The ESCAPE Trial Protocol

AIMS AND OBJECTIVES 
This proposal aims to evaluate whether Chest Pain Units (CPUs) provide a system of care for emergency patients with acute chest pain that is effective, acceptable, and cost-effective, compared to routine emergency care. The following objectives will be addressed:
1. Can CPU care reduce hospital admissions across a number of typical NHS settings without increasing the risk of inadvertent discharge with an acute coronary syndrome? 

2. What effect does CPU care have upon door-to-needle times for thrombolysis? 

3. What effect does availability of a CPU have upon emergency medical admissions and waiting times in the Accident and Emergency (A&E) department? 

4. What effect does CPU care have upon patient satisfaction and health related quality of life? 

5. How does the patient’s experience of chest pain assessment provided by CPU compare to that provided by routine care? 

6. What is the incremental cost per quality-adjusted year of life gained by CPU versus routine care? 

7. What are the cost implications of providing CPU care, from the hospitals’ perspective? 

8. Do the effectiveness or cost-effectiveness of CPU care vary between hospitals, and if so, what factors might be influential? 

BACKGROUND
This project is being undertaken to address key priorities in the NHS Plan[1] and National Service Framework for Coronary Heart disease,[2] including reducing time to thrombolysis for patients with myocardial infarction and achieving a rapid and accurate diagnosis for patients with unstable angina. CPU care is common in the United States but has not yet been adopted on a wide scale in the United Kingdom (UK).[3] Despite a limited evidence base, many UK hospitals are planning to develop CPU care in response to well-recognised shortcomings in current practice.[4] This has created a unique opportunity to evaluate the role of the CPU and influence development. By controlling, monitoring and evaluating the introduction of CPU care to diverse centres in the United Kingdom, this study will produce valid and generalisable estimates of the impact of CPU upon delivery of emergency care.
Acute Chest Pain
Acute chest pain is responsible for approximately 700,000 patient attendances per year at A&E departments in the UK[4] and 20-30% of emergency medical admissions.[5] Patients attending A&E with acute chest pain require immediate assessment for an acute coronary syndrome (myocardial infarction or unstable angina). Recently developed rapid access chest pain clinics cannot provide this service and specifically exclude these patients. Confusion over the management of acute chest pain and the role of rapid access clinics could leave emergency patients with sub optimal care. 
Recent data support this concern. We surveyed current A&E management of acute chest pain across the UK and found it to be highly variable.[6] Few departments have comprehensive guidelines for practice, there is little consistency in the use of diagnostic technologies, and estimated admission rates vary hugely from 20% to 80%. These variations in practice are likely to lead to poor outcomes. Collinson et al estimated that 8% of patients discharged home from A&E have prognostically significant myocardial damage.[7] Inappropriately discharged patients have an approximate doubling of mortality compared to those who are admitted and treated.[8] Thus sub optimal care is likely to be responsible for a substantial number of avoidable deaths each year in the UK. Meanwhile, despite the strong national focus upon reducing times to thrombolysis for acute myocardial infarction,[2] recent national audit has shown that hospitals are not achieving National Service Framework targets.[9] Again, there is strong evidence that delay in the administration of thrombolysis results in avoidable mortality.
Effective management of patients with acute chest pain requires rapid and appropriate triage, so that those with acute myocardial infarction receive rapid thrombolysis; those with other forms of acute coronary syndrome (ACS) receive hospital admission and treatment; and those without ACS may be safely discharged home, with appropriate reassurance and advice.[2] Yet clinical assessment in isolation is recognised to be a poor predictor of ACS,[10] while routine A&E testing with ECG and chest X-ray cannot rule-out ACS. The scale of problem is likely to grow in the future. National guidance[2] states that patients calling their General Practitioner or NHS Direct with acute chest pain of possible cardiac origin should be referred to A&E via 999 ambulance. 
The Chest Pain Unit (CPU)
The CPU is an innovative method of service delivery that is designed to improve management of acute chest pain.[3,4] Although typically described as a “unit” the CPU is more accurately considered as a system of care, rather than necessarily as a distinct physical entity. Care is protocol-directed, supervised by specialist chest pain nurses, and includes the following crucial elements- 1) Immediate electrocardiograph (ECG) recording upon arrival at A&E to detect diagnostic changes for ACS. Chest pain nurses may then provide appropriate intervention, including thrombolysis. 2) Selection, using validated clinical predictors, of low risk patients for a protocol aiming to rule out prognostically significant cardiac damage. This consists of up to six hours of observation, ECG and biochemical testing. 3) An exercise treadmill test prior to discharge to provide further diagnostic and prognostic information for those patients with no ECG or biochemical evidence of cardiac damage.
CPU care therefore addresses several key performance indicators in the National Service Framework for Coronary Heart Disease.[2] It is also based upon the principle of “near patient” diagnostic testing, as recommended in the Department of Health document Reforming Emergency Care,[11] and breaking down professional barriers between clinical staff, as recommended in the NHS Plan.[1] Being based in the A&E department it can, unlike the rapid access chest pain clinic, provide immediate assessment for all emergency attendances and help to achieve thrombolysis targets.
Systematic review of the CPU literature
We have recently updated our published systematic review of the CPU literature.[3] Most studies originate from the United States, where CPUs are now widespread. Randomised trial evidence shows that CPU care is cost-saving compared to inpatient care in the United States. Non-randomised evidence shows that CPU care may reduce the risk of inadvertent discharge of patients with ACS. Evaluation from the patient’s perspective is currently limited to one study, showing increased patient satisfaction associated with CPU care.[12]
Experience of CPU care in the United Kingdom is very limited. A diagnostic protocol using three to six hours of ECG monitoring and rapid cardiac marker testing, without exercise testing, has been shown to accurately detect ACS at the Manchester Royal Infirmary.[13] Early exercise testing has been used at the Royal United Hospital in Bath.[14] However, to our knowledge, the only UK hospital operating a full CPU system of care is the Northern General Hospital in Sheffield, which has been doing so since 1999.[15]
A single-centre cluster randomised controlled trial has recently been completed at this site.[16] Some 972 participants were randomised to CPU or routine care. CPU care reduced the admission rate from 54% to 37% without increasing the rate of discharge with ACS, and was associated with significant improvements in health utility, quality of life, psychological symptoms and patient satisfaction. Economic evaluation found a non-significant reduction in health service costs associated with CPU care. 
Limitations of current evidence
These results show that CPU can be an effective health technology. The crucial question is now whether hospital services can be organised to deliver CPU care throughout the NHS. In addressing this question we need to consider the following limitations of the current evidence- 1) Patient selection for the trial and the setting, a department with a special interest in chest pain, may limit generalisability of results. 2) The evaluation was not powered to measure potentially important differences in adverse event rates among patients discharged home after assessment. 3) Improvements in patient satisfaction and quality of life may be partly explained by patients being aware that they were receiving innovative management. 4) Conversely, the observed effects of CPOU care in the trial may be underestimated because of contamination of the control group, i.e. on days when the CPOU was not operational departmental practice may follow CPOU protocols. 5) The quantitative evaluation would only provide a limited evaluation of the patients’ perspective of CPOU care.
The need for further evaluation
Acute chest pain is poorly managed at present in the UK. Continuation of this standard of practice in the face of growing demand is unacceptable,[4] particularly when CPU has the potential to improve care. However, establishing CPU care across the UK may require a similar degree of funding to the £50 million required to establish rapid access chest pain clinics. This may prove to be money well spent if CPU lives up to its promise to improve outcomes and save NHS costs by reducing hospital admissions. Current UK data, however, cannot reasonably guarantee that either of these potential benefits will be realised. A multicentre evaluation of the effectiveness, acceptability and cost-effectiveness of CPU care is therefore essential.
PLAN OF INVESTIGATION
The investigation will focus upon evaluation of the effectiveness, acceptability, and cost-effectiveness of CPU care. All three elements of evaluation will be based upon a comparison between nine hospitals where CPUs are established and nine hospitals where they are not. 
1. Evaluation of CPU effectiveness
CPU is intended to reduce hospital admissions (without increasing the proportion of patients inappropriately discharged with ACS), reduce times to thrombolysis, improve patient health, and improve patient satisfaction. These outcomes need be measured at an organisational level to achieve a naturalistic model of CPU service delivery; to reduce awareness amongst CPU and control patients that they are receiving “innovative” and “routine” care respectively; and to avoid contamination of the control group (i.e. copying CPU care). 
We will therefore be using a randomised controlled before-and-after intervention study design. Outcomes for patients attending hospital with acute chest pain will be measured over one year in eighteen selected hospitals. CPU care will then be established at nine randomly selected hospitals from among these eighteen, and outcomes measured again at all eighteen hospitals over the following year. Evaluation will determine whether introduction of CPU care results in measurable changes in outcome at the intervention hospitals, compared to control hospitals. To ensure that CPU development and routine care remain as naturalistic as possible, all outcome measures will be recorded from either routine data or follow-up patient questionnaire. Study processes will not have any impact upon day-to-day A&E practice.
2. Evaluation of CPU acceptability
Even if CPU care is shown to be effective by the above measures, it may not be acceptable to health service users. Acceptability is likely to depend upon many factors that are not measured by quantitative methods, such as whether individual patients regard avoiding hospital admission as potentially beneficial or harmful to them; whether nurse-led or protocol-driven care is acceptable; whether short-stay, observation care is acceptable; and whether intensive early diagnostic testing really does lead to increased diagnostic certainty for the individual patient. We will record the patient’s perceptions of care at hospitals with and without CPU, using face-to-face, semi-structured interviews. Analysis will compare and contrast the responses of patients receiving CPU and routine care to explore how CPU influences the patient experience. Further analysis will explore what particular aspects of CPU care (if any) are valued by patients. Thus we can explore the extent to which elements of the CPU “package”, such as nurse-led care or rigorous diagnostic testing, are responsible for the effects of CPU care.
3. Evaluation of CPU cost-effectiveness
We have developed a model of diagnostic strategies for acute chest pain that has shown that the CPU protocol appears to be a reasonable use of health service resources.[17] The economic evaluation of the recently completed single-centre RCT will produce a more precise estimate of the incremental cost per QALY of CPU care. However, a multicentre study will be essential to explore the generalisability of cost-effectiveness estimates across a variety of NHS settings.
Cost-effectiveness analysis will take a societal costing perspective. Outcomes of CPU and routine care will be modelled as quality-adjusted years of life (QALYs), and costs measured as £’s Sterling. The comparative costs and outcomes of CPU and routine care will be estimated, along with the incremental cost per QALY of providing CPU care. Further modelling will explore the effect of introducing CPU care to different hospital settings within the NHS.
METHODS (INCLUDING THE PLAN OF ANALYSIS)
Hospital recruitment and allocation
Through our recent survey of A&E management of acute chest pain and workshops at the Faculty of A&E Medicine annual conference (November 2001), we have identified a substantial number of hospitals that are planning to establish CPU care. Individuals at twenty-four hospitals have been contacted and have indicated that they are willing and able to establish CPU care as part of this multicentre evaluation. Participation in the evaluation will require willingness to allow the timing of CPU establishment to be determined by a random process and willingness to allow research staff access to hospital computer systems and routinely collected data. We will formally recruit eighteen hospitals and randomly allocate nine to establish CPU care.
The intervention
The CPU protocol has been rigorously evaluated in diagnostic cohort studies[13][15] and in the previously mentioned single-centre randomised controlled trial. Full details of the protocol have been published in the Emergency Medicine Journal.[15] (http://emj.bmjjournals.com/cgi/content/full/19/2/117).
CPU care must be fully implemented at the intervention sites. At the control sites, A&E services for chest pain may undergo “routine” development (such as feedback of thrombolysis audit data), but should not develop any of the elements of CPU care. To ensure that this differentiation is maintained, we will provide the intervention hospitals with a package of measures to facilitate CPU implementation. This will include- the formal CPU protocol; background CPU literature; CPU proforma’s for data recording; a two day training programme for prospective CPU nursing staff; four one-hour tutorials for medical staff; and information material for other hospital staff.
The process of implementation will be tailored to the needs of the nine individual hospitals and, where appropriate, will allow for local adaptation of the CPU protocol. Staff at the Northern General Hospital CPU, led by Francis Morris, are currently developing a central role in disseminating CPU practice, along with the NHS CHD Collaborative. This study will ensure that this role is applied in a randomised, controlled manner to nine out of eighteen hospitals. At the end of the study, a revised version of the teaching and support materials will be provided to intervention and control hospitals.

1. QUANTITATIVE EVALUATION OF CPU EFFECTIVENESS
Design: randomised controlled before-and-after intervention study
Quantitative data will be collected at all hospitals in two phases- 1) The year before any CPUs are set up, 2) The year after CPUs are established. The two phases will be separated by a three month gap to allow CPU care to be developed in the intervention hospitals.
The study population will consist of all patients identified as presenting with chest pain or a related complaint (such as angina or suspected heart attack). Subjects will be retrospectively identified by research staff from the hospital computer database, using a predefined list of presenting complaints. Their progress will be recorded by review of A&E records and hospital case notes at 30 days after the initial A&E attendance. During the months of January, February and March in both the pre-intervention and post-intervention phases, 2000 patients will be randomly selected- 1000 from hospitals developing CPOU care and 1000 from control hospitals. These patients will be sent a postal questionnaire one month after A&E attendance, consisting of the SF-36 questionnaire, the EQ-5D health utility index and a validated patient satisfaction questionnaire. This will be followed at six months by a further postal questionnaire consisting of the EQ-5D and SF-36.
Outcomes
1) The proportion of patients admitted to hospital after A&E assessment (including CPOU assessment)
2) The 30-day adverse event rate among patients discharged home after A&E assessment- cardiac and non-cardiac death; myocardial infarction; life-threatening cardiac arrhythmia; new onset heart failure; or hospital admission for more than 48 hours
3) Rates of hospital reattendance and readmission within 30 days
4) Health related quality of life at one and six months
5) Patient satisfaction with care
6) The proportion of eligible patients receiving thrombolysis within 20 minutes of arrival at hospital, as set out in the National Service Framework for Coronary Heart Disease 
7) Routine A&E process-of-care measures: daily number of emergency medical admissions, waiting time to see a doctor, and time waiting for a hospital bed (admitted patients)
Outcomes 1 to 3 will be collected by research team review of hospital case notes and computer databases. Outcomes 4 and 5 will be collected by postal survey. Outcomes 6 and 7 are routinely collected by A&E departments but will be independently validated by the research team. An endpoint review committee, using a standard approach, will review adverse events recorded within 30 days.
Sample size
We anticipate that each hospital will see approximately 4200 patients per annum with chest pain. Using standard sample size calculations, we estimate that a sample of 890 patients in each hospital before, and 890 patients after intervention, will have 80% power to detect an absolute difference of 5% in the proportion admitted (alpha=0.05). This assumes that the primary outcome is not clustered by hospital. There is no strong theoretical reason to expect significant clustering and data from the single-centre RCT showed no evidence of clustering by day. However, our sample size allows for the possibility of clustering with a design effect of up to 4. This sample size will also provide 80% power to detect minimal significant differences in health related quality of life and patient satisfaction.
Planned analysis
For each hospital, the change in each outcome from year one to year two will be calculated. The changes recorded in intervention and control hospitals will then be compared. For each outcome, a random effects, multi level model will be created, with hospital attended as a random effect; and age, gender, hospital (intervention or control, teaching or non teaching) and time (before or after) as covariates. This will be used to test the hypothesis that intervention is a significant predictor of outcome and to estimate the effect of intervention upon outcome. Analysis will be performed on an intention-to-treat basis, with patients being coded according to the initial allocation of their hospital to CPU or routine care, regardless of whether they actually received CPU care.
We will also examine for heterogeneity between the results of different hospitals. If there is evidence of heterogeneity, further analyses will explore potential factors (such as hospital size, teaching status, or local population CHD profile) that may influence the implementation of CPU care. Interviews with key staff members will seek possible explanations for the success of failure of implementation.
2. QUALITATIVE EVALUATION OF CPU ACCEPTABILITY
Design
We will undertake 36 face-to-face, semi-structured interviews with patients who have attended hospital with acute chest pain, within four weeks of hospital attendance. Purposive sampling will be used to enhance contrasts between CPU and routine care, and to explore the role of gender and risk of CHD. Eighteen participants will be sampled from the hospitals with CPU care, and eighteen from the hospitals without CPU care. We will purposively sample patients who had no clear diagnosis after initial A&E assessment (i.e. before CPU or inpatient assessment), who were not admitted to hospital for more than 48 hours and who actually received CPU care, if they attended a hospital with a CPU. Sampling on the basis of gender and risk of CHD will ensure that these issues can be explored in both CPU and routine care settings.
The interview will lead each patient through the stages of seeking and receiving emergency care and, at each stage, ask them to relate their expectations, their thoughts, and their experiences. This structure will allow us to focus the interview upon the patient’s experience of receiving emergency care, whilst allowing the patient to report what they consider to be the important aspects of care. Interviews will be audiotaped and transcribed verbatim.

Analysis
Data will be analysed using Framework Analysis,[18] which has been recommended for use in policy-related health services research with clear a priori questions to be answered[19]. Each participant will be coded according to their gender, their risk of CHD and whether they received CPU care. Transcripts will be read and re-read to develop a coding frame based on the themes we wish to explore and identify emerging themes. Analysis will focus upon comparing themes between patients who did, and did not, receive CPU care. Further analysis will explore the role of gender and risk of CHD in determining the patient experience of CPU or routine care.

3. ECONOMIC EVALUATION OF CPU COST-EFFECTIVENESS
CPU care has the potential to alter survival and quality of life by- 1) Changing the time to thrombolysis for patients with myocardial infarction; 2) Changing the rate of discharge with unrecognised myocardial damage and thus the adverse event rate; 3) Changing the quality of life of patients by providing greater diagnostic certainty. These outcomes will be measured as part of the evaluation of effectiveness. Modelling will be used to extrapolate outcome measures, using survival data from analyses of patients in trials of thrombolysis[20] and cohort studies of acute chest pain,[21] to estimate the quality adjusted life expectancy for patients receiving CPU and routine care, valued as QALYs.
The following costs will be identified- initial A&E attendance, CPU care, and hospital admission; related reattendances, readmissions and GP visits; loss of productivity; related outpatient reviews, diagnostic tests, operations and procedures; and long term costs of care for survivors with CHD. Costs will be measured at 30 days and six months by case note review and postal survey of the randomly selected patients who are sent the EQ-5D and SF-36 questionnaires, with the exception of long-term costs of CHD care, which will be obtained from external sources.[22] Costs will be valued using local unit costs or national published estimates.[23] Micro-costing data from the recent single-centre study will be used to value the costs of A&E assessment, CPU assessment and initial hospital care.
Costs and outcomes will then be modelled to estimate the incremental cost per QALY gained. Uncertainty in this estimate will be explored by calculating confidence intervals for the cost-effectiveness ratio and for net health benefit estimates, by creating cost-effectiveness acceptability curves and undertaking sensitivity analyses.[24] These sensitivity analysis will specifically explore the potential effect of variation in the characteristics of the hospital, such as unit costs, staffing and clinical practice, to determine whether results from this study can be generalised to all settings within the NHS. In particular, the impact of variation in the baseline rate of hospital admission upon cost-effectiveness will be explored.
Further analyses will examine the cost implications of CPU implementation from the individual hospitals perspective. The costs of establishing CPU care will be estimated, along with the potential for cost savings from reduced admissions. This will provide hospital managers with data to guide practical budgeting decisions when considering implementing CPU care. The potential role, and causes of, heterogeneity in these estimates between hospitals will be explored.
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