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ABSTRACT 
 
 
Background 
The management of ST-segment elevation myocardial infarction (STEMI) requires prompt 

diagnosis and reperfusion to restore epicardial blood flow. Guidelines advocate time 

parameters to expedite access to the cardiac catheterisation laboratory (CCL), with 

European guidelines recently diverging from existing Australian guidelines. Time to 

treatment targets are valuable in measuring performance, however, provide little 

understanding of the metrics of time delay over total ischemic time. Furthermore, the 

pivotal role and experiences of frontline clinicians in timely management as first medical 

contact (FMC) is largely overlooked in STEMI systems of care. 

 

Aims 
The aim of this thesis was to explore and describe STEMI management in relation to the 

recommended time parameters and the barriers and enablers to timely treatment, using 

three separate studies. 

 

Methods 
The three studies conducted used different methodologies. The first two studies analysed 

a large single site STEMI cohort, the third study surveyed frontline clinicians. Study I 

compared the achievement rate of Australian and European STEMI guidelines for a 

consecutive STEMI cohort, and applied Cox proportional hazard modelling to establish 

the impact European targets had on health outcomes. Study II utilised cubic smoothing 

splines and logistic regression to identify the optimal time parameters associated with the 

highest probability of achieving reperfusion targets STEMI management. Additionally, 

quantile regression identified the effect explanatory variables had on the same three 

components of care. Study III offered an online survey to paramedics and Emergency 

Nurses using descriptive statistics and exploratory factor analysis to identify frequently 

experienced barriers. 

 

Results 
Study I found European targets were difficult to achieve and revealed no impact on 

mortality at 12-months compared to existing Australian STEMI guidelines. Study II 

identified an ‘FMC-ECG’ time between 6-7 minutes or less, an ‘FMC-CCL’ time between 

29-51 minutes or less, and a ‘symptom onset-FMC’ time between 99-108 minutes or less 

were associated with achieving reperfusion targets, depending on presentation mode. 

Quantile regression revealed several explanatory variables associated with influencing 
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time to treatment for all three components of care. Study III confirmed barriers were 

present for frontline clinicians but infrequently experienced, with the top two barriers 

identified as ‘lack of skills development’ and ‘lack of clinical feedback’. There were 

significant differences between professions and geographic location. 

 

Conclusion 
The combined findings from the studies indicated that mode and time of presentation, 

advanced age, gender, lack of skills/development and feedback mechanisms all 

presented challenges in the delivery of effective and efficient STEMI management. 

Robust system interventions, such as two-way communication to provide timely access 

to clinical expertise and establishing real-time feedback protocols that interface with 

existing processes of care could address some of these challenges. 
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CHAPTER ONE: INTRODUCTION 
 

1.0 Chapter introduction 

The following chapter will outline the thesis topic and define the cardiovascular condition 

of interest, ST-segment elevation myocardial infarction (STEMI). The prevalence, rate of 

mortality and cost of treating cardiovascular disease will be described, as will the current 

performance target guidelines for STEMI. Additionally, this chapter will introduce the study 

context, thesis rationale, research aims and specific research questions. An outline of the 

thesis structure will be provided, including a table of the published research and 

manuscripts under review or ready to submit to illustrate alignment with the research aims. 

 

 

1.1 Definitions of CVD 

Cardiovascular disease (CVD) is defined as all diseases of heart and blood vessels 

(Australian Institute of Health and Welfare., 2018). This definition includes coronary heart 

disease, stroke, heart failure and peripheral vascular disease. Coronary heart disease 

(CHD), also known as ischaemic heart disease (IHD), is the largest subset of CVD and is 

caused primarily by coronary atherosclerosis (Australian Institute of Health and Welfare., 

2018). Acute coronary syndrome (ACS) refers to any group of acute clinical symptoms of 

myocardial ischaemia that are high-risk manifestations of coronary atherosclerosis. 

Categories of ACS range from unstable angina (UA), non-ST-segment elevation 

myocardial infarction (NSTEMI), to ST-segment elevation myocardial infarction (STEMI) 

(Australian Institute of Health and Welfare., 2013). This thesis will focus exclusively on 

the subcategory STEMI. 

 

 

1.2 Prevalence of CVD and IHD 
In Australia 1.2 million people are reported to have CVD, accounting for 6% of the 

population (Australian Institute of Health and Welfare., 2019a). This percentage increases 

with age, with 26% of people aged 75 years and over reporting a CVD condition 

(Australian Institute of Health and Welfare., 2019a). In 2015-16, CVD accounted for 1.1 

million episodes of hospital care as the principal diagnosis and/or additional diagnosis, 

representing 11% of all hospitalisations (Australian Bureau of Statisitics., 2019b).  

 

In terms of the condition of interest, approximately 3% of the population reported having 

an IHD condition at some time in their lives (Australian Bureau of Statisitics., 2019b). In 
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the absence of reliable data measuring the incidence (or new cases) of IHD, it is estimated 

that over 500,000 Australians each year are investigated for acute chest pain in 

Emergency Departments (ED), but under 20% have a confirmed ACS diagnosis, with 

around 2-5% receiving a STEMI diagnosis (Chew et al., 2016). According to 

hospitalisation and mortality data, in 2016, there were an estimated 170 ACS events every 

day (Australian Institute of Health and Welfare., 2019a). Encouragingly, the rate of these 

ACS events has declined rapidly by 37% over the past 11 years (Australian Institute of 

Health and Welfare., 2019a).  

 

 

1.3 Mortality rates of IHD and CVD 
The single largest cause of mortality in Australia is IHD accounting for 17,533 (11.1%) of 

all deaths in 2018, and the subset of STEMI representing 7,322 (42%) of these deaths 

(Australian Bureau of Statisitics., 2019a). Both age and gender play large roles in the 

death rate of IHD. While the standardised death rate from IHD has decreased by 22.4% 

since 2009, IHD is still considered the most avoidable death for the age group between 

45-74 years of age (Australian Bureau of Statisitics., 2019a). In 2017, the death rate from 

IHD for males and females under the age of 75 years was 292 and 87 deaths per 100,000 

population respectively. This mortality rate dramatically increases over the age of 75 years 

with 2679 and 1992 deaths per 100,000 population for males and females respectively 

(Australian Institute of Health and Welfare., 2019a). 

 

After adjusting for age, CVD death rates are higher for those living in remote areas and in 

low socioeconomic areas, with 135 deaths per 100,000 population, 1.4 times higher than 

metropolitan areas (Australian Institute of Health and Welfare., 2019a). This gap was 

similar for both males and females. This inequality is reported as a reflection of the higher 

proportion of Australia’s First Peoples living in remote areas and lack of accessibility to 

health care for the remote area population as a whole (Australian Institute of Health and 

Welfare., 2019a).  

 

 

1.4 Cost of treating CVD  
The most recent report outlining total health care expenditure in Australia for 2015-16 

states CVD was the second highest level of expenditure for any disease group, with an 

estimated cost of $10.4 billion or 9% of the allocated health care expenditure for Australia 

(Australian Institute of Health and Welfare., 2019b). More specifically, IHD accounted for 

21% of the total expenditure of CVD, with services for hospitalised CVD patients 
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accounting for 38% of total CVD expenditure in 2015-16 (Australian Institute of Health and 

Welfare., 2019b). 

 

 

1.5 Current STEMI performance target parameters  
Guidelines for STEMI management recommend specific time-related target parameters 

for delivery of care from initial diagnosis through to epicardial reperfusion. The target 

parameter for time to diagnosis suggests no more than 10 minutes is taken from first 

medical contact (FMC) to 12-lead ECG for any patient presenting with acute chest pain 

suggestive of STEMI (Chew et al., 2016; Ibanez et al., 2018; O'Gara et al., 2013). The 

time to reperfusion target parameter is twofold and dependant on choice of reperfusion 

strategy. The first and preferred reperfusion strategy is primary percutaneous coronary 

intervention (primary PCI), and has a target parameter of no more than 90 minutes from 

FMC to balloon reperfusion. The second strategy if primary PCI is not available is 

fibrinolytic therapy, with a target parameter of no more than 30 minutes from FMC to 

intravenous administration of fibrinolysis (Chew et al., 2016; Ibanez et al., 2018; O'Gara 

et al., 2013). These time parameters are more commonly referred to as ‘Door-ECG’ time, 

‘Door-Balloon Time’ (DTBT) and ‘Door- Needle time” (DTNT) respectively. 

 

The peak cardiology body of Australia, the Cardiac Society of Australia and New Zealand 

(CSANZ) (Chew et al., 2016), grades the time to diagnosis target parameter (‘Door-ECG’ 

time) as ‘Strong’ with an NHMRC level of evidence of IIIC; i.e., satisfactory comparative 

studies without controls. The time to reperfusion target parameters (‘DTBT’ and ‘DTNT’) 

are also graded as ‘Strong’ with a higher NHMRC level of evidence of IA; i.e., excellent 

systematic reviews of randomised control trials (National Health and Medical Research 

Council., 2016). 

 

Another time parameter of STEMI management recognised in the literature is total 

ischemic time (O'Gara et al., 2013). This time parameter measures the total time taken 

from onset of symptoms to reperfusion of the culprit coronary artery. Total ischemic time 

takes into account the pre-hospital duration of myocardial ischemia and has shown to 

have a stronger correlation to infarct size and mortality (Eitel et al., 2010). Guidelines 

recommend that no longer than 210 minutes is taken from onset of symptoms to coronary 

reperfusion (O'Gara et al., 2013). As a metric of quality improvement this is an important 

target to reduce; however, it is a complex time parameter to improve. Total ischemic time 

measures not only the health seeking behaviour of the patient to make initial contact with 

health services, but the efficiency of hospital processes of care to diagnose, initiate and 
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deliver reperfusion strategies. Furthermore, the contemporary landscape of STEMI 

management has capacity to diagnose STEMI and initiate reperfusion services prior to 

hospital arrival. This pre-hospital system of care is not clearly measured in the 

international guidelines. 

 

In 2017, this gap was addressed by the peak European cardiology body, the European 

Cardiac Society (ESC), by introducing explicit changes to how STEMI performance time 

was measured. Target time parameters expanded to include ‘field’ FMC for pre-hospital 

notification (PHN) of STEMI’s diagnosed prior to hospital arrival. Furthermore, they 

reduced the target parameter of hospital diagnosed STEMI from 90 minutes to 60 minutes. 

The ESC guidelines also removed terminology such as DTBT or DTNT to clearly delineate 

the start of the FMC time parameter as either in the hospital setting or out in the community 

where a STEMI diagnosis could be made. 

 

 A summary of the aforementioned international guidelines displaying the similarities and 

differences is presented below in Table 1 to provide a point of reference. 

 

Table 1: Summary of international guidelines for primary PCI. 

Time parameter 

Time target (minutes) 

 
Cardiac 
Society 

Australia and 
New Zealand 

 

 
American 

Heart 
Association 

 
European 
Society 

Cardiology 

Symptom onset to reperfusion within 12 hours 210 210 

Door to ECG 10 10 10 

Door to Balloon (all arrivals) 90 90 - 

FMC to reperfusion (Hospital) - - 60 

Field FMC to reperfusion (PHN) - - 90 

 
 

1.6 Study context  
Health funding in Australia is administered by several levels of government, with the states 

and territories primarily responsible for the distribution of funds to public health services 

(Australian Bureau of Statisitics., 2012). Consequently, each state and territory have 

different infrastructure design and delivery of cardiac services, driven primarily by 
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resources and geographical distances. This PhD thesis will focus on the Australian state 

of Victoria.  

 

In Victoria, primary PCI is the reperfusion strategy for STEMI management in metropolitan 

hospitals and a number of regional hospitals, with intravenous fibrinolytic therapy used in 

regional and remote areas that do not have access to primary PCI. Most metropolitan 

hospitals have rapid facilitation of services for STEMI patients, with the reporting of ‘DTBT’ 

mandated by the Victorian Cardiac Outcomes Registry (VCOR) as a key performance 

indicator of quality of care. In 2007, a pre-hospital notification (PHN) system for STEMI 

care was initially trialled then implemented under the auspices of Ambulance Victoria 

(Hutchison et al., 2009). This particular process gave highly trained paramedics in the pre-

hospital setting the capacity to acquire and transmit 12-lead ECG on a suspected STEMI 

patient and urgently activate the cardiac catheterisation laboratory (CCL) services.  

 

Systems of care to support timely management of STEMI also extend into the regional 

and rural areas of Victoria. A pre-hospital fibrinolysis or thrombolysis program has recently 

been implemented across several regions, supported by an adjunctive system that 

provides confirmation of the 12-lead ECG STEMI diagnosis via an on-call cardiologist. 

Furthermore, since 2005 remote area nurses (RANs) have been utilised as co-responders 

to medical or trauma emergencies to improve access to medical services (Ambulance 

Victoria., 2018). 

 

 

1.7 Thesis rationale  
The rationale for this thesis is threefold. First, it is unclear whether the recently updated 

ESC performance targets are achievable when compared to the existing CSANZ 

performance targets in the setting of Australia. A comparison of achieving these divergent 

performance targets has not been reported in the literature, nor has the impact of the 

intended performance targets on health outcomes been established. 

 

Second, there is little research pinpointing where time delay occurs, not only in the 

hospital systems, but over the total ischaemic time parameter. The literature reports that 

streamlined processes of care and communication between hospital systems and 

paramedic services achieve and maintain performance targets (Peterson et al., 2009). 

Having a deeper understanding of the factors related to time delay would enhance these 

systems of care. A study by Atzema et al., (2011) reported an analysis of the relationship 

between ‘Door to ECG’ time and ‘ECG to Needle’ time for thrombolysis management of 
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STEMI and calculated that a ‘Door-ECG’ time of four minutes was associated with the 

highest probability of achieving the performance target of 30 minutes (Atzema, Austin, Tu, 

& Schull, 2011). To my knowledge this methodology has not been applied to the 

reperfusion strategy of primary PCI, nor in the contemporary era of PHN systems of 

STEMI care. Given the prevailing but limited evidence frequently cited in STEMI 

guidelines suggesting a target ‘Door-ECG’ time ≤10 minutes (Diercks et al., 2006), it would 

be useful to analyse a dataset that includes not only this time parameter but other 

components of care, in particular ‘FMC-CCL’ time and ‘Symptom onset-FMC’ time. 

 

Third, the time critical nature of STEMI management relies on prompt diagnosis and 

coordinated systems of care across various health agencies to revascularize the culprit 

vessel and minimise delay. Frontline clinicians, such as paramedics and emergency 

nurses, are pivotal to this process as primary providers of the first transaction of care to 

the suspected STEMI patient. To date there is little analysis of the barriers experienced 

by these frontline clinicians in the management of STEMI. Several studies have surveyed 

frontline clinicians but have focused on compliance with guidelines, prehospital 

thrombolysis, or more broadly the safety of emergency department systems (Kayipmaz, 

Ciftci, Kavalci, Karacaglar, & Muderrisoglu, 2016; Magid et al., 2009; Rajabali, Tsuyuki, 

Sookram, Simpson, & Welsh, 2009).  

 
 

1.8 Research aims  
The aim of this thesis is to explore and describe STEMI management in relation to the 

recommended time parameters and the barriers and enablers to achieving timely 

treatment, using three separate studies.  

 

There are three research aims:  

Research aim 1: To explore whether updated ESC target time parameters for 

STEMI management are achievable and influence health outcomes in a local setting 

(Study I). 

Research aim 2: To measure the optimal time associated with the highest 

probability of achieving target time parameters for three separate parameters of care 

along the STEMI management continuum (Study II with three parts).  
Research aim 3: To explore the perceived barriers to effective STEMI management 

as reported by frontline clinicians (Study III). 
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1.9 Specific research questions 
This thesis was guided by the following research questions using three separate studies. 

 

1.9.1 Study I research questions 
a. What proportion of STEMI patients currently meet the updated ESC target 

time parameters? 

b. When discrete groups are formed, what are the differences in clinical 

characteristics and health outcomes between patients meeting ESC target 

time parameters versus patients meeting CSANZ target time parameters? 
c. What are the predictors of meeting ESC target time parameters? 

 

 

1.9.2 Study II research questions (three-part study) 
Before outlining the specific research questions for each part of Study II, it is important to 

note that two discrete subsets were formed and examined in order for analyses to be 

undertaken: 

 

1) ‘Hospital presenters’, defined as any patient who self-presented to hospital or 

arrived via regular ambulance (with no pre-hospital notification (PHN)); and  

2) ‘PHN presenters’, defined as any patient who had a confirmed STEMI diagnosis 

and activation of cardiac catheterisation laboratory (CCL) services prior to hospital 

arrival. 

 

 

Research questions for Part One of Study II: 
a. What is the relationship between ‘FMC-ECG’ time and ‘ECG-reperfusion’ 

time for both subsets? 

b. What is the shortest ‘FMC-ECG’ time associated with the highest 

probability of achieving the 90-minute performance target for each 

subset? 

c. What is the independent effect of ‘FMC-ECG’ time and other explanatory 

variables on ‘ECG-reperfusion’ time for both subsets? 
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Research questions for Part Two of Study II: 
a. What is the relationship between ‘FMC-CCL arrival’ time and ‘CCL-

reperfusion’ time for both subsets? 

b. What is the shortest ‘FMC-CCL arrival’ time associated with the highest 

probability of achieving the 90-minute performance target for each subset? 

c. What is the independent effect of ‘FMC-CCL arrival’ time and other 

explanatory variables on ‘CCL arrival-reperfusion’ time for both subsets? 

 

 

Research questions for Part Three of Study II: 
a. What is the relationship between ‘Symptom onset-FMC’ time and ‘FMC-

reperfusion’ time for both subsets? 

b. What is the shortest ‘Symptom onset-FMC’ time associated with the 

highest probability of achieving the 210-minute performance target for 

each subset? 

c. What is the independent effect of ‘Symptom onset-FMC’ time and other 

explanatory variables on ‘FMC-reperfusion’ time for both subsets? 

 
 
1.9.3 Study III research questions: 

a. What are the most commonly occurring barriers to timely STEMI 

management for paramedics and emergency nurses?  

b. Are there differences in barriers experienced by paramedics and 

emergency nurses? 

c. Are there differences in barriers experienced by frontline clinicians in rural 

and metropolitan settings? 
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Figure 1: Outline of thesis. 
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Table 2: Overview of manuscripts/publication and alignment with research aims.  

 

Thesis aim 

 
The aim of this thesis is to explore and describe STEMI management in relation to 

the recommended time parameters and the barriers and enablers to achieving 
timely treatment, using three separate studies.  

 

Aims of 
paper 

Manuscript one Manuscript two Publication 

 

To establish whether 

updated ESC target time 
parameters for STEMI 

management are 

achievable and influence 
health outcomes in the 

local setting. 

 

To calculate the optimal 

‘FMC-ECG’ time 
associated with the 

highest probability of 

meeting performance 
parameters. (Part One 
analyses only). 

To explore the perceived 
barriers to effective 

STEMI management for 

frontline clinicians 
throughout Victoria. 

Study 
design 

 

Cohort study of 

prospective and 
consecutive STEMI 

patients at a single 

tertiary level hospital in 
Melbourne. 

 

 

Cohort study of 

prospective and 
consecutive STEMI 

patients at a single 

tertiary level hospital in 
Melbourne. 

 

Cross-sectional survey of 

paramedics and 
emergency nurses. 

Manuscript 
Title  

 

“Australian STEMI 
patients currently 
meeting the updated 
European Society 
Cardiology (ESC) 
reperfusion target 
parameters and the 
impact on one-year 
outcomes”. 

“An analysis of time to 
electrocardiogram 
(ECG) and STEMI 
reperfusion target 
times”. 

“Frontline barriers to 
effective paramedic and 
emergency nursing 
STEMI management: 
clinician perspectives”. 

Publication 
Details  

Ready to submit: 
Internal Medicine Journal 

Manuscript submitted: 
BMJ open 

 
Published: 
Australasian Emergency 

Care (In-press) 
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1.10 Chapter summary 
This chapter has outlined the structure of the thesis, defined the cardiovascular condition 

of interest and reported its prevalence, cost of care and rate of mortality in the Australian 

community. The divergent STEMI performance targets have been identified. The study 

context and rationale have been described, with all research aims and associated specific 

research questions stated. 

 
The next chapter provides a literature review of the topics related to the central aims of 

the thesis. 
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CHAPTER 2: LITERATURE REVIEW 
 
2.0 Chapter introduction 
This chapter presents the central thesis subject, highlighting the nature of STEMI as a 

time critical condition over the total ischaemic time period and the need for further 

research to explore and better understand how to achieve timely STEMI management. 

The literature is reviewed to describe current understanding of STEMI pathogenesis, 

symptomology, diagnosis of STEMI and reperfusion strategies in STEMI, determinants of 

mortality risk including time to treatment, key strategies implemented to improve time to 

treatment in STEMI and known barriers to timely STEMI management. 

 
The search strategies used for this literature review included an electronic search of Ovid 

Medline and the Cochrane Library using the following MeSH terms: Myocardial Infarction, 

Acute Coronary Syndrome, Angina Pectoris, Emergency Medical Services, Time Factors, 

Cardiology Service, Hospital, Patient Care Team, Patient Transfer, Delayed Diagnosis, 

Diagnostic Errors, Ambulances, Clinical Audit. Additional keywords and phrases using 

truncated and wildcard variations of these search terms were applied. The search was 

restricted to the years 2004-2019 to capture contemporary “state-of-the-art” literature in 

STEMI management. Literature considered seminal research but outside the restricted 

search period was included. 

 

 

2.1 Pathogenesis of plaque rupture and coronary thrombus 
The primary cause of STEMI is the sudden occlusion of a large epicardial artery (Brener, 

2006). This is a pathogenic response to the acute disruption of existing atherosclerotic 

plaque which initiates the rapid and life-threatening formation of thrombus and 

subsequent coronary artery occlusion (Libby & Theroux, 2005). The conditions which 

cause stable atheroma to suddenly rupture, exposing thrombogenic material into the 

coronary lumen are thought to be inflammatory in nature, and not proportionally related to 

the prior severity of coronary stenoses (Ambrose & Fuster, 1998; Brener, 2006). 

Moreover, for approximately 50-60% of STEMI patients it is their first clinical manifestation 

of coronary artery disease (Ambrose & Fuster, 1998). 

 

Atherosclerosis is a complex disease process that requires endothelial damage to provide 

the substrate for the accumulation of plaque within the arterial wall. Risk factors such as 

hypertension, smoking, hyperlipidaemia and diabetes are considered the major 

contributors to endothelial damage (Brener, 2006). Endothelial damage causes 
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endothelial dysfunction allowing the initial formation and accumulation of plaque within 

the vessel wall to progress outwardly before impeding coronary artery luminal blood flow; 

a process estimated to occur over a time period of three to five decades (Libby & Theroux, 

2005).  

 

Stable atherosclerotic plaque has a small lipid core and a thick fibrous cap providing a 

level of protection from potential rupture (Brener, 2006; Libby & Theroux, 2005). In 

contrast, a vulnerable unstable plaque has a large lipid core and a thin fibrous cap due to 

numerous infiltrative inflammatory mechanisms, destabilising the plaque leaving it 

susceptible to acute coronary thrombosis and vessel occlusion (Brener, 2006; Libby & 

Theroux, 2005). The consequence of prolonged vessel occlusion is irreversible 

myocardial cell injury leading to myocardial necrosis and potentially fatal arrythmias if not 

acted upon. This sequela of complete necrosis requires at least 2-4 hours to occur and is 

dependent on several factors: persistent or intermittent occlusion; presence of collateral 

circulation to the ischaemic area; pre-conditioning, and individual demand for oxygen and 

nutrients (Thygesen et al., 2012). All of these factors manifest for the STEMI patient as 

particular symptomology and diagnostic changes on the 12-lead electrocardiogram 

(ECG). 

 

 

2.2 Symptomology of STEMI 
STEMI symptomology reflects the life-threatening nature of the pathophysiology 

occurring. Symptoms can vary from classic or ‘typical’ in nature to diffuse or ‘atypical’ or 

a combination of both. Definitions of typical symptoms include chest pain/discomfort, 

jaw/neck pain, shoulder/arm pain, diaphoresis and dyspnoea (Shin, Martin, & Howren, 

2009). In contrast, atypical symptoms include back pain, gastrointestinal distress (i.e. 

nausea/vomiting or epigastric symptoms), fatigue, postural nocturnal dyspnoea (PND) 

and palpitations/dizziness (Shin et al., 2009). Symptom incongruence can make 

recognition and interpretation of these symptoms difficult for both patients and clinicians 

(Abed, Khalil, & Moser, 2015).  

 

The rate at which symptoms occur is considered another confounder in early recognition 

of STEMI, particularly for the patient (O'Donnell, McKee, Mooney, O'Brien, & Moser, 

2014). O’Donnell et al., (2014) conducted a study validating two distinct ACS symptom 

phenomena labelled as ‘fast-onset’ or ‘slow-onset’ of symptoms, analysing the influence 

these had on patient-related delay. They defined ‘fast-onset ACS’ as presentation 

featuring chest pain (that could be accompanied by other symptoms) that was sudden, 
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continuous and severe in intensity. ‘Slow-onset ACS’ was defined as presentation 

featuring any atypical or typical myocardial infarction symptom that was gradual, 

intermittent (that could become continuous), and mild in intensity (but could gradually 

intensify) (O'Donnell et al., 2014). They concluded patients with ‘slow onset ACS’ were 

more likely to have longer prehospital delay. The two phenomena were considered 

legitimate and distinct presentations worthy of consideration when examining factors 

associated with delay to seeking medical treatment (O'Donnell et al., 2014). 

 

Symptom incongruence can be explained in part by the complexity of the physiological 

response to myocardial ischemia and the location of visceral neural pathways in the 

epicardium of the heart (Meller & Gebhart, 1992). The sensory reflexes of the cardiac 

afferent nerves responsible for regulating heart rate, blood pressure and myocardial 

contractile function are also responsible for the sensation of pain during myocardial 

ischemia (Longhurst, Tjen, & Fu, 2001; Meller & Gebhart, 1992). It is believed two 

separate cardiac afferent pathways are activated during myocardial ischemia and 

reperfusion. The first is the sympathetic afferent pathways located in the heart that enter 

the upper thoracic spinal cord and, when innervated, contribute to the anginal pain 

experienced in the chest and arms. The second is the vagal afferent pathway which enters 

the cervical spinal cord, contributing to the pain sensed in the neck and jaw (Foreman, 

1999; Longhurst et al., 2001; Meller & Gebhart, 1992). The innervation of these cardiac 

afferent pathways is related to the location and extent of myocardial ischemia, giving rise 

to the diverse range of symptoms patients experience (Foreman, 1999). 

 

Another explanation for symptom incongruence in STEMI is the autonomic nervous 

system. It is widely reported that the structure and function of the cardiovascular 

autonomic nervous system in women is different to men and can explain differing clinical 

presentations (Dart, Du, & Kingwell, 2002). Men are more likely to have sympathetic 

mediated responses, such as chest pain, while females are more likely to have 

parasympathetic mediated responses, such as nausea and dizziness (Arslanian-Engoren 

& Engoren, 2010; Dart et al., 2002). 

 

 

2.3 Diagnosis of STEMI  
The 12-lead electrocardiogram (ECG) is the primary diagnostic tool utilised in determining 

the presence, location and extent of myocardial damage in STEMI. The ECG represents 

the electrical currents of the myocardium that dynamically change as the heart contracts 

and relaxes. The twelve leads of the ECG are derived from six precordial (or chest) 
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electrodes, three limb electrodes and a single ground electrode that represent the 

electrical conduction in the frontal and horizontal planes of the heart respectively (Ripa, 

2012).  

 

When a coronary vessel is deprived of blood flow, a change to the electrical activation or 

flow of current across the boundary of ischaemic and non-ischaemic myocardium 

produces a detectable injury current on the 12-lead ECG (Wagner et al., 2009). These 

changes include peaking of the T waves (or hyperacute T-waves), ST-segment elevation 

and changes in the QRS complex (Wagner et al., 2009). The 12-lead ECG changes that 

determine eligibility for acute reperfusion therapy are universally defined as new ST-

segment elevation at the J point in two contiguous leads of 2 mm in the chest leads V2-

V3, and/or 1mm in other contiguous chest or limb leads (Thygesen et al., 2018). These 

criteria alter slightly with age and gender and are diagnostic in the absence of left 

ventricular hypertrophy (Thygesen et al., 2018). A new left bundle branch block (LBBB) is 

considered a STEMI equivalent, representing a conduction abnormality of ventricular 

activation, while a pre-existing LBBB in the setting of ischemic pain requires further 

evaluation using Sgarbossa’s criteria (Sgarbossa et al., 1996; Thygesen et al., 2018). 

 
 

2.4 Reperfusion strategies in STEMI 
Following diagnosis of STEMI, the fundamental treatment goal is to achieve early, 

complete and sustained reperfusion of the culprit epicardial artery to reduce myocardial 

damage to improve health outcomes. Reperfusion strategies include intravenous 

administration of thrombolytic agents to dissolve the clot, primary percutaneous coronary 

intervention (PCI) to revascularise the vessel with a coronary stent or a combination of 

both.   

 

The choice of reperfusion strategy takes into consideration a patient’s bleeding risk, time 

from symptom onset, and access to PCI-capable facilities. Two seminal studies in the 

early 2000’s established primary PCI as superior to thrombolysis (Boersma, 2006; Keeley, 

Boura, & Grines, 2003). Boersma et al., (2006) demonstrated in a pooled analysis 

comparing 25 randomised control trials that there was a 37% risk reduction in 30-day 

mortality for patients receiving primary PCI compared to thrombolysis [aOR 0.63 95%CI 

(0.42-0.84); p<0.001]. Keeley et al., (2003) in a direct comparison between 23 randomised 

control trials confirmed an absolute risk reduction of 2% in 30-day mortality for primary 

PCI compared to thrombolysis (7% vs 9%; p<0.001) and a 5% risk reduction in combined 

major adverse cardiac event rates ( 8% vs 14%; p<0.001) respectively. 
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There is however an equipoise between one to three hours where the advantage of 

primary PCI loses its advantage over thrombolysis depending on factors such as time 

from symptom onset, infarct location and comorbid condition (Nielsen et al., 2011; 

Tarantini, Van de Werf, Bilato, & Gersh, 2011). Another valid and safe alternative 

reperfusion strategy is to administer thrombolysis prior to hospital, which has been shown 

to improve outcomes compared to in-hospital thrombolysis administration (Morrison, 

Verbeek, McDonald, Sawadsky, & Cook, 2000). In addition, a more recent strategy is to 

administer pre-hospital thrombolysis and immediately transfer to a PCI-capable facility 

integrating the two strategies (Bonnefoy et al., 2009). This strategy was validated in the 

CAPTIM trial measuring outcome data to five years, which found similar mortality rates 

compared to a primary PCI exclusive strategy, giving credence to combining the two 

reperfusion strategies (Bonnefoy et al., 2009).  

 

 

2.5 Determinants of mortality in STEMI. 
The efficacy of any of the coronary reperfusion strategies is dependent on several factors 

that both individually and cumulatively determine risk of mortality following STEMI. First 

and foremost, time to treatment is a major determinant, followed by baseline comorbid 

condition including advancing age, gender and cardiovascular risk. These factors will be 

explored in more detail below, particularly as they pertain to the reperfusion strategy of 

primary PCI. 

 

2.5.1 Time to treatment 
There is an immense body of evidence accumulated over several decades that 

demonstrates the direct relationship between the time an epicardial vessel is occluded 

and the extent of myocardial necrosis causing mortality. The data that relates to the 

reperfusion strategy of primary PCI is extensive (De Luca, Suryapranata, Ottervanger, & 

Antman, 2004; McNamara et al., 2006; Rathore et al., 2009; Terkelsen et al., 2010). The 

early work of De Luca et al., (2004) demonstrated in a cohort of 1791 consecutive STEMI 

patients the risk of 12-month mortality increased by 7.5% for every 30 minutes of delay to 

treatment. McNamara et al., (2006) supported these findings in a large analysis of 29222 

STEMI registry patients by determining 6.3 fewer in-hospital deaths per 10000 treated for 

every 15-minute reduction in door to balloon time from 150 minutes to less than 90 

minutes. Rathore et al., (2009) also concurred with the above findings in a large cohort of 

43,801 STEMI patients, by expanding the time parameters to demonstrate a decrease in 

hospital mortality of 0.8% with a door to balloon time from 90 minutes to 60 minutes, and 

a further decrease in hospital mortality of 0.5% with a reduction of door to balloon time 
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from 60 minutes to 30 minutes. Out of the three aforementioned studies, only De Luca et 

al., (2004) analysed long-term mortality.  

 

A fourth study by Terkelsen et al., (2010) was the first at the time to include the increasing 

use of pre-hospital notification (PHN) systems utilising emergency medical services 

(EMS) and examine the influence on 12-month mortality. Terkelsen and colleagues 

analysed 6000 patients from three high volume PCI-capable centres and found that 

hospital system delay was independently associated with a 10% increase in 12-month 

mortality per one hour of delay, and PHN system delay independently associated with an 

11% increase in 12-month mortality per one hour of delay (Terkelsen et al., 2010).  

 

Despite the previously outlined evidence of the direct link between time to treatment and 

mortality, there is literature reporting the lack of association between shorter reperfusion 

times and mortality rates, particularly as systems of care have become more sophisticated 

and efficient (Menees et al., 2013). Menees et al., (2013) analysed 96738 patients 

undergoing PCI for STEMI, and found that over a four-year period, time to treatment 

improved but in-hospital mortality (adjusted for age >75 years, anterior STEMI and 

cardiogenic shock) remained virtually unchanged (Menees et al., 2013). In contrast, 

Nallamothu et al., (2015) refuted Menees and colleagues’ viewpoint in a larger 

retrospective study and using the same registry data over a longer period of time. 

Nallamothu et al., (2015) argued this lack of association was at an individual patient level 

and reflected the changing patient population receiving primary PCI; i.e. patients are older 

and have higher comorbid risk, as techniques and processes have evolved (Nallamothu 

et al., 2015). 

 

The importance of the time taken for a patient to seek medical assistance from symptom 

onset or ‘total ischaemic time’ is highlighted in the literature as a stronger determinant of 

mortality and often overlooked as parameter of care. In a small study of 208 consecutive 

STEMI patients, Eitel et al., (2010) found a statistically significant correlation between 

myocardial salvage and three other factors: total time to reperfusion, ST-segment 

resolution, and grade of flow down the culprit vessel before reperfusion (Eitel et al., 2010). 

Additionally, a review article by Denktas at el., (2011) exploring the parameters of total 

ischaemic time acknowledges that measuring the sub intervals of care, such as door to 

balloon time, does not represent the substantial duration of ischemia that exists prior to 

hospital arrival (Denktas, Anderson, McCarthy, & Smalling, 2011).  
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2.5.2 Comorbid condition  
Given the potentially life-threatening nature of myocardial infarction, it is not surprising the 

pre-existing comorbid condition of a STEMI patient is a considerable determinant of 

mortality. Factors such as age, gender, cardiac risk factors and previous cardiac history 

all account for the collective mortality risk. There are several risk-stratification tools that 

provide validated evidence of the likelihood of mortality such as the thrombolysis in 

myocardial infarction (TIMI) risk score and global registry of acute cardiac events 

(GRACE) score (Fox et al., 2014; Morrow et al., 2000). 

 

Both the TIMI risk score and GRACE score model the composite effect certain 

comorbidities have on predicted 30-day and 1-year mortality, respectively. More 

specifically, the TIMI risk score is customised to STEMI patients in particular; accounting 

for age intervals, male gender, prior cardiac risk factors, haemodynamic condition, 

congestive heart failure, location of infarction and time from symptom onset (Morrow et 

al., 2000). In comparison, the GRACE score is inclusive of both non-STEMI and STEMI 

presentations and has a broader range of predictors such as age in years, gender, 

congestive heart failure, renal insufficiency, haemodynamic status, cardiac arrest prior to 

arrival, ST segment deviation (elevation or depression) and cardiac enzymes (Fox et al., 

2014).  

 
Advancing age is an established determinant of mortality in STEMI. Large scale analyses 

of global ACS registry data, demonstrate age to be an independent predictor of in-hospital 

mortality, increasing the risk by 70% for each 10-year increase in age (Granger et al., 

2003). However, even though these risks exist, STEMI patients of advanced age (≥85 

years of age) who are treated with primary PCI have better outcomes than if they were 

medically managed (Yudi et al., 2016). 

 

The literature reporting gender as a determinant of mortality risk in STEMI is more 

ambiguous. There is evidence to suggest that women have double the mortality rate as 

men after experiencing STEMI, however once risk adjusted for age and comorbid 

condition these differences disappear (Movahed, John, Hashemzadeh, Jamal, & 

Hashemzadeh, 2009). In a large systematic review of 21 studies to determine whether 

gender was an independent predictor of mortality in STEMI, van der Meer et al., (2015) 

found that mortality in women was higher for STEMI due to their unfavourable risk profile 

and longer symptom-to balloon times (van der Meer, Nathoe, van der Graaf, Doevendans, 

& Appelman, 2015).  
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In more recent and local analyses, gender appears to have an independent effect on 

mortality risk. Khan et al., (2018) in a large multisite analysis found women were less likely 

to receive primary PCI, timely reperfusion, and more likely to have major adverse cardiac 

events (MACE) at six months than men (aOR 2.68 95% CI, 1.7- 4.09). Importantly, they 

found that even after adjusting for comorbid condition using the GRACE score, mortality 

at six months was higher in women than men (aOR 2.17; 95% CI 1.24-3.80), but 

interestingly there was no difference in in-hospital mortality (Khan et al., 2018). Similarly, 

Stehli et al., (2019) found in another large Australian multisite registry cohort that female 

gender was independently associated with higher for 30-day mortality using logistic 

regression (OR 1.67, 95% CI 1.11-2.49, p=0.01). Conversely, in contrast, Murphy et al., 

(2019) found no differences between gender for long-term mortality (mean follow up 4.8 

years) using cox proportional hazard modelling (HR 0.99, 95% CI 0.83 to 1.18; p = 0.92) 

in data from the same outcome registry (Murphy et al., 2019). 

 

 

2.5.2.1 Gender interactions with comorbid condition’s 
When comorbid conditions such as age and diabetes are examined by gender, women 

appear to be more disadvantaged. On average women first experience myocardial 

infarction around the age of 70 years and for men the average age is 66 years (Alexander 

et al., 2007). The effect this has on mortality is significant. Ishihara et al., (2011) in a large 

prospective and consecutive cohort study of 2677 STEMI patients found mortality 

differences in women ≥ 75 years but not < 75 years using stepwise multivariate analysis 

(Ishihara et al., 2011).  

 

Additionally, the interaction between female gender and diabetes has been found to 

increase the incidence of coronary events. Peters et al., (2014) found in a systematic 

review and meta-analysis comparing diabetes risk and gender, that diabetic women were 

almost three times more likely to have a coronary event and diabetic men were twice as 

likely compared to non-diabetics (Peters, Huxley, & Woodward, 2014). Furthermore, 

studies have demonstrated that this interaction with diabetes is more fatal in women than 

men.  Huxley et al., (2006) in an earlier large meta-analysis concluded diabetic women 

had a pooled estimated relative risk of 46% for fatal coronary events compared to diabetic 

men (Huxley, Barzi, & Woodward, 2006). 
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2.6 Barriers to timely STEMI management  
Total ischemic time encompasses the entire period an epicardial vessel is occluded or at 

least compromised i.e. from symptom onset to reperfusion of the culprit vessel. There is 

extensive literature examining the influence ‘patient’ and ‘non-patient’ factors have on the 

delivery of timely STEMI management. The following section will explore patient-related 

delay and system-related delay to STEMI management, including the evident intersection 

of factors frontline clinicians need to rapidly navigate and respond to as the first point of 

contact to the presumed STEMI patient. 

 

2.6.1 Patient-related delay 
Patient-related delay has been studied extensively over several decades as an area with 

potential for improvement, but little has changed. Despite major effort put into public health 

campaigns and studies to understand factors that underpin health seeking behaviour, 

patient decision delay remains the largest component of delay for total ischemic time. An 

extensive retrospective study reported that patient-related delay had remained largely 

unchanged over 20 years, with both men and women >75 years of age more likely to 

delay seeking treatment (Nguyen et al., 2010).   

 

Two formative randomised control trials designed to address patient related delay 

investigated the impact an educational intervention had on the health seeking behaviour 

of patients who had existing coronary artery disease (Dracup et al., 2009; Mooney et al., 

2014). Both studies randomised samples into an experimental group that received 

education and counselling about symptomology and actions required and compared them 

with a control group. The investigators of both studies carried out power analysis to 

calculate sample size and demonstrated adequate power to detect differences in pre-

hospital delay time between groups. In a sample of 3522 participants, Dracup et al., (2009) 

concluded the intervention had no impact on pre-hospital delay for those patients who 

were readmitted with an ACS, nor an increase in the use of emergency medical services 

(EMS) / ambulance services (Dracup et al., 2009). In contrast, in a sample of 1944 

participants, Mooney et al., (2014) demonstrated a statistically significant lower pre-

hospital time of six-hours for the experimental group, but again found no difference 

between groups for ambulance use (Mooney et al., 2014). 

 

There is a plethora of literature that shows strong associations between specific factors 

and patient-related delay. These being older age, self-transportation to hospital diabetes, 

existing cardiac risk factors, lower income, social support, gradual/intermittent symptoms, 

fearing the consequences of seeking help and attributing the symptoms as non-cardiac 
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(Dracup et al., 1995; Kirchberger, Heier, Wende, von Scheidt, & Meisinger, 2012; McKee 

et al., 2013; McKinley et al., 2011; O'Brien, O'Donnell, McKee, Mooney, & Moser, 2013; 

Thylen et al., 2015).  

 

The relationship between patient-related delay and subsequent treatment has also been 

examined, with time to presentation not only an independent predictor of prolonged time 

to reperfusion, but also associated with the reduced likelihood of receiving any primary 

reperfusion therapy (Ting, Bradley, et al., 2008). Additionally, there is evidence that 12-

month health outcomes are impacted. This was demonstrated in a recent prospective 

Australasian study on patients presenting with a possible ACS (Cullen et al., 2016). A 

presentation time of more than 6 hours from symptom onset for those diagnosed with 

ACS was associated with a 57% increase in the rate of the composite primary endpoint 

(death; myocardial infarction; unstable angina requiring revascularisation; or readmission 

with heart failure) compared to a presentation time of 6 hours or less from symptom onset 

(Cullen et al., 2016). 

 

2.6.2 System-related delay 
There are several known system-related factors that potentially prolong the delivery of 

timely STEMI management; namely time of presentation, overcrowding in emergency 

departments, and under-triaging or mis-dispatch of emergency services. The initial 

interaction frontline clinicians have with the presumed STEMI patient may also play a role 

in timely management and will be further explored in the following sections.  

 

2.6.2.1 Time of patient presentation  

For most PCI-capable health services, only 40 hours (or 24%) of the available 168 hours 

of any given week are considered ‘operational’ or ‘business’ time. The time a patient 

presents to health services can determine the time taken to deliver STEMI management 

due to the limited availability of operational resources. 

 

Magid et al., (2005) was one of the first to demonstrate a relationship between time of 

presentation and prolonged time to STEMI management. Comparing over 100 000 STEMI 

patients in a multisite registry, they found statistically significant longer door to balloon 

times of 21 minutes for patients, and a higher adjusted rate of in-hospital mortality at 7%  

(Magid et al., 2005). These findings have been replicated in several subsequent studies 

examining the relationship between presentation time and time to treatment, with varying 

differences found regarding the impact on mortality (Redfors et al., 2017; Tscharre et al., 

2017; Wang et al., 2017). 
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Both Redfors et al., (2017) and Tcharre et al., (2017) in analyses of large multisite 

registries confirmed the impact of presenting out of hours on time to treatment but found 

no differences in either short or long-term mortality (Redfors et al., 2017; Tscharre et al., 

2017). In contrast, Wang et al., (2017) in a meta-analysis of 30 studies concluded 

presenting out of hours increased short-term mortality by 7% but not long-term mortality 

with a median follow up of 2.5 years (Wang et al., 2017). 

 

2.6.2.2 Overcrowding 
There are many studies in the literature reporting the impact overcrowding in the 

Emergency Department (ED) has on timely STEMI management, which in some studies 

extends to an impact on health outcomes. Jones et al., (2014) demonstrated in an analysis 

of 272 hospitals, ED overcrowding was associated with poorer PCI performance. In their 

study, this finding was consistent across all measures of crowding and efficiency, and 

these relationships remained statistically significant when adjusted for acuity data (Jones, 

Sonnad, Augustine, & Reese, 2014). Pines et al., (2009) in a retrospective study of 4574 

patients found an association between longer waiting room times and the rate of adverse 

outcomes in acute coronary syndrome (ACS) compared to non-ACS patients (OR 3.7, 

95% CI 1.3-11) (Pines et al., 2009). Kulstad et al., (2009) in a study using a validated 

score to measure the degree of overcrowding (EDWIN score), found patients with higher 

EDWIN scores were more likely to have prolonged time to treatment in STEMI (Kulstad & 

Kelley, 2009). Schull et al., (2004), in a large study of 3452 STEMI patients and using 

multivariate analysis found that moderate to high crowding conditions in the ED were 

independently associated with prolonged time to treatment for both reperfusion strategies 

of thrombolysis and primary PCI (Schull, Vermeulen, Slaughter, Morrison, & Daly, 2004). 

  

Hospital ED overcrowding also impacts paramedic services. Ambulance diversion for 

greater than 12 hours was associated with a higher 30-day mortality compared to no 

diversion status in a large case study of over 13000 patients with STEMI  (Shen & Hsia, 

2011). Emergency response times (ERT) of time critical emergencies for paramedics were  

analysed in a local study, finding an independent association of ERT when there was 

hospital delay time from the previous hour (Nehme, Andrew, & Smith, 2016). 

 

Some doubts about the impact ED overcrowding has on time to treatment in STEMI are 

raised in the literature. Bernstein et al., (2009) in a review article of 43 papers concluded 

there was growing evidence that overcrowding in ED is associated with reduced timelines 

of care and mortality, particularly for patients with pneumonia, but reported the association 
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was not strong enough to determine this disparity of care extended to STEMI 

management (Bernstein et al., 2009). Despite some ambiguity, overall, the literature 

suggests that over-crowding may be a factor that affects timely STEMI management.  

 
 

2.6.2.3 Under-triaging / mis-dispatch of STEMI patients 
From the start of the first transaction of care, patient triage at hospital or dispatch of the 

paramedic services has potential to delay STEMI management. Misclassification of triage 

scores or under-triaging of potential STEMI patient is widely reported (Atzema, Austin, Tu, 

& Schull, 2009; Kuhn, Worrall-Carter, Ward, & Page, 2013; Ryan et al., 2016). Atzema et 

al., (2009) found in a retrospective analysis of 3088 patients presenting with symptoms 

suggestive of myocardial infarction 44% of confirmed STEMI diagnoses were under-

triaged, and this was independently associated with delay to STEMI reperfusion 

strategies. Similarly, Ryan et al., (2016) reported a 20% lower urgency triage score for 

STEMI patients than the recommended international guidelines. Attenuating factors such 

as absence of chest pain, older age and female gender were found to define 

characteristics of the under-triaged group (Ryan et al., 2016). In a large multisite 

Australian study of 21080 acute myocardial infarction patients by Kuhn et al., (2013), 

under-triaging of patients was found to be the factor most strongly associated with delayed 

treatment. This study analysed patients presenting across Victorian ED’s, and used 

regression tree analysis to understand factors that influenced timely management (Kuhn 

et al., 2013). 

 

Correspondingly, the paramedic service also relies on an initial phone-based triage of 

reported symptoms from the care seeker to dispatch ambulance services. Inappropriate 

dispatch to a field scene based on telephone triage has potential to delay time to treatment 

(Coventry, Bremner, Jacobs, & Finn, 2013; Fourny et al., 2011; Lindstrom, Heikkila, Bohm, 

Castren, & Falk, 2014). Fourny et al., (2011) found in a prospectively collected registry 

that 30% of STEMI patients had an initial inappropriate dispatch of paramedic services. 

This also impacted upon the time to reperfusion (Fourny et al., 2011), and was a similar 

finding to the above mentioned studies examining under-triaging in hospitals. In a 

qualitative study by Lindstrom et al., (2014) they deduced barriers to the assessment 

decision making around dispatch were ‘contradictory information from the care seeker’, 

‘absence of the primary problem/symptom reported by the care seeker ’ and ‘structure of 

the emergency call’ (Lindstrom et al., 2014). In a large analysis of gender differences in 

the dispatch of paramedic services for STEMI by Coventry et al., (2013), using multivariate 

analysis they found that women with chest pain were 61% less likely to be allocated the 
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highest priority of dispatch (lights and sirens) than men with chest pain; OR 0.39, 95% CI 

0.18 -0.87; p=0.02 (Coventry et al., 2013). 

 

 

2.6.3 Challenges for frontline clinicians 
Paramedics and emergency nurses are often the first point of contact with the health 

system for the presumed STEMI patient, playing a pivotal role in the subsequent trajectory 

of care. The clinical judgement required to diagnose STEMI is time sensitive and requires 

expertise to rapidly collect a brief but accurate clinical history and elicit symptom 

characteristics. The potential barriers for this decision-making process are multifactorial 

and include the environmental context within which they occur. These barriers will be 

discussed in the following sections.  

 

The ability to make rapid clinical decisions is a fundamental skillset essential to frontline 

clinicians in diagnosing STEMI. Bucknall (2003), in a qualitative study of the influences 

nurses experienced in clinical decision making, found familiarity with particular patient 

conditions, the availability of resources/technology, and supportive and collaborative 

interpersonal relationships were the main enablers in reducing the burden of rapid 

decision making in critical care environments (Bucknall, 2003). In a more recent literature 

review of paramedic judgement and decision-making skills by Perona et al., (2019), it was 

established paramedics displayed a high level of reasoning and aptitude in rapidly 

gathering patient cues and problem solving with minimal information. The ability to collect, 

process and utilise this information was, naturally, more developed for experienced 

paramedics compared to novices (Perona, Rahman, & O'Meara, 2019).  

 

Variation and incongruence of STEMI symptomology has been explored in the above 

section of this chapter and is reported in the literature as a barrier at the individual frontline 

clinician level to the delivering of timely STEMI management or misdiagnosing it entirely. 

This is particularly the case when the patient’s symptoms are atypical in nature or there 

is an absence of chest pain altogether (Park et al., 2014; Pope et al., 2000). Using data 

from a large propensity matched cohort of STEMI patients, Park et al., (2014) analysed 

the impact on outcomes for patients presenting with non-chest pain symptoms. They 

found presenting with no-chest pain was independently associated with delayed diagnosis 

and reperfusion but not mortality (Park et al., 2014). In another, albeit older but still 

relevant, multisite study of 10689 patients presenting to hospital with symptoms 

suggestive of cardiac ischemia, Pope et al., (2000) found 2.1% of the 899 patients with 

acute myocardial infarction were mistakenly discharged home. In multivariate analysis 
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those patients not hospitalised with a missed diagnosis were 1.9 times more likely to have 

30-day mortality when risk adjusted. Furthermore, patients whose primary presenting 

symptom was shortness of breath were 2.7 times more likely not to be hospitalised (95% 

CI 1.1-6.5), and if female and < 55 years of age were 6.7 times more likely not to be 

hospitalised (Pope et al., 2000). 

 

Interpretation of 12-lead ECG changes can also add to the complexity of decision making 

required. To reliably differentiate between a new or old bundle branch block pattern can 

be difficult for frontline clinicians when they have limited access to previous patient history 

(Bansilal et al., 2011). ST-segment elevation can also be indicative of other pathologies, 

such as pulmonary embolus, intracranial processes, myocarditis, pericarditis, stress 

cardiomyopathy (Takotsubo), early repolarization, various channelopathies, and 

electrolyte abnormalities (Thygesen et al., 2018). There is an array of automated 

proprietary diagnostic algorithms used to assist with ECG decision making particularly for 

paramedics, which have been shown to have varied specificity and sensitivity in 

diagnosing STEMI (Clark, Sejersten, Clemmensen, & Macfarlane, 2010; Garvey, Zegre-

Hemsey, Gregg, & Studnek, 2016). 

 

The literature also identifies the environmental context frontline clinicians operate in as a 

factor that potentially impacts the ability to deliver effective STEMI management; such as 

technical challenges related to the acquisition and transmission of the pre-hospital ECG, 

along with predictors of ambulance response times (Al-Zaiti, Shusterman, & Carey, 2013; 

Do, Foo, Ng, & Ong, 2013; Nehme et al., 2016). Al-Zaiti et al., (2013) in a review article 

identifies seven major technical challenges in the transmission of the prehospital ECG, 

such as inconvenience and transport delay for the paramedics, interpretation errors, 

signal noise, equipment malfunction, transmission failure, reliability of mobile phone 

networks (Al-Zaiti et al., 2013).  Furthermore, predictors of prolonged ambulance 

response times have been explored. Do et al., (2013), in a large retrospective study of 

electronically collected dispatch data, found the volume of calls in the previous hour 

prolonged ambulance response times (ART), however patient factors had little effect on 

ART (Do et al., 2013). Similarly a study by Nehme et al., (2016) found response times 

were independently associated with distance to scene, case upgrade, hour and day to the 

week, workload in the previous hour, ambulance skill set,  and average hospital delay 

time (Nehme et al., 2016). 
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2.7 Key strategies and factors that improve time to treatment in STEMI 
For almost two decades the integration of the evidence-based ACS guidelines into local 

practice has driven the development and evaluation of processes of care that deliver 

timely STEMI treatment. The following section will review the literature that explores the 

strategies and factors found to improve the delivery of effective STEMI management at 

an organisational and clinical level. 

 

2.7.1 Organisational culture  
A positive organisational culture is a fundamental contributor to sustained quality 

improvement. According to Taylor et al., (2015) five cultural characteristics are present in 

a positive organisational culture: ‘trust and respect’, ‘unwavering quest for excellence’, 

‘recognition and compensation for good work’, ‘safe, non-threatening environment’ and 

‘an organisational wide vision or mission’ (Taylor, Clay-Williams, Hogden, Braithwaite, & 

Groene, 2015).  

 

There is evidence of this wide vision in the STEMI literature with separate position 

statements by the National Heart Foundation of Australia (NHFA) and the American Heart 

Association (AHA) that call for the adoption of a universal approach to STEMI 

management and cardiovascular care at an organisational level (Maddox et al., 2017; 

National Heart Foundation of Australia., 2012). Both bodies appeal for systems of care to 

be fostered, activated and supported on a national scale. In particular, the NHFA calls for 

clinical leadership to be collaborative across service delivery boundaries with early 

diagnosis of STEMI, prioritisation of catheterisation laboratory services, appropriately 

trained workforce, and performance monitoring and feedback mechanisms informing 

systems of care (National Heart Foundation of Australia., 2012). Furthermore, the AHA 

identifies four domains to focus on: science and informatics, patient-clinician partnerships, 

incentives, and development of a continuous learning culture (Maddox et al., 2017).  
 

The aforementioned suggestions for organisational cooperation have been addressed in 

a recent mixed-methods longitudinal study termed Leadership Saves Lives (LSL). This 

study analysed the influence organisational culture had on clinical outcomes in myocardial 

infarction across ten hospitals (Curry et al., 2018). They established five pre-defined 

culture domains influenced clinical outcomes, these being: (1) learning environment, (2) 

senior management support, (3) psychological safety, (4) commitment to the organisation 

and (5) time for improvement. Curry et al., (2018) found six of the ten hospitals had 

significant changes in three of the culture domains; learning environment, senior 

management support and psychological safety (i.e. shared belief in speaking out without 
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punishment), along with a reduction in risk-standardised mortality rate over a 24-month 

period (Curry et al., 2018). 

 

More broadly, yet importantly, the organisational culture of the health service delivery 

system requires framing around the diffusion and dissemination of innovations. 

Determinants of attaining and maintaining this state require an understanding of system 

antecedents, system readiness, adoption/assimilation, communication, process of 

implementation and how together they operate within the wider environment of the 

organisation (Greenhalgh, Robert, Macfarlane, Bate, & Kyriakidou, 2004). When these 

core concepts of organisational culture operate in concert, strategies that promote 

efficient and effective clinical processes of care have the potential to thrive.  
 

2.7.2 Hospital processes of care 
At a clinical level, robust hospital processes of care are paramount to the delivery of timely 

STEMI management. There are many examples in the literature reporting how hospital 

processes have led to improved time to treatment in STEMI management (Ahmar, Quarin, 

Ajani, Kennedy, & Grigg, 2008; Krumholz et al., 2011; Willson et al., 2010). However, the 

extensive work undertaken by Bradley et al., in two particular studies identified and 

quantified system-based determinants that improve access to timely STEMI management 

(Bradley, Herrin, et al., 2006). Cardiac Catheter Laboratory activation systems of 365 

United States hospitals were analysed with six strategies significantly associated with 

reduced door to balloon times: 1) the activation of the catheterisation laboratory by 

emergency physicians, 2) having a single call page to activate the catheterisation 

laboratory; 3) having pre-hospital activation of catheterisation services; 4) expecting staff 

to be 20 minutes away instead of 30 minutes away from the hospital; 5) having an 

attending cardiologist 24/7 onsite and 6) employing a real-time data feedback system as 

a quality assurance measure (Bradley, Herrin, et al., 2006). 
 

In addition to this, Bradley et al., (2006) qualitatively explored timely STEMI management 

in another study using in-depth interviews to examine the successful approaches 

hospitals used to achieve STEMI guideline targets (Bradley, Curry, et al., 2006). They 

found eight themes that characterised success: 1) commitment to an explicit goal to 

improve DTBT motivated by internal and external pressures; 2) senior management 

support; 3) innovative protocols; 4) flexibility in refining standardised protocols; 5) 

uncompromising individual clinical leaders; 6) collaborative teams; 7) data feedback to 

monitor progress and identify problems and successes. 8) and organisational culture that 

fostered resilience to challenges or setbacks (Bradley, Curry, et al., 2006).  
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The strategies examined in the previously described studies streamline and characterise 

efficient and effective timely STEMI management at a clinical level, and as such, have 

informed and influenced the STEMI guidelines, all of which espouse the importance of 

adopting and implementing such strategies (Chew et al., 2016; Ibanez et al., 2018; O'Gara 

et al., 2013).  

 

 

2.7.3 Pre-hospital processes of care 
The utilisation of pre-hospital notification (PHN) systems integrated into existing hospital 

processes of care has grown exponentially worldwide over the last decade. Pre-hospital 

triage of the presumed STEMI patient by emergency medical services (EMS)/ ambulance 

services minimises hospital-based delay and reduces time to treatment (Drew et al., 

2011). Rokos et al., (2009) in a pooled analysis of ten independent prospective 

observational registries reported patients who presented with pre-hospital triage and 

diagnosis of STEMI achieved the time parameter of <90 minutes 86% of the time (Rokos 

et al., 2009). In a randomised controlled trial known as the SMART study, Drew et al., 

(2011) demonstrated a statistically significant reduction in time from emergency call to 12-

lead-ECG for those patients having a prehospital ECG (Drew et al., 2011). Locally, the 

widely published Australian trial evaluating a PHN system named the MonAMI trial 

commenced in 2007 (Hutchison et al., 2009). A recent evaluation of the long term 

effectiveness of this particular PHN system of care for the first 1000 consecutive patients 

of the MonAMI trial concluded reduced time to treatment was sustained (Hutchison, 

Malaiapan, Cameron, & Meredith, 2013). A more recent systematic review and 

metanalysis of the benefits of PHN systems of care found pre-hospital diagnosis and 

advanced notification of STEMI patients reduced time to treatment and, importantly, was 

associated with reduced rates of short-term mortality (Nam, Caners, Bowen, Welsford, & 

O'Reilly, 2014). 

 

Pre-hospital systems of care cross service delivery boundaries and rely on robust process 

to be efficient and effective. A scientific statement from the European Society of 

Cardiology on the pre-hospital treatment of STEMI patients emphasises the importance 

all clinicians have in the process of care, championing the collaborative role paramedics 

and nurses have in optimising pre-hospital STEMI systems to administrative and policy 

decision makers (Tubaro et al., 2011).  
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2.8 Chapter summary 
A review of the literature has been presented in this chapter relevant to the research aims 

of this thesis. The literature confirms STEMI as a time critical condition, with evidence-

based guidelines suggesting specific target performance parameters to reflect this. 

However, the evidence supporting a time to ECG target of less than 10 minutes is limited 

and presents a gap in the literature. This also presents an opportunity to examine the 

impact other pertinent time frames related to the total ischaemic time continuum have on 

achieving target performance parameters.  

 

The recently divergent ESC STEMI guidelines distinguish between mode of presentation 

and are also underexamined in the literature in terms of achievability and impact on 

outcomes compared to other existing international STEMI guidelines. This gap in the 

literature also presents an opportunity to explore and compare differences.  

 

This literature review also identified a range of factors that affect timely STEMI 

management and patient outcomes, including patient-related and system-related 

characteristics. The way in which guidelines support system improvement was explored 

through reviewing some of the strategies and factors that have been used to try to improve 

timely STEMI management. However, the critical role frontline clinicians have in what is 

a complex system of care is under-reported and little known about their experiences.  

 

The next chapter will describe the methods used for the three studies undertaken and 

reported in this thesis. 
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CHAPTER 3: METHODS 
 
 

3.0 Chapter introduction 
This chapter is divided into three sections and will describe the individual methodologies 

applied to the three separate studies that form this PhD thesis. All three sections will detail 

the study site and population, inclusion/exclusion criteria, ethics approval, data collection 

for Studies I & II, survey development for Study III, and statistical analyses used for each 

individual study. Studies I and II examine data from the same cohort of ST segment 

elevation myocardial infarction (STEMI) patients, with distinct exclusion criteria applied to 

Study I and each part of Study II. While, Study III examines barrier’s in the delivery of 

STEMI management as perceived by frontline clinicians’ using a stakeholder survey. 

 

 

3.1 Overview for study I 
Study I examines the contrasting STEMI performance targets espoused by the updated 

European Society of Cardiology (ESC) and existing Cardiac Society of Australia and New 

Zealand (CSANZ) guidelines. The primary research question is to establish the proportion 

of STEMI patients meeting the updated ESC ‘time to reperfusion’ target parameters of 

≤90 minutes according to mode of presentation; i.e. from ‘door’ or ‘field’ first medical 

contact (FMC). The second research question is to compare differences between 

characteristics and health outcomes for patients achieving the ESC or CSANZ target 

parameters, and the third research question is to identify predictors of achieving the ESC 

target parameters.  

 

 

3.1.1 Study site and population 
This study took place in a tertiary level university affiliated metropolitan Australian hospital.  

A consecutive cohort of 922 STEMI patients was evaluated. Primary percutaneous 

coronary intervention (primary PCI) was the exclusive reperfusion strategy for patients 

suspected of experiencing a STEMI at this site. The data analysed in this study was 

collated over a specific period of time from July 2009 to December 2017. Prior to this 

particular time period, in April 2008 an expedited system of care for STEMI patients called 

the ‘Cath Lab Code’ was implemented. July 2009 marked the operationalisation of a pre-

hospital notification (PHN) system integrated into this existing hospital system of care for 

STEMI patients. Therefore, the two systems of care were operational over the period of 

analysis. 
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3.1.2 Inclusion/exclusion criteria 
All patients who were admitted through the Emergency Department (ED) with STEMI and 

went on to have primary PCI were included (n=922). Patients not included in this cohort 

were urgent Non-STEMI patients; STEMI patients with normal angiography, STEMI 

patients who required no intervention or failed intervention; and interdepartmental STEMI 

patients and inter-hospital STEMI transfers. To address the first research question for 

Study 1 we established the proportion of target time achievement for both sets of 

guidelines for the total cohort of 922 STEMI patients, using existing and retrospectively 

applied time point data. 

 

To address the second and third research questions of this study, further exclusion 

criteria were applied. The final cohort statistically analysed were the STEMI patients who 

achieved timely reperfusion targets (n=709). These were then separated into discrete 

groups; patients who achieved the CSANZ target only (n=367) or patients who achieved 

the ESC target (n=342). By definition patients who achieved the ESC targets had also 

achieved the CSANZ target but were examined as a distinct group (see Figure 2). 

 

 

Figure 2: Venn diagram illustrating formation of discrete groups (Study I). 
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3.1.3 Ethics approval 
This study utilised a database with existing institutional HREC approval and conformed 

to the relevant ethical guidelines for quality assurance projects [approval numbers 

H2011/04271, LNR/14/Austin/320]. In addition, La Trobe University granted research 

ethics approval to undertake particular time point analysis as part of the greater body of 

work for this thesis [approval number S17-011]. (See appendices 3,6,7) 
 

 

3.1.4 Data Collection 
The data analysed in Study I was obtained from a database maintained by the Cardiac 

Catheterisation Laboratory (CCL) at a tertiary level Australian hospital. Data is collected 

prospectively to capture STEMI management performance as part of an ongoing quality 

improvement program. Baseline clinical and procedural characteristics, along with specific 

time point data across the STEMI management continuum are recorded for all patients 

presenting to this hospital’s ED. 

 

The baseline clinical characteristics, mode of presentation and procedural characteristics 

are recorded using a chart review of the patient’s medical file record performed at or near 

the time of admission by an experienced clinician. Demographic characteristics such as 

age and gender are recorded. Additional data includes time of presentation, stratified by 

arrival to hospital within operating business hours (Monday-Friday; 08:00hrs-18:00hrs) or 

out of these operating business hours. Mode of presentation is categorised as ‘hospital 

presentation’ (either self-presentation or via the regular ambulance) or ‘PHN 

presentation’. 

 

Cardiac risk factors and cardiac history are recorded. Clinical characteristics such as 

symptomology, comorbid conditions and outcomes are documented for each STEMI 

patient. Typical or atypical symptomology is defined as per the ten descriptions of Shin et 

al. (Shin et al., 2009). Typical: chest pain, pressure or discomfort; diaphoresis; 

shoulder/arm pain; jaw/neck pain; or dyspnoea. Atypical: back pain; tiredness/fatigue; 

gastro-intestinal (GI) distress- such as nausea, epigastric or vomiting; palpitations; 

dizziness/faintness; or paroxysmal nocturnal dyspnoea. Fast onset or slow onset of 

symptomology is defined as per O’Donnell et al. (O'Donnell et al., 2014). Fast onset: as 

the main symptom of chest pain tightness/discomfort that is sudden continuous and 

severe. Slow onset: as any typical or atypical symptom that is gradual or intermittent which 

may become continuous; or mild which may gradually become intense. 
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Clinical risk profile is assessed for each patient using the Thrombolysis in Myocardial 

Infarction (TIMI) risk score. This validated composite scoring system takes into account 

age, haemodynamic status, cardiac risk factors, symptom onset, location of infarct, and 

Killip class to predict 30-day mortality and can be considered a proxy for comorbid 

condition (Morrow et al., 2000).  

 

Procedural characteristics are also recorded prospectively and include, type of arterial 

access i.e. trans-radial or trans-femoral, insertion of intra-aortic balloon pumps (IABP) pre 

reperfusion, and ‘TIMI grade flow’ 0-3 pre and post reperfusion i.e. TIMI 0 flow 

representing total occlusion of vessel, through to TIMI 3 flow representing normal 

perfusion (Chesebro et al., 1987). 

 

Health outcomes are also prospectively charted including biochemical markers of 

myocardial injury such as peak Creatine Kinase (CK) units/litre, peak cardiac Troponin I 

(cTn-I) and high sensitivity Troponin T l (hsTn-T) ng/L assays. In addition, diagnostic left 

ventricular ejection fraction (LVEF) as assessed by transthoracic echocardiogram (TTE) 

up to six weeks post index admission to enable an estimate of infarct size. Length of 

hospital stay, and in-hospital mortality are also recorded. Mortality rates out to 12-months 

are obtained from two registries; the Melbourne Interventional Group (MIG) outcome 

registry from the year 2009-2011 and the Victorian Outcomes Registry (VCOR) from 

2012-2017 , which have previously been described in the literature (Ajani et al., 2006; 

Stub et al., 2018). 

 

Central to this database are six pre-specified time points of STEMI care that are 

prospectively documented at the time of indexed admission. This data collection uses a 

standardised protocol to record each time point with the data source of each time point 

regularly audited and synchronised to correct time and date. Table 3 provides a clear 

outline of the six specific time points of care and the sources they are derived from. 
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Table 3: Outline of time points collected (Study I and II). 

 
Specific time point Definition Source(s) 

Time 1: Symptom onset 
Self-reported time of symptom 
onset that brought patient into 
hospital. 

Documented from either paramedic 
notes or hospital record according to 
mode of presentation. 
 
 

Time 2: Door time* First medical contact (FMC) 
with hospital system 

Documented from electronic record 
- triage time for hospital presenters. 
- or arrival time for PHN presenters. 
  
 

Time 3: ECG time Time of first diagnostic ECG 
Documented from hospital ECG or 
field (pre-hospital) ECG.  
 
 

Time 4: CCL activation  Time of activation of CCL 
services 

Documented from dedicated Cath 
Lab pager located in department. 
 
 

Time 5: CCL arrival Time of patient arrival in CCL  

Prospectively documented by Cath 
Lab team. 
 
 

Time 6: Reperfusion time Time of first balloon inflation or 
device aspiration. 

Prospectively documented by Cath 
Lab team. 
 
 

Note: * For this database time to reperfusion is calculated from ‘Door time’. 

 

 

To examine the primary research question for ‘Study I’, the additional timepoint of ‘first 

field FMC for PHN presenters was located and documentation of time to treatment 

according to the ESC definition calculated. As part of the second research question 

distance to the treating hospital for PHN patients were also recorded to provide context to 

the entire field to reperfusion time. Distance was documented using scene postcode and 

calculating distance in kilometres to the destination hospital using the website 

https://www.freemaptools.com/find-australian-postcodes-inside-radius.htm 

 

 

3.1.5 Statistical analyses 
There were several methods utilised to address the three research questions for Study I. 

The first research question was addressed by reporting the descriptive statistics of the 

proportion of time CSANZ and ESC guidelines were achieved. The second research 

question was addressed by reporting categorical and continuous variables and 

undertaking univariate analysis to compare groups using Chi square analysis, Student’s 

t-test or Mann-Whitney U test where applicable. The Kaplan-Meier method was used to 

estimate cumulative incidence of all-cause mortality out to 12-months between target 
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groups using the log rank test. The third research question was addressed by using two 

methods of multivariate analyses: logistic regression and cox proportional hazard ratio 

modelling. Variables with p values <0.10 identified (Ranganathan, Pramesh, & Aggarwal, 

2017) in univariate analysis were entered into the separate models, respectively, to 

determine independent predictors of achieving ESC reperfusion targets and survival out 

to one-year. Both regression analyses adjusted for the same four variables; age, TIMI risk 

>5, cardiac arrest and intubation prior to Cardiac Cath Lab arrival. Statistical analysis was 

performed using IBM SPSS Statistics for Mac, version 24 (IBM Corp., Armonk, N.Y., 

USA). Statistical significance was set at p<0.05.  

 
 
3.2 Overview for Study II 
Study II examines the effect specific time points of STEMI care have on the end point of 

time to reperfusion. This study has three distinct parts to reflect the time points of care 

examined. In addition to this, two discrete subsets were formed to analyse the separate 

systems of care that intersect once a patient arrives to hospital: “hospital presenters” and 

“PHN and presenters”.  

 

Part One examines ‘FMC-ECG’ time and the proceeding time to reperfusion for both 

subsets. The first research question is to identify the relationship between ‘FMC-ECG’ 

time and ‘ECG-reperfusion’ time. The second research question is to calculate the 

shortest ‘FMC-ECG’ time associated with the highest probability of achieving the ≤90-

minute target. The third research question is to calculate the independent effect covariates 

of interest have on ‘ECG-reperfusion’ time.  

 

Part Two examines ‘FMC-CCL’ time and the proceeding time to reperfusion time for both 

subsets. The first research question is to identify the relationship between ‘FMC-CCL’ 

time and ‘CCL-reperfusion’ time. The second research question is to calculate the shortest 

‘FMC-CCL’ time associated with the highest probability of achieving the ≤90-minute target. 

The third research question is to calculate the independent effect covariates of interest 

have on ‘CCL-reperfusion’ time. 

 

Part Three examines ‘Symptom onset-FMC’ time and the proceeding time to reperfusion 

for both subsets. The first research question is to identify the relationship between 

‘symptom-FMC’ time and ‘FMC-reperfusion’ time. The second research question is to 

calculate the shortest ‘symptom-FMC’ time associated with the highest probability of 

achieving the ≤210-minute target. The third research question is to calculate the 

independent effect covariates of interest have on ‘FMC-reperfusion’ time.  
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3.2.1 Study site and population  

The study site and population for Study II was the same as outlined in section 3.1.1. for 

Study I. The data analysed in Study II was over a period time when both the internal ‘Cath 

Lab Code’ system and the PHN system of care were integrated and fully operational for 

all STEMI patients who presented to the ED. 
 
 

3.2.2 Inclusion/exclusion criteria 
To address the individual research questions for Study II, three unique cohorts were 

formed. Analysis was restricted according to which part of the study was examined. For 

Part One patients with an ‘FMC-ECG’ time ≥90 minutes were excluded after which point 

it would be impossible to achieve performance targets. Similarly, for Part Two and Three, 

patients with an ‘FMC-CCL’ time ≥ 90 minutes and a ‘Symptom onset-FMC’ time ≥ 210 

minutes were also excluded respectively. Figures 3 and 4 illustrate the exclusion process 

according to which time point was examined. These conditions were similar to the 

exclusion criteria Atzema and colleagues applied in their study (Atzema et al., 2011). 
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Figure 3: Exclusion process for final cohorts analysed (Study II all Parts).  
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Figure 4: Graphical display of each part of time point analysis (Study II all Parts) 

 
 

 
 

 
 
 
 

 
 

 
 
 
 
 

 
 

 
  
 
 
 
 
 
 
 

3.2.3 Data collection 
The data analysed in Study II were obtained from the same database described in Study 

I. There were some subtle differences in the variables of interest for Study II. Identical 

time points of STEMI care were utilised in this study, including field ‘FMC’ time to account 

for the discrete cohorts examined as separate subsets. Patients were excluded from 

analysis if the first timepoint analysed exceeded the composite timepoint examined i.e.  

patients with FMC-ECG times greater than or equal to 90 minutes were excluded from 

analysis due to the fact it would be impossible for them to achieve timely reperfusion 

targets (See figure 3). The same baseline clinical, presentation and procedural 

characteristics were the primary variables of interest for the three parts of Study II. 

However, outcomes such as mortality were outside the scope of the research objectives 

and therefore not included in the analyses for this study.  
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3.2.4 Ethics approval 
The ethics approval for Study II was approved under the same application as Study I. 

[approval numbers H2011/04271, LNR/14/Austin/320 and S17-011]. (See appendices 

3,6,7) 

 

 

3.2.5 Statistical analyses 
As a first step, univariate analyses compared the baseline clinical characteristics and 

outcomes for the subsets ‘hospital presenters’ and ‘PHN presenters’ to provide context 

and explain potential variation in subsequent results. Student’s t-test or Mann U Whitney 

test were used where appropriate for continuous variables and Chi square analysis for 

categorial variables. Statistical analysis was performed using IBM SPSS Statistics for 

Mac, version 24 (IBM Corp., Armonk, N.Y., USA). Statistical significance was set at 

p<0.05. The statistical analyses performed for Study II were identical for Parts One, Two 

and Three.  

 

The first research question was addressed by using smoothing splines to model the 

relationship between specific timepoints for each subset: i.e. ‘FMC-ECG’ and ‘ECG-

reperfusion’ time; ‘FMC-CCL’ and ‘CCL-reperfusion’ time; and ‘Symptom-FMC’ and FMC-

reperfusion’ time. Smoothing splines fit nonparametric data by joining two or more 

polynomial curves, with the location of these joins known as knots (Wood, 2006). This 

curve fitting process tested eight models, using both basic and natural cubic splines and 

a various number of knots for each model. For both subsets of Part One and Two, natural 

cubic splines with three internal knots at suitable quantiles were found to be the best fit. 

In contrast, for both subsets of Part Three, the best fit was found using natural cubic 

splines with just two internal knots at suitable quantiles. 

 

The second research question was addressed using logistic regression to determine the 

probability of achieving the target reperfusion time for all three parts and both subsets. 

The same natural spline models identified as the best fit from the above analyses, were 

then plotted against the estimated probability of achieving the corresponding target 

reperfusion times. Plotting this curve allowed the identification of ‘points of interest’ at 

which the rate of change of the curve’s slope was the greatest. The point of interest 

associated with the highest probability of achieving reperfusion targets was considered 

the optimal time for all three parts and subsets.  
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The third research question was addressed using quantile regression to estimate the 

independent effect specific time points i.e. ‘FMC-ECG’ time, ‘FMC-CCL’ time and 

‘symptom onset-FMC’ time, along with other explanatory variables, had on the proceeding 

time to reperfusion. Interval groups were created for age and the aforementioned specific 

time points of care time to provide a better understanding of the results. Age was 

categorised according to the distribution of the continuous data; specific time points of 

care according to the highest probability time identified and the corresponding 50% 

probability time identified in research question two. Bootstrap resampling was used to 

estimate the confidence intervals and standard errors, the method also utilised by Atzema 

and colleagues. Confidence intervals that did not contain the value of zero were 

considered statistically significant. All analysis was performed using the programming 

language R, software version 3.4.3 (2009-2018, Inc.). 

 

 

3.3 Overview of Study III 
The final study in this thesis, Study III, explores the perceived barriers to effective STEMI 

management as reported by frontline clinicians via a stakeholder survey. The survey was 

named the Frontline cLinician survey to Understand delay in the manageMEnt of STEMI 

or the FLUME survey. The first research question is to identify the most commonly 

occurring barriers to timely STEMI for paramedics and emergency nurses. The second 

research question is to compare differences in the barriers identified by professional group 

i.e. paramedics vs emergency nurses, and the third research question is to compare 

difference by geographical location i.e. metropolitan and regional/rural areas.  
 
 

3.3.1 Study setting 
The Australian state of Victoria was the setting for Study III. The population of Victoria is 

6.32 million and approximately, four million people live in metropolitan Melbourne 

(Australian Bureau of Statisitics., 2019c). There are 40 public hospitals with EDs in 

Victoria; 23 located in metropolitan and 17 in regional/rural areas (Victorian Agency for 

Health Information., 2019). 

 

In Victoria, the delivery of STEMI reperfusion strategies varies by geographical location 

and mode of presentation. All large metropolitan tertiary level hospitals routinely provide 

a 24/7 primary PCI service. Any STEMI patient self-presenting to these institutions would 

be immediately transferred to the cardiac catheter laboratory (CCL). For patients 

presenting via ambulance there is one of two ways they are field triaged: 1) ambulance 
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presentations who fulfil STEMI 12-lead ECG criteria in the field utilise a pre-hospital 

notification (PHN) system which activates CCL services prior to hospital; or 2) ambulance 

presentations who do not have diagnostic ECG changes suggesting STEMI are 

transported and triaged as usual at the destination hospital. Up until mid-2017 the PHN 

system was restricted to mobile intensive care ambulance (MICA) paramedics. Recently, 

advanced life support (ALS) paramedics have also been trained and equipped to acquire 

and transmit ECGs to all metropolitan hospitals.  

 

In contrast to the metropolitan STEMI services, some Victorian regional hospitals utilise 

the same PHN system described above for STEMI patients, if primary PCI services are 

available. Otherwise both regional and rural areas administer thrombolysis as the 

reperfusion strategy. Since March 2015, MICA paramedics have had the capacity to 

administer pre-hospital thrombolysis (PHT). However, at the time of the survey these 

established regional/rural STEMI systems were in a state of flux. Under the auspices of 

the Victorian ambulance service, all regional/rural ALS paramedics were in the process of 

being trained and equipped to administer PHT which was completed by March 2018. This 

process was also supported by a Cardiology consult hotline that was operational from 

April 2017. Additionally, one regional area of Victoria was trialling an app-based 

communication tool for STEMI and stroke management to improve timely processes of 

care. 

 

 

3.3.1 Study participants 
Two organizations were approached to participate in the FLUME survey. The first, 

Ambulance Victoria (AV), the sole organization that employs all 3450 operational 

paramedics in Victoria; 520 Mobile Intensive Care Ambulance (MICA) paramedics and 

2930 Advanced Life Support (ALS) paramedics. The known geographical location of 

operational paramedics offered by the ‘People and Culture Division’ of AV is 59% 

metropolitan and 41% regional/rural operational employees. The second, the College of 

Emergency Nursing Australasia (CENA); a professional organization representing 

emergency nurses across Australia. Since the target state was Victoria, survey 

distribution was restricted to the organization of AV and the 452 financial Victorian 

members of CENA. Recruitment via CENA was chosen because of the difficulties in 

accessing the total target population of Triage nurses in Victoria. As the required ethical 

governance procedures to achieve this would have exceeded the time restraints to 

conduct this study.  
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3.3.2 Ethics approval 
The survey was granted approval from La Trobe University College Human Ethics 

Committee [approval number S17-011], Ambulance Victoria Research Committee 

[approval number R17-003], and the Research Committee of the College of Emergency 

Nurses Australasia (Victorian Branch) [CENA/RC/2017/03]. (See appendices 3,4,5) 
 
 

3.3.3 Survey development 
The survey tool was developed by a research team of experienced cardiac nurses, health 

service evaluators, health science researchers and interventional cardiologists. Two of 

these team members had extensive experience in survey methodology, administration 

and analysis. The design of the survey combined clinical experience, known literature of 

the barriers to timely STEMI management and utilisation of the Theoretical Domains 

Framework (TDF).  

 

The TDF has emerged from the ‘implementation science’ movement; a study of methods 

that promote the routine and systematic uptake of research findings into practice to 

improve quality and effectiveness of health care and services (Eccles & Mittman, 2006). 

The TDF draws on psychological theory relevant to the implementation of evidence based 

practice, and simplifies these theories by categorizing them into key behaviour change 

domains (Francis, O'Connor, & Curran, 2012; Michie et al., 2005). The TDF was first 

reported by Michie et al., (2005) as a primary framework to understand the behaviour 

change processes that are inherent in the implementation of evidence based practice 

(Michie et al., 2005). The TDF captures 128 explanatory constructs derived from 33 

psychological theories. An expert consensus approach involving behavioural scientists 

was employed to condense these theories into 12 domains initially and, more recently, 14 

domains, that explain behaviour change (Cane, O'Connor, & Michie, 2012; Michie et al., 

2005). The current 14 domains are: “knowledge”; “skills”; “social/professional role and 

identity”; “beliefs about capabilities”; “optimism”; “beliefs about consequences”; 

“reinforcement”; “intentions”; “goals”; “memory”, “attention and decision processes”; 

“environmental context and resources”; “social influences”; “emotion”; and “behaviour 

regulation” (Cane et al., 2012). The validity of the TDF has been reported in process 

evaluations (Cane et al., 2012; Curran et al., 2013), along with its use in survey 

development for implementation problems (Atkins et al., 2017). The TDF does not 

postulate identification of testable relationships between behavioural elements, but rather 

provides a theoretical lens through which to view the cognitive, affective, social and 

environmental influences on health professional behaviour (Atkins et al., 2017). According 
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to Atkins et al., (2017) using the TDF for survey development is a three-step process: 

firstly, the target behaviour needs to be selected and specified; secondly, these 

behaviours need to be specified in terms of who needs to do what, when, where, how and 

with whom; and thirdly, the attributes of the target behaviour such as complexity, action 

sequences and interdependence of team-level behaviours need to be established (Atkins 

et al., 2017).  

 

The approach recommended by Atkins and colleagues was not suitable in the 

development of the FLUME survey. The target behaviour of STEMI management is a 

complex three-way interaction between a presumed STEMI patient, a frontline clinician 

and a system of care operating across heterogenic organisational delivering boundaries, 

with health institutions tailoring STEMI processes to their internal resources. Therefore, 

the TDF was applied at a broader level in this study, using it as a sensitising tool to ensure 

the survey comprehensively represented possible barriers to timely STEMI management 

that health professionals may experience.  

 

The final product was a 79-item response survey that consisted of a demographic section, 

five distinct areas of interest, and open-ended questions. The demographic items included 

professional membership, geographical location, highest qualifications; years of 

experience and number of STEMI’s managed per month. Open-ended questions were 

offered allowing respondents to elaborate on their answers and/or raise issues not 

identified in the survey. 

  

The five survey sections had 56-items covering: i) the presence of workplace policies and 

procedures (10-items); ii) respondent’s commitment to guidelines (3 survey-items); iii) 

proportion of time organizational/environmental characteristics affect timely management 

of STEMI (15-items); iv) respondent’s levels of confidence to recognise and response to 

suspected STEMI (17-items); and v) points of communication affecting timely 

management of STEMI (11-items). 

 

The first survey section covering ‘policies and procedures’ provided respondents the 

opportunity to confirm the existence of policies and procedures in their workplace, with 

response options of “Yes’, ’No’, ‘NA’ (not applicable) or ‘Don’t know’. These questions 

were constructed around position statements published by relevant professional 

associations (e.g., NHFA and AHA) and the reviewed literature reflecting the influence 

organisational culture had on the delivery of STEMI management (Bradley, Curry, et al., 

2006; Bradley, Herrin, et al., 2006; Drew et al., 2011; Maddox & Ho, 2017; Nam et al., 
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2014; National Heart Foundation of Australia., 2012; Rokos et al., 2009; Tubaro et al., 

2011). 

 

The remaining survey sections utilised a visual analogue scale (VAS) for individual item 

responses. This particular type of scale provides a measurement of perception across a 

continuum scale “to capture the dynamic and potentially asymmetrical context in which 

the capacity to record a response cannot be directly measured” (Wewers & Lowe, 1990). 

The VAS was considered appropriate for capturing responses to the complex constructs 

in the survey, including personal commitment, estimates of the proportion of time an event 

was observed to take place, and confidence to undertake a range of tasks. Using a VAS 

for the different survey sections resulted in scores with the same range (0-100), which 

makes it easier for analysis. A 10cm line with an appropriate verbal descriptor at each 

end, and a moveable marker set at 0 to start, was offered to survey respondents.  

 

The second survey section asked participants about their commitment to the STEMI 

management guidelines, in particular how achievable they perceived the Australian 

performance targets for ‘time to ECG’ and ‘time to reperfusion’ to be (Chew et al., 2016). 

This section used a VAS with the verbal descriptors “0% of the time” and “100% of the 

time” to measure the participants’ response. 

 

The third survey section also utilised a VAS with labels anchoring each end: “0% of the 

time” and “100% of the time”. This section included statements about the barriers to timely 

STEMI management derived from clinical experience and found in the literature review, 

such as under-triaging/mis-dispatch, overcrowding, time of presentation and the 

environmental context frontline clinicians operate in (Al-Zaiti et al., 2013; Atzema et al., 

2009; Coventry et al., 2013; Fourny et al., 2011; Jones et al., 2014; Kulstad & Kelley, 

2009; Lindstrom et al., 2014; Pines et al., 2009; Ryan et al., 2016; Schull et al., 2004; 

Shen & Hsia, 2011). 

 

The fourth and final survey section measured participants’ confidence to recognise and 

respond to suspected STEMI patients using a VAS labelled at each end “0% confident” to 

“100% confident”. These statements were constructed based on the reviewed literature 

about factors that influence rapid clinical decision making in critical care environments 

(Bucknall, 2003), in particular, interpretation of unique ECG patterns, along with symptom 

variation and incongruence in STEMI presentation (Clark et al., 2010; Garvey et al., 2016; 

Park et al., 2014; Pope et al., 2000; Thygesen et al., 2018). 
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Survey development also included scrutiny of the wording of questions, particularly for 

VAS scale items, to ensure wording contained one concept and thus a consistent unipolar 

interpretation of response could be made (Streiner & Norman, 2008). Furthermore, item 

response analysis took place to guide decisions about item retention, modification and 

deletion ensuring alignment with the study aims (Polit & Beck, 2012). Prior to distribution 

the survey underwent cognitive testing, to establish content validity (Levine, Fowler, & 

Brown, 2005). A convenience sample of 12 experienced paramedics and Emergency 

Nurses provided feedback on clarity of language, comprehension, appropriate length and 

structure of the survey items. Minor modifications were made where necessary.  

 

 

3.3.4 Survey procedure 
The survey was on-line and generated using Qualtrics© software. An email invitation was 

sent to all Victorian members of CENA and operational paramedics of AV, with a 

participant information statement (PIS) and electronic link to the Qualtrics© platform. 

Commencing the survey was deemed to indicate consent. Recruitment strategies 

included posters and use of social media advertising the FLUME survey. An incentive of 

a $250 VISA debit card prize draw was employed to maximize response rates. To maintain 

anonymity participants were redirected to a separate link at the end of the survey to 

voluntarily enter the prize draw. The survey data collection period was over a five-month 

period, between the dates August 1, 2017 to December 15, 2017. 

 

 

3.3.5 Statistical analyses 
Descriptive analyses were undertaken for the demographic questions. Exploratory factor 

analysis was undertaken on the five distinct sections to explore whether the individual 

items grouped into types of barriers. The purpose of the factor analysis was to simplify 

reporting and to enable comparisons between different groups of respondents with fewer 

repeated tests of significance (Streiner & Norman, 2008). Solutions that provided the most 

coherent factors with the least duplication of item loadings when analysing sections of the 

survey items were selected using either principal component analysis (PCA) or principal 

axis factoring (PAF). The final composition and labelling of the types of barriers were 

agreed by the research team. Comparison of responses to the types of barriers by 

professional group and geographical location was undertaken using either parametric or 

non-parametric testing according to the data distribution. The IBM SPSS Statistics for 

Mac, Version 24 (IBM Corp., Armonk, N.Y., USA) was used for this statistical analysis. 
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Analysis of the open ended questions was undertaken with similar content grouped and 

coded as themes in line with the approach recommended by Braun and Clarke (Braun & 

Clarke, 2013). The purpose of this analysis was to confirm that the representation of 

barriers included in the survey was comprehensive, and to identify any issues not 

captured.  

 

 

3.4 Chapter summary 
This chapter has outlined the methodology applied to all three studies that form the body 

of research for this thesis. All three sections have detailed the study site and population, 

inclusion/exclusion criteria, ethics approval, data collection (Studies I & II), survey 

development (Study III), and statistical analyses used for each study. Study I and II utilise 

the same dataset from a single high performing metropolitan hospital but examines this 

data with different research objectives. Study III uses a voluntary and anonymous online 

survey of frontline clinicians to establish the barriers to timely management as perceived 

by frontline clinicians’ using a stakeholder survey. 
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CHAPTER 4: RESULTS FOR STUDY I 
 

4.1 Chapter introduction 
This chapter reports the results of the comparison between the European and the 

Australian and New Zealand performance parameters for STEMI management. As 

outlined in Chapter One, this study addresses the first research aim of the thesis and is 

guided by the following three research questions:  

 

1) What proportion of STEMI patients currently meet the updated ESC target 

time parameters?  

2) When discrete groups are formed, what are the differences in clinical 

characteristics and health outcomes between patients meeting ESC target time 

parameters versus patients meeting CSANZ target time parameters? 

3) What are the predictors of meeting ESC target time parameters? 
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4.2 Study I (Manuscript) 
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4.3 Chapter summary 
This chapter has reported the results of Study I which was an analysis of a large single 

site cohort comparing the divergent European and Australian and New Zealand 

reperfusion targets. 

 

The results indicated that the proportion of STEMI patients in this cohort who met the 

updated ESC target reperfusion parameters was 37%. The independent predictors of 

achieving ESC targets were presentation during business hours, and with pre-hospital 

notification. Importantly, achieving these targets had no independent effect on one-year 

survival. 

 

The next chapter will report the results of Study II and its three separate parts. 
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CHAPTER 5: RESULTS OF TIMEPOINT ANALYSIS 
 

5.0 Chapter introduction 
The following chapter reports the results of the analysis of specific timepoints from 

symptom onset through to reperfusion in STEMI management, addressing the second set 

of research questions for this thesis. 

 

There are three sections to this chapter representing the three parameters of care 

examined for each subset i.e. “hospital presenters” of “PHN presenters”. 

 
Part One: Time to ECG: is a standalone manuscript reporting the relationship between 

timepoints ‘FMC-ECG’ and ‘ECG-reperfusion’, along with the calculation of the optimal 

‘FMC-ECG’ time associated with the highest probability of achieving the ≤90-minute 

reperfusion target. In addition, this manuscript identifies the independent effect ‘FMC-

ECG’ time and specific covariates has on the proceeding timepoint ‘ECG-reperfusion time’ 

using quantile regression analysis. Appendix 2 reports the notification of the journal 

submission. 

 

Part Two: Time to cardiac catheter laboratory (CCL): is included as a separate results 

section in this conventional chapter. The analysis of the relationship between timepoints 

‘FMC-CCL’ and ‘CCL-reperfusion’ is reported, along with the calculation of the optimal 

‘FMC-CCL’ time associated with the highest probability of achieving the ≤90-minute 

reperfusion target. In addition, part two identifies the independent effect ‘FMC-CCL’ time 

and specific covariates has on the proceeding timepoint ‘CCL-Reperfusion’ time using 

quantile regression analysis. 

 

Part Three: Time to first medical contact (FMC): is also included as separate results 

section in this chapter, and again reports the relationship between the specific timepoints 

‘symptom onset-FMC’ and ‘FMC-reperfusion’. Calculation of an optimal ‘symptom onset-

FMC time’ associated with the highest probability of achieving the 210-minute 

performance target is presented. In addition, part three identifies the independent effect 

‘symptom onset-FMC’ time and specific covariates has on the proceeding timepoint ‘FMC-

reperfusion’ time using quantile regression analysis. 
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5.1 Study II Part One: Time to ECG and reperfusion targets (Manuscript) 
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5.2 Study II Part Two: Time to CCL and reperfusion targets. 
 

The following presents the results of Part Two which examines two parameters of interest: 

the time taken for STEMI patients to reach the cardiac catheter laboratory (CCL) from first 

medical contact (FMC); and the time taken for reperfusion to subsequently occur in the 

CCL. Figure 5 illustrates the exact time points measured for each subset i.e. ‘hospital 

presenters’ or ‘PHN presenters’ and defines the reperfusion targets. 

 
 
Figure 5: Overview of time points analysed (Study II Part Two).  

 
 
 
 

 
 
 

 
 
  
 
 
 
 
 
 
 
Ω CSANZ and ACCF/AHA guidelines for patients diagnosed upon hospital arrival; † ESC guidelines for patients diagnosed prior to hospital arrival 

 

 

Table 4 displays the univariate analysis of baseline clinical characteristics and outcomes 

for the time parameter of ‘FMC to reperfusion’ for Part 2 comparing hospital and PHN 

presenters. Statistically significant differences were identified. Hospital presenters were 

more likely to be older, female, present with atypical symptomology, and be intubated 

prior to CCL. Mortality rates in hospital and at 12 months were higher for hospital 

presenters than PHN presenters 10% vs 3%; (p<0.001), and 11% vs 53%; (p<0.001). 

Hospital presenters took a shorter length of time to arrive in the Cardiac Catheter 

Laboratory compared to PHN presenters; 47 vs 55 minutes, (p<0.001). While hospital 

presenters took longer for reperfusion to occur once arriving in the Cardiac Catheter 

Laboratory 31 vs 27 minutes, (p<0.001), respectively. 
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Table 4: Characteristics of Part Two (n=769)  

 
Hospital 

presenters 
(n=341) 

PHN 
presenters  

(n=428) 

Age mean ± SD (years)  64 ± 13 62 ± 12 * 
Female n (%) 78 (23%) 71 (17%) * 

Presentation in business hours (0800-1800hrs Mon-Fri) 149 (43%) 175 (41%) 

Mode of presentation to hospital   

Self-presentation n (%) 143 (42%) x 

Regular Ambulance presentation n (%) 198 (58%) x 

Pre-Hospital Notification (PHN) n (%) x 428 (100%) 

Distance to Hospital (PHN only) median (Q1-Q3) (km)  x 10 ± 6 

Atypical symptomology W n (%) 60 (18%) 26 (6%) *** 

Slow onset symptomology † n (%) 115 (35%) 119 (28%)  

Assigned Triage score > 2 (Hospital only #) n (%) 31 (9%) x 

Cardiac arrest prior to CCL arrival n (%) 30 (9%) 33 (8%) 

Intubated prior to CCL arrival n (%) 23 (7%) 9 (2%) ** 

TIMI risk >5 n (%) 101 (30%) 78 (18%) *** 

Outcomes   

Achievement threshold of reperfusion time <90 minutes n (%) 219 (65%) 266 (62%) 

‘Door or Field FMC– CCL’ time median minutes (IQR) 47 (35-60) 55 (45-67) *** 

‘CCL-Reperfusion’ time median minutes (IQR) 31 (25-41) 27 (23-36) *** 

Abnormal Left Ventricular Ejection Fraction n (%) 45 (18%) 76 (25%) 

Length of Stay median (Q1-Q3) days 4 (3-5) 3 (3-4) 

In-hospital mortality n (%) 33 (9.7%) 11 (2.6%) *** 

365-day mortality n (%) 38 (11.1%) 14 (3.3%) *** 
Ω Back pain, fatigue, GI distress, palpitations, dizziness/faintness; † any typical or atypical pain that is gradual or intermittent in nature. 

# all PHN patients were allocated a triage score of 1 on admission. Statistically significant *p<0.05; **p<0.01; ***p<0.001. 
 
 
For hospital presenters the relationship between ‘Door-CCL’ time and ‘CCL-reperfusion’ 

time was linear and is displayed in Figure 6. The smoothed curve defined with three 

internal knots shows a gradual increase in ‘CCL-reperfusion’ time as ‘Door-CCL’ time 

increases i.e. from 6-47 minutes ‘CCL-reperfusion’ time increases from 26-34 minutes, 

where the slope flattens and remains constant between 34-35 minutes until the maximum 

‘Door-CCL’ time analysed of 89 minutes is reached. As the linear relationship suggests 

there were no points of decline in time, unlike the results in Part One analysing time to 

ECG. 
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Figure 6: Relationship between time points for Part Two (Hospital) *. 

 
* Using natural cubic smoothing splines with three knots at 0.25, 0.50 and 0.75 quantiles.  
 
For PHN presenters the relationship was similar to hospital presenters with a linear 

relationship between ‘field FMC-CCL’ time and ‘CCL-reperfusion’ time, see Figure 7 The 

smoothed curve defined with three internal knots shows again a gradual increase in 

‘field FMC-CCL’ time as CCL-reperfusion time increases i.e. from 20-67 minutes ‘CCL-

reperfusion’ time increases from 24-33 minutes where the slope remains relatively 

constant to 34 minutes where the maximum ‘Field FMC-CCL’ time analysed of 89 

minutes is reached.  

 
Figure 7: Relationship between time points for Part Two (PHN) *. 

 
* Using natural cubic smoothing splines with three knots at 0.25, 0.50 and 0.75 quantiles.  
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Figures 8 and 9 display the ≤90-minute target achievement threshold for ‘FMC-

reperfusion’ time for hospital presenters and PHN presenters respectively. The 

percentage of patients meeting target parameters was similar.  

 
 
Figure 8: Achievement threshold of target ≤90 minutes for Part Two (Hospital).  

 

 
 
 
Figure 9: Achievement threshold of target ≤90 minutes for Part Two (PHN).  
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The predicted probability of achieving the reperfusion performance targets versus ‘FMC-

CCL’ time according to mode of presentation is plotted in Figures 10 and 11 The figures 

identify the calculated points of interest or ‘third derivative’. Each plot displays the 50% 

probability point for ‘FMC-CCL’ time used to create a delineation point in the interval 

groups formed in the proceeding quantile regression analysis. 

 

Figure 10 displays the predicted probability of hospital presenters achieving the 

reperfusion target of ≤90 minutes versus ‘Door-CCL’ in minutes. The was a gradual linear 

decline until 66 minutes at which point the decline visibly slows down. There are four 

points of interest where the shape of the probability curve visibly changes. At 29 minutes 

there is a point of interest where the probability is 97% (95% CI 91-100%); at 37 minutes 

the probability is 86% (95% CI 76-95%); at 56 minutes the probability is 65% (95% CI 54-

76%); and finally at 66 minutes the probability is 14% (95% CI 5-24%). The 50% 

probability was calculated at 59 minutes. For every one-minute increase in ‘Door-CCL’ 

time between 0-66 minutes there is an estimated decreased probability of 0.1%, on 

average, in achieving the reperfusion target.  
 
 
Figure 10: Probability of achieving reperfusion ≤90 minutes for Part Two (Hospital). 

 

 
 
Figure 11 displays the predicted probability of PHN presenters achieving the reperfusion 

target of ≤90 minutes versus ‘Field FMC-CCL’ in minutes. There was a slow then gradual 
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51 minutes there is a point of interest where the probability is 87% (95% CI 81-93%); at 

59 minutes the probability declines to 60% (95% CI 49-70%); at 62 minutes the probability 

is 48% (95% CI 38-58%); and finally at 71 minutes the probability is 10% (95% CI 3-17%). 

The 50% probability was calculated at 61 minutes. For every one-minute increase in ‘Field 

FMC-CCL’ between 0-71 minutes there is an estimated decreased probability of 0.2%, on 

average, in achieving the reperfusion target.  

 
 
Figure 11: Probability of achieving reperfusion ≤90 minutes for Part Two (PHN).  

 

 
 

 

Figures 12 and 13 display the results of the quantile regression addressing the third 

research question; to identify predictors of ‘CCL-reperfusion’ time in minutes. 

 
The quantile regression analysis for hospital presenters is shown in Figure 12. Controlling 

for all other variables there were no statistically significant predictors associated with 

prolonged CCL-reperfusion time. Presentation out of business hours was the only 

covariate trending to statistical significance, with an estimated increase in ‘CCL-

reperfusion’ time by 5 minutes (95% CI 0-8 minutes) when compared to patients 

presenting during business hours. 
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Figure 12: Quantile Regression for Part Two (Hospital). 

 
 

Figure 13 displays the quantile regression analysis for PHN presenters, finding one 

statistically significant independent predictor. Patients presenting out of business hours 

had an estimated median increase in ‘CCL-reperfusion’ time by 7 minutes (95% CI 5-10 

minutes) compared to patients presenting during business hours. 

 
Figure 13: Quantile Regression for Part Two (PHN). 
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5.3 Study II Part Three: Time to FMC and reperfusion targets. 
The following presents the results of Part Three which examines the final two 

parameters of interest: the time taken for STEMI patients from symptom onset to reach 

FMC (in the field or hospital); and the time taken for reperfusion to subsequently take 

place. Figure 14 illustrates the exact time points measured for each subset i.e. ‘hospital 

presenters’ or ‘PHN presenters’ and defines the reperfusion target. 

 
 
Figure 14: Overview of time points analysed for (Study II Part Three). 

 
 
 
 

 
 

 
  
 
 
 
 
Ω ACCF/AHA guidelines for all STEMI patients.  
 

 
Table 5 displays the univariate analysis of baseline clinical characteristics and outcomes 

for the time parameter of ‘symptom to reperfusion’ for hospital and PHN presenters. 

Statistically significant differences were found. Hospital presenters had a higher 

percentage of atypical symptoms than PHN presenters, 16% vs 7% (p<0.01). Hospital 

presenters took longer to seek medical contact than PHN presenters with ‘symptom onset-

FMC time’ 89 vs 49 minutes (p<0.001), respectively. Mortality rates in hospital and at 12 

months were higher for hospital presenters than PHN presenters 12% vs 4% (p<0.001); 

and 14% vs 5% (p<0.001) respectively. Interestingly, given the above results PHN 

presenters were more likely to have an abnormal LV ejection fraction than hospital 

presenters, 16% vs 7% (p<0.01). 
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Table 5: Characteristics of Part Three (n=628) 

 

 
Hospital 

presenters 
(n=244) 

PHN presenters  
(n=384) 

Age mean ± SD (years)  64 ± 13 62 ± 13 

Female n (%) 52 (21%) 64 (16%) 

Presentation in business hours (0800-1800hrs Mon-Fri) 90 (37%) 128 (33%) 

Mode of presentation to hospital   

Self-presentation n (%) 75 (31%) x 

Regular Ambulance presentation n (%) 169 (69%) x 

Pre-Hospital Notification (PHN) n (%) x 384 (100%) 

Distance to Hospital (PHN only) median (Q1-Q3) (km)  x 10 ± 6 

Atypical symptomology W n (%) 36 (16%) 26 (7%) ** 

Slow onset symptomology † n (%) 48 (21%) 78 (21%) 

Assigned Triage score > 2 (Hospital only #) n (%) 24 (10%) x 

Cardiac arrest prior to CCL arrival n (%) 31 (13%) 45 (12%) 

Intubated prior to CCL arrival n (%) 27 (11%) 26 (7%) 

TIMI risk >5 n (%) 65 (27%) 73(19%) 

Outcomes   

Achievement threshold of Reperfusion time < 210 minutes n (%) 182 (75%) 325 (81%) 

‘Symptom onset’ - ‘Door’ or ‘Field FMC’ time median minutes (IQR) 89 (66-127) 49 (30-87) *** 

‘Door’ or ‘Field FMC’ - ‘Reperfusion’ time median minutes (IQR) 85 (65-104) 88 (74-108) 

Abnormal Left Ventricular Ejection Fraction n (%) 29 (17%) 77 (28%) ** 

Length of Stay median (Q1-Q3) days 4.0 (3-5) 3.5 (3-4) 

In-hospital mortality n (%) 30 (12%) 16 (4%) *** 

365-day mortality n (%) 34 (14%) 18 (5%) *** 
Ω Back pain, fatigue, GI distress, palpitations, dizziness/faintness; † any typical or atypical pain that is gradual or intermittent in nature. 

# all PHN patients were allocated a triage score of 1on admission. Statistically significant *p<0.05; **p<0.01; ***p<0.001 
 
 
The relationship between ‘Symptom-Door’ time and ‘Door-Reperfusion’ time for hospital 

presenters was non-linear and is shown in Figure 15. The smoothed curve defined with 

two internal knots demonstrates a combination of gradual upward and downward changes 

to the slope as ‘Symptom-Door time increases. Between 15-75 minutes ‘Door to 

reperfusion’ time declines from 106-87 minutes, at which point this time parameter 

increases to 94 minutes over the next 30 minutes. After which between 105-209 minutes 

‘Door-reperfusion’ gradually declines to 89 minutes.  
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Figure 15: Relationship between time points for Part Three (Hospital). 

 
* Using natural cubic smoothing splines with two knots (at 0.33 and 0.66 quantiles). 
 
 
For PHN presenters the relationship between ‘Symptom-Field FMC’ time and ‘Field FMC-

reperfusion was interestingly different to hospital presenters and is shown in Figure 16. 

The smoothed curve defined with two internal knots demonstrates a gradual linear decline 

in ‘Field FMC-Reperfusion’ time as ‘Symptom-Field FMC’ time increased. From 5-35 

minutes the ‘Field FMC-Reperfusion’ time decreases from 119-92 minutes, where the 

slope remains relatively constant at 91-88 minutes until the maximum ‘Symptom-Field 

FMC’ time analysed is reached. 
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Figure 16: Relationship between time points for Part Three (PHN). 

 

 
* Using natural cubic smoothing splines with two knots (at 0.33 and 0.67 quantiles). 
 

 

Figures 17 and 18 illustrates the ≤210-minute target achievement threshold for ‘symptom-

reperfusion’ time for hospital presenters and PHN presenters respectively. There was a 

numerical difference with 75% of hospital presenters versus 81% of PHN patients 

achieving the target threshold.  

 
 
Figure 17: Achievement threshold of target ≤210 minutes for Part Three (Hospital). 
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Figure 18: Achievement threshold of target ≤210 minutes for Part Three (PHN). 

 

 
 
 
The predicted probability of achieving the reperfusion performance targets versus 

‘Symptom-FMC’ time according to mode of presentation is plotted in Figures 19 and 20. 

The figures identify the calculated points of interest or ‘third derivative’. As described in 

aforementioned Part Two, each plot displays the 50% probability point for ‘Symptom-FMC’ 

time used to create the delineation point for the interval groups used in the proceeding 

quantile regression analysis. 

 
Figure 19 displays the predicted probability of hospital presenters achieving the total 

ischaemic time target of ≤210 minutes versus ‘Symptom-Door’ in minutes. The probability 

curve shows an initial increase then a linear decline from 42 minutes until 136 minutes at 

which point the decline visibly slows down. There are two points of interest where the 

shape of the probability curve visibly changes. At 99 minutes there is a point of interest 

where the probability is 81% (95% CI 73-89%) and at 136 minutes the probability is 26% 

(95% CI 14-38%). The 50% probability was calculated at 119 minutes. For every one-

minute increase in ‘Symptom-Door’ time between 42-136 minutes there is an estimated 

decreased probability of 0.1%, on average, in achieving the reperfusion target.  
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Figure 19: Probability of reperfusion target ≤210 minutes for Part Three (Hospital). 

 

 
 
 

Figure 20 displays the predicted probability of PHN presenters achieving the total 

ischaemic time target of ≤210 minutes versus ‘Symptom-Field FMC’ in minutes. Similarly, 

to the previous Figure 5.15, the probability curve shows an initial increase then a linear 

decline from 46 minutes until 136 minutes at which point the decline visibly slows down. 

There are two points of interest where the shape of the probability curve visibly changes. 

At 108 minutes there is a point of interest where the probability is 74% (95% CI 62-87%) 

and at 136 minutes the probability is 18% (95% CI 4-32%). The 50% probability was 

calculated at 117 minutes. For every one-minute increase in ‘Symptom-Field FMC’ time 

between 46-136 minutes there is an estimated decreased probability of 0.1%, on average, 

in achieving the reperfusion target. 

 
 
 
  

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Symptom-Door (minutes)

P
re

di
ct

ed
 p

ro
ba

bi
lit

y

Predicted probability
95% CI
(99 minutes 81%)
(119 minutes 50%)
(136 minutes 26%)



Chapter Five: Results Study II Part Three (Onset to FMC) 

 

 99 

Figure 20: Probability of reperfusion target ≤210 minutes for Part Three (PHN). 

 

 
 
 
Figures 21 and 22 display the results of the quantile regression addressing the third 

research question; to identify predictors of ‘FMC-reperfusion’ time in minutes. 

 
 
The quantile regression analysis for hospital presenters is shown in Figure 21. Controlling 

for all other variables presentation out of business hours was the only statistically 

significant predictor associated with prolonged ‘Door-reperfusion’ time. An estimated 

increase in ‘Door-reperfusion’ time by 27 minutes (95% CI 17-36 minutes) was calculated 

for patients presenting out of hours when compared to patients presenting during business 

hours. 
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Figure 21: Quantile Regression for Part Three (Hospital). 

 

 
 
 
The quantile regression analysis for PHN presenters is shown in Figure 22. When 

controlling for all other variables there were four statistically significant predictors 

associated with prolonged ‘field FMC-reperfusion’ time. There was an estimated increase 

in the median ‘field FMC-reperfusion’ time for the following factors: older age between 74-

95 years (when compared with the <51 year age group) by 15 minutes (95% CI 3-23 

minutes); presenting out of business hours (when compared to in business hours) by 27 

minutes (95% CI 22-32 minutes); being intubated prior to CCL (when compared to those 

who were not) by 37 minutes (95% CI 16-74 minutes); and finally distance to the 

destination hospital, by an estimated 1 minute for every 1km to hospital (95% CI 0.3-1.4). 
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Figure 22: Quantile Regression for Part Three (PHN). 
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5.4 Chapter summary 
This chapter has reported the results of the timepoint analysis from a single centre tertiary 

STEMI database. Three sets of timeframes were analysed using two separate subsets 

that grouped data depending on mode of presentation. As defined in Chapter One, 

‘Hospital presenters’ were any patient who self-presented to hospital or arrived via regular 

ambulance (with no PHN). ‘PHN presenters’ were defined as any patient who had a 

confirmed STEMI diagnosis and activation of cardiac catheterisation laboratory (CCL) 

services prior to hospital arrival. 

 

In Part One, the results of the first set of research questions for Study II were reported. 

There was a linear relationship found between ‘FMC-ECG’ time and ‘ECG-reperfusion’ 

time for both subsets. The shortest ‘FMC-ECG’ time associated with the highest 

probability of achieving the 90-minute performance target for each subset was ≤7 minutes 

for hospital presenters and ≤6 minutes for PHN presenters. Quantile regression found 

time to ECG >7 minutes, and presentation out of business hours was associated with 

prolonged ‘ECG-reperfusion’ time for hospital presenters. For PHN presenters, quantile 

regression demonstrated independent predictors associated with both prolonged and 

reduced ‘ECG-reperfusion’ time. Out of business hour presentation, intubation prior to 

CCL, age ≥75 years and distance to destination hospital were associated with prolonged 

‘ECG-reperfusion’ time. A field ‘FMC-ECG’ time between 19-67 minutes and male gender 

were associated with a reduction in ‘ECG-reperfusion’ time.  

 

In Part Two, the results for the second set of research questions for Study II were reported. 
The relationship between ‘FMC-CCL arrival’ time and ‘CCL-reperfusion’ time for both 

subsets was linear. The shortest ‘FMC-CCL arrival’ time associated with the highest 

probability of achieving the 90-minute performance target for each subset was ≤29 

minutes for hospital presenters and ≤51 minutes for PHN presenters. Quantile regression 

demonstrated ‘FMC-CCL’ had no independent effect on ‘CCL-reperfusion’ time for both 

subsets, however presentation out of business hours was independently associated with 

prolonged ‘CCL-reperfusion’ time for both subsets. 

 

In Part Three, the results of the third set of research questions were reported. The 

relationship between ‘Symptom onset-FMC’ time and ‘FMC-reperfusion’ time identified a 

non-linear relationship for hospital presenters, and a linear relationship for PHN 

presenters. The shortest ‘Symptom onset-FMC’ time associated with the highest 

probability of achieving the 210-minute performance target for each subset was ≤99 
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minutes for hospital presenters and ≤108 minutes for PHN presenters. Quantile 

regression found ‘Symptom onset-FMC’ time had no independent effect on ‘FMC-

reperfusion’ time for both subsets. For hospital presenters, quantile regression 

demonstrated presenting during out of business hours to be independently associated 

with a prolonged ‘FMC-reperfusion’ time. For PHN presenters, presenting out of business 

hours, older age, being intubated prior to CCL arrival and distance to destination hospital 

were found to be independently associated with a prolonged ‘FMC-reperfusion’ time. 

 

The next chapter will present the results for Study III. 
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CHAPTER 6: RESULTS FOR STUDY III 
 

6.1 Chapter introduction 
The following chapter reports the results of Study III, the frontline clinician FLUME survey. 

The publication of the FLUME study is included in this chapter. The FLUME survey 

addressed the third aim for this thesis, that is, to explore the perceived barriers to effective 

STEMI management as reported by frontline clinicians. The three research questions 

addressed by the study were: What are the most commonly occurring barriers to timely 

STEMI management for paramedics and emergency nurses? Are there differences in 

barriers experienced by paramedics and emergency nurses? Are there differences in 

barriers experienced by frontline clinicians in rural and metropolitan settings? 
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6.2 Study III (Accepted Publication) 
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6.3 Chapter summary 
This chapter presents the results from the cross-sectional FLUME survey of paramedics 

and emergency nurses in the Australian state of Victoria. To our knowledge there is no 

other study in the literature that explores the challenges for frontline clinicians in Australia. 

 

Across the 14 types of barriers identified in the survey results, the most commonly 

occurring barriers to timely STEMI management for paramedics and emergency nurses 

were: 1) lack of clinical skills development; 2) lack of feedback; 3) untimely access to 

clinical support; 4) lack of confidence in symptom assessment; and 5) lack of confidence 

in unique ECG patterns. No new barriers or issues were identified in the responses to the 

open-ended questions. 

  

There were differences in barriers experienced by paramedics and emergency nurses. 

Paramedics reported experiencing four types of barriers statistically significantly more 

frequently than emergency nurses. These four barriers were: 1) lack of 

organisational/system governance; 2) poor handover in the frontline environment; 3) 

untimely access to clinical support, and 4) lack of confidence in recognition of unique ECG 

patterns. 

 

There were differences in barriers experienced by frontline clinicians in rural and 

metropolitan settings. Metropolitan-based clinicians were likely to experience the following 

barriers significantly more often that clinicians in rural settings: a lack of 

organisational/system governance; lack of clinical skills development; and lack of 

feedback. Rural clinicians were likely to experience the following barriers statistically 

significantly more often: lack of belief in ACS guidelines; shared personnel factors; specific 

workplace factors for paramedics, and specific workplace factors for emergency nurses. 

 

The next chapter will be an integrative discussion of the findings from all three studies 

including their strengths and limitations. 
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CHAPTER 7: DISCUSSION 
 

7.0 Chapter introduction 
This thesis aimed to explore and describe STEMI management, including the relationship 

between recommended time parameters and health outcomes, and barriers and enablers 

to delivering timely treatment. Three studies were conducted to explore related questions. 

The first two studies analysed time parameters of STEMI management at a single 

metropolitan tertiary site. The third study surveyed frontline clinicians to explore perceived 

barriers to effective STEMI management in Victoria, Australia. This chapter will 

summarise the results of each study against the stated aims and research questions. This 

will provide the context for an integrated discussion that considers how the results of the 

studies together contribute to a better understanding of how timely STEMI management 

can be achieved. An outline of the contribution this body of work adds to existing literature 

will be presented, along with the individual strengths and limitations of the studies.  

 

 

7.1 Study findings 
A brief summary of the key findings of each study will be presented to provide context to 

the integrated discussion to follow. The first two studies of this thesis analysed time 

parameters of STEMI management at a single metropolitan tertiary site. The third study 

surveyed frontline clinicians to explore perceived barriers to effective STEMI management 

in Victoria, Australia.  

 

Study I explored whether updated ESC target time parameters for STEMI management 

are achievable and influence health outcomes in a local setting. The results of Study 1 

established the European STEMI performance targets were challenging to meet when 

compared to the Australian STEMI performance targets. Patients who achieved ESC 

targets parameters were more likely to be younger, present during business hours, 

present with pre-hospital notification and have no intubation prior to CCL arrival. 

Importantly, after adjusting for age and comorbid condition, meeting the ESC target 

parameters had no independent effect on one-year survival. 

 

Study II explored the optimal time associated with the highest probability of achieving 

target time parameters for three separate parameters of care along the STEMI 

management continuum. The results of Study II identified the optimal time associated with 

achieving reperfusion targets for three particular timepoints of care along the continuum 
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of STEMI management: ‘Time to ECG’; ‘Time to CCL’; and ‘Time from symptom onset to 

FMC’. Differentiation was made between mode of presentation i.e. hospital presentation 

or PHN presentation to capture the contemporary processes of care used in STEMI 

management. For hospital presenters the optimal times identified were: ‘Door-ECG’ time 

of ≤7 minutes; ’Door-CCL’ time of ≤29 minutes; and ‘Symptom-onset-Door’ time of ≤99 

minutes. For PHN presenters the optimal times identified were: ‘Field FMC-ECG’ time of 

≤6 minutes, ‘Field FMC-CCL’ time of ≤51 minutes; and ‘Symptom-onset-Field FMC’ time 

of ≤108 minutes. 

 

The quantile regression undertaken in Study II on each part of the STEMI time continuum 

identified several independent predictors that were associated with longer or shorter time 

to reperfusion. For hospital presenters, out of business hours and a ‘Door-ECG’ time > 7 

minutes (the identified optimal time point) were associated with a longer time to 

reperfusion. For PHN presenters, out of business hour presentation, being intubated prior 

to Cardiac Catheter Laboratory arrival, distance to destination hospital and age ≥75 years 

were associated with longer time to reperfusion. Only two covariates were found to be 

associated with reducing time to reperfusion; they were male gender and having a ‘field 

FMC-ECG’ time > 18 minutes for the PHN presenter cohort. 

 
Study III explored the perceived barriers to effective STEMI management as reported by 

frontline clinicians. The results of Study III identified fourteen types of barriers experienced 

by paramedics and triage nurses. The top five barrier types for all respondents were: ‘lack 

of clinical skills development’; ‘lack of feedback’; ‘lack of confidence in symptom 

assessment’; ‘lack of confidence in unique ECG patterns’; and ‘untimely access to clinical 

support’. When comparisons were made between professional groups; paramedics were 

more likely to report ‘untimely access to clinical support’ and lack of confidence in unique 

ECG patterns; and emergency nurses were more likely to report a lack of 

organisational/system governance. When comparisons were made between geographical 

location, clinicians in metropolitan areas were more likely to report a lack of clinical skills 

development and lack of feedback. While regional/rural clinicians were more likely to 

report a ‘lack of belief in ACS guidelines’, and regional/rural paramedics were more likely 

to report ‘specific workplace factors’, such as activating STEMI protocols with destination 

hospitals, and miscoding at dispatch. The open-ended responses of the survey 

consistently reiterated the above findings. 
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7.2 Synthesis of findings 
While this thesis included three separate studies, all were designed to contribute to a 

better understanding of timely STEMI management. Common factors that affect timely 

STEMI management emerged across the three studies. Firstly, mode of presentation and 

time of presentation were identified in all three studies as factors in the delivery of timely 

STEMI management. Secondly, patient age and gender were found to prolong time to 

treatment in both Studies I and II. Thirdly, ‘lack of confidence in symptom assessment’, 

reported as one of the top five barriers in the FLUME survey, was reflected in the 

differences between the modes of presentation in Study II, with ‘hospital presenters’ more 

likely to have atypical symptomology. Lastly, the top two barriers reported by frontline 

clinicians in the FLUME survey, ‘lack of clinical skills development and ‘lack of feedback’ 

highlight the need for system-based improvement, particularly when these factors are in 

direct contrast to the key features of position statements for STEMI performance by peak 

cardiology bodies. These will all be discussed further in the following. 

 
Pre-hospital notification was a standout enabler to timely reperfusion in all three studies. 

Frontline clinicians reported the PHN system of care as one of the top three enablers to 

timely STEMI management in the FLUME survey. In Study I, there was a higher proportion 

of PHN presenters who achieved both the ESC targets and CSANZ targets (55% vs 95%, 

respectively) compared to hospital presenters (18% vs 57%, respectively). When the data 

was separated into discrete groups, PHN presenters were more likely to achieve ESC 

targets (OR 5.25, 95%CI 3.5-8.0; p<0.001). These findings were consistent with the 

current literature that demonstrate the benefit of utilising a pre-hospital presentation 

system of care in the Australian setting (Hutchison et al., 2013), and the global setting 

(Drew et al., 2011; Ting, Krumholz, et al., 2008). 

 

Interestingly the divergence of the European guidelines in 2017 enabled a more 

comprehensive analysis of performance of the total STEMI population for this thesis by 

providing a specific target parameter to carry out analysis in Study II. Without this target, 

PHN presenters would have been excluded from analysis, as the CSANZ key 

performance targets measure time to reperfusion from hospital door for all STEMI patients 

and do not overtly mention field FMC time if presenting via PHN. 

 

Another coherent and consistent theme observed throughout all three studies was time of 

presentation. Presenting out of business hours was a consistent barrier to timely STEMI 

management. For Study I, the proportion of patients achieving time to reperfusion targets 

in the out-of-hours scenario was noticeably less than patients presenting during business 
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hours. This was further affirmed by the fact that patients who presented during business 

hours were almost eight times more likely to achieve ESC performance targets (OR 7.9 

95%CI 5.3-12; p<0.001). However, this finding did not translate to an impact on health 

outcomes when survival analysis was undertaken. Furthermore, exploration of 

explanatory variables using quantile regression for each part of Study II (except part two 

for hospital presenters) demonstrated that out of business hour presentations were 

consistently associated with increased time to treatment, adding between 7- 27 minutes 

to reperfusion times. These findings concurred with the known literature that demonstrate 

out-of-hours presentations are associated with prolonged time to reperfusion (Magid et 

al., 2005), but have little to no impact on short and long term health outcomes (Redfors et 

al., 2017; Tscharre et al., 2017). Time of presentation was also identified by frontline 

clinicians as a barrier to the delivery of timely STEMI management with presentation out 

of business hours reported as one of top three barriers across professional group and 

geographical location. 

 
Gender had an ambiguous influence on timely STEMI management. Study I found no 

differences by gender in the univariate analysis comparing ESC targets vs CSANZ 

targets, nor did gender reach statistically significant findings for the subsequent 

multivariate analysis using logistic regression and cox proportional hazard modelling. 

However, when sub-group analysis was undertaken to better understand the influence 

gender had on time to treatment, statistically significant results were found (see appendix 

1). Women were more likely to be older, present during business hours, via regular 

ambulance, with atypical symptoms, with higher comorbidity as determined by TIMI risk 

score, and more likely to fail time to reperfusion targets. However, these differences did 

not impact health outcomes when multivariate survival analysis was undertaken. After 

adjusting for age and a TIMI risk score >5, the model demonstrated gender was not a 

predictor of all cause one-year survival. These mortality results aligned with the findings 

of Murphy et al., (2019), van de Meer et al., (2015) and Movahed et al., (2009) that 

demonstrated all-cause mortality gender differences were explained by adjusting for older 

age and comorbid condition (Movahed et al., 2009; Murphy et al., 2019; van der Meer et 

al., 2015).  

 

Furthermore, the results of Study II (Part One) demonstrated male gender was associated 

with shorter time to treatment. More specifically, male PHN presenters, were more likely 

to have a reduced ‘ECG-reperfusion’ time by 6 minutes (95% CI -10 to -0.3 minutes). 

These findings inversely concurred with literature reviewed earlier stating women were 
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more likely to have prolonged time to treatment in STEMI management (Khan et al., 2018; 

Movahed et al., 2009; Murphy et al., 2019; Stehli et al., 2019; van der Meer et al., 2015). 

Like gender, the age of a patient was also found to be associated with prolonged time to 

treatment for both Studies I and II. In multivariate analysis patients were more likely to 

achieve ESC performance targets if they were younger (OR 0.98, 95% CI 0.97-0.99 per 

year; p=0.04). Study II demonstrated age >75 years was independently associated with 

prolonged time to treatment for PHN presenters when analysing the effect time to ECG 

had on the proceeding time to reperfusion. These findings align with the literature that 

report older age requires evaluation of comorbid condition and the decision management 

should reflect consideration of general health, cognitive status and life expectancy 

(Alexander et al., 2007). 

 

Presenting symptomology played a role in the provision of timely STEMI management for 

both Studies II and III. The baseline univariate analysis undertaken between mode of 

presentation in Study II demonstrated ‘hospital presenters’ were more likely to have 

atypical symptomology. Similarly, the FLUME survey identified ‘lack of confidence in 

symptom assessment’ as one of the top five barriers for frontline clinicians in delivering 

timely management. These findings aligned with literature that found variation and 

incongruence of symptoms impacted time to treatment at the frontline clinician level, 

namely absence of chest pain as an attenuating factor in the triaging of STEMI patients 

(Ryan et al., 2016), and when patient’s symptoms were atypical in nature (Park et al., 

2014; Pope et al., 2000). 

 

The top two barriers reported in the FLUME survey, ‘lack of clinical skills development’ 

and ‘lack of feedback’, are reflective of insufficient organisational support in Victorian 

organisations that deliver STEMI management. These barriers also highlight the need to 

improve workforce training and continuing professional development, along with robust 

feedback mechanisms. These shortcomings highlight an opportunity to improve and 

strengthen healthcare systems by adopting some of the key strategies outlined in the 

literature. That is, to ensure a commitment to a permanent learning environment with 

senior management support (Curry et al., 2018; Maddox et al., 2017), implementing real-

time feedback systems (Bradley, Herrin, et al., 2006). 

 
 

7.3 Contribution to existing knowledge 
All three studies individually contributed to the known literature in some capacity. Study I 

provided an extensive comparison between the divergent ESC and CSANZ STEMI 
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guidelines providing evidence that the more stringent ESC target parameters are 

challenging to achieve and have no impact on 12-month mortality. To my knowledge this 

is the first detailed analysis of the explicit changes to the ESC guideline undertaken on an 

Australian cohort. There is, however, a recent scientific letter briefly outlining a 

comparison of the ambiguous CSANZ reperfusion targets of 90 minutes vs 60 minutes of 

1133 STEMI patients from a clinical outcome registry in Victoria, Australia. They reported 

a compliance rate of 69% vs 40% respectively for the CSANZ targets for all participating 

hospitals (Dinh et al., 2018). This aforementioned analysis did not delineate between 

mode of presentation and defined FMC as door time, therefore not capturing the PHN 

system of care in their analysis, unlike the methods employed in Study I.  

 

The findings of Study II (Part 1) contributed to the limited evidence base for the ≤10 minute 

‘time to ECG’ target espoused by the STEMI guidelines. This study built on the 

methodology used by Atzema et al., (2011) who analysed ‘time to ECG’ in patients 

receiving thrombolytic reperfusion agents on a multisite cohort. They identified the optimal 

time to ECG associated with achieving the reperfusion targets was 4 minutes (Atzema et 

al., 2011). In this thesis, similar statistical methodology was applied to multiple timeframes 

of care and the cohort separated by mode of presentation. The thesis analysis thus 

provided an expanded and comprehensive evaluation of the interaction between time 

points of care along the STEMI management continuum for both hospital presenters and 

PHN presenters.  

 

Lastly, to my knowledge the findings from Study III are novel. There is no known literature 

exploring the challenges for frontline clinicians delivering STEMI management in 

Australia. There are examples of limited literature that have taken a wider lens in analysing 

operational systems and compliance with guidelines across the country of Turkey, finding 

most regions comply with STEMI guidelines and receive adequate institutional and peer 

support when treating STEMI patients (Kayipmaz et al., 2016). Other examples include a 

qualitative survey exploring barriers and facilitators for clinicians contributing to the 

delivery of pre-hospital thrombolysis, finding variation in perceptions of the practical 

aspects of delivering pre-hospital thrombolysis, and interestingly reported issues around 

the ownership and responsibility of the STEMI patient once the patient reached hospital 

(Rajabali et al., 2009). A larger survey of 3562 Emergency Department (ED) physicians 

across 65 hospitals broadly assessed design, management and support in ED with a 

particular focus on patient safety, finding a substantial need to improve inpatient 

coordination along with information coordination and consultation to maximise patient 

safety  (Magid et al., 2009). These aforementioned studies have a broad application to 
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STEMI management, whereas our findings have specific implications for practice 

identifying and focusing on specific areas requiring improvement. 

 
 

7.3 Strengths and limitations 
The strengths and limitations of each study will be addressed individually to cover the 

broad scope of research questions and methodologies used. Strengths of this thesis are 

fourfold. Firstly, studies I and II use real-world data from a prospectively collected 

database at a high functioning university affiliated specialist hospital. This robust database 

has been maintained as part of a quality assurance program and monitored by dedicated 

clinical staff. The cohort of patients recorded in this HREC approved database are 

consecutive STEMI patients and inclusion/exclusion criteria are closely monitored. 

Synchronisation of the devices or computers used to document timepoint data occurs 

regularly. 

 

Secondly, the comparison of the ESC versus CSANZ guidelines in Study I offered an in-

depth analysis of the divergent guidelines, along with an insight into the potential areas of 

delay in the PHN system of care, currently not captured in the CSANZ guidelines. An 

understanding of this pre-hospital process of care is imperative as its utilisation is 

increasing with all metropolitan paramedics currently having 12-lead ECG capacity to 

transmit to destination hospitals. 

 

Thirdly, the methodology used in Study II was suited to non-normally distributed data. The 

smoothing splines used to establish the initial relationship between time points then 

plotted against the estimated probability of achieving targets was one example. Splines 

fit nonparametric data by joining two or more polynomial curves, with the location of these 

joins known as knots (Wood, 2006). The second example was the use of quantile 

regression, which is considered a robust alternative to traditional multiple linear 

regression, particularly for skewed data, as it models the quantile, instead of the mean 

response on the predictors (Tarr, 2012). 

 

Finally, the design and development of the FLUME survey in Study III was 

comprehensive. The survey design was informed by the Theoretical Domains Framework 

(TDF), an integrated model of theories for behavior change in implementing evidence 

based practice (Michie et al., 2005). The utilisation of this particular framework ensured 

item responses were thoughtfully representative of the possible barriers frontline clinicians 
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may perceive or experience as practitioners participating in complex workflows across 

organisational boundaries. 

 

In contrast, the limitations of this thesis are threefold. Firstly, the data analysed for Studies 

I and II was derived from a single site cohort, limiting the possible generalisability of the 

overall findings. Secondly the data analysed in Study II only examines the endpoint of 

achieving reperfusion targets and does not address the health outcomes of these findings. 

The analyses would be strengthened using a larger multisite cohort that scrutinises health 

outcomes, such as rates of heart failure, readmission rates, long-term mortality and 

consumer feedback.  

 

Thirdly, the limitations of the FLUME survey included lower than expected response rates 

from emergency nurses as outlined in the publication and the voluntary nature of 

participation in this survey, which may limit the generalisability of the findings. 

 
 

7.4 Chapter summary 
This chapter has provided an outline of key findings of each study, an integrative 

discussion of the common themes in the results from all three studies, the contribution the 

research makes to existing literature, and identified strengths and limitations of the 

analyses. 

 

The following chapter will conclude this thesis. 
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CHAPTER 8: CONCLUSION 
 

8.0 Chapter introduction 
The final chapter will conclude the thesis by considering the implications for clinical 

practice, offering areas for future research and finish with a concluding statement.  

 
 

8.1 Implications for clinical practice 
The results from this thesis have given weight to several ways to improve timely STEMI 

management. Firstly, consideration to addressing the imbalance of time to treatment 

depending on time of presentation could be mitigated by extending the operational hours 

of the Cardiac Catheter Laboratory in the hospital in which the research was conducted. 

The total cohort of 922 consecutive STEMI patients analysed in this thesis presented 40% 

of the time during business hours and 60% out of business hours, with 30% of the out of 

business hour presentations on weekends or public holidays. Further evaluation in a 

subgroup demonstrated that during weekdays 9% of total patients presented out of 

business hours between 18:00hrs and 21:00hrs (see appendix 8). If operating hours of 

the Cardiac Catheter Laboratory were extended by another three hours during weekdays, 

‘in business hour’ presentations could increase to almost 50% of all cases, potentially 

improving time to treatment. Alternative solutions include the optimisation of STEMI 

receiving centres to operate 24/7 with resourced capacity to provide an onsite STEMI 

service after hours. This, however, comes with a financial cost to the health system, 

requiring cost-benefit analysis to determine the impact such a change would have on 

health organisations and patient outcomes. 

 

Secondly, the lack of skills development and feedback reported by the frontline clinicians 

in the FLUME survey indicate the need to improve continuing professional development 

and establish clearer clinical feedback mechanisms for the process of STEMI 

management. A meaningful performance feedback protocol with a component that 

actively engages the interest of the clinicians involved could address this need and 

provide simultaneous opportunity for continuing professional development. 
 
 

8.2 Areas for future research 
There are three areas of future research identified from this body of work. Firstly, the 

impact of long-term health outcomes for the calculated optimal FMC-ECG timeframes 
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identified in this thesis remains unanswered. There is opportunity to build on the work of 

Diercks et al., (2006) who is regularly cited as the evidence base for ‘time to ECG’ 

performance targets in the STEMI guidelines (Diercks et al., 2006). Applying the same 

methodology used in this thesis and based on Atzema et al., (2011) on a larger multisite 

cohort of registry data with access to 5-year outcomes, would address the impact on 

health outcomes. The current literature reports a study underway by Yiadom et al., (2018) 

outlining a protocol that aims to retrospectively measure the outcome differences 

associated with STEMI screening and diagnostic performance using the ≤10 minute 

performance target (Yiadom et al., 2018).  In contrast, the proposal from this thesis would 

identify an optimal time to ECG and measure the associated impact on health outcomes 

offering a significant contribution to the limited published evidence base for the 

recommended ‘FMC-ECG’ time.  

 

Secondly, the FLUME survey highlighted a disconnect in the facilitation of STEMI 

processes, poor access to expert advice/resources across organisational boundaries, a 

need for improved continuing professional development and clearer feedback 

mechanisms. The app-based communication tool for STEMI and stroke management 

being trialled in Victoria during the recruitment phase of the FLUME survey was 

consistently reported by clinicians as a technology that enabled effective STEMI 

management. To my knowledge this trial has been terminated with no further plans to 

proceed. This type of technology is imperative to invest in and evaluate from a public 

health resource perspective if optimisation and refinement of existing processes of care 

are to improve. An opportunity exists to partner and develop an app-based communication 

tool for both the paramedic organisations and health systems in Australia, to address the 

aforementioned barriers and evaluate its effectiveness. 

 

Finally, there is a third factor for consideration and that is the patient’s role in STEMI 

systems of care. While patient related delay has been well described and examined in the 

literature, the duration of ischemia prior to first medical contact is a major contributor to 

total ischemic time. Patient participation in their own care is an essential part of the 

equation in reducing this particular delay in time to treatment, with further research 

warranted in consumer codesign of systems of care to improve access and timeliness of 

STEMI management. 
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8.3 Conclusion 
The combined findings from this PhD indicate that mode and time of presentation, 

advanced age, gender, lack of skills/development and feedback mechanisms all present 

challenges in the delivery of effective and efficient STEMI management. Robust system 

interventions, such as increasing the hours of operation of Cardiac Catheter Laboratories 

and introducing two-way communication and real time feedback for health professionals 

involved in STEMI management could help to address these challenges and strengthen 

existing processes of care.  
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APPENDICES 
 
Appendix 1: Gender subgroup analysis poster  
 

 
  

Differences in characteristics, performance targets and 
outcomes for men and women with STEMI at a large tertiary 

Australian hospital. 
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Figure 1: Histogram of age by gender with univariate analysis.
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Figure 2: Specific time point data stratified by gender.

* Statistically significant using Mann-Whitney u testing
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Methods:

A consecutive all-comer prospective cohort of

922 STEMI patients over nine years was analyzed.

Gender differences were compared using Chi

square analysis, Student’s t-test or Mann-

Whitney u test were appropriate. Cox proportion

hazard modelling was used to determine

independent predictors of 365-day mortality,

controlling for age and comorbid status.

Statistical significance was set at p< 0.05. All

analyses: IBM SPSS for Mac, version 24 (IBM

Corp., N.Y., USA).

Specific aims:

1. Identify differences between men and 

women for  characteristics, specific time 

points of care and health outcomes.

2. Predict whether these differences had an       

independent effect on mortality out to 365 

days.  

Results:

Women represented 20% of the cohort and were

eight years older when compared to men (see

Figure 1).

62 + 12 yrs vs 70 + 13 yrs ; (p<0.001)*

Results: continued

Figure 3: Cox proportion hazard modelling for survival.

Conclusion:

Despite univariate differences in the cohort

analysed , gender was not a predictor of

mortality in multivariate regression. Limitations

of this analysis include the use of single site

observational cohort data. Further analysis

could use a propensity score to match and

examine the influence gender has on health

outcomes on a larger sample size.

Model n=868, X2 = 151.11, df=13, p<0.001

p<0.01*

p=0.07

p=0.19

p=0.05

Male
(n=737)

Female 
(n=185) p value

In business hours (0800-1800hrs Mon-Fri) 270 (37%) 88 (48%) p<0.01*

Out of business hours (1800-0800hrs Mon-Fri, weekends) 467 (63%) 97 (52%) p<0.01*

Self-presentation 155 (21%) 25 (14%) p=0.02*

Regular Ambulance presentation 183 (24%) 78 (42%) p<0.001*

Pre-Hospital Notification Ambulance presentation 399 (54%) 82 (44%) p=0.02*

Atypical symptomology W 81 (11%) 42 (23%) p<0.001*

Slow onset symptomology† 225 (32%) 73 (40%) p<0.03*

Assigned Triage score > 2 42 (6%) 19 (11%) p<0.03*

Atrial Fibrillation on admission 33 (5%) 20 (11%) p<0.01*

TIMI Risk score > 5 159 (22%) 79 (43%) p<0.001*

Achieved time to treatment targets <90 minutes n (%) 587 (80%) 122 (66%) p<0.001*

Symptom onset to Balloon time median (Q1-Q3) 188 (140-342) 209 (153-378) p=0.03*

Length of stay in days median (Q1-Q3) 3.6 (3.0-4.3) 4 (3.0-5.3) p<0.001**

In Hospital Mortality 39 (5.3%) 21 (11.4%) p<0.01*

365-day Mortality 46 (6.2%) 24 (13.0%) p<0.01*

*statistically significant using Student’s t test

Ω Back pain, fatigue, GI distress, palpitations, dizziness/faintness (Shin et al.5); † any typical or atypical pain that is gradual or intermittent in 
nature (O’Donnell et al.6); *Statistically significant using chi square analysis; ** Statistically significant using Mann-Whitney u test.

When multivariate survival analysis was

undertaken adjusting for age and a TIMI risk

score >5, the model demonstrated gender was

not a predictor of all cause 365-day mortality.

Women had a hazard ratio of 1.4 (95% CI 0.78-

2.60); p=0.26 (see Figure 3).

Differences were found between gender for

several characteristics, outcomes and time points

of care as outlined in Table 1 and illustrated in

Figure 2.

Literature suggests older age, atypical

symptomology and higher comorbid condition at

presentation may influence the management of

women presenting with STEMI2-4. We were

interested to know whether similar gender

disparity existed at our institution.

A recent comparison of gender 
in the management of STEMI 
found women experienced 
disparity  in care and 
outcomes1.

Take home message 
Our analysis found gender was not a 
predictor of 365-day mortality after 

controlling for age and comorbid risk.  
References
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As a component of ongoing communication processes, AV requires annual progress reports 
and a final report on completion of the study. You will be emailed the progress report 
approximately four weeks prior to the due date. Progress reports are required to be submitted 
by email. 
 
 
Yours sincerely, 

 
KAREN SMITH 
Manager Research & Evaluation 
On behalf of the Research Committee 
Ambulance Victoria 
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Appendix 6: Ethics approval from Austin Health  
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Appendix 7: Ongoing ethics approval from Austin Health  
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Appendix 8: Distribution of patient arrival time to hospital  
 

 
 


