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2. Introduction 

2.1 Background and Rationale for the Trial 

The number of patients attending emergency departments (ED) across England and Wales continues 

to rise, with over 22 million attendances in 2014.1 Chest pain makes up nearly 10% of ED 

attendances and is the most common reason for emergency hospital admission.2 The majority of 

patients with chest pain have prolonged hospital stays during which they undergo testing to rule out 

acute myocardial infarction (AMI), yet 90% of patients are found to have a benign cause of chest 

pain, such as gastro-oesophageal reflux.2 Prolonged assessment leads to increased National Health 

Service (NHS) costs, patient anxiety and ED crowding.3 

The need for prolonged assessment is driven by limitations in current diagnostic strategies. Clinicians 

rely on three elements to rule out AMI: patient history, ECG and blood test biomarkers. Patient 

history is an unreliable predictor of AMI,4 and few patients (14%) have an ECG that is diagnostic.2 

Therefore, the majority of patients require biomarker testing. The current biomarker used to rule 

out AMI is troponin, a protein released into the blood when myocardial injury occurs. Highly 

sensitive troponin (hs-troponin) assays have been developed recently, meaning that very low 

concentrations can be measured.5 This has led to improved diagnostic accuracy earlier after chest 

pain onset.6 Current consensus guidelines recommend that rule-out hs-troponin testing can be 

undertaken using two samples taken at presentation and 1–3 hours later.7 8 Due to limitations in 

clinical and laboratory processing times, with strategies reliant on two blood tests, most patients are 

not discharged until at least 4 hours after ED attendance.9 A substantial proportion of patients could 

potentially be discharged much earlier with a single hs-troponin test taken at presentation to the 

ED.10 

It has been proposed that a single hs-troponin test at presentation to the ED could be used to rule 

out AMI in 9%–60% of patients with very high diagnostic accuracy,11–17 using an ‘undetectable’ cut-

off for ruling out AMI. This undetectable cut-off is called the Limit of Detection (LoD; lowest analyte 

concentration at which detection is feasible). Current data supporting the LoD cut-off are from 

observational studies and in patients who were not actually discharged based on hs-troponin results. 

Evaluating new diagnostic technologies with observational research alone has important limitations. 

It is possible that beneficial effects will be diluted because clinicians do not abide by their 

recommendations.18 Furthermore, unanticipated effects such as rebound overuse of resources have 

previously been reported and have meant that apparently safe strategies are not cost-effective.19 

Therefore, the clinical and cost-effectiveness of the LoD cut-off remains unknown. 

There are two hs-troponin assays currently approved by the National Institute for Health and Care 

Excellence (NICE): Roche hs-troponin T and Abbott hs-troponinI.7 The majority of centres within the 

Limit of Detection of Troponin and ECG Discharge (LoDED) study use the Roche hs-troponin T assay, 

reflecting current UK practice (information from manufacturer). The LoD for this assay is <5 ng/L. 

Some centres use the Abbott hs-troponin I assay with LoD of <2 ng/L. In addition, an emerging hs-

troponin I assay (Beckman Coulter Access hs-troponin I) meets criteria to be defined as a high-

sensitivity assay but is yet to be evaluated by NICE.20 Similarly, the LoD for this assay is <2 ng/L. 

Performance of all three assays at the LoD appears similar, with similar proportions of patients being 

eligible for safe early discharge.15–17 21 The LoD alone does not have the required diagnostic accuracy 

for clinical implementation.13 However, combining the LoD with ECG findings improves diagnostic 

accuracy (the LoDED strategy). In a meta-analysis of over 9000 patients evaluating the LoDED 

strategy with hs-troponin T, pooled sensitivity for 30-day major adverse cardiac events (MACE)was 

98.0% (95% CI 94.7% to 99.3%), with 30% of patients eligible for early discharge.16 For the Abbott hs-
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troponin I assay, an analysis of 3155 patients showed a pooled sensitivity for MACE of 97.9% (95% CI 

95.4% to 99.2%), with 25% of patients eligible for discharge.15 For the Beckman hs-troponin I assay, 

sensitivity for the rule-out of AMI has been shown to be >99%, in an analysis of 1871 patients, with 

34% of patients eligible for discharge.17 These data demonstrate the efficacy (safety) of the LoDED 

strategy, yet they are all from observational cohort studies, where no patient was discharged based 

on their recommendations; therefore, the clinical effectiveness of the LoDED strategy across 

populations remains unknown. 

The LoDED strategy is a straightforward diagnostic tool and current observational evidence suggests 

it is safe for implementation. The question this trial will answer is whether the LoDED strategy works 

when implemented in practice, with clinicians actually discharging patients early in significant 

numbers, without rebound increases in downstream costs and in a way that is acceptable to patients 

2.2 Aims and Objectives  

2.2.1 Aim 

The aim of this study is to establish whether a novel diagnostic strategy for ruling out major adverse 

cardiac events (MACE) in Emergency Department patients with suspected cardiac chest pain 

increases rates of early discharge, reduces resource use and is acceptable to patients, when 

compared to usual care. 

2.2.2 Objectives 

1. Conduct a randomised controlled trial of the LoDED strategy versus usual care to compare the 

proportion of patients successfully discharged from hospital within four hours of arrival, with no 

MACE during the following 30 days. 

2. Measure admission rates, hospital bed usage, length of stay, resource use and patient satisfaction, 

facilitating a health economic evaluation. 

3. Determine whether the LoDED strategy is acceptable to patients. 

3 Study Design 

3.1 Trial Design 

This is a pragmatic, multi-centre, randomised controlled parallel group trial in adult patients 

presenting to the ED with suspected cardiac chest pain and who trigger the chest pain investigation 

pathway. Five hundred and ninety four participants will be randomised in a 1:1 ratio to be managed 

according to the LoDED strategy (allowing discharge after a single hs-troponin test at presentation to 

ED if a participant has no new ischaemic ECG changes and the hs-troponin is below the LoD) or usual 

care rule-out strategy in current clinical use at each study site (Figure 1).  

Usual care will usually include two hs-troponin blood tests taken between 1-6 hours after 

presentation and may vary between sites.  
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3.2 Randomisation 
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For all participants, randomisation will occur before initial hs-troponin results are known, to reflect 

clinical practice where rule-out strategies are applied to a whole group of patients once it has been 

determined by clinicians that rule-out testing is required. 

After written consent has been obtained, participants will be randomised to be evaluated using 

either the existing rule-out strategy used in study centres (control) or the LoDED strategy 

(intervention) in a 1:1 ratio. The Peninsula Clinical Trials Unit (PenCTU), in conjunction with the study 

statistician, will provide web-based randomisation, stratified by centre and minimised by age 

(categorised as aged 18-49, 50-70 and 71+) and gender. Appropriate staff at all sites, as delegated by 

the PI, will be provided with log-in details for the study website. 

To randomise a participant, the recruiting doctor, ED nurse or research nurse will access the secure 

website and enter brief participant details (initials, date of birth, gender, study site). Once the 

randomisation process is complete, the computer screen will indicate to treating clinicians which 

diagnostic strategy to follow, including details of the local rule-out strategy for control participants 

as a reminder for site staff. A print-out of the allocation generated by the randomisation website will 

be taken and filed in the participant’s ED records. 

3.3 Sample size 

Current observational research gives estimates of the proportion of patients with an hs-troponin 

<5ng/L in the intervention group of the RCT (LoDED) between 10% and 60%.11-17 United Kingdom 

observational data suggest that these patients will be discharged within a median time of 3.5hrs 

(taking into account laboratory processing and 60 minutes of decision making time).10 Data provided 

to us from a recent pragmatic RCT9 evaluating a 0/2hour hs-troponin rule-out strategy has 

demonstrated that only 10% of patients will be discharged within four hours using this approach. 

Clinical protocols using rule-out strategies at later time points (e.g. three hours) will be expected to 

have even fewer patients discharged within the four hour time frame; similarly the 0/1hour strategy 

may expect to see a marginal increase in discharges before four hours. These differences have been 

taken into account within the power calculation. For the overall population we anticipate 8% will be 

discharged within 4 hours using usual care and at least 17% using the LoDED strategy. Therefore, this 

study will be powered to detect a 9% difference between the early discharge rates with 90% power 

and 5% statistical significance. This will require 282 patients in each arm and 564 patients in total 

with primary outcome data.  Assuming a 95% follow-up rate, 594 patients need to be recruited. 

 

3.4 Laboratory Analysis 

Clinical blood samples will be analysed locally in central hospital laboratories for the Elecsys hs-

troponin T assay (Roche Diagnostics, 99th percentile 14ng/L, co-efficient of variation <10%, LoD 

5ng/L),Architect STAT high sensitive troponin I (Abbott Diagnostics, 99th percentile cut-off of 26ng/L, 

co-efficient of variation 4%, LoD 2ng/L) or Access hs-troponin I (Beckman Coulter, 99th percentile 

cut-off of 18ng/L, co-efficient of variation <10%, LoD 2ng/L).5,20 Results will be made available to 

clinicians using laboratory reporting systems as per routine clinical care. 

 

As data has indicated that there may be a variation in the number of patients eligible for early 

discharge by assay type (see background), it is planned to carry out a subgroup analysis by assay 

type.  Clinical effectiveness of all three assays at the LoD, when tested in observational trials appears 

similar, with similar proportions of patients being eligible for safe early discharge (25-35%).15,17,21 
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However, existing observational evidence is drawn from heterogenous populations with varying 

recruitment criteria and outcomes analysis.  It may therefore be possible that there may be 

significant variation in clinical effectiveness when using different assays within a single pragmatic 

interventional trial where robust inclusion criteria are applied across the whole population, patients 

are actually discharged according to assay results and clinical/laboratory practice at each site is 

variable.   

3.5 Framework 

All hypothesis testing will test for superiority. 

3.6 Statistical interim analyses and Stopping Guidance 

There is no planned interim analysis within this trial.  

 

All instances of adverse events (AEs) and serious adverse events (SAEs) will be closely monitored 

throughout the study by the trial management group and Trial Steering Committee. 

 

In the event that the Trial Steering Committee or Sponsor recommends early termination of the 

study for any reason, the CTU will notify the REC.  The Chief Investigator will be responsible for 

informing participating sites of the premature termination of the study. 

 

3.7 Timing of final analysis 

Statistical analysis will be undertaken once the final patient has completed their final follow-up and 

the database has been locked. 

3.8 Timing of outcome assessments 

Demographic and clinical data will be recorded after randomisation by the treating clinician or 

member of the study team, using a paper Case Report Form (CRF). Routine creatinine and eGFR 

levels from initial presentation will be recorded. Simple clinical data to calculate the Thrombolysis in 

Myocardial Infarction (TIMI) score22, History, ECG, Age, Risk Factors and Troponin (HEART) score18 

and Manchester Acute Coronary Syndromes (MACS) rule23 will be collected by research staff to 

assess for the added value of incorporating a risk score into the LoDED strategy for secondary 

analysis. Data on time to troponin sampling, time to availability of troponin results and time to 

discharge from the ED/EDOU will be recorded after interrogation of laboratory and ED electronic 

systems. Clinicians will be asked to record any reasons for not discharging a patient according to the 

LoDED strategy if allocated to this arm. 

Discharge from the hospital within four hours of attendance will be measured using electronic 

patient tracking systems in use at all study sites, according to the time the patient left the ED 

(including ED observation units). In the event that a participant is transferred from the ED, to an 

observation unit or inpatient bed within four hours of attendance and subsequently discharged, 

length of stay (minutes/hours) will be calculated from electronic patient records and tracking 

systems. 

The length of any subsequent inpatient stay (in days) and the final destination of the patient 

following discharge will also be recorded. 

All participants, irrespective of group allocation, with the exception of those admitted to an 

inpatient ward bed for further clinical management, will be asked to complete a bespoke written 
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patient satisfaction questionnaire24 upon discharge from the ED (or ED observation ward) to 

compare satisfaction of their treatment during their ED attendance, between the two study groups. 

Completed questionnaires will be returned to the CTU by the research nurse or another member of 

the team. 

Participants with an initial hs-troponin below the LoD (irrespective of group allocation) will also be 

asked to complete a baseline EQ-5D health status questionnaire25 upon ED/EDOU  discharge ( for the 

economic evaluation). 

Resource use data to be collected from all participants with an initial hs-troponin below the LoD, at 

30 (+5) days by telephone/online and electronic patient records (to include GP records where 

available) will include: use of health services in the last 30 days, length of any subsequent hospital 

stays (since initial visit to ED); hospital tests carried out during any subsequent hospital admissions, 

and time off work in the last 30 days. 

Participants with an initial hs-troponin below the LoD (irrespective of group allocation) will also be 

asked to complete a second EQ-5D health status questionnaire during their 30 day follow up.  

Participants with an initial hs-troponin above the LoD who failed to respond to their text message, or 

answered “Yes” to the question “Since you came to the Emergency Department with chest pain have 
you needed to see your GP or re-attend an Emergency Department or visit an outpatient clinic for 

assessment of chest pain?” will have their electronic patient records reviewed for the presence of 

MACE. 

Table 1 :  Summary of information provision, survey and follow-up processes 

Randomisation LoDED Strategy 

 

Usual Care 

 

Participant Group Undetectable hs-

troponin*  

hs-troponin 

above LoD**  

 

Undetectable hs-

troponin 

Remaining 

participants 

Study specific “early 
discharge” information 
sheet 

●    

Satisfaction survey 

completed upon discharge 
● ● ● ● 

Baseline EQ-5D 

(on discharge) 
●  ●  

If admitted as in-patient, 

discharge summary and 

diagnosis recorded 

● ● ● ● 

30-Day follow-up 

(telephone/by e-mail): EQ-

5D,patient reported 

resource use and AE review 

●  ●  

30-Day follow-up text 

message for MACE 

screening and phone call or 

notes review if “yes” to text 

 ●  ● 

Qualitative telephone 

interview (n=25) 
●  ●  

Non-serious AEs recorded (if 
possibly, probably or 

definitely related to the 

study) 

●  ●  
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SAEs ● ● ● ● 

 

 

4. Statistical Principles 

4.1 Confidence intervals and P values 

All p values will be 2 sided, and the significance level is set at 5%. 

 

Effect sizes will be reported with 95% confidence intervals. 

4.2 Adherence and protocol deviations 

In the event of ongoing clinical concern the clinician may proceed with further testing and/or 

admission at their discretion, which may be contrary to the allocated strategy. 

Information on protocol adherence will be collected in order to complete a per-protocol analysis as 

well as the primary intention to diagnose analysis. Any protocol non-compliance will be documented 

and reported to PenCTU. In the event of non-compliance of the protocol, the PenCTU work 

instruction (See Appendix A) will be followed. 

4.3 Analysis Populations 

All data will be analysed on intention-to-diagnose principles and all randomised patients in whom an 

outcome is available will be included in the analysis. 

The analysis of the primary outcome will also be repeated using a per-protocol analysis. 

5. Trial Population 

5.1 Screening Data 

Data will be reported on the number approached, the number not screened (with reason) and the 

number screened in the CONSORT26 diagram. 

5.2 Eligibility 

Potential participants must satisfy the following criteria to be enrolled in the study: 

• Age ≥18 years 

• Presenting to the ED with chest pain and triggering the chest pain investigation pathway i.e. 

the treating clinician intends to perform investigation to rule out a cardiac cause 

• Peak symptoms occurred <6 hours prior to presentation to the ED 

Potential participants who meet any of the following criteria will be excluded from participation: 

• ST-elevation myocardial infarction or ischaemic ECG (new T wave inversion >3mm or ST 

depression >1mm) as judged by the treating clinician 

• Clear non-ACS cause for chest pain found at presentation (e.g. pulmonary embolism, 

pneumonia, aortic dissection) 

• Initial hs-troponin result known to the treating clinician 

• Hospital admission indicated due to other medical/social reasons 

• Chest pain due to arrhythmia (new-onset atrial fibrillation, atrial flutter, sustained 
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• supraventricular tachycardia, second-degree or complete heart block, or sustained or 

recurrent ventricular arrhythmias) 

• Unable to provide written informed consent (lacks capacity) 

• Unwilling to provide written informed consent 

• Pain too severe to provide written informed consent 

• Follow-up will be impossible i.e. lives abroad or no fixed abode 

• Previous inclusion in the study 

• Prisoners 

• Pregnancy 

• Pre-existing renal failure requiring dialysis 

5.3 Recruitment 

A CONSORT flow diagram will be produced. It will include: 

• The number approached, 

• The number screened, 

• The number not screened, together with a reason, 

• The number eligible, 

• The number not eligible, with a reason, 

• The number consented, 

• The number randomised,  

• The number not randomised, with a reason, 

• The number allocated to LoDED, 

• The number allocated to usual care, 

• The number followed-up by intervention group, 

• The number not followed-up with a reason, 

• The number included in the analysis, 

• The number not included in the analysis with a reason 

• The number meeting the definition of the primary outcome. 

5.4 Withdrawal/ follow-up 

Participants may withdraw from the study at any time and do not have to provide a reason for doing 

so.  Standard care will not be affected by a participant’s decision to withdraw from the trial.  
Participants who withdraw from the study at any stage following randomisation will not be replaced 

within the study.   

Withdrawal from intervention 

Participants may withdraw from the intervention at any time (e.g. following consent, but before 

discharge) if they wish, without having to give a reason. If known, the reason for withdrawal should 

be clearly documented using a study-specific form in accordance with a written procedure and in the 

participant’s ED records. All randomised participants will be encouraged to complete study follow-up 

(30-day follow-up) regardless of study arm or compliance with allocated strategy. 

 

Withdrawal from follow-up 

Participants may withdraw from follow-up at any time without it affecting their care. Participants 

should be asked to explain their reason for withdrawing, but are under no obligation to do so. 

Withdrawal from trial follow-up, and the reason, if known, should be reported to the CTU using a 
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study-specific form in accordance with a written procedure. If possible, the withdrawal should also be 

clearly documented in the participant’s clinical records. 
 

Data collected prior to withdrawal will be included in the study analysis unless a participant 

specifically requests that their data are removed from the database. The research team should 

inform the CTU if a participant has requested that their data be destroyed. If the participant does 

not make a specific request for their data to be destroyed, their data will be stored and included in 

the study analysis 

Should a participant lose capacity to consent during the study period after completion of the 

consent form, the participant’s data will be used for trial purposes, however 30-day follow-up 

questionnaires will not be completed.  If the loss of capacity is due to the presence of a Major 

Adverse Cardiac Event (such as cardiac arrest) this information will be recorded as an SAE and will be 

integral to reporting of the safety of the LoDED strategy. 

5.5 Baseline patient characteristics 

Baseline and medical characteristics, collected after randomisation, will be tabulated 

by treatment allocation to informally check for balance and to give an overview of the study 

population. Baseline data reported will include: 

• Demographic data – Age, Gender, Ethnic Origin 

• Clinical data – 1st Troponin result(ng/L), Troponin below LoD, Creatinine (ng/dL), eGFR (mL/min), 

History of Coronary Artery Disease, Known Risk Factors,  

• Risk Scores - TIMI, HEART and MACS 

• Outcome variable -  EQ-5D-5L 

 

Binary variables will be reported as percentages. Continuous variables will be summarised according 

to their distributional properties, either mean with standard deviation or median with interquartile 

range. 

 

No formal hypothesis testing or analysis at baseline will be undertaken as this is not 

good practice. 

 

6 Analysis 

6.1 Outcome definitions 

The primary outcome is “Successful early discharge, defined as discharge from hospital within four 

hours of arrival, without MACE occurring within 30 days of ED attendance.” 

The safety endpoint of MACE occurring within 30 days, included within the primary outcome, will be 

defined as cardiac death, AMI or emergency revascularisation occurring within 30 days of 

attendance (including the index presentation). AMI will be defined according to the universal 

definition, which states that a rise and/or fall of troponin above the 99th percentile value confirms 

the diagnosis. A significant rise and/or fall will be defined as an absolute change in troponin over 

time of at least half the 99th percentile value of either assay. 

Secondary outcomes are: 

1. Length of ED/ED Observation Unit (EDOU) stay, measured in hours and minutes 

2. Hospital admission and subsequent length of stay 
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3. Incidence of MACE, within 30 days of the index ED attendance 

4. Comparative costs. 

5. Patient satisfaction (quantitative survey). 

6. Acceptability to patients (qualitative methodology). 

 

6.2 Analysis methods 

All analysis will be conducted blind to group allocation by using codes for group allocation which do 

not indicate which specific group they refer to.  

 

A CONSORT26 diagram will be used to report numbers of patients screened, recruited and 

randomised. It will also detail numbers allocated to each arm and rates of the primary outcome.  

 

The primary outcome of discharge within four hours without MACE within 30 days will be analysed 

by logistic regression using all those randomised in an intention to diagnose analysis.  

 

As the usual care pathway differs between the centres included in the trial, it is anticipated that the 

proportion of patients discharged within four hours in the control arm will vary between the centres. 

This may also impact the treatment effect observed at the different centres. In order to justify the 

pooling of the odds ratios to obtain an overall odds ratio combined across centres, separate odds 

ratios with 95% confidence intervals will be calculated for each centre using a logistic regression 

adjusting for sex and age (fitted as a categorical variable using the categories used in the 

minimisation procedure; 18-49, 50-70 and 71+). Meta-analysis methodology will be used to produce 

a forest plot of the odds ratio at each centre and the Hetrogeneity Q Statistic will be used to 

determine whether or not there is heterogeneity between the centres. The I2 statistic which 

quantifies the proportion of variation across centres that is due to between centre heterogeneity 

rather than chance will also be reported. If no significant heterogeneity is found, then the pooled 

estimate for the odds ratio combined across centres will be reported with a 95% confidence interval. 

 

If significant heterogeneity is determined, then further statistical analysis will take place. A 

combined analysis using all centres will still be performed, although the impact of the heterogeneity 

will be considered in terms of the generalisability of the results and conclusions. In addition, the 

centres causing the heterogeneity will be determined, and reasons for the heterogeneity will be 

considered. If it can be determined that one or two centres, are causing the problem, separate 

results will also be reported; for the subgroup of homogeneous centres (excluding the outlying 

centres) and for the remaining outlying centres.  

 

Alternatively, in the scenario of significant heterogeneity in the proportion discharged in the control 

group but homogeneity within the intervention group the results will be presented as the rate of 

early discharge in the intervention group together with 95% confidence intervals.  

 

In the event of significant heterogeneity being found for the primary outcome, all secondary analysis 

will be carried out using all centres and repeated for the subgroup of homogeneous centres. 

 

The analysis of the primary outcome will be repeated in a per-protocol analysis. Adherence with the 

allocated rule-out strategy will be presented as percentage with 95% confidence intervals and will be 

reported overall and by centre. 

  

The incidence of MACE occurring within 30 days of ED attendance in those discharged according to 

the LoDED strategy vs usual care will also be reported with 95% confidence intervals. As the event 
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rate is expected to be low, it is unlikely to be possible to carry out an adjusted analysis. This will be 

reported for all patients, and for those with an initial troponin below the LoD. 

 

 

The length of stay analysis will include all patients, including those who were admitted as inpatients. 

For those patients admitted, the length of subsequent stay will be added to the length of ED/EDOU 

stay to give the overall length of stay. 

 

To illustrate the relationship between length of stay and treatment allocation, Kaplan –Meier type 

graphs will be plotted by centre and for all centres combined showing the proportion of patients 

remaining in hospital against discharge time, by treatment allocation.27 Data will not be analysed 

using survival methodology as the assumptions are unlikely to be met. 

 

The analysis of the quantitative secondary outcomes will also control for age (categorised as 18-49, 

50-70, 71+) sex and centre; with a multiple regression analysis and difference in means reported for 

the comparison of length of stay between groups and for the total score from the patient 

satisfaction survey obtained from summing the individual items. If the regression analysis 

assumptions are not met then using a transform of the variable or a non-parametric analysis will be 

considered. 

 

As length of stay is likely to vary by centre in the usual care arm, a separate adjusted difference in 

mean length of stay will be reported by centre, if the distributional assumptions allow. The 

percentage of patients admitted as inpatient will also be reported by treatment allocation. 

 

As well as the adjusted analysis for the sum of the patient satisfaction survey, the responses for the 

individual items of the patient satisfaction survey will also be reported as percentages in each 

category by treatment group.  An adjusted analysis will not be carried out for the individual items. A 

Mann Whitney U Test will be used to compare the responses by treatment allocation. 

 

Median and interquartile ranges will also be reported for the TIMI and HEART scores, by treatment 

allocation, and primary outcome. 

As the different centres use different assay types, it may be that the type of assay will impact the 

number of patients discharged at each centre. Therefore a subgroup analysis, by assay type will be 

carried out for the primary outcome adjusting for age, sex and centre. Odds ratios and 95% 

confidence intervals will be reported. 

If the tabulations of the baseline characteristics by treatment group reveal substantial imbalances 

between the groups  for one or more characteristics, then as part of a sensitivity analysis, the 

adjusted analysis will be repeated  also including the baseline measure as a covariate.  

6.3 Missing Data 

Primary Outcome 

The sample size calculation for the study assumed that there would be a 95% completion rate for the 

primary outcome. It is intended that the analysis of the primary outcome, will be carried out on all 

patients with primary outcome data available.  

Age, gender, centre, and whether or not discharge occurred within 4 hours will be known for all 

patients recruited into the study as this is routinely available hospital data.  
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For those discharged within 4 hours, the primary outcome also requires information on whether a 

MACE occurred within 30 days. It is anticipated that it will be possible to collect this information for 

most patients from the 30 day follow-up or hospital or GP notes. However there may be a small 

proportion of patients for which it is uncertain, for example if there is no record of GP attendance. If 

it is uncertain for more than 5% of patients, then the primary analysis will be repeated making the 

assumption that a MACE did not occur within 30 days, for all patients who have no record of GP 

attendance and no evidence of death within 30 days from clinical records.  

 

Secondary Outcomes 

It should be possible to collect length of stay data on all patients, as this information is collected 

electronically at all sites on all patients and is not dependent on the patient being successfully 

followed-up at 30 days.  

The patient satisfaction data will be collected from all patients who are not admitted as an inpatient 

as they leave ED. It will be reported for all patients with the data available.  

Health Economic Data 

The planned methods for dealing with any missing data needed for the economic analysis is 

discussed in section 7.4.  

 

6.4 Additional Analyses 

As part of a secondary analysis, not to be included in the primary manuscript, analysis of the primary 

outcome will be repeated fitting a logistic regression adjusting for age, sex and centre with the 

addition of the TIMI score, which will be entered into the model as a continuous covariate. The odds 

ratios and 95% confidence intervals will be reported for the TIMI score. The purpose of this analysis 

is to determine whether the TIMI scores add any value on top of the LoDED strategy. In a similar 

manner this analysis will then be repeated using the HEART score instead of the TIMI score.  

No further additional analyses are currently planned although in the future it may be possible to 

collaborate with other studies to pool data for a meta-analysis. 

6.5 Harms 

All instances of adverse events (AEs) and serious adverse events (SAEs) will be closely monitored 

throughout the study by the trial management group and Trial Steering Committee. 

Adverse events (AEs) may be non-serious or serious (see definitions below). Adverse events to be 

recorded in this study are:- 

• All non-serious AEs considered to be related to the study (in the participants with hs-

troponin levels below the LoD only) 

• All Serious Adverse Events (in all participants) 

AEs/SAEs occurring from the time of consent until the 30 day follow-up time point should be recorded 

in the CRF. 

 

An adverse event (AE) is defined as any unfavourable and unintended sign or symptom that develops 

or worsens during trial participation, whether or not it is considered to be related to the study.   
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An adverse event is classified as a Serious Adverse Event (SAE) if it: 

• Results in death 

• Is life threatening 

• Requires hospitalisation or prolongation of existing hospitalisation 

• Results in persistent or significant disability or incapacity 

• Or is considered by the investigator to be an important medical event 

 

A non-serious adverse event (AE) is an adverse event which does not satisfy the above definition of 

an SAE. Only those non-serious AEs in participants with hs-troponin levels below the LoD considered 

by the PI, or authorised delegate, to be possibly, probably or definitely related to the study will be 

reported.   

The number of SAE’s and non-serious AEs related to the study will be reported by treatment group. 

The incidence of MACE will be reported as described in 6.2. 

6.6 Statistical software 

The analysis will be carried out using Stata IC, Version 14. 

 

6.7 Additional Analysis (prior to unblinding) 

Additional Analysis agreed prior to unblinding for LoDED as discussed by the Trial Steering 

Committee on the 25th September 2019. 

The TSC considered the results of the pre-specified primary analysis, blinded to the allocated groups, 

on the 25th September 2019.  Prior to unblinding, the TSC and TMG agreed on the interpretation of 

the primary results and discussed and agreed the following additional analyses, prior to the allocated 

groups being revealed 

Additional subgroup analysis 

A subgroup analysis will be carried out for those with an initial troponin below the LoD.  

This will be for the primary outcome, using the methods described for the full-sample. As the 

numbers in the subgroup analysis will be smaller, it may not be possible to adjust for age and 

gender, but the analyses will be stratified by centre. The p-value from this analysis will be published 

whether or not it reaches statistical significance. It was noted that as the sample size is less than 50% 

of that of the full sample, there will be less power. 

A Kaplan Meier Curve for length of stay will also be produced for this sample. However separate 

curves will not be produced by centres. Descriptive statistics for the length of stay will also be 

reported. 

Percentages for the responses from the patient satisfaction survey will also be reported for this 

sample. 

Per Protocol Analysis 

It was decided that a per-protocol analysis is meaningless for this study and so has been abandoned. 

Adherence to strategy  

Adherence to the LoDED strategy will be reported for those with an initial troponin below the LoD. 
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Adherence will be considered further by reporting for those with an initial troponin below the LoD: 

The percentage who were not discharged within 4 hours, 

The percentage who still had a second troponin taken, 

The percentage who had a second troponin taken which was also below the LoD, 

The percentage that had a 2nd troponin concentration that was above the 99th percentile, 

The reason for not being discharged according to the strategy  (Ongoing clinical concern, Patient 

Concern, Other). 

Where patients were admitted to 

An additional analysis will report on where the patient was discharged to from ED. The percentages 

discharged to the following will be reported: 

Home, or usual place of residence, 

Transfer to other facility, 

ED observation ward before discharge, 

ED observation ward before admission, 

Inpatient. 

 

For patients admitted, the percentage admitted to Medical Admissions Ward, Medical Admissions 

Ward prior to Cardiac Ward, Cardiac Ward and Other will be reported. 

 

 

 

7 Health Economic Analysis 

7.1 Economic Approach/ Overview 

The aim of the economic analysis is to compare secondary care costs between the LoDED strategy 

and usual care across a range of NHS hospital trust emergency departments. This will provide 

evidence on whether and to what extent the LoDED strategy results in secondary care savings above 

usual care.  

The primary economic analysis will be undertaken from the NHS secondary care perspective and use 

patient level data from the LoDED trial. Resource use will be captured for 30 days post discharge 

from the emergency department (ED) following chest pain symptoms. The primary analysis will be a 

cost-minimisation analysis, with the intention of capturing whether the LoDED strategy will provide 

cost savings over usual care.  

Secondary economic analysis will attempt to assess the cost-effectiveness of the LoDED strategy 

compared to usual care. This will expand the perspective taking account of primary, community care, 

and productivity costs as well as any quality of life differences between arms. The secondary analysis 

will take the form of a cost-utility analysis. Based on the evidence from the trial, a net monetary 

benefit (NMB) and/or an incremental cost-effectiveness ratio (ICER) will be produced if appropriate. 

These will be calculated by taking ratios of the difference in the mean costs and mean effects 

measured as quality adjusted life years (QALYs).  

7.2 Economic Data Collection and Management Costs 
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The following items of resource use will be captured;  

For the primary analysis; 

• Initial ED length of Stay  

• Additional ED attendances 

• Hospital inpatient admission and length of stay 

• Initial Hospital tests (including the hs-troponin tests) 

• Cardiac hospital procedures (stent, heart bypass, pacemaker) 

•         Treatment for Heart attack (avoiding double counting with hospital admissions) 

For the secondary analysis this will be expanded to include; 

•        Outpatient attendances 

 

• GP visits (including home visits and nurse consultations)  

• Other Community care (e.g. social care interactions)  

• Productivity/ Time off work  

 

This data will be collected at the 30 day follow up by research nurses at the individual sites. For the 

primary economic analysis information on subsequent admissions, length of stay, hospital 

treatments, and diagnosis of a myocardial infarction will be gathered from patients who had a 

troponin score above the LoD. For those whose score was below the LoD further information will be 

gathered such as GP visits, community care use, and productivity losses which will be examined in 

the secondary economic analysis.  All resource use will be valued in monetary terms using UK unit 

costs estimates at the time of analysis. Secondary care costs will be valued using nationally available 

NHS reference costs to value hospital resource use. 

 

7.3 Outcomes 

The outcome measure used for the secondary analysis will be quality adjusted life years (QALYs) at 

30 days post discharge. Utilities will be obtained from the individuals health related quality of life 

responses to the EQ-5D-5L at baseline and at the 30 day follow up for those who initial troponin 

score was below the LoD.  Responses will be converted to utility scores using the standard UK tariff 

values and methods recommended by NICE at the time of analysis. An appropriate regression model 

will be used to adjust for any imbalances in baseline utility and the minimisation variables of the 

randomisation process. 

7.4 Economic Data Analysis 

The economic analysis will include all individuals randomised in accordance with the intention to 

diagnose principle. As with the statistical work a per-protocol analysis will also be undertaken 

dropping participants that have deviated significantly from the protocol at the discretion of the 

clinician.  
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The final analysis will be conducted once all individuals have been followed for 30 days after 

discharge form ED. Being a short-term analysis there is no need to apply any discounting to the costs 

or outcomes that are produced.  

Results will be presented by arm, with the difference in means between the intervention and control 

group including 95% confidence intervals and p-values. Differences between the overall mean cost 

between arms will be analysed with Ordinary Least Squares or Generalised Linear Models regression 

adjusting for sex and age in the same way as the statistical analysis. 

As with the statistical analysis the differences in usual care between sites will have to be considered. 

Firstly, a total difference in mean secondary care costs will be calculated and analysed. Following this 

mean cost differences between arms will be calculated and analysed for sites individually. Sites will 

be pooled if usual care is considered homogenous between any subsets of sites, as captured by the 

statistical analysis. However, if heterogeneity between all sites is not considered significant by the 

statistical analysis then a single cost comparison result will be presented. 

Trial data will be examined for missing data. If the missing data is over 5% then a relevant 

imputation method will be used to maximise the information collected from the trail. It is expected 

that multiple imputation will be conducted to generate unbiased estimates of the missing data.  

The secondary analysis will combine the estimated mean QALYs and costs associated with each 

strategy for all participants with an hs-troponin score below the LoD. The sample used for the 

secondary economic analysis is shown in figure 2.  A realistic range of threshold values for decision 

makers willingness to pay to will be used to obtain a distribution of net monetary benefits. Given 

that the treatment is hypothesised to be cost saving and result in limited difference in quality of life 

the economic analysis may result in a dominant strategy and therefore further analysis such as the 

development of an ICER or CEACs will not be appropriate or necessary. The analysis will use a 

primary cost-effectiveness threshold of £20,000 per QALY as per NICE guidance.   

Productivity losses resulting from time off work will be costed using the human capital approach. 

The friction-cost method is not appropriate here given the short follow up in this trial, Individuals 

will not meet a friction point since they could only have a maximum of 30 days off from work.  

 

7.5 Dealing with delayed follow up 

It has been flagged that the 30 day follow up questionnaires are being completed on average at 51 

days. Attempts to improve this and achieve completion much closer to 30 days post discharge is 

underway. Given the extent of this delayed follow up is expected to be random between arms, it will 

not add bias to our analysis. Therefore, we expect to include all patients in our analysis regardless of 

their follow up completion date.  

However, when assessing the final data, we will consider a sensitivity analysis that will remove 

responses to the follow up questionnaires that are significantly after the 30 day follow up period to 

assess whether this makes a notable difference to our results.  
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Appendix A: PenCTU Work Instruction for Protocol Non-compliance 

1. Introduction 
 
This work instruction incorporates the requirements of the PenCTU SOP RM-012 ‘Managing 
protocol deviations and violations’.  
 

2. Definitions 
 

Non-compliance in this context describes any departure from the requirements of the study 
protocol or the principles of GCP (or equivalent standards) regardless of impact or whether it is 
planned or inadvertent.  

A serious breach  
A violation may be further classified as a serious breach, defined as a breach of the protocol, 

study documents or any other information relating to the conduct of the study which is likely to 

affect to a significant degree the safety or physical or mental integrity of the study 

participants, or the scientific value of the research. 

Urgent Safety Measures  
The Investigator may implement a deviation from, or a change to, the protocol to eliminate an 

immediate hazard(s) to study participants without prior approval from the REC. Such measures 

should be taken immediately but the investigator must inform the Chief Investigator and the 

PenCTU in writing immediately and within 3 days. 

File Note 
File notes should be used for clarification purposes only, to record circumstantial information that 

cannot be recorded elsewhere.  

 
3. Procedures 
 
3.1 File Notes 
 
File notes allow the reporting of unusual circumstances or incidents within a clinical trial. These may 
include decisions made, problems experienced, instructions from the Sponsor, CTU or other involved 
party and other circumstances or facts which are important to record in order to understand what 
happened during the study. Well-written file notes provide clarity, establish accountability and 
enable reconstruction of events which may appear unusual or puzzling.  File notes should only 
be written if there is nowhere else appropriate to record the information. 
 
3.2 Non-compliance reporting 

The Investigator should complete a LoDED non-compliance reporting form and submit it by email 
or fax to the PenCTU within 3 calendar days of being made aware of the non-compliance.  

The Trial Manager will then classify the non-compliance as a deviation, a violation or serious 
breach.  

If required, the Trial Manager will forward the non-compliance to the sponsor and liaise with 
them to enable classification as a deviation, violation or serious breach.  

The Trial manager(s) will then initial and date the completed form and pass to data management 
so it can be received and entered onto the database. Once the information is saved a log number 
will be generated by the system, which should be added to the non-compliance form where 
indicated. 

A copy of the completed form must be filed in the ISF at the site and in the TMF at the PenCTU. 
Where a non-compliance pertains to an individual participant, a copy of the form should also be 
filed with that participant’s CRF.  
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3.2.1 Ongoing review  

PenCTU will maintain a log of reported non-compliances and ensure that the log is reviewed 
periodically in order to identify training needs or amendments to protocol and/or other study 
documentation. Review of the log may also be used to inform monitoring strategies.  

3.2.2 Serious Breaches 

Where a violation is regarded as constituting a serious breach (usually in collaboration with the 
Sponsor), PenCTU will instigate further correspondence with the originating site in order to obtain 
further details including:   

• An explanation of how the breach was identified  

• Details of the breach  

• Details of any initial corrective actions  

• Assessment of the impact the breach will have on the study participants and/or scientific 
integrity. 

 
When a serious breach is identified, the PenCTU will discuss the issue with the CI, and relevant 
Sponsor representatives as appropriate. 

3.2.4 Informing the REC 

Depending on the classification given to the non-compliance, the Sponsor will inform the main 
REC in accordance with the current Health Research Authority (HRA) SOP. The REC will then 
review the event and if necessary, inform the Sponsor and Investigator of the action required. 

3.2.5 Documentation 

The Investigator must ensure that all documentation and correspondence relating to non-
compliances are filed in the Investigator Site File and copied to the PenCTU.  

3.2.6 Clinical Study Report 

Non-compliances should be included and considered when the clinical study report is produced, 
as they may have an impact on the analysis of the data. 
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Appendix B. Sample Figures 

CONSORT diagram for the Primary Manuscript 
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Figure 2 

Graphs showing the proportion of patients remaining in hospital against discharge time by 

treatment allocation for each centre individually and all centres combined. 
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Appendix C Tables of results from the statistical analysis to be included in the primary manuscript. 

Table 1 – Baseline Tables 

Table 2 – Primary Outcome Tables - Results reported by centre and overall if appropriate, Intention 

to treat & Per Protocol, Adherence with rule out strategy, incidence of MACE 

Table 3 Secondary Outcomes – length of stay and patient satisfaction 

Table 4 – Further analysis of the Primary Outcome (inclusion of TIMI Score, HEART score, MACS rule), 

subgroup analysis by assay type 
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Table 1 – Baseline Tables 

 LoDED Strategy Usual Care All Patients 

Age, mean (SD), y    

Male sex, No. (%)    

Ethnic Origin, No. (%)    

  White    

  Black Caribbean    

  Black African    

  Chinese    

  Indian    

  Pakistani    

  Bangladeshi    

  Other    

    

1st Troponin Score(ng/L), median 

(IQR) 

   

Troponin below LoD, No. (%)    

    

Creatinine (ng/dL)    

eGFR (ng/dL)    

    

History of Coronary Artery 

Disease, No. (%) 

   

Slightly Suspicious    

Moderately Suspicious    

Highly Suspicious    

    

Known Risk Factors, No. (%)    

Hypercholesterolemia    

Hypertension    

Diabetes (treated)    

Current smoking    

Family History of Coronary Artery 

Disease (first degree relative 

under the age of 65 years) 

   

    

Time in minutes from chest pain 

onset to arrival in ED 

(median(IQR)) 

   

Time in minutes from chest pain 

onset to blood sampling time 

(median(IQR)) 

   

    

Risk Scores    

  TIMI (median (IQR) /mean (SD))    

  HEART (median (IQR) /mean 

(SD)) 

   

  MACS (mean percentage risk 

(SD)) 
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EQ-5D-5L at baseline for those 

with troponin < LoD 
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Table 2 – Primary Outcome Tables - Results reported by centre and overall if appropriate, Intention 

to treat & Per Protocol, Adherence with rule out strategy, incidence of MACE 

 No. of Patients/Total No. (%)   

 LoDED 

Strategy 

Usual Care Adjusted* OR 

(95% CI) 

p-value 

Successful Discharge 

(Intention to Diagnose) 

    

 Bristol     

Bath     

Exeter     

Plymouth     

Cardiff     

Reading     

Southampton     

Barts     

Pooled Estimate (if 

appropriate) 

    

     

Successful Discharge 

(Per Protocol) 

    

Bristol     

Bath     

Exeter     

Plymouth     

Cardiff     

Reading     

Southampton     

Barts     

Pooled Estimate (if 

appropriate) 

    

     

Adherence with the 

Rule out Strategy 

    

Bristol     

Bath     

Exeter     

Plymouth     

Cardiff     

Reading     

Southampton     

Barts     

Overall   N/A N/A 

     

Incidence of MACE 

within 30 days 

    

All Patients     

Patients with initial 

troponin < LoD 

    

*Adjusted for age, sex and centre where appropriate 
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Table 3a Secondary Outcomes – length of stay and patient satisfaction 

 LoDED 

Strategy 

Mean(Std)/ 

Median (IQR) 

Usual Care 

 

Mean(Std)/ 

Median (IQR) 

Adjusted* Mean 

Difference (95% CI) 

p-value 

Length of Hospital Stay     

Bristol     

Bath     

Exeter     

Plymouth     

Cardiff     

Reading     

Southampton     

Barts     

Pooled Estimate (if 

appropriate) 

    

     

For Patients Admitted     

Number (%) admitted     

Length of subsequent 

stay 

    

     

Patient Satisfaction 

Survey  

    

Total Score     
*Adjusted for age, sex and centre where appropriate  
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Table 3b Patient Satisfaction(TO BE PLACED IN AN APPENDIX) 

 No. of Patients (%) 

 LoDED Standard Care 

The urgency with which you were assessed (N =    )   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

The thoroughness of your assessment (N= )   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Explanations given to you about medical procedures and 

tests (N = ) 

  

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Attention given to what you have to say (N = )   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Advice you got about ways to avoid illness and stay 

healthy (N=) 

  

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Friendliness and courtesy shown to you by hospital staff 

(N=) 

  

Poor   

Fair   
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Good    

Very Good   

Excellent   

p-value *   

   

Personal interest in you and your medical problems (N = )   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Respect shown to you, and attention to your privacy (N=)   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Reassurance and support offered to you by hospital staff 

(N=) 

  

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Amount of time the hospital staff gave you (N=)   

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

Overall, how satisfied are you by the service you received 

(N=) 

  

Poor   

Fair   

Good    

Very Good   

Excellent   

p-value *   

   

 

 * From Mann Whitney U Test 
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Table 4 – Further analysis of the Primary Outcome (inclusion of TIMI Score, HEART score), subgroup 

analysis by assay type 

 LoDED 

Strategy 

Usual Care Adjusted *OR  

(95% CI) 

p-value 

Median (IQR) TIMI Score     

For those with a successful 

early discharge 

    

For those not discharged 

early 

    

All     

     

Median (IQR) HEART 

Score 

    

For those with a successful 

early discharge 

    

For those not discharged 

early 

    

All     

     

Subgroup Analysis: Primary Outcome (Successful Early Discharge) by Assay Type 

Roche hs-troponin T     

Abbott hs-troponin I     

Beckman Coulter Access 

hs-troponin I 

    

 

*Adjusted for age, sex and centre where appropriate 
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Appendix D: Health Economic Tables 

 

Table x: Unit Costs 

Trail cost Cost (£) per event  Source 

   

   

   

   

   

   

 

Table X: Total cost, by strategy and ED site 

 LoDED 

stratergy 

 Usual Care    

 n Mean cost n Mean cost Difference 

(95% CI) 

p-value 

Bristol       

Bath       

Exeter       

Plymouth       

Cardiff       

Reading        

Southampton       

Barts       

Total 

(complete 

case)  

      

Total 

(Imputed) 

      

 

Table x: Total QALY scores 

 LoDED 

stratergy 

 Usual Care    

 n Mean QALY n Mean QALY Difference 

(95% CI) 

p-value 

Bristol       

Bath       
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Exeter       

Plymouth       

Cardiff       

Reading        

Southampton       

Barts       

Total 

(complete 

case)  

      

Total 

(Imputed) 

      

 

Table x: Cost and QALY, net monetary benefit  

 LoDED 

strategy 

 Usual Care  Net 

Monetary 

benefit (WTP: 

£20,000 per 

QALY) 

Probability 

LoDED 

strategy is 

dominant 

 Cost QALY Cost  QALY   

Bristol       

Bath       

Exeter       

Plymouth       

Cardiff       

Reading        

Southampton       

Barts       

Total 

(complete 

case)  

      

Total 

(Imputed) 
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