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Abstract  

 

Acute chest pain is a common reason for medical contact, and timely management is critical to 

exclude serious conditions. The current approach to chest pain care pathways are often resource-

intensive, prolonged, and expensive. While most patients are discharged home safely from the 

emergency department (ED) without a specific diagnosis, the focus on not missing serious 

diagnoses, such as acute coronary syndromes, can lead to over-investigation, over-triage, and 

sometimes false-positive testing. This results in a substantial burden on health systems, including 

overcrowding and access block. 

 

This PhD thesis initially aims to provide a comprehensive overview of existing care pathways for 

acute chest pain, associated costs, and the burden on health systems. After defining the issues with 

chest pain pathways of care, the thesis then aims to identify specific aspects of these care pathways 

that might be improved to better patient outcomes while reducing the burden on health systems. To 

achieve these aims, I undertake a number of population-based cohort studies linking ambulance 

attendances with acute chest pain to state-wide emergency and hospital registries and the National 

Death Index. The studies focus on the overall epidemiology of chest pain, costs, existing disparities 

in chest pain care for under-served populations, and how hospital care quality could be monitored 

for chest pain. Moreover, I assess how risk-stratification for low-risk patients might be improved by 

developing a new risk model and assessing the potential use of high-sensitivity troponin testing in 

ambulances, which could result in substantial cost savings. I also present several studies focussed 

on improving chest pain care pathways for patients with high-risk chest pain including acute coronary 

syndromes, specifically assessing timing of common antiplatelet medication administration, 

predicting patients at risk of complications during coronary stenting (no-reflow), and developing risk 

equations for patients at risk of incident heart failure following acute coronary syndrome 

presentations. Overall, the thesis provides a detailed overview of the existing state of acute chest 

pain care and multiple aspects that can be improved. 
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Synopsis 

 

Acute chest pain is one of the most common reasons for medical contact and causes can range from 

benign to life-threatening. In this setting, rapid investigation and management are prioritized to 

exclude serious conditions with high certainty, in turn resulting in high healthcare costs, hospital 

overcrowding, and sometimes over-testing. Approximately 50% of patients can be subsequently 

classified as low-risk and discharged without specific treatment.  While research and guidelines are 

commonly focussed on clinical care after a diagnosis is made, recent ACC/AHA Chest Pain 

guidelines highlight the importance of monitoring and improving symptom-based care, which 

provides a more complete representation of healthcare provision at the patient level. Chest pain 

guidelines recommend that patients or bystanders contact EMS for rapid transfer to the nearest ED, 

and the scope of EMS practice has expanded over the last few decades including the provision of 

pre-hospital 12-lead electrocardiograms (ECGs) and pre-notification in ST elevation myocardial 

infarction (STEMI). Once in the ED, a stepwise approach is used to identify the most serious 

conditions first, with the primary focus being determining the risk of ACS. High-risk patients are 

usually admitted and investigated with coronary angiography, while intermediate-risk patients 

undergo functional or non-invasive anatomic testing. Low-risk patients may not require testing or 

may be given the option for testing to assess coronary artery disease.  

 

Although this existing approach to chest pain care has a high degree of accuracy in not missing 

serious diagnoses, the process is resource-intensive, prolonged, and expensive. Average costs for 

assessment of a patient with chest pain range from $5,000-10,000, in spite of most patients being 

discharged home safely from ED without a clear diagnosis and with good long term outcomes. 

Patients with low-risk chest pain are commonly admitted to hospitals leading to a substantial burden 

on health systems such as overcrowding and access block. Similarly, the focus on ensuring no 

serious diagnoses are missed commonly leads to over-investigation and over-triage and sometimes 

harms related to false-positive testing. 

 

This thesis aims to explore in detail the current status of chest pain care pathways and common 

issues with these pathways for patients and the health system. The first part of the thesis is focussed 

on defining previous research and the epidemiology of chest pain presentations, while the latter part 

is focussed on identifying aspects of care pathways that can be improved on. The middle four 

sections of the thesis all utilise data from a large population based linked dataset using the state-

wide ambulance clinical record with linkage to emergency, hospital, and mortality administrative 

datasets, which are described in further detail in subsequent sections. 
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In Section A, I provide a detailed overview of existing chest pain care pathways and chest pain 

management guidelines. The single chapter in this section (Chapter 1) explores advances in chest 

pain care and management over the last few decades including improvements in troponin testing 

and assessment times as well as patient outcomes. The section also provides a comprehensive 

overview of potential avenues that could improve chest pain care pathways and reduce health 

system burden while improving patient outcomes, and aims to provide a blueprint for the research 

conducted in the remainder of the thesis.  

 

In Section B, the thesis assesses the epidemiology, cost burden and outcomes of acute chest pain 

presentations. The first paper in this section (Chapter 2) describes the incidence, diagnoses, and 

outcomes for patients presenting with acute chest pain, exploring differences across the population, 

including sex, ethnicity, socioeconomic status, and regionality. The second paper (Chapter 3) 

assesses the direct healthcare cost burden of acute chest pain presentations via ambulance and 

identifies key aspects of care or patient groups where costs might be reduced. The third paper 

(Chapter 4) assesses how chest pain epidemiology might change in the future with a changing 

environment, specifically, the potential adverse health effects relating to non-optimal air temperature 

and climate change. 

 

In Section C, the thesis focusses on disparities in chest pain epidemiology, care and outcomes. 

Several care process and quality measures for prehospital, hospital, and acute coronary syndrome 

(ACS) were selected based on existing management guidelines and clinical care guidelines. Clinical 

outcomes, including mortality rates and emergency medical services (EMS) reattendance for chest 

pain, were also examined. In this section, the three chapters (Chapters 5, 6, and 7) examine 

differences in chest pain presentations and care across several at-risk population groups, specifically 

women, Aboriginal and Torres Strait Islander peoples, and people of lower socioeconomic status, 

respectively. 

 

In Section D, the thesis shifts towards quality improvement, focussing on how hospital care quality 

is monitored and tools to benchmark hospital performance. The first chapter of the section (Chapter 

8) assesses whether ambulance offload delays, which are recorded as a key performance measure 

in Victoria and have been of increasing public interest, are associated with chest pain outcomes and 

whether this measure requires reconsideration. The second chapter (Chapter 9) assesses the 

feasibility of using a symptom-based risk standardized mortality metric for acute chest pain based 

on linked ambulance and administrative datasets and develops and internally validates a logistic 

regression model that can be used to benchmark annual hospital performance. The third chapter of 

this section (Chapter 10) aims to identify the temporal patterns of chest pain presentations, care 

quality and outcomes based on the hypothesis that the previously described weekend and after-

hours effects may oversimplify these relationships. 
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In Section E, the thesis aims to develop improved tools for pre-hospital risk stratification and assess 

the potential economic impacts of this change to care pathways. The first chapter of the section 

(Chapter 11) develops and internally validates a pre-hospital risk score for use in undifferentiated 

chest pain patients rather than suspected ACS, which existing scores such as the HEART and 

EDACS scores are designed for. The risk score aims to capture other serious conditions that require 

hospitalisation by using a composite endpoint comprising hospital admission, myocardial infarction, 

or mortality. The second chapter (Chapter 12) undertakes a cost-minimization analysis of a 

theoretical paramedic-led risk assessment and pre-hospital point-of-care troponin with referral to a 

virtual ED for low-risk patients. This study is aimed at providing a detailed description of how such a 

pathway could work in practice to inform upcoming trials, and provide estimates of potential cost 

impacts. 

 

In Section F, the thesis focuses on how specific aspects of chest pain care pathways can be 

improved for high-risk patients including patients with acute coronary syndromes. The first chapter 

of the section (Chapter 13) addresses whether a second antiplatelet agent (P2Y12 inhibitors) should 

be given at diagnosis or at the time of PCI by undertaking a meta-analysis of previous randomized 

trials. The second chapter (Chapter 14) aims to identify patients at risk of suboptimal coronary 

reperfusion (no-reflow) following PCI in ACS by developing and externally validating a risk score that 

can be used to inform preventative treatments. The third chapter (Chapter 15) focusses on 

prevention of recurrent presentations, by developing and validating 10-year risk equations for 

incident heart failure, which can present with chest pain, among patients with established 

cardiovascular disease (building on prior equations for the general population). 
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Section A: Existing care models for acute chest pain 

 

Introduction 

Acute chest pain accounts for approximately 5-10% of attendances to emergency departments (EDs) 

and 10% of calls for assistance to emergency medical services (EMS), with >7 million presentations 

to ED annually in the US.1-3 Demand for EMS services for chest pain is growing faster than overall 

EMS demand and population growth,4 and life-time prevalence of acute chest pain has been 

estimated at 20-40%.5 Rates of acute chest pain presentations are marginally higher among women 

than men.1 A significant socioeconomic gradient has been described in some studies, with higher 

incidences of acute chest pain attendances observed among socially disadvantaged cohorts.6 Racial 

and ethnic differences have been observed, including a higher incidence of acute chest pain among 

Black and Hispanic patients in the United States.7-9 

 

The underlying causes of acute chest pain are broad and after assessment, half of all patients are 

eventually discharged with a diagnosis of non-specific pain.2,3 Nonetheless, life-threatening or 

serious causes are present in a significant proportion of presentations.10 While differences are 

observed across different cohorts and populations, around 25% have a cardiovascular diagnosis, 

while 20-25% have a non-cardiovascular diagnosis.3 Most common cardiovascular diagnoses 

include acute coronary syndromes (10%), congestive heart failure (5%), and arrhythmias (5%). Non-

cardiovascular diagnoses include pneumonia or exacerbations of chronic obstructive pulmonary 

disease (10%) and gastrointestinal disorders especially gastro-oesophagitis (5%). Pulmonary emboli 

(1%) and acute aortic pathologies (0.3%) are rare but are important conditions to exclude due to 

high mortality rates.2  

 

Patient outcomes are dependent on the underlying cause and can vary from mortality rates of below 

1% for non-specific pain, to 20% for acute aortic pathologies.10 Overall mortality rates for acute chest 

pain presentations are approximately 1-2% with substantial variation according to patient 

demographics.3,10 For patients discharged with an index admission diagnosis of non-specific chest 

pain, readmission for serious cardiovascular events including acute coronary syndromes (ACS) is 

approximately 3% within 6-months.11 One-year mortality among patients diagnosed with non-specific 

pain is similar to that of the general population.12,13 

 

To avoid missing serious or life-threatening causes of acute chest pain, current guidelines 

recommend patients or bystanders contact EMS for rapid transfer to the nearest ED for further 

assessment.14 While rapid transfer to hospital remains the priority, the role of EMS has expanded in 

recent years to include more complex assessment such as 12-lead electrocardiograms (ECGs) and 

pre-notification in ST elevation myocardial infarction. Initial ED assessment involves a focussed 
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history and examination, combined with targeted investigations that usually include an ECG and 

troponin sampling, using a stepwise approach aimed at excluding the most serious conditions first. 

Much of this process is focussed on identifying the risk of ACS, with high risk patients usually 

admitted and frequently investigated with coronary angiography, while intermediate risk patients are 

typically investigated with functional or non-invasive anatomic testing, and low risk patients triaged 

to no testing or optional testing strategy for coronary artery disease.14 

 

Thirty to 60% of chest pain patients present via ambulance and several interventions in recent 

decades have generated improvements in pre-hospital care for acute chest pain.15,16 Pre-hospital 

ECGs are associated with reduced mortality in undifferentiated chest pain cohorts,17 possibly through 

early diagnosis of ST-elevation myocardial infarction (STEMI), with hospital pre-notification and often 

earlier cardiac catheterisation laboratory activation.18-20 Contacting EMS directly is associated with 

improved door-to-balloon-times for STEMI,21 and public health campaigns aimed at educating the 

community to contact EMS when acute chest pain occurs have similarly been successful in 

improving public engagement with EMS in some jurisdictions.22 Despite these improvements, uptake 

of pre-hospital ECGs can still be improved, with rates approximately 70% among chest pain 

cohorts.17 Similarly, delays in ambulance off-load times to overcrowded EDs can be improved. These 

delays have been associated with worsened clinical outcomes, and have been a concern in the UK, 

USA, Canada, and Australia.23,24 

 

Ttroponin assays developed in the 1990ôs (sometimes termed ócontemporary troponin assaysô) 

substantially improved diagnosis of myocardial infarction (MI) for patients presenting with acute chest 

pain. However, contemporary cardiac troponin assays were limited by low sensitivity for AMI at initial 

presentation, requiring prolonged periods of testing over 6 to 12 hours, delaying diagnosis among 

patients with MI, and delaying discharge among patients without MI.25-27 Advancements in assay 

technology led to the development of highly sensitive cardiac troponin assays, allowing shorter 

periods of testing between serial troponin samplings.28 Coupled with greater understanding 

regarding the incremental information provided by serial troponin results if troponin assays are within 

the normal range,29 recent studies have demonstrated the safety of 3-hour,30 2-hour,31 and 

subsequently 1-hour rapid troponin pathways,31-33 leading to improvements in hospital assessment 

times.34-36 However, implementation of guideline recommended rapid troponin pathways is not 

universal in clinical practice, and hospital admission times can be variable even with institution of 

such testing protocols, with a median ED length of stay of 2.5 to 4.6 hours among low-risk patients 

in the 0/1 hour arm of recent trials.36-38  

 

Protocolisation of ED assessment for patients with acute chest pain through the use of Clinical 

Decision Pathways (CDPs) have been shown to reduce ED length of stay and rates of unnecessary 

testing in several studies. Many CDPs are based on risk stratification tools, such as the HEART 
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score, while others, such as the 2020 ESC guidelines, use highly sensitive troponin testing alone. 

The aim of most of these pathways is to classify patients into low, intermediate, and high risk groups, 

with low risk groups indicating a risk of ACS within 30-days of Ò1%.14,29 Several CDPs including the 

standard and modified HEART pathways,39,40 the ADAPT pathway,35 and the EDACS-ADP 

pathway41 have demonstrated consistent reductions of 20-45% in the need for admission in patients 

presenting with suspected ACS. These pathways are intended for use once alternate serious 

diagnoses, such as pneumonia, decompensated heart failure, acute aortic pathologies and 

pulmonary emboli, have been excluded. 

 

Each aspect of acute chest pain assessment - including pre-hospital transfer (often requiring 

specialised staff), emergency assessments and subsequent cardiac investigations and management 

for high or intermediate risk patients is associated with costs. In 2015, an Australian study estimated 

mean ED and admission costs for acute chest pain attendances at AU$13,509 (US$9,854) for 

patients diagnosed with ACS, AU$7,283 (US$5,314) for other cardiovascular conditions, and 

AU$3,331 (US$2,430) for non-cardiac conditions,42 with similar estimates in other jurisdictions.43,44 

In the US, mean costs in 2016 per acute chest pain attendance to ED were estimated at US$6,325, 

with a total annual cost of US$1.5 billion.45 Rapid testing protocols and adherence to chest pain 

pathway protocols are associated with reductions in hospital costs.46-49 In one study, the introduction 

of an accelerated diagnostic protocol across 16 hospitals in Australia resulted in a AU$13.5 million 

(US$9.8 million) saving through a 20% reduction in ED length of stay (AU$2.3 million saving) and a 

13% reduction in hospital admissions (AU$11.2 million saving).50 The introduction of highly sensitive 

troponin assays has been associated with improved early rule out processes, reduced need for 

functional testing, and a mean 20% reduction in costs.51 

 

Acute chest pain attendances are frequently associated with rates of hospital admission ranging  

from 40-70%.37,38 While assessment times are improving with highly sensitive troponin assays and 

protocolised chest pain pathways, the burden on systems remains significant. Overcrowding in EDs 

in the setting of hospital access block has become increasingly common in many jurisdictions and is 

associated with increased costs, delays to treatment, worsened patient outcomes, cancellation of 

elective procedures, delays in ambulance off-load times and, in turn, delays to ambulance response 

times.52-55 Acute chest pain, accounting for 10% of ED attendances, remains a significant driver of 

this problem, and even small improvements in ED or hospital admission times have the potential to 

reduce overcrowding and improve overall health care quality.35,56 

 

Several studies have assessed the feasibility of incorporating paramedic-based risk assessments 

using risk stratification scores, that might ordinarily be used by clinicians in EDôs, often in combination 

with point-of-care troponin sampling. Overall, the process of troponin sampling and risk score 

calculation (e.g. HEART score) has been shown to be feasibly performed by paramedics and is 
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associated with reduced ED length of stay.57-63 Studies to date have been performed using 

contemporary troponin assays, which may not safely rule out ACS,62 but highly sensitive point of 

care troponin assays are in development by several companies and likely to be available for use in 

the pre-hospital setting in the near future. For the 30-60% of patients arriving to ED with acute chest 

pain via EMS, routine use of risk stratification and point-of-care highly sensitive troponin sampling 

would allow patients to arrive to ED with a completed HEART score, potentially allowing early 

discharge for low-risk patients within the first hour after a second troponin is sampled. Conversely, 

high risk patients with an initially positive troponin could facilitate earlier decisions regarding 

disposition from ED, and in some cases might support pre-hospital decisions to directly transport 

patients to catheterisation capable centres avoiding inter-hospital transfers. Some studies have 

suggested paramedic risk stratification and point-of-care troponin results could occur at the patientôs 

home with only patients at intermediate or high risk transferred to hospital,63 but this may be 

somewhat optimistic without a risk assessment process to exclude other serious conditions such as 

pulmonary emboli, pneumonia, and acute aortic pathologies. 

 

The following review article provides a detailed introduction to the thesis by summarizing the existing 

state of acute chest pain care pathways, major issues with these pathways for patients and health 

systems, and promising avenues for improving these care pathways to solve these issues. The 

central illustration serves as a roadmap for improving chest pain models of care and the remainder 

of the thesis focusses on developing specific elements of this including pre-hospital risk assessment 

and point-of-care troponins, hospital benchmarking, the use of big linked datasets, and selective 

imaging strategies.   
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