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Abstract 

Background: Out-of-hospital cardiac arrest (OHCA) is a time critical medical 

emergency that carries substantial societal and economic costs. In Australia, 

approximately 25,000 individuals1 die annually from OHCA, making it one of the 

leading causes of mortality in the country. Although global OHCA survival remains 

low, some regions have reported steady improvements over time. Improvements in 

OHCA survival have resulted from both coordinated initiatives to strengthen the 

‘OHCA chain of survival’ and the establishment of OHCA registries to monitor and 

track the effectiveness of these initiatives. Importantly, population-based studies not 

only provide significant insight into the epidemiology of OHCA but can identify 

potential areas for improvement.  

Despite the plethora of OHCA research, several gaps in the literature remain. Firstly, 

the ‘Utstein resuscitation registry template’ recommends reporting survival to 

hospital discharge (STHD) or alternatively 30-day survival as a core outcome - in 

effect implying a ‘quasi-equivalence’ between the two metrics. However, no research 

to date has investigated this equivalence nor the validity of comparing different 

survival measure across jurisdictions. Secondly, despite a growing trend in 

comorbidity globally, there appears to be little consensus in the literature on the 

effect pre-arrest comorbidity has on OHCA outcomes. Finally, with OHCA survival 

steadily increasing, more focus needs to be placed on the epidemiology of longer-

term OHCA survival. This thesis aims to address these gaps. 

Aim: The overall aim of this doctoral research is to investigate the prognostic 

determinants and long-term survival of OHCA through an exploration of the 

epidemiology of OHCA in the Perth metropolitan area. 

Methods: This thesis is comprised of five discrete studies, all of which have been 

published in peer reviewed journals. The first three studies focus primarily on 

survival within the first 30 days of an arrest while the last two studies focus on 

longer-term survival (survival beyond 30 days). The WA OHCA database was used 

for all retrospective cohort studies. I have briefly outlined the methods and results for 

each of the five studies below. 



Study 1. Majewski D, Ball S, Bailey P, Bray J, Finn J. Trends in out-of-hospital 

cardiac arrest incidence, patient characteristics and survival over 18 years in Perth, 

Western Australia. Resuscitation Plus. 2022;9:100201. 

 

In the first study I conducted a retrospective cohort study of all EMS attended 

OHCAs of presumed cardiac aetiology in the Perth metropolitan area between 2001 

and 2018.  This study aimed to describe the temporal trends of OHCA incidence, 

patient and arrest characteristics, and survival. Trends in patient and arrest 

characteristics were assessed using either logistic or ordinal regression (as 

appropriate). Trends in OHCA incidence were assessed using ‘JoinPoint’ regression, 

while trends in survival (ROSC and 30-day) were examined using multivariate 

logistic regression.  

Results: I found no significant temporal trends in the incidence of OHCA (of 

presumed cardiac aetiology) between 2001 and 2018. Rates of bystander CPR and 

bystander AED defibrillation both increased over the study period, although there 

was a downward trend in the proportion of arrests presenting with shockable 

rhythms. With respect to OHCA survival, I found that 30-day survival significantly 

improved between 2001 and 2018, with the Utstein comparator group survival 

(bystander witnessed, initial ventricular fibrillation (VF)/ventricular tachycardia 

(VT) rhythm arrests) increasing by 12% (95% CI, 9.0% to 14.0%) per annum 

between 2001 and 2018. 

Study 2. Majewski D, Ball S, Bailey P, Bray J, Finn J. Relative long-term survival in 

out-of-hospital cardiac arrest: Is it really improving? Resuscitation. 2020;157:108-

11. 

 

The second study was a retrospective cohort study of patients (≥16 years of age) who 

experienced an OHCA of medical aetiology in the Perth metropolitan area between 

1998 and 2017 and survived at least 30-days following the arrest. In this study I 

aimed to describe the 10-year relative survival of OHCA patients (relative to their 

age- and sex-matched peers) and determine whether 10-year survival increased in-

excess of any increases in the population life expectancy. Relative survival ratios 

were used to model survival and were calculated by dividing ‘observed survival’ of 

the study cohort by the ‘expected survival’ of an age- and sex-matched cohort 

estimated using the Australian Bureau of Statistics (ABS) WA life tables.  



Results: Study 2 included a cohort of 871 initial 30-day OHCA survivors. I found 

that patients experienced only modest reductions in long-term survival, with 84% 

(95% CI, 78% to 90%) of the 10-year survival of the age- and sex-matched general 

population. Furthermore, there was a significant improvement in the relative 10-year 

survival of OHCA patients between 1998-2007 (76% relative survival) and 2008-

2017 (92% relative survival), suggesting that long term OHCA survival has 

improved in-excess of any increases in population life expectancy.  

Study 3. Majewski D, Ball S, Bailey P, Bray J, Finn J. Long-term survival among 

OHCA patients who survive to 30 days: Does initial arrest rhythm remain a 

prognostic determinant? Resuscitation. 2021;162:128-34. 

 

For the third study, I used the same patient cohort as Study 2 to explore whether pre-

hospital factors such as initial presenting arrest rhythm continued to be associated 

with longer term survival in patients who already survived 30 days. Associations 

between 8-year OHCA survival and presenting initial arrest rhythm were assessed 

using a Multi-Resolution Hazard (MRH) estimator model and reported using 1-year 

intervals. 

Results: I found that initial arrest rhythm was significantly associated with longer-

term OHCA survival.  Patients with non-shockable arrests (compared to those with 

shockable arrests) experienced significantly higher mortality in the first (Hazard ratio 

(HR) 3.33, 95% CI 2.12 to 5.32), second (HR 2.58, 95% CI 1.22 to 5.15), third (HR 

2.21, 95% CI 1.02 to 4.42) and fourth (HR 2.21, 95% CI 1.02 to 4.42) year post 

arrest; however, after four years initial arrest rhythm ceased to be significantly 

associated with ongoing survival. 

Study 4. Majewski D, Ball S, Finn J. Systematic review of the relationship between 

comorbidity and out-of-hospital cardiac arrest outcomes. BMJ Open. 

2019;9(11):e031655. 

 

In Study 4, I performed a systematic review of existing literature to investigate the 

association between pre-arrest comorbidity and OHCA outcome. The databases 

MEDLINE, Ovid Embase, Scopus, CINAHL, Cochrane Library and MedNar were 

searched, and papers were included if they: i) reported OHCA of medical aetiology, 

and (2) provided a quantitative comparison between pre-arrest comorbidity and 

OHCA outcome. The primary outcome was STHD and the secondary outcome was 



neurological status post arrest. A meta-analysis was to be performed if the clinical 

and statistical heterogeneity was low. 

Results: A total of 29 observational studies were included in the systematic review 

investigating the association between pre-arrest comorbidity and OHCA outcomes. I 

found a high degree of clinical heterogeneity between the included studies with 

regards to patient recruitment, inclusion criteria, outcome measures and statistical 

methods meaning a meta-analysis of results was not appropriate. Overall, pre-arrest 

comorbidity appeared to be associated with both reduced 30-day survival and poorer 

neurological outcomes following OHCA, although individual results between studies 

varied greatly.  

Study 5.  Majewski D, Ball S, Bailey P, McKenzie N, Bray J, Morgan A, Finn J. 

Survival to hospital discharge is equivalent to 30-day survival as a primary survival 

outcome for out-of-hospital cardiac arrest studies. Resuscitation. 2021;166:43-8. 

 

In the fifth and final study, I conducted a retrospective cohort study of all EMS 

attended OHCAs in the Perth metropolitan area between 1999 and 2018 that had an 

attempted resuscitation (or bystander defibrillation) and were transported to the 

emergency department (ED). The specific aims of this study were to determine the 

concordance between the two survival outcomes, STHD and 30-day survival, and 

explore the characteristics of discordant cases. Concordance between the two 

survival outcomes were tested using McNemar’s test. The findings of this study were 

used to inform selection of the ‘most appropriate’ survival metric for the other 

studies in this thesis. 

Results: This study included a total of 7953 OHCA cases transported to ED. I found 

the reported outcomes for the variables STHD and 30-day survival to be concordant, 

with only 30 cases (0.38%) being discordant for survival outcome. Of the 30 

discordant cases, 15 were reported to have survived to hospital discharge but not 30 

days, and 15 were reported to have survived to 30 days but not to hospital discharge. 

There were no discernible patterns in the characteristics of discordant cases. The 

findings of this study suggest the two survival outcomes reported in the WA OHCA 

database could be considered ‘equivalent’, however this may not be true for other 

OHCA registries.   

 



Conclusion: This research demonstrates that OHCA survival in Perth has improved 

over time, with longer-term survival increasing in-excess of any increases in 

population life expectancy. However, patients presenting with non-shockable initial 

arrest rhythms experience significant ongoing mortality (compared to those with 

shockable arrest rhythms). The findings of this thesis suggest that efforts in Perth 

aimed at strengthening the ‘chain of survival’ have resulted in tangible improvements 

across all OHCA survival measures, however continued reductions in the proportion 

of arrests presenting with shockable rhythms may prove a challenge in the future. 
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Chapter 1 Introduction 

1.1 Introduction 

Globally, out of hospital cardiac arrest (OHCA) survival is low, with less than 10% of victims 

surviving to hospital discharge.2 In the United States, OHCA is estimated to claim the equivalent of 

4 million years of ‘potential life’ annually,3 with an estimated 347,322 OHCA cases4 per annum. In 

Australia, OHCA is responsible for almost $2 billion (AUD) in lost productivity annually; an 

amount comparable to that from all cancers combined.5 Over the last three decades there has been a 

plethora of OHCA research,6, 7 which has helped inform resuscitation science and practical 

initiatives to improve OHCA outcomes. However, despite these developments, OHCA continues to 

pose a substantial global health burden.2, 8  

 

Despite the advancements in resuscitation science, important knowledge gaps remain. Firstly, there 

are few recent studies exploring the long-term temporal changes in OHCA incidence and outcomes. 

Without an understanding of how OHCA patient and arrest factors have evolved over time it is 

difficult to anticipate future demands on emergency medical services (EMS). Secondly, the 

association between pre-arrest patient comorbidity and OHCA outcomes is poorly understood, with 

previous studies reporting conflicting results. Some studies have reported pre-arrest comorbidity 

negatively impacts survival9-11 while others have reported no association.12, 13 Thirdly, although 

shorter-term OHCA survival outcomes (such as survival to 30 days) have been extensively reported,2 

relatively few studies have reported on the longer-term survival outcomes of patients. For example, 

it is unclear whether an OHCA results in any detrimental effects on the life expectancy of survivors. 

Likewise, it’s not clear whether prehospital determinants of short-term survival remain prognostic 

determinants of longer-term survival. Importantly, with an increasing number of patients surviving 

OHCA,14 more attention needs to be placed on examining the longer-term outcomes of OHCA. 

Finally, although substantial progress has been made to standardise the reporting of OHCA 

outcomes,15 definitional variations continue to challenge epidemiological research.8 This includes 

reporting OHCA survival.15 A recent literature reveals that some studies2, 16 report survival to hospital 

discharge (STHD) and 30-day survival separately, while others17-19 combine the two survival 

outcomes. Concordance between the commonly reported OHCA outcomes, STHD and 30-day 

survival, has not been previously verified. 
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1.2 Research Aim and Objectives 

1.2.1 Aim  

The overall aim of this doctoral research is to investigate the prognostic determinants and long-term 

survival of OHCA through an exploration of the epidemiology of OHCA in the Perth metropolitan 

area. 

1.2.2 Specific Research Objectives  

The following research objectives were defined to address the specific research aim above. 

1. To describe the temporal trends of OHCA in Perth, Western Australia (WA). 

Undertake a population-based cohort study of OHCA in Perth to: 

 

a) Explore the temporal trends in the incidence, patient- and arrest-characteristics, and 30-day 

survival of OHCA patients.  

 

2. To determine whether OHCA patients who survive at least 30-days following an arrest 

experience a reduction in subsequent survival compared to the age- and sex-matched 

general population. 

Undertake a population-based cohort study of long-term OHCA survival to: 

b) Explore the long-term survival of initial (30-day) OHCA survivors relative to the age- and 

sex-matched general population; and 

c) Determine whether there have been any improvements over time in the long-term (10-year) 

survival of initial OHCA survivors, independent of any increases in population life 

expectancy. 

 

3. To determine whether longer term survival in initial 30-day OHCA survivors differs by 

initial arrest rhythm. 

Undertake a population-based cohort study of long-term OHCA survival to: 

 

d) Explore the association of initial arrest rhythm on long-term survival in a cohort of 30-day 

survivors; and 

e) Determine whether any other prehospital patient and arrest factors have an association with 

the long-term survival of OHCA patients. 
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4. Examine the effects of pre-arrest comorbidity on OHCA outcomes. 

Undertake a systematic review and meta-analysis (if possible) of existing published literature 

to: 

 

f) Examine the association between pre-arrest comorbidity and OHCA survival and 

neurological outcome. 

 

5. To determine whether the commonly reported OHCA outcomes, survival to hospital 

discharge (STHD) and 30-day survival, can be considered equivalent survival outcomes. 

Undertake a population-based cohort study to compare survival outcomes at 30 days and at hospital 

discharge to: 

 

g) Ascertain the concordance between STHD and 30-day survival; and 

h) Explore the characteristics of OHCA cases that are discordant for survival. 

1.3 Thesis Approach 

This thesis is structured using a ‘thesis by compilation’ approach and comprises eight chapters. 

Chapter One provides an overview of the aims of this thesis while Chapter Two provides a contextual 

overview of OHCA, with particular emphasis on the WA context. Chapters 3-7 are comprised of five 

individual studies which have been published in peer reviewed journals. Chapter Three consists of a 

population-based retrospective cohort study of the trends in OHCA incidence, prehospital 

characteristics, and 30-day survival in the Perth metropolitan area between 2001 and 2018. Chapter 

Four consists of a retrospective cohort study to explore the longer-term OHCA survival of patients 

who initially survived at least 30 days following their arrest. Specifically, I investigated the 10-year 

survival of OHCA patients relative to the age- and sex- matched general population. I further explored 

long-term survival in Chapter Five by conducting a retrospective cohort study to determine whether 

pre-hospital factors, such as initial presenting arrest rhythm, continued to be associated with longer 

term OHCA survival.  In Chapter Six, I present a systematic review of the literature on the association 

between pre-arrest comorbidity and OHCA survival and neurological outcomes. Finally, in Chapter 

Seven I present a retrospective cohort study where I explore the equivalence of the two Utstein15 

recommended survival outcomes, 30-day OHCA survival and STHD. Chapter Eight provides a 

discussion of the key findings of my doctoral research, identifies potential limitations, and includes 
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recommendations for future research. Table 1 below shows how the specific research objectives are 

addressed by each chapter in this thesis. 

Table 1. Overview of thesis chapters. 

Chapter Description Aim Objective 

1 Introduction   

2 Background 

A brief contextual overview of OHCA and EMS in Perth, WA. This 

includes an overview of EMS data collection process and a 

description of the WA OHCA registry.  

An overview of the study methodology used in this thesis. 

  

3 Temporal trends in OHCA 

Paper published: Majewski D, Ball S, Bailey P, Bray J, Finn J. 
Trends in out-of-hospital cardiac arrest incidence, patient 

characteristics and survival over 18 years in Perth, Western 

Australia. Resuscitation Plus. 2022;9:100201. 

(1) a 

4 Long term OHCA survival 

Paper published: Majewski D, Ball S, Bailey P, Bray J, Finn J. 

Relative long-term survival in out-of-hospital cardiac arrest: Is it 

really improving? Resuscitation. 2020;157:108-11. 

 

(2) b,c 

5 

 

Factors associated with long-term OHCA survival 

Paper published: Majewski D, Ball S, Bailey P, Bray J, Finn J. 
Long-term survival among OHCA patients who survive to 30 

days: Does initial arrest rhythm remain a prognostic 

determinant? Resuscitation. 2021;162:128-34 

(3) d,e 

6 Pre-arrest Comorbidity and OHCA Outcomes 

Paper published: Majewski D, Ball S, Finn J. Systematic review of 

the relationship between comorbidity and out-of-hospital cardiac 

arrest outcomes. BMJ Open. 2019;9(11):e031655 

 

(4) f 

7  Measuring OHCA Survival Outcomes 

Published paper: Majewski D, Ball S, Bailey P, McKenzie N, Bray J, 

Morgan A, Finn J. Survival to hospital discharge is equivalent to 30-

day survival as a primary survival outcome for out-of-hospital 

cardiac arrest studies. Resuscitation. 2021;166:43-8. 

(5) g,h 

8 Discussion, Recommendations and Concluding Remarks 
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Chapter 2 Background 

The purpose of this chapter is to provide an overview of OHCA, with a focus on the Perth, WA 

context. Specifically, it provides an overview of the EMS in Perth and the OHCA data collection 

process relevant to this thesis. 

 

2.1 Out-of-Hospital Cardiac Arrests 

2.1.1 Definition 

Commonly, the terms ‘cardiac arrest’ and ‘heart attack’ are used interchangeably; even though the 

two conditions are distinctly different.20 A heart attack is where blood supply to one, or more of the 

coronary arteries is interrupted, resulting in ischemic damage to the heart muscle – however, 

crucially, the heart continues to pump blood.21 On the other hand, a cardiac arrest is a time-critical 

medical emergency that occurs when the effective mechanical pumping activity of the heart ceases, 

and there is an absence of circulatory output;22 resulting in a loss of consciousness. However, it is 

important to acknowledge that a heart attack itself may lead to a cardiac arrest. 

 

Cardiac arrests are broadly categorised depending on the setting they occur. Arrests that occur in a 

hospital setting are termed ‘in hospital cardiac arrests’ (IHCA), while those occurring outside of a 

hospital setting are termed ‘out-of-hospital cardiac arrests.’ Distinguishing between the two 

categories of arrests is important, as they tend to vary by both the patient characteristics and 

outcome.23  

2.1.2 Incidence and Survival 

In a recent global study, the annual incidence of EMS-treated OHCA (i.e where EMS attempted 

resuscitative efforts) was reported to be between 30 and 97.1 persons per 100,000.17 In Australia, the 

combined annual crude incidence of OHCA (of all aetiologies) in 2019 was reported to be 107.9 per 

100,000 person-years; with 43.5% of OHCA cases being treated by EMS.1 In WA, the crude OHCA 

incidence was reported to be 94.4 persons19 per 100,000 population in 2015, and 103.8 persons1 per 

100,000 population in 2019. 
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A 2020 systematic review,2 that included 141 studies, reported pooled OHCA survival rates (among 

adult patients who received CPR) for: ‘return of spontaneous circulation’ (ROSC) as 29.7%, STHD 

as 8.8%, and 1-year survival as 7.7%. Survival rates in the Oceania region tend to be higher,2 with a 

recent Aus-ROC study reporting 30-day survival of 12.5% in 2019 among patients with an EMS 

attempted resuscitation.1 However, this Aus-ROC study showed that OHCA survival varied between 

jurisdictions, from 9.9% in the state of WA to 14.4% in the state of Queensland.1 Regional variations 

in OHCA outcomes have been previously reported, with a 2008 USA study24 finding survival can 

vary as high as 7-fold between different jurisdictions.  Some have suggested that the so-called ‘Utstein 

factors’ (e.g. arrest witness status, provision of bystander CPR, initial presenting arrest rhythm, EMS 

response time)25 may be responsible for around half of this variation in OHCA survival.26 

2.1.3 Management 

Chain of Survival 

The ‘OHCA chain of survival’ concept (Figure 1) has been adopted as the mainstay of OHCA 

management globally.27 The chain of survival refers to a series of linked key actions that are part of 

an optimized resuscitative process known to improve survival, as follows: [1] early recognition and 

activation of emergency response, [2] early provision of CPR, [3] rapid defibrillation, [4] provision 

of advanced life support (ALS), [5] post cardiac arrest care and [6] finally the recovery period 

(which includes additional treatment, support or observation).28 The ‘chain of survival’ stresses the 

importance of a whole system response to cardiac arrests to achieve the best outcomes – from 

bystanders (in the general public), to the EMS and finally to the hospitals.   

 

 

 

Figure 1. The OHCA chain of survival29 
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2.2 OHCA Data 

2.2.1 Research 

In 1992, the International Liaison Committee on Resuscitation (ILCOR) was formed with 

representatives from various national resuscitation groups to provide a consensus summary of the 

scientific literature, and provide evidence-based resuscitation guidance.30 Although ILCOR initially 

envisaged to provide resuscitation guidance to healthcare providers, since 201531 it has also 

expanded to provide consensus statements on first aid– again demonstrating the importance of 

involving the public to improve outcomes.   

2.2.2 Utstein Definitions 

In 1990, under the auspices of the group of resuscitation experts who would subsequently form the 

ILCOR, an inaugural meeting took place at the Utstein Abbey in Norway, to establish a consensus 

for the uniform reporting of OHCA outcomes.32, 33 This became known as the ‘Utstein Style’,33 first 

published in 1991,32 with subsequent updates in 200434 and 2015.15 The Utstein Style template is 

composed of both core and supplementary data elements. The core elements represent the minimum 

variables recommended to be collected for OHCA quality improvement purposes and which all 

OHCA registries should aim to capture and report.15
   In contrast, the supplementary elements are 

those variables which are desirable for reporting but not essential for quality improvement purposes.15 

For reporting longer term survival the Utstein Style recommends reporting either STHD or 

alternatively, 30-day survival.25 

2.2.3 Prognostic Determinants of OHCA  

Several of the Utstein reporting elements have been shown to be important determinants of OHCA 

survival.22, 35  Each of these elements can be broadly categorised as either patient, arrest, or systems-

of-care factors. A description of each of these is provided below. 

 

Patient factors 

A 2015 study36 which recruited 101,968 OHCA patients from the CARES (Cardiac Arrest Registry 

to Enhance Survival) registry, found that advanced patient age was associated with a reduction in 

STHD. Similarly, a 2019 Japanese study37 reported a detrimental association between advanced 

patient age and 30-day survival. A 2017 study from Melbourne38 reported that increasing levels of 
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pre-arrest patient comorbidity were independently associated with reduced odds of both STHD and 

survival with good neurological outcome. With respect to socioeconomic status, a 2020 systematic 

review39 reported that low socioeconomic status (as opposed to a high socioeconomic status) was 

associated with reduced odds of STHD. Patient sex has also been associated with OHCA survival,40 

although there appears to be some uncertainty regarding the direction of this association, with two41, 

42 recent systematic reviews reporting significant, albeit, conflicting findings. One 2020 systematic 

review41 (“Sex differences in survival after out-of-hospital cardiac arrest: a meta-analysis”) found 

that females had a substantially lower chance of survival in comparison to males. However the other 

2021 systematic review42 (“Gender differences and survival after an out-of-hospital cardiac arrest: 

a systematic review and meta-analysis”) found that females actually had a significant survival 

advantage in comparison to males. Despite this discrepancy, both reviews commented that females 

were more likely to have unfavourable patient and arrest characteristics (i.e. older age and 

unwitnessed arrest) in comparison to males.41, 42 

 

Arrest factors 

Initial cardiac arrest rhythm is considered one of the most important predictors of OHCA survival, 

with shockable arresting rhythms associated with substantially higher odds of STHD then non-

shockable ryhthms.43, 44 In fact, a systematic review by Sassan et al found that OHCA patients who 

arrested with a shockable rhythm experienced survival odds that were between 3 to 20 fold higher 

then patients who arrested with non-shockable rhythms.45 Other arrest characteristics associated 

with OHCA survival include the witness status of an arrest and arrest location.40 More specifically, 

OHCAs that are witnessed45 (either by EMS or a bystander) and/or occur in a public locations,46, 47 

are associated with a greater odds of STHD. 

 

Systems of care factors 

The chances of survival following an OHCA decrease by 7-10% for each minute without 

resuscitative efforts.48 Given this, both early bystander recognition of an arrest and rapid activation 

of EMS are crucial elements in the chain of survival.49, 50 Likewise, the provision of high quality51 

bystander CPR52, 53 and early bystander AED defibrillation53, 54 have been shown to result in 

substantially better odds of OHCA survival. The OHCA chain of survival also emphasises the early 

provision of advanced life support (ALS) to increase the chances of patient survival.55  Indeed a 

2018 study56 that investigated the benefit of prehospital ALS patient care reported that patients who 
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receive ALS care (as opposed to basic life support) from EMS had higher odds of survival (STHD). 

However, the authors of this study cautioned that the survival benefit was conditional on the ALS 

care being provided early in the resuscitation process. Unsurprisingly therefore, shorter EMS 

response times following an OHCA are associated with greater odds of STHD.53  Lastly, the ‘chain 

of survival’ concepts also emphasises the delivery of in-hospital post-resuscitation care to improve 

survival outcomes.50, 57 However recent studies58, 59  appear to call into question the efficacy of 

some elements of post resuscitation care.  

 

Several of the factors discussed above, such as bystander CPR,52 bystander AED use,54 post arrest 

care,57 and patient age60 also appear to be confounded to some extent by initial arrest rhythm. A 

2020 study60 that used machine learning techniques to identify the most important factors associated 

with 30-day OHCA survival in a cohort of 45,000 arrests, found that (in order of importance) initial 

arrest rhythm, patient age, time to CPR, EMS response time and the location of arrest were the most 

important factors associated with OHCA survival. Interestingly, this study found that Automated 

External Defibrillator (AED) use was not among the most important independent predictors of 

survival since it was highly associated with the initial arrest rhythm. Furthermore, this study also 

found that for non-shockable arrests, patient age was by far the most important predictor of 

survival.60 A 2020 systematic review39 also found that socioeconomic status was associated with 

OHCA outcome, with low socioeconomic status being associated with reduced OHCA survival. 

Furthermore, patient pre-arrest comorbidity has also been shown to be associated with reduced 

OHCA survival.40, 61 Given the apparent dominance of the initial arresting rhythm amongst the 

prognostic factors, this thesis will place greater attention on this factor over others.   
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2.3 Context 

2.3.1 Setting 

Perth is both the capital and largest city of the state of Western Australia (WA). The greater Perth 

area occupies 6400 km2 and stretches approximately 150 km along the south west coast of 

Australia.62 The estimated population of the Perth metropolitan area in 2018 was 2.06 million with 

the population having grown 41% between 2001 and 2018.63  In 2018, the median age of the Perth 

population was 36.4 years, with 19.4% of the population aged 60 years or over.64  

2.3.2 St John WA 

The exclusive provider of EMS in Perth is St John Western Australia (SJ-WA), a not-for-profit 

charitable organisation which first began EMS operations in Perth in 1922.65 SJ-WA operates a 

single tiered advanced life support (ALS) EMS, with ambulances dispatched from 34 depots located 

across the Perth metropolitan area. In the 12 months to 30-Jun-2019, SJ-WA EMS responded to a 

total of 185,318 calls in the Perth metropolitan area.66 In addition to EMS, SJ-WA also operates a 

non-emergency patient transport services, event health service and multiple urgent care centres 

offering general medicine, dental, allied health and radiology services. The SJ-WA State Operations 

Centre in Perth responds to all ‘000’ (like ‘911’ in the USA) medical emergency calls from the 

public and dispatches EMS using the Medical Priority Dispatch System (MPDS).67 Emergency calls 

where the patient is suspected of being in cardiac arrest are assigned a ‘Priority 1’ (light and sirens 

response) code and two ambulances are immediately dispatched in addition to either a clinical 

support paramedic (CSP) or area manager who respond in a third vehicle.  

2.3.3 Staffing 

SJ-WA ambulances in metropolitan Perth are staffed either by two paramedics, or a paramedic and 

ambulance officer crew. Ambulance officers are student paramedics who complete a paramedic 

degree whilst concurrently working full time at SJ-WA under the guidance of a paramedic mentor. 

Since 2004, when the first paramedic degree was established in WA,68 SJ-WA paramedics have 

become predominantly degree qualified with the paramedic profession gaining national registration 

in 2018.69 SJ-WA paramedics are all ALS trained and have a scope of practice that includes 

endotracheal tube intubation, needle chest decompression, emergency surgical airways, manual 

defibrillation and both intravenous and intraosseous vascular access.70 In contrast, the clinical skills 
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and procedures that can be performed by ambulance officers generally depends on their stage of 

training and are clearly defined by the SJ-WA skills matrix.71 In addition to ambulance officers and 

paramedics, SJ-WA also employs CSP and area managers in the metropolitan area who generally 

respond to more critical calls (such as OHCA) and provide leadership roles. SJ-WA also employs a 

small number of critical care paramedics70 with additional training and expanded scope of practice 

who respond to calls by helicopter.  However, they very seldom respond to calls within the Perth 

metropolitan area. 

2.3.4 Clinical Practice Guidelines 

The scope and standard of clinical care delivered by EMS staff in WA are defined by the SJ-WA 

clinical practice guidelines (CPGs).72 The SJ-WA CPGs70 for  the prehospital management of 

OHCA are based on the Australian Resuscitation Council (ARC) ALS guidelines.73 These CPGs 

also provide guidance on when paramedics may withhold or terminate resuscitative efforts, such as 

when resuscitative efforts are futile or when advanced directives are in place.74 

2.3.5 Changes to St John WA OHCA Management 

Over the years, there have been several important changes to SJ-WA clinical practice and policy in 

relation to OHCA.  I will briefly mention the most important changes that have occurred during the 

study periods relevant to this thesis. 

 

ALS medication 

Prior to 2006 SJ-WA did not administer cardiac arrest drugs (such as adrenaline) during 

resuscitative efforts due to a lack of evidence for their efficacy. However, between August 2006 and 

November 2009 SJ-WA conducted a randomised double-blind placebo-controlled trial to 

investigate the efficacy of adrenaline use in OHCA.75 The trial ultimately found that adrenaline 

increased ROSC but was under-powered to demonstrate a definite effect on  STHD.75 However, in 

light of international practice, SJ-WA subsequently introduced both adrenaline and the anti-

arrhythmic drug amiodarone for the prehospital management of OHCA. 

 

Increased emphasis on resuscitation attempts 

In 2009 there was a large push by the ARC to increase OHCA resuscitation rates by promoting that 

“any attempt at resuscitation is better than no attempt”.76 This philosophy was strongly promoted to 
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SJ-WA EMS staff by the late Prof. Ian Jacobs, who was at the time both the Chair of the ARC and 

the Clinical Director at SJ-WA.  

 

Mechanical chest compression 

Between 2013-2014 SJ-WA implemented the use of the LUCAS (Lund University Cardiac Assist 

System)77 device for OHCA in the Perth metropolitan area. The LUCAS device is a mechanical 

chest compression apparatus that ensures continuous chest compressions during patient movement 

and transport to hospital.78  The LUCAS device is carried by SJ-WA area managers and CSP who 

respond to all OHCA, in addition to ambulance paramedic crews. 

 

CPR  

In 2005 ILCOR recommended79 the compression-to-ventilation ratio provided in CPR be increased 

from 15:2 to the current ratio of 30:2.  This recommendation was implemented in the 2006 SJ-WA 

CPGs. In addition to this, in July 2014 SJ-WA introduced CPR feedback devices into all 

ambulances in the Perth metropolitan area to monitor and improve CPR quality80; although use by 

paramedics was variable.81  
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2.3.6 Hospitals 

Patients who experience an OHCA in the Perth metropolitan area, and who either achieve ROSC on 

scene, or receive ongoing CPR from paramedics, are transported to one of ten hospital ED located 

in the Perth metropolitan area (Figure 1).82 All receiving hospitals are public except for St John of 

God Midland, which is privately run on behalf of the WA Health Department. Cardiac arrests of 

traumatic aetiology are transported to the closest hospital with available trauma services (with the 

state trauma unit located at Royal Perth Hospital being the preferred destination).  

 

Overall, 69% of OHCA patients who are admitted to hospital are managed in the intensive care unit 

(ICU); with a median duration of ICU stay (for both survivors and non-survivors) of 2 days 

(Interquartile range (IQR); 1-5 days).83, 84 Patients who are not admitted to ICU are admitted to 

other areas of the hospital (e.g. coronary care units and general wards). Post-resuscitation care 

provided by receiving hospitals is not standardised; however, the care provided is consistent with 

the Australian and New Zealand Committee on Resuscitation (ANCOR)85 guidelines.  Moreover, all 

of the EDs are staffed by Specialist Emergency Physicians with Fellowship of the Australasian 

College for Emergency Medicine (FACEM)86 and ICU staffed by Specialist Intensive Care 

Physicians with Fellowship of the College of Intensive Care Medicine (FCICM).87  

 

        

        Figure 2. Location of hospitals in the Perth metropolitan area. 
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2.3.7 Data Sources 

WA OHCA Registry 

The WA OHCA Registry,65 established in 1996 by the late Professor Ian Jacobs, is the oldest 

continuously operating OHCA registry in Australia and New Zealand. The registry is maintained by 

staff at the Prehospital Resuscitation and Emergency Care Research Unit (PRECRU) located at Curtin 

University, in WA. The registry records all OHCA cases attended by SJ-WA in the Perth metropolitan 

area, and since 2014, all OHCA in rural/remote WA.  The registry contains detailed arrest information 

derived from SJ-WA ambulance patient care records (PCRs) and computer-aided dispatch data. The 

registry records all core variables recommended by the Utstein Resuscitation Registry Template for 

OHCA.25       

New cases are routinely screened for inclusion in the WA OHCA registry from SJ-WA patient data. 

A set of sensitive but not specific criteria are applied by PRECRU (Curtin University) to select 

potential OHCA cases from SJ-WA’s electronic patient care records (ePCR) and computer-aided 

dispatch (CAD) data. A research nurse at PRECRU then scrutinises the details of potential cases to 

identify those that satisfy the registry’s formal inclusion criteria. Inclusions are where there is 

unequivocal evidence that the patient: 

(1) Is unconscious, pulseless, and not breathing (or has ‘agonal’, gasping breaths) on 

arrival of SJ-WA; or 

(2) Becomes unconscious, pulseless, and not breathing (or has ‘agonal’, gasping breaths) 

in the presence of SJ-WA (i.e. EMS-witnessed arrests); or 

(3) Has a pulse on arrival of SJ-WA, having been successfully defibrillated by a bystander 

prior to the arrival of SJ-WA. 

Excluded are: 

(1) Any patients who suffer a cardiac arrest in a hospital facility where SJ-WA may be in 

attendance but where SJ-WA are not the primary care providers; or 

(2) Any patients who suffer a cardiac arrest during an inter-hospital transfer where SJ-

WA may be providing transport but where SJ-WA are not the primary care providers; or 

(3) Any patients where the bystander or lay person suspected a cardiac arrest, but the 

patient was not in cardiac arrest on arrival of SJ-WA, and no defibrillation by bystanders has 
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occurred (thus, provision of bystander CPR on a patient is not itself treated as an inclusion 

criterion); and 

(4) Any patients where there is a brief episode of pulselessness where SJ-WA did not 

provide CPR or defibrillation (and where there is no other evidence of the patient arresting). 

 

 

 
The WA OHCA registry records both the core outcome variable of ‘survived-to-hospital discharge’ 

as well as the alternative outcome 30-day OHCA survival. All OHCA cases from the Perth 

metropolitan area transported to a hospital ED (as opposed to being pronounced deceased on scene 

or expired in transit to hospital) are followed up by a dedicated research nurse who performs a manual 

review of each patient’s medical record (these reviews are done in-person at the relevant hospital; not 

from a hospital registry). Patient variables extracted from medical records include (but are not limited 

to); survival to ED discharge (yes/no), patient disposition from ED (transfer to another hospital, 

discharge to patient home/aged care/rehabilitation facility, admittance to hospital ward or hospital 

ICU), patient neurological status at hospital discharge,88 total hospital length of stay and whether the 

patient survived to hospital discharge. Patient neurological status post arrest88 is assessed using the 

cerebral performance category (CPC), which is a graded five-point scale of neurological function 

where: CPC 1 is indicative of a good cerebral performance; CPC 2 is indicative of a moderate cerebral 

disability; CPC 3 is indicative of severe cerebral disability; CPC 4 is indicative of a coma or 

vegetative state and finally CPC 5 is indicative of brain death.89, 90  Importantly, all OHCA cases are 

scrutinised for consistency between the EMS PCR and the medical records.  

 

The WA death registry (primary data source), together with the Perth Metropolitan Cemeteries Board 

database and EMS PCR forms (both secondary data sources) are used to determine 30-day survival 

of all OHCA patients. Specifically, 30-day survival status (yes/no) is determined by a dedicated 

PRECRU staff member who uses a combination of patient identifiers such as name, address, date of 

birth and date of arrest to identify a record in the WA death registry. If no match is found with the 

death registry, the Perth Metropolitan Cemeteries Board database is searched. If no match is found in 

the Cemeteries Board database, the ambulance PCR record is then scrutinized for any details that 

indicate the patient had not survived. Where a death date has been determined through these methods, 

the date of death is subtracted from the date of arrest, and an appropriate 30-day survival status is 
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recorded; else 30-day survival is recorded as ‘yes’ where there is no evidence of the patient having 

died.  

Other survival variables recorded in the WA OHCA registry include (1) ROSC at ED (also referred 

to as ‘Survived Event’) – i.e., return of spontaneous circulation at the time of transfer of care to 

medical staff at the receiving hospital; and (2) Any ROSC – i.e., return of spontaneous circulation at 

any time during the EMS resuscitation attempt. Both these variables are determined for each 

individual patient, by manual scrutiny of the electronic patient care records by PRECRU research 

staff. 

 

Other OHCA variables 

The WA OHCA registry also includes data on a range of variables, consistent with the Utstein 

guidelines. Below is a list of the variables used in this thesis: 

• Patient characteristics 

- Age (in years; or unknown) 

- Sex (female; male; unspecified; unknown)  

• Arrest characteristics 

- Aetiology (traumatic cause; poisoning/drug overdose; drowning; electrocution; asphyxia; 

malignancy/palliative; presumed cardiac) 

- Witnessed status (EMS-witnessed; bystander-witnessed; unwitnessed, unknown) 

- Arrest location (private residence; residential aged care facility; public location; other; 

unknown). 

- Initial arrest rhythm (Ventricular Fibrillation, VF; Ventricular Tachycardia, VT; Asystole; 

Pulseless Electrical Activity, PEA; AED non-shockable; AED-shockable; unknown) 

• Pre-ambulance care  

- Bystander CPR provided before EMS arrival (yes; no; unknown) 

- Bystander AED pads applied (yes; no; unknown) 

- Bystander AED shock delivered (yes; no; unknown) 

• Management of the patient by EMS 

- Response time (from call-answer by SJ-WA to arrival of first crew, in decimal minutes) 

- EMS resuscitation attempt provided [CPR provided by EMS and/or defibrillation by 

EMS] (yes; no; Do Not Resuscitate, DNR; unknown).  NB: DNR in the WA OHCA 
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registry refers both to cases where (1) EMS did not start resuscitation due to a DNR order, 

and (2) EMS resuscitation was stopped prior to meeting clinical criteria due to a DNR 

order. 

• Supplementary outcomes 

- Scene outcome (patient died on scene; was transported to hospital; unknown) 

 

Where possible, data are automatically imported from the electronic patient care record (e.g., date-

of-birth data is used to derive the patient’s age at the time of the arrest). However, data coding for a 

large number of variables in the WA OHCA registry involves manual scrutiny by dedicated PRECRU 

research staff, of the electronic patient care records for each OHCA patient, including free-text 

Examination Text (case notes).  

 

Personal identifiers are used as part of the WA OHCA registry, for matching OHCA records with 

hospital survival follow-up data, matching with the death registry, and for internal matching (e.g., to 

distinguish patients in ambulance incidents that have more than one patient). However, for this thesis 

(as with other research projects involving the WA OHCA registry), the unit data were supplied with 

personal identifiers removed (i.e., name, date-of-birth, address, location of arrest). 

 

Several processes help provide quality assurance over the WA OHCA registry data. During the initial 

screening of potential cases, the research nurse will tentatively include (and flag for group review) 

any cases where there is ambiguity about inclusion. In addition, the research staff who undertake the 

subsequent coding of variables also flag for group review any cases with ambiguity about inclusion, 

as well as any ambiguities about the coding of variables. The broader PRECRU team who manage 

the WA OHCA registry then review flagged cases in monthly meetings, in reference to the inclusion 

and coding criteria, documenting the final coding reasons for each case under review. 
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Chapter 3 Temporal trends in OHCA 

3.1 Overview  

This chapter explores temporal trends in the incidence and outcomes of OHCA (of presumed 

cardiac aetiology) in the Perth metropolitan area over an 18-year period. The findings are reported 

in a manuscript published in the peer reviewed journal Resuscitation Plus. This manuscript is 

presented in section 3.4. 

 

Majewski D, Ball S, Bailey P, Bray J, Finn J. Trends in out-of-hospital cardiac arrest 

incidence, patient characteristics and survival over 18 years in Perth, Western Australia. 

Resuscitation Plus. 2022;9:100201. 

 

3.2 Background and Rationale  

Prior to my thesis, there was only one existing study investigating the temporal trends of OHCA of 

presumed cardiac aetiology for the Perth metropolitan area, published in 2014.91 That study looked 

at the trends in incidence, but not outcomes, to 2010. Therefore, the aim of this chapter is to provide 

an up-to-date, comprehensive description of the temporal trends in the incidence, patient and arrest 

characteristics, and 30-day survival of OHCA cases of presumed cardiac aetiology in metropolitan 

Perth from 2001 to 2018. 

 

3.3 Methodology 

Study design: 

To address the aim of this chapter, I conducted a population-based retrospective cohort study of 

patients (of all ages) who experienced an OHCA in metropolitan Perth between 2001 and 2018.  

The study cohort was recruited from the WA OHCA registry. The three primary outcomes assessed 

were the temporal trends in OHCA: 1) incidence, 2) patient and arrest characteristics, and 3) 

survival. To be included in the study, patients had to have experienced an arrest of presumed 

cardiac aetiology (as defined by the 2004 Utstein guidelines)34 and been attended by SJ-WA EMS.  
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I decided to focus on arrests of presumed cardiac aetiology since this aetiology makes up 70% of 

arrests in WA and they tend to have a more homogenous underlying pathology.92 

 

Statistical analysis: 

The annual OHCA incidence rates (OHCA cases per 100,000 person-years) were reported using 

crude incidence (to explore overall changes in incidence); age- and sex-specific incidence (to 

explore changes in incidence within specific demographic groups); and finally age standardised 

incidence rate (ASIR) (to explore changes in incidence while excluding demographic changes). 

Furthermore, given the importance of certain patient and arrest factors to OHCA survival, ASIRs 

were also determined specifically for cases of EMS-attempted resuscitation, and the Utstein 

comparator group (bystander-witnessed arrests with initial shockable arrest rhythm). Age and sex-

specific incidence rates were calculated using annual estimates of the Perth resident population by 

age and sex, from the Australian Bureau of Statistics (ABS). Those same population reference data, 

in combination with the 2001 Australian (national) population standard93 (also from the ABS), were 

used to generate ASIR values using the direct method of standardisation. Temporal trends in OHCA 

incidence rates were evaluated using Joinpoint regression94 and reported as Annual Percentage 

Change (APC). Joinpoint regression was selected as it has several advantages over other statistical 

techniques. Firstly, Joinpoint regression allows for the analysis of multiple intra-period changes in 

trend.95 This was an important consideration for this study as shifts in patient demographics, or 

advancements in medical care, over the study period could result in substantial intra-period 

variations in incidence. Secondly, unlike some other statistical methods for assessing trend, 

Joinpoint regression uses quantitative methods to identify statistically significant time points of 

changing trend.95 Temporal trends in patient and arrest characteristics (of the study cohort) were 

assessed using either logistic regression (for dichotomous variables) or ordinal logistic regression 

(for any ordinal variables). The survival was assessed for two outcomes: ROSC (on arrival to the 

ED) and survival to 30 days. The annual survival rates were presented as a proportion of: 1) those 

that received an EMS-attempted resuscitation and 2) the Utstein comparator group (bystander 

witnessed arrests that presented with an initial shockable arrest rhythm).  Temporal trends in annual 

survival rate were assessed using logistic regression. 
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3.4 Manuscript 
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3.5 Manuscript Appendix  

Table 2. Joinpoint analysis showing the annual percent change (APC) in incidence of OHCA of presumed cardiac 

aetiology attended by EMS in Perth WA between 2001 and 2018 (Supplementary Table 1). 

 Joinpoint APC       95% CI 

Crude 2001 to 

2012 
0.0 

-1.2 to 1.2 

2012 to 

2015 
10.8 

-4.5 to 28.5 

2015 to 

2018 
-1.6 

-8.1 to 5.4 

2001 to 

2018 
1.5 

-1.1 to 4.2 

ASIR 2001 to 

2012 
-0.7 

-1.9 to 0.6 

2012 to 

2015 
10.7 

-5.3 to 29.3 

2015 to 

2018 
-3.3 

-9.9 to 3.9 

2001 to 

2018 
0.8 

-1.9 to 3.5 

ASIR EMS 

attempted 

resus 

2001 to 

2004 
-7.3 

-13.4 to -0.8 

2004 to 

2011 
1.4 

-0.9 to 3.8 

2011 to 

2015 
13.4 

7.7 to 19.5 

2015 to 

2018 
-8.3 

-12.6 to -3.8 

2001 to 

2018 
0.7 

-1.0 to 2.4 

ASIR 

Utstein 

comparator 

group 

2001 to 

2007 
-7.5 

-15.6 to 1.4 

2007 to 

2018 
4.7 

1.1 to 8.4 

2001 to 

2018 
0.2 

-3.3 to 3.8 

Male 0-14  2001 to 

2018 
2.3 

-3.0 to 7.9 

Male 15-39 2001 to 

2011 
0.6 

-5.1 to 6.5 

2011 to 

2018 
12.5 

4.8 to 20.7 

2001 to 

2018 
5.3 

1.2 to 9.6 

Male 40-64  2001 to 

2018 
3.2 

2.1 to 4.2 
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Male 65-79  2001 to 

2011 
-3.0 

-4.4 to -1.6  

2011 to 

2018 
2.1 

-0.1 to 4.3 

2001 to 

2018 
-0.9 

-2.0 to 0.2 

Male 80+  2001 to 

2018 
0.4 

-0.6 to 1.4 

Female 0-14 2001 to 

2018 
-0.4 

-0.5 to 4.5 

Female 15-

39 

2001 to 

2018 
2.2 

-0.3 to 4.8 

Female 40-

64 

2001 to 

2018 
4.4 

3.1 to 5.8 

Female 65-

79 

2001 to 

2011 
-4.1 

-7.1 to -0.9 

2011 to 

2018 
5.3 

0.3 to 10.5 

2001 to 

2018 
-0.3 

-2.7 to 2.2 

Female 80+ 2001 to 

2018 
1.9 

0.9 to 2.8 
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Figure 3. Trends in age- and sex-specific incidence rates of OHCA of presumed cardiac aetiology attended by 

EMS between 2001 and 2018 in Perth WA in patients; a) under 40 years of age, b) between 40 and 79 

years of age and c) patients 80 years or older (Supplementary Figure 1). 

                  Statistically significant positive trend between 2001 and 2018 (p < 0.05). 

                          Statistically significant negative trend between 2001 and 2018 (p < 0.05). 
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3.6 Summary of Chapter Findings 

• 30-day survival in the Utstein comparator group (bystander witnessed arrests with initial 

shockable arrest rhythm), saw 5-fold improvement over an 18-year period. 

• Rates of bystander CPR increased. 

Although very rare events overall, rates of bystander AED delivered shocks      

•      have increased. 

• There was a steady decline in the proportion of ventricular fibrillation (VF)/ventricular 

tachycardia (VT) arrests. 

• OHCA incidence increased substantially in males, aged 15 to 39 years, between 2011 

and 2018. The reason for this finding needs further investigation. 

 

Addendums:  

• In Table 1 of the manuscript, the variable labelled “Attempted Resus” should be understood 

to mean a resuscitation attempt by EMS. 

• In Figure 2(i) and 2(ii) of the manuscript, the y-axis labels should be interpreted as follows:  

Figure 2(i): Proportion of all OHCA with an EMS attempted resuscitation who 

attained ROSC at ED/survived to 30 days.  

Figure 2(ii): Proportion of all Utstein comparator group arrests (i.e., OHCA that 

were bystander witnessed, had an initial shockable arrest rhythm, and an EMS 

attempted resuscitation) who attained ROSC at ED/survived to 30 days. 
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Chapter 4 Long term OHCA Survival Overview 

4.1 Overview 

This chapter examines the long-term survival of initial (30-day) OHCA survivors, relative to the 

age-and sex-matched general population, in the Perth metropolitan area over a 20-year period. The 

findings are reported in a manuscript published in the peer-reviewed journal Resuscitation. This 

manuscript is presented in section 4.4. 

 

Majewski D, Ball S, Bailey P, Bray J, Finn J. Relative long-term survival in out-of-hospital 

cardiac arrest: Is it really improving? Resuscitation. 2020;157:108-11. 

 

4.2 Background and Rationale  

The bulk of OHCA research has predominantly focused on short-term survival outcomes (STHD or 

30-day survival). However, with global OHCA survival rates increasing over the last 40 years,2 

greater focus on the longer-term prognosis of initial OHCA survivors is needed. Although an 

increasing number of studies have reported on the longer-term outcomes of initial OHCA survivors, 

these studies have been unable to address several important questions.  Firstly, it is unclear whether 

an OHCA patient who initially survives their arrest (STHD or 30-day survival) will incur a 

reduction in life expectancy in comparison to the age- and sex-matched general population. 

Secondly, it is unclear whether long-term survival has shown improvement over time that is in-

excess of any increases in the underlying population life expectancy. To address these questions, 

this chapter will examine the 10-year survival of OHCA patients (who survived 30 days following 

their arrest) relative to the age- and sex-matched general population, in the Perth metropolitan area 

between 1998 and 2017.  

 

4.3 Methodology 

Study design: 

To address the aims of this chapter I conducted a population-based, retrospective cohort study of all 

patients ≥16 years of age, who experienced an OHCA in the Perth metropolitan area between 1998 

and 2017 and survived at least 30 days following their arrest. To be included in the study patients 
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had to have experienced an arrest of presumed medical aetiology (as defined by the 2015 Utstein 

guidelines), received an attempted resuscitation by EMS staff (or alternatively received a bystander 

AED shock) and have been a resident of WA at the time of arrest (to reduce the risk of out-of-state 

patient migration and therefore loss to follow-up). The study cohort was recruited from the WA 

OHCA registry. 

 

Data Sources:  

As the WA OHCA registry only records patient aetiology according to an earlier version of the 

Utstein template style, I manually re-coded patient aetiology according to the most recent 2014 

Utstein template style for all OHCA between 1999 and 2017 where patients survived at least 30 

days. Re-coding of aetiology was performed on the basis of a number of variables recorded in the 

WA OHCA registry, including: recorded aetiology, problem code, and paramedic ‘free text’ 

description of the circumstances surrounding the arrest. 

 

Statistical analysis: 

To address the objectives of this chapter, an approach was required that could statistically compare 

the long-term survival of OHCA patients with that of the general population. One possible approach 

was to match each OHCA patient from the cohort to a control subject (of the same age and sex) 

sourced from the same underlying general population. However, challenges associated with the 

identification and recruitment of appropriate96 controls made this approach impractical. Instead, I 

utilised a statistical technique known as relative survival97 which is broadly defined as a ratio of 

observed survival (of the patient cohort) and expected survival (of an age- and sex-matched cohort). 

The major advantage of relative survival is that the expected survival can be estimated using 

population life tables (i.e. without the need to recruit an actual control group).  

Both the overall and relative 10-year survival of initial OHCA patients was explored, with estimates 

of 1-, 5- and 10-year survival post arrest provided. The overall survival was estimated using 

Kaplan-Meier while relative survival (relative to the age and sex matched general population) was 

estimated using the Ederer II method98, 99 and the WA population life tables provided by the ABS. 

Any changes in the long-term survival of OHCA patients over time was explored by comparing the 

10-year relative survival between the first decade (1998 to 2007) and second decade (2008-2017) of 

the study. Differences in survival between groups was assessed using the Log Rank test at a 5% 

statistical significance. All statistical analysis was performed using the ‘relsurv’ package in “R”.  
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4.4 Manuscript 

 
 



62 

 

 



63 

 
 

 



64 

 
 

 



65 

4.5 Manuscript Appendix 

Table 3. Baseline characteristics of cohort by decade of arrest (Supplementary Table 1). 

 Total     1998 – 2007     2008 – 2017 Chi 

squared 

Age  n % n % p-value 

16-39 87 12 (5.1) 75 (11.8) <0.001 

40-64 407 90 (38.0) 317 (50.0)  

65-79 279 101 (42.6) 178 (28.1)  

≥80 98 34 (14.3) 64 (10.1)  

Sex       

Male 657 170 (71.8) 487 (76.8) 0.12 

Witness status       

Unwitnessed 200 42 (17.7) 158 (24.9) 0.001 

Bystander 386 95 (24.6) 291 (75.4)  

EMS 285 100 (42.2) 185 (29.2)  

Arrest location       

Residence 520 144 (60.8) 376 (59.3) 0.70 

Public 351 93 (39.2) 258 (40.7)  

Bystander CPR       

Nil 415 149 (62.9) 266 (42.0) <0.001 

Yes 456 88 (37.1) 368 (58.0)  

EMS response time       

< 10 minutes 716 195 (82.3) 521 (82.2) 0.97 

≥ 10 minutes 155 42 (17.7) 113 (17.8)  

Bystander defibrillation       

Nil 799 235 (99.2) 564 (89.0) <0.001 

Yes 72 2 (0.8) 70 (11.0)  

Initial Arrest Rhythm       

Shockable 718 201 (84.8) 517 (81.5) 0.26 

Non-shockable 153 36 (15.2) 117 (18.5)  
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Figure 4. Ten year relative survival curves stratified by (a) sex, and (b) age group at time of arrest (Supplementary 

Figure 1). 
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4.6 Summary of Chapter Findings 

• OHCA patients, who initially survived 30 days following their arrest, only have a small to 

moderate reduction in 10-year survival compared to age- and sex-matched general 

population. 

 

• Long-term OHCA survival has been improving over time, with the improvements being in-

excess of any increases in the general population life expectancy. 
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Chapter 5 Factors associated with Long-term OHCA 

Survival 

5.1 Overview 

This chapter explores the association between initial arrest rhythm and the long-term survival of 

initial (30-day) OHCA survivors, in the Perth metropolitan area over a 20-year period. The findings 

are reported in a manuscript published in the peer-reviewed journal Resuscitation.  This manuscript 

is presented in section 5.4. 

 

Majewski D, Ball S, Bailey P, Bray J, Finn J. Long-term survival among OHCA patients who 

survive to 30 days: Does initial arrest rhythm remain a prognostic determinant? 

Resuscitation. 2021;162:128-34. 

 

5.2 Background and Rationale 

In Chapter 4, I found that 30-day OHCA survivors experienced a small, but statistically significant 

reduction in long-term survival when compared to the age- and sex-matched general population. 

However, it is unclear whether this reduction in ongoing survival is inherent to all OHCA survivors, 

or whether it is associated with prehospital factors. Initial presenting arrest rhythm has been shown 

to be one of the most important prehospital predictors of short-term (i.e 30-day or STHD) OHCA 

survival; however its association with longer-term survival outcomes is less well understood.60 

Therefore, this chapter aims to explore the association between initial arrest rhythm and long-term 

survival in a cohort of initial 30-day OHCA survivors. 

 

5.3 Methodology 

Study design: 

To address the aim of this chapter I conducted population-based, retrospective cohort study using 

the same study cohort described in Chapter 4. As a reminder, this cohort consisted of: All EMS 

attended adult (≥16 years of age) OHCAs of presumed medical aetiology, who survived at least 30 

days following their arrest, in Perth between 1998 and 2017.    
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Statistical analysis: 

I had initially planned to use a Cox proportional hazard regression model to explore the long-term 

mortality risk of initial OHCA survivors, however the assumption of proportional hazards (PH) was 

violated for the covariate of interest (initial cardiac arrest rhythm). I therefore opted to use the 

Multi-Resolution Hazard (MRH) estimator function available in the statistical program “R”. The 

MRH estimator is a semi-parametric, Bayesian based statistical method that can estimate hazard 

rates with covariates that do not display PH.100-104  

The association between initial arresting rhythm (i.e. shockable vs non-shockable) and 8-year 

survival was assessed using a MRH estimator for 1-year intervals of time. Pruning (please see 

manuscript appendix in Chapter 5 for a detailed explanation) was applied to the MRH model as it 

has been shown to provide more robust estimates in cases of low interval counts.105 Both unadjusted 

and adjusted (for the Utstein factors) mortality hazard rate estimates were produced. 
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5.4 Manuscript 
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5.5 Manuscript Appendix 

 

Appendix A 

 

Rationale for applying MRH methodology 

An examination of the Schoenfeld residuals in our study cohort revealed that the assumption of PH 

for shockable and non-shockable arrest rhythm was violated. The non-compliance of initial arrest 

rhythm with the PH assumption of the Cox model has been reported by others.1 This has important 

implications for long term survival OHCA studies which commonly utilise Cox PH regression for 

multivariate analysis. A key assumption of this method is that all covariates must exhibit PH over 

the study period. Options to satisfy the PH assumption have traditionally been limited to either 

performing a time dependent Cox regression analysis or stratified (by initial arrest rhythm) Cox 

regression analysis. However, modelling arrest rhythm as a time dependent covariate would be 

statistically inappropriate as can be seen from our findings (i.e. the hazards are only non-

proportional for a limited time). On the other hand stratifying the model by initial arrest rhythm 

would not permit evaluation of the stratification covariate.  Likewise, applying a Cox PH regression 

model in cases were the PH assumptions are not met, or even tested, is statistically inappropriate 

and may produce erroneous results.2 In cases where PH are not met, we would recommend the use 

of the MRH estimator to model long term survival. The MHR estimator method has been 

mathematically validated and tested with real-world and simulated data and found to provide 

comparable results to more established statistical techniques.3-7 Covariates with non-PHs can be 

included in the MRH estimator model by applying a non-proportional hazard function [npn()] 

modifier while all covariates with PH can be included without the modifier.   

For our study, default MRH estimator settings in R were used, while the model ‘resolution’ was set 

at M=3. All unadjusted and adjusted MRH estimator models within our study converged within 

100,000 Markov chain Monte Carlo (MCMC) iterations. Pruning was applied to both adjusted and 

unadjusted models to improve model performance (as confirmed using model diagnostic measures 

as the Deviance Information Criterion (DIC), Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC). 

 

Simplified MRH primer 

The following is a simplified primer for the MRH estimator method used in this paper. It has been 

written to aid the reader of the accompanying paper develop a basic conceptual understanding of the 

MRH method.  The mathematical complexities of the MRH method have been intentionally 
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simplified or omitted in this document. For a detailed mathematical explanation of the MRH 

method please refer to the papers cited here3-7.  

The MRH model estimates the mortality hazard rate function h(t), by approximating a piece-wise 

hazard function composed of 2𝑀 (where M can be any positive integer) intervals; with each interval 

containing a constant estimate of the hazard rate for that interval. Prior to running the MRH model 

using the statistical software package R, a value for ‘M’ must be selected by the user.  As already 

mentioned, the value of ‘M’ determines the number of hazard interval splits in the final MRH 

model according to the expression 2𝑀.  However, the duration of each one of these intervals is itself 

dependent on both the value of M and the length of the study follow-up where; 

𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

2𝑀
.  Therefore, selections for the follow-up length and the 

value of M should be made concurrently, with selection guided by two important considerations. 

Firstly, the selection of both values should result in clinically meaningful interval lengths; and 

secondly they should be selected to produce intervals of sufficient duration so that every interval 

contains at least a few ‘events’.  With these considerations in mind, we selected a follow-up length 

of 8-years and an M=3.  This resulted in eight (23), 1-year intervals, with each interval containing a 

constant hazard rate estimate (See figure 1 below). 

 

 

Figure 5. MRH partition of the follow-up length (Supplementary Figure 1). 

 

 

                                                         ℎ(𝑡) ≅ ℎ(𝑡𝑖) =

{
 
 
 
 

 
 
 
 
𝐻1       𝑓𝑜𝑟         0 ≤ 𝑡 <  1
𝐻2       𝑓𝑜𝑟          1 ≤ 𝑡 < 2
𝐻3       𝑓𝑜𝑟          2 ≤ 𝑡 < 3 
𝐻4        𝑓𝑜𝑟          3 ≤ 𝑡 < 4
𝐻5       𝑓𝑜𝑟          4 ≤ 𝑡 < 5
𝐻6       𝑓𝑜𝑟          5 ≤ 𝑡 < 6
𝐻7       𝑓𝑜𝑟          6 ≤ 𝑡 < 7  
𝐻8       𝑓𝑜𝑟          7 ≤ 𝑡 ≤ 8

 

 

Where the sum of the interval hazards gives the cumulative hazard rate H:  
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𝐻𝑐𝑢𝑚𝑎𝑙𝑎𝑡𝑖𝑣𝑒 =∑𝐻𝑖

8

𝑖=1

= 𝐻1 + 𝐻2 + 𝐻3 + 𝐻4 + 𝐻5 + 𝐻6 +𝐻7 + 𝐻8 

 

Therefore, the MRH method provides an approximation for the 8-year hazard rate function (a 

continuous function) by utilizing a discrete piece-wise function; with each time interval represented 

by an estimate of a constant hazard. 

 

In the following section we describe how the MRH method estimates the hazard rate for each of the 

eight intervals shown in figure 1. The MRH method is based on an iterative binary partition of the 

time axes modelled using a binary ‘probability tree’. More precisely, the MRH model is represented 

by a number of discrete ‘levels’ (in our case 4), with each ‘level’ (from 0 to 3) containing the 8-year 

follow-up period partitioned into progressively smaller sub-intervals according 2𝑀 (where M=0 -> 

M=3). Hence, our MRH model is composed of the following four levels; level 0 contains a single 

[20] 8-year observation interval, level 1 contains two [21] 4-year intervals, level 2 contains four 

[22] 2-year intervals and lastly level 3 contains eight [23] 1-year intervals (our final level from 

figure 1).  This probability-tree model is shown in Figure 2 below were 𝐻𝑗,𝑖 represents the i-th 

interval hazard of the j-th level. 

 

 

 

Figure 6. The MRH tree with follow-up time split into smaller sub-intervals at each subsequent level 

(Supplementary Figure 2). 
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In this section we explain how the hazards for each of the time intervals (across all levels) shown in 

figure 2 are estimated. The MRH method uses a semiparametric Bayesian approach to estimate 

hazard rates for all intervals, with the Bayesian aspect practically implemented using a Markov 

Chain Monte Carlo sampling algorithm. Hazard rates are continually estimated for each interval in 

every level (figure 2) starting from level 0 down to the final level 3.  The MRH method estimates 

the hazard rate for each interval by sampling from a hypothetical probability distribution (developed 

by the MRH) specific for that interval. These hypothetical probability distributions are modelled on 

some underlying ‘assumed’ probability distribution (e.g. Poisson) which are standardised to the 

observations of our data sample (i.e. the distribution is fitted to our cohort sample) for that specific 

time interval. This again highlights why it is crucial that each interval within our data set contain at 

least some failure events (so that the hypothetical distribution can be standardized).  Returning to 

the hazard estimate process, once a hazard is sampled from the probability distribution for that 

interval, it is compared to the estimate from the proceeding ‘level’ and then used to ‘adjust’ the 

probability distribution for the original interval. For example, the estimate for interval 𝐻2,0 (Figure 

2) is determined by sampling from the probability distribution for that interval, comparing it to the 

estimate from the proceeding interval 𝐻1,0, and then ‘adjusting’ the probability distribution for that 

interval (interval 𝐻2,0) based on whether the estimate is above or below. This ‘retrospective’ nature 

of the MRH method is why it can provide strong hazard estimates even when interval event counts 

are low, as it basically ‘borrows’ information from the proceeding interval (which has a larger time 

length and therefore more ‘events’).  This process is undertaken for all intervals starting from level 

0 and ending at level 3.  The process is then repeated through many iterations with each iteration 

effectively updating each hazard interval estimate. Over many iterations this results in increasingly 

‘better’ hazard approximations.  Finally, the MRH method has an optional ‘pruning’ function. The 

MRH pruning function merges adjacent ‘intervals’ in any of the ‘M’ levels of the Polya tree that are 

deemed to be statistically similar.  By appropriately merging adjacent time intervals the event count 

for the merged interval is increased, ultimately reducing estimate uncertainty. The advantage of the 

MRH pruning technique is that it provides robust estimates even in situations where interval ‘event’ 

counts are low.  
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5.6 Summary of Chapter Findings 

 

• 30-day OHCA survivors have a substantially greater mortality risk in the initial years 

following an arrest if they had a non-shockable (as opposed to shockable) initial arrest 

rhythm.  

 

• Besides initial arrest rhythm and patient age, there were no other measured prehospital 

factors that were associated with an increased long-term mortality risk. 
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Chapter 6 Pre-arrest Comorbidity and OHCA Outcomes 

Overview 

6.1 Overview 

This chapter explores the association between pre-arrest comorbidity and OHCA outcomes by 

performing a systematic review of the literature.  The findings of this research are reported in a 

manuscript published in the peer-reviewed journal BMJ Open.   

 

Majewski D, Ball S, Finn J. Systematic review of the relationship between comorbidity and 

out-of-hospital cardiac arrest outcomes. BMJ Open. 2019;9(11):e031655. 

 

6.2 Background and Rationale 

One of the findings in Chapter 3 was that even after accounting for Utstein variables, a steep temporal 

trend in OHCA survival was still evident. Previous studies26, 44 have indicated that prehospital factors 

explain between 41%44 and 51%26 of the variation in STHD across EMS services, suggesting that a 

large part of the variation in survival outcome may be attributed to other un-accounted for factors. 

Several studies have proposed that patient comorbidity may play a substantial role in OHCA survival, 

whether directly, or as a confounder of initial arrest rhythm.44, 106, 107 However, to date, there remains 

no clear consensus in the resuscitation community on this issue. Therefore, I undertook a systematic 

review of the literature to determine the association between pre-arrest comorbidity and OHCA 

patient survival and neurological outcomes. 

 

6.3 Methodology 

Study design 

Originally, I had planned to use the WA OHCA registry to conduct a retrospective cohort study 

with patient comorbidity status ascertained from the EMS PCR.  However, on examining a sample 

of OHCA cases, I noted that the comorbidity status was generally non-specific, with many cases 

having a recorded comorbidity of ‘other’. Given this, I decided not to proceed with this study 
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design. Instead, I decided to address the aims of this chapter by conducting a systematic review of 

the literature. To identify relevant studies, the databases MEDLINE, Ovid Embase, Scopus, 

CINAHL, Cochrane Library and MedNar were searched from inception to 31 December 2021. To 

be included in the review studies had to: 1) include cases of OHCA of medical aetiology,25 and 2) 

provide a quantitative comparison between pre-arrest patient comorbidity and either OHCA 

survival (30-day or STHD) or neurological outcome post arrest (or both). Study types excluded 

from this review included: editorials, case studies/case reports/case series, commentaries, 

conference abstracts, opinion pieces and letters. The Newcastle-Ottawa Quality Assessment Scale 

for cohort studies was used to assess the risk of bias. A meta-analysis of the included studies was 

planned if clinically appropriate and if the statistical heterogeneity across the studies was under 

50% (i.e. I2<0.5). 
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6.4 Manuscript 
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6.5 Manuscript Appendix 

Table 4. Survival to hospital discharge/30-day survival data (Supplementary Table 1). 
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Table 5. Neurological outcome data (Supplementary Table 2). 
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Table 6. Newcastle-Ottawa quality assessment scale for cohort studies (Supplementary Table 3). 
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Figure 7. Forest plot showing unadjusted odds ratios of individual comorbidities on survival to hospital discharge 

(Supplementary Figure 1). 
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Figure 8. Forest plot showing unadjusted odds ratios of comorbidity burden on survival to hospital discharge 

(Supplementary Figure 2). 
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6.6 Update of Literature Review 

The initial literature search strategy identified eligible studies up to the 31st of December, 2018. To 

update this review with recent literature, I re-ran the search strategy to identify any additional 

studies from the last run date (31st December, 2018) to the 31st December 2021.  The search 

identified four eligible studies which are outlined in Table 7 below. 

 

Table 7. Characteristics of studies identified in the updated search that examine pre-arrest comorbidity and OHCA 

outcomes. 

Study ID Country Study Design Cases Enrolm

ent 

   Period 

Reported 

Outcome 

Comorbidity Source of 

comorbidity 

data 

Inclusion Criteria Age 

(years) 

Jung et al 

2019* 

South Korea Cross-sectional  

 

 

11,610 2012 –

2016 

Survival to 

hospital 

discharge, 
neurological 

outcome 

(CPC) 
 

Hypertension  Medical record 

review 

All EMS treated of 

presumed cardiac 

aetiology that 
survived to 

hospital admission.  

≥ 19 

Mohr et al 

2020* 

Denmark Retrospective 

cohort 

28,955 2001-

2014 

30-day 

survival 

Diabetes Danish 

National 

Patient Registry 

All OHCA of 

presumed cardiac 

origin that had 
EMS or bystander 

attempted CPR. 

≥ 18 

Dumas et 
al  2021 

 

France Prospective 
cohort 

777 Jan 2012 
– Sep 

2017 

Early 
mortality at 

hospital 

discharge 

CCI=1-3,  
CCI ≥ 4 

Prospectively 
collected 

during ICU stay 

All non-traumatic 
OHCA who 

achieved ROSC 

and were admitted 
to a French cardiac 

arrest-receiving 

centre 

Adults 

Van 

Dongen et 

al. 
2021 * 

North Holland 

province, 

Netherlands 

Retrospective 

cohort 

3760 2010-

2016 

Survival to 

hospital 

discharge 

Heart disease Patients general 

practitioner 

All EMS-attended 

OHCA of 

presumed cardiac 
origin 

≥ 18 

 

 

 

The studies listed in Table 7 all investigated the association between comorbidity and OHCA 

outcome, however they differed with respect to cohort definition, assessment of comorbidity 

burden, reported outcome and statistical analysis. The study by Jung et al.108 recruited OHCA 

patients who survived to hospital admission and reported on the association between pre-arrest 

hypertension and both, survival outcome (STHD) and neurological outcome (defined as CPC of 1 

or 2).  Jung et al.108 found that hypertension was associated with increased odds of both STHD  

(adjusted Odds Ratio (aOR) 1.13; 95% confidence interval (CI), 1.01-1.27) and good neurological 

outcome (aOR 1.18; 95% CI: 1.04-1.35) after adjusting for confounding factors and other co-

morbidities (diabetes, chronic heart disease, chronic renal disease). The authors concluded that a 

pre-arrest history of hypertension appeared to be a prognostic factor for positive OHCA 

outcomes.108 Although the authors of this study were unable to explain the reason for this finding, 
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they speculated that patients with a history of hypertension may be more aware of ischemic heart 

symptoms and therefore alert EMS services sooner. 

 

The study by Mohr et al.109 recruited all OHCAs, with an EMS attempted resuscitation or bystander 

CPR, and investigated the association between pre-arrest diabetes and 30-day OHCA survival. The 

patient cohort in this study could potentially have some overlap with that of an earlier study13 (also 

reporting on diabetes) included in the systematic review (small potential overlap in study region and 

study period). However, the earlier study only provided unadjusted results for the effects of diabetes 

on mortality.  The authors109 reported that pre-arrest diabetes was significantly associated with 

reduced 30-day OHCA survival in both, the crude (aOR 0.56; 95% CI, 0.49-0.64) and adjusted 

(adjusted for prehospital factors and other comorbidities) models (aOR 0.56; 95% CI, 0.48-0.65).  

 

The study by Dumas et al.110 recruited all non-traumatic OHCA, who achieved ROSC, and were 

admitted to a cardiac arrest receiving centre. This study, reporting on the association between pre-

arrest comorbidity (assessed using the CCI) and early mortality at hospital discharge, found that a 

CCI of 1-3 and a CCI ≥ 4 were both associated with significantly higher mortality at hospital 

discharge (compared to a CCI of 0). The authors also reported that only chronic obstructive 

pulmonary disease (of all component conditions assessed by CCI) was independently associated 

with a significantly higher risk of mortality. This study also reported that comorbidity burden was 

associated with poorer neurological outcomes, however the authors did not provide any data 

supporting this finding in the manuscript. 

 

Lastly, the study by Van Dongen et al.111 recruited all EMS attended OHCA of presumed cardiac 

aetiology and reported the association between pre-arrest heart disease and STHD. This study also 

had a potential cohort overlap (patients aged  ≥ 70 years) with an earlier study112 included in my 

systematic review, however the earlier study only reported on neurological outcomes while this 

study reported only survival outcomes. Van Dongen et al.111 reported that although a pre-arrest 

diagnosis of heart disease was associated with increased odds of surviving to hospital admission, 

there were no significant associations with survival to hospital discharge in either the crude (Odds 

Ratio (OR) 0.96; 95%, 0.82-1.11) or adjusted (aOR 1.09; 95% CI, 0.90-1.32) models.  

 

The four108-111 new studies identified in the updated literature search appear congruent with the 

earlier findings of the published systematic review, namely that; i) a pre-arrest history of diabetes or 

a CCI ≥ 1 are generally associated with poorer OHCA survival and, ii) a pre-arrest history of heart 
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disease tends not to be significantly associated with OHCA survival. Finally, these four studies 

display the same substantial clinical heterogeneity as the studies included in my original systematic 

review. 

6.7 Summary of Chapter Findings 

• There is weak evidence to suggest that overall, pre-arrest comorbidity may be associated 

with reduced survival and poorer neurological outcomes. 

 

• Overall, a pre-arrest history of diabetes was generally associated with reduced OHCA 

survival, while a pre-arrest history of heart disease was generally not associated with OHCA 

survival. 

 

• There was substantial clinical heterogeneity between the included studies in relation to: 

patient recruitment, inclusion criteria, outcome measures and statistical methods utilized for 

analysis. 
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Chapter 7 Measuring OHCA Survival Outcomes  

7.1 Overview 

This chapter explores the equivalence of two commonly reported OHCA survival outcomes; STHD 

and 30-days survival. The findings of this study are reported in an article published in the peer 

review journal Resuscitation. This article is presented in section 7.4. 

 

Majewski D, Ball S, Bailey P, McKenzie N, Bray J, Morgan A, Finn J. Survival to hospital 

discharge is equivalent to 30-day survival as a primary survival outcome for out-of-hospital 

cardiac arrest studies. Resuscitation. 2021;166:43-8. 

 

7.2 Background and Rationale 

The 2015 ‘Utstein Resuscitation Registry Template for OHCA’ recommends OHCA registries 

report patient survival outcome as either STHD, or alternatively 30-day survival.25 As a result, these 

two outcomes are considered to have a de facto equivalence, with many studies combining the two 

outcomes.17-19 However, to date, no studies have assessed the true equivalence of these survival 

outcomes, nor have they explored the potential benefits or pitfalls of either metric. As the WA 

OHCA Registry routinely records both STHD and 30-day survival, the aim of this chapter was to 

examine the equivalence of these two survival outcomes in the context of the WA OHCA database.  

 

7.3 Methodology 

Study design: 

To address the research aims of this chapter, I conducted a population-based, retrospective cohort 

study of patients who experienced an EMS-attended OHCA (of any aetiology in Perth, WA), 

between the 1st of January 1999 and the 31st of December 2018. To be included in the study 

patients had to have: received either an EMS attempted resuscitation or bystander AED shock and 

been transported (by EMS) and admitted to a hospital ED (with either a ROSC or CPR in progress). 

The rational for only including those patients transported to the ED (with either ROSC or CPR in 

progress) was to ensure that all patients within the study cohort would have been eligible to receive 
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a ‘survival-to-hospital discharge’ status (i.e. yes/no). The outcomes of interest were 30-day survival, 

and STHD. The study cohort was sourced from the WA OHCA registry. 

 

Statistical Analysis:  

To test the equivalence of the two survival metrics (i.e. STHD and 30-day survival), both the 

‘agreement’ (i.e. concordance) and systematic bias,113 were assessed. The agreement (reported as a 

percentage) refers to how often the two survival metrics, STHD and 30-day survival, agreed on the 

‘survival status’ (i.e. survived/died) for each individual patient. The systematic bias refers to any 

intrinsic bias in either of the survival metrics that potentially favours reporting one survival status 

(i.e. survived or died) over the other. This type of bias is particularly important in this study as the 

two survival metrics (STHD and 30-day survival) actually assess different survival milestones, 

opening the possibility that one metric may indeed favour one type of outcome. The systematic bias 

was assessed using McNemar’s test with a significant p-value indicating the presence of bias (i.e. p-

value < 0.05).113, 114 Lastly, the characteristics of discordant cases were explored by tabulating 

discordant cases against a range of demographic and peri-arrest factors. 
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7.4 Manuscript 
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7.5 Manuscript Appendix 

Table 8. Agreement between survival to hospital discharge and 30-day survival (Supplementary Table 1). 

                          30-day survival  

               Yes               No        Total 

STHD 
Yes           1081                15  

1096 
(13.78%) 

No              15                6842 
6857 
(86.22%) 

 Total 1096 (13.78%) 6857 (86.22%) 7953 (100%) 
McNemar test:  Chi-square < 0.001, Asymptotic Significance p > 0.999 
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Table 9. Comparison of characteristics between 'types' of discordant cases (Supplementary Table 2). 

 STHD = Yes; 

30-day survival=No 

                  n = 15 

30-day survival = Yes; 

STHD=No 

                            n = 15 

Bystander AED shock, n (%)     

Yes 2 (13.3) 0 (0.0) 

Sex, n (%)     

Male 9 (60.0) 12 (80.0) 

Initial cardiac arrest rhythm     

VF 6 (40.0) 4 (26.7) 

VT 0 (0.0) 0 (0.0) 

PEA 5 (33.3) 8 (53.3) 

Asystole 3 (20.0) 3 (20.0) 

Unknown 1 (6.7) 0 (0.0) 

Arrest aetiology     

Presumed cardiac 12 (80.0) 11 (73.3) 

Respiratory 2 (13.3) 1 (6.7) 

Drug overdose 1 (6.7) 1 (6.7) 

Trauma 0 (0.0) 2 (13.3) 

ROSC     

Yes 14 (93.3) 12 (80.0) 

No 1 (6.7) 3 (20.0) 

Arrest witness status     

EMS witnessed 3 (20.0) 2 (13.3) 

Bystander witnessed 9 (60.0) 5 (33.3) 

Unwitnessed 3 (20.0) 8 (53.3) 

Ambulance response time     

≤ 10 mins 12 (80.0) 11 (73.3) 

>10 mins 3 (20.0) 4 (26.7) 

Arrest location     

Private residence 8 (53.3) 11 (73.3) 

Public 2 (13.3) 4 (26.7) 

Aged or residential 

care 

5 (33.3) 0 (0.0) 

Bystander CPR     

Yes 8 (53.3) 7 (46.7) 

No 7 (46.7) 8 (53.3) 

Patient age group     

 0-17 0 (0.0) 2 (13.3) 

18-39 1 (6.7) 5 (33.3) 

40-64 4 (26.7) 4 (26.7) 

65-79 4 (26.7) 2 (13.3) 

≥80 6 (40.0) 2 (13.3) 

Arrest year     

1999-2003 2 (13.3) 1 (6.7) 

2004-2008 1 (6.7) 2 (13.3) 

2009-2013 2 (13.3) 7 (46.7) 

2014-2018 10 (66.7) 5 (33.3) 

Length of hospital stay,  

median days (IQR) 

3 (0-7) 39 (31-67) 

Overall survival,  

median days (IQR) 

10 (5-18) 39 (31-67) 
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7.6 Post-hoc Comments Regarding Results 

The percent agreement between the two survival metrics (STHD and 30-day survival) were found to 

be 99.6%. Given the very high level of agreement between the two survival metrics, as well as the 

large sample size (n = 7,953), statistical assessment of the agreement  using Cohen’s kappa coefficient 

was unnecessary.115  The McNemar test, assessing the systematic bias between the two survival 

metrics (STHD and 30-day survival), produced a highly non-significant p-value (i.e. p > 0.999), 

suggesting there is likely no systematic bias present. 

 

7.7 Summary of Chapter Findings 

• In the WA OHCA registry, survival-to-hospital discharge, and 30-day OHCA survival were 

found to be highly concordant (99.6%) and therefore, could be considered equivalent survival 

metrics. 

• There were no characteristic patterns observed in the 30 discordant OHCA cases nor any 

significant evidence of systematic bias between the measures. 
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Chapter 8 Thesis Discussion 

8.1 Overview 

The primary objective of this thesis was to investigate the prognostic determinants of long-term 

OHCA survival through an exploration of the epidemiology of OHCA in the Perth metropolitan 

area. This objective was addressed by five individual studies, all of which have been published in 

peer reviewed journals and presented in Chapters 3-7 of this thesis. In the following sections I 

discuss the key findings of these studies, their relation to each other, and to the overall aim of this 

thesis. Lastly, I discuss the limitations of my research, as well as recommendations for future 

research, before providing my final concluding remarks.  

 

8.2 Discussion of Key Findings 

8.2.1 Trends in OHCA survival 

In Chapter 3, I analysed the temporal trends in 30-day OHCA survival in the Perth metropolitan area 

between 2001 and 2018. Overall, I found there was a substantial improvement in 30-day OHCA 

survival between 2001 and 2018. The greatest improvement was in the Utstein comparator group, 

where 30-day survival increased from 8.4% in 2001 to 44% in 2018; corresponding to a 5-fold 

improvement over an 18-year period. The upward trend in survival is not unique to Perth. A 2021 

study from Taipei reported that the percentage of OHCA patients who STHD increased almost two-

fold between 2008-2009 (5.4% ) and 2016-2017 (10.1%).116  In another study from Toronto (Canada), 

survival-to-hospital discharge doubled between 2006 (4.8%) and 2013 (9.4%).117  In Singapore, both 

the overall 30-day survival, and Utstein comparator group 30-day survival increased between 2011 

and 2016, from 3.6% to 6.5%, and 11.6% to 23.1% respectively.118 Similar to the findings of my 

study, most studies reported substantial increase over time in the provision of bystander CPR116-118 

and bystander AED117, 118 use, likely contributing to the improvement in survival.117 More broadly, a 

2020 systematic review2 found that OHCA survival increased over the last 40 years, from a pooled 

STHD rate of 8.6% during the 1976-1999 period (based on 80 studies with a combined cohort of 4851 

patients) to a pooled rate of 9.9% during the 2010-2019 period (based on 25 studies with a combined 

cohort of 10,483 patients). 
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I found the proportion of OHCA presenting with shockable rhythms has been steadily declining over 

time in the Perth metropolitan area. This decline is particularly concerning given the strong positive 

association between shockable rhythms and OHCA survival;60 and the fact that ‘programs aimed at 

enhancing early defibrillation, although effective, could have less benefit than anticipated’.119 This 

declining trend in shockable rhythm is not unique to Perth, with several other Australian120, 121 and 

international43, 122 jurisdictions reporting similar findings.43, 123 The reason for this trend is not well 

understood although several possible explanatory factors have been proposed such as: increasing 

patient comorbidity,124 use of Beta blocker medicications125 and other treatments for coronary artery 

disease,126 increasing EMS response times,127 or simply changes in patient case mix (e.g. patient age 

and sex).126, 128 Although determining the reason for this change was not an objective of my thesis, I 

can confidently state (based on the study data) that changes in EMS response times were not a factor.  

In fact, EMS response times in Perth had decreased slightly over the 2001 to 2018 period. 

8.2.2 Relative Long-term OHCA survival 

Studies investigating the long-term survival of OHCA patients have traditionally examined survival 

in ‘absolute’ terms. However, this is open to the possibility that a component of the long-term 

mortality of OHCA patients is independent of the OHCA event itself. That is, some mortality is 

likely to be unrelated to any impacts of the OHCA event, or to the antecedents of the cardiac arrest, 

including any comorbidities, lifestyle factors or genetic factors that are associated with OHCA 

patients; but instead potentially attributable to the population background mortality. To put it 

simply, when we follow a cohort over time, people can die for a wide variety of reasons, some of 

which are independent of our factor of interest. Extending this concept to the context of temporal 

trends, an improvement in long-term OHCA survival over time could be partially (or even entirely) 

due to a change in background population mortality. For these reasons, it is important to estimate 

OHCA survival relative to the background population survival, in order to determine the mortality 

that is specifically associated with OHCA patients.  

 

Between 1998 and 2017 the 10-year relative survival of initial (30-day) OHCA survivors in the 

Perth metropolitan area was 84% (relative to the age- and sex-matched general population); 

suggesting that OHCA patients who survived the initial 30 days following their arrest experienced a 

modest reduction in life expectancy. The mechanisms responsible for this reduction in lifespan are 

not apparent; and, as described above, could be due not only to the effects of the cardiac arrest 

itself, but potentially also attributable to a range of health factors that are associated with OHCA 
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patients. To the best of my knowledge, my study is the first to use relative survival analysis to 

explore the long-term survival of OHCA patients. The only other related study was a 2018 Dutch 

study129 that compared the 10-year survival of a cohort of initial OHCA survivors to the theoretical 

10-year survival of an age- and sex-matched comparator group determined from Dutch census 

bureau data. However, this study only consisted of an older patient cohort (≥ 75 years of age) and 

did not indicate the statistical methods used to calculate the ‘theoretical’ survival of the age- and 

sex-matched cohort.  

Looking at how long-term OHCA survival has changed over time, I found that 10-year relative 

survival has significantly increased, from 76% (between 1998 and 2007) to 92% (between 2008 and 

2017). Importantly, long-term survival is approaching that of the general population, with the upper 

95% confidence limit of the relative survival estimate for the 2008-2017 period overlapping “1” (i.e  

95% CI: 0.84 to 1.00); thus suggesting that long-term survival in the 2008-2017 period is not 

significantly different to the age- and sex- matched general population.  Although improvements in 

long-term OHCA survival over time have also been reported by other studies,2, 130 these studies do 

not adjust for improvements in survival that potentially could have resulted from increases in the 

population life expectancy, ultimately limiting the inferences that could be confidently made with 

respect to the temporal trends. Increases in the underlying population life-expectancy can be 

substantial, with the ABS reporting that life expectancy in WA increased by 1.4 and 0.8 years, for 

males and females respectively, between 2009 and 2019.131 

8.2.3 Prognostic Determinants of Long-term OHCA Survival 

Numerous prehospital factors have been demonstrated to be important prognostic determinants of 

30-day OHCA survival, including patient age, witness status, bystander CPR, arrest location, EMS 

response time, bystander defibrillation and initial cardiac arrest rhythm.26, 35 Of these factors, initial 

presenting arrest rhythm has been shown to be most strongly associated with 30-day survival.60 To 

investigate whether the ‘ongoing’ mortality risk identified in the relative survival study (Chapter 4) 

was associated with the presenting cardiac arrest rhythm - a strong predictor of 30-day survival - I 

explored the long-term mortality rate by initial presenting arrest rhythm in Chapter 5. As my study 

cohort would only include patients who had already survived 30 days, I hypothesised that the initial 

arrest rhythm would have no effect on longer term survival. However, this hypothesis was not 

supported by my results. In the first year following an OHCA, I found that patients who presented 

with a non-shockable arrest rhythm had a mortality hazard rate 4.1 times higher than patients who 

had presented with a shockable rhythm. Even after adjusting for prehospital (i.e. Utstein factors), 
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the mortality rate remained 3.3 times higher, suggesting that the initial presenting cardiac arrest 

rhythm was indeed an important determinant of OHCA mortality well beyond the initial 30 days 

following an arrest. 

 

There have been other studies132 that have explored the crude associations between arrest rhythm 

and long-term OHCA survival.  A 2022 systematic review132 (that included my study)133 using 

unadjusted results reported that compared to patients with non-shockable rhythms, those with 

shockable rhythms had significantly greater odds of survival in the first (based on 11 studies) to 

third year (based on 3 studies) following an arrest, before showing no significant difference at five 

years. The negative association between non-shockable arrest rhythms and long-term OHCA 

survival (in initial 30-day OHCA survivors) has also been reported in a 2021 study134 by Baldi et al 

which explored the association of Utstein variables to long-term OHCA survival.  Looking at other 

factors associated with long-term OHCA mortality, I only found that older age (65-79, and ≥ 80) 

was associated with an increased mortality rate. Curiously, looking at the mortality hazard rate 

graphs (Chapter 5, Figure 3), I found that after the mortality rates reduced to their minima (between 

years 3 and 4), the rates began to slowly increase across years 4 to 8, with the increase greatest in 

the unadjusted MRH model. I do not believe the upward trend in the mortality rate after year four 

has any association with the arrest itself, but most probably represents the increased mortality risk 

of advancing age taking effect as the cohort ages.  

 

The findings of my research relating to the long-term survival of OHCA patients have several 

important implications. Firstly, I found that OHCA patients who survive at least 30 days following 

their arrest, experience a modest overall reduction in life-expectancy when compared to their age- 

and sex matched peers from the general population. Secondly, unlike OHCA patients who present 

with a shockable arrest rhythm, those that present with a non-shockable arrest rhythm continue to 

have a substantial ongoing risk of death 30 days after their arrest. This suggests longer-term OHCA 

survival (i.e. over 30 days) outcomes may present a more detailed picture of actual OHCA survival, 

particularly for patients who arrest with non-shockable rhythms.  
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8.2.4 Statistical Considerations 

A novel aspect of this thesis was the use of an alternative statistical technique to investigate long-

term OHCA survival. I will initially provide a brief description of the statistical method applied in 

this research followed by a discussion of its advantages in the context of this thesis, and more 

broadly in the context of OHCA research. 

 

Initially, I had attempted to use a Cox proportional hazards regression model to explore long-term 

OHCA survival in relation to initial arrest rhythm. However, the assumption of proportional hazards 

(PH) was violated for the covariate of interest (initial cardiac arrest rhythm). To overcome this 

complication, I identified an alternative statistical method to perform my analysis – the 

Multiresolution hazard (MRH) estimator. The MRH estimator is a semi-parametric, Polya tree-

based, Bayesian statistical method that can estimate hazard rates jointly with covariates of 

interest.100-104 Most importantly, this method can accept covariates that do not meet the PH 

assumption. As the only published descriptions of this method are highly mathematical, I have 

developed a primer to provide a basic (heavily simplified) overview of the technique (see 

manuscript appendix in Chapter 5). 

 

An important assumption of the Cox model is that PH remain constant over time.135 Non-

compliance of the PH assumption is a relatively common issue, and has been reported in other 

cardiac arrest studies.136-138 Testing for the PH assumption can be achieved using a variety of 

techniques, such as log(−log) plots, scaled/ranked Schoenfeld residuals or by modelling time-

dependent covariates in a Cox PH model.139  In cases where PH assumptions are not met, options to 

satisfy the PH assumption are limited. One option is to use a Cox PH regression but stratify the 

analysis by the non-PH covariate. However, this option would not allow evaluation of the stratified 

covariate. Another option is to use a conditional Cox PH model. The application of conditional Cox 

PH models to overcome issues of PH non-compliance has been verified mathematically.140 

However this method requires large study cohorts with almost complete patient follow-up.141     

 

Unfortunately, many researchers fail to properly adjust for, or even assess PH assumptions when 

using Cox PH regression. A systematic review142 of 58 randomised control trials of 

pharmacological cancer treatments, reported that 19% of studies displayed non-PH. Another review 

which examined the reporting and testing of non-PH assumption in n=318 arthroplasty studies 

reported that over 20% of studies likely included a non-PH covariate in a Cox model and failed to 
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mention the PH assumptions or even adjust for it.143 This problem also extends to OHCA research, 

with several studies144-146 utilising Cox PH models without addressing PH assumption.  

8.2.5 Pre-Arrest Comorbidity and OHCA Outcomes 

As previously mentioned, prehospital Utstein factors are important determinants of OHCA survival. 

That being said, previous studies26, 44 have suggested that these factors may only explain about 50% 

of the variations in OHCA survival outcomes between different EMS jurisdictions – indicating the 

possibility that other less researched factors, such as patient pre-arrest comorbidity, may play 

pivotal role in OHCA survival.  I initially had planned to undertake a retrospective cohort study 

using the WA OHCA Registry to explore the association between pre-arrest comorbidity and 

OHCA survival.  However, on inspection of the WA OHCA Registry I found the reporting of 

comorbidity was inconsistent, with a substantial portion of cases only indicating the presence of 

‘unspecified’ comorbidity without clarification of the type or severity. Obviously including such 

undifferentiated exposures in a study of comorbidity would be of little research value and excluding 

them would result in selection bias. Therefore, I ultimately decided to abandon this study design. 

Instead, I decided to undertake a systematic review of existing literature, as no review on this topic 

had been previously conducted. 

 

My systematic review, exploring the associations between pre-arrest comorbidity and OHCA 

outcomes, allowed me to make several general observations. Firstly, the CCI appeared to be a 

reasonable predictor of OHCA outcomes. Specifically, increasing levels of comorbidity burden 

(represented by increasing CCI) were generally associated with reduced survival and poorer 

neurological outcomes.147 Secondly, there tended to be more extreme variability between individual 

unadjusted results than in the adjusted (adjusted for a variety of prehospital factors) results. This is 

consistent with the notion that prehospital factors have a large effect on OHCA outcomes. 

Therefore, I would suggest future studies preference, where possible, the use of adjusted results and 

reporting of comorbidity burden using CCI.  

 

Looking at individual comorbid conditions, I found that out of the seven studies11, 38, 109, 148-150 

reporting adjusted results for diabetes, five11, 38, 109, 148, 149 reported significant negative associations 

with OHCA survival. Similarly, out of two studies151, 152 reporting adjusted results for diabetes and 

neurological outcome, both studies found that diabetes resulted in a poorer neurological outcome. 

The negative association between diabetes and OHCA outcomes was also reported by a 2018 
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systematic review.153 The other interesting finding from my systematic review was that a pre-arrest 

history of heart disease was generally not associated with OHCA outcomes. Although the reason for 

this is not known, one might hypothesise that patients with a history of heart disease (particularly 

with a prior myocardial infarction (MI)) are more cognisant of their increased mortality risk, and 

therefore less likely to ignore any warning signs. Importantly, it’s possible that for some patients an 

OHCA may be the first sign of an undiagnosed coronary artery disease.154, 155 

 

The heterogeneity between included studies was seen across several aspects of the study 

characteristics such as: patient recruitment and inclusion criteria, reporting outcomes, statistical 

analysis, and pre-arrest comorbidity definitions. As a result, a meta-analysis of individual reported 

results was not appropriate. In addition to the clinical heterogeneity, there was considerable 

variation in the methods used by individual studies to ascertain pre-arrest comorbidity status, with 

several studies using ambulance PCRs. The appropriateness of ascertain pre-arrest comorbidity 

using EMS PCR’s is debatable, as arrests often occur in the presence of bystanders who may be 

unfamiliar with a patient’s medical history.156 Another challenge in ascertaining pre-arrest 

comorbidity is the determination of disease severity. A good example of this is diabetes, where the 

burden of disease covers a spectrum, from diabetes that is managed by diet alone to diabetes with 

associated end-organ damage. Obviously such differences in underlying disease severity are likely 

to impact on OHCA outcomes,153 but are rarely captured in paramedic clinical records. 

8.2.6 Measuring OHCA Survival 

One of the most important Utstein variables for reporting in OHCA registries is survival outcome; 

with STHD recommended as the primary outcome and 30-day survival the alternate. The Utstein 

style reporting template provides two options for reporting survival outcome in recognition that for 

different EMS one outcome may be easier to obtain than the other. However, to the best of my 

knowledge, no previous studies have examined the equivalence between these two OHCA metrics.  

Notwithstanding this, it's clear that many previous studies17-19 have used the metrics 

interchangeably. Given this, in Chapter 7, I investigated the equivalence between the survival 

metrics STHD and 30-day OHCA survival within the context of the WA OHCA registry. I found 

the recommended reporting outcomes, STHD and 30-day survival, can be considered equivalent 

outcome metrics. This finding has important implications, both for the global resuscitation 

community and for the WA OHCA registry. Firstly, as some EMSs can only report 30-day survival 

outcomes (possibly due to costs associated with performing hospital follow-up), the findings of this 
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study provides some assurance that the metrics are likely comparable. Additionally, studies 

reporting WA OHCA survival (either STHD or 30-day survival) can be directly comparable with 

interstate or international studies - irrespective of whether those studies report STHD or 30-day 

survival.  

 

Previous studies that have reported both STHD and 30-day survival outcomes for the same cohort 

of patients, have shown the overall survival percentages to be very similar. An OHCA report from 

Queensland, Australia, reported that in 2019, 14.4% of OHCA patients had STHD and 14.3% 

survived 30 days.157 A 2008 Danish study,158 comparing OHCA survival before and after the 

implementation of new resuscitation guidelines, reported that of 372 OHCA patients treated 

between 2004 and 2005, 7.8% (n=29) had STHD and 8.3% (n=31) as having survived 30 days.158 

This same study also reported that of 419 OHCAs treated between 2006 and 2007, 16.0% (n=67) 

had STHD and likewise another 16.0% (n=67) survived 30 days. A Serbian study159 reported that in 

a cohort of 287 OHCA patients admitted to hospital, 18.8% (n=54) had STHD and 18.5% (n=53) 

survived to 30 days. However, although the overall proportion of OHCA survivors recorded in each 

of these reports/studies are similar for the two metrics, the level of concordance between the metrics 

is unclear. More precisely, these reports do not detail the level of agreement between the two 

outcomes. This means that although the overall reported percentages may be similar (or even the 

same), there could potentially be little or even no agreement between the reported outcomes for 

individual cases. Though this may not present a substantial issue for reporting crude survival (as no 

matter whether STHD or 30-day survival is reported, the values would be similar/the same), it could 

present a serious issue for multivariable analysis if there were differences in the case mix of patients 

who survive to hospital discharge, versus those who survive to 30 days. 

 

In my study, I found that not only did STHD and 30-day survival in WA have a very high level of 

agreement in the overall percentage of survival (both 13.78 %), but there was also a high level of 

concordance (99.6 %), with only 30 patients being discordant between STHD and 30-day survival 

among a total of x patients who survived to ED admission.  Although these survival metrics were 

highly concordant in WA, this may not be true for other registries. Therefore, it’s important to 

discuss the potential sources of discordance. One potential source occurs when 30-day survival 

outcome is ascertained solely using death records, and therefore no match in the death records 

would result in a reported outcome status of ‘survived’, when in reality the case may have simply 

been a loss to follow-up. The other source of discordance relates to variations in hospital 

capabilities,160, 161 treatment protocols162 and discharge policies,163  which can affect how early 
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OHCA patients are discharged from hospital, and therefore the chances of patients being discharged 

alive. For example, if a hospital tends towards earlier discharge, OHCA patients may be more likely 

to survive to discharge (due to reduced time at risk in hospital). Given the potential differences in 

hospital discharge policies, reporting 30-day survival instead of STHD may be more appropriate. 

The authors of the COSCA initiative (Core Outcome Set for Cardiac Arrest) have also suggested 

that the use of survival milestones defined by time may reduce the potential biases.164 

 

8.3 Limitations 

In this section I will discuss the limitations of my thesis. Firstly, industrial action by paramedics in 

2008 resulted in an unknown number of missing cases for that year.  The missing cases related to 

OHCAs that were declared deceased on scene, and therefore not transported to the ED by EMS. 

Including 2008 data (with an unknown number of ‘missing’ OHCA cases) would have resulted in 

biased estimates for that year (e.g. lower OHCA incidence rates and higher survival rate due to 

unknown number of ‘at-risk’ patients). Given this, I excluded all 2008 data for the study (presented 

in Chapter 3) examining the temporal trends in OHCA. However, exclusion of 2008 data is unlikely 

to have an impact on the findings of my study as the regression analysis I applied modelled time 

(i.e. year) as a continuous variable. 

  

Secondly, an assumption of relative survival analysis is that the estimated survival of the age- and 

sex-matched peers from the general population is assumed to be free of the condition being 

examined (i.e. OHCA). Obviously, the life tables used for the relative survival analysis in Chapter 4 

would include mortality from OHCA, potentially resulting in some bias. However, a study165 from 

Sweden that investigated the potential bias of using population life tables in the relative survival 

analysis of cancer patients in Sweden found that the bias introduced by using population life tables 

is sufficiently small that it can be ignored. Additionally, I explored the temporal ‘trend’ in long term 

OHCA survival by comparing the changes in relative survival between two time periods (i.e. 

between 1998-2017 and 2008-2017). Although I was able to identify a substantial improvement in 

survival between the first, and second time period I am unable to rule out complex intra-period 

changes that could have occurred over the 20-year study period. Furthermore, in Chapter 5 where I 

explored the association between initial arrest rhythm and long-term OHCA survival, my analysis 

did not adjust for patient pre-arrest comorbidity.  As a result, I could not determine whether pre-
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arrest comorbidity itself was a factor in both the non-shockable arrest rhythm and reduction in long-

term OHCA survival. 

 

Thirdly, all population-based cohort studies in this thesis were conducted in the Perth metropolitan 

area, therefore findings may not be applicable to other jurisdictions.  For example, the observed 

concordance between 30-day survival and STHD in the WA OHCA registry may not apply to 

OHCA occurring in regional WA.  Similarly, the findings from my study may not be applicable to 

other national or international jurisdictions.  

Lastly, this thesis did not examine the neurological outcomes of OHCA survivors. However, a 

colleague has described the neurological outcomes of OHCA survivors in Perth in a recent study;88 

reporting that between 2004 and 2019, 92.7% of patients who STHD had a CPC score of between 1 

and 2. 

8.4 Recommendations for Future Research and Practice 

 

1) In this thesis I found that the odds of 30-day survival in OHCA (of presumed cardiac 

aetiology) improved at a rate of 11% per annum between 2001 and 2018 even after 

adjustment for prehospital factors. Future studies should aim to identify the likely source of 

this 11% annual improvement over this study period. 

2) I demonstrated that patients who arrest with non-shockable rhythms are at a substantially 

greater risk of mortality in the initial few years following an arrest compared to those who 

presented with shockable rhythms. Additionally, I identified a declining trend in the 

proportion of OHCA presenting with shockable initial rhythms in Perth. In combination, 

these two factors may act to detract from the current trend of increasing survival.  To 

address this, research should focus on identifying the cause behind the decline in shockable 

arrests over time as this continues to be an important question in OHCA research.  

3) Future studies should aim to enhance our understanding of the causes of death in initial 

OHCA survivors as well as the impact of post-resuscitation interventions (such as 

implantable defibrillators) on long-term patient survival. 

4) A clear understanding of the association between pre-arrest comorbidity and OHCA 

outcomes has unfortunately not emerged from a systematic search of the literature. 

However, my systematic review has identified that a more standardised approach needs to 
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be followed for OHCA studies reporting on pre-arrest comorbidity so that the results of 

individual studies could be synthesised in a meta-analysis. 

5) I found the OHCA outcomes, STHD and 30-day survival, to be equivalent survival metrics, 

with a high level of concordance. However, as mentioned in the limitations, the findings of 

this study may not be true for other jurisdictions. As such, I recommend jurisdictions 

conduct similar studies to confirm survival concordance. Furthermore, it should be 

recognised that changes in hospital policy or processes over time could impact survival 

concordance and therefore ongoing monitoring should be conducted.   

6) This thesis identified that the proportion of OHCA witnessed by EMS has significantly 

increased between 2001 and 2018. The reason for this trend is not clear and warrants further 

investigation. 

 

 

8.5 Concluding remarks 

In this thesis, I explored the determinants of long-term OHCA survival through a detailed analysis 

of the epidemiology of OHCA in the Perth metropolitan area. I found that both short- and long-term 

OHCA survival have steadily increased in the Perth metropolitan area, with 30-day survival in the 

‘Utstein comparator group’ showing a 5-fold improvement over an 18-year period. Together with 

the finding that improvements in OHCA survival have exceeded improvements in general 

population life expectancy, these findings are consistent with there being positive impacts from 

concerted efforts to strengthen the ‘OHCA chain of survival’. However, I also found that non-

shockable arrest rhythms were associated with lower chances of longer-term OHCA survival - even 

in patients who survive 30 days following an arrest. Furthermore, the proportion of arrests 

presenting with shockable rhythms appears to be declining over time, which could possibly detract 

from future gains in survival. Despite this, the improvements in several modifiable Utstein factors 

over time, along with increasing rates of survival, should provide encouragement for achieving 

future improvements in OHCA survival.  
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