiary care hospitals acf&sotland, we will undertake a
stepped wedge cluster randomised controlled trfathe implementation of the
ARCHITECT STAT high-sensitive troponin | assay. Trhain objective of this study
is to determine whether identifying the®®ercentile of a normal reference population
as the diagnostic threshold for myocardial infanctis appropriate in patients with
suspected acute coronary syndrome. There is teafmtfor both major patient benefit
as well as harm in this approach. If the increassthitivity does not impinge on the
specificity of the diagnosis of myocardial infaceti then the next generation of high-
sensitivity assays will confer large healthcaredés and improve patient outcome
through better targeting of therapies for coronbeart disease. However, if the
increased sensitivity leads to poor specificitgrthpatients will be misdiagnosed with
myocardial infarction, inappropriately given caiaedications and potentially have
adverse and detrimental outcomes. This may alsbiteaismanagement of the patient
due to a lack of recognition and treatment of thes tunderlying cause of their
symptoms.

In addition, there will be an exploratory objectiwelook at efficacy and safety of the
implementation of the high-sensitive troponin lasstratified by age, sex, diagnostic
threshold (sex-specific, uniform), diagnostic cifisation (type 1-5 myocardial
infarction, myocardial injury), and renal functidWe will also examine the association
between patient characteristics, clinical diagnoaed all primary and secondary
outcomes in the study population using a varietstafistical (including Bayesian) and
machine learning approaches.

5.1  Original Hypothesis

Implementation of the ARCHITECT STAT high-sensitiveponin | assay will
reduce myocardial infarction or death at one yearatients with suspected acute
coronary syndrome.

14
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6 Trial Design

Design:Prospective stepped wedge cluster randomised ¢iecktaal

There will be three equal 6-month study phasesarstepped wedge design: validation,
randomisation, and implementation (see section Ti8¢. ARCHITECT STAT high-
sensitive troponin | assay will be run in parahleith the existing contemporary
sensitive troponin | assay (standard care) througtie study. During the validation
phase, the diagnostic threshold for myocardialrgtian will remain unchanged. This
phase will provide baseline information on patiewith suspected acute coronary
syndrome for each site. In the randomisation phpseticipating centres will be
randomised 1:1 to introduce the high-sensitivitgagsor continue with the existing
diagnostic thresholds (standard care). Centredwithatched by number of admissions
and type of health care provider (secondary artgicare). Thereafter all centres will
implement the high-sensitivity assay for at leastdhths.

The stepped wedge design allows each participaéntre to act as its own control and
permits adjustment for seasonal differences in itteddence of acute myocardial
infarction and temporal changes in clinical outcatue to advances in clinical practice.
It is neither practical nor advantageous to randenmdividual patients in this trial.
The use of a cluster-randomised design permitsirtbkeision of all patients with
suspected acute coronary syndrome, prevents seldntis and limits the potential for
confusion amongst clinicians who would otherwiserbgquired to simultaneously
assess patients using different diagnostic critieniaacute myocardial infarction. We
will also assess the appropriateness of sex-spelifesholds using the high-sensitivity
assay prior to the start of the study.

Following a recommendation from the trial steericgmmittee the 6-month
implementation phase will be extended for thoseessitandomised to early
implementation until all sites have completed thedg protocol. This will provide
additional information on the impact of seasonatitythe primary end-point.

Setting: Multi-centre trial in 10 acute secondary and #&ti hospitals throughout
Scotland (see Appendix).

Primary end-point: Event-free survival (myocardial infarction or cardascular
death) at one year

Secondary efficacy end-points:

1) Duration of stay

i)  Myocardial infarction

lii) Unplanned coronary revascularisation

iv) Cardiovascular death (any; cardiac; non-cardiac)
v) All-cause death

vi) Hospitalization for heart failure

vii) Ischaemic stroke

Secondary safety end-points:

i)  Major and minor haemorrhage

i) Recurrent hospitalization excluding acute cororsarydrome
iii) Cardiovascular death excluding acute coronary ymdr

Iv) Non-cardiovascular death

15




High-STEACS Trial Protocol Version 7.0 16/05/2018

An increase in the correct identification of pateewith myocardial infarction is likely
to lead to improved outcomes as we have demongdtirateur previous study [Millst

al, 2011a]. However, we will also need to monitor & increase in false positive
diagnoses of myocardial infarction. The two priratipafety hazards of a misdiagnosis
of myocardial infarction are likely to relate tooess bleeding events (especially during
the index admission) and a failure to investigatel @&reat a potentially serious
alternative diagnosis. These hazards will be cagtusy specifically looking for
bleeding events, and recurrent hospitalizationsdeaths due to conditions not
attributable to index or recurrent myocardial istaons. We plan to follow up the study
population at 3 and 5 years to capture relevaitasfy and safety outcomes.

Troponin assays:

The ARCHITECT STAT high-sensitive troponin | assayl be compared with the
previous generation ARCHITECSTAT assay that is currently used for routine clinical
testing in each of the 10 participating centAdkparticipating centres currently report
the lowest concentration where the assay coeftiaevariation is<10% when assessed
under local laboratory conditions in accordancéwiternational guidelines [Thygesen
et al, 2007].

ARCHITECT STAT troponin | assay (standard care)

Limit of detection 10 ng/L

10% co-efficient of variation 42 ng/L (Greater GJas/) and 50 ng/L (Lothian)
Diagnostic threshold 42 ng/L (Greater Glasgow) adahg/L (Lothian)

ARCHITECT STAT high-sensitive troponin | assay

Limit of detection 1 ng/L

10% co-efficient of variation <5 ng/L

Proposed diagnostic threshold 16 ng/Lf{@@rcentile of healthy reference population)

During thevalidation period both assays will be run in parallel and all sivat
continue to report cardiac troponin using the staticassay and existing diagnostic
thresholds. This period will permit the ARCHITECTAT high-sensitive troponin |
assay to be evaluated on each ARCHITECT platforthiwiall of the participating
centres. Analytical precision will be determinedngsa series of quality control
standards and pooled serum.

Prior to randomisatiorsensitivity and specificity for the diagnosis of myocardial
infarction will be determined in the cohort of matis admitted to the Royal Infirmary
Edinburgh and Western Infirmary Glasgow. Two indegent cardiologists will review
clinical data including troponin concentrations sw@wad using the standard assay,
whilst unaware of troponin concentrations from hirgh-sensitivity assay. Patients will
be classified as acute myocardial infarction, Uristangina, cardiac chest pain due to
non-coronary pathology (e.g. tachyarrhythmia), oardiac chest pain (clear
alternative diagnosis), or symptoms of unknowniariBisagreements will be resolved
following in-depth case note and source file reviamd adjudicated by a third
cardiologist. We will also explore whethagh-sensitivity cardiac troponin is useful in
the diagnosis or rule out of other conditions asged with myocardial injury (e.g.
pulmonary embolism).

For the high-sensitivity assay we will systematicatvaluate the impact of the
following variables on sensitivity and specificity:a sex-specific normal reference
range and diagnostic thresholds [Apple et al., 20i)0absolute change in troponin
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concentration (admission to 6 or 12 hours), iiixtige change in troponin concentration
(admission to 6 or 12 hours) [Reichlin T et al.12D The normal reference range and
diagnostic threshold for the trial will be agreautass all sites prior to randomisation
and sensitivity analysis (i-iii) will be used toida clinical advice issued during the
introduction of the high-sensitivity assay at epalticipating centre.

Study population:

At each participating centre, we will identidyl patients with suspected acute coronary
syndrome who have cardiac troponin | measured ais gfatheir routine clinical
assessment. The Community Health Index (CHI) numiiete and time of sample,
presence or absence of chest pain, and absolptamiroconcentration will be extracted
from the ARCHITECT database in each participatiagtee. All patients with a history
of suspected acute coronary syndrome as recordéelbgquesting clinician who have
valid paired cardiac troponin | measurements orh libe contemporary and high-
sensitivity assay during the index presentatioh valallocated a unique study number
and will comprise the study population. Patient®wahe not resident in Scotland will
be excluded as follow-up via routinely collectedis@s will not capture the primary
outcome for these individuals. Excess clinical seasphat would otherwise be
discarded (surplus) will be anonymously stored fidure evaluation and audit of
biomarkers. The results of these assays will naidsal to alter clinical management.
All samples will be anonymised and linked by a weicpon identifiable ID.

One of the major strengths of this approach is weatwill identify all patients with
suspected acute coronary syndrome, rather thatirigraur findings to a selected group
who may not be representative of the broad rangmténts presenting to acute NHS
hospitals.

Data collection and record linkage:

CHlI is a population register containing detailsathfScottish residents registered with
a General Practitioner and will be used to linkdalla sources. THgcottish Morbidity
Record (SMR) will be used to identify the discharge diagnogialbstudy participants
including whether patients were classified as hginstable angina (ICD-10 codes
120) or myocardial infarction (121 and 122). Thed&ta are routinely collected by the
Information Services Division (ISD) of NHS Nation8&lervices Scotland and are
considered some of the best health service datzeinvorld combining high quality,
consistency, national coverage and the abilityrti dlata to allow individual patient-
based analysis and follow up. ISD Scotland datdityua assessed regularly with the
accuracy and completeness of coding compared tewesaocuments demonstrating
that ICD-10 codes for coronary heart disease (RPa2e 94.2% accurate and 99.2%
complete.

As in our previous studies [Millet al, 2011a; Millset al, 2011b], additional clinical
information will be obtained through the TrakCaoftware application (InterSystems
Corporation, Cambridge, MA, USA); &iectronic Patient Record (EPR) system used
in Lothian for 6 years and in all participating tres prior to the start of the trial.
Programmers at NHS Lothian and Edinburgh Univensit} develop a standardised
pro forma for the assessment of patients with chest paieftace the current generic
admission form that will be implemented acrosgalticipating sites. Thipro forma
will include data fields that the admitting or diseging clinician will be required to
complete, with the majority of data fields poputhttom drop-down menus. The
following data will be captured: time of onset gimptoms, time of hospitalisation,
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patient demographics (e.g. age and sex, cardiolzagtsk factors, medical therapy on
admission), GRACE score, heart rate, blood pressnamagement in the Emergency
Department, referral to cardiology, and dischamgeation. Any change to medical
therapy will be extracted from the patients’ staddsed electronic discharge summary.
12-lead electrocardiograms will be obtained fromdigital archive, theMUSE
Cardiology Information System (GE Healthcare Clinical Systems Ltd., Herts, UK) in
all participating centres. Reports from diagnosticonary angiography, percutaneous
and surgical coronary revascularisation will bea&sted from th&@ OMCAT database
(Cardiovascular Information Management System,ipilAmsterdam, Netherlands)
in the tertiary centres for NHS Greater Glasgow Ede (Golden Jubilee National
Hospital, NHS Golden Jubilee National Hospital) &itdS Lothian (Royal Infirmary
of Edinburgh). The use of a dedicated admisganforma and identical platforms
(ARCHITECT, TrakCare, MUSE, TOMCAT) for routine datcollection in all
participating centres will ensure a high degreestaindardisation across sites and
minimise missing data.

In the two largest tertiary centres in Scotland hwéxcellent clinical research
infrastructure (Royal Infirmary of Edinburgh and Stern Infirmary of Glasgow) and
the largest district general hospital (Royal Aletan Hospital, Paisley), dedicated
research nurses willalidate routine data sources. Patients will be identified and
located from the ARCHITECT platform on a daily sashll patients with chest pain
in whom troponin was measured on admission or Belf2s after symptom onset will
be identified. Clinical characteristics, risk fagpinvestigations and management will
be obtained from hospital records during the adioniss

Sub-study 1: Clinical- and cost-effectiveness of gih-sensitivity troponins

The costs of a high-sensitivity troponin assaysanall and its introduction may reduce
duration of stay, unnecessary diagnostic investigat recurrent admissions, and
deaths. In contrast, the more sensitive assay etce specificity and increase the use
of unnecessary cardiac investigations and treasnérns therefore essential that cost-
effectiveness analysis will measure the incremecdat per quality adjusted life year
(QALY) gained using the high-sensitivity assay, gamed to the standard assay.

Patients admitted to the two largest tertiary @nin Scotland (Royal Infirmary of
Edinburgh and Glasgow Royal Infirmary) and the datgdistrict general hospital
(Royal Alexandra Hospital, Paisley), will be askedjive consent for inclusion into a
sub-study that will permit storage of plasma and serum ailidr@quire the completion
of an EQ-5D health survey during the index admissind after 1 and 12 months of
follow up.

In consented patients, excess serum (surplus) fooime clinical blood sampling on
admission and 6 or 12 hours will be frozen andestoAdditional blood samples will
be obtained between admission and 6 hours posergeg®n (maximum of 40 mL
sample volume on no more than four blood drawsgjsiah and serum will be prepared
and stored for future analysis to quantify tropomovel biomarkers of myocardial
ischemia and for further biochemical profiling. Aele blood sample will be obtained
for DNA extraction and genotyping. Strategies fbe tdiagnosis and rule out of
myocardial infarction will be explored in the sulokdy and validated across the main
study population where possible. To explore issresnd the certainty of diagnosis,
we will ask clinicians and patients to rate theirqeption of whether their chest pain is
due to myocardial infarction before the resultsroponin tests are available.
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Patients can be co-recruited into other studiesiacidded in our study population.
Clinicians and other researchers will be informédecruitment to the High-STEACS
sub-study through the electronic patient recordesys. This will allow researchers to
take into consideration any additional burden placa the patient through co-
enrollment onto subsequent studies.

In situations where individuals have capacity tasgnt, but are unable to read the
patient information sheet (e.g. visual impairmemtare unable to write, consent will
be withessed by an independent person and witiggsstgre obtained to confirm that
all information about the study was conveyed arad tie patient gave their consent
to take part

Measurement of costs and outcomes:

Within trial economic analysis of resource costd health outcomes will be conducted
on an intention-to-treat basis. Efficacy and saf@fiycomes will be determined via
record linkage with the Scottish Morbidity Registey the Information Services

Division (ISD) Scotland. Fatal and non-fatal primand secondary end-points will be
verified through source data and patient hospéebrds.

Safety endpoints will be monitored throughout treamstudy and form part of routine
reports. The Trial Management Team, the Trial $tgg€Committee (TSC) and the data
monitoring committee (DMC) will oversee safety mtoning throughout the study.

Death from a cardiovascular cause will be definedl@ath from all cardiovascular
causes and any death without another known cauabditin et al, 2009]. Myocardial
infarction will be defined according to internatadrguidelines when there is evidence
of myocardial necrosis in a clinical setting cotes$ with myocardial ischemia
[Thygesen et al, 2007]. In brief, a diagnosis ofoegrdial infarction will be made
where a rise and fall of cardiac troponin abovediagnostic threshold (standard care
= 10% CV; intervention = 99percentile of a reference population) is demoiestran
the presence of symptoms of myocardial ischemiai Efhanges consistent with
myocardial ischemia, and/or evidence of new losgatfle myocardium from cardiac
imaging. Major and minor haemorrhage will be dedifi|wm linked data using criteria
based on the American College of Cardiology Found&merican Heart Association
Task Force on Clinical Standards [ACCF/AHA Taskctgr2013].

In the sub-set of consented patients, we will deitee one-year cumulative costs of in-
patient investigation and management, and evaseteeported health at baseline and
at 1 and 12 months of follow up using the EQ-5Dlthesurvey. Patients will complete
the Seattle Angina Questionnaire at 1 and 12 motdhsapture patient reported
outcome. The EQ-5D score, will be combined withvaual times to enable estimation
of QALYSs for all patients up to one year followingndomisation. Multiple imputation
will be used to address missing values. Longemnodeling of incremental costs and
health outcomes will estimate the distribution o$ts and QALY's calculated over the
expected patient lifetimes.

Sub-study 2: Patient reported outcomes

The high-sensitivity cardiac troponin assay magwalus to rule out myocardial
infarction earlier and support the discharge oifgpdis who have not had a myocardial
infarction directly from the Emergency Departméntsub study 2 we will explore
patient perceptions around discharge. Patientshalie had myocardial infarction
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ruled out as a possible diagnosis will be invitegarticipate in sub-study 2
(Appendix 3).

Consented patients will be visited in their own leofor a place of their choosing)
approximately one week after discharge. In-deptbriunews surrounding their
experience of discharge from hospital followingstbpisode of chest pain will be
conducted and audiotaped. Follow up investigatadgsred for these patients and
their outcomes at 1 year will be recordddhis sub study will help guide the
introduction of early discharge protocols into wal practice by considering patient
perceptions around discharge.

Sub-study 3: High-sensitivity cardiac troponin andthe early rule out of
myocardial infarction

In addition to the evaluation of the implementatadrthe high-sensitivity assay as part
of the main study, we propose a sub-study to etaltlee efficacy and safety of a
pathway to rule out myocardial infarction on prdaéon. During the final 6-months
of the implementation phase of the main trial,ssitél continue to follow the standard
chest pain pathway with troponin testing at 12 bausing the high-sensitivity assay
(standard care). Participating centres will theplement an early rule out pathway
(intervention) based on National Institute of Giali Excellence (NICE)
[https://www.nice.org.uk/guidance/dgl5] and Eurape&ociety of Cardiology
guidelines where troponin will be measured on pried®n and myocardial infarction
ruled out if troponin concentrations are <5 ng/lthmurther testing at 3 hours if
indicated Appendix 4). Implementation will be stepped using a similgoraach to the
main trial over the next 6-month period. After tBisnonth period we will continue to
identify patients across all sites for a furthenénths.
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7 Data Analysis and Statistical Considerations

The trial results will be reported in accordancéhvthe CONSORT guidelines and,
where possible, the clinical profile of non-recedgitand ineligible patients will be
recorded.

Statistical analysis:

The analysis will take account of the cluster-rand®d nature of the stepped wedge
design. The primary end-point of 12-month eveaefisurvival (reinfarction and
cardiovascular death) will be compared before dtet anplementation of the high-
sensitivity assay using a logistic regression gaird linear mixed model. Primary
endpoint survival times will also be summarisedcdesively using Kaplan-Meier
survival curves and analysed formally using a Campprtional hazards model
incorporating a site level random effect and fieffécts for assay and covariate effects.
The proportional hazards assumption will be vedifig plotting log-cumulative hazard
versus log-time for the high sensitive and standareé troponin assay groups. Model
validity will be further explored using plots of &&nell and Martingale residuals.

Secondary efficacy endpoint (i), duration of stayl be analysed using Kaplan-Meier
survival curves and a Cox proportional hazards rmasl@bove, with death in hospital
being treated as a censoring event. Secondaryaeyfiendpoints (ii)-(vii) and safety
outcomes will be analysed using the same methodsed for the primary efficacy
endpoint. The statistical methods will be documerntefull in a detailed statistical
analysis plan.Pre-specified exploratory subgrouglyses are planned to determine
efficacy and safety stratified by age, sex, diatjndkreshold (sex-specific, uniform),
diagnostic classification (type 1-5 myocardial nefeon, myocardial injury), and renal
function.

Exploratory data analyses will examine the assiocidietween patient characteristics,
clinical diagnoses and all primary and secondarngaues in the study population.
Analyses will be conducted using a variety of statal (including Bayesian) and

machine learning approaches. In combination, tresgroaches will allow us to

develop clinical decision support tools to aid imaghosis, risk prediction and

management of patients with suspected acute coreyadrome.

Full methods for exploratory analyses will be doemted in separate statistical
analysis plans.

Power calculations:

Over a 12-month period (2008-2009), 2,092 patiemse admitted at the Royal
Infirmary of Edinburgh with chest pain and suspdaeute coronary syndrome [Mills
et al, 2011a; Millset al, 2011b]. Of these, 1,383 patients had troponircentrations
below the current diagnostic threshold of 50 ngitd 850 of these patients were found
to have an undisclosed increase in plasma tropsitimin the range of 12-50 ng/L. At
12 months, 47/350 (13%) patients with an undiscdoseponin rise were dead or
readmitted with myocardial infarction compared 1813033 (3%) of those with normal
troponin concentrations of <12 ng/L. Implementatminthe previous generation of
troponin assay reduced 12-month death and recumgmtardial infarction from 39 to
21% (OR 0.42, 95%CI 0.24-0.84, P=0.013). We estntiaht patients identified with
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the high-sensitivity assay will derive similar b&tebut given the lower event rate in
this group (13%), we have powered the prospectiaétd detect a 3% absolute risk
reduction.

In the proposed study, 10 sites will contributagyas during three 6-month phases: the
validation phase (standard care), randomisatiosefgtandard care/intervention) and
implementation phase (intervention). For eachwgecan calculate the difference in
proportions, between standard care and interventicthe primary outcome during the
12 months following hospital admission. This diffece in proportions will be
approximately normally distributed with a standalelviation that depends on the
primary outcome event rate under standard carérengumber of patients recruited by
the site. ISD data for the financial year 2008200ere used to estimate site
recruitment during each 6-month phase [Appendix Bdsed on an average site
recruitment of 525 patients with suspected acuter@ry syndrome during each 6-
month phase, a 2.1% absolute risk reduction woeldldétectable with 80% power,
while the power would be over 95% for detectiora@hange in absolute risk of 3%.

Sub study 1: Clinical- and cost-effectiveness analis

Statistical analysis:
Data from sub study 1 will allow evaluation of $égies for diagnosis of type 1 Ml and
for prediction of a major adverse cardiac event (E) at 30 days.

Type | MI diagnosis
12hr troponin will be used to define the gold-stamiddiagnosis of type | MI.
The sensitivity, specificity, and positive and niagapredictive value of five strategies
will be evaluated:
1. 3hr troponin >9Y percentile

2. Admission troponin >99 percentile

3. lor2

4. 1 or 2 plus a 20% increase (“delta”) from admissmBhrs
5. 20% increase (“delta”) from admission to 3hrs

In addition, diagnostic performance of a rangedrhesion and “delta” cut-points will
be explored using ROC curve methodology.

Prediction of MACE at 30 days
The same strategies will be evaluated as for tydédiagnosis.

Subgroup analysis
The performance of each diagnostic/prognosticegsatvill also be described within
the subgroups:

* Admission within 3hrs of onset (Yes/No)

* Age (over 65 years/not over 65 years)
* Pre-existing coronary disease (Yes/No)

Sample size:

Pilot data indicate that about 20% of the poputatimder study will have a final
diagnosis of type | Ml based on the peak or 12rdwdnin concentration. Realistic
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estimates for recruitment over a period of 12 memtidicate that it will be possible to
enrol up to 1500 patrticipants in the sub-study. THixe below indicates the precision
with which the sensitivity and specificity could lestimated — as defined by 95%
confidence interval width — for a range of overaimple sizes (1000-1500) and levels
of sensitivity and specificity (95-99%).

Overall | N with type | Ml | Sensitivity | Sensitivity | N without | Specificity | Specificity
sample 95% ClI type | MI 95% ClI
size width width
1000 200 95% +/-3.0% 800 95% +/-1.5%
1000 200 99% +/-1.4% 800 99% +/-0.7%
1500 300 95% +/-2.5% 1200 95% +/-1.2%
1500 300 99% +/-1.1% 1200 99% +/-0.6%

For the purposes of providing an overview, the ictrfce intervals considered use
the normal approximation to the binomial distriloati In the actual study analysis,
exact intervals will be used since the levels ofs#evity and specificity attained are
expected to be close to 100% for some of the gfiegdeing evaluated.

From analysis of pilot study data we will estimtte pairwise correlations among the
troponin-based diagnostic strategies listed abdkese will be used to inform further
sample size calculations to determine the preciaitim which differences in
sensitivity and/or specificity between a given diasgtic strategy and a reference
strategy could be estimated in the sub-study.
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Sub study 2: Patient reported outcomes

A mixed methods approach will be adopted for thalysis of data from sub study 2
(Appendix 3).

Sample size:
Eighty patients will be included in Sub study 2:

10 female patients aged <65 years Patients selected from those
10 female patients aged >65 years discharged after the result of a
10 male patients aged <65 years troponin taken at 12 hours

10 male patients aged >65 years

10 female patients aged <65 years Patients selected from those
10 female patients aged >65 years discharged after the result of a
10 male patients aged <65 years troponin taken on presentation
10 male patients aged >65 years

The numbers selected will help provide a rangei@ivs from the patient population,
through this stratified sample. The object is toaver the widest range of views held
by the participants in the two patient groups. Whemew meanings are emerging
from the in-depth interviews, theoretical satunatvall have been reached. It is
anticipated that the proposed sample sizes willideoenough participants to capture
all relevant themes. No formal power calculatioresraquired for this qualitative
approach. Qualitative research aims for depth rdttan breadth. Based on previous
qualitative studies the overall sample size wilhalfor exploration of similarities and
differences within and between the patient groups.
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Sub-study 3: High-sensitivity cardiac troponin and the early rule out of
myocardial infarction

Satistical analysis

Primary efficacy end-point: Length of hospital stay, defined as the lengthiroe
from initial presentation to the Emergency Departmentil final discharge from
hospital

Primary safety end-point: Type 1 or type 4b myocardial infarction or cardisath
after discharge and within 30 days of index presteont

Satistical analysis

The primary efficacy outcome will be analysed usangear mixed-effects regression
model, adjusting for hospital site, season, timgatient presentation since start of
study (in days), and an indicator variable for Vvileetthe early rule out pathway has
been actually implemented or not. Season will fieain the model as a four category
factor variable, with three indicator dummy varebfor Spring (March April May),
Summer (June July August) and Autumn (Sept Oct N@lative to Winter (Dec Jan
Feb), which is the reference category. Hospital witl be included as a random effect
in the model, and the length of stay outcome welldg-transformed prior to analysis
to reduce the influence of extreme outliers andienthat the model assumptions are
valid. Results will be expressed as geometric mi@abtors with two-sided 95%
confidence intervals. It is possible that a veryaBmroportion of patients with long
hospital stays of over 3 months might not have lbscharged by the time of the final
analysis; in which case, these patients will beluged from the primary efficacy
analysis, but the number and percentage of thasmfsawill be reported.

If the primary efficacy outcome analysis is statety significant at the two-sided 5%
level, then we will proceed to perform a non-indeity analysis on the primary safety
outcome. This will involve fitting a logistic mixeelffects regression model, adjusting
for hospital site (as a random effect), seasonir{ddfas for the primary efficacy
analysis), time of patient presentation since siadtudy (in days), and an indicator
variable for whether the new intervention pathwag been implemented or not. A one-
sided 95% confidence interval will be reported andne-sided 5% significance
threshold will be used. If the upper limit of theessided 95% confidence interval lies
below the 0.5% non-inferiority margin; then nonenbrity of the intervention will be
established. If non-inferiority is shown, then ghrenary safety outcome results will be
assessed for superiority by interpreting the ufipet of the 95% confidence interval.
If the upper limit of the 95% confidence intervi@d below 0% (or 1 on the odds ratio
scale) then superiority of the intervention willcmncluded with respect to the primary
safety outcome.

For the primary analysis, the data will be analysecbrding to the actual timing of

the introduction of the new pathway rather thanrtmelomised time the new pathway
was to be introduced (if different).

Sample size:
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Based on simulation methods, the total samplea$i28,994 patients will provide 99%
power at the two-sided 5% level of significancel&tect a realistic true difference of
at least 60 minutes in arithmetic mean length ay ¢primary efficacy endpoint).

Again, based on simulation methods, a sample $i28,694 patients ensures that there
iIs 90% power to demonstrate non-inferiority asswyran event rate of 0.4% for the
primary safety end-point (type 1 or type 4b myo&dnafarction or cardiac death from
discharge to 30 days), a one-sided 95% confidentsval is constructed for the
difference, and a non-inferiority margin of 0.5%favor of standard care. The 0.4%
event rate assumption comes from initially repodbsiervations in the validation phase
of the HIghSTEACS trial.

The overall power to detect a statistically sigrafit difference for the primary efficacy
endpointand demonstrate non-inferiority for the primary safetydpoint is 89%.
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8. Expected Results

Based on our previous studies we expect the ARCBITESTAT high-sensitive
troponin | assay to reclassify up to 17% of alligratls admitted with suspected acute
coronary syndrome: a potential 46% increase irdignosis of myocardial infarction.
We anticipate that clinical outcomes will improve those patients reclassified as
myocardial infarction due to greater use of effextitherapies for the treatment of
coronary artery disease. It is likely that this noyement in outcome will be at the
expense of more patients identified with elevai@dli@ac troponin concentrations with
non-cardiac causes of chest pain. The use of candélication and investigations in
this group is likely to increase, but may not imgelinical outcomes.

These findings will represent the first evidenaanira randomised controlled trial to
evaluate the appropriateness of the universal itiefinof myocardial infarction and to
assess its impact on clinical outcomes. One ofrth@r strengths of the trial design is
that we will capture all patients with suspectedtacoronary syndrome presenting to
both secondary and tertiary care hospitals ratrer & highly selected sub-population
of consented patients managed in a regional cacdiaire. This large and unique data
set will provide us with an opportunity to critigakvaluate whether it is appropriate to
base the diagnosis of myocardial infarction oraéistical assumption about the normal
distribution of troponin from an unrelated refererpopulation. Using this novel high
sensitive assay we will quantify troponin in >98%study participants and therefore
will be able to examine the true relationship betwtoponin concentration and clinical
outcome to define the optimal clinical thresholgharameters that identify patients who
would benefit from treatment for myocardial infaoct

National guidelines now recommend the use of hggisgivity cardiac troponin assays
to rule out of myocardial infarction earlier in patts with suspected acute coronary
syndrome. These assays will allow earlier testiit werial measurements performed
in the Emergency Department and will permit uselasfer thresholds such that
myocardial infarction may be safely ruled out oagantation. This trial will determine
whether the introduction of early rule out pathwange routine clinical practice is safe.

We anticipate that implementation of a novel highsstivity cardiac troponin assay
and an early rule out pathway will be associateth wiajor cost savings, and our
findings will form the basis of future guidelinesrfthe assessment of patients with
suspected acute coronary syndrome.
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9 Safety Reporting

Safety endpoints will be monitored throughout tremstudy and form part of
routine reports. The Trial Management Team, thal Bteering Committee (TSC)
and the data monitoring committee (DMC) will oversafety monitoring throughout
the study. Individual adverse events will not benrtared as part of the main study.
In the event of any safety concerns being repddebe trial team, these will be
recorded and reported to the Sponsor and the Srearing Committee within the
appropriate regulatory timeframes.
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10 Study Monitoring

10.1 Trial Steering Committee

The committee will include representatives fromghant applicants, trial management
and four individuals not directly involved in thél. A member of a relevant consumer
(patient) group as well as a representative oBitiesh Heart Foundation (BHF) will
be invited to be members of the committee.

10.2 Trial Management Group

The trial management group will meet regularly aodsists of the grant applicants,
the trial manager, and research team.

10.3 Data Monitoring Committee

The main study involves linkage of records fromsérg patient records and does not
require data entry. A data monitoring committed axkersee the data management and
record linkage processes throughout the study.

10.4 End-point adjudication committee
An endpoint adjudication committee will also be sgt to adjudicate the study
endpoints and validate documented endpoints.
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11 Ethical and Regulatory Issues

The High-STEACS study protocol V 1.0 was approvgdhe Scotland A Research
Committee on 14 August 2012 (Ref: 12/SS/0115). NHS Lothian Regeand
Development Approval (2012/R/CAR/17) has been olgiand is in progress in NHS
Greater Glasgow and Clyde.
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13 Appendices

Appendix 1

High-Sensitive Troponin in the Evaluation of patients with Acute Coronary
Syndrome (HighSTEACS): A randomised controlled trial

British Heart Foundation Special Project Grant
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* During the validation and randomisation phases of the study both the standard and high sensitivity assays will be run in
parallel. During the validation phase and following randomisation in those sites randomised to standard care, only results of
the standard assay will be made available with clinical decisions based on existing diagnostic thresholds.
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Extension of implementation phase (HIghSTEACS)
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Recruitment and follow up timescales: HIghSTEACS ad sub studies
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Appendix 2

Number of hospitalisations with chest pain (ICD code R7), myocardial infarction (121, 122)
and unstable angina (I120), and number of troponin assays performed on the ARCHITECT
platform in all participating centres for the financial year 2008-2009.

Participating Chest pain MI UA Tnl/annum
centre

Vale of Leven General Hospital 455 132 72 2,548
Inverclyde Royal Hospital 980 135 175 5,486
Royal Alexandra Hospital 1,371 178 380 7,675
Glasgow Royal Infirmary 1,791 227 349 10,026
Victoria Infirmary 1,670 315 112 9,349
Southern General Hospital 1,274 163 99 7,132
Western Infirmary/ Gartnavel 1,867 187 302 10,451
Western General Hospital 379 103 115 2,121
St John's Hospital 1,001 211 286 5,604
Royal Infirmary of Edinburgh 2,051 864 588 11,482

TOTAL 12,839 2,515 2,478 71,874

Source: ISD Scotland, SMRO1 (Inpatient/Day cases) linked database as at 26 February 2011.

MI = myocardial infarction; UA = unstable angina; Tnl = troponin I
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Appendix 3
Sub study 2 outline

A gualitative investigation of patients’ views on ad experiences of discharge in suspected acute coavy
syndrome before and after implementation of early ule out strategies

Background

The HighSTEACS study is assessing the impact ointneduction of a new high-sensitivity troponirsag on
the clinical management of acute coronary syndranteon clinical outcomes. These new high-sengjtivit
troponin assays are able to detect lower levetaafiac troponin and have the potential to allole aut of
myocardial infarction on presentation, rather taath2 hours with a conventional assay. High-sevisitassays
will therefore support the introduction of earlgdnarge protocols for patients with chest pairthis
gualitative sub-study, we will explore patientsiqeptions and experiences of standard and eadhalige
protocols.

The majority of patients with chest pain will havermal troponin values and are informed they hanen*
cardiac chest pain”, or “unexplained chest paimitiéhts with unexplained chest pain suffer fronréased
anxiety, use more hospital services, and have ifumadt status that are comparable to those patieitits
coronary heart disease. Studies exploring the nméion needs of patients with unexplained chest pave
highlighted themes of “lack of focus on individymbblems”,“unanswered questions”, and “unmet infation
needs”. Before adopting an early discharge protaeoheed to understand the patients’ beliefs, |péicoes
and experiences related to attending hospital ghtst painlt is these beliefs and concerns that are likely to
drive repeat attendance if these are not tackledgitheir index admissionThese studies will determine the
patients’ view and acceptability of an early disgeaprotocol. We will identify whether these viediffer by
age and between men and women. We anticipatentedrdy discharge protocol for all patients mayéase
patient anxiety. Our findings will help identify wsto support patients following early discharge] &ad to
clinical guidance tools that will reduce the ridkrappropriate discharge or reattendance.

Research Methods: This study will utilize a mixed methods approachtiénts with suspected acute coronary
syndrome in whom myocardial infarction has beerdwut will be recruited from the Emergency Depariim
and Medical Assessment Areas of the Royal Infirntadtinburgh, Western General Hospital Edinburgh, &nd
John’s Hospital Livingston before (n=40; phaserlg after (n=40; phase 2) implementation of theyearl
discharge protocol. Patients will not be made awlaedischarge may be occurring at an earlier poiat
than conventional treatment so as not to potentie#ld any anxiety. Patients will be stratifieddpye and
gender with 10 subjects in each group (maks and >65 years; femalg65 and >65 years based on the mean
age of presentation with suspected acute cororyaigrame). Patient’s co-morbid illness, social suppad
levels of anxiety will be recorded quantitativelsing a visual analogue scale completed on disclardeat the
home visit approximately 1 week later, and a Ha@d@inxiety and Depression scale (HAD) validatedudse in
NCCP patients. Follow up investigations arrangedHts group of patients, and their outcomes ag¢dr will
also be recorded. The qualitative component okthdy will use a phenomenological approach thatoezp
lived experience, revealing both what is experidrened how it is experienced. In- depth intervievilsbe
conducted, with participant consent, in the wedlovang discharge. Interviews will be recorded and
transcribed and an analytical framework developeanscripts will be read multiple times in orderd&velop
relevant codes and analytical themes. The interg@vedule will be developed after a thorough lites
review has been conducted and tested throughipterviews. A preliminary scoping of the literatiseggests
four interrelated themes, but we shall remain datethemes emerging from the patients’ accountseBan
previous studies and a literature review | will lIexp four themes

* Patients’ beliefs of the cause of chest pain

* Patients’ experiences of how a cardiac causdées ruled out

» The interrelationship between health care seeletrviour, self-care and social support

« Patients’ experience of standard of care
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Recruitment

Patients attending the Royal Infirmary of Edinbu(Bmergency Department or Primary Assessment Atie@),
Western General Hospital Edinburgh (Acute Receilng), or St John’s Hospital Livingston (Emergency
Department) for assessment of suspected acuteargreyndrome will be offered the opportunity totpipate
in the additional qualitative study by EmergencyBement clinical staff. After reading the infornwat sheet,
patients will be asked if they would be happy tacbetacted by phone or e-mail at least twenty fawurs later
to discuss taking part in the interview study, dreb to arrange a suitable time for the intervievtake place.
This information will be recorded on a screening. [bhose agreeing to take part in the study wéhtbe
telephoned on the day before or the morning ofrttezview to see if they are still happy to taketpRatient
consent will be gained prior to the interview conmeiag.

Study procedures

Consenting patients will be visited in their owmt (or place of their choosing) approximately oreekvafter
discharge. In-depth interviews surrounding thepezience of discharge from hospital following amsege of
chest pain will be conducted and audio recordetioWaip investigations ordered for these patiemts goeir
outcomes at 1 year will be recorded.

Data management

All data will be gathered, stored, and transfeired manner which is safe, ensures accuracy, nasnta
participant confidentiality yet remains accessibleesearch staff. Data will be anonymised as s®on
practicable and electronic devices used for dataatmn will have appropriate security settingskled to
prevent unauthorised access. Any file transfersheilconducted using encryption technology (fomegke for
professional transcription). Identifying participatetails will be held separately in a secure gloabinet.
NVivo will be used for data curation and analysis.

Transcription will be conducted by a reputable aigation used by the University of Edinburgh whatiheres
to strict guidance, including confidentiality. Insttions will be given so that the data can be gnosed
during transcription. Each transcript will haveraque identifier and a version number before beiplpaded
to NVivo.

All electronic data collected for the study will btored in a designated shared drive. The datarfolll only
be accessible to the research team. Data storegternal media (e.g. audio digital recorders, pared) will
be transferred to the relevant shared folder as as@racticable. After 5 years the audio recoslintj be
destroyed.

All hard copy data will be stored in a locked fgicabinet in a secure office. Under no circumstanaé paper
records be left unattended in a public area witjoar outside the research team.

Summary: Our findings will help identify ways to support paits following early discharge, and lead to
clinical guidance tools that will reduce the ridkrappropriate discharge or reattendance.
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Appendix 4. Early rule out pathway for patients with suspected acute coronary syndrome (NHS

Lothian)

Rapid rule out of myocardial infarction NHS

| Chest pain and suspected acute coronary syndrome (ACS)

l

Review of pre-hospital and departmental
ECG by senior staffwithin 10 mins

Immediate |V access and bloods including
high-sensitivity cardiac troponin (hs-cTnl)

Cardiac monitoring

Non-diagnostic ST-depression/T-wave inversion ST-segment elevation
New horizontal or downsloping 22mm in 2 adjacent chest leads
ST-depression >2mm or deep symmetrical or >Imm in 2 adjacent limb leads
T-wave inversion in 2 adjacent leads or new LBBB

or >2mm ST depression V1-V3 (posterior)

Senior review or cardiology referral Bleep 5834 for emergency PCl
*  Consider Aspirin 300 mg «  Aspirin 300 mg
° Sub-ling_ual_ nitrate or analgesia ¢ Sub-lingual nitrate or analgesia *  Aspirin 300 mg
*  COXR as indicated ¢ Consider Clopidogrel 300 mg * Clopidogrel 600 mg
¢ Consider Fondaparinux 2.5 mg *  Heparin 5,000 units IV
SC (if not anti-coagulated)
(if not anti-coagulated) * Sub-lingual nitrate or analgesia
¢ CXR as indicated * Consider Tirofiban IV bolus

|

g Review baseline hs-cTnl Admit and hs-cTnl at 6 hours

Myocardial infarction ruled out

Myocardial injury or Infarction

A) Clear alternative diagnosis

A for admissi i
Treat as appropriate >16 ng/L (women) rrange for admission, senior

>34 ng/L (men) medical review and repeat hs-

<
<34 ng/L (men) cTnl testing at 6 hours

B) Atypical chest pain or recent
negative investigations

Reassure patient low cardiac risk,
advice and GP follow up

- A) Consider other causes of
hs-cTnl 3 hours from presentation myocardial injury (e.g. heart

T failure, arrhythmia, sepsis,
pulmonary embolism)

C) Typical cardiac pain on

.exertlfm anth no previous CHANGE <3 ng/L CHANGE 23 ng/L B) If diagnosis of type 1
investigations AND AND >16 ng/L (women) myocardial infarction confirmed:
Reassure, aspirin 75mg od and <16 ng/L (women) <16 ng/L (women) >34 ng/L (men) . Y Clopidogrel 300 m; ’
GTN spray, consider referral to <34 ng/L (men) <34 ng/L (men) P e :

¢ Fondaparinux 2.5mg SC
¢ Subdingual nitrate

the RACPC

EMERGENCY DEPARTMENT AND PAA

v

Admit and hs-cTnl 6 hours from presentation

Myocardial infarction ruled out I

Myocardial injury or Infarction

Senior medical review or referral

Referral to cardiology for
to cardiology

>34 ng/L (men) in-patient assessment

<16 ng/L (women)

>16 ng/L (women)
<34 ng/L (men)

* In all patients with chestpain for <2 hours repeat hs-cTnl at 3 hours Lothian protocol version 4.0; 12 November 2015
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SUSPECTED ACUTE CARDIAC CHEST PAIN PROTOCOL

| Paberk prasents with chest pain |

and no oher squie omodidibes
and pasin not pleurfic
and riotmainly apigesis or posbeor

Grealer Glasgow
and {lyde

¥

of multple comorbidBes

| orpleuicpen
o |pain mainly Epigasinc o pozkeenr

ECG and froponin within 15 mimetes

v

Cionsider olber pathokoay (2.2 PTE,
dimsecior) and scprpraie patiesys

Himioey =uggests possile cardine pain
and non-dngrostc ECG

Consider aspirn 30mg =i=i
Armnge CXR

&) Clear stteriabuve dingrosi
{bypically muzcsoskeietal or G pin)
Reasure, ofier ndvice on
management such as snalgesis or
PRL

B Afypical chest pain or aandin-type
pain bt previous regatve:
rvesiigartion
Remrmare: patient of very low cardinc
rizkc. (Hfer simple: aneslgesia, adivice
ord GP follow up.

C) &dypical or mild exerfional pain, not
previously imvesSgaind
Corsider ETT referml or 2k GP o
refier In RACPC § recumring
sympioms.

0} Typical cerding pain with no
previnn investigafions (or equivocal
=l

¥ with z=piin T5mg o and =1 GTH

oface -:\’nil\;:ps_rm il T

W imeersion)
or engaing fpmical carding pain

STEMI
{ior example =3mm 5T elevalion in 2
consecudive chesl
or=1mm in 2 djncent

or >2mm 3T depres L
sugqesiwe of posenor infvel)
Treat 2= presumed ACS
Flefer in cardickogy
Hispirin 30myg siat
e bragreior 13{mg and fordapannue Ticagrelor 150mg =tsi
Smg only I typlcal presantstion of IV Heparin S000u {# nol anticoagelsied)
ACS
Troponin 6 howrs post-admission |FEAK)
Review baseline roponin {0 hours)

<SngfL
| covesat: earty
resaerters with start
mptomes < 1 hour
g0 follow 2 hour
pathway)

>1& ngyfL (women|]

=16 ngfL (waman)
=34 ngfL (men)

416 gL {wormen]

Mursing:
fipply cardisc moniior
Irform 3enior medical sinf
Arange for fet AR bed
{F roz izt cardinlogy eds|
Imform paliend, offer o inform relaiives

Bedical:

Full medical review indluding
roufine bloods, ECG & CXR
Complris meds mdex
ensure not on amy antico 1

Fix Ticagedor 160myg wiat fren Himg
bd

Rz Fordapariux 2.5mg =i siat fhen
|

[
Rx PAN sublingual GTN =pry

40




